A Study of Consolidation Characteristics and Residual

Settlement of Reclaimed Clay Ground



A e o] TR B O REet

i
/ H
i

A
I

\
/

A
I

\
/

2021 % 2 H

& B = [

B HEOWN D

&R f,f‘u
SEE



= ZJ erereereese s i
List Of Tableg rreeeereeererreesrssenimmteniintiniiteisteteste sttt st iii
LiSt Of FIUIES rereeererererereseresesssstststsstst e iv
ADSILACE +oreesererssstessmiminiinioiiiiiiiit ittt sttt st eb sttt vi

Al A8
1.1 AT HIZZ E A e, 1
1.2 ﬁ;} ;;L/Kg ............................................................................................ 3

A 2 F T]E QT 4
2.1 QFHOJE Q] FJQ wervrrererrrrirmrinii s 4

2.1.1 Terzaghi®] LY QI O]E wrmmiriiie, 5
2.1.2 QT ARA c s 9
2.1.3 AZE tell Mo AES AA (0] 2Ha) o] B FEE oo 2
2.2 AA Ao 3 A3t o= HFH 15
2.2.1 A2 (Hyperbolic method) e, 51
2.2.2 FAIE(EAE)E oo 1
2.2.3 Asaoka(f@%lﬁ)‘ﬁ ............................................................................ 8
2.3 E'LL‘H 1;\_1 %_1%_9] ?jg}:;ql‘ﬂ_} 793]_ Oﬂ%‘ 1;% }\Eké_ /\]_g" .................... 20
2.3.1 U o Adekxul A3} o= L A A e 20
2.3.2 AR Aekxul A3} o= L AZ AFg] e Pl



E
=

TAMHAES

A 3%

25

27

il

41

B
T

iz

uze)

3.3 AAMHAES] &

=
=

TANEEZ S A

A 43

45

45

o6

4.3.1 FANMHAZE Data ® el ©E 4

Al A data Hele o

1=
RER

3

4.3.2 %

A5 2 &

64

K



List of Tables

Table 2.1 ClaSSiﬁcatiOH Of Settlements ............................................................... 4
Table 22 Summary Of Flg 27 .......................................................................... 4]
Table 2.3 Predicted and actual measured of soft ground settlement in Korea

............................................................................................................... 20
Table 3.1 Physical properties of reclaimed clay s e, 89
Table 3.2 Consolidation characteristics of reclaimed clay =« 9:
Table 3.3 Physical properties of reclaimed clay s, 12
Table 3.4 Physical property analysis s, 33
Table 3.5 Test results for consolidation Properties ««we e, 6
Table 3.6 Test result for strength characteristics s, 8.
Table 3.7 Physical properties of reclaimed clay e, 1¢
Table 3.8 Strength properties of reclaimed clay e 2
Table 3.9 Consolidation properties of reclaimed clay e Do

Table 3.10 Comparison of characteristics of reclaimed clay and sedimentary

clay at the North Container Terminal site e A
Table 3.11 Comparison of characteristics of reclaimed clay and sedimentary

clay on site in the 1st stage of the Ungdong distripark =« 4 ¢
Table 4.1 Comparison of design and measured settlement «eeeeeeemreemenene 5.
Table 4.2 Consolidation waiting period after completion of embankment -1
Table 4.3 Leave period for consolidation after completion of embankmenb !
Table 4.4 Settlement and analysis result according to data range after

completion of loading at the dredging reclamation site -+ &5



Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig,

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

21 Principle Of Settlement by static load ................................................... 5
22 Consolidation mOdel ................................................................................... 6
23 Consolidation Settlement curve over time .............................................. 6

2.4 Definition of drainage distance(H,,) according to drainage condition 10
2.5 Isochronous curve(The relationship between the time coefficient 7,

and degree of consolidation Ult,z), H is the consolidation layer
tthkIlQSS) ................................................................................................ 11

2.6 Initial excess pore water pressure u,(z) depends on depth
distribution form when constant Uy torererns e 13

2.7 Relationship between average degree of consolidation density and time

faCtor ......................................................................................................... 14
2.8 Shematic diagram Of the hyperbolic methOd .......................................... 16
29 /_1} HOW to Obtajn a, /8 Of equation (224) ........................................... 16
2.10 Method of prediction of settlement by hoshino method «-«+=+ssesee+ 18
211 Prediction Of Settlement by AsaOka ...................................................... 19

2.12 Comparison of measured values of time to settlement and predicted
ValueS by hyperbolic method ({E/E\'Tj—:" 1986) ......................................... 22

2.13 Long—term settlement prediction and measured values of improved

2.14 Comparison of characteristics of reclaimed clay and sedimentary - 24
31 LOCEltiOH Of study site ............................................................................... 25
3.2 Reclaimed clay survey location plan : Busan new port north container
terminal dlStrlpark (Section 2) ................................................................ 26
3.3 Reclaimed clay survey location plan : Busan new port north container
terminal distripark (SGCtiOl’l 3) ................................................................ 26

34 PlaSthlty Chart ......................................................................................... 27

_iv_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

35 Overconsolidation ra‘uo(OCR) ................................................................. 29

3.6 Undrained shear Strength s 30
3.7 Undrained shear strength (P—II area of section 3) ««eeeeeeeeessessseennns 32
3.8 Undrained shear strength (P—IV area in section 3) «weseeeesesenenenenen: 32
3.9 Physical properties of reclaimed clay and sedimentary clay <« 35
3.10 ConsSolidation Properties s sssessrsssssssisiisssiiiisiiisiisiis s 37
3.11 Undrained shear strength distribution (laboratory test) «=«s««seesseeee: 39
3.12 Undrained shear strength distribution (field test) ==«eeeeeesreserssnienes 39
3.13 Undrained shear strength distribution (Synthesis) «««ssseseseeeseeeeeenen: 40
3.14 Intensity increase rate diStribULION =+ ssessessesmsssmssmeiisisinsisisiins 40
41 Settlement measurement reSUltS .............................................................. 50

4.2 Settlement velocity change during consolidation period after completion
Of embankfnent ........................................................................................... 51

43 Settlement measurement reSUltS .............................................................. 54
4,4 Changes in settlement velocity during consolidation period after
completion Of embankment -« +eeessssssssrmsissssssiniii s 54

4,5 Settlement and analysis result according to the data range after
completion of loading (North Container Terminal) ««s«s«seeeeseseseseenes 56

4.6 Settlement and analysis result according to data range after completion
of loading and loading soil (Ungdong distripark) «««eeeeeeeeerseeseeseeinees 57

4.7 Schematic diagram of the method of estimating settlement by the

hyperbolic methOd .................................................................................... 59
4.8 Settling velocity during the leave period for consolidation ==««=«««s«sss+: 59
49 Schematic diagram Of settlement analysis .............................................. 60

4.10 Settlement analysis result in case of including shear settlement after
embankment .............................................................................................. 61
4.11 Settlement analysis result in case of excluding shear settlement after
embankfnent ............................................................................................. 61



A Study of Consolidation Characteristics and Residual
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Abstract

For a dredging and reclamation site, excessive residual settlement due to the
long term settlement after completion causes many problems. It is related to
the big difference in the compression characteristics between the reclaimed clay
ground and the sedimentary clay. For instance, the site formed by reclaimed
clay in the upper area followed by soft ground is sold after improving according
to the 10cm of residual settlement criterion. Here, it should be noted that the
residual settlement is considered the primary settlement, not including the
secondary settlement. Since this improved land shows a big residual settlement
much more than expected, the dispute among the client, constructor, and the
man who bought the land is intensified.

So far, the study about the reclaimed <clay ground has not been
systematically conducted. The reason is that the boring, investigation, and test
on reclaimed clay are difficult compared to the sedimentary clay, and, thus, it
is difficult to define the characteristics of reclaimed clay ground.

Therefore, to solve the problems, first, the physical, consolidation, and
strength characteristics of reclaimed clay are analyzed using available data of
reclaimed clay in this study. Moreover, the predicted settlement in design and

_vi_



measured settlements were analyzed. From the study results, the following
things are redrawn.

The dredged reclaimed clay ground showed different stratum characteristics
compared to the sedimentary clay. The reason is that the dredged reclaimed
clay ground was formed quickly by re—deposition process after dredged seabed
clay moved through conveying pipe. The dredged reclaimed clay ground showed
a heterogeneity stratum layer where coarse particles deposited near the outlet
location of conveying pipe, and small particles deposited far area from that.
Thus the dredged reclaimed clay ground showed a big difference in physical
properties compared to sedimentary clay. In other words, the dredged reclaimed
clay ground's physical properties are dependent on the location of the discharge
pipe and spillway.

According to measured settlement results of North container terminal
distripark and Uudong distripark, the residual settlement of Undong distripark is
bigger than that of North container terminal distripark. The difference in the
consolidation waiting period between the two distriparks causes this result,
even though the reclaimed clay ground is not much different.

The result of the settlement was analyzed using the entire data obtained
during the consolidation waiting period after completion of the embankment and
the partial data of the section with good linearity in the back part. It was
found that there was a difference between them for the case of the North
container terminal. Therefore, when analyzing settlement for evaluation of
ground improvement, it is judged that the use of data of a section with good
linearity in the back part rather than using the entire data after completion of
the embankment is in good agreement with reality.

As a result of evaluating the degree of analysis according to the
consideration of the amount of shear settlement occurring immediately after
embankment completion, it was found that there is a difference when the
amount of shear settlement is included. The shear settlement is a settlement
that has the characteristics of causing not only vertical but also horizontal
settlement. It is known that about 20 to 30% of the total vertical settlement is
caused by shear settlement. In conclusion, it was found that the accuracy of
the analysis result can be improved by excluding the shear settlement from the
settlement analysis.

KEY WORDS: Reclaimed clay, Residual settlement, Shear settlement, Sedimentary
clay, Consolidation waiting period
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Fig. 2.3 Consolidation settlement curve over time
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Fig. 2.5 Isochronous curve(The relationship between the time coefficient 7, and
degree of consolidation U(t,z), H is the consolidation layer thickness)
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Fig. 2.6 Initial excess pore water pressure uo(z) depends on depth

distribution form when constant wu,
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Fig. 2.7 Relationship between average degree of consolidation density and time factor

Table. 2.2 Summary of Fig. 2.7

Consolidation degree, U, (t) % Time coefficient, 7,
0 0.000
10 0.008
20 0.031
30 0.071
40 0.126
20 0.197
60 0.287
70 0.403
80 0.567
90 0.8348
100 oo
Uu(®) = 0~60%0% : 7, = Z Ui%g)]Q )

U, (t) > 60%2w : 7, =1.781 — 0.933log[100 — U, (¢)]
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Table 2.3 Predicted and actual measured of soft ground settlement in Korea
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230 85 1930 3351
SAHCD 202 42 1240 1514
25 30 %70 3043
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Bk 2.0 50 1161 1906
Jora o
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Ag)oly 124 105 214
ol (27573647)
. 23 60 7340 7640
&l 312 40 5500 7410
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277 38 5100 6930
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Fig. 2.14 Comparison of pre—prediction and measured settlement data
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Table. 3.1 Physical properties of reclaimed clay

T % EdEF v F ] H=nl 3T
FAHE CL 2.70 72.4% 1.96 15.8kN/m’
Q@ YLEEA
ESTAE A7 2T o Ast AEE B FAWMEANY] oY
o]8& Felslr] 93 YXIA & (dilatometer)S A AR ). Dilatometer A &S

AR A9 A F7ITE AT AdstaL ARd7IT £o2 EHe Fo steel

membranes FAIA ARt SAA o} AWE SFHAFE e AFeE

HAREATY AAEQA S, vl s, debdn], ohdAls, A AR S,
q

H
HEAsE F4L = Ao

OCR = 0.5K,""
S, =0.220,,(0.5K,)"
71N, Kp= DEtErHS FHSHAT

o Fardsks

vo

Dilatometer A8 ZA3} AL H| 7} F 0.60.24 o2 AFdLo] 13 F
FHE FAEAT. Agduls Fol Ao wgd Hje] st r
BATtE e BIE RFTFAA FPERIZE A YEd AL EFUXE AT
FEFol7] ot e ATAEHES] A5 HAdEul= 100t T
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ZREFA 17 AANMAE 2 337 A8AE A7) AH8E s A °
el (Table. 3.2, Fig. 3.5).
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Table 3.3 Physical properties of reclaimed clay
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Table 3.4 Physical property analysis
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Fig. 3.9 Physical properties of reclaimed clay and sedimentary clay
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Fig. 3.10 Consolidation properties
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Table 3.7 Physical properties of reclaimed clay
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Table. 3.9 Consolidation properties of reclaimed clay
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Table 3.10 Comparison of characteristics of reclaimed clay and sedimentary

clay at the North Container Terminal site
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Table 3.11 Comparison of characteristics of reclaimed clay and sedimentary clay

on site in the 1st stage of the Ungdong distripark

FHUES A AEZ
TR
0~12m 12~20m | 20~30m | 30m °]3}

A1) (Wn, %) 776 67.6 69.5 595
1% (3, kKN/m’) 1529 1584 1547 1662
FEAG 0.82 0.71 093 0.71
(S, kPa) 15 116 21.7 36.3
BEZIHE 0.28 0.28 0.28 0.28
éﬁf‘ﬁﬂi ) 2.72 347 2.36 371
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Table 4.2 Consolidation waiting period after completion of embankment

T % PEA 7717 L) PEA 71 717ORE) H] 3L
SP-1-1 691 23
SP-1-4 688 23 NEFA -
SP-1-8 570 19 3.0~4./mm
SP-2-1 735 25 -
SP-3-1 715 24 = (‘52.0 ~Cé.6jr;1 '
SP-5-1 686 23
SP-9-1 17 24 A A e
SP-10-1 487 16 7717k
SP-12-1 642 21 1670€¢
SP-13-2 608 20
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Fig. 4.10 Settlement analysis result in case of including shear settlement

after embankment
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