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Preface

This report is part of ongoing work at the U. S. Army Engineer

Waterways Experiment Station (WES ) in Civil Works Investigation Study:

“Methodologies for Selecting Design Earthquakes ,” sponsored by the

Office, Chief of Engineers.
This study is directed by Dr. E. L. Krinitzsky, Engineering Geol-

ogy and Rock Mechanics Division (EG&RMD), Soils and Pavements Laboratory

(S&PL). General direction was by Mr. J. P. Sale, Chief , S&PL, and
Mr. D. C. Banks, Chief , EG&RND. The report was prepared by Mr. F. K.

Chang, Earthquake Engineering and Vibrations Division.

COL 3. L. Cannon, CE, and Mr. F. H. Brown were Director and Tech-
nical Director, respectively, of WES during the period of this study

.1



STATE-OF—THE-ART FOR ASSESSING EARTHQUAKE HAZARDS IN

THE UNITED STATES

CATALOGUE OF STRONG MOTION EARTHQUAKE RECORDS

Volume I

WESTER N UNITED STATES , 1933—1971

This report was prepared to facilitate the selection of appropri-

ate strong motion earthquake records for design purposes. It is a work-

ing catalogue in which groupings of earthquakes were made according to

their magnitude, type of fault, focal depth, and site classification.
For each category, the records are shown by peak acceleration, velocity,

displacement, duration, and distance from epicenter. Figures l_214 pre—

sent these data.

It is intended that peak values for design earthquakes will have

been determined earlier either by use of Report 7
1 and Report 82 of this

series, or by other means. Figures l_214 then provide an easy—to—use

presentation of what strong motion records are available in each cate—

gory. The records would then be selected for either direct utilization

in dynamic analyses or rescaling as needed.

The presentation of peak values is by catalogue numbers of the

California Institute of Technology3 (CIT ) uniformly processed data from

which the actual strong motion records were obtained.

The present report (Volume I) concerns the strong motion records

from western United States during the period 1933—1971. The other vol-

umes contemplated are: Volume II, Western Hemisphere, 1972 to present ;

and Volume III, Other World—Wide Data.

Appendix A lists in co]uinns 1—16 the CIT file numbers, station

location, instrumental direction, site classification, peak ground mo-

tions, epicentral distance, Richter magnitude, MM intensity (epicentral

and local), focal depth , duration, predominant period, and type of
causative fault. The duration (column 12) is the “bracketed duration”

or the time interval between the first and last acceleration peaks that

is equal to or greater than 0.05 g.

2
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To compile the predominant periods (column 13), three different

sources were used, as designated by subcoluxnns 1—3 . Subcoluxnn 1 was

calculated from the formula T = 2,r(V/a) , where V and a are peak

velocity and acceleration, respectively. Subcolumn 2 was obtained from

the publications, “United States Earthquakes” by the U. S. Coast and

Geodetic Survey. Subcolumn 3 was determined from the maximum value of

the acceleration response spectra and its corresponding period.2’5 The

periods calculated by the formula T = 2ir(V/a) do not agree with the

others. Of the three sources, the predominant period values in subcol—

umn 3, adopted from the response spectra, are recommended .

Appendix B summarizes the site conditions as determined by
6Tri ftmac and Brady.

I
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Appendix A: S~.rong Motion Data, Earthquakes of
Western United States, 1933—1971

(Columns 1 to 10: California Institute of Technolo~~r ,
Earthquake Engineering Research Laboratory , “Strong
Motion Earthquake Accelerograms; Corrected Accelero—
grains arid Integrated Ground Velocities and Displace-
ments,11 Vol 2, Parts A-.Y, 1971—1975, Pasadena, Calif.
Columns lJ. to 16: Compilation prepared at WES.)
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Appendix B: Site Characteristics

(Courtesy of Trifuriac , M. D. and Brady, A. 0., “On
the Correlation of Seismic Intensity Scales with
the Peaks of Recorded Strong Ground ~otion,” Bulle—t in ,  Seismological Society of America , Vol 65, 1975,
pp 139-.162.) 

A

L 
_____  ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘~=‘~~~~~~~Ø

’
~ . 4l44~~I.I ‘.10 ~ p13.lI. - - . 4 ” —

~1~~14

~ 

--- .1 - .



_ _ _  
_ _  

- -~~~~~~

.1
~ 0 — 0 0 — — — 0 0 0 —

‘CI 0

I I S I I S I I I I ‘
~~

• 0 V

_ h • 

.

__ .0.. 0 S 0 • o 
“U

2 -~ 2 ~~ •~~~ 
~ °~~~ o g o  c

~~~~~

I ‘1 ii 
a 1c!. ~

~ I .

~ ~i ~~~ 1. 

~~~~~~~~~ ,~~~~~~ I ,~~~
,~~~~~U 

•~ ~ ~~~~~ ~~~~~~~ ~
~ a a 0  S 2 5 2 4~~z2 S

a

• 

I
~~~~S~~0 g ~ .

~ • ~~~ ~~~~~ ~~~~~~~~~ ~~~~

a ~~~~

. 

I ~ iH ilL~ 
~~g 1~~~~ ~ 
-
~~

pa g:g :~~~az  g~~ ~~~ 
_a 0 0 0 ~ 0 ... • j  e — • 

~~ 
C 4 5 _ 5 0

,~~~s 0  0 0 — — — .b 0 V~~~ s. 4 O S .  e ö  •
— ~~~~~~~~ V 

~ I 
4 0 V I N~~~ ~~~~~~~ .rs~~. ~ ~• I~~ — 5 ~~~ ~~E~ ’ — . 1 .3  ~~~~~~~~~ ~

~~~~~~~~~~~~ ~~~~~~~ ~~ :~~ 
il~~V 5 . 0 0  * &  O4 p .~ I~~~ Q ~~~_. C I.

~~~~~~~~~~~~~ ~~~ ~~~~~~~~~ ~ a2 .
~~~~~~ _ “&... ~~~~ 4

U — 0 S. 
~ ‘0 — — .. — .~ 114 

~~ • 0 • N 4 0  ~~ 0 S • 55 U

~~~~_ ~~‘C 4 . u 4 < U  S 0 U S 5 55.0 5 ‘C V ‘ .0 0 ~ N s

U

C 2 ~~~~~ 
.

~~ 
L.141 h ~~

. ~ ) I
~~~~~~ 

-
~ U 

.

~ 
•

~~

.4 ,.1 V’S 0 .ls ‘0 ~~ 0 • —.1 0 0 0 — — — pta 015
o e 0 0 0 0 0 0 0

‘C ‘C < ‘ C  

B: 

1< m



F — 1
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 0 0 0 0 .4 p.1 0 0
‘CI S..

0

S I S S S S S S S 0 0

1 0 5.

I a —S
— a;N

— .~~ .4
• - -.

i i  ~~~~~~~~~~~~~ 0 — 
~~

U ~~
~~

g s .-. 0 C oo —
- 

0 • •~~~ 0 0
N 0— . —~~~~~~U... ~~~~~ & 1I~~~~

•lI g
• 0 04 .~ .~ . 5 5

~~~~ 0
41.

~ V S

- 
S.

5 . 10
II ~~~s

I. k U I. 0 I.
aa V S o  

~~~

•a .  
_

C V , 2 S 0 o J ’ k ’c
- IUI -4 5. C C

V V •.4u 
~ ~2 U • U U

~~
0

W V  Isa s..
• .~ C .  N O~~. •V ~ o o 

~~ — 4 0 12 .4. ~
— 5k 0 0~~

5
~~~~~

o kV 4 
5I~~~~ ~~~~~~~ E~~°° •V U O C

0 
0 ~~~~~~~~ ~~~~~~ V0 • V 0 0 ~~° ~ o U V 0 —— —

~ .2~~~ ~ .a~~.2 • ~~5 .0 ~ 
~~ o0a

~~ 
.

~~~~~ I V O C  a J~~ .4
~~~ 

— 0 0
0 . ..S~~~~.C 0 0

0 0 0
550V

a ~ ~~ 

•.j k ~~~~~~~~ V 0 0
S

S .~~~o o ,, 
~~~~~~~~~~~~~ • 0 O 4 ,~ ~~~~~.~ o E ~~~‘Z4V E V ~~~IS ~~~~~~~~~~ —.N E;:I ~~~ ~~EC . i  ~~~~ ~ .3a. ~~~~~~~~~ .3 ~~~ ~> ~~~4 s 0 ~ ~~,.34 513~~ ~~~~~~~~ 5’~~~2 ‘~~~~ ~~

.0 V 2  ~ ~~ ~~~~~~~~~~~~ ~~~5 U k  
~~~

S
~~~~5 ~~~N 0 0

0 5 4N 
~~~~~~~~ 

0
I~~~~~~~~ 

IC S 4 E U .  < ~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~ I•ES _:
~ ~~~~~ ‘C

N V ’ S  44. 511 .‘ -
~~ 10

~~ 

C U

II II .
~~~~

S
a $ 5 .

.j ~~~~~~ 
g • IaIS

~~J E ’ . 4 4  ~~~~~~~~~ 
‘
~~~ is. I 

~~II V U  
~~ 0

U V a .
Isa PA

114 015 V Se’S .0 P. V 5” V —

• 10  0 0 0 0 0 0 0 0 0
55 .4 .4 .4 0’S .4 ff5 .~a V ~~ V’S

~~ I m  m m U U U

B3

- . ‘0 ’  .. ‘4.N’11..0 11.*.1S’.’ -

L~~~~~~~ ..



-I--. .~~_~~~~~~~~~~~ 1410 .~~ 4 .~~ ,-w---

— e o 0 — o 0 -. b ~. — E
‘CI

0
.4

DI — — o o a a e e 0 0 a — —
•

8 5  4 
~~ 4 4 .~ ~~ 4 .V

• 8 8 8 8 8 8 . .
~ ~ 2 8

I. S.• is a.
5.. 5.’ 5.. 5. 511.3 5. ~~ 5. • 5..

I. I.I. 
~ II I.> I. 0

C C
V Vv o S

E ~ g ~ E~~. o — E E a1.E E
.1. 00 

~ V E ~~~~~~~~~~~~ ~~a
~~~

— • • • • 5 • 
.
~ ~~~~ : : ~ ‘ V V

• .
V V V 0 0 V

ft. V V V OS • ~ ~~~~ O •  •o 8 - ~~~ 0 4 4 0 4  C
5. .

~ I. 
S ~~~~~~~~~ .~ ~~~~~
5.. a.~~ s

.5 C
~~ ~~~~~. • ~ 0 o o~~~ 0 a V~~ •

V V
C C C C • C C C

o • • • • k V 
~~ ° • 8 8S. 5 0 0 C ,,, 0 C _ ~~~~~~~~~~2 5. ~~~~~ v • U V 0 0~~~~~ ~~~~

• UI. ~~ O~~ 0~~ 8~~ ~~~~~~~ 8~~ 131 I.

k _ ;
~ •_  ~~~~~ II

VC 
~~~~ ~~~~~ 

U U~~~~~ ~~~~~ • .,. ‘~

~~~~~~~~~~~~~~~~~~~~

— — 0 —0 0 0 —0 0 0 —o o a 0 —
~~ 

0 0 .4 15o 0 0 —

~~~~
0

—Sn 0 0 0 0 0• 
~ E E 5.P. > .4 0 0 0 0 0 V
— 0 4 ~ 0 0 .4 ~~0 0 I 0 00

5 0 0 0 0 0V — S  4 4 
~~ 0 0 0 0 .. •

~~ 
a. ~~

S5 ~ •~~~e ~ E ~g 2 2 . •~~1.
~ 

.
~ I .~~ ~~~~ 

0 CI.
5 .4

~ 50 0
~~ S . . 

~~~~~~ .~~ ~I 
~ ~ 2 ~

0 0
.14 P. P. u~~~~2~ ~~~ IC ‘C— IC ‘C

, .( :
10

~ 4 -5; 
~~ V

V V 2aS.. I..

~~! ~ ‘C~~~~’C
S S .~ 

~~ I .~
. 

~ 4‘4 
• 5. S

U ~~~ Is.
~ 

.
~ ~~~~~~~ ~ 

• .2
0 5.

I ~~~~~~~~~~~~~ 4; ~~

PA S 
9~~~~~~~~~~~ e< ~ ~~~~~ : ~~~~~ Si

~ ij ~ m ~~ ~ 4 ~ J ~ ~4 ~J 454

‘0 P. V IV’. a. PA V V —
.1 0 0

VS V’S PA PA ‘.0 ‘0 P. P. P.. P. V
o 0 0 0 0 0
0 ~ s N N N N Iii

1114 . - - 
—



‘- - I

10 

~I o a — a — 0 0  0 Isa a — a ,.

‘B
V

DI 0 0 0 0 0~~~~~ 0 0  0 0 0 0 0 N

.;
~
‘ .55 

.

4 4 .~ Ia. ~8 8 8 •~~~~:~~~~~ 8 ~SI ~~ S. ~~~~~~~ O~~~~~ .4~~~~~~~~~~5.4 .4
0 0 ~~‘ 0 ~~~~ •

~ 4 0 0 4 0 .ii ’ a e a •
e IS a ~ 

0 0 0

° ~ a ol  ° ° 0 ~~.! I1~~ I° 2. • S~~~~o O~~~~~~~ 9
a.0 .5.2

o ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~SO  ~ 1 : ~~~~I
.~~~~~~~~~~~~ I ~~

. 3 5 . 3  4
g i• H a.~~~ ‘v

’
~~ ~. ‘~ a’.E ~1 ~~~~~~~ U~~~~~~~~~IS~~~~ .4

—S 5 .V

I.

~ .E ! ~
a.

a 

is is

C 
~~~ 

U 4 E~ ~V S-s ,.. ~C _ 6 V S .a j .~~~~~~~ ~~

11111~~P1 - - .. Oj  ~~~~~~V 
~~~~ 0111C C C5101 

• 
5 1

55 ~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~

E;
•

k
8

.N
• ~~~o_  • • • •• .88  —

~ DO... ~ ~~ X E  ~~~~~a. —
V

I;
0 0

Vi— 0 is Is
— ...

‘BIJ ~~~~~~~~~~~~~~~~ — 
V 4  is

~~~
o o 4_ o a a a eS  ° 2o 0 5 . , 5  0 0 0 0 0 0~~. —g ~~~~~~ 

g g .  g g ~~~ :: ~~~g 
~, 5..4 0 0 0~~~~~~~ g g P A  (.4 

~~~2 Vg~~~0 a a e
— —° ° ° :~~~-. 2. 2. fr~ p.i — —.5 0

• 00

~ k~~~~1~~~~E I E . .~~~~E 6 ~~ U 0~~~~~ 0 
~~a.

V 5 1 1  .3 0 0

1 a .~~ I~~ V 0  .0111•e ..a..0 

~~~~ I 
~~ 

.
~
-0~~~~~~0 •~~° S N

0 sO a —
• (‘1‘C ~ g1;~~~~ ~~~~~~~~~IC 0 V . 4 k

$ :f f 4  g 5 ‘4
54~ I ~ i ~~~~~~~~~~~~ ~ d• J

~~~~

~~~~~~~~~~~~~~~~~ ~~~~~~~ U f f  ~~~~ I ..~

~~ ~~~~

P. 
Z 4 ; .~~ o

— 3 • •  •.
II P S  O i s  O~~ 

j i0 ~~V . 4 V V~~~~~
>5

~~ .4 ‘0 P. V 0’. (.1 Vi V — N PA• V V V V Vi 0’ 0 ’ • ’  0 0 00 0 0 0 0 0 0 0  — — —14 Ii. Ia Ia I a I a  I a I a I I s  Ia Ia Ia Ia 0

B5 

—4



—

0 -. 0 0 0 0 0 0 0 0 0 0 N N
‘CI

0
S4~)

DI e a a a e a a e a a 0 0 0 0 N
2
.0

S -
~~4 5.4 4 4 4 .38 8 8 .o~~~ 8 — —  —5. 5. II .4 — ~‘ 0 0  0 .4

~~
. • 

~~

. 
~~~~~

. 

~~~; S 
~~~~~~~~~ 5.4 —

~ a a ~ 0 0  a 
~ 0 0  0 4 5  a • 4• a a 0 ~ e e e k e

C 0 0 0  2. 
~ 

0 0  0 oO~~~ 0 2. • 2. 2. 0
~ 

.0~~~ — 
~~~~~~~~1 g  1~~ 

E~ E l  — I •~~E E ~. .2
V SV s s a •~~ 

0 .0
• 

. .
~ 

. 
• 

.
~ 

;
S • 

a ~ oVI • V •°I~ 
.

~~ 
.
~~ 

0 8 I
5. ~ is 4

~~ ~~‘ “. ~ ‘. ~~ ~‘ ~~ 
~~

5. s k 
E ~~

I I • ~ 8 ° • ..a. I
0 0
I. I. N C4 1 0  0 5. $ V  V v O  • C •

1 1  • 4 ~

~ • 6 a a & & a •-~~~~ a
— IIi ... 0 .2 1rSO •~~ k C s . 0 ‘a 0 0 1 C C U —

V as 45 V U 0 V V .~~ 0 S
O ~~ V~~~o u 0 0 V ... U U U 4 
~ 

V • a. 114
~~~~~~• ~~~~~~

. ~~~~~~. ~~~2. ~~ .~ ~ ~~~2. ~ X E
S

I. .4

— — 
•—.

‘a~ 
.
~~ 

.
~~~~~

‘ — • I ~~
a

.2 • .2 ° .2
— 

~~~~~ .0

•‘ 40  40  a ~ a a a. .21.1 0 0 0 0 5 a 0 0 5.—0 0 5 .  - S . 0 k  0 5 I. N
0 a s ... ~ 

0 e ~ e 
~~ a— ~ IVI ‘

~~~
‘ 

~~~~
‘ 0 0 13 G 0 V 0 *P~~~

SI e•  o5 . 0 2 ~o 0. 0 5 .4PA (II
0 C •2. ~~0 0 V — 400 •p. •

~

5 —•1 2~ 2’a I E ~5 °~~~ I ~~~~ 55 55 114
•
~~I 0 4 1 .

• VI 5. ~~ k ~~N V 5 5 00  00 ~~ 5 0 0 4 00 ~~a. ~ ~ ~2. ~2 ~~ ‘a2. ‘
~~ •~~~ ~2. ‘

~~ ~~~~~~5 0 0, ~~~ 5 4 Ø~~~
P

~~ S. 0.4

~~S ~~~~ 0 ~~~

I
•.4 • ~~ V

‘C .
~~ .

~~ 1354 4. 5.. —~.I ~
j  

~~~~~~~ O _ ,  i.O 
~~ ~~~ O S  

~
, 

~ ~~~• ~~~•I ff~~ 
.~~ a

- 
~ .a ~~a

~~
.0 ~ - ~~ ~~~~~~ j~~~~

5 V PA 0~ 4 0 1 0 1013 - S V 4 04 ; E Z~~~~ Z~~ - 0 ~~ 5’.
• ~~ — I. N IC 0 .0 ~~ Sn ~ 0 > 0 5 0’. IC 5.4 Is 4

‘0 0.4 ‘.0 45”S V IA
Is. ~4 a” C r.a ‘r1~ !~ ~ 3 ~~~~~~ ‘~~51L

V 0 P1 V IA ~~0 0 — — — — ~~ 
Vi — V P. P1
‘4 011 .4 Is’S Z Z

13. ~l

B6

~ 

~. . ~



•151 114 — 0 — -4 -. 0 — C — a 0 —

‘B
IC

DI 1 0 0 a 0 — 0 ~1 0 p.4 5 I

I~’1 4.
5. 5 5 .N o 8 ~~~~~— P1 _ 0S (.5 u ~ ii ‘a 0.

• • V~~~ ~~~~~~~~~ 
5.4 5.4

5.
•~~~~~~ S•I . 00I I . 4 2

8 0 
~~~~~~~ 4 V 5  ~~ •S.O

5. — 4 0 V~~~. 1 . 0  O~~ 2.~~ S
a. 84 0 0 4 ’ a a 

5.~~~~P 4 00 Ca .  o ~
‘I — 

~~~E a
~~~ ~~~~~ 

— 
~~~~~~~~ 

— .o~~~ 
~~~
. — .0~~~

.21 0 4 
~~ Eo~~~~ 

~ ~II~~ ~ II ... ~ V O  ~II~~~ 
1 M S  

~~— . 5  ~ I d 0g  I
~

V .  •O
45 2. E .  ~ 

~~~~~~~~~~~ ~~I 
C C  .3

: ~I ~~ 0 0 I.
• 54 _  5. 0~~~’.~~~~~ 5.. 5. — ~~III : 

~ ~~ I - ’ T M  s. S . 0  II IS~~ci
8 - . 8 ~~~

I as, . .8  8~~~~~ ’B I Ic
a 

.. V pj • k.0~~ 
I. is 0 1’.J SI~~~ I. a. O

• 1 5 0 5 4  0 ... V ~~~ V ~ 0 5~~2 0s~~’.
... V0 1~~—• ~~‘. o~~~~. ~ I’a18 ‘a f’s ~ o.Z ‘a 4 0at ~~~~ ~~~ . 5.~~~. 

CS .0Ø~~~
0 0 . 4 5 .  & a~ •~~e & ~~

8 .. • _ 
.
~~~~~ ~~~~~~~~~

v .0 ... 
~~ 

8.0 15 ~~~ V c
‘N

0 0 4 0 U C E ~~~~~~~~~~~~~~ 
-
~~•‘4 .2 

• O.2 e l  05 . .  V 
~~~O O I S  V 0 4 0  • 0 0  Vm~~2. 

~~~0 ‘4.0 .4 ~~ ‘ S J i s S N  ~ ~~ U U  Z.~~i. ~
0

— 0a a. VS S —
.3 • 

S. S — 5 5.’. 3

h ~~ ‘a 
5.

N
a. ‘a 

~~~~~~~~~~~~~~~~~ I 
-‘~~~~ 8.

• g-a. ~~~• 
.
~~—VI •‘4

’a I 2 1 0 ~- a  — O2
13 

S
O •~~ 5 00

00 ~~ 0
~~ a 00~ ‘a—~~ 

— S 1 ° ~~- ° ~~~~ 00

P1 .4~~I(.4 50 .42~ ~~~A 
~2 j , ~~~ •

~~ 5 .~~~~ k~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
E~~~ E~~~~~~~~~~~~V M

I
O
VS S

a. : 1j~ 
Ia 1° ~ ~~ .~

g 
~~~

s1.’.’~~ ‘~~~
~~ ‘~~~~~

‘
~~ ‘a~~ ~~~~~ V 0—  ~~~~

8 8~~ ~~ ~~ ~~~ 
~~~~~~ . ~~2. I C ES  ~~~2. ~~~

— 00  ~~~~~~ 0.20 ~~~ V N
0 M u m

5; ff
* 4 N ‘~~ ~~

‘ 1
~ ‘ I. a •

F ~i . ’ . -~
~ . ‘C~~~~~ 

~~ 
I SIa . .

S U 41 1SI 
~~ I S OO w  4..

a s kZ 
~ fl0 

~~~~~~~ • O C .4
~ P. 4;

~I2 j 2.3 ~~~~~~~ ~~~~~~~~~~~~~ a 2~Vi 1.3 5 
I s V

~~~~~~~~ 
Vi4~~~~~J ~~~~~~ E4 Cs V

~~ PA V VS V ‘0 -s ‘0 0’. 0 .4 Vi ‘0 P.
V V V V .0 P. f P. Vi Vi V V V
.4 .4 .4 — .4 .4 .4 .4 .4

5’ ~a ~s 4 4 ~

B7



5 . 0  — -. 0 0 0 ,4 0 0 0 0 fl 0 ..
I-
C

I.-
D I e  e 0 0 5 N 0 0 0 0 IsI 0 I

‘I
V

.5..
S O k

.4 02 —  1. V 5.4 — .5
o 0. C 0 0

3 5 0 
• 

~ 
j

U •O~~~~ • — v u  4.4•C -  0 — ‘ a .  .
~~~~
.. Z .00 5

— 4. — — S . —TM e .0 “ P. ‘a 0 ~~ 1— s”.
~~~~~~~~ 

is
~~~~~~~~ 5’. o~~~~~.’a O.2  ~ 

0~~’.~~~~~~ ~~ ~ 8. ~— 0 a •4 . a5 5 44 ~~ I4: V a a a~ ~~ 
0

o Ci .  ~ 0 00  ~~ 0 0 V~~~ 0
5. C V  2 2. V S  .0~~ ~ ~~~~~~ • 2. 9 . ‘ a o  • 2.

~~~ .~~~~
‘ 8~~’ ~ p~ .~ E ~~ V U  U U

•~~~ a.2 ~ 1 2 a. ’~ a. I.
~J V I  

.0 ••~~ a. S S V 0 I. 501 V I s

~~ 
.

~~ 
1 ~ 0 ~ ~~ .2 ~ - •  $

S V 0 4 0 5 4 0  5
V 

~ 8°  V
~~~~~~~ ~ )‘.C 10~~~~4 5 ~ a.~~ .~ ~‘ a. .~~~a

~~~~~ 
a 0

~~~ 5.~~~~0~~~_~ • 4 _  I. 
~~ ~~• ~~~ S 

~ IS

~ I ~~ ~~~‘4 
• .,.‘a C a

$ 
~~~~ c~~~ ~~~~~~~ $ ~ 

C C0 I.

II C~~ ~~~~~~ ~ • o .  c i  ~~~ 1C~~ C V a 2 5.a. C 5
1 . 00  0 5 ~~~~ 

S - ~~ lI ~~ 5.. 4 5 V~~~~ ~~~~ I.~~ ~~ —
S

u a u ’~ 
0 4V ~~ •~~~ 0
- s.d. a. :V .-. 

..~~ P4 

~~ ~~ 8 0 0 4 .2~~ 
C‘ h ~~i~ ~~~~~~~~~~~~~~~~~~~~~~ V

V .... U U
o.2Z ~~ i E  ~~~~ ~~ a~~ ~~~~~.. ~8 L22 ~~~~

=
-CS. =

SI V U
5 4.w ; ~~~ 

~~~~ ~~
- 8 

4 V
II .0  • 0  _ V’S
•I 2 • u •~~I S .2
01 ‘ ... S

M O V U  • 3• ~~ — 4 5 
~~0 • 0 ‘4 081 ~~~ — a. 0

Vi .3 
U — 0 — 0 ‘4 0 ~ a

‘~ 3~~~~~ 
• .0 0 .40  0 0 0 0

0 0  
~~ V 0

0 ‘4 0 50 4~~ 2 
0• O o~~~~~ 4 S 5 5 o  ‘4 0 

~~~~~~~~~~~ 0:~~‘ i,  ‘a~~
’2

~~~~ 0 0SP. 

~~~~~~ d 
~~ 2. a a p 0 a. —

0 . o  .lo ~‘S — V
00 - u 00 00 E~~ u lo  I

~ t i~; ~~~~a ~~~~g ~ •o 1 50 09. 0 4  5
~~I . 5 5. =

~~~~~~~ ~~~~~: 
~~ ~ 

~~~~ L. ~~~.
‘CI — — 0.3 2 2

o ‘C ‘ C— 4 a . ’ C 4 . O 4 • 4

a
S V

.4 0

4
-g

.‘ .
‘S ‘a 

‘# 55. 1. 
.
~ I~

8 ( 5 .  .2.5 •
‘Il k 

~~ 

1.

0 1 . 4 .1~~ 
~~ 4 ‘a ~~~~~~~ E m a  ... s

~~ ~ ~~~~ ~~
. 

~~~ g~~ ..~~~ fl
5’ w~~~~~ g U’S ,~ ~~~w E w ~~~~~~~~~~~~~ •

I ‘04  5’1 4 ‘4..~~~ a 
5(5 0 S~’ S 4

• a .>5

. I V  0 P1 Si’S -C P. Vi 0’ V Vi .0 P. Vi 0
Ut Vi 0’ 0’ 0’ 0” 0’ 0’. 0’. 0 0 0 0 0 —

~~I Z  Z Z Z Z  Z 0 0
.4 — .4 .4 — — ~0 —

B8

. 4

- 4 14 . 14-——.



— 14- - —14---— -~~ -‘--14 
14 

.~ .‘.- -~~~~-14-- -
14- .. — 1 4 . -- - -- 

~~
-‘.,-—-- ~~~~~~ .-.-- -

N — .4 N 0 P4 0 0 0 0 -4 ‘
~ 3 0

‘C
a.
0

DI a a 0 a pa 0 ~ 0 0 5 5 — ~~ 0 00

8

I 
.

I 8 ~~ ‘ g .  
~

~~~~~~~~~~~~~ 8. • a .
~~~~~ 8. a I S I s  

~~~~
~~ ~0.V 0 e 

~~ • a 04  e I~~— Ia a 0

~~~~~~ . 4 8 1 . 4 5 5  
~8— . 4 5  s

~~~~~~ 
2. ~ 9 .81 2. 

~~~~~~~~~~~~~.2 ,~~ ~~~ .2 1 ~~~~
a 0 V 

V — ... .0 I. • 
.,, 

~‘. 
S IS 0 5. 0 .~~

‘a 8~~ 
• •~ . •5 .  — ; 

~~~• ~ L~~~ 8.ic~~’ ~
O a . 3  V I  V as .Sa.  • ~~ ~~~C ~~ 05 0 05 .1 ~.2 2 m .5 ~ ~~ ~~~~~~~ 

~~ s.’a a

.2 ~~
‘. 5. 5. 0 . 0~~~~5.~~~~

.~ ~~ • ~~I ~~ 

_

~~~~~ ~~ ~~
C.. C C 

~ $ 0 2  0 5 •
~~~ 3 ~~~~~~~ I-~~• 

.5
A S~~~ •~~~ 0 V_ 

~ 
0 5. ~ I ~~~~~ “5.5 5 C C _ ~~~_ p.~ ~ ‘ a. ... ’. ~~ ~0V.... 0 0 0  c o o

0 0  V U So  .9 ..a Cl .~~~ 
u.s~~~ a .050 .050

o
~~ 2~ 2~ — V~~~ • V  V V . .

S • C • • 0 0 ... 0 . 0 0  0 C• 0 -5 u 0 — — 0 0 ~1 • u ~ 44 0 V V . 4  • .~~~ as v0.4 .0 •: 82 ~I 
U 0~~~ 12 0 0.49  U 

~~~~ 
V 0 U

~~~~ ~~~ X~~ ~~8 ~~ ~~~ E2 .  ~~

.2 .2 2 ~ S- • 0 
~~~

_ — — 0 • 0
‘a

• 0~~ 
o o a a 0 ~2 ~~~ • ~~ a — • a a e I — IS

3 2  ~S L-.0 2 1. 0 0 0 5 3,. S o

Ft ~ g 
~ ~~~~~~ 

-
~~

o 
~~5.~~ 2~~~ ~~~~ .4 U~~~~~ 5 • •5

~ I • ~‘a I o- I I I a .o  •a 3• Eo2 14’4 ~~ C S U ~~~ 5 0 3 3a 0

I I I I I I~
~~~~~~~~~~~~~~~~ ‘~ ~~~~~~

•5

a. 
13 

13 13 ‘C .(

I ~ I~ - 8 .  ‘a I,

• • ~~~~~ I 
• ~~

a .~~
. Ii ~1 .4 5 4 5i~

~a ~~4 ~

. 5 . 4  V P. 0 .4 p1 015 015 .0 0’ -a
U! — P1 N N N .4 05 015 05a: a: a: a: a: a: a: ~

_- - 

B9



~
•.-

~
-14-- •

~
. -.14..- —- . —-.-- - •~- - ‘.-v’- .— - -.-

a a -. 0 
~
. 0 0 .-. — a 0 rI

‘C a.
0
0’

DI 0 0 0 0 — 0 0 -. — 0 0 I

I

•

— I ~~~~ ~~ • . 
~~~~~~2 2 ~~~c

i. 
g~~~ ~ a 2 ‘

~ 
a. :~~~‘a ~~I1 0 5.1. 5. C~~ o ‘5 ~ ‘. ~ ‘. ~ 

0 C M
0 . 0 0  • as ’S O .s  1. a 0 S. I. v . 4  05 V

~ 0 — 4  0 5  a V a

~~~~ 8. 
I 

~~~ 
S • ~ ~ ~~~~~~~~

— 2. IS 0 O~5~~ C • 0 C V V 5 a •
•— ~-~~ E ~ 1 1 ~ I ~ s. ‘4

U ~ 5 00 .~ 5 .5
S ~~~~ .4 .4 O V  .

~~ 5 ‘U S. ~~r4
0 0  I.C V .0 0 • • ~~ 5 S.

‘a 1 .0 

~~ I ~
~~~~~~~~~~~~~~~~~~~~~~~~~ 01~~~~~~~ I~~~ Ifl~ ifi ~k I ~ ft 1 1 1 4  1 1~I5 $  C e  P

~~~
C V 

~~~~~~ 
C 

2
0 0 0

I 5 V V e  V~~~ ~~~~~~ • •e V • iS 5.
P C C ’  0 0 ... 0 C C’ - 0 0 a. 1 3 1 3

w0 V O  P 0 0 1  u Cl V V 0~~’ 0.4
88~ • 8~~~ ~~~~ .. 8~~ ~~I ‘a ’a  5.~~

-. 5 E~~ •~~ 
5 •~~ •P~• P~~~4 .5o .° :Eo •~~8. ~ .4 0 .,~~. ~: ~~

~~~~ 

~5:~ 

~
; ~ 

~~~~ . ~~~M az~

0 ‘a S.~~~ .22 ~~
P0 

~~
.. ‘a —

V ~~, ~~2 ~~Is 5.P- ~ — ~~ — — 1. 0 — ~ 0 8
.3 0 ~ ‘a . E5 — ° .3 • 0 

~4. — 0 0 
~ S 0 1 45 0

~~ 
So .45 0. ~~ 

~~~~ ~~~~~~~~ ° • So 0 •

~ 5 g... ~~~~~ 0 0~~~ 
~ 

~~~~ .0

I i~ ~~~~~ 
!~ ~.0 ~~~ . 2  ~~~s. 

~ 
‘ ,

~ 
0 ,, — 

~ ~ s -~~ 
-
~ a ~

- ~ ~ 1 o’o~”' .3 .32 ~~~~~~ •~~~. 
~~

‘C

13 . ‘C

• • .1 ~~ -~~ 
~~ ~~ .~~ .~~ .~~

a a a 
~2 1 2 2 2 ~~‘.

— ~~. ~ 
I — TM ~~ a.

• 4 w V .0 V .0 .0 .0 5
5 • . IS 5 5. ~ ~ • • —
0 0  ~j  l’s I’. 

~~ ‘a —

~~~~~V) 4 • • ~~S • US .5 0 °~~. 0 0 P. 0 —. 0 0 • .4
PA~~ 0 V 0<  .4

1 • P. 0~~ ~~~~ IA . 0’  V
V 1 0’ ~ 05 4 05 4 114 z V 0 — 0’ 1 V 0 IA 0 114 0
‘014 4V5 P1.-S 5(514 ‘~014 0 5,4 ~~I 5(514 11 I-I 0514  iA .4 —

• Vi 0. — ~‘S Vi — 01 V’S .0 P. P.
U V V 5(5 SA Vi 5(5 .0 .0 .0 .0 .0 0’
• ‘4 N 

~~ 114 ‘4 ri N N 111 P1
PA PA 00 4) (I) 00 0) U) IA

BlO

_________________ . . .• . ~~~~~~~~~~~~~~~ — .



a 0 0 — 0 0 a. —. 0 0 —
<I a.

0
0

DI 5 I I 0 5 01 5 5 —V
UV .0

a
a V

S • ‘S

~~~~V 
~~ 0 5 S .a ~ I S V

~~~0 - a 0
— S’a  41 — 

V 0 ~.4 .4 .5 V00
S0 0 5.2 5.1 0 0 S •TM- a  I.~~~ S . C  a a u 

5.g is a....I MO a. 0 V .
•S •‘- ° Ic ~ o 0 2 ~ g .  .

~a— 0 k~~0 5 
~~

‘. 

‘a o .S.2 0 a.
‘a — I8~~~

— ~~~ ~~ 0 4  .0.4
C

1 00 0  ...U0 .2 ‘a o— ~~~e0  ~~~rn—.
.2 .. ‘ - 

-a ‘a 
~~~~~~~~ ~~~5. ~~~~~~ •

• •~~‘ I~~— — 4 •~~ ~~~~~~~~UI.  ~~ IS U •0 ~~~‘s 5’ 5k. ’ ~‘ 0 2 
~~~~ 

U 0 9  4~~
I 12 ~ C~~~ O C V ~~ ~

‘ 

~~

‘. .2— ‘~~I ~~~~~~~~Q S. 
~~~~~ ~~ Pl 5.0 ~IS V . .  I .~ ~ ~a. ~~.u ~~~~ I C I”l S. 

~~~~ ~~S .5 as~~5 ~~~ a a ~~~ 
.g 8 05... k 05 .5g.

o ~ o ~~~ ~~~~~~~~~~ 
.a.0 .~, d .0

S U t5.. 0 ~ ‘. ‘ Cl Q~~ .2~~ ~~$ ~~~~~~ ‘~~ 0~~’U I.~~ U 
~~~8 8~~2’a 4.1I V

~~ 

.

~~ 21 il ~~~~~U CI
V V

rn. ~ ~~~~ rn.~~~. ~ ~~~. ~~~ ~~~ ~~~~
0 0 V 0~~~

~~~~~~~~~~~~ _ 

— I

I ~~~~~~~ .4
a.

~~
00 50  0

0
~ ~~~~~~~~~ 

C ~~~~~~ 0 0 ~~~~0 .
~ ‘a çj

-a S 0 O S I A  .1.40 ~~~~~ 0 ’ a  0 0  ~ 0 
Do

0 .5 0’ a... . I
• ‘ U 0 C V I  i . 2~~ 2l’.~~ ~~~
0 V 0 0 0 S A  0 40  0 .4 5. 

~~~~~~~~~~~~~ 
1~~~a a. ...

— V . 4
U U S 0 0  

~~~ 
M SS 

~~~~~ 
O u ri ~~ ~~~~~~a 4 >’.~~~~ ~‘I~~~~ 4 .4 • > 0 .44 114

~~ ~~~~~~o 0 
1. 5 0  05f l8 ;  0 0  .4 0~0 k 8 8  ri ~~‘ 0 ”  1 .0

I.. . P1 ~s U 

~
5S. 05 0V  

~~~5O ~ V~~.5 Ø~~~~~~Is 114 —.4 ., ~ 
a. 0 0 ~ Is’4 o >

• ~~ 05.4.4 C u .-  51 
~~~~ .1.2 5v  o ... .’.. ~~ ~ 

4 0 0  C
M

E0 
~ .1— 

~ 
C 0~~ ~~~~~~ ~~~~~~~~~ U S ..’.. 58::l — O 4 5~~’ C 

~~ a. .... ,.
~ ~~~~~

• -2~ E~~ 
> 5~0 ~~~~~~~ V~~~~~

e V~~~~5 1  VIsa ..,. ~~~.
.0 ~~C—.

5. 0 S 0. 0 1 ~ • 1 5.0
4 V ,_. 0 0 as . 40  J 4.0 ..5 0 ~~~~ ~~ Is0. 0. 30  

~5 .2~ ~ M U  5’U O .102 8~~ 
. 0

00.0 w . 4 . 42  S. > $_  0 55 .~~~P00 . 40  I S so
04 . 0  5 V ~ .. ~~ S . M e 05.18~~ 

S.‘C 
~~~~~ E 45.0—  04.4.-.-  4 0 5 . .  0 ~~~~

. ~~~~~~~

4.

— ~~~a. ~~ 
a

U) 
~~~~ ‘C S

si a. —
~~~ 

.0

~~ 0 .-. 0 V • ~~a .~0
4. V~~ V.0 0.4 2 1I

II a. 
I ‘

~~‘C

‘a ’ s  
I •~~ t~~I a  

~~~~~~~~~~~~~~~~~5l~~~~ ~~~~ ~~ U .4 .0

~~~~ tI~~ . ~~ ~~~~ ~~ a

.1 05 P. P1 05 0’ P1 V’S ‘0 P. Vi
9 

— N ri 01 05 P-  F.
05 015 05 05 015

~~~~~D ) > ~.

Bli

L • _

14— - ~~~~~~~—.



— —-14-— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 14-’

a..

P.
‘5

.2 a
2 2
.8
.1 ~- I i

24 4.
S 0

V

S.
~1 S O

$ 0
1 1 5 .

U

~~ 4 5
~ .0 ..,

— 5 S.

-.1 IS d Id’
V V V

Vt 0 25 0IS 13.

~~I;

V SAo o a
• 13.4. .

:~~~~~~~• .
.

~~ 
I~~ i
• ‘V

V

-a 05

•~ B12



‘~ -I~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~—. —-— ---~~ — - ~ 14, ...., 

~.‘

In accordance with letter from DAEN-RDC , DAEN-ASI dated
22 July 197 7 , Subject : Facsimile Catalog Cards for
Laboratory Technical Pub lic at ions , a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

/
Chang, Frank K

State—of—the—art for assessing earthquake hazards in the
United States; Report 9: Catalogue of strong motion earth— •

quake records; Vol. 1: Western United States, 1933—1971 /
4 by Frank K. Chang. Vicksburg. Miss. : U. S. Waterways Ex—
• periment Station ; Springfield , Va. : available from National

• Technical Information Service , 1978.
28, 13, 12 p. : ill. ; 27 cm. (Miscellaneous paper — U. S.

Army Engineer Waterways Experiment Station S-73—1, Report
9, v.1)
Prepared for ’Office , Chief of Engineers, U. S. Army, Wash-

ington, 0. e.
References: p.’ 4.

1. Earthqud~e engineering. 2. Earthquake hazards. 3. Earth-
quakes. 4. Ground motion. 5. State—of-the—art studies.
I. United States. Army . Corps of Engineers. II. Series:
United States. Waterways Experiment Station, Vicksburg, Miss.
Miscellaneous paper ; S—73—l , Report 9, v.1.
TA7.W34m no.S—73—1 Report 9 v.1

L . - • 14•


