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Overview
EDGS5 (20192020)

v

Advanced Geotechnical Methods
In Exploration

(A-GaMB

A-GaME
A Tools for enhanced site characterization
A Geophysical exploration methods:
A Allow nondestructive investigation

A Provide information between and
below standard borings

A Allow collection of data over large
areas

ALGQA | OOdzNI GS |
destructive or invasive methods

A Innovation Advantages

A Reduced risks

A Improved quality

A Accelerated project delivery

YA



Geotechnical Exploration Methods Featured HcAME

ACone penetration test
AElectrical methods
AMeasurement while drilling

A Seismic methods

A Optical and acoustiteleviewers

DNBdzyR t SYSGNIGAy3 wl RIFENJ 6Dt v




PRHTADevelopment Stage
ANext Steps and State Goals

ATraining on unfamiliar methods

ASelect a geotechnical exploration method among those recommended in
the EDGS

ADevelopment of Technical Specifications and Design Guidelines
APractice standardization



Field Experience and Case Studies
ACone Penetration Tes®olishingthe Profile- by Ivan Jackson Maduro
AVertical Seismic Profilindy Carlos Rodriguez Molina
AMeasurement While Drilling (MWDBpy RommeLCintronAponte
AElectrical Resistivity Tests, Geophysical SurdeydanuelCandelaricCosme

AGround Penetrating Radar (GPR) Theoretical and Fundamental Aspects
JuanNegron

AGround Penetrating Radar (GPR), Case stuthe$lardy Rodriguez
AMulti-Channel Analysis of Surface Wavbg MaxLaracuenteBernat
A AcousticTeleviewefOptic Televiewer- by MaxLaracuenteBernat



ol f you do not know what
investigation,
you are not I|ikely to

RudolphGlosson1968)
Eight Rankine Lecture
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Cone Penetration Test

IVAN JACKSON, PEESCE



@MCbonQé @Mqocngzé @Mqﬂnﬂa YI&a2NJ A

. : : Pore pressure measurement

+Mechanical cone Electric cone developed by Fugro P _

| Geophones for shear wave velocity

: More reliable load cells and electronics
@)

Primary device for oféhore

Friction sleeve was added behind the Investigations

cone to include measurement of local
sleeve friction
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CPT Is performed by a cone on the end of a series of rods pushed
Into the ground at a constant rate (2 cm/s) to obtain continuous
measurements of the resistance to penetration of the cone.

A ADVANTAGES

A Continuous profiling

A Strong theoretical basis for interpretation (sept-Robertson.com
A Various measurements (qc, fs, u)

A Seismic sensor for measuring shear wave velocity

A DISADVANTAGES

A High capital investment

A Skilled operator required

A No soil sampling

A Advancement restricted by
hard/cemented layers




CPT Crew
Operator
(engineer)

ired)

Observer
(Not Requ




Source: conetec.com



Depth (ft)

CPT Field Results

q (tsf) " fs (tsf) Rr (%) Vs(fUsec) , .
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CPT Interpretation

CPT CAN RECORD 6 INDEPENDEN
a9! {!'w9ad9b¢{ X

Tip resistance(qc), sleeveresistance
(fs)andpenetrationpore pressure(u)

Rate of pore-pressure dissipation,
often expressedas the time required
to dissipate 50% of the excesspore
pressure(ts0).

In-situ shearwavevelocity(Vs)

X2 1 L/1 !'w9 !{95 ¢

| v
ASoil Typ&Soil Behavior Type)

Aln-situ State(Relative density and OCR)

AStrength(Peak friction angle and
undrained shear strength)

AStiffnesqLow strain shear modulus Go
and Young modulus E)

AConsolidation and Permeabiliggv
and k)




Soil Behavior Type

1000

q./p.

100

=
o

Dimensionless cone resistance, q,

0.1 1 10
Friction ratio (%)

Zone 1. Sensitive fine grained Zone 6. Sand to silty sand
Zone 2. Organic materlal Zone 7. Gravely sand to sand
Zone 3. Clay to silty clay Zone 8. Very stiff sand

Zone 4. Clayey silt to silty Zone 9. Very stiff fine grained

Zone 5. Silty sand to sandy silt



LiguefactionPotential

Shearwavevelocity (Vs) offers a means to
determine the seismic resistance of soll to
liguefaction by a fundamental soil property.
(Kayeret al., 2013) O

Cyclic Liguefaction
100 m/s < Vs <230 m/s

No Liguefaction
Vs > 250n/s

0.60

0.40
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MW =79
O0'vo = 100 kPa
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CPT Applications

CIUDADELA Puerto de las Americas




Carlos Rodriguez Molina, ME, PE, PG
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VERTICAL SEISMIC PROFILE

Fundamentals
. I
Carlos Rodriguez Molina, PE, PG, MS :
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Identified Sinkholes
—— Critical Sinkholes

Zones limits

1STPHASE AERIAL

PHOTOINTERPRETATION USING
MpocZ MPpnQ{ = Mdc s
MPYy nQ{ Z MddbonQ{ { ¢C
PHOTOGRAPHS

15 SINKHOLES IDENTIFIED IN
THE AREA

5 SINKHOLES NEAR THE
ALIGNMENT



Flgure # 2 - Isabela Connector Geologic Location

Scale 1:20,000

USGS Isabela Geology Quadrangle
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SURFACE SEISMIC REFRACTION
SURVEY

ASURFACE GEOPHYSEISMIC ANELECTRICAL METHODS



SEISMIC REFRACTION SURVEYS

Isabela Refraction Seismic Survey
Line,Spread and Boring Locations
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Isabel Refraction Seismic Survey
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ELECTRIC SURVEYS
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SOUTHNORTHGEOTECHKSUBSOIL
CROSSECTION

b Isabela Conector x — section
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DOWNHOLE GEOPHYSICS

AVERTICAL SEISMIC
APROFILING (VSP)

A HOLE DRILLED AND CASED

A GEOPHONE STRING SET IN HC
A ENERGY SOURCES SHOT OUT:
A CREATED ALONG SEVERAL AX

Fundamentals
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GEOPHYSICES WELLSINKHOLEA




EXAMPLE CLOSE UP OF SINKHOLES
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VSP LOCATION PLAN

PR-22 Vega Alta Weight Station Surface to Borehale Seismic & EM Surveys

78 8/14 Borehole and Profile Locations
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Types of VSP Surveys

Offset VSP | Walkaway VSP




VSP AXIS NORTHEABT 2
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VSP AXIS NORTHWEBT 2
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VSP AXIS SOUTH EAST 2
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Suelos Inc.

S urface to Borehole Seismic Survey
Puerto Rico Sinkhole Example
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Puerto Rico Sinkhole Example
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Isabela Connector Surface to Borehole Seismic Survey
Sinkhole #2
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