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A Study on the Reliability of Observational Settlement Analysis
Using Data Mining
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Abstract

Most construction works on the soft ground adopt instrumentation to manage settlement and stability of
the embankment. The rapid progress of the information technologies and the digital data acquisition on the
soft ground instrumentation has led to the fast-growing amount of data. Although valuable information about
the behaviour of the soft ground may be hiding behind the data, most of the data are used restrictedly only
for the management of settlement and stability. One of the critical issues on soft ground instrumentation is
the long-term settlement prediction. Some observational settlement analysis methods are used for this purpose.
But the reliability of the analysis results is remained in vague. The knowledge could be discovered from
a large volume of experiences on the observational settlement analysis. In this article, we present a database
to store settlement records and data mining procedure. A large volume of knowledge about observational
settlement prediction were collected from the database by applying the filtering algorithm and knowledge
discovery algorithm. Statistical analysis revealed that the reliability of observational settlement analysis
depends on stay duration and estimated degree of consolidation.
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Fig. 1 A Entity-Relationship diagram for the in-
strumentation database
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Table 1 Database tables for soft ground instrumentation

Table group Table name
Reference Mea_ Freq, Embankstatue_info,
S Option__info, Statue__info efc.
Project Location__info, Gugan__info,
layouts Station__info, Stepembank__info etc,
. Settle_ info, Inclino__info, Piezo__info,
Informations .
Water__info etc.
Datas Embank__data, Settle_ data,
Inclino__data, Piezo_ data etc.
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& F2¥ AZE F 166 /W AF AZSvolE
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Table 2 Overviews of data collected
i No. of No. of instruments
Project . ) )
stations Settlement plates Piezometers Inclinometers Water level meters
WSH- 9 3(722) 9(2659) 9(1445) 6(1673) 3(525)
WSH-10 43(2604) 117(6940) 19(1125) 37(2340) 19(1021)
WSH-11 13(1229) 37(3467) 8(605) 14(835) 7(490)
WSH-13 33(5792) 101(17373) 33(3465) 53(3702) 10(1053)
WSH-16 74(8352) 175(19810) 63(7372) 61(7215) 30(3365)
Total 166(18699) 439(50249) 132(14012) 171(15765) 69(6454)
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Fig. 2 Relational schema of station object

Data selection and sampling — Cleaning and pre-processing —
Transformation and reduction — Data mining — Evaluation and visualization

Fig. 3 Overview of the KDD process(Fayyad et al.;1997)
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Instrumentation filtering filtering
Database L
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Fig. 4 Overview of the KDD process for reliability of observational settlement prediction

station__info = select STATION__ID from station__info
do : for each record in station__info
height_info = select HEIGHT from embank__data group by measure__value
do : for each record in height__info
select MAX, MIN from embank_ data where ID and HEIGHT
DURATION = MAX-MIN
if DURATION > DURATION_ CRITERIA then
insert into embank__events(STATION__ID, MIN, MAX, HEIGHT)
end if
loop
loop

Fig. 5 Filtering algorithm to select appropriate banking events
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do : for each record in embank_ events

loop
end if
loop

Embank__events = select * from embank__events

data_selected = select * from settle_data where STATION_ID, >MIN, (MAX
if RECORD_COUNT > COUNT__CRITERIA then
insert into anal__info (STATION_ID, MIN, MAX, HEIGHT, RECORD_ COUNT)
do : for each record in data__ selected
insert into anal_data (ID, STATION_ID, DATE, VALUE)

Fig. 6 Filtering algorithm to select appropriate settlement data

Query available datasets

Table. 3 Tuples of table storing mined information

et
if N<KCOUNT_CRITERIA
End of datasets?

End

Fig. 7 Knowledge collection algorithm
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column name description
settlement estimation method
Query dataset method (Asaoka or hyperbolic)
height height of embankment for the
Create subset [1...n] analyzed embankment event
T duration time length of data
Settlement estimation start settle settlement when banking was
Using - aused
SDM for Asaoka’s method P
SHP for Hyperbolic method end__settle settlement at last record analyzed
I slope slope of linear regression
If suc&:ess c;htenb intercept intercept of linear regression
save resut on database long__settle estimated settlement
deg_ of consol | estimated degree of consolidation
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oz 9A ALY TeY LueE) A8shel ¥ Settlement prediction

Seiy doletg Fasanh Y dmdEe | Pearsor(s coclation
) . _ Variables coefficient
53 vlojeulojAcM 4 Jed AHE FE2S Asaoka | Hyperbolic
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Fig. 8 Error of estimated degree of consolidation by the Asaoka’s method
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Fig. 9 Estimation error with estimated degree of consolidation by Asaoka’s method
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Fig. 10 Error of estimated degree of consolidation by the hyperbolic method
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