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The earthquake that hit the Province of Ancash in Peru on May 31, 1970 was the most
violent one unparalicled in history. In the wake of this disaster, the Government of Peru called
upon the Government of Japan, known world-wide as a seismic country that have experienced
many earthquakes in the past, for the assistance in the planning of an earthquake disaster

rehabilitation and reconstruction program for the devastated area.

In response to this request, the Govenment of Japan undertook to send a technical sﬁwey
mission to that country at the earliest opportunity and entrusted the Overseas Technical Co-

operation Agency with the execution of the said survey.

The Overseas Technical Cooperation Agency, being cognizant of the urgency of the re-
habilitation and reconstruction program for Peru, immediately organized a five-member survey
mission headqd by Dr. Ryohei Morimoto, Directot of the Earthquake Research Institute, The
University of Tokyo, and dispatched it to the stricken area on July 19, 1970.

The Sur‘vey Mission, with the cooperation of various agencies of the Government of Peru,
conducted extensive on-the-spot inspections of the affected area and provided necessary technical
assistance to.the Peruvian officials concerned over a period of 50 days until its' return to Japan
on September 6, 1970,

This report is the findings of various field investigations and studies made by the mission.

It is my desire that the report will prove helpful not only to the planning of a ‘re-
habilitation and. reconstruction program for the severcly damaged city of Chimbote to make it into
an anti-seismic city but also to the planning of necessary measures against earthquakes for other

cities of Peru.

Finally, I wish to take this opportunity to express my heart-felt thanks to officials of
government agencies and staffs of the university and research institutes in Peru for their generous

cooperation and support extended to the Missfon during its stay in that country.

March 1971

¢ ’ ISR
/
'KEIICHI TATSUKE

Director General
Overscas Technical Cooperation Agency



Letter of Transmittal
31st March 1971

Mr. Keiichi Tatsuke, Director General
Overseas Technical Cooperation Agency,

Ichigaya, Shinjuku-ku, Tokyo 160

Dear Sir;

The undersigned, Dr. Ryohei Morimoto, Chief of the Japanese Survey Mission for Restoration
of Earthquake Disaster in Peru 1970, has the honour of presenting herewith a report of the MlSSlOI‘l on

Seismic Microzoning of Chimbote, one of the most important industrial cities in Peru.

Peru and Japan are of active seismicity belonging to the same Circum-Pacific Seismic Zone.

People of both countries are destined to suffer severe earthquakes at times. Therefore, when the‘
tragedy brought about by the Earthquake of 31st May 1970 which shook the Departmento dé Ancash
of Peru was reported, it was felt as if it were an event in this country. The people in both countries
always have to think about the way to protect themselves from earthquakes or to minimize the -
earthquake disasters. Prevention of earthquake disaster is a common subject ngen to both govern-
ments. In general, ground movement and the destruction of constructions due to earthquakes are

essentially governed by the magnitude and epicentral distance of the earthquake concerned, but local
heterogenuity in damage distribution in a certain limited area is mainly ascribed to local difference
in subsoil condition roughly identified by local microtopography. “Proper constructions on proper
land " is a simple and important priciple for preventing earthquake disaster. It was Quite reasonable
and appropriate for the Peruvian Government, therefore, to request the Japanese Government to send a
Survey Mission for the preparation of the seismic microzoning map of the hard hit city of Chimbote

in order to rehabilitate this seismic city for national economy.

The Mission arrived at Lima on 20th July 1970 and immediately contacted the Ministro de
Vivienda and Presidente de Comision de Reconstruccion y Rehabilitacion de la Zona Affectada por
El Teremoto del 31 de Mayo de 1970 of the accepting Government. The first ten days of the stay
in Peru were spent with the officials of the abovementioned organizations for discussions on the
vsurvey schedule and for preliminary surveys of the whole affected area along the coast (25-28th July)
and the Callejon de Huaylas (30-31st July) kindly arranged by the Peruvian Government. The working
group for the preparation of the seismic microzoning map of Chimbote consisted of all members of the
Japanese Mission and  Peruvian officials. Peruvian scientists and engineers who had once been in
Japan at the Earthquake Research Institute and the International Institute of Seismology and Earth-
quake Enginecring played an important role in the working group. The survey in Chimbote was a
typical example of international technical cooperation of Peruvian and Japanese personnels and this
cooperation may be said to go back to ten years ago when the first trainee was sent form Lima to
Tokyo in 1961. Among many foreign missions visiting Peru after the great earthquake,,the long last-
ing cooperation between the two scismic countries across the Pacific ocean through seismology and

engineering seismology must be highly csteemed.



In order to elucidate the behaviour of the grouhd in Chimbote at time of earthquakes and its
effects on the response of structures, all available methods and means such as field surveys of surface
geology, geological interpretation of aerophotographs, collection of pre-existing boring data, 18 bbrings
with standard penetration tests, obscrvation of microtremors and after-shocks, and investigation of
earth changes were used for the working project. The subsoil of the Chimbote area consists mainly
of thick sandy deposit on the hard compéct bedrocks composed of Crétaceous volcanics; shale, sand-
stone, and granitic rocks intruding the formers. The fundation is rather stable against the earthquake.
The subsoil condition in Chimbote as a whole is anti—seismically better than that in large cities of J apan
where soft Alluvial deposits develops extensively. Locally, however, the nafures of these deposits are
different in diffcrent places and the damage to constructions by earthquake is also different accord-
ingly. Local difference in water level is important factor controlling subsoil conditions. Through
various procedures mentioned above, Chimbote area was divided into four zones. In Zone I the sub-
soil consists of dense gravels or rocks and the water table is at least 10m deep below the ground
surface. A large portion of the area belonging to this Zone is higher than 10m in altitude, where no
subsidence of buildings and the ground is expected, but seismic force acting on buildings may be a little
stronger than in other Zones. Therefore, problem of soil-structure interaction must be considered for
any structures in this Zone. In Zone Il .area is covered with loose to medium dense sand of several
metres in thickness underlain by either dense sand or ¢emented compact sand formation with water
table being about 5m below the surface. No appreciable settlement is expected for ordinary residen-
tial buildings less than two stories, except those on the outer edge of sand dune. It is preferable for
buildings higher than two stories to be supported by piles reaching the dense sand. As to the con-
structions on sand dune, foundations should be improved by means of vibrofloatation. In Zone 11i
the subsoil consists mainly of sandy soil covered with thin agricultural soil, Gravel beds lie deeper
than 10m with ground water level being a few meters in depth. Loose fine sand seating in some
depths may liquefy during the earthquake. There is a possibility of damage to constructions due to
local liquefaction of sands lying in some depths below the ground surface. No appreciable settelment
of building will occur with a few exceptions. However, careful consideration should be given to the
design of substructures of buildings higher than two stories. Zone 1V is characterized by high water
table which is almost the same in hight as the ground surface. Most of the land is covered with water.
Average elevation of the land belonging to Zone IV is lower than 5 m above sea level. The soil con-
sists mainly of sand covered with a very thin layer of organic silt. Damage to buildings in this Zone
is ascribed mainly to the settlement and partly to seismic force. Liquefaction of the sand up to the
surface will occur at time of severe earthquakes. Piling for building and improvement of the foun-
dation to certain depth are essential in Zone IV. The area lower than Sm in elevation facing directly
the wide mouth (the southern mouth) of the Bay of Chimbote may subject to tsunami (marimoto)

The study on the possibility of tsunamis had to be excluded from this survey owing to time limit,

It is believed that the seismic microzoning map mentioned above is useful for the reconstruc-
tion of Chimbote as an anti-seismic city, and the methods used by this Survey Mission are also applicable
to other cities. It is very encouraging to hear that a similar investigation had been started by Peruvi-
an personnels themselves in Huaraz. There are many approaches to prevent, or at least to minimize,
the carthquake disasters. For this purpose, seismology and engineering seismology in assocation with

other related sciences, including rescarches for the predication of earthquakes and of mud flow due

i -



to fall of ice-cap should be promoted. The adobe construction which collapsed by seismic force
actually aggravated the casualities in the recent earthquake, as well as damage by mud-flow due to
ice fall. Improvement of quality and some aseismic design for adobe construction are urgent and
most essential questions. Since it takes long time and requires huge amount of money to imple-
ment these recommendations, the initiative must be taken by the central government to start these
projects as soon as possible. The establishment of a kind of Composite Research Institute for
Earthquake Disastcr Prevention covering thehe above-mentioned research fields and exchange of

scolars and students between the two countries will facilitate the implementation of these projects.

Strictly to say, modes of occurrence of any disaster depend upon not only natural but also social
environment of the affected area, Therefore, most appropriate way of prevention should be es-
tablished by the people who know their own land in detail. In this means, it is strongly hoped that
the time will come soon when all anti-seismic designs are implemented by the Peruvian people them-
selves against the earthquakes attacking their own territory.

Finally, the undersigned wishes to take this opportunity to express his heart-felt thanks to
Sr. Contralmirante Luis Vargas Caballero, Ministro de Vivienda and Sr. Genral de Brigada E P, Catlos
Villa Pazos, Presidente de la Comisidén de Reconstruccién y Rehabilitacion de la Zona Afectada of
Peruvian Government for their kind cooperation and assistance extended to the undersigned as well as
to all members of the Mission in spite of their busy schedule in the time of emergency. It is hoped .
that the recent survey serves as a milestone not only of the farther sclentific and technical cooper-
ation between Peruvian and Japanese people but also of future fricndship between the two seismic

countries.

Yours sincerely,

7

Dr. Ryohei MORIMOTO
Chief of the Japanese Survey Mission
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Chapter 1 Introduction

A severe earthquake attacked the Ancash Area of Peru on the 31st of May, 1970. It
was one of the most destructive earthquakes in the world history. Many human lives were

lost and thousa‘nds of buildings and other structures collapsed.

This earthquake is rcported to be 7.8 in Magnitude by U.S.C.G.S. and the hypocenter
of it is located in 9.2° S, 78.8° W, 43 km in depth:

The city of Chimbote located 380 km north of Lima, has the largest harbour in the
country and is one of the most important industrial cities with groups of fish ‘mills:and a:steel
factory. The city had grown rapidly and its population had reached about 180,000. (Figs. 1-1,2)

The city was severely damaged by this earthquake and its fedonstruction was an urgent matter. Prior
.‘ to the start of the new city plaxining, the seismic microzoning of the city was required, and a
mission comprising the following members was sent: by the Japanese Government to Peru. The

micro-zoning map of the city of Chimbote was prepared after many tests and surveys;

Chicef Ryohei Morimoto
Member Yasunori Koizumi
Member Tokihiko Matsuda
Member Motohiko Hakuno
Member [sao Yamaguchi

Now, why is the micro-zoning map of the said city necessary for the protection of the

city from the anticipated earthquake damage in the future ?

For the purpose of protecting the city from damage, all structures and earthstructurcs

in scismic active regions should be constructed to withstand earthquake.

The basic design coefficient of scismic force is mainly determined by two factors:
(1) seismic activity, (2) ground condition. The design coefficient for buildings may be modified
according as their uses and their structural characteristics. The fac‘tor concerning seismic activity
could be determined statistically based on past seismic activities. At the present time the
Peruvian territory has been divided into three regions, in each of w’hich the different value of

regional seismic factors has been proposed.

It has been found during past destructive earthquakes that damage to structures in a
limited area has much ‘local irregularities. This indicates that the seismic force acting on a

structure s affected in a large extent by the topography and subsoil condition at the site.

Therefore, if the cffect of ground condition is to be taken into consideration more

detailed zoning map in a proposed area should be made.

In order to establish the most reasonable utilization of land in a city planning, micro-

zoning in the arca is recommended to be done from the view point of carthquake enginecring.



The microzoning map will be made on basis of geological survey, precise ground explorations,
obscrvations of microtremors and of actual earthquakes. 1f the arca has experience earthquake

damage, the investigation on fcature of damage relating to the subsoil conditions is very important.

The following investigations were made in the Chimbote areas.

f
A) Geological Survey

This is to determine the structure of subsoil through field surveys and interpretation of
acrophotograph of the area from a geological view point and provide the mission with
macroscopic information about the subsoil condition. This survey greatly contributed

to the preparation of the ficro-zoning map of the Chimbote areas along with the boring

results.

e
B) Borings and Standard Penetration Tests
This is to get the subsoil condition directly and to know the level of water table, the
grain size distribution and the hardness of the subsoil. From the above two surveys,
it is possible to obtain information whether the subsoil would be spoiled by ‘Liquifaction’

or not during earthquake,

In the Chimbote arcas, borings and penctration tests were made at eighteen points indicated
in Fig. 3-1. These results were very useful to the preparation of the micro-zoning map
2le. Ol

along with the results of geological surveys,

C) Survey on Damage to Buildings, Roads, and Ground Failure

Many factors including the intensity of earthquake and dynamic properties of the ground
have a great influence on the extent of damage to structures. For this reason, a survey
on the damage to structures is very important. Since the adobe construction in the
Chimbote arca were destroyed almost completely, an extensive survey was made on the
brick construction with frame covering the whole city and in down town area of the city
a study was made on the relation between the damage of structures and the failure of
ground surface.

D) Obscrvations of After Shocks
This observation is carricd out to obtain dynamic properties of the ground surface

utilizing the After-Shocks following a big Earthquake.

In the Chimbote areas two scismometers of the same type were provided for after-shock
observation.  One meter was fixed on the rock base as the standard (reference) seis-
mometer, and the other was moved from point to point after some good results were

obtained.
Observations were made at six boring points No. 1, 2, 3, 4, 5, 7.

From the results of analysis of after-shocks, it was confirmed that the infensity of the

carthquike on the alfuvial Fayer is less than that on the reck ground surface.

2 .



E) Observation of Micro-Tremor on the Ground Surlace

The ground surface is always vibrating in very small amplitude. This vibration of the ground

is mostly natural vibration of the ground surface laycrs.

Dynamic propertics of the surface layers, such as the predominant period may be obtained

though analysis of this micro-tremor.

In the Chimbote arca observations were made at more than twenty points shown in Iﬂn 4-5
and the surface ground was considered to be very hard and dense from the standpoint of

dyndmnc property. £,

F) Geophysical Survey of the S-wave Velocity in Each Layer

The S-wave velocity may be obtained from the relation between the distance propagated and

time spent.

Sometimes on artificial shock source like a dinamite blast under the ground is used for

generating the S-waves. However, this survey was not conducted in the area of Chimbote.

“G) Analysis of Ground Surface Motion by Computer

By utilizing the data on subsoil condition, the motion of the ground surface can be calculated
with the ‘Shear Wave Reflection Theory’. According to the computed results;, the predominant

periods, and dynamic complification behavior of tle surface layers may be assumed.

In the Chimbote areas, the surface ground motion was calculated by means of the so called

‘Multi Reflection theory’, which utilizes the assumed S wave velocity derived from N value.

Many surveys of difterent type were carried out in Chimbote as stated previously. The bulldmgs
which will be constructed in this city in the near future may be low structures such as adobe or
“brick type whose natural period is very short, (Recently. a measurement was made on the natural
period of one story house made of adobe with a micro-tremor meter and the period shown was less

than 0.04 second) and the structure is considered to be quite rigid against the earthquake motion.

These findings on the properties of the structure led to the conclusion that from the view-point
of damages to structures, specially to brick and adobe construction, the main cause of damages to
the structures on the hard ground is the intense earthquake force applied to the super structures and
the damage to the structures on the soft ground is caused mainly by the settlement of buildings due
to the compaction or liquifaction of loose sand, and is not the dynamical resonance of structures
and the ground. Therefore, the results of the dynamical tests such as the ones stated at articles D),
L), I), G), are uscful for the more deflectable structure, but could not be used directly to make a
micro-zoning map. However, the tendency of the results obtained from all the previously mentioned

methods were qualitatively coincident with each other.

The micro-zoning map was made mainly on the basis of the results obtained from the geo-

logical survey, und the borings and damage distribution of structures.

e 3 e



The mission wishes to express its sincere appreciation and gratitude to the officials of the

Peruvian Government and institutions for kind cooperation and support extended to the mission
during the survey.,



Fig. 11
Th(;{ Central Part
of

the Chimbote City

( Aeriol photos taken in 1943 )
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Chapter 2. Geology of the Chimbote Area

The most of the city of Chimbote is located on the alluvial plain of the Rio de Lacramarca
_along the coast of the Bahia de Chimbote. To the north and southeast of the city there are rocky
mountains and hills which are covered partly with eolian sands. The surface geology of the Chimbote

area may be classified as follows: (See Fig. 2-1).

A Bedrocks

A': Bedrocks covered with the older eolian sands

B: Alluvial deposits
Bl: Alluvial deposits of Rio de Lacramarca
B2: Remnant of the older alluvial deposits of Rio de Lacramarca
B3: Sheetflood deposits

C: Beach ridges
C1: Present beach ridges
C2, C3, C4: older beach ridges

D: " Eolian Sands
D1: Present eolian sand
D2: Older eolian sand

E: Backswamps

F: Lowlands in valleys dissecting the alluvial plain

Brief explanations will be given below.

.21 Bedrocks

The main constituents of bedrocks are Cretaceous andesitic volcanics with shale and sandstones
and granitic rocks intruding it. The volcanic rocks, called the Casma formation, are more or
less metamorphosed by the intrusion of the granites. They are exposed largely on the hills
north of the city (Chimbote Hill and C° Tambo. Real) (Fig. 2-3), while the granites, probably
a part of the Andean batholith, constitute hills southeast of the city (Pampa de la Irrigacion

.Chimbote east of Rio de Lacramarca alluvial plain).

2-2 Alluvial plain
There are a few alluvial fans extending towards the lowland on which Chimbote City lies.
The most important one is an alluvial plain of Rio de Lacramarca (B ). The other two are
sheetflood alluvial fans (B3) developed on the foot of the Chimbote Hill and the Pampa de la
lrrigacién Chimbote (Figs. 2-4. 2-7a).

(1) Rio de Lacramarca alluvial plain (By): The alluvial plain is developed filling the valley of

Rio de Lacramarca ca. 10 km long and ca. 5 km wide at the coast. The water of Rio de
Lacramarca disappears ncar the head of the alluvial fan beneath the ground surface. No de-

finite river floor is recognized on the alluvial surface. The seaward margin of the alluvial plain



(2)

is truncated obliquely by the coast line in the northern part, where the alluvial plain has 3 m -
5 m height above the sca level at the coast and it is fringed there by a beach ridge. In the
southern part of the alluvial fan, on the other hand, the plain is gradually lowered and continues

to backswamps or lagoons.

The alluvial plain has a soil layer suitable for cultivation on the surface. Figs. 2-2 and 2-11

show a near-surface profile of geology in the near-shore part of the plain between the coastal

line and Pan Amecrican Highway. Subsurface geology of this alluvial plain is shown in Fig. 3-2,

bascd on data of borings and. the pre-existing data (Appendix 2 and 4). Generally speaking, the alluvial
deposits consist mainly of various kinds of sands, interbedded with thin clay and gravel. The shallowest
gravel beds lie between ca. 10 m — 20 m in depth in the inland part of the studied area, becoming thinner
and deeper seaward. At the near-shore localities no remarkable gravel beds are found down to cd. 20 m
from the surface. Instead, marine sands with fragments of shell in thickhess of 5-7 m are interbedded in

a horizon between 7-15 m down from the ground surface. Clay and silt are not significant in the geologic
profile down to 25 m, although there are several layers less than 3 m in thickness. The following two facts
arc probably favourable for subground liquefication: the first is that sands in the upper part of the deposits
are wellsorted fine sand probably of the reworked eolian sand, and the second is that the level of the

ground-water table is quite shallow (1-2 m in depth) and sometimes even pressured.

The data of boring performed at Fabrica Pescamar near the coastal line indicate that the base
of this alluvial deposits lies shallower than 90 meters in depth from the ground surface. In the
core sample, probably fluvial granitic coarse sand to granule deeper thun 52 m change into the
undoubted granitic basement at ca. 90 m. The exact boundary between the alluvial deposits

and the basement was obscure because of the possible occurrence of weathering products of

~ the granitic basement.

Remnant of older alluvial deposits of Rio de Lacramarca (Bz);

A terrace-like narrow bench is attuched on the lower part of the hill-slope along the northern
margin of the alluvial plain of Rio de Lacramarca. The terrace is 10-50 m in width and about
20 m high above the present alluvial plain. The inner angle of the terrace is covered with
eolian sand. The outer edge is marked by a sharp cliff, where weakly consolidated gray, sandy
mud and dirty very fine sands of about 2 m in thickness are exposed on the uppermost part

of the terrace cliff.

The deposits contain numerous plant remains and have no indication of marine environment
of deposition. They are considered to be a remnant of old alluvial plain escaped from the

subsequent fluvial crosion.

Shieetflood plain around Chimbote Hills and Pampa de la rrigacion Chimbote (Bg):

Rocky mountains in this region have gentle-sloping, broad shirts of plain around themselves.

These plains consist of fairly thick deposits of coarse sands and gravels with subangular boulderes.
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A typical and largest plain extends westwards to the coast from the Pampa de la Irrigacibn
Chimbote, on which Buenos Aires is present (Fig. 2-7). This alluvial plain is considered to
have been formed by sheetflood because of abscnce of definite valleys on this flat plain. An
aliuvial plain similar to the above is one south of Chibote Hill, oﬁ which the steel plant of
Chimbote stands. As shown in pre-existing boring data and as scen in the cutting in the s‘teel
plant (Fig. 2-8), the plain consists of alternation of angular debris derived from the mountains
behind and sorted sand probably of reworked eollan origin. The alluvial fan north of the
harbour of the steel plant consists largely of reworked eolian sand interbedded with rock
dcbris’X(Fig. 2-9). Water table is fairly deep in the sheetflood plain. In Buenos Aires the water

table lies 16 m below the ground surface at boring No. 5.

Beach-ridges

In and around the cify of Chimbote, there are present and older beach ridges along the present

coast (Fig. 2-5).

(N

(2)

2-4

Prescnt beach ridge Cy: The present beacl'} ridge is developed along the coast of the Bahia de

Chimbote. The beach ridge is generally 20-100 m in width and 3-5 m high above sea level and
it consists of coarse grained laminated beach sand layers with fragments of shells. As shown
in Fig. 2-2, the beach sand interfingers partially with clay on its backside slope in the central
part of Chimbote.

Older beach ridges (C5, C3, C4): The northern part of the city of Chimbote consists of three

beach ridges, of which two inland are beach ridges of the older time when the coastal line
was there. The innermost one is the most distinct and 7 m in hight above the present sea
level. Avenida Jose Olaya is just on the crest of this beach ridge. Another old beach ridge
(C4) is recognizable in the middie of lagoonal area of the southern part of Chimbote, limiting
the eastern extremity of Barrio Vialla Maria, This old beach ridge is only 1 m higher in

elevation than the surrounding lagoonal area.

Eolian Sands

A prevailing wind from the ocean is transporting inlandward fine sands toward NNE to form

sand dunes in the southern part of the Chimbote area. The main source area of sands is the

southern coast of Baliia de Chimbote and the northern coast of Bahia de Samanco. Besides

this presently-moving sand dunes, old eolian sand are distributed on the north side of the

Chimbote areca.

(1)

™

Present colian sands (D): The most thick eolian sands cover the southern part of the Rio

de Lacramarca alluvial plain. The sand dunes are 10— 20 m high above the surface of the
alluvial plain, and clongated and arranged parallel to the direction of the prevailing wind.
The sand dune consists of well-sorted fine sand rich in quartz grains, The deposits have com-

monly cross laminations.

Older colian sands (Dy): The southern slope of hills (C°® Tambo Real) north of Chimbote is

covered by sands. Borrio San Pedro, Cementario and Reservorio are located on this sandy

Hg.



which are cross-bedded and more than a few meters thick. The sand layers consist of fine to
coarse sands with shell fragments. The calcatcous matter is served as cement. The surperficial
loose sands and the underlying semi-consolidated sands mentioned above are very similar to
each other. The both sands arc considered as old colian sands (or beach sands reworked by
Wind) which were formed when the coastal line was situated more closely to the foot of these
hills than the present situation. This seems reasonable from the fact that well-preserved beach
rkdges lie in the area between this sandy hill and the present coastal line and that the coarse
sand and larger fragments of shell are commonly included in the deposits,

2-5  Backswamp

Backswamps are developed in enclosed lowlands on alluvial plain (Figs. 2-3, 2-5 and 2-6).
They are formed in areas where the ground water is.coming up to the surface and the sur-

rounding highs such as beach ridges prevent to drain the ground water.

The largest bgckswamp in the Chimbote area lies in the southeastern Chimbote, which developed

on the southern margiﬂ (the lowest portion) of the Rio de¢ Lacramarca alluvial fan. The back-
swamp is divisible into the outer and inner portions which are separated incompletely by an
old beach ridge (C4) near the Pan-American Highway. The water in the backswamp is supplied
from numerous gushing springs in the inner portion of the backswamp and flows out into the
sca through the high of sand dune and a beach ridge. The source of the ground water is Rio
de Lacramarca, of which stream water submerges under the ground surface at the head of the
alluvial fan. Geological profile of this backswamp consists largely of medium to coarse sands
down to 25 meters, although gravel and silty clay beds are interbedded in some horizons.

(sce boring data, No. 4). It is noteworthy that no muddy sediments are found beneath the

swamp bottom.

Another backswamp is developed in the lowland in the northern Chimbote. It is surrounded
by hills on the north (Chimbote hill) and east (C° Tambo Real) and Rio de Lacramarca al-
luvial cone on the south and beach ridges on the west (Fig. 2-3). A drain channel goes to the
coast through the beach ridges to the west. The backswamp is less than § meters above sea
level and incloses many irregular or linearly-clongated sand-duncs in it. Some gushing springs
supplies the water to the backswamp. This backswamp was originally a lagoon which was
formed by growth of beach ridges. The oldest beach ridge is C3 in Fig. 2-1. The narrow
lowland between these ridges turned to a part of the backswamp as the present beach ridge
develops. In the lower portion of the backswamp, a black organic soil layer ‘is developed
near the surface as scen in the trench wall along the drain-channel. However, deposits of the
backswamp down to 25 meters are mainly sandy deposits of fluvial, eolian and beach origin
(sce boring data of No.1). Generally speaking, the northern section of this backswamp con-

tain coarse detritus of alluvial fan extending from the northern hill, while the southern section



consists mainly of fluvial sand and gravel of the Rio de Lacramarca alluvial fan. A marine
sand layer containing abundant shell fragments lie in 4 meters from the ground surface, which
is ncarly thc same clevation as that in the backswamp in the southern Chimbote (cf. Boring
No. I and 4 in Fig. 3-2). It is to be noticed that unlike the present surface appearance,
there are no remarkable clay or muddy soft deposits even near the top of the sedimentary
scquence beneath the backswamps in the Chimbote area.

2-6 Lowlands in valleys dissecting the alluvial plain

As shown in geologic map (Fig. 2-1), the Rio de Lacramarca alluvial fan is dissected by young
small valleys in its northern marginal portion. These valleys- are developing to inland by head
erosion from the sea cliff of 2 or 3 meters high above the sea level. The heads of the valleys
reach generally 1 km or less far from the coastal line. The largest valley just south of the
center of Chimbote, has about 2 km in length,

The valley-floor is a ﬂai lowland about 100 m wide and 3 meters lower than the Rio de
Lacramarca alluvial plain at the estuary, becoming'ﬁarrower and shallower to the inland. The
lowland has a stream channel carrying running water. The water tend to be dammed by the
beach ridge at the estuary, resulting in formation of small backswamps behind the beach ridge.
The surface soil in the lowland consists of soft, wet, silty fine sand or sandy mud with or
without plant remains. The thickness of the deposits filling the valley is not known exactly,

but it seems to be less than a few meters as judged from boring data.
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Fig. 2-3
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Fig. 2-4

Sand dunes and the
Rio de Lacramarca
alluvial plain
(southern Chimbote)




Fig. 2-5
Beach ridge and

lagoonal swamp
at the estuary

(Miramar Baja)

(b)




i g

— ]6 .

Fig. 2-6 ,
Backswamp and sand
dunes

(southern Chimbote)

(a)

(b)



Fig. 2-7
Sheetflood deposits,
west of Buenos Aires.

v;‘,‘:{- :
!-\As;(‘w" . i c
QAT |, 1
S e v

3
bt
5

(b)

L
o
Ly
DL

(c)




- 18_4-

\
/\,o“"/’
Sheetflood|deposits
and reworked eolian
sands of the alluvial
NG «fan (B 3), south of
L™ Chimbote Hill.
O (Steel plant of
Chimbote)




— 19._

Fig. 2-9
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Fig. 2-10
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Fig. 2-11

Soil profile at
Servopesca on the
Rio de Lacramarca
alluvial plain.
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Chapter 3 Soil Conditions

To investigate the subsoil conditions, records of pre-existing borings and water-well as much
as available were examined, and a total of 16 borings were made at locations as shown in Fig. 3-1.
Depths of miost of them were about 25 m below the ground surface. The penetration test was ac-

companied every one meter in each of the boreholes, counting the number of blows N’ necessary for

“the split spoon sampler with an outer diameter of 2.5 in. to produce the penetration of a foot under the

repeating impact of 210 1b x 20 in. Later, N'-values obtained by this method were compared with
N-values for the standard penetration test (2 in. split spoon sampler), and it has been found that the
good correlation of N=0.88 N’ exists between them (Appendix 1). Additionally, hand borings were
made with an auger down to depths of about 3 m to investigate the surface soil conditions and the
water table. Grain sizc analysis was also conducted for some of samples taken by the spoon sampler
(Appendix 3).

Somewhat simplified geological cross section with N-values have been constructed by Ing. C.
La Puente basing on the boring records (Appendix 2), and are shown in Fig. 3.1 (a) (b).

As described in the previous Chapter, the subsoil of the Chimbote area consists mainly o‘f a
thick sandy deposit. In most parts of the area, medium dense sand deposit with N-values ranging
10 to 30 overlies the very dense sands (N>50) and/or gravel extending to the bedrock. The over--
lying sand increases in its thickness towards the sea, with thickness of 0 - 5 m in the inland and of
10 - 20 m in the coastal arca. Underlying very dense sand is intervened, in some areg, by layers of
loose fine sand and stiff clay (No. 3 and No. 11). Bedrock is found at a depth of about 60 m at

a site near No. 11 in the coastal area.

In a part of the North Port reclamation has been made by loose sand. The areas between
the old sand dunes (Cy, C,, C5 in Fig. 2-1) and other very limited areas in the city are also. subposed
to have been filled by sand.

The contour lines of the ground water table are shown in Fig. 3-3.. The depth of the ground
water has a general tendency to become shallower towards the sea, and is close to the ground surface

in the coastal afea and low lands, being located at depths of 1 or 2 m.

In general, sands tends to contract under a vibrating force. The groun‘d subsidence occurred
during the earthquake due to compaction of sands in a large area. Details will be discussed in
Chapter 8. It is clear that the looser the sand and the grater the thickness of the sand, the greater the

subsidence.

Compaction of sands which seats below the water table will be accompanied by squeezing
out the porc water. It will result in a rise of the ground water and in upward water flow. From

this rcason, the lowlands were submerged and the ground water was observed to spout in someplaces

- during the earthquake.

Since for a loose saturated sand a considerable amount of compaction takes place in almost

undrained condition during an carthquake, the pressure of pore water increases and results in the

__22_.



decrease in the shcaring resistance of the sand, sometimes into a liquid state. This is known as
liquefaction of sand. It is believed that a layer of loose fine sand of about 2 m thick in boring Nos

3 and 11 liquefied during the carthquake. The liqueficd sand was jetted out with ground water during
this earthquake. However since this type of liquefaction was limited in a layer several meters below
the ground surface, no appreciable settlement of buildings was found. On the other hand, in the
above-mentioned areas where the reclamation was made by loose sand, liquefaction reached near the
ground surface and many buildings settled severly. It is deemed that the upward seepage flow from
deeper stratum was also responsible to this type of liquefaction. Even the densest sand and gravel
seating in great depths contract due to crushing of grains and possibly originate the upward water
flow. Therefore, the latter type of liquefaction is likely to occur in areas where thick sand deposit

exists without intervention of impervious layers.
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Fig. 3-3
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Chapter 4. Obsetvations of Micro-Tremor

4-] Objcctive of the Measurement

In gencral, ground surface consists of soft layers in upper parts, harder layers in deeper and

under those layers, there is a hard base rock.

At the time of an earthquake, wave comes through the medium of earth from the hypocenter
and when the wave appears on a ground surface, its incidental angle is almost 90° to the ground surface
because of the difference of wave velocity mainly depending on the hardness of the layers. (Referring
to Fig. 4-1). In that case, a model of the ground surface will be something like Fig. 4-2.

In Fig. 4-2, the model is considered to be two layers as the simplest case. Now assuming that

the lower layer is rigid as an extreme case, the upper strata will generate the so called a natural vibration.

In reality, it is rccognized that different points on the ground surface have each predominant
period in its earthquake ground motion from many observed earthquake records in Japan and the theory
to explain this phenomenon is called ‘Multiple Reflection Theory’. Then, how the predominant period
of sdme point on the ground can be determined.

At present, many methods are used for the purpose of obtaining the predominant period, and
the micro-tremor method is one of them. Micro-tremor is a vibratory phenomenon of the ground
surface a few micron in amplitude even without the special exciting sources, and its fr'equency domain
is almost 1 to 10 Hz. The cause of this vibratory phenomenon is considered to be traffic load and

so on, however, detlails are not so clear.

This micro-tremor is generated by many sources, therefore, it would include a large amount of
the natural vibration of a surface layer of the ground. Therefore, it is possible to obtain a predominant

period from this micro-tremor through adequate analysis.

4-2 Equipment

‘Micro-tremor’ is very small vibration in amplitude, so a highly sensitive equipment is required.

The equipment consists of a system shown in the chart below:

Pick-up = Amplifier > Recorder
Pick-up Electro Magnetic Type
Amplificer _ Transisterized

Max. Sensitivity 60 DB
Recorder Pen Oscillograph

of Data Recorder
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4-4 The results and consideration

Mcasurement was made mainly midnight to avoid noise tremor due to traffic or the operation
of factories. Some examples of records are represented in Appendix. Fig. A-5. The curves of predominant
periods analyzed from those records are shown in Fig. A-6 in Appendix, and it is known from these
curves that Chimbote area is divided into three parts from the view point of dynamic properties of

ground surfice, Those results were put together and the following Table 4-1 was obtained.

Table 4-1
Points measured | Predominant Periods Maximum Periods
No. 1 0.24 (sec.) 0.66 (sec.)
No. 3 0.09 : 0.41
No. 4 0.09 0.84
No.5 ' 0.15 1.06
No. 6 0.15 ‘ 0.96
No. 13 0.09 | 1.20
No. 7 0.28/0.90 1Tl
No. 15 0.33 1.23
No. 16 0.27 1.53
No. 20 0.28 1.20
No. 21 0.28/0.33 2.0/1.16
No. 10 0.18/0.60 3.56
0.93/1.35 |
No. 19 0.27 1.26
No. 24 0.22 2.10

Predominant Periods from the micro-tremor measurement

Measuring points are shown in Fig. 4-3.
Divided three parts of Chimbote area are as follows:

(1) Northern parts

This area includes such villages as San Pedro, SOGESA and coastal parts connecting the hill.
The predominant periods in this area are approximately 0.1 second. This shows that the base

ground in this area seems to be hard and dense.

(2) Central parts

The shape of the curves in this region are slightly more flat than those in northern part and

predominant periods are in the range of 0.2 - 0.3 second.

This fact scems to show that the ground surface of this area is a little soft in dynamical view
point. This arca is a flooded place of Rio de Lacramarca, so it scems that the thickness of

an altuvial layer is more thick than in other area.

.._29.4_.



(3) Southern part

This arca includes the region of Buenos Aires and connecting sandy flat place separated by the.

Panamerican highway, continuing to the coast.

The period - frequency curves in this area show several predominant periods and this means
that surface layers in this area consists of not only one, but multiple strata in dynamical
properties.

4-5 Concluding remarks

From the previous mentioned results, the following conclusion will be derived, if the surface
layer would not be broken, that is, they remain in a linear range. Dynamical properties of
the ground surface in the city of Chimbote will divide the city area into the previously stated
three parts from the view point of their dynamical properties, and generally speaking, this area
is much harder compared to Tokyo area in Japan which has 0.3 - 0.6 sec, as the predominant

periods.

Main work related to the micro-tremor measurement was performed under the guidance of
Eng. Victor Konno, Ministerio de Vivienda, with an assistance of several students of Peruvian National

University of Engineering.
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