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A study on the slot cutting in granite by high speed water jet

Choon Sunwoo, Byung-hee Choi and Chang-ha Ryu

ABSTRACT

Water jet has been employed in the extraction of minerals for many years but the applications

of low pressure jets are confined to some fields. With increasing strength of equipment it is possible

to consider the use of high speed water jets for cutting hard rock. The high speed water jet technology

is applied to various engineering fields such as processing rocks, quarrying rocks, mechanical excava-
tion or rock drilling for underground construction, pre-cracking around a bore hole for hydraulic fractu-
ring as well as rock excavation under the sea. For slot cutting in rocks with high speed water jets
it is necessary to establish the empirical formula for estimation of the cutting depth. The cutting

depth is influenced by cutting parameters such as driving pressure, traverse speed, standoff distance,
and shape and diameter of nozzle. Tests were carried out with a variety of cutting parameters on
three types of granite. Nozzle pressures ranged from 1,400 to 2,800 bar, traverse speeds from 0.45
to 10.38 cm/min, standoff distances from 4.5 to 13.5 mm, and three types of nozzle diameter were

used.
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Fig. 1. water jet used for the tests.
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Fig. 4. Driving pressure vs. cutting depth for 3 gra-

nites with nozzle diameter as parameter.

7tsle e B 4 ek

Fig. 5= 3259 3i3dAad ozt A4Ase),
E&qtgel AAE =FFA 045mm 7ol
w29 olEEEE wlgE slo] ojA AYUAAS
Vel Zoltt. RE A Foll4] B9t e] Z713

Sinbook granite

40.0
Standoft Distance = 8 mm /‘

30.0
£ LT A
E 01— //ﬁ]
=
15 20.04- - /.//‘é 3
S s
£ 150 L A/ ] Crmimin
§ 1~ =

10.0 e

5.o~~-~‘j

0‘?200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Water Pressure (bar)

Moonkyung granite

40.0
Nozzle Dia. = 0.45 mm

35.01 Standof Distance = ¢ mm |~
. 300 [
€
E 25.0 //:// -
ﬁ | -] /7;
8 20.0 / _
o 50 1 /2//'
£ ! y =
8 10,0 L |

5.0

0.0,
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Water Pressure {bar)

Jeicheon granite

40.0
Norzle Ois. = 0 45 mm
J5.07—— swndo Distance = 2 mm L
A
. 300 /."/
E
E 250 / s
E’ 20.0 / T ]
[a}
o /‘//E'//
£ 150 <
5 A//
10.0 e
5.0 [
0.0 +
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Water Pressure (bar)

Fig. 5. Driving pressure vs. cutting depth with tra-
verse speed as parameter.
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6. Driving pressure vs. cutting depth with stan-
doff distance as parameter.
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Table 1. Critical pressure {P.), coefficient k,; and co-
rrelation coefficient for 3 granites with tra-
verse speed as parameter.

Traverse
Rocks speed Kes P. (bar) R?
(cm/min)

0.45 0.0151 592 0.993
0.98 0.0127 400 0.997
1.92 0.0117 571 0.997

Sinbook 286 00111 651  0.990

granite 380 00106 783 0988

850 00094 914 0995

1038 00088 924 0981

045 00114 84 0994

098 00104 62 0998

Moonkyung 192 00097 188  0.989

cranite 286 00095 311 0984

380 00089 363 0993

850 00078 392 0998

1038 00081 562 0989

045 00145 468 0992

098 00160 779 0985

Jeicheon 192 00143 749 0992

) 286 00133 769 0990
granite

3.80 0.0123 831 0.981
8.50 0.0116 1080 0.991
10.38 0.0108 1069 0.982
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Fig. 7. Traverse speed vs. cutting depth for 3 grani-
tes with nozzle diameter as parameter.

Table 2. Critical pressure(P.) and coefficient ke with
standoff distance as parameter.

standoff P

Rocks distance Ky ¢
(bar)

(mm)

4.5 0.01186 594

6.75 0.01081 600

Sinbook granite 9.0 0.01053 618
11.25 0.00964 552

135 0.00922 567

4.5 0.01172 122

6.75 0.01169 186

Moonkyung granite 9.0 0.01168 219
11.25 0.01195 296

135 0.01197 358

4.5 0.01292 356

6.75 0.01261 376

Jeicheon granite 9.0 0.01245 402
11.25 0.01232 417

135 0.01234 467
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Fig. 8. Traverse speed vs. cutting depth with driving
pressure as parameter.
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Fig. 9. Traverse speed vs. cutting depth with stan-
doff distance as parameter.
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Table 3. Average critical presure (P.) and constant
C and n for 3 granites.

Rocks C(mm/bar)  P.bar) n
Sinbook granite 0.0130 690 —0.16126
Moonkyung granite 0.0104 280 —0.11636
Jeicheon granite 0.0158 820 —0.15958
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Table 4. Physical properties of tested rocks.

Sinbook  Moonkyung  Jeicheon
granite granite granite
density 2.59 2.56 2.65
(g/cm?)
compressive 1,335 950 1,143
strength
(kg/cm?)
tensile 100 73 123
strength
(kg/cm?)
absorption 0.33 0.46 0.27
ratio (%)
Shore 74.2 70.8 715
hardness
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Fig. 14. The slottig surface fbr Sinbook granite by
high speed water jet.
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