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Abstract

Waterjets for rocks have various advantages of the non-contact and eco-friendly
excavation using only water and abrasive. To overcome the problems (e.g., dust and
noise occurrence) of the conventional drilling methods, waterjet excavation methods
are broadly used. It is advantageous to operate a couple of nozzles in order to increase
the waterjet excavation efficiency. When multiple nozzles are used, it is essential to
analyze the excavation performance and shape according to the nozzle operation
method. In this study, nozzle angle, horizontal distance between nozzles, and standoff
distance were defined as nozzle operating parameters and the excavation performance
and shape were analyzed. As a result of the experiment, when the nozzle angle and
standoff distance are increased, the excavation depth is decreased and the effective
depth tends to be increased. In addition, based on the experimental results, the
excavation shape criteria required for nozzle insertion were proposed and optimal
nozzle operating parameters were derived according to the criteria. This study result
is expected to be used as useful basic research in the future development of multiple
waterjet nozzles for rock drilling.
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Nozzle angle (0)

Horizontal distance (HD)

Width (W)

Fig. 1. Concept of nozzle operating parameters and measurement indices
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(a)

Two water jetting on granite specimen (b) Removal shape after jetting

Fig. 2. Waterjet laboratory tests
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Table 1. Test cases

Water flow | Abrasive | Jet exposure Water Standoff distance | Nozzle angle Horizontal
rate feed rate time pressure (SOD) (0) distance (HD) | Test cases
(L/min) (g/s) (sec) (MPa) (mm) ©) (mm)
0 40
0.5 45 4x4=16
300 1 50 cases
1.5 55
0 40
0.5 45 4x4=16
430 1 50 cases
10.7 104 24 12 1.5 55
per nozzle | per nozzle 0 40
0.5 45 4x4=16
600 1 50 cases
1.5 55
0 40
0.5 45 4x4=16
730 1 50 cases
1.5 55
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Waterjet
nozzle

=

Waterjet
pump

Abrasive
tank

Fig. 3. Schematic diagram of waterjet system setup for experiment

Table 2. Waterjet pump and nozzle specification

Max discharge | Max. water | Focusing tube | Focusingtube | Orifice inner
Max power . . .
Pump type (HP) pressure flow rate inner diameter length diameter
(MPa) (L/min) (mm) (mm) (mm)
Pl t
Hserype 245 300 24 25 150 0.75
Diesel

Aol ARG AR AIE2 7E2 150 mm, A2 150 mm, 2300 mm 2] S5 FEIZ A= SloH, SFe Al
ol =24 5/d-2 Table 33 . Aol ARSH AvtAl= 978 #30-60 mesh (Dso: 0.4 mm) Q1 47442 ARG
Stlom, AupAfo] B = 7.5-8.5 18] Al B S oF4.10]ch

Table 3. Specimen properties of rock specimen

Rock type Density (g/cm’) UCS (MPa) Absorption rate (%) Porosity (%)
Granite 2.65 210.2 0.31 0.83

2 Geol| T2 2RSS BASATE w57, 1E 0 AR, 0]
22 WAl AR S SaAstdrk, g %w%f%%m WA heto] gl B/ES 240|D)
o i 2

594 Journal of Korean Tunnelling and Underground Space Association



Analysis of drilling performance and shape for granite according to operating parameters of waterjet nozzles

3.1 =2170| 22t 2 =Y

Fig. 4= ©|A712|(SOD) 7ol w2 Z2Hz]o|(D) HatE Uehdich. o|AA 27t S7Ietol wiet 494 22
o= o= 746% Hlot, Z&Hzlol= o] A4 A 271300 mmollA] 750 mm= 57 off Bt 67.7 mmollA]
Bt 56.9 mmE 12% A4S o]2ig Axk= o] A7 2] S7lol| whE2 F715 Al o 2] 2] AAto] QFA] o

A A= EFA oY RS 744 7]7] WlFe]thOh and Cho, 2016). 12u} 71&2] AFAvK G327 1.2-8.8
L/min)$} Hws}o] 2 A rolA] AR8E 35K10.7 L/min)o] A2 02 37] wjRof| o] A 2] 2] Z7Ho|| thst
ZRZlo| o AaHg2 djH oz W2 7o g BA L,

NS

=

<
>
<
>

80 80
_— _—
£ — £ —
£ 60 £ 60 = =4
R I R
= =
2, 40 B 40
= =
- | 0.5 - | 0.5
1° 1.5 1 1.5
0 ‘ . ‘ 0 ‘ . ‘
200 350 500 650 800 200 350 500 650 800
SOD (mm) SOD (mm)
(a) HD 55 mm (b) HD 50 mm
100 100
80 . 80 .
£ £ + "~
£ 60 & £ 60 ~.
S’ — S’ S
= =
B 40 g 40
2 2
2 0 0.5 2 0 0.5
1° 15 1 15
0 ‘ . ‘ 0 ‘ . ‘
200 350 500 650 800 200 350 500 650 800
SOD (mm) SOD (mm)
() HD 45 mm (d) HD 40 mm

Fig. 4. Results of depth (D) according to the standoff distance at (a) HD 55 mm, (b) HD 50 mm, (c) HD 45 mm,
and (d) HD 40 mm
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Fig. 5. Results of depth (D) according to the nozzle angle at (a) SOD 750 mm, (b) SOD 600 mm, (c) SOD 450
mm, and (d) SOD 300 mm
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Fig. 6. Results of width (W) according to the nozzle angle at (a) SOD 750 mm, (b) SOD 600 mm, (c) SOD 450
mm, and (d) SOD 300 mm
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Fig. 7. Concept diagrams of removal shapes according to the operating parameters of nozzles
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(a )G 0.5°, HD: 50 mm, SOD: 300 mm (b) 6: 1 HD 55 mm, SOD 300 mm

Fig. 8. Examples of excavation shapes with low effective depth (De) under conditions of (a) and (b)
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Fig. 9. Results of remaining rate according to the nozzle angle at (a) SOD 750 mm, (b) SOD 600 mm, (c) SOD
450 mm, and (d) SOD 300 mm
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Table 4. Nozzle operating parameters (energy parameter conditions: Water pressure of 182 MPa, water flow
rate of 10.7 L/min per nozzle, and abrasive feed rate of 104 g/s per nozzle)

SFandoff Nozzle angle quizontal Ex.cavation Excavation Excavation Remaining rate
distance o distance width (W) depth (D) volume (V) 0
(mm) © (mm) (mm) (mms) (mm’s) oo
| 45 80 2.63 3,437.5 13.6
600 50 84 2.67 4212.5 23.4
s 40 82 2.21 3,183.3 5.7
45 83 2.13 2,958.3 10.3
0.5 40 95 2.42 3,870.8 29.3
40 84 2.33 4,270.8 0
| 45 90 2.54 4,283.3 7.4
50 89 2.5 3,920.8 15.8
750 55 94 242 4,633.3 24.1
40 90 2.17 3,837.5 4.8
L 45 86 2.13 3,516.7 12.8
50 84 2.25 4,520.8 0
55 84 2.5 4,204.2 42
37) 22 9 Tl & 7S WEATE g 8 E 2R e este] FASI8Ir 23 e
A LEARE &»}Tﬂ s 2500] 9 228308 A2 ALBSHSIEE 22200] 5 A, Table 4
ol AIATSE AEZZANA 22 2.13 mm/s7h B 7R 2102 BRIl HH o] 4 A 2] 600 mm, wE2
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