cristiana Ferreira SO0l liquefaction assessment
In undisturbed and

Fausto MolinaDs Y S1

) Catarina Ramos rVGCOnSVtAI!IUted COndItIOnS _
L yldsyA2 ALyl thaclféthDéS and opportunltleE

17 September 2022 FCT > #aco Bl

l-‘uicpa




Outline

A Motivation

A Pilot site: location and geological setting
A Site investigation

A Advanced sampling techniques

A Laboratory test results

A Conclusions




Outline

A Motivation

A Pilot site: location and geological setting
A Site investigation

A Advanced sampling techniques

A Laboratory test results

A Conclusions




Motivation: Historical evidence of

Earthquakeinduced Liquefaction Damages
(Llsbon 1755)

Main features:

’:Xt “ﬁ e L | o 'S = Strongly affected by the 1755 Lisbon
S 5 "¢ ':\J‘.. N, i v earthquake

Archiv fiir Kunst und Geschichte, Berlin

“Water bubbles burst in many places, it

seemed that these come from the center of

the Earth, because it brought black earth,

white and black sand (...) only during the " "

time that lasted the earthquake” AIIeg9ry {o the 1755 {Earthquake ’
by Jodo Glama Strobérle

Mz W3620 ==
& CONSTRUCT FCT
_rj‘ulldaq;io para a Ciéncia e a Tecnologia




Motivation: Historical evidence of

Earthquakeinduced Liquefaction Damages
(Benavente Lisbon region, 1909)

Ac™

. Main features:

= Epicentre of the 1909 earthquake

Al
B

= = Evidence of liquefaction in the
1909 earthquake

I AR

“The water ejected through these
openings came flooding certain areas
and women raised their skirts because
of the height of water”

(Tagus Valley, earthquake April 23,

1909)

Evidence of liquefaction (Choffat & Bensaude, 1912)
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Motivation: Liguefaction susceptibility In
Portugal

Benavente‘
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Pilot site: location

[ ST NN IfarniniegioRagSdynid-sizedcitiesof Vila Franca de Xira & Benavente
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Pilot site: existing data

Collection of existing geotechnical

reports
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Pilot site: geological model

A The final Portuguese pilot site area for liquefaction
microzonationstudieshasbeendefined

A Thepolygoncoversanareaof 146.9 km?.

A All availablegeologicaland geotechnicalinformation has
beengeoreferencedand integratedinto a SQLitedatabase
usingRockworkd4 7t application

A The final databaseintegrates 125 boreholes,92 SPT53
CPT14 CrossHole,9 SDMT13 SR,1 SASW3 MASWand
52HVSR
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Pilot site: topographic and geological model

4,320,000
315,000
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Pilot site: geological setting

Series Stratigraphy Lithology
+ [ Overburden
[
: _— i

I Alluvial deposits (a)

N 22 Mud

I =3. Fine to medium sand
I -4 Medium sand
=

a5. Coarse sand and gravel

Holocene
I
I
o
oy
o
kY
2

Sand and gravel (Qi)

.*.%.%.¢ Qi Fine sand

- Old dunes and eolic sands (Qae)

9l Qae. Fine to medium sand
B Qaze2. Medium sand
B Qze3. Coarse sand

I Fluvial terrace deposits (Qf)

BRI Qf1. Clay
. Qf2. Fine to medium sand
B 3. Medium sand

Qf4. Coarse sand

_ Clay and sandstone complex (MP)

MP1. Clay
MP2. Fine to medium sand
MP3. Medium sand

MP4. Coarse sand and gravel

Pleistocene-Holocene

1,32

Pleistocene

4,315,000

S /’//,»’// 515,0 l‘;\ e E

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

Q) Miocene-Pliocene
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Pilot site: site investigation locations

Area: 14683 ha | ¢4 -oo*

4} First carpaing

Perimeter:  50.8 km A Second campaing
Site Investigation: 29 '

Lis

Google Earth
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Pilot site: site investigation

Type Number of tests Location
SPT 2 SI1; SI7
_ SlI1, SlI2, SI3, Sl4, SI5, SI6, S17, SI10 SI12, SI13
Geotechnical CPTu 25 SI15, SI19, SI101, SI1102, SI103, SI104, SI105, S
tests SI1107, S1108, SI109, SI110, SI111, SlI112
DMT 10 SI1, SI7, SI8, SI9, SI15, SI16, SI17, SI1106, SI10¢
SCPTUSDMT 7 SlI1, SI7, S114, SI15, S1106, SI1109, Si111
Geophysical SASW 1 SI5
tests CrossHole 2 SI1; SI7
Seismic Refractiol 8 SlI1, SI5, SlI6, Sl7, S19, SI11, SI12, SI13
Mazier 2 (24 samples) SI1, SI7
Sampling Dames & Moore 2 (32 samples) SI14, SI15
collection
GelPush 6 (29 samples) SI14, SI15
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Site investigation results

In situ testing: SPT
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Site investigation results

In situ testing: CPTu dernves (KPa)
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Site investigation results

SBT legend

[l 1. Sensitve fine grained [ -Ld.a\rey silt to sifoy [ 7. Gravely sand to sand
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Site investigation results

In situ testing: DMT
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Site investigation results

In situ testing: Geophysical tests (GLPT& SDMT) Vs (m/s)
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Site investigation results

In situ testing allowed the identification of:
A Soil lithology (visual description and results variation)
A Strainstrength properties (correlations)
A Soil behaviour type (Robertson, 2009)
A Soil stiffness before sampling

A Liquefaction susceptibility (different methods)
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Site investigation results

In situ testing: liquefaction assessment

0 'Y =¥ » Soil resistance—>

|

Parameters from Eurocode 8

Different
methods

CHMPETE

n a CDNSTRUCT Eigluamm

2020

ologia

Test results

Seismic actiof=— & Y'Y T L¢<°°_Q> ¢( ” ) ¢‘l

v ]

Seed &driss(1971)

05620 ==




Site investigation results

In situ testing: liquefaction assessment

CRRomputationfrom in situ test data using the most recent methods

In situ Equation for CRR Reference
test '
5 5 Boulanger and
SPT Ag[éW e (p) ( <& ) ( & ) CfﬂJ] Idriss(2014)
i n f A Boulanger and
CPTu A @[@ 5 (p —) T ) > 0)) & Idriss(2014)

DMT A g[élo ) (C N ) (io ) (ﬂo ) o‘ Robertson (2009
pmty ¢ X P ¢ ppTt
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Sampling experimental site
Advanceasamplingfor undisturbedsamples

Series Stratigraphy Lithology
I Overburden
= Organic soil
Landfill

I Alluvial deposits (a)

Sampling
experimental
site

Recent

Holocene

3
a4. Medium sand
5. Coarse sand and gravel

Sand and gravel (Qi)

.*.%.%.¢ Qi Fine sand

- Old dunes and eolic sands (Qae)

9l Qae. Fine to medium sand
B Qaze2. Medium sand
B Qze3. Coarse sand

I Fluvial terrace deposits (Qf)

BRI Qf1. Clay
Qf2. Fine to medium sand
B Cf3. Medium sand
oarse san

Pleistocene-Holocene

1,32

4,315,000

S ///,/"’// 515,0 l‘;\ _ E

The Lower Tagus River in the Lisbon region has sedimer
deposits with high incidence of loose to medium sandy an
silty-sandy soils, interbedded by soft fine soils
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_ Clay and sandstone complex (MP)

S===== MP1._Clay

BN VP2. Fine to medium sand
I MP3. Medium sand
I P4, Coarse sand and gravel

Q) Miocene-Pliocene  Pleistocene




Site investigation results

S FINES CONTENT

Interlayering w1 A SPTlab results

e
A correction for N ,
the presence of & A CPTucorrelation
. fines is require %
+F % L .
A DMT:correlation
et
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Site investigation results

In situ testing: identification of liquefiable layers for sampling

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

Depth, z (m)
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Sampling dept
Cohesionless layers
(susceptible to
liquefaction)
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Gravely sand to sand
Clean sand to silty sand
Silty sand to sandy silt
Clayey silt to silty clay

Clay to silty clay
Organic material




Advanced sampling techniques
Threedifferent samplers




Advanced sampling techniques

Maziersampler

A Rotary triple tube with a
PVC liner

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

A Drives through harder soils

Moving head of
the liner

External tube

Rotation cutting
Innner tube
Liner " e 4
Retaining Spring e < Water injection 2 =
Rotation cutting _ Pushing Samplingin softsoils Samplinginhard soils
head internal tube (more adancedinner tube) (innertube more recessed)
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Advanced sampling techniques
Dames & Moorean enhancedOsterbergsampler

A Hydraulic activated fixed

piston (Osterbergtype) Deiflrod . SR B Siconac I Pl " in
) _ Ball check ka| plhes
A Smooth brass linefless T T 1 2 f
friction between soiliner) Outer sampler ] o o —t- --—1-on
) . head /R 71 all i
A Neoprene skirt seal to i Insde iearance Ratio = 20t Lifmiﬂm
create vacuum during Inner sampler it ;
sampling(lower risk of
sample falling) Pressure
cylinder
Hollow
piston rod
Neoprene i
membrane —» !
= 'y

Liner (brass)

< T
t Fixed piston
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Advanced sampling techniques
Dames & Moorean enhancedOsterbergsampler

Drill rod R s
Ball check Ea| phes
Outer sampler ) D},_ J f "T' A ____,,f
head | et 1 /71
i Inside Clearance Ratio = ~=¢ £ dia (min)
i . ___Mounting Holes

Inner sampler

Pressure
cylinder

Hollow
piston rod
Extra suction

sleeve retention
NEOPRENE

I\/IEI\/IBRAN““

Liner (brass) NN

il o

< T
t Fixed piston

Sampling in sandy soils
(pushing the liner into the sand)
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Advanced sampling technigues

Gelpush |

A Uses a viscous polymer gel
(significant friction reduction
between soiliner)

A Hydraulic activated fixed
piston

A Core catchetkeeps the
sample inside the liner)

A Most advanced technique

& CONSTRUCT

GaidSL) oS eéiaygarmpling2 v

Pressured fluid

U | QOuter
pperf barrel

traveling

piston

Lower Mid barrel
traveling S
piston 5 Coreliner
§. barrel
Fluid S
. g Gel escape
pinhole |
_ [ hole !
Stationary | Stati _ Stationary
piston tatlona.ry piston piston
mechanism
Cutting Core
shoe catcher
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Advanced sampling technigues
Gelpush I aaiu SLJ 0 Se-ia y’aﬁusllngz Y

Pressured fluid

L . Outer
pper barrel
traveling
A L3
piston

Lower ' Mid barrel Cutting shoe
traveling g _ and catcher Activated catcher
piston o Coreliner assembled with sample
;E.. barrel
Fluid =
; g Gel escape
pinhole — hole
Stationary | -l _ _ Stationary
piston = Stationary piston piston
L\,| mechanism
Cutting Core Polymer fall down
shoe catcher after sampling
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Water

connection
Gelpush sampler
geollymer Pressure
water
Its success resides Centre
on the use of a shaft
polymer solution core
of extremely low barrel head
VISCOSity 1
Stationary
piston

The polymer solution
seeps through the
narrow gaps on the
sides of the core catcher
to coat the sample l_

Catcher

Cutting shoe—i

T
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Sampling:Operationand recoveryprofile
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Performance of sampling techniques
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The recovery ratio of D&M ranged between 80% and 94%,
whereas the recovery of G® ranged between 43% and 88%.
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Site investigation results

After In situ testing: transport, extrusion and storage

L | J | J
! I !

'(;’rapspocrlt n adspecglflcally Extrusion in the vertical direction Storage in PVC tubes under temperature
esigned wooden box and humidity controlled conditions
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