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Introduction

This preport is the third of the Boston Quake Study internal
reports directed te tall building damage during historic earthquakes
other than the 1971 San Fernando #arthquake. Internal Study Report
No.8 reviews the 1967 Caracas, Venezuela earthquake experience, and
Internal Study Report No. 9 summarizes some findings from two recent
Japanese earthquakes. This report deals with the damage to buildings
with five or more stories during the 1964 Alaska earthquake.

The purpose of these reviews is to organize and present the
information on building performance in terms of damage probabilities
(1). These probabilities are the elements of matrices which quantify
the uncertain relationship between the amount of building damage and’
the intensity of ground shsking. They constitute a basic component of
the input to ananalysis aimed at predicting losses of Tife and property
during future earthquakes (1).

The senior writers had the opportunity of visiting Anchorage,
Alaska on April 19-20, and holding discussions with Messrs. Frank E. Nyman,
John E. Cerutti and Robert Lyle to fivm up building damage statistics

obtained from the many published reports on the Alaska earthquake (2-9).

The 1964 Alaska Earthquake

On March 27, 1964, at about 5:36 p.m. local time, an earthguake
of magnitude between 8.4 and 8.6 on the Richter Scale and an epicenter
lacated north of the Prince William Sound sheok the cities and towns of

south central Alaska. In Anchorage, where most of %he damage occurved,






the peak acceleration, while not actually measured, was probably about
0.16g (2,3) and the damaging shaking lasted for about 3 minutes. The
Modified Mercalli Intensity was about 1X to X.

Total loss of 1ife, 115 people, was very small for an earthquake
of this magnitude. Public and private property loss was estimated at
$300 mi1lion, Wood frame dwellings and other Tow rise buildings not
located in landslide areas performed very well. On the other hand, ali
buildings of five or more stories in the Anchorage area suffered some
structural damage. The predominant period of the horizontal ground

motion in Anchorage was estimated at 0.5 seconds or longer (4).

The Data Base.

Given in Table 1 is a 1ist of all buildings of five stories or
more that were located in the heavily shaken area. A1l except the Hodge
building were in the Anchorage District. The 14-story Hodge building is
Tocated in Whittier, some 30 miies from Anchorage, and is founded on bed-
rock. It suffered no significant structural damage {10}). The Knik Arm
apartment building (built in 1950) moved about 10 ft. due to a landsTide
and suffered only negligible damage. This building has not been included
in the statistical sample as our primary concern is with building damage
caused by ground shaking at the foundation level. Most of the buildings
had R/C shear walls as their principal lateral force resisting system (2).
Almost all of the structures in Table 1 bullt since 1955 were constructed
according to the UBC seismic zone 3, and those built before 1955 had
roughly @ zone 2 strength. Shewn in Table 2 is a summary of the number
of buildings by height and zone used in developing *he damage probability

matrices.

o






et ad ! momad el el ad
U P M= OO OSSN OO F2 W RN
s e o s s s+ 5 4 o w & ® = a

TABLE 1

List of Buildings of 5 Stories or More in the

Yicinity of Anchorage, Alaska

Building Name

Airport Building

Knik Arm Apartments
Four Seasons Apt. House
1200 L Street Apartment
Westward Hotel

Penney Building

Hi11 Building

Hillside Manor Apts.
Cordova Building

Mt. McKiniey Apartments
Alaska Native Hospital
Providence Hospital
Community Hospital
Eimendorf AFB Hospital

Elmendorf AFB Control Tower
Hodge Building, Whittier

Number
of Stories
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Year
Built

UBRC
Zone

Damage
Category*

1
1
1
1
1
1
i
1
1
1
1
1
i
1
1

Pest-1955

[o:e]

952 2(7)
950 2
964
957
960-64
962
962
950
960
951
951
961
959
955
955
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*For damage state category definitions see Reference 1 or

Tables 4 and 5.

TABLE 2

Number of Buildings in Survey

Building Height (Stories)
UBC Seismic Zone 5-8 i
Lone 2 2 2
Zone 3 9 2{a}

{3) Includes the Hudge Building located in Whittier.
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Damage Probabitity Matrices

It is assumed that the entive Anchorage area experienced a
(common) Modified Mercalii intensity 9+. The MMI 9+ columns for each
of four damage probability matrices {for each height category and
zone} are given in Table 3. Shown in Tables 4 and 5 are the matrix
values obtained by accounting only for differences in the UBC seismic

Zone,
TABLE 3

Probability Matrix Values for MMI 9%

e e b ) e i i e

Repiacement !
Damage Cost Ratio | Zone? e fone 3
Category (Central Range) 5-3° 1 14 5-8 1 14
No Damage | 0.00 0 0 0 |

 VEIREVRUHI

Light Damage .001-.005 | 0

S AU S

Moderate Damage 02-.05 | 0

e U e e e -
Heavy Damage L10-.30 | 0 2/2 279 1 1/2

Reguires
Replacement 1.0 2/2

H ) H
i
ISPV U S SVSSS MU NUNU S
H i
P .

Y UURI GEISUSORIDS SN







TABLE 4

Probabil ity Matrix Values

Name of Earthquake ALASKA

Date of Earthguake March 27, 1964
Building Code or Age Zone 2 {Pre-1955)
Height Zone Varjous (5%)

Numbey of Buiidings

Mercalli Intensity
B _*"‘w““ww“?”w*ﬁépiacement
General Detailed |  Cost Ratic /| 4-15 1617 8 g+
s i %
No Damage 8 | 0 (
NP USRI UPURT- B SHUIN N b - S
1 5 .001 | {0)
Light i | G( )
2 005 : 0
U S | V
N I (0}
Moderate l ; G
. K S DO 1< z | %Qi_
[ 5 10 S 0
Heavy ! | .50
! b ; .30 (2}
- i H— . L
Requires / ! 1.0 ‘ ‘ 5@(@}
Replacement 8 % 1.0 ] (2
TOTAL 1.00(4)
4






TABLE 5

ProbabiTity Matrix Values

Earthquake Damage Summary

Name of Earthquake
Date of Earthquake
Building Code or Age
Height Zone

Mumber of Buildings

ALASKA

March 27, 1964

Zone 3 (Post-1855)

Various {5%)

Mercalli Intensity

Replacement

General Detailed Cost Ratio 4- 61718 ot
No Damage 0 0 0

1 .001 (0)
Light .20

2 L0056 (2)

3 .02 (1)
Moderate .20

4 .05 {1)

5 10 (1)
Heavy <30

6 .30 (2)
Requires ! 1.0 36(1)
Replacement 8 1.0 (2)
TOTAL 1.00(10)

The sample does not include the Hodge building which is untypical in
two ways: (i) it is Jocated in Whittier which is some 30 miles from
Anchorage, end (i1) it is founded on bedrock.







10.

REFERENCES

R.V. Whitman, C.A. Cornell, E. H. Vanmarcke., and J.W. Reed,
"Methodology and Initial Damage Statistics", Department of
Civil Engineering Research Report R72-17, M.I.T., March 1972.

R.L. Wiegel, Earthquake Engineering, Chapter 9, by
K. Steinbrugge.

U.S. Coast & Geodetic Survey: "The Prince William Sound, Alaska,
Earthquake of 1964 and Aftershocks" (Mainly Vol. II-A) {in 3 vols.).

National Research Council, "The Great Alaska Earthquake of 1964 -
Engineering", Division of Earth Sciences, National Research Council,
1969.

National Board of Fire Underwriters & Pacific Fire Rating Bureau,
"The Alaska Earthquake".

E.F. Rice, "The Alaska Earthquake", Civil Engineering Magazine,
May 1964.

American Iron & Steel Institute; "Anchorage & the Alaska Earthquake".

W.R. Hansen, "Effects of the Earthquake of March 27, 1964 at
Anchorage, Alaska", Geological Survey Professional Paper 542-A.

National Academy of Sciences, "Toward Reduction of Losses from
Earthquakes", The Committee on the Alaska Earthguake, Division of
Farth Sciences, National Research Council, 1969.

Frank E. Nyman, Personal Correspondence, April 11, 1972.






