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PREFACE 

fhis edited translation was performed by the Mission Analysis vivision or tne
 
let Propulsion Laboratory and was sponsored by the Office of Applications of
 
the National Aeronautics and Space Administration under Contract No. NAS 7-100.
 
[he work reported here was performed by citizens of the People's Republic of
 
,hina, as reported by the Seismological Societyof Japan and originally published
 
inthe Jou-rnal of the Seismological Society of Japan in 1976.
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ABSTRACT
 

This isan English translation of the Japanese text published in the Journaz of
 
the Seismological Society of Japan, 1976, pages 7-41. The four papers and 
additional tables and photographs were provided by the delegation from the
 
People's Republic of China which visited Japan between 25 November and 16 December
 
1975 to report the successful prediction and evacuation, and the studies and
 
actions pursuant to the 4 February 1975 magnitude 7.3 Haicheng earthquake. The
 
paper titles are: General Conditions of Earthquake Studies and Actions inChina;
 
An Outline of Prediction and Forecast of the Haicheng Earthquake; Characteristics
 
of the Haicheng Earthquake of 1975; Studies Concerning Earthquake Resistivity of
 
Factory Structures. Inaddition, the delegation chairman's comments, the Japanese
 
and American editor's and translator's notes, a collection of earthquake photo
graphs from the Haicheng area, and a simplified list of great 'earthquakes in
 
China (780BC- 1973AD) are included.
 

It is. clear from this material that this is the very first successful, large

scale earthquake prediction and evacuation inhistory. The Chinese scientists
 
are quite candid about noting that the Haicheng situation was particularly
 
favorable, and that certainty in earthquake prediction and evacuation is not yet

guaranteed in China or anywhere else. Nevertheless, there is,obviously great
 
value in understanding the Chinese approach. They rely on many factors inmaking
 
first a long-range (several years in advance) forecast, of areas at risk, moving
 
on to other indicators inthe medium and short range (down to a month or two),
 
finally relying on the imminent precursory phenomena (1-4 days in advance) which
 
make evacuation of buildings a practical undertaking even in the harsh Chinese
 
winter. The unique and detailed Chinese historical, records of earthquakes were
 
scientifically very valuable and set the stage for the program. The government
 
established a major program for expanding the professional seismological observ
atoriei, established and encouraged thousands of semi-professional and amateur
 
earthquake teams, and educated the.public at large inearthquakes and the-Chinese
 
earthquake prediction and actions program. The papers provide detailed descrip
tion of the geological structures, precursory earthquakes, local -level changes,
 
well water levels and conditions, telluric earth current measurements and unusual
 
animal behavior patterns, among other observables employed inthe Chinese tech
nique. The nature of the earthquake itself is quantitatively presented and
 
compared with other recent seismic events inChina. Difficulties in separating
 
precursory earthquakes from ordinary swarm earthquakes are illustrated, and
 
schematics of the conditions under which earthquake prediction is likely to work
 
(or n6t work) are provided. The last paper discusses the structural strength and
 
the integrity of buildings in China. The Chinese rely on several observables in
 
a process of continually tightening the time' and space bounds on the impending
 
earthquake, until a prediction suitable for evacuation can be made (about six
 
hours inadvance for the Haicheng earthquake). Itappears that it is essential
 
to augment the widely-spaced professional observatories with thousands of semi
professional and amateur stations ifone wishes to catch the true and imminent
 
precursory phenomena, since they tend to be very strongly localized in the
 
immediate area of the epicenter. This factor has immense implications in the
 
design and implementation of earthquake prediction programs in the west (which
 
have tended tobe oriented towards professional high-technology techniques alone).
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In rendering the intent and flavor of the
 
AMERICAN EDITOR'S NOTE: original, I decided that it would be unfair and 

inappropriate to arbitrarily delete the occasional 
The source of these important Chinese papers references to the teachings of Chairman Mao, and 

on the Haicheng earthquake of 1975 is detailed in other notations of a kind which some westerners
 
the Japanese Editor's Note below. This material is might label as propagandistic. The word "propa
available (in Japanese) in: Journal of the Seismo- ganda" unfortunately has very negative connotations 
logical Society of Japan (ZISIN), 51st year, 3rd to many in the west. I think that many colleagues 
month, 1976. Many of us who are working in the will agree that, as employed in the text by the 
area of Earthquake Hazards Estimation (and possible Chinese scientists, this material is not intended 
eventual reliable prediction) feel that the to be negative or derogatory, and we should reserve 
successful Chinese prediction and evacuation in the any moralistic or political judgements. It is
 
Haicheng earthquake of 4 February 1975 is the most arguable that the inclusion of references to the 
significant breakthrough in this field in modern "wisdom of the government and the revolution" in 
times. I first learned of this Chinese program the Chinese cultural and political context is not 
during meetings between JPL and USGS, including unlike our inclusion above: "This research suppor-
F. Jordan and P. Escobal of JPL, and J. Savage of ted under NASA contract NAS7-100."
 
USGS in the early spring. The United States had On a more personal level, I must express my
 
been invited by the People's Republic of China to deep respect for the immense depth of Chinese
 
send a delegation of scientists on June 1976 to history and culture. My view was intensified by
 
exchange views and data. Discussion with the U.S. recent experience with the ancient Chinese records
 
delegation chairman, B. Raleigh of USS, revealed in my thesis: "An AnalZysis of thp Ancient Astro
the existence of these papers in the Japanese nonicaZ Observations with the ImpZications for 
journal. Not only were we at JPL vitally inter- Ceophysic and CosmoZogy." The Chinese observa
ested in this material, but it was apparent that tions were found to be far more precise and
 
the U.S. delegation and others should have access reliable than comparable ancient western data. 
as soon as possible. Unfortunately, Japanese and It was also concluded, among many other remarkable 
Chinese (which in their written form are very things, that the Chinese calendar (cycle of 60 
similar) are not languages commonly studied by days) has remained correct without loss or error 
western scientists, and this extremely important since at least 1330BC, "a remarkable consistency 
material could only be skimmed for content by way in human affairs." The present papers on earth
of the figures in the journal. It was obvious that quake studies in China note the important role 
a translation of this material should be undertaken today of ancient Chinese earthquake records in 
at once, and to be of the most use, it should be defining the areas where earthquakes can be 
completed in time for use by the delegation to expected within a few years, thereby concentrating
 
China. This imposed the serious time-constraint of detailed local observation programs in the optimum
 
only one month to translate, edit, type, proof, and regions. The precursory phenomena and their
 
publish (in preprint form at least). correlation with long, medium, and short term 

It was fortunate that a particularly able and prediction are also revealed in these ancient data. 
experienced Japanese translator with recent exper- I was also extremely impressed by the apparently 
ience in translating Geophysics textual material critical role played by amateur observers, who may 
was free to work on this task. An original copy have numbered more than 100,000 individuals! If 
of the Japanese journal text and figures was the U.S. delegation to China verifies this, we 
supplied by M. Ando of USGS, and the following have a precedent in the west for such participation 
ten was hastily assembled to undertake the work: of amateurs in science (note the amateur astron-
Mrs. M. Ohnuki (Japanese translation); Kwok M. Ong omers observing variable stars, occultations and 
and Chia-Chun Chao of JPL (technical Chinese other phenomena). There were at least a dozen 
translation); Paul M. Muller of JPL (editor - and major precursory observables considered in the
 
typist! in the interest of time). We agreed to Chinese decision to predict and evacuate, many of 
adopt guidelines similar to those stated by the which are readily accessible to local residents.
 
Japanese editor (see below). The translation is In the west we tend to rely 100% on High Technology
 
complete, and an effort was made to preserve the but we may be wise to follow the Chinese lead here,
 
feeling of the original. Because of this, and the and involve thousands of our local citizens in the 
time pressure, the English rendering may at times earthquake program. Despite the different organ
be rougher than might have been possible under more ization of our American Society, it may be that 
relaxed and secure conditions. Rapid turnaround onZy in this way can we expect to gain acceptance 
took priority, and I take full responsibility for of the exigencies of evacuations, and the likely
 
the condition of the text and for errors of any possibility of sometimes erroneous predictions.
 
kind. Comments and suggestions from colleagues As a closing comment, need I do more than mention 
will be appreciated. There may be sufficient that I am studying Chinese with the intent of 
demand for this material to warrant future updates fully mastering the language? 
and the opportunity to include errata. Editor's comments in text are shown: { or t'. 
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FOREWORD BY THE JAPANESE CHAIRMAN: 

Michio Otsuka 

Chairman of the Seismological Academy 


The reason we considered inviting the Chinese 

seismologists to Japan was the news that they knew 

{of it} six months prior to the actual large earth-

quake of magnitude 7.3 on 4 February 1975 in the 

district Haicheng, province Liaoning, China. Our 

interest turned into great anticipation when we 

heard that evacuation orders were given before the 

actual earthquake, and despite the 90% destruction 

of houses in the district, the number of dead and 

injured were few. As far as I know, this is the 
first instance of such a fantastic prediction 

(used for evacuation) of an earthquake in the whole 

world including Japan. 


As is always said, earthquake prediction 

should include when, where, and how big. The dif-

ficulty in earthquake prediction is to narrow down 
the bounds so that it can be practically utilized.
 
The seismological community is still groping for 

these three uncertain elements. As this was my

understanding, I was dubious at first when I heard 
the news of this successful earthquake prediction 

in China. However, when I heard about the 
suc-

cessful prediction and the fact that the lives and 

property were saved, I could no longer remain 

uninterested as a seismologist in a country plagued 

by the same problem. 


It would be much faster to hear directly from 

the Chinese seismologists, than for us to be 

guessing. This was the reasoning behind our 

invitation to 
the Chinese Academy of Science. 

Later I found that Dr. Seiji Kaya, chairman of the 

Japanese Academy for the Advancement of Science had 

already sent the same kind of invitation. The 

formal invitation was finally sent under the names 

of the Japan Academy for the Advancement of Science 

and the Seismological Society of Japan. 


On 25 November 1975, six members of the 

Chinese Seismological Survey Group arrived. It 
was 
Indian Summer, and the members who visit asus are 

follows: 
 (Table of names is given with photo.} 


From the left: Liu Sho-Chang, Cha Chi-Yuan, 
Yuen Tze-Chien, Ku Kung-Hsu, Hsu Shao-Hsueh, 
Chu Fung-Ming. 
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We expressed our strong desire to hear about 
the earthquake prediction in Liaoning province, and 
we are very fortunate to receive such experts in 
the field. The chairman of the {Chinese! dele

gation greeted us with very impressive words, "As
 
soon as we left Shanghai, the meal was served, but 
before we finished eating, we could already see the
 
soil of Japan. How close Japan and China are!"
 
The chairman of the delegation, who has the title
 
of Chairman of the Chinese Geophysical Society,
 
could not have overlooked the distance between
 
Shanghai and Tokyo! So I replied that 
I myself
 
lived in Kyushu, and felt the earthquake of
 
Liaoning myself, and an earthquake affecting both
 
countries should not be studied separately.
 

It was thus our good fortune that communi
cations began warmly, in a congenial atmosphere, 
and after three weeks we have completed this
 
friendly coinvestigation without any difficulty.
 
The itinerary of the three weeks cooperative
 
program was as follows: 

Itinerary of the Chinese Seismological Team (1975):
 

Nov 25 Tue Arrive at Tokyo International Airport 
on Chinese Airliner.
 

Nov 26 Wed Visit Seismological Society; Earth
quake Research Institute of University of
 
Tokyo; Geographic Research Institute; Earth
quake Prediction Group; Japan Academy for the
 
Advancement of Science.
 

Nov 27 Thu Visit Meteorological Bureau.
 
Nov 28 Fri Visit Skyscrapers and Kajima Construc

tion Research Institute.
 
Nov 29 Sat Discussions on earthquake-resistant
 

structures at Japan Society of Architecture
 
Nov 30 Sn Sightseeing in Tokyo
 
Dec 1 Mon 
 Visit Earthquake Research Institute,
 

University of Tokyo.
 
Dec 2 Tue 
Visit National Disaster Prevention
 

Research Center.
 
Dec 3 Wed Lecture on Earthquake Detection and
 

Prevention in China.
 
Dec 4 Thu Same with discussions. 
Dec 5 Fri Visited factories. 

Dec 6 Sat Geographic Survey Council, Faculty of 
Science University of Tokyo. 

Dec 7 Sn Visit Asama Volcanic Observatory 
Dec 8 Mon Visit the Earthquake Observatory of the 

Meteorological Bureau; Nagano District Meteor
ological Station; Hokushin Small Crustal 
Motions Station University of Tokyo. 

Dec 9 Tue Faculty of Science Nagoya University 
Dec 10 Wed School of Architecture, Faculty of 

Engineering, Kyoto University; Mount Abu 
Earthquake Observatory, Faculty of Science. 

Dec II Thu Disaster Prevention Institute, Kyoto 
University. 

Dec 12 Fri Same, with lectures. 

Dec 13 Sat Yamasaki Faults.
 

Dec 14 Sun Sightseeing Kyoto.
 
Dec 15 Mon Discussion of Cooperative Program.
 
Dec 16 Tue Leaving Tokyo International Airport.
 



Throughout the tour, Japanese and Chinese 

scientists exchanged views. It was a tough 

schedule, and we are grateful for their untiring 

efforts in the exchange of knowledge. 

The lectures and discussion of the Liaoning 

Province Earthquake were held at the Auditorium of 

the Earthquake Research Institute in the University 

of Tokyo on 3 and 4 December, 1975. This report 

includes the complete translation of the proceed-


ings of the meetings, from the speaker's manu-

scripts, prepared by Ms. Noriko Fukutomi, Society 

for the Advancement of International Trade. 

Although this report does not require any comment 

by me, I would like to add a few more words, since 


I was fortunate enough to have direct contact with 
the visitors, formally and informally, throughout
 

the tour. As I mentioned in the beginning, the 

main purpose of our invitation was our interest in
 

the technology of the successful earthquake pre-

diction. We have learned a great deal, and there 


is a great deal of study left for us to do, based 

on this report. As the tour went on, I came to 

realize that our first motive was too simple. 
That is, earthquake prediction is indeed the 

cornerstone of effective action, but it is not the 

whole story. Even if prediction is completely 

successful, there remains the disaster itself which 

cannot be physically prevented. Can a place be 

found for the evacuated residents? Even if there 


is a place, how can they be evacuated without 

confusion? What kinds of aid and reconstruction 


programs can be established? When these questions 

are answered, then earthquake prediction will 


become truly practical. I am sorry to say that 

there is no overall program of this kind in Japan.
 

Whatever the reasons, this is an extremely unfor-


tunate situation for an earthquake prone country 

like Japan. Behind the news of successful earth-

quake prediction, we should not overlook the fact 

that the national organization called "National 

Earthquake Bureau of China," could gather the 

complete seismological data, and also control the 

use of the data. 


Although we were mainly interested in the 


technological aspects of Earthquake Prediction, 


what the group taught us was not limited to that. 


I cannot forget the words of the member Hsu: 


"Now that we have been absent from China for 20 

days, we must get right back to work." 


I would like you to read this report as the 


noble record left by people who are dedicated 


to the prevention of disaster, 

I am deeply grateful to the Japanese Society 

for the Advancement of International Trade which 

has given us warm support from the beginning to the 

end, and for providing the interpreter Noriko 


Fukutomi during the entire program. Ms. Fukutomi 

has worked very hard as interpreter during the 

whole tour, and the translation of the lecture 

manuscripts. It would have been quite impossible 

for us to publish this report without her help. 

For the publication of this report, we used a 

bequest from the family of the late Professor 

Hiroshi Kawasumi, given to the Seismological 
Society for the purpose of the advancement of seis

mology. We have been concerned with finding a 

proper use of this bequest, and since the late 

professor had a strong interest in disaster preven

tion and was very knowledgeable about Chinese 

earthquakes, we considered this to be particularly
 

appropriate. I would like to report this to the 

family of the late professor, and at the same time 

dedicate this article to the late Professor 

Kawasumi. 
(31 January 1976) 

JAPANESE EDITOR'S NOTE: 

This collection of papers is based on the 

lectures, slides, photographs and data that were
 

provided by the good will of the Chinese delegation 

and the lectures of the group given on 4 and 5 

December 1975 in Tokyo. The translation of Chinese 
into Japanese is provided by Ms. Hiroshi Kawasumi 

of the Kansai branch of the Japanese Society for 

the Advancement of International Trade. 

Concerning the translation, we made a point
 

to be faithful to the original, rather than read

able Japanese. We would ask your indulgence if
 

there are some awkward passages. The characters 

which have specific connotations in Chinese society
 

for instance, have been marked with footnotes, and 

been collected together at the end. Following is a
 

brief explanatory note for each paper. 

1. The greeting of the chairman, Ku Kmg-Hsu. 

This was recorded on 3 December 1975 at the 

beginning of the lectures. 

2. The paper written by vice chairman Cha hi-Yuan 

originally titled "Chinese earthquake, outline of 

effective action," published in November 1975. 

In order to help the understanding of the paper, 

we added some photographs from the magazine
 

People's China, March 1974, and photographs
 

belonging to the editor.
 

3. Paper by Chu Fung-Ming originally titled
 

"Prediction of the Haicheng 7.3 magnitude earth

quake; general circumstances of earthquake precur

sory and premonitory preventive actions," published 

November 1975.
 

4. Paper by Hsu Shao-Rsueh originally titled "Report 

on characteristic seismological activity during the
 

Haicheng earthquake" a memorandum prepared for this 

lecture, as an explanation for the data charts and 

figures. Some additional comments have been added 

with the agreement of the author during the visit.
 

5. Paper by Yuen Tze-Chien, a lecture manuscript 

titled "Research on resistance of industrial 

buildings to earthquakes." There are sections 

which were translated by general context due to the 

fact that there were no specific technical terms. 
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6. The collection of photographs from the Haicheng 
earthquake epicenter area was taken from the album 
given to several organizations by the Chinese 
delegation. The original prints were medium size, 

and very clear as to detail, 

7. The abbreviated list of Great Earthquakes in 

China was also taken from the materials which were 

given to organizations and individuals by the 

Chinese delegation: "List of Earthquakes in China" 

(Vol. I, II edited by Academy of Science, Gee-
physics Research Institute of China, 1970). The 

list is taken from these volumes, which were given 

to the Seismological Society Library. The detailed 

data for each earthquake are listed in the books, 

length 361 pages. 


Kazuo Oike (Disaster Prevention Research Institute, 


Kyoto University) 

(1 March 1976) 


GREETINGS BY THE CHINESE CHAIRMAN:
 

Ku Kung-Hsu
 

Board Chairman of the Chinese Geophysical Society
 
Vice chairman, Revolutionary Committee of the
 
Geophysical Institute, Chinese Academy of Science
 

Gentlemen: I am very sorry that I cannot 
speak Japanese and must work through the inter
preter. It is my great pleasure for us, the
 
Chinese Earthquake Delegation, to have received the
 
invitation from the Seismological Society of Japan
 
and the Japanese Society for the Advancement of 
Science, to visit your country and to undertake 
academic work with you. I am very pleased to have 
this opportunity today to report the seismological
 

studies done in China.
 
Last year we could exchange information about
 

the status of earthquake studies in China and Japan
 
through three Japanese seismologists, Professors
 
Asada, Oike, and Shiji, who have visited our
 
country. We can strengthen and deepen our cooper
ation concerning earthquake studies of our coun
tries through such exchanges. Based on such
 
exchanges, we would like to promote more vigorous 
academic cooperation and friendship in the future.
 

Both our countries have many earthquakes.
 
Our ancestors have left excellent seismological
 
historical records in our written histories.
 
During the past several years, China has exper
ienced a series of several strong earthquakes, and
 
among them were earthquakes which caused damage to 
property and loss of human life. Therefore, our
 
party and the government are showing a great concern
 
about earthquake studies, with particular interest
 
in earthquake prediction and earthquake resistant
 
buildings. Japan has made great progress in
 
research during the last several years, and has had
 
a great deal of experience in this kind of research.
 
We would like to learn from your experience.
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The original basis for the earthquake studies
 
in our country was very inadequate. But after our 
country was liberated, earthquake studies of the
 
whole country made greater progress. Our academic
 
level is, therefore, not yet as high as we might 
like. Our techniques are not yet as advanced
 
{as yours}.
 

Today I would like to report the conditions of
 
our general seismological and earthquake studies
 
and actions, and also would like to present 
some
 
problem concerning the magnitude 7.3 strong earth
quake which occurred on 4 February 1975 in the
 
province of Liaoning. Each of the four members of
 
our delegation has prepared a report for this
 
meeting, and I would like to proceed now with these
 

reports.
 

Thank you.
 

Translated by Liu Sho- Chang. (3 December 1975) 



GENERAL CONDITIONS OF EARTHQUAKE STUDIES AND ACTIONS IN CHINA
 

By Vice Chairman Cha Chi-Yuan
 

Division Head of the National Earthquake Bureau
 

Today I would like to give an outline of 
earthquake studies and actions in China, and would 

like you to get the general impression. China has 
many earthquakes. We have had 400-some earthquakes 
of magnitude 6 or greater since 1900, an average of 

at least 5 per year. During our entire recorded 

history, great earthquakes with magnitudes of 8 or 

more have occurred several times. A comparatively 

famous oe is the great earthquake of Central 

Shensi Province in 1556, which affected ten prov-
inces, and the area aestroyed reached 1,100,000 km'. 

The locations of great earthquakes are spread 


across the whole of China, and with the exception 
of a few provinces (Chekiang, Kweichow etc), many 


of our great earthquakes are shallow (20-30km), and 
have caused great devastation for many people. 

Our working people have been battling earth-

quake devastation for a long time, and have a great 
deal of experience. Seismology has a long history 


in our country, and various historical writings are 

70 8D 90 100 

300 

30 0=-8
 

rich with valuable records. Comparatively trust
worthy records of the oldest earthquake was 

recorded in 1189BC, in the eighth year of the Chou 
dynasty, emperor Wen Wang. As early as 132AD, 
Chang Rang of the Former Han Dynasty, had invented 

the first seismograph in the world and had recorded
 

a Lungsi earthquake, which occurred in Kansu 

province in 138AD. 
In our country, the recording of pre-earth

quake phenomena and experiences with earthquake 
resistant buildings had begun in the 16th century. 

However, China was in a feudalistic state, and in 

recent times it was forced into semi-colonial, 
semi-feudalistic system, and thus the seismology
 

as well as other fields of science was under 

oppression by the old system for a long time. 

Confucianism had substantially prevented the 

quick advancement of seismology. The Nationalist, 
anti-revolutionary government was not at all 

concerned about the life and death of the working 

110 120 130 140 

Figure 1: Epicentral locations of large earthquakes in China between 7808C and May 1973AD 
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Plate 1: Replica of the first seismometer in the world,
and Chang Heng, 78-139AD, the man who inventedit. 

people. What they did was to sell the country for 

prosperity, and had become the slave 
of imperial-

ism. Within the country they exploited the 

oppressed and trampled upon the people and toward 

the time of the people's revolution, they sup-

pressed themwith bloodshed. hen ar earthquake 

occurred, they used the opportunity to gain more 

money, loan money with usurious interest to the 
hard pressed people, threatened and deceived them, 

and hounded the working people of the devastated 

areas to death, while nobody cared about earth-

quake matters. Therefore, before the establishment 
of the People's Republic of China, there had been 

only one earthquake observatory in the whole of 

China, and only three people working in connection 

with earthquakes. In 1949, after the establishment 

of the New China, under the excellent leadership
 
and warm compassion of the Great Leader Chairman 
Mao. and the Communist Party and Government of 
China, the Geophysics Research Institute was
 
established, and several earthquake observatories
 
and stations were built, and scientific study of
 
earthquakes commenced, and began contributing
 
actively to the socialistic revolution and devel
opment. The seismologists of our country, with the
 
cooperation of historians, systematically consol
idated and studied the large bulk of historical
 
seismological records. After several years of work
 
they had investigated 2600 historical writings and
 
5600 local journals and 15.000 records concerning 
earthquakes, and provided us with an important set
 
of data for the historical understanding of seis
mological activities in our country.
 

In 1966, Hopeh province, Yingtai district, 

experienced a strong earthquake. Premier Chou En-

Lai himself surveyed the disaster area, represent-


ing Chairman Mao, and the Central Party, and
 
comforted the people of the disaster area. 
We have 

established the goal of earthquake resistance and 

disaster aid: "Let us all rise for the wealth and 
strength, and attempt reconstruction with our own 
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hands, to increase production and rebuild our 
country." Chairman Mao's great call to the people: 
"Prepare for war, prepare for disaster - for the
 
people." This appeal was delivered to the people, 
the solea call, that the people should achieve
 
successful earthquake prediction. Since 1966,
 
Premier Chou has made a series of important state
ments regarding the successful earthquake predic
tionand delelopment of earthquake studies and 
actions. Having established the clear goal of
 
earthquake prediction, earthquake studies and 
actions in our country have opened a new chapter in 
earthquake science. Under the proletarian cultural
 
revolution, and anti Lin Piao - Confucius 
move
went, the earthquake studies and actions have made
 
great progress.
 

Plate 2: The computer room of the Geophysics
 
Research Institute of the Chinese
 
Academy of Science
 

In order to strengthen the consolidation of
 
leadership, and to overcome the difficult hurdle of
 
earthquake prediction, our governnent decided to 
establish a National Earthquake Bureau in 1971, to 



consolidate and manage a nationwide earthquake 
study and action program, to consolidate the ef
forts scattered throughout many government depart
mants into one earthquake bureau, and put the 

unified program into practical operation. A 
management organization was established for earth
quake studies and actions in each province, city 
and self-governing district, and in specific earth
quake prone areas. At the same time, the earth
quake study and action efforts were continuously -
strengthened, and at present we have 17 major 
stations throughout our country (except Taiwan 

province). There are 250 ordinary observatories. 
Within each province, city and self-governing 
district there is an earthquake specialty team of Plate 3: Damaged areas in Yingtai earthquake of 
corresponding size. The total manpower making up 1966 (above) 
these teams throughout the country (including 
government officials) is about ten thousand people. The newly rebuilt village (below) 
Thus the groundwork has been laid for further 
development in our earthquake studies and action 

program. 

As a result of the victory of our great 
proletarian cultural revolution, we have achieved 
rapid progress with the earthquake studies and 
actions. Within the proletarian cultural revo
lution and anti Lin Piao - Confucius movement, 

a great many scientists have criticized the anti 
revolutionary reformist line of Liu Shao-Chi and 
Lin Piao, and have urged us to discard the mistaken 

notions; "earthquake predictions cannot be made," 
"it is foolish uproar to make earthquake predict
ions," and have correctly directed the earthquake 

studies and actions program, and a great change 
took place in our understanding of earthquake 

prediction. Those who undertook the extensive 
earthquake studies and actions have discarded these 

prejudices and have liberated their thoughts and 
philosophies and completely renewed their spirit. 

With courageous thoughts, revolutionary spirit, and 
daring actions, they went deeply into the relevant 
practical areas of study, acted boldly, and moved 
courageously down the road of earthquake studies 
and actions. This was in accord with the guide
lines of Premier Chou En-Lai which have been 
gradually developed, nariely: "Under the consoli
dated leadership of the party, make prediction and 
prevention a central goal, and combine experts and 
the general public as well as simple machines and 

techniques created by the general public with 
advanced machines and techniques, and to direct the 
extensive public involvement in order to achieve 
successful earthquake prediction and prevention." 

The great proletarian cultural revolution has 

caused a radical change in the earthquake studies 
and actions of our country, and opened a new phase. 

Furthermore, even the limited number of earthquake 

observatories and stations which are in the epi
center areas cannot determine the overall picture 
of spatial distribution of the precursory phenomena Plate 4: People examining the variation of well 
in and around the epicenter areas. It is ipos- water level 
sible toview the overall picture of the precursory 
phenomena if we depend only on the earthquake 
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observatories and stations. It has been our 
actual experience during these several years that 
the nature of the precursory phenomena of shallow 
earthquakes, 20-30km in depth, were varied and 
complex, and there was no clear way to handle the 
several precursory phenomena with the limited 
methods of the specialized earthquake observatories 

and stations. Yet it has been shown that the 
general public could grasp an extensive readily 

observable phenomenon such as abnormal animal 
behavior, the action of subterranean water, earth-

quake related lights, with the use of simple obser-
vation instruments which they made, or with their 

eyes. 
 In the area of limitations and difficulties 

with expert observations, the public can make an 

important contribution. 

Because a large part of the public actually 
lives in earthquake areas, it is undertaking 
massive observations and is able to directly exper-
ience many earthquake premonitory phenomena. They 
can see clearly the phenomena that a great many 

expert teams still could not adequately observe. 
Therefore, only when experts and the general public 
work together, and only when simple machines and 
methods are combined with advanced instruments and 
methods, can we obtain comparatively complete data 
on the precursory phenomena. The entire earthquake 
development process cannot be understood without 
the participation of the public. Moreover, since 

the greater part of the public lives in the affec-

ted areas, they will be the first to observe the 

abnormal phenomena, and can pin them down, them-
selves constituting the required observational 

network. Once they have the information, they can 
act immediately to substantially minimize the 
damage and loss of life. 

The earthquake studies and actions of our 

country are no longer simply an exercise in science 

and research, buthave become a component of the 

nationwide people's actions under the positive 

direction and support of each party committee and 
the government in order to accomplish the great 

policy of Chairman Mao: "Prepare for war, prepare 

for disaster - for the people." Those who 
 are 

undertaking the earthquake science activities are 

attempting to overcome the difficulties of earth-
quake prediction, not only to resolve the formi-

dable scientific questions, but to climb the 
highest peaks of science and to contribute to the 
advancement of science generally. 
They also feel 

they have this responsibility to get over the 

hurdle of earthquake prediction in order to 
contribute to the proletarian government as well as 

workers, farmers, and soldiers, and protect the 
establishment of socialism, and to minimize the 

loss of life and property, and ultimately serve the 
people. The earthquake studies and actions of our 
country mean not only the active participation of 
scientific and technical specialists, but also 
urging the people to rise to the challenge of 
making their own observations and preventions and 

to spread the movement. On the other hand, it is 

to propagate the knowledge of earthquakes in 
various ways (film, exhibits, posters, pamphlets, 
public notices and broadcasting), and encourage the 
public to have an accurate understanding of earth
quakes so they may utilize this knowledge as an 
actual weapon for counter-earthquake actions. At 
the same time, public observations and predictions
 
are organized and undertaken in earthquake prone 
and endangered areas. Those who participate in
 
earthquake observations and prediction include 
workers, farmers, school teachers, students,
 
broadcasters, and meteorologists. Earthquake
 
prediction has already become a 
public movement of 
science experiments, and a part of the people's own
 
undertaking.
 

Concerning the question of whether the public 
can participate in earthquake prediction, we have 
been experiencing a conflict of two thoughts. Some 
people maintained that since the expert team has 
not resolved the problem completely, the public 
could not work on the prediction of earthquakes.
 
But it proved otherwise in actual fact. The key
 
point in overcoming the hurdle of prediction and
 
actually undertaking earthquake prevention, is to
 
assess the precursory phenomena close to and
 
immediately before the actual occurrence of the
 
earthquake. If that is the case, 
 the earthquake
 
observatories and stations should be 
 established in 
the expected future epicenters, which in itself is
 
a difficult problem for us seismologists. Science
 
and culture are the fruits of the vast working
 
public. The earthquake prediction activities began
 
in earnest following the Yingtai earthquake of 1966. 
At that time, the expert team could only succeed in 
making a record of the earthquake, but could not 
predict it. Nevertheless, the public had informed
 
us of the various abnormal animal behaviors, color
 
and taste changes in subterranean water, the rise
 
and fall of well water, and made up sayings about
 
these things. (Similar phenomena had been reported
 
in previous disastrous earthquakes of our country.) 
These were also the prediction methods that our
 
expert team had begun to notice. The simple instr
uments that the public had already invented and
 
constructed, were gradually improved and standard
ized by the expert teams, and have become an 
important tool in the public's efforts in predict
ion. Some examples of such instruments include 
galvanometers, magnetometers, tilt meters, simple 
seismographs and 
so on. At the same time, the
 
public observers and predictors had created a great
 
many methods of analysis and prediction based on 
their own individual experience. Their experience
 
and a great many discoveries form a rich source of 
information for the expert's scientific research.
 
For example, the general public discovered before 
the great Yingtal earthquake and others that there 
were a great many small earthquakes which could be 
physically felt, and this was followed by an 
absence of these for a certain period of time, 
followed by the major earthquake itself. People 
had made up a simple saying about this experience: 
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"Close together - silence - great earthquake." 
This important discovery has given rise to a 
significant new project for earthquake experts to 
study, namely precursory small seismic activities, 
Furthermore, a great many amateur public observers 
and predictors studied the scientific techniques, 
and a substantial number of practical earthquake 
science experiments were undertaken, and the study 
of characteristic seismic activities in the strick-
en areas provided many unique and creative views. 
Within the public there is a great reservoir of 
creativity, and an inexhaustible supply of wisdom 
and talent. I am sure that their scientific 

activities will become a great and deeply influ-
ential force in the development of earthquake 
science. In actuality, the public observation and 
prediction members can operate with little or no 

expense, with simple and direct methods of obser-

vation, and can make relatively accurate predic-
tions from their own observations. 

For instance, two hours before the Buo Hai 
earthquake of magnitude 7.4 in July 1969, an animal 
attendant at Tien Tsin Zoo had predicted the possi-
bility of a great earthquake based on the abnormal 
reactions of tigers and other animals, and submit-
ted this prediction to the Tien Tsin City earth-
quake headquarters. The public prediction team in 
a remote mountainous area of Szechuan province, 
Hang Ting county, Tse To Tang Production Company 

(Tibetans), reported that their simple galvanometer 
had decreased 20 milliamperes suddenly, and they 
predicted a magnitude 5.5 or greater earthquake 
would occur not far from the company premises in 
the afternoon of September 26, 1972; and also based 
on public observations of abnormal animal behaviors 

such as chickens flying around and pigs refusing to 
enter their shelters, horses and sheep running 
around and so on. An earthquake of magnitude 5.8 
actually occurred some 40km distant on the morning 
of 27 September at 8:08AM. After this earthquake, 

the simple galvanometer and various animals still 
exhibited abnormalities. The public made precise 

observations and predicted that more earthquakes 
would occur. Two further earthquakes of magnitude 
5.8 and 5.5 followed, at a distance of some 30km. 
Thus they accomplished a victorious prediction. 
Also, at Szechuan, Maer Hang district, there was an 
earthquake of magnitude 5.5 on 8 November 1970. 
The leaders of the Mu Lang Company, near the epi-

center, had evacuated the public outside their 
houses and directed their animals to safer areas, 
based upon their past experiences with abnormal 
animal behaviors and the conditions of the small 
earthquakes which were physically felt. The 
majority of houses were destroyed in the earthquake 
but there were no casualties because of the evac-
nations. In the process of prediction and preven-
tion of the magnitude 7.3 earthquake in Liaoning-
Haicheng, the results from public observations 
made with the simple galvanometer, and a great many 
observations made of animals and subterranean 
water, played a central role in the earthquake 

prediction made by the expert team. As a result, 
the prediction was welcomed by the public, and 
caught their spirit, and the level of interest was 
heightened, and the company of those interested in 
prediction continued to grow. The collection of 
data using the various simple instruments was made, 
and collection points were established for analysis 
and prediction. The number of groups for public 
observation and prediction reached 100,000. {!} 
The public observation and prediction movement is a 
new product of socialism, which was created by the
 
general public in the process of fighting earth
quake disaster, and is playing a crucial role and
 
is showing a strong life-force. The public pre
diction movement has already formed a firm basis in 
our earthquake studies and actions program. The 
public prediction movement is a basis for our 
earthquake studies and actions, while the expert
 
team is also an important pillar in this. 

The experts feel that it is their responsi
bility to pursue the policy of earthquake studies 
and actions of our country, and to strengthen the 
tie between the experts and the public, and to 
extend the public observation and prediction 
activities. They are actively cooperating with the 
government departments concerned, and are propa
gating the knowledge of earthquakes among the 
general public. The experts are working with those 
who are in the earthquake-prone and endangered
 
areas and had already made successful predictions, 
in establishing public observation and prediction 
networks and training and directing the amateur 
public observers and predictors, helping them to 
synthesize their experiences and to raise their 
standard, establishing close communication between
 
public observation points, exchanging data, and 
holding discussions concerning the circumstances of 
earthquakes. The experts also provide assistance 
and coordination in helping the party committees 
and government agencies to accurately grasp the
 
implications of earthquake study and actions, and 
are making positive suggestions for earthquake
 
disaster prevention and counter earthquake activ
ities in the various areas of the country. 

The seismologists of our country bear an 
honorable duty to serve the progress of earthquake 
prediction, and extensively promote scientific
 
research. In other words, they have raised the
 
level of seismological research to a height, rooted
 
deeply in practical application. The main duty of 
the expert team is twofold: counter-earthquake, and 
disaster prevention. Roughly speaking, the counter 
earthquake action undertakes mainly observation and 
research on strong seismic activities and after
shocks, studies of earthquake resistant structures 
and effects of various magnitude earthquakes on 
them, the soil structure, and to consider how the 
existing buildings can be strengthened and remod
eled in the earthquake-prone and endangered areas. 
As for the prediction work, we emphasize the 
practical application. We do not hold back our 
prediction until the theoretical problems are solved. 
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Plate 5: Seismograph factory in Peking City 


We simultaneously conduct the observation, 
prediction and research activities. Therefore, 

based on an extensive and emphatic policy, we set 

up an observation network connecting both the 

experts and the public (meaning the professional 
earthquake stations are tied in with public obser-

vation and prediction points), and we use this 

network as the vanguard in collection of the early 

precursor information. We also established analy-

sis and prediction organizations in each province, 
city, and self governing district. The National 

Earthquake Bureau operates an earthquake analysis 

and prediction facility where the experts synthe-

size data at appropriate times, analyze them, and 

periodically hold discussion meetings regarding the 

general earthquake conditions. (Under critical 

conditions they hold emergency discussions.) 

Additionally, they make predictions for the areas 
in which disastrous earthquakes may be expected, 

while also establishing research teams. Under the 

National Earthquake Bureau, there are the following 

departments: Geophysics, Seismology and Geology, 

Engineering and Dynamics, Earthquake Measurements, 

and so on. Various fields of study and science 

investigate the principles of the growth of earth-


quakes, the cause and theory of earthquakes, 

providing a trustworthy theoretical basis for 

earthquake prediction. In addition, it has a 

factory for the manufacture of instruments related 

to seismographs, and provides the necessary equip-

ment for the scientific research activities of 
earthquake observatories and stations. Concerning 


the state of science and technology, we have 

discarded the method whereby we relied mainly on 

one method of academic or scientific inquiry, and 

use instead an integration of many disciplines, 

Experience has shown that one occurrence of a great 
earthquake is not just a dynamic process, but 
rather is a complex process including geophysical, 
geochemical, seismological, and geological impli-
cations. Therefore, we are conducting a synthetic 
study combining geophysics, geology, geodesy, geo-
chemistry, astronomy, mathematics, and so on. As 
the prediction tool, we emphasize the synthesis of 
research and observation using the various pro-


fessional instruments of earthquake conditions, 
geomagnetism, electrical conductivity, crustal
 
changes, and hydro-chemistry, attempting to 
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discover the precursory elements that possibly
 
accompany earthquakes. 

We can see at present that the various
 
scientific and academic methods we are using are
 
definitely effective in earthquake studies and
 

prevention. Concerning the prediction, we are 
emphasizing a method in which the long range
 
prediction, medium and very short term are combined, 
namely, taking gradual actions based on a compara
tively long range prediction, increasing the density
 

of observations and gradually restricting the range,
 

pinpointing the endangered areas, finally determin
ing the time of the actual earthquake. The occur

ence of an earthquake is a process of quantitative
 
to qualitativet change, the sawe as everything else, 
and will eventually reveal to us a definitive step
 
by step process. As we see from various precursory
 
phenomena, generally speaking, before a great earth
quake, a slow and mild long-range change takes 
place for about a year before. Shortly before the
 
earthquake, comparatively rapid and violent and
 
abrupt changes take place. As these various 
precursory phenomena take place in approximately
 
the same time, the- appear in a related way. In 
other words, earthquakes exhibit step by step
 
stages in the process of development.
 

I imagine that the audience will understand
 
the above points very clearly, given the following
 
detailed experience with the Haicheng earthquake.
 

For several years we had made relatively
 
successful prediction of earthquakes with poten
tially destructive force of magnitude 5.0 and above. 
The prediction and disaster prevention of Liaoning-
Haicheng earthquake of magnitude 7.3 was relatively 
successful. This is a clear sign that the social
istic system is superior, as well as the victory of
 
the proletarian cultural revolution. It is a great
 
victory of Chairman Mao's revolutionary line. The
 
experience of the past nine years makes us believe
 

that earthquakes are accompanied by precursory
 
phenomena and can be predicted; and if the disaster
 
prevention work is done well, it can greatly reduce
 
the loss of life and damage. In the near future,
 
we are certain that we can understand the princi
ples of the origin and development of earthquakes,
 
and are confident that we can obtain the leadership 
in earthquake prediction based on Practice,
 
Recognition, Application.
 

Friends! Our country is a growing socialistic
 

country. The foundation of our past scientific 
techniques is weak, and the length of time we have 
been concerned with earthquake work is short. The 
earthquake prediction has just started, and we do 
not yet have much experience. We must wait for the
 
future solution of the scientific and technical 
problems, of understanding the principles of origin 
and development of earthquakes, and to make accurate
 
predictions. There will be mistakes and failures
 
in the future, as well as unavoidable errors in
 

reports or through failure of the predictions.
 

t This is the text's word-order (ed).
 



We know very well that the earthquake prediction 


an importafit and complex problem of science, and 

there are many elements and subjects to be studied 

which cannot be clarified within a short period of 


time since the wealth of precursory phenomena 

crosses a great many fields of science. At the 

same time, the frequency of occurrence of great 

earthquakes is low, and opportunities for obser-


vation are relatively few. It is difficult to 

pinpoint the time and place of an earthquake and 

to undertake complete ad detailed scientific 

experiments. Also, in order to undertake model 


experiments in the laboratory, the conditions are 


restricted. The real precursory phenomena of 

earthquakes cannot be easily isolated because they-

involve complex related elements, as well as the 


uniqueness of the given area's characteristics, 

The writing-of equations and quantities will not 

necessarily apply uniformly. Furthermore, the 


observational instruments can only be placed on the 

earth or near the surface of the crust, and we can 

only guess the conditions of activities in the 

depths of the earth, and are unable to obtain 


directly measured values. Our present knowledge of 
earthquakes is still immautue, and the road ahead 

of us is not smooth. It will be a long journey and 
hard work, but those who undertake earthquake study 

and action are determined to make the effort for 
many years, cautiously and firmly, and not give up. 

even in the face of failures, and to endeavor and 


prodeed in order to solve the problem of earthquake 

prediction. 


Japan is also an earthquake prone country. 

Seismology in Japan has a long history, rich 
historical records, and the Japanese people have a
 
long period of experience fighting earthquake
 

disaster. A great many Japanese scientists are
 
making efforts in earthquake prediction. We are
 
very happy that the Japanese seismological tech
nology is advancing. Through.our visit, the
 

Chinese earthquake study delegation will learn from
 
the Japanese people and from those who are related
 
to the earthquake studies and actions in Japan.
 
Let us exchange our experiences, encourage each
 

other, and make efforts to break through the
 

formidable problem of earthqdake prediction as soon
 
as possible. I believe I will visit many old
 
friends and will find many new friends, and trust
 

that this will increase the friendship between
 
Chinese and Japanese seismologists. I trust that
 
certainly the exchange of seismological technology
 

and science will be advanced and open up a wide
 

vista.
 

FriendS! Japan and China are right next to 
each other, and we both are great people. We'have 
a long history of friendship and exchange, and by 
the establishment of Chinese and Japanese diplo

matic relations, we opened a new chapter of our 
friendship. TheChinese earthquake study delega- 

tion is determined to contribute to the increase of
 
our friendship in future generations according to
 
the great leader Chairman Mao's teaching: "Japanese 

people and Chinese people are good friends." 
- (3 December 1975 lecture) 

OUTLINE OF PREDICTrON AND FORECAST OF HAICHENG EARTHQUAKE OF M=7.3
 

By Chu Fung-Ming
 

Engineer, Earthquake Bureau Liaoning Province
 

On 4 February 1975 at 19:36 Peking time, a I would like to briefly explain the key factors to
 
strong earthquake of M=7.3 shook our nation's . today's audience so as to give you some.knowledge.
 
Liaoning province, HaichenglYingkao district. Given 


the forecast of this violent earthquake, however, 


the Party, the government, the armed forces and the 
people of the affected province imediately took 
effective prevention measures unde* the consoli-


dated leadership of Liaoning Province Committee of 


the Chinese Communist Party, thus greatly minimi-

zing the damage of this densely populated area, 


This was the very fruit of our great Proletarian 


Cultural Revolution and Anti - Lin Piao Confucius 

movement, as well as the vivid and successful 

demonstration of the superiority of the socialistic 

system. It was indeed a great victory of Chairman 

Mao's revolutionary line.' The earthquake predic-


tionan-aforecast have attracted world-wide atten-

tion, including our seismologist friends in Japan. 


of our earthquake prediction and forecast concer

ningthis particularearthquake.. -

After the Buohai earthquake of M=7.4, as early 

as in 1969, the seismic condition of the Liaoning
 
province drew theattention of people participating
 

in earthquake affairs; and as a result, they rein

forced their efforts in the area. In 1970, our
 
country held the first National Earthquake Studies
 

and Actions Conference under the encouragement of
 

Chairman Mao and the central officials of the
 
Party and under the direct leadership of. Premier
 
Chou himself. Based on our country's policy on
 
earthquake studies-and actions, discussions and
 
study sessions were held on the natural trends of
 
seismic activities in each earthquake prone area in
 
our nation, as well as on methods for a further
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expansion of earthquake studies and actions. Based 
on the tendency of seismic activities in Huapeh and 
Buohai districts, and taking the dense population 
and industry of Liaoning province'into consider-
ation, the conference designated Liaoning province 
as one of the nation's specially watched earthquake 

areas. After the conference, an earthquake special 
task force was quickly formed and actively began 

various works in the province, under the leadership 

of the National Earthquake Bureau and Liaoning 

province Committee of the Chinese Communist Party. 
As earthquake studies and actions went under way, 

the knowledge concerning the identity of the earth-

quake prone and endangered areas within Liaoning 
province continued to grow. Through the four 

stages of long-term, medium-term, short-term, and 
immediately prior to the actual earthquake, the 

knowledge of the boundaries of the earthquake 
prone areas as well as the probable time of the 

earthquake were gradually restricted, culminating 
in the relatively successful forecast at the time 

of this particular earthquake. The following is an 

explanation of the four stages of action and their 

successful results. 


The first stage action was undertaken during 

the period of 1970 through 1973. Its main purpose 

was to commence works concerning the regionality of 
earthquakes, to analyze the possibility of earth-

quake in Liaoning province, and at the same time to 

pinpoint the earthquake prone areas using the" 

previous studies as a basis, 


A collective research project on geological 

structure of all the areas was commenced in 1970. 

Incorporating the historical earthquake data, the 
study investigated the conditions under which 

earthquakes could occur in Liaoning province, 

Field observations and studies were conducted in 

the areas of major faults in Liaoning province, 
for instance, Yingkao - Kaiyuan - Chinchow - Yaloo 
River faults, as well as the activity of major 
faults in Liaopeh and Liaosi districts. At the 

same time, repeated measurements were taken on long 

level lines in Liaonan, Liaotung peninsula, 

Liaopeh districts, in order to gain further know-

ledge of the crustal movements of the Liaoning 

province, especially the movements of several major 

faults in the surrounding areas. In order to 

discover the conditions in the deep structures, 
measurement of the magnetic fields were made, as 
well as observations and research in explosion 
seismology. Historical earthquake data was 
collected and arranged, and the characteristics of 

these earthquakes were studied. Earthquake 

observatories and stations were set up to watch for 

minor seismic activity, and observations of topo-

graphic changes and their precursory phenomena were 

made in several fixed locations, 


From the analysis of nearly four years of 

this data, we came to the following conclusions: 


(1) Since the Yingtai earthquake of 1966, six 

strong earthquakes of magnitude 6.0 or more 


occurred in northern Huapeh and Buohai districts, 
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Since 231BC, these areas have experienced an
 
average of one earthquake of magnitude 6.0 and over
 
every 30 years. This indicates that this area is
 
in a period df increasing seismic activity. This
 
forms the background for a possible earthquake. 

(2) Historically, strong earthquake activity 
in Huapeh and the north-east districts is related 
to the (Liaoning) structure. A series of new 
structures in the new Cathysia system, particularly 
those running N to NE, appear to be dominant: 
(i.e. gravity and artificial earthquake data
 
revealed only the N to NE structures). Also along
 
a series of major faults in the eastern part of our
 
country, such as Cheng - Luhchiang faults, there 
were several magnitude 7 or greater earthquakes
 
throughout history (the greatest of which was the 
magnitude 8.5 earthquake of 1668 in Linchi). The
 
north end of this fault reaches Liaoning province. 
The fact that the epicenters of strong earthquakes
 
since the Yingtai earthquake of 1966 have tended 
to move N and E, was also taken into consideration.
 
Liaoning province, especially Linonan and Liaotung
 
peninsula, were considered to be areas requiring
 
close attention (see Figure 1).
 

(3) Based on field observations of seismic and
 
geological aspects, the following factors were
 
considered crucial: Several major faults in south 
Liaoning and Liaotung peninsula districts, faults
 
in Chinchow - Tsangho - Yaloo River areas, for 
instance, are all active faults, and in particular 
the activity along Chinchow faults has been
 
remarkable. Historically, strong earthquakes had
 
previously occurred in all of Hinghao - Hsungyuh -

Chinchou - Yaloo River areas. The seacoast of 
Liaoning and Liaotung districts was considered a
 
relatively likely earthquake area, since it had
 
recently experienced several magnitude 3 to 4
 
earthquakes. 

(4) Repeated measurement of level lines indi
cated a relative rise in the SE part of Liaotung
 
peninsula during the past ten years, while NW
 
sections showed relative depressions. On the
 
continent, the center of the depression was located
 
near Yingkao, i.e. Yingkao showed a depression of
 
3-5cm relative to Tsangho and Lutai. Also the line
 
connecting Kaiyuan and Haicheng seemed to form a
 
region suceptible to an abrupt change in vertical
 
movement of the crust. This indicated that the
 
area was due for a violent relative movement in the
 
near future. Our view that this area was in danger 
of an immediate earthquake was strengthened (see
 
Figure 2).
 

Synthesizing the data mentioned above, we
 
concluded that Liaoning province would be struck
 
by a relatively strong earthquake. Liaoning and
 
Liaotung peninsula especially, compared to the
 
other districts, had a greater probability of an
 
imminent earthquake, thus establishing a priority
 
for various earthquake related works.
 

Now we could roughly bound the earthquake
 
endangered area, but would an earthquake actually
 

occur in this area within a few years? This
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bounded area was very large, and it remained for us 
to determine in which part the earthquake would 

actually occur. We therefore began the second 

phase of the actions based on a policy of preven-
tion first, taking the possibility of earthquake 
occurrence seriously. 

The second phase of our program ran from the 
latter half of 1973 through October 1974. In this 

phase we tried to reinforce our observations of 

various precursory phenomena in the primary earth-
quake prone areas bounded during the first phase. 

The following areas were emphasized: Portable means 
were used to monitor crustal changes and earth's 

magnetic field, as well as fixed observatory and 
station observations, encouraging the public to 
make observations, and detecting medium and short 

term precursory phenomena in these areas. These 

activities were undertaken immediately under the 

leadership and,support of each party committee, and 

with the support of related government departments. 

As a result of taking these observations we recog-
nized several abnormal phenomena by the first half 
of 1974. For example: 


(1) From September 1973 to June 1974, short 

level line and crustal change monitoring stations 

set up in Chinyuan on the south of Chinchow fault 
detected a cumulative movement of 2.5mm during 9 

months on the level contour line across the fault, 

This was 20 times the normal annual value (0.11mm 

per year) of the previous two years, indicating a 

substantial incline of the ground in this region, 

in the direction of Liaotung bay. Such a large and 

rapid increase in the slope could possibly be 
indicating pre-earthquake crustal movements, as had 

been experienced in other areas (see Figure 3). 

(2) As for the measurements of the absolute 

value of the magnetic field conducted in Lutai 

district, the values on 22 May 1974 showed an 

increase of 21.5y compared with the vertical 

magnetic intensity at the same position measured on 

27 October 1973. This dramatic change could be 
indicating some substantial crustal movement, and 
an increase in stress field in the crust (see 
Figure 4). 


(3) The tide observations in Liaotung bay 
revealed a remarkable rise in sea-level since 1973, 

the largest being some 10mm. 


(4) Each earthquake observatory and station 

noticed a remarkable increase in the frequency of 

minor seismic activity in Liaoning province after 
1973. For example, in Shenyang area, Kaiyuan area, 
Erhanchi - Lintung area, in Liaosi, Hsungyuh in 
Liaoning and the coast of Liaotung peninsula, 
minor seismic events were occurring at five times 
the normal annual rate (see Figure 5). 

The conditions listed above indicated that 
the crustal movement of Liaoning and tiaotung 
peninsula was intensifying. The background of 
active and intense seismic activities in Huapeh and 

Buohai districts, and the recently observed anomal-

ous phenomena, implied that a relatively strong 

earthquake potential was growing within Liaoning 


and Liaotung -peninsula districts. 
In June 1974, the National Earthquake Bureau
 

called a conference to discuss the seismic trends
 
of Huapeh and Buohai districts. The anomalies and 
data noted above were carefully studied, and syn
thetic analysis of various anomalous phenomena in and 
around Buohai was undertaken. The conference 
concluded that a magnitude 5-6 earthquake would
 
occur within 1-2 years in the northern district of
 
Buohai and recommended actions based on the policy 
of."precaution prevents misery."
 

The government departments transmitted and 
distributed the conference recommendations, with
 
their instructions to set up earthquake management 
sections, asking the expert and public to grasp 
forecast-prevention movements correctly and firmly,
 
so as to strengthen the earthquake disaster
 
prevention and counter-earthquake action. The
 
Chinese Communist Party, Liaoning committee, and 
the Provincial Revolutionary Committee further
 
reinforced their guidance of earthquake studies and 
actions in the entire province, and called confer
ences of those responsible in cities and districts.
 
The locations for earthquake detection, forecast,
 
and disaster prevention were designated specifi
cally for Liaonan and Liaotung peninsula. The 
policy was established to undertake earthquake
 
studies and actions, to reinforce the prediction-,
 
forecast activities of experts, and to publicize
 
the value of the public's participation in these
 
activities. It was requested that earthquake
 
prediction, forecast and prevention be undertaken
 
with a close tie between the experts and public, 
as well as between the instruments and methods
 
employed by the public and the more sophisticated
 
professional instruments. Based on the request of
 
the provincial Revolutionary Committee, the earth
quake office of Liaoning province made efforts to
 
strengthen the observation programs of earthquake
 
observatories and stations, as well as the portable
 
observationsystems of level-lines and geomagnetism, 
organizing expert teams to go into the people's 
companies and production companies in farming 
villages, city and village factories, and mines,
 
and to the public in general, under the leadership 
of each party committee, in order to encourage the
 
people to ise up and communicate knowledge about
 
earthquakes and to cooperate in the program. Based
 
on the previously established prediction forecast
 
network, and using every possible means within the
 
local communities, as well as the methods created 
by the public, the monitoring network was effect
ively spread across the community. By November 
1974, the prediction forecast points in Liaoning
 
and Liaotung peninsula districts constituted the
 
network. There were as many as 232 observation
 
points for such phenomena as underground electric 
currents, inclinations, ground water and animals,
 
within Yingkao city alone. These points and
 
networks surrounded the professional earthquake
 
observatories,and stations. Under professional
 
guidance, the standard of observations and analysis
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was improved. Thus, the observation forecast net 
work in Liaoning and Liaotung peninsula was estab-
lished, with joint cooperation of public and pro-
fessional, and an intensive observation forecast-

actions program was underway. 
In order to analyze the overall development 


and changes in the earthquake conditions, and to 

improve forecast systems, earthquake groups in each 


province and city, in Buohai seacoast and other 

related government departments, developed close 

cooperation with one another, exchanging data in 

real time and holding periodic discussions of 

earthquake conditions, throughout the organization 

of the-national earthquake bureau. The conference 

held in November 1974 covering seismic trends in 

three NE provinces conducted studies based on the 

previously adcumulated data as well as new data 


from Liaonang. For example: (1) all four short 

level lines sections (one being 10km) located in 

Liaotung peninsula, found inclines in the NW 

direction. The fact that the above observation 


station showed an increase in rate of crustal 

movement indicated not only violent activity in 

Chinyuan fault, but also an accelerated movement of 

the depression in the NW sections of the peninsula, 


while the SE sections showed a rise. (2) The short 


level line at Chinyuan showed a dramatic rise since 

September. (3) The geomagnetic field in Lutai 


district showed a positive anomaly of 13y even on 

25 September 1974. (4) Minor seismic activity in 

Hsungyuh and Liaotung bay south continued to 


increase. The conference declared "such districts 

as Yingkao-Darien are prone to relatively large 

and destructive earthquakes in the near future, and 

future work should be concentrated in these areas." 


Thus the bounds of the forecast in the northern 

district of Buohai were further restricted, 


We entered the third phase (November 1974) 

following the above noted assignment of duties and 

preparations, concentrating efforts on observing 

short term precursory phenomena. According to the 

data on several pre-earthquake phenomena from 

several great earthquakes in our country, all of 

them had relatively remarkable short term precur-

sory phenomena, especially easily observed anomal-

ous phenomena. Because the forecast prediction 

network had been basically established on a cooper-

ative basis of experts and public in Liaoning 

district, we were confident that we could catch and 


discover the pre-earthquake short-term precursory 

phenomena in this district, 


In the middle of December 1974, many anomalous 
phenomena in various wells and animal behavior were 
noticed by the public prediction forecast network 
in Tantung district. The following phenomena were 

noticed in many areas: (1) Snakes hibernating came 
out of their burrows and were frozen stiff on the 


snow; rats appeared in groups and were so agitated 

that they did not fear human beings (a member of 

Tanchengtung People's Commune of Tantung, Sun Tao-yi 

discovered over 20 rats and could catch them with 


his bare hands), and other anomalous behavior was 
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observed in domestic birds and animals. (2) In
 

four people's communes wells, in areas such as 
Chulienchang in Tantung district, the water 
suddenly became turbid and foamed, and the level 
changed. (3) The vector diagram of inclinations 
in Shenyang district showed a break and knots (?}.
 
The Radon content in Panchin, Tangkangtze, Tantung
 
districts showed a positive anomaly of 20 to 40%.
 

An emergency discussion was held and concluded
 
that there was the possibility of a magnitude 4-5
 
earthquake in the Liaonang district in the near
 
future. On 22 December, 70km north of Haicheng,
 
on the border of Liaoyang and Panchi, an earth
quake of magnitude 4.8 occurred. Although this
 
earthquake was close to the forecast area, we still
 
held to our conclusion that-a greater earthquake
 
would occur in the region to the south.
 

The occurrence of this earthquake drew special
 
attention from the National Earthquake Bureau and
 
the Provincial Committee, and the Provincial
 
Revolutionary Committee communicated through emer

gency phone calls requesting each area to streng
then the earthquake prediction forecast activities,
 
and to- take emergency prevention measures. The
 
Provincial Committee instructed that "based on the
 

fact that there is a possibility of earthquake,
 

everyone needs to prepare always for great morning
 
and evening earthquakes." They immediately called
 

an emergency earthquake disaster prevention meeting,
 
and established duty assignments concerning earth
quake disaster prevention and first-aid measures.
 

After the meeting, the information concerning
 
earthquakes, particularly counter-earthquake
 
disaster steps, was publicized in each area, attemp
ting to reach every family. Within cities, farming 
villages, factories and mines, people established
 
the procedures for earthquake disaster prevention
 

according to the conditions appropriate to the
 
locality. Based on the instructions of the
 
Provincial Committee, earthquake prevention and
 
disaster drills were undertaken, so that such action
 
can be practically implemented in mine shafts,
 
smelters, and densely populated residential areas.
 
Also tests and reinforcements of dams, mine shafts,
 
factory facilities and dangerous residences were
 
undertaken. 

Since the earthquake of Liaoyang, the obser
vations from various measuring instruments and from
 
the public prediction forecast network continued
 

to record the above easily observed anomalous
 
phenomena.
 

(1) The easily observed anomalous phenomena
 
seemed to spread throughout the areas: Liaoyang,
 
Panchi, Anshan, Yingkao, Chinchow & Lutai. The
 
anomalous animal phenomena were observed in snakes,
 
rats, hens, pigs, geese, ducks, birds, fish, horses,
 
cows, sheep, dogs, rabbits, cats, tigers, deer, and
 

including more than 20 species. Examples include:
 
stunned animals, running away, madly barking, and 
refusing food. Anomalous levels in well water were
 
really remarkable. Most wells showed a rise.
 

According to the overall calculation from 81
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observation points at the time, 55% indicated rises 

while 15% indicated falls; 30% showed change of 

color or foaming. The anomalous wells were distrib-


uted along the line of structure, and in several 
places underground water was observed to boil up 
(Figures 6 and 7). 


(2) The observed curve of short level line 

data in Dhinyuan after the dramatic accelerated 
change since September, entered a level and 

constant unstable condition (that is what the text 
says, but what it means technically is unclear). 
It resembled the standard curve applying to rock 
stress and crushing experiments performed in 

laboratories, and therefore indicated that we had 
entered the period immediately before an earthquake 

(see Figures 3 and.8). 


(3) The distribution of magnitude 3 and 4 
earthquakes during 1974 in Liaoning and its sea-

coast clearly indicated that the Chinyuan - Yingkao 


area was empty, and therefore anomalous (Figure 9). 

Such conditions demonstrated the possibility 


of progressing seismic conditions in Liaoning, in 

addition to further narrowing the time limit for a 


relatively strong earthquake. 'In mid January 1975, 

the National Earthquake Bureau again called a 
conference on nationwide seismic trends. Based on 

the theoretical analysis of anomalous phenomena, 
and taking into consideration the background of 
seismic activity in Huapeh and Buohai north, they 
clearly recommended that Yingkao, Chinyuan and 

Tantung districts be designated the earthquake 
prone districts for magnitude 5.5 to 6.0 in the 

first half of 1975, and should be watched more 

carefully. Thus the time of forecast and possible 

areas were further restricted. 

The fourth phase reinforced the various 


observations, and watched precursory phenomena to 

catch the big earthquake. Based on the above 


conference recommendations, and under the instruc-

fions of the Provincial -Committee, the earthquake 
office of thd province called an emergency meeting 
of those who were responsible in earthquake offices 

and earthquake observatories and stations of such 

areas as Yingkao, Panchin, Lutai and Tantung on 
28 January, and transmitted the spirit of the 


conference of the National Earthquake Bureau 
studying the possibility of strengthening the 


observations -and grasping the precursory phenomena.. 
In addition, the conference requested that such 

people go out to the public at large and let them 


rise up and make a thorough publicizing of precise 
knowledge of earthquake and earthquake disaster 


prevention. They also requested that the obser-

vation activities by the public, as well as the 
earthquake observatories and stations, be strength-
cred, and the earthquake disaster prevention 
measures be undertaken within each organization, 

factory, mine; in cities and towns, people's 
productions companies, and in farming villages. 

After the assignment of duties and dis-
semination of information, the local leaders and 
the public improved their knowledge of earthquake 


studies and actions, and safety measures, and were
 
mentally prepared for the possibility of earthquake.
 
They have become active in prediction forecast and
 

earthquake disaster prevention, observing seriously
 
the various anomalous phenomena, and immediately 
reporting when such phenomena are discovered.
 

In the beginning of February 1975, varibus
 
'easily detected anomalous phenomena had become 
increasingly remarkable:
 

(1) Anomalous phenomena of animals increased, 
especially among large animals such as cows, horses, 
dogs and pigs. The deer ranch in Anshan observed 
the deer to be startled, jumping in their stalls, 

running around aimlessly and bumping into each 
other. Among them, a three year old plum flower
deer (brown deer with white spots) broke his leg
 
trying to jump over the fence. 

(2) Anomalous phenomena in well water gradu
ally advanced from SE and NW directions toward
 

Yngkao-Haicheng. According to the data on well
 
water already collected at that time, the well
 

water of Panchin still showed a rise, and in two 
wells in Yingkao, Yuyen & Panchin, the water blew
 

out. In a hot spring in Tangkangtze, on the
 
contrary, the hot water stopped spouting three 
times (it was observed also in Liaoyang that the
 
hot water stopped spouting twice before the
 
earthquake, but the time was relatively short). 
The most remarkable was the people's commune of 
Shiaotze River, Yuyen prefecture, where the pond
 
water had air bubbling in it, broke the ice and
 
shot up like a water fountain.
 

(3) The electric current in the ground meas
ured by a simple instrument made by the public near 
Yingkao Earthquake Station showed an abrupt change
 
starting on 2 February. The electric current under
ground measured by this simple instrument created by
 
the public at amateur prediction point of Geology
 

102 Troop showed (on-a 60m distance between elec
tric probes) a slow rise after early January, and 
then'dipped dramatically on 2 February, recording 
more than 100my drop it 0 Hours, 4 February (see
 
Figure 10). At the same time, a wide range anomaly 
appeared at Haicheng Observatory Station, Kuchuang 
Mail and Telegraph Office.
 

(4) The level meter which Shenyang Earthquake 
Station hadplaced within a cave in a mountain, 

-	 showed an accelerated break in the SW direction, 
away from the normal motion, on 30 January. 

(5) Most remarkable was the minor seismic 
activity occurring 20km away from the Yingkao
 
Earthquake Station on 1 February (see Figure 12).
 

There were four characteristics of these minor
 
earthquakes: First, the districts which experienced
 
these minor earthquakes were districts in which
 
earthquakes seldom had occurred in the past. 
Second, the frequency and intensity continually
 
increased, i.e. one on 1 Feburary, seven on 2 
February, and many more on 3 February - all of the 

kind which can be felt. On the morning of 4
 
February, earthquakes of magnitude 4.7 and 4.2
 
occurred. Third, the primary direction of the P
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wave was constant, and most of the primary move-

ment was down-thrust. Fourth, the positions were 

concentrated in one small area. 


Yingkao Earthquake Observatorymade an analy-


sis of such minor seismic activities and of data 


collected by simple instruments created by the 

public, and gave out a forecast of a relatively 

strong earthquake in the area within several days. 

Liaoning Province earthquake office analyzed 

data gathered from various areas, and concluded 
that the above phenomena could indicate a possible 
pre-earthquake anomaly. They also feared that a 
relatively strong earthquake could occur after the 

minor seismic activities in Haicheng and Yingkao 

districts, and forwarded their opinion concerning 

the earthquake conditions and forecast to the 

Provincial Committee at 0:30 on 4 February. On 
that same morning, the Provincial Committee sent 

out instructions on earthquake disaster prevention 
measures, and-transmitted this to the related city 


committees. At 10:00 AM, the Provincial Revolu-


tionary Committee notified all the provinces through 


emergency telephone calls that there was a possi-

bility of strong earthquake in Haicheng Yingkao 


districts. At 14:00, the provincial earthquake 
office called a conference for earthquake disaster 


prevention in Haicheng prefecture, transmitted the 


instructions of the Provincial Revolutionary 


Committee to the responsible personnel of each 


prefecture and studied actual duty assignments for 

earthquake disaster prevention, 


Yingkao, Anshan city committee called many 


emergency meetings in accordance with the instruc-
tion of the Provincial Committee. They assigned 
emergency duties, organized the public and made 


simple structures for disaster prevention. In 


Yingkao prefecture, hospital patients were evac-

uated while the aged and weak were organized and 

evacuated into the disaster prevention structures, 


Vehicles and items for first aid purposes were 


prepared while first aid and medical troops were 
organized. In certain people's communes and 
production forces, the public was evacuated from
 

housing structures onto an open area where they 


were shown films. Guards and watches were placed 

in important working areas.
 
Thus when the actual strong earthquake
 

occurred at 19:36 (Peking time) on 4 February, the 
majority of the people and large dome'stic animals
 
were well away from structures, while automobiles
 

were left apart from garagest. Many important
 
materials were moved from storehouses. Although
 

damage to the structures was severe, loss and
 

injuries to human beings and animals were greatly 

minimized. As each party committee had acted 
accurately and carefully on earthquake disaster
 

measures, and organized the public for such actions, 
no loss of human life was reported in several
 

people's communes and production forces, despite
 

t This is no minor matter. Emergency and other 
vehicles trapped in their. garages were a major
 

problem in the San Fernando, Calif. earthquake. 

the fact that the earthquake damage was disastrous
 
in the most violently shaken areas, as high as 90%
 
of the structures being destroyed in certain
 

locations. Over 3,000 people of the Chakao
 

production force, Haicheng Pailo people's commune,
 

were organized and evacuated by the leaders who
 
acted in accordance with the instructions of the
 
above, and there were no injuries except for one 

injured child. On the other hand, there were some
 
injuries and casualties in some people's communes 
and production forces. For instance, Shihpangku 
production force in Yingkao, the public was 
instructed and organized for evacuation. And yet 

two members of the company who were relatively
 
influenced by old thoughts did not trust the 

forecast. They brought their childhome during the
 

night and went to bed. Among all of 3400 some 
people of this production force, these three were
 

the only casualties. Such examples show the over
all effect of the earthquake disaster prevention.
 

After the earthquake, Chairman Mao, the
 

Central Party and the government departments were
 

deeply concerned. The central party sent out a
 
group of members to comfort the .stricken. Under
 

the guidance of each committee and the encourage
ment of the central party, and with the great 

support of the Chinese People's Liberation Army 
and people all across the nation, the people of the 
affected areas followed the motto: "Rise up and 
build strength and wealth, develop production with 
your own hands, and rebuild the homeland." 
Counter-earthquake and aid activities began at
 

once, seeking quick recovery of production, 
rearrangement of their lives, and the bringing forth 
of new development in industry and production, as
 

well as rich harvest in the fields. The destroyed
 

structures are now mostly rebuilt, while new
 

villages and housing developments have been
 
created. The public is in high spirit, and are
 

striving forward inder the banner: "The agriculture
 

of the nation learns from hard winters, while 
industry learns from catastrophe." 

(Lecture on 3 December 1975)
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CHARACTERISTICS OF THE HAICHENG EARTHQUAKE OF 1975
 

By Hsu Shao-Hsueh
 

Engineer, Geophysics Research Institute, Chinese Academy of Science
 

I would like to explain the characteristics 

of the seismic activities at the time of the 

Haicheng earthquake. I can divide this into two 
sections: First, an explanation of the basic 
conditions 	of the seismic activities in the 
Haicheng earthquake; Second, an explanation of the 
basic conditions of the seismic activities relating 

to the forecast. 


(Figure 1) A strong earthquake shook the 

areas near the Punkao People's Commune, in Haicheng 

Prefecture, Liaoning Province, on 4 February 1975. 

The intensity in the epicentral areas was magnitude 
9 {Chinese 	scale used here is believed to be 
similar to modified Mercalli}. The long axis of 

the affected area at magnitude 9 was 50km, short 


axis 37km, and the entire area was 760km2 . The 

affected areas at magnitude 7 was 9,200km2 , and the 

maximum area over which the earthquake could be 

felt stretched to Kiangsu province on the south, 

and Welyin 	on the north, Mongolia and. the region of 

Wuhan on the west, the radial distance reaching 

generally 1000km. 


The basic parameters of the main shock: the 

time of the earthquake was 19h 36m 06s (Peking 

time), epicenter was located in east longitude 

1220 48', and north latitude 400 39', and the 

epicentral 	depth was 12km, and magnitude 7.3 

(Richter). 


(Figure 2) After the main shock of magnitude 
7.3, nearly 100,000 aftershocks were recorded. 
Figure 2 gives the distribution chart of observed 
earthquakes of magnitude 2 or over between 1 
February and 31 March 1975. Aftershocks were 

concentrated in the area 70km long, and 30km wide,
 
and the epicentral depth distribution was between
 
1 and 17km, and 90% of them were less than 12km.
 

This earthquake was accompanied by numerous 

foreshocks. Shihpangku earthquake station, 20km
 
away from the maih shock, recorded over 500 fore
shocks. The foreshocks which could determine the
 
epicenter were all concentrated around the main 

shock. Small foreshocks which could not determine
 
the epicenter also were concentrated around the 

main shock based on the estimate of S minus P wave
 
times. In 	the figure (2), the solid circles 


represent foreshocks. The direction taken by the 

aftershocks was 690 from N to W. As for the 

vertical cross-section of this direction, see the
 
next figure.
 

(Figure 3) This is a cross-section of 690 

NW. The following three figures are the cross-


section of the directions at right angles. 
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As can be seen in these figures, the distribution 
of inclination angles of foreshocks. is relatively 
steep, and the epicentral orientations were in 
agreement with this. 

(Figure 4) This figure demonstrates the 
epicentral orientations obtained from the first 
motions of P waves from the main shock. 
 Please see
 
the attached chart below the figure. Viewing the
 
distribution of aftershocks, we can choose nodal
plane "A as the fault plane. Therefore, the 
structure of the epicentral zone wasa horizontal,
 
left displacement fault. This view was proven by
 
measurements of crustal movement after the earth
quake and surface surveys of the fault.
 

(Figure 5) This figure shows the epicentral
 

orientation obtained by superimposing ten first
 
motion distributions from foreshocks. Viewing this
 
figure {shows): (1) the epicentral mechanisms of
 
the foreshocks are stable; (2) the epicentral
 
orientation of the foreshocks, and the main shock,
 
showed excellent agreement.
 

(Figure 6) The area of local crust depression 
closely matched the region of large aftershock
 
activity. 	The broken lines in the figure show the
 
aftershock 	areas. The arrow pointing down shows
 
the depression, and the length represents the
 
magnitude. The strike direction of maximum depres
sion is NW and is in agreement with the foreshock 
areas. According to the triangulation, the hori-
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zontal movement of the two sides across the fault
 
is a dilation. The side which connects the two
 

points which do not cut across the fault (having
 
different 	epicentral distances) experienced a
 
compression. This indicates that there was the 

horizontal movement of a left displacement fault.
 
Incorporating all of the above phenomena, we can
 
conclude that nodal plane A was left displacement.
 
This was in accordance with the epicentral orien-

tation mentioned above. 


(Figure 7) The crack structure in the
 
Shiaokushan District also clearly shows that the
 
fault was 	left displacement. The strike direction
 
of these cracks is close to the East-West direction.
 
The length over which the crack can be detected is
 
5.5km, and 10 to 60 meters wide: over 300 cracks
 
in parallel forming the detectable area (along the
 
fault). The direction was relatively constant,
 
and unaffected by topography in the area. In many
 
places, we could observe the phenomena such as
 

severed tree roots. The maximum amount of left 
displacement reached 55cm.
 

(Figure 8) We analyzed the fault plane from 

the distribution of first motions of foreshocks, 


main shock, and aftershocks. The foreshock orien-

tation and main shock orientation were in agree-

ment. Roughly estimated, the stress drop in the 

main shock was 4.8bar (length of fault estimated
 
at 70km, maximum horizontal displacement 55cm). 

Compared to previous M=7.Atearthquakes, the stress 

drops of which were 30-40 bars, the scale of this
 
particular earthquake was one order of magnitude
 
smaller. 	The horizontal strain measured by trian
gulation was 2 X10-5 , which is also an order of
 
magnitude below that of the Yingtai earthquake.
 
The Haicheng earthquake of 1975 is therefore
 
considered to have had a small stress drop.
 

Most of the aftershock orientations were 

close to those of the foreshocks and main shock. 

Within the earthquake orientations listed in the
 
upper section of the figure, four were different
 
from the others. The algebraic signs of the first
 
motions of these four quakes, recorded by the
 
earthquake observatories, were mostly reversed.
 
Interpretation of this observation awaits further 


study. Some view this as a readjustment from
 
excessive 	offset, while others view it as caused by
 
a kind of block motion.
 

The epicentral dimension, seismic moment, 
stress drop and the amount of offset for 80 
foreshocks and aftershocks were measured, using the 
amplitude data of the half period of the first 
motion of P waves. The results were as follows: 

(1) Stress drops were within the range 0.1-1.0 bar,
 
which is relatively low. (2) There were two places
 
in which stress drop was relatively high. These
 
correspond to the orientations with reverse signs.
 

This honstitutes the basic conditions of the
 
earthquake, following is item two, characteristics
 
of the seismological activity. 

t M= Richter Magnitude, and "magnitude" will refer 


to the modified Mercalli scale in the text.
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Figure 7: 	A sketch of crack distribution and
 
orientation
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Figure 9: Maximum compressional axes in Huapeh and
 
Tungpeh districts
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Figure 9 demonstrates several earthquake
 

orientations in Huapeh district. The two nodal
 

lines of orientation in Huapeh run, for the most 
part, in the north - northeast and west - north

west directions. Hence the stress field is consid
ered to be comparatively uniform. The main compres

sional axis runs in the northeast - southwest 
direction. The Liaonan - Haicheng districts are 

located within this uniform stress field. 
(Figure 10) In view of its topography and 

structure, Liaanan and Huapeh districts are 
identical. All of the topographical aspects from 
Mt. Taisungon to Mt. Taiseng and from Chungliao 

plains to Huapeb plains are similar. 
The great fault of Cheng-Luhchiang cuts 

across Buohai and extends as far as Liaonan. This 

and the uniform stress field of this area corres

pond to one another. 
(Figure 11) With the Yingtai earthquake of
 

1966, seismic condition of Huapeh district entered
 

an active period. Earthquakes occurring since the
 

Yingtai earthquake are as follows: 8 March 1966,
 

M 6.8 in Lungyao; 22 March 1966, M 7.2 in Ningtsun;
 

27 March 1967, M 6.3 in Hochien; 28 July 1969,
 
M 7.4 in Huohai. The direction of these earth

quakes has tended to shift from southwest to north

east. This fact had been repeatedly discussed Figure 10: Topographic map of the iaona. and 
since the Yingtai earthquake of 1966. Huapeh districts 

Following the Yingtai earthquake of 1966, 
earthquakes of M 6.3 and 4.5 occurred in Pehpiao. 

On 2 October 1966, an earthquake of M 5.2 occurred 115, 1200 125* 

in Chianchung. (From the figure, the audience will 46 0 
be able to appreciate that there were very few 66,102M-52 
earthquakes in Tungpeh district since 1944.) These 

earthquakes left a strong impression on the people.
 

Professor Lee Sze-Kwang pointed out at that time
 

that, "from the structural point of view, we must LI 
45
take these earthquakes seriously." 


Taking into consideration such facts as the 4.6
 

uniformity of the stress field and the direction of 4 

the fault, anyone would naturally ask the question: 

0 0 

"aren't earthquakes going to develop toward the 

,'

northeast in the future?"
 

(Figure 12) We could observe the velocity 4d
 

variation of seismic waves in this particular area.
 

I would like to stress a point here, and that is / M- 74
 

that we did not have a clear knowledge concerning 
the velocity variation of seismic waves in this 63.2f 64J
 
area until after the main shock of M 7.3 in/663.22 72
 

Haicheng. Today we are still in the process of APr 66..8.AM .eS.
 
analyzing and studying the data, and the following
 
results are only tentative.
 

First of all, we noticed that the wave
 

velocity varied significantly over a large land
 

area. First it showed a slight variation (figure Figure 11: Migration of major earthquakes
 
12a: Prior to 1974), and later it recovered (). since 1966
 

Another condition we noticed was that the epicen

tral region of the main shock did not show any
 

variation until the time of foreshocks. There were
 

three other points outside of the area show in the
 

figure, i.e. 1.67, 1.64, and 1.56.
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Figure 12: Distribution of anomalies in seismic wave velocity j.7. 
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Figure 13: Plot of Vp/Vs
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Figure 14: 	Variation Infrequency of earthquakes Figure 15: Epicentral distribution of earthquakes in 
inLiaonan district district M>5 1940-1957; M>4 1958-1974 

m 	 yr place K h km area km' 

u~~f0 A 

7 (a) 	 1944.9 3t0 7.0 210 16000 - 4.0 

1949.2 %fj 7.2 300 34200 4.0 

6 0 00 1955.4 9'ft 7.0 250 22600 
M=36gL-0"07(±0.33) 1966.9 " 6-4 160 8800 3.0 

5 1968.2 fX 7.0 100 4000 -4.0 

50 100 200 500700 1970.1 A* 7.7 105 5400 5.S0 

iK*L(0I) 19702 *NIE 6.2 140 8000 30 
1970.2 A8 6.2 115 5000 3.0 

S1971S 	 -) -6.0 140 8600 4.0 

o 1972.1 " 62 180 12000 	 3.D 

1-1973 U4-T 7.2 184 16000 t4.0
 
7 
 1973.6 N 
6.0 150 	 11000
 

6 0 0 	 ±0 1973.8 SW'f 62 134 10000 3,0 
-LM-I-551oBQ+0.31( 0 34 ) 1973.8 VIE 6.3 148 8000 >&01 

3 	 4
10	 10


(a) Relationship between the length(km) and M,
 

(b) Relationship between area(km 2 ) 	and M.
 

Figure 16: Relationship between the length (of the blank area) L in km and M; and between the area Q 
in km2 and M. 
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The curve representing the chronological (Figure 16) This is a summary of studies
 
variation provides us with a crucial observation concerning remarkable earthquake examples of our
 
which demands careful attention and further country, that were accompanied by the blank area.
 
research. See the following figures: These earthquakes were all violent, registering
 

(Figure 13) This figure represents the 146 and over. The relationship between M and the
 
chronological variation of the velocity of seismic length of the long axis {of the blank area} is
 
waves, using the earthquakes within the framed shown in the upper figure (a). The margin of error 
portion of the figure in the lower left. The in this case is ±0.03. The relationship between M 
figure shown in the lower right is an enlargement and the area of the blank space is shown in the 
of the portion of foreshocks. lower figure, with a margin of error of ±0.34.
 

(Figure 14) The annual frequency of earth- Based on this relationship, and from the length of
 
quakes in Liaonan showed a remarkable increase the long axis of the blank space, it was predicted
 
after 1974. Based on the data of about 20 strong that the magnitude of the Liaonan earthquake would 
earthquakes in China since 1944, we observed that be 7.5, and from the area of the blank area, it was 
all of them passed, without exception, through predicted that the Liaonan earthquake would be M 
stages in which the seismic activity became 7.6.
 
vigorous. At the peak of activity, the frequency The above factors were significant seismic 
was 2 to 10 times as much as that during inactivity, characteristics in the medium term forecast of the 
(See Table 1 for instance.) Haicheng earthquake. Let us turn to a study of the 

characteristics immediately before the earthquake. 
Table 1 

N (active) Z*M 
Magnitude N (quiescent)Year Month Epicenter 

IF A N N (9359) 8 

194 9 911f M 7.0 4.8
 
1949 2 IcW -d 7.2 10
 

1961 4 6.8s 3.3 40
 

1W 9 tAZ:U35 6.4 2.2 
19W8 2 ti L 7.0 3.7 
1913 8 F~IMfM 6.2 2.6 
1973 8 Rm*x 6.3 2.6 20 

20 

Viewing the various conditions mentioned 0 2 0 12 0 2 0 12 Ot 
above, the anomalous condition of seismic activity 1/2 2/2 3/2 4/2 
in Lianan district could no longer be ignored. Figure 17: Variation in hourly frequency of the 

(Figure 15) This figure shows the distrihu- foreshocks of the Haicheng earthquake 
tion of earthquakes of M=5 and over during the 
period 1940-1974, and those of M=4 and over during (Figure 17) During the period from I February 
the period 1958-1974, in Liaonan district, through 4 February 1975, Shihpangku earthquake 

Among earthquakes with M=5 and over occurring observatory recorded more than 500 minor earth
in Liaonan district since 1940, we know of only quakes. Since its establishment in August 1970, 
three that occurred between 1940 and 1944. No Shihpangku earthquake observatory and stations 
earthquake with ?t=5 or over occurred in the 30 recorded only 9 minor earthquakes in the five 
years from 1944 through 1974. After the nation- years. The strongest of them registered a magnitude 
wide standard earthquake observatory network was of only 1.3. The characteristic of this series of 
set up in 1958, any earthquake with *=4 or more earthquakes was: the frequency rose quickly, earth
that hit this district should have been observable, quakes occurring during the period from 01 hour to 
And yet, as is shown in the figure, no earthquake 11 hour of the 4th numbered some 400 - then activ
of M-4 occurred in Liaonan district, not even ity ceased abruptly with a very small value of B. 
after 1964. The spatial distribution of seismic The earthquakes occurred within a small area, and 
activity of M=4 or more was a blank area. The the epicentral distribution of the foreshocks was 
meaning of the blank area as a precursory (itat edi confined in an area 14 x 8 km with a stable orien
phenomenon was actively discussed in our country as tation. Among 79 foreshocks whose first motion was 
well as in other countries. Our country has a discernible, recorded by the Shihpangku observatory, 
great wealth of earthquake examples (from the the first motion of 78 was all extension and the
 
historical records). There was no doubt that such wave pattern was similar. Whether these were 
examples had significant meaning in earthquake true foreshocks or swarm type earthquakes became an 
forecasting. Based on the size of such a blank intriguing question. 
area, we can predict the size of future earthquakes. 
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Figure 18: 	 Comparison between frequency and P/S maximum amplitudes, for foreshock type earthquakes (upper) 
and swarm type earthquakes (lower). * A period earthquakes: 0 B period earthquakes. 
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Figure 19: 	 Ratios of maximumi P and S wave amplitudes of the Hal cheng earthquake foreshocks at six 
observation stations 
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(Figure 18) 	 This figure is a schematic 

drawing of 	the swarm and foreshock type earth-
quakes. The characteristics of the activity of 

swarm type 	 earthquakes before the release of major 
energy (A period) differs from those after the 
release (B period). The two figures on the right 
demonstrate those that are viewed from the A5/Ap 

relationship. Please notice the right of these 
figures. The amplitude ratio is relatively stable 
in the A period, while in B, it is unstable. 


The characteristic of foreshock type activity 
is similar to those of swarm type earthquakes 

during A period, but is not very clearly shown or 

demonstrated. Those during B period represented in
 
the A,/A% chart, tend to line up in a relatively 


straight line. 
The swarm type and foreshock type earthquakes 

are difficult to distinguish during A period. 

During B period, however, we can always distinguish 
swarm type earthquakes. 

Table 2
 

Characteristics of swam-type earthquakes 


A period B period 
Amplitude, Frequency Rise Fall 
M Rise Fall 
Value of B Small Large 
Spatial distribution Concentrated Diffuse 
Orientation Stable Change 

Please see the following figures concerning 

conditions prior to the Haicheng main shock of M 
7.3. 


(Figure 19) The amplitude ratio of As/$ 
recorded at earthquake observatories and stations 
located around this earthquake system was stable up 
to the time immediately before the great earthquake, 

as is demonstrated in the figure. Incorporating 

with the characteristics mentioned above, the rise 
(increase) is rapid, and the spatial distribution 


is concentrated with the value of B being minimal.
 
Therefore, we could not identify these quakes as
 
swarm-type 	 earthquakes. It was necessary, in other 
words, to define these as foreshock type earth
quakes. If these shocks were, indeed foreshocks, 

how strong would the future earthquake be? 
(Figure 20) Based on the statistics of 

earthquakes in our country accompanied by fore-
shocks, the relationship between the main shock 
and foreshock was as shown in the figure. Taking 
this relationship into consideration, it was 
predicted that the foreshock of M 4.7 would 
correspond to the strong shocks of M 6.7 (the 
actual condition of the Haicheng earthquake is 
shown A). 

Viewed from the characteristics of the medium 
to long term seismic activity mentioned above, 
this district was ready for a strong earthquake. 
Then a series of earthquakes occurred on one side 
of the blank space. These earthquakes exhibited 
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Figure 20: 	Relationship between magnitudes of
 
foreshocks and main shocks in China
 

the characteristics of swarm type earthquakes.

Their scale appeared to indicate the possibility of
 
a strong earthquake in the future. These condi
tions all supplemented and supported one another. 
We therefore decided that the seismic activities
 
which we were observing indeed were valid precur
sory phenomena. The specific kinds of precursory 
phenomena noted above are naturally limited in 

their capacity to forecast earthquakes under other
 
conditions. The following schematic drawing
 
illustrates our views.
 

unpredictable
 
occurrence ,all earthquakes 
of earth
quake seq. EQ with precur

sors 
sequences 'EQ with system
uncertain atic precursors 
(temporary)
 

wrong prediction (temp) predictable 

Figure 21: 	 Schematic of earthquake prediction rela
tionships: 	strong earthquakes with a
 
series of systematic precursors occupy 
only a part of the whole. 

The precursory characteristics immediately 
before an earthquake mentioned above can be used as 
a forecast 	factor only for this part, as is illus
trated in the smallest rectangle on the center 
right of the figure. As for those with swarm-type 
earthquakes as precursors, we won't be able to 
define that part for some time to come, and there 
will be erroneous forecasts. This circumstance is
 
shown by the small rectangle in the center left of 
the figure. Most of such misforecasts will not
 
stand long, however. When the characteristics of 

http:Mt=087M*+2.Sg


the B period of the swarm type earthquakes grad- cast, as assessed from the characteristics of 
ually become apparent, we can correct such mistakes, seismic activities. 
As has been explained thus far, we believe that the 
Haicheng earthquake was subject to reliable fore- (Lecture 4 December 1975) 

STUDIES CONCERNING EARTHQUAKE RESISTIVITY OF FACTORY STRUCTURES
 

By Yuen Tze-Chien
 

Research Assistant in the Engineering Mechanics Division
 

of the Chinese Academy of Science
 

The purpose of our research on structures is 
mainly for application to the design of future 
buildings. The studies we have undertaken thus far 
can be roughly classified into two categories, 
namely, the studies on dynamic behavior of factory 

structures, and the latent resistivity of these 
structures to earthquakes. The study of dynamic 

behavior of factory structures attempts to measure 

the oscillatory behavior of the structure through 
oscillation experiments on typical structures and 


structural models. The latent resistivity of 


structure, on the other hand, is to discover the 
horizontal resistivity of structures or structural 

elements through large-scale reduced models. We 

saw to it that the resistivity of the entire 
structural elements would be demonstrated as much 
as possible from the point of view of structural 

design. Based on this premise, we must make such 
entire resistive elements resist shocks. This is
 

of
why we are emphasizing at present, in the areas 


the factory structures. the improvement of design 
methods and exploitation of latent resistivity. I 
would like to discuss the following three aspects. 

(1) Oscillatory quality of factory structure.
 
We base our quake resistance design on elasticity 
theory. This requires research on the oscillatory 
behavior of structures. 

ithe 

Figure 1: Schematic drawing of typical factory 
structure (one story) 

Most of our one-story fattory structures look 
like Figure 1. Generally speaking, all of them 
have cone-shaped walls on both ends of the eaves. 
The results of numerous measurements and experi
ments on models indicates that when such buildings 

are shaken, the deformation of the roof system 
cannot be neglected. The major deformation is
 
shearing, and we view a roof as a beam affected by 
shearing type deformation when we analyze the 
oscillatory quality of such factory structures.
 

The equation of motion of the i th roof of a factory 
structure with n roofs of various heights will be: 

a2= n K
 
G F azX 2 kI d Z(k,X,t) +M- i t2 

and if we sme that = constant, the indiv-
Mj 

dual frequency of a degree of the factory structure 

will be: 

msJ'= + 8 GF 

The oscillation type of the factory structure is: 

Z(i,X) =Y(i) - X(X) 

GiPi Rigidity against and cross section area of 

the i th roof, respectively. 

Ktk Resistivity of the i th roof, in case one of 
the f rames of the k th roof is displaced, and 

displacement of other roofs is zero. 
d The length of the frame span 

Mj Mass of the i th roof per unit length 

us Angular frequency of the a degree oscill
ation type of one frame. 

aj Parameter which defines the boundary 

condition of the roof. 

The results of the analysis above and that of 
the actual measurements and of tests using models 
show agreement. In practice, we simplify the above 
equation. 
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0
 

Figure 2: Rahmen structure model (1:3) Figure 3: Rahmen structure with brick wall. The
 
load was added until it gave way.
 

Figure 4: Brick wall without Rahmen structure, Figure 5: Rahmen structure with brick wall and an
 
load added to the point of breaking. opening, load added to the breaking point
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(2) Resistivity of brick walls against 
horizontal forces. A great majority of the multi-
layered Rahmen structures frequently used in our 
multi-storied industrial and housing structures 
use brick walls. Brick walls in non-earthquake 
prone areas simply divide and enclose space. In 
earthquake prone areas, however, brick walls 
provide a resisting structural element against 
horizontal forces. They exhibit resistivity 
against uniform horizontal forces. We performed 
numerous model experiments in the past in order to 
understand this resistivity, so as to be able to 
utilize the maximum quake resistant qualities. The 

tests on models were performed under the following 
four conditions: (1) Rahmn structure without brick 
walls; (2) Rahmen structure with brick walls; (3) 
Brick walls without Rahmen structure; and (4) Rabmen 
structure with brick walls having openings. The 

test load was placed from both the negative and 
positive directions until the model gave way. 

Through these experiments we gained the 
following insights. The motions of the Rahmen 
structure with brick wall, under the influence of 
the horizontal force, can be divided into two 
phases. The first phase extends to the time when 
cracks appear. During this first phase, the brick 
wall and the Rahmen structure constitute a parallel 
joint structure, the brick wall being the main 
component. As the horizontal load is increased, 
cracks begin to appear in the wall, and this is the 
second phase. The rigidity of the wall at this 
point rapidly decreases, as the load begins to be 
distributed to the Rahmen structure. The maximua 
resistivity of the brick wall together with the 
Rahmen structure is somewhat greater than the total 
of durability (the ability to hold up against the 
load) of each of the components working separately. 
We discovered that the reason the brick wall could 
prevent the destruction of Rahmen structure was 
that the latter did not instantly lose its stabil-
ity under excessive distortion. 

In view of the above results, we could
 
distribute the horizontal load according to the
 
rigidity of brick wall and Rahmen structure, and 
could take the total of rigidity of both components 
as the structure's overall maximum rigidity. 

(3) Condition of damage on factory structures
 
caused by the Haicheng earthquake. On 4 February 
1975 the Liconan district of our country was hit 
by an earthquake registering M 7,3, epicentral 
magnitude was over 9 (on the (hinese scale). The 
western perimeter of the affected area in this 
earthquake was the shore of the lower Liao River 
and the plains on the coast. The level of the 
ground water in this area was relatively high and 
the ground surface was covered with 1-5 meters 
thick clay. Underneath the clay was an approxi

mately 10m thick layer of sand and silt bed. The 
east perimeter was the Chienshan mountain range 
where the surface layer is very thin. Severely
 
shaken areas were located mainly on the hills of 

Haicheng and Taishihchiao areas, where the surface 
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(covering) layer ranges from several to some 40 - 50 
meters. The variation of the tppograpical and 
geographical features from east to west is consid
erable. The characteristics of the quake damage in 
the western and the eastern areas showed agreement 
with the topographical differences. The structural 
destruction in the central hills and that in the 
eastern mountainous areas was mainly caused by the 
earthquake motions of the earth; while, in the 
coastal plains on the west, one of the causes of 
structural damage was that the subsoil lost its 
strength, in addition to that caused by movement of 
the 	earth.
 

The following are the styles in which the 
majority of the factory structures are constructed 
in Liaonan district: 
(1) 	 one-story factory buildings with reinforced 

concrete pillars.
 
(2) 	 One-story factory buildings with brick pillars. 
(3) 	 Factory buildings with more than 2 stories 

with Rahmen structure in reinforced concrete. 
(4) 	 Brick structured factory buildings of more than 

two stories. 
(5) 	 One story cotton mills. 

Our study revealed the following facts. Most 
of the above buildings could resist this earthquake. 
Some factory buildings did sustain relatively 
severe damage, however, and among them the most 
severely damaged were those in one story with brick 
pillars and multi-story brick structures. The 
nature of damage in the brick factory buildings of 
two 	or more stories resembled that in brick civil 
buildings. All of them had X-shaped cracks and 
diagonal cracks on the walls that supported the 
weight. This type of building, even though sus
taining considerable damage, did not collapse. 

This was mainly because all of such damage was 
caused by shearing. Among those buildings damaged 
by shearing, comparatively few brick walls sustained 
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Figure 6: Amplitude distribution In Halcheng
earthquake (Chinese Mercalli scale) 



Figure 7: 	 Nature of damage in brick construction 
of more than two stories 

UHmill 

Figure 9: 	 Damage in the lower part of a factory

building with brick pillars 


damage caused by vertical forces. Furthermore, as 
this type of structure possesses relatively strong 

joints which constrain it vertically and horizon-

tally, the walls do not readily lean or collapse, 
Therefore, 	 they can still support the upper 
structure. 


Figure 8: 	 Damage to the base of pillars suppor
ting the wall
 

............"
... 

Figure 10: 	Damage to the upper part of the pillar
 
supporting the walls
 

The damage 	 sustained in the one-story factory 
buildings with brick pillars appeared in the lower
 

part of pillars which supported the walls, caused
 
by bending forces (see Figures 8 and 9). In some
 
of the factory buildings, the upper parts of the
 

pillars that supported the walls were damaged as 
well (Figure 10).
 

At the same height as the damage to the pillars 

supporting the walls, horizontal cracks were found 
on the vertical walls. This damage was all concen

trated in the center portion of the factory
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Figure 11: 	 Damage in the lower part of the 
concrete pillars 

41i
 

Figure 13: 	 Damage in the cross member support 
on the concrete pillar 


buildings. Damage was limited in the pillars 
supporting the walls and the horizontal walls close 

to the ends of the building. This is in agreement 
with the three dimensional displacement mentioned 
before in the analysis of the oscillatory behavior 


of the factory buildings. 

Figure 12: 	 Damage in the top portion of the
 
pillars in Rahmen structure
 

Figure 14: 	Collapsed walls on the ends of a
 
building
 

As for the damage sustained by one-story 

factory buildings with reinforced concrete pillars, 

it resembled the case of such buildings with brick 

pillars, i.e. the damage in the center section of
 
the building was comparatively severe. Concrete 
pillars had horizontal cracks on the lower parts or 
above the corbels (brackets), caused by the pulling 

force. The steel bars within the pillars were not 
damaged. Among concrete pillars, the damage caused 
by shearing and bending was minimal (Figure 11). 
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Figure 15: Upper part of this vertical wall
 
collapsed
 

Figure 17: Damage in horizontal support
 

The damage illustrated above all occurred in
 
the areas stricken at magnitudes between 8 and 9.
 
In the areas stricken with quakes of magnitude 7, 


such damage was relatively limited. The damage
 
sustained by factory buildings with brick pillars 


in areas of magnitude 8-9 was mainly in the 

structure supporting the weight, whereas that in 


the buildings with reinforced concrete pillars was 


mainly in the protecting and encasing structures 

such as roofs, etc. 


Damage was relatively small in cotton mills, 


This may be due to the lightness of their roofs and 

to the short span of these buildings. 


Multiple-story Rahmen structures of reinfor-
ced concrete sustained the least damage in the 


Haicheng earthquake. Generally speaking, the 


damage was sustained in walls which functioned as 
encasing and protection, and in the upper or lower 


part of the pillars used in Rahmen structures (see 


Figures 12 and 13). 

In the case of factory buildings, the most 

common damage was leaning or collapsing of the end 


walls and the upper part of vertical walls (Figures 


14 and 15). The traces which supported the roofs 
were either bent or severed (Figures 16 and 17). 
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Figure 16: Support between pillars is severed
 

Figure 18: Large roof board fell
 

Twisted beams [? occurred in all the areas 
stricken at magnitudes between 7 and 9, but there 
were not many and the degree of the damage was 

minimal. 

In the western part of the stricken area, 
liquefaction of sand was relatively common. The 
factory buildings damaged by the liquefaction of
 

sand were not large in number (Figure 19). Due to 
the motion of the embankment, some bridges were 

damaged. A 60m tall industrial building stood on
 
a saturated sand base where liquefaction could 
occur. In the earthquake, sand and water gushed
 

out in many places and cracks appeared on the
 

ground, but the building neither sank nor leaned
 

due to its preventive design.
 

In order to analyze the damage inflicted upon
 
the factory structures, we chose the simplest one

story structure with spans of the same height as
 

our model for analysis. Taking the deformation of
 

the roof braces into consideration, and using 
Figure 20 as the simplified model for calculation,
 

REPRODUCThI !7Y7 P1' i1, 
ORIGONALi u POOR 



m, 16.2 ,s;G,.; . ';W/n / 1 

I I K K i 

i K I I iI I 

Kr: Rigidity of the r th frame 

Gr: Rigidity of the roof between the r th and the 
-lst frames 

M': Mass carried on the top of the r th frame 

X : Displacem nt due to earthquake 

Figure 20: 	Model of one story factory structure 

used in the analysis
 

Figure 19: 	 Uneven depression (up to 40cm) due to Summarizing the above, we can categorize the 
the liquefaction of sand damage sustained by industrial factory structures± 

(1) This area had never experienced a relati
we tried to obtain a solution by amplifying the two vely strong earthquake in [recent} history. The 
records of the M=5.3 foreshocks so as to make them basic magnitude is comparatively small (?). Most 
correspond to the magnitude 8 and 9 local earth- of the buildings were not built with the idea of 
quake amplitude, and using this input for analyzing quake resistance. The roof traces and links of some 
a certain group of factory structures. The follow- factory buildings lacked strength and rigidity. 
ing conclusions were reached in the analysis. There was no provision for linking the encasing 

(i) The result obtained from analysis and the structure and the main structure, and those which 
nature of observed damage agreed. (2) The earth- had some provision were generally inadequate. For 
quake coefficient employed in the equations and example, the cross-section of the traces which 
the observed magnitude roughly coincided. supported the roofs and the braces were generally 

Haicheng earthquake experience shows that the too small, and the number of the welded points 
number of brick structures damaged severely even linking the roof boards and the frames, and the 
within the area afflicted with strong tremors was length of welding, were not sufficient, and there 
quite small, while those with minor or superficial was no provision for firm links between the walls 
damage were many. This appears to indicate that and pillars. 
properly designed brick factory structures can (2) Rigidity was lacking in the major struct
resist relatively strong earthquakes. 	 ural elements resisting the horizontal force. For
 

instance, the cross section of pillars supporting
 
the walls of some of the factory structures with
 
brick pillars was relatively small and the rigidity
 

Zof the mortar was insufficient. 
n _(3) The destruction of upper structure caused 

by the base that lost its function, namely the 

cracks in the ground or liquefaction of sand,
 
resulted in partial subsidence of buildings. 

(4) Our major experience concerning factory
 
structures under the present earthquake taught us:
 

(a) The strength and support of the linking points
 

of roofs should be reinforced in future designs.
 
(b) Uniformity of factory buildings should be 
emphasized. Ring beams are effective in strength
ening the structural uniformity. 

(c) Building sites should be selected in favorable 
locations, considering the quake resistance factors. 

Figure 21: 	Brick factory building which did not
 

collapse with tremor of magnitude 9 	 (4 December 1975) 
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TRANSLATION NOTES
 
4, 

Peking C.t 9 
Tientsin c. 5 
Hopeh P. 10 9 137 2 

Shansi P. 7 7 101 

Inner Mongolia S.G.D. 4 6 16 27 
Liaoning P. 
Kirin P. 13 

4 1 
1 

11 
1O 

44
39 

2
2 

7
7 

Heilungki ang P. 8 1 12 63 1 9 3 
Shantung P. 9 9 106 

Shanghai C. 10 
Kiangsu P. 7 11 64 
Anfei P. 9 8 70 
Chekiang P. 8 3 65 
Kiangsi P. 6 8 80 

Fukien P. 7 6 63 
Taiwan P. (Still waiting to be Liberated) 
Honan P. 10 14 110 
Hupeh P. 8 6 73 
Hunan P. 1 9 8 85 4
 
Kwangtung P. 1 1 7 10 94 3
 
Kwangsi S,GD. 8 6 72 8
 
Shensi P. 7 5 93
 

Ningsha S.G.D. 3 2 16 1
 
Kansu P. 2 8 4 66 6 2
 
Chinhai P. 6 6 32 5
 

Sinki ang S.G.D. 5 6 4 74 6
 
Szechuan P. 3 12 9 181 3
 
Kweichw P. 2 6 4 70 9
 
Yunan P. 8 7 4 106 15 

Tibetan S.G.D. 5 2 71
 

TOTALS 29 174 7 178 2012 66 53 3
 

District: 211 State &tcount~y Prefecture: 2135
 
S P. = Province; C. City; S.G.D. = Self Governing District.
 

§ Includes Chinmen Prefecture which still awaits liberation.
 

Table : Statistics on administrative sections existing on 31 December 1973
 

The following administrative sections have (1) Northeast district - Taisungon mountains, 
been established: 22 Provinces, 3 directly governed Shiaosungon.mountains and the Changpel
cities (Peking, Shanghai, and Tientsin), and 5 mountan range.
 

self-governing districts. Table I indicates the (2) Huapeh district - the basins of the Yellow and
 

administrative divisions. Wal River and Wangtu plateau in the wst. 
Thle country of China is divided into several (3) Inner Mongolia - Sinkiang district - includes 

districts, commonly defined as follows; western part of northeast district, Inner 
The vast northern area includes Shingkiang Uigur Mongolian self-governing distrcct, northern 

self-governing district, Tibetan self-governing part of Ningsha Islamite self-governmng 
district, and Chinling mountain ranges north of the district, northwestern part of Kasu province 
Wa s It is divided into four sections ad Sinkiang Uigur self-governngRiver. district.
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(4) 	 Chinhai - Tibetan district - area south of 
Chinling mountains, Wai River, and Hogs 
section of the Tibetan self-governing 
district. 

(5) 	 Southwest district - western part of Szechuan 
province, mountains west of Yunan province, 
and the southern tip of the eastern part of 
the Tibetan self-governing district. 

(6) 	 Huachung district- lower valley and tributary 
area of the Yangtze River. 

(7) 	 Huana district - southern part of Fukien, 
Canton, KaUsi, and Yunan provinces and self
governing districts, and Taiwan, and sow 
islands in the southern Sea of China. 

National Earthquake Bureau 

This 	bureau cones directly under the Depart
ment 	 of Interior, and controls all earthquake , 

related studies and actions. The director of the 
bureau is one of the Vice Premiers, and there are 
several deputy directors. It was founded in 1971 
to consolidate the guidance of hitherto unorganized 
earthquake studies, prediction, and disaster pre
vention. Although it is directly under the Dept. 
of Interior, its management is entrusted to the 
Chinese Academy of Science (Acadr Soia. 

Plate I and II: Maps of the Chinese Administrative Divisions and Sections
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Table II: The Relationship Between the Administrative Organization and Earthquake Affairs Organization 

Revolutionary Committees of 

Provinces. Cities, Self-

Governing Districts 


Prefectural Revolutionary 
Committees 

People's Communes 


Production Companies 


Department of Interior - Academy of Science 

I I 
National Earthquake Bureau 


I 

Analysis-Forecast Room 


Earthquake Bureaus of 

Provinces, Cities,
 

Self-Governing Districts
 

" Prefectural Earthquake
 
Offices
 

Public Observation
 
Organi zati ons
 

Geophysics Institute
 
Geological Institute
 
Construction Engineering
 

Institute
 
Tientsin Survey Team
 
Seismograph Factories etc.
 

Standard Observatory: These observatories are the 


center of every district. There are approximately 

250 such observatories. They perform, earthquake 

survey, analysis of data, earthquake prediction for 

the public, promotion of preventive knowledge, and 

education. They are equipped with a comparatively 

good selection of professional instruments, and are 

manned by about 10 workers. 
Earthquake Stations: These stations work under the 

direction of Earthquake Observatories, equipped 

with the minimum instruments necessary for obser-
vation. The scale is smaller than that of earth-

quake observatories, and they are manned by several 

professional workers, 


Movable Stations: So-called portable survey team. 

Earthquake Office: These offices are permanently 

set up under the jurisdiction of the local admin-

istrative sections for management of the earthquake 

related activities. They do not themselves perform 

surveys or studies. Based on the observations, 

they make reports to the Revolutionary Committee, 


transmit opinions, present suggestions to the 

administration, and handle appointments of people 

for disaster prevention. 
Seismological brigade: In the original Chinese, 

the word used was brigade, meaning a company within 

the armed forces. In this context, however, it is 

a group of earthquake experts. It can be read as 

"forces fighting earthquakes." 

Amateur Observers and Forecasters: In the original 

Chinese, the word "extra-curricular observer-

reporter" was used, meaning those who participate 

in earthquake observation and forecast, in addition 

to their own line of work. See the article in 

People's China magazine (September 1975), "A spot 

report of the great earthquake in southern area of 

Liaoning Province," concerning the way these 

amateur observer-forecasters are organized, what 

their thoughts are, and how they work. 

Public Participation in Earthquake Studies & Action: 

In the original, it is "earthquake workers." This
 

word is used all through the text and means pro

fessional people in earthquake forecast, disaster 

prevention, including researchers, technicians, and 

administrators. Within the Japanese translation, 

the words such as "earthquake experts" and "people 

participating in earthquake actions" are used. 

Also the word, "earthquake actions" is translated 

as "earthquake studies and actions," or "works 
related to earthquakes," etc. 

Readily Observable Anomalous Phenomena: The 
original word is "widely observed anomalous phen

omena." Within these lectures, the word is used to 

illustrate, mainly, the inmediate observations of 
anomalous phenomena, such as anomalous conditions 

of well water or animal behavior. 

Magnitude: The (local) magnitude scale used in 

China is (in the units) 1-12. The following is 

an explanation of this scale, prepared mostly for 

use in the farming communities (from Earthquake, 

Little Natural Science Series, published by Peking
 

People's Publishing Company). 

1-2 Tremors which cannot be felt by people, but 

are recorded by seismographs. 
3 Tremors felt by a few people inside strut

tures. 
4-5 Tremors felt by all the people, although 

there may be differences in degree depending 

on individuals. Things inside structures 

shake, with dust falling. 

6 Tremors causing damage in comparatively old 

structures. Some structures may collapse. In 

some cases, cracks appear on moist, soft earth 

Land and rock slides occur in some mountains. 

7- 8 Most of the structures are damaged. Cracks 

appear in tall factory chimneys. Some 

casualties among animals and humans. 

9-10 Structures are severely damaged. Many cracks 

appear on the ground. Great waves are 
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observed in lakes and dams. Rails twist in analysts in the past. The accuracy of the epicen
some parts of railways. tral positions are classified in the following
 

11-12 All the structures collapse. Deformation of three categories:
 
the ground is severe. A devastating natural (a) There is no uniform accuracy for earth
disaster, quakes prior to 1900$ due to the absence of 

seismograph records. 
Peking Tim: The time of East Longitude 120* is (b) The accuracy of those since 1900 is 
used as the standard time, throughout China. It is, measured by instruments and well defined. Among 
therefore, Greenwich time + 8 hours, or Japanese them, those which were measured by both the 
standard time - 1 hour. instrments and immediate observations (locally 
Comtination of crude tools created by the public 	 recorded) are listed with (*), the epicenter taken
 
and advanced survey instruments: In China, this is to be that determined by local direct observations.
 
called "union of earth and ocean." "Earth" means Generally speaking, those with comparatively high
 
the old, traditional method or the method created accuracy correspond to the categories (1)-(2)
 
by the public, while "ocean" means the modem, of epicenters defined by instruments.
 
advanced instruments. Many instrments used in (c) The accuracy of epicenters measured by
 
earthquake observatories and research institutes instruments is classified in the following five
 
are domestic. Therefore, it is not appropriate to categories:
 
interpret the "ocean" as "wester." Incorporation
 

can quite meaningful, 	 4) (2)of these two be considering Categories< ( error < 10km; error <2kk; 

in which the (3) error <50ki; (4) error <lO0km; (5)error >lO0km.the country's present condition, 

production of such instruments is not fast enough.
 
It is meaningful also, for scientific education of 3. Intensity of Earthquakes:
 The parameter of intensity is represented by
the public, as well as for their active partici- magnitudes and epicentral frequency. The epicen
pation in earthquake studies and activities. 
Earthquake Resistance: This actually means "counter tral frequency of the earthquakes prior to 1900 was 

earthquake," but has a meaning of positive attitude estimated from the local direct observations, and 

towards disaster. It is translated as "counter was converted into magnitude with the experimental 

earthquake" in this text. (empirical) equation: M = 0.510+1.5 as a basis, 
and taking into consideration the size of the dam
aged area and the area in which the earthquake wasSimplified List of Great Earthquakes in China t 	 felt. It is recorded to the nearest M. In cases 

JBOBC - 1973AD M>65where the magnitude cannot be determined due to the 
lack of direct local observations, the magnitude is 
recorded in less precise terms such as M 6-7, or 

Edited by the Geophysical Institute of the Chinese recordedointle precise s sch as NhichworAcademy of Science (dune 1974) 	 H 7-8. For the earthquakes since 1900 which were 
measured by instruments, magnitudes we measured 
ourselves are used. Those with high accuracy are
This simplified list of gneat earthquakes, of rcre o01 n hs o ohg r 

M greater than 6 which have occurred in China from recorded to ., withs ent exale 
recorde to %M, with insufficient examples given7SOBc through 1973Afl, was edite I in accordance with in parenthesis. Those with direct local observa

the slogan of our great leader, Chairman ao, 	 tional data are listed with epicentral frequency 
"Prepare for war, prepare for disaster; for the 

decisiva actions concerning as often as possible.people," so as to take 	 In guiding us, Chairman Mao taught that "As 
earthquake studies and actionst under a series of 

Premier Chou's significant instructions, for the we are here to serve the people, we are not afraid 
use of those who participate :inworks relating to to be criticized if indeed we have faults."
 
erthu s Although we did correct the proofs of this Simplieartqakes. fied List, some errors are still uavoidable. We 

1. Tim of the Earthquakes: 	 hope that those who participate in earthquake 
Earthquakes prior to 190') are listed with related work will examine it and criticize it 

year, month and date, based oi historical records. (if necessar). 

The earthquakes occurring since 1900 and recorded 
by seismographs, are listed with hour, minute,
 

and second, using Peking time (east longitude 120°). 	 END OF THE TEXT 
2. Epicentral Positions:
 

Epicentral positions of the earthquakes prior
 
to 1900 are where the severest damage occurred, 
based on local observations. As for those since 
1900, most of them are recorded by instruments. 
Among them, 95Z were corrected and redefined by 

t The tables are reprinted following the photos, 
zammencing on page 45.
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PHOTOGRAPHS TAKEN DURING SURVEY OF THE EPICENTRAL AREAS 
OF
 

HAICHENG EARTHQUAKE, LIAONING PROVINCE, CHINA
 

4 February 1975
 

Photo 1: Haicheng District Punkao People's Photo 2: The front of this Haichena Guest 
Commune. Most houses in this area collapsed. House partially fell after the quake. Cracks 
Most walls fell to the west. The front pil- appeared in many places. (Hag 9 area) 
lars of this brick house leaned east. Walls 
separating room all collapsed. The machine 
factory stood to the right of the house, but 
collapsed after the earthquake. (Mag 9 area) 

Photo 3: The bath house in Taishihchiao, Photo 4: The top portion of a service 
Yingkao Prefecture. Top portion of the end building east of Panshanching railway,
walls fell with the tremor. (Mag 9 area) Panchin district, (unfinished) was destroyed 

by the tremor. Cracks appeared in many 
places. (Mag 7 area) 
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Photo 5: The roof of the Erchehkoh Club, 
Panchin district, collapsed after the 
earthquake. (Nag 7 area) 

Photo 7: Rails on Chiaochapao Bridge were 
twisted. (Magnitude unspecified) 

Photo 9: A cylindrical brick chimney of a 
paper mill in Yingkao Prefecture, operated by 
Kaoken People's Cosoune - 30m high, base dim. 
1.7m, top diameter im, 70cm thick - fell in 
many pieces. The top half fell southwest, 
smashing the boiler room. Base portion fell 
toward the north. (Hag 8 area) -41-

Photo 6: Collapsed parts of walls and roofs
 
of brick and wooden buildings on the corner
 
of 5th street and People's Road, Tiehsi,
 
Anshan City. (Hag 7 area)
 

Photo 8: The mid-section of Hungkwang Great 
Bridge in Kwenchipao of Chikao Commune in 
Yinkao Prefecture, buckled and the arch was 
destroyed after the quake. (Mag 8 area) 

Photo 10: The top 7-8m of the 27m tall brick
 
chimney of the boiler of Tangkangtze Saa
torium in Anshan City was knocked off, while
 
another iron chimey was bent in the direc
tion of 310* northwest. (Hag 7 area)
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Photo 11: The inverted water tank (29.5m tall) 


in East Family District of Senseng Farm, 
Yingkao Prefecture, toppled over. (Hag 8 area) 


Photo 13: Cracks caused by tensive twisting of 


the base rocks in Liao River area in Ertaokoh, 


Koshan Commune, Haicheng. Maximum width was 

70cmp left displacement. 


........................
 
Photo 15: Fissures 110' southeast, near 

Weichiapao, Kenmuk Commune, Haicheng, had width 

of 10-40cm and was jagged. Alongside the 


crack, there was gushing of sand and water, 
The marker is placed where the left displace-
ment is apparent (degree 36cm). (ag 8 area) 


-42-


Photo 12: Cracks caused by compressional twist
 
on the base rocks in Liao River area Ertaokoh,
 

Koshan Commune, Haicheng. The cracked portions 
buckled into a "cabin" shape. (Kag 8 area) 

Photo 14: The brick wall of Kuh Fang-sen Hosi 

Elementary School of Punkao Commune, Haicheng 
Roof slates collapsed after the quake. There
 

were two sets of cracks in the earth, one set
 
running north-south, the other east-west.
 

Width 5-15cm, visible depth 1. 35m. (Mag 9 area) 

Photo 16: Cracks appearing in the earth in
 

Tienchiang-Tai paper mill in Panchin district 

were 3.2m wide according to a report. When
 
the photo was taken on 12 Feb., the width was 
2.4m and the crack ran northeast (500) with a 
visible depth (to water surface) of 1. Sm, 
left displacement 14.5cm. (Hag 8 area) 



Photo 17: One set of cracks in Tienchuang-Tai 
paper mill ran 500 northeast, while the other 
set ran 1100 southeast. Width was 5-30cm. 
The latter crack ran through a warehouse, with 
the warehouse walls showing jagged cracks, 

(Hag 7 area)
 

Photo 19: A roadside ditch near Date Tree 
Production Company of Kaolifang Commune in 
Tailan Pref. was frozen over with 30cm thick 
ice and covered with snow. After the quake, 
the layer of ice buckled out. (Mag 7 area) 

Photo 21: In Xaochiatung, aochia Farm in 
Panchin, buildings with roofs of barley 
stalks, unbaked mud brick walls and flat roof 
structure, sank. The beams and the roof sank 
i deep into the ground. There was no evi-
dence of gushed sand or water. The walls seen 
in this photo belong to the sunken building, 
but the walls did not sink. (Mag 7 area) 

Photo 18: Approximately In thick ice on 
Yungshtmg Das in Fanchin district was pushed 
up onto the embankment. There were cracks in 
the ice along the edge of the dam caused by 
pressure. (Hag 7 area) 

Photo 20: A tree in the div. 6, 5th Prod.
 
Company of Senseng Farm, Yingkao pref. was
 
torn by a crack. The widrh was reported to 

2be 0cm. When this photo was taken (23 Feb.) 
the width was 5cm and the length of the crack 
was 91cm. The fissure was filled with gushed
sand. (Mag 8 area) 

Photo 22: Holes made by gushing sand and water 
on the ground of a granary in Tien Cuang-Tai, 
Panchin district. The direction of holes was 
20 ° northeast. The thickest sand was about 
40cm. (Kag 8 area) 
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Photo 23: The Tien Chuang-Tai Granary in 	 Photo 24. A hole was formed after the earth
2
a .5m wide road running north-southPanchin has im thick base of asphalt and rocks quake in 


beneath its cement floor. The earthquake in the 3rd division, 5th company, SensengFarm,
 

caused gushing sand and water, burying sacks Yingkao. The cave-in occurred when a cow 

of flour and soy beans to a depth of 0.5m. The walked on it, PM of 5 Feb. Depth of hole is 

amount of sand and water was enough to cover not known, gushing sand and water was observed 

two stacks of sacks, and cracks were seen on nearby. (Mag 8 area) 

many parts of the walls. 

Photo 25: There was gushing sand and water in Photo 26: Depression in the river bed north of 
a rice paddy of Senseng Farm, Yingkao. It Koshan Commune, Haicheng. The wall of this 

pushed the ridge over 3m out of the field, hole consists of loose gravel. According to 

(Hag 8 area) 	 a report, the depth of depression was 4m. and 
the diameter of the crescent shaped depression 

was 5m. (Mag 8 area) 

Photo 27: One of the poplar trees south of 

Koshan Commune in Haichern (height of trees 15m) 

was buried in a depression except for the top 

2,. The shorter diameter of the depression 

7m while the longer diameter was 5m. The 

wall of the depression was loose gravel. 
was 
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TABLE OF HISTORICALLY RECORDED CHINESE EARTHQUAKES
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394 0944 3 10 06-03-43 440 540 (5) 634 vimg~szira 40 9 2-4533 1206 "1 (3 7 am 

"s5 I 08 06-03-57 144 0 1 4 0 (5) 7%. mo-OMN30 420 T71 -07-44 112I:a 3) iTA'>9M[ 
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I I 

it~)o n Am o" wr U) (m) IN M No 

421 1947. 24 191-37-04 41.5 819 (4) 6Y gra tfir, 446 1950. 9.10 15-28-55 287 92I (4) 6K g nC,
 

422 1943 2.13 12-57-11 360 805 (3) 6Y% mma[r 447 10.1 12-50-12 292 951 (4) 6Y namma,
 

425 3 3 17-10-02 100 119 0 (2) ?Y ma "ImS-fl 440 11.2 15-07-35 246 121 1 (4) 6 m mi
 

424 5 23 17-13-18 377 1219' 6 tIM14'4n 449 12 3 14-26-52 290 960 (4) 6 ZHREMAN
 

425 5.25 15-11-34 297 1003V 7Y. + RAOVJOilf 450 1051. 1 23 21-26-23 243 1223 (4) 6 *AM M 

426 6 27 08-08-23 266 996' 6%. A. z0 0I] 451 3 17 12-27-35 309 974 (2) 6 x ,m
 

427 10 4 13-56-3 1 239 1217 (4) 6 fIAThEd11T, 452 4.15 0-40-$59 284 938 (3) 6M Tixx,;g
 

423 10.23 247-00 243 022 3 (3) 6y. t :An.f 453 10 22 05-14-1 230 0217 (2) 7y tIMEEA M
 

429 02.6 22-09-12 22.9 1205 (4) 6 0f t. t;92 454 10 22 06-55-26 239 1217 (4) (6) S0 T I
 

40 12.20 G707-19 234 1216 (4) 6 "6'k tmF14 455 10 22 11-29-27 24 1 021S (3) 7 [ 

431 1949. 1.19 21-00-00 238 1218 (4) 634 tM A'N* 456 10.22 12-23-05 240 0219 (3) 7 9 ±
 

432 2 24 00-08-11 419 832 7y m x rrl$ t 457 10 22 13-17-44 239 0217 (4) 6M Im ±
 

433 5;25 16-23-49 420 036 (3) 6Y v 30m31ilt 458 10.22 13-23-53 239 1217 (4) (6) 9
 

434 6 15 17-42-42 333 1000 (4) 6 Iffs1H911 459 10.22 13-43-03 210 1219 (4) 7 91 ±
 

435 1950 2.3 07-33-39 217 1001 (3) 7 im [ 460 10.22 19-11-03 239 1217 (4) 6M p±
 

436 2.3 10-51-52 221 999 (3) 6Y XAmPih lu 461 10 22 20-48-38 239 021.7 (4) 63 1 ±
 

437 2.23 19-01-10 290 965 (4) 6 *90M t 402 I0022 21-01-13 239 1217 (3) 6Y RW -_
 

438 0.15 22-09-34 284 967 (2) 8%3 zi.am 463 10 22 22-46-42 239 1217 (4) 6 9d ±
 

439 8 16 00-29-20 287 966 (4) (6) 464 10.22 21-29-47 239 1217 (4) 6Y 1 ±h
 

440 8 16 00-49-56 287 966 (4) (6) 91 ± 465 30.23. 00-06-55 239 1217 (4) 6 9 1
 

441 8.16 01-16-51 287 966 (4) (6) I 466 10.231 02-42-35 239 1217 (4) 6 ±
 

442 0.16 02-38-40 287 966 (4) 6 ] . 407 10.21 04-51-39 209 1217 (4) 6 91 ±
 

443 &. 16 03-50-45 207 066 (4) (6) 91±460 10 23 09-09-36 239 12017 (4) 6.K1
 

444 8.06 14-41-57 287 966 (4) 6 469 0.23 16-55-13 239 1217 (4) 6X w1F±
 

445 0.10 09-07-47 287 966 (4) 6Y4 P ± 470 0.24 11-39-00 219 1217 (4) 6 9 '.
 

I ____( (I I .k "______ I ______ 

(±.2)1I~r t~ns~F~[ 

471 1951.10.24 21--4 3.9 0217 (4) 490 955 1.29 01-02-3S 33 2 824 (2) 63X 041MRt, 

472 00.25 20-19-40 25S 121.7 (4) 6Y t 497 3 22 04-14-12 259 904 (2) 6 , fti 

473 11.17 02-45-50 31.0 91.6 <4) 6Y Wfl ISTK 19.f 4 19-1- 2. . 121: (2) 63 

j100474 00.00 07-26-37 3os 91.5 (2) 6Y MMMYhI1 499 4.104 09-20-02 0 300 (2) 734 IL J0t55-0 

1215 N 50 (4)476 1.25 02-47-03 229 5 (4) 73 MkJ 4.05 2-03-23 i 74 7 MI .1 

477 01.251 02-31-29 23 4 120 4 (2) 7Y, - A aa 502 4 24 2-02 42 036 (2) 634 orflmmMo, 

6 5 478 00.26 14-8-29 229 32015 (4) 6Y% 503 9MI2 14-1 2 2 104 (4) 6 t 

479 1.5 14-5-32 229 1215 (4) 6X e,,ie1O v±,t 504 6 7 08-49-54 2651000 (2) 6 90k E90P9**oi 

480 1.21 06-37-29 265 99 6. I ]i.ng * 505 9.22 00-25-07 1239 12 5 (4) 6N 

40 126 10-0704 $03 906 (2) 6Y MiNta 506 9. 3 20-23- 23 100 I 

402 0.2 0 31-950 6 99 (2) 6 tA t, 507 92410-20-20 20 015 (1) 6 I : IW t. 

I I i I.6&2034 13-46-05 239 120.7 (0) 63Y 09V. 0.3 20-4510 439 1306 (2) 7'v-5
 

405 &.23 20-00 243 0223 (4) 6 0001A*11 2 24 04 26.0 020 (2)1 72 rVW'M *1220 

406 0.10 00-2-11 310 905 (2) 7M ~ mjcjp.4f 5001 4.4 0-01-56 f03-oIoC (1) 6Y6 
4872-028j03_ 9.46 022n 

407 ~26 303(2)0 3I~rt§ 7''7 ~9.30 20I2N ~ 1 ot 
400 00.6 06-04-30 31 93 2 (2) 6 503 80. 20 0-0-57 23 7 0!6 ()26 ~ - ~ 4 

409 00.0 07-51-.0 331 1000 (2) 6 W tud504 0950 1 21 02-29-00 0;.020%0,V (I) 0 601 Sl"73I h~~0 50 OO31 

450 195&. 7.0 0 3-2-00 199 703 (0) 6 riml e'53 072-115 04 2j6 

490 00.02 00-00-06 324 029 (2) 6%. finZPA 516 j 2.09, 03-40-44 1206 1120 3 (2)1 6 h:D 

492 02.1 22-54-08 31.4 857 (0) 6Y 9m MA M 517 . 21 07-21-3, I 203 102 (2) I69 

~~~ ~ ~ 60 ;±t 01 

I I : , I I 
493 0. L. 00 0-0 1 0 00 1) 7 + 3t9, 0 02j 0-46-0j32 0 ,102 (3 161 

40 .0 2-34 390 005 () (6) tSOOIHIm 50 02 04-3 01 49() 65 0391cos 

495 2.1 05-0-00 3095 004 2 (2) 4. 4p& 520 02 03-46-20 431 00m5 634 vi'lA'I 
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525~- 3 21 3 - v']S642J 5 	 0 9 0 -6 1 44 1 [9 ( ) 6' A2 '
 

521 199 4.2 04-4-0S W O22 124 () 7X ilmn.tyA 	 546 W., 5 1I 20-0252 237 1 296. (2) 68 wh. 2 h Aff. 

I. 	130', . 
b 

522 l4.2 2104 -1 332 926 () 6 . [] LJQ 	 57 6 74 022- 9- 2 34 101 l 2 62 b R10ff~ 
52S 6.2 10 -821 05 7129 " (2) 6 4 t 

[ 	
5t, 7 25 19-10-25 241 1227 () 65 1I .nG * 1 

525 1 6. 2 13-42-37 212 121 t 62(3) 55Di*0 1 6 10 205-56-190312 12193 (2) 6 :2 
* 

526 6. 28 3-11-28 495 111~s (2) 6Y V,912ri h52-.% 	 11 196 22It 10-07- 241 2 2 (2) 76
 

527 a.4I 176- 40 11-9 77.8 (2) 74 *nm A 	 552 L21--4 245 12193t24 (2) 6 2 . 

53 84 6 9 2-06 221 1214 (2) 6 iM* 14m 553 10 7 0-°15-79 247 1222 (3) 6 1 - 5" 
529 818 08-34-02 2223 12184 (3) 65 tgt JLA 20M 554 4 19 15-1 1 2357 970 (2) 76 0 -0 

49 91 251-35 Z2o6 21224! (1) i6Y hM:M 5 4 21 12-381 -1 3'2-2 	 g"2555 	 10 


1 W .4 1 '- - 4o9 5 654 h66 m8130 (1) z m S7 ' 3 19-1-02 It24 1011 (2) 61 h. 21.!k 
532 It. 1 45- 15 3%6 88741 2) 6 : ~ . 157 6126 22-09-21 364 767 (2) 6 V109 th 00S 

33 11.17 18-2516 -4524 - 5122 (1) 64 ' 558' 	 796245 1 232 2 14 2 1 2( ) 62 ftn- avaql 

.. ! W 	 6X534 196 18-43-4232-17 0 134 6y h higa45mR4(259 8 1-35 'S 41'() 

535 1961. 2.5 0340-18-J 242 12280 () 62 fl W m al 560 19 64 1 0-04-40 3-W 2036 (1) 7 i a1 m
 

' 
135 4. 2 1 8-2 59-3e5 774otV (1) 65 0 15rzi* 261 0 22 07"-09-164282 938 (2) 66 v~iax.m 

57 t. 4] 17-4-40 399 78 (2) 6 vmp . [ i 	 $60 11 26 18-0-3D 25 120 (2) 63 VaBRAIff 2 

535 1 9 3 --09 241 1222 (2) 6i ft A ---rx j * 560 1 9 47 061-37 27 110[1 () 6 2 IS rff ils-p3 

ho 250 M
 

2 
03-48 4 8 .14' 6 0 h 3

543 9.17 16--5-6 2E 41 2 2 63 ' 	 568 1962 5 l 2 

544 12.3116-1-30 250 1230 (2) 63 g -	 5697[ 9 2.IS I-4:-*9::: 1 22 () 6%2 .7i }il , 


3 -
6 1 iZQ
545 1962. 3.19 04-18-53 23-13 144- (1) 61 J 570 326 -1- 58-2+ 142 225 () 66 TF f 

to a lno 9a* 	 t : Ym2 E 

' 

571 1966. -29-1437 4l2 776 M 	 2324t. 5 11241' (1) J '. lJK um '& 56 100-4 -

$5 
 3.2 1 61-3602 37-0'9111058 (1) 67 it.?f 12/p 597 11 14 15-59-216 25 210-14 (1 65 enfd k h 8 V 

63.2 	
65 9 11 - -4 4 1135 71 (2) 60 .0-ffh20V52 173 
 1-197- 32-44
13 () 
 67[ "
571 3.26 2 1-04 3-39 11 5I (1) 6.2 [ j '? RAP1' . 59027 3.24 0 4 7 1 416 179 (2) 619'f 	 j Ml b-0hf .59S 3It 7h5211 t 7 

576~~~2 7. 2)61 Sl 3.12-49"-5$ A2 2 Sa (3) 63 Vo'tL dlth140'35-92812 IR91* 

57P 7014i D 9-0 7 364 $75 (2) 60 ] im s h'o 6.1 5 0-331 325 9 () ) h2z i 	 3 3 65 9M 

Sal 3.14 14-15-06 25t (1) ~ h 60 31 04-447 8 1 	 g940 " 67 *l 10]k2 9 21 4IL (2) 6 m 

+ ol5 	 60 1N TH58 3 27 1-58-7 203 115 1 	 11-6-49 O97F 72 	 2UMENT(1 
301,M

58, ~~~(t~ 6Y ~ ~ ~ ~6. ~ 5- ~22505 11102(2~ ~ 'ffrM7348 ~ 91AM15f 	 3275a~ ~ 7 NS Jp1 Coral 


