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Agenda (May 29, 2020) ςDay 2

8:45am Registration

9:00am Welcome & Housekeeping

9:30am Introduction
María Elena Arroyo-Caraballo, MSCE, PE
PRHTA ςOIS

9:45am Field Experiences
Iván Jackson-Maduro, MSCE, PE
ConePenetrationTest (CPT)

Carlos Rodríguez, MSCE, PE, PG
SeismicRefractionMethods
Suelos, PSC

10:15am Rommel Cintrón-Aponte, MSCE, PE
Measurement While Drilling (MWD)
Jaca & Sierra Engineering, PSC

10:30am StretchBreak

10:35am Manuel Candelario Cosme, MSCE, PE
Electrical Methods (ER)
Jaca & Sierra Engineering, PSC

10:50am Juan D. Negrón, PG
Ground Penetrating Radar (GPR) Theoretical and Fundamental Aspects

Hardy Rodríguez, SG
Ground Penetrating Radar (GPR) Case Studies
Geoenvirotech, Inc

11:20am Max Laracuente
Multichannel Analysis of Surface Waves (MASW)
Optical and Acoustic Televiewers(OTV/ATV)
Western Soils, PSC

11:40am Summary
Ricardo J. Romero-Ramírez, PhD CE,PhDGE, PE
PRHTA ςOIS

11:45am Q & A

11:55am Closure: Dr. Benjamín Colucci
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María E. Arroyo Caraballo, MSCE, PE
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1st Virtual Summit of Advanced Geotechnical Methods in 
Exploration

(Second Day)

By: 
María Elena Arroyo Caraballo, MSCE, PE

DesignArea, PRHTA
SoilsEngineeringOffice
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Overview
EDC-5 (2019-2020)

Advanced Geotechnical Methods 
in Exploration 

(A-GaME)

A-GaME
ÁTools for enhanced site characterization
ÁGeophysical  exploration methods:
ÁAllow nondestructive investigation
ÁProvide information between and 

below standard borings
ÁAllow collection of data over large 

areas
ÁLǘΩǎ ŀŎŎǳǊŀǘŜ ŀƴŘ ŦŀǎǘŜǊ ǘƘŀƴ ƻǘƘŜǊ 

destructive or invasive methods
ÁInnovation Advantages 
ÁReduced risks
ÁImproved quality
ÁAccelerated project delivery
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Geotechnical Exploration Methods Featured in A-GaME
ÅCone penetration test

ÅElectrical methods

ÅMeasurement while drilling

ÅSeismic methods

ÅOptical and acoustic televiewers
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PRHTA- Development Stage

ÅNext Steps and State Goals
ÁTraining on unfamiliar methods

ÁSelect a geotechnical exploration method among those recommended in 
the EDC-5

ÁDevelopment of Technical Specifications and Design Guidelines

ÁPractice standardization
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Field Experience and Case Studies
ÅCone Penetration Test, Polishingthe Profile - by Iván Jackson Maduro

ÅVertical Seismic Profiling - by Carlos Rodríguez Molina

ÅMeasurement While Drilling (MWD) - by Rommel CintrónAponte

ÅElectrical Resistivity Tests, Geophysical Surveys - by Manuel CandelarioCosme

ÅGround Penetrating Radar (GPR) Theoretical and Fundamental Aspects - by 
Juan Negrón

ÅGround Penetrating Radar (GPR), Case studies - by Hardy Rodríguez

ÅMulti-Channel Analysis of Surface Waves - by Max LaracuenteBernat

ÅAcoustic Televiewer/Optic Televiewer- by Max LaracuenteBernat
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òIf you do not know what you should be looking for in a site 

investigation, 

you are not likely to find much of valueó

Rudolph Glossop(1968)
Eight Rankine Lecture



Iván Jackson Maduro, MSCE, PE
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Cone Penetration Test
Polishing  the Profile

IVAN JACKSON,  PE,  MSCE

SUELOS, PSC



Mechanical cone

мфолΩǎ

Friction sleeve was added behind the 
cone to include measurement of local 
sleeve friction   

мфрлΩǎ

Electric cone developed by Fugro

мфслΩǎ

Primary device for off-shore 
investigations

мфтлΩǎ

Pore pressure measurement

Geophones for shear wave velocity

pH

More reliable load cells and electronics

ҔмфтлΩǎ ƳŀȅƻǊ ƛƳǇǊƻǾŜƳŜƴǘǎ

History



The CPT 
Explained

ÅADVANTAGES
Å Continuous profiling
Å Strong theoretical basis for interpretation (see cpt-Robertson.com)
Å Various measurements (qc, fs, u) 
Å Seismic sensor for measuring shear wave velocity

ÅDISADVANTAGES
Å High capital investment
Å Skilled operator required
Å No soil sampling
Å Advancement restricted by 

hard/cemented layers

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. 



The CPT 
Explained

CPT Crew

Operator 
(engineer)

Observer
(Not Required)



Set up

Source: conetec.com



CPT Field Results

Source: greggdrilling.com



CPT CAN RECORD 6 INDEPENDENT 
a9!{¦w9a9b¢{ΧΦ

ÅSoil Type (Soil Behavior Type)

ÅIn-situ State (Relative density and OCR)

ÅStrength(Peak friction angle and 
undrained shear strength)

ÅStiffness(Low strain shear modulus Go 
and Young modulus E)

ÅConsolidation and Permeability (Cv
and k)

CPT Interpretation

Tip resistance(qc), sleeveresistance
(fs)andpenetrationporepressure(u)

Rate of pore-pressure dissipation,
often expressedas the time required
to dissipate 50% of the excesspore
pressure(t50).

Equilibrium pore pressureafter 100%
dissipation (u0), which is helpful to
definethe in situ piezometricprofile.

In-situ shearwavevelocity(Vs)

Χ²IL/I !w9 ¦{95 ¢h h.¢!LbΧ



Soil Behavior Type



Liquefaction Potential

Shear-wave velocity (Vs) offers a means to 
determine the seismic resistance of soil to 
liquefaction by a fundamental soil property. 
(Kayenet al., 2013)

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

No Liquefaction
Vs > 250 m/s



COCO BEACH/SOL MELIA

CPT Applications

PASEO CARIBE



CIUDADELA

CPT Applications

Puerto de las Americas



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

Carlos Rodríguez Molina, PE, PG, MS

SUELOS, PSC

suelospsc.net



1 STPHASE AERIAL

PHOTOINTERPRETATION USING 
мфосΣ мфрлΩ{Σ мфслΩ{Σ мфтлΩ{Σ 
мфулΩ{Σ мффлΩ{ {¢9w9h{/ht9 
PHOTOGRAPHS

15 SINKHOLES IDENTIFIED IN 
THE AREA

5 SINKHOLES NEAR THE 
ALIGNMENT



GEOLOGY



SURFACE SEISMIC REFRACTION 
SURVEY 

ÅSURFACE GEOPHYSICS: SEISMIC AND ELECTRICAL METHODS



SEISMIC REFRACTION SURVEYS



LINE 1



ELECTRIC SURVEYS



SOUTH-NORTHGEOTECH. SUBSOIL

CROSSSECTION



DOWNHOLE GEOPHYSICS

ÅVERTICAL SEISMIC 

ÅPROFILING (VSP)

ÅHOLE DRILLED AND CASED

ÅGEOPHONE STRING SET IN HOLE

ÅENERGY SOURCES SHOT OUTSIDE

ÅCREATED ALONG SEVERAL AXES



GEOPHYSICSTESTWELLSSINKHOLENO4



EXAMPLE CLOSE UP OF SINKHOLES



VSP LOCATION PLAN







VSP AXIS NORTHEAST 2-D

2D



VSP AXIS NORTHWEST 2-D

2D



VSP AXIS SOUTH EAST 2-D

2D



3-D



3-D






