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ABSTRACT

There are a lot of difference between the surface settlement and the differential settlement measured at the Busan New
Port, where the dredged and reclaimed clay layer exists and below the clay is originally thickly distributed. To find the cause
and solution of this, the actual conditions of each differential settlement used for the soft ground improvement, characteristics,
installation method, measurement frequency, measurement data management, and data analysis of each type were considered.
In the deep soft ground improvement work where large deformation occurs, the bending deformation of the screw-type differential
settlement gauge is less than that of other types of measuring instruments, so there is less risk of loss, and the reliability
of data is relatively high as the instruments are installed by drilling for each stratum. Since the greater the amount of high-precision
settlement measurement data, the higher the settlement analysis precision. It is necessary to manage with higher criteria
than the measurement frequency suggested in the standard specification. For the data management of the differential settlement
gauge, it is desirable to create graphs of the settlement and embankment height of the relevant section over time, such
as surface, differential, and settlement of pore water pressure gauge for each point. In the case of multi-layered ground with
different compression characteristics, it is more appropriate to perform settlement analysis by calculating the consolidation
characteristics of each stratum using a differential settlement data.
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Table 1, Type of differential settlement gauges applied to each site of Busan New Port

Site

Differential settlement gauge

North container terminal stage 1 quay and yard construction

Sliding resistance

North container terminal stage 2—1

Sliding resistance

South container terminal stage 2—2

Automatic : sliding resistance

South container terminal stage 2-3 Automatic : sliding resistance, Manual : magnetic
South container terminal stage 2-4 Automatic : sliding resistance, Manual : magnetic
West container terminal stage 2-5 Automatic : sliding resistance, Manual : magnetic
Ungdong hinterland zone 1 Automatic : sliding resistance, Manual : magnetic
Ungdong hinterland zone 2 Manual @ magnetic
Ungdong hinterland zone 3 Manual : magnetic (double tube)

Ungdong hinterland area 4

Manual : sliding resistance

North container terminal hinterland

Automatic : sliding resistance, Manual : screw
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Fig. 1. Comparison of settlements of surface settlement plate and magnetic differential settlement installed at OO site in Busan

New Port
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Table 2. Various differential settmenent gauges

Type Characteristics

Installation of all sensors in one hole (manual
measurement)

Big error in case of bending of pipe due to big
settlement

There is a possibility that an error may occur when
a foreign substance is caught between the pipe and
the sensor,

Magnetic

Boring required for each layer (manual
measurement)

Screw * High accuracy by maintaining verticality of the steel
bar and installing one settlement gauge per drilling

hole
Sidin * Installation of all sensors in one hole (automatic
resistangce measurement possible)
: ) * When the sensor fixing jig is difficult to attach or
Differential

foreign substances are caughted, an error occurs,

transformer : '
* Error may occur due to bending of stainless rod

Installation of all sensors in one hole (automatic
measurement possible)

* [t is difficult to maintain verticality during settlement,
so there is a high possibility of error,

Wire sensor

Installation of all sensors in one hole (automatic
measurement possible)

* Settlement measurement range is small

* |t is difficult to maintain verticality during settlement,
so there is a high possibility of error,

Vibrating
Wire
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Fig. 2. Installation and pipe and sensor connection of mag—
netic differential settlement
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Fig. 3. Causes of small settlement measurement in the magnetic differential settlement
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Table 3. Measurement frequency of differential settlement presented in standard specifications (Ministry of Land, Infrastructure

and Transport, 2018b)

Instrument Alter embanking 1s complete 1—3 months After 3 months Note
up to 1 month
Differential settlement 1 time/day 1 time/week 1 time/2weeks Manual

92 shEXMASE =R M22H Mis



Table 4. Examples of application of differential settlement measurement frequency for each site in Busan Port New Port

Frequency of differential settlement measurement
Site i Note
Durmg Alter lembankment 1~3 months | After 3 months
embanking | completion ~ 1 month
North container terminal hinterland stage 2—1| 1 time/day 1 time/3days 1 time/week 1 time/mon,
Aft th
North container terminal hinterland 3times/week 2 times/week 1 time/week | 2 times/mon, eAr 6 months
1time/mon,
South container terminal stage 2—2 1 time/day 2 times/week 1 time/week | 1 time/2weeks
South container terminal stage 2-3 1 time/day 1 time/day 2 times/week | 1 time/week
South container terminal stage 2-4 1 time/day 1 time/week 1 time/week 1 time/week
West container terminal stage 2—5 1 time/day 1 time/day 1 time/3days | 1 time/week
Wh ideri
Ungdong hinterland zone 1 1 time/day 1 time/2days 1 time/week 1 time/week removeeﬂnofC(;’ES; ti:g? day
Ungdong hinterland zone 2 1 time/da 1 time/da 1 time/week 1 time/week WWhen considering
geong Y Y removal of PL 1 time/day
Ungdong hinterland zone 3 2times/day 2 times/week 2 times/week | 1 time/week
. ) . ) ) When considering
hinterl 4 11 1t 2 1t k 11 k
Ungdong hinterland area ime/day ime/2days ime/wee ime/wee removal of PL 1 time/day
West container terminal stage 2—6 1 time/day 1 time/day 1 time/3days | 1 time/week

Table 5. Mesurement frequency of the differential settlement gauge of deep thick soft ground with dredged and reclaimed clay

existed at the top

After embankment completion
ltem During embanking 1 h loadi
1 month 2 ~ 3 mobths After 4 months later month before preloading
removal
Differential 3 times/week 3 times/week 2 times/week 2 times/week )
) ) ) ) 2 times/week
settlement (1 time/day) (1 time/day) (1 time/week) (1 time/2weeks)

Note: () the measurement frequency presented in KCS 11 10 15 (2018),
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Fig. 5. Example of organizing and analyzing settlement results by point

Table 6. Comparsion of predicted settlement by hyperbolic method depending on the ground dividing stratua consideration

Ground Thickness | Embank, height | Actual settlement at the | Predicted final settlement by Note
(m) (m) time of analysis, St (m) hyperbolic method, Sf (m)
6.0 90 1.421 1.938 Upper dredged layer
6.0 9.0 1,208 1,482 Lower dredged layer
Cosidered as multi—layer
stratua 15.0 9.0 2199 2793 Upper clay layer
10.0 9.0 1,199 1.387 Lower clay layer
6.027 7.600
Considered as single layer 37.0* 9.0 6.027 7.485 0.115m difference
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Time—Settlement Analysis(Hyperbolic Method)
10.0

Time—Settlement Analysis(Hyperbolic Method)

=0.0116 3.8847 W= 0.0191i x +4.8174
oo |INCER e o R?=0.9916 //
/ v
3 P i 3 ™
3 | coodef S >
% 10 0@ é MQ‘B
E E 60 ”.Dyc
0.0 4.0
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0
(Ti-To) (Ti-To)
D Upper dredged layer, St=1.421m, Sf=1,938m @ Lower dredged layer, St=1,208m, Sf=1.482m
Time-Settlement Analysis(Hyperbolic Method) Time—Settlement Analysis(Hyperbolic Method)
10.0 14.0
y=0.0097 x +2.9138 y=0.0249 x +4.9668 I /
50 J R2 =0.9890 ! 120 R®=0.9929 ] =
6.0 100
—
Q oo-00— 3
;E, 10 == aad Soasn S 80 —ee'ogpe
g g
0.0 4.0
0.0 50.0 100.0 1500 200.0 2500 300.0 3500 0.0 50.0 100.0 150.0 200.0 250.0 300.0 3500
(Ti-To) (Ti-To)
@ Upper clay layer, St=2.199m, Sf=2.793m @ Lower clay layer, St=1,199m, Sf=1,384m
Actual total settlement at the time of analysis, St=0+H2H3H@=6.027m
Predicted total settlement, Si=THCH3+HE=7.600m
Fig. 7. Predicted settlement by hyperbolic method in case of the ground is treated each layer separately
Time—Settlement Analysis(Hyperbolic Method) S~
., dtaute] B HRAMOR F& o]Rojq1 9
y=0.0037 x +0.9843 =7 = - - - _
0 R?=0.9934 | ]‘4’ 1:}0]"1%&1] /\] ?:!‘???TABIO] E]’% E]"E‘Z]‘ﬂ'%] 7§—?— ‘%‘% \:]r
o 1 sHAE olgstel 2 A% SIS k2 Aetol A
2 po-o-P— = = - =
N I S ey sHE4o] o 2ojAok HrkFig. 6). YntHow dAZ)
S 10 o L _ L
: Yotgor Fohrae Ak Anct 2 Ysl54ol
oooo 50.0 100.0 1500 200.0 250.0 300.0 350.0 Q‘% 7_']’ X]%%(%@UH%%, EEH—%—, X‘EI]E—%—, a 7HEOI:%—)§
(Ti-To)
Single layer AohEAS AldYstar gkt 9 xhrdstego] #AAH
Actual total set.tlement at the time of analysis, St=6.027m obHZo|n g 2 X5EAL slojok s} 3l AZ
Predicted total settlement, Sf=7.485m
vl Al AJEE Shofl FA 2| x|Hto] EAE Aol
Fig. 8. Predicted settlement by hyperbolic method in case of © T_ ‘?‘ °
the ground is treated as one layer WA Rk} FEsto] R o] o] Foj Ao} Siti(Fig. 7).
AE =4 ofEXEol|AMe SEAEH AlSez(of 28t At ¢ 95



2 Aol ZUHES WA A= Ak A
SFFANA FASHAL A, SUASA FAE 54,
A, AZ N, AZdole Tyl Fuke] 24
Foll thal wES B3 ket e ARE m2ahdl)

(1) et go] WASIE EAHES Y A= Aok
B AGBAAN AaFErle SRS B9 ¥
Wgo] T2 419 AZ7lel ulsh 1 7 (5=
Hgoto] AZ5712 AASER dolee] NES
o % glou] o] 4R duE SHst Faow
PVC PipeS A5t o1 eelol ulaf el
ofFt WA S Hek AaFEY S 4

NI

A 2558 B A 23471 oln At
Aol ofa) WU PES shs Ao] Fasih
B AZEolEe) Bl S8 ATty
=z ]

@

ja
ol
o

€)

Ol
U
Y

jakal
ol
-
o

[T

& oar A
o
o = op o
ol
ol

ol
-

N
G
MY

O ol o

i)
of
-
o N

Acknowledgement

This study is the result of the support from the Busan
Port Construction Office of the Busan Regional Office of
Oceans and Fisheries of Ministry of Oceans and
Fisheries, “Research Service for Ground Performance
Improvement in Busan Port and Jinhae New Port”.

(Project Number: 202204047CD-00)

96 stRXHRMAXSIS=EE H223 M1

10.

11.

12.

13.

References

. Bjerrum, L. (1967), “Engineering geology of norwegian nor-

mally-consolidated marine clays as related to settlement of

buildings”, Geotechnique, pp.17-83.

. Busan Port Authority (2021), Design and construction of soft

ground improvement work and maintenance manual.

. Jang, J. G. (2020), 4 study on the application of settlement

prediction method according to field Conditions at the field
of soft ground, Ph.D. Thesis, Pusan Nation University.

. Kang, S. C. (2021), “A study on the evaluation method of

undrained shear strength using settlement measurement data,
Ph.D. thesis, Dong Eui University.

. Kim, J. H., Kang, S. H. and Kim, T. H. (2015), “Settlement

prediction for staged filling construction on the PVD-improved
soft ground using SPSFC method”, Procedia Earth and Planetary
Science, Vol.15, pp.146-151.

. Kim, J. M. (2019), 4 case study on the prediction of final

consolidation settlement analysis considering the results of
soft ground instrumentation in Busan, Master thesis, Pukyong

National University

. Korean Society of Civil Engineers (2019), Research service

on the cause of settlement and long-term settlement prediction
at the Ung-dong hinterland of Busan New Port.

. Lee, S. W, Jee S. H, Yoo, S. J. and Lee, Y. N. (2000),

“Sedimentation and consolidation behavior of dredged clay
fill”, Journal of Korean Geotechnical Society, Vol.16, No.4,
pp-149-156.

. Ministry of Land, Infrastructure and Transport (2018a),

Korean Design Standard : Ground measurement, KDS 11 10
15, MOLIT.

Ministry of Land, Infrastructure and Transport (2018b),
Korean Construction Specification : Ground measurement
during construction, KDS 11 10 15, MOLIT.

Ministry of Oceans and Fisheries (2016), Port and fishing
port design standards.

Ministry of Oceans and Fisheries (2018), Port and fishing
port standard specifications.

Nomura, S., Ikeda, T., Katagiri, M. and Terachi, M. (2008),
“Consolidation settlement prediction of reclaimed land with
dredged clay case record of Kita-Kyushu airport”, Journal of
the Japanese Geotechnical Society, Vol.56, No.9, pp.10-13.





