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Development of Tip Device for Hydraulic Filling
Efficiency Improvements

Sung-Kon Yu, Tae-Heok Kim*, Dong-Chun Shin

Abstract In recent, the using of the hydraulic filling method has increased on the underground reinforcement of
the abandoned mine in Korea, however it is the lack of research on the efficient filling method. In this study,
tank model tests and field tests were conducted for development of tip device for filling efficiency improvements
on the hydraulic filling method. In tank model experiments, the filling efficiency was evaluated according to the
form and angle of the nozzle on tip device in the same condition. Then tip device model designed by tank model
tests was applied to the field experiment. As a result, the amount of filling of nozzle 90° tube is increased by
approximately 18% compared to the common vertical injection pipe. The angle of repose was 30.82°. Filling hole
spacing in the field is usually designed from 5Sm up to 10m assumed to be 40° of the angle of repose. According
to the results of this study, it is possible that the filling hole spacing expands at least 10m up to 15m applied

to be 30°~35° of the angle of repose. Therefore, it is expected to be economical and efficient mine filling.

Key words Hydraulic filling, Filling efficiency, Tip device, Filling hole spacing
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Fig. 1. Particle size distribution of the sand used in tank
model experiments
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Fig. 2. Schematic diagram of the tank model experiments
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Table 1. Conditions of tank model experiments
Items Conditions
Size of tank e L :2040 mm, W : 850 mm, H : 560 mm

7 kg unit packaging - 15 kg filling/min (2 pack + 1 kg)

Sand L . . .
an » Containing 8.7% fine-grained sand passing No.100 sieve
Flow rate « 0.02 m*/min - measured by the flow meter and the beaker (20 L)
Water : Sand * Water (70) : Sand (30)

Height of fall

95 cm of height from the position at which a mixture of water and sand to the discharge port

Discharge depth

33 cm of depth from the bottom of the tank

.

Groundwater level

40 cm of level from the bottom of the tank
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(b) Angle of the nozzle = 70°
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(c) Angle of the nozzle = 80°

(a) Vertical injection pipe

(b) Angle of the nozzle = 70°

(c) Angle of the nozzle = 80°

Fig. 3. Tip device models for filling efficiency comparison
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Fig. 4. Calculation of the angle of repose
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Table 2. Results of tank model experiments

Amount of filling Caleulation of the representative Representative |  Filling

Tip device models angle of repose angle of time

Water Sand Height Length o .

) | () (cm) em | PO |

Vertical injection pipe 0.38 266 (367-30)=337 600 29.32 19.0

Angle of the nozzle = 70° 1.05 733 (527-20)=507 800 32.36 52.4
Angle of the nozzle = 80° 1.12 783 (495-60)=435 700 31.86 55.9
Angle of the nozzle = 90° 1.14 801 (491-10)=481 800 31.02 57.2
Reduce the discharge port diameter 1.06 743 (544-48)=496 800 31.80 53.1
Add the discharge port length (20cm) 1.04 729 (450-35)=415 700 30.66 52.1

(e) Reduce the discharge port diameter (f) Add the discharge port length(20cm)

Fig. 5. 3D filling shape of tip device models

22 dEdn Sz BPAF A AobE theRdt AedA|o) SHa
TATE vFRste] AT 2o e 74 A #E Bl HESY] Hs) dgAds AAskith
mdlof thsto] FHMEHE HAISHaL St tiaE oF S AT A=A T A Setor Ay &
A171& ERIskGiT). Table 29 o] 2| w7t AStaIA} AsE flof 7 #25(L:20.0 m, W:2.4 m,
266 kg 24 ¥, JAE 2Eo w700 kg o]4F  H:1.8 m)S AX|FlA o]F FH o pAsle] A
ZAEJT, I & =Z7o] 90091 A7} 801 kg2 BFItkFig. 6). A4 SolA] AR )= Sand Pump
T 22 FHERS Bk UiE QM7 300320 W FAZUE, o), U] 59 S ARREge
£ Yetglon, mad 3 F4-2 Fig. 5¢F Atk W, HE Ajel2 Table 33 k.
A flste] Fig. 73} o] UHhAQl A% o8
3. SRS T 73(a), 90° TS 0|83 D), LojolE o83}
o] EZ4olE #4222 m 71t Z-c), A9t A
3.1 MEwd Aol TAT BSOS 2 m F7RE ANd) 9 BEE
ubA o g AMGET Q= Ae] ZHante) oFe]  AAIIE S B8 va-HIToe RN T8



Fig. 6. Structures for the field experiments
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(c) Add the discharge port length (2m) using a wire
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Table 3. Sand pump specifications

Items Pump specifications
Motor Capacity 50 HP
Discharge rate Q = 1.2 m’/min

Lift height H=50m
Frequency 60 Hz
Generator 380 V
Impeller Type Open Type
Impeller Material Rubber type
Transmission Manual
150mm
100mm
N
3oy —€
FUBFPH) E
90% T~
€
£ 3
E 8
g
(b) Angle of the nozzle = 90°
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(d) Add the discharge port length (2m) using a hose

Fig. 7. Tip device model design for the field experiments
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Table 4. Conditions of field experiments

Items Conditions
Size of structures *L:200m W:24m H: 18 m
Water : Sand * Water (70) : Sand (30)
Flow rate + 0.7 m’/min
Sand » Containing 1.6% fine-grained sand passing No.100 sieve
Height of fall * 5 m of height from the discharge port of sand pump to the top of the filling pipe
Discharge depth * 1 m of depth from the bottom of structures
Groundwater level * 1.2 m of level from the bottom of structures

Table 5. Results of field experiments

Tip device models

Amount of filling Calculation of the

representative angle of repose

Representative
angle of repose (°)

Water (m’) | Sand (ton) Height (m) Length (m)
Vertical injection pipe 72.0 41.6 1.415 2.4 30.52
Angle of the nozzle = 90° 72.0 49.1 1.432 2.4 30.82
Add the discharge port length (2 m) 72.0 40.6 1.422 2.4 30.65
using a wire

Add the discharge port length (2 m)

using a hose impossible

Because the connection of

steel pipe and hose are damaged, experiments were
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(a) Vertical injection pipe
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Fig. 8. 3D filling shape of tip device models
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Cavity area | Filling area | Filling rate
800.0 m* | 758.0 m’ 94.8%
(a) Angle of repose = 40°,

Hole spacing = 5 m

Cavity area | Filling area | Filling rate
800.0 m* | 716.1 m’ 89.5%
(b) Angle of repose = 40°,
Hole spacing = 10 m

15m

Cavity area | Filling area | Filling rate
800.0 m* | 7423 m’ 92.8%
(c) Angle of repose = 30°,

Hole spacing = 10 m

15m

Cavity area | Filling area | Filling rate
800.0 m* | 730.0 m® 91.3%

(d) Angle of repose = 35°,
Hole spacing = 10 m

Cavity area | Filling area | Filling rate
800.0 m* | 720.0 m’ 90.1%
(e) Angle of repose = 30°,

Hole spacing = 15 m

Cavity area | Filling area | Filling rate
800.0 m* | 703.7 m’ 88.0%

(f) Angle of repose = 35°,
Hole spacing = 15 m

Fig. 9. Calculate the filling rate when using a vertical fill pipe with a schematic diagram according to the angle of repose
and hole spacing

Table 6. Comparison of the filling rate according to the angle of repose and hole spacing when using the vertical fill pipe

Angle of repose / Hole spacing 40°/5 m 40°/10 m 30°/10 m 35°/10 m 30°/15 m 35°/15 m

Filling rate 94.8% 89.5% 92.8% 91.3% 90.1% 88.0%

Cavity area

Filling area

Filling rate

800.0 m’

779.2 m®

97.4%

15m

i ‘km‘_

Cavity area

Filling area

Filling rate

800.0 m’

760.0 m”

95.0%

(c) Angle of repose = 30°, Hole spacing = 15 m

(a) Angle of repose = 30°, Hole spacing = 10 m

Cavity area

Filling area

Filling rate

800.0 m’

764.0 m’

95.5%

(b) Angle of repose = 35°, Hole spacing = 10 m
15m

Cavity area

Filling area

Filling rate

800.0 m’

7512 m’

93.9%

(d) Angle of repose = 35°, Hole spacing = 15 m

Fig. 10. Calculate the filling rate when using a pipe of the angle of the nozzle is 90° with a schematic diagram according

to the angle of repose and hole spacing
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Table 7. Compare the filling rate according to the angle of repose and hole spacing when using the pipe of the angle of

the nozzle is 90°

Angle of repose / Hole spacing 30°/10 m

35°/10 m 30°/15 m 35°/15 m

Filling rate 97.4%

95.5% 95.0% 93.9%

I HAEZ7Z0] 15 mel A9 93.9%(Fig. 10d) &0&
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