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Analysis of the Earthquake Problem in Western
United States
By FRANKLIN P. ULRICH
TU. 8. Coast and Geodetic Survey

One of the most important purposes of
scientific research in seismology is to
break down that attitude of fatalism or
false optimism which seems so prevalent
concerning earthquakes. Without doubt,
there has been in the past some justifica-
tion for the attitude of fatalismi due to
the fact that the average annual death
tcll from earthquakes is estimeted fc be
akout 30,000. Let us consider only a few
reasons for this pessimistic attitude.
Japan has always been one of the leading
nations in carrying on earthquake re-
scarch, and yet in 1923 an earthquake
there killed 100,000 and injured an egual
number, It is true that some progress has
been made since that time, but we have
cnly a Benevolent and Divine Providence
to thank, that in 1933 the Lonz Beach
earthquake was not one of the world's
major calamities. In fact, in this country
we have been so fortunate at the times
of our earthquakes that we just take for
granted that earthquakes will always be
considerate enough to occur at a time
when loss of life and property damage
would be a minimum. This is no idle state-
ment, as some short-sighted engineers
(and we can be thankful that the number
is small) use this particular point ag an
argument against earthquake 1esistant
construction.

We know no reason why the Long
‘Eeach earthquake did not occur two hours
earlier and when the public sehools were

in session. An examination of the public
schools after the quake showed that had
the earthquake occurred two hours earlier,
the death toll would have run iato thou-
sands, Carrying this thought ancther step,
we come down to the Helena earthquakes
of last year. The collapse of the new high
scliool there showed that some real seri-
ous thinking has to ke done on this prob-
lem, We cannot afford to continue, as we
have done in the past, to rebuild along
the same old lines and hope thau the old
mistaken adage, “Lightning never strikes
twice in the same place,” might bLe ap-
plied to earthquakes.

For economic reasons we have strongly
stressed the importance of earthquakes in
California, but from a scientific view-
point we may have over-emphasized the
California gquakes and wunder-estimated
the earthquake problem in Nevada, as
well as in the Northwestern part of the
United States. The two earthquakes in
Western Montana, occurring at an inter-
val of ten years, have focused attention
ot two “particular points—first, the in-
terval between destructive shocixs in any
particular region, and secondly, the pos-
sibility of additional shocks in the cntire
Northwest. It would be impossible in a
short paper to go into a lengthy discus-
sion of the cause of earthquakes, but it
is generally conceded that the majority
of earthquakes are of tectonic origin.

Mountain formation and -earthquakes,

emphasize the necessity for at least two
years of general academic training, two
years of general training in foiestry with
as little of the vocational and apprentice
aspects of the work as possible, and a
yéar of minor specialization which should
rot lead an individual to believe that he

is qualified in this day of rapidly advanc-
ing technical fields to compete with real
specialists in biological, physical, or social
sciences, In forestry such true specializa-
tion can only be had by post-graduate
work in a school equipped, financed, and
staffed to do advanced work on a high
plane,
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in general, appear to he closely related.
These natural processes are still going on
and there has been no material change in
geclogical conditions in recent years.
Hence, we can reasonably expert about
the same number of earthquakes in the
immediate future as we have had in the
iramediate past, We have a fairly good
history of recent seismic activity in Cali-
fornia and Western Nevada. Since 1769
we have a record of 43 destructive earth-
quakes in this region. Perhaps many more
occurred as we know that 35 of these
destructive earthquakes occurred in the
Past 100 years. These shocks were equal
or greater in intensity than the ILong
Beach and Santa Barbara shocks. A com-
Dlete history of earthquake activity in
the Northwest has never been compiled,

50 we cannot state the exact number of
quakes occurring in this region. However,
Donald C. Bradford, in “Seismic History
of the Western Washington Territory,”
lists 20 shocks in that region from 1864
to 1932 and which were classified as being
sereve or heavy. Since 1925 the Coast and
Geodetic Survey has heen charged with
thie duty of making seismological investi-
gations in the United States, and one of
the important parts of the program is to
maintain a complete history of seismic
actviity, From 1925 101936 we have rec-
crd of 29 destructive or near-destructive
earthquakes occurring in the Pacific Coast
and Western Mountain States. These are
listed as follows:

The Coast and Geodetic Survey has
heen responsible for seismological in-

Intensity,
Year Day Rossi-Forel
1925 June 27 1X
1925 June 29 IX-X
1926 QOct. 22 VILL
1927 Jan. 1 VIII-TX
1927 Aug. 20 VILL
1927 Nov, 4 IX-X
1928 June 3 VIII
1929 July 8 VIII
1930 Feh. 25 VIIT
1930 March 1 VIIT
1930 Aug. 30 VIIT
1930 Sept. 22 WA
1931 Sept. 9 VII-VIIL
1932 June 6 VLI
1932 Dee. 20 X
1933 March 10 11X
1933 May 16 VIIT
1933 June 25 VIII
1933 Qct, 2 VI
1934 Jan, 30 VIL-IX
1934 March 12 NIIT
1934 June 7 1IX
1934 July 7 VI
1934 Dec. 30 VII-IX)
1934  Dee. 31 VIL-X)
1935 Oct. 18 & 31 VIII-IX
1936 June 3 VI
1936 July 15 VIIT

Location of Epicenter
Three Torks, Montana,
Santa Barbara, California
Cff Monterey Bay, Cal. (3 shocks)
Imperial Valley, California
Humboldt Bay, California
Wiest Coast, Santa Barbara County, Cal.
Weaverville, California
Whittier, California
Tinperial Valley, California
Tmperial Valley, California
Jishore, 8 mi, W, of Santa Morica, Cal.
Humboldt Bay, California
Off Cape Mendoeino, California
Humboldt County, California
Waestern Nevada
TLong Beach, California
Niles, California
Wasbusha, Nevada
Long Beach, California
Western Nevada '
Northern Utah
Farkfield, California
Off Oregon Coast
(Imperial Valley, California, and
(Mexico
Helena, Montana
Off Oregon Coast
South of Walla Walla, Washingten
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vestigations in the United States for the
past 11 years. It is felt that considerable
progress has been made during that time
and it migkt be well to congider what has
been accomplished and also what Temains
to be done. As previously mentioned, a
sesmological history of the United States
was one of the first projects undertaken.
This has been completed, with the ex-
ception of a satisfactory catalog for the
Pacific Northwest States.

Although the Coast and Gecdelic Sur-
vey had been operating seismographs
since about 1900, at the time of transfer-
rng the work to this Bureau in 1925, many
of the instruments were obsolete and the
records were not very dependable, nor did
they give a satisfactory degree of ac-
curacy. The second task was nalurally
to bring up to date the instruinental
equipment of the Bureau and to encourage
the establishment of additional seis-
rwological stations in districts which were
not adequately covered. At the present
time the instrumental equipment of the
Bureau is in good shape and the distribu-
tion of instruments in the Uniteu States,
on the whole, is fairly satisfactory except
in a few districts and for special work
in certain areas, The establishing of seis-
miological instruments in the Northwest
has perhaps lagged behind the rest of
the country. This was no oubt diie to the
infrequency of earthquakes in this area.
However, the two earthquakes in Montana
and the Walla Walla earthquake during
the past year have changed tis picture.
With two sensitive seismographs and four
strongmotion seismographs now in opera-
tion in Montana, that State is fairly well
covered. However, the Pacific Northwest
---that is, Washington, Idaho and Oregon,
is not at present adequately covered to
give us accurate detailed information.
There is need for both the sensitive and
strong-motion seismographs in this region.

The purpose of the semsitive instrument
is to give dependable information on
frequency and location of al earthquake

shocks. Information of this kind, especial-
iy for local earthquakes, is essential to
the insurance companies in fixing an
equitable insurance rate and to the en-
gineer who must have accurate data in
order to design enginering prejects for
tlie development of the country. From
the distant earthquakes, the sensitive seis-
mographs provide us with a considerable
amount of fundamental scientific data.

The purpose of the strong-motion in-
strtument is to give accurate data com-
cerning the forces set up by eaithguake,
the periods of oscillation, the amplitude
of vibration and the duration of the shock
right at the center of the earthquake or
a8 near as possible to the center. With
such information, engineers and architects
have some idea of the forces against
which they have to design their structures,
Unless they have such informediion they
cunnot design the most economicai earth-
quake-resistant structures. As the cost of
making a structure earthquake-resistant
increases the cost of that structure only
fiom four to tem percent, as stated by
the Board of Fire Underwriteis of the
Facific, it is quite certain that eventually
all public buildings or any buildings hous-
ing a large number of persons will -have
to be made to withstand earthquakes,

At the present time the Ccast and
Geodetic Survey operates or cooperates
in the operation of 55 strong-motion in-
struments—50 in California, 4 in Mon-
tana and one in Nevada.

Another important phase of our work is
what we call the Questionnaire Program.
Tliousands of cooperators throughout the
TUnited States are furnished guestionnaire
cards upon which to report felt earth-
quakes. From these cards we ohsain much
valuable information on the intensity of
shocks at wvarious places and the area
over which damage has occusrred, . This
program- has bheen operating fairly well
for some time. Because of the increasing
importance of this work, especially here
in the West, a plan is under consideration,
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at the present time which will provide
for a more detailed coverage after each
earthquake.

The matter cf earthquake prediciion is
une that often gives certain groups a
oreat deal of worry. From an engineering
viewpoint, ve should assume that we can
expect earthquakes and should build our
structures accordingly., When that is done,
the major part of our fear and wourry

will have been overcome. Earthguake pre-

diction is so unreliable in this country
that at present it is of little or no wahie.
In a few cases it has been shown in
Japan that tilting of the ground preceded
an earthquake and this afforded an ap-
‘pr‘oximate prediction prior to its axrival.
"i'uis method is based upon data derived
from accurate measurements of earth tilts.
Such effects can be more readily ob-
served in Japan where tke eaith tilts
‘have a much greater amplitude of motion
28 well as = much faster cycle, At the
University of California we have four
‘tultmeters to measure these minute earth
tilts. If we are to obtain definite informa-
‘tien. from these tiltmeters, it will only be
after years of observations which will
Wnclude several fairly sharp earthquake
‘shocks. However, it is possible to per-
‘teive where an abnormal meteorological
‘condition, such as an unusual hich or low
‘barometer reading or a severe storm
‘might act as a trigger force to set off an
‘earthquake which is about to happen any-
way.

. Angther branch of seismology which
has erceived considerable attention in
Caliform’'a covers the purely engineering
plhases cf the problem. Consideruble work
has bren dene in studying vibrations of
buildings and structures. Information on
vibration periods of hundreds of buildings
Fas been obtained. In case of an earth-
quake, this information will be wvaluable
in several ways. First, a study will be
made to see if buildings of any certain
pericd c¢f oscillation suffered more or

less damage than buildings of other per-
ivds. Secondly, if, after a severe earth-
guake, the period of a building is rede-
termined, then the relative change in the
building period will be one of the best
means of determining the extent of struc-
tural damage in that building, In a few
cases buildings have been studied when
subjected to artificial vibrations simulat-
ing an earthquake. Efforts aie being
made to determine periods of ground
vibration in order to check up the effect
of resonance between ground aad struc-
ture.

In checking over accomplishments dur-
ing the past few yeasr, mention should
be made of the study of masounry build-
ing damage caused by the Long Beach
earthquake. A considerable auount of
study has been applied to checking over
available seismological records in South-
ern California to determine if dominant
ground periods are present during earth-
quakes. Naturally, in work of this mature,
new methods and new instruments have
te be develoned. The development and
actual construction of these instruments
has been a large problem. As the program
centinues there develops a need for
additional instruments and instruments of
a different type to supply other needed
information. These problems have been
met and solved both in California and in
Washington.

A last phase which should be mevutioned
ia the growing interest of seismology is
the interest being manifested by a num-
ber of amateurs who take up seismology
as a hobby and build amateur seis-
rographs, In Southern California, where
this interest in amateur seismology is
quite high, an amateur seismological
league has been formed for the exchange
of information and records. Plans are
under way to form a similar league in
Nevada, and it is hoped that ultimately
a similar league will eb formed here in
the Northwest,



