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Blast Vibration Characteristics

What is Vibration ?

A traveling disturbance, the transfer of energy between two points.



Vibration — Particle Motion

Newton’s Second Law - F=MA The resultant of

all the forces acting on a particle is
proportional to the acceleration of the particle.

Ground Particle ? - Molecular or Particulate (a
continuous medium with constant
thermodynamic and acoustic variables)

Particle motion is spherical. Tri-axial
geophones measure the X, Y and Z vectors of
spherical particle motion.



Particle Motion
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Vibration - Velocity

« Wave Velocity - The wave velocity Is
the rate at which the vibration wave
travels within the rock mass.

« Particle Velocity - The Particle Velocity
IS the measure of the rate of change In
the displacement of the ground particle
Ad / At.



Vibration Characteristics

e \Wave Motion

Transient - Transient wave motions are
typically complex short duration impulse

events.

Periodic - Periodic wave motions are
typically sinusoidal events of a discrete
frequency.

Random - A transient event usually within a
periodic wave.



Vibration Characteristics

Wave Medium - The wave medium is the
material in which the wave exists and
propagates. A wave medium can be
solid, liquid or a gas.

Solids store energy In shear and

compression. Liquids only store energy
IN compression.



Vibration — Wave Properties

* Velocity — Wave Velocity and Particle Velocity
e \Wave Motion — Transient, Periodic, Random

e Wave Medium — Elastic or Non-Elastic



Blast Induced Vibrations

 The detonation process. The source of
vibration?
— The potential energy of explosives is
converted to kinetic energy during a blast.

e A blast detonation can be discussed and
analyzed as a system.



Blast System Analysis

Energy

Energy Confinement

Timing

Energy Distribution
Pattern / Loading

Energy Level
Product Type



Systems Analysis

INPUT == siackeox = QUTPUT

Energy Energy Effective
In LOSS Energy
Available potential Energy  Product Degradation Blast performance.
of explosive product. Venting Breakage
Movement

Vibration



The Stages of Blast Detonation

— Stage 1 - Pressure propagates outward from
the borehole as a compressive shock wave.

— Pressure drops quickly with increased
distance from the borehole.

— Radial cracking will appear from 1 to 2 hole
diameters out from borehole



The Stages of Blast Detonation
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The Stages of Blast Detonation

— Stage 2 - The compressive shock wave is
reflected back from a free surface as a tensile
wave

— At this point in time the radial cracks typically
extend 25% of the distance between the hole
and the free surface parallel to the blast hole.

— Explosive gasses, seeking the path of least
resistance, expand into the rock mass, tearing
apart the rock and displacing the burden



The Stages of Blast Detonation
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Elastic Vibration

Elastic Vibration - When the is Earth rapidly
displaced or distorted at some point, the
energy imparted into the Earth by the source of
the distortion can be transmitted in the form of
elastic waves. A wave Is a disturbance that
propagates through, or on the surface of, a
medium. Elastic waves propagate through the
medium without causing permanent
deformation of any point in the medium. Sound
propagates through the air as elastic waves
and water waves propagate across the surface
of a pond as elastic waves.



Non Elastic Vibration

 Non-Elastic Vibration Non elastic
vibrations result in permanent
deformation of the rock mass. They are

usually within close proximity of the
borehole.



Wave Action at Boundary

SV Wave




Stress and Strain

Deformation — Compressional and Shear
Strain

Recovery of body size and shape after the
removal of deforming forces Is proportional
to the Strain.

Hookes Law —
— (Stress) = (Elastic Moduli) X (Strain)

Tensile Failure



Particle Stress and Strain
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Dispersion

Dispersion - Dispersion is the separation of a wave
Into its spectral components having different
wavelengths.

Rayleigh waves in the Earth are dispersive: Rayleigh
waves with a higher frequency travel more slowly than
those with a lower frequency. This occurs because a
Rayleigh wave of lower frequency has a relatively long
wavelength. Long wavelength waves "see" more
deeply into the Earth than waves with a short
wavelength. Since the speed of waves in the Earth
Increases with increasing depth, the longer wavelength
(low frequency) waves can travel faster than the
shorter wavelength (high frequency) waves.



Dispersion

Rayleigh waves in the Earth are dispersive:
Rayleigh waves with a higher frequency travel
more slowly than those with a lower frequency.
This occurs because a Rayleigh wave of lower
frequency has a relatively long wavelength.
Long wavelength waves "see" more deeply
Into the Earth than waves with a short
wavelength. Since the speed of waves In the
Earth increases with increasing depth, the
longer wavelength (low frequency) waves can
travel faster than the shorter wavelength (high

frequency) waves.




Wave Types

Surface Waves — A seismic wave that travels on the
surface of the Earth, moving either up and down or
from side to side. These waves are commonly
referred to as Love and Rayliegh Waves.

Body waves - A seismic wave that travels deep into the
earth. These waves are commonly referred to as

P and S Waves.

primary secondary



Surface Wave Types

_ove Waves — Love waves exist in the
norizontal plane in the transverse direction.
_ove waves are very damaging. It tells the
surface to move forward and backward.




Surface Wave Types

 Rayliegh Waves — Rayliegh waves exist in the

vertical and horizontal plane and have both

longitudinal (movement parallel to the direction
of travel, like sound waves) and transverse

motion.
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Body Wave Types

Primary Waves - Primary waves also called
P waves, because they propagate through
the medium faster than the other wave
types. P waves are longitudinal waves that
have vibrations along or parallel to their
direction of travel. The wave medium Is
being extended and compressed as P
waves propagate through the material. P
waves are analogous to sound waves
propagating through the air.



Body Wave Types

Secondary Waves -
wave, sometimes cal
are sometimes callec
because they propag

"he S-wave or shear
ed an elastic S-wave,

secondary waves,
ate through the

medium slower than P waves. In S waves,

particles constituting

the medium are

displaced in a direction that is perpendicular
to the direction that the wave is propagating.



Material

Granite
Limestone
Shale
Yol
Clay
Till
Schist

P Velocity
(feet/sec)
13-20Kk

10-20Kk
6—-13k
05-25k
3.7—-8.2k
1.3 k
14.9 Kk

P and S Wave Velocities

S Velocity
(feet/sec)
7—11Kk
9-11k
3.5-75k
0.3-1.8k
1.9k

9.5k

Density
(gm/cc)
2.67

2.65
2.35
1.1-2
1.4
1.5-2.0
2.8
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Blast Induced Vibrations - Generation Zone

Rapid release of chemical energy

High pressure and temperature in a very
short time duration

High percentage of chemical energy
consumed in non -elastic rock
fragmentation and displacement

Remainder of energy propagates from
source In medium as elastic vibration




Crater Zone




Seismic Transmission Zone

* This Is the area around the blast that propagated
ground vibrations can be perceived and
measured.

e Near Field Vibrations — These vibrations are

typically high frequency and amplitude vibrations
within 300 feet of the blast.

 Far Field Vibrations — Far field vibrations are
vibrations monitored outside of 300 feet of the
blast. Far field vibrations are greatly influenced
by the properties of the wave medium.



Seismic Transmission Zone

Near Field — Energy is mainly
transported by Body Waves.

Far Field — Energy Is
transported by Surface
Waves. (Boundary =1 A)




Factors Influencing Seismic Transmission

— Geology - The geology of the region has the most
Influence on the propagation and characteristics of
the ground vibration.

— Topography - Rolling topography typically infers
Interruptions in geologic formations resulting in
boundaries in the wave guide Horizontally bedded
geologic formations in flat terrain will tend to more
easily propagate ground vibration as the wave
guide is more homogeneous.

— Water Saturation — Highly saturated soils will reduce
the energy loss at waveguide boundaries yielding
higher particle velocities.



Factors Influencing Seismic Transmission

— EXxplosive Energy — The amount of potential
energy is determined by the type and
amount of explosives.

Energy Confinement Energy Distribution

Energy Level



Factors Influencing Seismic Transmission

— Energy Confinement — The confinement
level of explosive energy Is determined by
the geometry of the blast. If this energy can
not be relieved in the process of breaking
and moving rock the energy will be
transferred into the ground as vibration.

Energy Confinement Energy Distribution

Energy Level



Acoustic Transmission Zone

 Transmission medium — The wave guide
or propagation medium of air borne
vibrations Is the atmosphere.



Acoustic Energy Transfer

Venting - Improper or insufficient stemming incapable of
containing pressure.

Mud and Weak Seams — Mud seams and unconsolidated weak
seams will not contain pressure and provide conduit for rapid
escape of gas.

Light Face Burden — Light burden will provide for rapid release of
gas pressure into atmosphere.

Burden Movement — Face displacement and overburden
movement will displace air causing increased pressure.



Factors Influencing Air Vibrations

Temperature — Air temperature will affect the propagation of air
borne vibration. Warmer air will transmit vibration better than cold
air. These effects are particularly important where sound is
propagating over distances greater than a few hundred meters.

Isotherms — A layer of cool air above warm air will guide air
vibration into the cooler air layer.

Inversions — A layer of warm air above cool air will reflect the air
vibration back to the earth’s surface.

Wind — Wind will bend the sound waves. Waves propagating
upwind will be upwards and downwind propagating waves will be
bend downward.



Review of Key Points

 Particle motion Is spherical. Tri -axial
geophones measure the X, Y and Z
vectors of spherical particle motion.

o Particle Velocity is the measure of the rate
of change in the displacement of the
ground particle Ad / At.

 The wave medium is the material in which
the wave exists and propagates. A wave
medium can be solid, liquid or a gas.



Review of Key Points

Elastic waves propagate through the medium without
causing permanent deformation of any point in the
medium.

The geology of the region has the most influence on the
propagation and characteristics of the ground vibration.

Far field vibrations are vibrations monitored outside of
300 feet of the blast. Far field vibrations are greatly
Influenced by the properties of the wave medium.

A large percentage of a blasts chemical energy is
consumed in non - elastic rock fragmentation and
displacement. The remainder of energy propagates from
source in medium as elastic vibration.



Review of Key Points

* The following are contributors to air borne blast
vibrations:

— Venting - Improper or insufficient stemming incapable
of containing pressure.

— Mud and Weak Seams — Mud seams and
unconsolidated weak seams will not contain pressure
and provide condulit for rapid escape of gas.

— Light Face Burden — Light burden will provide for
rapid release of gas pressure into atmosphere.

— Burden Movement — Face displacement and
overburden movement will displace air causing
Increased pressure.



Blast Vibration Characteristics









Modulus of Elasticity

Typical Values of the Elastic Moduh*
'Young's Bulk Shear  Lame's Poisson’s
Modulus Modulus Modulus Constant Ratio
Material (K) (1)

Dvnebz(m Tx10' (e;;( Ppt where ﬁoted)
Steel 20

Aluminum 7
(Glass
Rubber 2x

Granite
Limestone

Sandstone




 Body and Surface

 Body Waves

— Primary Waves (P Waves)
o Compressional, Longitudinal, Fastest

— Secondary Waves (S Waves)
» Shear, Transverse, Rotational, Slower

 Waves are guided by a boundary.




 Love Waves and Rayliegh Waves

— Love Waves exist in the horizontal plane only
In the transverse direction.

— Rayliegh Waves exist in the vertical plane.

e Discontinuities and variations in the elastic
medium alters the wave velocity.




Shear Wave Motion

(vertical)

Horizontal

=Y (radial)

(transverse)
(verticaﬂ_

 Horizonte! Plane

e Y (radial)

(transverse)

Figure I-4. Types of Shear Wave Motion




P and S Wave Velocities



« Harmonic Motion — X = A Sinwt
— X = Displacement at time (t)
— A = Maximum value of X (peak)
— Q = 2xf (f=frequency)




Harmonic Motion
Simple Sine Wave




Blast Induced Vibration Waves



The Generation Zone



Crater Zone




Seismic Transmission Zone



Wave Action at Boundary

SV Wave




Typical Wave Velocities

SEISMIC
EVENT MEDIUM

- CLAY SANDSTONE LIMESTONE

Velocity | Freq. | Velocity | Freq.| Velocity | Freq.
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Acoustic Transmission Zone



Recording Zone



Recording Method



e Displacement — Direct write
* Velocity — Electromagnetic
* Accelerometers - Pieziometric




Velocity Geophones



Seismic Monitoring



Seismic Monitoring



Seismic Monitoring



Wave Analysis
Initial Visual Review



Wave Analysis
Interpretation
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Structural Response



Damage Classification

Tensile failure of a material when subjected to a stress
or strain.



Comparison of Strain Levels Induced by
Household activities, Environmental

Changes and Blasting

Loading Phenomena

Strain Induced

Corresponding

(MIn./in.) Blast Level (ips)
Environmental 149 - 385 1.2 - 3.0
Temperature, Humidity,
Snow Loading, Soil Pressure

Walking 9.1 0.03
Heel Drops 16.0 0.03
Jumping 37.3 0.28
Door Slams 48.8 0.50
Nail Pounding 88.7 0.88




e Vibration Criteria

— Damage Criteria - USBM RI8507
PPV most appropriate parameter
« SD 70 — Conservative (0.08 — 0.15 ips)

e Considered Frequency as Alternative Criteria
— “Z Curve”

— Perceptibility Studies




8507 vs. Human Response

ps concrete failure

Natural Frequencies
of Typical Residential




Vibration Prediction



Regression Analysis
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