GEOPHYSICS

>Mechanical Wave Measurements

»Electromagnetic Wave Techniques



Geophysical Methods

2 Mechanical Wave Measurements
e Crosshole Tests (CHT)
e Downhole Tests (DHT)
e Spectral Analysis of Surface Waves
e Seismic Refraction
e Suspension Logging

0 Electromagnetic Wave Techniques
e Ground Penetrating Radar (GPR)
e Electromagnetic Conductivity (EM)
e Surface Resistivity (SR)
e Magnetometer Surveys (MT)



Mechanical Wave Geophysics

0 Nondestructive measurements (y, < 10-4%)

0 Both borehole geophysics and non-invasive
types (conducted across surface).

0 Measurements of wave dispersion:
velocity, frequency, amplitude, attenuation.

0 Determine layering, elastic properties,
stiffness, damping, and inclusions

0 Four basic wave types: Compression (P),
Shear (S), Rayleigh (R), and Love (L).



Mechanical Wave Geophysics
0 Compression (P-) wave is fastest wave;
easy to generate.

0 Shear (S-) wave is second fastest wave.
Is directional and polarized. Most
fundamental wave to geotechnique.

0 Rayleigh (R-) or surface wave is very close
to S-wave velocity (90 to 94%). Hybrid
P-S wave at ground surface boundary.

0 Love (L-) wave: interface boundary effect



A

L R B B L I A

L
.

L I B B B A

.
e
2
.
.
-

L L R B B B B

LA B B B

.
.
«
-
-
.
.
-

T 00 9P TN

agation x

29 *v0 0 veen

"
C

L B L L L B B O

-=~Contraciion--

LA B B B AL B BN

9999009000

¢ & 200 a8
@ S ans s
4 & 08284090 »
4 6 5468480 o
e 2 2999090 0
4 & 20000 0
e & 60000 »
@ & 2 a8 a0 o0

LA L B L B BB A N

0 000 00 2w

Direction of prop

L]
L
L
®
L J
e
e
.

L A B B L N B A

LR L L L B B AR

TR S9N e e

9" P 000 0

LA B AL B B L B B

-
°
L
u

-t O S G OO e O

-

—=rarefaction—

\
-
-=

L L B B B B B N

LA B B L B B B R

LA L B B B A

L

L ]

L]

L]

L]

.
wavelengtly, A
wavelength, A

9% o9 e

LB AL B B AR B B B N )

L

L L L B B B B

n
0
>
2
P8
©
O
o
=
c
)
<
O
Q
=

S S 90909 0 »
L L
O 4 8 808 0 9
S 24880 0
¢ 206000 0 o

-
*

LA A B L L B B R IR

L B L B B B AR I

L B B B B B

L B B L L B B

L L L B B B B N

LA B L B L B B A




Mechanical Body Waves

A Amplitude

Time
Pa\

Oscilloscope

Source
Hr Receiver (Geophone)




Mechanical Waves (Compression)

P - Wave Velocities
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Mechanical Waves (Shear)
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hysical Equipment
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oscilloscope

ASTM D 5777
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Shear Wave Velocity, V.
0 Fundamental measurement in all solids
(steel, concrete, wood, soils, rocks)
0 Initial small-strain stiffness represented
by shear modulus: Gy = pr V2
(alias G4y = Gpax = 60)

0 Applies to all static & dynamic problems at
small strains (y. < 10-°)

0 Applicable to both undrained & drained
loading cases in geotechnical engineering.



Crosshole
Seismic
Testing

Equipment
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Shear Wave Velocity:

V. = AX/At
Downhole
Hammer
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Downhole Seismic
Testing Equipment
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In-Situ Surface Wave Testing

fren

Layer 1

Signal
Analyzer

Accelerometer
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Shear Wave Measurements

Undisturbed Resonarit Torsional Bender Trimdal Colle
Tube Column  Shear Hemenis (Looal Siraine)
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Elkectric Cone

Panefomefer

with 60" Apex:

d =36 mm (10 em?)
or

d =44 mm (15 em?)

Seismic Piezocone Test (SCPTu)

Cab e to Com puter

Cone Rig with Hydraulic Push System

1. Saturation of Cone Tip Cavities
and Placement of Pre- Saturated
FPorous Filter Element.

2. Obtain Baseline Readings for
Tip, Sleeve, Porewater Trans ducer,
& Inclinometer Channels

lnclinom eter

‘f

/| Horizontaf Geophone

Plank Under

Seismic Piezocone Truck Load
Penetration Test
(SCPTu) per ASTMMD 5778

Strike Parallel to
Geophone Axis

Shear Waves:
(Pseudo-fiterval
VelocRy Mbthod)

u? f, = sleeve friction

¢ u, = porewater pressure

3, = net area ratio (from triaxial calibration)

(. = measured tip stress or cone resistance

AAA

j, = comected tip stress =q. + (1-aJju,

Hovizontally-Polarized .~
Vertically-Propagating =~

Continuous
Hydraulic Push
at 20 mmv's; Add

rod every 1 m.

Cone Rod
(36~ nunr diam.)

Amival t, taken each1 nr

CPT Readings taken
every 10 to 50 mm
f

>
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Seismic Piezocone Test

Obtains Four Independent
Measurements with Depth:
Hybrid of Penetrometer

with Downhole Geophysics

d Cone Tip Stress, q;

0 Penetration Porewater Pressure,u
0

0 Arrival Time of Downhole Shear
Wave, t,




e Electronically-actuated
e Self-contained

 Left and right
polarization

 Modified beam uses fin
to enhance shear wave
generation

» Successfully tested to
depths of 20m

e Capable of being used
with traditional impulse
hammer



Downhole Shear Wave Velocity

Anchoring System
Automated Source
Polarized Wave
Downhole V, with
excellent soil coupling.
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Sounding - Memphis, Shelby County, TN
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Seismic Flat Dilatometer (SDMT)




Seismic DMTs at UMASS, Amherst

Lift-off Pressure Expansion Pressure
p1 (bars)
5 10

Travel Time of
Shear Wave (ms)

= SDMT 1
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More Measurements is

More Better



Geophysical Methods

Electromagnetic Wave
Techniques



Electromagnetic Wave Geophysics

2 Nondestructive methods
2 Non-invasive: conducted across surface.

0 Measurements of electrical & magnetic
properties of the ground: resistivity
(conductivity), permittivity, dielectric,
and magnetic fields.

0 Cover wide spectrum in frequencies (10
Hz < f < 1022 Hz).



Electromagnetic Wave Geophysics

0 Surface Mapping Techniques:
e Ground Penetrating Radar (GPR)
e Electrical Resistivity (ER) Surveys
e Electromagnetic Conductivity (EM)
e Magnetometer Surveys (MS)

0 Downhole Techniques
o Resistivity probes, MIPs, RCPTu
e 2-d and 3-d Tomography



Ground Penetrating Radar (GPR)

0 GPR surveys conducted on gridded areas
a Pair of transmitting and receiver antennae
0 Short impulses of high-freq EM wave

0 Relative changes in dielectric properties
reflect differences in subsurface.

0 Depth of exploration is soil dependent (up
to 30 m in dry sands; only 3 m in wet
saturated clay)



Ground Penetrating Radar (GPR)

Xadar Sensors & Software GeoRadar



Illustrative Results from Ground
Penetrating Radar (GPR)

Crossing an underground utility corridor
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Illustrative Results from Ground
Penetrating Radar (GPR)
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Illustrative Results of

Ground Penetrating
Radar (GPR)
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Examples of Ground Penetrating Radar (GPR)

Useful in Locating Underground Utilities
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Results from Ground Penetrating Radar (GPR)
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GPR Survey to Locate Underground Storage Tanks



Results from Ground Penetrating Radar (GPR)
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GPR Survey to Locate Underground Storage Tanks




Electrical Resisitivity Measurements

OYO McOHM 21 RESISTIVITY SYSTEM




Electrical Resistivity (ER) Surveys

0 Resisitivity pg (ohm-m) is an electrical
property. It is the reciprocal of conductivity

0 Arrays of electrodes used to measure
changes in potential.

0 Evaluate changes in soil types and variations
in pore fluids

0 Used to map faults, karst features (caves,
sinkholes), stratigraphy, contaminant plumes.



Electrical
Resisitivity
Measurements

What will be gained by
changing electrode
spacing?

Depth of ER survey:
l.e., greater spacing
Influences deeper

Schlumberger Array




Electrical Resisitivity Measurements

Possible Clay-filled
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Electrical Resisitivity Measurements

Resistivity Values (ConeTec & GeoProbe, 1997)

Weathered Rocks

Glacial Till

Sands & Gravels

Loose Sands

Loam

Clay

1000

Bulk Resistivity, p (ohm-meters)




Conductivity (mSm)
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Electromagnetic Conductivity (EM)

CONTOUR INTERVAL I PART PEH THOUSANDG

[

Geonics EM-31 Survey to Locate Underground Storage Tanks




Magnetometer Surveys (MS)

. TOTAL MAGNETIC FIELD
Measure relative changes

in the earths' magnetic
field across a site.

CONTOUR INTERVAL: 200 nT

Geometrics G-858 Magnetometer

Magnetic Survey to Locate
Abandoned Oil Wells
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Applicability of In-Situ Tests

CLAYS I GRAVELS Cobbles/Boulde

CPT

DMT

PMT

VST

Geophysics
0.0001 0.1

Grain Size (mm)



In-Situ Testing - Objectives

0 Select in-situ tests for augmenting,
supplementing, and even replacing borings.

0 Realize the applicability of various in-situ
methods to different soil conditions.

0 Recognize the complementary nature of in-
situ direct push methods with conventional
rotary drilling & sampling methods.

0 Recognize values for utilizing these methods
and quality implications for their underuse.



A.P. Van den Berg Track Truck



