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SYNOPSIS: Recent pasl earthquakes (1940, 1966 and 1974) in the cily of Lima, capital of Peru, have caused low levels of damage in the downtown area; 

however, heavy damages have been reported in some districts, such as La Molina, Barranco, Chorrillos, and La Punta-Callao, where the subsoil characteristics 

are very diflerent Irom those of downtown Lima. In this paper the results of the microzoning work performed by CISMID in the districts ot La Punta-Callao will 
be presented.

The subsoil conditions in these districts were determined by compiling available geotechnical information and by performing soil exploration and laboratory 

testing. Then, a program of microtremor measurements was undertaken to determine the predominant period of environmental soil vibration, finding values 

that show a good agreement with the subsoil characteristics at the site. Also, with the very limited information available on the ground conditions, some soil 

amplification analysis were performed to determine response spectra of typical soil conditions. It was concluded that the soft soil conditions prevailing in La 

Punta-Caliao will modify the soil response, as compared as in Lima downtown. Finally, the area is divided into four zones, according to their soil conditions, 

bearing capacities, predominant periods, water table, past seismic effects and probable soil behavior under earthquake loading. Modifications to the actual 

Peruvian Building Code are proposed.
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INTRODUCTION

From the earthquakes o f 1940, 1966 and 1974 that the city o f Lima 

experienced, it was established that the Lima downtown area had lower 

intensities than some peripherical districts such as La Molina, Bairanco, 

Chorrillos and La Punta-Callao. The subsoil condition o f Lima downtown 

corresponds to a thick gravel-alluvial deposit with deep ground water table, 

whereas in the districts mentioned above fine soils with high water table 

can be found. In this paper the advances on the seismic microzonation of 

La Punta-Callao districts will be presented, as part o f the seismic 

microzonation o f Lima that is being earned out by CISMID.

Lima city is located on the western coast o f South America, on a desertical 

strip between the Pacific Ocean and the Andes Mountains. La 

Punta-Callao districts are situated on the western side o f Lima, south of the 

outlet of the Rimac river into the Pacific Ocean. La Punta-Callao districts 

are very important for Peruvian economy, because o f the location there of 

the port of Callao, the biggest port in the country. In this port, 

commercial, naval and fishing activities are developed. The districts have 

a dense urban infrastructure and about have a million inhabitants.

OBSERVED SEISMIC INTENSITIES

The region is a segment o f the Circum-Pacific Belt, which is one o f the 

most active seismic region in the world. The seismic activity in this region 

is mainly caused by the subduction o f the Nazca Plate beneath the South 

American Plate. Silgado (1978) has compiled historical information about 

the most important seismic events occurred in Peru from the XVI century 

to the present time. Based on this study and on its reinterpretation, Alva- 

Hurtado et al (1984) have proposed a map of maxima seismic intensity 

distribution o f Peru which is shown in Figure 1. From-this map it can be 

seen that a scale of X Modified Mercalli Intensity has been assigned to 

Lima city. The seismic activity is higher along the coast in Peru, although 

a zone o f superficial earthquakes is presented in the high jungle called 

Sub-Andean region.

The city of Lima has experienced in the last SO years, six earthquakes with 

magnitudes in the range o f Ms 6 to 7.6. These earthquakes have caused

relatively low damage in the city, in spite o f the high values of 

accelerations (0.40 g during the 1966 earthquake) and long duration o f the 

strong motion (1 minute during the 1974 earthquake). Repetto et al (1980).

However, during recent earthquakes heavy damages were observed in some 

parts of the city outside o f downtown Lima, such as La Punta-Callao 

districts. During the October 3, 1974 earthquake the port of Callao 

suffered heavy damages in naval and port facilities. Maxima intensities o f

IX and VIII MMI were reported in La Punta and Callao, respectively. 

Heavy damages were observed in the Naval Academy in La Punta and the 

Post Office building in Callao. An important failure on a silo lift tower 

was reported in the harbour. Figure 2 shows the official map of intensity 

distribution for Lima city after the 1974, October 3 earthquake, proposed 

by the Geophysical Institute o f  Peru, Giesecke et al (1980).

GEOLOGICAL AND GEOTECHNICAL CHARACTERISTICS

Lima city is located mainly on a fluvio-alluvial deposit o f variable 

characteristics corresponding to the debris cones o f the Rimac and Chillon 

rivers from quaternary age. Hills surrounding Lima city are mainly 

intrusive rocks and materials from the Cretaceous period. Most o f the city 

is located on a flat surface. Figure 3 shows a simplified map o f  the 

geological conditions o f the city, prepared by Martinez-Vargas (1986). 

Roughly speaking, in Callao the soil profile consists o f surface fills 

covering a layer o f fine material such as sands, silts, clays and sometimes 

peat. Below the fine material the conglomerate is found reaching variable 

depths. In La Punta exists a sequence o f poor-graded gravel with silts and 

sands intermixed non-uniformly, with thicknesses ranging from 7 to 15 

meters. Below this layer, fine sands with lenses o f silts and clays 

are found overlying the Lima conglomerate at 30 meters in depth. The 

ground water table decreases from around 2 meters in La Punta to 8 meters 

in the eastern part o f Callao.

Based on a compilation o f  existing geotechnical studies, well logging and 

performing soil exploration and testing, a geotechnical zonadon of the 

districts o f La Punta-Callao is proposed as follows. This zonation is 

presented in Figure 4, Huam in (1991).
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Fig. 1. Distribution o f Maxima Seismic Intensities Observed in Peru. 

After Alva et al, (1984).

Zone I : The soil profile consists o f silty sands and clayey silts interlayered, 

with thicknesses up to 5 meters, overlying the Lima conglomerate (mixture 

o f boulders, gravel and sand). Bearing capacities are on the order o f 1 to

2 kg/cm for shallow foundations and up to 4 kg/cm^ if  the foundations 

reach the Lima gravel. W ater level is deep.

Zone II: The soil profile consists o f  soft soils with thicknesses up to 10 

and IS meters. Soils are clayey silts, silty sands with peat and clays of 

high plasticity. The organic soils produce settlement on buildings and 

subsidence o f roads. Bearing capacities are lower than 1 kg/cm^ for 

shallow foundations. It is recommended to use reinforced connection 

beams. For buildings higher than two levels it is suggested to employ mat 

foundations and piles for buildings higher than four levels. Water level is 

from 1.0 to 2.5 meters in depth.

Zone H I: This area runs along the coast. The soil profile is composed by 

superficial fills covering a layer o f  fine material. The port o f Callao is

located on this zone. The ground is erratic because o f the 

reclamation works performed in the past. In the port area there are silty 

organic clays and near the port the fill consists o f gravel and silty gravel. 

The fill has variable depths up to 11 meters, where the copglomerate 

appears. Pile foundations o f the end bearing capacity type are used for 

heavy structures in this area. Water level varies from 1.5 to 3.0 meters.

Zone IV : This area comprises La Punta and Chucuito. The soil profile 

consists of an artificial gravelly fill 3 meters thick, loose and sometimes 

mixed with silt. This fill overlays coarse granular soils with average 

thickness o f 12 meters. Beneath the fill exist line materials up to 20 

meters deep in La Punta and 28 meters deep in the Naval Academy. 

Finally the conglomerate appears at the bottom of the soil profile. Ground 

water level varies from 1.5 to 3.5 meters. Recommended bearing capacity 

values for spread footing are from 1.5 to 2.0 kg/cm^. For heavy loads it 

is suggested mat foundations. Piles are not recommended in this zone.
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G iesecke  e t a l, (1 980 ).

M IC R O TR EM O R  M EASUREM ENTS

Microtremor is defined as the natural vibration o f the ground wiih a period 

ranging from 0.05 to 2 sec. and amplitude ranging from 0.1 to 1 micron. 

Microtremor are generated by natural and artificial causes. A very 

sensitive instrument is employed to detect such a vibration. During 

measurement, the displacements in two perpendicular horizontal and 

vertical directions are recorded. The predominant period assigned to one 

site is the result o f averaging the two predominant periods obtained from 

the two perpendicular horizontal directions. This type of measurements 

was originated in Japan by Prof. Kanai.

In this study microtremor measurements were undertaken in La 

Punta-Callao to establish the soil predominant periods. Two hundred and 

sixty microtremor tests were performed throughout the districts. Figure

5 presents the period distribution map for La Punta-Callao. The range of 

values for the predominant periods is from 0.1 to 0.7 seconds in the area. 

In Callao, Bellavista and La Perla the periods range from 0.10 to 0.40 

seconds, with an average of 0.30 see., whereas in La Punta and Chucuito, 

the range is 0.40 to 0.70 sec. and the average is 0.50 seconds.

It was found a good agreement between the measured predominant periods 

and the geotechnical characteristics of the ground. For instance, Zone I, 

composed by superficial conglomerate, has the lower periods (down to 0.1 

sec.). Zone II, which has soft layers 7 to 15 meters in depth, has 

predominant periods equal to 0.3 sec. Zone III, has larger periods than

Zone II, 0.4 sec. in average, because there are loose fills with depths up to 

10 meters. Zone IV has average periods o f 0.5 sec., in concordance with 

a soft soil profile 40 meters deep.

A good relationship was also found between the Zone IV, with higher 

values of predominant periods in La Punta-Callao, and the damage of 

buildings, such as the Naval Academy (IX MMI) and other buildings (VIII 

MMI) in La Punta, during the October 3, 1974 earthquake. In Lima 

downtown, with suffer ground, intensities reached VII MMI values.

SOIL AM PLIFICA TION

Soil amplification studies were undertaken with two representative soil 

profiles in La Punta-Callao by means o f the program SHAKE, Shnabcl et 

al (1972). The profiles correspond to the Naval Academy in La Punta 

and the Naval Base in Callao. The soil profiles and properties were 

chosen from available geotechnical information, Huamin (1991). The 

input earthquakes were the October 17, 1966; May 31, 1970 and October

3, 1974 strong ground accelerograms recorded at the Geophysical Institute 

o f Peru station in Lima downtown. The records were sealed to 0.4 g 

maximum acceleration and were supposed to act at the bottom of the soil 

profiles.

Figure 6 presents the average normalized acceleration spccira lor the two 

soil profiles. Spectral shapes and maximum amplification are different.
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Fig. 3. Map of Geological Conditions for Lima City. 

Martinez, (1986).

The maximum amplification o f the Naval Base profile is twice the Naval 

Academy profile, and its shape is sharper. The Naval Academy spectra is 

flatter and presents amplification for longer periods. From the analysis is 

proposed to have a design plateau of 1.2 seconds, higher than the ones 

presented in the peravian building code. As a comparison, in downtown 

Lima the amplification is produced between 0 and 0.55 seconds, and the 

design plateau is 0.30 seconds (Meneses, 1985). A clear difference is 

established between the response spectra of La Punta-Callao and Lima 

downtown soil profiles. On the basis of the soil amplification study of La 

Punta-Callao, a new softer ground is proposed for the Peruvian Building 

Code.

CONCLUSIONS

1) The distribution o f earthquake damage and its relation to ground 

conditions in an affected city is an important investigating tool for 

seismic microzonation. Special efforts should be done to dispatch 

evaluation teams after the occurrence of seismic events.

2) In Peru, a developing country with scarce research funds, seismic 

microzonation studies are mainly based on damage distribution, 

compilation of geotechnical data, microtremor measurements and soil 

amplification studies.
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Fig. 4. Microzoning Map of La Punta-Callao. 

Huamán, (1991).

Fig. S. Period Distribution Map for La Punta-Callao. 

Huamán, (1991).
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NORMALIZED ACCELERATION SPECTRA

Fig. 6. Average Response Spectra for La Punta and Callao. 

Huamán, (1991).

3) Microtremor measurements in La Punta-Callao show that predominant 

periods range from 0.10 to 0.70 seconds. In La Punta and Chucuito 

the average value is 0.50 sec. and in Callao, Bellavista and La Perla, 

the average is 0.30 sec.

4) La Punta-Callao districts were divided into 4 zones according to the 

soil profiles and dynamic properties. There is good agreement between 

the measured predominant periods by microtremor tests and the 

geotechnical characteristics o f the soil profiles.

5) Soil amplification studies indicate that the response spectra in La 

Punta-Callao are different that those in Lima downtown. A new soil 

type is proposed to be incorporated in the Peruvian Building Code to 

take into account soft soil conditions such as those existing in La 

Punta-Callao.
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