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Summarz

Designing the optimum drilling pattern often is a time
consuming calculation if it is done manual. Experimentation
and study of explosives changes in various blasting
geometries have however made it possible to develop
computer programs for bench and tunnel blasting.

This report describes the features of two computer programs
used for calculation of drilling patterns. The report is a
copy of a paper presented at the 16°th Symposium on Rock
Mechanics, Minneapolis, USA, September 22-24, 1975.
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COMPUTER CALCULATIONS OF DRILLING PATTERNS FOR SURFACE AND UNDERGROUND BLASTINGS
Komputer-Programme von Bohrlochplinen flir Tagebau-und Untertagesprengungen
Programmes de calculatrice pour des plans de forages souterrains et de surface

Abstract

This paper gives a short description of two
computer programs. The first program is for
tunneling design and the second one is for
bench blasting calculations.

The availability of options like using a
parallel cut or different types of angled
cuts makes the tunnel program very suitable
for various sizes of tunnel areas. It is
also possible to include smooth blasting
instead of a normal contour blasting method.
The bench blasting program makes it possitle
tc compute the drilling patterns adapted

to the used drilling diameter used for
normal spacing-burden ratio or with

respect to the wide space Blasting Method.

Zusammenfassung

PieseSchrift gibt eine kurze Beschreibung
zwei Komputer-Programme. Das erste Programm
bezieht sich auf Tunnelbau-Entwurf und

das zweite auf Berechnungen bei:der
Strossensprengung.

Die Wahlmdglichkeit zwischen zum Beispiel
einem Parallelbohrloch-Einbruch und
Winkeleinbrlichen verschiedener Art macht

Zas Tunnelprogramm flr Tunnelquerschnitte
verschiedener Gr¥ssen sehr geeignet.

Es ist m8glich anstatt einer konventionellen
Kranzlochsprengungsmethode auch einen

Plan fUr schonendes Sprengen einzulegen.

Das Strossensprengung-Programm ermglicht
eine Berechnung von Bohrlochplénen auf
Grund der verwendeten Bohrdiameter sowie

fir normale wie grosse Verhdltnisse zwischen
Bohrlcchentfernung und Vorgabe.

Résumé

Cet exposé donne une courte description

de deux programmes de calculatrices. Le
premier programme a pour but la projection
des galeries (le percement des tunnels)
tandis que le second est prévu pour les
calculations des tirs en gradin.

La possibilité de choix entre par exemple

un bouchon parallele et des bouchons
angulaires de différants types rend le
programme de la projection des galeries

trés appropri& pour des sections de galeries
de dimentions différantes. Il est possible
aussi d'y incorporer un tir 3 effet modéré
a2 la place d'une méthode de tirs de contours
conventionelle.

Le programme du tir en gradin permet une
calculation des plans de tir adaptés au
diametre de foration employé, aussi

bien dans le cas des taux de rapport normaux
gue larges entre la distance des trous et

la ligne de moindre résistance.
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INTRODUCTION

In the development and design of surface

and underground excavation there are many
variables one has to take under considera-
tion in optimizing the capacity and the
economy. Economical calculations must take
into account the influence of each variable
in the mining operation and thereby develop
the best available methods for the breaking
procedure. Large hole diameters providing

a low specific cost can not always be used
because of too high investments for drilling
equipment or due to safety requirements

near urban areas. The crushing and mucking
machines also have to be dimensioned accord-
ing to the drilling equipment, the rock
fragmentation and the calculated production
capacity.

It is often hard to make these economic
considerations for every type of rock and
excavation procedure because of the amount
of work involved.

On the basis of extensive experimentation
and study of the detailed functioning of
explosives charges in rock blasting in
different ’eonctries, Langefors and
KihlstrSm /1/ have assembled a generalized
basis for engineering calculations of many
different rock blasting situations. Their
equations and tabular material form the
basis for the computer programs to be
described in this paper.

Computer techniques together with a large
experience in blasting techniques have made
it possible to develop advanced computer
program for bench and tunnel blasting.

These programs make it possible to save

time and reduce costs both in the planning
and the production stages of operation by
using computers. Nowadays one can with the
programs easily carry out a number of calcu-
lations and thereby study the influence of
hole diameter, type of explosive, ratio of
spacing to burden, bench height or advance,
etc., upon the drilling, charging and explo-
sive costs.

The tunneling program is the result of a co-
operative development program in which
Atlas Copco AB and Nitro Consult AB have
participated.

Tunnel Program

In the design of a tunnel it is possible to
select an arbitrary contour. This can be
done by giving the coordinates for the
tunnel contour in the input specification.
For the most common tunnel sections it is
however enough to specify the abutment
height or the area and the radius of the
contour of the roof.

Fig 1

Abutment
hight

Tunnel width

Arn irregular shape of the contour can be
rneeled in special cases to get rooms for
ventilation tubes or water pumps for the
Zrainage.
The necessary information required fcr the
inzat specification are;
1. Geometry of the tunnel
2. Type of cut
3. Smooth blasting or normal blasting of
the contour
4, Hole diameter
S. Collaring deviation
6. Angular deviation
7. Planned advance or hole depth
8. Types of blasting agents and degree
of packing
9. Weight strength of the explosives
10. The toughness of the rock described by
a rock constant
11. Cost of the drilling equipment and the
depreciation costs
12. Costs of explosives and detonators
13. Number of workers, wages and an effici-
ency factor
l4. Ventilation costs
A large number of different cuts have been
developed and used during the last decades
and they all serve to develop a second free
face so that the rest of the holes can break
satisfactorily. The type of the cut, the
advance and the number of holes depend on
the rock strength, the blasting agents, the
size of the heading and upon the available
drilling equipment. Angled cuts as the fan
cut and the plough cut permit an ordinary
advance of about 40 - 50% of the tunnelwidth.
The advance is hereby determined by the
geometry of the tunnel. In narrow headings
it is often more economical to use parallel
cuts to pull long rounds.The program gives
a choice of five different cuts and these
are:
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1. Plough cut or the V=-cut

2. Fan cut

3. ‘Parallel cut with one empty hole

y, Parallel cut with two empty holes
5. Parallel cut with three empty holes

To avoid badly blasted contours smooth blas-
ting can be chosen in the program. Tunnels
to be used for a long period often become
cheaper in the long run if smooth blasting
is used since there are many advantages.

It is for example possible to prevent crack-
ing in the surrounding rock. Smooth blasting
further causes a decreasing risk of water
penetration, a decreasing amount of concrete
needed for grouting, an increasing rock
strength and hereby a smaller risk of fall-
ing rocks.

Several of the mentioned parameters are
assigned standard values if they are missing
in the input but in order to reach a good
accuracy of the calculations a follow up

at the field about drilling accuracy etc.,
often results in a better economy when
planning a new drilling pattern.

STOPING HOLES
ZONE 5

lcut HoLes|cutr HoLEslcuT HoLES
20NE & |ZONE 3 | ZONE &

BOTTOM HOLES ZONE 1

Fig 2.

Figure 2 roughly shows the basic principle
for a calculation of the different holes.
The programs divides the tunnel section into
five zones containing the following types

of holes;

a) Bottom holes
b) Contour heles
¢) Cut holes

d) Stoping holes

The first area calculated is zone 1 where
the bottom holes are situated. These holes
demand a greater specific charge while they
have to lift the mass of rock towards the
free face created by the cut. Thereafter
the lower charged contour holes are calcu-
lated in zone 2. In zone 3 and 4 the cut is
placed and at last in zone 5, the stoping
holes are determined. These do not need

such large specific charges as the ones in
the bottom section while gravity helps
loosen the rock.
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FOLLOWING CONDITIONS ARE VaLlD

P P T T Y T T T T L Y prutyippipprened Fig 6.
PROFILE GIVEN BY ARCH=RADILS ROCK ORI{L RIT S1,00 MM NO,OF WORKERS 0.
CONTOUR SVOOTH SPEC,DRI{L RIT 150,00 Mwm HOUR=WAGE _ “0.00 KR _
ROCK CONSTANT Y EFFICIENCY 0,00 PERC.
SECTION AREA 80,00 M2 .
WIDTH 12.00 M EXPLOSIVF STRENGTH . PRYCE _ ... -
ARCH=RADIUS 6.80 M AOTTOM CHARGE 100,00 PERG, A0TTOM CHARGE =0,00 KR/KG
X=MIN CUT=-CENTER “0,.00 M COL.CONTAUR S5,40 PERC, COL,CONTOUR --6.06 KR/KG
XeMAX CUT-CENTER “0.00 M COL AOTTNY 100,00 PERC, COL ,ROTTOM 0,00 XR/KG
Y<MIN CUT=CENTER “0.00 M COL+REMAIN, 88,60 PERC., COL ,REMAIN, . *0.00 KR/KG
YeMAX CUT=CENTER «0,00 M ] . DETONATORS/NOLE *0,00 KR
ADVANCE/ROUND 4.50 ¥ DEGREE OF PACKING 1,20 ka/pM3 ] )
DEPRECTATION/ROUND  ~0,00 KR
DRILLING COSTS/M “0.00 K:
MPTY 0StT/P =0,00 K
THE CALCULATIONS GIVF THE FOLLOWING RESULTS € HOLE COST/PC. =0.
B000000000000000000400000,0000000000000000
HOLES DRI{LED/ROUND 82 HOLFS cOsTS
DRILLED METERS/ROUND 390,13 M DRILLING/ROUNN 000 KR
DRILLED METERS/CU.4,R0CK 1,06 M/M3 DRILLING/CUsM,ROCK 0400 KR/M3
CONSUMPTION OF EXPLOSIVES .
ROTTOM CHARGES 234.76 K6 EXPLOS | VES/ROUND 0,00 KR
COLUMN CONTOUR 51,39 K6 DETONATNRS /ROUND 0.00 KR
COLUMN gOTTOM ‘o.bz K6 TIME-NEPENNING/ROUND 0,00 KR
COLUMN REMAIN. 62,23 K REMAINTNG/ROUND 0,00 xR
/ROUND 388,81 K6 BLAST [NG/ROUND 0.00 KR
/CU«M,ROCK 1,06 KG/u3 BLASTING/ClIeM,RACK 0,00 KR/M3
MAX CO~OPERATING CHARGE IN DYNAMEX<EQUIVALFNTS FOTAL CasST/RNAUND 0.66 kn
cut 9.34 K6 TOTAL CnST/CUsMROCK 0,00 KR/M3
BOTTNOMaNOLE 6481 KG/WOLF
STOP ING~HOLE 6.R6 KG/HOLF TIME CHARGING AND RLASTING MAN-HOURS
CONTOUR-HOLE 1,24 KG/HOLF /R0UND 0,00 HnURS /CUeM 0,000 HOURS/MI

HOLE X=COORD  Y=COORD
NOo COLLAR=  COLLAR=

ING ING

M M

1 0+00 0.00
2 1410 0,00
3 2:50 0,00
4 3.90 ‘0,00
5 5:30 0,00
6 6:70 0.00
7 8:10 0,00
8 9,50 0,00
9 10:90 0.00
10 1200 0,00
1n 0,00 91
12 0,00 1,71
13 0:00 2,50
14 0+00 3.30
18 0,00 4,10
16 LY 4,76
17 88 S.a7
18 1202 5.92
19 2.02 6,41
20 2:67 6.,n2
21 3:37 T.16
22 4,09 Te42
23 4085 T.60
24 5461 T.68
as 6¢39 7.68
26 7.15 7.60
27 791 7443
28 8:63 T.16
29 9,33 6,R3
30 9:98 6.41
31 10:58 $.92
32 11:12 5,37
33 1158 4,75
34 172:00 4,10
35 12:00 3.30

DIRECT,
OF HOLE

DEGREES
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
2,49
2.49
2.49
2,49
2,49
2.49
2,49
2,49
2.49
2,49
2,49
2.499
2,49
2,49
2.49
2,49
2,49
2,49
2.499
2.49
2,49
2,49
2,49
2,49
2,49

TABLF OVER HOLE~DATA

DEPTH BOTTOM  COLUMN
OF HOU'E ¢HARGE CHARGE
M KG _ K6
4.87 2.77 4,06
4487 2.77 4,06
4.R7 2.17 6,04
4.A7 2.77 6,06
4,87 2,77 6,06
6.AT 2.77 4,064
4.7 2,77 6,06
4.87 2.17 4,04
4.RT 2.77 4,06
4.R7 2.77 4,08
4.69 .27 1.R4
4.59 o2? 1,84
4.69 022 1.84
4,69 22 1.84
4.69 .22 1.84
4.69 02? 1.84
4,69 Y 1.84
4.69 022 1,84
5,69 022 1.864
4,69 .27 1.84
4669 W27 1.84
4469 022 1,86
4,69 22 1.8
4.69 027 1,86
‘.69 .22 1.8‘
4,69 22 1,84
4,69 W22 1.8
4,69 .22 1,86
46469 022 1,86
6,A9 .22 1,84
6.69 .2? 1.8‘
4469 27 1.R4
469 022 1.R6
4,69 022 1.,Ré
‘.69 .22 1.8‘

HslgHT

80TTOM

CHARGE
"]

Ot Som Bt ) s ot ? e o § s Vg o |
® & © & © o o ¢ ® o ® g o
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Fig 7.

HEIGHT DIAMETER TYPE OF
COLUMN OF HOLE

CHARGE

M
3,80
3.80
3,80
3,80
3.80
3,80
3,80
3,80
3.80
3,80
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,60
4,50
4,60
‘.60
4,60
4,60
4,60
4,60
4,60

51,00
51,00

51,00
51-9°
51,00
51,00
51,00
51,00
51,00
51.00
51, 00
51-00
51.00
51,00

HOLE

B8OTTOM
BOTTOM
BOTTOM
ROTTOM
ANTTOM
ROTTOM
BOTTOM
BOTTOM
BOTTOM
BOTTOM
CONTOUR
CONTOUR
CONTOUR
CONTOUR
CONTAUR
CONTOUR
CONTOIR
CONTQUR
CONTNOUR
CONTOIIR
CONTOUR
CONTOLIR
CONTOUR
CONTOUR
. CONTOUR
CONTOUR
CONTOUR
CONTOUR
CONTOUR
CONTOYR
COMNTOUR
CONTOUR
CONTOUR
CONTOUR
CONTOUR
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Figure 3 - 7 show the example of three
different cuts and a part of the output
list.

A follow up of blasting operations in most
countries in Europe, Zaire, Hongkong,
Chile etc., based on the tunnel program
shows that. very reliable results are ob-
tained by making this theoretical "blast"
in the computer.

SITE 1

Area 58m<2, Advance 3.4m,® 0.048m

A 182
B] No.of hole
c —

“J1.
él Drilling __m/mS j :
A 1.5
T —

c .

SITE 3

Area 75m2, Advance 4.0m,® 0.048m

Af ~J76
gI No.of holes i

A 1.2
Drillin m

C

Al 1.1

B Explosives  kg/ms

C

A: Before computer calculation
B: Computer output
C: Results obtained in practice

Fig 8.

Figure 8 shows a comparison from four
differently situated sites between the
results obtained in practice before and
after the calculation was made.

Bench Blasting Program

The facilities of the bench blastjng pro-
gram cover the calculation of bepch blast-

SITE 2

Area 13m2, Advance 2.3m,® 0.027m

A 42
No. of holes

A 8

G

A 2.1

U

SITE &

Area 17m2, Advance 2.3m,® 0.027m

~)57

o >

—__No. of holes J

e——
éhE_TW“_'V“ — 1_|1.¢s

J3s
|

ing and single hole blasting with free or
inclined bottoms. Bench blasting using a
free bottom can for example be used where

a fault is situated at the toe of the bench
or in the blasting work of underground
storages when a "center section method"

is used removing the rock between two
headings placed above each other. For blast-

ing in open pits and quarries where throw
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can be tolerated it is also possible to
calculate crater blasting where the unload-
ed hole length agrees with the optimal
charging depth according to Livingstone's
crater theory. The maximum throw length
of flyrock is also calculated for each
run and this is very important where
safety areas have to be determined. The
required input for an ordinary bench blast-
ing is;
1. Diameter of drill hole
2. Ratio of spacing to burden
3. Planned surface area of the round
4, Face height
5. The toughness of the rock given as
a rock constant
6. Degree of packing of the bottom and
the column charge
7. Weigth strength of the blasting
agents '
8. Hole inclination
9. Angular geviation

10. Collaring deviation

During the last five years the Wide Space
Blastfng Method has been developed for use
in full scale (KihlstrSm, Ladegaard-Peder-
sen, P A Persson /2/). The influence of
this method upon the average fragnentation
size has also been incorporated the pro-

gram.

The program which is based on empirical
results from follow up and controlled
experiments is very reliable and is used
by the staff of Swedish Detonic Research
Foundation. A similar program is already
in use by at least one construction
company in Sweden.

Recently this program was used to judge the
economy of introducing automatical control
systems mounted on the drill rigs to

reduce the angle of deviation of the bore
hole. The angle of deviation strongly
rffects the drilling pattern when small
diameters are used together with high
benches.

Figures 9 - 12 give two example of the
output result from the printer and the
plotting result related to the hole dia-
meters 3" and 7.5".

CONDITIONS FOR BENCH BLASTING Fig 9.
DIAMETER OF DRILL HOLE 0.190 N
RATIO E/V 1.28
BENCH WIDTH 100.00 M
BENCH DEPTH §0.00 XM
BENCH HEIGHT 20.00 M
ROCK CONSTANT 0.80
WEIGHT STRENGTH BOTTOM ¢.95
WEIGHT STRENGTH COLUMN 0.0
DEGREE OF PACKING BOTTOM 1500.00 XG/M3
DEGREE OF PACKING, COLUMN 900.00 Kka/M3
BOLE INCLINATION 0.00 M/M
ANGULAR DEVIATION 0.02 M/n
COLLARING DEVIATION 0.2 N

) RESULTS
PRACTICAL BURDEN §.9% N
PROJECTED BURDEN 6.9% M
SPACING .68 N
UNLOADED HOLE LENGTH 8.00 M
HOLE DEPTH 2.711 M
HOLE DEVIATION, BOTTOM 6.70 M
BOTTOM CHARGE PER M §2.53 Ke/M
COLUMN CHARGE PER M 25.52 Ke/m
HEIGHT OF BOTTOM CHARGE 11.76 M
HEIGHT OF COLUMN CHARGE 6.96 N
BOTTOM CHARGE §00.08 KG
COLUMN CHARGE 177.88 KG
TOTAL CHARGE PER HOLE 677.58 Ko
TOTAL CHARGE PER ROUND §2171.58 KG
SPECIFIC CHARGE 0.53 XG/M3
MINIMUM BENCH WIDTH 03.71 M
MINIMUM BENCH DEPTH 48.59 N
NUMBER OF HOLES PER ROW 11 ST
NUMBER OF ROWS 7 ST
ROCK VOLUME 7 7
ROCK VOLUME PER HOLE 1;%:.3: g
TOTAL DRILLED LENGTH PER ROUND 1788.9% BM
ROCK VOLUME PER DRILLED METER §5.93 (nI/am
CONSUMTION REDUCED TO DX
TOTAL CHARGE DX PER HOLE 65%.25 KG
SPECIFIC CHARGE DX 0.52 KG/M3
AVERAGE BOULDER SIZE 1.00 n
(74 ] 1.8
s Fig 10.
-
[
) i
of ,Jr
= e
g .
R R ﬂr
J e w
8 | }
¥ 3
g e
e
e [’d
r
DIRMETER 8.198 M BURDEN .94 N
ROCK CONSTRNT 8.48 SPRACING a.68 1
W-STRENGTH BOTTOM 8.95 HOLE DEPTH 27N
W-STRENGTH COLUMN a.a4 BOTTGM CHARGE PER M 42.53 K6
HOLE INCLINATION B.82 W/ COLUMN CHARBE PER M 25.52 KB
RANBULRR DEVIRTION 8.82 wn BOTTOM CHARGE SBE.88 K6
COLLARING DEVIATIDN B2 M COLUMN CHARGE 177.48 K&
DEG. OF PACK. BOTTOM (SBE.BR K6/M3 RVERAGE BOULOER SIZE tern

DEG. DF PACK. COLUMN 9@8.88 KG/M3
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CONDITIONS FOR BENCH BLASTING Fig 11.
DIAMETER OF DRILL HOLE 0.07¢ M
RATIO E/V %.00
BENCH WIDTH $5.00 M
BENCH DEPTH 22.00 M
BENCH HEIGHT 25.00 M
ROCK CONSTANT 0.%0
WEIGHT STRENGTH BOTTOM 0.95
WEIGHT STRENGTH COLUMN 0.95
DEGREE OF PACKING BOTTOM 1450.00 KG/M3
NEGREE OF PACKING, COLUMN 1000.00 KG/M3
HOLE INCLINATION 0.33 M/M
ANGULAR DEVIATION 0.02 M/M
COLLARING DEVIATION 0.08 M

RESULTS
PRACTICAL BURDEN 1.36 M
PROJECTED BURDEN 1. M
SPACING 5,45 M
UNLOADED HOLE LENGTH 2.4 M
HOLE DEPTH 27.49 M
HOLE DEVIATION, BOTTCM 0.63 M
BOTTOM CHARGE PER M 6.58 KG/M
COLUMN CHARGE PER M w54  KG/M
HEIGHT OF BOTTOM CHARGE .93 M
HEIGHT OF COLUMN CHARGE 29,12 M
BOTTOM CHARGE 32,48  KG
COLUMN CHARGE 91.26 XG
TOTAL CHARGE PER HOLE 123.72 X6
TOTAL CHARGE PER ROUND 18555.22 KG
SPECIFIC CHARGE 0.66 KG/M3
MINIMUM BENCH WIDTH S0.u4 M
MINIMUM BENCH DEPTH 21.55 M
NUMBER OF HOLES PER ROW 10 ST
NUMBER OF ROWS 15 ST
ROCK VOLUME 27954.56 M3
ROCK VOLUME PER HOLE 186.36 M3
TOTAL DRILLED LENGTH PER ROUND 4123.16 BM
ROCK VOLUME PER DRILLED METER 6.78 M3/BM
CONSUMTION REDUCED TO DX
TOTAL CHARGE DX PER HOLE 123.18 KG
SPECIFIC CHARGE DX 0.66 KG/M3
AVERAGE BOULDER SIZE 0.3s M
E/ve 4. BB .
Fig 12.
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DIRMETER B.876 M BURDEN 1.36 M
ROCK CONSTRNT B.48 SPRACING . BN M
N-STRENETH BOTTOM B.95 HOLE DEPTH 27.49 1
W-STRENBTH COLUMN 8.8s BOTTOM CHARBE PER M 5.58 K&
HOLE INCLINATION 8.33 um COLUMN CHRRBE PER M Y.8Y K&
ANBULRR DEVIATION 8.82 nm BOTTOM CHARBE 32.44 K6
COLLARINS DEVIRTIDN g.ean COLUMN CHARBE 91.26 KB
DEG. DF PACK. BOTTOM IYSE.BB KE/M3  RVERAGE BOULDER SIZE @B.34 M

DEG. OF PACK. COLUMN |BBE.BB KG/M3

It is my opinion that a large amount of
follow up from the loading, mucking and
crushing operations in the future will prove
very valuable to the design of new under-
ground and surface mining if it is possible
to process all this data simultaneously in
a computer program and thereby study the
whole complex mining operation system.
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