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Abstract

This paper is a study on the development of equipment system to obtain data on
stability in excavation of sharp curve section of Shield TBM. Shield TBM equipment
is being used a lot recently for tunnel excavation. Excavation may result in inevitable
detours by buildings above the ground or existing underground structures. Pre-
construction simulation is required to verify the stability of the construction in case of
this. Therefore, it is necessary to establish an automated control system through the
development of this equipment system and conduct simulation through simulation of
excavation model in the sharp curve section. A system shall be developed to control
the left and right angles and thrust of the equipment, and to view data on the earth
pressure and propulsion pressure of the equipment in real time during excavation.
With this system, the necessary data can be collected for field testing through
excavation method and excavation simulation by angle. It is expected that it will be
very useful in assessing the actual Shield TBM by conducting a scale-down model
experiment.
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Table 1. The specifications of actual equipment and miniature equipment

i Length (mm
Classification Faceplate diameter gt (mm) . RPM
(mm) Hood Girder Tail
Miniature equipment 270 300 250 320 0~12

e ——{

(a) Primary rotation (b) Secondary rotation (c) Direction of progress (d) Hood (e) Girder (f) Tail

Fig. 1. Shield TBM view of excavation of fabricated curved sections
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Fig. 2. Cutter head
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(a) Earth pressure sensor (b) Load cell

Fig. 3. Position diagram of stress sensor
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Table 2. Earth pressure measurement of left

Load (g) L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

L11 L12

500 503.2| 5022 | 5034 | 500.8| 502.2| 5032 | 501.2| 500.1 | 501.2| 502.1

501.1 | 5004

1000 1005.6 | 1003.8 | 1006.7 | 1001.5 | 1004.4 | 1006.3 | 1002.3 | 1000.3 | 1002.4 | 1004.3

1002.2 | 1000.8

1500 1508.9 | 1506.6 | 1508.7 | 1501.9 | 1506.5 | 1509.7 | 1503.5 | 1500.3 | 1503.7 | 1506.8

1503.2 | 1501.1

Errorrate | 0.6% | 04% | 0.7% | 0.2% | 0.4% | 0.6% | 0.2% 0% 0.2% | 0.4%

02% | 0.1%

Table 3. Earth pressure measurement of right

Load(g) | RI R2 R3 R4 RS R6 R7 R8 R9 | RIO

R11 RI2

500 501.4| 502.1| 501.2| 5034 | 501.1| 5013 | 501.8| 5004 | 500.2| 501.1

500.4 | 500.4

1000 1002.7 | 1004.2 | 1002.4 | 1006.8 | 1002.4 | 1002.5 | 1003.5 | 1000.8 | 1000.4 | 1002.2

1000.8 | 1000.8

1500 1503.8 | 1505.3 | 1503.5 | 1510.6 | 1503.5 | 1503.8 | 1505.3 | 1501.3 | 1500.6 | 1503.4

1501.1 | 1501.2

Errorrate | 0.3% | 04% | 02% | 0.7% | 02% | 03% | 0.4% | 0.1% 0% 0.2%

0.1% | 0.1%
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Table 4., Propulsion measurement

1oct. =7 Z3k= Table 42} 2t

Operating force (kN) S1 S2 S3 S4 S5
20 19.8 20.6 20.3 20.7 20.1
40 39.8 40.2 40.5 41.3 40.2
60 59.2 61.1 60.1 61.8 60.7
80 79.5 82.7 81 82.2 80.4
100 99.2 102.8 101.4 102.5 103.1
Error rate 0.8% 2.8% 1.4% 2.5% 3.1%
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(a) 15-degree rotation of hood (b) 15-degree rotation of girder

Fig. 4. Left and right excavation system internal view
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Fig. 5. Screw conveyor
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Fig. 6. Control system Ul

-
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Fig. 7. Zero setting for each sensor

Table 5. Control principle of each control system Ul

Classification

Operation principle

Head cutter

- Rotate the Cutter Head for ground excavation and control 10 DC motors simultaneously.
- Motor speed can be adjusted with dial buttons, top and bottom buttons, and three direct inputs.

Screw conveyor

- A dial that controls the screw conveyor to handle soil-bearing forces occurring at the same time as
excavation, and controls the DC motor.

Conveyor belt

- It is a belt-operated dial to handle the soil-based force transferred from the screw conveyor to the
conveyor belt.

Excavation

- Front/rearward actuating dial for excavating the ground, which controls the AC motor. When auto
is selected, it is automatically operated according to the value entered in the auto control set and
distance on the right. When manual is selected, it is manually operated according to Stop/Start.

Articulation angle

- It is controller of 1st and 2nd rotation part and controls AC motor and inputs angle in angle input
box on the right and clicks left / right button to give angle of rotation part.
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(a) Additive (b) Automated control system (c) Soil ground tank (d) Scaled model shield TBM

Fig. 8. Panoramic view of scaled model test
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Development of shield-TBM scale model system for excavation of curved section

Table 6. Results of compression test

Classification Unit Weathered rock
Geotechnical site design ground integer kPa 1400
1/45 Ground integer at scale down kPa 31
Sand g 300
Mixing cost Gypsum g 15
Water g 47.25
Number of tramp times 1
Tramp energy kg - cm/cm’ 0.05
Unconfined compression strength kPa 40
Scale model | Modulus of deformation kPa 1745
. 45
experiment s
35
30
g
Stress-deformation percentage graph - g ::
“ 10
5
0
] 0.2 0.4 0.6 0.8 1
Deformation Percentage (%)
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Fig. 9. Left earth pressure measurement result graph
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Table 7. Left earth pressure measured value

Classification L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 | LI11 L12
Earth pressure (kN) [ 2.15 | 1.93 | 1.55 | 2.08 | 1.85 | 1.54 | 2.06 | 1.84 | 1.55 | 2.05 | 1.80 | 1.48
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Qlct TS Zhof] YAt 12, L5, L8, L1113} shcho]l 91%]$HL3, L6, L9, L12°] ZF2F9F1.86 kN, 1.53 kKNO 2 &
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Fig. 10. Right earth pressure measurement result graph

Table 8. Right earth pressure measured value

Classification R1 R2 R3 R4 RS R6 R7 R8 R9 R10 | RI11 | RI12
Earth pressure (kN) | 2.34 | 2.13 | 1.85 | 2.32 | 2.08 | 1.75 | 228 | 2.06 | 1.88 | 230 | 2.11 | 1.77
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Fig. 11. Propulsion measurement result graph

Table 9. Propulsion measured value

Classification S1 S2 S3 S4 S5
Propulsion (kN) 31 29 21 19 51
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14
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