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Abstract

In order to intuitively grasp the earth pressure direction acting on the structure and displacement state,
displacement data in the horizontal and vertical directions were processed using the sigmoid function.
A displacement coordinate system was set up for each axis. The system can intuitively check the current
displacement and assess the management stage of each point. A displacement path can be compiled
from continuously recorded points, allowing trends in the displacement’s history and stress direction
to be known. Analysis of data measured for excavated ground, found that displacement occurred in the
direction of destressing at all points, and that the points’ management state steady. Similar behavior
trends were found among measurement points with high spatial correlation, whereas differing behavior
trends occurred among measurement points with low spatial correlation. If the correlation analysis of
the precursor and behavior area is performed using the continuously distributed surface settlement
data and displacement coordinate system, it will be possible to predict the failure time and area.
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(a) Active earth pressure (b) Passive earth pressure

Fig. 1. Active and passive earth pressure.
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Fig. 2. Sigmoid curve.
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Table 1. Behavior state according to the value converted using a sigmoid function
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Metrics Conversion value Ground state
<0.5 Compressed horizontally
Inclinometer Sigmoid(Ah) =0.5 At rest
>0.5 Expanded horizontally
<0.5 Compressed vertically
Surface settlement Sigmoid(Av) =05 At rest
>0.5 Expanded vertically
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(a) Displacement state classification area

Fig. 3. Displacement and management standard classification areas.
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Table 2. Management standard for inclinometer and surface settlement

Metrics Steady Caution Danger
(first management standard) (second management standard) (third management standard)
Inclinometer 0.001H 0.0015H 0.0025H

Surface settlement Design estimate 125% of design estimate 25 mm
H: excavation depth.
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Fig. 4. Displacement coordinate system.
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(a) Example displacement path (b) Displacement trend according to the displacement state

Fig. 5. Examples of displacement path and displacement trends.
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Table 3. Displacement trend and stress direction according to displacement path

Displacement path Displacement trend Stress direction
Path © Ah >0, Av>0 Up right
Path @ Ah=0, Av>0 Up
Path ® Ah <0, Av>0 Up left
Path @ Ah <0, Av=0 Left
Path ® Ah <0, Av<0 Down left
Path ® Ah=0, Av<0 Down
Path @ Ah >0, Av<0 Down right

Path Ah >0, Av=0 Right
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Fig. 6. Cross—sectional diagram showing measurement Points 1 to 8 and borehole locations.

Table 4. Result of stratum analysis by borehole

Landfill layer ~ Sedimentary layer =~ Weathered soil =~ Weatheredrock ~ Softrock ~ Commonrock  Depth

Borehole " ) (m) (m) (m) (m) (m) (m)
BH-1 2.7 - 33 0.3 9 14.7 30.0
BH-2 3.5 1.5 1.5 0.2 33 - 10.0
BH-3 5.8 0.4 - 03 3.5 - 10.0

Table 5. Number of inclinometer and surface settlement gauges at each measurement point

Metrics Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
Inclinometer 1-6 I-5 1-4 1-3 I-2 I-1 1-8 1-7
Surface settlement S-1 S-4 S-7 S-8 S-9 S-12 S-17 S-18
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Table 6. Accumulated displacement data

Time Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
(day) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Ah 0.116 0.221 0.2 0.152 0.448 0.107 0.365 0.406
100 Av -0.2 -0.1 -0.1 -0.1 0.1 0 -0.1 -0.2
Ah 0.634 0.723 0.735 0.839 0.924 0.724 0.796 0.889
200 Av -0.3 -0.3 -0.1 -0.1 0.1 0 -0.1 -0.2
Ah 0.902 1.041 0.95 1.108 1.334 1.016 1.232 1.25
300 Av -0.3 -0.4 -0.1 -0.1 0 0.1 -0.1 -0.2
Ah 1.16 1.531 1.32 1.211 1.184 1.061 1.415 1.484
400 Av -0.3 -0.4 -0.2 -0.2 -0.1 0 -0.1 -0.2
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Table 7. Accumulated displacement data converted using a sigmoid function

Time (day) Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
100 Sigmoid(Ah)  0.528968  0.555026  0.549834  0.537927  0.610164  0.526725  0.59025 0.600128
Sigmoid(Av) 0450166  0.475021 0475021  0.475021  0.524979 0.5 0.475021  0.450166
200 Sigmoid(Ah)  0.653396  0.673267  0.675902  0.698255  0.715856  0.673487  0.689118  0.708684
Sigmoid(Av) 0425557  0.425557 0475021 0475021  0.524979 0.5 0.475021  0.450166
300 Sigmoid(Ah)  0.71136 0.739043  0.721115  0.751756  0.791502  0.734193  0.7773 0.774168
Sigmoid(Av) 0425557  0.401312  0.475021 0475021 0.5 0.524979  0.475021  0.450166
400 Sigmoid(Ah)  0.742882  0.765666  0.770476 ~ 0.789182  0.822153  0.761333  0.815176  0.804553
Sigmoid(Av) 0425557 0401312  0.450166  0.450166  0.475021 0.5 0.475021  0.450166
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Fig. 7. Displacement coordinate system.
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(d) Displacement path of Point 4
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(c) Displacement path of Point 3
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Fig. 8. Displacement paths of Points 1 to 8.
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