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Motivation: Historical evidence of 
Earthquake-induced Liquefaction Damages 
(Lisbon, 1755)



Motivation: Historical evidence of 
Earthquake-induced Liquefaction Damages 
(Benavente, Lisbon region, 1909)

Sand boils



Motivation: Liquefaction susceptibility in 
Portugal

Benavente

Highto veryhigh

Moderate

Lowto verylow

Null

Liquefactionsusceptibility

(Jorge, 1993)

Lisbon



LIQUEFACT pilot sites
Macrozonation: Development of a 
European liquefaction hazard map
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Pilot site: location

[ŜȊƝǊƛŀ DǊŀƴŘŜΥ farmingregionandmid-sizedcitiesof Vila Franca de Xira & Benavente



Pilot site: existing data

Collection of existing geotechnical reports



ÁThe final Portuguese pilot site area for liquefaction
microzonationstudieshasbeendefined.

ÁThepolygoncoversanareaof 146.9 km2.

ÁAll availablegeologicaland geotechnicalinformation has
beengeoreferencedand integratedinto a SQLitedatabase
usingRockworks17ϯapplication.

ÁThe final databaseintegrates 125 boreholes,92 SPT,53
CPT,14 Cross-Hole,9 SDMT,13 SR,1 SASW,3 MASWand
52HVSR.

Rockworks17 È

Pilot site: geological model



Pilot site: topographic and geological model



The Lower Tagus River in the Lisbon region has sedimentary 
deposits with high incidence of loose to medium sandy and 
silty-sandy soils, interbedded by soft fine soils

Pilot site: geological setting
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Lisbon

Porto

Area: 14683 ha 
Perimeter: 50.8 km
Site Investigation: 29

Pilot site: site investigation locations



Type Number of tests Location

Geotechnical 
tests

SPT 2 SI1; SI7

CPTu 25
SI1, SI2, SI3, SI4, SI5, SI6, SI7, SI10  SI12, SI13, SI14, 
SI15, SI19, SI101, SI102, SI103, SI104, SI105, SI106, 
SI107, SI108, SI109, SI110, SI111, SI112 

DMT 10 SI1, SI7, SI8, SI9, SI15, SI16, SI17, SI106, SI109, SI111

Geophysical 
tests

SCPTu/ SDMT 7 SI1, SI7, SI14, SI15, SI106, SI109, SI111 

SASW 1 SI5

Cross-Hole 2 SI1; SI7

Seismic Refraction 8 SI1, SI5, SI6, SI7, SI9, SI11, SI12, SI13

Sampling 
collection

Mazier 2 (24 samples) SI1, SI7

Dames & Moore 2 (32 samples) SI14, SI15 

Gel-Push 6 (29 samples) SI14, SI15

Pilot site: site investigation
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Site investigation results

In situ testing: SPT
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In situ testing: CPTu

Site investigation results



In situ testing: CPTu

Site investigation results
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In situ testing: DMT

Site investigation results
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In situ testing: Geophysical tests (CH, SCPTu& SDMT)

Site investigation results



In situ testing allowed the identification of:

Á Soil lithology (visual description and results variation)

Á Strain-strength properties (correlations)

Á Soil behaviour type (Robertson, 2009)

Á Soil stiffness before sampling

Á Liquefaction susceptibility (different methods)

Site investigation results
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Parameters from Eurocode 8

Test results
Different 
methods

In situ testing: liquefaction assessment

Site investigation results



In situ 
test

Equation for CRR7.5 Reference
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CRRcomputationfrom in situ test data using the most recent methods

In situ testing: liquefaction assessment

Site investigation results
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Sampling experimental site
Advancedsamplingfor undisturbedsamples

The Lower Tagus River in the Lisbon region has sedimentary 
deposits with high incidence of loose to medium sandy and 
silty-sandy soils, interbedded by soft fine soils

Sampling 
experimental 

site



Interlayering
A correction for 
the presence of
fines is required
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In situ testing: liquefaction assessment

FINES CONTENT

ÁSPT: lab results

ÁCPTu: correlation

ÁDMT: correlation

Site investigation results



Sampling depth
Cohesionless layers

(susceptible to 
liquefaction)
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In situ testing: identification of liquefiable layers for sampling

Sampling at selected 
depths, considering the 
most susceptible to 
liquefaction triggering

Site investigation results



Mazier Dames & Moore Gel-Push

Advanced sampling techniques
Threedifferent samplers



Á Rotary triple tube with a 
PVC liner

Á Uses pumped water for 
drilling (may affect the  
water content of the soil)

Á Drives through harder soils

Advanced sampling techniques
Maziersampler



Á Hydraulic activated fixed-
piston (Osterberg-type)

Á Smooth brass liner (less 
friction between soil-liner)

Á Neoprene skirt seal to 
create vacuum during 
sampling (lower risk of 
sample falling)

Advanced sampling techniques
Dames & Moore: an enhanced Osterbergsampler



Advanced sampling techniques
Dames & Moore: an enhanced Osterbergsampler

Extra suction 
sleeve retention 

NEOPRENE 
MEMBRANE



Á Uses a viscous polymer gel 
(significant friction reduction 
between soil-liner)

Á Hydraulic activated fixed-
piston

Á Core catcher (keeps the 
sample inside the liner)

Á Most advanced technique

Advanced sampling techniques
Gel-push: ŀ άǎǘŜǇ ōŜȅƻƴŘέ ƻƴ ǇǳǎƘ-in sampling



Advanced sampling techniques
Gel-push: ŀ άǎǘŜǇ ōŜȅƻƴŘέ ƻƴ ǇǳǎƘ-in sampling
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The polymer solution 
seeps through the 
narrow gaps on the 
sides of the core catcher 
to coat the sample

Its success resides 
on the use of a 
polymer solution 
of extremely low 
viscosity 

Gel-push sampler



Sampling: Operationand recoveryprofile



Performance of sampling techniques

The recovery ratio of D&M ranged between 80% and 94%, 
whereas the recovery of GP-S ranged between 43% and 88%.



Transport in a specifically 
designed wooden box

Extrusion in the vertical direction Storage in PVC tubes under temperature 
and humidity controlled conditions

After in situ testing:  transport, extrusion and storage

Site investigation results


