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The U.S. Geological Survey is publishing the results of
investigations of the earthquake in a series of six profes-
sional papers. Professional Paper 545 describes the effects
of the earthquake on transportation, communications, and
utilities. Chapters in this volume already published include
one on the Eklutna Hydroelectric project in Anchorage and
one on airports, utilities, and communications. A forthcom-
ing chapter will describe the effects on The Alaska Railroad.

Other professional papers, already published, describe the
field investigations and reconstruction, and the effects of
the earthquake on communities, on regions, and on the
hydrologic regimen.
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highway system lay in ruins.
Roadways were fractured or were
blocked by avalanches; locally
they had sunk out of sight or had
been washed away. Most of the
bridges were damaged and many
were completely destroyed. Some
of the destroyed bridges lay in the
creeks and rivers they once
spanned ; others had been washed
away. This destruction isolated
communities on the Kenai Penin-
sula from Anchorage and the rest
of the State. On Kodiak Island,
Chiniak was isolated from the
town of Kodiak.

In south-central Alaska there
were, at the time of the earth-
quake, 830 miles of primary and
secondary roads with 204 bridges.
Approximately 186 miles of road-
way and 141 bridges were dam-
aged; 88 of the 186 miles was
severely damaged. Ninety-two
bridges required replacement. To-
tal damage amounted to about
$46,798,292 (Bruce A. Campbell,
written commun., 1965).
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The Alaska Department of
Highways responded quickly to
the emergency, and by early sum-
mer of 1964 all damaged routes
were passable. The only section of
road not reopened by the fall of
1966 was the Copper River High-
way between the Copper River
(mile 27.1) and the Million Dollar
Bridge (mile 49.0).

FIELDWORK

During the summer of 1964, the
author examined all bridges and
roadways of the Richardson
Highway between Valdez and
Glennallen, Sterling Highway,
Hope Road, Glenn Highway be-
tween Anchorage and the Rich-
ardson Highway, Copper River
Highway, and Seward-Anchorage
Highway (fig.1),and, in addition,
most of the roadways on Kodiak
Island.

The author was assisted during
the study by the following mem-

bers of the Geological Survey:
George Plafker on the Copper
River and part of the Richardson
Highways, M. G. Bonilla on parts
of the Glenn and Seward-Anchor-
age Highways, and Roger Waller
on parts of the Sterling and
Seward-Anchorage  Highways.
Thor Karlstrom and Helen Foster
furnished some data on the
Seward-Anchorage and Sterling
Highways. Richard Lemke col-
lected and furnished the data on
the Snow River Crossing on the
Seward-Anchorage Highway.

ACKNOWLEDGMENTS

This report could not have been
completed without the cooperation
of, and the data supplied by, Bruce
Campbell and Ralph Migliaccio
of the Alaska Department of
Highways, the U.S. Army, the
U.S. Navy, and the numerous resi-
dents of Alaska who provided the
eyewitness accounts.

EFFECTS OF THE EARTHQUAKE

GEOLOGIC SETTING

The terrain over which the high-
way system in south-central
Alaska passes is varied, and this
variation played an important role
in the type and extent of damage
to roadways and bridges. The
terrain, in turn, is controlled by
the geologic environment.

In general, the highways are
underlain by bedrock consisting
primarily of argillite and gray-
wacke or by unconsolidated mate-
rial composed of glacial debris,
swamp deposits, stream deposits,
colluvium, and tidal deposits.
With few exceptions, the low-
lying areas that the highways

cross are underlain by uncon-
solidated deposits, and most of the
damage to the highway system was
in these low-lying areas. The
water table is close to the surface
where the highway skirts a body
of water or where it crosses tidal
or deltaic deposits, especially on
the Seward-Anchorage Highway
at the head of Turnagain Arm and
where the highway crosses the
Snow River delta at the south end
of Kenai Lake.

SUMMARY OF DAMAGE

The earthquake that shook
south-central Alaska on March 27,
1964, had a magnitude of 8.4. Its
epicenter was at lat 61.06° N. and

long 147.44° W., and its depth was
about 21 kilometers (U.S. Coast
and Geodetic Survey, 1966). Al-
though there have been earth-
quakes of equal or greater magni-
tude, the damage created by the
Alaska earthquake was particu-
larly devastating because the shak-
ing lasted 4 to 5 minutes. The
effects of this earthquake upon the
highway system in south-central
Alaska were staggering. All the
major highways and most of the
secondary roads were damaged;
these include the Sterling, Seward-
Anchorage, Glenn, Edgerton,
Richardson, Chiniak, Copper
River Highways, and Point Whit-
shed Road.
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The total cost of repairing the
highway system in south-central
Alaska, including Kodiak Island,
was estimated at $46,798,292 (table
1), $20,898,816 for roadways, and
$25,899,476 for bridges. About 186
of the 830 miles of primary and
secondary roads and 141 of the 204
bridges in the area were damaged
(table 2) ; 88 of the 186 miles was
severely damaged.

TABLE 1.

ALASKA EARTHQUAKE, MARCH 27, 1964

The roadways and bridges were
damaged by (1) seismic shaking,
(2) fracturing, (3) compaction of
sediments, (4) lateral extension or
displacement of sediments, (5)
compression of bridges, (6) land-
slides, (7) avalanches, (8) seismic
sea waves, (9) regional subsidence,
(10) erosion, and (11) postearth-
quake scouring and erosion by the

Estimated cost of repairs or replacement of highway structures damaged by the

Alaska earthquake !

Highway Roadway Bridges Total
Copper River________________________ $4, 253, 089  $19, 175, 596 $23, 428, 685
Glenn_______________________________ 682, 812 41, 957 724, 769
Hope Road_ - ________________________ 152,194 ____________ 152, 194
Portage Glacier Road_________________ 590, 888 318, 375 909, 263
Point Whitshed Road_________________ 50, 793 32, 165 82, 958
Richardson__________________________ 1, 261, 034 277,176 1, 538, 210
Seward-Anchorage_ . _______.__________ 9, 606, 405 5,264, 762 14, 871, 167
Sterling_ - - __________________________ 2, 947, 657 602, 116 3, 549, 773
Kodiak Island (Chiniak Highway, Anton
Larsen Bay Road, Pasagshak Bay
Road, Chiniak Highway to Spruce
Cape via Kodiak) - ________________ 1, 116, 108 183, 175 1, 299, 283
Secondary roads______________________ 237, 836 4, 154 241, 990
Total . ______ . 20, 898, 816 25, 899, 476 46, 798, 292

1 This estimate differs from that given by Eckel and Schaem (1966, p. 49). The estimate given above is based
on a 1965 revision and does not include Federal aid for secondary roads in towns.

TaBLE 2.—Effects of the Alaska earthquake upon roads and bridges in south-central

Alaska
Roadway Bridges
Highway or road ! Damage
Total (miles) Number
(miles) ——m™m————— Total damaged
Total Severe
Copper River Highway______________ 59 45 30 53 52
Edgerton Highway_ ________________ 40 0 0 4
Glenn Highway_ ___________________ 188 16 2 21 11
Hope Road________________________ 16 0 0 2 0
Kenai-Nikishka Road.______________ 30 0 0 1 0
Portage Glacier Road_______________ 7 7 1 3 3
Point Whitshed Road_______________ 9 2 2 5 1
Richardson Highway________________ 115 40 5 20 8
Seward-Anchorage Highway_________ 130 35 25 54 39
Sterling Highway___________________ 145 11 5 13 5
Kodiak Island:
Chiniak Highway_________________ 42 6 6 20 15
Anton Larsen Bay Road__________ 10 5 414 4 2
Saltery Cove Road_______________ 14 3 3 0 0
Pasagshak Bay Road_____________ 15 5 414 3 3
Chiniak Highway to Spruce Cape
via Kodiak_ ___________________ 10 1 0 1 1
Secondary roads____________________ ______ 10 0 . .
Total . _ - ____________________ 830 186 88 204 141

1 Only primary and secondary highways listed. Streets and bridges in communities not included.

inundating seas in the low-lying
coastal areas.

This report will not discuss in
complete detail the extensive dam-
age to the highways, but, instead,
will attempt to correlate the dam-
age with the geologic environment,

*and, for bridges, also with the en-
gineering characteristics of the
structures.

DAMAGE TO ROADWAYS

About 88 miles of roadway in
south-central Alaska required re-
placement or relocation, but ap-
proximately 186 miles of roadway
were affected in one manner or an-
other by the earthquake. This total
consists of 45 miles on the Copper
River Highway, 35 miles on the
Seward-Anchorage Highway, 40
miles on the Richardson Highway,
approximately 16 miles on the
Glenn Highway, 18 miles on the
Kodiak Island road system, 11
miles on the Sterling Highway
(including Homer Split), and 7
miles on the Portage Glacier Road.
The remaining 10 miles of dam-
aged roadway were on secondary
roads.

The 88 miles of roadway that re-
quired replacement or relocation is
considered severe damage in this
report. Of the 88 miles, 30 were on
the Copper River Highway, 25 on
the Seward-Anchorage Highway,
5 on the Sterling Highway, 5 on
the Richardson Highway, 2 on the
Glenn Highway, 2 on Point Whit-
shed Road, 1 on Portage Glacier
Road, and 18 miles on the Kodiak
Island road system.

Figures 2-7 show the type and
location of the damage on the
major highways in south-central
Alaska. A correlation between
foundation material of the Sew-
ard-Anchorage, Sterling; Glenn,
and Richardson Highways and
damage sustained is shown on
tables 3-6 (p.C53,C54).
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ardson Highway from mile 0.0 to
5.0, most of the soil was completely
liquefied.

Liquefaction was responsible
for both vertical and horizontal
displacement of sediments. The
sediments underlying the roadway
where liquefaction occurred actu-
ally flowed out and downslope
from underneath the roadway fill.
Where this flow occurred, the
roadway (1) subsided into the
sediments and at some places, as
at the Snow River Crossing, was
completely submerged into the
sediments, (2) was displaced lat-
erally, and (3) was fractured.
Statement by eyewitnesses that
water spouts continued for several
minutes after the seismic vibration
stopped at Portage indicate that
failure of the sediments underly-
ing the roadway in the area must
also have continued after the
earthquake had stopped.

Field tests by the author and
M. G. Bonilla at Portage also indi-
cated that liquefaction continued
after the vibrating force was re-
moved. A small plot underlain by
silt was selected for the test. Prior
to any vibration the silt looked
dry and one could walk upon it
without difficulty. The silt was vi-
brated by foot for about one-half
minute at which time moisture be-
gan to collect at the surface. When
moisture appeared, the vibration
was stopped. The depth of lique-
fied silt was 114 inches. The water
continued to seep out, and in 2
minutes it started to flow out as
fountains in the center of the vi-
brated mass. Four minutes after
the force was applied, water began
to flow out of the liquefied jelly-
like mass of silt. After 7 minutes
the water began to clear up, al-
though it was still flowing. The
depth to firm ground had mi-
grated down to 4 inches within 8
minutes after vibration was

ALASKA EARTHQUAKE, MARCH 27,

stopped. The test was abandoned
after 8 minutes. The area that was
liquefied was about 18 inches
square and the softest spot was in
the center where the initial force
was applied.

The sediments that underlie the
Snow River Crossing were espe-
cially prone to liquefaction. Dur-
ing testing in 1962, many of the
samples collapsed in sampling
tubes when vibrated or when a
shock was applied. In addition,
some of the silt contained gases
(derived from the decomposition
of organic debris in the silt) under
pressure and was thixotropic.

Mrs. Hadley Roberts of Law-
ing, Alaska, described what oc-
curred at Snow River to a friend.
Part of the letter is quoted here:

* * * Don and Ed Estes had been
caught in the mile stretch crossing
Snow River and the flats. They said the
whole highway across there was waving
up and down like someone was shaking
a blanket. As it would heave up the
pavement would crack gnd it would
come together again as it settled down.
Finally the mud started oozing through
the cracks and they no longer would
come together, and the pavement then
started settling into the mud. They
finally had to abandon the car about
50 yards from the other side as the
cracks were too big. They ran for bed-
rock with the mud licking at their
heels. This was quite a run for them
as it was all uphill now and lots of
cracks to jump over. Their car was
pulled out of the mud a few days
later. * * *

This description brings out three
important facts: (1) fractures de-
veloped before liquefaction of the
sediments and were caused by seis-
mic ground waves, (2) liquefaction
did not occur immediately, and (3)
the roadway, although -cracked,
settled into the underlying sedi-
ments after liquefaction de-
veloped. The first point appears to
conflict with the statement made
earlier on this page that when

1964

liquefaction occurred the underly-
ing sediments flowed out and
downslope from beneath the road-
way, and that this outflow caused
fracturing of the roadway. The
fractures at Snow River Crossing
were first caused by shear and ten-
sion failure, because the roadway
was differentially displaced later-
ally; additional later fractures
may have been caused by liquefac-
tion.

LATERAL DISPLACEMENT

Seismic shock was the chief
cause for lateral displacement of
sediments. As seismic ground
waves passed through the ground,
they imparted a motion to the sedi-
ments similar to that which a vi-
brating table does to debris upon
it. The sediments were displaced
laterally downslope or toward a
free face. This type of failure was
extensive in the Copper River
Highway and was responsible for
moving bridge abutments toward
the centers of creeks. When this
movement occurred, a bridge was
either compressed or, more com-
monly, the superstructure became
substantially too long for the span
between the abutments and one end
of the deck was displaced as much
as 6 feet over an abutment. Lateral
displacement due to seismic shock
not only moved the abutments,
piers, and bents toward the center
of the creek, but it also moved
them upstream or downstream.

As the sediments were displaced
laterally, the roadway failed in
tension and fractures formed.
Some of these fractures formed
during the passing of the seismic
ground wave before the actual dis-
placement of the sediments.

Lateral displacement and subsid-
ence occurred in bridge approach
fills overlying bedrock owing to
seismic shaking; it was noted even
in completely dry fills less than 10
feet thick.









The earthquake of March 27,
1964, caused $46,798,292 worth of
damage to the highway system in
south-central Alaska. Damage
was caused by seismic shaking,
seismic sea waves, and regional
tectonic subsidence. The table sum-
marizes the effects associated with
these three major causes of dam-
age. Seismic shaking and the
effects associated with it appar-
ently caused the most damage. The
effects of the Alaska earthquake
upon the highway system once
again demonstrated the significant
fact that structures on bedrock
were not damaged as much as
those on sediments.

Effects on highway system caused by
seismic shaking, seismic sea waves, and
regional tectonic subsidence by the
Alaska earthquake

Seismic shaking

Lateral displacement of sediments :
Subsidence of roadway and bridge
approaches

Eckel, E. B., and Schaem, W. E., 1966,
in Hansen, W. R., and others, The
Alaska earthquake, March 27, 1964 :
Field investigations and reconstruc-
tion effort: U.S. Geological Survey
Professional Paper 541, p. 46-69.

Ferrians, O. J., Jr., 1966, Effects of the
earthquake of March 27, 1964, in
the <Copper River Basin area,
Alaska: U.S. Geol. Survey Prof.
Paper 543-E, p. E1-E28.

Golub, Harvey, 1964, Bridge damage
report—mile 13 to mile 59, Copper
River Highway—FA'S 851: Alaska
Dept. Highways Document.
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SUMMARY

Lateral displacement of sediments—
Continued
Displacement of roadway parallel to
highway axis
Displacement of roadway normal to
highway axis
Displacement of bridge abutments,
bents, and piers toward center of
creek
Displacement of bridge piers and
bents upstream and downstream
Placement of bridges in compression
Formation of fractures:
Along roadway centerline
Along roadway edges or shoulders
Normal to axis of roadway
Oblique fractures:
Refracted normal to roadway
Continued through roadway at
oblique angles
Compactions of sediments :
Fractures in roadway normal to axis
Fractures along edge -of roadway
Subsidence of roadway and bridge
approaches
Inundation during high tides
Wavy roadway due to differential
compaction
Landslides :
Slides onto roadway
Slides in roadway :
Fracture of roadway normal to
axis
Fracture of roadway parallel to
axis
Displacement of roadway normal to
axis
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Landslides—Continued
Slides in roadway—Continued
Displacement of roadway parallel
to axis
Destruction of bridge
Seismic shock:
Damage to bridges:
Differential movement of structural
elements
Broken tie between superstructure
and substructure
Bridge in compression
Seismic wave in bridges :
Vertical movement of bridge during
shaking
Horizontal movement of bridge dur-
ing shaking :
Displacement of deck upstream
or downstream
Displacement of deck along axis
of bridge
Bridge in compression
Ground waves in roadway
Avalanches: Upon roadway
Sand and mud ejecta: In roadway

Seismic sea waves

Destruction of bridges:
Sweeping away of superstructure
Destruction of substructure

Damage to roadway : Scouring of fill

Regional tectonic bsid pled with

compaction of sediments)

Inundation of roadway during high
tides

Inundation of bridge sites

Erosion of roadway by high tides
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