Unuversity of California at Berkeley Instructor: Stephen A. Mahin
Civil and Environmental Engineering Spring Semester 20058

CEE 227 - Earthquake Resistant Design

General Information

Course Objectives

This course integrates information from vanous enzineening and scientific disciplines in
order to provide a rational framework for the design of earthquake-resistant stroctures.
As such, the course touches upon pertinent information from enzineenng seismology,
zeotechnical enzineering, economic, nsk and reliabihity theory, sustainable development,
and architecture in addition to advanced topics related to structural dynamics, analysis
and design. The focus of the comrse 15 on bulding structures, but general 1ssues are
covered related design of bndzes, industnal facilites and other types of structures that
are allowed to respond in the inelastic rangze in the event of a major earthquake. The
course emphasizes understanding the fundamental factors that influence and control the
response of such structures, establishing a performance-based framework with wiuch to
assess selsmic response, selecting project appropriate structural systems, confizurations
and proportions, and developing effective, but simplified, desizn procedures capable of
reliably achieving specified performance zoals.

Course Outline

1. Infroduction. -- Basis of earthquake enzineening desizn philosophies: role of
uncertainty and the management of nsk, an 'ideal’ approach and some practical
simplifications, limit state approaches, approaches adopted 1n cwrrent and emerzing
bulding code provisions. Special desizn considerations when permiting inelastic
structural response are ghlighted; hmitatons of histonc analy=is-based design
approaches and introduction to "capacity desizn" concepts. Establishing a basis for
performance-based earthquake engineenng. Earthquake engineering issues relevant
to sustainable development.

2. Engineenngz Charactenization of Earthquake Ground Motions. -- Sources of
earthquake zround motions; measures of earthquake intensity and damage potential;
effects of local soil condiions on ground shaking; enzineenng eshmation of zround
motion characteristics based on determimistic and probabilistc approaches.

3. Response of Simple Structural Systems to Different Types of Ground Motion. --
Assessment of the effect of structural system and zround motions on the response of
simple single- and multiple-dezree-of-freedom systems. Emphasis on identifying
desirable charactenstics of structures for vanous types of zround shaking, and on
developing simphfied procedures smtable for estmatng seismic response durning the
preliminary desizn process.
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4. Development of Design Earthquakes for Linear Structural Response. -- Identfication
of cntical parameters -- influence of local soil conditions and structural damping;
development of desizn spectum.

5. Development of Desizn Earthquakes for Nonlinear Stuctural Response. -
Identification of cntical parameters - influence of local soil conditions, viscous
damping, duration of shalkang , nonlinear mechanical charactenstics of the structure,
and zeomeiric nonlineantes; development of desizn spectra from zround motion
and structural charactenistics; displacement eshmates; altermative spectra formats;
extension of design spectra to mulhi-dezree of freedom systems.

6. Analyhcal Procedures for Preliminary/Conceptual Desizn and Proporticnang of
Structural Systems. — Review of simple plastic theory; estimation of the maximum
strength and deformation capacities of structural systems; simplifications for desizn
of multistory structures; application of capacity desizn methods. Emphasis on
ductile moment-resisting frames and braced frames. Methods discussed to confrol
displacements and other response parameters of structural interest.

7. Code Eelated Issues. — Basis and limitations of current code provisions for
structural analysis and design. Future trends. Nonlinear static pushowver procedures

for evaluation of new and existng structures, development of tarzet displacements.

8. Basic Performance-based Evaluation and Desizn Issues. -- Lessons from past
earthquakes; quantificabion of performance objectives and levels for selsmic
resistant design; Selection of analysis procedures; numencal modeling of stroctural
systems. Estimation of fragihity functions and quantifying the confidence of a
structure’s ability to achieve a targeted performance objective. Current and
emerzing 2mdelines for the evaluahon of exsting and new structures.

0. Apphcations. — Steel {and to a lessor extent reinforced concrete) details to insure
member and connection ductility; basic desizn considerations for moment-resisting
frames and concentrically braced frames. Application of concepts to structures
employing seismic 1solation or uhlizing supplemental enerzy dissipation devises.
Self-centering systems.

Prerequisites

Students are expected to have a backzround in structural analysis and structural
dynamics. A basic understanding of immelastic structural analysis 1s required. Courses such
as CEE 220 and CEE 225, or their substantial equivalent, satisfy this requirement.
Students uncertain about the adequacy of their preparation should contact the instructor.
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Course Organization

Lectures: Tu-Th 11 AM -12:30 PM; 534 Dawvis Hall
Discussion Session:  Wednesday, 2-3 PM; 534 Dawis Hall

The weekly discussion session wall be devoted to discussion of the conceptual and
analytical approaches presented in the class and for help in sclving homework
assignments. Make up lectures wall be, to the extend possible, held in the time slot
assizned to the discussion section. The time of the discussion session may be chanzed to
make 1t more convenent for students to attend.

Exams: There will be two 80 minute long midterms. There will be no final exam , but a
final term project will be required.

Term Project: The term project may be done indivadually, or in groups of two. The
intent of the term project is for the student to undertake a siznificant, but short project
related to the design or analysis of structures, development of software to assist in the
selsmic resistant desizn of stroctures, or other application of the matenal leamed in the
course. The choice of topic is left to the student, but instructor approval i1s required. A

separate handout will describe the scope and requirements for the term project. Larzer
=Toups are possible, but require special pnor approval by the instructor.

Crrades: (rades wiall be based on performance on homework assiznments, several
midterm quizzes, and a final term project, according to the following approximate
welghts: 25%, 40% and 35%._

Contact Information

Instructor:  Prof. Stephen Mahin Teaching Assistant: Wael Hazzan
Office: 777 Davis Hall 504 Davis Hall
Phone: 310-693-6972 (Mobile)

Email: mahin@berkeley edu whazzan@berkeley. edu
Office Hours: M 2:15-3 & Tuo 12:45-1:45 TED
Course Web 5Site

A website has been developed for the class. It provides a means of accessing copies of
class notes pnor to the lecture (please dowmnload these if you would like to have them
dunng the lectures), copies of handouts, homework assiznments and solutions,
references, practice exams and study questions, vanous photos and movies, and links to
varnous other web sites related to earthquake engineening. There 15 also a class blog for
mely commumecation of late brealonz informaton about the class. The website can be
accessed at:

URL: hittp:/fweb. mac.comismahinCEZ2 2 7-08/CEZ 27 .himil
Uszer Name: ceZ27
Pazzword:  Berkeley




