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A Study on Consolidation Settlement Calculation
of Cutting Soft Clay as Fill Material
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ABSTRACT : In the case of creating a site in the reclaimed land (public waters), due to the nature of the coastal sedimentary ground,
large-scale construction materials are required, It is necessary to utilize soft clay, which is inevitably generated during construction
of the complex, as a fill material in terms of resource recycling and economic aspects (reducing the amount of embankment required).
In this study, changes in the consolidation characteristics of cut-out disturbed soft clay due to the recycling of soft clay soil were
identified, and a consolidation settlement design plan was proposed. Through the results of the consolidation test of the study site,
the change in consolidation characteristics (compression index reduction, precede load uncountable) due to disturbance (cutting) was
confirmed, the method of calculating (consolidation settlement) the filling clay layer as the composite target layer (consolidation target
layer, loading load layer) was analyzed as a result consistent with the actual behavior.
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Table 1. Consolidation settlement calculation

Settlement Calculation Graph
: P+ AP | ¢
Treg H log(T
First C,: Compression index

consolidation |e,: Initial void ratio
(S,) H: Soft ground layer
P,: Effective load

A P: Load increase

PcPo PotAP 16gP

tZ
1+e plog( ) t1 to Iogi
At

C, . Secondary
Compression index

consolidation |e,: End of consolidation
(S,) void ratio

H,: End of consolidation

Secondary

A
inst consol idation|
J\Secondary'

@

AS

Soft ground layer |S

t,,t,: time of consolidation

Table 2. Settlement calculation of treatment period
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Fig. 1. Load—settlement relation graph
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Table 3. Settlement calculation method Proposal

List Settlement calculation

Consolidation | Soft ground layer( #),

target Filling clay layer(A H)
Load increase| Embankment layer(h)
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Fig. 3. Study area with site investigation locations
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Fig. 6. Soft ground distribution chart
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Table 4. Changes in consolidation properties

Sample | Sample | Sample | Sampl
Consolidation parameter Ample | Sampie,) Sample | Sampie Average
-1 2 3 4
Compression |Undisturbed| 043 | 044 | 040 | 038 | 041
index (C,) | Disturbed | 034 | 035 | 037 | 028 | 034
Recompression |Undisturbed| 0.07 | 0.06 | 0.07 | 005 | 0.07
index (C,) | Disturbed - - - - -
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Table 5. Ground characteristic value

List Design parameters
Embankment layer 7,=18.00kN/m’
7y =17.80kN/m*>, OCR=1.00, ¢,=1.19
Cc=0.34
7,=17.80kN/m’>, OCR=1.75, ¢,=1.21
Cc=0.41, Cr=0.06

Filling clay layer

Soft ground layer

Table 6. Calculation results of the consolidation settlement

. Filling clay layer | Soft ground layer
List Sum
(AH) ()
Site-1 22.02 22.86 44.88
Site-2 15.85 12.52 28.37
Proposal-1 | Site-3 14.95 12.52 27.47
Site-4 23.83 22.49 46.32
Average 19.16 17.60 36.76
Site-1 55.02 77.04
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P I-1
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Fig. 9. Installation section of surface settlement plate
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Table 7. Measurement settlement prediction result ok A ZslaEe. Aok Al = z]slak o
OFS(H) 2] AR SIS Ab-1014 AS3sHF thH] w5
List Filling clay | Soft ground Sum AA A E AL, ARE-200| A= A3 shgat AR A}
layer (AH) layer (H)
Hyperbolic 19.30 40.40 59.70 2 AP E Ik
Hoshino 19.30 40.40 59.70 = > = S1=
Site-1 AAEANE=T TZ]_X I?l—@o]:z_ SHA|RGEF vl AT L A
ite Asaoka 920 2980 900 b st AAREArS] AR SHE vl Ay, A|
Average 19.30 4020 59.50 Q12 AZHskeF tfH] -18.4em(-33.3%), A|%F-2+= +6.5cm
Hyperbolle | 1420 3740 >L60 (11.8%) Zo|2, Aler-2(arci5)e] AAgro] A7
Site-2 Hoshino 14.20 37.40 51.60 ]
Asaoka 14.50 36.80 5130 I ARE 23S UEllen, JAELAES(AH)O] oF
Averngt o o 2 Aeats 2 AjetEo 2 ZRgaks AL A 4 9k
yperbolic . . . ) }
Site3 | Hoshino 13.00 40.50 53.50 ohal, A|Rk29] A= sl Zpo|7h AR WAk
. Asaoka 12.60 39.60 52.20 AL B3 AR UHEREH S T3l HIEL ]
AT TTH T jus 1_( )= LEQ‘O]—‘]— X] =3
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vemge} FBhHhZ A SH= £=90] oJokx|u}l A A0 Ao R
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. Hoshino 17.60 40.60 58.20 = 2d A AR O] 2lo]l Eolalst 7 o o
Site-4 slod, AdAoh AAAYO] Aol Brlud Ao ghekErt,
e Asaoka 16.60 38.60 55.20 = == =
Average 17.20 39.70 56.90
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Hyperbolic
method

S~ _ o t
B =tan 6 blib[ﬁr&""ﬂt
1
S¢=Se+ =
a f 0 ﬂ

t/(81-50)

t

Table 8. Comparison of measurement settlement and design settlement

As a method of estimating the future subsidence by the
initial actual measurement amount under the assumption
that the average speed of subsidence decreases hyper-
bolically, and calculates the subsidence amount by
plotting the time (¢) and ¢/ (S5, —.S,) based on the actual
measurement amount after the end of stacking (Tan et
al., 1991)

Proposal-1 Proposal-2
List
Sitel | Site2 | Site3 | Site4 | Average | Sitel ‘ Site2 ‘ Site3 ‘ Site4 ‘Average
Filling Measure | 19.30 | 14.30 | 12.80 | 17.20 | 15.90
clay layer | Design |22.02 | 15.85 | 14.95|23.83 | 19.16 Proposal-1 identical

A1y Tan|+ss| w56 | 326

Soft | Measure| 40.20 | 37.20 | 40.20 | 39.70 | 39.30 |40.20 | 37.20 | 40.20 | 39.70 | 39.30

gl”’““d Design | 22.86 | 12,52 12.52 {2249 | 17.60 |55.02|38.15|35.63 | 41.19| 42.50
ayer

(H) (+-) [-17.31]-24.68|-27.68|-17.21| -21.70 |+14.82|+0.95 | -4.57 | +1.49| +3.20

Hoshino
method

B AKVE
=Sgt+ ———
VI+K%t

< < 1
S¢= 5S¢+ \/g

t/(8-8)°

Measure | 59.50 | 51.50 | 53.00 | 56.90 | 55.20 |59.50 | 51.50| 53.00| 56.90 | 55.20

Sum

Design | 44.88 | 28.37 [ 27.47 | 4633 | 36.76 | 77.04 | 54.00 | 50.58 | 65.02 | 61.66
(AH+H)

(+-) |-14.62|-23.13|-25.53|-10.57 | -18.44 [+17.54|+2.50 | -2.42 +8.12 | +6.46

As a method of estimating future subsidence from the
assumption that the amount of total subsidence including
flow deformation is proportional to the square root of
time, time (¢) and ¢/(S,— S,)* are plotted based on
the actual subsidence after the end of stacking, and the
amount of subsidence is calculated by the unknown A
and K by connecting the straight parts of the latter
half of these points (Hoshino, 1962)

Asaoka
method
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Based on the one-dimensional consolidation equation,
It is a simple formula that shows the amount of subsidence
when the load is constant, Calculate the amount of
subsidence by plotting (5,,5,), (.9,,95), and (S;_,, S;)
corresponding to the time (At) of the same interval in
the actual subsidence-time curve, Calculate the amount
of subsidence by finding the straight line connecting
the points (Asaoka, 1978)
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Fig. 11. Settlement prediction graph
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