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Preface

One of the key ways that a community protects itself from potential earthquake disasters is by
adopting and enforcing a building code with appropriate seismic design and construction standards.
This publication serves as a guide on current seismic design provisions in the United States and
reaffirms FEMA’s ongoing support of efforts to encourage design and building practices that address
earthquake hazards and minimize the resulting risk of damage, injury, and societal disruption.

Building codes and standards are technical documents used primarily by engineers, architects, and
code officials. Nevertheless, understanding the basis for seismic regulations in U.S. building codes
and standards is important for individuals both inside and outside of technical community. This
guide provides practical information for both groups. Part A is written for a general audience and
provides a high-level, easy-to-read explanation of the basis and intent of U.S. seismic provisions. Part
B is written for an engineering audience and provides a walkthrough of the seismic design process
for new buildings.

The Applied Technology Council (ATC) is grateful to Ronald Hamburger, Project Technical Director,
who prepared both this new edition of the guide and the first edition. ATC is also indebted to the
Building Seismic Safety Council (BSSC) for the development of the original source materials for the
report, including many of the images.

The Project Review Panel, consisting of David Bonneville, Michael Griffin, and John Hooper, provided
technical review, advice, and consultation at key stages of the work. The Focus Group, consisting of
Christina Aronson, Alex Griffin, Solmaz Jumakuliyeva, Sung Yeob Lim, Ginevra Rojahn, and Kayla
Secrest, provided invaluable advice on the content, organization, and ease of use.

ATC gratefully acknowledges Michael Mahoney (FEMA Project Officer) and Pataya Scott (FEMA
Project Monitor) for their input and guidance in the preparation of this document. Carrie Perna and
Ginevra Rojahn provided report production services. Chiara McKenney managed the project.

Ayse Hortacsu Jon A. Heintz
ATC Director of Projects ATC Executive Director
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How to Use this Guide

This guide provides an overview of earthquake-resistant design concepts and their context within the
seismic requirements of U.S. building codes. Acknowledging that interest in this subject comes from
both inside and outside of the structural engineering community, this guide is divided into two parts.

Part A, intended for a general audience, provides a non-technical explanation of the intent of U.S.
seismic provisions and the key principles of earthquake-resistant design. This part is written for a
wide audience, including elected officials, decision-makers in insurance and finance, building and
business owners, and other interested members of the public. This part is also useful to engineers,
architects, and other design professionals.

Part B, intended for an engineering audience, presents the key steps in the seismic design process
for new buildings. Background is provided on the major principles that serve as the foundation for
the process, and special topics of interest are highlighted. The envisioned audience includes
practicing engineers early in their career, practicing engineers new to seismic design, engineering
graduate or undergraduate students, and architects. It is recommended that readers of Part B first
read Part A.

Part A: General Audience

The information presented across the five chapters of Part A provide the reader with an
understanding of earthquake hazard fundamentals, the approach to seismic risk in current building
codes, new concepts that could impact future seismic provisions, key design features for seismic
resistance, and vulnerabilities of common structure types.

= Chapter 1 provides an overview of the key geological effects of earthquakes and general
concepts of earthquake hazard.

= Chapter 2 describes how seismic provisions in building codes are developed and implemented.

= Chapter 3 explains how current building codes approach earthquake risk and how this approach
may evolve in the future.

= Chapter 4 highlights fundamental design features that are necessary for seismic resistance in
buildings.

=  Chapter 5 introduces the most common structure types used in the United States and what
aspects of each are most vulnerable in earthquakes.
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Part B: Engineering Audience

The five chapters of Part B teach the reader, who is assumed to have a basic knowledge of structural
engineering principles, how to understand and apply the seismic design process for new buildings
embodied in the ASCE/SEI 7-22 Standard, Minimum Design Loads and Associated Criteria for
Buildings and Other Structures, published by the Structural Engineering Institute of the American
Society of Civil Engineers.

= Chapter 6 introduces basic concepts of structural dynamics and outlines the overall seismic
design process that is covered in more detail in Chapters 7 to 9.

=  Chapters 7 to 9 cover the key steps in the seismic design process, which include determining the
seismic design criteria, designing the seismic force-resisting system, and seismically protecting
nonstructural components.

= Chapter 10 covers special considerations, including energy dissipation systems, seismic
isolation, soil-structure interaction, performance-based design, design for tsunami, and design of
nonbuilding structures.

Part B is a practical, standalone guide that does not require a concurrent reading of ASCE/SEI 7-22.
However, as this guide focuses only on the most commonly applied seismic requirements, it does not
touch upon every condition in ASCE/SEI 7-22, and actual structural design of any building requires
careful review of the ASCE/SEI 7 Standard. To allow the reader to quickly find the relevant sections
of ASCE/SEI 7-22, references are provided where relevant.

Key Terms, Acronyms, and Symbols

Throughout the report, key terms are highlighted in orange (Part A) or blue (Part B). The full list of key
terms is provided as a glossary in the back of the guide, along with lists of acronyms and symbols.

Other Materials

References and project participants are provided at the back of the guide.

Callout Boxes

@ Additional resources on topics in this guide are provided in this type of box.

Provisions that are new in ASCE/SEI 7-22 are highlighted in this type of box.

Quick references to specific sections of ASCE/SEI 7-22 appear in this type of box.
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Part A:
General Audience

This part of the guide provides a non technical explanation of the intent of seismic provisions and the
fundamental principles of earthquake resistant design. The intended audience is interested
members of the public, including elected officials, decision makers in insurance and finance,

building owners, and business owners. The information is also useful to engineers, architects, and
other design professionals.






Part A: General Audience

Chapter 1: How Earthquakes Affect
Buildings

Imagine that two earthquakes of the same magnitude each strike a different location. One
earthquake causes large loss of life and widespread building damage, leading to economic
disruption and slow recovery of local communities. The other causes some building damage but no
deaths, and the impact to the local economy and communities is felt but manageable. There are
many reasons that could explain how two earthquakes of similar magnitude can produce such
different effects. It could in part be related to the intensity of the earthquake at the affected
population centers, a factor most influenced by distance from the epicenter and soil types present. It
could also be explained by the degree of exposure; the more people and buildings in the affected
area, the more damaging effects there will be. There are specific site conditions that can also
exacerbate damage, such as the presence of steep slopes. Often most influential on the impacts of
an earthquake, however, is how many of the buildings in the affected area were constructed using
earthquake-resistant design principles.

This chapter provides general background on earthquakes, an overview of geological effects caused
by earthquakes, and an introduction to the concept of earthquake hazard. One of the geological
effects, ground shaking, is given special attention because it is the most common cause of
earthquake damage and the primary focus of earthquake-resistant building design. The remaining
chapters of this guide introduce earthquake-resistant design concepts and explain how the seismic
building code provisions that embody them are developed and implemented in practice.

1.1 Background

Every year, about 500,000 detectable earthquakes occur worldwide, of which about 100,000 are
felt by people (USGS, 2022a). These earthquakes range from small events felt by a few people to
large earthquakes that cause widespread damage. Figure 1-1 shows an example of the earthquakes
detected in the United States by the U.S. Geological Survey (USGS) over the course of a week.
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Figure 1-1 Earthquakes in the United States detected over a one-week span (USGS, 2022b).
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The crust of the earth is composed of tectonic plates that are constantly being pushed, pulled, and
twisted by the flow of magma in the mantle. Figure 1-2 shows the major plates affecting North
America and the sense of the relative plate movement across the boundaries. At these boundaries,
the plates are usually locked together by friction, which prevents them from moving relative to one
another. Over a period of hundreds to thousands of years, stress builds up along these boundaries.
Occasionally, the stress along a plate boundary will exceed the friction locking the plates together or
the stress at an internal location in a plate will exceed the strength of the rock itself.

At subduction zones, one At transform boundaries, one plate At spreading boundaries or
plate goes underneath the other, moves past the other. extensional boundaries, lava comes
pushing up the top plate. up to form new plates and the plates

move apart from each other.
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Figure 1-2 Tectonic plate boundaries affecting North America (from FEMA P-530). The west

coast and Alaska have the most frequent earthquakes because they are adjacent
to the plate boundary between the North American and Pacific plates.
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Chapter 1: How Earthquakes Affect Buildings

When this occurs, the rock fractures or slips, releasing stored energy and causing an earthquake.
These locations of high stress, called faults, are typically clustered together (Figure 1-3). Most faults
are near plate boundaries, but faults can also occur at the interior of a plate. The location of most
faults are known, but earthquakes occasionally occur on faults that were previously unknown.
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Figure 1-3 Map of active faults around San Francisco (Aagaard et al., 2016). San Andreas,

the most well-known fault, is one of several that pose a hazard. Percentage shown

indicates probability of a major earthquake on the fault by 2043.

In the news, it is common to hear the severity of an earthquake communicated in terms of its

magnitude (M), an objective measure of the amount of energy release. Magnitude is on a logarithmic

scale; an M6.0 releases 32 times more energy than an M5.0, and an increase in magnitude of two,
say from M6.0 to M8.0, represents a thousand time increase in energy (Figure 1-4).

M8.0

M7.0

M6.0

Figure 1-4 Relative amounts of energy released in different magnitude earthquakes (from
FEMA P-530). The amount of energy is represented by the volume of the box.
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While magnitude represents the total destructive potential of an earthquake, it does not actually
guantify the intensity of the effects at a specific location. Earthquake effects generally diminish with
distance from the epicenter, just as ripples created by a stone dropped in a puddle diminish in size
with distance (Figure 1-5). The most intense effects of an earthquake generally occur at sites closest
to the area on the fault that produced the earthquake.

P S N

Figure 1-5 Intensity tends to diminish with distance from the zone of fault rupture.

The intensity of effects experienced at a site is also affected by the type of soils present. Sites with
soft soils, such as those that are found in river valleys and along the edges of large lakes and bays,
tend to amplify the effects. Sites with hard rock formations near the surface will experience less
intense shaking than sites that have loose or soft soils or deep deposits of soils over the rock
(Figure 1-6).

1

\

Figure 1-6 Intensity is amplified in loose saturated soils and lower in locations with firm soils
and near-surface rock.
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Modified Mercalli Intensity (MMI) is a qualitative scale used to characterize the severity of
earthquake effects based on observations of people affected by the earthquake. The intensity of the
earthquake is determined based on reports from people on how they reacted to the earthquake and
their descriptions of the damage. Table 1-1 provides an excerpt of the MMI scale for high intensity
shaking levels.

Table 1-1 Excerpts of the Modified Mercalli Intensity (MIMI) Scale (USGS, 2021c¢c)

Intensity | Shaking Description

Not felt to . .
ltoV Moderate Not listed for brevity.

Felt by all, many frightened. Some heavy furniture moved; a few

v Strong instances of fallen plaster. Damage slight.

Damage negligible in buildings of good design and construction; slight to

Vi s}c/r?)rr?g moderate in well-built ordinary structures; considerable damage in
poorly built or badly designed structures; some chimneys broken.
Damage slight in specially designed structures; considerable damage in

VIl Severe ordinary substantial buildings with partial collapse. Damage great in

poorly built structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned.

Damage considerable in specially designed structures; well-designed
IX Violent | frame structures thrown out of plumb. Damage great in substantial
buildings, with partial collapse. Buildings shifted off foundations.

Some well-built wooden structures destroyed; most masonry and frame

X Extreme structures destroyed with foundations. Rails bent.

FEMA P-530: Earthquake Safety at Home

This guide to earthquake preparedness provides a well- ﬁ’
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Earthquake-Resistant Design Concepts

1.2 Ground Shaking

Energy released from an earthquake radiates out from the origin through the surrounding rock and
soils in all directions as random vibrations, which are felt on the surface as ground shaking. Ground
shaking is the most widespread effect of earthquakes and the most common cause of building
damage. The primary focus of earthquake-resistant building design is to minimize damage from
ground shaking.

Ground shaking can last from a few seconds in small earthquakes to several minutes in very large
ones. People experiencing ground shaking from an earthquake may refer to it as a rolling motion or
an up-and-down motion. In reality, such observer reports are based on individual sensitivity to the
motion as well as where they were when the shaking occurred. All earthquakes shake the ground in
random directions, both vertically and horizontally.

1.2.1 Strong Motion Recordings

Ground shaking effects cannot be quantified using magnitude or MMI. Strong motion recording
instruments are used to record acceleration, velocity, and displacement, which are the key attributes
used to measure shaking intensity. The U.S. Geologijcal Survey (USGS) and other institutions have
placed thousands of instruments in buildings and at ground level in areas subject to earthquakes.
Measurements from the instruments are used to understand the character and intensity of ground
shaking at each site, considering its distance from the fault rupture and type of soil present. This
data is useful in design of buildings and other structures.

Figure 1-7 shows plots of acceleration, velocity, and displacement recorded in the 1940 M6.9 El
Centro Earthquake in Southern California. The peak acceleration of the ground at the instrument site
was approximately 30% of the acceleration a free-falling object would experience if dropped (i.e.,
acceleration of gravity). The peak ground acceleration (PGA) for this site would be communicated as
0.3g, where g represents gravity. This acceleration is about the same as would be experienced in a
car that accelerated from zero to 60 miles per hour in ten seconds. However, in this earthquake, the
peak acceleration lasted only a fraction of a second, before reversing itself. While a car accelerating
in this manner would travel approximately 500 feet before reaching 60 miles per hour, the ground at
this instrument moved only five inches before reversing itself and moving four inches in the opposite
direction. Over the duration of about 40 seconds, the back-and-forth movement was repeated many
times. The strongest earthquake ground motions ever recorded have produced accelerations as
much as six or seven times stronger than that shown in the figure and have had durations of several
minutes.
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Figure 1-7 Acceleration, velocity, and displacement, 1940 El Centro Earthquake (data from
USGS).

1.2.2 Earthquake Hazard

Earthquakes occur randomly in time but large earthquakes occur much less frequently than smaller
ones. Return period is the number of years, on average, between events of similar size. (Similar
terminology is used for other natural hazards such as flooding.) As earthquake magnitude increases,
so does the intensity of the ground shaking and the size of the geographic area affected by the
shaking. The risk of high-intensity earthquake ground shaking in a region is based on the frequency
and intensity of earthquakes that affected the region in the past. Earthquake hazard is the term to
describe the probability that a region or individual building location will experience the destructive
effects of earthquakes and to quantify those effects.

Earthquake hazard varies across the United States, and much of the country can be subjected to
severe earthquake effects. The frequency of occurrence, or return period, for such severe
earthquake effects ranges from a few hundred years in the most active portions of the nation,
including parts of Alaska, California, and Washington, to several thousand years in other regions. The
intensity of shaking and other earthquake effects a site may experience is a function of soil types,
proximity to active faults, and characteristics of those faults, including activity rate and potential
earthquake magnitudes.

The risk of high-intensity earthquake ground shaking in a region is related to the frequency and
intensity of earthquakes that affected the region in the past. Earthquakes have occurred in nearly

FEMA P-749 1-7
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every region of the United States. Figure 1-8 is a map of the expected frequency of damaging
earthquake shaking in the United States. Damaging earthquakes occur frequently in coastal
California, the Pacific Northwest, and Alaska. However, some of the most intense earthquakes have
actually occurred elsewhere. Other areas of frequent earthquake activity include Hawaii; Puerto Rico;
the intermountain region of Utah, Idaho, Wyoming, and Montana; the Mississippi Valley area known
as the New Madrid seismic zone; and a belt along the Appalachian Mountains. Isolated earthquakes
have occurred in most other regions of the nation.
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Figure 1-8 Map of frequency of damaging earthquake shaking in the United States (from
FEMA P-530).
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Seismologists, geotechnical engineers, and earth scientists use a process called seismic hazard
analysis to quantify the probability that a site will experience high-intensity ground shaking. Although
it is not possible to predict the specific size, location, or time of future earthquakes with any
certainty, these specialists use data on the past activity rates for known faults, as well as information
on their length and how quickly stress builds up in the rock along the faults, to determine the
probability that the faults will produce future earthquakes of various sizes. The mathematical
relationships used to express these probabilities are called recurrence relationships.

In addition, earth scientists and geotechnical engineers use data from strong motion recording
instruments to develop ground motion prediction models that indicate the likely intensity of motion
at a site if an earthquake of a specific size and at a specific distance from the site occurs. Using the
recurrence equations for individual faults and the ground motion prediction models, earth scientists
and engineers develop mathematical relationships that indicate the probability of different
intensities of ground shaking occurring at specific sites.

The USGS, as part of its responsibility under the National Earthquake Hazards Reduction Program
(NEHRP), maintains a seismic hazard geo-database that engineers use to determine the required
strength of building designs. Figure 1-9 shows a series of maps prepared by the USGS using this
database, illustrating the projected MMI at different sites across the conterminous United States for
return periods of 475 years, 975 years, and 2,475 years respectively, assuming sites with typical
firm soils.

These maps illustrate that as earthquake return period increases, the probable intensity of motion
also increases. At a return period of 2,475 years, much of the United States is at risk of experiencing
ground shaking with intensities capable of causing significant structural damage (MMI VIl and
higher). It should be noted that sites with softer soils, commonly found adjacent to rivers and
shorelines, experience more intense shaking than illustrated in the figure while those with near-
surface rock or very stiff soils experience less intense motions. Similarly, sites subject to landslides,
liguefaction, or lateral spreading will experience more intense effects than indicated by these maps.
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475 year return period
MMI

2475 year return period
MMI

Figure 1-9 MMI maps for the conterminous United States for return periods of 475 years,
975 years, and 2,475 years (from USGS).
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1.3 Other Geological Earthquake Effects

While ground shaking occurs over the entire affected area, other geological earthquake effects occur
only where specific conditions exist. Fault rupture can only occur at locations crossed by a fault.
Liquefaction can occur only at sites with saturated loose granular soils. Landslides occur on steep
slopes, and tsunamis only affect coastal areas. The location specificity of these hazards, however,
does not diminish their potential impact. Tsunamis and landslides have caused many deaths in
recent earthquakes, and liquefaction has slowed recovery and caused substantial economic losses.

1.3.1 Landslides

When strong earthquake shaking occurs, landslides can be triggered on steep sloping sites with
loose soils. Earthquake-induced landslides can be very localized, destroying individual buildings,
such as that shown in Figure 1-10, or affect entire communities.

Figure 1-10 House destroyed when the hillside beneath it gave way following the 1994 M6.7
Northridge Earthquake (from Douglas C. Pizac/Associated Press).
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1.3.2 Liquefaction

Soil liguefaction occurs when loose saturated soils, typically sands and silts, are subjected to strong
earthquake shaking. The strong shaking compacts or densifies the granular soils and, in the process,
forces out a portion of the water that saturates them. As the water is pushed out, it flows upward
creating a quicksand-like condition in which the soils lose their ability to support foundations. When
soil liqguefaction occurs, structures supported on the liquefied soils can sink and settle dramatically
(Figure 1-11) and underground structures can float free.

Figure 1-11 Liquefaction-induced settlement of apartment buildings in the 1964 Niigata
Earthquake in Japan (from University of Washington).

Another ground instability related to liquefaction is lateral spreading. When liquefaction occurs on
sites with even a mild slope, surface soils flow downhill like a fluid and carry with them any
structures they support. Figure 1-12 shows damage to pavement on a site that experienced
liguefaction and lateral spreading during an earthquake near Yellowstone National Park in 1959.

Figure 1-12 Lateral spreading damage to a highway in the 1959 Hegben Lake Earthquake
(from USGS).
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1.3.3 Tsunami

Earthquakes along segments of faults that underly the floors of oceans and other large bodies of
water can cause tsunamis that can result in great life and property loss in coastal regions located
close to or even thousands of miles from the earthquake. For example, a 2004 tsunami that
originated from an earthquake in the Indian Ocean is resulted in more than 228,000 lives lost and
$10 billion in estimated economic damage (ReliefWeb, 2022). The 2011 Tohuku Earthquake and
Tsunami (Figure 1-13) resulted in more than 18,000 lives lost and $220 billion in estimated
economic damage (NOAA, 2021).

Tsunamis are caused by displacement of a seafloor, often triggered by earthquakes on underwater
subduction faults. During the earthquake, a portion of the sea floor is rapidly raised in elevation,
pushing a wave of water outward from the source. Most life loss related to tsunamis is a result of
drownings but collapse of structures can also be a factor. Tsunami effects that damage structures
include hydro-dynamic forces associated with passage of the wave, flotation of structures off their
foundations, and impact by water-borne debris including large vessels, shipping containers, and
vehicles.

Tsunamis can take many minutes or even hours after the generating earthquake to reach a coast, so
many communities have relied on early warning systems and evacuation planning as a means of
protecting against life loss. Although buildings and structures can be designed to resist forces
generated by a tsunami, structures in coastal communities have not been designed to resist tsunami
effects. Within the past five years, the building codes have adopted requirements for design of some
structures essential to community response and recovery for tsunami effects (Section 10.2). Most
structures, however, are exempt from such requirements.

Figure 1-13  Sukuiso, Japan a week after the M9.0 Tohuku Earthquake and Tsunami (from D.
McCord, NOAA).
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1.3.4 Fault Rupture

The slippage within the rock that occurs during an earthquake, known as fault rupture, can initiate
near and propagate up to the ground surface or occur miles beneath the surface and remain hidden.
Surface fault rupture can result in abrupt lateral (Figure 1-14) or vertical (Figure 1-15) offsets,
ranging from a few inches to many feet. The forces produced by the rupture can be large, so it is
challenging to design structures that can resist being pulled apart by fault rupture. The best defense
against damage from ground fault rupture is to not build over known fault traces.

Figure 1-14 Horizontal offset of a fence near Point Reyes, California from fault rupture in the
1906 7.8M San Francisco Earthquake (from USGS).

Figure 1-15 Vertical fault offset of a school track from surface fault rupture in the 1999 M7.7
Chi-Chi Earthquake in Taiwan (from B. Yeats).
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Chapter 2: How U.S. Seismic
Provisions are Developed and
Implemented

One of the primary ways a community protects itself and its individual citizens from potential
earthquake disasters is by adopting and enforcing a building code with appropriate seismic design
and construction requirements. Seismic provisions in U.S. building codes have evolved over the past
century to apply knowledge gained from observation of earthquake damage and research conducted
over that time. The seismic provisions of U.S. building codes are implemented during building design
and construction through a regulatory process involving a wide range of individuals. This Chapter
provides an overview of the role building codes play in ensuring society has adequate protection
from earthquakes, how seismic provisions in building codes are developed, and how the provisions
are implemented during design and construction of a building. The content focuses on new
buildings, but existing buildings are briefly discussed.

2.1 Building Codes

Building codes are an extensive compendium of legally enforceable, technical regulations that
establish the minimum design, construction, and maintenance requirements for new and existing
buildings and structures of different occupancies and uses. In the United States, building codes are
adopted and enforced at the local level (i.e., by individual cities and counties), although some states
and territories mandate that all communities within the state adopt a single state-approved series of
codes. Building codes are primarily written for use by architects, engineers, and building regulators.
However, they are useful for various purposes by safety inspectors, environmental scientists, real
estate developers, contractors and subcontractors, manufacturers of building products and
materials, insurance companies, facility managers, tenants, and others.

Presently, most U.S. communities formally adopt a building code and have a system in place for
building regulation, but this was and still is not always the case. In fact, some rural areas in the
United States have still not adopted a building code and, in these areas, it is legal to design and
construct structures using any standards considered appropriate by the designers and builders.
Further, not all codes enforced at the local level will result in adequate earthquake-resistant design
and construction. For example, some communities in the Central and Eastern United States that are
at significant risk of experiencing damaging earthquakes have applied modifications to the nationally
recommended seismic requirements to reduce the cost and impact of earthquake-resistant
construction in their communities. Other communities adopt codes that are out-of-date or are slow to
incorporate recent improvements in building technology. As a result, although the cost of
incorporating appropriate earthquake resistance into new construction is small, many buildings
continue to be constructed without adequate protection, leaving people in these communities at risk.
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As some historical context, in the late 1800s and early 1900s, some major U.S. cities, including
Chicago, Los Angeles, Philadelphia, and New York, developed their own building codes. Typically, the
local building officials and fire marshals led the effort with voluntary assistance from local design
professionals, construction industry associations, and the insurance industry. Most of the codes
were developed because of frequent urban conflagrations that occurred in that era, but San
Francisco developed a code in response to the earthquake there in 1906. Initially, the building codes
were unique to each city, but over time cities began to collaborate on a regional level to further
develop codes, and as a result the requirements became more uniform. As this practice was
formalized, building officials in the Northeast and Central United States, Southeastern United States,
and Western United States each formed organizations to develop model building codes appropriate
to their regions. Most individual cities within the regions adopted the model building codes,
sometimes with local amendments.

Today, most building codes adopted and enforced in the United States are based on a series of
model building codes developed and published by the International Code Council (ICC), a successor
to the organizations that developed the earlier region-based model codes. The ICC is a professional
association mostly composed of building regulators, such as building officials and fire marshals. The
[-Codes are intended to be nationally and internationally applicable, though they are mostly adopted
within the United States. There are 15 total I-codes, but only three pertain to seismic provisions:

= The International Building Code (IBC) addresses nearly all types of buildings, including
residential, commercial, institutional, governmental, and industrial buildings and structures;

= The International Residential Code (IRC) addresses one- and two-family dwellings and low-rise
multi-unit dwellings.

= The International Existing Buildings Code (IEBC) addresses existing buildings.

Several other organizations, including the National Fire Protection Association (NFPA) and the
International Association of Plumbing and Mechanical Officials (IAPMO), also publish model codes,
which are adopted by some U.S. communities.

The ICC and other model code development organizations publish new editions of their codes on
regular cycles, which are typically three years long. Each time the model codes are updated,
hundreds of changes are made to reflect the use of new construction products and technologies,
new research and lessons learned through observation of poor performance, and to accommodate
changes to societal expectations. ICC follows a formal update process for their codes that enables
any individual or organization to propose new requirements or changes to existing requirements.
There is a formal member-consensus voting process used to approve or deny proposals. Professional
associations representing engineers and architects, building industry trade associations, individual
construction product suppliers, and individual members of the public all participate in this process.

Some communities adopt the model codes each time a new model code is issued, while other
communities wait years before adopting an updated code. Some communities adopt the codes
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verbatim, while others modify the provisions or adopt only portions of them. The development and
widespread adoption of the I-Codes is beneficial in that it has created a more uniform regulatory
environment in which design professionals and contractors need to become familiar with only a
single set of requirements regardless of where they are practicing. Also, the consensus process used
to update the codes generally ensures that the requirements are fundamentally sound and nationally
applicable.

Once adopted by a state or local government, the building code becomes law and is typically
enforced by a government official. This official is typically identified as the Chief Building Official, but
sometimes another title is used, such as Fire Marshal or Clerk. Collectively, the officials empowered
to enforce the requirements of a building code are identified in the codes as the Authority Having
Jurisdiction (AHJ).

International Building Code (IBC), International Residential Code (IRC), and

International Existing Buildings Code (IEBC)

Three model building codes by ICC pertain to seismic provisions:

= The IBC is the model code for all buildings.

= The IRC is a model code with special provisions applicable for
detached one- and two-family dwellings and townhouses up to
three stories.

= The IEBC is the model code for repair, alteration, addition, and
change of occupancy for existing buildings.

Published 2020. Available for free on the web.

FEMA Report: Building Codes Save: A Nationwide Study

This report presents a study about hazard losses avoided by communities
that have adopted more stringent building codes. The study summarized
in the report analyzed local data to generate a nationwide picture of what  ° 8= =
percentage of new building stock is built to hazard-resistant codes, the ﬁ -~
. . . Building Codes Save:
estimated long-term cost savings of adoption of these codes, and how the  a Nationwide Study
benefits of commercial and residential building codes differ. Published o
2020. Available as a free PDF. & v
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2.2 Consensus Standards

Many design requirements, including ones for earthquake resistance, are not contained in the text of
the I-codes. Rather, I-codes reference outside documents called consensus standards, which include
the detailed, and often material-specific, requirements. The model codes typically adopt the most
recent edition of each standard available at the time of code publication. Once adopted by a code as
a reference, these standards become as effective as if they were transcribed within the codes.
Important standards that include requirements for earthquake-resistant design and construction are
listed in Table 2-1. There are other standards governing the design of specialty structures including
bridges, storage tanks, storage racks, telecommunications towers, and electrical transmission

towers, but those are not listed.

Table 2-1 Standards Related to Earthquake Resistance Referenced by the I-Codes
Topic Area Standard Publisher
New ASCE/SEI 7 Minimum Design Loads and Structural Engineering Institute
buildings Associated Criteria for Buildings (SEI) of ASCE
and Other Structures
Existing ASCE/SEl 41 Seismic Evaluation and Retrofit Structural Engineering Institute
buildings of Existing Buildings (SEI) of ASCE
Steel AISC 360 Specification for Steel Buildings American Institute of Steel
Construction (AISC)
Steel AISC 341 Seismic Provisions for Steel American Institute of Steel
Buildings Construction (AISC)
Steel AWS D.8 Seismic Supplement American Welding Society (AWS)
Reinforced ACl 318 Building Code Requirements for | American Concrete Institute
concrete Reinforced Concrete (ACI)
Wood-frame | NDS National Design Specification American Wood Council (AWC)
Wood-frame | SDPWS Special Design Provisions for American Wood Council (AWC)
Wind and Seismic
Cold-formed | AISI S100 North American Specification for | American Iron and Steel
steel the Design of Cold Formed Steel | Institute (AISI)
Structural Members
Reinforced T™MS Building Code Requirements and | The Masonry Society (TMS)
masonry 402/602 Specification for Masonry
Structures

2-4
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Consensus Standards

Industry associations like ASCE, AISC, ACI, AWC, AISI, and TMS
publish consensus standards for design and construction
practice in their respective industries. If referenced by a
building code, these industry standards become part of the
code. Publishing dates vary by standard. Consensus standards
are available through their publishers.

2.3 Existing Buildings

A new building becomes an existing building the moment it becomes occupied. After a few years of
use, most buildings do not conform to the currently enforced building code in some way because the
codes continue to evolve. As the buildings age, the lack of conformance will become more
significant. For the most part, building codes do not require upgrading existing buildings to conform
to current code requirements. However, recognizing that some building types are particularly
hazardous in earthquakes, some communities have amended their building codes to mandate
retrofit of these structures. Building types addressed by these mandates have include unreinforced
masonry buildings and some older concrete and wood-frame buildings.

Chapter 5 describes common types of buildings in the existing U.S. building stock, including
some that are especially vulnerable to earthquake damage.

It would be impracticable to require that each existing building be brought into conformance with the
current code, each time a community adopts an updated version of the code. Most existing buildings
are only required to be maintained to conform to the requirements of the code under which they
were originally permitted. However, there are a few exceptions:

=  When a substantive alteration or addition is made to the structure.

=  When the use of the structure changes, such that the new occupancy results in greater risk to
the public than did the prior occupancy.

=  When extensive damage occurs, requiring substantive repair (e.g., after an earthquake or fire).

= When the community determines, through its adopted building code, that the building conforms
to a class of structures that is excessively hazardous to the public safety.

Depending on the age of an existing structure and its materials of construction, it may be
impracticable to bring the building into full compliance with the code requirements for new
construction. Therefore, when upgrade is required, many codes permit upgrade to reduced criteria,
relative to that required of new construction.
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The IEBC is the model code most commonly adopted for enforcement of building safety in existing
buildings. Like the IBC, the IEBC adopts many of its provisions by reference to national standards.
One such standard is the ASCE/SEI 41 Standard, Seismic Evaluation and Retrofit of Existing
Buildings. This standard specifies evaluation procedures that can be used to determine the
performance of buildings in earthquakes of different intensity. The design and analysis procedures
that can be used to upgrade building performance when it is found to be unacceptable. ACl and AISC
are developing companion standards that provide guidance on the capacity of archaic reinforced
concrete and structural steel structures, respectively, to resist earthquake shaking with desired
limiting levels of damage.

ASCE/SEI 41 Standard: Seismic Evaluation and Retrofit of Existing Buildings

This standard provides engineering procedures to evaluate the
earthquake resistance of existing buildings and design retrofits that

improve their ability to withstand earthquakes. Published 2017. ma oot
Available through ASCE.

FEMA P-2006: Example Application Guide for ASCE/SEI 41-13 Seismic
Evaluation and Retrofit of Existing Buildings

This report provides helpful guidance on the interpretation and use of
ASCE/SEI 41, Seismic Evaluation and Retrofit of Existing Buildings,
through a set of step-by-step design examples that cover key selected

topics. Discussion of the foundational principles, performance ————
i i . . L forAS(’TE/SE[41A13 Seismic
objectives, analysis procedures, and acceptance criteria is also m;;y&gmﬁmf

with Addiional Commentaryfor ASCE/SE| 41:17

included. Published 2018. Available as a free PDF. s
& FEMA @ Y@

2.4 History of U.S. Seismic Provisions

In the United States, the early development of earthquake requirements for building codes occurred
primarily in the western states, notably California. These first requirements were developed by
volunteers from the Structural Engineers Association of California (SEAOC), in cooperation with the
International Conference of Building Officials, a predecessor to the ICC. These initial requirements
appeared as a non-mandatory appendix in the 1927 edition of the Uniform Building Code, an early
model code adopted primarily in western states. Over the years, as more earthquakes occurred in
western states, SEAOC worked with its sister associations in other states, most notably Washington,
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to refine and improve these regulations. Eventually they were moved into the body of the Uniform
Building Code and became mandatory.

During the early years of seismic code provision development, the principal basis for code changes
was observation of the performance of actual buildings in earthquakes. When an earthquake
occurred, engineers and building officials would survey the damage and, when certain types of
construction performed poorly, they would change the code to address observed problems. By 1970,
many engineers and building officials practicing on the West Coast believed they had developed a
building code capable of providing buildings with adequate earthquake performance. However, in
1971, the M6.6 San Fernando Earthquake near Los Angeles resulted in extensive damage to many
then code-conforming structures and the collapse of some such structures. That earthquake made it
clear that the building code needed significant improvement and served as a wake-up call to
engineers that more work was needed.

2.4.1 National Earthquake Hazards Reduction Program

A few years after the 1971 San Fernando Earthquake, Congress passed the Earthquake Hazards
Reduction Act of 1977 (Public Law 95-124) that established the National Earthquake Hazards
Reduction Program (NEHRP). Under the NEHRP, four federal agencies, the Federal Emergency
Management Agency (FEMA), the National Institute of Standards and Technology (NIST), the National
Science Foundation (NSF), and the U.S. Geological Survey (USGS), were authorized and provided with
dedicated funding to mitigate earthquake risks to life and property in the United States. Since its
inception, the program has funded and supported many important initiatives involving basic research
and the application of this research to foster broad-scale mitigation of earthquake risks. The NEHRP
has been reauthorized periodically since that time and continues to support this work. Many NEHRP
activities have contributed to improved seismic provisions. Each agency serves a specific role in the
program.

USGS focuses on identification of the level of earthquake hazard throughout the
United States. As part of this effort, USGS operates a network of strong motion
instruments that record the effects of earthquakes at sites that range from a
few to hundreds of miles from the geographic origin of the event. These data
permit the USGS to identify the likely intensity of future earthquakes throughout
the United States and to develop the national seismic hazard maps that serve
as the basis for the design ground motion specified by the building codes.

NSF fosters technological leadership by sponsoring basic research and the
development of new generations of scientists and engineers. Over the years it
has sponsored a broad range of earthquake engineering research including
field investigations of damage caused by earthquakes and laboratory and
analytical research performed by individual students and professors. NSF also
funds national research centers to conduct fundamental research focused on
mitigating U.S. earthquake hazards, such as Natural Hazards Engineering
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Research Infrastructure (NHERI). Much of past NSF research is reflected in requirements contained
in current building codes.

NIST conducts research and development work, and it also supports public-

private partnerships with the goal of improving the technological ler
competitiveness of the United States. It has sponsored and participated in National Institute of
research that led to development of some of the earthquake-resistant Standards and Technology
technologies reflected in the current model building codes. In the 2004

reauthorization of the NEHRP program, NIST was identified as the lead NEHRP agency with
responsibility for coordinating the activities of the four NEHRP agencies and for establishing an
advisory committee to assess scientific and engineering trends, program effectiveness, and program
management.

ART;
oute=tie

FEMA fulfills statutory and regulatory authorities to support state, local, tribal,
and territorial preparation for, response to, recovery from, and mitigation of F‘jﬂg

o Ug
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natural and manmade disasters. It provides assistance through pre- and post-
disaster grants, education, risk analysis, data collection, engineering best
practices, and hazard-resistant building code development. Under the NEHRP, FEMA
FEMA sponsors the development of tools and practices that encourage the

development of a more earthquake-resistant nation.

&
Wiy SEC

2.4.2 Development of Provisions for New Buildings

One of the early research programs sponsored by NSF under the NEHRP was development by the
Applied Technology Council (ATC), an organization formed by SEAOC after the 1971 San Fernando
Earthquake, of a guidance document containing recommendations for next-generation seismic
building code requirements. Published in 1978, this document, Tentative Provisions for the
Development of Seismic Regulations for Buildings, acknowledged that the new concepts and
procedures presented should be evaluated in comparative designs to test workability, practicability,
enforceability, and cost impact before they were considered for code adoption. FEMA later took over
this initiative and funded the Building Seismic Safety Council (BSSC), a non-profit council organized
under the National Institute of Building Sciences, to conduct this effort, which resulted in consensus-
approved modifications to the original document published as the NEHRP Recommended Seismic
Provisions for New Buildings and Other Structures (the NEHRP Provisions), a primary resource
document that underlies the seismic design requirements contained in current building codes.

Since the first publication of the NEHRP Provisions in the early 1980s, FEMA has funded continuous
update of the document so that it remains a valuable resource for the model code and national
standards development organizations. These updates are developed through the voluntary efforts of
engineers, architects, building officials, academics, and industry experts, working under the auspices
of the BSSC. The first building code adoption of the NEHRP Provisions occurred in 1992.

Originally, the NEHRP Provisions were published as a complete, self-contained set of requirements
for seismic design of new buildings and structures. Once the ASCE/SEI 7 standard adopted much of
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the requirements contained in the NEHRP Provisions almost verbatim, it became more useful to
publish the document in three parts. Part 1 contains recommended updates to the ASCE/SEI 7
standard; Part 2 contains a detailed commentary; and Part 3 contains a series of white papers on
potential future improvements to seismic design criteria. The most recent edition of the NEHRP
Provisions, available as FEMA P-2082, serves as the basis for seismic requirements contained in the
ASCE/SEI 7-22 standard, which will be referenced by the 2024 edition of the International Building
Code. ASCE/SEI 7 is discussed in technical detail in Part B of this guide.

Other Structures

FEMA P-2082: NEHRP Recommended Seismic Provisions for New Buildings and

A consensus-based technical resource document, commonly
referred to as the NEHRP Provisions, which presents guidance for
the advancement of seismic design and construction practices, S m—
Seismic Provisions for
including recommendations for changes to ASCE/SEI 7. The N elicingrand Other

Vohame & Port 1 Prvsions,Part 2 Commertary
P20 b 200

NEHRP Provisions are used by model code and standards o
organizations to improve codes and standards. Published 2020. New Bilingsand O

Structures

e 1 Prt 3 s Papers

A-206. pemb 200

Volume | and Volume Il are available as free PDFs. P, e

FEMA P-2156: The Role of the NEHRP Recommended Seismic Provisions in the
‘ Development of Nationwide Seismic Building Code Regulations: A Thirty-Five
Year Retrospective

This retrospective describes the role of the NEHRP Provisions in
improving seismic design practices, summarizes the major technical
changes resulting from the effort, and describes future considerations. f_ {
Published 2021. Available as a free PDF. S r—

Seismic Provisions in the Development
of Nationwide Seismic Building
Code Regulations: A Thirty-Fi

G rava “©r

2.4.3 Development of Provisions for Existing Buildings

Under the NEHRP, substantial funding has also been provided for the development of evaluation and
upgrade criteria for existing buildings. In the mid-1980s, FEMA, under its existing buildings program,
contracted with ATC to develop a series of seismic evaluation and retrofit guideline documents. This
culminated with publication of the FEMA 273/274, Guidelines and Commentary for Seismic
Rehabilitation of Buildings in 1997. Shortly after publication of this document, FEMA partnered with
ASCE to update the FEMA-273/274 documents and publish the improved document as FEMA 356,
Prestandard for Seismic Rehabilitation of Buildings. After several years of trial use and feedback by
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engineers, ASCE converted this prestandard into the ASCE/SEI 41 standard, Seismic Evaluation and
Retrofit of Existing Buildings. ASCE/SEI 41 is referenced by the IEBC and is currently the primary
design criteria used by engineers to design building seismic upgrades.

Both FEMA and NIST support the continued improvement and update of the ASCE/SEI 41 standard
through a series of projects, including the FEMA-funded ATC-140 project, which works directly with
ASCE/SEI 41 committee members to identify and develop needed improvements to the standard.

2.5 Implementation of the Building Code

For a new building to be earthquake-resistant, seismic provisions must be properly incorporated into
building design, and construction must be conducted per the design. This section provides context
on the typical process for design and construction of a new building in the United States.

Most buildings in the United States are developed as a financial investment, either with the intent of
selling the building at a profit or holding it as an asset and deriving income or benefit from its use.
The persons or organizations who lead this process are known as developers, who are typically
businesspersons or organizations who have expertise in marshalling the necessary resources,
including land, investors, design professionals, and contractors.

Developers start with a location and at least a basic concept of the building they would like to
produce. Developers rely on a large team of design professionals to bring this concept to fruition in
the form of drawings and specifications that describe in detail how the project is to be constructed,
collectively known as construction documents.

The design team typically includes an architect, a geotechnical engineer, a structural engineer, a civil
engineer, an electrical engineer, a mechanical engineer, as well as a number of other specialists. In
all U.S. states and territories, people acting in the role of a design professional must be licensed by
the state to practice in their area of specialty. Prior to licensing individuals, most states require
demonstration of competence through a process of education, experience, and examination. To
obtain a license to practice, architects and engineers must possess an appropriate degree from an
accredited institution, work under the guidance of a licensed design professional for several years,
pass a competency examination, and maintain competency through continuing education and
professional development.

Although it is possible for a developer to individually hire each of the design professionals necessary
for a project, developers typically directly hire only an architect and a geotechnical engineer. The
architect is typically responsible for retaining the other design professionals. Table 2-2 describes the
responsibilities of the typical members of a design team for a building project.
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Table 2-2 Responsibilities of Members of a Typical Building Design Team

Design Professional Responsibilities
Architect = Determine the basic shape, layout, and appearance of the
building

= Design the building configuration for its intended occupancy
(e.g., residential or office)

= Ensure adequate egress (safe exit paths) out the building
= Ensure fire-resistance of the building

= Retain the other design professionals needed to complete the
project and coordinates the efforts so that they are compatible

Geotechnical engineer = Explore the soils at the site, perform laboratory testing of soil
samples

= Make recommendations, contained in a geotechnical report, as
to the types of foundations that are appropriate to the proposed
construction, the severity of potential earthquake effects at the
site, and measures necessary during construction to permit safe
excavation for foundations and basements

Structural engineer = Design the structure to support the weight of the building and its
occupants and withstand the effects of wind, rain, earthquakes,
and other hazards

= Provide criteria for earthquake-resistant anchorage and bracing
of the nonstructural components

Civil engineer = Design of the site, grading, paving, and underground utilities
serving the building site

Mechanical engineer; = Design of the heating, ventilating, and air conditioning systems
electrical engineer;
plumbing engineer;
(MEP) = Design of plumbing and sanitary systems

= Design of lighting and power systems

Because the structure of a building provides the primary resistance to earthquake effects, structural
engineers take a lead responsibility in ensuring the earthquake safety of the building. However, other
design professionals also play an important role in this regard by ensuring that the designs of
cladding, ceilings, lighting, HVAC, and other nonstructural components and systems have earthquake
resistance that meets the minimum seismic design criteria specified by the structural engineer.

Once the design team completes the construction documents, the developer submits these to the
local building department to obtain a building permit. The building department reviews the
construction documents to ensure that they have been prepared and signed by appropriately
licensed individuals, and that they conform to the requirements of the building code. Once the
building department is satisfied that a design conforms to the applicable requirements and
appropriate fees are paid, the building official, commonly referred to as the AHJ, issues a building
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permit to allow construction. The contractor is required to post a copy of the building permit,
sometimes called the job card, at the construction site, as evidence that an appropriate permit has
been obtained.

Just as is the case with design professionals, most contractors specialize in and are licensed to work
in one or more specialty areas, such as steel fabrication or erection, wood framing construction, or
mechanical systems. While developers could hire individual contractors to perform each of the
individual types of construction required, developers typically hire a general contractor who takes
overall responsibility for construction, hires each of the other contractors (subcontractors) on behalf
of the developer and coordinates all activities necessary to complete the project.

Contractors are required to build the project in accordance with the drawings and specifications and
to perform quality control supervision of their work. However, in past earthquakes, some failures
have occurred because of construction features that were not built in conformance with the design
requirements. As a result, the building codes now require a series of independent inspections to
ensure that the builder properly executes the design. These inspections may be directly performed by
the AHJ, private individuals or firms with the appropriate qualifications, the design professionals
themselves, or a combination of these parties.

When an inspection is performed, the conformance of the construction with the design and code
requirements is documented by a series of reports and/or by the inspector’s signature on the job
card. If an inspector finds that the construction does not conform in some way to the code or design
requirements, the builder must correct the issue before a sign-off is given. Upon completion of
construction and submittal of documentation by the builder of evidence that the building has passed
all required inspections, the AHJ will issue a certificate of occupancy. If a building is occupied without
this permit, the AHJ can require that other law enforcement officials vacate the premises and lock it.
Even after an occupancy permit has been issued for a structure, the AHJ can revoke the permit if
there is reason to believe that the structure has become unsafe in some way. It is not uncommon for
this to occur after a fire, earthquake, hurricane, or other event that causes extreme damage to
buildings. This also can occur if the owner or occupants allow a building to deteriorate to a point at
which the structure is no longer safe for use. In extreme cases, the building official can order
demolition of structures deemed unsafe.
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Chapter 3: How U.S. Building Codes
Approach Earthquake Risk

The primary objective of current U.S. building codes is to prevent buildings from causing large-scale
loss of human life in earthquakes. Minimizing damage and preventing loss of function are not explicit
objectives for buildings of typical occupancies, and if they are achieved it is only as a byproduct of
the primary objective of life safety. Earlier codes focused on preventing building collapse, so the
current approach represents substantial advances in earthquake-resistant design and a rise in
societal expectations. Technology and knowledge continue to advance, making it more feasible for
engineers to deliver buildings that would have minimal damage and impact to function in
earthquakes. Societal expectations for building performance in disasters also continue to rise,
motivated by the negative local-level impacts of recent disasters. Encouraged by these factors, a
movement is currently underway to change the objective for building performance from one
measured in loss of life to one measured in post-earthquake recovery time. If the movement is
successful, the future of earthquake-resistant design may look quite different.

3.1 Approach in Current Codes

Even in the areas of highest earthquake risk in the United States, severe earthquakes occur
infrequently at a particular location, often with hundreds of years between events capable of causing
widespread damage. Because the average building has a useful life of about 50 years, many
buildings will not ever be exposed to severe earthquake shaking. As a result, building codes are
based on the concept of acceptable risk, which involves the establishment of minimum standards
that attempt to balance the cost of earthquake-resistant construction against the chance of incurring
unacceptable losses in future earthquakes.

This approach developed over a period of more than one hundred years. Initially, the intent of the
building codes was simply to prevent buildings from collapsing in earthquakes. Engineers of the time
did not know how to reliably accomplish this, and achievement of better performance was not a
realistic goal. As engineers became more confident in their ability to minimize the risk of earthquake-
induced collapse, building codes sought to reduce anticipated damage to nonstructural systems and
components, as well as essential facilities, like hospitals. This happened not only because the
technology to make this possible became available, but also because society began to indicate
dissatisfaction with the levels of damage occurring to infrastructure in disasters.

Defining acceptable risk is difficult because the risk that is acceptable to one person may be
unacceptable to others. A person’s perception of an acceptable level of risk is usually dependent on
whether or not the person believes they will be personally affected and to what extent, and how
much the person is being asked to personally spend to avoid the risk.
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U.S. building codes have adopted a life safety protection goal as representing acceptable risk for
building seismic design. Under this concept, buildings are designed with the intent that they protect
life safety but can experience significant damage when subjected to design earthquake shaking and
potentially be damaged so severely that they cannot be repaired. In essence, developers of building
code requirements reasoned that it was appropriate to require builders to incorporate sufficient
safety to protect human life in earthquakes, but that most building owners would not want the added
cost to provide greater protection against events there was no guarantee would happen.

3.1.1 Approach for New Buildings

For most new buildings, the building codes uses a design philosophy focused on life safety
protection. This philosophy assumes that buildings and structures will be damaged in earthquakes
representative of the local hazard, but that there will be:

= Low probability of individual life loss or injury,
= Very low probability of massive life loss (as could occur if many buildings collapsed), and

= Low probability that structures essential to post-earthquake response (e.g., police and fire
stations, hospitals, emergency communications centers) will lose an ability to function.

The building codes identify two specific earthquake intensity levels for design purposes. The first of
these is termed maximum considered earthquake (MCE) shaking. This level of shaking has return
periods varying from approximately 1,000 to 3,000 years, depending on regional location and
frequency of earthquakes in that region. For this earthquake level, the code seeks only to minimize
the probability of structural collapse to avoid massive life loss. The second level of shaking, termed
design earthquake shaking, has an intensity two-thirds that of the maximum considered earthquake
shaking. Design earthquake shaking has return periods of several hundred years to approximately
1,500 years, depending on location. For this level of shaking, the code seeks to limit damage that
could injure individual occupants or prevent function of essential services.

This philosophy accepts, for economic reasons, that some buildings affected either by design
earthquake shaking or maximum considered earthquake shaking may be so severely damaged that
repair could take months to years, or that it may be impractical to repair at all.

3.1.2 Approach for Existing Buildings

Providing seismic resistance to achieve the current definition of acceptable risk in a new building is
cost effective and results in only a minor increase in the cost of construction, relative to that required
without such protection. To seismically retrofit an existing building, however, is significantly more
expensive than the cost would have been to build the equivalent protection into new construction.
Retrofit construction is also disruptive to occupants. To minimize these impacts, ASCE/SEI 41 and
IEBC permit upgrade of existing buildings using a slightly more lenient acceptable risk target than for
new buildings. For most regions of the United States, this level of acceptable risk is achieved by
designing for earthquake shaking that is approximately twice as likely to occur as that for new
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buildings. IEBC requires such design when upgrade is triggered by occupancy change or substantial
structural alterations or additions. Individual owners and design teams can, of course, elect to
design upgrades for existing buildings to the same target risks required for new structures, or even
lower risk (i.e., better than life safety), on a voluntary basis.

3.1.3 Implications of Current Approach

What the acceptable risk approach does not consider, however, is that when design-level or more
severe earthquakes occur, their effects are sufficiently widespread that a substantial portion of the
building inventory in entire communities can be rendered unusable for many months, threatening
the viability of the community.

Several recent effects of such disasters have occurred in the past 20 years. Following the
devastating effects of Hurricane Katrina on New Orleans in 2005, more than half of the population of
the city fled. Many resettled in other locations, because the buildings where they used to live and
work were no longer habitable and could not be repaired for months to years. Fifteen years later,
New Orleans’ population remained at 80% of that which existed before the hurricane (FEMA, 2021).

Earthquakes have caused similar disasters in the past and will continue to cause more in the future.
The M7.8 San Francisco Earthquake of 1906 and resulting fires devastated much of San Francisco
(Figure 3-1), then the ninth largest city in the United States, resulting in catastrophic economic
losses and a shift in growth to regions that were less affected by the earthquake (Ager et al., 2019).
The M9.2 Great Alaskan Earthquake of 1964 destroyed much of Anchorage, Alaska. More recent
events, such as the M6.7 Northridge Earthquake of 1994 caused significant damage to the built
environment and direct economic losses of $42 billion (1998 dollars). Insured losses in Northridge
cost more than three times the total earthquake premiums collected in the 25-year period prior to
the disaster, which eventually led to an insurance availability crisis and collapse of the earthquake
insurance industry in California (Petak and Elahi, 2001).

Almost half of the U.S. population, 150 million people, reside in portions of forty-two states that are
at risk of experiencing a damaging earthquake within the next 50 years. Sixteen of those states,
including Alaska, Arkansas, California, Hawaii, Kentucky, Missouri, Oregon, South Carolina,
Tennessee, and Washington, are at very high risk, and their metropolitan regions could face
unprecedented life loss and catastrophic damage to buildings, critical infrastructure, and lifeline
infrastructure systems with cascading social and economic consequences (Petersen et al., 2014). A
disaster in one community or state can have economic and social impacts on neighboring
communities, states, and the entire nation.

Following a disastrous earthquake in Christchurch, New Zealand in 2011, which resulted in
demolition of a substantial portion of the city (Figure 3-2), many engineers and government planners
began to question the sustainability of our acceptable risk approach to building design.
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Figure 3-1 Widespread damage in San Francisco following the earthquake and fire in 1906
left people without places to live or work and forced a shift in economic
development to Southern California (from National Archives).

Figure 3-2 Christchurch, New Zealand after demolition of many buildings in the Central
Business District following the 2011 Christchurch Earthquake (from Miyamoto
International).
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3.2 Performance-based Procedures

Even before the 2011 Christchurch Earthquake, some engineers were already questioning the
wisdom of designing structures with the intent that they will be substantially damaged by design-level
events. Following a series of damaging earthquakes that struck California between 1987 and 1994,
SEAOC, with funds provided by FEMA and the California Office of Emergency Services, developed a
framework for new design procedures that would permit design for better performance, called Vision
2000. Specifically, the goals of Vision 2000 were to enable engineers to design buildings with
predictable seismic performance and to suggest enhanced performance objectives as a basis for
design, relative to those underlying the contemporary building code. These new procedures were
called performance-based design.

The technical requirements of the building codes are often described as prescriptive because they
prescribe specific criteria and procedures that design and construction must conform to.
Performance-based procedures differ from prescriptive procedures in several important ways.

Structural design using prescriptive procedures involves the following steps:

1. Select a structural system type (e.g., steel braced frame, or concrete shear wall)

2. Proportion the structure such that it has the strength and resistance to shaking specified by the
building code

3. Detail (design) the structure to conform to material-specific requirements for earthquake
resistance

When designing using prescriptive approaches, engineers do not actually evaluate the ability of the
structure to perform as intended by the building code. Rather, the engineer is able to presume that
because the building complies with the prescriptive requirements, this performance will be obtained.

By contrast, structural design using performance-based procedures involves the following steps:

1. Reach agreement between key stakeholders, including the developer, building official, major
tenants, lenders, and insurers as to the specific performance that is to be attained

2. Perform analytical simulations to predict the performance of a building in response to design
events like earthquakes

3. Demonstrate that the desired performance can be attained

When completed, the resulting desigh may not conform to the strength or detailing requirements of
the building code, but it does provide the desired performance.

Performance-based procedures are often used to design upgrades for existing buildings, because it
is often impracticable to bring these structures into full compliance with the prescriptive
requirements for new structures. Performance-based procedures are also commonly used to permit
the use of new technologies, materials, and systems that are not yet covered by the building code.
These procedures are also used to design buildings that will be capable of superior performance to
that intended by the prescriptive code requirements. Performance-based seismic design procedures
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have recently become the preferred approach for design of high-rise buildings in regions of high
earthquake risk.

When first presented in the Vision 2000 publication, performance objectives were stated in
gualitative terms defining the level of protection desired (e.g., collapse prevention, life safety,
immediate occupancy), and the earthquake intensities for which these goals were to be achieved.
The performance levels themselves were only qualitatively defined. Over the nearly 30 years since
the Vision 2000 Project, performance-based design technology has improved substantially. The most
recent procedures, embodied in the FEMA P-58 series of publications, defines performance by
guantifying the probability that losses (e.g., repair cost, downtime, casualties) may exceed certain
quantitative levels. While performance-based procedures are gaining in popularity, the building
codes permit, but do not yet require their use.

Section 10.1 provides more information on performance-based design.

@ FEMA P-58: Development of Next Generation Performance-Based Seismic

This series, consisting of seven reports, presents the background on performance-based
seismic design and guidance for application of the concepts. The methodology utilizes
performance measures that can be understood by decision makers, such as the amount of
damage, number of potential casualties, loss of use or occupancy, and repair costs. FEMA P-
58-7, Building the Performance You Need: A Guide to State-of-the-Art Tools for Seismic Design
and Assessment, provides a short introduction to the topic that is clear and approachable for a
general audience. Second edition published 2018. Available as free PDFs.

AT TES- N
Building the Performance
YouNeed
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3.3 Future Directions

Societal dissatisfaction with the levels of earthquake damage anticipated by the acceptable risk
approach in present building code provisions and the availability of new tools that can predict
earthquake performance with more precision have motivated a serious reconsideration of the life
safety objective embedded in current building codes. In recent years, engineers, building officials,
and other relevant parties have been exploring ways the code provisions can better support lower
damage levels and an objective of community resilience, including several different efforts from the
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Earthquake Engineering Research Institute (EERI), ICC, and SEAOC. The concepts behind the future
direction of these codes are commonly referred to as resiliency-based or functional recovery-based.

In 2019, Congress charged NIST and FEMA with assembling a panel of experts to document the
available options for developing resilient infrastructure in the United States that would be capable of
surviving design-level earthquakes without jeopardizing the viability of the affected communities.
This resulting FEMA P-2090 report, Recommended Options for Improving the Built Environment for
Post-Earthquake Reoccupancy and Functional Recovery Time, which was published in 2021,
recommends options for developing a more earthquake-resistant and resilient country. The FEMA P-
2090 report proposes design for a functional recovery performance target. The difference between
design for functional recovery and resiliency are that a functional recovery design approach admits,
similarly to acceptable risk approach, the acceptability of some damage. Functional recovery design
seeks to ensure that damage is limited such that buildings and lifeline infrastructure can be restored
rapidly enough following an earthquake that the community remains viable. Current building codes
seek to ensure that hospitals, police stations, fire stations, and emergency response facilities are
functional immediately following an earthquake, although the effectiveness of those provisions is still
under debate by some. A functional recovery-based code would seek to ensure that housing, food
markets, large employers, and utilities also be restored to service, even if in an impaired but
operational mode, rapidly following an earthquake. Places of business, which are essential to
maintaining a vital economy, would also be designed to be restored within reasonable time.

Functional recovery concepts are presently under development, and there are several aspects that
must be further developed before they would be ready for inclusion in the code.

= Specific building occupancies that must be functional at some time following the earthquake
event and the target time for resumption of function of these buildings will need to be identified.

= Design criteria that can be effective in achieving this functional recovery capability will need to
be identified.

= An approach for addressing the existing inventory of buildings, which comprise most of the
present built environment and will for many years to come, will need to be identified.

= Design and repair standards for lifelines infrastructure that are sufficient to provide functional
recovery-level performance will need be developed.

= Ways to provide sufficient redundancy and resiliency in critical lifelines including electricity,
natural gas and water supply, sewer and waste processing facilities, telecommunications, and
roadways and bridges, will need to be identified.

The BSSC Provisions Update Committee (PUC), which oversees update of the NEHRP Provisions,
recently formed an issue team to bring consensus resolutions for these issues and present a set of
design criteria for functional recovery design. BSSC hopes to engage representatives of other groups
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working on such code requirements and present consensus procedures that could be adopted by the
ASCE/SEI 7 standard and the building codes. Such adoption could occur as early as 2027.

the Built Environment for Post-Earthquake Reoccupancy and
Functional Recovery Time

e FEMA P-2090 / NIST SP-1254, Recommended Options for Improving

This report provides a set of options in the form of recommendations
and tasks for improving the seismic performance of the built
environment. It explains why reoccupancy and functional recovery
concepts are needed, describes a target performance state, and

Recommended Options for
Improving the Built Environment

identifies potential cost and benefits associated with implementing for Post-Earthquake Reoccupancy
and Functional Re Time

enhanced seismic design. Published 2021. Available as a free PDF. s
LU ©
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Part A: General Audience

Chapter 4: Key Features of
Earthquake-Resistant Building
Design

For a building to be earthquake-resistant, the design must incorporate several key features, and the
design must be constructed properly. Lack of any of these features makes a building more
vulnerable to earthquake damage. This chapter presents a brief overview of these important
earthquake-resistant features. Most pertain to design of the structure, but protection of
nonstructural components, such as ceilings, piping, cladding, and equipment, is also covered.

4.1 Earthquake-Resistant Structures

Building are a complex assemblage of many elements, as illustrated in Figure 4-1. Typical structural
elements include beams, columns, floor slabs, roofs, walls, and foundations. Beams are horizontal
elements that provide direct vertical support for the floors and roof. Columns are typically vertical
elements that support the beams. Structural walls, which are sometimes present as infill between
beams and columns, can provide vertical support for the floors and roof as well as resist horizontal
forces from wind and earthquakes. Foundations, typically constructed of reinforced concrete, are
typically located beneath first story (or basement) columns and walls. In many older buildings,
cladding present on the outside of a building also served as a structural wall, but in many newer
structures, cladding does not serve a structural purpose and is considered a nonstructural
component.

Roof

Columns

Claddingw
i)

Floorslab — :'.
T

(]

Foundation

Figure 4-1 Buildings are a complex assemblage of structural and nonstructural elements
(adapted from Lagorio et al., 1986).
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A building can be defined as an enclosed structure intended for human occupancy. However, a
building includes the structure itself and nonstructural components (e.g., cladding, roofing, interior
walls and ceilings, HVAC systems, electrical systems) permanently attached to and supported by the
structure. The current building codes identifies more than ninety separate structural systems
associated with buildings.

Structural engineers design these structural elements to withstand the weight of the building, the
weight of occupants, pressures due to wind and snow, and movements imparted by earthquakes
and temperature changes; these are collectively known as loads. Structural design for most loads,
other than earthquake, seeks to provide a very small chance that the structure will be damaged
under anticipated loading. This is because most loads, such as those associated with occupant use,
wind, or snow, occur frequently during the life of the structure, and it would be considered
unacceptable to have to repair a structure after every such loading.

Damaging earthquakes, however, occur at a particular location only on the order of hundreds or
thousands of years apart, so most structures will likely never be subjected to a damaging event.
Current building codes have adopted the concept of acceptable risk (Section 3.1). Under this
concept, design for earthquake resistance is conducted with the understanding that structures may
be extensively damaged when they experience rare, but credible earthquake events, but the
expectation is that they will not be so damaged that they are likely to collapse and endanger
occupants. Under this acceptable risk approach, engineers design economical structures capable of
protecting public safety, but the structures have significantly less strength than if they needed to
resist earthquakes without damage.

Design of the structural system of a building must incorporate several important features:

= Stable foundations

=  Continuous load paths

= Adequate stiffness and strength

= Redundancy

=  Regularity

= Ductility and toughness

= Adequate separation from neighboring construction

In areas of highest earthquake risk (i.e., areas colored orange and red in Figure 1-9c¢) the building
codes require inclusion of all these features in the design and construction of structures. In areas of
lower earthquake risk, where less intense ground shaking is likely to occur, the building codes permit
relaxation of some of these requirements, as long as the structures are designhed with additional
strength.

4.1.1 Stable Foundations

The weight of a structure is typically carried to the ground by vertical columns, walls, or a
combination of these elements. Composed of reinforced concrete, masonry, structural steel, and
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wood, these columns and walls are typically much stronger than the soils underlying the structure.
Therefore, foundations, typically constructed of reinforced concrete, are used to spread the load
from the strong structural elements above to the relatively weaker and more compressible soils
below to provide safe support without excessive settlement. In an earthquake, a foundation must
safely deliver forces generated by ground shaking into the soil and prevent the building from sliding
or toppling.

Foundations consist of two types: shallow and deep foundations. Common types of shallow
foundations include individual spread footings and mats, illustrated respectively in Figures 4-2a and
b. On some sites, soils within a few feet of the ground surface are too weak or compressible to
provide support for heavy structures. In those cases, it is necessary to use deep foundations with
vertical elements called piles that extend through the weaker soils at the surface into the firm soils
below. Piles can be made of concrete, steel, or wood. They can be driven into the ground using heavy
construction equipment called pile drivers, or they can be drilled and cast into the ground. Usually, a
spread footing or mat is used to transfer load from the columns or walls to the piles. Figure 4-3
illustrates a mat supported on piles.

‘Hi Column — Column
Spread footing Mat

(a) Spread footing (b) Foundation mat

Figure 4-2 Types of shallow foundations.

Firm
. — Column
soil Piles Weak
i § .
T\Mat. \' surface soil

Figure 4-3 Deep foundation using piles.

FEMA P-749 4-3




Earthquake-Resistant Design Concepts

In addition to being able to support the weight of the structure without excessive settlement, the
foundation system must be able to resist earthquake-induced overturning forces and be capable of
transferring large horizontal forces between the structure and the ground without excessive
settlement or sliding. Foundation systems also must be capable of resisting both transient and
permanent ground deformations without inducing excessively large displacements in the supported
structures. On sites that are subject to liquefaction or lateral spreading, it is important to provide
vertical bearing support for the foundations beneath the liquefiable layers of soil or provide
foundations strong enough to bridge over local areas of ground failure. This may require deep
foundations with drilled shafts or driven piles. Because surface soils can undergo large lateral
displacements during strong ground shaking, it is important to tie together individual foundation
elements, such as spread footings, so that the structure is not torn apart by the ground moving
differently under different parts of the building. A continuous mat is an effective foundation system
to resist such displacements. When individual pier or spread footing foundations are used,
reinforced concrete grade beams can be used to tie individual foundations so that the foundations
move as an integral unit.

4.1.2 Continuous Load Path

When an earthquake occurs, the ground moves back and forth violently. If a building has stable
foundations, these foundations will move with the ground. However, because the building has mass,
the rest of the structure will initially stay in place, causing the structure to distort, as illustrated in
Figure 4-4. As the ground shaking continues, the structure itself will shake back and forth, and
pieces of the structure that are not adequately attached, can pull apart and become detached,
resulting in partial or total collapse. Figure 4-5 illustrates such damage to a carport which was not
adequately attached to the adjacent house to hold the two structures together. Figure 4-6 illustrates
a house that fell off its foundation in the 1989 Loma Prieta earthquake, because there were no
anchor bolts to tie the structure and foundation together.

o Ak | Age

e
Ground at rest Ground in mation

Figure 4-4 Effects of ground motion on a building. As the ground moves out from under the
building, the building tends to stay at rest, causing distortion throughout the
structure.
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Figure 4-5 This carport, originally supported by but not firmly attached to the adjacent house,
became detached from the house during ground shaking (from FEMA P-530).

Figure 4-6 House that fell off its foundation in the 1989 Loma Prieta Earthquake.

If structures are properly tied together to provide a continuous load path, damage like this can be
avoided. A load path is a series of connected elements designed to deliver loads from their origin to
the foundation. In steel construction, load path is achieved by bolted or welded connections between
each of the framing elements. In reinforced concrete and masonry structures, continuous reinforcing
bars must run throughout the structure to tie it together. In wood frame structures, like the houses
illustrated in Figure 4-5 and 4-6, steel hardware is used to tie the structure together, as illustrated in
Figure 4-7.
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Attachment at the house
to porch interface should
be strengthened.

Add diagonal
bracing or knee
bracing at each

vertical post. Thick

Reinforce post Make sure top post t
bases with heavy connections are in c:}l:)cre =
duty connectors. good condition and ) ?atlor
Connections that reinforce if necessary. Remforcle post GOk IRES
provide rotational bases with heavy

strength are best. duty connectors.

Connections that
provide rotational
strength are best.

Figure 4-7 Earthquake-resistant wood-frame construction uses steel hardware to tie the
framing elements together and provide a continuous load path (from
FEMA P-530).

4.1.3 Adequate Stiffness and Strength

Strong earthquake shaking will induce both vertical and lateral forces in a structure. The lateral
forces that tend to move structures horizontally have proven to be particularly damaging. If a
structure has inadequate lateral stiffness or strength, these lateral forces can produce large
horizontal displacements in the structure and potentially cause instability. Figure 4-8 shows large
permanent deformation in the first story of a four-story apartment building damaged in the 1989
Loma Prieta Earthquake. The first level was designed with very few walls, to accommodate the
parking of cars in the garage. The upper stories were designed with a large number of walls to
support the function as apartments. This failure happened because the first story of this building was
weaker and less stiff than the stories above. Greater strength and stiffness at the first story would
have prevented this damage. This condition, where one story has substantially less strength and
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stiffness than stories above, is known as a weak or soft story irregularity. Some communities, such
as San Francisco and Los Angeles, have adopted laws requiring retrofit of buildings with this
condition.

Figure 4-8 First story of an apartment building in San Francisco leaning to the side after the
1989 Loma Prieta Earthquake.

4.1.4 Regularity

A structure is considered regular if the distribution of its mass, strength, and stiffness is such that it
will sway in a uniform manner when subjected to ground shaking. For a regular building, lateral
movement in each story and on each side of the structure will be about the same, as will the
strength of the structure relative to the supported mass. Regular structures tend to dissipate the
energy of the earthquake uniformly throughout the structure, resulting in light and well-distributed
damage. In an irregular structure, however, the damage can be concentrated in one or a few
locations, resulting in extreme local damage and the potential for collapse.

The building code defines several types of irregularities that were observed to cause undesirable
concentrations of damage and poor performance in past earthquakes. To control the potential
damage, structures that have irregularities in their design are required to have more strength. Some
irregularities considered by the building codes include: soft and weak stories, torsional irregularities,
plan irregularities, and discontinuous structural systems. As illustrated in the Figure 4-9 to 4-12
below, many irregularities are evident in the appearance of the building. However, not all buildings
that appear irregular actually are, because engineers can configure the structural systems with
regularity, even when the architectural form is irregular.

Figure 4-9 illustrates two examples of buildings that have weak/soft stories. The building on the left
has a soft/weak story because the first story columns at the building entry are smaller than the wall
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piers in the story above, and therefore have less stiffness and strength. The building on the right side
has a soft story at the first story where the columns are taller and more flexible than in higher
stories. This will tend to produce higher bending forces on the first story. If these first story columns
are not designed stronger to take these larger forces, a weak story will also be present.

Figure 4-9 Two examples of buildings with weak/soft stories (from FEMA P-154).

Figure 4-10 illustrates a building with a torsional irregularity. This irregularity is caused by the
relatively open building front at the first story, while the remaining sides of the building have solid, or
mostly solid walls at this level. In an earthquake, this building will twist about its vertical axis,
amplifying the displacement on each side of the building resulting from swaying and making damage
more likely.

Figure 4-10 Building with torsional irregularity created by the lack of walls at the front of the
first story, while more solid walls are present on the remaining three sides (from
FEMA P-154).

Figure 4-11 illustrates a building with a plan irregularity known as a reentrant corner. This type of
irregularity often occurs, as in the figure, where two or more wings of a building join together. Figure
4-12 illustrates how response of such a building to an earthquake can lead to the wings pulling apart
at the re-entrant corner.
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Reentrant corners

Figure 4-11  Building with two reentrant corners where two wings intersect each other (from
FEMA P-154).

Load concentration occurs where
wings of the building connect,
making damage more likely.

Load Direction Movement of this wing includes

rotation, causing it to pull away
from the other wing.

Figure 4-12 lllustration of common causes of damage at reentrant corner irregularities (from
FEMA 232).

Section 8.3 provides more information about irregularities.

4.1.5 Redundancy

If all the strength and earthquake resistance of a structure are concentrated in only one or a few
elements, the structure will not have any residual strength if those elements are seriously damaged,
and this can lead to structural collapse. If a structure has redundancy, a large number of elements
participate in providing the strength of the structure. If only a few are badly damaged, the remaining
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elements may have adequate residual strength to prevent collapse. Figure 4-13 illustrates this by
showing two similar, single-story commercial buildings with four large door openings. The building on
the left has these doors grouped on one side of the building, resulting in a single large wall that is
used to resist horizontal earthquake forces. The building on the right has the four doors spaced out
along the length of the building, such that there are five individual walls present to resist horizontal
earthquake forces. The building on the right is more redundant because if one wall fails due to
earthquake damage, the other walls will still be available to support the structure. Redundancy can
be thought of as not putting all of your earthquake-resistant eggs in one basket.

ol |l JE. N N
N

Shear walls

Shear wall—

Figure 4-13 Comparison of redundancy between two buildings with equal overall wall length.
The building at the left is not redundant because it only has one wall to resist
horizontal earthquake forces. If it failed there would be no backup wall to carry
the earthquake force.

4.1.6 Ductility and Toughness

Ductility and toughness are structural properties that relate to the ability of a structural element to
sustain damage when overloaded while continuing to carry load without failure. These are extremely
important properties for structures designed to sustain damage without collapse.

Most structural elements are designed to provide sufficient strength to support anticipated loads
without failure and enough stiffness so that they will not deflect excessively under these loads. If
such an element is subjected to a load larger than it was designed to carry, it may fail in an abrupt
manner, losing load-carrying capacity and allowing the structure to collapse. Masonry and concrete,
for example, will crush when overloaded in compression and will crack and pull apart when placed in
tension or shear. Wood will crush when overloaded in compression, split when overloaded in shear,
and break when overloaded in tension. Steel will buckle if overloaded in compression and will twist
when loaded in bending, if not properly braced, but will yield when overloaded in tension. When steel
yields, it stretches a great deal while continuing to carry load, and this property allows it to be used in
structures of all types to provide them with ductility and toughness. Figure 4-14 shows the failure of
an unreinforced masonry wall in the 1989 Loma Prieta Earthquake. Unreinforced masonry buildings
have no steel reinforcement in the masonry, which makes them not ductile or tough, and frequently
collapse in earthquakes. As a result, this construction type has been prohibited for many years in
regions likely to experience strong earthquake shaking.

In reinforced masonry and concrete structures, steel is used in the form of reinforcing bars that are
placed integrally with the masonry and concrete. When reinforced masonry and concrete elements
are loaded in bending or shear, the steel reinforcing bars will yield in tension and continue to carry
load, thus protecting the masonry and concrete from failure. In wood structures, steel fasteners
(typically nails, bolts, and straps) bind the pieces of wood together. When the wood is loaded in shear
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or bending, these steel connectors yield and protect the wood from splitting and crushing. In steel
structures, ductility is achieved by proportioning the structural members with sufficient thickness to
prevent local buckling, by bracing the members to prevent them from twisting, and by joining the
members together using connections that are stronger than the members so the structure does not
pull apart. In structures of all types, ductility and toughness are achieved by proportioning the
structure so that some members can yield to protect the rest of the structure from damage.

The measures used to achieve ductility and toughness in structural elements are unique to each
construction material and to each type of structural system. The building codes specify the measures
to use to provide ductility and toughness through reference to the various materials industry design
standards each of which contain detailed requirements for obtaining structural ductility.

Figure 4-14  Failure of an unreinforced masonry wall in the 1989 Loma Prieta Earthquake (from
USGS).

4.1.7 Separation from Adjacent Structures

When buildings are affected by ground shaking, they sway from side to side. If adjacent buildings are
not adequately separated and move out of phase with each other, they can slam into each other in
an effect known as pounding. Pounding can cause local damage, as illustrated in Figure 4-15, and in
more severe cases, lead to partial or total collapse. To avoid such damage, the building code
requires that structures be set back from their property lines so that they will not intrude on the
neighboring airspace and potentially become a pounding hazard for adjacent structures. Many
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existing buildings in urban centers were constructed prior to this requirement and can be subject to
pounding damage in future earthquakes.

2,

Figure 4-15 Pounding damage on two buildings in Santiago, Chile, following the 2010 Chile
Earthquake.

Seismic Hazards: A Handbook

@ FEMA P-154: Rapid Visual Screening of Buildings for Potential

This report presents a procedure to rapidly screen existing buidings
for potential seismic hazards. Many of the seismic hazards in the
screening are closely related to the earthquake-resistant structural
features described in this chapter. Published 2015. Available as a

Rapid Visual Screening
of Buildings for Potential
free PDEF. Seismic Hazards: A Handbook

FAR-154/ M 2016
Yo e
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4.2 Earthquake-Resistant Nonstructural Components

Although adequately resistant structural systems are essential to good earthquake performance, the
cost of the structure represents less than 25% of the total cost of most buildings (FEMA, 2011), and
buildings typically rely on nonstructural components and systems to support the occupancy and
function of the building. Nonstructural components include cladding, ceilings, HVAC, plumbing,
electrical power supply and distribution, fire protection, stairs, and elevators. Industrial facilities have
other important systems essential to their purpose and function. Figure 4-16 illustrates nonstructural
components using two cutaway views of a building. The view on the left shows only the structural
system, while the view on the right shows some of the many nonstructural components and systems
in typical buildings.

Slab on grade

o
Footing

Figure 4-16 Two views of a building showing the structure on the left and nonstructural
components on the right (from FEMA E-74).

When earthquake shaking affects a building, this generates forces and deformations on all of the
nonstructural components as the structure sways back and forth. The most common damage to
nonstructural components occurs when the earthquake forces cause the component to slide or
overturn. Figure 4-17 shows such damage in an office building that experienced strong shaking in
the 1994 Northridge Earthquake.

In zones of significant earthquake hazard, the building codes require, with some exceptions, that all
nonstructural components be anchored and braced to the structure such that they will not
experience the type of damage illustrated in Figure 4-17 and become falling hazards during
earthquake shaking.

Some nonstructural components, such as cladding and piping systems, are sensitive to the swaying
displacements that structures experience during earthquake shaking as illustrated in Figure 4-18.
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The building codes require that such systems be designed with adequate flexibility to accommodate
these displacements without creating hazards, such as falling glass from broken windows.

Figure 4-17 Failure of partitions, light fixtures, and ceilings in an office building damaged by
the 1994 Northridge Earthquake (from FEMA E-74).

Breakage of glass or
partitions

Lateral deformation

q

Ground motion
deforms structure
laterally

Figure 4-18 Lateral “swaying” deformation of structures during earthquake shaking can cause
damage to nonstructural elements (adapted from FEMA E-74).

4-14 FEMA P-749




Chapter 4: Key Features of Earthquake-Resistant Building Design

Some nonstructural components and systems, such as fire protection and emergency lighting
systems, are essential to the safety of building occupants, while other systems such as
communications equipment in police and fire stations, are essential to the disaster response
functions of these facilities. The building codes identify these components as designated seismic
systems and require design of these systems to minimize the likelihood that damage sustained
during an earthquake would impair their ability to function. This often requires that prototypes of
such components be subjected to laboratory testing on a shake table, to demonstrate that they are
sufficiently robust to function after an earthquake.

Adequate earthquake performance of nonstructural components and systems can be challenging for
several reasons:

= The professionals responsible for the design of these systems are usually focused on the routine
function of the systems, rather than their earthquake performance.

= Provisions necessary to ensure proper earthquake performance (e.g., anchoring) may impede
their primary intended functions.

= Many nonstructural components and systems are installed by tenants, without formal design or
submission to a building permit process.

@ FEMA E-74: Reducing the Risks of Nonstructural Earthquake Damage - A

Practical Guide

This report provides an overview of common types of damage to
nonstructural components, describes proper design of seismic
anchorage, and presents effective methods for reducing the seismic
risk of existing vulnerable nonstructural components. Published .

2012. Available as a free PDF. Nonsrugaurs Earshquake

Damage —A Practical Guide
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Part A: General Audience

Chapter 5: How Common Structure
Types Perform in Earthquakes

Most buildings can be categorized using one of several common structure types. Over the years,
engineers have observed that each structure type has unique earthquake vulnerabilities. For this
reason, building codes classify structures by their structural system type and designate specific
design requirements for each system. This chapter presents an overview of the common structure
types and earthquake damage most associated with each of them. It also provides a general
discussion of the structural system-specific design requirements contained in the building codes.

5.1 Structure Types

Structural systems are categorized based on the material of construction (e.g., concrete, masonry,
steel, or wood), the way in which lateral (i.e., horizontal) forces from earthquake shaking are resisted
by the structure (e.g., by walls or frames), and by the relative quality of earthquake-resistant design
and detailing provided.

There are five broad categories of structural systems used in areas with earthquake hazard: bearing
wall systems, building frame systems, moment frame systems, dual systems, and cantilever column
systems.

Building codes categorize quality and extent of earthquake-resistant detailing using the terms
special, intermediate, and ordinary. Systems that employ extensive measures to provide for superior
earthquake resistance are termed special systems, while systems that do not have such extensive
design features are called ordinary systems. The building codes also include design rules for
structural systems intended to provide seismic resistance that is superior to that of ordinary systems
but not as good as special systems; these systems are called intermediate systems.

Section 8.1 provides more in-depth information about structural systems. Section 8.8 provides
more in-depth information about detailing.

5.1.1 Bearing Wall Systems

Bearing wall buildings are the oldest form of building construction. In bearing wall systems, structural
walls located throughout the structure provide the primary vertical support for the weight of the
building as well as the resistance to lateral forces produced by wind and earthquakes. Bearing wall
buildings are commonly used for residential construction, warehouses, and low-rise commercial
buildings of concrete, masonry, and wood construction. Walls in bearing wall buildings can be of
reinforced brick, concrete, or stone masonry; reinforced concrete; cold-formed steel; or wood
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construction. Horizontal structural elements (i.e., floors and roofs) are most commonly of steel-
framed, wood-framed, or concrete construction.

Bearing wall buildings resist earthquake forces through a mechanism sometimes called a box
system, in which the horizontal elements (floors and roof) act as horizontal beams to carry
earthquake forces to the end walls, which then transmit these forces vertically to the foundation.

Figure 5-1 shows the typical components of unreinforced masonry (URM) bearing wall buildings,
which were commonly constructed in U.S. cities in the nineteenth and twentieth centuries. Walls are
commonly constructed of clay brick masonry, laid up in multiple wythes (i.e., brick and mortar course
thickness), with common nominal thickness of 9, 13, 17, 21 and 24 inches. Typically, the walls at
each successive story are one wythe thinner than the story below. Floors are most commonly of
timber construction with wood joists and beams pocketing directly into the walls.

Figure 5-1 Typical URM bearing wall building (from Lagorio et al., 1986).

Many older URM buildings do not have adequate attachment between the walls and floors. When
subjected to strong shaking, the walls can fall away from the building, resulting in collapse. This is
called out-of-plane wall failure. Often, this starts at the parapet (the continuation of the wall above
the roof line) and can extend through multiple stories. The resulting debris poses a considerable
hazard to pedestrians and adjacent buildings (Figure 5-2 and Figure 5-3).
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Figure 5-2 Damaged URM building in the 2014 M6.0 South Napa Earthquake (from USGS).

Figure 5-3 Damaged URM building in the 2020 M5.7 Magna Earthquake (from Utah
Geological Survey).
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Another significant vulnerability of URM buildings is the lack of steel reinforcement in their walls. As
a result, the walls have little ductility, and, if not provided with adequate strength, they will fail in a
sudden manner, often leading to collapse. The performance of this building type has been
consistently poor in past earthquakes. As a result, present day building codes prohibit this type of
construction except in regions with very low seismicity. Some jurisdictions have even made retrofit of
existing URM buildings mandatory.

Figure 5-4 depicts the construction of reinforced masonry or reinforced concrete bearing wall
buildings. The construction is similar to that of unreinforced masonry buildings except that the walls,
which may be composed of brick masonry, concrete block masonry, or concrete, are provided with
both vertical and horizontal reinforcing steel. Floors and roofs may be of wood, concrete, or steel-
framed concrete construction. Figure 5-5 illustrates the typical construction of a reinforced brick
masonry wall, wherein reinforcing bars are placed in an open gap between the inner and outer
wythes of brick, which is then filled with grout to bond the brick and steel together. Reinforced
concrete block walls are constructed in a similar manner, except that the reinforcing is placed in
open cells within the masonry unit that are then filled with grout. Depending on the amount of and
types of reinforcing placed in the walls, the building codes classify these bearing wall buildings as
ordinary, intermediate, or special. Special reinforced concrete bearing walls may be used even in
those regions subject to the most severe seismic risk regions, with a maximum roof height of 240
feet. In most tall buildings of this type, the walls are placed in a central core, rather than at the
perimeter, to allow more attractive architectural design for the exterior facade.
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Figure 5-4 A typical reinforced concrete or reinforced masonry bearing wall building (from
Lagorio et al., 1986).
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Figure 5-5 Reinforced masonry wall construction (from Allen, 1985).

The most common damage to reinforced bearing wall buildings consists of diagonal cracking of the
concrete or masonry walls, and in extreme cases, crushing and spalling of the concrete or masonry
units together with buckling of the reinforcing steel. Figure 5-6 shows typical damage of this type.

Figure 5-6 Diagonal cracking in a reinforced concrete building damaged by the 1989 Loma
Prieta Earthquake (from FEMA P-154).
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The most common form of low-rise construction in the United States is light wood-frame or cold-
formed steel frame bearing wall construction. Figure 5-7 depicts the typical construction of a
structure of this type. The walls are constructed of vertical studs, either sawn wood or cold-formed
steel, spaced between 12 and 24 inches apart and sheathed either with gypsum board, plaster,
wood panel sheathing, or a combination. Floors are repetitively framed with either wood or cold-
formed steel joists supporting wood structural panel flooring, sometimes topped with light-weight
gypsum concrete slabs.

Figure 5-7 Typical wood light-frame construction (from Lagorio et al., 1986).

Typical buildings of this type are lightweight and have many closely spaced walls to withstand
seismic loading. As a result, most light-frame buildings have a high strength-to-weight ratio and high
redundancy, typically resulting in outstanding seismic performance. The most common damage
consists of cracking of interior gypsum board sheathing on partition walls and exterior stucco
sheathing. If adequate connection between the wood frame superstructure and the foundations is
not provided, these buildings can slide off their foundations (Figure 4-6).

5.1.2 Building Frame Systems

Building frames are a common structural system for buildings constructed of structural steel and
reinforced concrete. In building frame structures, the weight of the building is typically carried by
vertical elements called columns and horizontal elements called beams. Lateral resistance is
provided either by diagonal steel members called braces that extend between the beams and
columns to provide horizontal rigidity or by concrete, masonry, or timber shear walls that provide
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lateral resistance but do not carry the weight of the structure. In some building frame structures, the
diagonal braces or walls form an inherent and evident part of the building design as is the case for
buildings shown in Figure 5-8. In most buildings, the braces or walls are hidden behind exterior
cladding or interior partitions.

Figure 5-8 Steel braced frames left exposed on the exterior of a high-rise (left) and inside a
grocery store (right).

Building frame systems with concrete or masonry walls experience the same general types of
damage as bearing walls buildings. However, because the walls in these buildings do not serve the
dual purpose of providing vertical support for the weight of the building and resistance to
earthquakes, it is acceptable for the walls to experience more damage than in bearing wall buildings.
For this reason, the building codes permits design of these buildings for reduced forces, compared
with the requirements for bearing wall buildings.

Damage to braced frame buildings typically consists of buckling of the bracing or failure of the
connections of the braces to the frames. Since the braces typically are not required to carry the
weight of the building, these buildings also may be designed with reduced seismic resistance,
relative to bearing wall buildings.

5.1.3 Moment Frames

Moment-resisting frames, also called moment frames, are commonly used for both structural steel
and reinforced concrete construction. In this form of construction, the horizontal beams and vertical
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columns provide both support for the weight of the structure and the strength and stiffness needed
to resist lateral forces. Stiffness and strength are achieved using rigid connections between the
beams and columns that prevent these elements from rotating relative to one other. Although more
expensive to construct than bearing wall and braced frame structural systems, moment frame
systems are popular because they do not require braced frames or structural walls, therefore
permitting large open spaces and facades with many unobstructed window openings. Figure 5-9
shows a steel moment frame building under construction.
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Figure 5-9 A tall steel moment frame structure under construction.

Damage to steel moment frame buildings can take the form of permanent distortion of the beams
and columns or failure of the connections between the beams and columns. Until the 1994
Northridge Earthquake, engineers believed that special steel moment frame buildings meeting code
criteria for member proportions and connection configuration were highly resistant to earthquake
shaking. As a result, the building codes permitted construction of these structures to any height.
However, following that earthquake, engineers discovered fractures of the steel framing near the
beam-to-column joints in many of these buildings. Following that, the building codes updated special
requirements for the design of beam-to-column connections in these structures.

Damage to reinforced concrete moment frames is highly dependent on the type and quantity of
reinforcing steel provided in the beams and columns. Special concrete moment frames must have
extensive reinforcing in both beams and columns. In these structures, damage is anticipated to be
limited to cracking and potentially minimal spalling of concrete in beams at connections to columns.
In ordinary and intermediate moment frames, more severe damage can occur. Just as with steel
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structures, the building codes permit construction of special concrete moment frames without height
restrictions. Ordinary and intermediate moment frames, either of steel or concrete construction, are
limited in height in regions of higher seismicity.

5.1.4 Dual Systems

Dual systems, an economical alternative to moment frames, are commonly used for tall buildings.
Dual system structures feature a combination of moment frames and concrete, masonry, or steel
walls, or steel braced frames. The moment frames provide vertical support for the weight of the
structure and provide a portion of the earthquake resistance of the structure while most of the
earthquake resistance is provided either by concrete, masonry, or steel walls, or by steel braced
frames. Some dual systems are also called frame-shear wall interactive systems.

Damage to dual system buildings is like that experienced both by building frame structures and
moment frame structures since both systems are present. Because these structures are inherently
redundant, as they have multiple systems to resist earthquake forces, they are permitted to be
designed for reduced seismic forces relative to bearing wall and building frame systems.

5.1.5 Cantilever Column Systems

Cantilever column systems are sometimes used for light single-story structures, such as carports
(Figure 5-10) or in the top story of multi-story structures. In these structures, the columns cantilever
upward from their bases, where they are restrained from rotation. The columns provide both vertical
support of the weight of the building and lateral resistance to earthquake forces. Structures using
this system have performed poorly in past earthquakes and severe restrictions are placed on its use
in zones of high seismic activity. The building codes also require that design of these systems
consider relatively large seismic forces to minimize the potential for damage.

Cantilever -
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Figure 5-10 Cantilever column systems are commonly used for carports and similar structures.
The columns cantilever upward from fixed foundations to support a roof.
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5.2 Protective Systems

Most earthquake-resistant structural systems used in buildings are variations of systems that were
traditionally used in structures not designed for earthquake resistance. Over the years, engineers
and researchers improved the earthquake resistance of these traditional systems by observing their
behavior in laboratory tests and actual earthquakes and incrementally refining the design criteria to
achieve better performance. Nevertheless, these systems are still designed today with the
understanding that they will sustain damage when subjected to design-level or more severe
earthquake effects.

Beginning in the 1970s, engineers and researchers began to develop protective systems and
technologies capable of responding to earthquake ground shaking without sustaining damage and
thereby protecting the building or structure. The building codes presently include design criteria for
two such technologies: seismic isolation and energy dissipation systems.

Energy dissipation systems are composed of structural elements capable of dissipating large
amounts of earthquake energy without experiencing damage, much like the shock absorbers placed
in the suspensions of automobiles. Energy dissipation systems usually are placed in a structure as
part of a diagonal bracing system. Several types of energy dissipation system are available today
including fluid viscous dampers, friction dampers, wall dampers (Figure 5-11), tuned mass dampers,
and hysteretic dampers.

Figure 5-11  Wall damper visible during construction of a hospital.
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Seismic isolation systems consist of specially designed bearing elements that are typically placed
between a structure and its foundation. Two types of bearing are commonly used; one is composed
of layers of natural or synthetic rubber material bonded to thin steel plates in a multilevel sandwich
form, and the second consists of specially shaped steel elements coated with a low-friction material.
Both types of bearings can accommodate large lateral displacements while transmitting small forces
into the structure above. When these isolation systems are placed in a structure, they effectively
“isolate” the building from ground shaking so that, when an earthquake occurs, the building
experiences only a small fraction of the forces that would affect it if it were rigidly attached to its

foundations. Figure 5-12 shows seismic isolators at the tops of columns in a parking structure at the
Burbank, California airport.

Figure 5-12 Seismic isolators on top of columns at an airport in Burbank, California.

Although seismic isolation and energy dissipation systems have been available for more than thirty
years, their use in new buildings has been confined primarily to very important structures that must
remain functional after a strong earthquake and to buildings housing valuable contents such as
museums or data centers. As their use adds to the construction cost, most owners prefer not to
provide the additional protection provided by these technologies.

Sections 10.4 and 10.5 provide additional background on protective systems.
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Engineering Audience

This part of the guide provides an introduction to the key steps in the seismic design process for new
buildings. The intended audience is practicing engineers early in their career, practicing engineers

new to seismic design, and engineering students. It is assumed that the reader has a basic
knowledge of structural engineering principles.

Note: It is recommended that readers of this part first read Part A.
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Chapter 6: Overview of the Seismic
Design Process

Current seismic requirements for prescriptive design of new buildings address all the key features of
earthquake-resistant design presented in Chapter 4. This chapter provides an overview of the
seismic design process for new buildings and background on structural dynamics principles that
inform the process. Chapters 7 to 9 each cover a major step of the design process in detail and
provide explanation of the fundamental principles associated with each step. Chapter 10 provides
basic information on considerations that apply under special circumstances.

6.1 Seismic Design Process

Current U.S. building codes adopt prescriptive seismic design requirements through adoption of the
ASCE/SEI 7 Standard, Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. ASCE-SEI revises this standard every six years. The current version is the 2022 edition,
which will be adopted by the 2024 International Building Code (IBC), the model code for new
construction used by most jurisdictions in the United States. This guide describes the criteria
contained in ASCE/SEI 7-22 and notes where significant changes relative to the last edition (2016)
have occurred.

Figure 6-1 is a flowchart illustrating the key steps in the building seismic design process, along with
references to the chapters in this guide that provide explanation of fundamental principles
associated with the step and applicable ASCE/SEI 7 chapters where the requirements are found.

FEMA P-749 ASCE/SEI 7-22
7 Determine Seismic Design Criteria 1 11
8 [ Design the Structure H 12
9 — Anchor and Brace Nonstructural Components 7 13

Figure 6-1 Seismic design process as outlined in chapters of this guide and ASCE/SEI 7-22.

Determining the seismic design criteria, the first step, consists of identifying the risk category, level
of seismic hazard, and seismic design category. Designing the structure, the second step, involves
using the criteria from the first step in selecting a structural system, developing a preliminary design,
performing analysis to predict the seismic response, ensuring adequate strength and stiffness, and
detailing the structure to comply with system-specific requirements. The final step is to design
anchorage and bracing for nonstructural components.
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ASCE/SEI 7 and this guide focus on design requirements associated with ground shaking, but
consideration of other potential earthquake effects like landslide, liquefaction, tsunami, and fault
rupture is also important. The existence of other hazards is location-specific, and mitigation of them
in design is similarly dependent on individual site conditions, so specific design criteria is not
included within ASCE/SEI 7. Rather, ASCE/SEI 7 requires a geotechnical investigation to determine if
these hazards exist and that the geotechnical engineer provides recommendations for any necessary
mitigation in a report.

Design for other loads (e.g., dead, live, wind) impact the structural design of a building, but are not
covered by this guide. ASCE/SEI 7 covers other loading criteria, including load combinations for
design.

Performance-based design is an alternative approach to the prescriptive design process
described in Chapters 7 to 9. Although ASCE/SEI 7 and the building codes specifically permit this
approach, there is currently no standard for performance-based design of new buildings.
However, existing resources can be applied. Section 10.1 provides more information.

Tsunami design is required by ASCE/SEI 7-22 for select buildings in tsunami hazard zones.
Section 10.2 provides basic information about tsunami-resistant design, but detailed
background is outside the scope of this guide.

Soil-structure interaction (SSl) analysis is not required by ASCE/SEI 7-22, but instructions are
provided in the standard, and it is becoming more common in seismic design. Section 10.3
provides basic background on using SSI.

Energy dissipation and seismic isolation systems improve the seismic performance of buildings
when used but are rare in the United States. Sections 10.4 and 10.5 provide additional
information on these systems.

Nonbuilding structures are addressed by ASCE/SEI 7-22 and in many cases, similar to the
design of buildings. Section 10.6 explains what nonbuilding structures are and in what ways
design of them is similar or not similar to buildings.
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ASCE/SEI 7-22: Minimum Design Loads and Associated Criteria for Buildings

and Other Structures

This standard describes the design loads and associated criteria to be
used in the general design of buildings and other structures. Loads
covered include dead, live, seismic, soil, flood, tsunami, snow, rain,
atmospheric ice, and wind loads. Published 2022. Available through
ASCE.

6.2 Background

Figure 6-2 portrays a simple, elastic structure consisting of a lumped mass, m, mounted on top a
single column element, having lateral stiffness, k. Such structures are termed single degree of
freedom (SDOF) systems. If pulled to the side to an initial displacement and released, as illustrated
in the figure, the mass will oscillate about its zero-deflection point, slowing with time, and eventually
come to rest. The amount of time it takes for the mass to make one complete oscillation, from a
position of maximum displacement in one direction, back through the zero-deflection point, to
maximum displacement in the reverse direction and back again, is called the period of the structure,
Period is represented by the symbol T. For SDOF structures, like that shown in Figure 6-2, the period,
T, has a value given by the expression 27z\/m_/k, which, in the case of the structure in Figure 6-2, is
one second. The amount of degradation in peak amplitude that occurs from one cycle of motion to
the next is a measure of the amount of damping, or energy dissipation, that is occurring.
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Figure 6-2 Dynamic behavior of an SDOF structure.
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If this simple structure is subjected to earthquake ground motion, the ground will displace from
underneath the structure, as illustrated in Figure 6-3, and the mass will tend to stay at rest due to its
inertia. Because the column has been deformed by the moving ground and has stiffness, k, the
column will impose a force, kx, on the mass, which will then accelerate towards the position of the
displaced ground and then oscillate. However, in an earthquake, the ground is continuously moving,
and deforming the structure, causing a time-variant force on the mass with the mass moving in an
apparently chaotic manner.
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Figure 6-3 Ground motion effect on structure.

The response of this simple structure to earthquake shaking is measured in terms of the time-
varying lateral deformation between the mass and its base, x(t); and the time-varying amount of
force, F(t), experienced by the structural element supporting the mass, both resulting from the
response of the structure to the motion of the ground, represented as the time varying acceleration
function 1i(t).

The force and displacement experienced by the structure in responses to a specific ground motion
(Figure 6-4) can be obtained by the stepwise numerical solution of the equation of motion for the
structure:

m(X(t) + (t) + cx(t) + k(x)x(t)) = 0 (6-1)
where:

X(t) = velocity of the mass at time t, relative to its base
x(t) = acceleration of the mass at time t, relative to its base
c = ability of the structure to dissipate earthquake energy, known as damping
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Figure 6-5 is a plot of the displacement response, which is the value of x as a function of time for the
simple structure and ground motion shown in Figure 6-4. The structure exhibits a series of degrading

sinusoidal responses at its fundamental period of one second each time the ground motion excites

the structure significantly, which for this ground motion and structure, happens five times during the
earthquake. The force in the structure at time t is simply the displacement x at time t, factored by the

stiffness k. This structure displays a peak displacement to this ground motion of about five inches,

and if it had a stiffness of 1,000 kips per inch, it would experience a peak force F of about 5,000

kips.
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Figure 6-5 Displacement response of 1-second SDOF structure to a ground motion.
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Observation of many plots of structural response to earthquake motions have led engineers to
understand that earthquake response can be well represented by idealizing the structural response
as that of a SDOF system, or series of SDOF systems, having a natural period (or periods) of vibration
of the actual structure. This enables use of a simplified method of analysis, called modal response
spectrum analysis, that allows engineers to avoid the complex mathematics associated with solving
Equation 6-1, when designing structures.

An acceleration response spectrum is a graphical plot that shows the peak acceleration that SDOF
structures having different natural periods, T, and specified damping, ¢, would experience if
subjected to a specific earthquake motion. Figure 6-6 is the acceleration response spectrum for the
ground motion used in the example shown in Figures 6-3 and 6-4. The horizontal axis is the
structural period T, and the vertical axis is the peak acceleration, termed spectral acceleration, Sa(T),
that a structure of period T will experience when subjected to this motion.
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Figure 6-6 Acceleration response spectrum for an example ground motion.

If a response spectrum plot for an earthquake motion is available, then the engineer can simply find
the spectral acceleration, Sa(T), read off the vertical axis of the response spectra plot at the period of
the structure, T. For the example SDOF structure having a period T of one second and 5% damping,
the maximum acceleration that the structure will experience in response to this ground motion is
approximately 0.5g, where g is the acceleration due to gravity. Once this is known, it is easy to
compute the maximum force the structure will experience during this motion using the formula:
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F=Sa(MW (6-2)

where W is the weight of the structure. If the example structure has a weight of 1,000 kips, the
maximum force it would experience in response to this earthquake motion would be 500 kips

(0.5 x 1,000 kips).

In Equation 6-1, the stiffness of the structure, k(x) is expressed as a function of the deformation of
the structure, x. In the simplest form, the stiffness of the structure has a constant numerical value.
Structures that respond in this manner are said to have linear elastic behavior. Such structures will
return to their at-rest, undeformed position, once the shaking stops. Such a structure will be
undamaged and in the same condition after experiencing the earthquake as it was before. This
linear or elastic type of behavior is representative of structural response as long as the force F is less
than a limiting value known as the elastic limit.

For reasons of economy and historic precedent, most structures are designed with less strength than
would be required to resist design ground motion without damage (Section 3.1). Such structures
have nonlinear behavior. Instead of having constant stiffness throughout the earthquake, these
structures experience a degradation or reduction in stiffness as damage occurs, for example yielding
of steel, cracking of concrete and masonry, or slippage of nails in wood structures. There are two
significant effects of this damage. First, as the stiffness of the structure decreases, the natural
period of the structure, T, becomes longer. The second effect is that the damage that occurs
dissipates some of the energy of the earthquake, which increases the amount of damping.

Figure 6-7 illustrates the effect of nonlinear behavior for a hypothetical structure with an initial
undamaged period of one second and 5% damping, which because of nonlinear behavior has an
effective period of two seconds and effective damping of 20%. In the figure, the plot shown with a
solid line is the same 5% damped response spectrum previously shown in Figure 6-6 and the plot
shown with a broken line is the spectrum for this same motion with 20% damping. As shown in the
figure, with an elastic period of 1 second, the structure would experience 0.5¢g of acceleration.
However, with an effective (degraded) period of two seconds, and effective damping of 20%, the
structure would experience only about 0.12g of acceleration, or roughly one-fifth as much. Since, per
Equation 6-2, the earthquake force on the structure is proportional to the spectral acceleration, this
structure would experience roughly one-fifth the force of a similar structure that was strong enough
to remain elastic during this motion.
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Figure 6-7 lllustration of the effect of nonlinear response.

In the design process, the effects of inelastic response described above is represented by the
response modification coefficient, R. In the example above, the structure would be assigned an R
value of 4, and it would be designed for one fourth of the force (1/R) required to resist the ground
motion without damage (i.e., elastically). The building code designates the value of R that can be
used, depending on the type of structural system used to resist earthquake forces, the quality of
seismic-resistant detailing that is incorporated in the design, and the proven ability of structures of
that type to experience nonlinear behavior without collapse.
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Chapter 7: Determine Seismic
Design Criteria

Seismic design criteria are determined based on the soil type, building location, and occupancy of
the building. The process to determine the design criteria initiates with determination of a design
acceleration response spectrum for the location of the building and two key spectral response
acceleration parameters: Sps and Spz, which are derived from the response spectrum. Because the
design acceleration response spectrum is dependent on the character of soils present at the site,
the site class must be identified at the start of the design process. Once the site class is known, the
design team can obtain the design response spectrum from the national seismic hazard database
maintained by USGS. Alternatively, site-specific procedures can be used. (Site-specific procedures
are technically complex and beyond the scope of this publication.) Another important part of
determining seismic design criteria is the assignment of the risk category to the building. Using the
response spectrum and risk category, the seismic design category can be identified.

ASCE/SEI 7-22 Chapter 11 provides the procedure for identifying seismic design criteria.

7.1 ldentify Site Class

Site soil conditions can affect both the dynamic character and amplitude of shaking and is a key
consideration in determining design ground shaking parameters. Figure 7-1 presents 500-year
return period acceleration response spectra for an arbitrary site in Los Angeles, California, for three
different site conditions: near-surface rock, firm soil, and soft soil.
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Figure 7-1 Representative acceleration response spectra for a site near Los Angeles,
California with different assumed soil conditions (from USGS).
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As illustrated in the figure, sites with near-surface rock tend to have lower amplitude shaking than
sites with firm or soft soils. Also, as the soils become softer, intense shaking will occur over a
broader range of structural periods and therefore strongly affect more buildings. Because of this, one
of the first steps in the seismic design process is determination of the site characteristics, or site
class.

ASCE/SEI 7-22 Chapter 20 provides the procedure for determining site class.

Under ASCE/SEI 7, site class is determined based on the average shear wave velocity, v, of the
soils in the 30 meters (100 feet) immediately below ground surface. Shear wave velocity is typically
determined by geotechnical engineers and/or geophysicists based on in-situ testing using any of
several methods that measure the time it takes for sound waves to travel through the soil. Shear
wave velocity can also be estimated using regional correlations between soil type and shear wave
velocity. Once the average shear wave velocity for a site is known or estimated, this can be used
directly to determine the design ground shaking spectrum, or alternatively, the shear wave velocity
can be used to determine a site class, and then site class can be used to determine the design
response spectrum. Table 7-1 below, extracted from ASCE/SEI 7-22 Chapter 20 shows the
relationship between shear wave velocity and site class.

Table 7-1 Site Class and Shear Wave Velocities (ASCE, 2022)

V., Calculated Using Measured or Estimated
Site Class Shear Wave Velocity Profile
A. Hard rock >5,000 ft/s
B. Medium hard rock >3,000 to 5,000 ft/s
BC. Soft rock >2,100 to 3,000 ft/s
C. Very dense sand or hard clay >1,450 to0 2,100 ft/s
CD. Dense sand or very stiff clay >1,000 to 1,450 ft/s
D. Medium dense sand or stiff clay >700 to 1,000 ft/s
DE. Loose sand or medium stiff clay >500 to 700 ft/s
E. Very loose sand or soft clay <500 ft/s
F. Soils requiring site response analysis in See ASCE/SEI 7-22 Section 20.2.1
accordance with ASCE/SEI 7-22 Section 21.1

ASCE/SEI 7 permits engineers to determine design ground motions for a default site class wherein
the design spectrum is based on the most severe spectral values determined using any of Site
Classes, C, CD, D, DE, or E. This permits projects to proceed without the expense of determining site
class but can result in a substantial penalty in the form of increased design forces.
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New in ASCE/SEI 7-22: Intermediate Site Classes BC, CD, and DE

ASCE/SEI 7-16 and earlier editions identified six site classes (A, B, C, D, E, and F), with A
representing typical conditions at sites with near-surface hard rock conditions, such as granite
or schist, and F representing sites with very soft, saturated unstable soils, subject to
liquefaction. ASCE/SEI 7-22 introduces intermediate Site Classes BC, CD, and DE to reduce
the impact on design spectral parameters when moving between site classes.

7.2 Obtain the Design Response Spectra for the Site

At any site, minor earthquake effects will be experienced relatively frequently, while severe
earthquake effects will be rare. These relationships can be expressed in the form of a seismic hazard
curve that plots spectral response acceleration at a given period as a function of the average
number of years between events capable of producing such effects, called return period. Figure 7-2
is a representative hazard curve and indicates the relationship between peak ground acceleration
(PGA) and earthquake return period for a site near Los Angeles, California having Site Class C
conditions. PGA is the spectral acceleration at zero period.

The figure shows that as the return period for reoccurrence of earthquakes producing PGA increases,
so too does the ground motion intensity. For the sample site depicted, earthquakes having return
periods of 100 years will produce ground shaking with a peak ground acceleration of approximately
0.20g; earthquakes with return periods of 1,000 years about 0.50g and 10,000 years of about 1.5g.
Any specific return period defines a seismic hazard level.

Return period in years

o

0.5 1 15
Peak ground acceleration (PGA) in g

N

Figure 7-2 Example seismic hazard curve for peak ground acceleration.
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If subjected to strong enough ground shaking, any structure would collapse. The primary goal of
present building codes is to provide assurance that the risk of structural collapse is acceptably small,
while considering that there are costs associated with designing and constructing structures to be
collapse-resistant. The building codes define a reference earthquake shaking level, termed risk-
targeted maximum considered earthquake (MCERr) shaking and seeks to provide a small probability
(on the order of 10 percent or less) that structures with ordinary occupancies would collapse when
subjected to such shaking.

Throughout most of the twentieth century, building codes required earthquake-resistant design only
in the Western United States. These codes specified design earthquake shaking with a 475-year
return period, based on the seismic hazard present in the Western United States. In the 1990s, the
public became aware that some of the most severe U.S. earthquakes had occurred in the Central
and Eastern United States, so building codes were updated to better address the longer return
periods prevalent in those regions. To address the variability across the United States of return
period, ASCE/SEI 7 now specifies design ground motions with different return periods, based on the
seismicity of each region. This approach is sometimes called uniform risk because it provides
uniform risk against earthquake effects, regardless of the region in which a structure is located.

For historic reasons, associated with the practice in earlier building codes, ASCE/SEI 7 specifies
required seismic design forces for structures and nonstructural components using a reduced level of
shaking termed design earthquake (DE) shaking. DE shaking intensity is two-thirds that of MCEr
shaking. The return periods for both MCEr and DE shaking vary around the nation. Generally, MCEr
shaking has return periods ranging from approximately 1,000 years to 3,000 years, determined with
the intent of producing a uniform risk of earthquake-induced collapse. DE shaking has return periods
ranging from about 300 to 1,000 years, depending on location. For structures of ordinary occupancy,
not located within a few kilometers of a major active fault, this results in a risk of earthquake-
induced collapse of about 1% in 50 years. For near fault site, the risk can be higher.

Once the site class for a project is known, the next step in the seismic design process is to determine
the design response spectrum. Section 6.2 introduces the concept of acceleration response spectra,
and how they can be used to determine the amount of acceleration and force a structure will
experience as a result of earthquake shaking. ASCE/SEI 7-22 references a seismic hazard database
developed by USGS that contains the values of design spectral response acceleration at 22 different
periods, ranging from zero seconds to ten seconds, on a 2-kilometer by 2-kilometer grid around the
United States and its territories, for each of the site classes described in Section 7.1 (USGS, 2022d).

ASCE/SEI 7-22 Chapters 11, 20, and 21 contain procedures for finding design ground motion.
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New in ASCE/SEI 7-22: Removal of Site Class-dependent Coefficients

ASCE/SEI 7-16 and earlier editions of the standard included maps of spectral response
parameters for Site Class BC conditions derived from the USGS database. Engineers would use
site class-dependent coefficients, Fa and Fu, to convert the mapped values to values
appropriate to their site class. This approach was abandoned in ASCE/SEI 7-22 because it was
found that the site class coefficients were not sufficiently accurate, particularly for softer soil
sites subject to ground shaking from large magnitude earthquakes.

In order to obtain the design response spectrum, it is necessary to use an online database interface
like the ASCE 7 Hazards Tool to look up the value of the spectral response acceleration parameters
based on input of the latitude, longitude, and site class for the project. Figure 7-3 presents a design
response spectrum for a site near Los Angeles, California, having Site Class C conditions. In the
figure, the red dots indicate the periods and spectral values obtained from the USGS database.
Unlike the response spectrum shown in Figure 6-6, which was obtained for one earthquake motion,
the design spectrum shown in Figure 7-3 is smoothed so it does not have the irregular peaks and
valleys seen in Figure 6-6. This is because each ground motion will produce differently shaped
spectra. The design spectra are intended to envelope the many different earthquake spectra that
can occur at a site.
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Figure 7-3 Representative design response spectrum for site near Los Angeles, California
with Site Class C conditions.

This online tool allows users to easily retrieve key design
parameters for a specific location. Data is available for
seismic, tsunami, wind, tornado, flood, ice, snow, and rain
load parameters. Seismic data is pulled from the USGS
database. Available for free online.
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ASCE/SEI 7 permits project teams to perform their own seismic hazard and site response analyses
and derive site-specific spectra in lieu of using the design spectra obtained from the USGS database.
This is necessary for sites outside the United States and its territories that are not included in the
USGS database and may also be appropriate for project sites where more recent data on important
site parameters are available than those used by the USGS in developing their database. ASCE/SEI 7
Chapter 21 provides the criteria for performing such site-specific analyses and requires that site
specific spectra values not be taken less than 80% of the values obtained from the database. This
latter requirement is to assure that projects not be designed using excessively aggressive
assumptions.

New in ASCE/SEI 7-22: Multi-Period Response Spectrum

ASCE/SEI 7-16 and earlier editions of the standard used the standard spectral shape shown in
Figure 7-4. In this simple spectral shape, Sps and Spz were the spectral response acceleration
at periods of 0.2 seconds and 1 second, respectively, and the spectrum was divided into three
domains: the plateau (constant response acceleration), the hyperbola (constant response
velocity), and the parabola (constant response displacement). ASCE/SEI 7-22 replaced the
simple response spectrum shown below with the multi-period response spectrum obtained
from the USGS database and discussed in this section. The procedures for calculating Sps and
Spz1 from the multi-period spectrum ensure that the simple spectrum shown in Figure 7-4
reasonably envelopes the multi-period spectrum.

Prior to the publication of ASCE/SEI 7-22, it was common for major projects to use site-specific
spectra. This is because the ergodic, three-domain design response spectrum contained in
earlier editions of the standard could be quite inaccurate on some sites. With the adoption of
multi-period spectra and broadening of the number of site classes, the ergodic spectra have
become much more accurate, lessening the need for site-specific spectra in most cases.

Sps|

Soi

Spectral Response Acceleration,Sa (g)

T s 1.0 T
Period, T (sec)

Figure 7-4 Two-period design response spectrum that served as the standard spectrum in
ASCE/SEI 7-16 and earlier editions. The multi-period response spectrum
supersedes this two-period design response spectrum in ASCE/SEI 7-22.
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Once the design spectrum for a site has been obtained, the design procedures rely on a series of
parameters directly derived from the spectrum. These parameters include:

= Design spectral response acceleration at short periods, Sps,
= Design spectral response acceleration at 1-second period, Spz, and
= Long-period transition period, T..

These parameters are used to determine the seismic design category (SDC) for the structure and are
used directly in the Equivalent Lateral Force (ELF) analysis method.

7.3 Assign Risk Category

Section 3.1 describes the concept of acceptable risk and the fact that in U.S. building codes the level

of risk deemed acceptable is in part dependent on the intended use of the structure. The use of the
structure is represented by the risk category, which represents the consequences to society of its
failure. Risk categories, associated uses and occupancies, and example buildings per ASCE/SEI 7
are provided in Table 7-2. The structure descriptions in ASCE/SEI 7 are intentionally general to allow
local building codes to exercise latitude in risk category assignment, dependent on their community
needs. Designers should check the requirements of the governing building code when making Risk
Category assignments.

Table 7-2 Risk Categories (ASCE, 2022)

Risk

Category | Intended Use and Occupancy Examples

I Buildings and other structures that represent | Barns and other normally unoccupied
low risk to human life in the event of failure structures

Il Buildings and structures not assigned to other | Most commercial, industrial, and
risk categories residential structures

1 Buildings and structures that could pose a Buildings with several thousand
substantial risk to human life; that could occupants, such as high-rise office
cause a substantial economic impact or mass | buildings, as well as public schools,
disruption to life and not assigned to Risk manufacturing facilities with toxic
Category IV; or contain substantive quantities | materials, and some public utility
of hazardous materials that would pose a structures such as electrical
public threat if released generating stations and water

treatment plants

1% Buildings and structures designated as Hospitals, police and fire stations,
essential facilities, or which could pose a and emergency communications
substantial hazard to the community, or which | facilities
are essential to the operation of other Risk
Category IV structures
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ASCE/SEI 7-22 Section 1.5 addresses risk category assignment. Table 1.5-1 designates the
risk category based on intended use and occupancy.

7.4 Assign Seismic Desigh Category

The level of seismic design required by U.S. building codes considers both the level of acceptable
risk, based on risk category, and the severity of shaking and other earthquake effects, the structure
is likely to experience, given its location. ASCE/SEI 7 uses the seismic design category (SDC) concept
to determine the required level of design.

ASCE/SEI 7-22 Section 11.6 contains the procedures for determining SDC.

There are six SDCs ranging from A to F. Structures in regions anticipated to have earthquakes of only
minimal intensity and having ordinary occupancies are assigned to SDC A. Structures located in the
most seismically active regions that have sensitive occupancies, for which minimal risk of damage is
considered acceptable, are assigned to SDC F. As seismic design category increases, ASCE/SEI 7
specifies progressively more rigorous seismic design and construction as a means of ensuring that
all buildings meet the requirements for acceptable risk (Section 3.1). Thus, as the SDC for a
structure increases, so too do the strength and detailing requirements and the cost of providing
seismic resistance. Table 7-3 summarizes the types of buildings assigned to each seismic design
category and the primary design requirements associated with these categories. Note that although
Table 7-3 refers to MMI (Section 1.2) as a means to identify which seismic design category a
structure is assigned to, ASCE/SEI 7 actually designates this based on the values of the spectral
response acceleration parameters Sps and Spz, described in the previous chapter.

Table 7-3 Seismic Designh Categories, Risk, and Seismic Design Requirements

SDC | Building Type and Expected MMI Seismic Criteria

A Buildings located in regions having a = No specific seismic design requirements but
very small probability of experiencing structures are required to have complete lateral
damaging earthquake effects force-resisting systems and to meet basic

structural integrity criteria.

B Risk Category |, I, and lll structures = Structures must be designed to resist seismic
that could experience moderate (MMI forces.
Vl) intensity shaking

C Risk Category |, Il, and Ill structures = Structures must be designed to resist seismic
that could experience strong (MMI VII) forces.
shaking and Risk Category IV = Some types of structural systems are
structures that could experience prohibited.

moderate (MMI VI) shaking = (Critical nonstructural components must be

provided with seismic restraint.
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Table 7-3
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Seismic Desigh Categories, Risk, and Seismic Design Requirements (continued)

SDC | Building Type and Expected MMI

Seismic Criteria

D Risk Category I, Il, and Ill structures
that could experience very strong
shaking (MMI VIII or greater) and Risk
Category IV structures that could
experience strong (MMI VII) or greater
shaking.

Structures must be designed to resist seismic
forces.

Only structural systems capable of providing
good performance are permitted.

Nonstructural components that could cause
injury must be provided with seismic restraint.

Nonstructural systems required for life safety
protection must be demonstrated to be capable
of post-earthquake functionality.

Special construction quality assurance
measures are required.

E Risk Category |, Il, and Il structures
located within a few kilometers of
major active faults capable of
producing MMI IX or more intense
shaking

Structures must be designed to resist seismic
forces.

Only structural systems that are capable of
providing superior performance permitted.

Some types of irregularities are prohibited.

Nonstructural components that could cause
injury must be provided with seismic restraint.

Nonstructural systems required for life safety
protection must be demonstrated to be capable
of post-earthquake functionality.

Special construction quality assurance
measures are required.

F Risk Category IV structures located
within a few kilometers of major
active faults capable of producing
MMI IX or more intense shaking

Structures must be designed to resist seismic
forces.

Only structural systems capable of providing
superior performance are permitted.

Some types of irregularities are prohibited.

Nonstructural components that could cause
injury must be provided with seismic restraint.

Nonstructural systems required for facility
function must be demonstrated to be capable
of postearthquake functionality.

Special construction quality assurance
measures are required.

In communities where soil conditions vary, similar buildings constructed on different sites may be
assigned to different seismic design categories and this can result in very different seismic design
requirements for similar buildings in the same city. Figure 7-5 shows the seismic design category for
low-rise, Risk Category | and Il structures located on sites with average alluvial soil conditions.
Structures of a higher risk category would be assighed to a higher SDC. Tall structures and structures
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on sites with other than average alluvial soils also may be assigned to different SDCs. Note that for
structures not covered by the IRC, SDC Do, D1, and D2 are grouped into one seismic design category:
SDC D.

Seismic
Design
Category

Puerto Rico &
@ Hawaii U.S. Virgin Islands

= -_-- A
= © e
2 -

Figure 7-5 Seismic design category on default site class for Risk Category | and Il buildings
(from USGS).
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Chapter 8: Design the Structure

This chapter describes the ASCE/SEI 7 procedures for determining the required seismic strength,
stiffness, and detailing of structures in Seismic Design Category (SDC) B through SDC F. The list
below indicates these steps and identifies the section in which these steps are discussed.

= Select structural system (Section 8.1)

= |dentify system design coefficients (Section 8.2)

= Check for configuration irregularities (Section 8.3)

= Calculate seismic loads (Section 8.4)

= Analyze and design structural elements (Section 8.5)
= Check drift and stability (Section 8.6)

= Design diaphragms (Section 8.7)

= Detail connections and other elements (Section 8.8)

Nonbuilding structures are addressed by ASCE/SEI 7-22 and in many cases, similar to the
design of buildings. Section 10.6 explains what nonbuilding structures are and in what ways
design of them is similar to or not similar to buildings.

ASCE/SEI 7 Chapter 12 provides design requirements for building structures.

8.1 Select Structural System

Over many years, engineers have observed that some structural systems perform better in
earthquakes than others. Based on these observations, selection of a structural system type is a key
and early step in the seismic design criteria for buildings. Structural systems are categorized based
on three characteristics:

=  Material of construction (e.g., concrete, masonry, steel, or wood)
= How lateral forces induced by earthquake shaking are resisted by the structure
= Relative quality of earthquake-resistant design and detailing

Ductility is the ability of some structural systems to experience deformations beyond those that
cause them to develop their peak strength while continuing to carry load. Brittle structural systems
have no ductility. They will deform elastically until the applied load is equal to their ultimate strength,
then fail suddenly and lose load-carrying ability. Structures with limited ductility may be able to retain
load-carrying capability up to deformation 50% larger than the deformation at which they develop
peak strength. Highly ductile structures may be able to withstand deformations up to 4 or 5 times
those at which peak strength is achieved without loss of load-carrying capability. In reality, most
structural systems have some ductility. ASCE/SEI 7 categorizes systems with superior ductility as
special, systems with limited ductility as ordinary, and systems with intermediate levels of ductility as
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intermediate. ASCE/SEI 7 permits design of intermediate and special systems with less strength
than ordinary systems. However, to qualify as an intermediate or special system, the design must
follow rigorous detailed requirements that can result in greater construction cost. Section 8.8
describes these requirements in more detail.

ASCE/SEI 7 Table 12.2-1 defines the applicable structural systems for seismic resistance,
@ associated height restrictions, applicability to different SDCs, and applicable design
coefficients (R, Cq and ().

Based on past historic performance, some structural systems that have little ductility are prohibited
from use in seismic design categories associated with intense earthquake shaking or immediate
post-earthquake occupancy. Still other systems are only permitted for use for buildings of limited
height or weight.

The portion of the structure that is specifically designed to provide the required earthquake
resistance is called the seismic force-resisting system (SFRS). Structures assigned to SDC A can use
any type of SFRS if the system is complete and provides minimum specified strength. Buildings
assigned to SDC B or higher must utilize one of the specific SFRSs or combinations of these systems
listed in Table 12.2-1 of the ASCE/SEI 7-22 and comply with all of the design rules applicable to the
selected system. The SFRS of a building resists other lateral loads (e.g., wind), but this chapter
focuses on seismic considerations.

ASCE/SEI 7-22 Table 12.2-1 lists more than 90 structural systems, providing designers with a wide
range of choices and classifies structural systems for buildings into one of six broad categories:

= Bearing wall systems,

= Building frame systems,

=  Moment-resisting frame systems,

= Dual systems and shear wall frame interactive systems,
= Cantilever column systems, and

= Systems not specifically designed for seismic resistance.

The sections below describe key structural requirements for these systems.

8.1.1 Wall Systems

Wall systems include structures in which masonry, concrete, wood-frame, structural steel, composite
steel and concrete, or cold-formed steel walls provide lateral resistance to wind and earthquake
forces. Wall systems can be classified as bearing wall systems or building frame systems, depending
on whether the walls carry a substantial portion of the gravity loading of the building or they rely on
them only to resist lateral loads. The building code requires that wall systems that carry substantial
portions of the vertical load of a building be designed with higher strength than those that do not so
that they will experience less damage in response to strong shaking.
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The primary factor affecting the classification of a structural system of concrete or masonry walls as
plain, detailed, ordinary, intermediate, or special is the quantity and detailing of reinforcing steel
contained in the wall. Figure 8-1 shows an exaggerated, deformed shape for a typical concrete or
masonry wall subjected to lateral forces from an earthquake illustrating the types of damage that
may occur. Typical damage includes diagonal cracking due to shear in coupling beams and piers,
flexural cracking at the bases of vertical piers and compressive crushing and spalling at the corners
of piers, accompanied by buckling and potentially fracturing of vertical reinforcing steel.

Plain masonry (unreinforced) and concrete walls are not provided with reinforcing to resist seismic
forces and the types of damage indicated in the figure and can rapidly lose strength in earthquake
shaking. Detailed plain walls are provided with nominal reinforcing at openings, such as those for
doors and windows. This reinforcing is primarily intended to prevent cracking originating at the
corners of the opening but is not effective in resisting repeated straining of the wall into the inelastic
range.

Diagonal shear cracking

-— 1
of coupling beams

—— Diagonal shear cracking

\[\ of piers
Compressive crushing

at toes of piers with

Flexural cracking buckling of vertical
in piers ™ reinforcing

Figure 8-1 Deformed shape and typical damage patterns in multi-story concrete or masonry
walls.

New in ASCE/SEI 7-22: Ductile Coupled Wall System

ASCE/SEI 7-22 and ACI 318-19 introduced a new class of special concrete shear wall system,
called the ductile coupled wall system. The coupled wall system is required to incorporate
coupling beams, meeting specific dimensional criteria, over openings. These coupling beams
serve as a benign means of dissipating earthquake energy and permit use of reduced design
forces relative to other concrete wall systems.
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Walls of light-frame construction, including both wood and cold-formed steel, are categorized with
regard to their ability to resist inelastic response, primarily, based on the type of sheathing used to
provide lateral resistance. Traditional systems of plaster and gypsum board sheathing have limited
ability to provide repeated resistance to lateral deformation, once the plaster or gypsum product
cracks. Walls with these sheathing materials are limited to SDC B, C and D, and in SDC D are only
permitted for low-rise structures. Walls incorporating plywood or structural panel sheathing attached
with appropriate fasteners can resist many cycles of large lateral displacement and are permitted in
all SDCs and are permitted to be designed for reduced forces, relative to walls with ordinary
sheathing materials.

8.1.2 Braced Frame Systems

The most common braced frame systems are constructed from steel. Steel braced frames are a
common type of structural steel building frame system. Figure 8-2 shows common types of steel
braced frame systems. Braced frame systems that are specifically detailed for seismic resistance
must meet the criteria of AISC 341, Seismic Provisions for Steel Structures. This is required for
braced frames in SDC D, E, or F and permitted for other SDCs. AISC 341 does not permit single
diagonal braced frames with more than 50% of the braces in a story and in a frame line aligned in
one direction because if the braces are overloaded, and buckle, the frame will lose lateral
resistance. Similarly, K-braced frames are prohibited by AISC 341 because under lateral loads, the
compression braces can buckle, and the tensile braces will then place large, concentrated loads on
the columns at mid-height, potentially resulting in column buckling and collapse.

a. Single Diagonal b. K-braced
c. X-braced d. Opposing Diagonal
e. V-braced of “chevron” f. Eccentric braced

Figure 8-2 Common types of steel braced frame systems.
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Concentrically braced frames are configured such that the beams, columns and braces intersect at
common points. Eccentrically braced frames (Figure 8-2(f)) are configured such that brace-to-beam
connections are offset from each other, or offset from beam-column intersections, such that
nonlinear behavior is accommodated through ductile flexural or shear yielding of the beams, rather
than the braces themselves. Buckling-restrained braced frames use braces consisting of a central
steel core that can yield in tension or compression, braced by an outer sleeve. This newer system is
highly tolerant of repeated nonlinear cyclic loading, and, like the eccentrically braced frame, is
permitted to be designed for reduced strength relative to other concentrically braced frame types.

8.1.3 Moment-resisting Frame Systems

Moment-resisting frame systems (also called moment frames) can be constructed of structural steel,
reinforced concrete, or a combination of steel and reinforced concrete called composite
construction. Moment frames derive their lateral resistance through the rigid or semi-rigid
connection of their beams and columns. This results in the lateral deformation pattern illustrated in
Figure 8-3. This deformation pattern occurs simultaneously with the development of shearing forces
and bending moments in the beams and columns, and axial forces associated with overturning in
the columns. ACI 318 and AISC 341 respectively describe the detailing required of special,
intermediate, and ordinary moment frames of reinforced concrete, steel, and composite
construction.

Figure 8-3 Typical deformed shape of moment-resisting frame responding to lateral forces.

Special moment frames detailed in accordance with ACI 318 and AISC 341 can provide large
inelastic response, permitting them to be designed for low lateral forces, relative to other systems,
and allowing use of these systems without height restrictions, even in SDC D, E, and F. Both ACI 318
and AISC 341 require design of beams and columns such that flexural yielding of the frame will
occur mostly in the beams, rather than the columns, to minimize damage to columns. Both
specifications also restrict the materials that can be used in special moment frames, and the
locations of splices in members to ensure that nonlinear behavior is achievable.
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Both ACI and AISC recognize intermediate and ordinary moment frame systems. These systems have
relaxed detailing criteria relative to special moment-resisting frames but are required to have greater
strength than special moment frames, to limit the amount of nonlinear behavior experienced in
design shaking.

8.1.4 Dual Systems

Dual systems are a combination of a concrete, steel, or composite moment-resisting frame system
and a concrete or masonry wall, or braced steel frame system. In SDC C, D, E and F, design of dual
systems requires a structural analysis that considers the interaction between the moment frame and
other elements. The moment frame must be designed to resist at least 25% of the total required
seismic forces and have sufficient strength to resist the forces predicted by analysis. The intent of
this requirement is that the moment frame will act as a redundant (i.e., back-up) system, that will be
capable of resisting earthquake forces should the primary system (walls or braced frames) become
extensively damaged. Like special moment frame systems, dual systems that incorporate a special
moment-resisting frame can be constructed without height limit in SDC D, E, and F. In SDC B,
ASCE/SEI 7 permits a type of dual system known as a frame-wall interactive system. In this system, it
is not necessary that the moment frame be capable of resisting 25% of the total seismic design
forces.

8.1.5 Cantilever Column Systems

Cantilever column systems are a special form of moment-resisting frame in which there are no
beams connected to the column tops to restrain them against rotation. These systems derive their
lateral resistance solely from the fixity against rotation at the column base. The simple SDOF
structure described in Chapter 6 is an example of a cantilever column system. Both concrete and
steel cantilever columns systems are permitted by the code. Detailing of the cantilevered columns
can conform to the criteria for special, intermediate, or ordinary moment-resisting frame systems.
Regardless, the limits on height are very restrictive and these structures must be designed to remain
nearly elastic in response to design earthquake shaking. This is because these systems often have
low redundancy, that is, formation of a single hinge, at the column base, results in formation of a
plastic mechanism. In addition, these systems tend to be quite flexible, and can quickly develop
large P-delta effects and instability.

8.2 Identify Design Coefficients

ASCE/SEI 7-22 Table 12.2-1 specifies the values of three design coefficients used to determine the
required strength and stiffness for the seismic force-resisting system of a structure:

= Ris the response modification coefficient that accounts for the ability of some seismic force-
resisting systems to respond to earthquake shaking in a ductile manner without loss of load-
carrying capacity. R values range from 1 for systems that have no ability to provide ductile
response to 8 for systems that are capable of highly ductile response. The R factor is used to
reduce the required design strength for a structure.
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= (Cqis the deflection amplification coefficient. It is used to adjust computed lateral displacements
for the structure determined using linear analysis procedures to the anticipated inelastic lateral
displacement that will occur in design earthquake shaking. The Cq4 factors assigned to the
various structural systems are typically similar but smaller that the R coefficients, which
accounts in an approximate manner for the effective damping and energy dissipation that can be
mobilized during inelastic response of highly ductile systems. The more ductile a system is, the
greater will be the difference between the value of R and Ca.

= (% is an overstrength coefficient used to account for the fact that the actual seismic forces on
some elements of a structure can significantly exceed those indicated by analysis using the
design seismic forces. For most structural systems, the £ coefficient will have a value between
2 and 3.

8.3 Check for Configuration Irregularities

The values of the design coefficients (R, Cq, and (%) specified in ASCE/SEI 7 were developed for
systems that have regular configuration, with deformation and nonlinear response well-distributed
throughout the structure and limited torsion about the vertical axis. Also, some of the analysis
procedures used to determine the required strength of structural systems are incapable of predicting
response reliably when the structures are not regular. To the extent that structures have nonuniform
distribution of strength or stiffness and discontinuous structural systems, the assumptions that
underlie the design procedures can become invalid. These conditions are known as irregularities,
and structures that have one or more of these irregularities are termed irregular structures (Section
4.1.4).

Some irregularities require modification of the analysis procedures used to determine required
strength and story drift. Some irregularities trigger requirements for portions of the structure to be
provided with greater strength to counteract the negative effects of the irregularity. Some
irregularities have led to such poor performance in past earthquakes that they are prohibited from
use in structures assigned to SDC E or SDC F. ASCE/SEI 7 identifies two basic categories of
structural irregularity: horizontal and vertical.

Horizontal irregularities include the following types:

= Torsional irregularity: This condition exists when the distribution of vertical elements of the SFRS
within a story, including braced frames, moment frames and walls, is such that when the building
is pushed to the side by wind or earthquake forces, it will tend to twist as well as deflect
horizontally. Torsional irregularity is deemed to exist if: 75% of the lateral strength at a story is
located on one side of the center of mass or the drift in a story at the ends exceeds 120% of the
average story drift. Presence of this irregularity requires explicit consideration of inherent and
accidental torsion when determining required strength and story drift and strengthening of some
elements of the seismic force-resisting system. It can also affect the assessed redundancy
factor.
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= Reentrant corner irregularity: This is a geometric condition that occurs when a building with a
rectangular plan shape has a missing corner or when a building is formed by multiple connecting
wings. Figure 8-4 illustrates this irregularity.

Figure 8-4 Reentrant corner irregularity.

= Diaphragm discontinuity irregularity: This occurs when a floor or roof has a large open area as
can occur in buildings with large atriums. Figure 8-5 illustrates this irregularity.

Figure 8-5 Diaphragm discontinuity irregularity.

= Qut-of-plane offset irregularity: This occurs when the vertical elements of the SFRS, such as
braced frames or shear walls, are not aligned vertically from story to story. Figure 8-6 illustrates
this irregularity.

Figure 8-6 Out-of-plane offset irregularity.

= Nonparallel systems irregularity: This occurs when the SFRS does not include a series of frames
or walls that are oriented at 90-degree angles with each other.
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New in ASCE/SEI 7-22: Removal of Extreme Torsional Irregularity

ASCE/SEI 7-22 removes the extreme torsional irregularity, a type of horizontal irregularity that
was included in previous editions of ASCE/SEI 7.

Vertical irregularities include the following types:

= Soft story irregularity: This occurs when the stiffness of one story is substantially less than that of
the stories above. This commonly occurs at the first story of multi-story moment frame buildings
where the architectural design calls for a tall lobby area. It also can occur in multi-story bearing
wall buildings when the first story walls are punched with a number of large openings relative to
the stories above, such as for a garage or glass storefront. Figure 8-7 illustrates these two
conditions. An extreme soft story irregularity is deemed to exist when the stiffness of a story is
less than 60% of the story above. Extreme soft story irregularity is an extreme version of the soft-
story irregularity that is prohibited in SDC E and SDC F structures.

L
L
L

Figure 8-7 Examples of buildings with a soft first story, a common type of stiffness
irregularity.

= Vertical geometric irregularity: This occurs where the width in plan of the SFRS is more than
130% larger in one or more stories than it is in adjacent stories. Figure 8-8 illustrates this
condition.
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Figure 8-8 Vertical geometric irregularity.
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= |n-plane discontinuity irregularity: This occurs when the vertical elements of the SFRS, such as its
walls or braced frames, do not align vertically within a given line of framing or the frame or wall
has a significant setback. Figure 8-9 provides an example of this irregularity.

/

SN
AN

Figure 8-9 Example of an in-plane discontinuity irregularity.

= Weak story irregularity: This occurs when the strength of the walls or frames that provide lateral
resistance in one story is substantially less than that of the walls or frames in the adjacent
stories. This irregularity often accompanies a soft-story irregularity but does not always. It is
prohibited in SDC E and F structures, where the story stiffness of one story is less than 80% of
the story above. Extreme weak story irregularity is an extreme version of the weak-story
irregularity that is prohibited in SDC E and SDC F structures.

8.4 Calculate Seismic Loads

ASCE/SEI 7 requires that structures have adequate strength to resist specified design earthquake
forces in combination with other loads. Earthquake shaking induces both horizontal and vertical
forces in structures. These forces vary during an earthquake and, for brief periods ranging from a few
tenths of a second to a few seconds, they can become very large. In structures assigned to SDC D, E,
or F, these forces easily can exceed the forces associated with supporting the building weight and
contents. In keeping with the basic design philosophy of accepting damage but attempting to avoid
collapse, the design seismic forces specified by ASCE/SEI 7 are less than those which would enable
a structure to remain undamaged by design earthquake shaking.

Typically, engineers design structures so that only some of the structural elements (e.g., beams,
columns, walls, braces) and their connections provide the required seismic resistance. For example,
the braced frame structures in Figures 8-4 a, b, ¢, e, and f each have three bays, but only one of the
bays has bracing. The braces, beams, and columns that the braces connect to would be designed to
resist seismic forces, while the other beams and columns would not. The ASCE/SEI 7 standard
specifies the magnitude of earthquake design forces and the required combinations of seismic
forces with other loads, including dead and live loads that must be used to design the SFRS.
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The magnitude of the specified earthquake forces and how they are calculated depends on the SDC,
the type of structural system that is used, the configuration of the structure, and the type of element
or connection being designed. These are described briefly below. For SDC A structures, ASCE/SEI 7
simply requires that structures be designed with adequate strength to resist 1% of the weight of the
structure, applied as a lateral force in each direction, at each level.

ASCE/SEI 7-22 Chapter 2 specifies the required combinations of seismic loads with other
design loadings, including dead and live.

8.4.1 Base Shear Strength

Figure 8-10(a) displays a simple, multiple degree of freedom structure consisting of a single
cantilever column with masses, having weights W1, W2, and W3, lumped at 3 levels. Like the simple
SDOF structure depicted in Figure 6-2, if the top mass of the structure is displaced to the side, as
illustrated in Figure 8-10(b), then released, the structure will respond in free vibration, holding the
deformed shape illustrated. This shape is termed the fundamental mode shape of the structure.

X,(t

(a) Simple 3-mass structure (b) Fundamental mode shape

Figure 8-10 Simple multi-degree of freedom (MDOF) structure in free vibration.
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Figure 8-11 Forces acting on MDOF structure in free vibration.

When the ground shakes, inertial force acts on each mass, at a magnitude of acceleration times the
mass, as shown in Figure 8-11. Because the base of the structure is not moving relative to the
ground, equilibrium must be provided by a reaction force, denoted V in the figure, that is equal in
magnitude to the sum of the F forces. This reaction force, V, is termed the base shear.

The base shear equations shown here as Equations 8-1 through 8-6 appear in ASCE/SEI 7 as
Equations 12.8-1 through 12.8-6.

ASCE/SEI 7 requires design of structures for a minimum base shear force, V, given by the equation:
V=CW (8-1)
where:

Cs =the seismic response coefficient
W = the seismic weight of the structure

The seismic response coefficient, Cs, depends on the fundamental period of vibration (T) of the
structure, the risk category (Section 7.3), and the type of SFRS used (Sections 8.1 and 8.2). For
structures with fundamental periods of vibration less than the mapped value of T, at their site, the
seismic response coefficient, Cs, is taken as the lesser of the value given by:

C =S (8-2)

(R
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(8-3)

where:

Sos = the spectral response acceleration parameter obtained from the USGS online database, as
described in Chapter 7,

Sp1 = the spectral response acceleration parameter obtained from the USGS online database, as
described in Chapter 7,

R =the response modification coefficient discussed in Section 8.2,

le =an importance factor, the value of which depends on the risk category previously described
in Section 7.3, and

T =the fundamental period of vibration of the structure.

The seismic weight is equal to the weight of the structure and all permanently attached nonstructural
components and systems including cladding, roofing, partitions, ceilings, and MEP equipment. In
storage and warehouse occupancies, W also includes 25 percent of the design storage load. For
buildings with a flat roof in areas susceptible to a ground snow load of 30 pounds per square foot
(psf) or more, the seismic weight also includes 20 percent of the uniform design snow load.

The quantity R/l in Equations 8-2 and 8-3 is an expression of the permissible amount of inelastic
structural response or ductility. The value of R is determined from the ASCE/SEI 7 standard Table
12.2-1 based on the selected seismic force-resisting system. For buildings in Risk Category | or Il, the
importance factor, le, has a value of 1.0. For structures in Risk Categories Ill and 1V, the importance
factors are 1.25 and 1.5, respectively. Thus, for structures in higher risk categories, less inelastic
behavior is permitted, which is consistent with the desired reduced risk of damage.

For structures with a fundamental period of vibration greater than T, the value of Cs is determined
using the equation:

C — SDl TL

s (R/B)Tz

(8-4)
Regardless of fundamental period, the value of the base shear coefficient for any structure, cannot
be taken as less than the value obtained from the following equation:

Cs = 0.044Spsle (8-5)

On sites close to major active faults, where ground motions can have large impulsive components,
the base shear coefficient cannot be taken less than:

S,

(R/l.)

C.=05 (8-6)
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In Equation 8-6, the parameter Sz is the value of the 1-second MCERr spectral response acceleration
at the site assuming conditions corresponding to Site Class BC.

8.4.2 Redundancy

The strength design of structures assigned to SDC D, E, and F is subject to consideration of
redundancy (Section 4.1.5). A structure is sufficiently redundant if the notional removal of any single
element in the SFRS (e.g., a shear wall or brace) does not reduce the lateral strength of the structure
by more than one third and does not create an extreme torsional irregularity. If the configuration of
an SFRS meets certain prescriptive requirements, a rigorous check of the redundancy is not
required. If a structure does not meet these prescriptive requirements or the minimum strength and
irregularity criteria described above, the redundancy factor, p, applies, and required strength of all
elements and their connections comprising the SFRS, except diaphragms, must be increased by 30
percent.

8.4.3 Vertical Earthquake Forces

Structures in SDC C, D, E, and F must also be designed for the effects of vertical shaking. All
members in these SDCs must be designed for vertical seismic forces, whether or not they are part of
the designated SFRS. Vertical seismic load effect, Ev, can be determined from either of two
equations:

Ev=0.2SpsD (8-7)
Ev=0.3SaD (8-8)

In the equation, Sps is the horizontal design spectral acceleration at short periods and Sav is the
vertical spectral response acceleration at short period, derived in accordance with Section 11.9.2 of
ASCE/SEI 7. D is dead load.

8.5 Analyze and Design Structural Elements

ASCE/SEI 7 requires structural analysis to determine the strength required of each beam, brace,
column, and wall of the SFRS. The code permits use of several different approaches. These include
equivalent lateral force procedure, simplified equivalent lateral force procedure, modal response
spectral analysis, linear response history analysis, and nonlinear response history analysis.

8.5.1 Equivalent Lateral Force Procedure

The most used approach is known as Equivalent Lateral Force (ELF) procedure, in which the required
seismic base shear force V, is applied as a series of vertically distributed static forces to a
mathematical model of the structure and the individual seismic demand, E, on each element is
determined and ultimately combined with dead, live and other prescribed forces for determination of
required strength.
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The static seismic design force applied at each story is given by the equation:

w.h"
F=egr—V (8-9)

Z';:i WJ' hj"(

Equation 8-9 discussed here appears in two parts in ASCE/SEI 7-22. ASCE/SEI 7 Equation

n 12.8-11 computes the seismic design force at each level, Fx, as the product of a vertical force
distribution factor, Cx and the base shear V. ASCE/SEI 7 Equation 12.8-11 defines the value
of Cvw and takes the form of Equation 8-9.

In Equation 8-9, the superscript “k” has a value of unity for structures with a fundamental period, T,
less than or equal to 0.5 second, has a value of two for structures with a fundamental period greater
than or equal to 2.5 seconds, and has a value that is linearly interpolated from these values for
structures with a fundamental period that falls between these values. The value of the period can be
determined using either a series of approximate formula that depend on the type of SFRS used or
methods of structural dynamics that directly consider the distribution of the structural mass and
stiffness. Equation 8-9 is intended to represent the distribution of inertial forces associated with free
vibration in the natural modes of the structure with the term (w,h,k/Zi”zlw,hik ) approximating the
relative amplitude and contribution of each dominant mode shapes at each level.

The fundamental period, T, seismic base shear force, V, and individual story forces, Fi, must be
computed and applied independently in the two primary orthogonal directions of response. The
major vertical elements of the SFRS (i.e., frames or walls) will be aligned in these two orthogonal
directions in most structures. However, when this is not the case, any two orthogonal axes may be
used. The story forces, Fi, are applied as static loads, and an elastic analysis is performed to
determine the distribution of seismic forces in the various beams, columns, braces, and walls that
form the vertical elements of the SFRS.

In SDC C, D, E, and F, structures with vertical seismic force-resisting elements (e.g., shear walls,
braced frames, moment frames, or combinations of these systems) located in plan such that they
can experience significant seismic forces as a result of shaking in either of the major orthogonal
building axes must be designed considering this behavior. An example of such a structure is one with
columns common to intersecting braced frames or moment frames aligned in different directions.
Another example is a structure with vertical elements alighed in two or more directions that are not
orthogonal to each other. Design of these structures requires considering that forces can be incident
in any direction. This requirement can be satisfied by considering 100 percent of the specified
design forces applied along one primary axis simultaneously with 30 percent of the specified design
forces in an orthogonal direction. When this approach is used, at least two load cases must be
considered consisting of 100 percent of the specified forces in direction A taken with 30 percent of
the specified forces in direction B and 30 percent of the specified forces in direction A taken with
100 percent of the forces in direction B where directions A and B are, respectively, orthogonally
oriented to each other.
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Structures can experience torsional excitation of their seismic force-resisting systems due to
imbalance in the placement of live loads, nominal differences in strength and stiffness in lateral
elements on each side of the structure, difference in arrival times of ground motion at different sides
of the structure, and other effects. Consideration of accidental torsion is intended to ensure that all
structures are configured with minimum torsional resistance.

The analysis of torsionally irregular structures in SDC B and all structures in SDC C, D, E, and F that
do not have flexible diaphragms, typically composed of wood sheathing or untopped metal deck,
must consider the effects of accidental torsion. In the ELF method, accidental eccentricity is
accounted for by applying the lateral forces (Fi) at each level at a location that is displaced from the
center of mass of the level by a distance equal to 5 percent of the width of the level perpendicular to
the direction of application of the force. Figure 8-12 illustrates this concept. If the structure is not
symmetrical, the 5 percent displacement of the point of application of the forces must be taken to
both sides of the center of mass, and the design seismic forces on the elements must be taken as
the highest forces obtained from either point of application. The purpose of this eccentric application
of the forces is to account for any potential unbalanced loading that may occur if, for example, one
side of a building is occupied during earthquake shaking while the other side is vacant. This
requirement also is intended to ensure that all structures have a minimum amount of resistance to
torsional effects.

Center of mass

Figure 8-12 Eccentric application of story forces.

The design seismic forces on some elements in irregular structures must be amplified by the (%
overstrength coefficient described in Section 8.2. The purpose of design using these amplified forces
is to avoid damage to elements whose failure could result in widespread damage and collapse of the
structure. An example of such an element is the column beneath a discontinuous shear wall.

8.5.2 Simplified ELF

The simplified ELF method is applicable to low-rise structures that have stiff seismic force-resisting
systems using walls or braced frames. The base shear force equations are simplified relative to
those in the standard ELF method, as is the vertical force distribution formula. Further, it is not
required to compute story drift (Section 8.6). However, the simplified method requires design for
larger forces to ensure that assumptions used to create the simple procedure do not compromise
safety.
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8.5.3 Modal Response Spectrum Analysis

Modal response spectrum analysis is a hybrid between ELF and dynamic methods. MDOF structures
like that illustrated in Figure 8-11 will have as many natural modes of vibration as they have
individual dynamic degrees of freedom. For this purpose, a dynamic degree of freedom can be
thought of as a unique direction of motion associated with an individual mass. The simple two-
dimensional MDOF structure illustrated in Figure 8-11 has three dynamic degrees of freedom
consisting of independent lateral translation of each of the three masses. If that structure were
three-dimensional, rather than two dimensional, it would have nine dynamic degrees of freedom
consisting of two orthogonal directions of lateral displacement and one of twisting about a vertical
axis for each mass.

Figure 8-13 illustrates the three mode shapes for the three independent natural modes of vibration
for the two-dimensional structure previously illustrated in Figure 8-11. When subjected to
earthquake ground motions, each of these modes will be excited, resulting in inertial forces on the
masses, in each mode, as also illustrated in the figure. In modal response spectrum analysis, the
engineer creates a mathematical model of the structure that includes representation of the
structural geometry, stiffness, and mass. This model is used to determine the natural periods of
vibration for each mode and the mode shapes. These data are then used, together with the design
response spectrum for the site to determine the modal forces on the structure. The structure is then
analyzed for these modal forces to determine the force in each member and connection due to each
mode of response. Finally, these forces are added, typically using a square root sum of squares
approach, to estimate the likely maximum combined forces, considering that the maximum forces in
each mode are unlikely to occur simultaneously. Finally, the forces are scaled up such that the base
shear, V, obtained from the analyses is not less than the base shear obtained from ELF analysis.
While modal response spectrum analysis has the advantage that it can result in less conservative
design forces for some structures, the root sum of squares combination of force results in a loss of
sign for forces and displacements, which some engineers find to be disadvantageous.

Figure 8-13 Mode shapes and inertial forces associated with free vibration of MDOF structure.
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New in ASCE/SEI 7-22: Removal of Required Design Strength Reduction for

Modal Response Spectrum Analysis

Modal response spectrum analysis was once thought to be superior to ELF in its ability to
predict structural response. Under earlier editions of ASCE/SEI 7, a reduction in the required
design strength was permitted with this technique. However, reliability studies indicated that
this strength reduction resulted in structures that could not perform as well as structures
designed using the ELF method, so the reduction was removed in ASCE/SEI 7-22.

g ASCE/SEI 7-22 Section 12.9.1 covers the requirements for modal response spectrum
analysis.

8.5.4 Linear Response History Analysis

Linear response history analysis is another technique permitted by ASCE/SEI 7. In this approach, a
mathematical model of the structure is constructed and subjected to a suite of ground motions that
have been scaled or matched to the design response spectrum for the site. The computer software
used for this analysis does a numerical integration of the equation of motion for the structure
(Equation 6-1), and the maximum forces in each member and connection for each ground motion
are determined. These are averaged, then scaled such that the total base shear force, V, is equal to
that obtained from the ELF method. Finally, as with the ELF methods, these forces are combined
with the forces from dead, live, and other loads. Linear response history analysis is advantageous,
relative to modal response spectrum analysis because it preserves the sign of earthquake forces
and displacements, which some engineers find advantageous for connection design. Also, it can
eliminate some conservatism associated with the root sum of squares summation approach used in
modal response spectrum analysis. However, it is computationally complex and requires
manipulation of the results form a suite of ground motions, requiring more effort.

ASCE/SEI 7-2 Section 12.9.2 covers the requirements for linear response history analysis.

8.5.5 Nonlinear Response History Analysis

Nonlinear response history analysis (NLRHA) is the fourth method of analysis permitted by ASCE/SEI
7. NLRHA is like linear response history analysis except that the stiffness of members and
connections is modified throughout the analysis to simulate the occurrence of cracking, yielding,
buckling and other damage. NLRHA is a complex technique that calculates the forces and
deformations induced in a structure in response to a suite of earthquake records and accounts
explicitly for the dynamic properties of the structure, as well as the damage caused by earthquake
response. Members and connections are evaluated in two groups. Members and connections that
have inherent ductility and an ability to yield while continuing to carry load are evaluated based on
the level of nonlinear deformation predicted by the analysis. Elements that have limited or no
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ductility are evaluated based on the amount of force predicted by the ground motions. It is commonly
used in performance-based design approaches (Section 10.1), high-rise buildings, and structures
with energy dissipation systems (Section 10.4) or seismic isolation (Section 10.5).

NEHRP Technical Brief No. 4: Nonlinear Structural Analysis for Seismic Design

This report addresses provides clear and concise guidance for
conducting nonlinear structural analysis for seismic design of
buildings. Published 2010. Available as a free PDF.

8.6 Check Drift and Stability

Unless the simplified ELF analysis procedure is used, structures must be evaluated to ensure that
their anticipated lateral deflection in response to earthquake shaking does not exceed acceptable
levels or result in P-delta instability. Two evaluations are required: the first is an evaluation of the
adequacy of the story drift of the structure at each level, and the second is an evaluation of stability.

Story drift is a measure of how much one floor or roof level displaces under load relative to the floor
level immediately below. It is typically expressed as a ratio of the difference in deflection between
two adjacent floors divided by the height of the story that separates the floors. Figure 8-14 illustrates
the concept of story drift, showing this as the quantity &, the drift that occurs under the application of
the design seismic forces.

—= -_— 5i

/““* Deflected structure

Structure at rest<‘

Figure 8-14  Story drift.
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ASCE/SEI 7 sets maximum permissible story drift limits based on risk category and construction
type. The adequacy of a structure in this respect is determined by calculating the design story drift, A
using the equation:

L < Ah, (8-10)

where:

o =the computed story drift under the influence of the design seismic forces,
Cqs = the deflection amplification coefficient described in Section 8.4, and
le =the occupancy importance factor.

The acceptable drift ratio, 4a, varies from 0.007 to 0.025 depending on risk category of the building
and construction type.

Drift is also an important consideration for structures constructed near one another. In response to
strong ground shaking, structures located close together can hit one another, an effect known as
pounding (Section 4.1.7). Pounding can induce forces in a structure at the area of impact and has
been known to cause the collapse of some structures. Therefore, ASCE/SEI 7 requires sufficient
separation of adjacent structures and from property lines so that pounding will not occur if the
structure experiences the design drifts determined using Equation 8-10.

In addition, ASCE/SEI 7 requires evaluation of a structural stability under the anticipated lateral
deflection by calculating the quantity 0 for each story:

g-_DA (8-11)
Vxthd

where:

P« = the weight of the structure above the story being evaluated,
A = the design story drift determined using Equation 8-10,

Vx =the sum of the lateral seismic design forces above the story,
hx = the story height, and

Cqs = the deflection amplification coefficient described earlier.

If the calculated value of #at each story is less than or equal to 0.1, the structure is considered to
have adequate stiffness and strength to provide stability. If the value of 8exceeds 0.1, the lateral
force analysis must include explicit consideration of P-delta effects. These effects are an
amplification of forces that occurs in structures when they undergo large lateral deflection. The
limiting value for @ (6max) is calculated as:
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0 :ESOQS (8-12)
pC

max
d

If the structure exceeds this limiting value, it is considered potentially unstable and must be
redesigned unless NLRHA is used to demonstrate that the structure is adequate. In the equation for
bmax, Fis calculated as the ratio of the story shear demand under the design seismic forces to the
story shear strength. It can conservatively be assumed to have a value of 1.0. This requirement can
become a controlling factor in areas of moderate seismicity for flexible structures like steel moment
frames.

8.7 Design Diaphragms

In addition to determining the seismic forces (E) on the vertical elements of the SFRS, the building
code requires determination of the seismic forces on the horizontal elements, typically called
diaphragms. In most structures, the diaphragms consist of the floors and roofs acting as large
horizontal beams that distribute the seismic forces to the various vertical elements. Diaphragms are
categorized as being rigid, flexible, or of intermediate stiffness depending on the relative amounts of
deflection that occur in the structure when it is subjected to lateral loading. Figure 8-15 shows the
deflected shape of a simple single-story rectangular building under the influence of lateral forces in
one direction. The roof diaphragm has deflection 4. at the left side, or at the right side and & at its
center. If the deflection at the center of the diaphragm, Jc, exceeds twice the average of deflections
oL and or at the ends, the diaphragm must be considered flexible. ASCE/SEI 7 permits diaphragms of
untopped wood sheathing or steel deck to be considered flexible regardless of the computed
deflection. Diaphragms consisting of reinforced concrete slabs or concrete-filled metal deck that
meet certain length-to-width limitations can be considered perfectly rigid. Other diaphragms must be
considered to be of intermediate stiffness.

0 .
0
R
;i{

Figure 8-15 Deflection of diaphragm under lateral loading.

A flexible diaphragm is considered to distribute forces to the supporting vertical elements of the
SFRS using so-called tributary mass assumptions, much in the same way as a simple beam spanning
between the vertical elements. For other diaphragms, the distribution of forces to the vertical
elements of the SFRS must be considered based on the relative rigidity of the vertical elements and
the diaphragms using methods of structural analysis.
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Diaphragms that are not flexible must be designed for two types of forces. The fist type are the
inertial forces associated with the weight of the diaphragm itself and the acceleration the building
transmits to the diaphragm as the building responds to shaking. The second type are transfer forces,
associated with redistribution of forces in vertical elements of the SFRS above and below the
diaphragm, based on the relative stiffness of these elements. Regardless of whether diaphragms are
classified as flexible, rigid or of intermediate stiffness, there are three procedures available to
determine the required diaphragm inertial forces. The first of these has been in ASCE/SEI 7 for many
years and uses the equation:

Fp =t w, (8-13)

In this equation, Fpx is the total force to be applied to the diaphragm at level i, F; is the seismic design
force at each level j determined from Equation 8-9, wyx is the seismic weight of the structure tributary
to the diaphragm at level i, and w; is the seismic weight at each level j of the structure.

The second approach was introduced in ASCE/SEI 7-16 and more accurately accounts for both the
ability of some diaphragms to exhibit ductile behavior and the differences in shaking experienced by
horizontal levels supported by different structural systems. This procedure is required for precast
concrete diaphragm systems in SDC C, D, E, and F and is permitted for wood sheathed and bare
metal deck diaphragms. In this procedure, design diaphragm inertial forces are determined using the
equation:

F,o=—2w (8-14)

In Equation 8-14, Cpx is computed using approximate modal mass participation factors determined
using a series of equations associated with different structural system types, the number of stories,
the design peak ground acceleration, and the occupancy importance factor. Rs, termed the
diaphragm force reduction factor, is determined from a table of values for different diaphragm types
and is intended to account for the ability of some diaphragms to exhibit ductility and nonlinear
deformation.

The third approach for determining inertial diaphragm forces is applicable only to single story
buildings with rigid vertical seismic force-resisting elements, including steel braced frames and
masonry or concrete walls, and having either wood or steel deck diaphragms without concrete
topping. For these buildings, it is permitted to compute the design inertial diaphragm forces as the
lesser of that obtained from Equations 8-15 and 8-16:

S
F =—25 _w 8-15
> Rdiaph / le > ( )
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S
Fpom 2w, (8-16)
g (Rdiaph /Ie )Tdiaph g

In the equation, Ruiapn is @ measure of the available diaphragm ductility, taken as 4.5 for wood
diaphragms and specially detailed steel deck diaphragms and 1.5 for ordinary steel deck
diaphragms; Tqiapn is an estimate of the fundamental period of the diaphragm, computed based on
the diaphragm span length; and other factors are as previously defined.

Regardless of the procedure used to compute diaphragm design forces, diaphragms must be
designed for shear and flexure. It is common to use the analogy of a beam when designing
diaphragms, where the diaphragm web is assumed to carry the shear forces and boundary elements
at the diaphragm edges are assumed to resist flexure in the form of concentrated tension and
compression forces, commonly called chord forces. Beams located near the edges of the
diaphragms can be designed and connected to carry these chord forces, in combination with other
loads, or other continuous elements, such as a band of reinforcing steel can be used for this
purpose.

Another important diaphragm element is the collector, sometimes also called a drag strut. These
elements are used to “drag” load from the diaphragm web into discrete vertical elements of the

SFRS, such as isolated walls or frames. As with chords, it is common to use floor or roof support
beams as collectors. Figure 8-16 illustrates these important diaphragm elements.

Diaphragm
/Chords r Collector

wehb

Seismic forces
Discrete frame

Figure 8-16 Diaphragm elements.

NEHRP Technical Briefs: Diaphragms

The following guides provide guidance on analysis, design, and detailing:
= Concrete Diaphragms, Chords, Collectors (NIST GCR 16-917-42)

= Composite Diaphragms (NIST GCR 11-917-10)

= Wood Light-Frame Diaphragm (NIST GCR 14-917-32)

= Precast Concrete Diaphragms (NIST GCR 17-917-47)
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8.8 Detail Connections and Other Elements

The final step in the design process, once the SFRS has been designed, is to detail the structure.
Detailing refers to ensuring that the details, including connections of elements, bends and spacing of
reinforcing, and similar items, conform with all applicable building code requirements. Table 2-1
contains material-specific standards that contain the applicable requirements, as referenced by
ASCE/SEI 7-22 Table 12.2-1, such as ACI 318, TMS 502, AISC Specifications, and the National
Design Specification.

8.8.1 Concrete and Masonry Walls

Figure 8-17 illustrates some of the special reinforcement required to conform to the criteria for
special reinforced concrete walls, as specified in ACI 318. These include: two curtains of vertical and
horizontal reinforcement throughout the wall; closely spaced, closed stirrups or hoops in beams over
the openings of walls (called coupling beams); provision of special diagonal tension reinforcement
capable of carrying 100% of the seismic shear forces in coupling beams with low aspect ratios; and
provision of closely spaced hoops around vertical reinforcing in those portions of concrete walls and
piers that are anticipated to experience high strains during earthquake shaking (called boundary
zones). TMS 503 specifies different requirements for special reinforced masonry walls because it is
not possible to place the same types of reinforcing in masonry walls. To compensate for this,
ASCE/SEI 7 specifies higher design forces for special masonry walls as opposed to special concrete
walls.

Diagonal and
confinement
reinforcingin low

aspect ratio coupling 1
beam ‘—x

Closely spaced
confinement |
hoopsin slender
coupling beams ——

Vertcaland I

horizontal reinforcing
each face

LY

/—— Confined boundary
zone reinforcing in piers

Figure 8-17 Typical reinforcing requirements in special reinforced concrete walls.
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NEHRP Technical Briefs: Concrete and Masonry Systems

The following guides provide specific recommendations on analysis,
design, and detailing of concrete and masonry walls.

= (Cast-in-Place Concrete Special Structural Walls and Coupling Beams
(NIST GCR 11-917-11)

= Steel Special Concentrically Braced Frames (NIST GCR 13-917-24)
= Special Reinforced Masonry Walls (NIST GCR 14-917-31)

8.8.2 Steel Braced Frames

Steel braced frames in SDC D, E, and F must conform to the detailing requirements of AISC 341.
Depending on the classification of the braced frame as ordinary, intermediate, or special, AISC 341
requires that columns, braces, and beams meet member compactness criteria, to avoid premature
buckling and fracture and requires that connections of braces to beams and columns be designed
sufficiently strong to develop the full expected strength of the brace in compression and tension. This
ensures that the braces can buckle and yield, modes of behavior that permit inelastic deformation of
the structure, while maintaining a substantial portion of its lateral resistance. In addition, gusset
plate brace connections of special concentrically braced frames must be designed to accommodate
the out-of-plane rotations resulting from brace buckling.

NEHRP Technical Briefs: Braced Frames

The following guides provide specific recommendations on analysis,
design, and detailing of steel braced frames.

= Steel Special Concentrically Braced Frames (NIST GCR 13-917-24)
= Buckling Restrained Steel Braced Frames (NIST GCR 15-917-34)

8.8.3 Moment Frames

AISC 341 requires special compactness criteria (i.e., control of the slenderness of webs and flanges)
in steel beams and columns, so that local buckling and strength degradation can be minimized.
Further, AISC 341 requires the use of beam-column connection details that have been proven by
testing and analysis to be capable of developing the required nonlinear behavior. AISC 358,
Prequalified Connections for Special and Intermediate Steel Moment Frames provide criteria for
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design and construction of prequalified connection details demonstrated to have the necessary
robustness.

ACI 318 requires provision of closely spaced hoop lateral reinforcement in beams, columns, and
beam-column joints of special moment frames. As illustrated in Figure 8-18 these are required at the
end zones of beams and columns, throughout the height of beam-column joints, and at locations
where reinforcing splices occur. Hoops must have sufficient cross ties and area of reinforcement to
effectively confine the concrete and prevent its crushing under large compressive strains, as well as
brace the longitudinal steel against compression buckling. The shear capacity of beams must exceed
the shear associated with development of flexural plastic hinges at both ends together with gravity
shears. This ensures that nonlinear behavior will occur primarily through flexural, rather than shear
yielding, and that concrete is sufficiently confined that during the formation of plastic flexural hinges,
the concrete will retain its strength.

Closely spaced
hoops at beam
and column ends
and through

o Hoop reinforcement
joints R full length of beams and columns

§7Splices locatedin

middle 1/3 of member
and confined by closely-
Reinforcingends ERaced HGopS

hooked to develop E
within confined joint

Figure 8-18 Typical reinforcing for special concrete moment frame.

In addition to detailing the SFRS, it is also necessary to design and detail the gravity load-carrying
system to ensure that the gravity load-bearing elements have deformation compatibility with the
SFRS. Particularly for special and intermediate systems, elements of the SFRS are specifically
detailed to ensure that they have superior deformation capacity. In structures having these systems,
the gravity system must “go along for the ride.” That is, although the elements of the gravity system
are not relied on to carry lateral forces, they will deflect to the same extent that the lateral system
does, and as a result they will inevitably carry some lateral forces.

The same industry specifications that govern the design and detailing criteria for elements of the
lateral force-resisting system also have criteria for detailing the gravity system elements for
deformation compatibility. ACI 318, for example, requires that gravity load-carrying columns have
sufficient ties to ensure that they can develop the shear strength associated with the seismic story
drifts. Similarly, AISC 341 requires that column splices be designed with sufficient shear capacity. In
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some cases, it may be more economical to stiffen the SFRS to protect the gravity load-bearing
elements than it is to detail the gravity elements for compatibility.

@ NEHRP Technical Briefs: Moment Frames

The following guides provide specific recommendations on analysis,
design, and detailing of moment frames.

= Reinforced Concrete Special Moment Frames (NIST GCR 16-917-40)
= Reinforced Steel Special Moment Frames (NIST GCR 16-917-41)

8.8.4 Light-Frame Systems

Traditional light-frame construction, comprised either of wood or cold-formed steel, relies on
repetitively framed horizontal members (i.e., joists or rafters) to span between load-bearing walls
framed by closely spaced studs. These members transfer gravity loads between them by direct
compressive bearing. For example, in Figure 8-19, which shows a typical section through the exterior
wall of a two-story wood structure, the roof rafters and floor joists bear on the top plates of the stud
walls, and the plates transfer load by bearing on the ends of the vertical studs. Detailing of such
structures for seismic resistance typically requires assuring a continuous load path for shear and
tensile forces, in addition to the compressive forces by which gravity loads are traditionally

transferred in bearing.

Roof and ceiling
framing seated
on wall

_

Stud wall floor-to-roof
or ceiling

\— Floor framing

\ seated on wall
Stud wall

floor-to-floor

//\ 77
Y B

Figure 8-19  Section through perimeter of two-story wood framed building (NIST, 2014).
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Important seismic detailing includes the use of blocking between joists on top of walls to prevent
rolling of the joists and transfer shear forces from the diaphragm or walls above to walls below
(Figure 8-21), the use of holddown-type devices at the ends of walls to resist tensile forces
associated with overturning (Figure 8-22) and the use of blocking, together with metal straps to
transfer tensile forces from one point in the structure to another (Figure 8-20). In addition, the
applicable industry standards including the Special Design Provisions for Wind and Seismic
published by the AWC and the North American Standard for Seismic Design of Cold Formed Steel,
published by AISI specify other detailing requirements including minimum framing sizes, permissible
fastener types and spacing limits, and requirements for bracing and blocking of members.

Strap collector Floor sheathi Diaphragm boundary
connection to top plate o 5hea |ng nailing to blocking

4 W AA |
Top plate serves as Joists
continuation of collector Blocking
2 Shear wall (sheathing
not shown for clarity) Steel collector strap

\/\ nailed to blocking

Figure 8-20 Use of blocking and steel straps to transfer tensile forces in the structure (from
NIST, 2014).

Diaphragm Diaphragm Diaphragm
sheathing load path boundary
connection nailing
r -

Lokttt

A
\_ End joist

(rim joist)

- \
E:rﬁir:)ragm Wall top plates
s sized for chord and
collector forces
Studs ——

V{

Figure 8-21  Use of blocking (or rim joist) to transfer shear loads and prevent joist roll-over
(from NIST, 2014).
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Tie-down nut and
E \ 'H'll' bearing plate
4 Coupler nut
Tie-down nut and
bearing plate
| i i

Floor system |: Through-floor
system

Compression

studs

o Anchored into

Foundation

Figure 8-22 Use of holddown devices to resist overturning loads (from NIST, 2014).

NEHRP Technical Briefs: Light-frame Systems

The following guides provide specific recommendations on analysis, R

design, and detailing of light frames.

=  Wood Light-Frame Diaphragm Systems (NIST GCR 14-917-32)

= Cold-Formed Steel Lateral-Load Resisting Systems
(NIST GCR 16-917-38)

FEMA P-749
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Chapter 9: Anchor and Brace the
Nonstructural Components

Ground shaking also affects nonstructural components and systems. Common nonstructural
components in buildings include exterior cladding and glazing, ceilings, lighting systems, plumbing
systems, HVAC systems, and occupant furnishings, such as shelving and refrigerators. Accelerations
produced by ground shaking induce horizontal and vertical forces on these components. Unless the
components are adequately anchored or braced to the supporting structure or ground, these forces
can cause the components to slide or overturn. This can pose a falling hazard to occupants, damage
the components, or render the building non-functional. In addition, the displacements that a building
undergoes in response to shaking can damage nonstructural components that are attached to the
structure at one or more levels, such as vertical risers in plumbing systems, interior partitions, and
exterior cladding. Finally, the inertial forces that mechanical and electrical components experience
can damage these components and prevent their functioning, even if the components are
adequately anchored and braced. This chapter provides an overview of the seismic requirements in
ASCE/SEI 7-22 for seismic protection of nhonstructural components. In addition to requirements for
anchorage and bracing, those components attached at more than one point in a structure, or
attached to multiple structures, must be capable of withstanding the anticipated design earthquake
displacement of the structure(s) without creating a hazard, such as falling glass. Also, certain
designated nonstructural components required for post-earthquake function and life safety
protection must be certified capable of resisting design seismic shaking and remaining functional.

ASCE/SEI 7 Chapter 13 provides design requirements for nonstructural components.

9.1 Determine if Anchorage or Bracing is Required

ASCE/SEI 7 requires anchorage and/or bracing of all permanent nonstructural components in
structures assigned to SDC D, E, and F, with some exceptions. These exceptions are limited to items
that do not pose a life safety threat, are not required for post-earthquake functionality, or which have
been observed to perform adequately in past earthquakes, regardless of whether they are braced.
Specifically, the exceptions are:

=  Components that weigh less than 400 pounds and have a center of mass less than four feet
above the supporting floor level,

=  Components that weigh less than 20 pounds, and

= Certain piping and electrical conduit systems that are suspended within a few inches of the
supporting floor system.

In SDC C, mechanical and electrical system components are exempt from anchorage/bracing
requirements provided they weigh less than 20 pounds and are not required for post-earthquake
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function of life safety systems. In SDC B, bracing and anchorage is only required for parapets and for
architectural components required for post-earthquake function or life safety protection.

9.2 Calculate Seismic Forces

In SDC C and higher, most nonstructural components and systems must be designed with adequate
attachment to their supporting structures or the ground to prevent sliding or overturning in design
earthquake shaking.

The first step in calculating the seismic design force is determining the component importance
factor, I,. Nonstructural components and systems that satisfy any of the following criteria are
assigned an I, of 1.5:

= The component is required for life safety purposes following an earthquake. Fire sprinkler
systems, emergency egress lighting and similar components are included in this category.

= The component contains hazardous material that, if released, could pose a threat to life safety.
This would include piping carrying potentially toxic gases, tanks containing corrosive materials,
laboratory equipment containing potentially harmful bacteria, and similar components.

= The component is attached to a Risk Category IV structure and is required for continued
operation of the structure (e.g., a communication system in a police station or an emergency
generator in a hospital).

Components that are not exempt must be installed in structures using anchorage and bracing that
have adequate strength to resist specified seismic forces.

The required strength of component attachments is determined from the formula:

F,=0.4S,,W %% (9-1)

DS'p”"p
u PO

where:

Fo =the required attachment force,

I» =the component importance factor,

W, = the weight of the component,

Sos = the design short-period response acceleration obtained from the USGS online database,

Hr =is a factor that accounts for the increase in shaking intensity with height within the
structure,

Ry = a factor that accounts for the ability of the structure to undergo inelastic response and
thereby reduce the intensity of shaking experienced by components mounted in the
structure;
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Car = is a factor to account for resonance between the component and structure it is mounted
on, and
Reo = a factor that accounts for the ability of a component to respond inelastically.

The height amplification factor, Hris determined from the formula:
z
H =1+ 2.5&) (9-2)

where, z is the height within the structure where the component is attached and h is the height of the
structure. Alternatively, when the fundamental natural period of the structure, Ta, is known, Hr can
be computed from the formula:

10
Z Z
H,=1+a, (Fj +a, (F} (9-3)
where:
a, _T£< 2.5 (9-4)

Ta can be determined based on the structural system type using procedures contained in ASCE/SEI 7
Chapter 12.

Ry is determined from the formula:
R, = 1.1(iJ (96)

where R and (% are the structural response modification and overstrength factors obtained from
ASCE/SEI 7-22 Tables 12.2-1 depending on the SFRS. The values of Car, Rro, and (2, are
determined from ASCE/SEI 7-22 Table 13.5-1.

New in ASCE/SEI 7-22: Revised Equation for Nonstructural Component Forces

ASCE/SEI 7-22 introduces a new procedure for calculating the required anchorage forces,
replacing a procedure that had been in use for more than 20 years.
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In addition to these general strength and deformation requirements, ASCE/SEI 7 identifies design
requirements for some architectural components including exterior glazing and ceiling systems. The
requirements for exterior glazing are intended to ensure that large quantities of exterior glazing do
not break during earthquakes and fall onto occupied street and sidewalk areas.

Figure 9-1 shows examples of nonstructural component anchorage. Figure 9-2 shows examples of
nonstructural component bracing.

Figure 9-1 Examples of nonstructural anchorage. Left: Rooftop air handler anchored to a
housekeeping pad. Right: Shelving unit mounted to a wall (from FEMA E-74).
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Examples of nonstructural bracing. Top left: Ceiling-mounted medical device. Top
right: Above-ceiling air handling unit (from FEMA E-74). Bottom left: Conduit (from
FEMA E-74). Bottom right: Partial-height partition wall. Red arrows point to
braces.
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9.3 Provide Drift Compatibility

In SDC C and higher, ASCE/SEI 7 requires demonstration that nonstructural components that attach
at multiple levels in a structure can accommodate the differential drift, Dp, between the two points of
attachment, as given by the formula:

Dp = Axa - Aya (9'7)

where 4xs and Aya are respectively the design story drifts computed per Equation 8-10 at the two
points of attachment.

Nonstructural components that are supported by two different structures, for example a pipe that
crosses from one structure to another (Figure 9-3), must be capable of accommodating the algebraic
sum of the design displacements of the two structures at the points of attachment.

Figure 9-3 Pipe crossing seismic joint between two buildings (from M. Phipps). The loops in
the pipe have been designed to provide flexibility to accommodate movement
across the joint.

9.4 Check for Seismic Qualification

ASCE/SEI 7 requires qualification of designated mechanical and electrical equipment to
demonstrate that it is capable of remaining functional following design earthquake shaking. Two
methods are permitted for demonstrating seismic qualification. One of these is to subject a

prototype of the equipment to testing on a shaking table using a prescribed ground motion input,
and demonstrating that the equipment functions after the test. The second method comprises use of
experience data, consisting of documentation that similar equipment has been exposed to
earthquake shaking of design intensity or greater and remained functional. Regardless of the
technique used, equipment manufacturers are required to submit certification that designated units
are seismically qualified.
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FEMA E-74: Reducing the Risks of Nonstructural Earthquake Damage

— A Practical Guide

This report provides an overview of common types of damage to
nonstructural components, describes proper design of seismic
anchorage, and presents effective methods for reducing the seismic risk

of existing vulnerable nonstructural components. Published 2012. Reclucing the Risks of
, Nonstructural Earthquake
Available as a free PDF. Damage —A Practical Guide
& rEvA Y@
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Chapter 10: Special Considerations

This chapter provides summary discussion of important considerations that are limited to special
circumstances in seismic design. The topics covered include performance-based design, design for
tsunami, soil-structure interaction, energy dissipation systems, seismic isolation systems, and design
of nonbuilding structures.

10.1 Performance-based Design

Performance-based design provides engineers an alternative method of seismic design that can
result in better performing buildings and allow code-intended performance to be achieved more
economically. It can also facilitate the use of features not presently recognized or permitted by the
building codes.

For many years, building codes have permitted the use of design procedures and building
construction that do not conform to the prescriptive requirements of the building code, provided that
the project team can demonstrate to the satisfaction of the AHJ that the resulting construction will
provide equivalent protection of public safety and welfare. These permissive procedures are called
alternative means and methods. Historically, the alternative means and methods approach has been
used to introduce new design and construction technologies by demonstrating their use on real
projects prior to their adoption by the code in later editions.

The design process under the alternative means and methods approach is as follows:

1. Define and reach agreement as to what performance is appropriate or acceptable
2. Perform a design

3. Test the design under design loadings, either in the laboratory or analytically

4

Determine whether the desired performance can be attained

Performance-based design is an alternative to prescriptive design requirements described in
Chapters 6 to 9 of this guide. It is called performance-based because the design process focuses on
defining and verifying the performance that can be obtained. Performance-based designs may or
may not actually conform to the prescriptive code requirements but should be capable of providing
equivalent or better performance than conforming designs. Today, performance-based design
approaches are commonly used for fire/life safety, blast protection, and seismic design.

Performance-based seismic design practices initiated in the 1990s, with the development of FEMA
273/274, Guidelines and Commentary for Seismic Rehabilitation of Buildings, which later evolved
into the ASCE/SEI 41 Standard, Seismic Evaluation and Retrofit of Existing Buildings. FEMA
273/274 established a series of standard structural performance levels, as shown in Figure 10-1,
and identified a series of standard performance objectives for existing buildings that paralleled the
performance objectives described in commentary to ASCE/SEI 7 for new buildings. In ASCE/SEI 41
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vernacular, a performance objective is a statement of a particular performance level to be achieved
for a given ground motion hazard level. The recommended performance objectives for new buildings
are Collapse Prevention Performance for MCEr shaking and Life Safety Performance for DE shaking.

Operational Immediate Life Collapse
Occupancy Safety Prevention

Figure 10-1 Standard ASCE/SEI 41 performance levels.

Because the procedures for alternative means and methods in the building code allow for
demonstration of equivalent or superior performance, performance-based design has become the
preferred approach for design of buildings to achieve better performance than required by the
building code. As an example of this, a corporation may decide that the appropriate performance
objectives for a critical data center are Operational Performance for design earthquake shaking and
Life Safety Performance for MCEr shaking. Formulation of other performance objectives is also
possible.

One of the principal advantages of performance-based design approaches is that because all project
participants, including the owner/developer, design team, and AHJ, must agree to the performance
objectives used as the basis for design, everyone should be clear as to the expected building
performance in future earthquakes. This can also become a disadvantage. It is very difficult to
precisely predict future earthquake performance of a building which has not yet been constructed.
This is because each earthquake produces unique ground motions and each ground motion has
different effects on buildings; our methods of analyzing buildings are approximate; the strengths of
construction materials are highly variable; contractors are allowed tolerances in their construction;
and the building condition may deteriorate over time. Given these uncertainties, there is significant
potential that a building designed to a particular objective will perform worse than implied by the
objective, leading to post-earthquake litigation and disputes.

Another significant disadvantage to the ASCE/SEI 41 methodology is that when selecting
performance objectives, many owners desire information on the repair costs, repair times, and other
consequences associated with their performance objective selection. The ASCE 41 performance
levels relate only qualitatively to these important consequences.

In response to these issues, FEMA funded the development by ATC of the FEMA P-58 series, Next
Generation Performance-based Seismic Design Methodology. FEMA P-58 expresses performance as
the probability of incurring earthquake-induced casualties, repair costs, repair times, and other
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consequences. First published in 2010, FEMA P-58 is seeing expanded use in building design. It is
also being used to explore potential improvements to the building code design requirements.

As the FEMA P-58 methodology was being evaluated, the Pacific Earthquake Engineering Research
(PEER) Center, one of three NSF-funded national earthquake engineering research centers,
developed its TBI Guidelines for Performance-based Seismic Design of Tall Buildings to provide
engineers an alternative means of designing more reliable high-rise structures. The PEER TBI
Guidelines offer a hybrid approach between the ASCE/SEI 41 and FEMA P-58 methodologies.
Specifically, the PEER TBI Guidelines provide a methodology that enables engineers to design for the
ASCE/SEI 41 performance objective of Collapse Prevention Performance for MCEr shaking with 90%
confidence. The procedures embedded in the PEER TBI Guidelines have become the preferred
approach for seismic design of buildings in the Western United States and have also influenced the
development of ASCE/SEI 7 Chapter 16, Nonlinear Response History Analysis. More recently still,
ASCE published a prestandard for performance-based wind design.

@ PEER TBI Guidelines for Performance-Based Seismic Design of Tall Buildings

This document provides procedures on performance-based

design for earthquake-resistant design of tall buildings, as an TB I ""I

alternative to the prescriptive procedures of ASCE/SEI 7. Guidelines for

q . Performance-
Published 2017. Available as a free PDF. Based Seismic
Design of
Tall Buildings

Vorsion 2

FEMA P-58: Development of Next Generation Performance-Based Seismic

Design Procedures for New and Existing Buildings

This series, consisting of seven reports, presents the background
on performance-based seismic design and guidance for application
of the concepts. The methodology utilizes performance measures
that can be understood by decision makers, such as the amount of
damage, number of potential casualties, loss of use or occupancy,
and repair costs. FEMA P-58-7, Building the Performance You
Need: A Guide to State-of-the-Art Tools for Seismic Design and & l AT 2
Assessment, provides a short introduction to the topic that is clear gglilldlﬁnegdﬂwmfomwnce
and approachable for a general audience. Second edition published |~
2018. Available as free PDFs.
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10.2 Design for Tsunami

The 2016 edition of ASCE/SEI 7 introduced criteria for design for tsunami resistance. The tsunami-
resistant design criteria are applicable only to Risk Category Ill and IV structures within a tsunami
hazard zone. These criteria follow a performance-based approach like that found in the ASCE/SEI 41
Standard, Seismic Evaluation and Retrofit of Existing Buildings.

@ ASCE/SEI 7-22 Chapter 6 provides tsunami design criteria.

@ FEMA P-646: Guidelines for Design of Structures for Vertical

Evacuation from Tsunamis

This document addresses guidelines for design against extreme tsunami
and earthquake forces, specifically for vulnerable communities along the
coast where vertical evacuation is the only alternative. The document

provides general information and guidance on determining tsunami ol 4
i 1 i i i i Guidelines for Desi
hazard, options for vertical evacuation, determination of tsunami and o e TR '

earthquake loads, and the structural design criteria necessary to address | Evacuation fromTsunamis
these loads. Third edition published 2019. Available as a free PDF.

& <

10.3 Soil-Structure Interaction

Including soil-structure interaction (SSI) in seismic analysis can more accurately predict the behavior
of a structure in response to ground shaking. It permits engineers to account for the effect of soil
flexibility and energy dissipation potential on response of a structure. This can sometimes result in
more economical designs as well as designs that better account for the structural deformation of
foundations in response to strong shaking.

Although most seismic analysis performed in support of structural design represents the structure as
fixed to the ground, this is a significant simplification. The soils that most structures are founded on
are quite deformable and have only modest strength. There are several important consequences of
this. First, the very presence of the structure and its foundations affects the motion of the ground, in
much the same way that the presence of a boat in water affects the motion of the water immediately
surrounding the boat. Pairs of strong motion instruments with one placed on a foundation of the
building and the other nearby but in the free field confirm that the shaking at the building is often
different and less intense than that experienced in the free field. This is significant because the
ground motion prediction models used by the USGS to develop the design ground motion database
are based on both free-field and in-structure instruments and accounts for these effects in only a
general manner.
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Another important aspect of the deformability of soils is that rather than being fixed at their bases,
most structures can be more properly viewed as being mounted on a series of vertical, horizontal,
and rotational nonlinear springs, and dashpots. The effect of these springs and dashpots is to
increase the effective fundamental period of vibration, change the mode shapes, and add damping
to the response, as the structure will radiate some of the imposed energy from the earthquake back
out into the surrounding soils.

SSl is a means of accounting for these effects and is permitted under the requirements of ASCE/SEI
7 Chapter 19. SSI can take many forms. In its simplest form, the engineer models springs at the
base of the structure to represent the flexibility of the soil and the effects this has on the modal
properties and response of the structure. In its most complex form, engineers can represent the soils
underlying a structure as nonlinear finite elements, just as the structure is modeled, and propagate
earthquake energy up to the structure through the soil elements from the bedrock. It is also possible
to perform such analysis in steps, first using a very detailed representation of the soil, with the mass
and stiffness of the structure represented simply to account for the modification that occurs to the
ground motion, and then analyzing the structure for the modified ground motions. ASCE/SEI 7
Chapter 19 also presents simpler procedures that permit closed form solution of period lengthening
and damping increment effects.

Although use of SSl is not required by the code, it has been used for many years in the design and
evaluation of nuclear structures and seismic evaluation and retrofit of buildings. Recently, use of SSI
has become more common for design of new structures.

@ ASCE/SEI 7-22 Chapter 19 provides soil-structure interaction criteria.

@ FEMA P-2091: A Practical Guide to Soil-Structure Interaction

This guide walks engineers through determining when soil-structure
interaction (SSI) effects are of importance and how to implement them in
design. Information regarding SSI as implemented in code provisions is
presented in an easy-to-follow and concise format, along with examples of

applying SSI effects in design. Published 2020. Available as a free PDF. ?ﬁf&fﬁﬂf&cﬁm

& FEMA

10.4 Energy Dissipation Systems

Energy dissipation systems can be used to modify the response of a structure to ground shaking and
minimize damage. This technology was first introduced into the building codes in the 1980s and has
uses in both design of new construction and retrofit of existing structures. Use of an energy

dissipation system does add cost to the project, both for design and construction. As a result, its use
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in the United States has been limited. Energy dissipation systems and seismic isolation (Section
10.5) have seen widespread application in Japan and some other countries.

Section 6.2 describes how damping, or energy dissipation, reduces the spectral amplitude of shaking
a structure will experience in an earthquake, effectively reducing the intensity of earthquake shaking
the structure experiences. Damping is classically expressed as the velocity-dependent term ¢ in the
equation of motion (Equation 6-1) and is typically expressed as the percent of critical damping
present in a structure. Figure 6-2 illustrates the free vibration an SDOF structure with 5% of critical
damping would experience if displaced and then released. A structure with 100% of critical damping
would come to rest in one cycle of motion.

All real structures have some inherent damping present. The energy dissipation associated with this
damping occurs because of minor cracking of concrete and masonry, slippage in bolted connections
of steel structures, working of nails in wood structures, and similar behaviors in nonstructural
elements such as cladding, interior partitions. The amount of inherent damping structures will exhibit
is dependent on how much deformation the structure is undergoing, with larger damping occurring
under larger amplitude motion.

Another form of damping that is important to seismic response is hysteretic damping. Hysteretic
damping occurs when a structure undergoes inelastic response, such as yielding of beams in flexure
or braces in tension. The strain energy that occurs as these elements yield dissipates energy and
produces damping.

The building code assumes that structures responding to design earthquake shaking will exhibit 5%
of critical damping through a combination of inherent and hysteretic damping and the design spectra
used to determine required seismic design forces are 5%-damped spectra.

Several types of dampers are available that can enhance the effective damping of a structure.

=  Fluid viscous dampers are similar to automotive shock absorbers. They consist of a double acting
hydraulic cylinder that dissipates energy by moving a piston device through a viscous fluid that is
contained within an enclosed cylinder.

= Friction dampers are essentially structural braces that are spliced to the structure using slotted
holes and high-strength bolts with a tactile material on the mating surfaces of the connection.
When the braces are subjected to tension or compression forces, they slip at the splice
connection and dissipate energy through friction.

= Wall dampers are a form of viscous damper that consists of vertical plates arranged in a
sandwich configuration with a highly viscous material. One set of plates is attached to one level
of a structure and another set to the adjacent level. When the structure displaces laterally in
response to earthquake shaking, the plates shear the viscous material and dissipate energy.

= Hysteretic dampers dissipate energy by yielding specially shaped structural elements that are
placed in series with conventional wall or brace elements.
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=  Tuned mass dampers consist of a large mass on a spring-like device. When they are mounted on
a structure, the lateral displacement of the structure excites the mass, which then begins to
move and dissipate significant portions of the energy of the earthquake, protecting the structure
in the process.

The most common dampers are of the fluid viscous type, illustrated in Figure 10-2. The fluid viscous
damper consists of a double-acting hydraulic cylinder in which a piston, with specially machined
orifices moves through a viscous fluid constrained by an outer casing. The edge of the piston is
attached with a strut to one part of the structure, in the case of the illustration, a beam-column joint,
and the casing is attached with a strut to another part of the structure. As the structure drifts, in
response to earthquake shaking the piston is dragged through the viscous fluid, dissipating energy in
the form of heat.

Seal ' Strut
\ attachment
Frame — :
¥~ | |Strut Orifice Piston
Viscous
Damper fluid Casing
L Strut
Strut
attachment

Figure 10-2  Fluid viscous damper assembly in frame.

ASCE/SEI 7 Chapter 18 specifies the criteria for design of structures with energy dissipation
systems. This requires that in addition to the energy dissipation system, the structure must also have
one of the seismic force-resisting systems permitted by Chapters 12 or 15 of ASCE/SEI 7 for the
SDC. Analysis can use ELF, modal response spectrum analysis, or nonlinear response history
analysis techniques. In the ELF and modal response spectrum approaches, the base shear force is
permitted to be reduced up to 25% depending on the amount of damping provided. The chapter
includes procedures to compute the amount of damping provided, based on the computed spectral
response of the structure, and the characteristics of the damping devices. In nonlinear response
history analysis, the damping devices are directly modeled to simulate their effect on the response of
the structure.

Since few engineers are familiar with how to design using damping technology, ASCE/SEI 7 requires
independent design peer review when energy dissipation systems are used for seismic force
resistance. ASCE/SEI 7 also requires rigorous manufacturing quality assurance procedures for the
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production of energy dissipation devices to ensure that the damping properties assumed in design
can be obtained and that the devices are capable of accommodating design earthquake shaking.

10.5 Seismic Isolation Systems

Seismic isolation is a method of altering the response of a structure by inserting deformable bearing
elements in the vertical load-carrying system of the structure to significantly affect the structural
stiffness and fundamental period of response, as well as add energy dissipation or damping. Most
commonly, seismic isolation bearings are placed at the base of the structure, between the columns
(or bearing walls) and the supporting foundations, or subgrade structure. For this reason, seismic
isolation has often been termed base isolation.

Two basic types of isolation bearings are commonly used: elastomeric and sliding. Figure 10-3
illustrates top, side, and deformed views of a typical elastomeric bearing. The bearings consist of
thick steel top and bottom plates, sandwiching and bonded to a laminate consisting of multiple
layers of either natural or synthetic rubber and steel plates. The rubber laminations provide the
isolator flexibility and an ability to deform laterally by as much as three times the bearing height, as
illustrated in the deformed view. The steel laminations provide volumetric stability for the rubber and
enable it to withstand vertical loads without excessive vertical displacement. The lateral stiffness of
the bearing enables it to return to its neutral position when lateral forces are released. Some
elastomeric bearings have a solid lead core within the laminated steel-rubber layers to provide

additional damping.

Top View
Deformed Shape
Top plate
Laminated rubber and steel plates
Bottom plate
Side View

Figure 10-3  Elastomeric isolator.

Figure 10-4 illustrates the concept for a common sliding-type bearing, also known as a friction
pendulum. In this bearing type, the bottom plate is machined with a curved surface and coated with
a low friction, wear-resistant material. The top plate is attached to an articulated bearing system
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consisting of a semi-spherical bearing trapped by a machined plate, with all surfaces similarly coated
with friction-resistant materials. When lateral forces act on the bearing, the upper plate slides
relative to the lower plate. The amount of resistance provided is a function of the curvature of the
curved coated surface on the lower bearing, the friction coefficient of the surface preparation and
the vertical weight on the bearing.

. Deformed Shape

Top View
T lat
Articulated op plate
bearing Curved, coated surface
Bottom plate
Side View

Figure 10-4  Sliding-type isolation bearing.

Essential elements of seismic isolation systems include the bearings themselves, a rigid diaphragm
above the isolators to enable the structure to move as a unit on the bearings, and a robust
foundation system capable of resisting the sliding and overturning forces. The structure above and
below the isolation bearing must be designed to withstand the substantial P-delta effects associated
with large lateral displacements of the bearings, which can be on the order of 24 inches or more.
Elastomeric type bearings distribute half of the P-delta associated moments to the structure above
and half to that below. Sliding-type bearings distribute all of the P-delta moments to the structure
beneath the bottom plate.

Another important consideration in the design of seismically isolated structure is that all the building
elements that cross the plane of isolation, including electrical lines, plumbing, cladding systems, and
HVAC ducts, must be designed, and installed to accommodate the relative displacements of the
structure across the isolation plane.

The design criteria are similar to that of damping systems and involves determining the effective
natural period of the isolated structure, as well as the damping of the isolation system. The
superstructure must be designed using small values of the response modification coefficient, R, so
that inelastic behavior of the superstructure is limited and most deformation occurs in the isolators
themselves.
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Seismic isolation is one of the most effective methods of protecting structures from the effects of
earthquakes and is ideal for use in structures that can tolerate little damage to the structure, its
mechanical and electrical systems, or its contents. For these reasons, it is most used in the United
States for hospitals, data centers, and museums. It is also commonly used as a means of retrofitting
historically important structures constructed of archaic and fragile systems, without extensive
structural modifications to the historic structure.

@ ASCE/SEI 7-22 Chapter 17 specifies the criteria for design and manufacture of seismic
isolation systems.

10.6 Nonbuilding Structures

The building code also includes seismic design criteria for many types of structures that are not
buildings. These structures are called nonbuilding structures and include:

= Storage tanks, pressure vessels, and pipe supports such as those commonly found in petroleum
refineries and chemical plants (Figure 10-5),

=  Water towers,

= Chimneys and smokestacks,

= Steel storage racks (Figure 10-6),

=  Piers and wharves,

= Amusement structures including roller coasters, and

= Electrical transmission towers.

= :I #
- §

——
T ——

h e VRS

Figure 10-5 Structures commonly found in petroleum refineries and chemical plants.
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Figure 10-6  Seismic design criteria for steel storage racks of the type used in large
warehouses and big-box retail stores are included in the building code.

ASCE/SEI 7 identifies four different types of structures and specify somewhat different design
requirements for each:

= Buildings,

= Nonbuilding structures similar to buildings,

= Nonbuilding structures not similar to buildings, and

=  Nonbuilding structures supported by other structures.

The primary difference between buildings and nonbuilding structures similar to buildings is that
buildings are designhed with the intent that they will be occupied and provide shelter to occupants,
while nonbuilding structures are not. Because most buildings are occupied, they are typically
enclosed, and have uniform distribution of story heights and weight. Nonbuilding structures are often
used in industrial applications and are configured to suit their industrial uses. They often are
unenclosed, support large concentrations of weight (e.g., large pressure vessels, and heavy rotating
equipment such as compressors or electrical generators) and must be designed to resist cyclic and
thermal forces from the processes they support. These design criteria often result in structures that
use much larger members and are much stronger than is typical of buildings. Over many years,
engineers have observed that structural features that have resulted in poor performance in
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buildings, have not been a problem in nonbuilding structures similar to buildings. Given this, and the
reduced occupancy associated with most nonbuilding structures, ASCE/SEI 7 specifies similar design
procedures but different criteria for the design of buildings and nonbuilding structures similar to
buildings. The requirements for seismic design of building structures are contained in Chapter 12 of
ASCE/SEI 7 while that for nonbuilding structures similar to buildings is contained in Chapter 15.

Most of the design requirements for nonbuilding structures similar to buildings are the same as
those for buildings. However, the limitations on structural systems associated with SDC, and the
required design forces are relaxed relative to the criteria for buildings. Table 15.4-1 presents the
system limitations, R, Cq, and £ coefficients applicable to such nonbuilding structures.

Nonbuilding structures not similar to buildings include mechanical and electrical equipment items
with structural support systems that are integral to the function of the equipment. Examples include
ground-supported tanks, elevated tanks, pressure vessels, cooling towers, electrical transmission
towers, and chimneys and stacks. The design requirements for many of these highly specialized
structure types are contained in design standards developed by industry associations such as the
American Petroleum Institute and American Waterworks Association. Rather than transcribing the
requirements contained in these standards, ASCE/SEI 7 specifies seismic design criteria for these
structures through reference to the industry standards, sometimes with specification as to how
ground motions are to be derived and other limits.

Nonbuilding structures supported by other structures are typified by small penthouse structures
housing mechanical equipment, mounted on top of buildings or other structures. These are desighed
similar to nonbuilding structures similar to buildings, with the exception that the ground shaking level
used to design the structure is based on the motion transmitted by the supporting structure.

Some nonbuilding structures, however, are not covered by the design recommendations contained in
the building codes because they are of a highly specialized nature and industry groups that focus on
the design and construction of these structures have developed specific criteria for their design.
Some such structures are highway and railroad bridges, nuclear power plants, hydroelectric dams,
and offshore petroleum production platforms.

@ ASCE/SEI 7-22 Chapter 15 provides design requirements for nonbuilding structures.
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Acronyms

ACI American Concrete Institute

AHJ Authority Having Jurisdiction

AlSI American Iron and Steel Institute

ANSI American National Standards Institute
ASCE  American Society of Civil Engineers

ATC Applied Technology Council

AWC American Wood Council

AWS American Welding Society

DE Design earthquake

ELF Equivalent Lateral Force

FEMA Federal Emergency Management Agency
IBC International Building Code

ICC International Code Council

IEBC International Existing Buildings Code

IRC International Residential Code

MCE Maximum considered earthquake

MCEr  Risk-targeted maximum considered earthquake
MDOF  Multiple degrees of freedom

MEP Mechanical, electrical, plumbing

MMI Modified Mercalli Intensity scale

NEHRP National Earthquake Hazard Reduction Program
NFPA  National Fire Protection Association
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NHERI

NIST

NOAA

NSF

PGA

SEI

SDC

SDOF

SEAOC

SFRS

SS|

T™MS

URM

USGS

Natural Hazards Engineering Research Infrastructure
National Institute of Standards and Technology

National Oceanic and Atmospheric Administration

National Science Foundation

Peak ground acceleration

Structural Engineering Institute of ASCE
Seismic design category

Single degree of freedom

Structural Engineers Association of California
Seismic force-resisting system

Soil-structure interaction

The Masonry Society

Unreinforced masonry

U.S. Geological Survey
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Symbols

c Damping

Ca Deflection amplification coefficient

Cs Seismic response coefficient

D Dead load

Ev Vertical seismic effect

Fp Horizontal seismic design force for a nonstructural component
le Importance factor (structure)

Ip Component importance factor (nonstructural component)

g Gravity

M Magnitude

R Response modification coefficient
Sa Spectral acceleration
S MCERr response acceleration at 1-second period in site class BC

Sbs Design spectral response acceleration at short periods

Sb1 Design spectral response acceleration at 1-second period

T Fundamental period of vibration of the structure
T Long-period transition period
vV Base shear

w Seismic weight

o Displacement or deflection
A Design story drift

(93 Overstrength coefficient

P Redundancy factor
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Glossary

The following definitions are provided to explain the key terms used throughout this guide.

A

Acceleration: Rate of change of velocity with time.

Acceleration response spectrum: A graphical plot of the maximum acceleration that structures,
having different natural periods of vibration, will experience when subjected to a specific earthquake
ground motion.

Acceptable risk: The risk of damage and consequential losses from future earthquakes that is
deemed acceptable when developing design criteria, either for individual buildings, or in the case of
building codes, all buildings.

Accidental torsion: In seismic analysis, application of the seismic forces at a small eccentricity from
the center of mass of the structure to account for uncertainty in modeling the distribution of mass,
stiffness, and strength, and to ensure torsional stability.

Active fault: A fault that has moved one or more times in the past 10,000 years.
Addition: An increase in the aggregate floor area, height, or number of stories of a structure.
Alteration: Any construction or renovation to an existing structure other than an addition.

Amplification: A relative increase in the magnitude of a quantity, such as ground motion or building
shaking.

Amplitude: The maximum value of a time-varying quantity.

Appendage: An architectural component such as a canopy, marquee, ornamental balcony, or
statuary.

Architectural components: Components such as exterior cladding, ceilings, partitions, and finishes.

Authority Having Jurisdiction (AHJ): The governmental agency responsible for regulation of building
construction in a community.

B

Base: The level at which the horizontal seismic ground motions are imparted to a structure.
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Base shear force: A term used in linear structural analysis techniques to describe the vector sum of
the lateral forces that are applied to the structure to represent the effects of earthquake shaking.

Base isolation: Seismic isolation system placed at the base of the building (e.g., between the
columns and the foundation).

Beam: A horizontal structural element that typically carries load in the vertical plane (e.g., from
gravity loads).

Bearing wall system: A structural system in which vertical structural walls serve the dual purpose of
providing vertical support for a significant portion of the weight of the structure as well as resistance
to lateral forces.

Braced frame: A structural system in which diagonally inclined members provide the primary
resistance to lateral forces.

Buckling-restrained braced frames: A frame with braces that are designed to yield in compression,
rather than buckle.

Building: An enclosed structure used for human occupancy.

Building codes: Regulations adopted by local governments that establish minimum standards for
construction, maintenance, modification, and repair of buildings and other structures.

Building frame system: A structural system in which vertical forces associated with the weight of the
structure and that of its supported contents are carried by beams and columns while lateral forces
associated with wind or earthquake loading are carried by either diagonal braces or vertical walls
that do not support significant portions of the weight of the structure.

Building official: A public official charged with the administration and enforcement of the building.

Building response: The way in which a building reacts to earthquake ground motion; includes, for
example, rocking, sliding, distorting, and collapsing.

C

Cantilever column system: A structural system in which resistance to lateral forces is provided by the
bending strength of the vertical column elements, which are fixed against rotation at their bases and
free to translate and rotate at their tops.

Center of mass: Point on the building plan about which the weight of the building is evenly
distributed.

Chord: A structural element at the edge of a diaphragm that resists tensile and compressive forces
associated with bending of the diaphragm.
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Coefficient of variation: A measure of the amount of scatter between the average value in a normally
distributed group or population and the value that is exceeded by only 84 percent of the members of
the population divided by the average value.

Cold-formed steel frame: A structural framework consisting of repetitive, closely spaced, vertical
(studs) and horizontal (joists) elements all composed of light gauge steel, typically formed ina C
shape.

Collector: An element within a diaphragm that transfers horizontal forces carried by the diaphragm
from or to vertical elements of the seismic force-resisting system such as frames or walls.

Column: A slender vertical structural element.
Component: Part of an architectural, structural, electrical, or mechanical system.

Concentrically braced frame: A braced frame system in which the beams, columns, and braces
intersect at common points.

Concrete: A mixture of Portland cement, sand, rock, water, and other materials that is placed into
forms and allowed to harden into a structural element.

Concrete tilt-up building: A type of reinforced concrete structure in which the exterior concrete walls
are constructed lying flat against the ground and then tilted vertically into position.

Configuration: The size, shape, and geometrical proportions of a building.

Connection: A method by which different structural elements are joined to one another to transfer
forces.

Consensus standard: A publication presenting design and/or construction criteria developed with the
participation of a broad group of stakeholders following a process conforming to American National
Standards Institute (ANSI) criteria.

Construction documents: Drawings and specifications prepared by architects and engineers to
portray the technical requirements under a contract for construction.

Cycle of motion: For a shaking object, the motion that occurs as the object moves from an initial
position to a maximum displacement in one direction, back through the initial position to a maximum
displacement in the opposite direction, and then back to the initial position.

D

Damper: A structural element that dissipates energy associated with shaking of a structure.
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Damping: The natural dissipation of energy that occurs in a vibrating structure as a result of friction,
cracking, and other behaviors and that eventually brings a vibrating structure to rest.

Dead load: The weight of a structure and all its permanently attached appurtenances including
cladding and mechanical, plumbing, and electrical equipment.

Deep foundation: A type of foundation that transfers the loads from a structure to competent soils
located at depth beneath the ground surface.

Deflection: The state of being displaced from an initial at-rest position.

Deflection amplification coefficient: A numerical factor used to approximate the deflection a
structure will experience in responses to design shaking.

Deformation: Load-induced distortion of structural or nonstructural elements or components .

Deformation compatibility: The ability of properly designed elements to withstand the deformations
associated with the response of a structure to earthquake shaking without failure.

Design earthquake: The earthquake shaking that is two-thirds of maximum considered earthquake
shaking.

Design seismic map: A map contained in building codes and referenced standards that specifies the
geographic distribution of the value of ground shaking parameters specified as minimum values to
be used in design.

Designated seismic system: A nonstructural component or system of components that must remain
functional to protect life safety or to support the operation of an essential facility.

Detailing: Design of the connections of elements, bends and spacing of reinforcing and similar items
conform to conform to applicable building code requirements.

Diaphragm: A horizontal or nearly horizontal assembly of structural elements used to tie a structure
together, typically at a floor or roof level and transfer inertial seismic forces to the vertical elements
of the seismic force-resisting system.

Diaphragm discontinuity irregularity: A type of horizontal irregularity that occurs when a floor or roof
has a large open area.

Displacement: Movement of a structure due to applied forces.
Drift: Deflection of a building or structure caused by lateral forces.

Dual system: A structural system in which a combination of moment-resisting frames and braced
frames or walls are provided to resist lateral forces.
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Ductile coupled wall system: A new class of special concrete shear wall system in which walls are
interconnected by beams, meeting specific dimensional criteria, over openings.

Ductility: The ability of some structural systems to experience extensive deformation and damage
without loss of load-carrying capability.

E

Earthquake: A sudden motion or vibration in the earth caused by the abrupt release of energy in the
earth’s lithosphere.

Earthquake hazard: Quantification of the probability that a region or individual building site may
experience the destructive effects of earthquakes of different intensity.

Eccentricity: Non-coincidence between the center of mass and center of resistance of a building or
characteristic of a braced frame design in which the center lines of the braces and the structural
members to which they are connected do not meet at a point.

Eccentrically braced frame: A type of braced frames in which the intersections of the braces with
beams occurs at distance away from the intersection of beams and columns, or beams and other
braces.

Elastic: Capable of recovering size and shape after deformation.
Elastic analysis: See linear analysis.

Elastic limit: The force and deformation amplitudes beyond which a structural element will become
damaged.

Energy dissipation systems: Structural elements capable of dissipating large amounts of earthquake
energy without experiencing damage.

Equivalent Lateral Force: An approximate method of structural analysis that represents the effects of
earthquake shaking as a series of lateral static forces applied to the structure.

Essential facility: A building or structure intended for use during post-earthquake recovery operations
including police and fire stations, hospitals, and emergency communications centers.

Exceedance probability: The probability that a specified level of ground motion will be exceeded at a
site or in a region during a specified exposure time.

Extreme stiffness irregularity: A type of vertical structural irregularity sometimes referred to as
extreme soft story irregularity.
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Extreme weak story irregularity: A type of vertical structural irregularity wherein one story of a
structure has significantly less strength than the story immediately above.

F

Fault: A fracture in the earth’s crust along which relative displacement can occur.

Fault trace: The path along the earth’s surface that overlies a zone of fracture in the earth’s crust
along which past earthquake movement has occurred.

Flexible diaphragm: A floor, roof, or horizontal bracing system that experiences lateral deformations
equal to or greater than those experienced by the vertical frames or walls it connects.

Footing: The enlarged base of a foundation designed to spread the load of the structure so that it
does not exceed the soil bearing capacity.

Force: In physics, the influence that causes a free body to undergo an acceleration. Force also can
be described by intuitive concepts such as a push or pull that can cause an object with mass to
change its velocity (which includes to begin moving from a state of rest) or that can cause a flexible
object to deform.

Force distribution: Portion of the total forces applied to a structure that is resisted by each structural
element.

Frame-shear wall interactive system: A type of structural system in which resistance to lateral forces
is provided by a combination of moment-resisting frames and shear walls without limitation on the
relative strength or stiffness of each.

Frequency: For a vibrating structure, the number of times per second that the structure will undergo
one complete cycle of motion.

Functional recovery: A building performance state in which building damage, if any, has been
repaired to a level that permits use of the building for its intended purpose, albeit possibly in an
impaired mode.

Fundamental period: In structures with multiple modes of vibration, the longest of the natural
periods.

G

g: The acceleration due to the earth’s gravity or 32 feet per second per second.

Ground failure: Physical changes to the ground surface produced by an earthquake; these include
fault rupture, landslides, lateral spreading, and liquefaction.
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Ground shaking: Broad spectrum, random vibrations of the ground in all directions caused by the
release of energy from an earthquake fault rupture.

Grout: A mixture of sand, Portland cement, water, and other elements used to fill voids in masonry
construction, bond the masonry units together, and bond reinforcing steel to the masonry.

H

Hysteretic damping: A form of energy dissipation that results from inelastic deformation of structural
elements, such as yielding of beams in flexure, or yielding of braces in tension.

Hysteretic properties: For a structural element or member, the variation of stress in the element as a
function of imposed deformation considering the prior loading history.

Inelastic structural response: The force and deformation behavior of a structure after the onset of
damage.

In-plane discontinuity irregularity: A type of vertical structural irregularity that occurs when the
vertical elements of a seismic force-resisting system, such as its walls or braced frames, do not align
vertically within a given line of framing or the frame or wall has a significant setback.

Intensity: The destructive potential that an earthquake produces at a given location; in the United
States, intensity generally is measured by the Modified Mercalli Intensity (MMI) scale.

Intermediate system: A structural system that has been designed to provide more ductility and
toughness than that required for an ordinary system but less than that for a special system.

Intermediate diaphragm: A type of diaphragm with in-plane stiffness intermediate to that of flexible
and rigid diaphragms.

International Building Code (IBC): A model building code published by the International Code Council,
adopted by most U.S. communities as the basis for local building regulation.

International Existing Buildings Code (IEBC): A model building code published by the International
Code Council and adopted by some U.S. communities as the basis for regulating existing buildings
and structures.

International Residential Code (IRC): A model building code published by the International Code
Council and adopted by some U.S. communities intended for use in regulating the construction of
low-rise residential buildings.

Irregular structure: A structure that has one or more specified irregularities.
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Irregularity: A condition relating to the shape of a structure or the distribution of its weight, stiffness,
or strength that could lead to atypical behavior when subjected to earthquake shaking.

L

Landslide: Disturbance in hillside ground, sometimes caused by earthquake ground motion, in which
one land mass slides down and over another.

Lateral force: A force that acts on an element or portion of a structure so as to produce horizontal
motion.

Lateral spreading: A ground instability whereby soils that have experienced liquefaction or overlie
liquefied soils, flow downhill, often creating fissures and uneven terrain.

Lateral stiffness: The resistance of a structure or structural element to being displaced by a force.

Linear analysis: Any method of structural analysis that ignores the effects of both structural damage
and large displacements on internal forces and displacements.

Linear elastic behavior: Behavior that a structural or structural element will exhibit when loading is
less than its elastic limit, characterized by returning to an at-rest position when a disturbing force is
removed.

Linear dynamic analysis: An approximate method of structural analysis that predicts the forces and
deformations induced in a structure by ground shaking without consideration of the effects of
structural damage that may occur.

Liquefaction: A phenomenon that occurs in loose, saturated sandy and silty soils resulting in loss of
bearing and shear capacity.

Load path: The continuous chain of structural elements and their connections that transmit a force
from one point in a structure to another.

Loads: Forces that result from the weight of all building materials, occupants and their possessions,
environmental effects, differential movement, and restrained dimensional changes.

Live load: The weight of objects supported by a structure but not permanently attached to it (e.g,,
furniture, occupants, vehicles).

Loss: Any adverse economic or social consequences caused by earthquakes.

M

Masonry: Built-up construction combining of building units of fired clay (bricks), stone, concrete,
glass, gypsum, stone, typically bonded together with mortar and grout.
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Magnitude (M): An objective measure of the amount of energy released by an earthquake fault
rupture, expressed on a logarithmic scale.

Mass: The inertia or sluggishness that an object, when frictionlessly mounted, exhibits in response to
any effort made to start it or stop it or to change in any way its state of motion.

Mat foundation: A form of foundation in which a monolithic reinforced concrete slab underlying a
large portion of a structure (or the entire structure) is used to transfer the weight of the structure to
the underlying soil.

Maximum considered earthquake (MCE): The most severe level of earthquake shaking considered by
the U.S. building codes, typically having a mean recurrence interval of from 1,000 to several
thousand years.

Mitigation: Any action taken to reduce or eliminate the risk to life and property from natural hazards.

Model building codes: A publication of recommended building regulations put forward as a guide for
development and adoption of locally enforced building codes.

Modified Mercalli Intensity: A scale for earthquake intensity ranging from | (not felt) to X (total
destruction).

Moment: The force effect associated with the application of a force at a distance from the point
under consideration, tending to cause a rotation about that point.

Moment frame: See moment-resisting frame system.

Moment-resisting frame system: A structural frame that derives resistance to lateral displacement
through the rigid or nearly rigid interconnection of beams and columns.

Monolithic: In reinforced concrete construction, a term used to describe elements that are cast in
one continuous placement of concrete without joints.

Mortar: A mixture of sand, cement, lime, and water used to bond bricks or concrete blocks together
to form an integral structural element.

Multiple degree of freedom (MDOF): A structure having discrete multiple or distributed masses
supported by multiple structural elements.

N

Natural period: The time, in seconds or fractions of a section, that a structure in free vibration will
take to undergo one complete cycle of motion, in any of its natural deflected shapes.
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National Earthquake Hazards Reduction Program (NEHRP): An act of U.S. Congress authorizing
funding and establishing priorities for the National Institute of Standards and Technology, the
Federal Emergency Management Agency, and U.S. Geological Survey to perform earthquake loss
reduction activities.

NEHRP Provisions: A resource publication on appropriate building code requirements for seismic
resistance developed by the Building Seismic Safety Council, under FEMA’s guidance, using NEHRP
funding, and referenced extensively by the ASCE/SEI 7 Committee in developing earthquake loading
provisions for the building codes.

Nonbuilding structure: Generally, a self-supporting structure other than a building that carries gravity
loads and that may be required to resist the effects of earthquakes.

Nonstructural component: A portion of a building or structure that is provided for purposes other
than acting as a structural element including doors, windows, some types of walls, and mechanical
and electrical equipment.

Nonstructural wall: A wall intended to separate occupied spaces from each other and/or the building
exterior and which is not designed to resist structural loads.

Non-detailed structural system: A structural system, permitted in regions of low seismic risk, which
does not have specific seismic detailing requirements.

Nonlinear analysis: Any of several types of structural analysis that consider the effects of structural
damage and large displacements on structural behavior.

Nonlinear behavior: The response of a structure to motions and or forces that exceed its elastic limit.

Nonlinear response history analysis (NLRHA): A method of structural analysis that uses numerical
integration of the equation of motion to simulate the forces and deformations that occur in a
structure in response to earthquake shaking considering the effects of structural damage that may
occur.

Nonparallel systems irregularity: A type of horizontal irregularity that occurs when the seismic force-
resisting system does not include a series of frames or walls that are oriented at 90-degree angles
with each other.

O

Ordinary system: A structural system that has been designed and detailed to provide only limited
ductility and toughness.

Out-of-plane offset irregularity: A type of horizontal irregularity that occurs when the vertical elements
of the seismic force-resisting system, such as braced frames or shear walls, are not aligned vertically
from story to story.
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Overstrength coefficient: A design coefficient used to approximate the effect of structural
overstrength and nonlinear behavior on elements sensitive to overload.

Overturning: The effect of lateral forces acting on a structure which tend to cause the structure to
overturn about its base.

P

P-delta effects (P-A): A tendency of vertical loads placed on a laterally displaced structure to increase
the lateral displacements, potentially causing instability.

Peak ground acceleration (PGA): Spectral acceleration at zero period.

Performance-based design: A design procedure intended to produce specific structural performance
rather than meet prescriptive building code criteria.

Period: The elapsed time of a single cycle of a vibratory motion or oscillation; the inverse of
frequency.

Permanent deformation: A change in the permanent shape and geometry of the ground or of a
structure that occurs as a result of damage sustained during an earthquake.

Pier foundation: A type of cast-in-place concrete pile that has a large diameter, usually greater than
18 inches and sometimes as large as five or six feet.

Pile foundation: A type of foundation in which a vertical or nearly vertical element (the pile) is
embedded directly into the ground to transfer the weight of a structure into the ground either
through friction between the sides of the pile and the surrounding soil or end bearing of the pile
against stiff soils and rock beneath it.

Plain concrete: A structural element of concrete construction that does not include sufficient steel
reinforcement or prestressing to be classified as reinforced or prestressed concrete.

Plain masonry: A structural element of masonry construction that does not include sufficient steel
reinforcement to be classified as reinforced masonry. Also called unreinforced masonty.

Pounding: The behavior that occurs when closely spaced structures collide into each other in
response to ground shaking.

Prescriptive: Requirements in building codes that specify precisely how a structure is to be
configured or designed.

Prestressed concrete: A form of concrete construction in which reinforcement is provided by steel
cables or rods that have been embedded in the concrete and then stressed in tension to place the
concrete in compression.
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Protective system : A structural system that is designed to dissipate earthquake energy and reduce
structural response without causing damage in the structure.

R

Recurrence interval: See return period.

Redundancy: A property of some structures in which multiple elements are used to provide support
for the structure so that if one or some of these elements are damaged, other elements are available
to continue to support the structure.

Reentrant corner irregularity: A type of horizontal irregularity that occurs where two or more wings of
a building join.

Regular structure: A structure that does not have any specified irregularities.

Reinforced concrete: A type of structural element formed of concrete with embedded steel rod
reinforcement.

Reinforced masonry: A type of structural element formed of masonry units with embedded steel rod
reinforcement.

Reinforcing steel: Round steel bars that have been deformed to provide bond with concrete and/or
grout.

Resilience: A property of a community having sufficiently robust construction and infrastructure that
it is capable of recovering quickly following a major earthquake or other natural disaster.

Resonance: The amplification of a vibratory motion occurring when the period of an impulse or
periodic stimulus coincides with the period of the oscillating body.

Response modification coefficient (R): A factor specified in the building code to approximate the
effects of nonlinear structural response.

Response spectrum analysis: An approximate method of linear dynamic analysis that computes the
forces and deformations induced in a structure by earthquake shaking using a response spectrum
as the representation of the ground motion.

Retrofit: Any modification to an existing structure intended to reduce the potential damage from
flooding, erosion, high winds, earthquakes, or other hazards.

Return period: The average time interval, in years, that can be expected between repeat occurrences
of similar extreme events such as earthquakes, floods, snow, and ice accumulations.
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Rigid diaphragm: A floor, roof, or horizontal bracing system that deflects substantially less than the
vertical frames or walls it connects when subjected to lateral forces.

Risk category: A categorization of buildings and other structures based on their intended use and the
risk that structural failure would pose to the public.

Risk-targeted maximum considered earthquake (MCEr): The most severe earthquake shaking level
considered by the building code and adjusted to produce a minimum acceptable risk of collapse for
structures meeting the building code requirements.

S

Seismic design category (SDC): A categorization of buildings and other structures based on
consideration of the intended use and the seismicity of the site.

Seismic force-resisting system (SFRS): The part of a structural system designed to provide required
resistance to prescribed seismic forces.

Seismic hazard analysis: A mathematical analysis used to determine the probability of exceedance
for a ground motion parameter as a function of the amplitude of the parameter.

Seismic hazard map: A map showing contours of the ground motion acceleration parameters
expected across a geographic region within a defined return period or probability of exceedance; in
the United States, these maps are produced by the U.S. Geological Survey.

Seismic isolation: A protective system that reduces a structures response with the use of specially
designed bearings, often placed at the base of a structure, that lengthen the period of the structure
and increase its damping.

Seismic qualification: A process of certifying the adequacy of certain nonstructural components to
resist specified levels of shaking and remain functional.

Seismic risk: A measure of the severity of the possible losses associated with the behavior of a
building or structure in likely earthquakes.

Single degree of freedom structure (SDOF): A type of idealized, simple planar structure consisting of
a single, concentrated mass and single supporting structural element.

Shallow foundations: Individual spread footings or mats.

Shear: A force that acts by attempting to cause the fibers or planes of an object to slide over one
another.

Shear wave velocity: The speed with which shear waves will travel through an elastic or inelastic
medium, such as the soils underlying a site.
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Site class: A designation of the earthquake response of a site related to its shear wave velocity.

Site-specific spectra: A characterization of maximum considered earthquake or design earthquake
shaking derived using either seismic hazard analysis, site response analysis, or a combination of
these.

Soft story: A story in a structure with a soft-story irregularity that has substantially less stiffness than
adjacent stories.

Static load: A force that remains constant with time.

Stiffness: A quantitative measure of the amount of force required to produce a unit amount of
deflection or displacement in a structure.

Stiffness-soft story irregularity: A type or vertical irregularity in which one story of a structure has
substantially less stiffness than adjacent stories.

Story drift: The difference in peak lateral displacement from the at-rest position of the center of mass
of the diaphragm levels immediately above and below a story.

Story drift ratio: The ratio of drift in a story to the story height.

Strain: Deformation of a material per unit of the original dimension.

Strength: The capability of a material or structural member to resist or withstand applied forces.
Stress: Applied load per unit area or the internal resistance of a material to deformation forces.

Strong motion recording: A record of the acceleration, velocity, or displacement experienced by an
instrument subjected to ground shaking, or the response of a structure to such shaking.

Soft story irregularity: A type of vertical structural irregularity.
Special system: A structural system that is designed to provide high levels of ductility and toughness.

Spectral acceleration: The maximum acceleration that a structure having a specific natural period of
vibration would experience when subjected to a particular earthquake.

Spread footing: A type of foundation in which individual reinforced concrete slabs are placed beneath
individual building columns (or sometimes closely spaced groups of columns) to transfer the weight
supported by the column(s) to the underlying soil.

Structural element: A piece of a structure that is used to both support the weight of the structure and
that of its supported contents and attachments and resist various types of environmental loads
including earthquakes and wind.
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Structural steel: An alloy of iron, carbon, and other elements that has been formed by a hot rolling
process into either flat plates or shaped elements for use in construction.

System: An assembly of components or elements designed to perform a specific function (e.g., a
structural system or a force-resisting system).

T

Tilt-up: See concrete tilt-up building.

Torsion: Structural behavior associated with twisting about a vertical axis for structures or a
longitudinal axis for individual structural elements.

Torsional irregularity: A type of horizontal irregularity caused by an arrangement of vertical elements
of the seismic force-resisting system that is not placed symmetrically with respect to the center of
mass of the structure.

Toughness: A structural property that relates to the ability of a structural element to sustain damage
when overloaded while continuing to carry load without failure.

Transient deformation: Deformation (movement) of the ground or a structure supported on the
ground that occurs during an earthquake event.

Tsunami: A naturally occurring, series of very long period ocean waves, sometimes having
amplitudes of 10 or more feet, resulting from a rapid, large-scale disturbance in a body of water,
caused by earthquakes, landslides, volcanic eruptions, or meteorite impacts.

U

Unreinforced masonry (URM): Masonry construction that does not include sufficient steel
reinforcement to be classified as reinforced masonry; also referred to as plain masonry.

Vv

Vertical bearing support: The mechanism by which the weight of a structure and its supported
contents is transferred to and resisted by the ground.

Vertical force: A force that acts vertically; vertical earthquake forces represent the effects of vertical
accelerations experienced in an earthquake.

Vertical geometric irregularity: This occurs where the width, in plan, of the seismic force-resisting
system is more than 130% larger in one or more stories than it is in adjacent stories.
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W

Wall system: A structural system in which masonry, concrete, light wood frame or cold formed steel
frame walls provide lateral resistance to wind and earthquake forces.

Weak story irregularity: A type of vertical structural irregularity that occurs when the strength of the
walls or frames that provide lateral resistance in one story is substantially less than that of the walls
or frames in the adjacent stories.

Wood frame: A form of construction in which repetitive, closely spaced wood members are used to
carry structural loads.

I-16 FEMA P-749




References

Aagaard, B.T., Blair, J.L., Boatwright, J., Garcia, S.H., Harris, R.A., Michael, A.J., Schwartz, D.P., and
DiLeo, J.S., 2016, “Earthquake outlook for the San Francisco Bay region 2014-2043", U.S.
Geological Survey Fact Sheet 2016-3020.

Ager, P., Eriksson, K., Hansen, C.W., and Lgnstrup, L., 2019, How the 1906 San Francisco
Earthquake Shaped Economic Activity in the American West, NBER Working Paper No.
25727, National Bureau of Economic Research, Cambridge, Massachusetts.

Allen, E., 1985, Fundamentals of Building Construction and Methods, John Wiley and Sons, New
York.

ASCE, 2017, Seismic Evaluation and Retrofit of Existing Buildings, ASCE/SEI 41-17, American
Society of Civil Engineers, Structural Engineering Institute, Reston, Virginia.

ASCE, 2022, Minimum Design Loads for Buildings and Other Structures, ASCE/SEI 7-22, American
Society of Civil Engineers, Structural Engineering Institute, Reston, Virginia.

FEMA, 2006, Homebuilders’ Guide to Earthquake Resistant Design and Construction, FEMA 232,
prepared by National Institute of Building Sciences Building Seismic Safety Council for the
Federal Emergency Management Agency, Washington, D.C.

FEMA, 2010, Earthquake-Resistant Design Concepts: An Introduction to the NEHRP Recommended
Seismic Provisions for New Buildings and Other Structures, prepared by the National
Institute of Building Sciences Building Seismic Safety Council for the Federal Emergency
Management Agency, Washington, D.C.

FEMA, 2011, Reducing the Risks of Nonstructural Earthquake Damage - A Practical Guide, FEMA

E-74, prepared by the Applied Technology Council for the Federal Emergency Management
Agency, Washington, D.C.

FEMA, 2015, Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook, Third
Edition, FEMA P-154, prepared by the Applied Technology Council for the Federal Emergency
Management Agency, Washington, D.C.

FEMA, 2018a, Example Application Guide for ASCE/SEI 41-13 Seismic Evaluation and Retrofit of
Existing Buildings, FEMA P-2006, prepared by the Applied Technology Council for the Federal
Emergency Management Agency, Washington, D.C.

FEMA, 2018b, Seismic Performance Assessment of Buildings, Methodology and Implementation,
FEMA P-58 Series, prepared by the Applied Technology Council for the Federal Emergency
Management Agency, Washington, D.C, https://femap58.atcouncil.org/.

FEMA P-749 IV-1



https://femap58.atcouncil.org/

Earthquake-Resistant Design Concepts

FEMA, 2019, Guidelines for Design of Structures for Vertical Evacuation from Tsunamis, FEMA P-
646, prepared by the Applied Technology Council for the Federal Emergency Management
Agency, Washington, D.C.

FEMA, 2020a, Earthquake Safety at Home, FEMA P-530, prepared by the Applied Technology Council
for the Federal Emergency Management Agency, Washington, D.C.

FEMA, 2020b, Building Codes Save: A Nationwide Study, prepared by Compass PTS JV for the
Federal Emergency Management Agency, Washington, D.C.

FEMA, 2020¢c, NEHRP Recommended Seismic Provisions for New Buildings and Other Structures,
Volume I: Part 1 Provisions, Part 2 Commentary, FEMA-2082-1, prepared by National
Institute of Building Sciences Building Seismic Safety Council for the Federal Emergency
Management Agency, Washington, D.C.

FEMA, 2020d, NEHRP Recommended Seismic Provisions for New Buildings and Other Structures,
Volume II: Part 3 Resource Papers, FEMA-2082-2, prepared by National Institute of Building
Sciences Building Seismic Safety Council for the Federal Emergency Management Agency,
Washington, D.C.

FEMA, 2020e, A Practical Guide to Soil-Structure Interaction, FEMA P-2091, prepared by National
Institute of Building Sciences Building Seismic Safety Council for the Federal Emergency
Management Agency, Washington, D.C.

FEMA, 2021a, Recommended Options for Improving the Built Environment for Post-Earthquake
Reoccupancy and Functional Recovery Time, FEMA P-2090/NIST SP-1254, prepared by the
Applied Technology Council for the Federal Emergency Management Agency, Washington,
D.C.

FEMA, 2021b, The Role of the NEHRP Recommended Seismic Provisions in the Development of
Nationwide Seismic Building Code Regulations: A Thirty-Five Year Retrospective, FEMA P-
2156, prepared by the National Institute of Building Sciences Building Seismic Safety Council
for the Federal Emergency Management Agency, Washington, D.C.

ICC, 2020, 2021 International Building Code, International Code Council, Inc., Country Club Hills,
Illinois, https://codes.iccsafe.org/content/IBC2021P2,

ICC, 2020, 2021 International Existing Buildings Code, International Code Council, Inc., Country Club
Hills, lllinois, https://codes.iccsafe.org/content/I[EBC2021P2.

ICC, 2020, 2021 International Residential Code, International Code Council, Inc., Country Club Hills,
Illinois, https://codes.iccsafe.org/content/IRC2021P2.

V-2 FEMA P-749



https://codes.iccsafe.org/content/IRC2021P2
https://codes.iccsafe.org/content/IEBC2021P2
https://codes.iccsafe.org/content/IBC2021P2

References

Jones, D., “20 years after Northridge, are homeowners ready for a quake?” Los Angeles Times, Los
Angeles, California, https://www.latimes.com/opinion/la-xpm-2014-jan-17-la-oe-ones-
northridge-quake-insurance-20140117-story.html, accessed September 24, 2022.

Lagorio, H., Friedman, H., and Wong, K., 1986, Issues for Seismic Strengthening of Existing
Buildings: A Practical Guide for Architects, Center for Environmental Design, University of
California at Berkeley, California.

National Archives, 1906, Photograph of St. Francis Hotel Showing the Clean Sweep of Fire in the
Business Section of All Except Class A Steel Frame Buildings After the 1906 San Francisco
Earthquake, National Archives and Records Administration, College Park, Maryland,
https://catalog.archives.gov/id/2127289, accessed September 24, 2022.

NIST, 2014, Seismic Design of Wood Light-Frame Structural Diaphragm Systems: A Guide for
Practicing Engineers, NIST GCR 14-917-32, prepared by the NEHRP Consultants Joint
Venture, a partnership of the Applied Technology Council and the Consortium of Universities
for Research in Earthquake Engineering for the National Institute of Standards and
Technology, Gaithersburg, Maryland.

NOAA, 2021, On this Day: 2011 Tohoku Earthquake and Tsunami, National Oceanic and
Atmospheric Administration, Washington, D.C., https://www.ncei.noaa.gov/news/day-2011-
japan-earthquake-and-tsunami, published March 11, 2021.

NOAA, 2022, Aerial of Sukuiso, Japan, Natural Hazards Image Database, National Oceanic and
Atmospheric Administration, Washington, D.C., https://www.ngdc.noaa.gov/hazardimages/#
/all/256/image/1482, accessed September 24, 2022.

PEER/ATC, 2010, Modeling and Acceptance Criteria for Seismic Design and Analysis of Tall
Buildings, PEER/ATC 72-1, prepared by the Applied Technology Council for the Pacific
Earthquake Engineering Research Center, Berkeley, California.

Petak, W., and Elahi, S., 2001, The Northridge Earthquake, USA, and its Economic and Social
Impacts, http://resilience.abag.ca.gov/wp-content/documents/resilience/toolkit
/The%20Northridge%20Earthquake%20and%20its%20Economic%20and%20Social%20Imp
acts.pdf, accessed April 5, 2020.

Petersen, M.D., Moschetti, M.P., Powers, P.M., Mueller, C.S., Haller, K.M., Frankel, A.D., Zeng, Y.,
Rezaeian, S., Harmsen, S.C., Boyd, 0.S,, Field, E.H., Chen, R., Rukstales, K.S., Luco, N.,
Wheeler, R.L., Williams, R.A., and Olsen, A.H., 2014, Documentation for the 2014 Update of
the United States National Seismic Hazard Maps, U.S. Geological Survey Open-File Report
2014-1091, https://dx.doi.org/10.3133/0fr20141091.

ReliefWeb, 2022, South Asia: Earthquake and Tsunami - Dec 2004,
https://reliefweb.int/disaster/ts-2004-000147-idn, accessed September 24, 2022.

FEMA P-749 IV-3



https://reliefweb.int/disaster/ts-2004-000147-idn
https://dx.doi.org/10.3133/ofr20141091
http://resilience.abag.ca.gov/wp-content/documents/resilience/toolkit
https://www.ngdc.noaa.gov/hazardimages
https://www.ncei.noaa.gov/news/day-2011
https://catalog.archives.gov/id/2127289
https://www.latimes.com/opinion/la-xpm-2014-jan-17-la-oe-ones

Earthquake-Resistant Design Concepts

Renlund, M., 2008, Base Isolators under the Utah State Capitol, used under CC BY 2.0.

UGS, 2020, 2020 Magna Earthquake, Utah Geological Survey, Salt Lake City, Utah,
https://earthquakes.utah.gov/magna-quake/, accessed September 24, 2022.

USGS, 2014, “2014 South Napa CA M6 Earthquake - August 24,” U.S. Geological Survey, Reston,
Virginia, https://www.usgs.gov/media/images/2014-south-napa-ca-m6-earthquake-august-
24-5, published August 23, 2014.

USGS, 2022a, Cool Earthquake Facts, U.S. Geological Survey, Reston, Virginia, from
https://www.usgs.gov/natural-hazards/earthquake-hazards/science/cool-earthquake-facts,
accessed September 24, 2022.

USGS, 2022b, Latest Earthquakes, U.S. Geological Survey, Reston, Virginia,
https://earthquake.usgs.gov/earthquakes/map, accessed September 24, 2022.

USGS, 2022c, The Modified Mercalli Intensity Scale, U.S. Geological Survey, Reston, Virginia,
https://www.usgs.gov/programs/earthquake-hazards/modified-mercalli-intensity-scale,
accessed September 24, 2022.

USGS, 2022d, Seismic Design Ground Motions, U.S. Geological Survey, Reston, Virginia,
https://doi.org/10.5066/f7nk3c76, accessed September 24, 2022.

Yeats, B., 2012, High School Running Track in Taiwan Crossed by the Chelungpu Fault in an
Earthquake in September 1999, used under CC BY 2.0.

V-4 FEMA P-749



https://doi.org/10.5066/f7nk3c76
https://www.usgs.gov/programs/earthquake-hazards/modified-mercalli-intensity-scale
https://earthquake.usgs.gov/earthquakes/map
https://www.usgs.gov/natural-hazards/earthquake-hazards/science/cool-earthquake-facts
https://www.usgs.gov/media/images/2014-south-napa-ca-m6-earthquake-august
https://earthquakes.utah.gov/magna-quake

Project Participants

Second Edition Project Team

Federal Emergency Management Agency

Mike Mahoney (Project Officer)

Federal Emergency Management Agency
400 C Street, SW

Washington, D.C. 20472

Applied Technology Council

Jon A. Heintz (Project Executive, Program
Manager)

Applied Technology Council

201 Redwood Shores Parkway, Suite 240

Redwood City, California 94065

Ayse Hortacsu (Project Manager)

Applied Technology Council

201 Redwood Shores Parkway, Suite 240
Redwood City, California 94065

Project Technical Committee

Ronald O. Hamburger (Project Technical Director)
Simpson Gumpertz & Heger, Inc.

999 Harrison St, Suite 2400

Oakland, CA94612

Project Review Panel

David Bonneville

Degenkolb Engineers

375 Beale St #500

San Francisco, California 94105

Michael J. Griffin

CCS Group, Inc.

1415 Elbridge Payne Rd, Suite 265
Chesterfield, Missouri 63017

FEMA P-749

Pataya Scott (Project Monitor)

Federal Emergency Management Agency
400 C Street, SW

Washington, D.C. 20472

Chiara McKenney (Project Manager)
Applied Technology Council

201 Redwood Shores Parkway, Suite 240
Redwood City, California 94065

John Hooper

Magnusson Klemencic Associates
1301 Fifth Avenue, Suite 3200
Seattle, Washington 98101

V-1




Earthquake-Resistant Design Concepts

Focus Group

Christina Aronson

Federal Emergency Management Agency
400 C Street, SW

Washington, D.C. 20472

Alex Griffin

Burns & McDonnell

425 S Woods Mill Rd #300
Chesterfield, Missouri 63017

Solmaz Jumakuliyeva
Estructure

1144 65th St, Suite A
Oakland, California 94608

First Edition Project Team

Sung Yeob Lim

Uzun+Case, LLC

1230 Peachtree Street NE, Suite 2500
Atlanta, Georgia 30309

Ginevra Rojahn

Applied Technology Council

201 Redwood Shores Parkway, Suite 240
Redwood City, California 94065

Kayla Secrest

Wallace Design Collective

123 North Martin Luther King Jr. Boulevard
Tulsa, Oklahoma 74103

Federal Emergency Management Agency

Mike Mahoney (Project Officer)
Federal Emergency Management Agency

National Institute of Building Sciences Building Seismic Safety Council

Ronald O. Hamburger (Project Technical Director)

Simpson Gumpertz & Heger, Inc.

V-2

FEMA P-749







PART;
Sy,

;’.gf Q?g

Bt

%“% e @;
6{4 ND s8¢

FEMA

FEMA P-749




	Cover
	Title Page
	Preface
	How to Use this Guide
	Table of Contents
	List of Figures
	List of Tables
	Part A: General Audience
	Chapter 1: How Earthquakes Affect Buildings
	1.1 Background
	1.2 Ground Shaking
	1.2.1  Strong Motion Recordings
	1.2.2  Earthquake Hazard

	1.3 Other Geological Earthquake Effects
	1.3.1 Landslides
	1.3.2 Liquefaction
	1.3.3 Tsunami
	1.3.4 Fault Rupture


	Chapter 2: How U.S. Seismic Provisions are Developed and Implemented
	2.1 Building Codes
	2.2 Consensus Standards
	2.3 Existing Buildings
	2.4 History of U.S. Seismic Provisions
	2.4.1 National Earthquake Hazards Reduction Program
	2.4.2 Development of Provisions for New Buildings
	2.4.3 Development of Provisions for Existing Buildings

	2.5 Implementation of the Building Code

	Chapter 3: How U.S. Building Codes Approach Earthquake Risk
	3.1 Approach in Current Codes
	3.1.1 Approach for New Buildings
	3.1.2 Approach for Existing Buildings
	3.1.3 Implications of Current Approach

	3.2 Performance-based Procedures
	3.3 Future Directions

	Chapter 4: Key Features of Earthquake-Resistant Building Design
	4.1 Earthquake-Resistant Structures
	4.1.1 Stable Foundations
	4.1.2 Continuous Load Path
	4.1.3 Adequate Stiffness and Strength
	4.1.4 Regularity
	4.1.5 Redundancy
	4.1.6 Ductility and Toughness
	4.1.7 Separation from Adjacent Structures

	4.2 Earthquake-Resistant Nonstructural Components

	Chapter 5: How Common Structure Types Perform in Earthquakes
	5.1 Structure Types
	5.1.1 Bearing Wall Systems
	5.1.2 Building Frame Systems
	5.1.3 Moment Frames
	5.1.4 Dual Systems
	5.1.5 Cantilever Column Systems

	5.2 Protective Systems


	Part B: Engineering Audience
	Chapter 6: Overview of the Seismic Design Process
	6.1 Seismic Design Process
	6.2 Background

	Chapter 7: Determine Seismic Design Criteria
	7.1 Identify Site Class
	7.2 Obtain the Design Response Spectra for the Site
	7.3 Assign Risk Category
	7.4 Assign Seismic Design Category

	Chapter 8: Design the Structure
	8.1 Select Structural System
	8.1.1 Wall Systems
	8.1.2 Braced Frame Systems
	8.1.3 Moment-resisting Frame Systems
	8.1.4 Dual Systems
	8.1.5 Cantilever Column Systems

	8.2 Identify Design Coefficients
	8.3 Check for Configuration Irregularities
	8.4 Calculate Seismic Loads
	8.4.1 Base Shear Strength
	8.4.2 Redundancy
	8.4.3 Vertical Earthquake Forces

	8.5 Analyze and Design Structural Elements
	8.5.1 Equivalent Lateral Force Procedure
	8.5.2 Simplified ELF
	8.5.3 Modal Response Spectrum Analysis
	8.5.4 Linear Response History Analysis
	8.5.5 Nonlinear Response History Analysis

	8.6 Check Drift and Stability
	8.7 Design Diaphragms
	8.8 Detail Connections and Other Elements
	8.8.1 Concrete and Masonry Walls
	8.8.2 Steel Braced Frames
	8.8.3 Moment Frames
	8.8.4 Light-Frame Systems


	Chapter 9: Anchor and Brace the Nonstructural Components
	9.1 Determine if Anchorage or Bracing is Required
	9.2 Calculate Seismic Forces
	9.3 Provide Drift Compatibility
	9.4 Check for Seismic Qualification

	Chapter 10: Special Considerations
	10.1 Performance-based Design
	10.2 Design for Tsunami
	10.3 Soil-Structure Interaction
	10.4 Energy Dissipation Systems
	10.5 Seismic Isolation Systems
	10.6 Nonbuilding Structures


	Acronyms
	Symbols
	Glossary
	References
	Project Participants
	Back Cover


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





