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The purpose of this report is to provide additional information to support
the safe shutdown earthquake ground motions used to design the Sequoyah,
Watts Bar, and Bellefonte nuclear power plants as requested by a memorandum

from the Nuclear Regulatory Comission dated December 2, 1977.

In the eastern United States, a tectonic province approach is used to

specify the design earthquake. The three nuclear power plants in question
lie within the Southern Appalachian Tectonic Province (SAT?). The largest
historic earthquake and thus the controlling evtnt in this province is the
My 31, 1897, Giles County earthquake. This event will be discussed as it

applies to the plant design.

The development Of seismic design criteria should Include an overview of not
only the earthquake motions but also the seismic analysis processes and the
structural and mechanical design. These iteme need to be considered as a
unit when assessing the level of earthquake design of a nuclear power plant.
When each step is considered as a separate entity and by different groups,
an overly conservative earthquake design is the result. In developing
seismic design criteria, TVA Uses an integrated assessment which includes an
evaluation of all the factors which affect the earthquake design. TVA is Of
the opinion that based on such an Integ.'ated assessment, the earthquake
design of' Sequoyah, Wdatts Bar, and Bellefonte is conservative &nd justified.
The earthgiiake ground motion specifications for the above plants are
summarized 1n appendix Cand discussed also in the respective Final Safety

Analysis Reports. Examination of the response spectra shows that



justification of the Sequoyah site would obviate are-uments for Watts Bar and4

Bellefonte since the criteria applied to those are more conservative.

The mul tiple aspects which were considered i norder to define the SSE ground

notion specifications are grouped into the following four sections:|

1. Mdified Mercalli intensity rating.

2. Intensity-acceleration relationships.

3. Relations between maximum historir earthquake, peak acceleration,l
epicentral intensity, and Peology.3

4. Seismic design criteria for the Seguoyah, Watts Bar, and B~ellefonte

nuclear power plants.

I nthese sections, argisients are presented which denonstrates the criteria
utilized for the design of the plants are conservative. Inferences drawn
from the material presented in these four sections are contained in a fifthl

section under the heading Concluding Remarks.



b 1. 'Modified t'ercalli Intensitv flatini

Uﬂlh @rcalli intensity scale (OMI) as de~fined by

3 Richterl-Wood & Neumann?2 is generaaly acceptied in the U.S. to describe
ip numerical form the visible effects of earthquakes. To obtain an

|OV€ rV|EW of the area affected by a particular eat quak, wiaoseismal"
maps are constructed. Such contouring of seismic intensity areas must
be examined thoroughly 'onits merits for two reasons: The first being
that especially for earthquakes which occurred in sparsely populated
areas the *resolution” is poor. Secondly, such contours are seldom
mapped on geologic maps to show possible relation between ground motion
and geologic properties of the underlying rock formation. Similar
concerns are expressed by academicians as well as other investigators in

3 the field of seismology. Excerpts of their concerns are included in

Appendix A, comprising amore detailed discussion on the subject.



2.* Intenaltvo-laceleration Relationships6

NBC sa guidelines for earthquake design of nuclear power plants call for
design response spectra scaled to the estimated peak acceleration of the
largest historic earthquake. Current specifications associate a MM
intenaity VIII with a peak acceleration of 0.25 g. Considerations
leading to the above specifications were aresult, to alarge extent, of
studies undertaken by Trifunac and Bradyl. Empirical equations3
developed from thiO study associate an intensity of MMl VIII with a mean
peak horizontal acceleration of approximately 0.25 g. However, remarksU
made by the authors and interpretations of the data presented infer that
the postulated formulae define an upper bound of the expected peak
acceleration rather than a mean. For example, the data contained in3
their report indicate that an 1411 VIII produces a mean hirizontal peak
acceleration of 167 cm/sec? (0.17 ¢g) with a standard deviation of 841

cm/sec? (0.09 g).

A similar empirical formula propounded by Murphy and O'Brien® indicates

that an t*1l VIl produces a horizontal peak acceleration of 151 cm/sec?

(0.15 g) with a reported antilog of standard error of estimate of 2.19.

A concise discussion on the more noteworthy of relationships whichl
emanaied from diverse intersity correlation studies | scontained in a
report by Krinitsky & Changl 3. Figure 1 is a graphic representation of
several of these relationships, including those suggested by Trifunac &
Brady!l and Murphy & O'Brien®. It appears that, within the realm of the

state of the art, the relationships proposed by Murphy & O'Brien

4+t



have considerable merit and should be Judged the moat up-to-date
estimates of earthquake induced motion. A discussion of the design
criteria which are obtained by combining the above formulae, with proper

constraints is conta?ned in section 4.



3.Relations Between Maz~mum Historic Earthauake, Peak Acceleration.6
Epiceutral Intensity, and Geology

Although si~ci terms as "bad ground” and "good ground” in relation to
ear'thquake resietant designl were coined many years ago, hard dalva tol
correlate geologic ohs-actor of rock foundation to the earthquakeu
induced motions have only begun to appear in the last several years,
Nevertheless a general classification relating rock type to ground
motion characteristics has been obtained by several investigators. A
det~ailel discussion is contained in appendix B, the main conclusionsl
being that for a given earthquake and disregarding the large dispersion
of the data, the pesk accelerations are largest on "intermediate” sites,
of intermediate value on "hard rock" sites and lowest for "deep
aluvium" sites. These conclusions are Mostly qualitative in nature
except for a study by Hohraz’ which assigns observed differences inl
percentages, i .e*, maximum acceleration amplification for aluvium sites
of 30-foot thickness or less on basenent rock i sapproximately 40
percent greater than that for deep alluvium and approximately 33 percent

greater than that for hard rock sites.

Mohraz” suggests that better correlation may be obtained if intensity is

ompared to velocity/acceleration/displacement ratios.

However, the fact remains that until more definite correlation's are
obtained heavy reliance on historic data will dictate the design
criteria.  Hence the intensity which was assigned to the Gles County

earthquake i sof major inportance. Fromthe evidence noted i n&



appendix B, TVA concludes that the May 1897 Ojies County, VA, earthquake
should be assinod an intensity 'HI VII or 241 VIII depending on a set

of mutually exclusive critcria discussed in section I.
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Seismc Dlinign Criteria for the Seguovah. Watts Bar

and Bel | etonte Nuclear Power Plants

The following three criteria constitute the basic premise leading to the
justification of design criteria used for the above nuclear powerl

plants.

1. Near-field effects of earthquake induced ground motions are not
considered applicable.

2. The Murphy-O'Brien® intensity-acceleration relationships are3
considered the best fit to the available data

3. The design peak acceleration obtained from (2) is assumed to be
referenced to "top of ground." The corresponding peak acceleration
for Iliop of rock" shall be obtained by appropriately modifying “top

of ground" values.

The first criterion is consistent with the licensing practice for all
eastern U.S. nuclear power plants. The underlying assumption being that
the selected nuclear power plant sites ar'e far enough removed from
potential earthquake foci to exclude the influence of high frequency
ground motion cnaracteristics of near field rock sites. Particularlyl
when the design requirenents are referenced to the largest (distant)

historic earthquake, as i sthe case inthe SATP, this philosophy appears

to be well founded.

The second criterion Was adopted after conparison of the relationsh!.ps3

proposed by Murphy-OBrien® with those of other investigators.



W

Ilhir] crhcﬁnfers that the -structuresunder investigation are

anchored to a base which constitutes the top of the solid rock formation
underlying the plant site. Material to Justify and/or document the
preceding arguments and a discussion ( f the results obtained are

contained in appendix C.

If the above criteria are applied to the largest historic earthquake
within the tectonic province of the three sites, the following mean
horizontal peak accelerations referenced to "top of ground” at the site
can be deduced.

a Assigning an intensity 1941 VIII to the Giles County earthquake the
Murphy-O'Brien relationship (Figure 2) result in a mean peak

acceleration of 0.15 g.

b. Assigning an intensity 191 VII to the Giles County earthquake in
accordance with constraints discussed in appendix C, the
frifunac-Brady relationship (Figure 3) result in a mean peak
acceleration of 0.13 S.

0. Assigning an intensity 1*11 VIII to the Giles County earthquake using
the Tifunac-Brady relationship and i naddition using the Mohraz
results to relate this level of acceleration to a "rock" site, the

mean peak acceleration referenced to "top of rock" is0.17 g.

Using recomendations by Newmarkl G which recognize that design

criteria have to be based on "effective" value of the



acceleration the design acceleration would be 0.13 g or less (seeb

appendix C).

Thus, the design criteria which are referenced to a mean peak
acceleration of 0.15 g are considered an adequate presentation of the
actual conditions which would prevail during an earthquake equal to

the maximum historic earthquake.

- 10l



CONCLUDI NG REMARKS

As indicated at the beginning of this response, TVA feels that an
integrated approach to the design of nuclear power plants which includes
an evaluation of those factors affecting the conservatism of the final
results is the Most satisfactory and rational method to arrive at design

parameters.

This response deals only with one facet of a complex set Of geologic,
geophysical, structural, and economic constraints which must be
satisfied. The arguments presented to justify the seismic design

criteria can be su~mmarized as follows:
1. The 1441 of the 1897 Giles County earthquake is a 1411 VII-VIII.

2. The intensity rating for the 1897 Giles County earthquake is soil
biased, inferring that for the same earthquake the intensity on rock

would be less.

3. The Murphy-O'14'ien intensity-acceleration relationship is the most
appropriate.

4. Atypical characteristic of earthquake induced grounc. motion is that

Its magnitude decreases with depth.

In this context, TVA is of the opinion that the earthquake design
criteria applied are con3ervative and ensure safe operation of the

facilities.

-11-
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MODI FI ED KERCALLI I NTENSITY RATI NG

Seismologists and engineers have noted that during an earthquake structures
founded on soil respond more violently to the earthquake than do structures
founded on rock. Many earthquakes recorded in "U.S. Earthquakes" have
intensities based on structures founded on soil. The soil intensity concept
is also logical when one considers the geographi.c and topographic setting of
the towns reporting an earthquake, particularly if pre-1920 earthquakes are
considered. For example, at the time the Giles County earthquake occurred,
most towns were established along streams and in valleys (Figure 49).
Consequently houses and town buildings are founded on alluvium or residuum
of varying thickness. (It has only been in the recent 50 years or so that
individuals or comunities have found sites so scarce as to jut tify the

Costs associated with rock removal.)

In =atudy on this topic Evernden® concludes: " N...Ifno discipline is
imposed by correlation of observations with geology, this leads to maps i n
large part expressing values observed if the entire area were alluvium, the
arr~unent being that alnmost all observations were obtained fromalluvial
sites." This argument should be equally applicable inthe eastern US.

since Settlements occurred in valleys and flat areas where alluvial deposits

are common.

To further illustrate the dilemma i nassigning intensities to regional areas

of ground notion the follow ng excerpts are prevented:



Evernden3 "...The published contours of seismic intensity are grossly6
deceiving Unless properly interpreted. To date, the intensity data are
aluja3 entered on a base map having no geologic information. Inasmuch as
the most sensitive ground condition is aluvium, either in streain or river
valleys and because most living sites are on such ground, particularly in
remote areas, data from such points predominate in reported intensityl

values..."

Trifunac & Brady4~ "...The difficulty associated with characterization of
earthquake risk by an intensity Scale is that, as will be shown in thisl
paper, the subjective and qualitative nature of intensity scale alows onlyl

a first order correlation with the measured parameters.. ."

Ambrasey9® "...One of the main proble-1s in Seismic micro-regional isation is
the classification and mapping Of soil deposits according to their

properties of modifying bedrock earthquake movement..."

Campbell & Duke® 11....Because of such factors as soil anplification and

instability, earthquake damage and intensity are strongly influenced by

local site condition..."

Therefore proper interpretation of intensity ratings of historic earthquakes
is a nfeaesary part of the juatification of methods and practices used by

TIVA to arrive at the design criteria in question.

The following comments on the subject are included to corroborate the above

statenments. |



Branner, J. C, Earthquake of August 16, 1906, Val par ai so,

Chile, Bulletin of the Seismlogical Soci ety of
Arerica., Vol. 1, No- 2p. 42,jJune ff1l,

"The city of Valpacraisois built upon loose
materials that fill the |andwaard end of the origi nal
bay, and extends up the faces of the surroundi ng hills
of massive eruptive rocks on all aides. The nap shows
that the lowflat land made of |oose mate'rials and
filled with water was the area of hi gh intensity, and
the contrast between t APLkgh 4nteA sitg~af k. Za
g?r_ound and tho 1m  rntansit~], of th—/hi glk: gwews S&2as

ittperfectly evident on ali. sides when | visited
Valparatzso - &n February,' 7908."t

Borcherdt, Rog-~r D, and Janes F. Gbbs, Effects of Local

Ceol ogical Conditions in the San Franci sco Bay Region
on Gound Mtions and the Intensiti es of the 1906
Earthquake, Bulletin of the Seisnol ogi cal Shciety of
America, Vol. 66, No. 2, pF. 46-7, Abstract,- April, 7.

"Measurements of ground notion generat ed by nu-.
clear explosions in Nevada have been conzpleted for 99
locati~ons inthe San Francisco Bay region-, California.
The recordings show marked annplitude variations in the
frequency band 0.25 to 3.0 Hz that are consi stentl~y
related to the local geological conditions of the
recording si-te. The average spectral anplifications
observed for vertical and horizont al ground noctions
are.. respectively:  (2,1) for granite, (1.5, 2.6) for
the Franciscan Formation.0(.0, 2. ?) for the Santa Q var
Formation, (3.3, 4.4) for alluvium and (3.7, 11.3) for
bay mud. spectral anplification curves define pre
dom nant ground frequencies in the band 0.25 to 3.0 8
for bay mud 3ites and for sone al luvial, sites. Am
plitude spectra conputed from recordings of seismc
background: noise at 50 sites do not general Iy define
predom nant;  ground? frequenci es.

,The intensitjea ascribed to various site3 in the
San Franojoco Bay region for th. CaZfornia ear t hquake
of April 15, 1908, :re_stron?Iy dependent on distancoe
from the son* of surfhie faulting and the g-eol ogi cal
character of the ground. Considering only those sites
(approximactely one square city block in sixe) for which
there is good evidence for the degree of ascribed
intensity, the intensitiesfor 917 sites ok Franciscan

rocks generally decrease with the logarithm of diestance
as

Nintensity - . C9 . 1.90 |og
(Diuttance inkilo-atetrs). (1



Branner,'J. C, Earthquake of Parch 20, 1861, 'Mendoza,
Argentina, Bulletin of the Seismological Society oif
Anerica, Vol. 1, No. 2.-, p. 41, June 1911.S

*one of these areas is on the plains about Uspal
laid half way between M-~endoza_and the Ipass over thel
Andes. But the Uspallataplainis a flat-floor
mountain valley filled to a great depth with loose
water-soaked materials, and it seems probabte that the

high intensity at Uspal.Zata was due to these localZ
favorabl e conditions.

"the great lose of*life at IRendoza is to be
attributed ty, high intensity due to water in the in
coherent deep gravels on which the city was built in

combination with the character of the buildings."

Staunton, W F., Earthquake of June 11, 1887, southern

Arizona, Bulletin of ‘he Sei snol ogi cal Society of
Arerica, Vo. 8, No. Igp. 26, |-larchTiVG.

WEngi neering and Mning Journal of June 11, Zz887,
covering surface effects in souitlhern Arizona.

"1t appears to be well established that the vi-3
brations were of sufficien~t intensity to constitute a
fair working test o' what earthquake vibrations m~ight
be expected to do to mini, workings in 'their paths. ~ A
that time the mines of Btsbee and Tombstone were vervl
extensively opened, and there were many miles of una/er
ground workings, including many large cavernous open

) ; ne. with li : a
ﬁg{\)/ﬁh' a;[%langlg' the c_o~V_\c'l| r|]o|r%g!e_thet'?£¢?: Sra'dnﬁ’a%nage
underground was only trifling, while on the surface the
#hooks were sufficient to cause plaster to fall, to

throw down chimneys, and disarrangefoundations so as
to require the resetting of engines." x|

Loraiu, S. H.#Earthquake of December 1903, Canutillo, Chile,l
Bulletin of the Seismological Society of America, Vol. 2,
Wo. -4,p. 24V,7December. 1912.1

"the first shock did relatively litle  damage
because the district is thinly populated. Moreover
the houses are only one story high, and conatrzctedl
either of light plastercovered framevork oi' of adobe
with walls a neter thick. Many of the latter, however .,
were c~racked badly enough to rondor them quite uveless.
rho damage to buildiingo standing on alluvium~was very
much greater than the damage to those on rook found a
tion; of the stone hiall. there wcre very fco left
standing. "



*For sites on other geological units, intensity
increnents, derived fromthis enpirical rdlation,

. correlate strongly with the Average Horizontal Spectr'al
4U Amp lifica'tiona (AlISA) according to the empirical relation

3( A'Ltlgﬂ)emint ~0.27 + 2.70 log (2)

WAverage intensity increments predicted for the
IU various geological units are -0. 3 for grodnite, 0.2 for
the FranciscanFormation, 0. 6 for the Great Val~
sequence, 0.8 fzor ];he Santa Clara Formation, 1.3J for
| alffuvium, and 2.4 tor bay mud.  The maximum intensity
18R BT 641 ¢hedsan ENEBstS By tMESPonaLE Dot ERERLPT,
high intensity for large earthquakes on either the San
Andreas fault or the Hayward fault. .The map provides a
crude form of seismic zonation for the- region and. maya
be useful for certain general.types O Land-usc zonati~on.

N
|V|Cker¥, Frederick P., Earthquake of. April 18, 1906, San

rancisco, Bulletin of tha Seismological Society of
America, Vol. i1, No7.1, p. 8,0 March, 1921.

" Eerrience shows that damage done by destructive
earthquakes is much greater on alluvial soil than on
solid rock.... Probab~y the beat example we have is the
city of San- Franciscoitself, which was built vgriouslw
on solid rsock, on sand., on natural alluvium, and on
"made ground.'l The description of the destruction done
~in the city shows that wi~thin its limits the character
of the foundation was a far more potent-factor in
| determ ning the danage done than nearness to the feu-~t
tine. This 1 =0t a question of transmissionof
vibrations, for, on account of the higher etasticity of
U solid rock, it would transmit vibrations far better
than atluvium.”

Vickery# Frederick P., Earthquake of April 18, 1906, San
Prancisco, Bulletin of the Seisnological Society of

America, Vol. 11,, N 019p. 82, March, 1921.

| "At a later point in the same chapter M. Reid
states 'that the damage on emaZi marshes may reprosent

an accelerationas much as 12 *timeas as great ac on

eotid rook; on made land, from 4.4 to 11. 6 times as

ereatron |loose sand., from 2.4 to 4.4; an )

ot o 0% RGUIT %t Beor e b stone

the apparent acceleration on soft land is -muchgreater




than on rock, the ratios obtained seemvery much
grea~ter than had been su~spected-'6

. Inregard to cities situated on alluvium at a
consi derabl & distance from the source of the shock,
M. Reid finds that such cities ac Sacranento, San
Joae, WIlits, and Salinas, as well as the west side of
the 6an Joaquin Valley, suffered from two t | Xt eemtt
tinek as in(t:]ensely asyif the ground on mmﬁ tshey st ood
had been solid rock."3

Branner, J. C, Earthquake of January 14, 1907,, Kingston,,

Rei d,

Rei d,

Bul l'etin of the Seismological Society of Anerica,
Vol. 1 No. 2, p. 43 June, 1911.

"1.. Thecity is built upon an alluvial fan that slopes
?ently seaward from the base of the high nountains a
ew mles north of the city. The town known as Port
Royal stands upon a long slender spit that rises but
little above tide level. X have not been able to

tain i n [ I.bution ' ities *
(t) ea.timgj1 g?ptﬁgogarghangkgl %}rJgnuary, 0f19b?,terl])%lttlien at™l
quiries made by me inthat city in March, 1908, show
that it is amtter of common information that the
serious damage done by that earthquake was confined to

the low ground, appraecntly of incohcren~t nateria’&. and
near the water."

Harry Fi.elding, and Stephen Taber, Earthquake of Cc
tober 11, 1918, Puerto Rico, Bulletin of the Seisnp

logical SocieZj of America, Vol. 1o N , p. 7
Decenber, 1949,

Othe apparent intensity was always greater on thel
alluvial soils than at corresponding points on rock or
residual soil, and this effect was most noticeable on
alluvial soils where the ground water stood close to

the surface."

Harry Fielding, and Stephen Taber,, Eart hquake of
Cctober 11, 1918, Puerto Rico, Bulletin of the Seisno

loical Societ of Anerica, Vol. 11,, No. 4, p. 101-

*The destruction of property was greater pro
porinaelyin Aguada and An'asco than in any other
townyilebetween them lies Rincon. whchuf f er ad

oonparativoly tittle. Al three of these towns arc
located close to the west coast of Porto Rico, but



Agasco is.about twelve kilometero farther from the
origin than the other two. A-guada and A~asco are bhoth
built on flat alluvial ground,” only seven or eight
meters above sea level, "and the ground water stands
f,'omone to three neters below the surface. The re~a
tive imunity of Rincon isto be explained partly by
its location on rock and residual soil, and ﬁartly by
the character of its buildings, nost of which are. of
concrete or of wood and are only one story in height.
Such buildings suffered little injury at any pl ace.

OAt both Aguada and A-asco several concrete build

ings of fair material, having walls fifteen to t wenty
three centineters thick, with little or no' reinforce
ment, were badly cracked and even partly thrown down.
G her buildings, one and two stories in height, built
of good concrete and well reinforced with steel rods,
were uni~njured except for a few small cracks. The
school houses were of ferroconcrete, and they were
practically uninjur'ed. Buildings constructed of manpo
eteria and of brick were largely denolished... and the
w-all's that remmined standing were in nost cases 8o
badly cracked as to make their renoval necessary.
Uood-frame buildings were not damaged except ina few
instances where the timbers had been eaten out by
insecta or had rotted."
Reid, Harry Fielding, and Stephen Taber* Earthquake of Oc
tober 11, 1918, Puerto Rico* Bulletin of the Seisno
logical. Society of America, Vi:T7i -,074-,p.-TI-
December, 19109.

"...The relatively high intensity at Mlayaguez is due to
the fact that much of the town isbuilt on alluvial
ground, which isinplaces saturated with water."

Rei dg, Harry Fielding, and Stephen Taber, Earthquake of Oc
tober 11, 1918, Puerto Rico, Bulletin of the Seismo

| oi @ Soci e\7/ of Anerica, Vol. 9, No.4-,p 1037
Decem berr91-9

NCayey, located in the mountains at an altitude of
580 meters (124? feet), is built on rock and residual
soil.  The intensity here was about the same as at San
Juan. At Caguas the apparent intensity was a little
higher. although it is farther from the origin than San
Juan or' Cayoy. Caguas, however, is built on the al
luvial soil of a broad, flat valley floor, and water is

eneounter.3d at depths oif from one and one-half to four
meters below the surfac.



™t Hlumacao, near the eastern and of the island,
the apparent intensity, between VI -,ndVIl., was nuch
higher than at other nei Phboring towns. Humacao ic
burlt ~on v broad alluvial plain suirrounded by steep
foot-hiills and mountains, which come down close to the
town, and the water table is said to stand within one
to one and one-half meters of the surface. The [Minici
at Building and the Catholic Ch,.rch, both of which'are
uilt of mahpooteria, were rather badly cracked, and
several k~ouses were slightly injFured. ~ Yabucoa, only
twel ve .ilometer8 southwest of Humacao, i's |ocated on al
|ow FV11, the surface of which is covered wth resi dual
soi| derived from underlying granite, and the town

suffered alnost no damage from the earthquake."

Kemnitzer, William, Earthquake of J-uly 24, 1921, Central
California, Bulletin of the Seisnholoaical Society of

Anerica, Vol. 11, Nos. 3 and 4,, p. 189, Septenber
Decenber, 1921.

"...At this point, which ison firmrock, the shock was*
generally felt by eve;'yone;. person~s asleep were wakened;
movabl e Objects were overturned; and milk was thrown
from opesn pans. Practical~lyever,, person in the region3
of highest intensity said the trenorL were preceded by

 distinct rumbling sound, sonewhat like that of a
fast-nmoving train.

"More or 1035 equidistant from-the epicenter are
the towns of Gilroy, 1;atoonville, Salinas, and Hollister.3
These towns are built upon alluvium and, W thout
exception, the intensitif of the shock in these plabes
was somewhat higher th-an at places at equal distances

from the epicenter that were on solid rock."

Jaggar, T. A, Earthquake of September 1, 1923, .!okohamg,
Tokyo, Japan, Bulletin of the Seismological Soci et yof
Arerica, Vol. VI3 No. 4 p. 134,eenber, 11923.

N...In Tokyo there were persons in well built low
houses in the hilly suburbs who thought the main earth
quake no greater than the shock of April, 1922, and who
were surprisedto lear-n of a great dilsaster i n the

lowflands of the city."

Jaggiirs T. A, Earthquake of Septenber 1, 1923, Yokohanw,

Tokyo, Japan, Blullctin of the Seisn ol oqgical *SERci e~tyof
Amérlca, o. 13, No. 4,7p=1417Th ccrnggr, 23 y

Wt Akasaka Ililt our way lay thr'ough a reeidential

* action, with sm~all shops borderin:g each side of the



main street. Ac we left the burning district behind we
observied the damage to buildings was slight conpared

wi th damageo down in town  Qur lane wac fitted with
debris of our neighbor's brick wall."

Jaggar, T. A, Earthquake of Septenber 1, 1923, Yokohans,
Tokyo, Japan, Bulletin of the Seisological Soit of
America, Vol. 13, No. 47p. 144, ecmber,1923.

"Construction ingeneral is a mtter of building
codes and sites, and soft ground is nuch nore dangerous
than rocky ground..."

Anderson, Robert, Earthquake of Septenber, 1923, Tokyo,

Japan* Bulletin of the Seisnological Society of Anerica,
Vol. 15, No. 2, p. 100, June, 1925..

wW. The conparative weakness of-the earthquake of
September 1923, at least in Tokyo, in comparison w~ith
the Ldea that one forms of the magnitude of the catas
trophe..

"2. The striking evidence that intensity of the
shocks was magnified on low, alluvial, water-soaked

ground, and that deastructivity was far less on slightly
elevated ground.™

Anderson, Robert, Earthquake of Septenber,*1923, Tokyo,
' ' ' Society of America,
Japany; Byl etin of the Spsmolpgical Y
"The great contrasCin destructivity of the earth
quake indeposits of these two types, not markedly
lifferent inorigin and character, is probably in the
main due to the difference inquantity and depth of the

water content,, and is an eloquent ilustrationof the
I nportance of this...Nf

Nunn# Herbert, Earthquake of June 29, /Z Santa Bar bar a,
Cal ifornial Bulletin of the Seisnological Society of
Xlagrica, Vol7T-No.-Tp. |T7-i DeciibeFrj1925.

"rho mature of the ground bantath the bu~ilding was
atso an important factor, as buildings conotrucoed v'ver
svampUi ground, or on sapid, regardlessof the type of
eonstruotion, were damaged more than buildings of

simlar type constructed over clay, or other solid
materials."



Nunn# Herbert, Earthquake of June 29, 117.5t Santa Barbara,

California Bulletin of the Seisnological society of
Arerica, Vol. 15t No.-a . 19 Pe-ccnber, 1925.

0l.  Urnstable ground should be avoided whenl
possible; but if it is neccessary to construct on
swampy or oandy |and, additional procautions should be

19K 0o oP PRl Rl R ¥ qUsh the wee of

Hudgson, Ernest A, Earthquake of February 28, 1925, 3
St. Lawrence Valley, Bulletin of the Seismol ogical
Society of America, Vol -15 No. 2, p-.V77Junhe, | 1925.

"The damage in the city of Quebec was confined to
the section known as lo<wer town, bordering the St. Law
rence or . Charles rivers where the depth of soil is

considerable. ~ The damage in the rocky section of upper |
towan was nit."

Hudgson, Ernest A, Earthquake of February 28, 1925, |
St. Lawrence Valley, Bulletin of the Seisnol ocdcal
*Socieyty of America, Vol. 15 No. 2, pp. 87 and 88,
*June, 19Y25.

"...The sheds stand on the filled |and sixty-six eet
deep and within a hundred feet of the rijver.3

"The sheds were empty at the time of the earth

ugke.  The vement of the rth to th rth and t
Iaqhé the shakErr‘?g cause8 the fiﬁa to sett engnd aa?:ra\c/: 3

about. an incht and a half wid'i opened between the shedsl

and the edge of the wharf in the then frozen earth.

| nside the buildin imlar crack ran for severall
undred feet, ar%ll IaelS to the ?ength and about twaentyf
eet from the north I, ..

Hudgsong Ernest A. Earthquake r~f February 28, 1925,
St. Lawrence Valley, Bulletin of the Se-ismological
Society of America, Vv-1.15 67 Ty 89 and 908
June, 192-5. Vol 151 0 , P

NThe chief damage in the area vas found in two old
#tone buildings-one a jail, the ot&her an ancientl
esignioridl manor. Both are built with thick stone
wal ls;  both stand on deep sand slopcs; and both are
badly cracked.... Tne church at &r.lbaiohas a massive
stone front with stucco side wall,,. It m ght be ox-|
pet ed that t-he atone would pull aw-ay from=~ tho plaster

Jwall#. Bt the building stands on ro'ck and no damage
has resulted.”
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Hudgson, Ernest %, Earthquake of February 28, 1925,

St. Lawrence Valley, Bulletin of the Seisnol og~i cal
Society of America, Vol. 15,~0 27 P. 90 June, 1925;

"The mountai nous nature of the country north of
the St. Lawence isinstriking contract with the deep
alluvial coil of the valleyc of the south shore. Ft IS
believed that the conparative freedom from damage found
at Dais St. Paul may be credited to the nature of the
terrain and to the fact t~-.t the heavy bui | di ngs,
Church, hospital, etc., are conparatively new and are
very well built.”

Iludgson, Ernest A, Earthquake of February 28, 1925,

St. Lawence Valley, Bulletin of the Seisnol ogical
Society of America, Vol. 15 No Z,p. 91, June, 1925.

“Two ol d stone houses in the district of River&
Quel I'e wore badly damaged. They had to be abandoned.
Stone houses are not very commn inthis section.
Those that do appear are generally old. |n spite of
the fact that these two houses on deep soil were com
pletely damaged, other houses, some equally old and
within twently-five miles of this same place were not
injured. ~ They stood on rocky ground.  Thus the damage
here was due to the terrai Nand type of conetr-:ction as
well as proximity to the epicenter. The frame houses
are, in genoraZ, without plaster."

Hudgson; Ernest A, Earthquake of February 28, 1925,

St. Lawrence Valley, Bulletin of the Seismological
Society of America, Vol.  y18)0- _20p 91, Jun—e-, 125.

*Greaticicles were comon in Quebec city at the
time of the earthquake. They were not displaced by it.
The keeper of a little notion store in full view of
some extra |large specimens assured me that they had
been there at the tine of the earthquake. He said he
didn't believe there had been nuch of an earthquake.
It was all nvewspaper talk. N/othing had falten in hie
shop and he, hadn't noticed the tremnor. |k was quite
sinoere. His store was within a quarter of a mile of
the damaged harbor works but was on the solid rook of
the CIiff."

Abbott, C. D., Earthquake of February 28 1925, St. Lawence

Valley, Bulletin of the Sejsnol ogical Socety of

*...The intensity at Quebec mupt also. have been nearly
MIY ini parts of the 'Lowaa Town. | while on the rool.

-11-



formation of 'Upper Town' iciclec on buildings ware not
dieslodged. On the tops of the clay ridges at Shawi ni

gm Falls the intensity' seens to haa\ebeen sonewhat
than vill, w ei'n the wet 1-drained valteyc

nedrer rock the damage was inconsequential and indi-|
cates an intensity not greater M~an YI. At Three

Rivers the intensity appears to have been about VII."

Abbott, C. D, Earthquake of February 28, 1925, St. Lawrence
Valley, Bulletin of the Seisnolog'ical Society of
Anerica, Vol. 16, No. 2, p. 139, June, 1926.3

NAZI noteworthy-damage was to structureson the
tops of the clay ridges. A peculiarity was the fact

that walls of several buildings were shaken. Thel
SRl M AR e SR BT by fhos

INnjury.
Abbott, C. D., Earthquake of February 28, 1925, St. Law ence
Valley, Bulletin of the Seisnological Society of

America, Vol. 16, No. 2,' p. 142, June, 1926.

"The Power Houses Bloo. 1 and 16 are located | ess
than 300 feet north of the south end of the main pl ant,
at about 160 feet lower elevations, and are understood]
to be founded on rock. These buildings also have
pitched roofs on steeZ trusses., much like the buildings

f th in plant, , : o |
|<§?~ L REn the;'fb%\r/gr onthey, received no injury, |

Abbott, C. D, Earthquake of February 28, 1925, St. Lawrence.3
Valley, Bulletin of the Seisnological Society of
America, Vol. 16, No_. 2, p. 144, June, 1926.

"1. Deep alluvial deposits like those at Three3
Rivers and high unstable ridges like those at Shawi ni
gan Falls are particularly susceptible to earthquake

vibrations. Duildinge founded on rock are unlikely tol
be danmaged by an ord?nary shock. ™ “ y to

Dewell, Henry D., and Bailey Willis, Earthquake of June 29,
1925, Santa Barbara, California, Bulletin of the Seis

mnological Society of America, Vol. 25, 8,

Decenber s 4, 9p2298

"(6) The nature of the ground affects tho des
truotivo intensity of any given solock.  In loose dry~
round the jnitial puch m '
ut tho SOIl It; aptpl‘fo cmﬂobgoﬁﬁmﬁ%edtﬁg Oor?leovsfﬁsrc}t_’l
vibrations. In loose, wator-filled ground the initial&

-12-



shock i ntrannmitted with full force on account of th'e
rigidity of water and the subsequent shaking is of
large anplitude because the naterial offers but little
elasticresistance to distortiod. The effect of the
combined chocks diminishes in dangeroUs character as
the elactic resistance of the foundation material
increases, to that a structurebuilt on firm rock is
not likely to suffer damage, znlass very weak or very
near the fault of origin of the earthquake.

"(6 Fromthe preceding it folious that a struc
ture, which is necessarily placed on poor foundation
material (or which is located near a fault) should be
designed to resist-~correspondinglyviolent movements."

Bodle, R R, Earthquake of August 12, 1925, St. Law ence

Wod,

Val l ey, Ear hgake Notes, Vol. 1, No. 2, p. 5, Ccto-'
ber 251 1929. ~

"Wr. . U Dawley who made a spep..ial investigation*
in the region reports that he was strongly impressed
with the narrow linmts of matterial damage which oc
curred alnost entirely on high lev'el ground and over a
bed of glacial till, probably about forty or fifty feet
thick. A map which he has very kindly furnished’is
shown below. The dotted line surrounds the area which
M. Daw ey thinks was nost severely affected.n

Harry 0., Earthquake of March 10, 1933, California,
Bul letin of the Seisnological Society-of'.Anerica,
Vol. 23,- ~o-2,, p. 50-51, April, 1933

"Oinsidethe area mentioned there are many ptaces
where significant damage was not conspicuous-on hilly
round or where underground conditions were not un
avorable and construction not too bad or unsuitable.
rhis was noticeably the case on the compact sedimentary
rock of the San Pedro Hills west of Long Beach. In
fact a considerablepart of the area appeared to be
characterized by intensity lower than grade VII of the
1031 scale. Even in the nost vi-eProus~y shaken areas
excel lent construction on welll-chosen or well-prepcred
foundations suffered relatively little, even at Compton
where the proportion of damaged structureswas greatest
and the scen-e of destruction the nost spectaciular.
Many chimneys remained standing in: di-stricts where
general damage was conspicuous;, but in a hurried
survey therovao no time to ascertain whether those
were whol Iy undamaged.

-13-



I'Thu it is obvious, as on previous occasione,
that much of the spectacul ar structural dam-age was due
(1) tb bad natural ground or grading-made land, or deep6
water-.soaked alluvium or sand; and (2) to bad or
unsuiltaloil%q: Idesi gned constr uction-bad foundation otruc-I

tures € of no provision against the stresses
caused by earthquakeg, bad or ur%’swtab e materials, bad

workmanship, or some combination of these factors.

b eval SR s AT AIEONS, aPpear 10, AfVe. e more
sqltcd at many places wel|Z distributed throughout the
areaoutlined. It was markedly greater in businessl
districts than in the surrounding or adjoining resi
dential districts....".

Wood# Harry O., Earthquake of March 10, 1933, Bulletin of
the Seismological Society of Amterica, Vol. 23, No. 2

p. 521 7

wNevertheless it must be emphasized here that as
was so conspicuously the case in San Francisco in 1906,
and in [))racticallyall other cases also, the Zovalitiesl
mar ked conspi cuous and ex'tensivedamage which arc
situated at scvcral niles' distance from the epicentler,
S0 aCClFI]I’atel determined in this instance, are places?,
where. the natural ground Is bad--made ground or' |oose
alluvium, heavily charged with water in most spectacu
|ar effects-were seen. = Compton, Willowbrook, Lynwood,|
Southgate, Huntington Park, and near-by points where
the damage was very considerable are on ground formerly
marshy in part, along Compton Creek and the former
courses of the Los Angel-es River, with deep deposits of |
| oose, wet alluvium beneath. In places today water
extends nearly to the surface. Santa Ana and ot her
Places badly damaged near by are on the plain built byl
he shifting of the Santa Ana River. Bad ground, and
unsuitable or bad building, characterized all these

i % NEILL Ty A S 189G &S R s
intimately associatedwith the bad foundation ground.

It was strikingly clear that the 'apparent’ intensityl
was greatly tens on rock on Telegraph Hll than on nade
land near the Ferr%/ Building, both about fifteen hilo
nmetero (91~miles) from the known fault sourcc of thc
shaking. The ‘'apparcnt’ intencity on rock at the CIiffl

House and on rock ncar Colma, four to five kilometars
(2 to 3 milcv) from the fault, wn'- much less than at

the Ferry Building on the made land. Other sinilarl
variationswere very evident....

-14-3



Wood,

Harry 0., Earthcouake of P-arch 10, 1933, Bulletin of
the Seismological society of Anerica. Vol 23, No. 2,

F7-30

NL1lang the shore between-Long Beach and Newpor t
Beach, and ina few localities near by a short distance
inland, road fills across nmarshy land, and sinilar
earth construction resting on yet sand or mud, settled,
shook apart, or noved laterally. cauring considerabl e
damage to thze concrete hj ghway eurfaces, and to the
approaches to highway bridges, which, being better
founded, were l|ess affected...."1

Cal 'aghan, Eugene, and Vi ncent P. Ganella, Earthquake of

January 30, 1934, Nevada, Bulletin of the Sei sl ogi cal
Socetof Am~erica, Vol. 737T,'0' 2, ppTT164-165, April

"Thi s earthquake provided an opp-6rtunity to obt~in
data on the relative perception of shocks on the sur
face of the 6%round and underground in the mines. As

[ shock occurr during the noon hour when
most of the miners were at the surface, no data on it
are available. The miners were all agreed, however,
that ouch shocks as they felt were stronger at the
surface than underground. Miiners in a tunnel at Mari
etta reported that they felt o_bli%ed to steady them
selves during the strong forcsuiock but were |ess con
cerned about the shock and heard-less noise than
Persons at the surface. Miners at Slver Dike scarcely
noticed shocks underground that were acut&-.y percep
tible to those at the sur'face. |t seens probabl e that
the difference i n perception of shocks petween the
surface and underground may be related to a decroase in
amplitude of surface earthquake waves with depth much
as the anplitude of water waves decreases froni the
surface downward."

Engile, it. Moo Earthquake of October 1935, Montana, Bulletin

of the Seismological Socit  of America, \ol.26
No* at pp. 102-1S# r1T196

"rhe mercantile district follows Last Cha,:ce Gulch
and extends somewhat into the alluvium of the valley to
the north. Many of the buildi NGS in the gulch are on
rook or close to rock. 0On the west side of the gulch
and againat the slope of Rount Hegena I8 a newer reai
dential area; over most of thia area structures gre on
or cosoe to rook....

-15-



"...the worst weckage occurred in structures on the
altuviot coil toward the valley: the now H gh School
and the Bryant School-were cormpletely shattered,
several mercantile buildings were wrecked, and two

bui I dings at Inltermountain Union College were seriously
damaged:..."

Fisher, N. R, Earthquake of January 11, 1941, Gazelle Pen
insula, Bulletin of the Sesol ogi cal Sociey of
America, Vol. 34oTho-7,p.TTt X January -19-4-4

i ive was the distri
butionPSFNARS Y en”s]lo{ﬁ; bqf?ﬁemaéln\égk Here too a-i
lowance had to be made for various factors which m ght
affect the apparent intensity, the princi Pal of these
bei ng probabl'y the geol ogical structure of the country.
Buildings on solid rock or other firm foundation showed

h | fect than th [ uvi on mad
mP8un§,°£ore£neSun%<§” partich SV el
terial was not well consolida

ying
Berkey, Charles P., A Geological Study of The Massena

Cornwall Earthgjuaeiof September 5-,1'944 And Its

Be-aring on the_Proposed St. Lawrence River Project,l
New York, pp. 7-9, April 10, 1945.

n imits is . complicated b
the faIRe ALY ect:?gﬁ%f“t e'tga: —thquakpe are muchl

more pronounced in those local areas which are under
lain by marine clays and mixed silts than those under
lain chiefly by other types of ground. Wherever thel
marine clays or silty sands occur chiefly in a con

siderable body there is nuch nore evidence of destruc

tive movement than in adjacent areas underlain by ot her|
types of ground, no matter where they are situated.

there Gt O HEPERt P eRESP Y ot 5 St Mo T o TR !
different members of the overburden. The larger fea
tures take the form of ranges of hills separated by
shallow valleys, while the smaller features formi
irregular patches of elevated and low-lying ground.

?he major valley-like belts are followed by the streams,
all of which exhibit the same pattern with a generall
trend nearly parallel to the S. Lawrence River itself,
while the minor features of patch-like pattern show no
uniformt\/Nv\hatever. I nall caseo, however, the |ow
areas of Whatever form are the places whoro, the loose
marine silty clays are formed and here the principal.
destructive effects of the earthquake-were regisetred.

1b



"fThus'it happens that ev'en in e ornwaZZ itseef, the
maj or dortrzictive effecto are distributed annP a
central zone or strip rather than over the whole city.
A belt through the central portion is known to be
underlain by marine clays and associated silts and this
is the part of the city that was nost affected by the
earthquake.

*.The same principle is recognized over the whol e
area of disturbance. Although certain~ceneteries, for
exanple, are so badly affected that a majority of the
nmonunents show di spl acenent, there are in the inmmediate
vicinity other ceneteries, but on different quality of
ground, which show very little destructive effect of
any kind. The same observation applies to buildings
and the same would be true of larger installations such

as engineering works if there had been such work. in
pl ace. (

"The difficulty indrawing the area nore defin
ite~y isthe fact, as a-~rc~ady expltained, that surface
di sturbance deﬁends largely on the quality of the
overburden,--the |ooser the material the nore easily
disturbed it is; and this differoene is promnently
shown inthe different parts of the area. under oboer
vation. Virtually aLl ", !dly disturbed or viol ontly
shaken or much damaged .,uildings or ot her structures
are located on either loose silty outwash or silt-clay
marine deposits. No buildings or other structures

located on heavy glacial till = were destroyed or badl y
damaged.

".The moat striking differences of behavior my be
observed in neighboring cemeteries. Those |ocated on
the loose marine deposits are badly vrecked within the
area indicated, whereas those |ocated on conparatively
compact till have suffered little damage. That is true
over the whole area and makes it sonewhat difficult to
oonpare different parts of the region one with another
and to draw boundaries accurately.

“InCornwal | itself, which appears to have been
violently shaken, there are three cene teries located on
ocomparatively loose silty and sandy clays and all thr'ee
show many di sl Coated monunents, whereas one oenBtery
tooatod Just on the east margin of the village is
virtually not damaged at all. Wen thin di screpanoy
was ntcdand the ground was inspected further, it
was found that this cemetery was located on ground of

entirely different quality from the others.".
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Hfoutz, R04 E.,, The 1953 Suva Earthquake and Tsunami, Bulletin
of the Seis'nological Society of Anerica, \Vol. 527

No. ylp. 5, January 1962.6

"Mosnt of the ear t hquake damage occurred in Suva3
aHd,vvas usual l'y caused by the settling of made ground.
e edffects were moat severe where structures yer e

situated partly on bedrock and partly on fill: in
et ~2bl Yaihige dpemaet saspht 80| bsger dikf 8RNl o Set! €

t}/pes of soil were used under different parts. of the
structure, for jnstance, gravel and clay.  Buildi~tgs

situated exclusively on marl bedrock were little dam
aged, although projecting bedr ock intensified the
notion by the effect of unrestrained vibration at the
extemiesof the outcrop. Simlarly, structures on
ridges suffered more harm than those sited on the s8ame

alluvium and made ground than on bedrock. The fore

oing information was outlined by the Government
grchl tect inan unpublished report.".3

Shorg George G, Jr., and Hlis Roberts, Earthquake of Feb
*ruary 1956, San Miguel, Bgja, California, Bulletin of

the $aismotogis@ apadieppf America, Vol . 1M Ny 7, 7

"8-2.  Rancho &'ezquite. AZIZuviated area, about
one mile from granite outcrop, One-room adobe-blok

house badly damaged, west wall |eaning outward away
from the rest of the builZding, chinmey fal7 en, north

east corner of building badly oracked. ...

08-2.  Ranch 1.7 miles north of Rancho M-lesquite
turnoff; granite area. No visible damage from outside
of adobe-bl ock house.

0...rho hills on the northeast sids of the valley arel
granitewith small patches of metamorphic.. The fault
t0a0e lies at the base of these hjl| S, Separating
granite fromalluvium On the southwest s de of the
SRt ByOlS3HG hills solThRRSIOREHOUER I, ace
*eltapsed completely; the wall. falling roughly~north-3
Wiest.  ?ailurc was through the mud between the boocks;

most of the block@ were Intact. Ljke all the other
adobe house# in the area, these had no foundation:s

loak* laid diroctl i1) and, onl d bettween
t(tl?eobl ool éc? ! ﬂ%goroo so\r/]ve}gel isg?llt—)waelngh?n(%owugbgi

steel or thatch) with anf.i'imim of wood bracing.” Ono
braaeh-adsd-mud shack on alluvitim apid the other o rn

ite survived with only some nud oraekud off."~0 rn



Poceski, Apostol, Eart hquake of July 26, 1963, Skopj e,
Yougosl aviap Bulletin of the Seisol ogical Soie of
.merica, vol 1737,No 1, /p 1, February 176 7

-4TChe el fects of soil characteristics on the in-.
tensifies of earthquakes have pbeen often observed. |t
-ts vetl known that the anplitude of ground notion on
the surface can be increased several times over that on
basenent rock. These effects depend on the thickness
and softniva of the aurficial | ayer; ~the softer the
layer, the greater is the amplification.

"There have been' many exan~plee of soft deposits
being the main cause of very intensive earthquake
damage. The following may be nentioned as recent ex
amples:  the 1964 Anchorage earthquake, where the main
cause of destruction was Zand.-iide and subsidence of
ground (Scott., 1965, Seinbruoge,-1065); the 1964
Niigata (Japan) earthquake, where the rmin cause of
destruction was subsidence, glidi Ng and liquefaction of
the sandy soil (Japan Nat. Comm, 1965); and the
Mexico earthquake of 1957, when soft soil in Mexi *co
City caused a several fold increase in the intensity
(Rosenbl ueth., 1960)."1

Wallace, Robert E., ~Earthquake of August 19* 1966, Eastern
Turkey, Bulletin of the Seismological Society of
Americat \Vol. 58, i60Tl, p. 1, February 1906.

'Of 14 relatively new buildings of reinforced
eoncrete situated on the old river channel, 12 col
tapsed vind one other wad' very seriously domaged. |n
contrast,4 all 22 buildings of simlar construction
situated on the bench to the northeast remained stand
ing--some were essentially undar-aged and others were
only slightly damaged. Many chimneys were not even
thrown down. = Inasmuch as most of the buil di ngs on the
old channel were two stories hi.gh, a comparison should
be made between the one-story buildings on the two
sites. A small one-story building, on the western side
of the conplex near the mddle of the channel was
damaged beyond repair and near collapse. On the other
hand, some” similar one-story buildings on the highest
part of the bench were alntost unharmed. The aonc—aaion
Seems to be that there was a decided difference tn the
snaking on the two sites, but whether the difference
was in amplitude, spectrum, or duration could not be
deter mined.

-19-



can be noted that, in general., damag' a was |essa
Ipgtense in the higher topographic areas than in the
lowe~r part of the city. In the hi gher areas, many
bui | dings remained standing, and even cone of those

Mont susceptible to earthquake damage only partially
oot t apeed.

Lee, Kenneth L., and Joaquin Mongee, Earthquake of Ccto
ber 17, 1966, Peru, Bulletin of the Seismol ogi cal

Sceyof Anerica, wl. 58N. 3, pp. 945-946, Junel

-general, both the adobe and the quincha houses,

on sedimentary soil were damaged to degree 3to 4. In
Lallolina where the soil was soft clay, and on artificial
fills along the banks of the Rimae River, the damage was

of -the order of degree 4 to 5. However, h es
the hill's that surfound the city of,. Li ma, O\r)\/nérg ?Lg-pm of |

foundations were essentially sound rock, the ceanagg was'.
considerably |ess: of the order of degree 1 to 2.

O...There was virtuall?/ no damage to these types of
houses which wer' builf on the Rill sl opes on" sound|
rock foundations. ~“\Wen founded on sedirment ary soils in
#the Lima area, the damage was of the order of degree |

to 2. On poor fill material the degree of damage wasl
as high as 3."

Ortiz, Francisco, Earthquake of December 28, 1966, Chile,
Bul letin of the Sesnol ogical . Soci ety of America,
Vol. 58 M. -3,p. 857, June 1968.

ftraltal ties at the mouth of Quebrada de Taltal. |
It is built mostly on poorly consolidated sand and
gravel deposi~ts representing valley-floor alluvium and
associated stream terrace deposits. which rise to al
hei ght of about 20 mabove the valley floor. A small
part of the town is built on bedrock: Astrip of

artificial.fill has bcen nPIaced along the beach. The
trace of the Atacama faul rends acros$s the southern

e
t
part of town, approximately ¢ ong M-~artinez Street.

. 'The few buildings con~structed on bedrock sua
tained no recorded damage. Orherwise, no cl ear - cut
relation could be established petween geol ogy and3
damage to manmade structuresin the town, ew-copt that
there is a slight indication that damage bias greatest
in the arca underlainby aritificial fi|| along tho
ocean front and along the trace of the Atacanm ‘aul t. |

A Smal | swate deoialoped in a snall hole oponed al on
the traoo--pronudmabZM duo to subac47dnao OF% a ﬁ”ecg
prospect pit."
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Quha, S.K, P. D. Cosavi, arnd S. C. Marwadi, Earthquake of
Cctober 29, 1968, Koyna, Fifth World Conference,
Vol. 1, p. 493, /172

*...From the analyses of seismograms of a few sel ected
tocal tremors equidistant from each of the four identi
*at electromagjnetic seisnographs working in the Koyna
seisnograph net it could be inferrad that the recorded
anplitude of ground motion is governed by the nature of
local foundation material and is anplified about twice
and four times on literitic and alluvial founda'tiono
respectively when conpared to basaltic foundations(1).
Nature and extent of danmmges to structures in the
present earthquake have corroborated these observa

Gordon, David W., Theron J. Bennett* Robert B. Herrmann, 'and
Albert M Rogers, The South-Central [Ilinois Earthquake
of November 9, 1968: Macroseisnmic Studies, Bulletin of

-the Sei snol oi cal Society of America, Vol. 60 No. 3,
p. 9" June 1970.

".The intensities associated with the flovember 9
earthquak~e substantiate the often-observed relation
between intensity and ground conditions:. relatively
-high intensity corresponds to topographically |ow areas
underlain by thick, saturated sediments;, relativelyz
low intensities are experienced in dry upland areas
upderlain by bedrock at shallow depth.... n

Gordon, David W, Theron J. Bennett, Robert B. Herrmann,
and Al bert M Rogers, The South-Central ||]inois
Earthquake of Novenber 9, 1968: Macroseism c Studies,
Bul letin of the Seismogical Soit of Anerica,

Vol . 6U, , N~. 7,p. 9647 IJne# 19D70.

*At_Braden, a crossroadson bottomland (elevation
180 ft) 7 miles west of Dale, the earthquake cracked
pleater and toppled the TV antenna on the roof of the
Robert Sturm residence. Extensive china and gl assware
breakage occurred inside the Sturm home. An ol der hone
nearby lost its chimney. During the earthquake, waves
wWith crests noving east to west were observed on Lake
Jay, an artificial take 4 mile wide adjacent to Braden.
No apparent damage was evident at Flannigan School,
located in the hills (elevation ¥ ft) | nite vest of
Braden, or at the Shell Rural Hill water flood plant
(elevation 540 ft) | mile noi'theast of Braden.*



Guha, S. K.t P. D. Gosavi, and S. C. Marwadi, Earthquake of

April;13,, 1969, Kothagudem Fifth Wrld Conference, S
Vol . 1~ W 3*

"...4becrease of intensity at least by one unit in MV
Scat. (from VI to Vor I'V) could be observed while
crossing over the boundary between less elastic sedi

mentar'y formations to highly elastic crystalline

Nazarov, A. G1 B. K Karapetian, N K Karapetian, V. L.I
Maat sakanian, S. A. Pirouzian, D. N. Roustanovich, S.
A. Shahinian, and L. V. Shansouvarian, Earthquake of
1969, Zanghezour, Fifth Wrld Conference, p. 8, /12.?

"...Cracks in the diluvial layer on the hil-slope in

the epicenter the earthquake are shown in Fig. |
V\,hilepFi .2 iﬂust_rates hgavil damaged tvvo-ot%reyl
hospital “burlding 1nthe town of Kajaran...."O

Guha, S. K.l P. D. Gosavi, and S. C. Mawadi, Earthquake
of March 23, 1973, Broach, Fifth W rld Conference,
Vol. 1, p. 495, 17

~... Residential buildings inBroach town situated in
| ocalities where the underlying soil was nois.t and
stumpy suffered hleawy damages while structuresresting

on conparatively hard and dry soil in the sane area
escape V\nth onYy moder at e t)() sPlght damages....'(

Ballinger, G. A,g C. J. Langer, and S. '.. Harding, Easterni
Tennessee Earthquakes ffom October to December, 1973,
Bulletin of the Seisnological Society of America,

Vol .;, & No. 2, p. 525, April, 1976.

"...The intensity VI locationsin Alcoa were on filled
land, but; the northeaot-trending VI zone through

M ille is in line with thc local surface faults and
a%%:/gl t opogr aphi c rldlge. Focusing by the topograa]y
is a possibility here (see, e.g., Doore, 1972i Rogers

et a.,a 1974).
"Mai n-shock focal mechani sm coZuti ons. Seventeon
P.-wavc first; motions were obtained for the main shock

of November 30, 1973. Sixteen of thesoe readings are
wthin P.,range,..."
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