
- ---~-~
-~---- -------...-.-.-

~SF-I~A -p -7:2 - ')CI (1"
'--- / t..... /'-

OPTIMUM SEISMIC PROTECTION FOR NEW BUILDING

CONSTRUCTlUN IN EASTERN METROPOLITAN AREAS

NSF Grant GK-27955X

Internal Study Report No. 11

1964 ALASKAN EARTHQUAKE

TALL BUILDING DAMAGE

REVIEW

Robert V. Whitman

Erik H. Vanmarcke

John W. Reed

Eduardo B. Kausel

.July 1972

Depa rtment of Ci vil Eng; neeri ng

r~assachusetts Institute of Technologj

Cambr'i dge ~ Massachusetts
REPRODUCED BY

NATIONAL TECHNICAL
tNFORMAliON SERVICE

u. s. DEPARTMENT OF COMMERCE
SPRINGFIELD. VA. 22161

ASRA INFORMATION RESOURCES
NATIONAL SCIENCE FOUNDATION



I

/

(

,



8. Performing Organization Rept. No_

5. Report Date

July 1972
-----~----------

6.

12.

----_.---~---_._~-----_.-

9. Performing Organization Name and Address

4. Title and Subtitle

1964 Alaskan Earthquake Tall Building Damage Review (Optimum
Seismic Protection for New Building Construction in Eastern
Metropo1ita~_!\reas ? __ Internal Study ~e~oY'U1.l ~ _

7. Author(s)

R. V. Whitman, E. H. Vanmarcke, J. W. Reed, E. ~~_K_a_us_e_l ~__ No. 11
10. Project/Task/Work Unit No.

50272 -101

REPORT DOCUMENTATION !l,-REPORT NO.

PAGE NSF-RA-E-72-299
I---------~- ---

Massachusetts Institute of Technology
Department of Civil Engineering
Cambridge, Massachusetts 01239

- -- -- --------------i
11. ContracttC) or Grant(G) No.

(C)

(G) GK27955
I--------------------------------------~-------------__l

13. Type of Report & Period Covered

~~-------------

14.

15. Supplementary Notes

-----------------------1
-16. Abstract (Limit: 200 words)

This review organizes and presents information on building performance in terms of
damage probabilities. These probabilities are the elements of matrices which quantify
the uncertain relationship between the amount of building damage and the intensity of
ground shaking. They are a basic component of the input to an analysis aimed at
predicting losses of life and property during future earthquakes. The peak acceler­
ation of the 1964 Alaskan earthquake is estimated at about 0.16g and the damaging
shaking lasted for about three minutes. The Modified Mercalli Intensity was about
IX to X. Wood frame dwellings and other low rise buildings not located in landslide
areas performed very well. All bu;fldings 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. Most of the buildings had
reinforced concrete shear walls as their principal lateral force resisting system.
Almost all of the structures built since 1955 were constructed according to the UBC
seismic zone three, and those built before 1955 had roughly a zone two strength. A
summary of the number of buildings by height and zone used in developing the damage
probability matrices is presented.

~----------------~-------------------------~-------;
17. Document Analysis a. Descriptors

Earthquakes
Damage
Buildings

Probability theory
Earth movements

b. Identifiers/Open-Ended Terms

Anchorage, Alaska

c. COSATI Field/Group

18. Availability Statement

NTIS
19. Security Class (This Report)

20. Security Class (This Page)

21. No. of Pages

/1 _~
22/t

rice
A /

"r/rJ2 - Nt?
(See ANSI-Z39.18) See InstructIons on Reverse OPTIONAL FORM 272 (4-77)

(Formerly NTlS-35)
Department of Commerce





List of Internal Study Reports

1. R.V. Whitman, t'Prelim'lnary Work Plans and Schedules," August~

1971.

2. LH. Vanmarcke and R.V. Whitman, "Background for Preliminary
Expected Future Loss Computati ons", October, 1971.

3. P.J. Trudeau, i1Identification of Typical Soil Profiles in the
Bos ton Bas in Area II 9 November, 1971.

4. J.M. Biggs, "Comparison of Wind and Seismic Forces on Tall
Buildings,u December~ 1971.

5. R.V. Whitman, "Contribution to State-of-the-Art Report of the
Earthquake Committee of the IABSE-ASCE Tall Buildings Committee-­
Economic and Social Aspects," March, 1972.

6. J. E. Brennan and R. J. McNamara, "Optimum Sei sm; c Protect; on for
New Buil di ng Cons truct ion in Eas tern Metropolitan Areas, II April,
1972.

7. C.A. Cornell and H.A. ~I,erz, "Analysis of the Seismic Risk on
Firm Ground for Sites in the Central Boston Metropolitan Area,"
January, 1972.

8. R.V. Whitman, J.~L Reed, P. fvlarshall, "1967 Caracas Venezuela
Earthquake Tall Building Damage Review," May, 1972.

9. R.V. Whitman, E.H. Vanmarcke, "Damage Statistics from Japanese
Earthquakes ~ II May, 1972.

10. E. H. Vanmarcke, J.W. ~:eed, D. Roth, "Evaluation of Expected Losses
and Total Present Cost: Preliminary Sensitivity Analysis", July,
1972.

Any opinions, findings, conclusions
or recommendations expressed in this
publication are those of the author(s)
and do not necessarily reflect the views
of the National Science Foundation.





Introduction

Th-is r(::f./0n 'IS the third of the Boston Quake Study interna'i

reports directed to tall building damage during historic earthquakes

other than the 1971 San Fernando earthquake, Internal Study Report

No.8 reviews the 1967 Caracas t 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 build"ing 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 shaking. They constitute a basic component of

the input to an analysis aimed at predicting losses of life 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 firm 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 earthquake

of magnitude betltJeen 8,4· and 8.6 on the Richter Scale and an epicenter

located north of the Pri nc(~ ~Ji 11 i am Sound shook thE' citi es ~11c1 towns of

south central Alaska. In J\l1chorage, where most of the damage occurred,





the peak acceleration~ while not actually measured, was probably about

0.169 (2~3) and the damaging shaking lasted for about 3 minutes. The

Modified Mercal1i Intensity was about lX to X.

Total loss of nfe, "115 people, was very small for an earthquake

of this magnitude. Public and private property loss was estimated at

$300 million. Wood frame dwellings and other low rise buildings not

located in landslide areas performed very well. On the other hand, all

buil di ngs of fi ve or more s tori as 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 list of all buildings of five stories or

more that were located in tine heavily shaken area. All except the Hodge

building were in the Anchor,~ge District. The 14-story Hodge building is

located in Whittier, some 30 miles from Anchorage, and is founded on bed­

rock. It suffeY'ed no significant structura"1 da.mage (10). The Knik Arm

apartment building (built in 1950) moved about 10 ft. due to a landslide

and suffered only negligibla damage. This building has not been included

in the statistical sample a:5 our primary concern is with building damage

caused by ground shaking at the foundation level. Most of the buildings

had RIC shear wans as thei'(' principal lateral force resisting system (2).

Almost all of the structure:; in Table 1 built since 1955 were constructed

according to the UBC seismic zone 3, and those built before 1955 had

roughly a zone 2 strength. Shown in Table 2 is a summary of the number

of buildings by height and :wne used in developing The damage probability

matrices.





TABLE 1

List of Buildings of 5 Stories or More in the

Vicinity of Anchorage, Alaska

Number Year UBC Damage
Building Name of Stories Sui It Zone Category+

1. Airport Building 6 1952 2(?) 8
2. Knik Arm Apartments 6 1950 2
3. Four Seasons Apt. House 6 1964 3 8
4. 1200 L Street Aparbnent 14 1951 2 6
5. Westward Hotel 14 1960-64 3 5
6. Penney Building 5 1962 3 8
7. Hi 11 Buil di ng 8 1962 3 5-6
8. Hillside Manor Apts, 5 1950 2 8
9. Cordova Building 6 1960 3(?) 5-6

10. Mt. McKinley Apartments 14 1951 2 6
11. Alaska Native Hospital 5 1951 3 2
12. Providence Hospital 5 1961 3 3
13. Community Hospital 5 1959 3 1-2
14. Elmendorf AFB Hospital 7 1955 3 4
15. Elmendorf AFB Control Tower 7 1955 3 7
16. Hodge Building, Whittier 14 Post-1955 3 1-2

+For damage state category def; niti ons see Reference 1 or
Tables 4 and 5.

TABLE 2

Number of Buildings in Survey

Zone 3
L .. _

9 2('1\

__.-,--. :~....'.... _.__J
Ca) Includes the Hodge Building located in Whittier.





It is assumed th the entire Anchorage area experienced a

(common) Modified MercaUi Intensity 9+, The ~1f~I 9+ columns for each

of four damage pr'obabi 1i ty matri ces (for each he; ght category and

zone) are giver. in Table 3. Shown in Tab·les 4 and 5 are the matdx

values obtained by accounting only for differences in the USC seism'ic

zone.

TABLE 3

Probabi'IHy Matrix Values for MMI 9+

0.00

Damage
Category

U ght Da.mage

Mod~l"a te Damage

No Damage
I·
I
I-_ __ _ ---I
I
i·_·
I

-_ - - _ _ _ _ _" _..- .._.._... . _ _. - r- · _..... .......)
Replacement i I I

(c~~~;a~a~~~ge) i ···5_8?01~?14-1 .... 5~8zoTJT4 ..·.. ·..1
i I,· ·······"1·,· .. ---L ,-j
I 0 I 0 I 0 i 0 :l :. .. [·· .. ·· ···· ..·1'-·.. _···...·1

.001-.005 I a i 0 I 2/9! 1/2 i.......__ __ __ -t-. . ! t-..- - ..+ --..----t
.02-005 I 0 I 0: 2/9 I 0 i

............_ _·.._ _ · · t..· ·.. · ..·· ·.... ·f - ·· 1· ·..·__··· + - -,,_.--1
Heavy Damage .10-.30 I a I 2/2 I 2/9 I 1/2 I

-_~-:~~~-::.-:~:nt ••••.•••••. ··•••1·~ ._~1:~·-.~.......-1 2/.2· ·j··••~~_I_··-_·3~/9~L~~-_·1





TABLE 4

Probability Matrix Values

Name of Earthquake

Date of Earthquake

Building Code or Age

Height Zone

ALASKA

March 27, 1964

Zone 2 (Pre-1955)

Various (5+)

Number of Bu 11 dings

-------r- --- T. Rep1a:eme:J[T~~a~l irr:Tit~-

I i !I , I I 1 I
I I, I I

~~Ode~:t~ ..-~{--I·_'-O~~~--i -t:t-1- - 01~
~-----t ~ 1--4~----i --1- -; ..... r-~ --t- ~ ~ ~

Heelvy. ; I' I I 1.50

R 1 " . i I I .50

~~~ acement -L ~ ~ l:~__ :-LLj_~i---~

TOTPi. I 1. 00 (4) I_____________________. .. ._. .------------L-----__.._;





TABLE 5

Probab-ility r~atr-ix Values

Earthquake Damage Summary

Name of Earthquake

Date of Earthquake

Building Code or Age

Height Zone

ALASKA

March 27, J964

Zone 3 (Post-1955)

Various (5+)

Number of Buildings

t~erca11 i Intensity
--_._---

Replacement T
Cost Ratio 4- 5 6 7 8 9+

I --

0
II

I 0
--- - ---f---.

I,DO' I I (D)
I .20

.005 l I
t ~~t.02 I I \1

.20
.05 (1)I

.10

I
(1)

I .30
.30 I (?)

~~T-
--

(1)1.0 I .30
1.0 (2)

.- ---

1.00(10 )
-----~,

5

TOTAL

1-------,------------+

I-_Ge_n_e_ra_,__-+-_ Dot.i_~~J

1\\0 Damage 0 I
__-L ,__-+

i I
Light 2 I
MOderat-e-T--3-------t

4

Heavy i
1---------i--~----_t

Requires 7 I
Replacement 8 I

I

,......-------------

The sample does not includl:; the Hodge building wh'ich is untypical in
two il/ays: (i) it is locati';d in ~Jhittier which is some 30 miles from
Anchorage, and (ii) it is 'Founded on bedrock.
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