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A. Ladegaard-Pedersen
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Summary.

This report gives a comparison of costs and fragmentation size for

a number of different blasting agents and hole size, and further
conditions typically valid for a quarry with 10 meter benches. Since
the conditions vary considerably from quarry to quarry these

calculations do not cover all cases of practical interest.

This work is part of a course in rock blasting technique at the

Royal Institute of Technology, Stockholm.
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Basic data

1) Bench height: 10 metres
2) Rock type: Granite

3) Blasting at three free faces (dislocation of rock along one bottom
: face and one side face

4) No special requirement is considered with regard to fragmentation
as the rock is transported to dump area.

5) Mucking is done after each round. S
6) No consideration required as to ground vibrations and throw.
7) Short delay detonators to be used.

This comparison refers to the following drill hole diameters:

2", 23", 3", 33", 4", 43", 5" and 6 " and the following alternatives
of explosives: .

Specific charge kg/cu.r

bottom whole
Bottom charge Column charge = Charge distribution portion round
Dynamex B Dynamex B | lp = lb (kg/h) 0.42 0.42
Dynamex B Nabit lp = 0.71 1, 0.42 0,34-0,42
Dynamex B Prillit lp = 0.61 1, 0.42 0.34-0,42
Reolit Al10 Reolit A0 Ip = 1 0.42 0.42
Reolit Al10 Reolit 10-20 1p = 0.68 1, 0.42 0,34-0,39
Reolit A10 - Prillit  lp=0.471 0.42 0.28-0.40
Prillit Prillit Ip = 1 0.42 0.42

Constants related to the calculation:

Slope of holes 3:1

Rock constant 0.45

E/V 1.3 and 4
Positioning error 0.01 m
Slope deviation 0.02 m/m
Number of hole rows 5

Bench height | 10 m



Basic @ssumptions

Assumptions of comparable costs and prices are made:

Explosives

Explosives Price/kg Weight strength Rate of density
Sw.Crs, (Ref. Dynamex) (kg/litre in hole)
Dynamex B 2:90 | 1 | 1.25
Reolit A10 2:20 1.08 1.5
Prillit 0:85 0.85 0.9
Reolit 10 1:.35 0.72 v 1.5
Reolit 20 1:60 0.73 1.5
Nabit 2:00 0.89 1.0

Cost of ignition of Dynamex charged rounds 1:50 Crs/hole
other " 3:50 Crs/hole

[} n 11 1"

Description of explosives.

Dynamex Plostic dynamite of high density, in paper or
plastic bags.

Reolit A10 Aluninized slurry of high density, the sensitivity of
which has been increased by TNT-additive, Contents of
Alvainum = 15 %, ”

Reolit 10 TNT~slurry of high density ( > 3")

Reolit 20 TNT-slurry of high density (2" to 23")
Nabit Powcer-dynamite of low density, in paper, plastic

bags or plastic pipes.

Prillit Fine grain ammonium nitrate explosives, easy flowing
type. :

Drilling cost: see groph 2,



Conclusions:

1)

2)

A constant specific charge at a round with small diameter drill-
holes the fragmentation of rock is better than that obtained in
the case of large diameter holes,

The total cost of drilling + explosives becomes lower when in-
creasing the hole diameter, :

A combination of heavy bottom charge of Reolit A 10 and cheap
ammonium nitrate explosives as column charge gives the lowest
total cost per cu.m. of rock within the range of diameter 2" to 5",

- The total cost for drilling and explosives is slightly lower at

the Prillit case than that of Reolit when diameters > 5" are
chosen,

As the Prillit case leads to a more than doubling of the number of
drillholes for the same rock volume as the case of Reolit, this
means loss of capacity and increased investment requirements,

General aspects:

6)

Limiting factors for the use of Prillit is mainly woter in drill-
holes, ond that detonators and the like have to be inserted in the
holes simultaneously as the explosives. When applying Reolit this
primer + detonatorg can be introduced into the charged hole in
the desired moment,

The risk of throw increases in relation to larger drillholes.

The cracking below the theoretical contour increases in relation
to larger drillholes, :

The basis for required capacity and improved economy oftén relates
to large hole diameters,
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Denomination:

d _hole diameter

H hole lengzh

Vl practical burden |

El practical spacing

Qb bottom cherge

Qp column cherge

Qr total chazge

lb | concentration of charge in bottom
lp | concentration of charge in column

q specific charge

mm or 1inch

m

kg/h
kg/h
DxB/bu.m.



Yolume per -metre of hole.

N
litre/m /
18 |
14

10 4
6 -
2 |

—t >

2 3 4 5 6 inch

+— } } 1 { ] =

51 76 102 127 152 mm

Hole diameter

Graph 1, Drilled hole volume per metre of drillhole at
different hole diameters,



Cost

per metre

of drillhole

Swlrs

20 A
-
10 _]
z i ] l ] — - | =
2 3 -4 5 6 inch
Hole diameter
- Graph 2, Drilling costs per metre of drill hole as a function

of the hole diameter,

The costs refer to approximated intelligent guesses
and serve as basis for the calculations of the
present study., As the prevailing conditions at
different quarries vary, pretention on absolute
correctness is not possible,

The cost per cu.m, is obtained by multiplicating
the cost per metre of drilling by the s;e01f1c
drilling.

The cost comprises invested capital, woges, drill
steel, grinding, compressed air, repuration, spare
parts and other running costs. The drllllng equip-
ment for different hole diameters vary in type,

however, but range same technical level of develoo~
ment,



Drilling cost per cu.m., of rock

Sw.Crs,/cu.m. _
of rock 2.00

L R R I A B I =

2 3 4 5 6 inch

Hole diameter

I Prillit

II  Dynamex B at constant specific chearge

IIT Reolit "~ corresponding to 0.42 kg DxB/cu.m.

Graph 3. The cost of drilling per cu.m. of rock as function

of the hole dicmeter related to different explosives.,
The graph indicates that the drilling cost decreases
at increased hole diometer. For instance, the drilling
cost for Prillit is more than the double of that for
Reolit A10, In the case the degree of packing of
Dynamex B (here chosen as 1.25 kg/litre) is being
increased, a lover cost of drilling is ochieved.



Cost of explosives (including detonators) per cu.m. of rock

SwCrs

2,00/

\

— I
1.00_
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I DxB only

Ia DxB + Nabit

Ib DxB + Prillit

II  ReAl0 only

ITa ReAlO + RelO (20)
ITb ReAlO + Prillit
ITI Prillit only

Graph 4. Cost of explosives per cu.m. of rock as function

of the hole diameter,

The groph'does not include costs for charging
and blasting, which decrease at increased hole
dianeter.



Cost of drilling + explosives (incl. detonators etc.) per cu.m. of rock

SwCrs 3.0Q*}

I1I

2.0Q__ Ia

II
Ib

IIa

IIb

1.00
l ' l l ! ' 1 S N
2 3 4 5 6 inch
I DxB only ' Hole diamete;

Ia  DxB + Nabit

Ib  DxB + Prillit

II  ReAlO only

ITa ReA10 + Rel0 (20)
IIb ReAlO + Prillit
IIT Prillit only

Graph 5. Total cost of d*llllng + eXp1051ves at different drillhole
: diameters, _ N
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Graph 6, Drillhole volume as function of degree of
fragmentation at constant specific charge
(0.42 kg DxB/cu.m. of rock) and different
explosives.



11.

PRACTICAL BURDEN

6.00

DxB
/

Prilli
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Hole dicmeter

Graph 7. Practical burden V related to different
drillhole diameters.



YA

L1

(ol

G6°0

88°0

1870

€L°0

¥9°0

w

¥ = A3

ev°l

¥2°l

6L°1L

AR

¥0° 1L

G6°0

98°0

GL°0

w

€'l = A3

uotypiuewdbnI 4

80'V¥L TG'¢

89°1 yerl ¥¥°0 Zy°o 89'2¢ 89°CC¢ l'6lc  £0°8 L1°9  eLCl
_ 9L Ll ¥6°C
9L°L ¥2° 1 A0 A €8°Gl  €8°GL etTyl L9 9L°g ov°cl
m g9°oL  99°¢
0g°L ve° L 96°0 A0 86°CL 86°CL 9°/2L  LO°9 L9°%  €27Cl
Gr°é 9e°¢
£8°1 17 £9°0 Zv°o te*ol lz°0L 0°00L 6E°¢ YLy G0°¢l
u ¥C°8 90°¢
G6'1 (AN 1£*0 Zr°o 8L°L 8L 8°GL 0L ¥ z9°¢  /£8°llL
i ¥0°L 7"
G0°¢ 2ol - 18°0 A £9°G £9'9  1'GS 0¥ 60 69°LL
_ €6°G 8¥°1
0c'e ¥Z°l 96°0 A Y 20°y 20y 0%6¢ 8e’e 09°¢ <¢G°LL
" LY gL*l
ev'e gc’l . gL*lL Zro 6g e gg'c 8'¥¢ 69°C L0°C  yetlLl
SIHMG SIDMS sIgmMg  W*nd/gxg B3 w/Bx L u/By B> wo u w
d 3 d
TP30L .m>ﬁwoa X3 UTTTTAd b T ga HO Hm H> H
3001 10 °w*nd xad 3s0) aToy xad Butbapyd pup BUTTTTI]

26l

Zel

gLt

a0l

9L

¥9

LG

w

ATuo g XIWYNAQ

s

,,\ TIECE



AR | 80"yl
g9l AN ¥¥°0 Zv°o 60°8L 89°¢Z €e'Gl  9°/0C €0°8
L°1 . 9L 1L
9c° L ¥9°1 AR 2s°o 0¥°0 €9°cL €8°Gl le°se L°lel 1£°9
1oL A | g9°0lL
AN v9°l 8071 96°0 6€°0 9¢’0L  867¢l 01°0¢€ 0°06 £0°9
ot o 516
82"l 99°1 €0°1 €970 8€°0 GgL's le oL 89°6¢C L°C9 6€°¥
0l ¥Z'8
1A} 6971 86°0 VANV - LE70 B AN 8L°L 2l°/c L'y 0LV
50 | ¥0°L
gLt - eL0l 26°0 1870 Qm.o 28y £9°G mmomm 0°9Z 10°¥
5°0 | | | £6°G
' 80°1 98°1 06°0 g6°0 ge'o R ¢0'y 8/L8l Gg'gl s8g'e
Woo . . | . NN..V
86°0 - ¥0%¢ 98°0 gLl ¥€°0 ¥0°¢ ge'c eg'el 6°L 69°C
w ou | SIHMG SIDMG SIHMG *w*no/gxq 6 w/B w/6x By By w
= °L = p30 aATSsOTd ButT - d d
A/3 €°L = A3 TP3OL , TsoTexy UTTTT1g b “1 na D ao au
oT3pjUsWhDI 320X PTTOS 4C °w*nd xad 3s0) eToy xod BuThabyd pup BUTTTTI(

AR
LL*9
¥6°C
9L°¢
99°¢
L9"Y
9€°¢

vy

90°Z
29°¢
9/°1
60°¢
8y° 1

09°C

8L°l
£0°C

VAN

ov'el

XA

so0°zl

8711

69°11

¢s Ll

¥e'll

4}

Ll

¢ol

68

9L

¥9

LG

W

LIGUN + XIWVNAQ

T o1l



YA | 80°¥L ¢G°¢

eyl 9l gL°lL. ¥¥°0 Z¥°0 - 8¢9l 89'cc  €°91l 9°/0C €0°8 /L°9 GL°C1 ¢sl
(1 | , 9L°Ll ¥6°Z
o¥°l tg*1 660 2s°0 6€°0 geell e€8°gl  vUlLL L°tel 1£°9  9l°g or°ecl yAA
AN w | | S g9'0L 99°2
8€°1 26l 96°0 960 8¢€°0 0£*6 86°CL L°4LC  0°06 £L0°9 [9°% Y ArA Gl
7Ll ) : : . gv'6  9€°C
e L 1g°1 88°0 £9°0 9€°0 . ¢e'L  letoL L9 £°C9 6E°G VLY go'cl ¢ol
Lol o , ¥2°8  90°C
0oe*l 1g°1L 08°0 120 Gge o L5'G  8L°L G ¥e L'y 0Ly 29°¢ £8° L1 68
70°1 . ¥0°L  9L°1
ST €6°1L L0 18°0 €€°0 G0y L9°G 6°0C 0°9¢ 0¥ 60°¢ 69°11L 74
20°1 €6°G  8v°l
gL'l 291 99°0 96°0 2€°0 88°C 20°'Y 6°91L G°GL 8e'c  09°¢ 2s° 1l ¥9
26°0 : . €Ly 8l°l : ;
60°1 £L°1 6G°0 8L°1L L€°0 €8°l §9°C ¢'cl 6°L 0L°¢  £0°C ye°llL LG
w w SIHMG SIDMG SIHMG *w*no /gxq 6 w/By w/ B B 6> w w w i
¥=A/3 €°L=A/3 D30 SATSOTAX BurTTTx d v d
/3 €°1°A/3 TP30L REC L b T 9 0 o T3 A H p
uoTipjuawbor 4 3901 PITOS 40 .E»:o xod 3s0) . aToy xad Butbaoyo pun BuTTITIQ

LITIIYd + X3WVNAQ



el 62°1 88°0 170 Zv°o

80°1
Le° 1 ze’l 88'0 1440 A0

20’1
0Z°1 Le°1 88°0 67°0 Zy°0

g6°0
LL°tL A 88°0 Gg°o ¢¥°0

£8°0
co° 1 gL "~ 88°0 £9°0 ¥ 0

64°0
€6°0 ¥9°L 680 GL°0 . A0

69°0
18°0 8l 06°0 26°0 rAN0)
w w sIgMg SIHMG SIHMG *wend /gxQ
V=43 €l =A/3 TP10L eATsordxy  BurTTTaQ b

uoririudwbor 4 320X PTITOS JO *w*nd xod 3509

00°61
95 °51
92"z
££°6
08°9
£8°y
90°¢

B E\mx
d
T

6£°¢1

00°61 127681 £9°7

8G°G1l

€e’6
08°9
€8°¥
920°¢

E\mv_
I

geL'el

6L°¥GL 1679

¥G°0Z1
82°16
8C°99
88°9¥
YL°62

B>
1y

aToy xed ButbBapyo

92°01
€L°9
8€°6
Ge*g
10°8
LS°Y
GL"9
g8°¢
8€°¢
£0°¢

Ge'e
[8°G
£0°¢
ze°s
69°C
zLY
Ge°Z
AR
00°Z
1G°¢
69°1
96°2
ye° L
982

puo BUTTTTIQ

$9°Cl
mw.N_
STAYAl
¥0°Cl
¥3° L1
G911

YrolL

Ggil

¢0l

68

9/

¥9

w

ATuo QLY 1I703Y

v °T9hL



gel

AR
. ze°lL

5071
8z°1

70° L
A

560
91t

6°0
’ 911

6 °0
£0°1
w w

y=A/3 €' 1=A/3

uotar~wbng 4

9¢°1

7"

L2°1

oe’l

9¢e°lL

lg°1

89°1

w.HUZm
T30]

3201 PTTOS jo °w°nd Iod 3509

68°0
28°0
8/°0
G£°0
€L°0
92°0

9L°0

SIHMG
oATSOTdX]

ly*0
¥¥°0
6v°0
Gs*o

m@.o

GL°0

260

SIHMG
BurTTTaqQ

6€°0

8€°0

£E°0

LETO

9€°0

Ge'o

¥£°0

*wend /gxq B

b

0061

8G°GlL

9z°21

L €E%6

08°9

€87y

90°¢

w/B
mx
3

00761
8G°Gl
9z°¢cl
€e’6
08°9
€8y
90°¢

ﬁ\mx
I

aomw
7le
8°'v¢
€'ye
g8°0¢

8°¢C

6e7el  gee |
v'G9L €9°L  £8°S . ¥9°TL [Tl
_ £L°zl  €0°e
8'cCl 16°9  ze's  gv°zl  Gil

9,L°0L  69°C

£°G68  €l°9 ¢Lv . Ggtel 2ol
8g’6 ge'e

6°95 Gg°g Ly ¥0'¢L 8
to*g 00°¢

§°ge L8V 1g°¢ ¥8 Ll 9/
GL°9 69°1

L1l g8'¢ 96°¢ go"tL  ¥9
8€°g ye°l

L0l £0°¢ 9€°C 12788 S BT

aToy xad mcwmnoxo.vco ButTTTIg

02 OGNV Ol LIN03Y + 0LV 1IT03Y

g °14el



€z°1 , _ , 6€°¢l  ge°¢g -

av°l le°L 08°0 L¥°0 0¥°0 Ge'LlL 00%6L  €'¥i ¥°G9L €9°4 £8°G  ¥9°C1 24
¥Z°1 . | - | g1zl €0'g

9v°l 6L°1 - GL°0 ¥¥°0 . 8€°0 0€'6 8G°Gl /'8l g°cel 1679 Z2e's  g¥°el Gl
A . | 9L°0L  69°C |

or°1 gL'l 69°0 é¥°0 9¢°0 ¢ets gerel 8°0c  69°g8 ¢€l'9 7 - TA AN Ao]
gz° 1 o M | 886 9e°Z

ar°l 8Ll €9°0 Gg'o - ¥E°0 £5°G g€e'6 g0z 6°99 GE'g L'y v0°CL 68
et ‘ ) 10°8 00°¢

vl 0c*l £5°0 €9°0 A0 90°y 08°9 ¥°8l G°ge  LG°¥ 1°¢  ¥8°L1L 9L
8L°1 _ . GL°9 69°1

6€°1 8c°1 €6°0 6’0 0e°’o 88°¢C €8y v°Gl Z°le  68°¢ 96°C  S9°lLlL ¥9
Lt | 8E°G el

€el or L 8¥°0 26°0 8¢°0 €8°1 90°¢  ¥°lLlL L°0L  £0°€  9€°T  ¥¥UlLl LG

w w SIHMG SIHMG SIHMG ‘wend/gxq B w/ o ,ﬁ\mx B B> w w w wu

y=A/3 €°1=A/3 TP30]  BATsoTdX3J BUTTTTIQ b 4 95 ao Y g T, H b
uoT3pjuswdbnr 4 300X PTTOS 40 *w*nd xad 3s¢) . eToy xad Butbapyo pup BuTTTTIQ

1IT1I¥d + OlV LIT03Y

- o~ -~ "9 °T9PL



€0°L

€60

88°0

€8°0

170

0470

£9°0

€6°0

w

= A3 €L = A3

le°l

kA

ot°t

y0° L

£6°0

06°C

Z8°0

L0

290

w

uoTapIULWALI 4

68°CL TC°¢

70°1L ev'o 19°0 Zy°o y°2¢ . ¥'CC €'Ct¢c  G€°L  §9°§ 95°CL  8sl
_ : lo°LL GL°C :
AR e¥°0 0£°0 Zr*o gz'9lL 82°9L 9°09L 89 €8°¥ TN A R AH]
0c*6 0€°C
mN.PM gv'o . 28°0 Z¥°0 Ge*ll ge'li e°lit  Y¥2°g €0y 00°CL /2l
o £e's  80°Z
yet L ¥¥°0 06°0 Zy°0 0g'6 0€°6 0'Ll6 L'y §9°¢ 811 Gll
6€°L 68°lL -
el ¥¥°0 00°L v'o gL eetL GTUL L'y v2°¢ gL°tl ¢ol
Gr°9  19°1
8G°1 G¥°o gLl Zv°o lG°G  1g°G  £°¥9 £9°¢  €8°¢C 6G°LL 68
06°¢ 8¢l
9L°1 9¥°0 og*l ¢vo 90°Y 90'Y 976¢ ylL'e  iy'e Gy it 9Z
o'y 9L°L
lo°¢ Ly 0 . ¥S°1 ¢v°o 88'c 88°¢c l'8& £9°C €0°¢ el v9
£9°¢t  16°0
05°¢ €6°0 L6°1 Zv°o €8l €8'L 6%/l L0°C 6671 VA RN .
SIDMG SIHMG SIHMG ‘w*no/gxq B> m\mx w/sy By w w w ww
P30l eATsOTdx3  BUTTITIQ b T b 3 T WP
300X PTTOS 10 °*w*nd xod 350) aToy xod ButBipys pup BUTTTTQ

ATuo J1177I¥d

WAL L LA



