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Abstract

To overcome the limitation of conventional rock excavation methods, the excavation
with abrasive waterjet has been actively developed. The abrasive waterjet excavation
method has the effect of reducing blasting vibration and enhancing the excavation
efficiency by forming a continuous free surface on the rock. However, the waterjet
cutting performance varies with rock fracturing characteristics. Thus, it is necessary to
analyze the cutting performance for various rocks in order to effectively utilize the
waterjet excavation. In this study, cutting experiments with the high pressure waterjet
system were performed for basalt and granite specimens. Water pressure, standoff
distance, and traverse speed were determined as effective parameters for the abrasive
waterjet cutting. The cutting depth and width of basalt specimens were analyzed to
compare with granite results. The averaged cutting depth of basalt was shown in 41%
deeper than granite; in addition, the averaged cutting width of basalt was formed by
18.5% narrower than granite. The results of this study are expected to be useful basic
data for applying rock excavation site with low strength and high porosity such as basalt.

Keywords: Abrasive waterjet, Rock cutting, Basalt, Cutting performance, High
pressure pump
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Comparative analysis of cutting performance for basalt and granite according to abrasive waterjet parameters
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A AAI Yo AR B A A AELS S 2] H I(Plunger pump), OFA B F(Abrasive tank), 24 =
Z(Focusing nozzle)¥} @ 2]3] A(Orifice), WA (Mixing chamber)”} A3 =& 1F-E(Nozzle mount) 2
Z 78 ol F A= FAE U Fig. 1). 294 HEe= 35 =5 7Iole] 199] FE|= e E vhE]
SERI AR = A 'é‘?:lﬁe AAE Adoh= A= e FWEAE ol D= AntAE
Z HREof a8ttt =S v E EM/\ T, 27 FHE T E o] IE Al bl o] 29t F
7H5E A7l 2 fTi(Fig. 2(a)). 78 o158 = S PR EE 48 WO & o] S A7 = A= 1 mm/s
oA 15 mnysO] & & 24 7hssieh Ao A8 S| HLel e & nR2E O] A9 Table 17} 2Tk
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Fig. 1. Schematic diagram of abrasive waterjet cutting systems

Abrasive feed

Orifice Focusing tube

-

Water inflow Abrasive waterjet

———3 .
Acceleration Mixing chamber
(a) Photo of waterjet nozzle mount (b) Concept of abrasive water jetting

Fig. 2. Waterjet nozzle mount

Table 1. Waterjet pump and nozzle specification

Max | Max. discharge | Max. water | Focusing tube | Focusing tube | Orifice inner
Pump type power pressure flow rate inner diameter length diameter
(HP) (MPa) (L/min) (mm) (mm) (mm)
Plunger type diesel 245 300 24 2.5 150 1

5 QJEJA M=o 4] FFo] Aad 5ol n] x| RS B4 s 414 3t Al E Tt A1 AR AJH
S AFg51Th Aglo) ARRE Sh3eF AlE o] A1YL 150 mm x 150 mm x 300 mm 7|2 2 Jejo|H, IF
SF AJH O] AlY-2 150 mm x 150 mm x 500 mm 7|2 &% FEfo|thFig. 3). SFIT Al H} S5 A|HO] =

2] EAL Table 29} 2tk Ao AHS5) Qs AT} A2 29 Tefsto] Qs A5 A
Aot 2 Aol A8 QAobAe] M52 4.0, A7) Bt 271 0F0.6 mm (#40-60) 5 AFESHATE
QAo AR A 888 915] 53] oF 6.4% Fjo]] SR ATA(AT+03 kg/minyS FU
2 stk

S fe b

l
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(a) Granite rock (b) Basalt rock

Fig. 3. Rock specimens

Table 2. Properties of rock specimens

Rock type Density (g/cm?) UCS (MPa) Absorption rate (%) Porosity (%)
Granite 2.65 2102 0.31 0.83
Basalt 2.17 66.7 6.07 13.89
2.2 Ay
AGHSE AHE e Pro| IS Fo 2T Be4 Bl A4 so| 12 Fo) 4HE
Qo 7 B8 1o 0 Eo] FFAE FAI) Ak Pk FYIANE T DI ApAE 1w Z v}
SEol| Faat FFE MY E vl E o] AXH 9 2jul2g Fxtoto] Yelle] Pel2 st
e AntAlie 2 A vl M ke rk(Fig. 2(b)). o128 il HERlE 2 kS S Sl o
HF AJRS] B efzste] Gafo] AT, 1F e EL 53 oo AX|Ho] AHEER AW 4
YtotA Hato] Y=t o, AEAl kSt EIW AlH *}0194 EE 01757% E1(Stamdoff distance)= é

shaick
N A B e
oA A= AAstrt. AT E oA 2= 27F] ©A|(200 mm, 400 mm) 12|17 O|FE 4= 37FA] THA|

(5 mm/s, 10 mm/s, 15 mm/s)i 4'5‘]-‘31 AA-S FYolAet. -2 37E4] ©HA|(150 MPa, 190 MPa, 225 MPa)
2 B 7] AT AR TR S AT RGBS thte 2 5 36510] A AolAE
Y5}t Table 3 F=x).
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Table 3. Test cases for abrasive waterjet cutting

Water flow rate | Abrasive feed rate | Water pressure | Traverse speed | Standoff distance | Specimen Test

(L/min) (kg/min) (MPa) (mm/s) (mm) type oSt cases
50 1(5) 200 Granite 3x2x0—

5 400 Basalt 12 cases
185+2.5 47403 190 1(5) = T 522

’ ' ' ' 5 400 Basalt 12 cases
s 1(5) 200 Granite 3x2 0=

5 400 Basalt 12 cases
A% 5 A 9 B ] B ER O] BAKzlo], BAES Zaste] A BAskrh
Aol Shag Arele] QP AlTo) i EAL 5 BAraAe] Hsiet 7hel S Ae) 2 Aolstert. el

=

_

= 0] o572 o] nfe} BAIZO1E 53] Z5t0] Bagho R AgSIgch. AR L AR 71 R o] o]
2 Aolslgick. A £t 53] 275kl Wit gtom AHgakalrk(Fig. 4).

(a) Cutting depth (Basalt) in side view

Cutting
# depth

(€) Cutting depth (Granite) in side view (d) Cutting width (Granite) in top view

Fig. 4. Measurement indices after cutting to the rock specimens
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AdAT, Pl AR REF o3& LT} HAgto) whef, AAlol= F7 ok ARk BRI o] A A=t
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Foke oA 7 2] 2740] FU5H 200 mmollA] 400 mmZ Z7s wf Hatzlo]o] HHghe 65.8 mmoA] 64.0
mm= 2.7% FFASIHTKFig. 5). o]2fgh FAtzZlo] Zhas o] A AR F71= QIgt ko 2 EA Tt YEA B
ANAR= oA A7 7l whet ti715 A s, =2 ol AA ] Aok Adtid o= He SlE
A A7} by, Agdoll AR -7(18.5 + 2.5 L/min)©] 1.7~9.6 L/min®] F& AR 7]E2] el
A3 A7HOh et al., 2014)9} H]wste] a1-§=Fo]7] wjiZof| o] A7 2] F7te] thgh Z22zlo]
o= ure 710 2 SRRIF| 9]} §HH, o] A7) 57H4200 mm — 400 mm)ol] T2 EFete] HAtzlo] A
22.7%2 SP3ere] AAlZlo] A8 21.7%S} Blw et o 2 3hE Bt o] oyt Aol Q== X4 9
Al 2]7F @Feto] SR At o 2 Wop 122 o)A A 2] 270l A] IEIA EFA U 2|7} o] Zhafi=| o]
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Fig. 5. Comparison of average cutting depth between granite and basalt specimens with standoff distance

[N
2
~
N

g2}
AellA] olFEETE 15 mnvsOllA] 5 mmys 2 7HAet off 39t A Azlol=26.2 mmoll4] 65.4 mm=E 7
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Fig. 6. Cutting depth according to the traverse speed at standoff distance of 200 mm with water pressure of (a)
150 MPa, (b) 190 MPa, and (c) 225 MPa
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Fig. 7. Cutting depth according to the traverse speed at standoff distance of 400 mm with water pressure of (a)
150 MPa, (b) 190 MPa, and (c) 225 MPa
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Fig. 7 01472 400 mm Z7elA o] mo wh2 datzlo] MalEe 59l Liehdict. 150 MPa®] 4+
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Fig. 8. Cutting depth according to the water pressure at standoff distance of 200 mm with traverse speed of (a)
15 mm/s, (b) 10 mm/s, and (c) 5 mm/s
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Fig. 9. Cutting depth according to the water pressure at standoff distance of 400 mm with traverse speed of (a)
15 mm/s, (b) 10 mm/s, and (c) 5 mm/s
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Fig. 11. Cutting width according to the traverse speed at standoff distance of 200 mm with water pressure of
(@) 150 MPa, (b) 190 MPa, and (c) 225 MPa
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Fig. 12. Cutting width according to the traverse speed at standoff distance of 400 mm with water pressure of
(@) 150 MPa, (b) 190 MPa, and (c) 225 MPa
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B AT IR APl 2 Ak 7R B4 AEUSEOH TR B N AlE BAS ke A8
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