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ODbjectives of the Study

To study the attenuation of ground
vibrations over distance in ancharound
mine site

To investigate possible effects of local
geological settings on ground vibrations

To evaluate the impact of blasting on
structures in Gilmore dome area



miteria Review (1)

USBM Amplitude an
Criterion (1942)

Estimate amplitude of ground

Use acceleration (a) as damage crit
a<0.1g - safe
a=0.1g-1.0g - caution
a>1.0g - damage
Inadequate and less used for complex
blasting design




miteria Review (2)

USBM Damage Criterli

Particle Velocity, in/seq
<2.0
A O N | é‘ Blaster crack

2
4. 0 1 . ™Minor damag
> 7.0 Major damage




" DamageCr

Scaled Distance Conce

Where:

Iteria Review (3)

PPV ey = K (D/WY4)"

PPV ax: the maximum peak particle velocity,
D: slope distance between the shot and the dwel
W: total weight of explosive per delay, Ibs

K,m: site paramteres

D/W"?: scaled distance for a cylindrical charge, (ft/



USBI Becormnendation
(BRI 2507, 1980)

Frequercy [Hz |



Damage Criteria Review (5)

OSM Regulation - Three Methods
1. Limiting Particle Velocity

Distance from blast site, ft

Maximum allowable peak
particle velocity, im/sec
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Damage Criteria Review (5)

OSM Regulation (continued)
3. Blast Level Chart

OSM Rezulation
Ivlethod 3
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Mine Geology

The formation in the mine consists of
crystalline bedrock overlain by alluvial
deposits.

Bedrock is primarily schist with granite
Intrusions which host the ore body.

Alluvium is 25 to 35 feet thick, consisting
of mainly silts with occasional deposits'of
sand and gravel.

Topography consists of rounded, even-
topped ridges with gentle slopes.




mwtoring Setup (1)

MiniMate Plus seismographs manufactured
by Instantel were used to record transverse,
vertical and longitudinal groundymotions




Field Monitoring Setup (2)

Two tracks of seismic survey points were
laid. Track 1 is in the generaldirection from
mine site to the Gilmore trackingistation and
Track 2 approximately perpendiculanto
Track 1.

Track 1: ~ 15,000 feet with 6 stations
Track 2: ~ 2,700 feet with 4 stations.

Monitoring was conducted on 3/17 & 3/18
along Track 1, and on 4/21 & 4/23 along
Track 2.
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Monitoring Station Setup

- -
-




Micaceous schist/quartzite
showing direction of foliation

Cleary Sequence
Varied metamorphic lithologies

Granite
Strike and Dip of Foliation
== «» == [aultand Shear Zones

X Blast Site

' Seismic Data Sample Point




Field Monitoring Setup (3)

Monitoring Stations and Their locations

Track 1
Date Blast Cente] Station 1 Station § Station &
3/17 Device 1D BC6424 BC6423 BC5406
Northing 10077 9957.3 9826.1] 8680.(
Easting 10385 9938.3 9261.1 3346.4
Elevation, fi 1570 1570 1738 2242.8
Horizontal Distance, 461.2 1150.5 7175.]
Date Blast Cente] Station 4 Station 4 Y Station €
3/18 Device 1D BC6424 BC6423 'BC5406
Northing 9985 9903.6 9700.3 6558.6
Easting 1013C 9660.§ 7936.3 -4203.5
Elevation, fi 1570 1570 173 1195.65%
Horizontal Distance, 476.2 2212.71 14373




Field Monitoring Setup (4)

Monitoring Stations and Their locations

Track 2
Date Blast Centgl Station 3, Station 3
4/21 Device ID BC6423 BC6424
Northing 10174 10309.9 * 10824/
Easting 10314 10826.0 11014.3
Elevation, fi 1540 1510.¢ 1557.3
Horizontal Distance, 534.6 961.4
DEIE Blast Centgl Station 4 Station 4
4/23 Device ID BC6423 BC6424
Northing 996 10567.§ 12448.%
Easting 10330 10838.3 11297./
Elevation, fi 1540 1528.4 1418.5
Horizontal Distance, 788.5 2665.3




Blasting Design at the Mine

Blast hole diameter = 6.75 In

Blast hole length = 34 ft

Subdrilling =4 ft

Stemming = 12 ft

Explosive per hole = ~ 237 Ibs

Delay between rows = 65 - 130 ms
Delay between holes in a row =25 ms

Explosive per delay = ~ 474 Ibs
(within 10 ms time span)
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1of Track 1
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Measurements and Analysis (3)

Ground Vibration Measurements for Track 1

Seismic Parameteg| Vibration Directior] Station 1| Station 3| Station5| Station 2| Station 4| Station 6
Peak Particle Velocit Transvers| 0.305 0.075 0.026 0.310 0.035 0.006
in/seq Verticall 0.255 0.080 0.014 0.245 0.040 0.003
Longitudinal 0.390 0.110 0.013 0.330 0.055 0.003
Peak Acceleration, Transvers| 0.159 0.106 0.0133 0.159 0.206 0.0133
Verticall 0.212 0.106 0.0133 0.212 0.106 0.0133
Longitudinal 0.212 0.106 0.0199 0.159 0.106 0:0199
Peak Displacement, Transvers| 0.00275( 0.00081 0 0.00325| 0:00049 0
Verticall 0.00235| 0.00094| 0.00053| 0.00272( 0.00058| 0.00012
Longitudinal 0.00348( 0.00173| 0.00072| 0.00287| 0.0008 | 0.00006
Peak Vector Sum, in randon| 0.418 0.121 0.0317 0.370 0.0587 0.0058
Time (rel. to trig), se 1.807 0.707 0.000 0.964 0.001 0.06




Measurements and Analysis (4)

Ground Vibration Measurements for Track 2

Seismic Parametg Vibration Directior] Station ] Station § Station 4§ Station 4
Peak Particle Velocit Transvers 0.21C¢ 0.100 0.22(0 0.025
in/s Vertical 0.290 0.085 0.265 0.020

Longitudina 0.365 0.065 0.31C 0.020

Peak Acceleration, Transvers 0.159 0.106 0.15¢ 0.106
Vertical 0.217 0.15¢9 0.156¢ 0.106

Longitudina 0.217 0.106 0.15¢ 0.106

Peak Displacement, i Transvers| 0.00174 0.0010¢ 0.002279 % 0.0000¢
Verticall 0.002174 0.00093 0.00217 0.00013

Longitudinal 0.00347 0.00123 0.0032¢4 070001%

Peak Vector Sum, in randon 0.406 0.11C 0.39q 01026
Time (rel. to trig), se 0.84( 1.075 0.572 0,193




" Measurements and Analysis (5)

3-Component Peak Particle Velocity Profiles
Track 1
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~ Measurements and Analysis (6)

3-Component Peak Particle Velocity Profiles

Peak Particle Velocity (in/s)
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mnents and Analysis (7)

A power relationship was found between
PPV and the distance from

PPV = a (D)°
where:
PPV - peak particle velocity
a, b - site parameters
D - distance from blast center



Measurements and Analysis (8)

Best fit parameter values for relationship
between PPV and distance

Track #| Particle Velocity, in/seg a b R
1 Transverse 176.5 -1.0585 0.947
Vertical 384.96 -1.1916 02934
Longitudinal 1687.9 -1.3635 0.986
2 Transverse 2056.4 -1.4285 0.931
Vertical 20439 -1.7556 0.928
Longitudinal 49272 -1.8783 0.873




mnts and Analysis (9)

Peak Vector Sum (PVS) - largest vector sum
of particle velocities in the entire wave form

PVS = (V:°+ V\* + V%)

where:
A\VA poartili cl e ve
Vy | poartili cl e ve
\/| poartili cl e ve




 Measurements and Analysis (10)

Peak Vector Sum vs-Scaled Distance
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Measurements and Analysis (11)

Power relations were also found between
acceleration and distance, and between
displacement and distance, similar to that
between particle velocity and distanee:

Particle Acceleration = a (distanBe

Particle Displacement = a (distarite)



Discussions (1)

Evaluation of Potential Structural Damages
Based on Various Damage Criteria

Criterion Threshold Values for VibrationLevel@ Satisfactory
Safe Condition 2.79 miles Blast Design?
1942 USBM <0.1g 0. 01 1| 0, 02 yps
1971 USBM < 2in/sec 0.0058 in/sed yes
OSM Limiting Velocity < 0.75 in/sec beyond 5000 ft. 0.0058 in/sec yes
OSM Scaled Distance > 65 ft/lb' 677 ft/lb' yes
USBM RI 8507 Below velocity-frequency limits  No event recorded yes




Discussions (2)

Particle Velocity at Station 1 of Track 1
(460 ft from Blast Center)
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Discussions (3)

Particle Velocity at Station 5 of Track 1
(7,200 ft from Blast Center)
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iscussions (4)

Ground Vibrati Prediction
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iscussions (5)
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Conclusions

The recorded ground vibrations at a
distance of 15,000 ft from the blast center
were well below the threshold values for a
safe condition, based on several established
damage criteria.

The probability of structural damages at a
distance 3 miles away from a blast with 474
Ibs of explosives per delay Is basically zero.

Empirical equations based on power
relationship were developed to predict
ground motion In terms of distance.



Conclusions (continued)

A more universal and reliable empirical
equation to predict PVS of ground motion
by the scaled distance was established for
the mine site.

_ocal geology did not have significant
Influence on ground vibration. A minor
effect might exist that the longitudinal
particle velocity was highest in granite.



The End

Thank You !



