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OutlineOutline

General InformationGeneral Information
Ground MotionsGround Motions
Liquefaction observationsLiquefaction observations

Spatial distributionSpatial distribution
Case historiesCase histories

CanchamanCanchamanáá Lateral Lateral SpreadSpread
LandslidesLandslides





Tectonic SettingTectonic Setting



Seismological InformationSeismological Information

Ji and Zeng (USGS)

http://earthquake.usgs.gov/eqcenter/eqinthenews/2007/us2007gbcv/finite_fault.php

Date: August 15, 2007Date: August 15, 2007
Magnitude: Mw = 8.0Magnitude: Mw = 8.0
Type: Interface Type: Interface 
subductionsubduction event event 
HypocentralHypocentral depth = depth = 
39 km39 km
Fault dimensions: Fault dimensions: 

190 km along strike190 km along strike
95 km down dip95 km down dip



OverviewOverview

Severe damages in cities of Severe damages in cities of PiscoPisco, Ica, , Ica, ChinchaChincha
AltaAlta

519 people were confirmed dead519 people were confirmed dead
42 more unaccounted for and 1,874 reported injured42 more unaccounted for and 1,874 reported injured
54,926 buildings were destroyed54,926 buildings were destroyed
20,958 buildings were damaged20,958 buildings were damaged

Extensive damage to transportation Extensive damage to transportation 
infrastructureinfrastructure



Shaking IntensityShaking Intensity



PiscoPisco



Recorded Ground MotionsRecorded Ground Motions

16 Ground motions within 150 km of fault plane16 Ground motions within 150 km of fault plane



ParconaParcona Record Record 
(ICA)(ICA)
Distance = 39.4 kmDistance = 39.4 km
Instrument on soilInstrument on soil
PGA = .498gPGA = .498g
Duration = 86 sDuration = 86 s

Courtesy of IGP



CERESIS Record CERESIS Record 
(Lima)(Lima)
Distance = 102 kmDistance = 102 km
Instrument on v. stiff Instrument on v. stiff 
soilsoil
PGA = .06 gPGA = .06 g
Duration = 101 sDuration = 101 s

Courtesy of IGP



RimacRimac Record (Gravel)Record (Gravel)



Callao Record (Soft Soil)Callao Record (Soft Soil)



Response Spectra in LimaResponse Spectra in Lima



Liquefaction ObservationsLiquefaction Observations



Las Las LagunasLagunas



Liquefaction ObservationsLiquefaction Observations



Road embankment failuresRoad embankment failures



Road embankment failuresRoad embankment failures



Liquefaction ObservationsLiquefaction Observations



CanchamanaCanchamana Landslide ComplexLandslide Complex
Believed to be the 
largest lateral spread 
ever documented 

Area ~ several km2

Lateral deformations 
in the order of 6 m ?













CanchamanCanchamanáá Lateral Lateral SpreadSpread



Displacements shown are not 
correct!!!







North End

South End









Liquefaction ObservationsLiquefaction Observations



TamboTambo de Morade Mora

0.9 m settlement



Tambo de MoraTambo de Mora

LargeLarge settlementssettlements overover anan areaarea ofof aboutabout 4 4 citycity
blocksblocks
WellWell delimiteddelimited areaarea ofof settlementssettlements: : acrossacross thethe
streetstreet wewe sawsaw wellwell performingperforming houseshouses
OneOne case case ofof ejectaejecta ofof lowlow plasticityplasticity clayclay



Tambo de MoraTambo de Mora

PI = 16



Liquefaction ObservationsLiquefaction Observations



General San Martin PortGeneral San Martin Port



General San Martin PortGeneral San Martin Port

0.8 m 
settlement



General San Martin PortGeneral San Martin Port

0.5 m lateral 
displacement 
of wharf deck



LandslidesLandslides

Estimated thousands of landslides (disrupted Estimated thousands of landslides (disrupted 
landslides including rock falls, rock slides, soil landslides including rock falls, rock slides, soil 
falls, soil avalanches, and disrupted soil slides)falls, soil avalanches, and disrupted soil slides)
Highway department: Highway department: rockfallsrockfalls occurred as far a occurred as far a 
north as 700 km from the fault plane (small rock north as 700 km from the fault plane (small rock 
falls)falls)
Culprit of many road closuresCulprit of many road closures



Comparison with Comparison with 
landslides fromlandslides from 
other eventsother events



Shallow soil slidesShallow soil slides



Rock slides, falls and avalanchesRock slides, falls and avalanches



Disrupted rock/soil slides (rock in soil matrix) Disrupted rock/soil slides (rock in soil matrix) 



Landslides on natural terrainLandslides on natural terrain



ConclusionsConclusions

Extensive liquefaction over a widespread areaExtensive liquefaction over a widespread area
InterestingInteresting

VeryVery largelarge lateral lateral spreadspread
SettlementSettlement ofof nearlynearly 1 m 1 m ofof lightlight structuresstructures

HeavyHeavy structuralstructural damagedamage
MostlyMostly toto adobe adobe constructionconstruction

RecordedRecorded time historiestime histories
Long!Long!
TwoTwo--phasephase motionmotion (how (how doesdoes thisthis affectaffect liquefactionliquefaction?)?)



Preliminary report:Preliminary report:

http://http://gees.usc.edu/GEER/recent_geotechnical_engees.usc.edu/GEER/recent_geotechnical_en 
gineering.htmgineering.htm



THANK YOUTHANK YOU



PiscoPisco: structural damage: structural damage



PiscoPisco: structural damage: structural damage



PiscoPisco: structural damage: structural damage



PiscoPisco: structural damage: structural damage



PiscoPisco: structural damage: structural damage
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