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Abstract

As urbanization and industrialization increase development in downtown areas, damage due to ground
settlement continues to occur. Building collapse in urban has a high risk of leading to large-scale
damage to life and property. However, there has rarely been studied on measurement data analysis
methods when uneven loads are applied to the excavated ground and no prior knowledge of the ground.
Accordingly, it was attempted to analyze the relative settlement behavior and correlation by processing
the time-series surface settlement of construction sites in the urban. In this paper, the average index of
difference in settlement and average of relative difference in settlement are defined and calculated,
then plotted in the coordinate system to analyze the relative settlement behavior over time. In addition,
since there was no prior knowledge of the ground, a standard to classify the clusters was needed, and
the observation points were classified into using k-means clustering and Dunn Index. As a result of the
analysis, it was confirmed that all the clusters moved to the stable region as the settlement amount
converges. The clusters were segmented. Based on the analysis results, it was possible to distinguish
between the independent displacement area and same behavior area by analyzing the correlation
between measurement points. If possible to analyze the relative settlement behavior between the
stations and classify the behavior areas, it can be helpful in settlement and stability management, such

a OPEN ACCESS as uplift of the surrounding area, prediction of ground failure area, and prevention of activity failure.
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Fig. 1. Maximum and minimum settlement difference between two instrument points.
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Table 2. Accumulated settlement data

Time (day) S1 (mm) S4 (mm) S7 (mm) S8 (mm) S17 (mm) S18 (mm)

1 28 197 -538 -534 362 186

5 28 198 -538 -533 362 186

8 29 198 -539 -534 362 187
12 28 198 -538 -535 361 186
15 28 197 -539 -535 361 185
19 28 197 -540 533 362 186
2 27 198 -539 -534 361 184
26 28 197 -540 -534 362 185
29 27 197 -539 -535 361 184
89 26 196 -539 -535 361 184
158 26 195 -539 -535 361 184
162 25 195 -539 -535 361 184
176 25 194 -539 -535 361 184
267 25 193 -539 -535 361 184
320 25 193 -540 -536 361 184

Table 3. Daily settlement data

Time (day) S1 (mm) S4 (mm) S7 (mm) S8 (mm) S17 (mm) S18 (mm)
1 0 0 0 0 0 0
5 0 1 0 1 0 0
8 1 0 -1 -1 0 1
12 -1 0 1 -1 -1 -1
15 0 -1 -1 0 0 -1
19 0 0 -1 2 1 1

22 -1 1 1 -1 -1 -2




Table 3. Continued

Time (day) S1 (mm) S4 (mm) S7 (mm) S8 (mm) S17 (mm) S18 (mm)
26 1 -1 -1 0 1 1
29 -1 0 1 -1 -1 -1
89 -1 -1 0 0 0 0
158 0 -1 0 0 0 0
162 -1 0 0 0 0 0
176 0 -1 0 0 0 0
267 0 -1 0 0 0 0
320 0 0 -1 -1 0 0

Table 4+= Dunn Index Tt} 2224 45 LERH Z10]tt. Dunn Index A4E A] 2] 24 7= 47112 275191
=l o= e ASARN Fe oz 8] A= ASAR 712] 0] IEE shel Ao R Heks o uhe 4 Sl 492
7H47FA]017] wiiEeltt. Z-9-2] <= Table 52+ L.

Table 4. Optimal number of cluster according to the majority rule

Time (day) Dunn Hubert Optimal number of cluster
89 0.696 0.082 2
162 0313 0.092 4
267 0.258 0.084 4
320 0.652 0.071 2

Table 5. Measurement point component by section

Section Component

Section 1 S-18 S-17 S-1
Section 2 S-17 S-1 S-4
Section 3 S-1 S-4 S-7
Section 4 S-4 S-7 S-8

Table 6> Table 3] LSl HIoJHE o185t ARl wha} Bt HatgAAlax( A5k Bt e At
(Eg”)% 7:“}{1—@— 725374—0]‘:} -D17 82 D4 18> D?, 17> -D7, 18> D& 17> D& 18'15 /\12- 7E’8_‘ SeCtiOHE O]’?—Z] (1?61—7] UH—E«Oﬂ ——T—,-E:]—a—]—
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Table 6. RTS,;J- and AD,;value of D1,4t0 D17,18

D 14 D17 D117 D118 D47 D48 D417 D78 D718

Time (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)

% ES'U 0.278 0.167 0.556 0.222 0.333 0.167 0.222 0.426 0.556
ASU 0.448 0.628 0.083 0.138 0.265 0.500 0.500 0.590 0.083

16 H_S“ 0.318 0.273 0.545 0.273 0.364 0.273 0.318 0.530 0.636
AS”- 0.457 0.576 0.100 0.148 0.254 0.457 0.457 0.500 0.059

67 R#S,;j 0.423 0.423 0.692 0.462 0.308 0.346 0.423 0.679 0.769
AS,;j 0.463 0.534 0.075 0.113 0.338 0.500 0.463 0.424 0.044

320 H—S“ 0.346 0.385 0.615 0.385 0.308 0.308 0.346 0.603 0.692
AS;. 0.463 0.500 0.075 0.113 0.292 0.463 0.463 0.424 0.044
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Fig. 4. Time-lapse RS— AS coordinate system.

Fig. 5. Classification of settlement behavior areas.
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