
STRUCTURAL CONCEPTS AND DETAILS FOR SEISMIC DESIGN

Martin W. Johnson, S.E., and Elwood A. Smietana. S.E.,
EQE Engineering, Inc.
Costa Mesa, California

and
Robert C. Murray, P.E.,

Lawrence Livermore National Laboratory
Livermore, California

ABSTRACT

As a part of the DOE Natural Phenomena Hazards Program, a new
manual has been developed, entitled UCRL-CR-106554, "Structural
Concepts and Details for Seismic Design." This manual describes and
illustrates good practice for seismic-resistant design.

DESCRIPTION

This manual discusses building and
building-component behavior during
earthquakes, and suggests procedures and details
for seismic resistant design which have been
shown by experience to provide for adequate
performance during earthquakes. Included are
special design and construction practices which
are common in high-seismic regions, but may not
be so in low and moderate seismic-hazard
regions of the United States. Special attention is
given to describing the level of detailing
appropriate for each seismic region. The UBC
seismic criteria for all seismic zones is examined,
and many examples of connection details are
given. The general scope of discussion is limited
to materials and construction types common to
Department of Energy (DOE) sites.

Other manuals previously produced by
others as a part of the DOE natural phenomena
hazards program include: UCRL-15910, "Design
and Evaluation Guidelines for Department of
Energy Facilities Subjected to Natural
Phenomena Hazards," which provides evaluation
procedures and design criteria for natural
phenomena hazards affecting each DOE site;
UCRL-21131, "Structural Details for Wind
Design;" UCRL-15714, "Suspended Ceiling
Survey and Seismic Bracing Recommendations;"

and UCRL-15815, "Practical Equipment Seismic
Upgrade and Strengthening Guidelines."

MANUAL DEVELOPMENT

The manual was developed by EQE, under
contract to Lawrence Livermore National
Laboratory (LLNL). A separate independent
review team was also formed to oversee and
review the manual development. The manual is
a compilation of much existing and well thought-
out published material on seismic design and
detailing, in conjunction with a state-of-the-art
perspective by the authors.

The EQE Team included the following
members:

• Martin W. Johnson, the EQE Project
Manager and the primary author

• Elwood A. Smietana, who performed a
technical review and edit of the manual

• Stephen K. Harris, who wrote a large
portion of Chapter 5, "Diaphragm
Systems"

• John H. Gillengerten, who wrote
Chapter 7, "Partitions and Cladding"
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i Plus numerous others who provided
suggestions and review comments.

The Independent Review Team included the
following members:

• Robert C. Murray, Lawrence
Livermore National Laboratory

• Robert E. Bachman, Fluor Daniel, Inc.

• Frank E. McClure, Lawrence Berkeley
Laboratory (retired)

• Stephen A. Short, ABB Impell Corp.

The DOE Project Manager was Mr. James
R. Hill, and Dr. Robert C. Murray was the LLNL
Project Manager.

This document has been issued for trial use
and comment within the DOE community. A
comment form is provided at the back of each
manual. Comments submitted before September
1,1992 will be evaluated during the final issue of
the manual. Additionally, it has been sent to the
Seismology Committee of the Structural
Engineers Association of California (SEAOC)
for their review and comment.

The project began on May 24,1990 at the
Palm Springs EERI conference, where the "kick-
off project meeting was held. Following this
meeting, a survey of DOE sites was conducted to
develop a picture of the prevalent types of
construction, both existing and planned. The
purpose of this survey was to focus the scope of
the manual on relevant structures and methods
of construction. As a result of this survey, the
manual includes no discussion of wood
construction, and very little of prestressed
concrete construction.

When the manual was first envisioned, the
original intent was to only present details
appropriate for Seismic Zones 1 and 2 seismic
areas, since the majority of DOE sites are
located in these regions. However, due to a need
for designing to Zones 3 and 4 requirements for
Important and High-Hazard facilities even in
Zone 2 areas, the scope was expanded early-on
to include all seismic zones.

Because it is expected that the majority of
users would be interested primarily in design for
Seismic Zone 1 and 2 requirements, the manual
was organized to present these requirements
first, followed by Seismic Zone 3 and 4
requuements. This is in contrast to the UBC,
which is primarily oriented toward Seismic
Zones 3 and 4 design. The manual also focuses
on overall structural system behavior, in addition
to individual component behavior and detailing.

Overall, the manual is intended to function
as a guide to, and is based primarily on the
technical requirements of, the 1991 UBC,
SEAOC "Blue Book" (1990) design
recommendations, and to UCRL-15910 (1990).
It provides examples of structure details which
are common to seismic design practice, discusses
why these details are used, and shows how
similar details can be adopted into new designs.

Although primarily written for professional
engineers engaged in performing seismic-
resistant design for DOE facilities, the first two
chapters of the manual plus the introductory
sections of *uarcJm| chapters, contain
descriptions *hwh arc also directed toward
project engineer* »ho .authorize, review, or
supervise the doifn and construction of DOE
facilities. Refer erwe* Usted at the end of each
chapter contain farther tources of information
for each top*

The tollm inf paragraphs describe the
general content* vi the manual. For each
chapter, rnajvtr tutnrvttons are listed, and
subsection purpwr and content are briefly
described

CONTENTS Of THE MANUAL

CHAPTER 1: INTRODUCTION

This chapter briefly defines the purpose and
scope of the document. It also cautions the user
regarding what is not included and references
other sources of information.

CHAPTER 2: SEISMIC CONCEPTS

• EARTHQUAKES AND BUILDING
CODES: Provides a brief overview of
how forces are developed in structures
during earthquakes. It then
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summarizes the building code
approach and describes the basic
building code philosophy towards
earthquake design.

• BASIC STRUCTURAL SYSTEMS AND
COMPONENTS: Introduces the basic
types of structural systems and
components which are used to resist
lateral forces.

• LOAD-PATHS: Introduces the "load
path" concept which engineers use to
ensure a complete and uninterrupted
lateral force system.

• STRUCTURE CONFIGURATION:
Summarizes the basic types of vertical
and plan irregularities which are
defined in the UBC, together with
their associated design restrictions.

• DRIFT AND DEFLECTION
CONSIDERATIONS: Discusses
deflection-related aspects of structural
design.

CHAPTER 3: DETAILS FOR WALL SYSTEMS

• INTRODUCTION: Provides an
overview of basic shear wall behavior
as affected by rigidity, geometry, and
distribution of reinforcement.

• REINFORCED MASONRY
CONSTRUCTION: Discusses layout,
construction and design aspects of
masonry construction. Layout and
construction topics discussed include
grouting methods, inspection
requirements, and the spacing and
details of control joints. Design topics
include the various design methods,
reinforcing details, and specific UBC
design requirements for Seismic Zones
2,3 and 4.

• CAST-IN-PLACE CONCRETE
CONSTRUCTION: Discusses concrete
shear wall construction. Included is a
summary of UBC design requirements
for Seismic Zones 1 through 4, as well
as special UBC requirements for
boundary elements, coupling beams

and wall piers. Also shown are
suggested details for construction
joints and waU intersections,

• CONCRETE TILT-UP
CONSTRUCTION: Illustrates the
various special types of details which
are required when concrete tilt-up
walls are used to resist earthquake
forces.

CHAPTER 4: DETAILS FOR MOMENT-FRAME
AND BRACED-FRAME SYSTEMS

• MOMENT AND BRACED-FRAME
SYSTEMS: Provides an overview of
basic moment frame and braced-frame
behavior.

• REINFORCED CONCRETE MOMENT-
FRAME SYSTEMS: Discusses concrete
moment frame construction. Separate
sections define UBC requirements and
show typical reinforcing details
appropriate for each of the three basic
types of concrete moment frames:

o Ordinary Moment-Resisting
Frames (OMF); used in Seismic
Zones 0 and 1,

o Intermediate Moment-Resisting
Frames (IMRF); used in Seismic
Zone 2, and

o Special Moment-Resisting
Frames (SMRF); used in
Seismic Zones 3 and 4.

• STEEL CONSTRUCTION: Discusses
general aspects of steel construction,
including special UBC requirements
on the selection of materials and
special load combinations which are
required for the design of steel
columns in Seismic Zones 3 and 4.

• STEEL MOMENT-FRAME SYSTEMS:
Describes UBC requirements and
provides details for Ordinary Moment-
Resisting Steel Frame (OMF) and
Special Moment-Resisting Steel Frame
(SMF) types of construction. The
differences in UBC design criteria for
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SMF systems for Seismic Zone 2
versus Seismic Zones 3 and 4 are
presented.

• STEEL CONCENTRIC-BRACED
SYSTEMS: Discusses the design of
concentric braced frames, including
bracing configuration requirements,
member and connection strength
requirements, and typical connection
detailing practice.

• STEEL ECCENTRIC-BRACED
SYSTEMS: Discusses the design of
eccentric-braced frames, including
frame geometry and link strength
considerations, and specific building
code requirements. Typical
connection details are shown.

• PREFABRICATED METAL
BUILDINGS: Discusses the design and
performance of prefabricated metal
building systems. Procurement and
design review recommendations are
given which are intended to enhance
the seismic performance of these
systems.

CHAPTERS: DIAPHRAGM SYSTEMS

• INTRODUCTORY CONCEPTS:
Introduces elementary concepts of
diaphragm rigidity, deflections, torsion,
and configuration.

• ANALYSIS OF DIAPHRAGMS:
Presents the basic UBC seismic design
requirements for diaphragms and
describes basic diaphragm
components, including chord and
boundary elements, drag and
collector/distributor elements,
diaphragm-to-wall anchorage, and sub-
diaphragms and cross-ties.

• ANALYSIS OF COMPLEX
CONDITIONS: Provides guidelines for
complex design situations, including
situations at notched diaphragms,
diaphragm openings, diaphragms
subjected to torsional moments, and
diaphragms with non-orthogonal
supporting elements.

• METAL DIAPHRAGM SYSTEMS:
Discusses the construction, design and
detailing of metal-deck diaphragm
systems, including decking layout,
details at openings, and details
required to resist out-of-plane forces
from attached concrete and masonry
walls.

• CONCRETE-AND-METALDECK
DIAPHRAGM SYSTEMS: Discusses
the construction, design and detailing
of metal-deck with concrete topping
diaphragm systems.

• CONCRETE SLAB DIAPHRAGM
SYSTEMS: Discusses the construction,
design and detailing of cast-in-placc
concrete diaphragm systems. Separate
building code requirements for Seismic
Zones 1 and 2 versus Seismic Zones 3
and 4 are presented.

• PRECAST CONCRETE SYSTEMS:
Discusses the construction, design and
detailing of diaphragm systems which
utilize precast concrete components.
Recommendations are given for
systems constructed both with and
without concrete topping slabs.

• HORIZONTAL STEEL-BRACING
SYSTEMS: Discusses the construction,
design and detailing of diaphragm-like
systems which are constructed using
horizontal steel bracing systems.
Different bracing layout philosophies
are presented, together with the
resulting effectiveness and connection
details.

CHAPTER 6: FOUNDATION SYSTEMS

This chapter briefly discusses foundation-
related aspects of seismic design, including
design for sliding and overturning/uplift
resistance. The structural design of both shallow
and deep foundations systems is discussed.

CHAPTER 7: PARTITIONS AND CLADDING

• INTRODUCTION: Introduces
elementary aspects of the behavior of
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partition and cladding building systems
during earthquakes.

• PARTITION SYSTEMS: Discusses the
construction, design and detailing of
stud-framed and masonry partition
systems for earthquake effects.

• PRECAST CONCRETE CLADDING
SYSTEMS: Discusses the construction,
design and detailing of precast
concrete cladding systems. Topics
include panel configuration and
attachment method, the
accommodation of story drift, and
considerations for the design of both
the precast panel and its connections.

CHAPTER 8: DESIGN APPROACHES FOR
SPECIAL SITUATIONS

This chapter provides brief guidelines and
lists building requirements for some of the more
complex situations which can occur during
seismic design. Topics include:

• The design of structures composed of
combinations of structural systems,
such as dual systems, vertical "stacked"
combinations, and combinations along
different building axes.

• The design of building alterations or
additions.

• The design of seismic retrofits.

• A very brief discussion of how ground
motion affects structure behavior
during earthquakes, including site
amplification effects, seismic wave
effects, soil-structure interaction, and,
in general, what to do when a structure
is embedded underground.
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