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AuAusziau (Ground Vibration)
\Javuazmaudaannnd (Air Blast Noise)
riudrnszieiu (Fly Rock)

Wuuazaiu (Dust and fume)
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Vibration Energy

Blast vibrations travel away from a blastin all directions. At 5,000 to 25,000 feet per second, ground
vibrations for all practical purposes arrive immediately at the home at the detonation of the first hole.
Airblast travels much slower at 1,100 feet per second.
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PARTS OF A BLASTING SEISMOGRAPH
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Ground Vibration and Air blast Record
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*% SAFEGUARD SEISMIC UNIT 2000DK **

DATE: 09/12/95

Event: 009

Recording Time: 10

Client: ROBERTSON

Operation:

BUCKEYE IND. MINING CO.

SSU Location:

Distance to blast:
Operator: M.MANN/ODNR

Comments:

Trigger Level:

BN: 2243
TIME: 15:18:06

PPV (in/sec)
PD (in x.001)

RORBRERTSON YARD PPA (g)

-05 IN/SEC

1385 FREQ (Hz)

RESULTANT PPV (in/
PEAK AIR PRESSURE:

Summary -

L T v
o.10 O.14 0.07
2.39 2.97 1.38

-02 -02 -02
8.0 7.6 16.6
sec) : 0.15
(aBs) 114
(psi) 0.00145

VELOCITY WAVEFORM

GRAPH SCALE

SHAKETABLE CALIBRATED:

06/20/95

TIME = 100 MSEC PER MARK By GeoSonics, Inc.
SEISMIC = +/— .64 IN/SEC Box 779, Warrendale, PA 1S09S U.s.A.
SOUND = +/- 0.00232 PSI TEL: 412.934.2900 FAX: 412.934.2999
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Ground Vibration and Air blast Report
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Frequency of Ground Vibrations

Frequency is the number of cycles or oscillations that a wave completes over 1 second and is
measured in cycles per second or Hertz (Hz).

Frequency can also be calculated by the time interval of one complete cycle, a positive phase
followed by a negative phase (shown in red). Here the wave meets the zero baseline three
times. Frequency is then the number of cycles (in this case, one) divided by the time increment
(period).

f=1/p one cycle over 0.2 seconds

In the example here, the [\ /\ / /\
/\

waveform frequency would be 1

cycle/0.2 seconds, or 5 Hz. ' \/ \/f \/ V \/ '
Similarly, if the time is 1.4 44 Ssoond J

seconds and there are seven | '| l
complete cycles shown to the

right, the frequency is then seven zero amplitude
cycles/1.4 seconds, or 5 Hz. baseline

]
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Pezk Particla Velocity, in/s

Fig. 2. Ground vibrations generated by blasting and structural
damage summary: solid lines are regressions representing data
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UInIFIUANUFUALITauLsEInA LA LAY

Recommended Maximum Peak Particle Velocities by Australian
Standards Explosives Code (AS 2187.2 - 1993)

anA1sNWnandel
PPV 1tAY 10 mm/s

AANSWAGILA LNV anaUNS LS NSNS anAUNS AT RS

PPV 1tAu 25 mm/s

ANFY T3INAILNA Tus1atdaIU 1 dal K9aa1A15NH1AS9919'1
w9 U

PPV A 5 mm/s
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PPV iifiaunatAu 5 mm/s aavlitiu 5% waavalnin
1" 1 (12 wvau)

uasr PPV luunaraseaavlutauy 10 mm/s
-1 291N1NN1592L L ASCUINIIUIUNS -TULES 20912 AN
0900 - 1700 wu.
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uassudssinddvnei (British Standard 7385:Part 2-1993 )

a1asWAGEd e ud 4 Hz vl

PPV MitAu 50 mm/s

aNmsnad a3 aaa1sw i e ldudusy Minué 4 Hz -15 Hz

PPV ataAu 15-20 mm/s

anmsnad a3 aaa1swsi e I uduse inud 15 Hz -40 Hz
wazinnnl1 40 Hz

PPV atAu 20-50 mm/s



nasgmdszmaeesaiv (German DIN 4150 Standard for
ground vibration caused by blasting)

PPV Guide value (mm/s)

yiiavesorms(Structure type) anwd(Frequency)

<10 Hz 10-50Hz 50-100Hz
01 saiYd (Reunsaeiuman) 20 20-40 40-50
oImsiwneAeiia i 5 5-15 15-20

Tusiadaou (1015 Tuudausq) 3 3-8 8-10
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EXAMPLE OF DECAY OF VIBRATION INTENSITY WITH DISTANCE
PLOTTED ON A LINEAR GRAPH
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Combined Ground Vibration Measurement of all Site
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Fig. 2.3 Peak particle velocity vs scaled distance for Neyveli mines, NLC (Theresraj et al, 2004)
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Fig. 2.6 Peak particle velocity vs scaled distance for limestone quarries (Adhikari et al, 2004)
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Fig. 2.5 Peak particle velocity vs scaled distance for Kudremukh iron ore mine
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Peak Particle Velocity (in/s)
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10 (m/kg12) 100

10 TTTI T T T TTII0

EQUATION OF THIS LINE
V = 2a2 DW'2]18 1

it

-

-V = 24 [DM1/2]-1.6
R

LU

NQTES:

ATTENUATION SLOPE: . :
-1.6 IS TYPICAL. THE SLOPE MAY Bl
STEEPER FOR BODY WAVES
(FOR EXAMPLE, UNDERGROUND),

OR FLATTER WHERE SURFACE WAVES
ARE PREDOMINANT. THE SLOPE IS RARELY
FLATTER THAN -1.0 AND RARELY STEEPER
THAN -2.0.

PEAK PARTICLE VELOCITY (in/s)
e

[~ MODIFYING FACTORS:

VIBRATION DECREASES WITH:
DECREASED CONFINEMENT OR BURDEN,
DECREASED ROCK STRENGTH,
DECREASED COUPLING,

INCREASED SPATIAL DISTRIBUTION
OF THE ENERGY SOURCE,
INCREASED TIME OF ENERGY RELEASE,
INCREASED TIMING SCATTER IN
THE DETONATORS,
AND OTHER SCATTERING FACTORS.

0.01

LLLLLL

1

- VIBRATION INCREASES WHEN THESE
FACTORS ARE REVERSED.

1 11 1 1 1ill 1 [ B |

V = 605 [DW1/2] 1.8

100

GENERAL FORM OF THE EQUATION:
V = HPW"18 kK, k

Lillil

Ty W

WHERE THE "Kk’s"
REPRESENT
MODIFYING
FACTORS
(SEE NOTES)

10

L1
(mm/s)

Lilill

0.1

Lo

11 i1l ] | I L

0.001
1 10

100 1000

SCALED DISTANCE  (ft/lbs'?)

GROUND VIBRATIONS FROM BLASTING
(ORIARD, 1970, 1992)

Combined Ground Vibration

Measurement of all Site



Peak Particle Velocity (In./Sec.)
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V=K®R(Q ™)’

=

1D
V= mmﬁmgmﬂ’g 30 (Peak particle velocity (mm/s))

. A
K = AMA9NU0UAZIHiND (Site and rock factor constant)
Q = Panadngsziianaasziiansaunuanniga (kg)
| ca' | ] = | a ' o
B = A1AINVUDILUAAS IO (ﬂﬂmmm?u -1.6)
R = 5282NM9IA9INANNNFIITA (m)

S0 v .
(R/(Q) ~" BunNonsa@INIZ8zN4 (scaled distance)



AININTanY (K Factors) @143 U UUNAIN
Y a < = v a Y |

Inseaianundannyrsemsonsssdalainiy K =500
msszdianag K =1,140
MITTANNMIOAUUUNNNG (Over confined) K = 5,000

AAaNHanY (K Factors) 35Uu8IngH

Y a < =~ v a Y T
InsaaianundanNnysemMsonszsia laimi K=24

mssziianag K~ 160

M3TTANNNIOAUUUNING (Over confined) K =600



V = 1,140 (R/(Q) 50)-16

Q.'} = Y a\
ﬂﬁﬂ’J‘UﬂNﬂ’J13JET‘Hﬁ%!ﬂ@ﬂﬂl@ﬂﬂﬁ%!ﬂﬂﬁ‘ﬁigﬂmiﬂ](The USOSM

regulations)

5N 1: 1NANINFIVYNINGIGA(Limiting Particle Velocity
Criterion)

W W 1

5N 2: NNADATITIUIZEZN (Scaled Distance Equation Criterion)

5N 3: @mﬂﬂﬂwmmé’uamﬁau (Blast Level Chart Criterion)



51 1: NAANNFTIVYNIAGIFA(Limiting Particle Velocity

Criterion)

SLLENIVANNANN PPV gvsin
Asscida (Wa.) (12 /3un)

0-300 1.25
301-5,000 1.0
>5,000 0.75



59 2: NNADATITIUTZEZNS (Scaled Distance Equation

Criterion)
STELNIIRNNFATIVN ans1AIUSTUEN
A1ssida (Wa.) k(o]
(Wa/(daus)?-)
0-300 50
301-5,000 55

>5,000 65



ax A Y, =~ . .
95N 3: @mnﬂﬂwmmaummau (Blast Level Chart Criterion)

10.0 T T

2 in'sac

1.0

- X2 =00rmM<= mMro——XID:1T

<

D.1 1 I TR T T T 1 i i P T T T 1
1 10 100

FREQUENCY. Hz

USOSM Regulation using method 3 @nasgiunsuaiuguuaiis)
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AIDE1INITATUINY

-annaNN1s W = (D/Ds)™2

-W = An. aaseiia, D = was, Ds = 30 wasaa
s1AN&Eavaay nn a1 D= 100 wuns w= A nn.

-W = (100/30)~2 = 11.11 nn
-azvinliitAaauduasiiiaubiiu 10 dadwasaaiuii
-1 Ds = 50, w = (100/50)~2 = 4.0 nn.
azvirBitAinmuguasiiiaulitiu 10 dadwunseadiuiii
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(Noise and Air Blast)

-Noise (tfaas)  20-20000 Hz

- Air Blast @ausaeima) Less than 20 Hz



aredeszauassmag (decibel(A) scale)
20
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40 - #esusullViNng room
60 - msaunmnmuilnf
80 - UuNeIDUUNINTVINVIAVAT MITUNHUTLINS

90 - @asseussnnTafiszes 7 was

100 - wSeunzfiuniemnsesnszumniyasldndsnndafiszas 7 nins
110 - @ensaunisen, msszbamilesdsgaiafiszaz 100 mns
120 - @osfiBusuniuanudodiaguuss
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Cube Root Scaled Distance, 11/Ib”

" Combined Airblast Measturemenis. All Stres (USBM, RIB485. 1980).

Combined Airblast Measurements



Airblast Scaling

*Ground vibration (square root SD) typically attenuates over distance at a higher rate

than Airblast (cube root SD)

*Using cube root scaled distance results in a flatter line, less drop-off of energy over

distance 5
*Perceptible airblast levels may
occur at much greater distances
from blasting than

perceptible ground vibration

.01

2

*Cube root scaling of the S
charge weight (CW'2) is wi
similar to square root @

scaling (CW172) & s
G
«Airblast is strongly E
impacted by confinement =2
=

000
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—151
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33\B
P =K R/(Q) ™)
!ﬁ@
P = ANAHOINFPressure (kPa)

K= ﬂ'mflﬁ(State of confinement)

Q = YSnaringsziiangassiiansaunusnnnga (kg)

R = 5282N19IAINYANINNIIZITA (m)

33 v .
(R/(Q) ™ BunNons1aIUIZ8ZM (scaled distance)
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NAIFIUnaUonIMAvelseimaemnsiay (Recommended Levels for
Airblast Sound levels, AS 2187.2 - 1993)
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Sternming
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Airblast
and
Flyrock

Upper Burden
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inclined
Charge face
Floor level
Cor$ect Toe
Burden

Noise, airblast and flyrock caused
by an upper burden which is too small
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memuadedlainy 125 dB(A)
LAZAILAL AlrBlast 1simwy 133 dB(I)

dB(A) ~ dB(1)- (40)
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1. Fatal myury due to flyrock at a limestoos mine m
Pennsylvama (Case Study Nou6)
Source: MSHA, 199%9h



Identify of Blasting Area
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Causes of Flyrock

Often, the factors that cause excessive airblast and ground vibrations have the potential to cause
flyrock as well. Flyrock is the number two killer in mining operations. For this reason, it is crucial
that blasters understand and control the factors that can create flyrock. Some of the common causes
of flyrock are:

j Overloaded blastholes with excessive amounts of
explosives

2 Heavily confined charges or the lack of relief (eg. lift
blasts)

3. Explosives loaded into incompetent materials (eg.
mud seams, fractures, and/or voids)

4. Insufficient front-row burden, causing front-face
blowouts

5. Burdens and spacings too close together (resulting
in high powder factors)

6. Inadequate/insufficient stemming material

7 2 Inadequate delay between holes in the same row or
between rows; detonators firing out of sequence

8. Deviation of blast hole detonation from the intended
sequence

9. Changing geology or rock type

10. Spacing and burden exceeds borehole depth

11.  Angled boreholes

12. Secondary blasting

13. Human error, improperly loaded blasts
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