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Aaptable Construction-Stability Analysis of Proximity Tunnel
based on Time Series Convergence data via Field Instrument
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Abstract Recently, railway tunnels in urban areas have been built as proximity tunnels adjacent to
operating tunnels. The structural stability of the operating tunnel must be secured, and the construction
tunnel must be constructed before constructing a tunnel close to an existing operating tunnel. While
designs adhere to design standards, the actual site and ground conditions exhibit significant variations
across locations. The reliability of the construction stage analysis is very low because it is inconsistent
with the field conditions, and a uniform estimated engineering constant is used. The solution to this is
on-site measurement and an appropriate construction management system. In this study, an adaptive
cycle management system was attempted to apply the results of time series analysis of field
measurements to the next construction stage to ensure the stability of adjacent operating tunnels while
excavating a construction tunnel. First, numerical analysis was performed before excavating the
construction tunnel directly under the operating tunnel. Using numerical analysis results, a convergence
meter was installed in the vulnerable area of the operating tunnel. Field measurements indicated a
maximum displacement of 0.028 mm. The trend of convergence in the operating tunnel was predicted
using the time series field measurement data of the operating tunnel according to the construction
tunnel excavation. The advanced ARIMA model, one of the time series analysis techniques, was used as
a prediction technique. The short-term trend prediction result using the ARIMA model revealed a
maximum error of 0.002 mm from field measurements. This was predicted to be very suitable because
it was within the 95% confidence threshold.
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Fig. 1. Plan view of the intersection section between
the operating tunnel and the construction
tunnel
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Fig. 2. Cross-sectional view of the intersection
section between the operating tunnel and the
construction tunnel
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Table 1. Convergence management criteria
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Fig. 3. Three Dimensional Analysis Model
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Fig. 4. Distribution of bottom displacement in the
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Fig. 5. Convergence of the operating tunnel by
numerical analysis
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Fig. 6. Installation of convergence gauges in the
structure of the operating tunnel

Table 2. Convergence by instrument

o S oy O oy Come
0 0.0137 50 0.0231 90 0.0282
1 0.0138 51 0.0238 91 0.0281
2 0.0140 52 0.0240 92 0.0281
3 0.0140 53 0.0248 93 0.0279
4 0.0143 54 0.0247 94 0.0280
5 0.0143 55 0.0248 95 0.0279
6 0.0154 56 0.0249 96 0.0280
7 0.0154 57 0.0250 97 0.0277
8 0.0140 58 0.0249 98 0.0273
9 0.0140 59 0.0250 99 0.0274
10 0.0141 60 0.0250 100 0.0276
49 0.0228 89 0.0283
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Fig. 7. Convergence by instrument
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Table 3. Reference values of random variables
Classification Statistic Classification Statistic
Mean 0.02219493 Minimum 0.01370833
Median 0.0237 Skewness -0.39794705
Mode 0.0281 Kurtosis -1.19263399
X Mean -+ 1 * 0.0174 to
Variance 0.00002357 Sigma 0.0271
Mean -+ 2 * 0.0125 to
Sum of Squares 0.052134 Sigma 0.0319
. Mean -+ 3 * 0.0076 to
Maximum 0.02825000 Sigma 0.0368

AAE dlolE7} /432 R1A] obdAE WEsk= o A
|5= =A% 19l ADF (Augmented Dickey-Fuller)
AHYS Argsto] 43t AY p-value 0.999= 24
21 0.055t} 201 A7 8= AAS] aElE O
HLojug ASdolE = vHFAL AlAIFolt). wEbA o
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Hgho] B s,

Table 4. Augmented Dickey-Fuller Test

Test
Statistic

2.60903  0.999

P-Value Recommendation

Test statistic ) critical value of -1.94406.
Significance level = 0.05
Fail to reject null hypothesis.

Consider differencing to make data
stationary.

Null hypothesis: Data are non-stationary

Alternative hypothesis: Data are stationary
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1.0 Table 7. ARIMA(0,1,1) Model Summary
5 0.8
E 0.6 DE SS MS MSD AlCc AIC BIC
0] 0.4
A TN N — 98 00000093 0.000000L 0.0000001 -1329.34 -1329.59 -1321.77
<02 * $S&= Sum of Sque
= 0.4 = quares
£ 06
= 08
-1.0
7z 3]0 1 31
2 4 6 8 1012 14 16 18 20 22 24 Table 70142 Zo] ARIMAQO,1,1) ®22 HA=F

Lag
(b) PACF after Differencing

Fig. 10. Correlogram after differencing
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9 B2 AIC glol 7P &2 471 ZARE Bgoleta
TAe 5= Qlok wEkA] ARIMAQ, 1, D)2 o] thate] 3
Alel&g 4ot

Table 5. Alternative design, case of the model(d =1)

Log

ARG). MA@ o8 AlCe AIC BIC

p=0,q=1 667.794 -132934 -1329.59 -1321.77
p=1,q=0 667776 -1329.30 -1329.55 -1321.74
p=0q=0 665869 -1327.61 -1327.74 -1322.53
p=0q=2 667783 -1327.14 -1327.57 -1317.14
p=24q=0 667769 -1327.12 -1327.54 -1317.12
p=1q=2 666192 -1323.96 -132438 -1313.96
p=2q=1 666123 -1323.82 -1324.25 -1313.82
p=1,q=1 664751 -132325 -1323.50 -1315.69
p=2q=2 666175 -1321.71 -1322.35 -1309.32

ARIMA(0,1,1)53 2] ZH/dell tigt A742 Table 6
oA} Zo] =% Box-Pierce (Ljung-Box)7}°]-A]
5 SAF £4S Sl Briskglth AgAdE BAR
A3} P-value7} 0.055tH 2 gho|B& Bzt 27143
go] Y1 27t YA A B WSS AR BFol

t}. Table 7& ARIMA(Q0,1,1) 2 &0l tigt Aalgtolct.

Table 6. Modified Box-Pierce Chi-Square static

Lag Time 12 24 36 48
Chi-Square 8.77 16.12 28.18 39.97

DF 10 22 34 46
P-value 0.554 0.810 0.748 0.722

* DFE Degrees of Freedom
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Table 8. ARIMA forecasting for 20days after
20-day measurement

95% Limits

Period  Forecast Actual  Error

(day) (mm) Lower Upper (mm)  (mm)
(mm) (mm)
21 0.017 0.016 0.018 0.018 -0.001
22 0.017 0.016 0.018 0.018 -0.001
23 0.017 0.016 0.018 0.018 -0.001
24 0.017 0.016 0.019 0.018 -0.001
25 0.018 0.016 0.019 0.018 0.000
26 0.018 0.016 0.019 0.018  0.000
27 0.018 0.016 0.020 0.018  0.000
28 0.018 0.016 0.020 0.018  0.000
29 0.018 0.016 0.020 0.018  0.000
30 0.018 0.016 0.020 0.019  0.000
31 0.018 0.016 0.021 0.019 -0.001
32 0.019 0.016 0.021 0.020 -0.001
33 0.019 0.016 0.021 0.020 -0.001
34 0.019 0.016 0.021 0.020 -0.001
35 0.019 0.016 0.022 0.021 -0.002
36 0.019 0.016 0.022 0.021 -0.002
39 0.019 0.016 0.023 0.021 -0.001
40 0.020 0.016 0.023 0.021 -0.001
Fig. 11+ Z&EHYY W3HY] AAL dlol=ol o
g 204 ASZEHE HFORZ ARIMARAS $5t9 20

Yzt FAeSste] e EASII
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Fig. 11. ARIMA forecasting model for 20days after
20-day measurement
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Table 9. ARIMA forecasting for 20days after 60-day

measurement
95% Limits
Period  Forecast Actual  Error
(day) (mm) Lower Upper (mm)  (mm)
(mm) (mm)

61 0.025 0.025 0.026 0.025  0.000
62 0.025 0.024 0.026 0.025  0.000
63 0.025 0.024 0.027 0.025  0.000
64 0.026 0.024 0.027 0.025  0.001
65 0.026 0.024 0.027 0.025  0.001
66 0.026 0.024 0.028 0.025  0.001
75 0.027 0.024 0.030 0.026  0.001
76 0.027 0.024 0.030 0.026  0.001
77 0.027 0.024 0.030 0.027  0.000
78 0.027 0.024 0.031 0.027  0.000
79 0.028 0.025 0.031 0.027  0.000
80 0.028 0.025 0.031 0.027  0.001

Fig. 12& F-8E49] Waugl AAE dgol=edl o
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