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PREFACE TO THE FOURTH EDITION

Since early 1995, the extensive use of this book in college classes and technical
schools, and by practicing civil engineers, PE exam candidates, archirtects, and other
professionals, has encouraged me to continue (in this fourth edition) wich the original
inteat of the book—to introduce exam-type problems to supplement seismic design
text books and the fundamental earthquake engineering of structures.

Each new edition of this book reflects the latesc changes in the California Building
Code (CBC), trends and pracrices in seismic engineering, and the newest developments
in the civil engineering seismic examination. For the development of a national code,
the 1997 NEHRP Provisions served as the source document for the 1997 UBC and
other U.S. model building codes (BOCA and SBC). In 2001, the California Building
Standards Commission published the California Building Code, the official triennial
compilation and publication of the adoptions, amendmencs, and repeal of building reg-
ulations to the California Code of Regulations and Title 24. The CBC incorporaces by
adoption the 1997 Uniform Building Code of the International Conference of Building
Officials, with necessary California amendments. This fourth edition of 345 Solved
Seismic Design Problems has been updated to conform to the 2001 edicion of the CBC
and the 2003 Jnzernational Building Code.

As noted in previous editions, my motivation to begin this book was the lack
of any detailed test plans identifying what knowledge was necessary for competent
encry-level civil engineering practice in the area of seismic principles. 345 Solved Seis-
mic Design Problems strives to serve that purpose. In 1995, it was very interesting
and inspiring for me to observe the examination test plan developing and changing.
In 1996, the Board of Registration launched a well-organized plan for the Special
Civil Engineer Seismic Examination. You'll find information abourt che test plan at
www.ppi2pass.com/newfaqs/caexams.html. To the fullest extent possible, the plan iden-
tifies the necessary tasks and knowledge related to seismic principles.

[ am delighted wich che test plan, as welf as overwhelmed by the task of making sure

that my book adequately covers all of the seismic principles areas for entry-level civil
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engineers. 345 Solved Seismic Design Problems is entirely consistent with che currenc
test-plan-defined content areas. The organization and purpose of this edition are similar
to the fitst edition, but the fourth edition conforms to che provisions of the 2001 CBC.
In addition, a great efforc was made to offer this edition in both English and SI units; it
has been rewritten in its entirety to provide you a choice of upits. T am proud co serve
the needs of civil engineers with my work.

This new edition is offered to the user in the same spirit as were che carlier editions—
to make a contribution to the goals of public safety in the event of an earthquake. Words
cannot express my heartfelt gratitude to all those who so generously and professionally
offered theic supporc and acknowledgments to me over the last few years. Be certain

that your success in the examination and in your career is always my wish.

Majid Baradar
Pinole, CA
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INTRODUCTION

This seccion incroduces you to the seismic exam and tells you how to use 345 Solved
Seismic Design Problems. It also explains how to relate chis book to reference materials,
such as the California Building Code, Seismic Design of Building Structures, and others.
Using this book as a study guide, you will be surprised to discover how effectively you
can learn seismic principles and fundamencal earthquake eagineering of structures to

successfully pass the special seismic exam.
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THE SEismic Exam

BRIEF BACKGROUND

In April 1988, the State Legislature mandated that the California Board for Professional
Engineers and Land Surveyors test all applicants/civil engineers in the seismic principles
area. To accomplish this mandate, che Board set forth Special Civil Engineer Seismic
Principles Examination standards to reliably test professional registration applicants’
competency to provide safe engineering services. The special seismic principles section
of the Professional Engineer (Civil) licensing examination responds to the public’s in-
creasing awareness that structures in seismically active areas need to be designed to resist
seismic forces. The mission of the Board is to safeguard the public from incompetent
practice. To become registered, the PE candidate must obrtain a passing score on this

special exam.

EXAM CONTENTS

To cest a candidate’s knowledge of seismic principles and fundamental earthquake engi-
neering, the California Board for Professional Engineers, in its June 15, 1990, meeting,
adopted the original cest plan areas for the special seismic exam. The Board distribures
the plan in an efforc to better inform candidates on important examination subject areas.
The latest tesc plan was introduced in a brochure tided Special Civil Engineer Exam-
inaton Informatcion for Examinees. Information abour the test plan can be found at
www.ppi2pass.com/newfaqs/caexams.html. The test plan lists the examinatjon content

in rerms of entry-level civil engineering tasks and knowledge statemencs.

EXAM FORMAT

The exam is composed of about 45-50 mulciple-choice questions drawn from subjects
oudined in the Board-adopted test plan. You should answer all the questions, selecting

only the best correct answer. Mark only one answer to each question. Record your
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answers in the official, computec-readable solurion booklet. Credit will not be given for
questions warked out or answered only in the official test booklet (as opposed to the

solution bookler).

You will be given two and a half hours to complete this exam. The tocal poines will not
be evenly distributed among the questions; they will vary from one question to another
depending on the significance, difhculty, and complexity of each question. The official

test booklet will state the preliminary point values assigned to each question.

TIME MANAGEMENT DURING THE EXAM

The exam is a performance test. To be successful, in addition to demonstrating your
understanding of seismic principles and fundamental easthquake engineering, you must
manage your time well during the testing period. This will require you to be more

focused during the exam than you were during your study periods.

As mentioned, the exam consists of about 50 questions that must be answered in two
and a half hours, or 150 minutes. A quick calculation based on these numbers shows

that you have, on the average, three minures per question.

To make efficient use of your time, tackle the questions in this order:

1. Answer questions that can be answered immediately. Some questions may
require minimal calculations.

2. Answer questions that you feel confident about burt that may require more time
for calculations.

3. Answer guestions about which you have doubts but for which you know where
to find relevant information in your books, references, or notes.

4. Answer questions that you are not sure of but believe you have a chance of
getting right.

5. Answer all remaining questions by guessing. You are not penalized for wrong
guesses, so don't leave any questions unanswered.

If you complete the exam with time to spare, recheck your calculations and answers.
Verify calculations that involve unit conversions. Confirm any specific doubts by looking

up relevant information in your books, references, and notes.
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EXAMGUIDELINES

The examination is open book. You may bring any number of books of any type into
the exam; however, the amount of material you may bring is limited to what you can
carry in one trip. Loose-leaf notepaper, cables, and reference materials must be gathered
into a binder. You might find it helpful, oo, to bring 345 Solved Seismic Design Problems

to the exam along with any notes you have taken during your exam preparation.

It is essencial thar you bring a calculator to the exam. There are few restrictions on
the type of calculator. It should be battery-powered and silent, and may not have a
QWERTY keyboard. You will not be permitted to plug your calculator into an outlet

during the examinacion.

You will not be permicted to share books, reference materials, calculators, or any other
items with other candidates during the exam period. Speaking with ocher candidates
is also prohibited. If a proctor suspects a candidate of not following the instructions,
the candidate may be expelled from the examination. Disqualification from the exam

could jeopardize your eligibility for fucure regiseration.

EXAMDATES AND LOCATIONS

The seismic principles section of the Special Civil/Seismic Principle Examination is
given twice a year, in mid-April and fate Ocrober. The examination is scheduled for a
Saturday and does not conflict with the PE Civil Examination. The Scate Board will
notify candidates of the date, time, and location of the examination. The Board may.

be concacted for more informacion.

Board for Professional Engineers and Land Surveyors
www.dca.ca.gov/pels

Physical address: 2535 Capitol Oaks Drive, Suite 300
Sacramento, CA 95833-2944

Mailing address: P.O. Box 349002
Sacramenco, CA 95834-9002

Telephore: (916) 263-2222
Fax: (916) 263-2246
E-mail: bpels_office@dca.ca.gov
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How To Use THis Book

FORMAT AND CONTENTOF THISBOOK

345 Solved Seismic Design Problems promotes and reinforces a candidate’s knowledge of
seismic principles and fundarmental earthquake engineering of structures, the California
Building Code (CBC), and the seismic exam formart and contenc. It js writcen as a study
guide that mimics the seismic exam format. The questions reflect the examination
subject areas and intent as stated by the Board. The exam provides a basic review of
seismic principles and fundamental earthquake engineering of structures, with a focus

on buildings.

How does 345 Solved Seismic Design Problems help you?

e [t gives you informarion that will expand your knowledge.
¢ It introduces you to the organization and “feel” of the exam.

o It gives you practice in answering questions that are presented in the same
formac as the exam.

e Irprovides insight into the approaches that may be used 1o solve exam problems.

[ acquaincs you with the CBC.

345 Solved Seismic Design Problems presents all topic areas of the Board-adopted test
plan in accordance with the level of understanding of seismic design principles that the
Board has deemed necessary. Topics are organized inco chapters composed of multiple-
choice problems. Each chapter follows a programmed learning approach chat begins
with simple problems and then gets progressively more involved and complicated. Each

sample quescion is fashioned to emphasize a key point of a specific topic area.




Xvii

The psoblems are designed to convey the basic seismic engineering fundamentals, yet
some require more knowledge, judgment, and insight than others. These problems are
considerably more tedious and longer than those on the seismic exam, but they do cover
necessary subject areas. All sample questions and problems have been developed to be

consistent with CBC requirements.

345 Solved Seismic Design Problems provides relacively complete solutions to all practice
questions and problems. For questions, solurions are limited to an explanation of the
pertinent key points(s) and appropriate CBC reference(s). For problems, the essential
steps to every solution are offered. Where applicable, SI units are presented along with
cheir customary U.S. counterparts. The metric conversions are provided in parentheses

following the English units, and they conform to cucrent industry standards.

TECHNIQUES AND STEPS FOR USING THIS BOOK
345 Solved Seismic Design Problems works with seisroic textbooks and the CBC. (See the

following section, “How to Use this Book with Other References.”) Follow the steps

lisced below to begin your exam preparation.

Step I: Glance through each chapter. Familiarize yourself with the formart of the
sample questions. Do not attempt to answer any questions at this time.

Step 2: For each chapter, study the corresponding subjects from your textbook(s) and
the CBC. You should visualize possible exam questions as you study. Do not
be discouraged if you find it difficult to interprec the CBC provisions during
this step.

Step 3: In each chapter, you will find a summary of the chaprec’s topics along with
sample questions similar to those on the accual exam. Answer the sample ques-
tions, and compare your answers with the solutions provided. For recording
your answers, you may use provided answer sheets for each chapcer in this

book.

If you find a subject that you ace not clear about or acquainced wich, refer to
your text(s) and the CBC ro examine thar subject in depth.

Step 4: Review these chaptersas many rimes as needed until you've thoroughly learned
all their topics areas and questions.

The value of this book to you will depend on how many of its insights and techniques

you can adopt as routine ways of thinking and applying knowledge. You'd be wise to
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review each chapter several times. The topics and the format of the exam should become
second nature to you. Each review will help you identify additional areas chat require

your attention, so that by the day of the exam you will be fully prepared and confident.

HOWTO USETHISBOOKWITH OTHER REFERENCES

Appendix B of 345 Solved Seismic Design Problems lists Board-recommended scudy
references. Although I recommend Seismic Design of Building Structures, by Michael
R. Lindeburg, PE, and myself, as your main resource, this book is devised to work wich
all seismic textbooks. Also, cross-references to the California Building Code (CBC) are

used throughout the book to direct you to more detailed informarion.

Provisions of the 2001 edition of the CBC have been separated and grouped into a

three-volume set.

Volume 1—Administrative, Fire and Life-Safery, and Field Inspection Provisions
Volume 2—Structural Engineering Design Provisions

Volume 3—Material, Testing, and Installation Standards

Design standards are included in Volume 2 presenting their respective chaprers as divi-
sions of the chapters. The metric conversions are provided in parentheses following the

English units.

Note that the CBC is an interpretive document. While looking into the CBC provisions,
you should investigare them thoroughly and inspect all possible exceptions and related
criteria. Important CBC provisions and relevant exceptions are presented in this book

to clarify their interpretation.

When applicable, 345 Solved Seismic Design Problems provides CBC references for
each sample problem. Each reference to the CBC consists of a chapter and section
designation. While reviewing a particular section of this book, refer to the corresponding

section of che CBC.
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For the seismic exam, the most important parts of the CBC are

Volume 2—Structural Engineering Design Provisions

Chaprer 16 Structural Design Requirements
Division [—General Design Requirements
Division 1I—Snow Loads
Division III—Wind Design
Division IV—Earthquake Design
Division V—Soil Profile Types

Chapter 18 Foundations and Retaining Walls
Chapter 19 Concrete

Chapter 20 Lightweight Metals

Chapter 21  Masonry

Chapter 22 Steel

Chaprer 23 Wood

The cross-reference tables shown on the following pages are provided to assist you in
locating certain key chapters, tables, figures, and formulas of the 1994 UBC edition in
the 1997 edition of the UBC adopted by the CBC in 2001. An empty block in the
1994 reference number column indicates a formula or table firsc introduced in the 1997
edition. An empty block in the 1997 reference number column indicates a formula or
table in the 1994 edition but not the 1997. Asterisks next to 1997 reference numbers
indicate changes made between editions. For changes in the contents of the listed

chapters, you need to refer to the 1997 UBC and 2001 CBC.

In each chaprer of the CBC, you should concentrate your study on the sections that

relate to earthquake regulations.

You wil] approach the actual exam with a high probability of success if you have taken

all the recommendations of this introduction into consideration.

Good luck on the exam!
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NOMENCLATURE

The following list presents symbols and their corresponding units.

a

ap

acceleration (ft/sec?, m/s?)

in-structure component

amplification factoc
area (ft?, m?)

width of a horizontal
diaphragm (ft, m)

damping coefficient
{(Ibf-sec/ft, N-s/m)

chord force (Ibf, N)
seismic response coefficient
center of mass (ft, m)
horizontal force factor
center of rigidity (ft, m)
numerical coefficient
seismic response coefficient
dead load (Ibf, N)

dcag struc force (Ibf, N)
eccentricity (ft, m)
earthquake load

modulus of elasticity
(Ibf/in?, kPa)

earthquake load
earthquake load

E,
S
fy

earthquake load
frequency (Hz)
allowable tensile sceel
(Ibf/in?, kPa)
force or load (Ibf, N)

stress in reinforcing steel

(Ibf/in?, kPa)

acceleration of gravicy
(fc/sec?, m/s®)

shear modulus (Jbf/f2,
kPa)

heighe (ft, m)

heighe above the base to
the n' leve) (ft, m)

structure roof elevacion
with respect to grade

element or component
attachment elevation
with respect to grade

seismic importance factor

momenc of inertia

(fr*, m*)
seismic importance factor
stiffaess (Ibf/fr, N/m)
length (ft, m)
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M
M

mn

o o® o»

n

e

live load (Ibf, N)
mass (Ibm, kg)
magnicude

moment (ft-tbf, N-m)
exponent

modulas ratio

neat sousce factor
near source facror
reliability/redundancy factor
plascicity index of soil
reaction force (Ibf, N)
relative rigidity

response modification factor

component response modification factor

distance (ft, m)
selsmic sitefsoil coefficient

story strength

spectral acceleration {(ft/sec?, m/s?)

soil profile type
soil profile type
soil profile type
spectral displacement (ft, m)
soil profile type
soil profile type
soil profile type

undrained shear strengeh (Ibf/62, kPa)

spectral velocity (fc/sec, m/s)
chickness (fr, m)

elastic fundamencal period of

vibration (sec, s)

w

W,

W

W,

8l

<

> N

A M

Ag

torsional moment

(f-k, kN-m)
shear stress (Ibf/fr?, kPa)
base shear (Ibf, N)

shear in horizoptal diaphragm
or shear wall (Ibf, N)

lateral distribured force on
horizontal diaphragm
(Ibf, N)

weight (Jbf, N)

dead load tributary to the
iy, Hoor (Ibf, N)

dead load tributary ¢o the roof
(Ibf, N)
weight of diaphragm and

elements tributary to

level z (Ibf, N)

dead load triburary to the roof
(Ibf, N)

drift (fr, m)

center of mass in z-direction

(fr, m)

center of mass in y-direction

(fr, m)
seismic zone factor
deflection (in, cm)
drifr (in, cm)

maximum inelastic response
displacement

design level response displace-
ment

strain
damping ratio

normal stress (Ibf/in?, kPa)



] unit shear in horizontal

diaphragm or shear wall
(Ibf/ft, N/m)

w angular natural frequency
(rad/sec, rad/s)

w  uniform load per unit length
(Ibf/€t, N/m)

Q,  seismic force amplification factor

0 reliability/redundaacy factor

SUBSCRIPTS

a accidental

c critical

i level number

n uppermost level in the main
poction of che struccure

p parct or portion

T roof

s steel

t top

T level number

z with respect to z-axis

y with respect to y-axis
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CHAPTER 1

SEISMOLOGY PRINCIPLES, EARTHQUAKE CHARACTERISTICS,
AND BASIC STRUCTURAL DYNAMICS

Accelerafion
Amplification of Mofion
Attenuation

Base Shear

(opable Earthquake
Compression Wave
Damping

Damping Period
Earthquake Fault
Epicenter

Flexibility

Ground Motion
Intensity of Earthquake

TOPICS

Location of Earthquake

Lumped Mass

Magnitude of Earthquake
Moximum Peak Ground Accelerotion
Mode

Modified Mercolli Infensity Scale
Natural Frequency

Natural Period

Oceanic Plate

Probability of Occurrence
Proboble Earthquake

P-Wave

Resonance

Richter Mognitude Scale
Rigidity

Seismic Sea Wove
Seismometer

Sheor Wave
Single-Degree-of-Freedom System
Soil Liquefaction
Spectrol Velocity
Stiffness

Subduction

SWave

Tsunami



345 SOLVED SEISMIC DES(GN PROBLEMS

1. Which of the following terms describe the location of
an earthquake?

caws»

1. epicenter
I1. focal depth
ITI. dip angle

I

I

I and II
[ and IIT

2. There is a footwall facing a hanging wall prior to
an earthquake. The hanging wall moves up during the
earthquake. Which type of fault occurred?

cCowx

strike-slip fault
reverse fanlt
normal fault
oblique fault

3. The San Andreas fault of California is which type of

fault?

oA

right-lateral fauli
left-lateral fault
normal fault
reverse fault

4. The process where an oceanic plate slides beneath a
continental plate is known as

cCaw»

lithosphere.
mantle.
subduction.
strike-slip.

5. Which of the following statements is incorrect?

A.

B.

Compression, shear, and surface waves are seis-
mic waves.

S-waves are at right angles 1o the compression
wWaves,

S-waves can be expressed as horizontal and ver-
tical components.

None of the above are incorrect.

6. Which of the following statements is incorrect?

A
B.
C.

D.

S-waves travel more slowly than P-waves.
S-waves transmif more cnergyv than P-waves.
S-waves cause less damage to structures than
P-waves.

All of the above are incorrect.

7. Which of the following activities occurs as seismic sea
waves approach land?

oawp

Wave velocity increases.

Wave height decreases.

Both wave velocity and height increase.

Wave velocity decreases and wave height in-
creases.

8. How are seismic waves generated?

oCowr

I. by volcanic eruptions
II. by deep artificially induced explosions
ITI. by sudden dislocations within the
carth’s crust

1 and II

II ang III

I and IIT

I, 11, and I1I

9. What is a tsunami?

A
B.
C.
D.

a seismic sea wave

a tidal wave

a surface-water wave
all of the above

10. What does a seismometer measure?

S 0w

components of ground motion
reference points

attenvation

actual displacement

h—____——_;A*
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11. Which of the following statements are correct?

SO® >

]. The Richter scale measures earth-
quake strength.

II. The magnitude of an earthquake can
be determined from the logarithm of
the recorded amplitude.

III. The magnitude of an earthquake does
not depend on the length of the fault
slip.

1 and II

I and I

11 and II1

I, 11, and III

12. What does the Modified Mercalli Intensity scale

measure?

A
B.
C.
D

I. magnitude
IT. apparent severity at particular location
III. intensity

I and 11

11 and 111

I and IT¥

I, 11, and IXI

13. How many levels of intensity are associated with the
Modified Mercalli Intensity scale?

A.
B.
C.
D.

8

10
12
14

14. What is the definition of the term aftenuation?

A.

B
C.
D

ground motion

a decrease in seismic energy
a geologic formation

the orientation of a fault

15. Attenuation is not influenced by

A.
B.
C.
D.

path line and length.
geologic formation.
focal depth.
earthquake magnitude.

16. Which of the following periods share the same defi-
nition?
L. the period of an earthquake
II. the period of a site
II1. the period of 2 building

A. Tang II

B. T ang II]

C. 11 and III

D. none of the above

17. Which of the following characteristics influence the
amount of structural damage caused by an earthquake?

I. peak ground acceleration and dura-

tion of motion

1L. soil condition at the site and period
of the site

II1. distance between the epicenter and
the structure

[V. natural period and damping of the
structure

T and II

111 angd IV

I, 11, and I1X
all of the above

oW

18. When does resonance occur?
I. when the building period coincides
with the earthquake period
II. when the earthquake period coincides
with the site period
III. when the site period coincides with
the building period B

A Jand II

B. I and III

C. II and III
D. I, II, and III

19. Permavent, heavy air-conditioning equipment is in-
stalled on top of a building. How will this affect the
fundamental period of the building?

It will increase.

It will decrease.

It will remain the same.

Tt will increase the acceleration.

SQwpr
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20. With which of the following is an increase in carth-
quake magnitude correlated?

an increase in acceleration

an increase in duration

a decrease in acceleration and duration
magnitude, acceleration, and duration are not
necessarily correlated

ocowx

21. Which of the following characteristics influence the
effect of an carthquake?

A. frequency

B. duration

C. ground acceleration
D. all of the above

22. Liquefaction is best described as

A. a sudden drop in the shear strength of a soil.
B. a decrease in pore water pressure of a soil.
C. an increase in the bearing capacity of a soil.
D. an increase in the effective stress of a soil.

23. When liquefaction occurs, which of the following soil
conditions are likely to exist?

I. The soils have zero shear strength.
II. The soils are made of saturated,
cohesionless particles.
II1. The soils are made of cohesion par-
ticles.

A. II only
B. I and IIT
C. 1II only
D. Iand II

24. Which of the following sites is most likely to ampli(y
ground motion?

A. a dense soil site
B. a rock site

C. a stiff clay site
D. a solt clay site

25. In the vicinity of the epicenters of major Califor-
nia earthquakes, what is the approximate peak ground
acceleration?

A. 010g
B. 0.25¢g
C. 050 g
D. 1.25¢

26. Spectral velocity is best described as

the velocity of seismic energy.

the velocity of a secondary wave.

the velocity of a structure.

the velocity of a structure relative to the
ground.

oawy

27. For a single-degree-of-freedom system, the natural
period, T, is

L. the inverse of the natural frequency.
II. equivalent to the linear natural fre-
guency.
ITl. expressed in Hz.

Al

B. II

C. I

D. TandIII

28. What is the spectral acceleration of a single-degree-
of-freedoin system?

A. It is the minimum acceleration experienced by
the system in response to a perturbation.

B. It isthe average acceleration experienced by the
systein in responsc to a perturbation.

C. It is the maximum acceleration experienced by
the system in response to a perturbation.

D. It is the absolute acceleration experienced by
the system in response to a perturbation.

29. For the following harmonic oscillator, how is the
stiffness best described?

A. as the force acting on the ideal linear spring

B. as the [orce deflecting the spring a distance of
1 unit

C. as the magnitude of the spring deflection

D. as the reciprocal of deflection
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30. When does the natural building period coincide with

the earthquake period?

A. when the natural frequency is at its maximum
B. when the acceleration is at its maximum

C. when the displacement is at its maximum

D. all of the above

31. The period of a structure is correlated with the

1. mass of the structure.
1. stiffness of the structure.

A. Tonly

B. II only

C. Tand 1l

D. none of the above

32. What is the maximum considered (capable) earth-
quake motion at a site?

A. Tt is the motion intensity with a 10% probabil-
ity of being exceeded in a 100-year time period.

B. Tt is based on presently available data and
knowledge of the site.

C. It is the maximum level of earthquake ground
motion expected at the site.

D. Al of the above are true.

33. Consider the natural period. 7', and acceleration, a,
of a single-degree-of-freedom system. When the mass,
m, of the system increases, how are 7' and a affected?

T increases and a inereases.
T increases and a decreases.
T decreases and a increases.

OCOwp

T decreases and a decreasces.

34. Where K js the stiffness and A is the deflection,
which of the following telationships best describes the
rigidity, R?

1
A. %
B. KA
C. A

1
D. x

35. A mass hangs on two ideal springs as shown. What
is the fotal composite spring constant for the system?

o B
E—

m

A K+ K,
B. K, K,
S 1
A
KKy
2 K, + Ky

36. Each of the following pendulums (equal in mass) are
hanging on an ideal spring. The periods of vibration for
the pendulums are 1.73 sec (1.73 s) and 3.0 sec (3.0 s),
respectively. Assume the pendulums are on frictionless
pivots. What is the stifiness of the second pendulum’s
spring?

s i
pendulum 1 pendulum 2
L
A - K
3 i
1
-K
G
I,
D. 1.33 K,

37. Each of the following columus supports a block of
identical mass, m. The columns are fixed at the bot-
tom and free at the top. The height of the second
column is twice the height of the first column. The mod-
nlus of elasticity, E, and moment of inertia, 7, for both
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columns are the same. The systems have natural peri-
ods of vibration of 7] and T, respectively. Neglecting
the weight of the columns, what is the natural period
of vibration for the second system?

m
m ‘[
| hy
" |
Z . / }'
system 1 system 2
A. 0.5T)
B. 2T,
C. 3T,
D. 47

38. A force is acting at the top of a building frame as
shown. The supporting columns are of equal height and
are fixed at the base. The modulus of elasticity, E, is
the same for each column. Assuming the top plate is
rigid and [, = %[2 = élg, what js the shear distributed
to the first column?

F
1 A ty
NN NG ING NG LN LN
elevation
A F
1
B gF
2
C §F
1
D §F

39. How is the term dumping described?

I. the ratio of one cycle's amplitude to
the subsequent cycle
II. the dynamic magnification factor
II1. the dissipation of energy from an os-
cillating system

A. Tonly
B. I only
C. Tand III
D. Il and IIT
40. How is the term flemsbility defined’?
A. stiffness
B. the reciprocal of stiffness
C. rigidity
D. static deflection

41. From the following illustrated spectra, which curve
represents a moderate damping?

cycle {x)
K
N
LM ~
time (8
A K
B. L
C. M
D. N

42. For a systern with several masses and many modes,
it is true that

1. the characteristic shape of each mode

is unique.
II. all modes have the same natural fre-
quency.
ITI. the fundarmental mode has the long-
est period.
A. Tonly
B. 1I only
C. Tand 111
D. II and 11T
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43. For g system with lumped masses and many modes,
which of the following statements is correct?

A. Higher modes have lower frequencies.
B. Higher modes have higher frequencies.
C. Higher modes have longer periods.
D. Lower modes have shorter periods.

44. Compared with buildings with few stories, high-rise
buildings have which of the following?

A. higher frequencies
B. longer periods
C. higher acceleration
D. higher stiffness

45. Consider the ratio of building acceleration to ground
acceleration. Which of the following statements is in-
correct?
A. The ratio depends on the building period.
B. The ratio is equal to 1.0 for an infinitely stiff
building.
C. The ratio is equal to 1.0 for buildings with zero
natural period.
D. Building acceleration is typically Jower than
ground acceleration.

46. Tn the response spectra shown, what is the base
shear? Assume W = 160 k (712 kN) and T = 0.3 sec.

acceleration (g)

08

04

J 1 1 L

02 04 06 08 time()

40 k (180 kN)
70 k(320 kN)
110 k (500 kN)
140 k(640 kN)

Com»
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CHAPTER T

1. Answer C

The point on the earth’s surface directly above the fo-
cus is the epicenter, and the depth from the earth’s
surface to the focus is the focal depth. Therefore, the
epicenter and the focal depth describe the location of
an earthqguake.

2. Answer B
Since the hanging wall is thrust upward and over to the
footwall, it is a reverse (thrusi) fanlt.

fault line

after movement

before movement

1 hanging wall
0 foot wall

3. Answer A

The sudden displacement, or slip, of the crust or rock
along the San Andreas fault of California is right-lateral
movement. When a person stands on either side of a
right-lateral fauls and looks across the fault, the fault
movement will be to that person’s right.

4. Answer C

The term subduction refers to the process where aun
oceanic plate drops and slides beneath a continental
plate.

5. Amswer D
The seistnic waves are compression, shear, and surface

waves.  From the epicenter, the compression waves

SoLuTIONS

(primary waves or P-waves) travel through the earth’s
interior to reach the surface first. Compression waves
displace materials directly behind or ahead of their path
of travel, while shear waves (sccondary waves or S-
waves) displace material at right angles to their line
of travel and reach the surface later. The S-waves have
horizontal and vertical components since their propaga-
tion path may be in any direction from the source.

6. Answer C

S-waves travel more slowly and reach the surface after
the P-waves. They transmit more energy, thus cansing
the bulk of damage to structures.

7. Answer D

During an earthquake, sudden changes in sea floor
depth set a massive wave in motion. As the wave ap-
proaches land from a deep sea floor to a shallow seca
floor, the velocity decreases and the wave height in-
creases due to increased friction with the shallow sea
floor.

8. Answer D %
Sudden dislocations and changes within-the eartly’s
crust create seismic waves. Since voleanic ernptions
and deep artificially induced explosions result in dis-
placement,; they also generate seismic waves,

9. Answer D
In Japanese, a seismic sea wave is called a tsunomi. It
is also known as a tidel wave or surface-water wave.

10. Answer D

A seismometer is a seismic instrument that measures
the actual dispfacement of the ground with respect to a
fixed reference point. The magnitude, M, of the earth-
quake can be calculated from the logarithm of the am-
plitude of the displacement.
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11. Answer A

The Richter scale measures earthquake strength. From
the logarithm of the recorded amplitude, the magni-
tude, M, can be determined. The magnitude is geo-
erally related to the length of the fault slip. As the
length of the vertical or horizontal favlt slip increases,
the earthquake magnitude tends to ingrease.

12. Answer B

The Modified Mercalli Intensity scale measures the in-
tensity of the observed effects and the damage caused
by an earthquake.

13. Answer C

The Modified Mercalli Intensity scale consists of 12 lev-
els of intensity. The levels are expressed as Roman nu-
merals. These levels range from unapparent shaking to
total destruction and devastation.

14. Answer B

The amount of energy in a seismic wave decreases when
it propagates through rock or other geologic material.
This decrease of seismic energy with distance from the
source is called altenuation.

15. Answer D

Attenuation can be described as a decrease in seismic
energy. The factors influencing attenuation are path
line, path length, geologic formations, focal depth, lo-
cation of the epicenter, and the properties of the rock.
The maguitude of an earthquake does not decrease the
amount of its energy.

16. Answer D

The period of the earthquake refers to the predominant
period of the wave and can be determined by Fourier
analysis. The site (soil) and the building both have
their own fundamental or natural periods. The site
(s0il) period is determined from geotechnical data, while
the building period is determined by an analysis of the
structure.

17. Answer D

The degree of the structural damage due to an earth-
quake depends on the ground acceleration, duration of
motion, frequency content, local soil conditions, perjod
of the site, distance between the epicenter and the struc-
ture, geologic formations between the epicenter and the
structure, natural period and damping of the structure.
type of materials used for the structure, and seismic
provisions considered at the time of building design and
construction.

18. Answer D

Resonance results in amplification of response aod oc-
curs where the building, earthquake, and/or site (soil)
periods coincide with cach other. An example where
resonance between all these components occurred was
the 1985 Mexico City earthquake. By the time the
carthquake reached the city from its epicenter 365 kmn
away, the acceleration arplitude was small but the pre-
dominant period matched the lake bed soils beneath the
city. This resulted in resonance and magnification of the
ground motions. In addition, some buildings with the
same natural period as the ground motion experienced
a magnified response.

19. Answer A
m
T =921/ —
T 7 (ST]

/m

The stiffness of the building will not be affected by the
installation of the equipment. As the mass of the build-
ing increases, the fundamental period also increases.

20. Answer D

The magnitude of an eatthquake has no correlation with
the acceleration or duration. Tor example, the 1989
Loma Prieta earthquake with a magnitude of 7.1 reg-
istered a peak pround acceleration of 0.65 g while the
1994 Northridge earthquake with a magnitude of 6.7
recorded a ground acceleration of 1.8 g. The strong
phase of the 1971 San Fernando earthquake (6.6 mag-
nitude) lasted only 7 sec, while for the 1940 El Centro
earthquake (6.4 magnitude), the duration of strong ac-
celeration lasted 16 sec. h

21. Answer D
The frequency, duration, and ground acceleration affect
the amount of seismic and structural damage.

22. Answer A
Liquefaction occurs in soils. A s0il behaves like a liquid
when its shear strength drops suddenly. Liquefaction
implies an increase in pore water pressure, a cotnplete
loss of bearing capacity, and a decrease in the effective
stress of a soil.
23. Answer D
Liquefaction is a phenomenon in soils in which the shear

strength is drastically reduced due to the sudden appli-
cation of an earthquake force. This occurs most often
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in soils that are saturated in a loose condition and macde
of cohesionless particles, such as sand.

24. Answer D

Earthquakes may trigger rapid consolidation of soft
clay, whereby the loss of grain-to-grain contact and
presence of excess pore water leads to complete loss of
strength. Soft clay sites tend to increase the amplitude
of earthquake motjons more than other Jocal soil condi-
tions.

25. Answer C

Based on the ground accelerations recorded during
earthquakes in California, generally speaking, for earth-
quakes with a magnitude between 8.0 and 8.5, the
ground acceleration is 0.5 g.

26. Answer D

The maximum vibration of a single-degree-of-freedom
system is measured in terms of acceleration, velocity,
or displacement. The maximum velocity of a structure
relative to the ground is known as the spectral velocity.

27. Answer A

For a single-degree-of-freedom system, the natural pe-
riod, T, is the time in which the system completes one
cycle of oscillation. The natural period is the inverse
of the natural frequency, which can be expressed as

T =1/f.

28. Answer C

The maximum vibration of a single-degree-of-freedom
system is measured in terms of acceleration, velocity, or
displacement. The maximui acceleration experienced
by the system in response to a disturbing force is known
as the spectral acceleration.

29. Answer B

Hooke’s law relates the amount of deflection of an ideal
linear spring to the force applied to it. It is expressed
as F' = Kx. The stiffness, K. is the force that deflects
the spring a distance of 1 unit.

30. Answer B

When a building period coincides with an earthquake
period, resonance occurs and the acceleration response
is at its maximum.

3). Answer C

m
T =2n,/—
% 3
m
T'=72 .
™ oK [U.5]

As the weight of a structure increases, the period of
vibration becomes longer. For example, steel or con-
crete structures tend to have high periods compared
with wood structures. The stiffness of & structure also
affects the period of vibration: the stiffer the structure,
the shorter the period of vibration.

32. Answer D

The maximuwm considered (capable) earthquake is de-
fined in the CBC [Sec. 1655, Appendix, DIV 1V] as
the maximum level of earthquake ground shaking that
may be expected at the building site within the known
geological framework. In seismic zones 3 and 4, this in-
tensity may be taken as the level of earthquake ground
motion that has a 10% probability of being exceeded in
100 years.

33. Answer B
The mass and period of a system are related by the
following equation.

m

[U.s]

Increasing the mass of a single-degree-of-frecdom sys-
tem will result in a longer period of vibration. From
Newton’s second law, F' = ma, it is seen that the re-
sponse of the larger mass to the same force will result
in a lower acceleration.

34. Answer D
Rigidity is the reciprocal of deflection.

35. Answer A
For parallel springs, the composite stiffness is the sum
of the individual spring stiflnesses.
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36. Answer A
ST solution

The natural period of vibration for a single-degree-of-

freedom system is
my
T =2n,/—
1 4/ 29

my
Tl2 = 4772 (K—l)

TIQK1 = 471'27'711

My
=27,/ —
T T / i,
m
T} = 4n? (}—{i)

T2K, = Anmy
Since iy = ma,

TEKy = T3,
(1.73)2K; = (3.0)°K;
Ko = 1K,

Customary U.S. solution
The natural period of vibration for a single-degree-of-

freedom system is

mj
ch{l

my
T2 = 4r? (—)
- 9.5

TJZ_(]CKL = 4’)T2m1
my
ch2
msz
T2 = 47° (—)
" 9K

ngci(g = 4n%m,

T1 = 2

Ty =2n

Since my = my,

Tt9-Ky = T3 9. K»
Ti K = T2K,
(1.73)2K, = (3.0)2K,

K,=1iK,

37. Answer C
SI solution

Both systems can be modeled as cantilever beams be-
cause they are fixed at the bottom and free at the
top. The stiffness of a cantilever beam is described by
K =3EI/hS,

Ky = 3E1311
fy
3E\ [, = K\h}
3EL I,
Ky = —=
2 h3

33212 = thg

It is givenn that h, = 2h),Ey = E3, and I, = I.
Therefore,

Kihd = Kyh
Kih3 = K,(2hy)*

K, =8K, [Eq. 1)
Iy =2nm %—:
7o ()

T2K, = 47°m,
T3 =27 %
12 = 4n* (7;—2)

T2K, = 4n’my

Since my = ms,

TIK, = T2K> (Eq. 2]

Substitute Eq. | into Eq. 2 and solve.

TE(8K7) = TF(Ka)

T? = 8T}
T, = 2.8371
~ 30T1
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Customary U.S. solution

Both systems can be modeled as cantilever beams be-
cause they are fixed at the bottom and free at the
top. The stiffness of a cantilever beam is described by
K =3EI/h3.

3E T
I(l = -—‘}?

3E\ ) = KA}

3E3 1

Il

3EyI, = Kyh3
It is given that hy = 2hy, Ey = FEy, and I}, = [».
Therefore,
Kih} = Kohl
Kih = K»(2hy)?

K, = 8K, [Eq. 1]
my
Ty == 27
] 9K
m
T2 = 452 ( - )
: N
lech] = 471'2m1
—
15 =27
g \/chz
T2 = 452 ( 2 )
2 9K
T2g. 1> = drlmy
Since my = ma,
T2K, = TEK, (Eq. 2]

Substitute Eq. 1 into Eq. 2 and solve.
T (8K2) = T3 (K2)

T2 = 8T
T, = 2.837)

38. Answer A

Since the columns are rigid, the force is distributed to
the columns in proportion to their rigidities (or stiff-
nesses). The composite stiffness is the sum of the indi-
vidual column stiffnesses.

The distributed shear stress in the first column is

X,
Vi = F | s
1 (1(,+K2+K3>

Substitute for Ky, K3, and K3; then simplify.

(Eq. 1]

12E, I,
hf
_ 12k 0

Ky =

It is given that B} = FE, = FE3 and hy = hs = hg.
Therefore,

Kr =K, + K2+ Kj

12F
= (#) (I + 2+ 1) [Eq. 2]
1

Substitute Eq. 2 into Eq. 1 and solve.

I I
Vi=F| ———— | =F/{ -
: (Il "‘12"'13) (Itotal)

For I) = %IQ and I, = %]3

ILoLa.l = ]1 +311 +6Il = lO]l

I 1
VW=F|-—|=—-F
! (1011) 10
39. Answer B

When a system is set into oscillatory motion, it will
continuously move until the dissipation of energy (pri-
marily through friction) eventually causes the system
to reach a motionless equilibrivm position. This dissi-
pation of energy is called damping.

Therefore,

40. Answer B

Flexibility is the total deflection of a structural system
when a unit lateral force is applied. Flexibility can also
be defined as the inverse of stiffness.

41. Answer A

Curve K represents an oscillating system that takes
many cycles (and a long time) before reaching the mo-
tionless equilibrium position. Systems with small or
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moderate amounts of damping are called underdamped;
curves L, M, and N are critically damped or overdamped.

42. Answer C

For a multiple-degree-of-freedom system, the oscillation
of the system is a combination of the oscillations of the
several lumped masses. Each mode of oscillation (as
many modes as there are lumped masses) has its own
shape and natural frequency. The first, or fundamen-
tal, mode has the longest period (i.e., the smallest fre-
quency).

43. Answer B

For a multiple-degree-of-freedom system, at higher
modes the periods are smaller (i.e., frequencies are
longest). The lower modes have the longest period (i.e.,
the lowest frequency).

44. Answer B

High-rise buildings require greater flexibility to resist
large earthquakes. In general, the height of these build-
ings influences the period of vibration—the taller the
high-rige, the longer the period of vibration.

45. Answer D

The ground acceleration is an acceleration to which a
building responds, while the building acceleration is a
function of its dynamic characteristics, mass, m, and
stiffuess, K. The response of the building to the ground
acceleration depends on the characteristics of both the
earthquake and the structure, including the building
period. For infinitely stiff buildings and buildings with
zero patural periods, the ground acceleration and the
building acceleration are identical. Therefore, this ra-
tio becories 1. Generally, the building acceleration is
higher than the ground acceleration.

46. Answer C
SI solution

Using the response spectra provided, the spectral accel-
eration for a natural period of 0.3 zec is determined to

be 0.7 g.
F =ma

Y

= 0.TW
- (0.7)(712 kN)
- 498 kN

= 500 kN

Customary U.S. solution

Using the response spectra provided, the spectral accel-
eration for a natural period of 0.3 sec is determined to

be 0.7 g.
F = <ﬂ> a
9

W(32.2 @ ) (0.7 g)

sec=-g
o o Et-Tbm
“ Ibf-sec?
= 0.7W |bf

= (0.7)(160 k) (9(%(%“)

= 112,000 Ibf
~ 110k
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CHAPTER 2

Allowable Soil Bearing Value
Allowable Stress

Bose Shear

Bearing Wall System
Braced Frame Structure
Building Frame Structure
Building Period

(BC Design Criterion
(BC Design Ratio

C (Coefficient
Combination Load

Component Response Modification
Factor

Concentric Braced Frome
Deformation Compatibility
Dual System

Ductility

Eccentric Braced Frome
Emergency Facility

Energy Absorption Capacity
Essential Focility

Flexible Structure

Floor Partition Load

Geomefric Irregulority

(CoDES AND REGULATORY PROVISIONS

TOPICS

High-Rise Building
h., Definition
Importance Factor
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1. The CBC bases its seismic zone factor on the effective
peak ground acceleration that has a 10% chance of being
exceeded in 50 years. What is this EPA intended to
represent?

A. the maximum probable earthquake

B. the minimun considered (capable) earthquake
C. the maximmmn predictable earthquake

D. the minimum theoretical carthquake

2. In designing and detailing structures, the purpose of
complying with CBC seismic requirements is to prevent
which of the following in the event of an earthquake?

A. structural damage

B. architectural dawage
C. loss of life

D. disruption of business

3. By what amount does the actual seismic force that
can be developed in a structure exceed the design seis-
mic force calculated using CBC principles?

between 1.0 and 1.3
between 1.3 and 1.6
between 1.6 and 2.0
between 2.0 and 2.8

QW

4. CBC seismic provisions are infended as minimum re-
quirements. The level of protection and safety can be
magnified by increasing which of the following?

the inherent overstrength and global ductility
the design lateral force

the redundancy

all of the above

Cow

5. An engineering firm is designing a family dwelling
in seismic zone 4. This area is subject to very strong
winds. What loads should the firm consider in designing
and detailing the structure?

A. It should design for only wind load and comply
with CBC scismic detailing requirements.

B. It should design for only seismic load and com-
ply with CBC seismic detailing requirements.

C. It should design for the combination of both
loads.

D. It should design for the larger of the two Joads
and comply with CBC seismic detailing re-
quirements.

6. Which of the following statements is not. correct?

Wind losds may govern over scismic loads,
Seismic loads may govern over wind loads.
Seiswic loads are inertial in nature.

Wind loads are inertial in nature.

vawr

7. A site is subject to liquefaction and earthslides and is
located on an active major faolt line. The CBC prevents
construction on this site due to which of the following?

liquefaction

earthslides

fault lines

The CBC does not prevent construction on this
site.

gawp

8. For concrete, when considering earthquake forces with
the alternative basic load combinations, what percent-
age increase for all allowable stresses and soil bearing
values does the CBC specify for the working stress de-
sign method?

A. 25%
B. 33%
C. 50%
D. 66%

9. Under what section of the CBC is Deformation Com.-
patibirty defined?

A. Section 1633

B. Section 1633.2

C. Section 1633.2.4

D. Section 1633.2. Jtem 4

10. Which of the following facilities must remain opera-
tional after an earthquake?

A. police trsining centers
B. dairies

C. bakeries

D.

hospitals with surgery rooins

11. A small hospital equipped with a surgery room is
located im a small town in California (seismic zone 4).
Based on CBC requirements, how is this facility best
identified?

A. hazardous
B. essential
C. standard
D. special

PROFESSIONAL PUBLICATIONS, INC.




CODES AND REGULATORY PROVISIONS 17

12. Per CBC requirements, what values of seismic co-
efficients C, and C,, respectively, would be used when
the soil profile type is unknown in seismic zone 37

A. 0.24 and 0.24
B. 0.33 and 0.45
C. 0.36 and 0.54
D. 0.36 and 0.84

13. What does the R factor account for?

A. the resistance of the structural system

B. the energy absorption capacity of the structural
Systern

C. the stiffness of the structural system

D. all of the above

14. The value of h,, for the following structures is

penthouse
SN NG N/ KK TR 7
structure | structure Il

A. larger for structure I.

B. larger for structure II

C. equal for structure I and structure II.
D. Ajr multiplied by the number of stories.

15. For steel eccentric braced frames, what is the value
of C?

A. 0.020
B. 0.030
C. 0.035
D. 0.073

16. The total seismic dead load should include

A. anything suspended inside the building from
the roof.

B. anything mounted on the upper half of the walls.

C. permanent equipment mounted on the roof.

D. all of the above.

17. For the base shear calculation of a building, an engi-
neering firm needs to consider 40 Ibf/ft2 (1.92 kN /m?)

of snow load with respect to the total weight, W. Which
is the correct statement?

A. Snow load can be excluded.

B. Only 30 Ibf/ft? (1.44 kN/m?) of snow load shall
be iucluded.

C. Snow load can be reduced 25%.

D. Snow load may be reduced up to 75% with ap-
proval of the building official.

18. The weight, W, used in base shear cslculation
(V = (CyI/RT)W) excludes which of the following?

A. 110 Mbf/ft? (5.27 kN/m?) of the floor live load
in a warehouse

B. 10 Ibf/ft? (0.48 kN/m?) of the Aoor partition
load

C. 40 1bf/ft? (1.92 kN/m?) of the snow load

D. none of the above

19. When designing a storage warehouse, what per-
cent of live load must be included in the value of total
weight, W?

A 0%

B. 25%
C. 75%
D. 100%

20. For a proposed building in seismic zone 4, the study
shows that the construction site is all hard rock-like
materjal. The elastic fundamental period of vibration
for the building is 1 sec (s). Using the following spectral
shape, what will the corresponding value of the spectral
acceleration be?

I
o
5

T,=C,/25C,

C/T

spectral acceleration (g's)

Sa

|
|
|
|
|
|
1
[
!
|
[
[
[
)
)

Ts

Ts T (sec)
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A 0.32
B. 0.43
C. 0.54
D. 0.64

21. For determining the fundamental period, 7T, of &
building with concrete shear walls by Method A, CBC
Sec. 1630.2.2, Item 1 gives the following formula.

Ay=y A, [0.2+ (%)2}

The value of C; for this structure may be taken as
0.1/V/A,. (For SI, 0.0743/\/A. for A, in m?))

What is the maximum value of D, /h,?

A. 03
B. 0.9
278
o g

22. For determining the fundamental period, 7, of a
building, the CBC gives the following formula.

T=2r |5
\} .QZ f+6.
1=1

This formula represents

the period defined by Method A.
the period defined by Method B.
the static period.

the dynamic period.

oW

23. The natural period of a building is 4 sec. At the roof
level of the structure, the {orce, F;, which is additional
to the base shear, should be determined by which of the
following formulas?

A F,=0
B. F,=0.07TV
C. F, = Cyhn)?*
D. F, =025V

24. If a building’s natural period, 7°, is 0.6 sec, what is
the concentrated force at the top of the structure?

A Fi=0

B. F, =006TV
C. F,=007TV
D. F, =025V

25. The maximuwmn base shear can be calculated from
which of the following formulas?

CyI
V= w
AV (RT)

25Cal
V= w

%)

C. V=011C 1w

7
D V- (0.82’]\01) W

w

R

26. Which of the following systemns is without a com-
plete vertical load-carrying space frame?

bearing wall systems
nowment-resisting frames
building frame systems
dusl systerns

vaw»

27. For a momeot-resisting structural system, resistance
to lateral load is provided by which of the following?

complete space frames
shear walls

braced frames

flexura) action of members

S oW

28. Which of the following structural systems have the
lowest ductility for structures three stories or less?

A. concrete shear walls

B. steel braced bearing walls

C. heavy timber braced bearing walls
D. wood structural panels bearing walls

29. Concrete is preferred over steel for designing a seven-
story apartment complex in Los Angeles. For this buaild-
ing, what type of moment-resisting concrete {rame
should be selected?

A. special

B. intermediate

C. ordinary

D. any of the above
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30. For a building in San Francisco, different types of
structural systems are being analyzed. Since the height
of the building is 200 ft (61 m), which of the following
combinations are allowed by the CBC?

I. dual systems
1. special moment-resisting frames
IT1. building frame systems

A. Tonly

B. Tand I

C. Tland I

D. I, II, and IXI

31. A structure consists of a special moment-resisting
steel frame and shear walls. According to CBC require-
ments, what is the lowest percentage of base shear that
the special moment-resisting steel frame must resist in-
dependently?

A 0%
B. 25%
C. 50%
D. 75%

32. Consider an 80 ft (24.4 m) special moment-resisting
steel frame. Applying Method A of CBC, Sec. 1630.2.2,
what is the period of the building?

A. 0.40 sec
B. 0.53 sec
C. 0.80 sec
D. 0.94 sec

33, Three types of structures are shown. They arc lo-
cated at a site in seismic zone 4 and underlain by the
same soil profile. If an earthquake occurs with a pre-
dominant period of 0.6 sec, which of the following build-
ings has the greatest possibility of being in resonance
with the earthquake?

93.2 ft
[ (28.4 m)

54.3 ft

44.2ft W (16.6 m)

(13.5 m)

y
NN ASEEY SANEE OO SNV AN AN AANNVA AANNAN

reinforced

concrete special steel
shear walls moment-resisting concrete
bearing wall frame moment-resisting

system frame

A. Tonly

B. T and ITT

C. Il and III
D. I, 11, and III

34. For a ten-story office building underlain with soil
profile type Sg in Los Angeles, R = 5.6, W = 2000 K
(907185 kg), N, = 1.0, snd N, = 1.0. What is the
minimum allowable design base shear for this structure?

88.0 k (390 kN)

1150k (510 kN)
230.0 k (1020 kN)
393.0 k (1750 kN)

oows

35. For a structure with a scismic base shear coefficient
C,I/RT = 0.14. what is the eflective spectral accelera-
tion (expressed in percentage of gravity)?

A. 5%
B. 10%
C. 14%
D. 25%

36. A special moment-resisting steel structure is being
designed with a heighi of 240 ft (73.2 m). The site for
this building is underlain with very dense soil and soft
rock with 2500 ft/sec (760 m/s) shear wave velocity in
seismic zone 4. Based on the CBC requirement, the
value of C,, /T in designing basc shear need not exceed
which of the following?

A. 056N,
B. 0.96N,/T
C. 1.92/T
D. 25C,

37. A building muost be designed that will not require
any addittonal force at the roof level (F; = 0). Assume
the maximum possible natural period for this building.
Use R = 3.5, soil profile type 4, Z = 0.4, and near
source factor NV, = L.2. What is the design base shear
using CBC Formula 30-47?

A O

B. 0.10/W
C. 1L.0IW
D. 101W

38. Considering CBC Table 16-P, for which of the fol-
Jowing structures can the CBC Formula Fy, = 4.0C,J, W,
not be used?
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penthouses

water tanks

braced parapet walls
roof-mounted equipment

ocowE

39. What are the minimum and maximum values of R,
for the attachments of permanent equipment supported
by a structure? Note that attachments include anchor-
ages and required bracing.

A, 1.0 and 3.0
B. 1.0 and 1.5
C. 1.5and 3.0
D. 1.5 and 4.0

40. For the design of the monument in the following
illustration, what R value should be used?

aocoDooOoa

NN

A 20
B. 22
C. 29
D. 36

41. For special moment-resisting space frames, what are
the values of a), and Ry, respectively, for attachment of
the suspended ceilings? Note that attachments include
anchorages and required bracing.

A. 1.0 and 3.0
B. 1.0 and 4.0
C. 25 and 3.0
D. 2.5 and 4.0

42. You are going to design a billboard next to a freeway.
This billboard is a self-supporting structure. What
value of the seismic force oversirength factor should be
used?

A 2
B. 3
C. 4
D. 5

43. Nonbuilding structures other than “rigid structures”
and “tanks with supported bostoms™ should be designed
to resist design secismic forces not less than

A, 0.11CIW
B. 0.56C, W
C. 0.70C,JW
D. 3.0C,W/R

44. You are to design a rigid nonbuilding structure with
a period 7' = 0.04 sec (0.04 5). Which CBC formula
would you use for obtaining the lateral force?

A, V =07C,IW
B. V =0.11CJW
C. V=ZICW

D. V = C,IW/RT

45. The fundamental period of nonbuilding structures
should be determined by which of the following CBC
methods?

A. Method A

B. Method B

C. either method
D. necither method

46. Two water tanks are shown. Omne tank is well an-
chored on the top of a building. The second tank is
on the ground and is self-supporting. Which tank is
considered a nonbuilding structure?

tank )
~tank 1l
A
N N\% NZOONNYANNN\ V4 NN ZANS% <

I only

II only
Iand Il
neither

Oow>

47. An 80 ft (24.4 m) special moment-resisting steel
frarme with eight stories has a fundamental period of
0.7 sec (0.7 s). Per the CBC, what is the maximum
allowed design level response displacement (total story
drift)?
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A. 0.30in (8 mm)

B. 040 in (10 mm)
C. 048in (12 mm)
D. 0.60in (15 mm)

48. The calculated story drift of one level relative to the
level above or below due to the design lateral force shall
include
1. torsional deflections.
I1. translational deflections.
III. bending deflections.

A. Tonly

B. T and Il
C. Iand Il
D. II and 11T

49. A structure in seisinic zone 4 has an R value of
8.5. What may be the maximum design height of this
structure?

A. 65t (20 m)
B. 160 ft (49 m)
C. 240 ft (73 m)
D. no limit

50. A regular structure is proposed for a high-rise in
seismic zone 3. A static analysis is performed to design
this high-rise. What should the maximum design height
be?

A. 65f (20 m)

B. 160 ft (49 m)

C. 240 ft (73 m)

D. mno limit

51. An ordinary steel-braced frame structore will be
designed for an insurance company in San Francisco.
Based on CBC requiremnents, what should the maxi-
mutn allowable height be for this building?

A. 65 ft (20 m)
B. 160 ft (49 m)
C. 240 ft (73 m)
D. no limit

52. A property owner desires to build an apartment
building in San Francisco for a total occupancy load of
6000 persons. An irregular structure will be designed to
meet the owner’s need. If dynamic lateral force proce-
dures are used, what should be the maximum allowable
height?

A. 5 stories

B. 65ft {20 m)
C. 240 ft (73 m)
D. no limit

53. Au engineer computes the total base shear for a
regular structure using the static force procedure, and
Method B for the building period. If a dynamic analysis
is perforimed using the default spectral response of CBC
Fig. 16-3, what percentage reduction of the Lotal base
shear does the CBC allow?

A 0%
B. 10%
C. 25%
D. 75%

54. For irregular structures, what percentage reduction
of the total base shear (calculated by the static force
procedure) does the CBC allow when dypamic analysis
is performed?

A. 0%
B. 10%
C. 25%
D. 50%

55. An engineering firm is designing a hiospital in seismic
zone 4. The building has a vertical geometric irregular-
ity. The height of the building is 65 ft (19.8 m). Which
type of lateral force procedure should be used?

A. static

B. dynamic

C. either static or dynamic
D. neither

56. For the structure shown, S, represents the story
strength of the n'* floor. The relative story strengths of
different floors are given as follows. Which floor should
be identified as a weak story?

80% Sy < 5] <90% S,
80% S3 < 55 < 85% S
70% Sy < 53 < 80% Sa
Sy = 80% Si
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6" floor
5% floor
4t floor
39 floor
2" floor

1 floor
N SSANNNEK ¢

A. 1% floor
B. 2" floor
C. 3 floor
D. 4 floor

57. The horizontal dimensions of the lateral force-
resisting systems for two structuves are shown. Based
on CBC Chap. 16, which building can be defined as a
vertically irregular structure?

2 ft

{0.6 m)
15ft 10ft 10 ft

10 ft 1
3m)|! (4 m)
(4.6 m) (3 m){3 m)

) |
[ 77 I

NGNS NN N DIRNIINGS I NS I NSNS,

structure | structure I
% Iatereﬂ .
//////4 forcse;:::;tlng
A. I Only
B. 11 Only
C. Tand II
D. neither

58. A building is vertically irregular. For the fourth
floor, the story strength is less than 80% of the story
above. Which type of irregularity applies?

A. soft story

B. weak story

C. mass story

D. none of the above

59. Which of the following buildings has a soft story?

building | building I building Iil
A. Tonly

B. Tand I

C. Tand III

D. II and III

60. In general, vertically irregular structures with more
than two stories [or more than 30 ft (3.1 m) in height]
are prohibited by the CBC when the percentage of one
story’s strength to the strength of the story above it is
less than

A 50%.
B. 65%.
C. 80%.
D. 85%.

61. A structure having a flexible upper portion (tower)
supported on a rigid lower portion (platform) js shown.
The tower and platform portious of the structure are
classified as being regular. The periods shown are for
each portion (the upper portion considered as a sepa-
rate structure fixed at the base). The static lateral force
procedure should be used. What is the maximum pe-
riod for the eptire structure?

tower T= 032 sec

platform T =0.28 sec

A. 0.28 sec
B. 0.32 sec
C. 0.35 sec
D. 0.50 sec

62. For the structures shown, the lower portions sup-
port the upper portions. The upper portions are flexi-
ble, while the lower portions are rigid. Each portion of
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the structures is classified as being regular. Per CBC
Sec. 1629, which of the structures can be designed by
the static lateral force procedure, provided that the pe-
riod of the entire structure is not greater than 1.1 times
the period of the vpper portion?

k = 1050 1bf/in
k = 1000 Ibf/in (184 kN/m)
{175 kN/m)
k = 1000 Ibffin
{175 kN/m) = 1150 Ibf/in
k = 1000 Ibf/in {201 kN/m)
{175 kN/m) |
k = 8000 Ibffin k= 11,000 Ibf/in2
(1400 kN/m) (1525 kN/m)

structure | structure Ul

k = stiffness

structure I only

structure 11 only

both structure I and structure 11
neither

oaQw»

63. An 80 ft (24.4 m) structure in California has a con-
crete bearing wall system along one principal axis and a
special moment-resisting steel frame along the otthosg-
onal principal axis. What value of R should be used?

4.5
5.5
6.4
8.5

OO

64. In designing structuves that support flexible noxn-
structural elements in seisinic zones 3 and 4, when should
interaction effects between the structure and the sup-
ported elements be considered?

A. combined weight exceeds 25% of the weight of
the structure

B. combined weight does not exceed 25% of the
weight of the structure

C. combined weight exceeds 75% of the weight of
the structure

D. combined weight does not excecd 75% of the
weight of the structure

65. Using allowable stress desigu loads, the CBC rmmi-
muin resisting force for retaining walls against overturn-
ing is

half of the overturning moment.

% of the overturning maoment.

equal to the overturning moment.

1.5 of the overturning moment.

SCamx

66. Using allowable siress design loads, the CBC re-
quires retaining walls to be designed to resist sliding by
at least

50% of the lateral force.

85% of the lateral force.

100% of the lateral force.

150% of the lateral force.

SELFS

67. Per CBC requirements, interior walls, permanent
partitions, and temporary partitions that exceed 6 ft
(1.8 m) in height should be designed to which of the
following criteria?

I. to resist all loads to which they are
subjected
II. 1o resist & minimun force of 5 Ibf/ft?
(0.24 XN /m?) applied perpendicular
to the walls
OI. to deflect a maximum of L /360 of the
walls’ span

I only

I and IT

1 and II1
II and I11

©QwW»

G8. The structures shown are in seismic zone 4. Dur-
ing an earthquake, they will drift equally (i.c.; the
design level responsc displacements are the same.
Dsp = Asn = Ag). There is no justification for
ratjonal analyses. Baszed on this information, what
is the minimum required separation between tiicse
structures?
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20 ft 15 ft
(6.1 m} (4.6 m)
[——————| f

o —

| ] 50 ft
(15.2 m)

SN NN NN

concrete cancrete
shear walls shear walls
bearing wall  building frame

system system

two times the displacement A,
three times the displacement A,
four times the displacement A,
five times the displacement A,

OO

69. In San Francisco (seismic zone 4), a special moment-
resisting steel frame structure with a height of 60 ft
(18.3 m) is located next to a vacant space on the same
property. An investor wants to build an 80 ft (24.4 m)
concrete shear bearing wall structure on the lot, close
to the first building. The fundamental periods of the
existing and proposed buildings are 0.8 and 0.5 sec (s),
respectively. Based on this information, what is the
minimum separation between the two buildings required
by the CBC? (There is no justification for rational analy-
ses.) Assume each building has five equal stories.

A. 3in (7 cm)

B. 23in (60 cm)
C. 28in (71 cm)
D. 35in (89 cm)

70. Mechanical equipment is constructed on the top
level (roof) of a building. The equipment is well at-
tached to the structure. It weighs 30 k (13562 kg).
With respect to grade, the structure roof elevation is 80
ft (24.4 m), while the equipment attachrent elevation
is 86 ft (26.2 m). Using scismic zone 3 design criteria,
determine the total design seismic force that this per-
manent nonstructural component and its attachment
should resist. There is no analysis or empirical data
available,

01bf (0 N)

7560 Ibf (33500 N)
15,210 Ibf (67370 N)
48,000 Ibf (213000 N

OQwx>

71. Backup electrical equipment for a surgery room of a
San Francisco hospital is installed on the roof with ade-
quate support and anchorage. The closest distance be-
tween this site ang the seismic source type A is 3.11 mi
(5 km). The equipment weighs 4000 ibf (1814 kg).
What is the lateral force on the equipment?

3600 Ibf (16010 N)
6230 Ibf (27710 N)
7200 Ibf (32020 N)
12,720 1bf (56590 N)

SASE R

72. For nonbuilding structures with special and stan-
dard occupancy categories in seismic zones 3 and 4, the
intermediate moment-resisting frame (IMRF) may be
used when

L. the structure is Jess than 50 ft (15.24 m)
in height.
II. the structure is less than 160 fi (48.72 m)
in height.
II1. the value of K used in reducing cal-
culated member forces and moments
does not exceed 2.8.

[ only

11 only

I and III :

IMRF systems are prohibited in scismic zones
3 and 4.

CQw>

73. A walkway tunnel connects two high-rise office build-
ings fn San Francisco. What connections should be used
between the walkway and the buildings?

fixed connections on both ends

hinges on both ends

sliding connections on both ends

sliding connections on one end and linges on
the other end

o QW
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74. An engineer under supervision of a registered civil
engineer can prepare which of the following?

A. plans

B. reports

C. guantity calculations
D. all of the above

75. Which of the following final documents must bear
the seal or stamp of a registered civil engineer?

I. plans
I1. specifications
1I[. reports

A. Ionly
B. IaudII
C. Tland III

D. I, 1, and III

76. A report characterizing the potential for liquefaction
iz needed for the site of an office building. Who provides
the information?

A. an architect

B. a confractor

C. a civil engincer

D. a geotechnical engineer

77. For a single family home, who is respousible for
signing the final soils report?

A. a geotechnical cugineer
B. an architect

C. a registered civil engineer
D. a contractor

78. Who should sign the plans, specifications, and re-
ports of an engineering firm?

A. the owner of the firin

B. the property owner

C. a registered civil engineer
D. a building inspector

79. For one-story residential buildings, which of ihe
following registered professionals can design and sign
plans?

A. architects

B. civil engineers

C. struciural engineers
D. all of the above

80. Who should sign, stamp. and secal the structural
desiun plans for a school in California?

A. aregistered civil engineer

B. a registered structural engineer
C. an experienced engineer

D. a geotechnical engineer

81. For structural systems, the details of connections
that resist seismic forces should be

A. provided by the contractor.

B. designed by the engineer.

C. dictated by the building inspector.
D. all of the above.

82. What does the California Hospital Act require?

A. no construction of hospitals near faulis

B. fully functional hospitals after an earthquake

C. using special moment-resisting frames for
hospitals

D. construction of hospitals with base isolation

83. The California legislature act that pertains to en-
forcing minimum standards for lateral force resistance
in all structures is

A. the Field Act.

B. the Riley Act.

C. the CBC Act.

D. none of the above.

84. What California Administrative Code requires that
hospitals be operational after an earthquake?

A. Title 6

B. Title 12
C. Title 18
D. Title 24
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CHAPTER 2

SOLUTIONS

1. Answer A
The CBC’s provisions are set as minimum requirements,
and section 1627 defines the design basis ground motion

e R (the inherent overstrength and global duetil-
ity capacity of lateral-force resisting system)

(maximum probable) as that ground motion with a 10% e the design lateral force

hs ‘o of bet o exceeded in 5 : ~ N 171 . :

(h’f’t'u of b'(f‘mT xcc;d( d ]1 )_0+ ygﬂls’ as d(:)ter'rmlnl_d bﬁ e redundancy (i.c., two or wmore lateral oad sup-
a site-specific hs analysis or from i .

a site-specific hazard analy om a seismic hazar porting systems)

map.
o the quality of the construction materials

2. Answer C
Based on the CBC [Sec. 101.2], the purpose of comply-
ing with CBC seismic requirements is to prevent loss of

e the quality of the construction methods

life in the event of an earthquake. Although the seismic 5. Answer D

codes affect the performance of structures and tend to Per the CBC [Sec. 1626.3], between seismic and wind

prevent structural damage during an earthquake, this loads, the firm should design for the larger load and

is not the main intent of the codes. According to CBC cownply with the detailing provisions of the seismic codes.

[Sec. 1626.1}, the primary purpose of earthquake pro-

visions is to avoid major structural failures in order to 6. Answer D

safeguard lives, not to limit damage or maiatain func- Per the CBC [Sec. 1626.3], the larger load, wind or seis-

tion. mie, governs the design. Wind loads are applied over
the exterior surface of the structure, while the seismic

3. Answer D loads are inertial in nature.

In a linear elastic structure, the force in the struc-
ture reaches I times the calculated design seismic force
where R is the global ductility factor of the structure
and has a value between 2.2 and 8.5, depending on the
structircal system. However, because of the inelastic be-
havior of the actual structure, the natural period and
the damping ratio increase and seismic energy is dissi-
pated. This reduces the actual seismic force that can be
developed to €, times the design seismic force, where
{1, is the force amplification factor that varies between

7. Answer D

This land is subject to liquefaction, earthslides, and
major ground acceleration. The code does not prevent
construction on this site, but as a minimumn require-
ment, the CBC provisions should apply to the construc-
tion. To increase the level of protection, R, the design
lateral force, redundancy. and the quality of the con-
struction materials and construction methods should be
mcreased. Other state and local codes may be appli-

2.0 and 2.8, depending on the structure. cable.

4. Answer D & Answer B

The level of protection and safety applies to the seismic With the alternative basic load combinations for con-
resistance of the structures, which can be increased by crete design, the CBC [Sec. 1612.3.2] allows for a ‘i
increasing the following. increase when considering the earthquake force, either
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acting alone or when combined with vertical loads. In
the case of vertical loads acting alone, this increase is
not permitted.

9. Answer C
Deformation compatibility is defiued in the CBC
[Sec. 1633.2.4].

10. Answer D

Per CBC Table 16-K, only those facilities that are cat-
egorized as occupancy category 1 (Essential Facilities)
need to remain operational after sn carthquake. Hos-
pitals with surgery and emergency rooms are essential
facilities and should remain open.

11. Answer B

Per CBC Table 16-K, for occupancy category 1, hospi-
tals having surgery and etnergency treatment areas are
considered essential facilities.

12. Answer C

Soil profile types Sa, Sp, S¢, Sp, Sg, and Sy are de-
fined in CBC Table 16-J and soil profile type Sg is
defined as soils requiring site-specific evaluation. The
CBC [Sec. 1629.3.1] identifies soils that can be classified
as the soil profile type Sf.

However, according to CBC [Sec. 1636.2], soil profile
type Sp should be used for locations with insufficient
geotechnical details to determine the soil profile type.

For the soil profile type Sp in seismic zone 3, based on
CBC Table 16-Q, the seismic coefficient C, is 0.36 and
based on CBC Table 16-R, the seismic coefficient Cy is
0.54.

13. Answer B

The response modification factor B accounts for the en-
ergy absorption capacity. Per the CBC [Sec. 1628], it
is a numerical coefficient representative of the inher-
ent overstrength and global ductility capacity of lateral-
force resisting systems. R values are tabulated in CBC
Table 16-N, for various types of building structural sys-
tems, and in Table 16-P for nonbuilding structures. As
the value of R increases, the ductility of the structure
increases.

14. Answer A

Per the CBC [Sec. 1628], h,, is defined as the height in
feet (m) above the base to the n'! level. The n'h level
is the uppermost level in the main portion of the build-
ing. The penthouse is not considered part of the main
portion of the structure; so h,, is larger for structure .

15. Answer B
The CBC [Sec. 1630.2.2, Ttem 1] gives 0.030 (0.0731)
for the value of C, for eccentrically braced steel frames.

16. Answer D
Based on the CBC [Sec. 1630.1.1], the total seismic dead
load of the structure jucludes the following.

e all elements of the structure that are perma-
nent, such as roofs, walls, floors, and equipment

o all elements suspended inside the building from
the roof or ceiling, ot mounted on the upper half
of the walls

e applicable portions of other loads, such as floor
live loads, partition loads, and snow loads

17. Answer D

Where the snow Joad is greater than 30 Ibf/ft>
(1.44 XN/m?), the CBC [Sec. 1630.1.1, Item 3] speci-
fies that the design snow load should be included in the
total seismic load. However, with the approval of build-
ing officials, the design snow load may be reduced up
to 75%.

18. Answer D

Per the CBC {Secs. 1630.1.1, Items 1, 2, and 3}, for the
base shear calculation, the weight, W, should include a
minimum of 25% of the floor live load in a warehouse,
a minimum of 10 Ibf/ft* (0.48 kN/m?) for floor parti-
tions, and the snow load if it is greater than 30 1bf/ft>
(1.44 kN/m?).

19. Answer B

Per the CBC {Sec. 1630.1.1, Item 1], in warehouse occu-
pancies, a minimum of 25% of the floor live load must
be accounted for in the value of the total weight, W.

20. Answer D

Based on Table 16-J, the soil profile type for “hard rock”
is Sa. From CBC Table 16-Q, the seismic response
coefficient C, for seismic zone 4 and soil profile type
Sa is 0.32 N,. Similarly, the value of scismic response
coefhicient C,, is obtained from CBC Table 16-R as 0.32
Na,.

The near-source factor used in the determination of C,
in scismic zone 4 related to both the proximity of the
building to known faults with magnitudes and slip rates
as given in CBC Table 16-S and 16-U. Since this in-
formation is unknown here, from CBC Table 16-S, the
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maximum near-source factor of 1.5 should be used to
find the maximum value of C,. Therefore,

C, = (0.32)(1.5)
= (.48
Similarly, from Table 16-T, N, = 2.0 and C, = (0.32)
X (2.0) = 0.64.
From the given spectral shape,
Cy
380,
0.64
= (2.5)(0.48)
= 0.533 sec
0.533 sec is less than the elastic fundamental period of
vibration for the building (1 sec). Hence,
Cy
84 = T
0.64
~ 1.0 sec
=0.64

Refer to the CBC [Secs. 1627 and 1631.2] and CBC
Figure 16-3 for a more in-depth understanding of the
design response spectrum.

T,

21. Answer B

Method A of the CBC [Sec. 1630.2.2, Item 1] details
that the value of D./h, should not exceed 0.9 when
used in CBC Formula 30-9.

22. Auvswer B

Method B, as defined in the CBC [Sec. 1630.2.2, Ttern 2]
uses CBC Formula 30-10 to calculate the fundamental
period, T. The terms static pertod and dynamic period
have no meaning.

23. Answer D

Per the CBC [Sec. 1630.5], if the value of T is 0.7 sec
or less, the additional force at the top, F}, is equal to
zero. Otherwise, use CBC Formula 30-14.

EF, =0.07TV

For this particular structure, the natural perjod of 4 sec
is greater than 0.7 sec, so Formula 30-14 is applicable.
FE; need not exceed 0.25V, so pexform the following mul-
tiplication.
F, =0.07TV
= (0.07){4 sec)V

= 0.28V

Since 0.28V is greater than the maximum value of
0.25V, use F; = 0.25V.

24. Answer A

Based on the CBC [Sec. 1630.5], use CBC Formula
30-14 for determining the force, at the top, F;. Formula
30-14 is F; = 0.077V. This formula should be used
where T is greater than 0.7 sec. If 7" is equal to or less
than 0.7 sec, I} can be considered to equal zero.

25. Answer B

For base shear calculations in a given direction, CBC
Formula 30-4, V = (C,I/RT)W, should be used. Per
the CBC [Sec. 1630.2.1], the maximum base shear can
be calculated from V = (2.8C,I/R)W. C, and C, are
seisinic coefficients and their values can be obtained
from CBC Tables 16-Q and 16-R, respectively. The
maxitaum value of C, /T is 2.5C,.

26. Answer A

Per the CBC [Sec. 1629.6.2], bearing wall systems are
defined as those structural systems that arc without
a complete vertical load-carrying frame. Bearing walls
give support for all or most of the gravity loads, and lat-
era) loads are resisted by shear walls or braced frames.

27. Answer D

These systems have an essentially complete frame that
gives support to both vertical and lateral loads. Ac-
cording to the CBC [Sec. 1629.6.4]. resistance to lateral
load is provided by flexural actions of members.

28. Answer C

The response modification factor R has been assigned
to reflect the inherent overstrength and global ductility
capacity of different lateral-force resisting systems. As
the value of R decreases, the ductility of the structure
decreascs. For R values, refer to the CBC, Table 16-N.
Using this table, the values of R for choices (A), (B),
(C), and (D) arve 4.5, 4.4, 2.8, and 5.5, respectively.

29. Answer A

There are three types of concrete moment-resisting
frames: special, intermediate, and ordinary. These con-
crete frames are required by design to be part of the
lateral-force resisting system. The CBC permits these
systems to be constructed only in certain seismic zones.
For Los Angeles (seismic zone 4), per CBC Table 16-
N, ftns. 5 and 8, and [Sec. 1633.2.7, Ttem 1], the spe-
cial moment-resisting concrete frarne is the only choice
available.
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30. Answer B

The CBC [Sec. 1630.4.3] allows only combinations of
dual systems and special moment-resisting frames to
be used to resist seismic forces in seismic zones 3 and 4,
and for structures exceeding 160 t (48.8 m) in height.
31. Answer B

Since this structure consists of a cormbination of a spe-
cial moment-resisting steel frame and shear walls, the
CBC [Sec. 1629.6.5] defines it as a dual system. For
dual systems, the CBC [Sec. 1629.6.5, Ttem 2] specifies
that the moment-resisting frames shall be designed to
independently resist at least 25 percent of the design
base shear.

32. Answer D
S1 solution

From the CBC [Sec. 1630.2.2, Ttemn 1], the value of C,
given for steel moment-resisting frames is 0.0853. Use
CBC Formula 30-8 (Method A) to find the building
period.
T = Cy(hn)*/"

(0.0853)(24.4 m)*/4

0.94 s
Note that the value of b, is defined as the height of the
building in meters.
Customary U.S. solution
From the CBC [Sec. 1630.2.2, Item 1], the value of C
given for steel moment-resisting frames 1s 0.035. Usc

CBC Formula 30-8 (Method A) to find the building

period.

T = Cy(hn)*/

— (0.035)(80 ft)3/
= 0.94 sec

Note that the value of h,, is defined as the height of the
building in feet.

33. Answer D
SI solution

Resonauce oceurs when the building period coincides
with the earthquake period. Find the period of each
structure and compare it with the earthquake period of
0.6 s. Use CBC Formula 30-8, T = Cy(hy,)*/*. From
the CBC [Sec. 1630.2.2, Item 1], choose the appropriate

value of €} for each structure. For structure I, C;
0.0488; for structure II, C; = 0.0853; and for structure
1, ¢, = 0.0731.

Ty = (0.0488)(28.4 m)"* = 0.6 s
Ty = (0.0853)(13.5 m)*>/* = 0.6 s
T5 = (0.0731)(16.6 m)*/* = 0.6 s

All of the buildings have an equal fundamental period
of vibration, and they are all located on the same soil
profile; therefore, all three buildings have the same pos-
sibility of being in resonance with the carthquake.

Customary U.S. solution

Resonance occurs when the building period coincides
with the carthquake period. Find the period of each
structure and compare it with the earthquake period of
0.6 sec. Use CBC Formula 30-8, T = C;(h,.}3/*. From
the CBC [Sec. 1630.2.2, Item 1}, choose the appropriate
value of C, for each structure. For structure I, C;
0.020; for structure 1J, ¢), = 0.035: and for structure
I11, C, = 0.030.

71 = (0.020)(93.2 {1)** = 0.6 sec

Ty = (0.035)(44.2 [t)** = 0.6 sec

15 = (0.030)(54.3 [1)** = 0.6 sec
All of the buildings have an equal fundamental period
of vibration, and they are all located on the same soil

profile; therefore, all three buildings have the same pos-
sibility of being in resonance with the earthquake.

34. Answer B
ST solution

Per the CBC [Sec. 1630.2.1], the minimum design base
shear in a given direction can be obtained from CBC
Formula 30-6, V = 0.11C,IW. In addition, for Los
Angeles, located in seismic zone 4, the computed base
shear should not be less than the base shear obtained
from CBC Formula 30-7, V = (0.8ZN,I/R)W.

From CBC Table 16-Q, the seisinic coefficient C, is 0.40
N, for the soil profile type Sy in seismic zone 4.

Use CBC Formula 30-6. From the values given in the
problem statement.

- m
V = (0.11)(0.40)(2.0)(507 185 kg) (9.81 37)
— 3915 kN
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Check CBC Formula 30-7. From the values given in the
problem statement,

e ((“'8)<O“4;(61‘O)(1'0)) (907185 kg) (9.31 g)

= 508.5 kN

Since 391.5 kN is less than 508.5 kN, Vpin = 508.5 kN
should be used.

Customary U.S. solution

Per the CBC [Sec. 1630.2.1], the minimum design base
shear in a given direction can be obtained from CBC
Formula 30-6, V = 0.11 C,IW. In addition, for Los
Angeles, located in seismic zone 4, the computed base
shear should not be less than the base shear obtained
from CBC Formula 30-7, V = (0.8ZN.I/R)W. Check
ST solution.

From CBC Table 16-Q, the seismic coefficient C, is 0.40
N, for the soil profile type Sg in seismic zone 4.

Use CBC Formula 30-6. From the values given in the
problem statement,
V = (0.11)(0.40)(1.0)(1.0){2000 k)
=88 k

Check CBC Formula 30-7. From the values given in the
problem statement,

V::<m8M0?§0NLm>(mmom

=114.30 k

Since 88 k is less than 114.30 k, Viuin = 114.30 k should
be used.

35. Answer C

S1 solution

a= £ [Eq. 1)
=l w g Q.
Cyl
V= <RT) W=014W
rF=v
Therefore,
F =0.14W [Eq. 2]

Substitute Eg. 2 into Eq. 1 and solve.

0.14W
a= — J - 0.14¢9

The effective spectral acceleration in perceatage of grav-
ity is 0.14 gravities.

Customary U.S. solution

a= f— [Eq. 1
=|w g q.
C,I
V= (RT)W—O.MW
F=V
Therefore,
F=0.14W [Eq. 2]
Substitute Eq. 2 into Eq. 1 and solve.
0.14W
= =0.14
a ( W )g 0.14¢g

The effective spectral acceleration in percentage of grav-
ity is 0.14 gravities.

36. Answer D

From CBC Table 16-J, the soil profile type is S¢ for
dense soil and soft rock with the given shear wavc veloe-
ity. From CBC Table 16-R, the value of seismic response
coefficient C, is 0.56 N, for the soil profile type Sc. and
the site is located in seismic zone 4. From CBC Table
16-T | the maximum value of near-source factor N, that
can be used is 2.0. Thus, the maximum value of the
seismic response coefficient C,, is

Cy = (0.56)(2)

=1.12
Co 112
T T

However, the CBC |Sec. 1630.2.1] specifies that the total
design base shear in a given direction should be deter-
mined from the CBC Formula 30-4,

C,l
v_<mjw
Further, on this same section CBC clarifies that the cal-
culated design base shear need not exceed CBC Formula

30-5,
2.5Cal
V= w
(%)
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Therefore,
C.I : 2.5C, 1
(R—'Z> W (—- R > w
G
- 2.5C,
T 5C
37. Answer B

Note that Gy = 0.32)V, because (1) Z = 0.4 and (2) the
soil profile type is S4.

From the CBC [Sec. 1630.5), the maximum value of T
for F; to be zero is 0.7 sec. From CBC Table 16-R, the
seismic coefficient Cy, for Z is 0.4, and soil profile type
Sa = 0.32N,.
C, = 0.32N,
- (0.32)(1.2)
- 0.384

Use CBC Formula 30-4,

I
; Cud Y
v- (%)

0.3847
((‘5.5)(07)) W
0.10/W

38. Answer B

CBC Table 16-P ideuntifies nonbuilding structures, in-
cluding water tanks. Per the CBC [Sec. 1634.1.1], non-
building structures include all self-supporting structures
other than buildings that carry gravity loads and resist
the effects of lateral forces. Penthouses, braced para-
pet walls, and roof-mounted equipment are considered
elements of structures, nonstructural components and
equipment, and their attachments. For the latter, CBC
Formula 32-1, F, = 4.0C,I,W,, determincs the total
design lateral seismic force. The value of C; should be
based on CBC Table 16-Q for the soil profile type. The
value of 1, can be obtained fromn Table 16-K.

39. Answer C

The attachments for permanent equipment supported
by a structure should be designed to resist the total
design seismic forces outlined in the CBC [Sec. 1632.2].

Per the CBC [Sec. 1632.2], R, is the Component Re-
sponse Modification Factor. A value for R, should be
taken from CBC Table 16-O. This table refers to R, as
the horizontal force factor and lists values varying from
1.5 10 4.0. For attachments including anchorages and
required bracing, the maximum value is 3.0.

Based on the CBC [Sec. 1632.2], R, value for anchorages
should equal 1.5 for shallow expansion anchor bolts,
shallow chemical anchors, or shallow cast-in-place an-
chors. Ry should equal 1.0 for anchorages that are con-
structed of nonductile materials or by use of adhesive.

40. Answer B

A monument is considered a nonbuilding structure. For
amusement structures and monuments, the £ valiue is
2.2, as obtained from CBC Table 16-P.

41. Answer A

CBC Table 16-O gives a, and R, values for elements of
structure, nonstructural components, and equipment.
Anchorage for suspended ceilings has an a, value of 1.0
and an R, value of 3.0.

42. Answer A

Signs and billboards are known as nonbnijlding struc-
tures. Per CBC Table 16-P, the seismic force over-
strength factor, Q,, is 2.0.

43. Answer B

Nonbuilding structures include all self-supporting strue-
tures other than buildings that carry gravity loads and
resist seismic forces.

Provisions for “rigid structures” and “tanks with sup-
ported bottoms” are given in the CBC [Secs. 1634.3 and
1634.4, respectively].

Based on the CBC [Sec. 1634.5], other nonbuilding
structures excluding rigid structures and tanks with
supported bottoms should be designed to resist design
seismic forces not less than those forces determined from
CBC Formula 34-2, V = 0.56C,IW. Note that for seis-
mic zone 4, the total design base shear should also not
be less than CBC Formula 34-3, V = (1.6ZN,.{/R)W.

44. Answer A

For noobuilding structures, the CBC provisions of
Sec. 1634 should be used. Rigid structures are defined
as those with a period, T, less than 0.06 sec. In the
lateral force design, CBC [Sec. 1634.3] Formula 34-1,
V = 0.7C,IW, should be used. The value of C; is
based on CBC Table 16-Q for the soil profile type.

45. Answer B

Based on the CBC [Sec. 1634.1.4), the fundamental
period of nonbuilding structures should be caleulated
by rational methods such as Method B [Sec. 1630.2.2,
Jtem 2].
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46. Answer B

The CBC [Sec. 1634.1.1) defines nonbuilding structures
as self-supporting structures (other than buildings) that
carry gravity loads and resist lateral forces. Therefore,
the first tank is supported by the structure, while the
second tank is considered a nonbuilding structure.

47. Answer B

ST solution

As, design level response displacement, is the total drift
or total story drift that occurs when the structure is
subjected to the design seismic forces.

Based on the CBC [Sec. 1630.10.1], story drift should
be computed using the maximum inelastic response dis-
placement (Apz). Apr can be obtained from CBC For-
mula 30-17, Ay = 0.7RAs.

Per the CBC [Sec. 1630.10.2], the calculated story drift
using Ayq should not exceed 0.020 times the story height
for structures having a fundamental period of 0.7 s or
greater.

A = 0.020Ah
24.4 m mm
t——1 e ’ - 1 =
0:020) (-"i sLorios) ( 000 m )
= 61 mm

From CBC Table 16-N, for special moment-resisting
steel frame, K = 8.5.

To compute the maxirnum allowable design level re-
sponse displacement, use CBC Formula 30-17.

Ay =0.7TRAs
Ay
" 0.7R
61 mm
(0.7)(85)
= 10 mm

As

Customary U.S. solution

Ag, design level response displacement. is the total drift
or total story drift that occurs when the structure is
gubjected to the design seismic forces.

Based on the CBC [Sec. 1630.10.1], story drift should
be computed using the maximum inelastic response dis-
placement (Ajnr). Ays can be obtained from CBC For-
mula 30-17, Ay = 0.7RAs.

Per the CBC [Sec. 1630.10.2), the calculated story drift
using A s should not exceed 0.020 times the story height
for structures having a fundamental period of 0.7 sec or
areater.

Apr = 0.0200

80 ft in
— (0.020) (g_;ﬂ 1) <|2 f_t)

From CBC Table 16-N, for special moment-resisting
steel frame, R = 8.5.

To compute the miximum allowable design level re-
sponse displacement; use CBC Formula 30-17.

Ay =0.7RA
Ay
ST 0TR
_24m
~ (0.7)(8.5)
=04 in

48. Apswer B

The story drift is defined as the lateral displacement
of one level relative to the level above or below. For
computing story drifts, the maximum inelastic response
displacement, Az, should be used, Ay 0.7TRAg.
Ag, the resulting deformation, should be determined
at all critical locations in the structure according to
the CBC [Sec. 1630.9.1]. The calculated drift, per the
CBC [Sec. 1630.9.1), should include torsionaland trans-
lational deflections. "

49. Answer D

The structural systemns and R factors are listed in CBC
Table 16-N. Based on the inlormation in this table,
an R of 8.5 applies to special moment-resisting frames
and some dual systems with special moment-resisting
frames. In all seismic zones, there is no height limit
applicable to these systems.

50. Answer C

For regular structures, when the static Jateral force pro-
cedure is used, the maximum design height of the struc-
tures (per the CBC [Sec. 1629.8.3, Item 2]) should be
240 ft (73.2 m).
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51. Answer B

Ordinary steel and concrete braced frames are classified
as building frame systems. Based onn CBC Table 16-N,
a 160 ft (48.8 m) height limit is applicable to those sys-
tems with steel in all seismic zones. However, concrete
ordinary frame svstems are prohibited in seismic zones
3 and 4.

52. Answer D

When the dynamic lateral force procedure is used, the
CBC [Sec. 1629.8.4] imposes no height restriction for
irregular structures in any seismic zone.

53. Answer B

According to the CBC [Sec. 1631.5.4, Items 1 and 2], the
base shear for regular structures, Viynamic, computed by
dynamic analyses procedures, should be as follows.

s preater than or equal to 80% Viatie (where the
ground motion representation complies with the
CBC [Sec. 1631.2, Item 2])

e greater than or equal to 90% Viyaic (Where the
ground motion representation complies with the
CBC [Sec. 1631.2, Item 1})

54. Answer A

According to the CBC [Sec. 1631.5.4, Ttem 3]. the base
shear for irregular structures, Viynamic, vomputed by
dynamic analyses procedures should be greater than or
equal to Ve (where Viaic is determined in accor-
dance with the CBC [Sec. 1630.2]).

55. Answer C
For irregular structures with a vertical geometric irreg-
ularity in seismic zone 4,

e static force procedures may be used per the
CBC [Sec. 1629.8.3, Item 3] if the structure is
not more than five stories or 65 ft (19.8 m) in
height.

¢ dynamic analyses procedures may be used per
the CBC [Sec. 1629.8.4, Ttem 2] without a height
limit.

56. Answer C

Per the CBC [Sec. 1629.9.1 and Table 16-L], vertical
structural irregularities of the weak story type exist
where the story strength is less than 80% of that in
the story above, or Sy, < 80% Sy,11. Checking for each
story shows that S3 < 80% S3. Therefore, the third
floor is a weak story.

57. Answer C
ST solution

CBC Table 16-L defines an “in-plane discontinuity in
vertical lateral force-resisting element,” where the off-
set of the elements ig greater than the length of the
clements.

Assume that L; is the length of the lateral force-
resisting system in the first story. and Ly is the length
of the element in the second story. If the offset length
between stories is greater than the element lengths, ver-
tical structural irregularities exist.

For building I, the offset length is 3 m+3 m == 6 m, and
the element lengths are L), = 3.0 m and Ly = 4.6 m.
Since 6.0 m > 3.0 m, an irregularity exists. Also, since
6.0 m > 4.6 m, an irregularity exists.

For building II, offset length is 3 m + 0.6 m = 3.6 m,
and the clement lengths are Ly = 3.0 m and Ly, =
4.0 m. Since 3.6 m > 3.0 m), an jrregularity exists.
But, 3.6 m < 4.6 m, which does not meet the criteria.
However, the previous comparison with L, is sufficient
to classify the structure as vertically irregular.

Therefore, both buildings are irregular structures.
Structure I also qualifies as vertically irregular under
Category C, Vertical Geometric Trregudarity. Vertical
geometric irregularity exists when the horizontal dimen-
sion of the lateral force-resisting system in any story is
more than 130% of that in an adjacent story.

For building 1, the element lengths ave Ly = 3.0 m and

The horizontal dimension of the element in the second
story is 150% of that in the first story. so the structure
1s vertically irregular.

For building [I, the clement lengths are L) = 3.0 m and
Lo = 4.0 m.

L 1 m

2o =13

Ll 3m
The horizontal dimension of the element in the second
story is 130% of that in the first story, which is not great
enough to classify the structure as vertically irregular
under this category.

PROFESSIONAL PUBLICATIONS, (NC.



CODES AND REGULATORY PROVISIONS 35

Customary U.S. solution

CBC Table 16-L defines an “in-plane discontinuity in
vertical lateral force-resisting element,” where the off-
set of the elements is greater than the length of the
elements.

Assume that L; is the length of the lateral force-
resisting system in the first story, and L, is the length
of the element in the second story. If the offset length
between stories is greater than the element lengths, ver-
tical structural irregularities exist.

For building 1. the offset length is 10 ft + 10 ft = 20 ft,
and the element lengths are L; = 10 ft and Ls = 15 ft.
Since 20 ft > 10 ft, an irregularity exists. Also, since
20 ft > 15 ft, an irregularity exists.

For building II, offset length is 10 ft + 2 ft = 12 ft, and
the element lengths are L, = 10 ft and L, = 13 ft. Since
12 ft > 10 ft, an irregularity exists. But 12 ft < 13 ft,
which does not meet the criteria. However, the previous
comparison with Ly is sufficient to classify the structure
as vertically irregular.

Therefore, both buildings are irregular structures.
Structure I also qualifies as vertically irregular under
Category C, Vertical Geometric Irregularity. Vertical
geometric irregularity exists when the horizontal dimen-
sion of the lateral force-resisting system in any story is
more than 130% of that in an adjacent story.

For building I, the element lengths are L; = 10 ft and

Ly = 15 ft.
L, 15f

L, 10f
The horizontal dimension of the element in the second
story is 150% of that in the first story, so the structure
is vertically irregular.

For building II, the element lengths are L; = 10 ft and
Ly =13 ft.

Ly 13ft

Ly 10ft
The horizontal dimension of the element in the second
story is 130% of that in the first story, which is not great
enough to classify the structure as vertically irregular
under this category.

58. Answer B

CBC Table 16-L categorizes the irregularity types,
gives their definitions, and provides their appropriate
CBC reference sections. Based on this table and
Sec. 1629.9.1, when the story strength is less than 80%

1.3

that of the story above, the vertically irregular struc-
ture is identified as Type 5, Discontinuity in Capacity
Weak Story.

59. Answer C

The soft story, per CBC Table 16-L, is a type of vertical
structural irregularity where the story stiffness is either
less than 70% of that in the story above or less than 80%
of the average stiffness of the three stories above. By
inspection, the first story of building I and the middle
story of building III are considered soft stories.

60. Answer B

Based on CBC Table 16-L, vertically irregular struc-
tures defined as Type 5, Discontinuity in Capacity—
Weak Story, are those in which the story strength ratio
of one story to the story above is less than 80%. Per
the CBC {Sec. 1629.9.1], Type 5 structures with more
than two stories or more than 30 ft (9.14 m) in height
may not have a story strength ratio of less than 65%.

61. Answer C
S1 solution

Per the CBC [Sec. 1629.8.3, Item 4], the static lat-
eral force procedure of Sec. 1630 is appropriate where
Tem.ire steucture < 1>1T\1pper portion- Solve for the maxi-
mum period of the entire structure.

Trnaximom < (1.1)(0.325) = 0.35 s

Customary U.S. solution

Per the CBC [Sec. 1629.8.3, Item 4], the static lateral
force procedure of Sec. 1630 is appropriate where
Tentire structure < ]--lTupper portion- Solve for the maxi-
mum period of the entire structure.

Tnaximum < (1.1)(0.32 sec) = 0.35 sec

62. Answer B
SI solution

Per the CBC [Sec. 1629.8.3, Item 4], the static lateral
force procedure of Sec. 1630 is permitted where the av-
erage story stiffness of the lower portion is at least 10
tiraes the average story stiffness of the upper portioo.

K.&vera.ge‘rigid lower portion

> 10Kavera,ge,ﬂexihle upper portion

Check above criterion for both structures.
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Structure I:

1(;\\'4_-1'.;\;;e,rigid lower portion — 1400 kN/m

(3_) (175 kj)

1{.’L\.'cr;|.gt-:._f](-:xih]v upper portion a -
J

=175 kN/m

Since 1400 kN/m js not greater than ov equal to 10
times 175 kN/m, the criterion is not met and the static
lateral force procedure is not permitted.

Structure II:

-[(BVI-',"ASI'.I;-:{Ui lower portion = 1925 kN/ln
kN kN
184 - 201 -

K : 48 o m _m
Laverage flexible upper portjion — 2 -

= 192.5 kN/m

Since 1925 kN/m is equal to 10 times 192.5 kN/m, the
criterion is met and the static lateral force procedure is
permitted.

Customary U.S. solution

Per the CBC [Sec. 1629.8.3, Item 4], the static lateral
force procedure of Sec. 1630 is permitted where the av-
erage story stiffness of the lower portion is at Jeast 10
times the average story stiffness of the upper portion.

K average,rigid lower portlion

> 10Kavcr;_\g_-,r,ﬂex]b1e upper portion

Check above criterion for both structures.

Structure [:

A’:l\.'-:'l':l_\..'_l'.['ip‘](l lower portion 8000 lbf/ln
1bf
(3) (1000 s )
1m
[(ﬂ.w‘r:|§_-_x,-,f|£:).'1l)h». upper portion — —'—3 -
1000 1bf /in

Since 8000 Ibf/in is not greater than or equal to 10
times 1000 1bf/in, the criterion is not met and the static
lateral force procedure is not permitted.

Structure I1I:

Kﬁ.v«-ru.;e\ri;{ul lower portion — 11,000 1l )f/ili
_Ibf Ibf
1050 — + 1150 —
11 u
Kave-rn_:-@'.ﬂt'),ih]e upper portion ~ : 5 i

= 1100 lbf/"'l n

Since 11,000 1bf/in is equal to 10 times 1100 1f/in, the
criterion is met and the static lateral force procedure is
perinitted.

63. Answer A

This structure has a concrete bearing wall system
(R = 4.5) in only one direction and a special moment-
resisting steel frame (R = 8.5) in the orthogonal direc-
tion. For design in the orthogonal dircction in seisimiic
zones 3 and 4, based on the CBC [Sec. 1630.4.3, the
value of R should not be greater than that used for the
bearing wall system.

64. Answer A

Nonbuilding structures carry gravity loads and re-
sist the effects of earthquakes. They include all self-
supporting structures other than buildings.

Based on the CBC [Sec. 1634.1.6], those structures that
support flexible nonstructural elements whose combined
weight exceeds 25% of the weight of the structure should
be designed considering the interaction effects hetween
the structure and the supported elements.

65. Answer D

In designing retaining walls against overturning, per the
CBC [Sec. 1611.6], the minimum resisting force should
be 1.5 times the overturning moment using allowable
stress design loads.

66. Answer D

For retaining walls, per the CBC [Sec. 1611.6], the min-
imum resisting force against shding should be 1.5 times
the lateral force using allowable stress design loads.

67. Answer B
In designing interior walls, permanent partitions, and
temporary partitions where the height exceeds 6 ft
(1.8 m), the CBC [Sec. 1611.5] requires the following.
e They must resist all loads to which they are
subjected.

o They must resist a minimum force of 5 1bf/ft?
(0.24 kN/m?) applied perpendicular to the
walls. The 5 psf (0.24 kN/m?) load need not
be applied simultaneously with wind or seismic
loads.
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e They must deflect a maximum of 1/240 or
1/120 of the span of walls with brittle and fiex-
ible finishes, respectively.

68. Answer D

Based on the CBC [Sec. 1633.2.11], all structures should
be separated from adjoining structures. Separations
should allow for displacement Ay {the maximum in-
elastic response displacement) due to seismic forces.

The miniroum separation between buildings on the same
property should be Ay where

Ayt = V(Amn)? + (Apr)?

Ay equals the maximum inelastic response displace-
ment of building I, and A1 equals the maximum in-
elastic response displacement of building II.

Per the CBC [Sec. 1630.9.2], Ay should be computed
from the CBC Formula 30-17, Ay, = 0.7RAs. Ag is
the total drift that occurs when the structure is sub-
jected to the design forces. To determine Ay, these
drifts should be amplified.

For building I,

From CBC Table 16-N, R is 4.5.
Apr =07R1As;

5 (07)(45)A5[
= 3.15A57

For building II,
From CBC Table 16-N, R is 5.5.
Ayt = 0.7RnAgn
= (0.7)(5.5)Agit
= 3.85A 41

Since Agr = Agip = Ag,
Awnr = 3.15A5 for building I and Ay = 3.85A5 for
building I1.

Use CBC Formula 33-2 to obtain the minimum required
separation between the structures.

Amr = V(Dan)? + (Auu)?
= V/(3.15A5)2 + (3.85A5)?

= /(24.75A5)?
=5Ag

69. Answer B
ST solution

From CBC Table 16-N, the R value for the existing
structure is 8.5, and the R value for the proposed struc-
ture is 4.5. Based on the CBC [Sec. 1633.2.11], adjacent
buildings on the same property should be separated by
at least Ayr. Aprr can be obtained from CBC For-
mula 33-2,

Ay = V(D)2 + (Bur)?

Ajpry and Apggy are the displacements of the adjacent
buildings. For each building, solve for the maximum
inelastic response displacement (A ). The CBC [Secs.
1630.9 and 1630.10] shiould be cross-referenced for this
problem.

For the existing structure,
T=08s

Based on the CBC [Sec. 1630.10.2], calculated story
drift using A ¢ should not exceed 0.020 times the story
height for structures having a fundamental period of 0.7
or greater.

08s>07s

The inelastic displacement jis

Apy = (0.020) (18'3 m) (100 Cm)

5 1m

=732 cm
For the proposed structure,
T=05s

Based on the CBC [Sec. 1630.10.2), calculated story
drift using A ¢ should not exceed 0.025 times the story
height for structures having a fundamental period of
less than 0.7 s.

055<07s

The inelastic displacement is

24.4 | >
Appy = (0-025)( z m) ( ()lonzm)

=12.20 ¢
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For the minimum separation needed between these two
buildings at a height of 18.3 m (the point of jimpact),
use CBC Formula 33-2.

T
\J + [(12.2 em) (:‘\: E)J 1

2 60 cm

Apr =

Customary U.S. solution

From CBC Table 16-N, the R value for the existing
structure is 8.5, and the R value for the proposed struc-
ture is 4.5. Based on the CBC [Sec. 1633.2.11], adjacent
buildings on the same property should be separated by
at least Apr. Apr can be obtained from CBC For-
mula 33-2.

Apr = V{(ABwmr)? + (AM”)2

Apnr and Apgpr are the displacements of the adjacent
buildings. For each building, solve for the maxitmum
inelastic response displacement (Apr). The CBC {Secs.
1630.9 and 1630.10] should be cross-referenced for this
problem.

For the existing structure,
T =08sec

Based on the CBC [Sec. 1630.10.2], calculated story
drift using Ay should not exceed 0.020 times the story
height for structures having a fundamental period of 0.7
sec or greater.

0.8 sec > 0.7 sec

The inelastic displacement is

Arsr = (0.020) (60;") (12 %)

= 2.88 in

For the proposed structure,
T=0.5sec

Based on the CBC {Sec. 1630.10.2], calculated story
drift using A s should not exceed 0.025 times the story
height for structuves having a fundamental period of
less than 0.7 sec.

0.5 sec < 0.7 sec

The inelastic displacement is

80 [ i
Aprrr = (0A025) (ft) (12 :_—rt])
= 4.80 in

For the minimum separation needed between these two
buildings at a height of 60 ft (the point of impact), use
CBC Formula 33-2.

[(2_'88 o (2]

n [(4.80 in) (fg%)r

~23.0in

Apy =

70. Answer C
ST solution

From CBC Table 16-I, Z is 0.3. From Table 16-K, I, is
1.0. Frorn the CBC [Sec. 1629.3], when the soil proper-
ties are not known in sufficient detail to determine the
soil profile type, type Sp should be used. From CBC
Table 16-Q, the seismic coefficient C,, is 0.36 for seismic
zone 3 and soil profile type Sp. From Table 16-O, the
in-structure component amplification factor (a,) is 1.0
and the component response modification factor (R,) is
3.0. Use CBC Formula 32-2.

5= () (o ()
- (R000) (1 (G3m) )

x (13562 kg) (9.81 g)
=68179 N

Based on the CBC [Sec. 1632.2], £}, should not be less
than 0.7C, I, W,.

F, = (0.7)(0.36)(1.0)(13 562 kg) (9.81 )
- 33527 N

Since 68179 N > 33527 N, the criterion is met.
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Also, based on the same CBC section, F}, should not be
more than 4C, I, Wy

F, = (4.0)(0.36)(1.0)(13 562 kg) (9.81 g)
= 101582 N

Since 68179 N < 191 582 N, this criterion is also met.

Customary U.S. solution

From CBC Table 16-1, Z is 0.3. From Table 16-K, I, is
1.0. From the CBC [Sec. 1629.3], when the soil proper-
tics arc not known in sufficient detail to determine the
soil profile type, type Sp should be used. From CBC
Table 16-Q, the seismic coefficient C, is 0.36 for seismic
zone 3 and soil profile type Sp. From Table 16-O, the
in-structure component. amplification factor {a,) is 1.0
and the component response modification factor (R,) is
3.0. Use CBC Formula 32-2.

e () (0 ()

_ ((1-0_}{[;:‘23?_(‘-0_)) (1 +(3) (%ﬁ) )(30 k)

Ibf
= (15.21 k) (1000 %)

= 15,210 Ibf

Based on the CBC [Sec. 1632.2], F, should not be less
than 0.7C,I,W,,.
[bf
Fp = (0.7)(0.36)(1.0)(3.0 X) 1000 4=
= 7560 Ibf

Since 15,210 Ibf > 7560 Ibf, the criterion is met.

Also, based on the same CBC section, F), should ot be
more than 4C, I, W,

F, — (4.0)(0.36)(1.0)(30 k) (1000 %)

= 43,200 1bf

Since 15,210 lof < 43,200 Ibf, this criterion is also met.

71. Answer D
ST solution

From CBC Table 16-1, Z is 0.4. From Table 16-K, for
anchorage of machinery and equipment required for life-
safety systems, the value of I, should be taken as 1.5.
From the CBC [Sec. 1636.2], when the soil properties
are not known in sufficient detail to determine the soil
profile type, type Sp should be used. From CBC Ta-
ble 16-Q, the scismic coefficient C, for soil profile type
Sp and Z = 0.4 is 0.44 N,. From CBC Table 16-S,
the near-source factor N, for 5 k minimum distance
between the site and the seismic source type A is 1.2.
Therefore,
Cn_ = 0441Vn

= (0.44)(1.2)

=0.53
Use CBC Formula 32-1.

Fp, =4.0C, 1, W,
(4.0)(0.53)(1.5)(1814 k) (9.81 5 )
S

= 56589 N

Customary U.S. solution

From CBC Table 16-1, Z is 0.4. From Table 16-K, for
anchorage of machinery and equipment required for Jife-
safety systems, the value of I, should be taken as 1.5.
From the CBC [Sec. 1636.2], when the soil properties
are not known in sufficient detail to determine the soil
profile types. type Sp should be used. From CBC Table
16-Q, the seismic coefficient C,, for soil profile type Sp
and Z = 0.4, is 0.44 N,. From CBC Table 16-S, the
near-source factor N, for 3.11 mi minitmum distance
between the site and the seismic source type A is 1.2.
Therefore,
Co =0.44N,
(0.44)(1.2)
=0.53
Use CBC Formula 32-1.
Fy, =4.0C 1, W,
= (4.0)(0.53)(1.5) (4000 1f)
= 12,720 Ibf

72. Answer C
Intermediate moment-resisting frame (IMRF) is a con-
crete frame designed in accordance to the CBC [Sec.
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1921.8]. Based on CBC Table 16-N, footnote 5, these
systems are prohibited in seismic zones 3 and 4, except
as permitted in the CBC [Sec. 1634.2]. This CBC sec-
tion has an exception that indicates that IMRF systems
may be used in seismic zones 3 and 4 for nonbuilding
structures in occupancy categories 3 and 4 (i.e., special
and standard occupancy structures) when the following
criteria are met.

1) The structure is Jess than 50 ft (15.24 cm) in
height.

2) The value of R taken from CBC Table 16-N does
not exceed 2.8.

73. Auswer D

The relative lateral displacement due to seismic loads of
two structures produces additional lateral force effects
on the walkway. The connecting walkway should have a
sliding connection on one end and a hinge on the other
end to provide sufficient movement between structures.

74. Apswer ID

Plans, reports, and quantity calculations can be pre-
pared by a registered civil engineer, his or her bona fide
employees, or the owner of the firm under his or her
direct supervision. However, the registered civil engi-
neer should seal or stamp and sign all final professional
documents.

75. Answer D

All final plans, specifications, reports, and documents
should bear the seal or stamp of a registered civil engi-
neer, as well as his or her signature.

76. Answer D
Geotechnical engineers should provide the analysis of
geotechnical data for a site.

77. Answer C

The soils repart (also called the geotechnical report) is
prepared by engineers in the geotechnical branch of civil
engineering. The person who signs the report and is
responsible for the document must be a registered civil
engineer.

78. Apswer C

Regardless of ownership of the engineering firmn, the reg-
istered civil engineer is responsible for all final plans,
specifications, and reports.

79. Answer D
Arxchitects, civil engineers, and structural engineers can
design and sign plans of one-story residential buildings.

80. Answer B

By the requirements of the Division of the State Archi-
tect, State Department of General Services, registered
structural engineers must sign, stamp, and seal engi-
neering design plans for schools in California.

81. Answer B

Eugineers should design the details of counections ac-
cording to reguirements and Limitations prescribed in
the CBC.

82. Answer B
Tbe California Hospital Act requires that hospitals be
fully functional and operational after an earthguake.

83. Answer B
The 1933 Lopng Beach earthquake caused much strne-
tural damage. Following this earthquake,

o the Riley Act was established, which set mini-
mum standards for lateral force resistance in all
siructures

o the Field Act imparted school design approval
to the Division of the State Architect, State
Department of General Services

84. Answer D

Title 24 of the California Building Standards Admin-
istrative Code mandates that hospitals be operational
after an earthquake. It also requires school buildings to
resist the earthquake forces generated by major earth-
quakes without catastrophic collapse.
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1. Which of the following are known as resisting ele-
ments?

A. columns

B. shear walls

C. connections

D. all of the above

2. Which of the following clements resist lateral force?

I. shear walls

I, horizontal diaphragins
III. moment-resisting frames
IV. braced frames

A. T only
B. II only
C. II, ITI, and IV
D. I, II, and IV

3. The base shear in a shear wall building is resisted by

the parallel walls only.

the perpendicular walls only.

all walls.

the horizontal diaphragms and all walls.

Cowpx

4. The transverse seismic loading is

A. perpendicular to the shorter dimension of the
building.

parallel to the shorter dimension of the bujlding.

B.
C. parallel to the longer dimension of the building.
D. independent of the dimensions of the building,.

5. The base shear force disiribution to the floors above
the base should

decrease linearly with height above the base.
increase linearly with height above the base.
be uniform at each floor.

be concentrated at the roof.

Dowe

6. The walls perpendicular to the direction of lateral
force
I. are affected by ground acceleration force.

I1. have no resistance to bending moment.
III. cootribute inertia load to the diaphragin.

A. Tand I

B. IandIll

C. II and III
D. 1, I, ang 111

7. For a one-story building (roof plus four walls), which
walls contribute inertia load to the diaphragm shear?

A. the walls that are perpendicular to the applied
seismic force

B. the walls that are parallel to the applied seisinic
force

C. both (A) and (B)

D. none of the walls

8. For a ope-story building (roof plus four walls), which
of the following elements contribute inertia load to the
base shear?

1. the roof
II. the walls that are perpendicular to
the applied seismic force
[1I. the walls that are parallel to the ap-
plied seismic force

A. Tonly

B. TandII

C. TandIII

D. I, II, and III

9. The minimum base shear calculation can he obtained
fromn which of the following equations?

2.5C,1
o (2550w
V =0.7C,1

V =0.11C, (W

Cul
= 4
% ( RT ) "

o oW »

10. For the CBC equation below, what does Fy repre-

gent?
£ = (V — F)wgh,
=

ALL_onSes
Y=y Wiky

A. the stiffness of the top (roof) level
B. the fundamental mode response
C. the higher mode response

D. the top story drift
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11. A ten-story office building with a special moment-
resisting steel frame in seismic zone 4 with near-source
factor N, = 1.0 is under study. The total weight of each
story is 150,000 1bm (68 040 kg). Determine the base
shear.

10t floor
9 floor
8 floor
7th floor
6t floor
5th floor

4t flgor l 5 (37
3 floor 12 ft (3.7:m)

— typical
2nd floor

15t floor
KR 77 R 77 2

8¢ soil profile

65,500 1bf (291310 N)
77,800 Ibf (346 260 N)
106,000 Jbf (471430 N)
137,500 Ibf (611520 N)

oowH

12. For Problem 11, determine the concentrated force at
the roof level. Assume base shear is 0,000 Ibf (400 340

N).

01bf (0 N)

3200 Ibf (14230 N)
8000 Ibf (35590 N)
9500 Ibf (42260 N)

OQwr

13. Based on the CBC, what miniimum design force
should the floor and roof diaphragms resist when Z =
0.3, I = 1.0, and soil profile type is Sy?

A 0.15wp,
B. 0.30wy.
C. 0.60wp,
D. 1.0wp,

For Problems 14 and 15, refer to the following figure,
which shows three special moment-resisting steel struc-
tures in seismic zone 4. The closest distance of these
structures and known faults are 9.32 mi (15 km). These
faults are not capable of produciug earthquakes larger
than 6.3 magnitude, and they have a low rate of seismic
activity (SR = 2 mm/yr).

{30ﬁ<91 m)
structure
Il structure £3° ft(9.1m)
[8] —
g ! structure] 30 (9.1 m)
8 B 1w Ll I dense sail -] e sl §20 (8.1 m)
‘;'E g 1.0 0,0 g 20 ft (6.1 m)
O - {20t 6.1 m)
i
g |
e 5 rock S 00
S E- A5 SRR L
oo 5" & i
ng - <
PR 2 (s ;.

}4. Which building has the largest natural period?

AT
B. 1II
C. Iil

D. They are equal.

15. Which building has the highest seismic coefficient
(Cu)?

AT
B. 11
C. 11

D. They are equal.

16. A three-story hospital in San Francisco with a spe-
cial moment-resisting steel frame has a calculated
design base shear of 160,000 Ibf (444 820 N). The trib-
utary dead loads of each story including walls are given
in the following illusiration. What is the distributed
base shear at the building roof level?

15 ft D = 300,000 Ibf
(4.6 m) (1334 460 N)
15 ft D = 400,000 Ibf
(4.6 m) (1779 280 N)
154 4 D = 500,000 Ibf
(4.6 m) (2224 100 N)
———
V = 100,000 ibf
(444 820 N)

33,000 Yof (146 500 N)
41,000 Ibf (182000 N)
49,000 1bf (217600 N)
53,000 Ibf (235200 N)

Tows
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17. For a concrete shear wall bailding, story shears of
each floor are as shown. The structure is located in
seisiic zone 3. What is the overturning moment at the
base?

25k
{111 kN)
23k »
{102 kN)
18k
—_— —
{80 kN) 10t (3 m)
15 k typical
B7kN) a
AN AN AN CNYLINZZLN Z
A. 810 ft-k (1100 kN mn)
B. 1620 ft-k (2200 kN-m)
C. 2200 ft-k (2980 kKN-m)
D. 3240 ft-k (4390 kN-m)

18. Flexible diaphragms distribute the lateral force to
the resisting elements in proportion to

A. the relative rigidities of those elements.
B. the tributary area of those elements.
C. the base shear.

D. the deflection of those elements.

19. Which of the following diaphragms are incapable of
distributing torsional moments to the vertical resisting
elements?

A. flexible diaphragms

B. rigid diaphragms

C. both (A) and (B)

D. diaphragms with vo eccentricity

20. Which of the following diapbhragms are considcered
flexible diaphragms?

A. concrete slab floors

B. reinforced concrete slab floors
C. steel decks with heavy concrete
D. steel decks with zonolite

21. Rigid diaphragms distribute the lateral force to the
resisting elements in proportion to the

A. relative rigidities of those elements.
B. tributary area of those elements.
C. base shear.

D. deflection of those elements.

22. Which of the following statements are true regarding
rigid roof diaphragimns?

A. They distribute the lateral story shears to the
resisting elements.

B. They transwmit torsion to the resisting elements.

C. They do not deform when they are subject to
the lateral loads.

D. All of the above are true.

23. Which of the following diaphragms would be con-
sidered rigid diaphragms?

plywood fleors

wood sheathed floors

light metal decks

metal decks with concrete fill

Sowe

24. What measure can be taken to minimize the deflec-
tion of a wood structural panel roof diaphragm?

A. decrease the plywood thickness
B. use double studs at the corners
C. decrease the nail spacing

D. increase the diaphragm span

25. Torsional effects can be critical for elements Jocated
in which of the following areas?

A. on the center of rigidity

B. close to the center of rigidity
C. far from the ceater of rigidity
D. none of the above

26. Which of the following elements resist torsional shear?

parallel walls
perpendicular walls
all walls

all walls and coluinns

SCawx>

27. Torsional design moment should be the moment re-
sulting from

eccentricity.

accidental torsion.

eccentricity and accidental torsion.
bending moment.

o0
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28. A plan view of a flexible roof diaphragm is shown.
The transverse loading to the diaphragm is w (in units
of Ibf/fi (N/m)). What will the shear stresses be at
lines 1 and 2 (in units of Ibf/ft (N/m))? (p = 1.0)

80 ft (24.4 m)

40 ft
(12.2 m)

tiiettfeteeetietisttd

0.25w
0.50w
w

2w

SEY-ES

29. A plan view of a one-story wood structure with a
wood structural panel roof diaphragm is shown. The
distributed roof diaphragm shear stress in the north-
south direction is 250 lbf/ft (3648 N/m). Determine
the Jateral force. (p = 1.0)

180 ft (54.9 m)

i /
80 ft
{24.4 m) N
HHHHHHHHHHH{
V V
o ¥ Vo
PREREEREttttteeteeeest
free-body diagram
A. 110 Ibf/ft (1620 N/m)
B. 220 1bf/ft (3240 N/m)
C. 330 Ibf/fc (4860 N/m)
D. 440 1bf/ft {6480 N/m)

30. For the one-story wood structure shown with 400
1bf/ft (5838 N/m) diaphragm shear capacity, what
should the minimum lengths of the east and west walls
be? (p=1.0)

80 ft (24.4 m)

tRpeeteeeteetiesdtss

250 Ibf/ft (3648 N/m)

roof diaphragm
plan view

12.5 ft (3.8 m)
25.0 ft (7.6 m)
37.5 6 (114 m)
50.0 ft (15.2 m)

oW

31. A one-story, wood-frame warehouse with a flexible
roof diaphragm is shown in plan view. What is the
length of the east-west walls if equal unit shear stress is
obtained in all walls? (p = 1.0)

100 ft (30.5 m)

300 ibf/ft
{4378 N/m)

titteeesstttfetsttttits

150 Ibf/ft (2189 N/m)}

25 ft (7.6 m)
35 (10.7 m)
50 f (15.2 m)
70 ft (21.3 m)

Saw»
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32, For loading in the north-south direction, the roof
diaphragm shear capacity is 500 bf/ft (7207 N/m).
Determine 12, the maximum distributed force on the
diaphragm. (p = 1.0)

100 ft (30.5 m)

15 ft
(4.6 m)

f
2 ¢

(15.2 m)| (6.1 m)

i 15 ft
iﬁﬁ m)

IILITIATENENRLY,

flexible diaphragm

250 1bf/ft (3640 N/m)
300 Ibf/ft (4360 N/in)
500 Ibf/ft (7270 N/m)
750 Ibf/ft (10910 N/m)

oOow»

For Problems 33 and 34, refer to the following set of
assumptions. The plan view of a one-story residential
building with a wood structural panel roof diaphragm
is shown. The roof has a 4 ft {1.2 m) overhang. The
seismic load is in the north-south direction. (p = 1.0)

1 2

4ft
80 ft {24.4 m) {1.2m)

| -

[

[

[

[

[

'

i

40 f1
{122 m}

CEEEEEtpeEtEettdetttas iom

200 (bf/ft (2919 N/m) (730 N/m)

33. For the north-south direction, determine the roof
diaphragm shear force at line 1.

A. 4000 1bf (17800 N)
B. 4200 Ibf (18700 N)
C. 8000 Ibf (35600 N)
D. 8200 Ibf (36500 N)

34. For the north-south direction, determine the roof
diaphragm shear force at line 2.

A. 4000 Ibf (17790 N)
B. 4200 Ibf (18680 N)
C. 8000 Ibf (35590 N)
D. 8200 lbf (36480 N)

35. A one-story residential building with a height of
14 ft (4.3 m) is shown in plan view. This building is lo-
cated in seismic zone 4. The wood structural panel rool
diaphragm is well anchored to the shear walls. The
plywood shear walls carry a dead load of 16 ibf/ft?
(766 N/m?). The uniform load shown is the seismic
force on the diaphragm due to the weight of the roof and
the perpendicular walls. For seismic coefhicient C,,[/RT
use 0.1375. For the north-south direction, determine
the shear wal) design shear in the 20 {t (6.1 m) shear
wall panel along line 2. (p = 1.0)

! 2 T
80 ft (24.4 ) J

N
10 ft{3m)
10 ft (3 m)

20 ft (6.1 m)

(EEHEEEREREEREEEATH

200 Ibffft (2819 N/m)

200 bf/ft (2930 N/m)
210 Ihf/ft (3080 N/m)
265 1bf/ft (3880 N/m)
280 Ibf/ft (4100 N/m)

oSow

36. Based on CBC requirements for horizontal wood
structural panel diaphragms, what should be the max-
imum dimepsion ratio?

A. 2%:1

B. 31

C. 3%:1

D. 4:1
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37. Based on CBC requirements for vertical wood struc-
tural panel diaphragms nailed along their edges, what
should be the maximum dimension ratio in seismic zone
4?

A 21
B. 3:
C. 3%:1
D. 4:1

38. The plan view of a structure is shown. This building
has four equal sections. The structure has a wood struc-
tural panel roof diaphragm (D = 20 lbf/{t? (958 N /m?)]
and wood structural panel shear walls [D = 25 Ibf/ft?
(1197 N/m?)]. The walls have a height of 16 ft (4.9
m). This structure conforms to the CBC [Sec. 1629.8.2]
requirements of the simplified static lateral-force pro-
cedure. The near-source factor N, is 1.0. For the
north-south direction in seismic zone 4 and soil profile
type S¢, what should the roof diaphragm shear force
be along line 1?7 {p = 1.0)
typical

25 ft (7.6 m)
|

~<— N

25 ft
(7.6 m)

4800 Ibf (21310 N)
6200 Ibf (27520 N)
8180 Ibf (36310 N)
16,360 1bf (72770 N)

Caowe

39. The wood shear wall shown is part of a one-story
building in seismic zone 4 with a plywood-sheathed roof.
The shear wall panels are wood structural and nailed
at their edges. In the illustration, which panels comply
with the CBC Maximum Diaphragin Dimension Ratios
requirements?

3h 5 ft
(0.9 m) {1.5m)
15 ft 5ft 5ft 10 ft 5 ft
d6m) (5my{5m (3.0m) {(1.5m) .
| et ||
' 7
| 7
7K S R 7 R 7R 77

wall opening @

I and III
IT and IV
I, I1, and 1V
I, ITi, and IV

oow»

For Problems 40 through 42, refer to the following set of
assumptions. A wood structure with a wood structural
panel roof diaphragm is shown in plan view. Two re-
tail stores are separated by a common wood shear wall
parallel to the north-south lateral loading. The height
of the building is 14 ft (4.3 m). The roof diaphragm is
adequately anchared to the shear walls. (p = 1.0)

north-south loading
150 Ibf/ft (2189 N/m)

X

40 ft
(12.2m)

v

50 ft (15.2 m) | 100 t (30.5 m)
1 2 3

40. Delermine the roof diaphragm shear force along
line 3.

A. 3800 Ibf (16910 N)
B. 5600 Ibf (24920 N)
C. 7500 Ibf (33380 N)
D. 9000 Ibf (40050 N)

41. Along line X between lines 1 and 2, détermine the
maximum diaphragm chord force in the chord member.

A. 750 Ibf (3240 N)

B. 1200 Ibf (5180 N)
C. 2300 Ibf (9930 N)
D. 4700 Ibf (20300 N)

42. Determine the diaphragm chord force at the inter-
section of lines Y and 1.

0 Ibf (0 N)

290 Ibf (1290 N)
600 1bf (2670 N)
1200 1bf (5340 N)

SOowE
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48 345 SOLYED SENSMIC DESIGN PROBLEMS

43. A wood-frame shear wall in seismic zone 2 is shown A. at point X
in elevation. The shear wall is part of a one-story struc- B. at point Y (at the middle of the opening)
ture with a flexible roof diaphragm. The shear wall pan- C. at point Z 2
els bave the same thickness. What is the approximate D. at both points X and Z
lateral load carried by panel I? '
10 ft 10 ft 20 ft 5ft 5ft 47. A wood structural panel roof diaphragm is shown
14(3~0 m) '_.(_3.0 m) | (6.1m) (1.5 m)(1.5 m) in plan view. The left wall has an opening at its center.
— 7 7 For the loading shown, where in the drag strut does the
9000 (bf i . ? =
40034 N)| | meximum force occur? (p = 1.0)
7, e :/_. 7/ 0
SRR T TR ITInAREY
wall opening g
A. 1800 1bf (7840 N) P :
B. 2600 Ibf (11330 N) Y—i
C. 3000 Ibf (13070 N) o
D. 9000 Ibf (39220 N)
44. What is the purpose of providing drag struts (col- roof diaphragm
lectors) at the diaphragm boundaries?
A A. at point X
A. to resist moments B. at point Y (at the middle of the opening)
B. to transmit unsupported horizontal diaphragm C. at point Z
shear to the supporting shear walls D. at both points X and Z
C. to distribute torsion
D. none of the above 48. Choose the correct statements for the strut force.
45. The force in a drag strut is L Thg strut force m (t(n'upz‘os:s'i(m wil_l re-
main a compression force if the direc-
. tion of the lateral force is reversed.
A. tension only.
- II. The strut forces arc zero at the ouvi-
B. compression only. » Is of tl I
C. either tension or compression. 106 GROS QL Lug Wa §-
D. none of the above. ITI. The greater magnitude of the strut

force or the chord force at correspond-
ing points along the wall détermines

46. The wood structural panel roof diaphragm of a one- o > X
the critical loading condition.

story building is shown in plan view. The north shear

wall’s length is not the full width of the building. Deter- A. Iand I
mine the location of the maximum strut force. (p = 1.0) B. I and III
X vy z C. II and 111
D. I, 11, and 11X

[

49. What is the purpose of providing chords at dia-
phragm boundaries?

to distribute torsion

to distribute lateral Joad
to resist moments

none of the above

z —>

Caowp

roof diaphragm
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DIAPHRAGM THEORY 49

50. Which of the following materials would be suitable
to use as diaphragm chords?

wood

steel

mason IV

all of the above

oW

51. The force in the chord member is obtained from
which of the following formuias?

A. force in chord : e

wL?

B. force in chord
Bh

C. force in chord = I;_b

D. all of the above

52. For a flexible roof diaphragm adequately anchored
to the shear walls, which of the following statements
identifies the correct chord forces at lines 1 and 2? (p =
1.0)

1 2

40 f1
(12.2 m)

A. The maximum chord forces at Jines 1 and 2 are
equal.

B. The maximum chord force at line 2 is twice the
chord force at line 1.

C. The chord force at line 1 is generally ignored.

D. The total chord force at lines 1 and 2 is 40w.

53. A residential one-story wood structure with a wood
structural panel roof diaphragm is shown in plan
view. The lateral force is in the north-south direcliom.
The calculated roof diaphragm shear capacity is
200 Ibf/{t (2919 N/m) in the dicection of loading. The
roof diaphragm is adequately anchored to the shear
walls. What will be the maximum force in the chord
members? (p =1.0)

150 ft (45.7 m)

50 ft
(156.2 m)
N

7500 Ibf (33 350 N)
11,000 lbf (48910 N)
12,700 Ibf (56470 N)
14,300 Ibf (63590 N)

Dow>

54. A one-story retail store, a wood structure with a
wood structural panel roof diaphragm, is shown in plan
view. At the intersection of lines X and 1, determine
the force in the chord member. (p = 1.0)

80 f1 (244 m) I

40 ft /F

(12.2 m)
N

tieetteeeeeeisniteit

250 (bf/ft (3648 N/m)

0 1bf (0N)
1250 1bf (5560 N)

9500 1bf (11120 N)
5000 Ibf (22 240 N)

oW

55. A one-story, wood-frame commercial building has
a wood structural panel roof diaphragm, and its south
wall has a 40 ft (12.2 m) opening. Determine the chord

farce at the intersection of lines X and 1. (p = 1.0)
80 f1 (24.4 m)

30 ft 40 ft 10 f1

(9.1 m) {(122m) @3 m)

{ - |-t |
:

{12.2 m})
1 N
|

—— [ JE ¢

tRpeetebetpettestisss

500 Ib¥/ft (7297 N/m)

PROFESSIONAL PUBLICATIONS, IHC.
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Dawx

2350 Ibf (10340 N)

4700 Ibf (20690 N)
9400 Ibf (41370 N)

11,750 Ibf (51 710 N)

56. Which of the following statements regarding dia-

phragm

chord members is incorrect?

I. The maximwn chord force accars at
the location of the maximum moment.

1I. The maximum chord force occurs at

the chord ends.

I11. The minimum chord force is zero.

cawe

11

It

I and 111

I, II, and TIL

57. The plan view of a wood-frame one-siory retail store

is shawn

. The south wall bas a 35 ft (10.7 m) shear wall

panel. How long should this shear wall panel be to have
an equal magnitude drag and chord force? (p = 1.0)

50 ft
(15.2 m)

cCows

58. The

100 ft (30.5 m)

—
65 ft
{(19.8 m)

R — N

r‘h35h

(10.7 m)
f

600 Ibf/ft
{8756 N/m)

CREESEEeetetteetitss

200 Ibf/ft {2919 N/m)

0ft (0Om)

40 ft (12.2 m)
60 ft (18.3 m)
75 ft (22.9 m)

wood structural panel roof diaphragm of a one-

story building is shown in plan view. The walls are of
wood-frame construction. For the south wall, at what
point are the magnitudes of the drag strut and the chord
force identical? (p = 1.0)

60 ft (18.3 m)
30 ft 20 ft I 10 ft
(S1m)  (6.am) | 3m)
T
N
60 ft 300 Ibf/ft
X Y 2z
1 | [
300 Ibf/ft (4378 N/m)}
A. at point X
B. at point Y (at the middle of the opening)
C. at point Z
D. none
59. Drift depends on

Caw>

the story height.
the building beight.
the shear load.

all of the above.

60. The £-A effect on shears, axial forces, and moments
of frame members is considered as

A.
B.
C.
D.

the primary moinent.
the secondary moment.
the overall moment.
none of the above.

61. Tor the one-story building shown, determine the
story drift ratio. '

2in{5.1cm)
ok 1|
{133 kN) |

20 ft
(8.1 m)

|

NT TNy

b

10 ft (3 m)
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0.008
0.1
3.0
120.0

oaQw»

62. When the overturning moment increases faster than
the restoring moment from the frame stiffness, the frame
is considered to be

stable.

unstable.
X-braced.

a thick shear wall.

SOw>

63. Using the appropriate CBC table, what should be
the maximum allowable shear stress for a wood struc-
tural panel roof diaphragm when the following data

apply?

e 2 in (10 mm) thick Structural I plywood

2 in (51 wom) framing member
o Case 1—Blocked
o 8d common nails

e nail spacing at diaphragm boundaries is 4 in
(102 mm) O.C.

¢ nail spacing at other panel edges is 6 in (152
mmn) O.C.

field nail spacing is 12 in (30 cm) O.C.

320 Ibf/ft (4670 N/m)
360 1bf/ft (5250 N/m)
400 1bf/ft (5840 N/m)
530 Ibf/ft (7730 N/m)

Come

64. In accordance with the appropriate CBC table, for
a single-family dwelling, determine the nail spacing at
the diaphragm boundaries of a wood structural panel
roof diaphragm when the following data apply.

e 15/32 in (12 mm) thick Structural I panels

o 3o (76 mm) framing member

¢ Case 2—-Blocked

e 10d cominon nails

e 690 Ibf/ft (10070 N /) shear force (calculated)
e 12in (30 cm) O.C. field nailing

2.05n (51 mm)
25in (64 mm)
4.0in (102 mm)
6.0 in (152 mm)

CQwe

65. An engineering firm calculated that the maximum
shear force in the wood structural panel shear walls of
a one-story residential building will be 380 1bf/ft (5546
N/m). The building has a flexible roof diaphragm.
What should be the nail spacing at the wood structural
panel edges of the shear walls? The following data ap-

ply.

15/32 in (12 mm) thick Structural I panels
e 8d common nails

e wood structural panels applied directly to the
framing members

e blocking required
12 in (30 cm) O.C. field nailing

A. 2in (5] mm)
B. 3in (76 mm)
C. 4in (102 mm)
D. 6 in (152 mm)

66. The resisting moment of the parallel walls of a one-
story building is less than the overturning-moment in
the direction of the applied lateral force. What should
the proper action be?

anchot the wall panels to the foundation
increase the weight of the walls

increase the length of the walls

all of the above

cawe

67. The wood structural pane] shear wall shown in ele-
vation is the south wall of a one-story building with a
plywood roof diaphragm. Determine the required num-
ber of % in (19 mm) diameter anchor bolts necessary
to transfer the 11,000 1bf (48930 N) seismic load to
the foundation from the wall plate. These bolts should
be in addition to the anchor bolts used for the uplift

PROFESSIOHAL PUBLICATIONS, (NC.
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anchorage. Ignore the roof and wall dead loads. Use thick (Douglas fir-larch). The diaphragm, ledger, and
CBC Table 21-N for allowable shear on bolts for grouted walls are anchored. The roof shear capacity per unit
masonry. Jength along the north-south walls is 600 Ibf/ft (8756

N/m). Assume the shear loading is parallel to the grain.

50 ft (16.2 m) 11,000 16f Based on CBC requirements, determine the required

e =~ (48930 N) size of ledger bolis necessary to resist the roof shear
- force if the bolts are spaced every 4 ft (1.2 m).
16 fi
{4.9 m) ]
A A5 anchorboh\J-" :
VAN s
A. 2 Dy ——
B 4 ledger
C. 6 north-south |
D. 10 concrete wall
68. The east wall of a two-story, wood-frame building A g in (16 mm)
is shown ix% elevation. The 1ate.ra.l loads from the hori- B % in (19 mam)
zontal roof and secongd-floor diaphragms are 8000 lbf ..
(35586 N} and 5000 Ibf (22241 N), respectively. The C. gin (22 mm)
dead load for the shear walls is 16 Ibf/ft> (766 N/m?). D. lin (25 mm)

Ignore the roof dead load contribution to the shear
walls. What should the anchorage force be at location 70. What is the relationship between the rigidity, R,

X between the two stories? The building is located in and the deflection, A, produced by a uwit load?
seismic zone 4. A A—R
60 ft (18.3 m) ' )
e ——
h—— ‘ B. A=—
30 ft [r R
(8.1 m) C. A=R?
N 1
p‘an D A = ﬁ
8000 Ibf C g
(35 586 N) 71. The rigidity of a wall depends on the
3 -
// 12 ft (3.7 m) A. the modulus of elasticity.
5000 bf Z 7 12 ft (3.7 m) B. the height.
(22241 N) 778 C. the thickness.
east Sheaf Wﬂ" D. =all of the above.
A. 320 1bf (1570 N) 72. For fixed and cantilever piers, how are the rigidities
B. 610 Ibf (2870 N) and deflections affected by increasing the ratio of height
C. 1000 Iof (4680 N) to width?
D.  Anchorage js not needed. A. The rigidities will increase while the deflections
decrease.
9. story storage building in seismi 4i ‘
90.: Theiametedy ikngs-LItMNGIN siomic zone 4 is B. The rigidities will decrease while the deflections

14 ft (4.3 m) in height. The concrete shear walls are
8 in (20.3 cm) thick. The wood structural panel roof
is 16/32 in (12 mm) STR I. The blocked nails are 10d
common, and the ledgers are a nominal 3 in (76 mm)

increase.
Both will increase.
Both will decrease.

oo
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73. A one-story building with a rigid diaphragm is sup-
ported by masonry shear wall panels. The north wall is
shown. The wall has a uniform thickness and modulus
of elasticity. It is necessary to divide the wall into piers
and beams to determine the rigidity of this wall with
openings. How many piers does this wall have?

north wall

wall opening g

A. two
B. three
C. four
D. six

74. The south wall of a masonry shear wall building with
a rigid roof diaphragm is shown. The wall consisis of
panels I and I1. The walls have a uniform thickness and
modulus of elagticity. What will be the total deflection
of this wall due to a unit load?

south wall
wall opening E

A. Aporal = Ar+ All

L 1

Aora = E -+ A—”
JAVPANY

C Apgga =

© Rl T AL+ A
A+ A

D. Amtal = __IAlA”u

75. The masonry wall panels shown have the same thick-
ness and modulus of elasticity. Assuming panels [ and
IT are fixed at the top, what will the total deflection be?
Ignore rotational effects.

penel
1f

panel

Al Atota] = AIA”
B. ALOLF,] = AJ + Aqg

]

O, e
ALO(H]
1 e

Awal  Ar T Ay

= Ar+ Ay
D.

76. The north and south walls of a warchouse are shown
in elevation. All walls have the same thickness and mod-
ulus of elasticity. Assume that the walls are fixed at the
top and tbat the warehouse has a rigid roof diaphragm.
Which of the following statements are correct?

80 ft (24.4 m)

T
4,

AR RO R A

south well
80 ft {24.4 m}
! 40 ft 10ft 10ft 10& 10f
l (12.2 m) (3m) (3m) (3m) (3m)
g ~|-4——-[--—-|4——->|4-_--
panel panel panel| | 20 ft
! ] m (6.7 m)
R R N A A N SN SN oA AN SN ANNRT

north wall

wall opening

PROFESSTONAL PUBLICATIONS, INC.
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A. The rigidity of the south wall is greater.

B. The deflection of the north wall is greater.

C. Generally, openings reduce the rigidity of walls.
D. All of the above are true.

77. The masonry walls shown have the same thickness
and modulus of elasticity. Assume the walls are fixed
at the top. Use ¢ = 1 in (25 mm), F = 100,000 lbf
(444 820 N), and E = 1 x 10° Ibf/in? (6.9 x 10% kPa).
Which wall has the highest deflection?

wall 1l

wall opening &

A. wall I

B. wall II

C. wall IIT

D. The deflections are equal.

78. For the masonry wall shown, the thickness and mod-
ulus of elasticity are uniform. Assume the wall is fixed
at the top and bottom. Use ¢t = 1 in (25 mm), F =
100,000 1bf (444 820 N), and £ = 1 x 10° Ibf/in? (6.9 x
108 kPa). Determine the relative rigidity.

20 ft 20 ft 20 ft
. (6.1 m)

(6.1 m) {6.1 m)

wall opening

A, 30
B. 4.0
C. 5.0
D. 6.0

79. The masoory wall shown has a uniform thickness
and modulus of elasticity. Assume the wall is fixed atb
the top. Use ¢ = 1 in (25 mm), F = 100,000 }bf (444
820 N), and F =1 x 10% Ibf/in? (6.9 x 10° kPa). What
is the rigidity of the shear wall?

v A =0.1in (2.5 mm)
—_———— — - -
/
/
/
/
7
/
: i/
_ N/
N
A 01
B. 1.0
C. 30
D. 10.0

80. The wall shown is fixed at the top. The rigidity of
the entire wall is 10.0, and the deflection for the steel
frame is 1 in (25 mm). Determine the rigidities of the
steel frame and the masonry shear wall.

L L
|- - |
!
[ 1 ‘f‘g
AN NYAN
stesl frame
shear wall

5.0 and 5.0, respectively
9.1 and 0.9, respectively
1.0 and 9.0, respectively
9.0 and 1.0, respectively

Sawe
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81. The south wall of a one-story building with a rigid
roof diaphragm is shown. The rigidity of the steel frame
is nine times the rigidity of the shear wall. Determine
the lateral loads carried by the steel frame and the shear
wall.

15 ft (4.6 m

—)

roof 16R{4.6m)  15ft(4.6 m)
- —

60 k
(267 kN)

NONZANNZAN
steel frame

shear wall

wall opening g

54 k and 6 k (240 kN and 27 kN), respectively
46 k and 14 k (205 kN and 62 kN), respectively
40 k and 20 k (180 kN and 90 kN), respectively
30 k and 30 k (130 kN and 130 kN), respectively

vaw»

82. The masonry south wall shown is a part of a one-
story warchouse with a rigid roof diaphragm. The south
wall has two panels with equal rigidities. Which panel
carries the larger load?

wall opening &

Panpel T carries the larger load.

Panel 11 carries the larger load.

Panel II carries twice the load of panel I.
Both panels carry an equal load.

oowr

83. The west wall of a one-story building with a rigid
roof diaphragm is shown. The masonry shear panels
have the same thickness and modulus of elasticity. As-
sume that the properties for the steel frames are the
same. Determine the lateral Joad carried by the ma-
sonry shear panels.

t=1in (25 nm)
F = 100,000 Ibf (444820 N)
E =1x10°1bf/in? (6.9 x 10° kPa)

15 fr 5 f 15 ft

roof {4.6m} (1.5m)each (4.6 m)
|— | ]|~ { | ———

|
— =
60 k 5 ft
(267 kN) T“'s m)
10 ft
\ {3m)
A AN L N TR,
steel frame
shear wall
opening A = 1in {25 mm)
)]
-~/
/
7
/
/
/
NV AN ANN S
shear wall steel frame
A. 13k (58 kN)
B. 19k (85 kN)
C. 22k (98 kN)
D. 30k (133 kN)

84. The base shear is distributed to the four storjes of a
building. The story heights are cqual. The total height
of the building is 48 ft (14.6 m). There is no addi-
tional force applied to the roof level. The distributed
forces increase linearly with the height above the base as
follows.

15¢ floor = 20,000 1bf (88960 N)

2" floor = 45,000 1bf (200170 N)
37 floor = 71,000 Ibf (315820 N)
4 floor = 93,000 1bf (413680 N)

Determine the overturning moment at the base.

A. 2750 ft-k (3760 kN-m)
B. 4600 ft-k (6300 kN-m)
C. 6550 ft-k (8970 kN-m)
D. 8350 ft-k (11440 kN-m)

85. The wood structural panel shear wall shown in el-
evation is part of a wood structure with a wood struc-
tural panel roof diaphragm. The roof diaphragm is
adequately anchored to the shear walls. The seismic
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coefficient, C,1/RT, is 0.1375, and the wall dead load
js 16 1of/ft2 (766 N/m?). What shear capacity is needed
in the shear wall?

10,000 Iof
I 1
16 ft
4.9 m)

PN TYENYNYINLNZS
shear wall

200 1bf/ft (2920 N/m)
218 Ibf/ft (3180 N/m)
235 Ibf/ft (3430 N/m)
270 Ibf/ft (3940 N/m)

Caw

86. The wood structural panel shear wall shown in ele-
vation is part of a one-story wood structure. The wall
dead load is 20 lbf/ft? (958 N/m?). Ignore the roof
dead load contribution to uplift resistance. What is the
resisting moment provided by the weight of the wall
against overturning?

lateral

40 1 (12.2 m}

shear wall

102,000 ft-1bf (139 380 N-m)
120,000 fe-Ib€ (163 980 N-m)
204,000 ft-)bf (278 760 Nom)
216,000 ft-lbf (295160 N-m)

SQw»

87. The plan view of a one-story office building in San
Francisco is as shown. The roof is flexible wood struc-
tural panel and the shear walls are wood structural pan-
els. The roof dead load is 20 Ibf/ft? (958 N/m?), and
the wall dead loads are 16 )bf/ft? (766 N/m?). There
is no geotechnical data for the site. Use CBC simpli-
fied design base shear procedure with near-source factor
N, = 1.0. What are the tie-down forces at points X and
Y? (p=1.0)

IR IR IR NARIINY

/r % 12 ft (3.7 m)
12 1t (3.7 m)
N A By
t 12 (3.7 m)
e o=
100 ft {30.5 m)
roof diaphragm
12 ft 12 ft 12 f1
'a}f);ad' @7m) 37m (3.7m)
-
/ opening 'F,
14 f
A 7 (4.3 m)
7 :
BENYZ, /\‘y'/m 4
shear wall
A. 1540 Ibf (6640 N)
B. 2500 Ibf (10780 N)
C. 3950 Ibf (17030 N)
D. 5680 Ibf (27230 N)

88. The plan view of a rigid roof diaphragm is
shown. A lateral load of 500 1bf/ft (7297 N/m) in the
north-south direction is acting on the building. Assume
the building is stable. The rigidities for the end shear
walls are given. Ignore torsional and eccentricity effects.
Determine how much of the lateral force will be resisted
by the 20 ft (6.1 m) wall. (p = 1.0)

100 f1 (30.56 m) T

| - N
h=5% 20 ft

A=4 6.1 m)

40 ft R=6

{(12.2m) r 20 ft
! (6.1

A

CETFTT AT IR A AR AT EEFFF T

500 Ibf/ft (7297 N/m)

10,000 Ibf (44500 N)
20,000 Ibf (89000 N)
30,000 Ibf (133500 N)
40,000 Ibf (178000 N)

Taw
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For Problems 89 and 90, refer to the following set of
assumpiions.

A car-wash building with a rigid roof diaphragm is
shown in plan view. Three concrete shear walls par-
allel to the direction of the north-south lateral force are
indicated along with their rigidities. Ignore effects of
torsion and eccentricity. Assume the building is stable.
(o = 1.0)

50 ft (15.2 m) 50 ft (15.2 m)
f— e — -l
R=6 R=3 R=5
wall | wall I} wall lll

CEFFFTFFEF AT A EFETAA

500 Ibf/ft (7297 N/m)

89. Determine how much of the lateral force will be
resisted by wall 1.

10,700 Ibf (47480 N)
16,700 Ibf (74100 N)
17,800 Ibf (78980 N)
21,500 Ibf (95400 N)

Uaw»

90. Which wall will resist the largest proportion of the
north-south lateral force?

A wall ]

B. wall Il

C. wall III

D. Al walls resist equally.

91. The concrete walls of a one-story building with a
rigid roof diaphragm are 12 ft (3.7 m) in height. The
rigidities of the notth, cast, and west walls are jndicated
in the building plan view. Do not account for uncer-
tainties in the locations of Joads. What should be the
rigidity of the south wal) if the center of rigidity in the
y-direction coincides with the center of the diaphragm?

Ty {North)

60 f1 (18.3 m}
{ | x
R=5

30 ft
©1m| |B4 R=3
A. 2
B. 4
C. 5
D 7

92. The rigid roof diaphragm of a factory is shown in
plan view. The relative rigidities of the concrete walls
are given. Determine the location of the center of rigid-
ity in the z- snd y-directions. Use the lower left corner,
point O, as the origin.

25 f1 50 ft 25 ft
{7.6 m) {(15.2 m) (7.6 m)
"— —t| - - _d—...l_q ——‘
Re=3 Ty(North)
40 ft _ -
(122m | |Pe=4 Ap=2 -
RA =5 RE =
O pm—o : e
50 fi 40 ft 10 f1
{16.2 m} (12.2 m) {3m)

25 ft and 15 ft. (7.6 m and 4.6 m), respectively
30 ft and 20 ft (9.1 m and 6.1 m), respectively
33 ft and 13 ft (10.0 m and 4.0 m), respectively
50 ft and 20 ft (15.2 m and 6.1 m), respectively

Cowe

93. A one-story octagonal building is shown in plan
view. The concrete roof and shear walls have a uniform
thickness throughout. The walls’ rigiditics are given.
Determine the location of the center of rigidity in the
- and y-directions. Use the lower left corner, point O,
as the origio.
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30 ft
{9.1 m}

y
T roof line
i
]
]
)

30ft
9.1 m)
wall IV
30h h=3

{9.1 m)

30 ft ‘ 30 fi 30f
9.1 m) (9.1 m) 9.1 m)
40 ft and 42 ft (12.2 m and 12.8 m), respectively
42 ft and 40 ft (12.8 m and 12.2 m), respectively
45 ft and 40 £t (13.7 m and 12.2 m), respectively
45 ft and 45 ft (13.7 m and 13.7 m), respectively

oSaw >

94. The accidental eccentricity of a building has been
calculated as 4 ft (1.2 m) for the direction of loading un-
der consideration. What is the length of this building,
perpendicular to the direction of loading?

A. 20 ft (6.0 m)

B. 40 ft (12.0 m)
C. 80 ft (24.0 m)
D. 104 ft (32.0 m)

95. The plan of a one-story building is shown. The base
shear js 50,000 1bf (222 410 N) for the north-south direc-
tion. The building has a rigid roof diaphragm with con-
crete shear walls. The location of the centers of rigidity
angd mass as computed from the southwest corner are
given below. What is the maximum positive torsional
morment in the north-south direction?

center of rigidity
38 ft (11.6 m)
9.5 ft (2.9 m)

center of mass
I 40ft (122 m)  Zp
7 125t (3.8m) Ty

80 ft (24.4 m)

¢
{7.6 m)

100,000 ft-Ibf (133450 N-m)
150,000 ft-1bf (200170 N-m)
300,000 ft-)bf (400340 N-m)
350,000 ft-1bf (467060 N-m)

vows

96. The plan view of a one-story masonry shear wall
structure with a rigid roof diaphragm is shown. The
locations of the centers of mass and rigidity are jllus-
trated. Neglect accidental eccentricity.

2 —

— e
v Cym .
lateral Cq |
force w

The direction of the torsional moment on the diaphragm
for the lateral force direction shown is

AL clockwise.

B. counterclockwisc,

C. opposite the direction of lateral force.
D. none of the above.

97. The plan view of a one-story masonry shear wall
structure with a rigid roof diaphragm is shown. The
relative rigidity of each shear wall, the center of mass,
the center of rigidity, and the base shear for the north-
south direction are given in the illustration. What is
the lateral force in the north wall due to torsion?

10 ft 60 ft 10 ft
{3 m) (18.3 m) {(3m)

- -—— - ]
40 ft
(12.2 m) .
| AR=86

CR L]
CM »
i 15 ft (4.6 m)

18 ft (5.5 m) N

R=4

V= 50,000 Ibf ﬁ
{222 410 N}

780 Ibf (3370 N)
1220 bf (5280 N)
2000 1bf (8650 N)
2800 1bf (12110 N)

Oawp
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98. Consider a one-story masonry shear wall structure
with & rigid roof diaphragm. The lateral force is in the
north-south direction. The centers of mass and rigidity
are as shown. The building is acted upon by a torsjional
moment. The rotation about the center of rigidity is
resisted by a torsional shear stress in all walls. For walls
1, II, X1, and TV, choose the direction of the torsional
shear that resists the torsional moment.

wall |
¢ torsional
R e moment
C® N
wall Il M wall IV

wall il

1,

cast, east, south, aud north, respectively
east, west, north, and south, respectively
west, east, south, and north, respectively
west, west, north, and south, respectively

Cawx

99. The plan view of a one-story masonry shear wall
structure with a rigid roof diaphragm is shown. The
relative rigidity of each shear wall, the center of mass,
and the center of rigidity are given in the jllustration.
The base shear is 60,000 Ibf (266 900 N) in the north-
south direction. What is the total force in the west
wall?

10 ft 80 ft 10 fi
(3m) (24.4 m) {3m)
ot eoono—mo— oo |~
50 ft
{15.2 m)
R=3
R=3 A=1 /r
40 ft Cy ®
(12.2 m) Cg e M _47 N
I15ﬁ(4'5m) 20 ft (8.1 m)
L _4 I !
e R=56
25t (7.6 m)
A. 22,500 Ibf (100 100 N)
B. 36,400 Ibf (162000 N)
C. 45,000 Ibf (200 170 N)
D. 52,000 Ibf (231310 N)
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CHAPTER 3

In solutions 28-35, 38, 4042, 46, 47, 52-55, 57, 58, and
87-90, p represents a reliability /redundancy factor that
should be assigned to all structures according to the
CBC (Sec. 1630.1.1]. This factor is based on the extent
of structural redundancy angd its lateral force-resisting
systems.

1. Apswer D

Elements that resist story shears are known as resist-
ing elements. They are columps, shear walls, connec-
tions, and structural systems, such as braced frames or
moment-resisting frames.

2. Answer D

Resisting elements (e.g., columns, shear walls, braced
frames, moment-resisting frames, and connections) re-
sist lateral forces. Horizontal diaphragms (e.g., floors
and ceilings) distribute latera] forces to the resisting
elements.

3. Answer A

The base shear is the total force delivered to the struc-
ture at the base. In perpendicular walls, the forces
are tensile and compressive, while in parallel walls, the
forces are shear. Therefore, in shear wall buildings, par-
allel walls resist the base shear.

4. Answer B

The direction of seismic loading applied to a structure is
typically either in the transverse (i.e., short dimension)
or longitudinal (i.e., long dimension) direction. There-
fore, transverse seismic loading describes a loading that
is parallel to the shorter dimension of the structure.

5. Answer B

Per the CBC [Sec. 1630.5], base shear forces should be
distributed throughout the height of structures in con-
formance with CBC Formulas 30-13, 30-14, and 30-15.
At each level, the distributed force, F,, increases lin-
early as the height above the base increases.

SOLUTIONS

6. Answer B

Walls that are perpendicular to the lateral force are
affected by ground acceleration forces and carry all ten-
sile and compressive forces. They resist the bending
morent. Perpendicular walls transfer their own inertia
forces to the base of the structure.

7. Answer A

The walls perpendicular to the direction of the seismic
farces resist the bending moment, and they also con-
tribute inertia load to the diaphragm shear.

8. Answer D

All of the inertia forces resulting from the mass of the
structure aJong with all masses attached to or contained
by the structure should be carried from their origins
to the foundations. Roof diaphragms transmit inertia
forces from their own weight plus the weight of the per-
pendicular walls to the vertical resistiog elements. The
vertical shear-resisting elements are the parallel walls
that transfer forces from the roof diaphragms, plus their
own inertia forces, to the base of structures.

9. Answer C -

Based on the CBC [Sec. 1630.2.1], the minimum total
design base shear should be obtained from CBC For-
mula 30-6, V = 0.11C, JW.

In addition, for seismic zone 4, the minimum total de-
sign base shear should be calculated from CBC Formula
30-7, V = (0.8ZN,I/R)W .

10. Answer C

CBC Formula 30-15 distributes the base shear force to
each story in accordance with the distribution of mass
at that level. F, represents a concentrated force at the
top level (i.e., the roof) that is a supplemental force
to F. at that level. F; accounts for the response to
higher modes, which is more significant for longer period
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structures. Based on the CBC [Sec. 1630.5]. F; should
be desermined from CBC Formula 30-14, F, = 0.077V.

11. Answer B

SI solution

For seismic zone 4, fromm CBC Table 16-1, Z is 0.4. For
an office building, from CBC Table 16-K, I'is 1.0. For a
special moment-resisting steel frame, from CBC Table
16-N, R is 8.5. Per the CBC [Sec. 1630.2.2, Item 1}, C,
is 0.0853.
Ry, = (10 Aoors)(3.7 m)
37 m
T = Cy(fn)*/"
(0.0853)(37 m)*/4
=1.27s
Based on CBC Table 16-R., the seismic response coeffi-
cient C,, is 0.56N,, for soil profile type S¢ and Z = 0.4.
Therefore,
Cy = (0.56)(L.0)
0.56
W = (10 floors)(68 040 kg)
~ 680400 kg
Use CBC Formula 30-4.

Cul
= %%
v ( RT)

= (%j?()](lg%) (680400 kg) (9.81 ?2)

= 346257 N

Customary U.S. solution

For seismic zoue 4, from CBC Table 16-1, Z is 0.4. For
an office building, from CBC Table 16-K, 7 is 1.0. For a
special moment-resisting stee) frame. from CBC Table
16-N, R is 8.5. Per CBC [Sec. 1630.2.2, Item 1], C, is
0.035.

hn = (10 floors)(12 ft)

=120 ft
T = Cy(hn)¥/?

= (0.035)(120 ft)%/*

= 1.27 sec

Based on CBC Table 16-R, the seismic response coeffi-
cient C, is 0.56N,, for soil profile type S¢ and Z = 0.4.

Therefore,

C, = (0.56)(L.0)
= 0.56

W = (10 floors)(150,000 1bf)
= 1,500,000 1bf

Use CBC Formula 30-4.

C,I
- (RT) W
(0.56)_(1.0))
((8.5)(1.27) (1,500,000 1bf)
= 77,814 Ibf
12. Answer C

S7 solution

From the solution to Problem 11, 7' = 1.27 s. Since
1.27 s > 0.7 3, use the CBC [Sec. 1630.5), Formula 30-

14.
F, = 0.07TV

= (0.07)(1.27 )(400 340 N)
35590 N

Check that F; < 0.25V.

0.25V = (0.25)(400 340 N)
= 100085 N

Since 35590 N < 100085 N, the value of 35590 N is
used for Fj.

Customary U.S. solution

From the solution to Problem 11. T" = 1.27 sec. Since
1.27 sec > 0.7 sec. use the CBC [Sec. 1630.5], Formula

30-14.
F, = 0.07TV

= (0.07)(1.27 sec)(90,000 Ibf)
= 8000 1bf

Check that I}, < 0.25V.

0.25V = (0.25)(90,000 1bf)
= 22,500 1bf

Since 8000 Ibf < 22,500 Ibf, the value of 8000 1bf is used
fOl.' Fr,-
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13. Answer A
Per CBC [Sec. 1633.2.9, Item 2], the force Fp, should
not be less than 0.5C, Twp,.

From CBC Table 16-Q, the value of seismic coeflicient
C, for the soil profile type Sg and Z = 0.3 is 0.30.

0.5C, fwp. = (0.5)(0.30)(1.0)wp,
= 0.15wp,
14. Answer C

ST solution

From the CBC [Sec. 1630.2.2, Item1], C; for all these
special steel moment-resisting buildings is 0.0853. From
CBC Formula 30-8,

T = Cy(hn)**

Ty = (0.0853)(9.1 m)*/1 =0.45 s
Ti = (0.0853)(18.2 m)*/4 = 0.75 s
Tinr = (0.0853)(27.3 m)*/* = 1.00 s

T111 has the largest natural period.

Customary U.S. solution
From the CBC [Sec. 1630.2.2, Item 1], C; for all these

special steel moment-resisting buildings is 0.035. From
CBC Formula 30-8,
T = Cy(hp)*/*
Ty = (0.035)(30 f1)%/% = 0.45 sec
Tir = (0.035)(60 £t)*/* = 0.75 sec
Tin = (0.035)(90 t)%/% = 1.00 sec

T has the largest natural perjod.
15. Answer D
ST solution

For buildings I, I, and ITI, the dense soil measured shear
wave velocity, 7,, is 760 m/s and the rock measured
shear velocity, %,, is 1500 m/s. Based on the CBC
[Sec. 1636.2.6], the averaging of shear wave velocities is
only applicable in the upper 30.5 m.

Per the CBC [Sec. 1636.2.1], to obtain average shear

wave velocity for each building, CBC Formula 36-1
should be used.

For building I,

o 6.1 m+30.5m
= %1im 305 m

2|
o

760 = 1500 2
S s
= 1290.56 m/s

For building 11,

12.2 m + 30.5 m

2

. 12.2 m 30.5m

760 - 1500 —

] ]
=1173.53 /s

For building IIT,

L A 1_8.3 m + 30.5 m
Y~ 183 m 305m

760 — 1500 —
S S

~ 1098.80 m/s

Based on the CBC [Sec. 1636.2] and CBC Table 16-J.
soil profile type Sp can be classified for buildings I, II,
and II1 because the shear wave velocity of soil profile
type Sp is between 760 m/s and 1500 m/s. However,
per the CBC |Sec. 1636.2.6], the rock categories, soil
profile types Sa and Sg, should not be used if there is
more than 3.05 m of soil between the rock surface and
the foundation. Therefore, here S¢ is the appropriate
soil profile.

Based on CBC Table 16-U, for buildings I, 11, and II,
the seismic source type is C because the maximum mo-
ment magnitude, M, is less than 6.5 and slip rate is
equal to 2 mm/yr. It is important to note that the
CBC requires both maximum moment magnitude and
slip rate conditions be satisfied concurrently when de-
termining the seismic source type.

Per CBC Table 16-R, the secismic coeflicient C, with
soil profile S¢ in seismic zone 4 is 0.56 N,,. From CBC
Table 16-T, with seismic source type C and the building
being 15 km away from known seismic source, near-
source factor N, is 1.0 for buildings 1, II, and IIT.

Therefore,
C, = (0.56)(1.0)

= 0.56
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Customary U.S. solution

For buildings I, 11, and I1I, the dense soil measured shear
wave velocity, 7, is 2500 ft/sec and the rock measured
shear velocity, ¥,, is 5000 ft/scc. Based on the CBC
'Sec. 1636.2.6}, the averaging of shear wave velocities is
only applicable in the upper 100 ft.

Per the CBC [Sec. 1636.2.1], 1o obtain average shear

wave velacity for each building, CBC Formula 36-1
shouid be used.

> d,
i=l

For building [,

= 20 {t + 100 ft
YT 70k 100 Ibf
ooy LRn
2500 5000 —
sec Sec

= 4285.71 ft/sec

For building II,

_ 40R100K
Yo T TTAD R 100 ft
— e s
1t ft
2500 — 5000 —
sec sec
= 3888.89 fi/sec
For building I11,
_ 0100 fi
e = 7760 hi ) 100 fr
—t—g
2500 1 5000 —
sec sec

= 3636.36 ft/sec

Based on the CBC [Sec. 1636.2] and CBC Table 16-J,
soil profile type Sg can be classified for buildings I, I1,
and III because the shear wave velocity of soil profile
type Sp is between 2500 ft/sec and 5000 ft/sec. How-
ever, per the CBC (Sec. 1636.2.6], the rock categories,
soil profile types Sa and Sg. should not be used if there
is more than 10 ft of soil between the rock surface and
the foundation. Therefore, here Si is the appropriate
soil profile.

Based on CBC Table 16-U, for buildings I, 11, and T11,

the seismic source type is C because the maximum mo-
ment magnitude, M| is less than 6.5, and the slip rate

is equal to 2 mimn/yr. It is imnpoctant to note that the
CBC requires both maximum moment magnitude and
slip rate conditions to be satisfied concurrently when
determining the seismic source type.

Per CBC Table 16-R. the seismic coefficient C,, with soil
profile S¢ in seisimic zone 4 is 0.56N,. From CBC Table
16-T, with seismic source type C and the building 9.32
mi away from known seismic source, near-source factor
N, is 1.0 for buildings I, II, and III. Therefore,
C, = (0.56)(1.0)
= (.56

16. Answer B

ST solution,

hy = (3)(4.6 m) = 13.8 mn

From the CBC [Sec. 1630.2.2, Item 1|, C, is 0.0833. Use
CBC Formula 30-8.

T =G,y (hn)*
- (0.0853)(13.8 m)*/*
=06s

Since 0.6 s < 0.7 s, per the CBC [Sec. 1630.5], F, = 0.

level . hx_ o u/!.r ] _]l_,;'U..':_
3 (roof) 3.8 m 1334.46 kN 18416 kN-1n
9.2 m 1779.28 kN 16 369 kN-m
4.6 m 2224.10 kN 10231 kN-m

345016 kN-m

From CBC Formula 30-15,
F = (_V . Fiw,h,
X ?.t..‘,;h.i
=1

Determine the base shear at the roof level.

£ El_ﬂ-‘:?() N-0 N)(18416 kN )
& 45016 kN-m
= 181975 N

Customary U.S. solulion

by = (3)(15 ft) = 45 ft
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From the CBC [Sec. 1630.2.2, Item 1], C; is 0.035. Use
CBC Formula 30-8.

T = Cy(hn)*/*
= (0.035)(45 ft)>/*
= (0.6 sec

Since 0.6 sec < 0.7 sec, per the CBC {Sec. 1630.5],

F,=0
level h,_T_  wy h—IwI_
3 (roof) 45 {t 300 k 13,500 ft-k
2 30 ft 400 k 12,000 ft-k
1 15 ft 500 k 7500 ft-k
3°33,000 ft-k

From CBC Formula 30-15,
N (V — Ft)wmh,,,

n
E wihz
=1

F;

Determine the base shear at the roof leve).

_ (100 k - 0 k)(13,500 ft-k)

B 33,000 ft-k

=409 k
= 41,000 Ibf

17. Answer C
SI solution

The overturning moment at the base is simply the sum
of the overturning moments due to the seismic forces
(F, and F,) at each level.

Moverturning = (111 kN)(12 m) + (102 kN)(9 m)
+ (80 kN)(6 m) + (67 kN)(3 m)
= 2931 kN'm

Customary U.S. solution

The overturning moment at the base is simply the sum
of the overturning moments due to the seismic forces
(F, and F}) at each level.

A/Iovertuming = (25 k) (40 ﬁ;) + (23 k) (30 ft)
+ (18 k)(20 ft) + (15 K)(10 ft)
= 2200 ft-k

18. Aunswer B

Contrary to rigid diaphragms that distribute lateral
forces in proportion to the rigidities of vertical resisting
elements, flexible diaphragms (i.e., wood or light steel)
distribute lateral forces to vertical resisting elements in
proportion to the tributary area of the elements.

19. Answer A

Flexible diaphragms are relatively thin structural el-
ements that are anchored to the vertical resisting el-
ements. They lack bending strength and depend on
the stiffiness of perpendicular walls to limit overall di-
aphragm deflection. Flexible diagrams are incapable
of distributing torsional raorents to vertical resisting
elements.

20. Apswer D
Steel decks with 2onolite are structurally velatively thin
and are considered flexible diaphragms.

21. Answer A

Rigid diaphragms distribute lateral forces in proportion
to the rigidities of vertical resisting elements. They do
not distribute lateral forces on a tributary load basis as
do flexible diaphragms.

22. Answer D

Rigid diaphragms, such as concrete slabs and concrete
on metal deck floor systems, do not bend due to lateral
loads. They distribute lateral story shears to vertical
resisting elements. As opposed to flexible diaphragms,
rigid diaphragms transmit torsion tc the vertical resist-
ing elements.

23. Auswer D

Metal decks with concrete fill are considered rigid dia-
phragms because they are structurally relatively thick
and heavy and will not change shape under lateral loads.

24. Answer C

CBC provisions limit diaphragm deflection by speci-
fying maximum diaphragm dimension ratios in Table
23-1[-G. One way to further minimize diaphragm deflec-
tion is to decrease the nail spacing along the edges of
the diaphragm. The nail spacing determines the shear
resistance across the diaphragm when it is subjected to
lateral loads.

25. Answer C
Following are a few definitions that are required jn order
to answer this question.
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e The center of rigidity is the point through which
the resultant of the resistance to the applied
lateral force acts. It is called the center of rigid-
ity because the individual elements resist the
lateral force in proportion to their rigidities.

e The center of mass is the point through which
the applied lateral force acts.

o Fccentricity is the distance between the
center of rigidity and the center of mass (mea-
sured perpendicular to the direction of the lat-
eral load).

o Accidental eccentricity is equal to 5% of the
building dimension that is perpendicular to the
direction of the lateral load.

o The torsional moment equals the applied
lateral force multiplied by the somn of the ec-
cenfricity and accidental eccentricity. The tor-
sional moment is resisted by individual walls
and columns in proportion to the distance froin
the center of rigidity.

Therefore, for elemenls that are located far fromn the
center of rigidity, torsional effects are critical.

26. Answer D

Torsional shear stress occurs whenever centers of mass
and rigidity do not coincide. The implication here is
that diaphragms are rigid. Rigid diaphragms (as
opposed to flexible diaphragms) transfer torsion to
the vertical resisting elements. Resisting elements con-
sist of columns, shear walls (parallel and perpendicu-
lar), braced frames, moment-resisting frames, and
conpections.

27. Answer C

Based on the CBC [Sec. 1630.7], the torsional design
moment should be the moment resulting from eccen-
tricity and accidental torsion.

28. Answer C
ST solution

Each of the two paralle] walls carries half of the applied
load in shear. The tota) load on the diaphragm is

l’};linp'm'agm = w(244 m)
The load on each parallel wall is

24.4 m
Vwal! = (—2 )1:“

= (12.2 m)w

The shear stress per meter of wall is

Vi (12.2 m)w

pi= b 12.2 m

=w

Customary U.S. solubion

Each of the two parallel walls carries half of the applied
load in shear. The total load on the diaphragm is

Vdiaphragm = 7.U(80 ft)

The load on each parallel wall is

(80 ft)w
Vwal! - ———

9
= (40 ft)w
The shear stress per foot of wall is

&_‘“ (40 f!;)w

94 b 40 ft
=1
29. Answer B
ST solution
_v
b
V=43
wl
V=7
Thus,
W
e .
_ 2 '
T L
N
(2) (3648 ) (24.4 m)
m g
T 549 m
= 3243 N/m

Customary U.S. solution

o
b
V =9
wl
3
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Thus,
2V
YET
20b
L
1bf
(2) (250 —) (80 ft)
N (180 ft)
= 222 Ibf/ft
30. Answer B

SI solution

Find V| the total force carried by each wall, and then
determine the length needed to keep the shear stress at
5838 N/m.

(3648 5) (24.4 m)

V:
Z 2
44506 N
V
/l() p-
D
B %4
7
) ’“ 506 N
; N’
5838
m
=76m

Customary U.S. solution

Find V, the total force carried by each wall, and then
determine the length needed to keep the shear stress at
400 1bf/ft.

1bE
oL (250 ) (80 ft)

Ve e
= 10,000 Ibf
|74
My
%4
b
¥
10.000 1bf
Ibf
400 e
=25 ft

31. Answer D
SI solution

Write the equation for unit shear stress in the resist-
ing walls for both the N-S and E-W loading conditions.
In each direction, the shear stress is dependent on the
length of the E-W walls.

N-S loading:
N
(2189 —) (30.5 m)
m e
9 = '; 33382 N/b  [Eq.l
E-W loading:
.
(4378 E) b ]
m
=l » 2
K 2 (30.5 111) 8 [Eal
Set Eq. 1 equal to Eq. 2 and solve for b.
33382
: = 71.8)
b 71
71.8b% = 33382
b=21.6m

Customary U.S. solution

Write the equations for umnit shear stress in the resist-
ing walls for both the N-S and E-W loading conditions.
In each direction, the shear stress is dependent on the
leogth of the E-W walls.

N-S loading:
(150 g) (100 ft) B
§=— % — = 7500 1bf/b  [Eq. 1]
E-W loading
(300 l—bf> b
PR [N 20/ (R P P [Eq. 2)
- 2 1004/ &
Set Eqg. 1 equal to Eq. 2 and solve for b.
00 _ o
b = 1.00
1.5b% = 7500
b=70.71 ft
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32. Answer C

ST solution

Wil

|
=
>

Y =

110914 N

30.5m

(7297 E) (15.2 m)
mn

33. Answer C

S1 solution

15.3m

L

110914 N
Py = Y
()( 30.5 m )

= 7273 N/m

Customary U.S. solution

prond
b
V = 9b
1bf
500 — ) (50 ft
( & ) (50 ft)
= 25,000 Ibf
100 ft

T

12.2m

<
— -

The tributary area to line 1 includes everything to the
plane halfway between lines 1 and 2. The seismic load

v vl
2
21
W
L
25.000 1bf
= () ( 100 fb_)
500 Ibf/ft
1 2
244 m ( 1.2m
oy - - |--—
Vroo‘ v

vruuf“ overhang

T

2919 N/m

from the roof overhang is tributary to line 2.

Customary

1

-

50 ft

;

(mu)g)@44m)

1% -
2
712236 N
B 2
=35612 N
= 35600 N
U.S. solution
2
80 ft 4ft
| |-——
Voverhang

Vrool“

roof
40 ft [

tffffffffffffffff?f*ﬁ%omﬁﬂ

200 |bf/ft
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The tributary area to line 1 includes everything to the
plane halfway between lines 1 and 2. The seismic load
from the roof overhang is tributary to line 2.

(200 l:—:f) (80 ft)
VvV > 7 S S
2
16,000 1bf
- 2
8000 Ibf

34. Aoswer D
ST solution

The tributary area to line 2 includes everything to the
plane halfway between lines 1 and 2, plus the roof
overhang. As determined in Prob. 33, Vigof at line 2 =
35586 N. Therefore,

N
VOVI'J}l:nJ;‘_' at line 2 = (730 _) (]2 m)
m

=876 N

Viotal = 35600 N 4876 N
= 36476 N
~ 36480 N

Customary U.S. solution

The tributary arca to line 2 includes everything to the
plane halfway between lines 1 and 2. plus the roof
overhang. As determined in Prob. 33, Vieof at Jine 2 =
8000 1bf. Therefore,

Ibf
Voverhang at line 2 — (50 E) (4 ft)
= 200 Ibf
mel = 8000 )‘Of -+ 200 lbf

= 8200 Ibf
35. Answer D
51 solution

1 2

’ 2919 N/m ’

Pt beebbbbebitiibee

W ow
3 3

122 m

L4
3

Dijaphragm force on the parallel walls:

This is shear force along resisting lines 1 and 2.

2019 5) (24.4 m)
1m

2 2
=35612 N

v 1_I’L . (

Shear wall:

The shear stress in the parallel walls is due to the dia-
phragm force plus the inertia force of the parallel wall
weights. The base shear equation is

C,1
V- W
(%)
= 0.1375W
Lghear walleJine 2 =3 m+ 6.1 m
=9.1m

(9.1 m) (766 -”I?-[,z-) (4.3 m)

Wahear wall ling 2 = —— 5
= 14987 N
V — (0.1375)(14 987 N)
- 2061 N

V= ‘/r(mf g I/vwall
=35612 N + 2061 N

= 37673 N
At Line 2 for 6.1 m shear wall:
1%
¥ =—
b
- 37673 N
"3m+6.1m
4140 N/m -

Customary U.S. solution

200 Ibf/t ____[
iy
40 ft 10 fr
20 fi
- 80 ft _ -
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Diaphragm force on the parallel walls:
This is shear force along resisting lines 1 and 2.

1bf

i (W) ®0

Vs 2

= 8000 1bf

Shear wall:

The shear stress in the parallel walls is due to the dia-
phragm force plus the inertia force of the parallel wall
weights. The base shear equation is

C,l
Ve[ w
()
= 0.1375W

Lshear walls line 2 — 10 ft + 20 ft
=30 £

(30 ft) <16 1—5) (14 tt)

Wehear wallline 2 = 2
= 3360 lbf
V = (0.1375)(3360 lbf)
= 460 1bf

V = Vioot + Vaean
= 8000 Ibf 4 460 Ibf
= 8460 1bf

At line 2 for 20 ft shear wall:

0= —
b

8460 Ibf
10 ft+ 20 ft
= 282 Ibf/ft

36. Answer D

Based on CBC Table 23-II-G, the maximum span-to-
width ratio for horizontal wood structural panel dia-
phragms should be 4:1 for all seismic zones.

37. Answer A
For seismic zone 4, based on CBC Table 23-1I-G, the
maximum diaphragm dimension ratio (i.e., the height-
to-width ratio) for vertical diaphragms (nailed all edges)
should be 2:1.

38. Answer C
SI solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-N,
R is 5.5, From CBC Table 16-Q, seismic coefficient C,,
for soil profile type S¢ is

C, = 04N,
= (0.4)(1.0)
=04

Based on the CBC [Sec. 1630.2.3|, use CBC Formula

30-11.
3.0C,
v={ 2t
( R )W

_ ((3.0)(0.4)) W

5.5
= 0.2182W
N
= 221336 N
4.9 m , N
Waaits = (5 walls) ( 5 ) (7.6 m) (1197 m_Q)
=111441 N
Wtot:x] = 221336 N —+ 111 441 N
=332777T N
V = (0.2182)(332777 N)
=72612 N
72612 N -
Vshear at line 1 = _2_ .
= 36306 N

Customnary U.S. solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-N,
R is 5.5. From CBC Table 16-Q, seismic coefficient C,
for soil profile type S¢ is

C, =04N,
(0.4)(1.0)
=04
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Based on the CBC [Sec. 1630.2.3], use CBC Formula

30-11.
3.0C,
Vo w
%)

_ ((3.05).(;3.4)) &

= 0.2182W
‘Ibf
Wioot = (4)(25 £t)(25 ft) (20 &_2)

= 50,000 Ibf

16 ft Ibf
Weatts = (5 walls) <6T) (25 ft) (25 &_2)

= 25,000 Ibf
Wiotal = 50,000 Ibf + 25,000 Ibf
= 75,000 1bf
V = (0.2182)(75,000 Ibf)
= 16,365 bf
16,365 Ibf

Vshem at line 1 D)
=~ 8180 Ibf

39. Answer A
SI solution

For wood structural shear wall panels that are nailed
at their edges, per the CBC [Chap. 23, Table 23-1I-
G], maximum diaphragm dimension ratios for vertical
diaphragms in seismic zone 4 should be 2:1. Therefore,
for all panels, check the height-to-width ratios.

For pavel I,
?—1% = 0.8 [less than 2]
For panel IT,
3 4.1 [greater than 2
0.9
For panel III,
3.7

30" 1.2 [less than 2}

For panel 1V,

3.
1.

-3

= 2.4 [greater than 2

(=]

Panels I aod III are in compliance with the CBC Max-
imuin Diaphragm Dimension Ratios requirements.

Customary U.S. solution

For wood structural shear wall panels that are nailed
at their edges, per the CBC [Chap. 23, Table 23-1I-
G|, maximum diaphragm dirmension ratios for a vertical
diaphragm in seismic zone 4 should be 2:1. Therefore,
for all panels, check the height-to-width ratios.

For panel I,
Ly = 0.8 [less than 2]
15 = U i €s8 aly 2
For panel 11,
12
3 4.0 [greater than 2]
For panel 111,
12
0 1.2 [less than 2]
For panel IV,
2
% = 2.4 |[greater than 2

Pancls I and 11T are in compliance with the CBC Max-
imum Diaphragm Dimension Ratios requirements.

40. Answer C

S1 solution

2189 N/m 2189 N/m

TR SRR IR RR IR IR RNAY)

-1 12.2m

i |

152 m 30.5m

1 2 3

The shear wall along line 3 carries half of the diaphragmn
shear between lines 2 and 3.

il

2

(2189 H) (30.5 m)

X
2
= 33382 N

V =
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Customary U.S. solution

150 (bf/ft 150 Ibf/ft

IR I RRRRRRTRARRNRNTRANY

40 fi

Y

100 ft

,. 50 ft

1 2 3

The shear wall along line 3 carries half of the diaphragm

shear between lines 2 and 3.

L
V=122

“

bt

—_ 1
(w07 000w
2
= 7500 lbf

41. Answer B
S1 solution

The maximum diaphragm chord force occurs at the
midpoint between lines 1 and 2. It is calculated as the
bending moment of a simple beam under a distributed
load, per unit depth of diaphragm.

C— M _ wL?
8b

b
(2189 -I-\I-) (15.2 m)?
_\ m

(8)(12.2 m)
= 5182 N

Customary U.S. solution

The maximum diaphragm chord force occurs at the
midpoint between lines 1 and 2. It is calculated as the
bending moment of a simple beam under a distributed
load, per unit. depth of diaphragm.

M wl?
Cuy S
Ibf
150 — ft)?
( 50 ) (50 ft)
(8)(40 fr)
= 1172 Ibf

42. Answer A

Chords are boundary members of a diaphragm that
are perpendiculsr to the direction of the lateral load.
Chords are designed to carry moment and provide all
the resistance to the flexural stresses. Chord forces at
the chord ends are zero.

43. Answer B

SI solution

b=30m+6.1lm+1.5m
-10.6 1n
\%

b
40034 N

10.6 m
= 3776.8 N/m

V= (3776.8 %) (3.0 m)

11330 N

Customary U.S. solution

b=10f +20 [t +5 ft
=356

5=~
b

9000 Ibf
T35 ft
= 257.1 lof/ft

V= (257 %f) (10 ft)

= 2570 Ibf

44. Answer B

At points of discontinuity in the plan, or where the
vertical resisting elements are not provided because of
windows ot doors, the drag struts collect and drag the
horizontal diaphragm shear to the supporting vertical
resisting elements.

45. Answer C

Struts collect diaphragm load and carry it to a shear
wall. Struts carry tension and compression dependiiig
on the direction of scismic loading.
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46. Answer A

The strut force changes along the length of the drag
strut. The maximum force occurs at the point where
the drag strut astaches to the parallel wall. For the
north shear wall, considering the direction of seismic
loading shown, this Jocation js at point X.

47. Answer D

The strut force changes along the length of the drag
strut. The maximum force occurs at the point where the
drag strut attaches to the parallel wall. Points X and Z
frame into parallel walls. Therefore, the maximum drag
strut forces occur at both locations.

48. Answer C

Struts carry tension and compression, depending on the
direction of seismic Joading. The outside ends of the
walls cen be considered to experience no strut forces.
The critical loading conditions depend on the greater
magnitude of the strut and chord forces at the corre-
sponding points along a wall.

49. Answer C

Chords are elements, such as walls or reinforcement at
the diaphragm boundaries that are perpendicular to the
direction of the applied seismic loading. They resist
moments and are regarded as fension and compression
members.

50. Answer D

Chords are elements at the borders of the diaphragm
along the walls perpendicular to the direction of the
applied seismic loading. Any continuous material that
resists all tensile and compressive forces can be used.
For example, masonry walls with adequate tensile rein-
forcement, the double top-plate in wood stud walls, and
steel are suitable.

51. Answer D
Chord foree, C, js calculated as the bending moment of
a simple beam due to a distributed load, per unit depth

of the diaphragm.
M
&= b [Eq. 1]

The bending moment of a simple beam is found in any
elementary mechanics textbook.

\T2
M= 2L [Eq. 2)
8
Insert Eq. 2 into Eq. 1 and solve for the chord force.
M wl?
C=- % (Eq. 3]

The distributed load is the diapliragm force divided by
the span.

(Eq. 4]

Insert Eq. 4 into Eq. 3 and solve for the chord force.

F 12
C— wl? LG

ab &b
_FL
T8

All three formulas for the chord force are correcs.

52. Answer A
The chords at lines 1 and 2 resist bending due to the
diaphragm loads, when the loading is in the direction
shown. At both lines, the maximum chord forces are
equal and occur at mid-span where the maximum mo-
ment develops.

53. Answer A
ST solution

The diaphragm shear is resisted by the parallel walls.
The shear force on each wall is

V =95
= (2919 E) (15.2 m)
m

= 44369 N

Each parellel wall resists half of the diaphragm load.
The total distributed diaphragm load is

SIES

N

(2)(44369 N)
45.7 N
= 1942 N/m

The maximum chord force is calculated as the maxi-
mum bending stress due to the distributed diaphragm
load.
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wl?
Mmax = =3~

wl?
8h
(1942 1\1) (45.7 m)?
m
(8)(15.2 m)
= 33354 N

Crax =

Customary U.S. solution
The diaphragm shear is resisted by the parallel walls.
The shear force on each wall is
V =49b
bf
(200 l—)) (50 ft)
ft
= 10,000 Ib{

Each parallel wall resists half of the diaphragm load.
The total distributed diapbragm load is

%
L
(2)(10,000 Ibf)
(150 ft)
= 133.3 Ibf/tt

w

The maximum chord force is calculated as the maxi-
mum bending stress due to the distributed diaphragm

load. i
C= 3

2
My 2l

8
wl.?

8b
<13313 ]bf-) (150 ft)?

Cmax 5

1t
(8)(50 ft)
7498 1bf

Il

54. Answer A
SI solution

The chord forces at the chord ends are always zero. This
can be demonstrated for the current set of assumptions,
but the results can be generalized to any chord member.

The chord force is the resistance to bending under the
imposed diaphragm loads. The diaphragm shear at the
parallel walls is

wh
2
(3648 E) (24.4 m)

m

V=

2

= 44 506 N

The shear stress in the parallel walls is

.19:_()_

44506 N
122 m
: 3648 N/m

3648 N/m

3648 N/m
shear diagram

intersection of lines X and 1

moment diagram

As shown by the shear and bending “moment dia-
grams, the moments at the ends of the chords are zero.
Therefore, the chord forces at the ends are also zero.

G

Therefore, C = 0.

The force in the chord member at the intersection of
lines X and 1 js zero.

Customary U.S. solution

The chord forces at the chord ends are always zero. This
can be demonstrated for the current set of assumptions,
but the results can be generalized to any chord member.
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The chord force is the resistance to bending under the
imposed diaphragm loads. The diaphragm shear at the
parallel walls is

wk

V="

Ibf
250 — ft
() e
2
10,000 !bf

The shear stress in the parallel walls is

9=

b
Ibf
B IO,OOO_E

40 ft
= 250 Ibf/ft

250 Ibt/fr

250 |b¥/ft
shear diagram

intersection of lines X and 1

moment diagram

As shown by the shear and bending moment diagrams,
the moments at the ends of the chords are zero. There-
fore, the chord forces at the ends are also zero.

Therefore, C = 0.

The force in the chord member at the intersection of

lines X and 1 is zero.

55. Answer C
S1I solution

The chord force is the bending moment per unit depth
of the diaphragm. The shear Joad at the parallel walls

18
wl

2
N
(/297 “-1-) (24.4 m)

2
89023 N

1%

The shear and bending moment diaphragms across the
length of the chord are as shown.

895023 N
“-\.\\\]wechon of lines X and 1
9.0m [ ,Sm |, 122m 83023 N

shear diagram

moment diagram

89023N  V

122m  3m
V =21891 N [at lines X and-1]

The moment at line 1 is calculated as the area under
the shear diagram.

The chord force is the bending moment divided by the
diaphragm depth.

(67132 N)(9.1 m)
2

M = (21891 N)(9.1 m) +

= 504659 N-m

M

b

504659 N.m
122 m

=41365 N

C:
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Customary U.S. solution

The choxd force is the bending moment per unit depth
of the diaphragm. The shear load at the parallel walls
18

Ibf
(500 Tc") (80 ft)

2

= 20,000 Ibf

The shear and bending moment diaphragms across the
length of the chord are as shown.

20,000 bt

I\Twcﬂon of lines X and 1
30 ft 10 ft
I | P |

40 ft |
20,000 Ibf

shear diagram

w

moment diagram

20,000 bf V.
40 T 10
V = 5000 Ibf [at lines X and 1]

The moment at line 1 is calculated as the area under
the shear diagram.

The chord force is the bending moment divided by the
diaphragm depth.
15,00 ft
M = (5000 TbF)(30 ft) + _(..L%f)@q_)
= 375,000 {t-1bf
74

b
375,000 ft-1bf
40 ft
= 9375 Ibf

56. Answer A

The maximurmn chord force develops at mid-span (at the
location of the maximurn moment), while the minimum
chord force occurs at the chord cnds and is zero.

57. Answer D
SI solution
Assume x equals the distance of an additioual wall sec-

tion measured from the east wall. For the strut force
on the south wall, E-W seismic loading applies.

-
2
(8756 :) (15.2 m)
_ = )
= 66546 N
J
9 = L
b
66546 N
T 305 m
= 2182 N/m

Therefore, the strut force on the sonth wall is
N
(2182 E) (z m) = 2182z N

For the chord force on the south wall, N-S seismic load-
ing applies. Assume z equals the distance of an addi-
tional wall section measurcd from the east wall.
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15.2m 15.2m

x assumed

]
desired shear

44515 N

]
I
44515 N 1

shear diagram

desired moment

moment diagram

Use the shear and moment diagrams.

The desired shear is
44515 N
Vz(1 o1 )(152m—z)
= (2928.6)(15.2 m — z)

The desired moment is
M = [(2928.6)(15.2 m — z) + (44515 N)] (g)
= 44515z — 1464.322

The chord force on the south wall is
M
C=3
44515z — 1464.32°
B 15.2 mi

= 2028.6x — 96.3z°

Here it is required to find out how Jong the 10.7 ny south
wall panel should be in order to have equal magnitude
strut and chord forces.

Therefore, the strut force should be set equal to the
chord force.

2182xr = 2928.6x — 96.3x2

Solve for z (shear wall additional length measured from
the east wall).
z=77m
south wallextended lengeh = 30.6 m — 7.7 m

=228 m

Customary U.S. solulion

Assume z equals the distance of an additional wall sec-
tion measured from the east wall. For the strut force
on the south well, E-W seismic loading applies.

g

Ibf
( 00 —) (50 ft)

= 15,000 Ihf
|4

= —
b

15,000 Ibf
100 f¢
= 150 Ibf/ft

Therefore, the strut force on the south wall is

(150 @) (x ft) = 150z 1bf

For the chord force on the south wall, N-S seismic load-
ing applies. Assume x equals the distance of an addi-
tional wall section measured from the east wall.

v
2

200 2 ) (100 ft)

10,000 lbf

50 ft 50 ft

10,000 Ibf
x assumed

desim\\

10,000 Ibf

—

shear diagram

desired moment

moment diagram
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/8 345 SOLVED SEISMICDESIGN PROBLEMS

Use the shear and moment diagrams.

The desired shear is

0
Vo (-1 AL ")f) (50 £ — x)
50 ft

= (200)(50 ft — x)
The desired mowment is

M = [(200)(50 ft — =) + (10,000 Jbf)| (3)
= 10,000z — 100z*

The chord force on the south wall is

M

b

_ 10,0007 — 100z
50 ft

= 2002 — 22

C :

Here it is required to find out how loug the 35 ft south
wall panel should be in order to have equal magoitude
strut and chord forces.

Therefore, the strut force should be set equal to the
chord force.

150z = 200z — 222

Solve for z (shear wall additional length measured from
the east wall).

=251t
south Wa‘“extended length = 100 ft — 25 ft
=75t
58. Answer A
ST solution
wl
V=—
2
(4378 E) (18.3 m)
_ m
- 2
10059 N

. 9.1m 3m 3m ﬂ»
= R X v 7l

40 059 N

shear diagram
40 059 N
13353 N
26 708 N

moment diagram

Chord force:

(40059 N)(9.1 m)
e
182268 N-m

M,

My = 182268 Nom — H33%3 21\”{'3_“1_)
— 162239 N-m )
My = 182268 N-m — S?ﬁw
~ 100815 N-m
M

C=—
b

Co — 182268 N-m
X~ 7183 m
=9960 N ~ 10000 N
162239 N-m
Gy = 18.3 m
= 8866 N ~ 8900 N
100815 N-m
“2= T g3m
= 5509 N = 5500 N

PROFESSIONAL PUBLICATIONS, INC.
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Strut force:
W9 =

o <<

40059 N

Drest = Tggm
= 2189 N/m

40059 N

121 m
= 3311 N/m

9.1m 6.7 m 3m

Q9wa|l g

|
" Deoof = 2188 N/m
i

] i
X Y z
e —— —_—

ﬂwa" = 3311 N/m

At X the drag strut force is

N N

Dx + (2189 l—) (9.1 m) — (3311 —) (3m)=0
m L

Dx = —9987 N =~ 10000 N

[compression]

At Y, the drag strut force is

Dy + (2189 §) (6.1 m) — (3311 ﬁ) (3m) =0
m m
Dy = —3420 N = 3400 N

[compression]

At Z, the drag strut force is

N

Dz + (2189 E) (3 m) — (3311 —) (3m) =0
m m

Dy = 3366 N 3400 N

The chaord force at X is identical to the drag strut force
at X.

[tension)

Customary U.S. solution

Ve 2L
2

(300 %) (60 ft)

2
= 9000 Ibf

30 f 10 f1 10 ft 10 ft
R— —— — i g |
X!y 2|
3000 Ibf

9000 Ibf

ShearV

3000 lof

6000 Ibf

i

moment diagram

Chord force:

9 1bf) (30 ft
M — (9000 TbD)(30 ft)

2
= 135,000 ft-1bf

My = 135,000 flbf — 500010010 ft)

= 120,000 ft-1bf

My, = 135,000 ft-1bf — ($000PH(0 )

2
= 75,000 f-1bf
M
C = F
£ _ 185,000 fi-Ibf
T 60 f
= 2250 Ibf
o= 120,(_]00 ft-1bf
L F
= 2000 1bf
75,000 ft-1bf
2= 60k
= 1250 1bf
Strut force: v
9=~
b
9000 1bf
'l9roof - W
- 150 Ibf/ft
9000 1bf
Breall = W0k
~ 225 Ibf/ft
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Br00f = 150 IbfAt
—— e | et
> |
X Y z
—_— e ——— —

ﬁw_,,, = 225 Ibf/h

At X, the drag sbrut force is

Lbf Ibf
Dx + (150 E) (30 ft) — (225 E) (10 ft)=0
Dy = —2250 Ibf [compression]

At Y, the drag strut force is

Ibf f
Dy + (150 —fbt—) (20 ft) — (225 %) (10 ft) = 0

Dv = —750 Ibf  [compression]

At Z, the drag strut force is

Ibf 1bf
D7+ (150 —ﬁ—) (10 ft) — (22.5 E) (10 ft) = 0
Dy = 750 Ibf [tension]

The chord force at X is identical o the drag strut force
at X.

59. Answer D

Drift, A, is the displacement between adjacent stories
due to applied forces. The drift can be divided into
different components (e.g., shear drift and chord drift)
depending on the nature of the loading and the dis-
placement that results. The drift depends on variables,
such as the building and story heights, shear load, girder
length and depth, column length and height, and frame
length.

60. Answer B

The P-A effect is an additional column bending stress
caused by the earthquake. Originally, the vertical loads
(live and dead) are constant and concentric with the
base of the building. When drift occurs under the hori-
zontal seismic loading, the vertical Joads become eccen-
tric with the base. Under these conditions, there are two

types of mowment. The primary moment is the bending
rooment due to bending of the columns under the lateral
loads, (Fh). The secondary moment is the additional
moment from P-A effects, where vertical loads (P) act
on the building elements that have been laterally dis-
placed (A) from the base. The P-A, or sccondary mo-
ment, effects, on shears, axial forces, and moments of
frame members should be considered in building design
as outlined in the CBC [Sec. 1630.1.3].

61. Answer A
SI solution

Per the CBC [Sec. 1627], story drift ratio is the story
drift divided by the story height.

A 5.1 cmn
N 7 ')S—m\h
(6.1 m) (11(] =
- 0.0083

Customary U.S. solution

Per the CBC [Sec. 1627]. story drift ratio is the story
drift divided by the story height.

A 2 in
ho ~in
(20 ft) <12 f_t)
= 0.0083

62. Answer B

Structures should be designed to resist the overturning
effects caused by seismic loading. When the overturn-
ing moment increases faster than the restoring moment
from the frame stiffness, the frame is unstable. Per the
CBC [Sec. 1630.8.1], overturning effects on every ele-
ment should be transferred to the foundation.

63. Answer B
Based on CBC Table 23-11-H, the maximum allowable
shear stress is 360 1bf/ft (5254 N/m).

64. Answer B

The allowable shear needs to be equal or greater than
the calculated shear of 690 Ibf/{t (10070 N/m). The
nail spacing scheme that will give the required shear
resistance is 2.5 in (64 ynm) spacing at the boundaries.
Per CBC Table 23-1I-H, this will give a maximum al-
lowable shear stress of 720 1b{/ft (10 508 N/m).
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65. Answer C

The allowable shear in the shear walls must be equal
or greater than the calculated value of 380 Ibf/ft (5
546 N/m). Per CBC Table 23-II-I-1, a maximum al-
lowable shear stress of 430 Ibf/ft (6275 N/m) will be
achieved when the nail spacing at the wood structural
panel edges is 4 in (102 mm).

66. Answer D

Based on the CBC [Sec. 1630.8.1], design overturning
moment should be distributed to the vertical resisting
elements and then carried down to the foundation. The
overturning moment is resisted by the weight of the
walls (parallel walls only) and by the distributed roof
dead load tributary to the walls. Thus, proper actions
to resist overturning moment include anchoring the wall
panels to the foundation, and increasing the weight of
the walls. In addition, larger walls will have a longer
resisting moment arm, so making walls longer (or con-
necting tilt-up panels such that they may be considered
as one wall) will increase the resisting moment.

67. Answer D

ST solution

Based on CBC Table 21-N, for 19 mmn diameter bolts
in grouted masonry, the allowable shear is 4893 N.

Ignore bolts required for uplift. The number of bolts
required is

48930 N
—N- = 10 bolts

4893 ——
3 bolt

Customary U.S. solution

Based on the CBC Table 21-N, for % in diameter bolts
in grouted masonry, the allowable shear is 1100 1bf.

Ignore bolts required for uplilt. The number of holts
required is

11,000 1bf
— “-};.— = 10 bolts
1100 holt

68. Answer B

ST solution

46 m
|
£
35586 N 3 roof . .
&W 7 3.7m
22 241 N _ ' '
27d floor xf
F

Consider only the moment due to lateral forces applied
above location X.

9= —
b

35586
T 01m
= 3910.5 N/m

F= (3910.5 N—) (3.7 m)
m

14 468.9

The overturning morment is resisted by the dead load of
the wall. The 1994 UBC specified that a factor of 0.85
be applied to the dead load in determining the restoring
moment. However, in the most recent CBC, no value
is explicitly specified. Apparently, it was the intention
of the SEAOC “Blue Book” that a factor of 0.9 should
be used in load combination. The load combination of
the CBC [Sec. 1612.3.1] uses a factor of 0.9. Thus, use
a value of 0.9.
N
Dwanl = (766 F) (3.7 m)
= 2834.2 N/m

The resisting force is

<283412 E) (9.1 m)
N g ‘g ————— | (0.90) = 11606 N

The anchorage force is

14468.9 N — 11606 = 2862.9 N
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Customary U.S. solution

8000 Ibf

5000 Ibf

2nd floor

Consider only the moment due to lateral forces applied
above location X.

%
-

8000 Ibf

AR

= 266.7 Ibf/ft

Ibf

F = (266.7 5 ) (12 ft)

= 3200 1bf

The overturning moment is resisted by the dead load of
the wall. The 1994 UBC specified that a factor of 0.85
be applied to the dead load in determining the restoring
moment. However, in the most recent CBC, no value
is explicitly specified. Apparently, it was the intention
of the SEAOC “Blue Book™ that a factor of 0.9 should
be used in load combination. The load combination of
the CBC [Sec. 1612.3.1] uses a factor of 0.9. Thus, use
a value of 0.9.

Ibf
Dwall = (16 ft 2) (12 ﬁ:')

=192 Ibf/ft

The resisting force js

(192 @) (30 fc)

5 (90%) = 2592 Ibf

The anchorage force is

3200 1of — 2592 1bf = 608 1bf

69. Answer D
SI solution

The required shear capacity is
N
8756 o (1.2 m) = 10507 N per bolt

Based on the CBC [Sec. 2318.2], allowable lateral de-
sign values (Z) in shear should be as set forth in CBC
Tables 23-11I-B-1 and 23-111-B-2. These tables give Z
values for single shear and double shear for wood-to-
wood connections, respectively,

Per the CBC {Sec. 2316.2, Amendment 24 (Sec. 8.3)],
allowable shear values for bolts vsed to connect a wood

member to concrete or masonry can be % of the dou-

ble shear values tabulated in CBC Table 23-1I11-B-2 for
a wood member twice the thickness of the member at-
tached to the concrete or masonry. Therefore. the re-
quired shear capacity would be

V = (10507 N)(2)
= 21014 N per bolt

Also per the CBC, allowable stresses specified in this
code may be increased by }. Therefore, the required
shear capacity would be

21014 N
V= 1.33
= 15800 N per bolt

To determine the length of the bolt, use twice the thick-
ness of the wood member. Therefore,

) (2) = 152 mr Douglas fir-larch

76 mm nominal
ledger thickness

Use double shear applied parallel to the grain. Per CBC
Table 23-111-B-2, the required shear capacity of 15800 N
per bolt can be achieved with a 25 mm diameter bolt
that is 140 mm in length.

The strength of the 25 mm bolt is 18 200 N, which com-
plies with the CBC requirement.

Custornary U.S. solulion

The required shear capacity is

<600 E)-f) (4 ft) = 2400 Ibf per bols

PROFESSIONAL PUBLICATIONS, INC.




DIAPHRAGM THEORY 83

Based on the CBC [Sec. 2318.2], allowable lateral design
valites (Z) in pounds for bolts in shear should be s set
forth in CBC Tables 23-111-B-1 and 23-I1I1-B-2. These
tables give Z values for single shear and double shear
for wood-to~wood connections, respectively.

Per the CBC [Sec. 2316.2, Amendment 24 (Sec. 8.3)],
allowable shear values for bolts used to connect a wood
member to concrete or masonry can be % of the dou-
ble shear values tabulated in CBC Table 23-11I-B-2 for
a wood member twice the thickness of the member at-
tached to the concrete or masonry. Therefore, the re-
quired shear capacity would be

V = (2400 Ibf)(2)
= 4800 1bf per bolt

Also per the CBC. allowable stresses specified in this
code may be increased by % Therefore, the required
shear capacity would be

~ 4800 Tbf

1.33
= 3600 1bf per bolt

v

To determine the length of the bolt, use twice the thick-
ness of the wood member. Therefore,

3 in nominal
ledger thickness

) (2) = 6 in Douglas fir-larch

Use double shear applied parallel to the grain. Per CBC
Table 23-111-B-2, the required shear capacity of 3600 1bf
per bolt can be achieved with a 1 in diameter bolt that
is 51 in in length.

The strength of the 1 in bolt is 4090 Ibf, which complies
with the CBC requircment.

70. Answer B
Rigidity, R, and deflection, A, are the reciprocals of
cach other.

71. Answer D

Rigidity is stiffness; it is a measure of resistance to ro-
tation. For a wall fixed at the bottom and top, the
rigidity due to bending and shear is

I _ FA* 12Fh
Rfxes B 12E71 AFc
A=td
td®
[=2
12

The rigidity of a wall element depends on its depth, d,
thickness, ¢, height, h, the modulus of elasticity, E, the
shear modulus, F¢, and the conditions of its rotation.

72. Answer B

Increasing the height-to-width ratio of any pier will de-
crease its rigidity and increase its deflections. Walls can
be considered either fixed (i.e., fixed at the top and bot-
tom) or cantilevered (i.e., fixed at the bottom and free
at the top). Relative rigidities can be calculated using
arbitrary values of shear, wall thickness, and modulus
of elasticity. For instance, if £ = 1 in (25 mm), F =
100,000 Ibf (444 820 N), and E = 1 x 10° Ibf/in? (6.9 x
105 kPa), the rigidities are given by

1
Riixea = — Te—
(0.1) h +(0.3) h
' d ' d
1
RC&Y]MI(—,‘VCI‘ == R '5_ TR

(0.4) (g) +(0.3) (g)

h/d is the height-to-width ratio. The larger the h/d
ratio, the smaller the relative rigidity. The smaller the
relative rigidity, the larger the deflection.

73. Avswer B

beam

pier pier pier

For concrete or masonry walls with openings (e.g., doors
or windows), piers refer to the solid vertical portions
of the wall. The height is taken as the smaller of the
heights of the adjacent openings. Beams are horizontal
portions remaining after the piers have been identified.
They are above and below the openings. For the wall
shown, there are three piers.

74. Answer C
Panels I and II are in parallel. Therefore,

1 1 . 1 - A+ Agp
Aoa A1 Anx AlAp
ArAn
A, o L5 0
total A] 1 A]|
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75. Answer B

Panels [ and IT are grouped in series. The deflection
of each panel contributes to the deflection of the other
panel. Therefore, Ayya = A1 + Ayy.

76. Answer D
ST solution

The answer can be arrived at intuitively by reasoning
that, all other factors being equal, the openings in the
north wall will reduce the rigidity and increase the de-
flections. Calculating the rigidities and deflections will
confirm this hypothesis. Use rigidity and deflection ta-
bles (you can find these tables in Sessmic Design of
Building Structures by Michael R. Lindeburg, PE, and
Majid Baradar, PE).

For the south wall,

h 6.1 m
-—=—=0.25
d 244 m 0
Therefore, R = 13.061 and
25.4
A il —
south wall 13.061
= 1.9 mm
For the nortb wall, panel I,
hy 6.1 m
di 122m s 0-50
Therefore, Iy = 6.154.
For the north wall, panel 11,
A 1
M S 900

d.-—u 3.0 m
There[ore, R]” =(.714.

Ryorat = Ry + Ry + Rin
=6.154 + 0.714 4+ 0.714
= 7.582

254
Anorth wall — 7_58_2

= 3.5 mm
Thus, Rewueth wal > Ruorth wan  and Auorth wall >

Agouth wall- Note that the openings reduce the rigidity
of the walls.

Customary U.S. solution

The answer can be arrived at intuitively by reasoning
that, all other factors being equal, the openings in the
north wall will reduce the rigidity and increase the de-
flections. Calculating the rigidities and deflections will
confirm this hypothesis. Use rigidity and deflection ta-
bles (you can find these tables in Seismic Design of
Building Structures by Michael R. Lindeburg, PE, and
Majid Baradar, PE).

For the south wall,

h_20ﬁ;_
d 80 ft

Therefore, R = 13.061 and Agouith wan = 0.07 in.

For the north wall, panel I,

h

ézﬁ%:mo
Therefore, R, = 6.154.
For the north wall, panel I,

hy 2% _ 4

dit 10 ft
Therefore, Ry = 0.714.
For the north wall, panel 111,

: 2

%;: A =200

Therefore, Ry = 0.714.

Riotal = B1+ Ry + Rin
=6.154 +0.714 4+ 0.714
= 7.582
Anorth wan = 0.13 in

Thl]S, Reouth wal > Rr\orth wall and Al'lorl,h wall >
Agouth wall- Note that the openings reduce the rigidity
of the walls.

77. Answer C
SI solution
Use rigidity and deflection tables.

For wall I,

h L
131 0.50
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Therefore, R = 6.15 and

25.4
Ap = .) :
6.15
= 4.1 mm
For wall I
h L
ik A 0.50
Therefore, R = 6.15 and
254
A -T2
R T
= 4.1 mm
For wall 111, panel 1,
fi L
— =1.00
d L
Therefore, R = 2.50 and
254
A e
1= 25
=10.2 mm

For wall 111, panel 2, h/d = L/L = 1.00. Therefore,
R =2.50 and A, = 10.2 mm.

Panels 1 and 2 are in parallel. Therefore,

1 _ 1, L
A A Ay
1 + 1
T 10.2 T 10.2

A") = 5.10 mm

Thus, Ay is greater thao Ay and Apy. Wall 111 has the
highest deflection.

Customary U.S. solution

Use rigidity and deflection tables.

For wall I,
L

T 2L
Therefore, R = 6.15 and Ay = 0.16 in.

For wall 11,

0.50

SO

L
d 2L
Therefore, R = 6.15, and Ay = 0.16 in.

| &

= 0.50

For wall 111, panel 1,
h
=

Therefore, R = 2.50 and A = 0.4 in.

L
- — =1.00
7 0

For wall ITI, panel 2,

h L
— = = =1.00
d L

Therefore, R = 2.50, and A = 0.4 in.

Panels 1 and 2 are in parallel. Therefore,

A 1.1

A Dy A

1 1

~ 04704
Ay = 0.2 in

Thus, Ay is greater than Ay and Ay, Wall 111 has the
highest deflection.

78. Answer B

S{ solution

The method used to approximate the rigidity of the
wall involves calculating the deflection of the wall as if
it were solid, subtracting the deflection of a wall that
has a height equal to the height of the opening, and then
adding iu the deflections of the piers within the removed
strip. Use rigidity and deflection tables for fixed piers.

For the solid wall (assuming no opening),

h " 9.1 m s
d 183 m
R = 6.15
25.4
A= —
R
= 4.1 rom
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For the strip wall with an opening,

h_61lm
d 183m
R =9.747
254 254
R 9.747
= 2.6 mm
For pier I,
h 61m
d im0
R =2.50
For pier 11,
h _ 6.1m
d 61m
R =250

The piers are io parallel. Therefore,

Riotal = R1 + R

=25+4+25

= 5.0

254 254

~ "R 50

= 5.1 mm

Awa“ = LA
= 4.1+ (—2.6) + 5.1
= 6.6 mm

1
Ry =
¥ Awall

25.4
Ryal = —— = 3.84 = 4.0
6.6 mm

A

Customary U.S. solution

pier | pier Il 20 ft

10 ft

The method used to approximate the rigidity of the
wall involves calculating the deflection of the wall as if
it were solid, subtracting the deflection of a wall that
has a height equal to the height of the opening, and then
adding in the deflections of the piers within the removed
strip. Use rigidity and deflection tables for fixed piers.

For the solid wall (assuming no opening),

h

S ALE
d 60 ft
R=6.15

A =0.16 in

For the strip wall with an opening,

A 20 ft
i 0.33
R =9.747
A =010 in
For pier I,
h 20ft
R =2.50
For pier 11, :
h 20 ft
- = — 1.
4 20 ft 00
R =2.50

The piers are in parallel. Therefore,

Riotal = R[ + Ru
=25+25
= 5.0
1 1
R 50
=0.2in
Ayl = XA
= 0.16 + (—0.10) + 0.2

A=

Ruan = 5

%o r =884
Rwa.ll 0.26 in 8

=4
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79. Answer D

SI solution

The rigidity is the reciprocal of the deflection.
25.4

~ A mm
A = 2.5 mm

25.4
2 10

2.5 mm

Customary U.S. solubion
The rigidity is the reciprocs) of the deflection.

1 1
A Ain 0.lin ¢

80. Answer C

ST solution

The rigidity is the reciprocal of the deflection. The
rigidity of the entire wall is equal to the sum of the
component rigidities.

25.4
Rst.eel e T R
Hsteel frzml(z

A = 25 mm

2*) 4
R-sLeei -
25 mm
= 1.0

anll = Rshear wall T Rsteel frame
Rshem wall = 10.0 - 1.0
= 0.0

The rigidity of the steel frame js 1.0, and the rigidity of
the masonry shear wall is 9.0,

Customary U.S. solution

The rigidity is the reciprocal of the deflection. The
rigidity of the entire wall is equal to the som of the
component rigidities.

l 1
R e S
o Aslwsl frame 1in
=1.0
R\vnl] = R»she&r wall + Rst.eel {frame
Rshea,r wall = 10.0 — 1.0

=940

The rigidity of the steel frame is 1.0, and the rigidity of
the masoury shear wall is 9.0.

81. Answer A
ST solution

The steel frame and shear wall resist the lateral Joad in
proportion to their rigidities.

Byan = R
; gRshear wall T Rsncar wan
4 lORSht-:a,r wall

Vsteel frame = | 5 R’S.‘M‘ L (267 kN)
nsLeL frame T (9) h«t ) fran )
. (0.9)(267 kN)
: 240 kN

R\ GAr wa.
Vshear wall — ( j;?q’ > 11) (267 kN)

R\} ar wi all )

267 kN
(]-ORS}:M ar wall ( )

— (0.1)(267 kN)

= 27 kN

shear wall T Rshea.r frame

Customary U.S. solution

The steel frame and shear wall resist the Jateral load in
proportion to their rigidities.

Rwall = R:hear wall + Rst.eel frame
= gRshuc-ar wall T Rshear wall
= ]ORNI)(!'AI‘ warll

Rf-lr!el frame
‘/s cel framme = e — - he— —_— - 60 k
teel £ e <1‘LN_-‘:] frame T (%)(H«(C(.: fr.n:,.-))( )

= (0. 9)(60 k)

shen \\All) (60 k)

=54
she&r wall
\\ 11l

ah«. ar wall
60 k
ORshl Ar \\.all) ( )

1)(60 k)

D

k
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82. Answer D
Rigid diaphragms distribute loads to resisting vertical
elements in proportion to their rigidities. Since the
rigidity of each panel is the same, each panel will carry
the same load.

Ry = Rp
Riotal = R1+ R = 2Ry
= 2Rn

Ry _F
V“(QE)F‘ 2
F

2

Ry
V = _ F =
" (mu)
Vi=Wn

Therefore, both panels carry an equal load.
83. Answer C
ST solution

The load will be distributed to the vertical elements in
proportion to their rigidities.

For the stee] frame,

254
A mm
A =25 mm
R=- 25.4 _
25 mm

1.5 m 1.5m 1.5m
ol

beam 1.5m

e sl |

N \-/.&\V{(\\/I NN A

To approximate the rigidity of the masonry shear wall,
calculate the deflection. First, assume the wall to be
solid, then subtract the deflection of a wall with height
equal to the opening. Then add the deflection con-
tributed by the piers in the removed section.

For a solid wall,

h 45m _
d  45m
R =250
25.4
R
25.4
25

= 10.2 mm

= 1.00

A:

For a strip wall with opening,
L 31m
d 45m
R=:

= 0.68

"N

4.25

e

1 1 254
R 425 R
— 25 _—
T 4.25
= 6.0 mm
For pier I,
z _ 3.1 m 500
d 1.5 m
R=0.71

For pier II,
h 31m

d 15m
R=0.71
The piers are in parallel. Therefore,
Riotal = R+ R = 0.71 + 0.71
=1.42
254
R
25.4
T 142
= 17.8 mm
Aganl = XA =10.2-6.0+17.8
= 22.0 mm

25.4
Rwa.ll = Al

25.4
22.0 mm
=518

= 2.00

A

met wall = Rateel frame 1 Rshear wall T Rsteel frome

=1+115+1
= 3.15
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DIAPHRAGM THEORY 89

The lateral load carried by the masonry shear wall is

. R-shum' wall
Vshea.r wall = \ (4 — Vl.ot.al

Igweﬁt. wall

1.15
: 7 kN
(3.15) 204 AEN)

=97.5 kN

Customary U.S. solution
The load will be distributed to the vertical elements in
proportion to their rigidities.

For the steel frame,

1 1
R = _— = g _I_
A 1in
5f ft 5 ft
k-‘—-——-—-!-.—-s— e f— ] .
I
beam 5 f
L o Y
ier ier
p' p" 10 ft
/

To approximate the rigidity of the masonry shear wall,
calculate the deflection. First, assume the wall to be
solid, then subtract the deflection of a wall with height
equal to the opening. Then add the deflection con-
tributed by the piers in the removed section.

For a solid wall,

h
iR =0
R =250
A =040 in

For a strip wall with opening,
Lo 10 ft
AT 0.67
R=14.33
A=0.23in

For pier [, , 0
) .
d~ 56 20
R =071

For pier IT,
h 10ft
— = — =200
d 5 ft
R =071

The piers are in parallel. Therefore,
Riotar = R1+ Ry =071+ 0.71
1.42
1 1

A=r=1H

= (.70 in
Ayan = ZA =0.40 + (—0.23) +0.70
= (.87 in
1

Ry = Fw
WwWa.

1
Ruwsh = 087
=1.15
R/wesl wall — Rﬁh‘.{,‘l frame + Rsbear wall T Rstu'l fraane
=1+115+1
=3.15

The lateral load carried by the masonry shear wall is
Bahear wall
Vshear wall = (_4 far ‘/r,otal

Rwexb wall
1.15
=(-—)(60%
(575) 0w
=219k
84. Answer D
S solution
413 680 N — s
I 3.7m
315820 N
—f 3.7m
200170 N
-f 3.7m
88960 N
I 37m
g
base shear

N

overturning moment
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The overturning moment is the sum of the moments
about the base due to the distributed sbhear at each
floor.

(88960 N)(3.7 m) + (200170 N)(7.4 m)
+ (315820 N)(11.1 m) + (413 680 N)(14.8 m)
= 11438476 N-m
= 11440 kN-m

Customary U.S. solution

93,000 Ibf -
\ I 12 ft
71,000 Ibf o
e
45,000 Ibf
12 f1
20,000 Iof
12 f1
TR 77 777 7R 77,
- V
base shear

N

overturning moment

The overturning moment is the sum of the moments
sbout the base due to the distributed shear at each
floor.

(20,000 Ibf)(12 £t) + (45,000 1bf)(24 ft)
+ (71,000 TbE)(36 ft) + (93,000 Ibf)(48 ft)
= 8,340,000 ft-Ibf
= 8340 ft-k

85. Answer B
ST solution

The walls should be designed to resist the sum of the
diaphragm force and the inertia force of the parallel
walls. Only the top half of the walls contribute their
weight to the inertia force; the bottom half js considered
to be transferred to the foundation.

The weight of the shear wall is

4.9 m N
Wshear wall = (T) (152 m) (766 ;5)

= 28526 N
Col

Vahear wall = (RT) w
= (0.1375)(28 526 N)
= 3922 N

Viotel shear = Vahear wall + Vioot
= 44482 N4 3922 N
= 48404 N

’l9=;

48404 N
152 m
= 3184.5 N/m

Customary U.S. solution

The walls should be designed to resist the sum of the
diaphragm force and the inertia force of the parallel
walls. Only the top half of the walls contribute their
weight to the inertia force; the bottom half js considered
to be transferred to the foundation.

The weight of the shear wall is

16 ) Tof
Weheor wall = (T) (00 ft) (16 ft_2>

= (6400 lbf

C,I
Vshear wall = (RT) w

= (0.1375)(6400 1bf)
= 880 lbf

Viotal shear = Vehear wall + Vioof
— 10,000 + 880

= 10,880 Ibf

_ 10,880 Ibf
T B0 ft
217.6 Tof/ft
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86. Answer D
ST solution

Resistance against overturning is provided by the dead
loads of the walls and roof. In this case, the contribution
from the roof is neglected.

N
Doyann = (12.2 m)(4.6 m) (958 Eﬁ)
= 53763.0 N

Per the CBRC [Sec. 1633.1], consideration should be given
to design for uplift effects caused by seismic loads. To
reduce uplift, the 1994 UBC limited the dead load con-
tribution to 85%. However, in the most recent CBC,
no value is explicitly specified. Appatently, it was the
intention of the SEAOC “Blue Book” that a factor of
0.9 be used in load combinaticn. The load combination
of the CBC [Sec. 1612.3.1] uses a factor of 0.9. Thus,
nse a value of 0.9. The pivot point is at the corner and
base of the wall, so the moment arm for the resisting
force is L/2.

6.1m 6.1m lateral
! }- | load
-

w
4.6 m ¢

AN NYZ 5 \PZANNEZANNVZNNNTZN

The vesisting moment is

(0.9)(53763 N)(12.2 m)
2

= 295158.8 N-m

Customary U.S. solution

Resistance against overturning is provided by the dead
loads of the walls and roof. In this case, the contribution
from the roof is neglected.

bf
Dyan = (40 ft)(lE) ft.) (20 ::t—Q)
= 12,000 1bf

Per the CBC [Sec. 1633.1], consideration should be given
to design for uplift effects caused by seismic loads. To
reduce uplift, the 1994 UBC limited the dead load con-
tribution to 85%. However, in the most recent CBC,

no value is explicitly specified. Apparently, it was the
intention of the SEAOC “Blue Book” that a factor of
0.9 be used in load combination. The load combjnation
of the CBC [Sec. 1612.3.1) uses a factor of 0.9. Thus,
use a value of 0.9. The pivot peint is at the corner and
base of the wall, so the moment arm for the resisting
force is L/2.

20 ft 20ft lateral
- — | load
— -~

w
15 fr ¢

A NEAANNS AN AN/ N

The resisting moment is

(0.9)(12,000 _H:f)_(-_lil ft)

2 216,000 ft-Tbf

87. Answer D
S] solution

The tie-down force is the difference between the calcu-
lated overturning moment and the resisting moment.

Calculate the shear due to the diaphragm load. The
diaphragm load consists of the inertia effects of the seis-
mic load on the yoof and perpendicular walls.

From CBC Table 16-1, Z = 0.4. From CBC Table 16-K,
I = 1.0. From CBC Table 16-N, R = 5.5. Based on the
CBC [Secs. 1629.3 and 1636.2], when the soil properties
are not known in sufficient detail to determine the soil
profile type, Sp should be assigned. From CBC Table
16-Q, for the soil profile type Sp and seismic zone 4,
the seismic respanse coeficient C, is
C, = 0.44N,
= (0.44)(1.0)
=0.44

For N-S loading,

Wroor = (30.5 m)(3.7 m)(3) (958 %)

= 3243309 N
4.3 1o N
Waalls = (2 walls)(30.5 m) ( 3 ) (766 m_2)
100460.9 N
Wiotal = 324330.9 N + 100460.9 N
424791.8 N

PROFESSIONAL
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9 345 SOLVED SEISMIC DESIGN PROBLEMS

The base shear should be determined from the simpli-
fied design base shear procedure. Use CBC Formula

30-11.
3.0C,
w
v ( R )

- (Mﬁ‘l—)) (424791.8 N)

5.5
= 101950 N

The shear load carried by each parallel wall is
Vv
5

_ 101950 N

2
= 50975 N

Rroof

50975 N

loading from
diaphragm
Y
|4
Ip = 0
_ 50975 N
. 74m
= 6888.5 N/m

Next calculate the shear due to the seismic force on the
parallel wall. Note that only the top halves of the walls
contribute their weight to the inertia force; the weight
of the bottom halves is transferred to the foundation.

43m N
Wehear wan = (T) (74 m) (766 I—n—,2>

=12187.1 N

V= (%) (12187.1 N)

=20249 N
14

’-9wull ==

b

_ 29249 N
T 74m

= 395.3 N/m

4.3m

For the load from the top half portion of the wall,

N
Dwall = (?66 i]__]§> (43 m)

= 3293.8 N/

Comnsideration should be given to design for uplift effects
caused by seismic loads. To reduce uplift, the 1994 UBC
limited the dead load contribution to 85%. However,
no value is explicitly specified in the most recent CBC.
Apparently, it was the intention of the SEAOC “Blue
Book” that a factor of 0.9 be used in load combination.
The load combination of the CBC [Sec. 1612.3.1] uses
a factor of 0.9. Thus, use a value of 0.9.

The design tie-down force at X is

(6888.5 g) (4.3 m) + (395.3 g) (3.2 m)

N\ /3.7
—(0.9) (3293.8 —) (1—2) —27229.4 N
m 2

The tie-down force at Y is identical to the é-ie-down force
at X.

Customary U.S. solution

The tie-down force is the difference between the calcu-
lated overturning moment and the resisting moment.

Calculate the shear due to the diaphragm load. The
diapbragm load consists of the inertia eflects of the seis-
mic load on the roof and perpendicular walls.

From CBC Table 16-1, Z = 0.4. From CBC Table 16-K,
I =1.0. From CBC Table 16-N, R = 5.5. Based on the
CBC [Secs. 1629.3 and 1636.2], when the soil properties
are not known in sufficient detail to determine the soil

PROFESSIONAL PUBLICATIONS, INC.
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DIAPHRAGM THEORY 93

profile type, Sp should be assigned. From CBC Table
16-Q, for the soil profile type Sp and seismic zone 4,
the seismic response coefficient C; is
C, = 0.44N,
= (0.44)(1.0)
=0.44

For N-S loading,

bt

= 72,000 Ibf
Wawan = (2 walls)(100 ft) (14—&-) (16 ﬂ%f)
2 ft
= 22,400 1bf
Wiotal = 72,000 1bf + 22,400 1bf
= 94,400 1bf

The base shear should be determined from the simpli-
fied design base shear procedure. Use CBC Formula
30-11.

- (049 40010

= 22,656 Ibf
The shear load carried by each parvallel wall is

14

Rn)o( = ;

22,656 b
2

— 11,328 Ibf

11,328 Ibf

loading from
diaphragm

v
b

11,328 Ibf
24 ft
472 1bf/ft

I

Next calculate the shear due to the seismic force on the
parallel wall. Note that only the top halves of the walls
contribute their weight to the inertia force; the weight
of the bottom halves is transferred to the foundation.

14 ft Ib{
W . = | —— 2 -
shear wall ( 5 ) (-4 ﬁ') (16 F 2)

= 2688 1b(

. 44
e (_(_.??_9)_@_ _____ ) ) (2688 1bf)
]
645.12 1bf
1%
Vwal = —

b
_ 645.12 1bf

24 ft
= 26.9 Ibf/ft

ll

12 ft

14 ft

For tbe load from the top half portion of the wall,

Ibf
Dyann = (16 P) (14 ft)
— 224 1bf/ft

Cousideration should be given to design for uplift effects
caused by seismic loads. To reduce uplift, the 1994 UBC
limited the dead load contribution to 85%. However,
no value is explicitly specified in the most recent CBC.
Apparently, it was the intention of the SEAOC “Blue
Book” that a factor of 0.9 be used in load combination.
The load combination of the CBC [Sec. 1612.3.1] uses
a factor of 0.9. Thus, use a value of 0.9.

The design tie-down force at X is
1bf 1bf

472 — ) (14 ft 26.9 — ) {(10.5 ft

( ft>( )+(69 ft)(05 )

Ibf\ /12 ft
~(0.9) (224 ?E) (T) — 5681 Ibf
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The tie-down force at Y is identical to the tie-down force
at X.

88. Answer B
ST solution

Buildings with rigid diaphragms distribute the lateral
load to the resisting elements in proportion to the rigidi-
ties of the elements. The rigidity of the perpendicular
wall is neglected (omitting the weak walls).

Rt wall v
VG 1 1 wall e l) 1 N-8
Rl2 2 m wall + I 6.1 m wall

(61 1) (7297 ) (30.5 m)

890234 N
~ 85000 N

Cuslomary U.5. solution

Buildings with rigid diaphragms distribute the lateral
load to the resisting elements in proportion to the rigidi-
ties of the elements. The rigidity of the perpendicular
wall is neglected (omitting the weak walls).

R0 ft wall
VZO ft wall ( - VN-S
Ryp ft wanl + F20 1 wall

(6—1—4) ( 500 !'if) (100 ft)

= 20,000 Ibf

89. Answer D
ST solution

The lateral force is distributed to the walls in proportion
to their rigidities.

R
/R (R — Y
! (RI+RH+R1H> N8

6 N
7297 — .
~(5) (00 2 o m
=95382.2 N

= 95400 N

Customary U.S. solution

The lateral force is distributed to the walls in proportion
to their rigidities.

Ry )
Vi= — W
' (RI FRy+ R /) 8
6
0 1b)(100 ft
(6 e )(50 bf)(100 ft)
= 21,429 Ibf
90. Answer A
Wall T has the highest relative rigidity among all the

walls. Therefore, it wil) resist more of the Jateral force
than walls II or III.

91. Answer C
ST solution

This problem can be solved by inspection; R should be

equal to b
Ty(Nonh)
8 1m 9.1m

(- e ] X
46m
9.1m o
. X
14,6 m
- -
18.3m

Point O is the center of the diaphragm.

wall Ry
south | 7 | 4.6 m
north 5 | +4.06m

Rs(—4.6 m) + (5)(4.6 m)
Rs+5
With the origin, O, at the cenier of the diaphragm, yp
is zero.

(0)(Rg 4 3) = Rs{—4.6 m) + (5)(+4.6 m)
_ (5)(4.6 m)
Rs = 4.6 m
=5

Customary U.S. solution

This problem can be solved by inspection; R should be
equal to 5.

PROFESSIONAL PUBLICATIONS, [IHC.
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Ty(Nonh)
30ft 30 ft

X

-
I‘lfyﬁ
30 f °,
Im
' 80 f '

Point O is the center of the diaphragm.

wall R Y
south ? —-15 ft
north 5 | +15ft

— _ Rgs(—151t) + (5)(15 ft)

Y= Rg+5
With the origin, O, at the center of the diaphragm, yp
is zero.

(0)(Rs +5) = Rs(~15 f) + (5)(+15 ft)
(5)(15 ft)

Rs=—sm ~°
92. Answer C
S solution
wall R T y

A 5 7.6 m 0m
B 4 0m 6.1 m
C 3 15.2 m 12.2 m
D 2 30.5 m 6.1 m
E 1 29.0 m 0m

For N-S earthquakes, walls B and D are active.

(4)(0 m) + (2)(30.4 m)

ZR= 4+2

=102 m
_ (5)(0m)+ (1)(0 m) + (3)(12.2 m)
¥r= 5+1+3

=4.1m

Customary U.S. solution

wall R T Y
Al S5 25 ft 0 ft
B | 4 0 ft 20 ft
C |3 50 ft 40 ft
D | 2 | 100 ft 20 ft
E |1 95 ft 0 ft

For N-S earthquakes, walls B and D are active.

()0 ft) + (2)(100 ft)
Tp=

442
= 33.3 ft
__ (5)(0ft) 4+ (1)(0 ft) + (3)(49_&)_
Yr = 5+1+3
=133 ft
93. Answer C
SI solution
wall R x v
1| 4 4.6 m 4.6 m
1| 2 46 m 229 m
11| 3 22.9 m 229 m
| 3 229 m 46 m

(4)(4.6 m) + (2)(4.6 m) + (3)(22.9 m) + (3)(22.9 m)
4+2+3+3

Zp =
=13.7m

(4)(4.6 m) + (2)(22.9 m) + (3)(22.9 m) + (3)(4.6 m)
44+2+4+34+3

=122 m

Customary U.S. solution

wall R T Y
141566 |15/
I 2 | 15 ft 75 ft
IIT| 3 | 756 ft 75 £t
V|3 |56 | 158
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(4)(5 f1) + (2)(35 ft) + (3)(75 ft) + (3)(75 ft)

IR 4+2+3+3
15 ft
_ (4)(15 ft) + (2)(75 ft) + (3)(75 ft) + (3)(15 ft)
= ateReE -
=40 %
94. Answer C

ST solution

Per the CBC [Sec. 1630.6], the accidental eccentricity
should be calculated as 5% of the building dimension
perpendicular to the direction of the applied load.

(L)(5%) =1.2m

L=1.2m

0.05
=240 m

Customary U.S. solution

Per the CBC [Sec. 1630.6], the accidental eccentricity
should be caleulated as 5% of the building dimension
perpendicular to the direction of the applied load.

(L) (5%) = 4 ft
4 ft

L=350s

= 80 ft

95. Answer C

ST solution

Tn-s = V(ens + €a)
The eccentricity is the distance between the centers of

mass and rigidity, measured in a direction perpendicular
to the lateral force.

~-Tp=122m—~-11.6 m
=0.6 m
Per the CBC [Secs. 1630.6 and 1630.7), accidental ec-

centricity, e, is taken as 5% of the buildiag dimension
perpendicular to the lateral force.

(5%)(24.4 m) =12 m
ITnsg = Vie+ea)

= (222410 N)(0.6 m + 1.2 m)
400 338 N-m)

€y =

Customory U.S. solution

Ins = Viens + o)

The eccentricity is the distance between the centers of
rass and rigidity, measured in a direction perpendicular
to the lateral force.

—~Zp =40 ft — 38 ft
ft

e=71T
=2

Per the CBC [Secs. 1630.6 and 1630.7], accidental ec-
centricity, e,, is taken as 5% of the building dimension
perpendicular to the lateral force.

€. = (5%)(80 ft)
Tns=Vie+e,)
= (50,000 1f)(2 ft 4
= 300,000 ft-1bf

4 ft

L ft)

96. Answer A

The lateral force resultant acts through the center of
mass, while the resisting force resultant acts through
the center of rigidity. Thus, the building acts as though
pinned at the center of rigidity, and a torsional raoment
is developed. For loading in the E-W direction, lateral
force is acting through the center of mass and rotates
around the center of rigidity.

14
———— e

Therefore, for torsional moment the direction of rota-
tion is clockwise.
97. Answer B
ST solution
e;: =122 m —-12.2 m

=0m
e, = (6%)(24.4 m)
=1.2m
e=¢€e;+e, =00m+1.2m
1.2 m

T =Ve= (222410 N)(1.2 m)
266892 N-m
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The lateral force due to torsion is

Rd
F,=T ——=
: <ERd2)
d js the distaace from the center of rigidity perpendic-
ular to the wall.

wall R Ry d:  dy Rd Rd?
; —
= +3.6 m|+21.6 m| 77.8 m?
== 5E5m{-22.0m|121.0 m?

E|—-]|3|+122m| -—
W | -3 —12.2m|I -
TRA? = 1091.8 m?

For the north wall,

+36.6 m | 446.5 m*®
36.6 m | 446.5 m”

£ (266 892 N-m)(21.6 m)
‘e 1091.8 m?
= 5280 N

Customary U.S. solution

er =40 ft — 40 ft

=0 ft
e, = (5%)(80 ft)
=4 ft
e=e;t+e,=0ft+41t
=4 ft
T = Ve = (50,000 1bf)(4 ft)
: 200,000 ft-1bf

The lateral force due to torsion is

n=7(s5e)

d is the distance from the center of rigidity perpendic-
ular to the wall.

wall Rx Ry d:  dy Rd  Rd’

?_sﬁ - ‘+12 | +72 ft | 864 fi*
S {4 |- = |[-18@| -T2 [1206 ft*
E | —| 3 [+40ft| — |+120 fc|4800 ft*
w|-|3 5—40 fr| — [-120ft I 4800 £t

YRd? = 11,760 ft*

¥ Ca o
ol e

For the north wall,

(200,000 ft-1bf)(72 ft)
£ = gl
11,760 ft

1224 Jbf

98. Answer B

Wiy ")

]

A

CM‘

———
C) wall Il

The building’s center of rigidity fails to coincide with
its center of mass, so the center of mass tends to ro-
tate about the center of rigidity. As shown on the dia-
phragm, the direction of the torsional moment rotation
is counterclockwise.

All walls coniribute resistance to torsional momens.
The direction of the torsional shear (resisting force) is
opposite the direction of the torsional moment. There-
fore, for walls I, II, III, and IV. the direction of the
torsional shear is east, west, north, and south, respec-
tively.

99. Answer B
81 solution
Consider the lateral forces due to shear and torsion.

The lateral force due to shear is

R
= (266 900 N) (i)
3+1
=200175 N

The lateral force due to torsion is

e=152m—-76m
=7.6m
e = (6%)(30.4 m)
=15m
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Note that the torsional moment rotation is counter-
clockwise, or opposite to the direction of the applied
lateral force. Therefore, the west wall receives only
negative torsional components, and the minimum ec-
centricity must be used.

eNg =€—e,=T76m-—1.5m
=6.1m

kN
Ti.s = Ve = (266900 N)(6.1 m) (%o‘o—ﬁ)

= 1628 kN-mm

d is the distance from the center of rigidity perpendic-
ular to the wall.

wall Re Ry de  dy  Rd _ Rd®
N [la]= = i+7.0 m | +22.8 w | 173.3 m?
s|s|-| - |-46m|-230m|1058m®
E | 1 [+228m| - [+228m[519.8 m?
w ‘ -3 | -76m| - —22.8m§,173.3 o

YRI? =972.2 m?

Rd
fi=% (ERd_’)

N
-\, —
(16_28 kN-m) (1000 kN) (—22.8 m)

972.2 m?
- —38180 N

The sotal lateral force is the sum of the shear force and
torsional force. Note that the torsionsl moment may
not be neglected when negative. This was specified in
the 1994 UBC, but is not specified in the 1997 UBC
and 2001 CBC.

FLO!A'. = Fl) +Ft
=200175 N - 38180 N
=161995 N

Customary U.8. solution
Consider the latetal forces due to shear and torsion.

The lateral force due to shear is

R
= (60,000 1bf) (i)
3+1
= 45,000 1bf

The lateral force due to torsion is
e=>50ft—250
25 fit

e, = (5%)(100 ft)
—_— 5 ft
Note that the torsional moment rotation is counter-
clockwise, or opposite to the direction of the applied
lateral force. Therefore, the west wall receives only neg-
ative torsional components and the minimum eccentrie-
ity must be used.
NS =€ — € =251t —5 ft
=20 ft
Tns = Ve = (60,000 1bf)(20 (t)
= 1200 ft-k

d is distance from the center of rigidity perpendicular
to the wall.

wall Ry Ry da dy Rd Rd*

N lal_ _ +25 ftT+75 ft | 1875 ft*
S |5 | —| — |-15f]-75ft|1125 ft
E |- |1 |+75f| — |+75ft]5625 (t*
W | — |3 |-25ft —75 [t | 1875 {t*

LRd? = 10,500 ft*

Rd
fi=T <2Rd2)
Ibf

(1200 ft-k) (1000 ?) (3)(—=25 f1)

10,500 ft?
—8571 Ibf

1

The total lateral force is the sumn of the shear force and
torsional force. Note that the torsional moment may
not be neglected when negative. This was specified in
the 1994 UBC, but is not specified in the 1997 UBC
and 2001 CBC.

Fm«;talev+Ft
= 45,000 Ibf — 8571 bf
= 36,429 ibf
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1. For wood-frame walls, the sheathing materials used
to develop shear wall action include

gypsum wallboards.
plywood panels.
fiberboards.

all of the above.

Caw>

2. In the design of wood structural panel shear wall,

which of the following should be addressed?
A. chord and strut design
B. anchorage requirements
C. nailing
D. all of the above

3. A wood structural panel displays a span rating of
“32/16 INCH.” What do these numbers represent?

A. the minimum recommended span for roofing
(inches)/the minimum recommended span for
subflooring (inches)

B. the minimum recommended span for roofing
(inches)/the maximum recommended span for
subflooring (inches)

C. the maximum recommended span for roofing
(inches)/the minimum recommended span for
subfliooring (inches)

D. the maximum recommended span for roofing
(inches)/the maximum recomunended span for
subflooring (inches)

4. What are the standard dimensions of a roof wood
structural panel?

A 350 x74ft (1.0mx2.3m)
B. 40t x40 ft (1.2 mx 1.2 m)
C. 40ft x6.0ft (1.2 m x1.8m)
D. 40ft x80ft (1.2 x 2.4 m)

5. The rafters and joists of a one-story wood structure
are blocked. The main purpose of the blocking is to

prevent drag strut force.
prevent overturning force.
prevent lateral buckling.
decrease nailing.

oCaw>

6. For wood structures, what types of connectors or
fasteners may be used?

A. wmachine bolts
B. nails

C. lag bolis

D.

all of the above

7. Nails, lag bolts, and machine bolts in wood shall be
oriented 30 that they are loaded in

1. tension.
II. shear.
ITI. bending.

A. Tand II
B. I and IIT
C. IT and III
D. T only

8. For diaphragm design purposes, the framing and
wood structural panel layout should be used to deter
mine the load case type based on CBC Table 23-11-H.
These load cases essentially depend on

the direction of the lateral load on diaphragm.
the direction of the continuous panel joint.
the direction of the unblocked edge.

both A and B.

gOws

9. The CBC load cases (Table 23-II-H) for horizontal
diaphragm design do not depend on

A. the direction of the lateral Joad on the dia-
phragm.

B. the direction of the continuous panel joint.

C. the direction of the wood structural panel.

D. any of the above.

10. Refer to CBC Table 23-1I-H for horizontal dia-
phragms. When the lateral load is parallel to the con-
tinuous panel joints, what are the load case nwuabers?

I. Cases 1 and 2
II. Cases 3 and 4
II1. Cases 5 and 6

I and T1

11 and III
I1T only

I, II, and 11T

oo
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11. Refer to CBC Table 23-II-H for horizontal dia-
phragms. When the lateral load is perpendicular to
continuous panel joints, what are the load case num-
bers?
1. Cases 1 and 2
I1. Cases 3 and 4
III. Cases 5 and 6

A. Tonly

B. Tand]II
C. [andIII
D. II and III

12. For developing the design capacity of a nail, what
should the minimum distance be from the edge of a
wood structural panel to the center of the nail?

A. $in (10 mm)
B. 1in (13 mm)
C. 3in (19 mm)
D. 1in (25 mm)

13. For wood structural panel roof diaphragms, what
does the field nailing spacing depend on?

A, the direction of loading

B. the blocked or unblocked diaphragm
C. the size of framing members

D. none of the above

14. What is the standard length of a 10d box nail?

A. 2in (51 mm)
B. 22 in (64 mm)
C. 3in (76 mm)
D. 33 in (89 mm)

15. 50d common nails are driven perpendicular to the
grain of the wood. What is the minimum required pen-
etration length specified by the CBC?

A. 1.22in (31 mm)
B. 1.95in (50 mm)
C. 2.68in (68 mm)
D. 3.42in (87 mm)

16. A wood diaphragm is used to laterally support con-
crete shear walls of a one-story building in Los Angeles.
Anchorage may be accomplished by the use of

1. toenails.
I1. connections.
III. nailing subject to withdrawal.

A. Tonly

B. II only

C. Tand Il
D. IT angd IiI

17. A wood diaphragm is used to laterally support the
concrete shear walls of a one-story warchouse in seismic
zone 3. Wood ledgers or framing should be used in

1. cross-grain bending.
II. cross-grain tension.

A. Tonly

B. II only

C. Jand II

D. neither 1 nor II

18. Plain concrete walls should not be used in which of
the following seismic zones?

I.Oand 1
II. 2A and 2B
1II. 3 and 4

I only

ITT only

II and III

Plain concrete walls should not be used in any
ZOne.

Sows

19. What should be the minimum thickness of cast-in-
place toppings over precast roof and floor diqphragms?

A. 13 in (38 mm)
B. 21 in (64 mm)
C. 3jn (76 mm)
D

33 in (89 mm)

20. The minimum thickness of concrete floor slabs sup-
ported directly on the ground should be

A. 2in (51 mm).

B. 2} in (64 mm).

C. 33 in (89 mm).

D. 4in (102 mm).
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21. For achieving ductility in concrete frames, which of
the following should be ensured?

A. design procedure by the “ultimate strength de-
sign method”

B. tensile reinforcement yields before the cancrete

C. both (A) and (B)

D. none of the above

22. When reinforcement of concrete slabs is required,
where should the steel reinforcing generally be placed?

A. near the top of the slab

B. where the concrete js expected to go into
tension

C. neat the bottom of the slab

D. at the middle of the slab

23. For reinforced concrete structures, what should be
the prime concern in the design of joints where the ele-
ments of a structure intersect each other?

the location of the anchorage of reinforcement
the location of the transfer of axial load

the location of the shear

all of the sbove

SRR FS

24. As shear reinforcement, what would you use to con-
fine concrcte in a column?

A. hoops/ties
B. stirrups

C. hooks

D. crossties

25. For a ductile concrete moment-resisting space frame,
where should design yield hinging occur?

A. in beams only

B. in columns only

C. in both beams and coluinns
D. it is not needed

26. You are to design the seismic hoops for concrete
flexural members. Where would vou use them?

when yielding is expected

at the ends of built-in beams
at plastic hinges

for all of the above

TOw >

27. Based on the CBC, lap splices of flexural reinforce-
nment of the concrete flexural members should be used

A. within the joints.

B. within a distance of twice the member depth
from the face of joins.

C. where flexural yielding is expected.

D. for none of the above.

28. For a concrete flexural member with required re-
inforcement in seismic zones 3 and 4, lap splices are
permitted by the CBC

A. where yielding is expected.

B. within beam-column joints.

C. at plastic hinge points.

D. within the center half of the member length.

29. For concrete collector elements, which of the follow-
ing types of steel reinforcing is not permitted?

A. bars larger than No. 6
B. Dbars less than No. 9

C. plain bars

D. low alloy A706 steel bars

30. Bascd on CBC Chapter 19 requirements, the re-
inforcement bars (including ties, sticrups, and spirals)
placed in cast-in-place concrete beams ang colunns not
exposed to weather should be covered with a thickness
of concrete not less than

A 2in (19 om).
B. 13 in (38 mm).
C. 2in (51 mm).
D

3in (76 mum).

31. Non-reinforced masonry walls are prohibited in
which of the seismic zones?

A. in zone 4 ounly

B. in zones 3 and 4 only

C. in zones 2, 3, and 4

D. in all zones

32. Based on CBC requirements, masonry shear walls
should be designed to resist what percentage of the base
shear in seismic zones 3 and 47

A. 50%
B. 8%
C. 100%
D. 150%
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33. Based on the CBC, what should be the maximum
allowable shear stress for masonry walls when shear re-
inforcement is designed to take all the shear?

23 1bf/in%? (159 kPa)
35 lbf/in® (241 kPa)
75 Ibf/in? (517 kPa)
87 Ibf/in? (600 kPa)

OOw

34. Concrete and masonry walls should be anchored to
all floors, roofs, and other structural elements that pro-
vide lateral support for the walls. In seismic zone 3, per
CBC requirements, that anchorage should be capable of
resisting what minimum horizontal force per lincal foot
(meter) of wall?

100 lbt/ft (1460 N/m)
150 Jbf/ft (2190 N/m)
280 }bf/ft (4090 N/m)
0.5C, 1 times the dead plus live load

Saw>

35. Per OBC requirements, concrete or masonry walls
should be anchored to all Hoors, roofs, and other struc-
tural elements that provide lateral support for the walls.
For walls that are not designed to resist bending be-
tween anchors, what should be the maximum anchor
spacing?

A. 2ft (0.6 m)
B. 4 (1.2 m)
C. 6ft (1.8m)
D. &ft (24 m)

36. When quality assurance provisions do not include
the requirements of any testing during construction, the
allowable design masonry stress as stated in the CBC
should be

A. reduced by %

B. increased by ;
2
£
D. increased by %

C. reduced by

37. T'he following illustration represents a typical stress-
strain structural diagram for which of the following?

elastic yielding

—] le——

lastic yieldin
& e P y g

Y

concrete

reinforced concrete
steel

masonry

oW

38. For a well-designed and well-constructed steel struc-
ture, choose the correct statement.

Plastic hinges form where the moments are zero.
Plastic hinges form at maximum moment.
Steel columns of the structure never buckle.
Steel structures have a greater damping ratio
compared with concrete structures.

oows

39. For the following building shown in elevation, the
forces on the wall are as illustrated. What is the axial
force on the column due to the lateral loads?

100,000 16t _ [~ e =
(444 B20N) ¥
12 1 (3.7 m)
50,000 Ibf
(222 410N)
16 1 (4.9 m)

ot
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A. 75,000 1bf (333740 N) y
B. 100,000 1bf (447650 N) /
C. 130,000 Ibf (581950 N)
D. 180,000 }bf (805780 N) ground
motion
F

40. Among the following types of construction, which
can best tolerate tension?

A. concrete
B. steel] G
C. masounry
D. wood H |
41. The load-deformation curves of different structures
are shown. Identify the curve that represeots the most
ductile structure. A F
B. G
C. H
D. I

43. Which of the following braced [rames has the best
capability of yielding and absorbing seismic energy?

1033 A. eccentric
F B. diagonal
G C. chevron
D. K
44. In an eccentrically braced frame, which of the fol-
H lowing functjons is performed by a link beam?
I. yielding in a severe earthquake
N I1. absorbing great amounts of seismic
energy h
III. transferring buckling to the other
; bracing members
deformastion A. Tonly
B. TandlII
C. Tand III
A B D. II and 11X
B. G ) 3
C. H 45. When welding along the edges of connecting plates
D I with different thicknesses, the minimum weld size de-
pends on the
I. thickness of the thicker plate.
42. A nonuniform, L-shaped building is shown. At what I1. thickness of the thinner plate.
point is the local stress concentration located? 1I1. length of plates.
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A. Ionly
B. II only
C. land II
D. I and III

For Problems 46 and 47, refer to the following set of
assumptions.

The building shown should be designed to resist the
effects of seismic ground motions based on CBC Chap-
ter 16. The building is proposed to have a different
type of structural system at each floor. The R values
for each floor are given in the illustration.

AR=85 8th floor
R=85 7th floor
R=45 6th floor
R=85 5th floor
A=85 ath floor
R=45 3rd floor
fA=85 2nd floor
[Qz z& R=85 &2 1st floor
7 - =2

46. In seismic load calculations, what value of B would
vou use for the sccond and seventh floors, respectively?

4.5 and 4.5
4.5 and 8.5
8.5 and 4.5
8.5 and 8.5

Saw»>

47. In seismic load calculations, what value of R would
you use for the first and fourth floors, respectively?

A. 8.5 and 8.5
B. 8.5and 4.5
C. 4.5 and 4.5
D. 8.5 and 13.0

48. Which of the following statements is correct about
a structure fitted with base isolation?

The building period will decrease.

The building damping ratio will decrease.
The building acceleration will decrease.
The building drift will increase.

SOw s

49. A structure is generslly suitable for seismic base
isolation where

I. the site (soil) does not produce a long
period.
IL. the soil js soft.
I1I. the structure is rigidly anchored to its
faundation.

I only

I and II only

I and [IT only
I, I1, and IIT

oaw>

50. The elastic design level response displacement, Ag.
for a special moment-resisting steel structure with 15 ft
(4.6 m) story height is computed to be 0.2 in (5 rom).
Architectural items are attached to the structure by me-
chanical connections and fasteners. In case of an earth-
quake, what should be the maximum relative moveroent
between stories allowed by these connections for this
structure to be free of possible architectural damage?

A. 03in (7.5 mm)
B. 0.5in (12.7 mm)
C. 09in (23 mm)
D. 1.2in (30 mm)

51. Force F is acting on the frame shown. The framing
gystem js equally spaced between columns. Applying
the portal method of frame analysis, what should the
distributed shear be at column J1?

.15, i5ft  15h
(4.6 m) (4.6 m) (4.6 m) ]
fF—
Lo
column column column column (3 m)
| Il 1T} v
1
A. F
1
B. gF
1
C. 1F
D. {F
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52. In the consideration of seismic and wind forces, 55. Detertine the magnitude of the primary moment.
building frames should be analyzed by which of the fol-
A. 10,000 ft-Ibf (13 690 N-m)

lowing methods of analysis?
B. 100,000 ft-1bf (136 890 N-m)

A. by portal frame analysis C. 500,000 ft-Jbf (684 450 N-m)

B. by cantilever frame analysis D. 600,000 ft-1b{ (821340 N-m)

C. by all of the above

D. by none of the above 56. Determine the magnitude of the secondary moment.
53. Identify the principal assumption that is the basis A. 10,000 fe-Inf (13 460 N-m)
for the cantilever analysis of frames subject to lateral B. 100,000 ft-Ibf (134580 N-m)

- I

A. All horizontal planes retnain horizontal. D. 600,000 ft-Ibf (807 490 N-m)

B. The entire floor remains plane as one untt.

C. All interior columns carry the same shear.

D. None of the above are true. For Problems 57 and 58, refer to the following set of

assumptions.

54. Identify the method of frame analysis that assumes
that all horizontal planes remain horizontal undec lat-
eral forces.

The following figure shows a typical connection between
a wood diaphragm and a concrete or masonry wall.

A. cantiliver frame analysis
B. factor frame analysis wood structural
R F_h“ !__ di .
C. space frame ana,lym.s 1/J‘ e'dzfzhlzzﬁimg panel diaphragm
D. portal frame analysis gre;g L /
K i} R I/" = I + 7 ~, Z Ze
anchor  |':.fh s ! =
For Problems 55 and 56, refer to the given set of as- bolt [ Th .
sumptions. . reinforcing |3
bar —— - .
The column members of a one-story building are loaded L35 Iedger\
as shown in the following illustration. The allowable P D il joist hanger
drift is limited to 0.5% of the height. The building is in g?ncrete 197500 B _
seismic zone 4. masonry |- joist or purlin
wall A
6 f 6 ft 57. The purpose of the anchor bolt is to transfer what
= (1.8 m) I 1.8m) | loads to the concrete or masonry walls?
£ = 100,000 ibf A. the vertical load from floor or roof framing
25.000 Ibf (448 820 N) B. the lateral load parallel to the wall .
, -~ _ |
{112 205 N) 3 C. both (A) and (B) :
lateral D. none of the above
force
58. For trvansferring the lateral force from a wood struc-
20 ft tural panel diaphragm to a masonry wall and through
cofumn (6.1 m) the wall to the foundation, the path of the lateral load
through the following components should be in what
order?
column I. the edge nails
I1. the ledger
rrzrreisze 77 T ITII. the anchor bolts
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For Problems 61 and 62, refer to the following set of

A. from I to III :
B. from II to I11 assumptions.
C. through IIT only The following figure shows a typical connection between
D. from I to IT to I11 a horizontal diaphragm and a wall. The diaphragm is
a steel deck with concrete fill, and the wall is concrete
O Masonry.
For Problems 59 and 60, refer to the following set of
assumptions.
The figure shows a typical connection between a wood et foraling: el aagarate fil
diaphragm and a concrete or masonry wall. j-"N‘ > - == )
AN diaohragm wood structural ) Y e
et L, / edgpe na?ling panel diaphragm ¢ s
anchor ;.'.;'.:: - ¥ e g??ﬁ;itgrgﬁ './ stoet ledger
bolt T 3 A wall o, steel
93 T Z deck
reinforcing. % = \ —
bar— r/ metal
Z ledger ~\ Strap
P : joist hanger
concrete [+ .7
or 5 joist or purlin
masonry
wall

61. The horizontal veinforcing steel shown in the con-

crete diaphragm is used to

59. The metal strap (wal) tie) should be nailed or bolted ] ]
A. resist vertical loads.

to
o B. provide compression reinforcement.
A. wood joists. C. transfer buckling.
B. added blocking. D. transfer diaphragmn shear.
C. both (A) and (B).
D. none of the above. 62. What force determines the spacing and size of the

reinforcement dowels?
60. Metal straps
A. provide a tension connection between two
members.
B. resist the diaphragm lateral force.
C. provide blocking.
D. are not needed at all.

anchorage force
inertia force

strut force

noiie of the above

U0
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CHAPTER 4

1. Answer D

Shear walls function as shear-resisting elements in car-
rying lateral loads. Sheathing materials suitable for
producing shear wall action include plywood sheath-
ing, gypsum fiberboards, particleboard, Portland ce-
ment plaster, and hardboard panels.

2. Answer D

In designing wood structural panel shear walls (and
also horizontal diaphragms), it is necessary to account
for horizontal and vertical diaphragm shears, chords,
struts, diaphragm ratios, blocking, and connectors (i.e.,
nails, bolts, and ties).

3. Answer D

The span rating specifies the precalculated suitability
of wood structural panels for roofing and subflooring.
In the 32/16 span rating, the 32 represents the maxi-
mum recommended span for roofing (inches), and the
16 specifies the maximum recommended span for sub-
flooring (inches).

4. Answer D

For roof, floor, and wall sheathing design applications,
the standard size of a wood structural panel is 4 ft
(1.2 m) by 8 ft (2.4 m). The CBC [Sec. 2315.3.3) gives
wood structural panel diaphragms provisions. For seis-
mic zones 3 and 4 refer to the CBC [Sec. 2315.5.3].

5. Answer C

Per CBC [Sec. 2320.12.8], roof rafters, ceiling joists, and
beams should be prevented from rotation and lateral
displaccment. The purpose of blocking is to produce
lateral support and prevent joists from buckling.

6. Answer D

Wood connectors and fasteners are used to carry forces
between wood members and between wood and metal/
concrete members. The connectors may be nails and
spikes, wood screws, lag bolts, joist hangers and framing

SOLUTIONS

anchors. and metal plate connectors. CBC Chapter 23,
Division 111, Part III, gives allowable loads and provi-
sions for the installation of connectors and fasteners.

7. Aoswer C

Wood connectors and fasteners are used to transmit
forces between wood members and between wood and
metal/concrete members. They should be laterally
loaded and should not be subjected to a greater load
in shear and bending than the safe lateral strength as
set forth in CBC Chapter 23, Division III, Part III. It
is desirable to avoid loading fasteners in tension (i.c.,
wood connectors and fasteners driven perpendicular to
the direction of the grain) since the ultimate strength
i tension js extremely low.

8. Angwer D

CBC Table 23-1I-H illustrates the types of wood struc-
tural panel diaphragm layouts. These layouts are re-
ferred to as load cases. The direction of the lateral load
on diaphragms and the direction of the continuous panel
joints determine the type of load case.

9. Answer C

The direction of the wood structural panel does not
determine the type of load case. Wood structural panels
can be installed horizontally, vertically, or diagonally
(at an angle of 45° to the supports). The orientation
of the continuous panel joint, not the orientation of the
panel itself, determines the load case.

10. Answer B

Use Cases 3, 4, 5, and 6 of the diaphragm panel layout
configurations in CBC Table 23-II-11. This is because
the continuous panel joints are parallel to the direction
of lateral load. For Cases 1 and 2, the continuous panel
joints are perpendicular to the direction of lateral load.
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11. Answer C

Use Cases 3, 4, 5, and 6 of the diaphragm panel layous
configurations in CBC Table 23-1I-H. This is because
the continuous panel joints are perpendicular to the di-
rection of lateral load. I'or Cases 3 and 4, the continuous
panel joints are parallel to the direction of lateral load.

12. Answer A

The nail spacing differs at various points in the di-
aphragm. The minimuim distance from the edge of a
plywood panel to the center of a nail is % in (L0 mm).
This distance mainly prevents the nail head from pulling
away through the edge of the wood structural panel.

Refer to CBC [Sec. 2315.3.3] for more details.

13. Answer D

Field nailing refers to the nailing of wood structural
panel diaphragms to intermediate framing members.
CBC provisions specify the field nailing spacing to be
12 in (30 cm) O.C. for roofs and 10 in O.C. for floors.

14. Answer C

CBC Tables 23-111-C-1 and 23-111-C-2 give lateral de-
sign values for box and common nails. The standard
length of 10d box nails is 3 in (76 mm).

15. Answer C

Based on the CBC [Sec. 2318.3.3] and CBC Tables 23-
ITI-C-1 and 23-111-C-2, the minimum required penetra-
tion length for 50d common nail is 11 times its diameter.
The diameter of 50d nail is 0.244 in (6.2 mm).

16. Answer B

In seismic zones 2, 3, and 4, when wood diaphragims
are used to laterally support concrete or masonry walls,
the CBC [Sec. 1633.2.9, [tem 5] specifies that anchorage
should not be achiecved by applying toenails or nails
subject to withdrawal.

17. Answer D

The CBC [Sec. 1633.2.9, Item 5] specifies that in seis-
mic zones 2, 3, and 4, when wood diaphragms are used
to laterally support concrete or masonry walls, wood
ledgers or framing should not be used in cross-grain
bending or cross-grain tension. To prevent these errors,
additional tension connection straps must be used to
anchor the diaphragm to the ledger or framing.

18. Answer C

Plain concrete is concrete that is either unreinforced
or inadequately reinforced compared to the minimum
amount specified in the CBC for reinforced concrete.
Based on the CBC [Secs. 1922.2.2, 1922.2.5, and
1922.10.3], plain concrete walls should not be used in

seismic zones 2, 3, and 4. The CBC [Sec. 1922.10.3]
lists exceptions where structural plain concrete is per-
mitted. Refer to that section for more details.

19. Answer C
A cast-in-place topping on a precast floor system func-
tions as the diaphragm. Jts thickness, based on the
CBC [Sec. 1921.6.12, Ttem 3], should not be less than
3 in (76 mm).

20. Answer C

For concrete flooy slabs supported directly on the
ground, the CBC [Sec. 1900.4.4|, mandates a minimum
thickness of 33 inches (89 mm).

21. Answer C

Concrete members should be designed to have adequate
stiffness to limit deflections or deformations that may
adversely influence the strength of the structure. There-
fore, to achieve ductility, the design procedure should
be by the “ultimate strength design method,” and de-
sign strength for reinforcement should be based on the
yield strength of reinforcement.

22. Answer B

Reinforced slabs resist flexural stresses. The steel rein-
forcing should be geverally placed where the coucrete
is expected to go into tension.

23. Answer D

In designing ductile concrete frame joints, the location
of the anchorage of reinforcement, transfer of axial load,
and shear are critical. Designing with deficiencies in
these locations, due to cracking or crushing of the core,
causes the concrete members to withdraw and disinte-
grate toward a state of collapse.

24. Apswer A

Ties/hoops (confinements) are loops of reinforcing bars
enclosing longitudinal reinforcements. They apply to lat-
eral yeinforcernent in compression members (columns).
Provisions are stated in the CBC [Sec. 1907.10.5].

25. Answer A

Design yield hinging should ocecur in beams only; special
reinforcement is required at points where the yielding
is expected.
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26. Answer D

Seismic hoops apply to lateral reinforcement in flexursl
members. They should be placed where yielding js ex-
pected. Yielding occurs at the ends of built-in beams
and at points where the moments are greatest (i.e., plas-
tic hinges).

27. Answer D

According to the CBC [Sec. 1921.3.2.3], lap splices of
flexural reinforcement should be allowed only if hoop
or spiral reinforcement is furnished over the lap length.
“Lap splices shall not be used (1) within the joints,
(2) within a distance of twice the member depth from
the face of joint, and (3) at locations where analysis in-
dicates flexural yielding caused by inelastic lateral dis-
placements of the frame.”

28. Answer D

Based on the CBC [Sec. 1921.3.2.3], lap splices of flex-
ural reinforcement can be used within the center half of
the nmember length but not Jess than twice the member
depth from the face of the joint.

29. Answer C

Based on the CBC [Sec. 1902], plain reinforcement is
reinforcement that does not conform to definition of de-
formed reinforcement.

According to the CBC [Sec. 1921.2.5.1], plain bars can-
not be used for steel reinforcing. In frame members
and in wall bonndary elements, low alloy A706 rein-
forcement bars are required. Based on the CBC [Sec.
1921.2.5.2], billet: stecl A615 Grades 40 and 60 reinforce-
ment may be allowed if certain conditions are met.

30. Answer B
According to the CBC [Sec. 1907.7.1, Item 3], cast-in-
place concrete (nonprestressed) should provide a mini-
mum of 1% in (38 mm) of concrete cover to protect the
reinforcement.

31. Answer C

The CBC (Secs. 2106.1.12.3, Items 2 and 3, and
2106.1.12.4, Item 2.3] specifies that in seismic zones 2,
3, and 4, all masonry structures should be reinforced
with both vertical and horizontal reinforcement.

32. Answer D

According to the CBC (Sec. 2107.1.7], in seismic zones 3
and 4, shear walls that resist seismic shear forces should
be designed to resist 1.5 times the hase shear.

33. Answer C

Assuming that quality assurance provisions include re-
quirements for special inspection, based on the CBC
[Sec. 2107.2.9], the maximum allowable stresses in ma-
sonry when shear reinforcement is designed to take all
the shear is 75 1bf/in® (520 kPa).

34. Answer C

Per the CBC [Secs. 1605.2.3 and 1611.4], the minimum
horizontal force for which anchorage should be designed
is 280 pounds per lineal oot (4.09 kN/m) of wall. This
provision provides the minimum adequate anchorage
between the walls and the diaphragm. Note that per
the CBC [Sec. 1633.2.8.1, Item 1], in seismic zone 4,
the minimum specified anchorage force is 420 pounds
per lineal foot (6.1 kN/m) of wall.

35. Answer B

According to the CBC [Sec. 1605.2.3|, where anchor
spacing exceeds 4 ft (1.2 m), walls should be designed to
resist bending between anchors. The CBC [Secs. 1632,
1633.2.8. and 1633.2.9] give provisions for earthquake
design requirerments.

36. Answer A

The CBC [Sec. 2107.2.9], gives the allowable stresses in
masonry. However, according to the CBC [Sec. 2107.1.2),
these values are reduced by % if the quality assurance
provisions exclude requirements for special inspection
as prescribed in the CBC [Sec. 1701).

37. Answer C

The curve schematically illustrates the vaviation of the
critical load when an instability occurs. The elastic
yielding range (i.e., flexibility) and plastic yielding range
(i.e., ductility) are shown in the diagram. Based on the
type of behavior shown in the illustration (maximum
stress prior to yield stress level, and stress at a con-
stant strain rate after initial yield), this stress-strain
diagram js representative of a mild structural steel.

38. Answer B

Plastic behavior occurs after the plastic mowment is
reached. Therefore, for steel structures, plastic hinges
are anticipated at points where the monients are
greatest.
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39. Answer D
SI solution
6.1m )
444820 N .
37 m
222410N ]
49 m
_ 1

I
FA
> Mp =

countar- |
clockwise)

Fa(6.1 m) — (444820 N)(3.7 m + 4.9 m)
— (222410 N)(4.9 m)
=0
Fj = 805780 N

Customary U.S. solution

20 ft
100,000 {bf ]

121t
50,000 Ibf

-

16 ft

-

ZMB:O

counter-
clockwise

FA(20 ft) — (100,000 1bf)(12 f + 16 ft)
— (50,000 1bA(16 ft)
0
Fx = 180,000 Ibf

40. Answer B

Steel structures can best tolerate tension due to the
properties of steel, such as its modulus of elasticity,
yield point, yield-stress level, and so on.

41. Answer D

Ductility is the ability of a material to deform or yield
without undergoing some sort of failure. It is usually
represented as a ratio of some property at failure to that
same property at the yield point. The curves shown
represent the deformation capacities of the structures
F. G, H, and 1. Structure I, while having the lowest
peak load capacity, is able to deform the most without
a loss in capacity. Therefore it is the most ductile.

42. Apswer B

In nonuniform L-shaped buildings, local stresses de-
velop and concentrate through ot into the heel of the L
(i.e., at point G).

43. Answer A

Structures with eccentric braced (rames undergo simall
drifts in low to modest earthquakes and perform as
braced frames rather than as morvent frames. In large
earthquakes, special sections of the girders are designed
to yield, making these structures highly ductile (R
7.0). Ductile structures can absorb a great amount of
seismic energy.

44. Answer B

An eccentric braced frame (EBF), as defined by the
CBC (Sec. 2211.3}, is a diagonal braced frame where
at least one end of each bracing member is attached
ta a beam a short distance from a beam-to-column con-
nection or from another beam-to-brace connection. The
part of a beam between the brace end and the column is
known as the link beamn. Its function is to yield in shear
and/or bending, thus preventing the buckling of the
bracing mernbers. Therefore, eccentric braced frames
can absorb great amounts of seismic energy. The EBF
should meet the requirements of the CBC [Sec. 2211.4,
Item 10).
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45. Answer A

The plates should be welded across the plate width,
top and bottom, with fillet welds. For the parts that
arc joined, the minimum weld size to carry the required
load depends on the thickness of the thicker plate.

46. Answer B

According to the CBC [Sec. 1630.4.2], the value of R
for the design of any story should be less than or equal
to the value of R used for the story above in the given
direction. For the third floor, the value of R is 4.5; thus
R for the second floor must be less than or equal to 4.5.
For the eighth floor, the value of R is 8.5; thus R for
the seventh Aoor must be less than or equal to 8.5.

47. Answer A

According to the CBC [Sec. 1630.4.2], in the design of
any story, the value of R should be less than or equal to
the value of R used for the story above. For the second
floor, the value of R is 8.5; thus R for first floor must be
less than or equal to 8.5. For the fifth floor. the value of
R is 8.5; thus R for the fourth floor must be less than
or equal to 8.5.

48. Answer C

Some structures (buildings and bridges) are not rigidly
anchored to their foundations, but instead are equipped
with base isolators. In an earthquake, the ground moves
independently of buildings that are base isolated. As a
result, the acceleration of these structures will be less
than that for structures that do not have base isola-
tion. The isolation systenmi should be designed and con-
structed in accordance with the requirements of CBC
Div. IV—Farthquake Regulations for Seismic-Isolated
Structures—and the applicable requirements of CBC
Chap. 16, Part TV.

49. Answer A

For structures fitted with base isolation, the accelera-
tion decreases while the structure’s natural period in-
creases. Therefore, base isolation js not suitable where
the soil is soft because the long period of soft soil may
coincide with the increased period of the structure and
produce resonance. A structure that is rigidly anchored
to its foundation is, by definition, not base isolated.
For the CBC definition of “isolation system,” refer to
Sec. 1655, Div. IV (Appendix Chap. 16).

50. Answer D
S/ solution

According to the CBC [Sec. 1633.2.4.2], elements that
are attached to the exterior should accommodate move-
ments of the structure based on Ajy,. Such clements

are supported by mechanical connections and fasteners
as given in the problemn statement. Note that exterior
nonbearing, nonshear wall panels can be supported by
means of cast-in-place concrete.

Based on the CBC [Sec. 1633.2.4.2, Item 1], these con-
nections should allow for a relative movement between
stories of not less than two times the story drift caused
by wind, the calculated story drift, based on A, or
12.7 mm, whichever is greafer.

Per the CBC [Sec. 1630.9.2], the maximum inelastic re-
sponse displacement, Aps, should be computied from
CBC Formula 30-17, A, = 0.7RAs.

From CBC Table 16-N, for a special moment-resisting
steel structure, the value of R jis 8.5.

Therefore,
A = (0.7)(8.5)(5 mm)

= 30 mm

The displacement of 30 mm is greater than 12.7 rom.
Thus, the connections should allow for a relative move-
rment of 30 mm between stories.

Customary [1.S. solution

According to the CBC [Sec. 1633.2.4.2], elements that
are attached to the exterior should accommodate move-
ments of the structure based on Ajps. Such elements
are supported by mechanical connections and fasteners
as given in the problem statement. Note that exterior
nonbearing, nonshear wall panels can be supported by
means of cast-in-place concrete.

Based on the CBC [Sec. 1633.2.4.2, Item 1], these con-
nections should allow for a relative movement between
stories of not less than two times the story drift cansed
by wind, the calculated story drift, based on Aus or

% in, whichever is greater.

Per the CBC {Sec. 1630.9.2], the maximum inelastic re-
sponse displacement, Ay, should be computed from
CBC Formula 30-17, Ay = 0.7RAg.

From CBC Table 16-N, for a special moment-resisting
steel structure, the value of R is 8.5,

Therefore,
Ay = (0.7)(8.5)(0.2 in)
= 1.2 in
The displacement of 1.2 in is greater than 0.5 in. Thus,
the connections should sllow for a relative movement of
1.2 in between stories.
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51. Answer D

The portal method assumes that exterior columns carry
half the shear of interior columns and that the interior
columns carry equal shear.

Vi = 0.5V
Viv = 0.5V
Vir = Vi
Thus,
F=Vi+Vu+Viu+Wy
= 0.6Vig + Vir + Vi + 0.5V
= 3%
Vit = 3 F
52. Answer C

Rigid frame analysis can be performed by either the por-
tal method or the cantilever method. These methods
distribute the lateral forces to the resisting elements.

53. Answer B

The cantilever methad assumes that the entire structure
functions as a cantilever beam (i.e., the floors remain
plane).

54. Answer D

As opposed to the cantilever method, the portal method
assumes that horizontal diaphragms remain horizontal
when subjected to lateral forces.

55. Answer C

S1 solution

The primary moment is the moment due to the lateral
forces caused by the earthguake.

For the primary moment,

Fh = (112205 N)(6.1 m)
= 684 450 Nom

Custornary U.S. solution

(. 6ft | &ft |
= 1 \
lP: 100,000 Ibf
£ 25.000 Ibf b
lateral :
force
20 ft
| 7z AT IS SSLS ST IS ITSS SIS 22

The primary moment is the moment due to the lateral
forces caused by the earthquake.

For the primary moment,

Fh = (25,000 Ibf)(20 ft)
= 500,000 ft-Ibf

56. Answer A
( 18m | 18m SI solution
(i I |
i P= 448820 N lP:MBBm’)N
112 2056 N 112205 N )
F ——‘r -
lateral 3
force
8.1m | i
6.1m | I
—l A :4——
(
( |
Y
SSSUULII LTI S LL SIS TN SINI LI ELATI I TSI I IS LI SIS T LTI [ vaZZLa A AT Y o SI P LIPS A FI VSTV SIS 2]
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The secondary moment is the additional column stress
caused by the P-A effect.

A = (0.5%)(6.1 m) (1000 -’-I_‘I‘]'E)

= 30 mm

For the secondary moment,

m
A — 20 N 001 —
P-A = (448820 N)(30 mm) (o 00 mm)
13460 N-m

Customary U.S. solution

iP = 100,000 Ibf

25,000 Iof r——>

204 | |

The secondary moment is the additional column stress
caused by the P-A effect.

A = (0.5%)(20 ft) = 0.1 ft
For the secondary moment,

P-A = (100,000 1bf)(0.1)
= 10,000 ft-1bf

57. Answer C
According to the CBC [Sec. 1605.2.3], aanchor bolts be-
tween the diaphragms and the vertical resisting ele-
ments are designed to resist lateral loads parallel to the
resisting elements. They also provide support for the
vertical loads.

58. Answer D

Diaphragms transfer lateral forces to the shear walls
through the connections. Connections between all ele-
ments should be capable of transmitting the applied
force from one element to another. Therefore, the paih
of the lateral forces is from the edge nails to the ledger,
and then to the anchor bolts. Shear walls carry the
forces transferred from the diaphragms. Also, in addi-
tion to thelr own inertia forces, shear walls carry the
forces transferred from the diaphragms to the founda-
tions.

59, Answer C

All parts of a structure should be interconnected by con-
nections (e.g., metal straps) that are capable of trans-
mitting the lateral force produced by other connected
parts. The anchors are embedded in the wall and are
nailed or bolted to the joists and added blocking.

60. Answer A

Metal straps are diaphragm-to-wall anchors. They tie
concrete or masonry walls to horizontal diaphragms by
providing a tension connection between two members.

61. Answer D

In resisting the designed lateral and vertical loads, the
anchorages between the walls and roof enable the build-
ing to function as a unit. Connections between dia-
phragms and walls (e.g., reinforcing steel) should be
designed to transfer the horizontal forces to the resist-
ing clements.

62. Answer A

The design lateral forces should be used to design mem-
bers and connections. The transfer of shear to the walls
is achieved by the use of reinforcing steel connections.
Therefore, the anchorage force of the wall to the dia-
phragm determines the spacing and size of the reinfore-
ing steel.
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CHAPTER 5

DESIGN PROBLEMS

CONTENTS

There are eleven groups of problems in this module. Each group consists of five questions in multiple-choice format.
The groups are labeled A through K. A number of the problems are considerably longer and more tedious than what
would be encountered on the actual exam. However, they cover necessary subject areas and will provide you with

important bockground information.
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A.

Two different types of structures are shown in elevation.
For both structures, the heights and floor weights are
the same. Each building will be occupied by 6000 or
more people. Use seismic zone 3 for building I and
seismic zone 4 for building I1. The value of N, and N,
(near-source factors) are 1.0 for buildings I and II. The
penthouse is a special moment-resisting steel frame.

ordinary steel

special moment-resisting
braced frame

reinforced concrete frame

building | building I
penthouse
30 k (133 kN) | I _J
100 k (445 kN) _ o
100 k (445 kN) {‘3 m)
100 k (445 kN} N
100 k (445 kN) typical
100 k (445 kN) e A
100 k (445 kN)
< S 1 (3 m)
it T
hard rock 55 ft
material (18.8 m)

1. For building I, determine the base shear consistent
with the seismic analysis required in CBC Sec. 1630.

16 k (71 kN)

26 k (118 kN)
42k (188 kN)
50 k(220 kN)

oSow

2. For building 11, determine the base shear consistent
with the seismic analysis required in CBC Sec. 1630.

A. 25k (111 kN)

B. 100k (450 kN)
C. 140k (626 kN)
D. 250 k (1118 kN)

3. The fundamental period of building I is 0.6 sec. Based
ou CBC requirements, what should the allowable inter-
story displacement (drift) be?

A. 0.30in (8 mm)
B. 0.4in (10 mm)
C. 0.5in (13 mm)
D. 0.60in (15 mm)

4. Assume the typica) height of each fioor is 15 ft (4.6 m)
instend of 10 ft (3 m). For building I, determine the
force at roof level, Fy.

A. OTbf (0 N)

B. 1190 Ibf (5280 N)
C. 1490 Ibf (6630 N)
D. 4810)bf (21425 N)

5. Determine the seismic loading, F,, for the penthouse.
The penthouse is rigidly attached to the main building.

10,800 1bf (47880 N)
22,100 Ibf (98000 N)
43,200 Ibf (191500 N)
68,400 Ibf (303200 N)

oawy»

B.

For an office building in seismic zone 4, an architectural
firm proposes the ordinary steel braced frame structure
shown. The weights and heights of each story are as
illustrated. The proximity of the building to the seismic
source type A is estimated to be 6.2 mi (10 km). Ignore
vertical structural irregularities for this building. Use
the static lateral-force procedure.

120 ft (36.8 m} -
[‘ B stories @ 15 f1 (4.6 m)

10 k (44.5 kN)
20 K (89 kN)

30 & (133.5 kN)
Al 40 k (178 kN)
10 ft 50 k (222 kN)
60 k (267 kN)
70 k {311 kN)

| Ve oy
\I‘___:__F_?iaokuase kN)
]

(13.7 m)!

ErTEEE

—_—Z

i
s

i
i

6. Based on CBC seismic design requirements, what is
the base shear for this building?

14,250 1bf (63400 N)

24,700 Ibf (109800 N)
41,300 1bf (183700 N)
57,850 Ibf (257300 N)

QW
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7. An architect wants to increase the story heights for
all the floors without creating any additional force (F,)
at the roof level. For this modification, what should the
maximurn height of the structure be?

70 it (21.3 m)
80 ft (24.4 m)
107 ft  (32.7 m)
114 ft (34.8 m)

caw

8. At point A as marked in the illustration, determine
the magnitude of the overturning moment. Assiiiie the
calculated base shear is 49.5 k (220 kN).

A. 2000 ft-1bf (2710 N-m)

B. 31,000 ft-Ibf (42 030 N-m)
C. 268,000 ft-1bf (363 360 N-m)
D. 536,000 ft-1bf (723 700 N-m)

9. Assume the calculated base shear is 49.5 k (220 kN).
Determine the total overturning moment at the base.

A. 1.0x10% ft-k (1.4 x 10 kN-m)
B. 1.5x10% ft-k (2.0 x 10* kN-m)
C. 2.2x10% ft-k (3.0 x 10% kN-m)
D. 3.0 x10% ft-k (4.1 x 10® kN-m)

10. Determine the design uplift against the overturning
moment. Assume the calculated base shear is 49.5 k
(220 kIN).

8000 ft-k (10 850 kN-m)

13,800 ft-k (18 670 kN-m)
21,000 ft-k (28 470 kN-m)
27,900 ft-k (37 830 kN-m)

oowx

C.

A one-story, wood-frame restaurant is shown in plan
view. The height of the wood structural panel shear
walls is 16 ft (4.9 m). The roof dead load and wall
dead load are 24 Ibf/ft? (1149 N/m?2) and 20 Ibf/ft?
(958 N/m?), respectively. The seismic loadings to the
diaphragm are as given in the following illustration.

(p=1.0)

N

B T
[
|
|
=
20ft, 20ft 20 ft 20 f1 |
(6.1m) ' (6.1m) ' (6.1m) ' (6.1 m)

1
i 110!1 15 ft
= (3 m)§4.6 m
40 ft
(12.2 m)
}wn
@m) 2

A
| 80 ft (24.4 m)
| :

400 Ibf/f (5838 N/m)

lTkl i 4

300 Ibf/ft (4378 N/m)

11. Along line A (the west wall), determine the strut
load for the shear walls.

A. 01bf (ON)
B. 3000 Ibf (13340 N)
C. 6000 Ibf (26690 N)
D. 12,000 Ibf (53380 N)

12. For the 25 ft (7.6 m) opening at line I3, determine
the magnitude of the drag strut force that will be trans-
mitted to the shear wall panels,

A. 0Ibf (ON)

B. 1500 Ibf (6670 N)
C. 3750 Ibf (16680 N)
D. 7500 lbf (33360 N)

13. Determine the maximum, drag strut force at point
Y along line 2.

01bf (ON)

2000 Lbf (8900 N)
4000 lbf (17 790 N)
8000 Jbf (35 590 N)

oSows

14. At point X, what is the maximum drag strut force?

3750 Ibf (16 680 N)
7500 Ibf (33 360 N)
12,000 Ibf (53 380 N}
24,000 Ibf (106 760 N)

oW
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18. When the north-south loading doubles, the magni-
tude of the drag strut force at point Y

A. halves.
B. experiences no change.
C. doubles,
D. triples.
D L[]

There are two water tanks and one guyed tower stack
as shown. Tank I is well anchored on the top of the
steel braced building, while tank II is rigidly bolted to
a foundation at grade. The weight of the guyed tower
stack is 15,000 Ibf (66 723 N). The weights of the tanks
when full are 30,000 1bf (133 446 N) and 100,000 lbf
(444 820 N), respectively. They all are located in seis-
mic zone 4. Assume sufficient freeboard exists for both
tanks. The proximity of these structures to the seismic
source type B is estimated to be 6.2 mi (10 km).

P ——
tank
{
i /
50 ft
(15.2 m) \ /
/ tank
]
llli) o-_foundation® 7.
fiard rock

material

guyed tower
stack

I, 7. ~foundation= " .

16. Assume the fundamental period of tank I is 0.04
sec (0.04 s). Based on CBC Chapter 16 requirements,
determine the lateral force ov tank 1.

6720 Ibf (20890 N)
8400 Ibf (37360 N)
48,000 Ibf (213510 N)
190,910 Ibf (849190 N)

Daw»

17. Assume the fundamental period of tank 1T is 0.05 sec
(0.05 s). This tank is a nonbuilding structure. Based
on CBC Chapter 16 requirements, determine the lateral
force on tank II.

17,900 1bf (79600 N)
22,400 1bf (99600 N)
128,000 Ibf (569400 N)
200,910 1bf (1071700 N)

Ooaw>

18. Assurne the fundamental period of guyed tower stack
js 0.01 sec (0.01 s). Based on CBC Chapter 16 require-
ments, what should the design Jateral force he?

A. 3020 Tbf (13430 N)
B. 3780 Jbf (16810 N)
C. 21,600 Ibf (9680 N)
D. 49,660 Ibf (220900 N)

19. Assume guyed tower stack is a nonbuilding structure
with 8 fundamental period of 0.12 sec (0.12 s). Based
on CBC requirements, what should the design lateral
force be?

A. 3000 Ibf (13450 N)
B. 3300 Ibf (14720 N)
C. 4650 Ibf (20700 N)
D. 41,400 Ibf (184060 N)

20. Assume the contents of tank II are highly toxie,
and would be hazardous to the safety of the general
public if released. This tank is a nonbuilding structure.
The fundamental period is 0.04 sec. Based on CBC
requirements, what should the design lateral force be?

A. 22400 1bf (99640 N)
B. 28,000 Ibf (124550 N)
C. 128,000 Ibf (569370 N)
D. 192,000 Ibf (854050 N)
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E.

As shown in the following illustration, the reinforced
masonry wall of a storage building spans vertically
between the floor and the roof. The masomry-walled
building with a wood structural panel (flexible) roof dia-
phragm is located in seismic zone 4. The wall weighs
100 Ibf/ft? (4788 N/m?) and the roof weighs 20 1bf/ft?
(958 N/m?). The reinforcing steel is ASTM A615, grade
60A The carthquake loading is in the north-south direc-
tion. Use simplified design base shear procedure. As-
sume the seismic source type is A and the proximity
of the building to the seismic source is 3.1 mi (5 km).
Disregard all live loads.

N
, 120 1t {36.6 m) )
-
FH
60 ft
rW (18.3 m}
ala

plan 5 .
masonry g in (16 mm)
wall —— STR | plywood
b "
. = in {19 mm) diameter
3ftdin r s anchor bolts /

(1m)
r .
A \
2inx6in {51 x 152 mm)
@2#0.C. (61cm)

4inx12in
18f18in - '|. (102 x 305 mm)
(5.7 m) - ledger

wall elevation  Section A-A

21. The wall and its connections to the roof should
be designed to resist the lateral force normal to the
wall face, calculated by the appropriate CBC formula.
Choose the correct formula.

A. 0.5C.IWp,
B. 1.0C,IWp,
C. 4.0C,IpWp
D. C,IW/RT

22. For the north-south direction, determine the seismic
loading to the roof diaphragm.

920 Ibf/ft (13430 N/m)

1320 Ibf/ft (19260 N/m)
2640 Ibf/ft (38530 N/m)
3540 Ibf/fr (51660 N/m)

oowp

23. Assuming that anchorage points are 4 ft (1.2 m)
0.C., determine the required anchorage force at the roof
line. Use CBC Formula 32-2.

1120 1b (4860 N)
1730 Ibf (7510 N)

3520 Ibf (15300 N)
5200 1bf (22570 N)

oow >

24. For a seismic loading perpendicular to a wall, deter-
mine the required anchorage force at the bottom of the
wall. Use CBC Formula 32-2 and a, = 1.

140 Ibf/ft (2040 N/m)
280 1bf/ft. (4070 N/m)
560 1bf/ft (8150 N/m)
750 Ibf/ft. (10910 N/m)

Some

25. For north-south earthquake forces, determine the
minimum required chord reinforcement area, A;.

0.6 in?® (3.9 cm?)
0.9 in? (5.7 cm?)
1.2 in? (8.0 cm?)
1.6 in? (10.3 cm?)

SQwe

F.

The south wall of a one-story commercial building in
San Francisco is shown as follows in elevation with the
given loading. The building has a rigid roof diaphragm
that is adequately anchored to the walls. The plvwood
shear wall panels have a uniform thickness and the stee]
frames have the same properties.
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20ft _ 10ft  sof 10t oo

10 ft 20 ft 10 ft 20 f1

S mi G & tm @] A m (B G m B 6.1 m |

W

I _ 120,000 Ibf
YR e S ./7/ g : f'/l. /// // ELAS2iY ‘
16 ft ) \ 7 // (533784 N)
(49 m) ; ; g .Aj _//'.’. / / .I_./
/ﬂf / G //..//'// ///
NZANNZANZANE NN AN NN NCERNZNNNZANNZANN FZNNNZONNZANN
steel opening shear wall
frame
south wall elevation
20 ft . 20 ft .
~-—A=0.1in A=10in
) {6.1m) (2.5 mm) . FW r {25 mm)
1
—_———— - . - - - - -
{4.5 kN) 7 4 ! {4.5 kN} !
7 /
1 1 !
t /
! /

AR
shear wall
elevation

26. Determine the relative rigidity of the south wall.

A5

B. 15
C. 23
D. 32

27. Each of the wood structural shear wall panels carries
a load equal to

A. 24,000 Ibf (107000 N).
B. 30000 Ibf (133850 N).
C. 48,000 1bf (214150 N).
D. 52,000 Ibf (232000 N).

28. Each of the steel frames carries a laad equal to

A. 5200 Ibf (23210 N).
B. 15,600 Ibf (69630 N).
C. 30,000 Ibf (133910 N).
D. 48,000 Ibf (214250 N).

29. Assume that a concrete shear wall with a relative
rigidity of 5 replaces the existing center steel frame.
What load is carried by the concrete shear wall?

/ /

/
N NA\VAN \\v7

steel frame
elevation

A. 22,000 Ibf (97 860 N)
B. 24,000 Ibf (106760 N)
C. 30,000 Ibf (133 450 N)
D. 40,000 Ibf (177930 N)

30. Assume a wood structural panel roof diaphragm for
this building. Determine the rnagnitude of the drag
strut force at point X.

A. 3100 Ibf (13400 N)
B. 6200 Ibf (26800 N)
C. 9100 Ibf (39340 N)
D. 18,200 Ibf (78 670 N)

G.

The plan view of a one-story office building underlain
with type Sy soil profile in seismic zone 3 is shown. The
building has a wood structural panel roof diaphragm
and shear walls. The roof drag struts are continuous.
The roof dead load is 20 Ibf/ft? (958 N/m?) and the
wall dead load is 16 1bf/ft? (766 N/m?). The building
is 14 ft (4.3 m) tall. Use the CBC simplified design base
shear procedure.
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31. For north-south loading, what is the roof shear force
at line B?

1200 Ibf (5350 N
1600 Ibf (7130 N
1750 Ibf (7800 N
1910 Ibf (8515 N

oawe

32. For north-south loading, what is the shear force at
the mid-height of the shear wall at line C?

85 Ibf/ft (1240 N/m)
95 Ibf/ft (1390 N/m)
115 lbf/ft (1670 N/m)
130 Ibf/ft (1890 N/m)

SQw»

33. At line 4 between lines A and B, determine the maxi-
mum magnitude of the chord force.

A. 2151bf (970 N)

B. 425 Ibf (1920 N)
C. 1100 Ibf (4970 N)
D. 1750 Ibf (7910 N)

34. Determine the maximum magnitude of the chord
force at line 4 between lines B and C.

200 Ibf (910 N)

425 1bf (1930 N)
1200 Ibf (5460 N)
1750 1bf (7960 N)

DQw»

35. Determine the maximum magnitude of the chord
force at line 1 between lines D and C.

215 Ibf (960 N)

400 1bf (1780 N)
1200 Ibf (5340 N)
1750 Ibf (7780 N)

S oW

H.

A proposed one-story motel with the wood structural
panel roof diaphragm and walls is shown in plan view.
The roof diaphragm is adequately anchored to the shear
walls. The north-south and east-west lateral loadings to
the diaphragm are 400 Ibf/ft (5838 N/m) and 160 Ibf/ft
(2335 N/m), respectively. (p = 1.0)

N
A B

L 26ft |,  25h |, 25t ‘

(76m) | (76m !

160 lbffft (2335 N/m)

4 ll?kllli

L.

400 Ibf/ft (5838 N/m)

36. For the east-west loading direction, determine the
magnitude of the strut force at point 1.

A. 3251bf (1470 N)
B. 450 Ibf (2030 N)
C. 535Ibf (2370 N)
D. 1050 lbf (4740 N)

37. For the east-west Joading direction, what is the
magnitude of the strut force along line Y?

A. 01bf (ON)

B. 2000 Ibf (8900 N)
C. 3200 Ibf (14230 N)
D. 6400 Ibf (28470 N)

38. For the east-west loading direction, what is the mag-
nitude of the strut force at point 27

175 1bf (760 N)

350 Ibf (1510 N)
535 Ibf (2370 N)
1100 1bf (4760 N)

©SQwH
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39. For the north-south loading direction, at what loca-
tion is the magnitude of the strut force greatest?

A. at point 3
B. at point 4
C. at point 5
D. at point 6

40. For east-west loading, how much of the horizontal
diaphragm shear force should be transferred to both
shear walls at line X by the drag strut between points
1 and 27

525 Ibf (2320 N)

550 1bf (2430 N)

1070 Ibf (4750 N)

3200 Ibf (14 140 N)

SOwr

L

A one-story commercial wood-frame building is shown
in the following illustration. The height is 12 ft (3.7 m).
The dead load of the walls is 16 1bf/ft? (766 N/m?).

(p=1.0) N

360 Ibf/ft (5264 N/m) T
|

T 11 I
EEEERERERER

50 ft |
{15.2 m) 1

41. Determine the magnitude of the drag strut force
over the 8 ft (2.4 m) opening at line 1.

A. 0lbf (ON)

B. 1125)bf (4930 N)
C. 2400 Ibf (10530 N)
D. 3270 Ibf (14340 N)

42. Determine the magnitude of the drag strut force at
point A on line 1.

750 Ibf (3240 N)
900 Ibf (3890 N)
1100 1bf (4750 N)
1500 Ibf (6480 N)

SOwe

43. For the east shear wall, the 10 ft (3 m) shear panel
resists what proportion of the applied diaphragm load?

33%
40%
45%
50%

Cawx

44, For the 12 ft (3.7 m) shear panel, determine the
overturning moment.

43 f-k (60 kN-m)
49 fi-k (68 kN-m)
59 ft-k (82 kN-m)
64 ft-k (89 kN-m)

Caws»

1260, 8ft 10 ft

] |
{3.7m) 8 (2.4 m) A {3m)

/ -/' ~ 777 //
// 7/, 12 ft
/ % /;7 (3.7 m)

o

/72X /A/ 2:% /X///X& .

east shear wall shear wall

45. Assume there is no opening on the cast shear wall.
The entire wall has a uniform thickness. Ignore any
roof dead load contribution to the wall’s resistance to
overturning. Based on CBC requirements, compute the
resisting moment.

37 ft-k (50 kN-m)
43 ft-k (58 kN-m)

78 ft-k (106 kN-m)
86 ft-k (117 kN-m)

QW

J.

A one-story woud-frame building is shown in the follow-
ing illustration. The height of the shear walls is 14 ft
(4.3 m) and the walls are uniform throughout their en-
tire length. The wall dead Joad is 16 1bf/{t* (766 N/m?)
and the seismic base shear coefficient 3.0C, /R for the
CBC simplified design base shear procedure is 0.1375.

(p=1.0)
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46. For a seismic loading in the north-south direction,
what is the diaphragm shear force at line 17

A. 15,000 Ibf (66 800 N)
B. 15,120 Ibf (67 280 N)
C. 15,240 Ibf (67815 N)

D. 15,360 Ibf (68 350 N)

47. For a north-south direction, what is the unit dia-
phragm shear stress at line 27

A. 378 Ibf/ft (5520 N/m)
B. 381 Ibf/ft (5560 N/m)
C. 384 Ibf/ft (5600 N/m)
D. 387 Ibf/ft (5650 N/m)

48. Deterwmipe the shear stress in the shear wall panel
along line 1,

360 Ibf/ft (5250 N/m)
381 Ibf/ft (5560 N/m)
400 )bf/ft (5840 N/m)
415 1bf/ft (6060 N/m)

Cowpx

49. Using CBC Table 23-]I-H, assume Case 2 for the
roof wood structural pacel layout, 15/32 in (12 mm)
(structural 1) for the roof sheathing, 10d cormmon nails,

and 2 in (5 cm) nominal framing. Blocking is required.
At diaphragm boundaries along line 1, what should the
nail spacing be?

A. 2.0in (5cm)
B. 25in (6 cm)
C. 4.0in (10 cm)
D. 6.0in (15 cm)

50. For the shear panels, % in (1 cm) panel grade C-D
sheathing and 8d common nails are used. What should
the nail spacing be at the plywood panel edges for the
wall along line 27 The studs are spaced at 24 irr (0.61 m)
on center.

20in (5 cm)
3.0in (8 cm)
4.0in (10 cm)
6.0in (15 cm)

SO

K.

A single-story building with concrete shear walls and
a roof diaphragm is shown. The story height is 12 ft
(3.7 m). The thickness of the roof and walls are uniform.
The roof and wall dead loads are 25 Ibf/ft? (1197 N/m?)
and 50 1bf/f1? (2394 N/m?), respectively.
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10 ft 60 fr 10ft  roof y (North)
(3m) (18.3 m) (3m) line
[ (I
X
101t (3 m)
10 R 3 m)
10 ft (3 m)
10 ft (3 m)
2 concrete wall
plan
12 ft (3.7 m)
LZoNy TSN

~m———— V= 200 k
concrete shear walls (890 kN)
glevation

51. Determine the location of the center of mass, de-
noted by ¥ and 7, respectively. Assume that point O is
the origin. Disregard accidental torsion.

A. 0ft, 00t (0m,0m)

B. 38 f, 19 f (114 m, 5.7 )
C. 42ft, 23 ft (12.6 m, 6.9 m)
D. 401, 20 ft (12.0 m, 6.0 m)

52. The rigidities of the walls are as given in the illustra-
tion. Determine the location of the center of rigidity,
denoted by (Tg and yp). Use the lower left corner,
point O, as the origin.

A. 0ft,0ft (01, 0m)

B. 40 ft, 16 ft (12.0 m, 4.8 m)
C. 38fi, 22 ft (11.4 m, 6.6 m)
D. 40 ft, 20 ft (12.0 v, 6.0 m)

53. Determine the eccentricity in x- and y-direction,
respectively.

A. 0ft,0ft (0cm,0cm)

B. 0ft, 4 (0cm, 120 cm)
C. 1#, 1t (30 cm, 30 cm)
D. 2ft 2ft (60 cm, 60 cm)

54. For the north-south direction, what will the design
torsional moment be?

A. 600 ft-k (810 kN-m)

B. 800 ft-k (1070 kN-m)
C. 1000 ft-k (1340 kN-n)
D. 1200 ft-k (1610 kN-m)

55. Deterinine the design torsional moment in the east-
west direction.

800 ft-k (1060 kN-m)
1000 ft-k (1330 kN-m)
1200 f-k (1600 kN-m)
1400 ft-k (1860 kN-m)

OO
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CHAPTER 5

In solutions C (11-15), H (36~40), I (41-45), and J (46—
50), p represents a reliability /redundancy factor that
should be assigned to all structures according to the
CBC [Sec. 1630.1.1]. This factor is based on the extent
of structural redundancy inherent in the design config-
uration of the structure and its lateral force-resisting
system.

A.

1. Answer B
ST solution

From CBC Table 16-1, Z = 0.3. From CBC Table 16-
K, I = 1.0. From CBC Table 16-J, the soil profile type
is Sa. From CBC Table 16-N, R = 8.5. From CBC
Tables 16-Q and 16-R. the seismic response coefficients
C, and C, are 0.24. From the CBC [Sec. 1630.2.2, Item
1}, C, = 0.0731.
hp, = (6 stories)(3 m)
=18 w
T = Cy(h,)**
= (0.0731)(18 m)*/4
0.64 s

From the CBC [Sec. 1630.5|, since 0.64 s < 0.7 s, F; =

0.
W = (6 stories)(445 kN)

= 2670 kN
Use CBC Formula 30-4.
C. I
v = ( RT) w
(0.24)(1.0)
- (’(8.5”)(6.64’)’
=117.8 kN

) (2670 kN)

SoLUTIONS

Based on the CBC [Sec. 1630.2.1], the total design base
shear should not exceed 2.5C,IW/R and should not be
less than 0.11C,IW.

_ (2.5)(0.24)(1.0)(2670 kN)

VYD&X -
8.5
— 188.5 kN
Viin = (0.11)(0.24)(1.0)(2670 kN)
= 70.5 kN

Since 70.5 kN < 117.8 kN <« 188.5 kN, the value of
V =117.8 kN may be uscd.

Customary U.S. solution

From CBC Table 16-1, Z = 0.3. From CBC Table 16-K,
I = 1.0. From CBC Table 16-J, the soil profile type is
Sa. From CBC Table 16-N, R = 8.5. From CBC Tables
16-Q and 16-R, the seismic response coefficients C, and
C, are 0.24. From the CBC [Sec. 1630.2.2, [tem 1],
CL 0.030.

)i, = (6 stories)(10 ft)
= 60 ft
T = Ct(hn)sM

= (0.030)(60 fr)%/*
= 0.65 sec

From the CBC [Sec. 1630.5], since 0.65 sec < 0.7 sec,
Ft = 0,

W = (6 stories)(100 k)
= 600 k
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Use CBC Fornula 30-4.
C,I
v= (S
24)(1.
((0 ) m) (600 k)

3)(0.65)
= 26.06 k
Based on the CBC [See. 1630.2.1), the total design base
shear should not exceed 2.5C,/W/R and should not be
less than 0.11C, TW.

v (2:5)(0.24)(1.0)(600 k)
max - 8 5
= 42.35 k
Vinin = (0.11)(0.24)(1.0)(600 k)
= 1584 k

Since 15.84 k < 26.06 k < 42.35 k, the value of V
26.06 k may be used.

2. Answer B

SI solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
1 is 1.0. From CBC Table 16-], the soil profile type is
- Sg. From CBC Table 16-N, R is 5.6. From CBC Ta-
ble 16-Q, the seismic response coefficient C, = 0.36N,.
From CBC Table 16-R, the scismic response cocfficient
C, = 0.96N,. From the CBC [Sec. 1630.2.2, Item 1],
C, is 0.0488.
f,, = (6 stories)(3 1n)
=18 m
T = Cylha)¥/*
= (0.0488)(18 m)>/*
=0.43 s
From the CBC [Sec. 1630.5), since 0.43s < 0.7, F, =

W = (6 stories)(445 kN) + (133 kN)
= 2803 kN
Use CBC Formula 30-4.
CyI
v_(m)w
C, = 096N,
= (0.96)(1.0)
= (.96
(0. 96)(1 0)
((5 6)(0.43)
=1117.5 kN

) (2803 kN)

Based on the CBC (Sec. 1630.2.1), the total design base
shear need not exceed 2.5C,IW/R and should not be
less than 0.11C, TW.

Cy = 0.36N,
~ (0.36)(1.0)
= 0.36

(2.5)(0.36)(1.0)(2803 kN)

l

max

C)’l
o)

= 450.5 kN
Vain = (0 11)(0 3())(]. 0 (9803 k\])
=111.0 kN

The CBC {Sec. 1630.2.1] also requires that the total base
shear for seismic 2zome 4 not be less than
0.8ZN,IW/R.

For seismic zone 4,

v (08)(0.4)(1.0)(2803 kN)
i 7 SR

= 160.2 kN

Since 1117.5 kN > 450.5 kN (Vinax), the value of V
450.5 kN can be used.

Customary U.S. solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I is 1.0. From CBC Table 16-J, the soil profile type is
Sr. From CBC Table 16-N, R is 5.6. From CBC Ta-
ble 16-Q, the seismic response coefficient C, = 0.36/N,
From CBC Table 16-R, the seismic response coefficient
C, = 0.96N,. From the CBC [Sec. 1630.2.2. Item 1],
Cy s 0.020.

= (6 stories)(10 ft)
- 60 ft
T = Cy(hn)**
- (0.020)(60 ft)3/*
= 0.43 scc

From the CBC [Sec. 1630.5], since 0.43 sec < 0.7 sec,
F =0.

= (6 stories)(100 k) + (30 k)
=630 k
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Use CBC Formula 30-4.

Cyl
v- (5w

Cv = O.QGA'Vv
= (0.96)(1.0)
= 0.96
_ (%09
V= ((5.6)(043)) (6504
=251.2 k

Based on the CBC [Sec. 1630.2.1], tbe total design base
shear need not exceed 2.5C,/W/R and should not be
less than 0.11C,TW.

Ca = 0.36N,
= (0.36)(1.0)
= 0.36
v _ (25)(0:36)(1.0)(630 k)
me 5.6
~101.3 k
Vimin = (0.11)(0.36)(1.0)(630 k)
=249k

The CBC (Sec. 1630.2.1] also requires that the total
base shear for seismic zone 4 should not be less than
08ZN IW/R.

For seismic zone 4,

v (08)(04)(.
e 5.6

= 36.0 k

0)(630 k)

Since 251.2k > 101.3 k (Viax ), the value of V = 101.3 k
can be used.

3. Answer C

S{ solution
hy =3 m

T:=06s

Based on the CBC [Sec. 1630.10.2], the story drift using
A1 for structures having a building period of less than
0.7 s should be limited to

Ap = 0.025h,
= (0.025)(3 m) (1000 ﬁ)
m

=75 mm

For the allowable interstory displacement (drift), use
CBC Formula 30-17.

From CBC Table 16-N, R = 8.5.

75 mm
As = 07y 5)

=~ 13 mmn

- 12.6 mm

Customary U.S. solution

h, =10 ft
T = 0.6 sec

Based on the CBC [Sec. 1630.10.2}, stery drift using
A s for structures having a building period of less than
0.7 sec should be limited to

Aps = 0.025h,
= (0.025)(10 £t) (12 g)
=3.01in

For the allowable interstory displacement (drift), use
CBC Formula 30-17.

Ay =0.7TRA

From CBC Table 16-N, R = 8.5.

3.0 in .
Ag = (0.7)(3.5) 0.5 in
4. Answer B
SI solution
Use CBC Formula 30-14.
£, =0.07TV

For building T,
hn = (6 stories)(4.6 m)
=276 m
T = Cy(hn)**
= (0.0731)(27.6 m)3/4
=0.88s
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Since 0.88 s > 0.7s, F, # 0.

W = (6 stories)(445 kN)
= 2670 kN

Use CBC Formula 30-4.

Col
= (ﬁ) i
For building I, C, =0.24, / =10, R=8.5,and T
0.88 s.
(0.24)(1.0)\ ,_ .
o (3ol kN
((8.5)(0,88) (2670 kN)
= 85.7 kN
F, =007TV

= (0.07)(0.88)(85.7 kN) (1000 %)
~ 5279 N

From the CBC [Sec. 1630.5), Fy need not exceed 0.25V.

N
0.25V = (0.25)(85.7 kN) (1000 k‘—N)

= 21425 N

Since 5279 N < 21425 N, the value of F, = 5279 N
should be vsed.

Customary U.S. solution
Use CBC Formula 30-14.

F, =0.07TV
For building 1,

hy = (6 stories)(15 ft)
=90 ft

T = Cy(hn)**
= (0.030)(90 f1)%/4
= 0.88 sec

Since 0.88 sec > 0.7 sec, Fy # 0.

W == (6 stories)(100 k)
=600 k

Use CBC Formula 30-4.
C,1
V= (RT) w

For building I, C, = 0.24, I =1.0, R=8.5,and T =
0.88 sec.

_ {(0:24)(1.0)
V= ((&5)(0_88)) (600 k)

= 19.25 k
F,=0.07TV

= (0.07)(0.88)(19.25 k) (1000 %)

= 1186 Ibf

From the CBC ;Sec. 1630.5], F; need not exceed 0.25V.

0.25V = (0.25)(19.25 k) (1000 l%)

= 4813 Ibf
Since 1186 )bf < 4813 Ibf, the value of F;, = 1186 1bf
should be used.
5. Answer C
ST solution

Use CBC Formula 32-1.
F, =4.0C,IL,W,

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I, is 1.0. From CBC Table 16-J,the soil profile type
is Sg. From CBC Table 16-Q, the seismic response
coefficient C, is

C, = 0.36N,
(0.36)(1.0)
0.36
F,, = (4.0)(0.36)(1.0)(133 kN)
=191.5 kN

N
— (191.5 kN) (1000 ﬁ)

= 191500 N
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Customnary U.S. solution
Use CBC Formula 32-1.
F, =4.0C, I,W,

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I, is 1.0. From CBC Table 16-J, the soil profile type
is Sg. From CBC Table 16-Q, the seismic response
coefficient C, is
C, = 0.36N,
= (0.36)(1.0)

= (.36
F, = (4.0)(0.36)(1.0)(30 k)
=432k
~ (43.2 k) (1000 %)
= 43,200 1bf
B.
6. Answer D

SI solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
1 is 1.0. From CBC Table 16-J, the soil profile type is
Sg. From CBC Table 16-N, R is 5.6. From CBC Table
16-Q, C, is 0.36/N,. From CBC Table 16-R, C, is 0.96
Ng- From CBC Table 16-S, the near-source factor N,
is 1.0. From CBC Table 16-T, the near-source factor
N, is 1.2. From the CBC (Sec. 1630.2.2, Ttem 1], C, is

0.0488.
h,, = (8 stories)(3 m) =24 m

T = Cy(hn)*/*
= (0.0488)(24 m)3/*
=0.53s
Since 0.53 s < 0.7s, F; = 0.
W = 44.5 kN 4 89.0 kN +133.5 kN
+178.0 kN + 222.0 kN + 267.0 kN
+ 311.0 kN + 356.0 kN
= 1601 kN
Cy = 0.36N,
= (0.36)(1.0)
= 0.36
Cy = 0.96N,,
= (0.96)(1.2)
=1.15

Use CBC Formula 30-4.

oI
= ( HT) W
(1.15)(1.0)
- ((5.6)('0.53)
~ 620.3 kN
= 620300 N

)(1601 kN)

Based on the CBC [Sec. 1630.2.1], the total design base
shear need not exceed 2.5C,/W/AR and should not be
less than 0.11C,fW.

 (2.5)(0.36)(1.0)(1601 kN)

5.6
257.3 kN

= 257300 N

Vmax ;

Vion = (0.11)(0.36)(1.0)(1601 kN) (1000 %)

=63400 N

Specifically for seismic zone 4, the CBC (Sec. 1630.2.1)
requires that total base shear not be less than
0.8ZN, IW/R.

(0.8)(0.4)(1.2)(1.0)(1601 kN)
V"“ih(llulm 4) = —56- e

- 109.8 kN
= 169800 N

Since 620300 N > 257 300 N(Vinax ), the value of V =
257300 N for the base shear should be used. The value
of V. =237300 N > Vinin(rone 4) = 109800 N as well.

Customary U.S. solution

From CBC Table 16-], Z is 0.4. From CBC Table 16-K,
I is 1.0. From CBC Table 16-J, the soil profile type is
Sk. From CBC Table 16-N, R is 5.6. From CBC Table
16-Q, C, is 0.36 NV,. From CBC Table 16-R, C,, is 0.96
N,. From CBC Table 16-S, the near-source factor N,
is 1.0. From CBC Table 16-T, the near-source factor
N, is 1.2. From the CBC [Sec. 1630.2.2, Iteml], C; is
0.020.
h,, = (8 stories)(10 ft)
80 ft
T = Cy(hn)*/?
= (0.020)(80 ft)3/*
= 0.53 sec
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Since 0.53 sec < 0.7 sec, F; = 0. 7. Answer D

SI solution

W =10k +20 k- 30k
+40 k +50 k + 60 k Per the CBC [Sec. 1630.5], F; is 0 as long as 7" is 0.7 s
or less. Therefore, Tiax = 0.7 s.

+ 70 k+80 k
- 360 k Use CBC Formula 30-8.
C, =0.36N, T = Cy(hn)3/*
= (0.36)(1.0) 0.7 = (0.0488) (5 )4
=0.36 By = (14“34 ln)3/4
Cy = 0.96N, —349 m
= (0.96)(1.2)
=1.13
Customary U.S. solution
Use CBC Formula 30-4. Per the CBC [Sec. 1628.4], F; is 0 as Jong as T is 0.7 sec
or less. Therelore, Tmax = 0.7 see.
V = Col w
"\ RT Use CBC Formula 30-8.
1.15)(1.
= (ua_m) (360 k) T = Cy(hn)?/*
(5.6)(0.53) 0.7 = (0.020)(hn)¥/*
=139.5 k ] ,3"
—_ /
139,500 1bE hn = (35 1)
= 1145 ft
Based on the CBC [Sec. 1630.2.1]. the total design base |
shear need not exceed 2.5C,JW/R and should not be 8. Answer D
less than 0.11C,IW. ST solution
Voo (2.5)(0.36)(1.0)(360 k) Use CBC Tormula 30-15 to distribute the base shear
—-— 5.6 determined ju the solntion to Prob. 6 to the story levels,
57.86 k
= 57,860 Ibf (V — F))W, h,
Fy =g
A Ibf i Wity
Vinin = (0.11)(0.36)(1.0)(360 k) | 1000 —
k (220 kN - ¢kN)W, h,
= 14.256 1bf Y oi g Wiy
Specifically for seismic zone 4, the CBC [Sec. 1630.2.1]
requires that total base shear not Dbe less than b Wy Wehz Wahs Fr
08ZN,JW/R. level (m)  (kN) (kN-m) Y Wohe  (kN)
i 8 [244] 4435 | 10858 uu(;‘r“f 147
Vil e RO 9 (1016000 7 |21.3] 9.0 1895.7 ) 0.117 25.6
' 5.6 6 183 1335 | 24430 | 0150 33.0
=24.7k 5 [15.2| 1780 | 27056 | 0.167 | 367
— 24,700 1bf 4 122 2224 27133 | 0.167 36.7
3 9.1 267.0 2429.7 | 0.150 33.0
Since 139,500 Ibf > 57,860 Ibf(Viuay), the value of V 2 | 61 311.0 1897.1 0.117 25.6
57,860 1bf for the base shear should be used. The value 1 |30/ 3560 | 10680 | 0.067 14.7
of V = 57,860 1bf > Vi inizome 4y = 24,700 Ibf as well. total 1601.4 kN|16238.2 kN-m| |V = 220 kN
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DESIGN PROBLEMS 133

14.7 kN ——>» T
3m

25.6 kN ———>» T
' 3m

33.0 kKN——> T
3m

36.7kN——> y ¥
. 3m

38.7 kN——>» ~

The overturning moment is the sum of the distributed

shear forces at each level above the base multiplied by
the moment arm measured from the pivot point at A.
The overturning moment at point A is

(14.7 kN)(12.2 m) + (25.6 kN)(9.1 m)
+(33.0 kN)(6.1 m) + (36.7 kN)(3.0 m)
& 724 kN-m
& 723700 N-m

Customary U.S. solution

Use CBC Formula 30-15 to distribute the base shear
determined jn the solution to Prob. 6 to the story levels.

) (V: F)Wohs
Y, Wah,
. (AQ.S k-0 k)H-’fi h._,.
X:t_l Wih,

hey W Wayhze Wihs .

level (ft) (k) (ft-k) > Wehy (k)

g |80l 10 [ 800 | 0.067 T  3.31

7 |70| 20 l 1400 0.117 | 5.76

6 |60| 30 1800 0.150 | 7.42

5 |50 40 | 2000 ‘ 0.167 8.26

4 |40] 50 l 2000 | 0.167 8.26

3 (30| 60 | 1800 0.150 7.42

2 (20| 70 ! 1400 0.117 5.7

!__&__Si{_} Jrie m)()___ u.u{i? 3.31
total| 360 k_;iz,uno ft-k |V =495k
331k —» K
10 ft
576k — 3 +—
10 fi
742k —— 5 yr
10 ft
8.26 K ——> A
\5@ 1101‘1

826k —

The overturning moment is the sum of the distributed
shear forces at each level above the base multiplied by
the moment arm measured from the pivot point at A.
The overturning moment at point A is

(3.31 k)(40 ft) + (5.76 k)(30 ft) + (7.42 k)(20 ft)
+(8.26 k)(10 ft)
536.2 fi-k
= 536,000 ft-1b{

9. Answer C

ST solution

14.7 kN —>» — -
25.6 kN —>»
33.0 kN —>»
36.7 KN —>»
36.7 kN —> 24.4m
33.0kN —»|

3 m typical
25.6 kN —>»

147 kN —»

base

The overturning moment js the sum of the distribuced
shear forces at each level above the base multiplied by
the moment arm measured from the pivot point at O.
Use the distributed shears determined in the solution
to Prob. 8. The overturning moment at the base is

(14.7 kN)(24.4 m) + (25.6 kN)(21.3 m)
+(33.0 XN)(18.3 m) + (36.7 kN)(15.2 m)
+ (36.7 kN)(12.2 m) + (33.0 kN)(9.1 m)
+ (25.6 kN)(6.1 m)(14.7 kN)(3.0 m)
= 3014 kN-m
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Customary U.S. solution

3.31 k —>» —_—
576 k — >
7.42 k —>»
8.26k —>»
8.26 kK —3» 80 ft
742Kk —»| ——

‘10 ft typical
5.76 k —|

331k —

LI

base

The overturning moment js the sum of the distributed
shear forces at each level above the buse multiplied by
the ynoment arm measured from the pivot point at O.
Use the distributed shears determined in the solution
to Prob. 8. The overturning moment st the base is

(3.31 X)(80 ft) + (5.76 k)(70 ft)
+ (7.42 K)(60 ft) + (8.26 k)(50 ft)
+ (8.26 K)(40 ft) -+ (7.42 k)(30 ft)
+ (5.76 %)(20 £t) + (3.31 k)(10 ft)

= 2227.5 ft-k
10. Answer B
SI solution
* 44.5 kN
\ 83 kN
\/ 133.5 kN
¢\ 178 kN
\ 222.4 kN
¢\ 267 kN
¢ 311 kN
R
Z 2 707
2.3 M — L— |
—-———»(11.4m
4.8 m 4-—[ |
~——|13.7 m
.9
68m ‘_.J-—J 16 m
9.1m <——.|

The overturning moment is resisted by the dead loads of
the structure. The moment arm is shown in the figure,
measured at each level from point O at the base. To
reduce uplift, the CBC [Sec. 1612.3.1) limits the dead
load contribution to 90%. For materials that use work-
ing stress pracedures (ASD), dead load should be mul-
tiplied by a factor of 0.9. Thus, the design uplift is

((44.5 KN)(2.3 m) + (89 kN)(4.6 m)
+(133.5 kN)(6.9 m) + (178 kN)(9.1 m)
+(222.4 kKN)(11.4 m) + (267 kN)(13.7 )

+ (311 KN)(16.0 m) + (356 kN)(18.3)) (0.9)
~ 18663 kN'm

Customary U.S. solution

10k

k 20 k
Y 30k
k 40 k
¢ 50 k
¢\¢ 80 k
70k
0 k 9 80 k
I8, 7 2
7.5 ft — -
~— —arsn
15 ft ’
- =451
225 ft —= -l| 52.5 f
30 ft |a——n|
| ——I 60 ft

The overturning moment is resisted by the dead loads of
the structure. The moment arm is shown in the figure,
measured at cach level from poiot O at the base. To
reduce uplift, the CBC [Sec. 1612.3.1] limits the dead
load contribution to 90%. For materials that use work-
ing stress procedures (ASD), dead load should be mul-
tiplied by a factor of 0.9. Thus, the design uplift is

((10 K)(7.5 ft) + (20 K)(15.0 ft) + (30 k)(22.5 £)
+ (40 K)(30.0 ft) + (50 k)(37.5 ft) + (60 k)(45.0 ft)
(70 k)(52.5 ft) -+ (80 k)(60.0 ft)) (0.9)
= 13,770 fe-k
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C.
11. Answer C
S1 solution
N
A B
l*_ sham | T
1— 3m [ 46m
8.1m /
] X 7.6 m
2— 3m [ g
' O ! + 4 4 [
|
4378 N/m

The walls along line A will resist earthquake shear forces
in north-south loading.

wl
V= =
2

(4378 %) (24.4 m)

2
=533784 N

At line A,

V. 333784 N
ﬁroof = ‘g =

= T 122m
— 43781 N

m

533784 N
Fwall k—_—)

3m+ 3
= 8756.3 N/m

There is a 6.1 m opening along line A in the west wall.
Over the opening, the drag strut force transmits the
unsupported diaphragm shear to the shear walls. The
drag strut force is

N
(87563 — —4378.1 5) (6.1 m) = 26689 N
m m

A more detailed analysis is shown graphically.

plan

P e, S U S — V{OO' = 43781 N/m

~— =~ Vall 8756 N/m
FBD of tha vvest wall
+4378 N/na roof shear
wall shear
—8756 N/m unit shears
43781 N/m | (43781 N/m)6.1 m)
26 689 N
—4378.1 N/m ; —4378.1 N/m
{4378.1 N/m)(3 m) . (4378.1 N/m){3 m)
= 13345 N net unit shears = _13345 N
13345 N
{maximum at end
of the opening)
13345 N
{maximum at end
of the opening)
strut force
Customary U.S. solution
A B N
‘ 80 ft T
=g — —
Y i
T— 10 ft { 15
20 ft l
25 ft
2 10f {

300 Ibf/ft

The walls along line A will resist earthquake shear forces
in north-south loading.

wl
2

bt
(soo E) (80 ft).

Vv

)

= 12,000 1bf
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136 345 SOLVED SE(SMIC DESIGN PROBLEMS

At line A,
oV _ 12,000 Ibf
Vroof = b 10 ft
— 300 Ibf/ft

12,000 Ibf
10 ft + 10 ft

= 600 1bf/ft

Vwanl =

There is a 20 ft opening along line A in the west wall.
Over the opening, the drag strut force transmits the
unsupported diaphragm shear to the shear walls. The
drag strut force is

( Ibf (bf

— — 300 — } (20 ft) = 6000
600 = ~ 300 ft)( ft) Wbf

A more detailed analysis is shown graphically.

_10ft_ 20 ft 10 ft

| | | |

.
plan

—— i — —— B

s Vyoor = 300 (b

—~—— —~—— Vwa" = 600 lbffft
FBD of the west wall

+300 Ibf/ft 3
b |roof shear
| wall shear
—800 Ibf/ft -—— e
unit shears
300 Ibf/ft
(300 Ibf/ft)(20 ft)
= +8000 Ibf
—-300 Ibf/hl%; _(_] —300 Ibffft
(300 lof/ft)(10 ft} (300 Ibit){10 fr)
= —3000 Ibf = —3000 ibf

net unit shears

3000 lbf
{maximum st end
of the opening}

SN
N

3000 Ibf
{maximum at end
of the opening)

strut force

12. Answer D
ST solution

The wall along line B will resist earthquake shear forces
in north-south loading. From the solution to Prob. 11,

‘/sh(:;n' =53378 N
|

5 4 5337R.4 N
U = e 3
b 12.2 m

= 4378.1 N/m

The unsupported diaphragm shear over the opening will
be transmitted by the drag strut to the shear wall at
point X. The drag strut foree is

N

.
(4378.1 Tl_l) (7.6 m) = 33361 N

Customusry U.S. solulion

The wall along line B will resist earthquake shear forces
in north-south loading. From the solution to Prob. 11,

Vehear = 12,000 1bf
Vo 12,000 Ibf
B a0t
- 300 1bf/ft

19:

The unsupported diaphragm shear over the opening will
be transmitted by the drag strut to the shear wall at
point X. The drag strut force is

(300 l—g) (25 ft) = 7500 Ibl

13. Answer A

ST solution

24.4m

A B
s -
|
-]
|~

—

Am_, _61m 61m_. _86.1m

V—1
£
; « 12.2m
3 Y

v—2
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DESIGN PROBLEMS 137

The walls along line 2 will resist earthquake shear forces
in east-west loading.

; 9
B ()858 I)(1 2m)

2 2
35585.6 N
V _ 35585.6 N

'lgr — —
05 b ’ 4. 4 m

= 1459.4 N/m
B 35586.5 N
12.2 m
= 2918.8 N/m

122 m

|l 6.1m m L

9, .4= 1459.4 N/m

—— e e — S _¥
L 2

~———— e ———

B, = 2918.8 N/m

wall
The drag strut force at Y is

(1459 4 E) (12.2 m) - (2918.8 g) (6.1 m)=0N

Customary U.S. solution

s,
lg
=y
|
1.
—_—z

| 20 ft i 20h,, 20 fi J,Azoﬂ_I
v—n

£
é’ , X 40 ft
v—2

The walls along line 2 will resist earthquake shear forces
in east-west loading.

Ibf
% . (400 ) (40 ft)

3 00 2
8000 1bf

At line 2
9 K 8000 1bf
el Ty T TR0 It
100 Ib{/ft
8000 Ibf
el = 5
= 200 1bf/ft
40 f1 _ _
20 ft
NP TEIVE
9,00 = 100 Ibf/ft v
_g_v-\——v—_k_—‘d 2
3,,,, = 200 Iof/ft

The drag strut force at Y is

(100 D’f) (40 £t) — (200 E) (20 ft) = 0 lbf

14. Answer B

SI solution

The north-south loading should be considered. The
shear force in the wall along line B is as calculated in
the solution to Prob. 11.

V =533784 N
3 533784 N
wall — 46m
= 11675 N/m
12.2m

7.6 m , . 46m "_‘
: Al

B o0r = 4378.1 N/m

X/‘\_v‘_

A= 11675 N/m

wall

At point X,

~Dx + (4378.1 g) (7.6 m) =0
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138 345 SOLVED SEISHIC DESIGN PROBLEMS

The drag strut force, Dx, is

Dx = 33361 N [tension]

Customary U.S. soluton

The north-south loading should be considered. The
shear force in the wall along line B is as calculated in
the solution to Prob. 11.

V = 12,000 1bf

19wa.” S TV

800 Ibf/ft

40 ft

o
25 ft 15 ft ‘
1

4 .= 300 Ibffft

roof
—— e e eI, B DR

X ;f“_‘—

9,00 = 800 Ib/ft
At point X,
—Dx + (300 %) (25 ft) =0

The drag strut force, Dy, is
Dx = 7500 1bf [tension)

15. Answer B

The magnitude of the drag strut force at Y depends
on the east-west loading, not the north-south loading.
Therefore, the drag strut force remains unchanged when
the north-south loading increases.

D *
16. Answer C
81 solution

According to the CBC {Sec. 1632.1], lateral force on ¢l-
ements of structures, nonstructural components, and
equipment supported by structures should be deter-
mined from CBC Formula 32-1, F, = 4.0C,I,W,,.

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I, is 1.0. From CBC Table 16-J, the soil profile type
is Sc for a very dense soil. From CBC Table 16-Q, the
seismic coeflicient C, = 0.40N,,. From CBC Table 18-S,
near-source factor N, is 1.0. Therefore,

Cu = (0.40)(1.0)
— 0.40

Use CBC Formula 32-1.

V = (4.0)(0.40)(1.0)(133 446 N)
= 213514 N

Customary U.S. solution

According to the CBC |Sec. 1632.1], lateral force on el-
ements of structvres, nopstructural components, and
equipment supported by structures should be deter-
mined from CBC Formula 32-1, £, = 4.0C,I,W,,.

Fromn CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I, is 1.0. From CBC Table 16-J, the soil profile type
is S¢ for a very dense soil. From CBC Table 16-Q, the
seismic coefficient C, = 0.40N,. From CBC Table 16-5,
near-source factor NV, is 1.0. Therefore,

C, = (0.40)(1.0)
= 0.40

Use CBC Formula 32-1.

V = (4.0)(0.40)(1.0)(30,000 1bf)
= 48,000 Ibf

17. Answer B
SI solution

Based on the CBC [Sec. 1634.1.1]. this tank is a non-
buildinug structure. Since the fundamental period of
0.05 s is Jess than 0.06 s, tank II is also a rigid struc-
ture. According to the CBC [Sec. 1634.4), tanks with
flat bottoms at or below grade should be designed for
the lateral force obtained froomn CBC Formula 34-1, V =
0.7C, I'W.

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
{ i5 1.0. From CBC Table 16-J, the soil profile type is
S4 for a hard rock material. From CBC Table 16-Q, the

PROFESSIONAL PUBLICATIONS, INC

_—_+




DESIGN PROBLEMS 139

seismic response coefficient C, = 0.32N,. From CBC
Table 16-S, near-source factor N, is 1.0. Therefore,

Ca = (0.32)(1.0)
=0.32

Use CBC Formula 34-1.

V = (0.7)(0.32)(1.0)(444 820 N)
= 99640 N

Customary U.S. solution

Based on the CBC [Sec. 1634.1.1), this tank is a non-
building structure. Since the fundamental period of
0.05 sec is less than 0.06 sec, tank II is also a rigid
structure. According to the CBC [Sec. 1634.4], tanks
with flat bottoms at or below grade should be designed
for the lateral force obtained from CBC Formula 34-1,
V =0.7CIW.

From CBC Table 16-1, Z is 0.4. Fromn CBC Table 16-K,
Iis 1.0. From CBC Table 16-J, the soil profile type is
S for a hard rock material. From CBC Table 16-Q, the
seismic response coefficient C, = 0.32N,. From CBC
Table 16-S, near-source factor N, is 1.0. Therefore,

Ca = (0.32)(1.0)
—0.32

Use CBC Formula 34-1.

V = (0.7)(0.32)(1.0)(100,000 1bf)
= 22,400 1bf

18. Answer B
S1 solution

The guyed tower stack is a nonbuilding structure. Based
on the CBC [Sec. 1634.1.1], nonbuilding structures in-
clude all self-supporting structures other than buildings.
They cavry gravity loads and resist the effects of earth-
quakes. Since the fundamental period of 0.01 s < 0.06 s,
a trussed tower is considered to be a rigid structure.

Based on the CBC [Sec. 1634.3], nonbuilding rigid struc-
tures and their anchorages should be designed for the
lateral force determined frora CBC Formula 34-1, V =
0.7C,IW.

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
I is 1.0. From CBC Table 16-J, the soil profile type

is Sg for a soft clay soil. From CBC Table 16-Q, the
seismic response coefficient C, = 0.36N,. From CBC
Table 16-S, near-source facior N, is 1.0. Therefore.

C, = (0.36)(1.0)
0.36

Use CBC Formula 34-1.

V = (0.7)(0.36)(1.0)(66 723 N)
16814 N

Customary U.S. solution

The guyed tower stack is a nonbuilding structure. Based
ont the CBC [Sec. 1634.1.1], nonbuilding structures in-
clude all self-supporting structures other than buildings.
They carry gravity loads and resist the effects of earth-
quakes. Since the fundamental period of 0.01 sec <
0.06 sec, a trussed tower is considered to be a rigid
structure.

Based on the CBC [Sec. 1634.3], nonbuilding rigid struc-
tures and their anchorages should be designed for the
lateral force determined from CBC Formula 34-1, V
0.7C, IW.

From CBC Table 16-], Z is 0.4. From CBC Table 16-K,
I is 1.0. From CBC Table 16-J, the soil profile type
is Sg for a soft clay soil. From CBC Table 16-Q, the
seismic response coefficient C, = 0.36V,. From CBC
Table 16-S, near-source factor N, is 1.0. Therefore,

C, = (0.36)(1.0)
=0.36

Use CBC Formula 34-1.

V = (0.7)(0.36)(1.0)(15,000 1bf)
= 3780 Jof

19. Apswer C
S1 solution

Based on the CBC [Sec. 1634.3], the guyed tower stack
is a nonrigid nonbuilding structure, because the funda-
mental period of 0.12 s > 0.06 s.

According to the CBC [Sce. 1634.5]. nonbuilding struc-
tures that are not covered by sections 1634.3 (rigid
structures) and 1634.4 (tanks with supported bottoms)
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140 345 SOLVED SEISMICDESIGN PROBLEMS

shonld be designed to resist seismic forces determined
by CBC Formula 30-4.

Cil
(G

g < ]-?.T)
From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
[ is 1.0. From CBC Table 16-J, the soil profile type is
Sg for a soft clay soil. From CBC Table 16-P, R is 2.9.
From CBC Table 16-R, the seismic response coefficient
C, = 0.96 N,. From CBC Table 16-T, the near-source
factor N, is 1.0. Therefore,

Cy = (0.96)(1.0)

-0.96

Use CBC Formula 30-4.
(0.96)(1.0)
V=2t 723 N
((2.9)(0.12) (66723 N)
- 184063 N
Per the CBC [Sec. 1634.5], the total design base shear
should not be Jess than CBC Forwmula 34-2,
V =0.56C, W, nor less than CBC Formula 34-3, V =
1.6ZN,IW/R for seismic zone 4.
From CBC Table 16-Q, the seisinic response coefficient
Cn = 0.36N,. From CBC Table 16-S, the near-source
factor NV, is 1.0. Therefore,
=0.36

Use CBC Formula 34-2.

V = (0.56)(0.36)(1.0)(66 723 N)
= 13451 N

Use CBC Formula 34-3.
E (_1.6)_(0.4)(}.0)(1.0)_(66 723 N)

4 2.9

= 14725 N

Since V = 184063 N is greater than V = 13451 N and
V =14725 N, V = 184063 N can be used. However,
based on the CBC [Sec. 1630.2.1], the total design base
shear need not exceed CBC Formuia 30-5.

2.8C, T
Vinax = w
(%)
_ (25)(036)(10)
U 29
= 20707 N

) (66723 N)

V = 184063 N is greater than V), = 20707 N. There-
fore, Vinax = 20707 N becomes the controlling value.

Customary U.S. solution

Based on the CBC [Sec. 1634.3]. the guyed tower stack
is a nonrigid nonbuilding structure, because the funda-
mental period of 0.12 sec > 0.06 sec.

According to the CBC [Sec. 1634.5], nonbuilding struc-
tures not covered by sections 1634.3 (rigid structures)
and 1634.4 (tanks with supported bottoms) should be
designed to resist seismic forces determined by CBC

Formula 30-4. o
V=2 W
( RT )

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
Iis 1.0. From CBC Table 16-J, the scil profile type is
Sg for a soft clay soil. From CBC Table 16-P, R is 2.9.
From CBC Table 16-R, the seismic response coefficient
C, = 0.96 N,,. From CBC Table 16-T, the near-source
factor N, is 1.0. Therefore,

Co = (0.96)(1.0)
~0.96

Use CBC Formula 30-4.
(0.96)(1.0)
V= =
((2‘9)(0.12) (15,000 1bf)
= 41,379 Ibf

Per the CBC [Sec. 1634.5], the total design base
shear should not be less than CBC Formula 34-2, V =
0.56C,IW, nor less than CBC Formula 34-3, V =
1.6ZN,IW/R [or seismic zone 4.

From CBC Table 16-Q. the seismic response cocfficient
C, = 0.36N,. From CBC Table 16-S, the near-source
factor N, is 1.0. Therefore,
C. = (0.36)(1.0)
0.36
Use CBC Formula 34-2.

V = (0.56)(0.36)(1.0)(15,000 1bf)
= 3024 Ibf

Use CBC Formula 34-3.

2.9

= 3310 lbf

PROFESSIONAL PUBLICATIONS, INC.

e L




DESIGN PROBLEMS 14]

Since V = 41,379 Ibf is greater than V = 3024 Ibf and
V = 3310 ]bf, V = 41,379 Ibf can be used. However,
based on the CBC [Sec. 1630.2.1], the total design base
shear need not exceed CBC Formula 30-5.

v - (2&:)(5',,]) W

R
(2.5)(0.36)(1.0)(15,000 Ibf)
} 2.9
4655 Ibf

V = 41379 Ibf is greater than Vg, = 4655 Ibf. There-
fore, Viyax = 4655 1bf becomes the controlling value.

20. Answer B
ST solution

Since the fundamental period of 0.04 s is less than 0.06 s,
tank Il (noubuilding structure) is a rigid structure.
Based on the CBC [Secs. 1634.3 and 1634.4], for tanks
with flat bottoms at or below grade, CBC Formula 34-1,
V = 0.7C.Iy, should be used to obtain the lateral
force.

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
for nonbuilding structures housing, supporting, or con-
taining quantities of toxic or explosive substances that
would be hazardous to the safety of the general public
if released, the value of I should be taken as 1.25. From
CBC Table 16-J, 5o can be assigned for the soil pro-
file type. From CBC Table 16-Q, the scismic response
coefficient C, = 0.32N,. From CBC Table 16-S, near-
source factor N, is 1.0. Therefore,

C, = (0.32)(1.0)
=0.32

Use CBC Formula 34-1.

V = (0.7)(0.32)(1.25)(444 820 N)
=124550 N

Customary U.S. solution

Since the fundamental period of 0.04 sec is less than
0.06 sec, tank II (nonbuilding structure) is a rigid struc-
ture. Based on the CBC [Secs. 1634.3 and 1634.4}, for
tanks with flat bottoms at or below grade, CBC For-
mula 34-1, V = 0.7C,IW, should be used to obtain the
lateral force.

From CBC Table 16-1, Z is 0.4. From CBC Table 16-K,
for nonbuilding structures housing, supporting, or con-
taining quantities of toxic or explosive substances that
would be hazardous to the safety of the general public
if released, the value of I should be taken as 1.25. From
CBC Table 16-J, Ss can be assigned for the soil pro-
file type. From CBC Table 16-Q, the scismic response
coefficient C, = 0.32N,. From CBC Table 16-S, near-
source factor Ny is 1.0. Therefore,

C. = (0.32)(1.0)
= 0.32

Use CBC Formula 34-1.

V = (0.7)(0.32)(1.25)(100,000 1bf)
= 28,000 1bf

E.

21. Answer C

The connections must be designed to resist the accelera-
tion of the mass of the wall during the carthquake. Use
CBC Formula 32-1. This formula specifies the total de-
sign lateral force on elements of structures—in this case,
the perpendicular wall.

F, = 4.0C,1,W,

22. Answer B
S1 solution

From CBC Table 16-1, Z is 0.4. From CBC Table 16-N,
R is 4.5. Based on the CBC [Sec. 1630.2.3.2], typé Sp
soil profile should be used in seismic zone 4 since the soil
properties are not known. From CBC Table 16-Q, the
seismic response coefficient C, is 0.44N,. From CBC
Table 16-S, the near-source factor N, is 1.2. Therefore,

Co = 0.44N,
= (0.44)(1.2)
= 0.53

Note that based ou the CBC [Sec. 1630.2.3.2], the value
of the near-source factor need not be greater than 1.3
in seismic zone 4 if structural ircegularities of type 1, 4,
or 5 of CBC Table 16-L or type 1 or 4 of CBC Table
16-M are not present.
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; . N
Dipor = (36.6 m)(18.3 m) (958 ——)

m?
= 641649 N
7 N
Dyatie = (2 walls)(36.6 m) (% m+1 m)<4788 )--]—5)
X
=1349354 N

W= Druuf = Dwz_\i].‘i
=641649 N 4 1349354 N
=1991000 N

Use CBC Formula 30-11.

v _ (39,
B R

(@’0-_)52'53)> (1991000 N)

= 703487 N

s

The seismic loading to the roof diaphragm js

703487 N
36.6m
= 19221 N/m
2 19220 N/m

WN-8

Customary U.S. solution

From CBC Table 16-1. Z is 0.4. From CBC Table
16-N. R js 4.5. Based on the CBC [Sec. 1630.2.3.2],
tvpe Sp soil profile should be used in seismic zone 4,
since the soil properties are not known. From CBC Ta-
ble 16-Q, the seismic response coefficient C, is 0.44N,.
From CBC Table 16-S, the near-source factor Ny is 1.2.
Therefore,

C, = 0.44N,
= (0.44)(1.2)
= 0.53

Note that based on the CBC [Sec. 1630.2.3.2], the value
of the near-source factor need not be greater than 1.3
in seismic zone 4 if structural irregularities of type 1, 4,
ot 5 of CBC Table 16-L or type 1 or 4 of CBC Table
16-M are not present.

Ib
Droor = (120 {t){60 ft) (20 }"t%)
= 144,000 Ibf
.67 b
Duns = (2 walls)(120 ft)( 17 1334 ft)(lOO lﬁ—f>

&

= 304,200 Jbf

W = Droot + Dyalls
= 144,000 1bf + 304,200 1bf
= 448.200 1bf

Use CBC Formula 30-11.
3.0C,
V= w
%)

= (—(3‘0) (0-53) ) (448,200 bf)

4.5
= 158.364 Ibf

The seismic loading to the roof diaphragm is

_ 158.364 Ibf
WN-S = o0 1t
— 1320 Ibf/ft

23. Answer C
SI solution

Based on the CBC [Sec. 1632|, CBC Formula 32-2
should be used. From CBC Table 16-1, Z is 0.4.
Fromn CBC Table 16-K, I, is 1.0. Per the CBC [Sec.
1630.2.3.2], the soil profile type is Sp because sufficient
details regarding the soil properties are not available.
From CBC Table 16-Q, the seismic response coefficient
C, is 0.44N,. From CBC Table 16-S, the near-source
factor N, is 1.2. Therefore,

C. = 0.44N,
= (0.44)(1.2)
— 053

From CBC Table 16-O, the values of a, and R, are
1.0 and 3.0, respectively. For seismic zone 4, however,
a, should be 1.5 based on the CBC [Sec. 1633.2.8.1,
Item 1].

W, = D(h)
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Note that only the top half of the wall contributes its
weight to the inertia forces; the weight of the bottom
half is transferred to the foundation.

For the main wall,

N 5.7 mn
‘/ = 3 _—
o= (s ) (312)

~ 13646 N/m

For the parapet wall,

W, = /4788 i 1 m)
o= (4788 ) am
4788 N/m
Use CBC Formula 32-2.

fe () (0 () Jm

Per the CBC [Sec. 1632.2}, h, is the element or compo-
nent aftachment elevation with respect to grade, and h,
is the structure’s roof elevation with respect to grade.

For the main wall,

Fy = (L200590.0)

x (1 +(3) (2: ::)) (13646 I—I})

= 14464.76 N/m

For the parapet wall,

Fy = (_(%-5)(0.53_)(1.0))

L 3.0

x <1+ (3) (E; 2)) (4788 g)

= 5075.28 N/m

N
X
3
e

57m

9643 N/m

3384 N/m
IBREERRRI
N

B |

wall loading

The CBC [Secs. 1605.2.3, 1611.4, and 1633.2.8.1] states
that concrete or masonry walls should be anchored to all
floors, roofs, and other structural elements that provide
required lateral support for the wall. Such anchorages
should provide a positive direct connection capable of
resisting the horizontal forces specified in CBC Chapter
16 or a minimum force of 4.09 kN/m of wall, or in zone
4 a minimum force of 6.1 kN/m of wall, whichever is

greater.
S Mpuse = 0

(14 464.76 ﬁ) (5—@)
m 2

N
+ (5075.28 ;) (IT”’ +5.7 m) — Rioor(5.7m) =0
1
Rroor = 12752.86 N [per meter of wall]

The calculated force of 12752.86 N/m is greater than
the minimum requirement of 6.1 kN/m of wall. Since
anchorage points are at 1.2 m O.C.,

N
F&nchoragw = (12 752.86 la) (12 m)

=15303.43 N

Customary U.S. solution

Based on the CBC [Sec. 1632), CBC Formula 32-2
should be used. From CBC Table 16-1, Z is 0.4.
From CBC Table 16-K, I, is 1.0. Per the CBC [Sec.
1630.2.3.2], the soil profile type is Sp because sufficient
details regarding the soil properties are not available.
From CBC Table 16-Q), the seismic response coefficient
C, is 0.44N,. From CBC Table 16-S, the near-source
factor N, is 1.2. Therefore,

C, =044N,
= (0.44)(1.2)
= (.53

From CBC Table 16-0O, the values of a, and R, are
1.0 and 3.0, respectively. For seismic zone 4, however,
a, should be 1.5 based on the CBC [Sec. 1633.2.8.1,
Item 1].

W, = D(h)

Note that only the top half of the wall contributes its
weight to the inertia force; the weight of the bottom
half is transferred to the foundation.
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For the main wall,

f .
W, = (100 I_k%) (18 67 ft)
ft 2

= 933.5 Ibf/t

For the parapet wall,

W, = (100 f%,) (3.34 ft)
= 334 Ibf/ft

Use CBC Formula 32-2.

e (52) (o ) e

Per the CBC |Sec. 1632.2], h, is the element or compo-
nent attachment elevation with respect to grade, and h,
is the structure’s roof elevation with respect to grade.

For the main wall,
Fo_ ((_1_,_5)(0.53)(10)
P 3.0
18.67 ft b
X (1—|— (3) (18.67 [t)) (933.5 —E)

= 989.51 Ibf/ft

For the parapet wall,

£ = ((1 5) (o;oe)(l 0))

(v () (%)

= 354.04 Ibf/ft

£
= 1
§ | 3.34 1t
. Ryoof 3
£
=
B -
S 18.67 ft
[+
— \
walt loading

The CBC [Secs. 1605.2.3, 1611.4, and 1633.2.8.1] states
that concrete or masonry walls should be anchored to all
floors, roofs, and other structural elements that provide
required Jateral support for the wall. Such anchorages
should provide a positive direct connection capable of
resisting the horizontal forces specified in CBC Chapter
16 or a minimum force of 280 pounds per lineal foot of
wall, or in zone 4, s minimum force of 420 pounds per
lineal foot of wall, whichever is greater.

SA{]\_-.,,.- 0

Ibf
(989r1 L)(WW“)
(35404 g)( ool

— Rro0i(18.67 [t)
Risof = 88D.46 Ibf  [per foot of wall]

+ 18.67 ft)

The calculated force of 880.46 pounds per lineal foot of
wall is greater than the minimum requirement of 420
pounds per lineal foot. Since anchorage points arc at

4 ft 0.C,,

Fanchomg(: = (88046 lbf)(/-l ft.)

= 3521.85 Ihf
24. Answer D
SI solution
E 5.7m
-
Rfour\d:nion

The seismic force resisted at the foundation is from the
acceleration of the mass of the lower half of the wall.
From CBC Table 16-I, Z is 0.4. From CBC Table
16-K, I, is 1.0. Per the CBC [Sec. 1630.2.3.2], Sp should
be assigned for the soil profile type. From CBC Table
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16-Q. the seismic coefficient C, is 0.44N,. From CBC
Table 16-S, the near-source factor N, is 1.2. Therefore.

Ca = 0.44N,
(0.44)(1.2)
=0.53

From CBC Table 16-O, the values of a, and R, are 1.0
and 3.0, respectively.

Based on the CBC [Sec. 1632], use CBC Formula 32-2.

a,Col I
Fp= (-"--R:—”> (1 +(3) (f) ) W,

Per the CBC [Sec. 1632.2), &, is the element or compo-

nent altachment elevation with respect to grade, and h,
is the structure’s roof elevation with respect to grade.

For the main wall,

- (M)'(Oé?)(—w)) (1 +(3) (g;—;‘))

N
X (4788 —2)
m

= 3828.72 N/m?

. (h
-5(3)
N 5.7 m
= (382&72 )-ng> ( 5 )

=10912 N/m

Rloundation

Customary U.S. solution

18.67 ft

-

H‘oundalion

The scismic force resisted at the foundation is from the
acceleration of the mass of the lower half of the wall.
From CBC Table 16-I, Z is 0.4. From CBC Table
16-K, I, is 1.0. Per the CBC [Sec. 1630.2.3.2], Sp should

be assigned for the soil profile type. From CBC Table
16-Q, the seismic coefficient C, is 0.44N,. From CBC
Table 16-S, the near-source factor N, is 1.2. Therefore,
Cq = 044N,
= (0.44)(1.2)
= (.53

From CBC Table 16-O, the values of a; and R,, are 1.0
and 3.0, respectively.
Based on the CBC [Sec. 1632], use CBC Formula 32-2.

O;JCa.-[u h‘-l
— -— -t V
F, ( o )(1+(3)(hr>)v,,

Per the CBC (Sec. 1632.2], h; is the element or compo-
nent attachment elevalion with respect to grade, and h,
is the structure's roof elevation with respect to grade.

For the main wall,

_/(1.0)(0.53)(1.0) 22 ft
- (‘HERED) (1 +© (3’:«?6'7'1&))
Ibf
X (]00 &—2>

= 80.12 Ibf/ft?

h
Hfoundacion : Fp (5)

Ibf\ /18.67 ft
o gl e LR
(80 ftQ)( 2 )

748 1bf/ft

25. Answer B
SI solution

The force on the diaphragm per linecal meter was cal-
culated in the solution to Prob. 22. The chord force is
given by

wl?
8b
N 2
19220 — ) (36.6 m)
111

T (8)(18:3 m)
= 175863 N

C =
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The chord reinforcement area is calcnlated from the
maximum allowable tensile stress in the steel. f, for
grade 60 steel is 413.7 MPa. The CBC [Sec. 1926.3.2,
Items 1 and 2] specifies the maximuin tensile stress
in steel reinforcement. For Grade 60 or greater re-
inforcernent, the maximum allowable tensile stress is
165 475 kPa. From the CBC [Sec. 2107.2.11, Item 1.1],
F, = 05f,, 165.5 MPa maximum. The CBC [Sec.
1603.5] allows a one-third increase in allowable stresses

for seismic forces.
T T
AS = N = TR E T anv
F,  (0.5f,)(1.33)

For grade 60, 0.5f, is 206.8 MPa; however, the maxi-
mum allowable stress is 165.5 MPa. Therefore,

1
L V175863 N
(1.4) !

A, = |
(165.5 MPa)(1.33) (100 .°!“)

m

= 5.7 cm?

Customary U.S. solution

The force on the diaphragm per lineal foot was calcu-
lated in the solution to Prob. 22. The chord force is
given by

Ibf
— ) (120 ft)2
" (1320 t-‘n)“‘o )

w
o (8)(60 ft)

= 39,600 Ibf

The chord reinforcement area is calculated from the
maximum allowable tensile stress in the steel. f, for
grade 60 steel is 60,000 Ibf/in%. The CBC [Sec. 1926.3.2,
Iterns 1 and 2] specifies the maximum tensile siress in
steel teinforcement. For Grade 60 or greater reinforce-
ment, the maximum allowable tensile stress is 24,000
Ibf/in. From CBC [Sec. 2107.2.11, Item 1.1], F, =
0.5y, 24,000 1bf/3n? maximum. The CBC [Sec. 1603.5]
allows a one-third jncrease in allowable stresses for seis-
mic forces.

T T
A= F T 055,)09)

For grade 60, 0.5 f, is 30,000 lbf{/in%; however, the max-
imum allowable stress is 24,000 1bf/in?. Therefore,

1
(ﬂ) 39,600 1bf
]
(24:000 '—’2{) (1.33)
m

= 0.89 in?

Ag:

F.
26. Answer C
SI solution

For the steel frames,
1 1

B=yE 1in
(25 mm) (25 mm)

A

=]

For the plywood shear walls,

1 1
B e ()
o 25 mm
=10

Riotel wal = Bsteel frame + Rshear wall + Fsteel frame
+ Rshear wall T Flstee) frame
=14+104+1+10+1
— 23

Customary U.S. solution

For the steel frames,

1 1
B=x=10
=]
For the plywood shear walls,
1 1
R=3=01
=10

Riotal wall = Rateel frame + Rehear wall F Rsteel frame
+ Rshear wall + Fstoal frame
=1+10+14+10+1
=23

27. Answer D

S1I solution

V= (M) (lageral load)
Ryan

10
= (2—3) (533784 N)
= 232080 N
~ 232000 N

PROFESSIONAL PUBLICATIONS, INC

—




147

DESIGN PROBLEMS

Customary U.S. solution

V’ : (thlnui.l'. V\ia”

T ) (lateral load)

10

— 1§ 52 ]
(23)( 0,000 1bf)
52,174 1bf

28. Answer A

-
(%) (533784 N)

= 23208 N
~ 23210 N

ST solution

l’?u cel o
~uteal frome ) (ageral Joad)
Ryan

Customary U.S. solution

]?,‘-h:_(-\! {rame
V= s
( Ruanl
1
— | (120,000 1t
(2:3)( -

= 5217 Ibf

) (lateral load)

29. Answer A

ST solution

~ wall panels ach R
steel frame 2 1
plywood shear wall 2 10
concrete shear wall 1 5

“ﬂtk shear Wrﬂ))) (lateral ]Oad)

w all

7
g

—7) (533784 N)
845

Customary U.S. sotution

wall panels ~ each R
steel frame 2 1
plywood shear wall 2 10
concrete shear wall 1 5

Ry = (2)(1) + (2)(10) + (1)(5)

=27
V= (_{?(:umlﬂlﬁ shear \\’all) (latera.] loa.d)
Rusl

= (2 (120,000 bf)

\27 ’

— 22,222 lbf
30. Answer B
S1 solutron
. 6.1m . 3m I‘_6.1m .Aam;_ 6.1m 1
‘* | | Bl |

\‘)roo‘: 12 507 N/m

P T L ——

g

V opemng
9 = 3794 N/m & = 37 944 N/m 3 = 3794 N/m
s shear wall
IR stcel frame
v
19roo[ = Z
533784 N
T T 425m
= 12560 m
From the solution to Prob. 27,
Vihear wall = 232000 N
Frow the solution to Prob. 28,
Viteel frame = 23210 N
Usteel frame = 23210 N
6.1 m
= 3805 N/m
’-9shear wall = 232—0—00 I\{
6.1m
= 38033 N/m
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Summing forces at X gives the drag strut force at that

point.
SF-

Bk (12 560 g) (24.3 m)

- (3805 %) (6.1 m) — (38033 g) (6.1 m)

- (3805 g) (6.1 m) =0

Dy = 26786 N/m
= 26800 N/m

Itm‘lsion]

Customary U.5. solution

20 ft 10 ft 20 ft 10ft 20 ft

'r = =1 ‘

3,0 = 857 Ibf/ft

e ln— s e, s, ey A ey ey A ey A e e,

7277 777 s |
r’ —_—
X

- —
opening
9 = 260 Ibf/ft 9 = 2600 Ibf/ft

—_—

9 = 260 Ibf/ft

rrzzzzzzzZz2 shear wall

I steel frame

1%
ﬁroof = 3

120,000 1bf
T 140 16
— 857 Ibf/ft

From the solution to Prob. 27,

Vohesr wall = 52,000 Ibf
From the solution to Prob. 28,

Vsteel frame = 5200 1bf

Ystee) frame =

= 260 Ibf/ft

; B 52,000 1bf
ghear wall = 20 ft

= 2600 Ibf/ft

Summing forces at X gives the drag strut force at that

point.
Y F=0

Dy + (857 %f) (80 ft)

Ibf Ibf
~ {260 - — ( 2600 —
( 60 > (20 ft) ( 600 — ) (20 ft)

1bf
(260 E) (20 ft) = 0

Dy = 6160 1bf [tension]

G.
31. Answer D

ST solution

N
A BI ¢ D T
L 122 m ‘EAS 1 m‘l 3.1m l
= 1
3m
—] 2
— o
- 3
4

EEEREENEEEEENEE N

From CBC Table 16-1. Z is 0.3. From CBC Table 16-N,
R i3 5.5. From CBC Table 16-Q, the seismic coefficient
C, is 0.24.

For determination of base shear based on the CBC Sim-
plified Design Base Shear, use CBC Formula 30-11.

3.0C,
Ve [ 207y w
(%)

(_(3.0)(0.24)) -
9.5

= 0.13W

wr is the diaphragm loading for the section between
lines A and B, wiy is the diaphragm loading for the sec-
tion between lines B and C, and wnm is the diaphragm
loading for the section between lines C and D.
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Diapbragm loading wn:
N
I/Vroof (3 m)(122 lTl) (958 —n]—2>

= 35063 N

4,3 m N
Wianls = (2 walls)(12.2 m) ( 5 ) (766 F)

=40184 N
Wiotal = 35063 N +- 40184 N
=75247 N
V = (0.13)(75 247 N)
=0782 N
The diapbragm loading is
9782 N
= 12.2 m
= 802 N/m

Diaphragm loading wy;:

N
Weoos = (6.1 m)(6.1 m) (908 F)

= 350647 N
Wans = (2 walls)(6.1 m) (—4’-;2_“1) (766 %)
20092 N
Wiotal = (35647 N) + (20092 N)
=55739 N
V = (0.13)(55739 N)
= 7246 N
The diaphragm loading is
7246 N
B eim
= 1188 N/m

Diaphragm loading wy:

o N
Wioor = (9.1 m)(9.1 m) (908 F)

=79332 N

4.3 m N
Waanls = (2 walls)(9.1 m) ( = ) <766 E)

= 29974 N
Wiotal = 79332 N + 20974 N
- 109306 N
V = (0.13)(109 306 N)
~ 14210 N

The diaphragm loading is
14210 N

C 91m
1562 N/m

wrir

Roof shear force at line B is

2 Al

EERENEENRIIEEN

|

B

Wi

For a flexible diaphragmm, the shear force is distributed
to the parallel walls according to tributary areas. The
tributary area to line B contributes half of the dia-
phragm force, w; and half of the diaphragm force, wr.

wl
Vinear = —
shea 2
_wily | wiln
o= 2
N i
(802 ) (12.2 m) (1188 . > (6.1 m)
TACTI (L T N iy .
2 2
= 8516 N
Customary U.S. solution
N
A 8 C D T
‘ 40 ft ‘ 20 ft ’ 30ft J
P | 1 |
- 1
b 10 1
- 2

I o
EERERREYEY ‘1u

Wi
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From CBC Table 16-1, Z is 0.3. From CBC Table 16-N, The diaphragm Joading is
R is 3.5. From CBC Table 16-Q, the seismic coefficient

C, is 0.24. o 1622 1bf
For determination of base shear based on the CBC Sim- T 0
plified Design Base Shear, use CBC Formula 30-11. = 81 Ibf/ft
i 1 i :
- (3:0)(0.21) - Diaphragm loading wn
= 5.5 bt
— 0.13W Wheoor = (30 {t)(30 ft) (20 f_t7>
wy is the diaphragm loading for the section between = 18,000 1bf
lines A and B, wyy is the diaphragm loading for the sec- 14 ft bf
tion between lines B and C, and wyy, is the diaphragm Weans = (2 walls)(30 ft) (T) (16 ft_Q) !
Joading for the section between lines C and D. |
= 6720 Ibf |
Diaphragm loading wy: |
Weoot = (10 ﬁ’;) (40 ft) (20 P) = 24,720 1bf
~ 8000 Ibf V = (0.13)(24,720 1bf)
P 14 ft . Ibf = 3214 Ibf
I/{/\Vﬂ“.‘i — (2 Wd]lS) (40 ft) (—2-—) (1() @)
= 8960 Ibf The diaphragm loading is ’
Wiotal == 8000 1bf + 8960 1bf ,
~ 16,960 Ibf o |
== y 11 = 30 ft

= 2205 1bf
The diaphragm loading is Roof shear force at line B is
2205 1bf

) ;Et:ft/; ¢V| Vi ¢¢VII #_Vu

Diaphragm loading wy;:

Wieor = (20 6)(20 £t) (20 %f)
#3000 T RERENERNNIERRERE
r 14 f 1bf w, |
Wialls = (2 walls)(20 ft) (——2 ) (16 P) | w,
= 4480 Ibf B
Wiotar = 8000 Ibf + 4480 1bf
= 12,480 Ibf For a flexible diaphragm, the shear force is distributed
to the parallel walls according to tributary areas. The
V = (0.13)(12,480 1bf) tributary area to line B contributes half of the dia-
= 1622 1bf phragm force, wy and half of the diaphragm force, wyy.
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wl
[/Sho.n.r = "7
~w Ly wnlny
Ve T | -
Ibf 1bt
55— | (40 f 8 — ft
t (_)) _[t)(lf)lt)._'— ( 1 ft>(20 )
Y. 2 2
= 1910 Ibf
32. Answer B
S{ solution
B C D

) 9.1m
™ —
~—>» p —C
load
from roof
diaphram

shear wall
elevation
Shear force at lUne C:
wl
V:-oof = ‘2“
wrr L wnyr Iy
g
N
(1188 ——) (6.1 m)
o )
2
N
<1562 —) (9.1 m)
+ m
2

Vioot = 10731 N

4.3 m N
Wiahear wan = (9.1 m) <——2—> (766 5_2_)

= 14987 N
Vehear wan = (0.13)(14 987 N)
= 1948 N
V' = Vioof + Vanear wall
= 10731 N + 1948 N
=12679 N
|4
do =+
12679 N
91m
~ 1393 N/m

Customary U.S. solution

drag
- Strut

load
from roof
diaphram

shear wall
elevation
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Shear force at line C:

wl
Vicor = Y
~wplu | winkin
I/;‘oof = 2 2
1bf
(%)
2
1bf
(107 '?() (30 ft)
e m—————
: 2

Vioor = 2415 Tbf

14 (t 1bf
Wshear wall = (30 ft') (T) <16 ?)

3360 Jbf
Vahear wah = (0.13)(3360 1bf)
=437 Ibf
V = Vigor + Vehear wall
= 2415 Ibf + 437 Ibf
= 2852 Ibf
V 2852 Ibf

o= 3= R

= 95 Ibf/ft

33. Answer C

ST solution

=

3m strut
-

wlL?
Mumximum > —8_

Therefore,
wl?

8b

<802 %) (12.2 m)?
(8)(3 m)

=4974 N

C=

Customary U.S. solution

A 40 ft B
o
10 ft strut
—4
I 1 4 r T
w= 55 Ibf/ft
M
Gy
wl?
-Afmaximum = —a
8
Therefore,
wil?
= 8
1b{
et~ - 40 2
(wR) e
- (8)(10 ft)
= 1100 Ibf
34. Answer A
ST solution
? 6.1m 9
! |
6.1m
drag/
- strut
La
[ Y [ * I T
w, = 1188 N/m
M wI?
C=% "%
(1188 E) (6.1 m)?
— m - -
B (8)(6.1 m)
=906 N
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Customary U.8. solution

B C
20 f
e |
<
20 ft
drag/
- 5trut
1,
rl '} l T 111
_ Ji i
w,= 81 Ibf/fr
= w fQ
N b 8b
( lbf) (20 ft)?
T(8)(20 ft)
= 203 Ibf
35. Answer B
SI solution
? 8.1m l.D

|~

1,
EREREREREE

w, = 1562 N/m

M wL?

“=%=®

(1562 5) (9.1 m)2
" (8)(9.1 m)

1777 N

9.9 m

Customary U.S. solution

c D
. 30 ft
= ]

30 ft

w,, = 107 Ibf/ft

_ M B wl?
b~ 8b
1b
(107 -‘ﬁf) (30 ft)?
N (8)(30 ft)
= 401 1bf

H.
36. Answer C

S solution

y o vk
2

N
(2335 E) (4.6 m+ 7.6 m)

2
=14244 N

Vv
ﬂroof =T
broal'

_ 14244 N

T 298m

=624.7 N/m
1%

bualls
14244 N

- 7.6 m+ 7.6 m
=937 N/m

79»\/511 =
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A

, 7.8m e
ﬂroof {

—_—— . e e e

The force in the strut at point 1 can be determined by
cutting the member and summing the forces.

ZFI =0

Tbe strut force at 1 is

N N

Dy + (624.7 —) (7.6 m) — (937 —) (7.6 m) =0
m m

Dy = 2374 N [tension]

Customnary U.S. solution

1b
160 —f) (15 ft + 25 ft)
wl ft
V = — = .
2 2
= 3200 Ibf
gV _ 320000f
TaE broof B 75 {t
= 42.7 1bt/ft
oV __32000bf
e buwalls T95 ft + 25 ft
= 64 Ibf/ft
A
| 25 ft -
arm:»t ‘

The force in the strat at point 1 can be determined by
cutting the member and summing the forces.

ZH:O

The strut force at 1 is
1bf
Dy + [ 42.7 i (25 ft) — 6413f (25 ft) =0
ft {t
Dy =533 1bf
~ 535 Ibf [tension)

37. Answer A

Along line Y, there is no unsupported horizontal dis-
phragm section that requires a strut. A strut drags
the diaphragm shear along unsupported sections to the
supporting shear wall.

38. Answer C
ST solution

From the solution to Prob. 36,

Vioof = 14244 N
Oroof = 624.7 N/
Dwanl = 937 N/m

| 7.6m 7.6m

—_—_—— e, i N e S, et e

S AT T TR - D

wall

The force in the strut at point 2 can be determined by
cutting the member and summing the forces.

ZFzzo

The strut force at 2 is
N
Dy — (624.7 L) (15.2 m)
m

+ (937 g) (7.6 m) =0

Dy =2374 N [compression]

PROFESSIONAL PUBLICATIONS, (KC.

—



DESIGN PROBLEMS 155

Customary U.S. solution

Frow the solution to Prob. 36,
Vioot = 3200 1bf

Droor = 42.7 Ibf/ft
B wan = 64 Iof/ft

= <3,
1f,wall [ ‘
1 2

The force in the strut at point 2 can be determined by
cutting the member and summing the forces.

Yy F=1

The strut force at 2 is

D, - (42.7 M) (50 ft) + (64 M) (25 ft) =0
ft £t
Dy = 535 Ibf  [compression]

39. Answer D

S1 solution

vyl
2

(5838 ﬁ) (7.6 m)
h] m — -

R

= 22184 N

¥

|

D ==
roof broo{
B 22184 N
- 1%9 m
= 1818 N/m

\%

Ywall A = ——
bw‘\lls

22184 N
76 m
= 2919 N/m

1%
Dwal B = 7
bwa!]s

' 22 184 N
"6 lm+15m
: 2919 N/m

The strut force at point 3 along line B is

D; — (1818 E) (10.7 m) + (2919 5) (6.1 m) =0
m m

D3 = 1647 [compression]

The strut force at point 4 along line B is

N N
Dy + (1818 n—) (6.1 m) - (2919 m) (6.1 m) =0

1

Ds =6716 N [tension]
The strut force at point 5 is

D5 =0

The strut force at point 6 js

N
Dg — (1818 “) (4.6 m) =0
m

D = 8363 N fcompression]

The magnitude of the strut force is greatest at point 6.

PROFESSIONAL PUBLICATIONS, INC.
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Customary U.S. solution

y_uL
2

[bf

(400 E) (25 ft)
P

= 5000 Ibf

1%

ﬂroof == ZJ__f
roo

5000 1bf
= T
~ 125 Ibf/f
v
bwalis
5000 Ib
— 200 Ibf/ft

1%
ﬂwall B = ZW .
alls

Dwall A =

5000 Inf
208 +5 ft

= 200 Jbf/ft

The strut force at point 3 along line B is

Dy — (125 13{) (35 1) + (zoo ]f:i) (20 ) = 0

D3 = 375 Ibf  [compression]

The strut force at point 4 along line B is

Di+ (125 l—b-f) (20 ft) — (200 yif) (20 ft) = 0

Dy = 1500 Ibf [tension)
The strut force at point 5 is Ds = 0.
The strut foree at point 6 is

De — (125 l-lf) (15 ft) =0

Dg = 1875 1bf  [compression)

The magnitude of the strut force is greatest at point 6.

40. Answer C
ST solution
From the solution to Prob. 36,

Vroof = 14 244 N

%4
291‘001‘ — b—_[
roo

- 14244 N
228 m
= 625 N/m

The drag strut between points 1 and 2 is

(625 5) (7.6 m) = 4750 N
m

Customary U.S. solution
From the solution to Prob. 36,

Vioot = 3200 1bf

v
"_9 = m—
roof broof

3200 Ibf
75 ft
= 42.7 Ibf/ft

The drag strut between points 1 and 2 is

(42 7 lE) (25 ft) = 1068 1bf

I.
41. Answer C
ST solution

5254 N/m

H y / J

PROFESSIONAL PUBLICATIONS, INC.



DESIGN PROBLEMS 157

( 5254 g) (15.2 m)

9
= 39930 N
v
19 —— ZT
Js '39 930 N
91m

N
= 4388 —
m

The magnitude of the strut force over the 2.4 m opening
is

(4388 g) {2.4 m) = 10531 N [tension or compression]

Customary U.S. solution

360 Ibf/ft

—l A /

D

|
N

s 3

N 2
= 9000 Ibf

9= —
b

9000 Ibf
30t
— 300 Ibf/ft

The magnitude of the strut force over the 8 ft opening
is

1bf
<300 %) (8 ft) = 2400 1bf [tension or compression]

42. Answer C

ST solution

4378 N/m

—— e, e e D e e e

/“
—~—~—— ——— —~——— A

5960 N/m ( f |
3m 24m 3.7m

\%4 39930 N
Dwall = 3

= 5960 N/m
The strut force at point A is
2Dy =0
N N
D 4378 — | (3. — [ 5960 — ) (3.0
A+<38m)(0m) (60m>( m)
Dp = 4746

[tension]

Customary U.S. solution

300 Ibf/ft

RN UL L G U NS S S —" -

/“
409 Ibffft ~——=———1X

———

10 f1 8 f1 12 ft
g _ YV _ 9000 Ibf
wall = T 12t~ 10 ft

= 409 1bf/ft

The strut force at point A is

Y Dy=0
Dy + (300 %) (10 ft) - (409 %f) (10 ft) =0

D = 1080 lbf [tension)

43. Answer C
SI solution
The proportion of resistance is

_3.0 m

. = 45%
30m+3.7m 5%

PROFESSIONAL PUBLICATIONS, INC.
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158 345 SOLYED SEISMICDESIGN PROBLEMS

Customary U.S. solution 45. Answer C
The proportion of resistance is SI solution
10 ft
— = 45% WORSMII! /i 1
108 +12 & . *
37m_ 24m 30m
[ il

44. Answer C ; — ¢ 39 930N

ST solution 37m M
37m 24m, 3m 7% 777777 ] shear wall
- i I e NS A NI SHUSIISIL
- <« 39930N
/ 77/ N
3.7m ’ 7 Dwan = (91 m)(37 m) (766 ’1—2)
777 m
Z 7] shear wall
X 777738 R 7 77, =25791 N
To resist overturning, the CBC limits the dead load
9 |74 39930 N contribution to 90%.
wall = 5= = S5 .
b 37w +3.0m The resisting moment is
: 5960 N/m
The overturning moment at X is (90%)(25791 N) (g_g.ﬁ) =105612.1 N-mm

(5960 %) (3.7 mn panel width) ~ 106 kN-m

x (3.7 m panel height) = 81592 N-m
~ 82 kN0 Customary U.S. solution

Customary U.S. solution

12t 8 1 10 ft

'—4—-—&1—4———&1—1———-1
(M)j_
7
_
12 ft % , / . //,j//'.//_
717 /] shear wall

[
KX R 7 R 7 7 7

)
Doyt = (30 0)(12 ) (16 &)

v 9000 1bf
Dyatt = B T DR+ 10R = 5760 1bf
= 409 1bf/ft To resist overturning, the CBC liinits the dead load

, . contribution to 90%.
The overturning moment at X is l 0

1
(100)
ft
x (12 {t panel width)(12 ft panel height)
= 58,896 Ibf-fy ~ 78 ft-k

The resisting moment is

30 ft
2

(90%)(5760 Ibf) ( ) = 77760 ft-1bf

PROFESSIONAL PUBLICATIONS, INC.
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J‘
46. Answer C

S solution

4378 N/m
876 N/m i
Ulr YY1 Y L
-
|
)
122m| )
(
|
1
L_I
15.2 m ]

m

(30.5 ) (4378 2

)

47, Answer B

SI solution

4378 N/m

—_—z

l 876 N/m

122 m

V =(12m) (876 i;) "

= 67816 N

2

Customary U.S. solution

300 (bf/ft

1\\1Lli|w

80 Ibf/ft

|
|
|
40 ft | |1
|
1
{

_ 15.2 m | )
' 1.2m
|
2
Ny (305 m) (4378 %)
V =(1.2 m) (876 —) + -
m 2
= 67816 N
V67816 N
T b 122m
= 5559 N/m
~ 5560 N/m

Customary U.S. solution

N
I 50 ft | 300 Ibf/ft
e ! 60 Ibf/ft
RENR RERERIN
| T
1 (
|
: 40 ft
1bf '
(100 ft) [ 300 — !
1bf ft -2
V = (4 ft) 60~ﬁ— + 5 ] 50 ft
4ft
= 15,240 1bf |
2
PROFESSIONAL PUBLICATIONS, INC.
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160 345 SOLVED SEISMIC DESIGH PROBLEMS

N

lbf) (100 ) (300 'BF)

V = (4 1t) (60 m
— 15,240 Ibf
V15,240 Ibf
ST Y
- 381 Ibf/ft
48. Answer C

{vl

ST solution

From the solution to Prob. 46, the roof shear force at
line 1 is 67816 N. The dead load of the parallel walls
contributing to the wall shear stress is

4.3 m N
W = (12.2 m) (——2 ) (766 F)
= 20092 N
(3 OCa)
= (0.1375)(20092 N)
= 2763 N

The total shear is
67816 N + 2763 N = 70759

V70579
T b 122m
5785 N/m

Customary U.S. solution

From the solution to Prob. 46, the roof shear force at
line 1 is 15,240 Ibf. The dead load of the parsllel walls
contributing to the wall shear stress is

— (40 1) (14 ﬁ) (16 }t’f)

= 4480 |bf

3.0C,
V- (2w

= (0.1375)(4480 1bf)
= 616 Ibf

The total shear is
15,240 1bf + 616 }bfl = 15,856 1of

. V 15,856 Ibf
b 40 ft
= 396.4 Ibf/ft

49. Answer D

Due to symmetry, the diaphragin shear stress is the
same as that determined in the solution to Prob. 47 for
line 2.

Broof = 381 Ibf/ft (556(] N/m) [Sl rength level]
lbf

U 970 wmt/fe (3970 N/m) [ASD)

roof — 14

From CBC Tsble 23-1I-H, the wood structural panel
nail spacing at diaphragm boundaries necessary to
achieve the allowable shear of at least 272 Ibf/ft (3970
N/m) is 6 in (15 ¢m). At this spacing, the allowable
shear is 320 1bf/ft (4670 N/m).

50. Answer C

From CBC Table 23-1I-1-1, the nail spacing at wood
structural panel edges should be 4 in (10 ¢cm). For the
given conditions and a nail spacing of 4 in (10 cm), the
allowable shear is 320 lbf/ft (4670 N/m).

KO
51. Answer D

ST solution

—~ (3 m)(3 m)}
— (3 m)(3 m)) (”97 & ) (12)02\1\[)

=327 kN

Dcntire roof — ( [(12 HI)(24_3 1n

For walls 1 and 4,

= (24.3 m)(3.7 m) (2394 : ) (ul)olz)NN)

= 215 kN
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DESIGH PROBLEMS 161

Tor walls 2, 3, 5, and 6,

D = (83 m)(3.7 m) (2394 H—I;) (%)

= 27 kN
For roof A,
N 1 kN
- 1197 —5 | | 7eimws
D= @ m)(3m) ( m2) (1000 1\’)
= 11 kN
For roof B,
N 1 kN
D=(213 1197 — —
(21.3 m)(6 m) ( m2) (1000 N)
153 kN
For roof C,
N 1 kN
D=(213 1197 — —_—
(21.3 m)(6 m) ( m2) (1000 N)
153 kN
For roof D,
N 1 kN
= 3 1197 — —
D=3 m)( m)( m2) (1000 N)
=11 kN
_ [2 (kKN) =z (mz i (m) xD _‘!,}_D
roof A 1 1.5 | 105 16.5 115.5
B | 153 | 135 | 9.0 2065.5 1377.0
C | 153 105 | 3.0 1606.5 459.0
D 11 22.8 1.5 250.8 16.5
wall1 | 215 120 | 120 2580.0 2580.0
2 27 | 243 | 15 656.1 202.5
3 27 | 213 | 45 575.1 121.5
4 215 12.0 0 2580.0 Q
5 27 0| 45 0 121.5
6 27 3.0 | 75 81 202.5
total | 3°D ) . (Dix) > (Dsyy)
866 kN 10411.5 kN-m | 5196.0 kN-m
__ Z(Diz) _ 104115 kN-m
YD B66 KN
=120 m
e > (Diy) _ 5196.0 kN-m
L 1557 866 kN
=6.0m

Note that for this problem, you could have guessed by
inspection that the location of the center of mass would
be at 12 m and 6 m in the 2- and y-directions, due to
symmetry.

Customary U.S. solution

10 ft 60 ft 10 ft

Dentire roor = ([(40 £t)(80 ft) — (10 ft)(10 ft)]

— (10 ft)(10 ft)) <25 %)

= 75,000 1bf
=75k

For walls 1 and 4,
Ibf 1k
D = (80 {t)(12 ft) (50 &—2) (Wlbf)
— 48 k
For walls 2, 31 5s and 6’
Ibf Lk
D - 1 [ - . ———— :
(10 ££)(12 ft) (00 &2) (1000 lbf)
=6k
For roof A,
b 1k
=(1 %2 ) \ 1000 1of
D = (10 ft)(10 fv) (20 ﬂ;2) (1000 1bf>
=25k
For roof B,

Jof 1k
D = (70 ft)(20 ft) (25 ?> (I()lef)

=356k

PROFESSIONAL
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162 345 SOLVED SEISMIC DESIGH PROBLEMS

For roof C,
Ibf 1k
D=(70)(20{t) (25 — ) | ——
(70 £6)( 0”( ft2) (1000 lbf)
= 35 k
For roof D,
1hf 1k
D=001t)10ft) 255 | | ——=
(10.8)(10 )( ft.z) (100(1 lbf)
=25k
D (k) = (ft) y (ft) zD yD
’ . AL FE R . Y A
roof A | 2.5 51 35 12.5 87.5
B |35.0 45 | 30 | 1575.0 |1050.0
C 1350 35 10 | 1225.0 350.0
D |25 | 75 5| 1875 12.5
wall 1 |48.0 ' 40 | 40 | 19200 |1920.0
2 | 60 80 | 25| 4800 150.0
3 | 60 \ 70 | 15 | 4200 90.0
4 480 | 40 0 | 1920.0 0.0
5 | 60 0| 15 0.0 90.0
ﬁ_ __ri.l'] 10 25 60.0 ] fn_J.Oﬂ
total ‘ZD S (Dsz) | > (Daws)
| 195 k 7800 ft-k | 3900 fL-k
i Z(_D,.‘[rl) 7800 ft-k
s 195 k
=40 ft
_ Z(D,y-,-)_ 3900 ft-k
YD, 195k
= 20 ft

Note that, for this problem, you could have guessed by
inspection that the location of the center of mass would
be at 40 ft and 20 {t in the z- and y-directions, due to
symmetry.

52. Answer B

ST solution

&ll_ R x (m) y (m)

1 [2] 122 [ 120
2 111243 75
3 (1213 | 45
4 31122 0
5 |1 0 | 45
6 |1| 30| 75

Assume a north-south loading direction and omit the
weak walls (walls 1 and 4, in this case).

S S Rix;
R = ER1
_{(1)(0.0) + (1)(3.0) + (1)(21.3) + (1)(24.3)
- 1+1+1+1 -
=12.0m

Assume an east-west loading direction and omit the
weak walls (walls 2, 3, 5, and 6, in this case).

_(2(12.0) + (3)(0)
243
= 4.8 m

Customary U.S. solution
wall R z (ft) y (It)

1 2] 40 | 40
2 |1 [ 80 | 25
31| 70 | 15
413 40 | 0
5 /1] 0 ) 15
6 |1] 10 | 25

Assume a north-south loading direction and omit the
weak walls (walls 1 and 4, in this case).

o D faw
=L
>R,
_ (1)(0) 4 (1)(10) + (1)(70) + (1)(80)
14+1+1-+1
=40 ft

Assume an east-west loading direction and Omit the
weak walls (walls 2, 3, 5, and 6, in this case).

__ 2Ry (2)(40) + (3)(0)
Y=y 2+3
=16 ft

53. Answer B

ST solution
e, =Tc —ITr=120-12.0
=0m
ey =To —Ypr=60-438
= 1.2 m
120 cm
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Customary U.S. solution

ey =T —ZTp =40 ft — 40 ft
-0 ft

ey =Tc — Ur = 20 ft — 16 ft
=4 ft

54. Answer B

ST solution
Per the CBC [Secs. 1630.6 and 1630.7], the accidental
torsional moment is
e, = L(5%)
= (24.3 m)(5%)
=12m
TJ. —— Ve = V(e:,- 7T 60)
~ (890 kN)(0 m +- 1.2 m)
= 1068 kN-m

Customary U.S. solution

Per the CBC [Secs. 1630.6 and 1630.7], the accidental
torsional moment is

eq = L(5%) = (80 ft)(5%)
—4ft

T, =Ve=V(es +eg)
= (200 k)(0 {t + 4 ft)
= 800 ft-k

55. Answer C

SI solution
Per the CBC {Secs. 1630.6 and 1630.7], the accidental
torsional moment is
eq = L(5%)
= (12 m)(5%)
=0.6 m
Ty =Ve="V(ey+ea)
— (890 kKN)(1.2 m + 0.6 ra)
= 1602 kN-m

Customary U.S. solution

Per the CBC [Secs. 1630.6 and 1630.7], the accidental
torsional moment is

ea = L(5%) = (40 ft)(5%)
=2 ft

T, =Ve=V(e, +eq)
= (200 k)(4 ft + 2 ft)
= 1200 ft-k
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APPENDIX A

Mulriply
cm
ft
fr
ﬁ.2
&3
ft-kips
fr-Ibf
ft/sec
gal
gal
gravicies
gravities
in
in
in
ian

in

By

| 0.3937

12
0.3048
144
7.4810
1.3558
1.3558
0.3048
0.1337

| 0.0038

322
9.81
2.54
0.0833
25.4

| 6.4516
16.3871

To Obrain

in

kN-m
N-m
m/s

.I fed

fr/sec?

m/s

Multiply

Ibf
Ibf/fe
Ibf/ft?
Ibf/fr?
{bf/in?
Ibf/in?
Ibm

m

m?
mm
N-m

m/s

Pa

Useful Conversion Factors

By To Obtain
2.2046 Ibm
1000 Ibf
0.1450 ~ 1bf/in?
4.4482 N
14.5938 N/m
47.8803 N/m?
144 (bf/in?
6894.8 Pa
6.8948 kPa
0.4536 kg
3.2808 fe
10.7639 fe2
0.0394 in
0.7376 fe-Ibf
0.1019 gravities
0.2248 Ibf
1.4505 x10~*| Ibf/in®



APPENDIX B

Following is a combined list of references
recommended by the California Board for

and the anthor. The references identified
with an asterisk, in addition to the Cali-
formaa Building Code, should be considered
as suggested material by the Board for the
Special Civil Seismic Principles Examina-
tiomn.

Required Reference:

International Conference of Building Offi-
cials and California. Building Standards
Commission.  Californio Building Code.
Whittier, CA: International Conference of
Building Officials, 2001. www.icho.org.
Telephone: (300) 423-6587

Supplemental References:

* Ambrose, James S., and Dimistry Vergun.
Simyplified Building Design for Wind and
Earthquake Forces, 3rd ¢d. New York: John
Wiley & Sons, 1997.

Baradar, Majid. Seismic Principles Proc-
tice Exams for the California Special Civil
Engineer Erzamination, 2nd ed. Belnont,
CA: Professional Publications, Inc., 2004.
www.ppi2pass.com

*Brandow, Gregg, and Gary Hart. Design
of Concrete Masonry Structures. Califoruia
and Nevada Concrete Masonry Association.

*Breyer, Donald E. (editor), Kenneth J.
Fridiey, Kelly E. Cobeen, and David G. Pol-
lock. Design. of Wood Structures, dth ed.
New York: McGraw-Hill Professional, 2003.

References and Suggested Reading

*California Board for Professional Enginecers
and Laud Surveyors. Professional Engineers
Act, Business and Professions Code Sec-
tions (700-6799. Sacramento: California
Board for Professional Engineers and Land
Surveyors. www.dca.ca.gov/pels/

Department of the Army, the Navy, and the
Air Force. Technical Manual Scismic De-
sign for Buildings. Washington, D.C.

Faherty, Keith F., and Thomas G. William-
son. Wood Engineering and Construction
Handbook, 3rd ed. New York: McGraw Hill
Inc., 1998.

Lindeburg, Michael R.; and Majid Baradax.
Sewsmic Deswgn of Bualdimg Structures, 8th
cd. Belmont. CA: Professional Publications
Inc., 2001. www.ppi2pass.com

Naeim, Farzad. The Seismic Design Hand-
book. New York: Van Nostrand Reinhold,
2001.

Paulcy, T., aud M. J. N. Priestley. Sess-
mic Deswgn of Reinforced Concrete and Ma-
sonry Bualdings. New York: John Wiley &
Sons, Inc. 1992,

Scismic Safety Commission. The Home-
owners Guide to Farthquake Sefety and The
Commerciel Properiy Ouwners Guide to
Earthquake Safety. CA: Seismic Safety
Commission, 1992.

*Structural Engineers Association of Cal-
ifornia.  Recommended Lateral Force Re-
quirements ond Commentary, T7th ed.
(“Bluebook™). San Francisco: Seismology
Committee Structural Engineers Associa-
tion of California, 1999. www.seaoc.org




Visit www.ppi2pass.com today to order these
essential books for the California Civil PE Exam!

| Seismic Design iz Seismic Design of Building Structures: A Professional’s Introduction
Building Structures to Earthquake Forces and Design Details
Michael R. Lindeburg, PE, with Majid Barodar, PE

Seismic Design of Building Structures provides essentfial background for the
seismic problems on the civil PE exam. Topics covered range from basic seismic
concepts through detailing requirements, showing application of the relevant
codes. Practice problems with step-by-step solutions offer valuable preparation
for the exam.

Seismic Principles Practice Exams for the California Special Civil Engineer Examination
Maiid Baradar, PE

Engineers agree that a simulated test is the best way to check your readiness for
the real thing. Seismic Principles Practice Exams contains two complete tests
for the special seismic section of the California civil PE exam. Detailed solutions
are provided.

SURVEY|NG Surveying Principles for Civil Engineers: Review for the Engineering Surveying
RINCIPLES Section of the California Special Civil Engineer Examination
\ forcivtengineers § po| A Cyomo, PLS

Here is the perfect resource for the special surveying section of the California civil
PE exam. Surveying Principles for Civil Engineers provides a comprehensive
review of the field of surveying, especially those topics found ot the exam. More
than 120 practice problems, with step-by-step solutions, prepare you for what you il
find on the exam. .

Civil Surveying Sample Exams for the California Special Civil Engineer Examination
Peter R. Baniface, PhD, PLS and James R. Monroe, Jr., PE

Assess your readiness for the special surveying section of the Califoraia civil PE
exam with Sample Exams. You get two 50-problem sample exams covering all exam
topics. Problems reflect the same format and Jevel of difficulty as the actual test, and
full solutions are provided.

For everything you need to pass the exams, go to

www.ppi2pass.com
where you'll find the latest exam news, Professional Publications, Inc.
test-taker advice, the Exam Forum, ® @ 1950 Fifth Avenue » Belmont, CA 94002

and secure online ordering. (800) 426-1178 = Fax (650) 592-4519




e 1= Quick — I need additional PPl study materials!

Please send me the PPl exam review products checked below. | have provided my credit card number and authorize you to charge your current
prices, plus shipping, to my card.

For the FE Exam For the PE, SE, and PLS Exam

(] FE Review Manual [1Civil Engrg Reference Manual (] Practice Problems
[ Civil Discipline-Specific Review for the FE/EIT Exam [[JMechanical Engrg Reference Manual [[] Practice Problems
[ Mechanical Discipline-Specific Review for the FE/EIT Exam [JElectrical Engrg Reference Manual [ Practice Problems
[ Electrical Discipline-Specific Review for the FE/EIT Exam [JEnvironmental Engrg Reference Manual  [] Practice Problems
[ Chemical Discipline-Specific Review for the FE/EIT Exam [IChemical Engrg Reference Manual (] Practice Problems
[ Industrial Discipline-Specific Review for the FE/EIT Exam [IStructural Engrg Reference Manual

[ Engineer-In-Training Reference Manual  [] Solutions Manual, SI Units [JPLS Sample Exam
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for the FE, PE, SE, and LS exams. For a full STREET SUITE/APT
list, visit our website at www.ppiZpass.com,
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Email Updates Keep You on Top of Your Exam

You need current information to be fully prepared for your exam. Register for PPI's Email Updates to receive convenient
updates relevant to the specific exam you are taking. Our updates include notices of exam changes, useful exam tips, errata
postings, and new product announcements. There is no charge for this service, and you can cancel at any time.

Register at www.ppi2Zpass.com/cgi-bin/signup.cgi

Free Catalog of Tried-and-True Exam Products

Get a free PPl catalog with a comprehensive selection of the best FE, PE, SE, FLS, and PLS exam-review products available,
user tested by more than 800,000 engineers and surveyors. Included are books, software, videos, and the NCEES
sample-question books.

Request a catalog at www.ppi2pass.com/catalogrequest

How to Report Errors

Find an error? You can report it in two easy steps.

First, check the errata listings on our website, at www.ppi2Zpass.com/errata. The item you noticed may already have
been identified. It's always a good idea to check this page before you start studying and periodically thereafter.

Then, go to PPI's Errata Report Form at www.ppi2pass.com/erratasubmit, and tell us about the discrepancy you think
you've found. Your information will be forwarded to the appropriate author or subject matter expert for verification.
Valid corrections are added to the errata section of our website.

You may also fax errata to us at 650-592-4519 or mail them to Professional Publications, Inc., PROFESSIONAL PUBL'CA"ONS, INC.
¢/o Editorial Errata Department, 1250 Fifth Ave., Belmont, CA 94002

Be sure to include your name, the book title, the edition and printing numbers, Fax 650_59.2-4519

the page number(s), and any other information that will help us locate the error(s). ® errata@pp|2pass.com




“At last, a good, useful study guide for
the special seismic exam.

This book gives civil PE exam candidates, as well as engineers unfamiliar with
the subject, a fighting chance to learn and understand basic seismic principles
and how the codes impose seismic considerations into engineered design.”

—Ed Haverlah, SE

The special seismic portion of the California civil PE exam is a tough test. The best
way to improve your chances of passing is to practice with problems like those on
the actual exam.

Your best source for sample exam problems is 345 Solved Seismic Design Problems.
You'll get hands-on experience working with the theory and principles you need
to know.

Problems are written like those on the exam, so you'll become familiar with the
format, variety, and difficulty of the questions you’ll encounter. Where appropriate,
they’re presented in both English and St units. Each solution is explained in detail.
Questions refer to the 2001 California Building Code (equivalent to the 1997
Uniform Building Code), the code used on the exam.

To speed up your review, problems are grouped by subject:

* Seismology principles, earthquake characteristics,
and basic structural dynamics (46 problems)

* Codes and regulatory provisions (84)

* Diaphragm theory (99)

* Details of structures (62)

* Design problems (55)

For civil engineers, structural engineers, and architects, there is no better way to
prepare for the seismic sections of the licensing exams than 345 Solved Seismic
Design Problems.

About the Author

Majid Baradar, PE, a civil/earthquake engineering consultant, worked for 18 years
at the California Department of Transportation (CALTRANS). He is a registered
civil engineer and a licensed building general contractor. Mr. Baradar is also the
author of Seismic Principles Practice Exams and co-author of Seismic Design of
Building Structures.

Don’t miss all the current FE and PE exam news, the latest test-taker advice,
and the unique community of the Exam Forum—visit www.ppi2pass.com.
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