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Abstract

Instruments are installed in soft ground improvement projects to manage economic and safe const-
ruction. When analyzing data, the amount of settlement data over time can be used to understand the
overall ground settlement behavior, but it is difficult to analyze the interrelatedness between measure-
ment points. Therefore, to analyze the relative compressive settlement behavior between measurement
points, the settlement amount and velocity were processed and defined as the mean settlement diffe-
rence index (A4S, ;) and the slope difference index (SDJ; ;). Plotted in the mean settlement difference
index - slope difference index (AS; ; - SDI ;) coordinate system. As a result of the analysis of the
relative compaction subsidence behavior between the measuring points, the relationship between the
measuring points in the average subsidence difference index - slope difference index coordinate system
moved to area 1 as the compaction was completed. By continuously plotting the movement path of the
observation point in the corresponding coordinate system, the relative settlement behavior between
the measurement points was analyzed, and it was possible to check whether the settlement behavior of

the two measurement points was stable or unstable depending on the direction of the path.

Keywords: soft ground, surface settlement gauge, average settlement difference index, slope diffe-
rence index, relative settlement behavior
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Fig. 1. Slope of measurement points i and j at times ¢,_, and ¢,..
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Fig. 2. SDI, ;— AS; ; coordinate system.
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Table 1. Embankment height for each measuring point

& AP AFBARR ) AR AZ T TEIS ol §oliek. Fig. 3at AFAN A B A

T 1

2 110150}

Classification Point 1 Point 2 Point 3

Point 4

Point 5

Embankment height (m) 6.13 6.83 6.51

6.63

6.56

Table 22} Table 3-> Z1Z} Fig. 3b2] Boring Hole 1~32] 2| SH-I e} dokz AAF Ax}E Lehd Zlo|tt,

Table 2. Stratum distribution

Fill layer Alluvium Soft rock
Classification i N - value .. N - value
Depth Composition (TCR/RQD) Depth Composition (TCR/RQD) Depth
Boring Hole 1 0.0~5.8 Sand 5~13/30 5.8~17.8 Silt (ML) 1~5/30 17.8~19.8
Boring Hole 2 0.0~5.3 Sand 5~12/30 5.3~16.4 Clay (ML) 1~5/30 16.4~18.0
Boring Hole 3 0.0~2.5 Sand 6~7/30 2.5~16.7 Clay (CL) 1~7/30 16.7~18.7




Table 3. Analysis result of soft layer laboratory test

Classification Soft layer depth (m) Soft layer thickness (m) Wn (%) LL (%) PI (%) US.C.S.
Boring Hole 1 7.0~8.0 12.0 30.3 31.9 8.1 ML
Boring Hole 2 6.0~7.0 11.1 29.4 33.5 9.5 ML
Boring Hole 3 5.0~6.0 13.5 30.3 38.3 13.7 CL
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Table 4. Accumulated settlement data Table 5. Daily settlement data
Time  Point1 Point2 Point3 Point4 Point5 Time Point1 Point2 Point3 Point4 Point5
(day) (mm) (mm) (mm) (mm)  (mm) (day) (mm) (mm) (mm) (mm) (mm)

1 47 44 33 42 42 1 0.0 1.0 0.0 1.0 1.0

2 48 44 34 42 42 2 1.0 0.0 1.0 0.0 0.0

3 48 45 35 44 42 3 0.0 1.0 1.0 2.0 0.0

4 50 46 35 45 44 4 2.0 1.0 0.0 1.0 2.0

7 50 46 36 46 45 7 0.0 0.0 1.0 1.0 1.0

8 50 46 37 47 46 8 0.0 0.0 1.0 1.0 1.0

9 51 47 38 49 47 9 1.0 1.0 1.0 2.0 1.0
10 51 47 39 50 48 10 0.0 0.0 1.0 1.0 1.0
11 51 47 40 50 48 11 0.0 0.0 1.0 0.0 0.0
15 55 53 44 54 52 15 4.0 6.0 4.0 4.0 4.0
17 59 55 48 59 57 17 4.0 2.0 4.0 5.0 5.0
22 65 60 54 63 61 22 6.0 5.0 6.0 4.0 4.0
24 72 63 58 67 64 24 7.0 3.0 4.0 4.0 3.0
31 78 70 64 70 67 31 6.0 7.0 6.0 3.0 3.0
38 32 75 70 73 69 38 4.0 5.0 6.0 3.0 2.0
45 90 77 73 75 70 45 8.0 2.0 3.0 2.0 1.0
52 90 88 84 82 74 52 0.0 11.0 11.0 7.0 4.0
59 92 92 86 83 75 59 2.0 4.0 2.0 1.0 1.0
66 94 98 88 86 79 66 2.0 6.0 2.0 3.0 4.0
72 95 100 90 92 83 72 1.0 2.0 2.0 6.0 4.0
80 96 101 91 93 84 80 1.0 1.0 1.0 1.0 1.0
87 97 101 92 93 86 87 1.0 0.0 1.0 0.0 2.0
94 98 102 93 94 87 94 1.0 1.0 1.0 1.0 1.0
101 98 102 9% 94 88 101 0.0 0.0 1.0 0.0 1.0
115 98 103 94 94 88 115 0.0 1.0 0.0 0.0 0.0
129 98 103 94 94 88 129 0.0 0.0 0.0 0.0 0.0

143 95 101 91 92 84 143 -3.0 -2.0 -3.0 -2.0 -4.0
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Table 6. ﬁm—ASi,j tableat 22, 52, 101 and 143 day

Time S o Sis 814 S5 S5 854 S5 854 S35 Sis
(day) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
- SDL ;056514 0.61604 0.77325  0.52279  0.72078  0.63064  0.63064  0.65570  0.65570  0.39024
AS;;  0.12440  0.61985 0.08649 0.16125 0.44751 0.03566 0.01881 0.48438 0.41281 0.01681
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AS;; 019291  0.61811  0.18233 032535  0.38027  0.04484  0.06899  0.40336  0.34971  0.04706

101 SDL ;057287  0.53444  0.67537  0.53533  0.50521  0.49929  0.50756  0.48527 0.52865 0.27242
AS;; 017214 052910 0.18726  0.42059  0.39735 0.13793  0.29830  0.28800 0.35136  0.12156

4 SDIL ;052062 047562 0.62408 047982  0.45347 044419 0.45920 0.43049 047318 0.23654

AS; ;017734 049461  0.17958 0.43162  0.40498  0.17062  0.36000 024615  0.34453  0.14006

| 45, )7} 0.5 5Tk 2431 7187 Hjo] A48T, )7
0] P} st ols A7) kAt Holdo]
302 oEal AL SKIsH 4 ek AZA 13}

710] Aajent 255 0] 2fol7} 7] e 4] 91215}
7 2o} 515 Aot 3-159) T2 Alelet A7

"I_
0531547 48 4] 0 1k vl 2710 BAHCR A
= Hol7} 91g-2 & 4 Slek. hlo] K1 4 3
32 B0 BEE S v vl 77to] Sialstellet. st
QI olok ka5, = ARSI 49k 59 ot HeksE Ao
%

o 10] 175} 9l

%
A
2
ruln
of -IlN'
9.



iR lstol Arial st HS 24 - 237

10 10
= ]
[1] [¥]
-] =
£ £
9 1,2 8 01,2
c =
o °13 @ °1,3
% b L4 :E 4 14
=] oL 5 a ®1,5
= . k=4 -y
€ os . )3 g% 2,3
E ’ E y
o [ ] L) [ ]
o 2,4 2 2,4
= E .
3 82,5 8 ®2,5
1] Q
Pnn ®3,4 Pun e3,4
E o 3,5 E L4 ®3,5
< ® 4,5 < ° 04,5

[
0.0 ® L 0.0
0.0 0.5 1.0 0.0 0.5 1.0
Slope Difference Index Slope Difference Index

(a) SDI ;— AS; ; coordinate system after 22 days (b) SDI ;— AS; ; coordinate systemafter 52 days

10 10
= ]
[1] [¥]
-] =
£ £
4] 1,2 8 1,2
c =
[ 1,3 o *1,3
% L4 :E 14
=] oL 5 a ®1,5
€ 05 ’ € o5 .,
E 2,3 g : 2,3
L @ 2,4 2 2,4
£ * . £ S .
3 82,5 8 ®2,5
1] Q
?!n e3,4 lén [ ] 03,4
o ® ®3,5 [ 1 ®3,5
> >
< ® ®4,5 < o ®4,5

0.0 0.0

0.0 0.5 1.0 0.0 0.5 1.0
Slope Difference Index Slope Difference Index
(c) SDI ;— AS; ; coordinate system after 101 days (d) DI ;— AS; ; coordinate systemafter 143 days

Fig. 5. SDI ;— AS; ; coordinate system application.

SDI,~ A5, , FEA) T AZAH ANAR) Hol AFS BEGBE 5, 0 AAZ AR 747l whet s
D270 ol el et A4S AT H

Fig, Gaie = A2A709] S Aok TS el A0lo), Fig, 6 = A2407 29} 59] TS Lk B2
A5, ;& DI~ AS, , SHEALA0] o]2}& L Ao}, AIZA 20k 5= 2710 MR A5-S Holth31Y %

3 Zlele o]} Mol A AL Fig, 6aS S8 31 4= ek
P 6bolH] 7] B27o] el 101 iAIsteIslet. SHAIT I AZA|H FUYSIEEI} A2 ThE AT HolwA
o 42 of5515itt. 717, glo] Klage] wet  AZA| 0] okdini ARV, Hsla Afolr} Moix|7] A

O
AEF
41

D

7_«11»—]-111/\1 TEHo] 2MdaFoh= 7152 BIIh Fig. 6b2] B2 12 oFs Aot F 1~6Y ool wie] o A= olct.
2710l = ASAI o] Hotaf 2ol o] Hsh= 71 9] YIAIRE, HelEe 2ol AAH FSA(S, )0l $527 olEsto]

o 40]| YJ2JoHA] =] et A= 2r= ok Act T 7~56 Y oS we] o)F AH=olth A= @9 sidoh= 717 18
HE & 2712 e g skt iSO Alo 7t AR 2.0 = AR Aot 1S WS A= 312 5t



238

i
08
AN
o
lob
+

% A5t 5 57782 et we] ol Azolck. o] 7Kk 2%k A
E W} 2golw RS FsI S5 Aolrt A4 94T AT Bt AR @ 78-1439 F7} 5] AR A
E 943 542 7710 shgtct. T ASAEY 2F A7} det eagstarel Sdsh ghol ek g ot
2] et Fabrk 2] AekA] glot Aok iz Aol Zol S S 7152 B

110

—-2,5
e o
g £
2 £os
z ;
@ %
§ e
E
——Point2
e —O—Point 5 @ ®
Wt
3.0 0
] 20 40 60 80 100 120 140 o 05 ‘6’ 4
Time Slope Difference Index
(a) Accumulate settlement graph of Point2and 5 (b) History of .S, ; on SDI, ;— AS; ; coordinate system

Fig. 6. SDI, ;— AS, ; coordinates and settlement graph.

Fig. 7 Fig. 63 It} 7452 Holt= & A58 405} A5 BAS HolFt 3ol Fig. 7014 57
220 394k 515 Aok 2710 ¥l 2 H51 Aol S Hol 22 Solet 4= Slck. ShAlg gio] HaslwA sl
Aok 7 AR 515 Ak 1019 Folie Qazlstgo] ZolArk Fig. 7o) A2 D2 515 Aot 5 1-239 ik
sk we] o5 ol o] IRE B9t 5 ASA 7o) ket Aot AAx|v] Wit Wate 2o] 2|4 o] A oM,
UHSTE AL Fle] 7187 2 A BT LA SHYGIRE B A B, o 3544 ST 27

ofl 2 &g Mol AJol5 B Cr(Table 4 12) o] -] AlF BAlA Aot 2215 FHsford B a7t 3leS & 4 3
qﬁg%4ﬂ§®~4gm4mqﬁmiﬂﬂéﬂﬁ1Mﬂ1ﬂéﬁﬂ%q 24 FHE ol S0 2jo]
7} ZotAHA ook 71ee Hol T ASAA Q| st 71Eol iAoz P E wAE HAr

10.0 1

3,4

0.5

Settlement

D

Average Settlement Difference Index

4.0 —tr—Point 3
—0—Point 4
3.0 o
] 20 40 60 80 100 120 140 0 05 1
Time Slope Difference Index
(a) Accumulate settlement graph of point 3and 4 (b) History of .S, , on SDI, ;— AS; ; coordinate system

Fi

g. 7. Settlement graph and SDI, ;— AS; ; coordinates of S ;.



2 Ao ool A1l ALk Hlo]ele] ol dlolelnto]d S ol &5te] AZAH 7H A st A%
Ak, XAl Blo]E 2 maste] EAsHs Zlo] ohet i sla Aol 2140} 7127] Ao 2|42 o)

S ATE81o] ofefst 1 7o) ARG Helsiel theat 2o
(1 4 651 1k I SIS 452 A2 1) AL Foletel abe) ol Aoty 2ol A4,
Ao Aol S U] 9I1el 7127] Kol A58 elste] AZA7 THtae FuAst A5 AR 54
& UeRhgick

(2) ASAAE 3R] ABHsH AE VA A=l sl gt Wt Aot Ate] 2|9 4.5;) 2t 71871 2ol

A% SDI,)E 212k AL @ 2024 o] mAI5to] AZA17 k] AT st 752 Sheld 4 glgick
o] eyl wet ol met lslage] As) AR the] B5Fo] 99 1 PO olSalglct

®) B, /5 o8 B, 2R U AT ol 51— s, A MESAS o o Ff
= A 0] AR} 715 BAS Mol 4 Ak SDI — A8, , HEA] AR BEA0] o) 5 Ao} 2
o1 /1 & ol olafa} i Aol ol 5 AS A Aol Aol Lo B ekn €
glom, Astpr} = Aolr} Lol £ ASAH] AUt A% WAL Ak 0 2 BePga et & 4
otk

References

Arulrajah, A., Nikraz, H., Bo, M.W., 2003, Factors affecting field settlement assessment and back-analysis by the Asaoka
and hyperbolic methods, Australian Geomechanics, 38(2), 29-37.

Bae, H.S., Cho, D.H., Seok, K.H., Kim, B.S., Choi, K.R., Lee, J.E., Noh, S.W., Lee, S.C., Son, Y.H., 2004, Data mining,
Kyowoo, 315p.

Bjerrum, L., 1967, Engineering geology of Norwegian normally-consolidated marine clays as related to settlements of
buildings, Géotechnique, 17(2), 83-118.

Jang, J.G., Son, S.W., Hong, S.W., 2021, A study on the analysis of monitoring settlement considering the history of the
groundwater level in the dredged landfill area affected by algae, Journal of the Korean Geotechnical Society, 37(7),
13-23 (in Korean with English abstract).

Kang, S.Y., 2019, A comparative study on the prediction of the final settlement using preexistence method and ARIMA
method, Journal of the Korean Geo-Environmental Society, 20(10), 29-38 (in Korean with English abstract).

Kang, Y K., Jang, W.I., 2010, A study on subsidence of soft ground using artificial neural network, Journal of Advanced
Marine Engineering and Technology, 34(6), 914-921 (in Korean with English abstract).

Lee, S.Y., Jang, S.Y., Kim, T.S., Han, H.S., 2015, Analysis of slope safety by tension wire data, Journal of the Korean
Geo-Environmental Society, 16(4), 5-12 (in Korean with English abstract).

Lim, E.S., Kim, J.H., Lee, J.W., 2011, A prediction method of settlement based on field data using ARIMA model,



240

i
08
AN
o
lob
+

Proceedings of the Korean Geo-Environmental Society, Incheon, 247-250 (in Korean with English abstract).

Linoff, G.S., Berry, M.J., 2011, Data mining techniques: For marketing, sales, and customer relationship management,
John Wiley & Sons, 821p.

Nomura, S., Ikeda, T., Katagiri, M., Terachi, M., 2008, Consolidation settlement prediction of reclaimed land with dredged
clay case record of Kita-Kyushu airport, Journal of the Japanese Geotechnical Society, 56(9), 10-13.

Park, M.C., Lee, S.C., Ryu, H.S., Han, H.S., 2015, A study on the method of slope stability based on the measured data,
Proceedings of the Korean Geo-Environment Society Conference (15th Anniversary), Seoul, 160-163 (in Korean with
English abstract).

Weiss, S.M., Indurkhya, N., 1998, Predictive data mining, Morgan kaufmann, 225p.





