Blast management- Environmental impact
Mathias Jern (mathias.jern @ nitroconsult.se)
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Blasting Management

Environmental - impact

= Vibrations
= Airblast

= Fly rock
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Blasting Management

Vibrations

What is vibrations (seismic waves) and how are they formed

Why are they monitored

How do we predict (and if necessary reduce) them

How are they monitored (and airblast)
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Vibrations

How are they formed?
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Detonation

1 kg explosive =>
ca 1 migas
5000 m/s VOD

Velocityv. m/s — Min: 0.0000 Mox: 30.04 Velocity. m/s — Min: C.0000 Max: 1000.

Contours of velocity Contours of VPPV
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Stage 1 (a)

Stage 2 (b)

Stage 3 (c)

I

Pulverized

Compressive Wave
Positions

Radial Cracking E E
ree Face

Tensile
Wave

Expanding Borehole ‘(" Spall

High Pressure
Explosive Gases

Expanding Borehole

Blasting

QUARRY
ACADEMY



Fragmentation/
Gas expansion/
movement
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What Is a seismic wave?

Wave types in soil/rock:
— Body waves
— Surface waves
— Others

Requires a medium

Involves particle motion

Transports energy !
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Vibrations

S-wave P-wave

v e TE YT
saesesenes

The surface wave is a 2-D wave and consequently doed not lose energy as
quickly as the 3-D waves, hence the surface wave is normally the probelm

Energy:

Fragmentation ca. 1% . .
Movement ca. 37%
Vibrations ca. 7 %
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Monitoring of vibrations

A (faritytning), mm

V]

v (hastghat), mm's
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Movement (the most
intuitive parameter)

Normally monitored (mmy/s),
Constructions are sensitive
to velocity => strain

The human is sensitive
to acceleration (m/s?).

QUARRY
ACADEMY



What decides size, frequency, "shape”?

= Source influence
= measurement location influence
= P S and R waves

= Geology:
*mode conversions
eScattering
eattenuation - geometric/intrinsic
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Single hole shot, monitored at 9 different loations

~~ L~

—NMP1:82m rock

—NMP2: 30m rock

—NMP3: 60m Soil

—NP4: 97m concreate fundament

—NMP5: 166m soil

—PBa 273m rock

—NP7: 364m PQI (red house)

= NP9: 406m POI (yellow house)

—MP11: 745m soll

02 0.4 06 0.8

time (s)

1.2
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Example
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Why are they monitored (damage, comfort)?
Authorities, complaints, regulations, STANDARDS

100 ~ / 4
Standards: residential houses \ /
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Damage -
structures

(background standards)

MGURE 23. Model CMU wall undaer shear-load fatigue test at Drexel University Civil
ingineering Department. From Kosmer and Rosentarb, 1900,

S
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Damage - structures
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USBM RI 8507
(1980)

Damage can be related to
Strain (and resonance due to

natural frequency)

PERTICLE VELOCITY, in/sec
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Figure 54.—Velocity versus frequency summary, set 7 mean and variance analysis.
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Unfortunately: Humans and Buildings are not sensitive
for the same kind of vibrations

10.00
1.00
Intolerable
_§ Unpleasant
ey :
- | 0.10
-
= o, o,
o il . =~—-'$’—'— ~— Pearceptable
- -. =
m = "m * .
0.01 - — ok
- -
-
- - 4
+ Longitudinal
= Vertical
4 Transversal
0.00
1 10 100

Frequency (Hz)

Figure 1.23 OSM regulation chart. Porch geophone.



Damage to buildings

Its important to remember that there are cracks in all houses: inner stress, variations in
temperature and humidity. Snow, wind, ground water level all creates strain on the building.

In order to be a true problem, from the damage perspective, the effect from the blast have to

be large in relation to all these other effects.

Inspections of new houses not affected by vibrations:

Naturlig sprickbildning i nya smahus. Naturlig sprickbildning i nya smahus.
Utvandigt pa fasader, UPPSALA Utvandigt pa sockel, UPPSALA
Antal sprickor Antal sprickor
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5O e
40 ‘
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B A sof e A |
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1 980 1985 1990 1995

Tidpunkt fér besiktning
Tidpunkt for besiktning

Outside of house (walls) Outside of house (foundation)

Naturlig sprickbildning i nya smahus.
Invandigt i bostad, UPPSALA
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Vibration prediction

= Charge weight scaling law

Charge and distance only

= Superposition models

Includes time

= Monte Carlo model

Uncertainties / Scattering
Includes blast plan/ Screening
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Vibration prediction =

= Charge weight scaling law 100
-B
r
Vix = A (TJ
: i
where 2

Viax = Maximum peak particle velocity (mm/s)
r= distance (m)

g= charge weight (kg)

A= site specific constant

B= site specific constant

01
r ] is often called SD (scaled distance) i 100 so(r/sarT(q)) i
/4
A
/iR
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Vibration prediction

= Superposition models Shot 1

Includes time Shot 2

Shot 1 +shot 2 \\/ ”\

t=A/A4 = A2 t=A
Shot 1
Shot 2 | T

VARN
shot 1 +shot 2 \_ \_/
ITh
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Vibration prediction
AVM — the Monte Carlo model

e
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Single blasthole
WA\NW_M‘ — shapes
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Case study: AVM project: Quarry, Gotland, Sweden
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e, v A
e B =T /

- How to excavate the area
=" without exceeding 4 mm/s ? wy

P

T

Conditions:
12 m bench height
76 mm holes

1 row per blast
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Single blasthole
seed shapes
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Single hole shots

Table 1.

Shot Charge(kg) Explosive

1 52 SME—+2 kg boost
2 52 SME—+2 kg boost
3 45 Fordyn

4 39,5 SME—+2 kg boost
5 52 SME—+2 kg boost
6 12.5 Fordyn

7 39.5 SME—+2 kg boost
8 27 SME-+2 kg boost
9 52 SME-+2 kg boost
10 27 SME—+2 kg boost

Single hole
= shots

Vibration
monitor

AS|




Single hole

shots
o S e TR = Single hole
3 shots

Vibration
monitor
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Single hole shots
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Yebcly [mnlg

Shot 1-2

P = =05 mrs

Single hole shots

Time [a] : min S5, max 252, range 202

=

Shot 10 - 3

PP — 1 648 mrus

Z00S-05-27_1405_0%_ECHO2.dmex: Radial vib

Velocly [mmle]

=

P e—

[T

TasesST
Time on 27 May 2002, range 20s
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Shot 1 -
Shot 2 g -

Shot 1 +shot 2

t=A/4 t=A/2 t=A
Shot 1
V¥ F
Shot 2 L
'R .
shot 1 +shot 2 L= W 4
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MP1: 82m rock

MP2 M\,_
i MP2: 30m rock
B MP3: 680m Soil

MP1 VVVA..

MP4 WM,_.

MP4: 97 m concreate fundament

MPS5: 166m soil

MPGa: 273m rock
MP5S

MP7: 364dm POI {red house)

MP6a P MP9: 406m PO (yellow house)
MP11: 745m soll
MP7
MPO
MP11 W’W\MA}\A/J\I‘/\/V\/\/\’\/\/WMW
0] 02 0.4 0.6 08 1 1

time (s)
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2009-05-27_1405_09_ECHO 2 drmoc; Radial vibration Power spectral density: Radial vibration
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Example of four different single hole shots recorded, mp 7
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-B
r
Vi = A | —
(ﬁ\] 1000

where

Ve = Maximum peak particle velocity (mm/s)
r= distance (m)

g= charge weight (kg)
A= site specific constant
B= site specific constant

10

Vimex (mn's)

a

: B 100 1000
SD

r
[WJ is often called SD (scaled distance) -

SD (mikg®s)
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1000

y = 2675 5x 19922
R? = 0.9091

100 *

Ve (mmrf's)
o

0.1 . T
1 10 100 1000
sSD

du A
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1000 - Series1 + mp 2
=mp 3 -mp 4
+mp5 = mp 6a

=
190 &t = mp 6b AWD7
@@@ :
o & Em AmpS8 Amp9
E @9“ @B A mp 10 *xmp 11
= 10 il == - -
x - i < Solid rock O Soil
‘.'E > Rock in soil Aamp 12
& .
1 g g
T.ﬁ =t
s ‘E
0.1 T T
10 100 1000
sSD
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Vmax (mm/s)
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o

Vmax (mm/s)

Vmax = 1872.4(SD) ' **%7
R’ =09912

[T

10

SD (m/kg?*=)

100

1000

Vmax (mm/s)

-
o

0.1

Vmax (MP 12) = 2700(SD) "%

mp 2

mp Ga
mp 7
mp 9
mp 10
mp 12

Series

10 100
SD (m/kg®-5)
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monitor 1

monitor 2

2009-05-27_1341_11_ECHO1 dmx:

Wertical vibration (filtered)

{PPA = 17770 mmis® !

Acceleration [mmis?] [10°3]

T T
13:41:12.16 13:41:12.185

T
1241:12.17 13:41:12.175

Time on 27 May 2005, range 0.02316s

12411218

2009-05-27_1340_47_ECHO4 dm:: Radial vibration (filtered)

PPE=232 imms=] "+ -~ ' T

Acceleration [mm/=?]

13:41:12.233

34912334 13:41:12.238 13:41:12.228
Time on 27 May 2009, range 0.01086s

12411223

13:41:12.233

[T

324 m in 61 ms => approx 5300 m/s.
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Calibration blasts

Table 2.

Blast Holes Max. Inst. Total Delay (ms)  Init. Note.
charge charge (kg) syst.
(kg)

1 20 56 1100 42 Nonel

2 7 56 390 42 Nonel

3 26 55 1325 35 I-kon

4 27 31 1350 357 & 177 I-kon 2 deck

5 23 30 1150 70" & 35™ I-kon 2 deck

"delay between holes.
** delay between decks (upper deck first).
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Calibration

[T

QUARRY

Data from
blast

Result from
simulation

INFRAK10: Vertical vibration Power spectral density: Vertical vibration
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VPPV Histogram at Monitor ID - mp7 &8
Mean = 1.8 mm/s (Stad. Dev. 0.2 mm/s)
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3.5

Result Nonel
lkon ¢ =
2.5

v

z I |

it ]

g 15 " “ 1

£ i1 1

1 t
0.5 1
0 - T T T T
0 0.5 1.5 2 2.5
Table . Qutcome (mm/s)
Blast Holes Max. Inst. Total Delay (ms)  Init. Note.
charge charge (kg) Syst.
(kg)

1 20 56 1100 42 Nonel
2 7 56 390 42 Nonel
3 26 55 1325 35 I-kon
4 27 31 1350 357 & 17 I-kon 2 deck
5 23 30 1150 70" & 357 I-kon 2 deck

“delay between holes.
** delay between decks (upper deck first).
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Result from the model

Using the model

VPPV Histogram at Monitor ID - mp7 &8

T r Mean = 1.8 mm/'s {Std. Dev. 0.2 mm.s)
P
R R
i
|
!
| @
J £
] / =
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(N =]
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z
E
g
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12.0! -11.7
VAN
< N
Ges10 4 - -
15E| 1:37 > 0.8 1 1.2 1.2 1.8 1.8 2 z.z z.4 z.8 2.8 3
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Delay @9
time 5 \
B \\/
% 2 \/\/\
E \_/
158 P
-
1
05
0 L]
0 5 10 15 20 25 30 35 40 45 50

Model of blast 3
Delay time 1-50 ms

[T

Delay time (ms)

QUARRY
ACADEMY



Direction of excavation

Probability of Exceeding Specified VPPV at Monitor ID - mp7 &8

Probabity (%)

B asme
el whap.

Blasthqle ]
Screening

vopv (mvs
Figure 26. blasting direction 1. Probability of
exceeding 4 mm/s i1s 100%o0, average value 5.5
mmnm’s.

[T

distance from blast to mp7 & 8ca2l5Sm.

Probability of Exceeding Specified VPPV at Monitor ID - mp7 &8

Probahilty (%)
0
3

vppv (mms,

Figure 27. blasting direction 2. Probability of
exceeding 4 mm/s 1s 70%o0, average value 4.3 mm/s
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Distance

Probability (%)

Probability of Exceeding Specified VPPV at Monitor ID - mp7 &8

VPRV (Mmis)

Figure 28. Mp 7&38. 255m distance. Probability to
be above 4 mm/s 1s 8 %0, average value 1s 3.2
mm’'s.
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Initiation system

I-kon (electronic)

Probability of Exceeding Specified VPPV at Monitor ID - mp7&8

Probabilty (%)
n
(=]

wppv (mmvs:

Figure 28. Mp 7&8., 255m distance. Probability to
be above 4 mm/s 1s 8 %o, average value 1s 3.2
mmnm’s.

iy

Probaility (%)

=

Nonel (pyrotechnic)

Probability of Exceeding Specified VPPV at Monitor ID - mp7&8

Figure 30. Mp 7 & 8, 255m distance. The risk of
exceeding 4 mm/s 1s 13 %o, average value 3.4 mm/s
(Nonel detonators).
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Decked charges

Ceant-(G-1.15 28.1kg

kon #0 35ms 15.0m

RN ‘
in
2
i
1
3

W

"N
5,

a

NN

Stemming

=4

3
[

Cant-G-1.15 28.1kg

Probability of Exceeding Specified VPPV at Monitor ID - mp7 &8

70%

g 50%

% S0%

2 0%
Figure 32. Mp 7and Mp 8 approx. 1%o risk to be 20%
above 4 mm/s. Average value: 2.8 mim/s. Delay 20%
times: 70 ms between holes and 35 ms between 1o

decks. l
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Conclusions

oIf fully charged holes are used together with 35 ms delay time,
eIt is possible to blast at 255 m distance from POI (without
exceeding 4 mm/s). At shorter distances other actions ex. decked

charges are needed.

*The advantage with the MC model is that its possible to
investigate the effect of different blast patterns, delay times etc.
*The model also reduces the spread in predicted data since more

parameters can be determined.
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Monte Carlo model VS Charge Weight Scaling Law only

MC: prediction:

At 255 m distance the risk is 8% to go
above 4 mm/s (average 3.2mm/s)

3.5

3

25

N
—
—
=
——e
——
——

Prediction {(mm/s)
n

e
—
=t
=

0.5 #

e]

o 0.5 1 1.5 E 2.5
Outcome (mm/s)

Figure 33. outcome from the Monte Carlo
model.

I

CWSL.: prediktion

At 300 m distance the risk is 8 % to go
above 4 mm/s (average 2.5 mm/s)

Prediction (mm/s)

[ bt

Outcome (mm/s)

Figure 34, outcome from the charge weight scaling
law equation model only.
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Airblast

Parameters

Prediction

Responce — houses

Actions to reduce airblast

I
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Airblast

Important parameters

Many important parameters, some difficult to control (Low frequency, you can not hear it):

= Distance

Maximum instantaneous charge:

= Coupling — explosive/air

= Height and direction of bench , burden
= Topography

= Direction of initiation

= Weather conditions

[T
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Pax = Pressure (Pa)

r = distance (m)

g= max instantanious charge(kg)
A= constant

B= constant

Airblast- prediction  wnere
-B
r
Pmax = A : (
V4

140

20 L -
~—~
g =
N—r’
q) 80
| -
a 60 *
o))
o 40 e - : . N
D— * e . . e, W Da gt -

20 * PUEPN + * g *

- F3 e - 003.’, & e ’
’f, PS .’ ‘:”’M: - - B
o} T T T T T *
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o Distance (m)
40N
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Airblast - responce Floor

mim
mEe W R = DS N oW oAoD
T T T T T T T T T

-1.0 -0.5 00 0.5 1.0 1.5 20 25 3.0 35 40 45 50 55 60 65 7.0 75 80
[s]

Foundation &

Air Shock -~
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Blasting Management i A[ r J

Airblast — How to reduce airblast Vo

= High levels of air pressure have often its cause from explosives that detonates into free air.
This does in its turn often depends on that close by detonations has removed the “cover”
from the explosive.

» The air overpressure can often be reduced if the stemming is properly placed and consists
of a proper material.

= Bad weather conditions can sometimes be the cause and some quarries chose to wait for
better weather if possible (i.e. change in wind direction)

I
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Vibrations and Airblasts

How are they monitored?

Mini
LR20 batteries

Normally used * _ -
by Nitro —

I
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Only one bus cable

-INFRA sensors are connected with T-couplings
-Up to 15 sensors on one logger (Mini/Master)
-Up to 800 m cable length
-6 meter drop cable

-The logger supplies power
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Blaster

“roject owner

vibrationexperts

Affected parties

MCVIB server

Third parties
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Appropriate instrument

Mobile
Internet
service
provider

Local communication

Interne mmunication

Webh server

PR L e L ) - .

R W |

Hl}hl—

: G G ®

N——

N T T

Project overview with latest values

[T

Online AutoCAD map with measuring points and blasts

See time history results quickly
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Remote configuration of instruments

With INFRA Remote you can change standards, trigg levels, etc.

You can see battery-, gsm- and memory status.

laster 3540

- ol x|

TNFRA Remote

Changed by: Last change made by: Send changes and Close | LI

SMS settings
Master s/n 3540 New I Currsrt |
Save to server I Load from server I Delete row

Reg: [OFF Status time: [2008-08-07 16:14:21+02:00 Battery: [ az72 vot = s
ame umber

Project: [INFRA GSMsignal: | 61 %
New project text: [INFRA Free memory: | 1 MB
Frog. version: IR

00 01 02 03 04 05 06 07 08 03 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Current schedule: 08 09 10 11 12 13 14 15 16 17 18 19 20
Newschedule: ' T C O OO MVMEFEFRFRFFERNFRFERKRFFCCT

Time zene:  [Europe/Stockholm
Time server: [ntp.infra.sigicom.net

B

Nodes
Double-click an line, for changing data.
Node D 5‘5(% Standard E‘gr’,:“s"a“c’l‘fve Unit E‘f.i‘.?('.‘ie I:fs"“"d' Transient | Interval | Status
AR - 1. 55025210 Luftst.. 2000Pa 2-215Hz OFF Pa MNAA 2sec 2 min
W12W-4710 [GEQ - 2, €€ Sprang, 25mm.s 5-300Hz oM 2sec 2 min
W12L-4711 [GEQ - 2, 554804266 Sprang, 25mmys 5-300Hz ON 0.2 Zsec 2 min
W12T-4712 [GEQ - 2 ON 0.2 Zsec 2 min
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AutoCAD map support

(o) = | =" httpu/ /v nevib.com kartaKarta.asp task=zoamID_Uppdrag=12182MSSFile=CA 6WMCach ~ | & | 2 | x | [28 Google

<7 Favarites | “+ Karta | |

Kty - Windows Iutsnst Fuploser

- - CI————r——p—"

G Fvortes g or HOVIB =+ 166 = Hotrs Commit. |, Open Soumce banmgae = |, 500 Server =, 5ol
28]~ | 8 Btk Page ks x
r -

r
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§ Funktioner

- La&ngdmatning

Zoorma in

Zooma ut

Wisa hela kartan
Placera matpunkt
Flytta matpunkt
Placera salva

Flytta salva
Utskriftswanlig version
Yisa

¥ salvar

[¥] 1naktiva matpunkter
Svangningshastighet
[¥] acceleration

[¥] Luftstitv3g

¥ euller

[l Precisionsavvagning
Portryck

[¥] vattennivi

¥ =alvnummer

[ Murmmer

Y
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Support for Google Maps

& NCVIB - Windows Internet Explorer

f= & s

‘—‘-’ http://wwrw.nevib.com/kartaGe

gle.asprlid_uppd

Measuring point: Kaukolampakanaali
Placement: Myllynymment. 10 Lampiokeskus

Measurement report

Regression analysis- v
Regression analysis- L
Regression analysis- T

Interval report - W
Interval report - L
Interval report - T

Edit measuring point
Remove measuring point

Measure distance
Start
Clear

Total length:
Last leg:

Functions
Mew round
Mew measuring peint

Show

ounds

nactive measuring points

cceleration

oize

ir shock waves

Ore water pressure

recision levelling

ibration velocity

I ater level

Search

Use the current map on the project

javascriptPopup(”, 'matvardeRapport.aspxTid_matpunkt=6194&d_sprak=22td_uppdri

& Internet | Protected Mode: OFf
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Measurement report

& Measurement report - Windaows Internet Explorer =11 [=3=]
| * http v.ncvib.comymatvardeRapport.asp=?id_person=5 1l _sprak=22%4c_uppdrag=5a5&typ=matvar rdnaRiktning=DESC 2hd_matpunkt= ampoasant=2fran=

Nitro Consult - Stockholm Measurement report
D521 6604 - ML 51

Report filter From: Z00%-11-032 00:00 To: ZO09-11-09 23:59 Export Print Close i

Measuring point Placement Date value Limit pa:'itm‘:: Distance Found Femark

S2z:02 Home Anasbotten & 2009-11-09 15:03:32 1.95 mm./s (18) (11)%% (10) 101

S524:02 Prizentra Angsbotten & 2009-11-09 15:03:32 5.9 mmss (26) (23)3%% 103 101

IEME4 - W WGEE0 Lyra Berg Z2009-11-0% 15:03:31 1.35 mm.'s 100 1% 101

2emed - L MGED Lyra Berg Z2009-11-09 15:03:21 1.15 mms 100 1% 101

2emed - T MGED Lyra Berg Z2009-11-09 15:03:21 1.25 mnass 100 1% 101

2Emes - W WiES4 Berg OF7S0 Z2009-11-09 15:03:21 F.4 mmss 100 b= 101

2Emes - L WiES4 Berg OF7S0 Z2009-11-09 15:03:21 Fod mms's 100 F e 101

2EmMEesS - T WiES4 Berg OF7S0 Z2009-11-09 15:03:21 295 mms 100 b= 101

Emes - W WiES1 Berg 0726 Z2009-11-09 15:03:21 23.3 mm's 100 23 % 101

FEMES - L WGS1 Berg OFT2E 2009-11-09 15:03:31 4.8 mm/s 100 449 101

2Emes - T WiES1 Berg 0726 Z2009-11-09 15:03:21 39.9 mm,'s 100 < 101

Glzi01 Betongpelare 1%S bro Z009-11-0% 15:03:31 42 s (140) (3)3% 10} 101

S591:02 Ryttarstadion, Swvenska Bil 2009-11-09 11:3:06 7.95 mm's (70) (11)%% (101 100

E12:01 Betongpelare WG bra 2009-11-09 11:39:06 19.3 mm s (140) (14)%: {103 100

ZEemed - W “MGED Lyra Berg Z2009-11-09 11:39:05 675 mn's 100 F e 100

2emed - L MGED Lyra Berg Z2009-11-09 11:39:05 4.4 mnss 100 L S0 100

FEMED - T WGEED Lyra Berg 2009-11-0% 11:25:05 6.05 mm,s 100 5% 100

FEmes - W WiES54 Berg OS7S0 Zoo 1-09 1 205 9E.F mn's 1000 00 100

2EmMEesS - T WiES4 Berg OF7S0 Z2009-11-09 11:39:05 55.2 mn's 100 33U 100

IEMES - W WGES1 Berg OFT26 2009-11-0% 11:35:05 12.2 mm.'s 100 12%% 100

FE2mes - L WiES1 Berg 0726 Z2009-11-09 11:39:05 16.2 mm s 100 16%e 100

2Emes - T WiES1 Berg 0726 Z2009-11-09 11:39:05 9.9 mnss 100 10 100

S2&:02 Home Sngsbotten & Z009-11-09 11:39:05 2.6 mmss (183 (1479 {1031 100

S524:02 Prizentra Angsbotten & 2009-11-09 11:39:05 6,95 mms (26) (27)%% {103 100

612:01 Betongpelare IS bro 2009-11-06 O7:11:30 Zmmss [ (140) (2% (10)

2emed - L MGED Lyra Berg Z009-11-05 15:32:28 F.05 mms 100 F e

FEiE4 - T WGEED Lyra Berg Z009-11-05 15: 3228 305 mm,s 100 EE

2Emes - W WiES4 Berg Of7S0 Z009-11-05 15:32:28 5.2 mmss 100 T

2Emes - L WiES4 Berg OF7S0 Z009-11-05 15:32:28 B.75 mn's 100 b L

FEMES - T G54 Berg 0720 2009-11-05 15:32: 28 2.6 mm/s 100 L

Emes - W WiES1 Berg 0726 Z009-11-05 15:32:28 1.4 mms's 100 1%

FE2mes - L WiES1 Berg 0726 Z009-11-05 15:32:28 1.55 mms 100 2%

2Emes - T MGES1 Berg OFTZE Z009-11-05 15:32:28 1.05 mnss 100 1%

ﬂAm “ Dane @ Internet | Protected Made: On a - = 100%e -
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Wave forms with frequency analysis

€ Time-history - Windows Intaret Explorer

€ Time-history - Windows Internet Explorer

[E=NEoR 5

O

w nevib.cam ko

af=Jav

forlappRapport asp:e

190402

o

w.nevib.com/kursfarloppRapport.as pxc

af=la = 190408d_matvarde=

Measuring point
Placament

Auis

Round

Time

Valua

standard
Time domain
Frequency analysis
Window

From [=]

To [s]

Linear scale

Dizplay format

Nitro Consult - Stockholm

EELIFEY
Huz 11

Vertical
33-315-71-321
2009-09-14 21:33107
12.3 s

6.29 més2

8.3 um

7.7 Hz

55 460 45 66 Sprang, 250 mmfis 5-300 Hz =
Hane -
Hone -

Hone

Zoormable +

Time-history

0621 €603 - NL 23 Albano

Print Close

=1) )il

Measuring point
Placamant

Asis

Round

Time

Walue

standard
Tira damain
Frequency analysis
Windour

From [=]

To [51

Linear scale

Dizplay format

Nitro Consult - Stockheolm

Time-history

0621 €602 - ML 22 Albane

Print close

EELIFN
Hus 11

Vertical
23-315-71-321
2003-0%-14 Z1:3207

0.15 ram/s * =

55 460 48 66 Sprang, 250 mm/s 5-300 Hz =
Hane -
FFT Energy Spectral Density -

windaw Hanning -

=

Zoormable -

=)l

=

3IIT1V- 3IT:1V-

s = n ]
= Som
g4 Boae ¢ J
@ 3
23 Boae [ 1
g2 Foae
= So [ 1
= =
Z Fooe [ 1
5 &
&t Toos 1
z-2 « 004 .
2 =
E.3 Eooz [ 1

al | oo | ]

a0 a1 s 50 sz 54 so Ta01 so Tenz s0
DiatefTime: 2009-08-14T21:39:07.337 1s1 Galibrated: 2007-08-21 DatelTime: 2009-08-14T21:39:07.337 [Hz(1)]  Calibrated: 2007-08-21
Dane &P Internet | Protected Made: On Q- | 100% - Dane &P Internet | Pratected Made: On fa v |0 -
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Continoues peak values

(€ Intervallvardesrapport - Windows Internet Explorer =

| =t http:/fwenw.nevib.com/intervallBargraf.aspxfid_sprak= 1&id_uppdrag=565&id_matpunkt=4207&kanal=22frandatum=11/22/2009

40:46 Al»ﬁ‘:tlll(latum:J.J.'H.'E‘ ] |

Nitro Consult - Stockholm Intervallviardesrapport
0621 AA04 - ML 51

Rappertfilter Fram: 2009-11-22 09:40 Till: 2009-11-24 09:40 Matpunkt: 534:01 - Lanforswigen 49 +6dBA mitning Skriv ut Sting

SPL Leq

dBa
12:00 18:00 23711 06:00 12:00 18:00 24/11 06:00
< 1 Dag 1 Dag >
Dane 0 Internet | Protected Mode: On v ®0% -
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Blast journal

/€ Blast journal - Windaws Interet Explarer

| * http://www.nevib.com/salvaRappart.asppopup=tr

dl_uppdrag=563

Nitro Consult - Stockholm

e
y/§IR\N
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EBlast journal filter From: To: 2009-06-04 12121152

Round number
stros

Contract part
Section 2333-2378

Signature Pekks Berggren

Date 2009-06-02
Time 21:40:00
Time span [5] 300

33-302-51-2383
)

Blast journal
0621 6603 - ML 33 Albane

Export Print Close

Subdrilling [m]

Number of charges/hole
Number of intervalls
Type of explosive S5E
Charge/detonator [ke]
Charge//interval [ke]
Charge/round [ke] &57.3

North 21422 Type of detonator LP Nonel
East 100357 Yolume of rock [m*] 500
z -1 Maztimum simultaneous charge [kg] 13,3

Number of holes 140
Hole diameter [mm] 42

specific charge [kg/m>] 1,37
Type of cover

Spacing [m] Number of covers
Burden [m]
Hole depth [m] 5
Note
Part
Measuring point  Placement Date Yalue Limit  of Distance  Remark
limit:
301115 0+955, Kontaktledningstolpe  2009-06-02 2114435 7.95 mm/s 30 26% 33
301:26 0+830, Kontaktledningsstolpe  2009-06-02 21:44:36 1.9 mm/s 30 &% 99
320011 - L S+450, Gstra anfanget 2009-06-02 21:44:36 3,35 mmy/s 92 4% 94
320011 -T S+450, Gstra anfanget 2009-06-02 21:44:36 2,75 mm/s 92 3% 94
320011 - W S+450, Gstra anfanget 2009-06-02 21:44:36 3,75 mm/s 92 4% 94
S+455, vi brafund till spirbra  2009-08-02 21144135 2.25 mm/s 100 2% 101
S+455, vi brafund till spirbra  2009-06-02 21:44:35  3.4mm/s 100 3% 101
S+455, vi brafund till spirbra  2009-06-02 21:44:35  L4mm/s 100 1% 101
S+495 63 bergeing vid spirbra 2009-06-02 21:44:35  4.05 mm/s 69 6% 111
S+495 i3 bergeing vid spirbra 2009-06-02 21:44:35 118 mm/s 69 17% 111
S+495 3 bergeing vid spirbra 2009-06-02 21:44:35 47 mm/s 69 7% 111
S+425, visws anfager 2009-06-02 21:44:36  2.95 mm/'s 69 4% 103
S+425, viswa anfager 2009-06-02 21:44:36  2.25 mm/'s 69 3% 103
S+425, vistrs anfaget 2009-06-02 21:44:36 L7 mm/'s 69 2% 103
5+425, takmitt 2009-06-02 21:44:36 2.7 mm/'s 69 4% 99
5+425, takmitt 2009-06-02 21:44:36  34mm/s 69 5% 99
5+425, takmitt 2009-06-02 21:44:36  3.75 mm/s 69 5% 99
S+425, Gstrs anfanget 2009-06-02 21:44:36 5.5 mm/s 69 8% 95
S+435, Gstra anfanget 2009-06-02 21:44:36 5.0 mm/s 60 9% 95
S+425, Gstra anfanget 2009-06-02 21:44:36 2.6 mm/'s 69 4% 95
S+454, ursk via b-vigg spirbro 2009-06-02 21:44:35  1.95 mm/s 2 2% 103
S+454, ursk via b-vian spirbro 2009-06-02 21:44:35  1.75 mm/s 92 2% 103
@ Intemet | Protected Made: Off a v B -
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Automated re

ression analysis

€ Reguession anatysis - Windows Iternet Explorer ==
({_; ket~ o by e — 45| 3 129 Goog P~
Favarites » Regression anslyins
Nitro Consult - Stockholm Regression analysis
Q621 6603 - HL 32 Albans
Raport filter hargina table Enpert Print Clase
Mawsuring peintar 334528 - ¥, T35V <V, IV« L AT -V, 01 - ¥, ITNOL -, 4008 - ¥, 4101 - V.
. Scaled distance araph
100
Immyfs]
10
01 T T T 1
0.1 1 10 100 1000
Seale factor [R/Q0.5]
@ Intemet | Pratected Made: On - R -

2 Regression analysis - Windows Internet Explarer

= Eo| =5

)= [ vev/vne

¢ Favorites

* Regression analysis

n. vl @|¢?|A||"]GDD le

Summary of regression analysis

Number of values
Standard deviation

B

Confidence level [AS30]
Confidence level [Ag4]
Confidence level [A08]
Min value

Max value

Min maxinum delayed weight [kg]
Min maxinmum delayed weight [kg]

mMin distance [m]
Mazx distance [m]

Coefficieant of correlation

Coefficient of comrelation?

Min B
Max B
hMin A
hax A
Log A

4

1aa
0.19
-0.29
122
205
213
1.25
2.4
1.1
2.2
21
100
-0.68
-0.47
-1.15
-0.24
21
217
2

€D Internet | Protected Made: On
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Charging table

/& Charging table - Windaws Internet Explarer
| * http v.nevib.com/laddningsTabell.asp?id_uppdrag 0,9934790523554 1
=% Laddningstabell - Windows Internet Explorer =l = | (2]
& http: nevib.com/laddningsTabellForm. -97953194515.«:| A A
Nitro Consult - Stockholm Charging table
Avstind 0621 6603 - ML 33 Albano
Charge table filter Export Print Close
mrement
Grins Number of values 128
Standard deviation 0,19
Avstandsberoende [
B -0,99
Undergrund | Berggrund E” Confidence level [A50] 132
Berdkna Confidence level [A84] 205
Confidence level [A98] 219
Subsoil Bedrack
#,125% - Distance dependence Mo
Distance [As50] [A84] [n93]
=1 0.1 0.1 u}
0 0.6 0.2 0.1
15 1,2 0,5 0,2
20 2,2 0.9 0.4
25 3,5 1,4 0,6
20 =1 2,1 0.8
25 £,8 2,8 1,1
40 8.9 3.6 1.5
45 11,2 4,6 1,9
S0 13,2 5.7 2,3
55 16,8 6,9 2,8
&0 20 2,2 2,4
&3 23,4 9.6 4
T 2vz 11,2 4,6
75 31,2 12,8 5.3
a0 35.5 14,
a3 40 18, 6.8
o0 44,9 18, 7.6
95 s0 206 2,5
100 55,4 22,0 2,4 J
Done & Intemet | Protected Made: On v EH 0% v
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Blasting Management
Flyrock

Charge max Throw
diameter distance

= Lundborg (Svedefo) (mm) (m)

25 260

4\ 32 307

Lo =260 s s

3 45 385

50 413

70 517

76 546

89 606

300 1363

375 1581
——
y/RRN
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Blasting Management
Flyrock

The cause of fly rock can be divided in to 4 categories:
= Cratering

= “Face bursting”

= "Rifling”

= Secondary blasting

I
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Blasting Management
Flyrock

Cratering

» The stemming column of a blast pattern usually lies in
a weakened layer due to subgrade damage from
previous blasts. In this region, blast gases can
propagate through cracks to the horizontal free
surface and cause cratering and associated flyrock.
Similar effects can occur if the vertical burden is
insufficient. Fly rock can in this case fly in almost any
direction

[T
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Blasting Management
Flyrock

“Face bursting”

e
y/§IR\N
QUARRY
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This occurs when explosive charges intersect or are
in close proximity to major geological structures or
zones of weakness in the face region. The high
pressure can then readily vent to atmosphere and
also impart high velocities to fragmented portions of
the face. Face bursting can also occur when the front
row has insufficient burden or drilling deviations from
design. Fly rock does in this case mainly fly in a
horizontal direction in front of the bench face and in
an approx 120° sector in the direction of the blast
(forward) .

00—
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Blasting Management
Flyrock

"Rifling”

= This occurs when stemming material is inefficient or
insufficient. Blast gases can vent up along the blast
hole to launch stemming material and/or fragments
from the collar region. The direction of fly rock does

in this case coincide with the direction of the bore
hole

[T
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Blasting Management
Flyrock

Secondary blasting

= Secondary blasting can include toe blasts and blasts used to break boulders. Although
secondary blasting employs relatively small charges, all charges are relatively close to
many free faces and so have the potential to launch high velocity fly rock due to these small
burdens. This type of fly rock is less predictable than the fly rock caused by primary
blasting. It might be a good idea to place the boulder in a place where the risk of dangerous
fly rock is minimized; another solution is to cover the boulders with heavy rubber mats
before blasting.
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Blasting Management
Flyrock

faceburst. cratering. rifle
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Blasting Management

Flyrock
Charge diameter Theoretical "Normal fly Safety "Normal fly Safety
maximum length" distance length" distance
fly length
inch mm SveDeFo Infront(m) Infront(m) Back(m) Back (m)
2 51 420 85-150 300 45-85 170
3 76 540 110-190 380 55-110 220
S 85 600 120-210 420 60-120 240
4 102 660 130-220 440 70-130 260
6 152 870 170-290 580 90-170 340

ITh
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Blasting Management
Flyrock — How to reduce fly rock

= Reduce charge concentration

» [ncrease stemming/ burden (stemming length should be larger than burden in fly rock
backwards should be minimised)

= Cover (rubber mats/ sand)

The condition for fly lengths described here, is that the blasting is totally controlled concerning
stemming, ignition plan, cleanup of bench, bore hole precision, charging of first row etc. The
thoroughness of these precautions defines the risk of fly distances longer than “normal”.

In order to keep control: Scan rock face, measure hole deviation (law in many countries), good
guality stemming material. Not to many rows in the round (<4),
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Improving Processes. Instilling Expertise.
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