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Figure 1521 & ‘

Trvee typas of faults Tlusyated by dspiaced biocks: Althcugh both blocks probably move when the fauk slips, the heavier anows show caly the deection of
mavemant on the left (A) Dip-slip movement, (8) Strike-sip movemant, (C) Oblique-sip movement. Black aerows shaw dip-sfip and strike-sfo compenents
of movement
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Wave propagation

A Primary wave

C Love wave

Direction of Rayleigh wave

B Secondary wave

Figure 16.5

D Rayleigh wave

Particle motion in seismic waves. (A) A P wave is lllustrated by a suddan push on the end of a stretched spring or Slinky. The particles vibrate paradsf to the
direction of wave propagation, (8) An § wave is illustrated by shaking a loop along a stretched rope. The particles vibrate penpendicuiar to the direction of
wave propagation. (C) Love waves behave like S waves In that the particle motion is perpendicular to the direction of wave travel along the Earth's surface.
(D) Rayleigh waves are like ocean waves and cause a rolling motion on the Earth’s surface. The particle motion is elliptical and opposite (counterclockwise)

to the direction of wave propagation,
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Figure 168 &

Intervals between P waves, S waves, and surface waves ncrease with distance from the focus.

Seismogram from station B
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Figure 7,11
The 26 O0ober 1983 Borah Mesk serthquske was & 7.3 M,
event wah 2.7 m (9 1) of wertcal otfset. Notice thare also war
sorme Mit-lterdd offset. Mourt Bocsh On backgroundd was up-
ifsea sighily by this event

Mo courery of MOAA

intraplate Earthquakes:
“Stable” Central United States

The map of earthquake epicenters in the United States
(wce figure 7.1) shows that the westem thind of the coun-
try has an clevated level of seismic activity. Bt there are
clusters of epicenters in the “stable™ central and castern
United Suates, the (ntraplate regions sway from the active
pline edges. There are not as many epicenters, hut some
individual earthquakes are juss as hig

NEW MADRID, MISSOURI, 1811-1812

A succession of eanthquakes rocked the spursely sestled
central part of the Mississippi River Valley at the time of
the War of 1812 Between 16 Docember 1811 and 15
March 1812, Jared Brooks, an amatewr seismologist in

e SRR Ol (S
Wemeg

Figure 7.12

Mep of Lauis siong the Wasasch Front, Utah. The Wasateh fault
has several segments. Dates of the most recent magetude 6.5
O greater searm are shown

Losasville, Kentucky, secoeded | 874 carthquakes. He
classified cight of them as vialest and snother 10 a8 very
severe, The four largest events occurred on 16 Decesnber
1211 (two), 23 Jenuary 1812, and 7 Febroery 1812, The
Bypocessers were kocated below the thick plle of sedimenes
whore the Misslssippi and Olrio Rivers come together, ot
the upper end of the great Mi ppi River emb
(figure 7.15), These major seisoa sre called the New
Madrid osthguakes, taking their nume from a town of
1,000 people. Although few people were killed, the de-
ssruction of ground and belldings s New Madnd olled the
end of its importance ns “the Gateway 10 the West.”

The following is excerpéed from an eyewitness ac-
count of a New Madnd santhquake

Accongunying the soise, the whele ksl wes moved and
waved liks waves of be sea, violently eooegh 0 throw
peesoms off their fioet, the waves atainieg » height of

Intraplate Earthquakes “Stable™ Contral Unvted States m
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Figure 6.23

(3) Water-saturated sediment usually rests quietly. However,
when seismic waves shake, sand grains and water can form 2
slurry and flow as a hiquid. When earth materias liquefy, build-
ing foundations may split and buildings may fail, (b) A typical
Marina District building collapse. Three residential stories sat
above a soft first story used for car parking; now, the four-story

building is three stories tal.
Photo courtesy of Dames and Meore.













Before 1971 earthquake

Dam crest

Water level

After 1871 earthquake
-
Water level s = - Thin dirt wall

Figure 4.30

Failure of the Lower Van Norman Dam. (a) A few more seconds
of strong shaking would have unleashed the deadly force of
11,000 acre-feet of water on San Fernando Valley residents be-

low. (b) Landsliding lowered the dam by 30 feet.
(a) Photo by Al Boost, (b) Data source: US Geological Survey Fact Sheet 096-95,
"The Los Angeles Dam Story,* January 1995




© Through a vertical motion of the
continental plates a pressure impulse
is produced in the water column.

Q The impulse propagates as a tsunami

through the ocean.

€ When the wave nears the shore,
it is slowed down and rises vertically.
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(a) (b)

Figure 4.36

Support columns on Freeway 118 in Simi Valley, California. (a) Problem: Column failed during 1994 earthquake when brittle concrete
cracked and ductile steel rebar buckled. (b) Solution: New columns have (1) vertical steel rebar wrapped by circular rebar, (2) both are

encased in concrete, (3) columns are confined by bolted steel jackets that will be (4) encased in concrete.
Photes by Peter W. Wiegand.
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Figure 4.34
How 10 strengthen bulidngs, {a) Add braces. () nfill
wils () Add frames 10 exterior of intenior. {d) Add but
VOSELS  esses, (2} soiate bulding from the grourd

Souste: At AWALIA Counc um Achitectirsl Resesech
(8) Brace (&) vl {c) Frame It

(@) motiw 1t

®)

Figure 4.35

(#) The Office of Disaster Preparedness in San Diega County s
housed i & two-story, 7,000 #¥ buliding stting on 1op of 20
lead-impregrated rubber wpports (base solators) that each
weigh 1 ton. &) An examgple af & base solator Cut-awity view
Mo a3 1 m wide by 1 m tall sandwich shows aiternating layers
of rubber (sach 15 mm thick) and stee! (sach 3 men thick) with
a cenitrad core of lead. Durng an earthquake, the rubber and

steed flex and the iead absocbs energy.
Phoen by P Aot
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Figure 6.5

Some buldng-resporre problems turing the Mexkco City
ecarthquike. (&) The amplitiude of shaing ncreases up the
bolding. (b} Buldngs with long axes perpencoular to groond
motion sulfer mare shaking. (¢) Bulidings with differant hesgivis
sway at dfferent frequencies and bang mto each other. (d) A
budding with different heghts tends 10 beeak apart

Figure 6.6

Mexico City earthgueke damoge caused by constructing bulkd-
Ings with cidferent peviods of vibration next 1o sach other. Four
story bullding on left tepeatectly struck the taller Hotel de Caro
(mgidie building), cavaing collapee of s middle flcocs (see fig-
we 550, Tafler budding on right also was damaged by ham-
mwring from Hotel de Cario

Pexts couney of NOAA

The Cascadia subduction zone is 1,100 km (680 mi)
fong. Its characteristics of youthful oceanic plate and
strong coupling with the overriding plate are similar 1o sit
watbons in southwestorn Japan and souther Chile. Stress

wits most recently relieved in Japan by two earthquakes of
8.1 My, in 1944 and 1946, (A sequence of four 10 five
similar seisms would cover the length of the Cascadia
subduction zone.) The southern Chile stress was relieved
by the world’s largest measured carthquake—9.5 My,

Chilean canbquakes are neither rare noe small. On
20 February 1835, Charles Darwin was in Chile during his
epic voyage on the HMS Beagle and experienced a great
carthquake. His well-written descriptions of large areas of
land being lifted above sea level, glant sea waves hitting
the shore, and two volcanoes being shaken inlo action are
Instructive even today

The Chilean events of 1960 collectively defined a
downward movement of subducting Nazca oceansc plate
that over a period of days invalved a 1,000 km (620 mi)
length und 2 300 km (180 mi) width. Events of Chilean
magnitude conld unlock the entire Cascadia subduction
zone. Figure 6.7 is a plot of the epicenters of the 1960
Chile mainshock, foreshocks, and afiershocks over o map
of the Pacific Northwest to give an idea of what couald
happen in Batish Columbia, Washington, and Oregon.
Coald the Pacific Nosthwest experience & magnitude 9
earthquake? Yes. [t has.

Earthquake in 1700

Recent work by Brian Atwater has shown that the last
major earthquake in the Pacific Northwest occurred
about 9 p.m. on 26 January 1700 and was about magni-
tode 9. How is this known? By two convesging lines of
evidence. (1) Counting the annual growth rings in trees
of drowned! forests along the Oregon-Washington-
British Columbia coast shows that the dead trees have
no rings after 1699. Apparently the ground dropped dur-
ing the carthquake and seawater got 10 the tree roots,
killing them between August 1699 and May 1700, be-
tween the end of one growing season and the beginning
of the next one (figure 6.8), (1) The Japanese maintain
detailed records of tsunami occurrences aod sizes that
they correlate 0 earthguake magnitudes and locations
ground the Pacific Ocean. Tsunaml of 2 m (7 fi) height
that hit Japan from midnight to dawn point 1o 2 9 p.m.
carthquake along the Washingtoo-Oregon coast on
26 January 1700.

What does Bntish Columbie-Washington-Oregon
experience during & magnitude 9 earthquake? Three w 5
misutes of violent ground shaking and tsunami 10 m (33
1) high surging onshare 15 10 40 minsties after the carth-
quake. Energy will be concentrated in Jong-period seismic
waves; this will present challenges for wll buildings and
long bridges.

What will the next magnitude 9 exrthquake, along
with its major afiershocks, do to cities such as Portland,
Tocomn, Scattle, Vancouver, and Victoria? When will
the next magnitude 9 earthquake occur in the Pacific
Northwest?

46
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