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FIGURE 44.1.—The Island of Hawaii showing epicenters of November 16, 1983, Kaoiki earthquake and two earlier damaging earthquakes; also shown are areas of 1983
structural damage and earthquake-related ground failures discussed in text. Additional text figures cited where applicable. Inset shows focal-mechanism solution for 1983
earthquake from Endo (1985, p. 186): P-wave first motions plotted on lower hemisphere equal-angle stereograph; open squares, down first motions; solid squares, up
first motions. Topography from U.S. Geological Survey Hawaii Island series W532, 1975, 1:250,000.
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EXPLANATION

Earthquake epicenters

@®

Kaoiki earthquake, November 16, 1983
¥ 1973 and 1975 earthquakes

1 Areas of structural damage or ground failure during 1983
earthquake: 1, Ka Lae Road; 2, Wood Valley; 3,
Kapapala Ranch house: 4, Ranch house at east end of
Kapapala Ranch; 5, Volcano Golf and Country Club Sub-
division and Keauhou Ranch house; 6, Hawali Volcanoes
National Park; 7, Upper Wright Road; 8, Hilo; 9, North
Hilo District; 10, Kealekekua Bay

D Ash deposits
A  Accelerograph location and ash thickness, in meters

Fault trace, from Stearns and Macdonald (1946, pl. 1)
and Lipman and Swenson (1984)

District boundary

Ficure 44.1.—Continued.

20 2 O n // W

FIGURE 44.3.—Post-and-pier house support displaced in November 16, 1983,
earthquake. In this type of construction, two concrete blocks form pier and a
vertical wooden 10-cm by 10-cm post supports house. Larger block is resting on

7] ground; smaller is placed on top of this and usually not connected to it. Between

upper block and post is a termite shield of thin metal. At this locality, both post

and upper foundation block have moved several centimeters to right on their
respective supports. Dashed line indicates original position of post; arrow shows
direction of movement.
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FicURE 44.2. —Ilsoseismal map for November 16, 1983, earthquake prepared
from observations of damage and felt reports from residents compiled by Hawaii
County Civil Defense Agency. Numbers indicate intensity on modified Mercalli
scale (from Koyanagi and others, 1984, fig. 3).
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FIGURE 44.4. —Earthquake-related movement of structures in Wood Valley and western Kapapala Ranch, November 1983 (fig. 44.1, localities 2, 3). Topography from
U.S. Geological Survey Wood Valley 7.5-minute guadrangle, 1981, scale 1:24,000. Location of faults from Stearns and Clark (1930, pl. 1) and Lipman and Swenson
(1984).
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FIGURE 44.5.— Damage to a wood-frame house with post-and-pier construction in Wood Valley (fig. 44.4, locality b). A, Northeast corner post fractured where anchor
bolts connected it to 0.5-cm-thick steel plate positioned on southwest side of post (away from the viewer). Concrete foundation block appears to have been poured as single
unit around the steel plate. Post also was torn loose from house and from diagonal bracing when ground, pier, and post moved southeastward. B, Northwest corner post

with steel plate on south side of post. The 0.5-cm-thick steel plate is bent at 45° angle. Photographs by E.T. Endo.
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EXPLANATIO

—— Kaotki fault system — Dashed where approximately located;
dotted where concealed. Bar and ball on downthrown
side. From Peterson (1967)

uo0.5
g2— Ground cracks across Crater Rim Drive— Dashed where
_-“R1 amount and direction of movement uncertain. Numbers
c1.6 indicat: t of t, in ti s. E, exten-
sion; C, compression; U, vertical, symbol on upthrown

side; R, right lateral; L, left lateral

0.4
1 Bof\i“ 0°  Vectors showing direction (azimuth) and amount of move-
ment of house, in meters—Dashed where direction ap-
proximate. Joined vector indicates range in direction of
t. Point of ob on at base of vector except
for joined vector

0 1 METER
| I— |

VECTOR SCALE

6  Area of damage—Numbers keyed to igure 44.1

a Area of severe road damage—Letters refer to localities
discussed in text

¢ ™ Part of Crater Rim Drive closed to traffic in April 1981
because of incipient landslide; figure citation refers to
text

FIGURE 44.6.—Earthquake damage in epicentral region near Kilauea summit (localities 4-7, fig. 44.1). Some of the worst structural damage occurred in this area.
Topography from U.S. Geological Survey Kilauea Crater and Volcano 7.5-minute quadrangles, 1981, scale 1:24,000.
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FIGURE 44.10.—Damaged frame house in Volcano Golf and Country Club
Subdivision. A, View of attached garage (with concrete foundation) and house
(post-and-pier foundation). House moved farther than garage, breaking a 10-cm
by 10-cm upright and causing a tear in southwest wall at electric meter.
Photograph by R.Y. Hanatani. B, Detailed view of right side of house; to right of
drampipe, a supporting post can be seen resting on ground southwest of pier on
which it onginally stood. Photograph by J.B. Stokes.

FiGURE 44.11.—Main meeting room and library at Hawaiian Volcano Observ-
atory after 1983 ecarthquake. Bookcases were torn from back wall and fell onto
table; storage cabinets were moved as much as 0.5 m. Preearthquake location of
cabinets is documented by dust marks on floor behind and to right of plastic waste
bin. Smoked-drum seismographs (obscured by easel) located under windows to
right were temporarily out of order because ther drive mechanisms jammed.
Photograph by J.D. Griggs.
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FIGURE 44.12.—Barnlike three-story-high frame house in Puna District that was
moved off its foundation about 0.3 m toward northeast in 1983 earthquake. A,
View of house showing position of one of sheared support posts (arcled). B,
Close-up of footing circled in A. The 14-cm by 14-cm wooden post was sheared
by rebar that extended from base of footing upward into post as much as 11 em;
most other posts supporting upper story were similarly sheared. House has been
replaced on piers.

FIGURE 44.13.—Water tanks in Volcano affected by 1983 earthquake. Most
water tanks here were constructed like one standing at right rear. Tank in
foreground has collapsed, while other appears little damaged although displaced
southwestward 0.7 m. This difference in response to earthquake may be because of
a difference in water level in tanks at time of earthquake, or because of a difference
in age or condition of tanks. Photograph by E. T. Endo.

FiGURE 44.14.—Greenhouse on Upper Wright Road leaning to southwest after
earthquake; view to southeast. Crop loss in this area was severe because of collapse
of some greenhouses and uncovering of planted furrows. Crop shown here is

tomatoes. Photograph by E.T. Endo.
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EXPLANATION

Area of earthquake damage— Letters refer to discussion in text

CORRELATION OF MAP UNITS
Surficial deposits Mauna Loa Volcano Mauna Kea Volcano

Quaternary 1881 1881 pahoehoe
alluvium

Kukuau pahoehoe
Age —1.35 ka

Punahoa pahoehoe
Age —3.5 ka

Kinoole aa
Age <B8.0 ka

Malaai picrite
Age —9.7 ka

Anuenue aa
Age —10.6 ka

Waianuenue pahoehoe
Age —14.2 ka

Alenaio Stream Halai Hills
= s
Age > 14.2 ka Age > 14.2 ka

HEREREE

o Ha o | Homelani ash
o 9 Age >14.2 ka
Lavas of Mauna

Kea, undivided

FIGURE 44.15. —Geologic map of Hilo and vicinity showing areas of structural damage from November 1983 earthquake (fig. 4.1, locality 8). Adapted from Buchanan-
Banks and Lockwood (1982). Topography from U.S. Geological Survey Hilo 7. 5-minute quadrangle, 1981, scale 1:24,000.
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FIGURE 44.17.—Damaged commercial building in old part of Hilo. Side wall
separated from main structure, leaving a gap at roof level of about 21 cm.

FiGURE 44.16.—Damage to houses in South Hilo District. A , Wood braces have
been emplaced to prevent second story of this house from moving farther
downslope. Broken and twisted drain pipe gives an indication of amount of
distortion this house has undergone. B, Living area of this wood-frame house
extends across break in slope from street level, marked by vegetation on left, to
above four-car garage. Concrete blocks of garage level are broken both through
and between blocks. Upper story is warped and has moved toward back of house
(toward viewer) and to right. New uprights and cross bracing behind garage doors
(not visible in this photograph) have been added to support weight of upper story.
Drainpipe has been reattached at street level with rope. A decorative rock wall has

B collapsed and rocks rolled downbhill.
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FIGURE 44.18. —Apartment building in Hilo damaged in November 1983 earthquake. A, View along two-thirds of length of building, which was difficult to photograph
because of steep slope down to left. Cracked cinder block can be seen between most of windows of first and second floors; less structural damage was apparent at third
floor. Arrow indicates area shown in detail in C. B, Detail of damage to a part of first floor not shown in A. Along longest and widest crack, smeared texture and flaking
paint indicate an old crack that had been repaired and repainted. As a result of earthquake, there is renewed cracking along this feature as well as some new cracks
through cinder blocks. This building probably was damaged originally by the 1973 Honomu earthquake and (or) by 1975 Kalapana earthquake. C, Detail of damage
ndicated by arrow in A. Some blocks were broken in such a way that pieces of them protruded from block or spalled off.
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FicURE 44.18.—Continued.
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FicURE 44.19. —View of Uwekahuna Bluff in Kilauea caldera, taken from Crater
Rim Trail a few hours after November 1983 earthquake. Dust plumes mark rock
falls that were still occurring along this section of caldera wall. Hawaiian Volcano
Observatory is just out of photograph to right. Photography by J.D. Griggs.

FicURE 44.20.— Typical section of cliff in Kilauea caldera composed of flows from
Kilauea Volcano. View looking up from Halemaumau Trail below Volcano House
toward Crater Rim Trail; guardrail (arrow) can be seen suspended over 60-m-high
cliff where a rock slide has removed part of trail.



FIGURE 44.21.—Section of Crater Rim Drive at eastern entrance to Kilauea
Military Camp that collapsed in November 1983 earthquake along a system of
cracks trending at az 60°. Earthquake shaking caused subsurface material to settle,
thus undermining road. Note pavement patch from repair of earlier failure at same
place.

VOLCANISM IN HAWAII

B

FiGURE 44.22.—Compressional and extensional features produced by November
1983 earthquake where Crater Rim Drive crosses southwest rift zone of Kilauea
Volcano. A, A compressional fold 12 cm high; far end of fold has been collapsed
by passage of vehicle. B, An open extension crack 5 cm wide, which shows
apparent right-lateral offset of about 2 cm, and vertical offset up to north (left) of
about | cm.
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FIGURE 44.23. —Cround failure in Noveinber 1983 earthquake along Crater Rim
Drve between Waldron Ledge Overlook and Research Center turnoff. A,
Photograph taken in March 1980, looking northwest, showing road cracks curving
toward caldera (left) and outlining incipient landslide (A, C, D). Along the right
edge of pavemnent, additional cracks curving away from caldera (B) mark west side
of graben-like depression that runs parallel to roadway for nearly same length as
ncipient landslide cracks. B, Photograph of same section of road taken in October
1984. Slope failed along preexisting cracks (A, C, D) during earthquake shaking.
A graben about 2 m deep by 1-2 m wide has formed along cracks at right side of

A road (B) and caused trees to tilt.
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FicURE 44.25. —Earthquake-produced crack across road at northwest entrance to
Waldron Ledge Overlook. Chips of broken pavement indicate sides of crack were
bashed together repeatedly. Photograph by J.B. Stokes.

FicURE 44.24. —Details of failure of Waldron Ledge landslide. Labelled points
(A, B, C, D) are same as in figure 44.23. A, View southeast at head scarp of
landshide and of parallel graben on other side of road. Headwall scarp was
approximately |4 m high and 30 m long; landslide removed 11-m-wide section of
road and trail. B, View downward from road of jumbled mass of rock resulting
from disintegration of slide block; mass did not travel far from base of cliff.







1212

VOLCANISM IN HAWAII

60 T T T T T T T

MEASURED LINES

50 o AC & ED
e AD oBC
© AE v BD

20

10

CHANGE IN LENGTH, IN MILLIMETERS

-10
-1
=12
-13
-14
-156
-16
=17

ELEVATION CHANGE OF NAIL, IN MILLIMETERS

MEASURED LINES
|_ o X'-X
e Y-Y
B & 4
30 -

20 -

10+

CHANGE IN LENGTH, IN MILLIMETERS

0 L 1 1 &1 1 1 1

0 200 400 600
DAYS FROM START OF MONITORING

1
800

1000

FIGURE 44.27.—Results from monitors established across incipient landslide on Waldron Ledge. A,
Changes in line lengths recorded by monitor |, the quadrilateral. B, Vertical changes recorded by monitor
1 between nails of quadrilateral and rebar 1 (R1). C, Changes in line length recorded by monitor 2, lines

measured with steel tape.
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TABLE 44.1.—Selected parameters of damaging earthquakes in Hawaii, 1962—1983
[Modified from Koyanagi and others, 1984, table |]

Energy Maximum intensit
Date Location Magnitude release (modified Y ?ﬂ:ge Depth cma i‘
(1012 3) Mercalli) (locationy (Millions)  (km)  mechanism
June 27, 1962 Kaoiki 6.1 40 Vi Volcano $1.0(?) 8 Strike slip
April 26, 1973 Honomu 6.2 60 VII Hilo, 5.6 48 strike slip
Hamakua
November 30, 1974 Kaoiki 5.5 4 v Kapapala, <1 6 strike slip
Volcano,
Hilo
November 29, 1975 Kalapana 7.1 2170 VIII Hilo, Puna, 4.1 8 Low-angle
Volcano thrust?
November 16, 1983 Kaoiki 6.6 260 VIII-IX Volcano, 7.0(?) 12 Strike slip
Kapapala,

Hilo
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44. STRUCTURAL DAMAGE AND GROUND FAILURES FROM THE NOVEMBER 16, 1983, KAOIKI EARTHQUAKE 1219

' TABLE 44.3.—Ddla from strong-motion accelerographs for November 16, 1983, Kaoiki earthquake

[Distance is distance of station from epi C are: L., longitudinal with i V, vertical; T, transverse to instrument; figures by horzontal components are azimuth directions.
Slightly modified from Arnold V. Acosta and Richard P. Maley, USGS, Branch of Enginecring Seismology and Geology, unpublished table, 1984]

Latitude, Distance Peak acceleration

i C t
Station Longitude (km) omponen of gravity Comments
Volcano Observatory, 19.423°N. 17 160°L lo.67 Greater than 0.1 acceleration of
Hawaii Volcanoes 155.291°w. up V .21 gravity for 8.5 seconds.
National Park 270°T .39
Wahaula Maintenance Center, 19.329° 45 145°L .12 Long period record. 18 Hz
Hawaii Volcamnoes National 155.031° up V .07 superimposed near beginning.
Park 055°T
Fire Station, Pahoa 19.498° 53 087°L .18
154.951° up V .07
357°T .11
Sewage Plant, Hilo 19.734° 54 333°L .10
155.050° up V .02
243°T .07
University of Hawaii, Hile 19.707° 49 085°L .07 Dominant sinusoidal response, about
155.083° up V 04 2.8 Hz horizontal,
355°T .11
U.S. Fish and Wildlife 19.731° 49 360°L 40
Office, Hilo 155.100° up V .15
270°T .50
Fire Station, Honokaa 20.080° 72 021°L .25 Dominant sinusoidal response, about
155.465° up V .10 8 Hz horizontal.
291°T .37
Kahala Police Station, 20.230° 95 102°L .07
Kapaau 155.801° up V .05
012°T .09
Fire Station, Kamuela 20.03° 70 155°L .13 Dominant sinusoidal response, about
155.66° up V .07 7 Hz horizonmtal.
065°T .08
Mauna Kea State Park, 19.752° 36 050°L W17
Saddle Road 155.530° up V .21
320°T .26
Mauna Loa Observatory, 19.539° 18 030°L 34 V and T peaks were single
3,350-m (11,000-ft) 155.580° up V 46 simultaneous spikes.
elevation, Mauna Loa 300°T .58
Fire Statiom, Kailua=-Kona 19.649° 62 312°L .04
155.996° up V .01
222°T .03
Kona Hospital, Kealakekua 19.523° 46 346°L .10
155.879° up V .07
256°T .10
Kau Baseyard, Waiohinu 19.070° 43 065°L .19
155.615° up V .09
335°T .17
Kau Hospital, Pahala 19.20° 26 188°L .59
155.47° up V .16
098°T .31

1y high-frequency peak (raw scaling 0.87 acceleration of gravity) was superimposed on the main pulse. This is
believed to be other than ground motion.








