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In this study, the relationship between the settlements and the horizontal displacements according to embankment
was analyzed at the marine sedimentary grounds for preparation of a site, and then the empirical equations of both
the settlement and the horizontal displacement considering the embankment load and the thickness were proposed.
To do this, the field and laboratory tests were performed at the improvement section where the pre-loading method
was applied, and the field monitoring was performed using various sensors. Based on the results of the tests and
monitoring, the ground deposits, soil characteristics and engineering properties were analyzed and the settlements
and lateral movements were estimated by the Regression analysis. The ground deposits from the ground surface
were composed of reclaimed soils, sedimentary soils and based rocks. The thickness of clay in the sedimentary soils
layer was ranged from 3.9 m to 44.5 m. The embankment heights to improve the ground during pre-loading were
constructed from 4.7 m to 7.8 m in each section. The settlements during embankment were ranged from 0.959 m to
2.217 m and the lateral movements were ranged from 0.048 m to 0.313 m. As the result of regression analysis, the
equations of settlements and horizontal displacements according to embankments may be proposed as s = 0.02/+ 0.114
and 8=0.01¢"37" respectively. The proposed empirical equations of the settlements and the horizontal displacements
according to embankment on the marine sedimentary ground may be applied to the site where has a similar con-
dition of study area.
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Fig. 1. Location of the study area.
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Table 1. The ground deposits of the marine sedimentary ground based on the borings.

Reclaimed soil (m)

Sedimentary soil (m)

Based rock (m) )
Boring depth

Bore hole No. Clay/Sand Sand Clay Sand  Gravel Weathered Weathered  Soft (m)
soil rock rock
BH-01 1.9 5.2 3.9 1.6 0.9 13.5
BH-02 0.6 7.6 14.2 0.1 22.5
BH-03 0.7 7.6 15.1 5.3 2.3 31.0
BH-04 0.7 5.4 15.6 4.6 8.2 1.5 36.0
BH-05 4.1 6.0 5.9 5.0 21.0
BH-06 0.4 7.6 31.6 0.9 40.5
BH-07 1.2 9.1 28.0 0.7 39.0
BH-08 0.9 7.9 17.7 383 1.2 36.0
BH-09 1.9 7.6 20.1 1.6 3.9 37.3 2.6 75.0
BH-10 0.6 7.7 252 1.7 7.5 2.3 45.0
BH-11 0.7 8.1 29.4 4.8 7.5 3.5 54.0
BH-12 0.7 7.5 25.8 7.0 13.0 2.0 56.0
BH-13 34 7.5 8.3 1.8 21.0
BH-14 1.9 6.8 9.9 12.0 9.2 2.2 42.0
BH-15 2.0 7.6 9.1 10.8 0.9 2.1 32.5
BH-16 1.0 9.1 27.2 1.0 13.3 28.4 80.0
BH-17 1.0 8.8 35.1 1.0 1.4 6.3 6.4 60.0
BH-18 0.6 9.0 31.6 1.2 5.6 1.5 49.5
BH-19 1.8 84 324 0.6 12.8 20.0 2.0 78.0
BH-20 1.3 83 30.4 0.3 21.7 18.4 6.7 87.1
BH-21 0.6 6.9 44.5 2.8 8.7 11.5 2.0 77.0
BH-22 0.6 6.6 223 22.0 18.7 1.8 72.0
BH-23 1.4 11.6 18.0 20.0 13.9 5.1 6.0 76.0
BH-24 5.8 10.0 19.0 17.3 20.9 5.0 3.0 81.0
BH-25 44 10.4 29.4 15.6 1.7 61.5
BH-26 43 11.9 17.3 18.5 19.4 1.6 2.0 75.0
BH-27 5.1 8.2 26.3 13.8 20.6 2.0 2.0 78.0
BH-28 4.6 9.9 19.9 21.2 17.5 4.7 2.0 79.8
BH-29 1.0 8.8 30.0 7.4 33 55.5
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Fig. 2. The thickness of sedimentary soil according to the result of boring.
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Fig. 3. The representative section of ground deposits by borings.
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Table 2. The results of soil physical properties according
to depths of soft ground.

Moisture . Unit  Liquid Plastic
Density . L ..

content (g/em’) weight limit  limit
(%) (gfem’) (%) (%)
Upper part 55.7 2.70 169 632 267
Middle part  67.5 2.70 1.64 759 294
Lower part 41.4 2.69 1.84 50.7  25.6
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Table 3. The results of uniaxial and triaxial compression tests
according to depths of soft ground.

Undrained strength (kPa)
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Table 4. The results of field tests according to depths of
soft ground.

Undrained strength (kPa)

. Section Pi
Section iezo cone
Uniaxial strength  Triaxial strength Vane penetration DMT
Upper part 1.24Dz + 1.72 1.46Dz + 19.91 Upper part 1.36Dz+1723 141Dz+1524 1.84Dz+8.30
Middle part 0.63Dz + 26.58 1.75Dz+ 17.64 Middle part 2.03Dz+5.64 1.01Dz+27.03 2.87Dz+15.90
Lower part 0.62Dz + 21.83 0.59Dz + 48.89 Lower part 0.90Dz+3537 1.54Dz+13.17 0.75Dz+29.64
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Fig. 4. Compressive index and initial void ratio according to depths of soft ground.
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Fig. 5. Re-compressive index and OCR according to depths of soft ground.
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Table 5. Instrumentation device and method.

Device Type Method Point
Settlement plate Level and transit Manual 69
Multi layer settlement Resistance Automatic 2
Multi layer settlement Magnetic Manual 19

Settlement gauge Semiconductor settlement Automatic 9
Pore pressure meter

(Automatic) Differential trans Automatic 2
Pore pressure meter ;g ol trans Manual 19
(Manual)
Ground water meter Casagrande Manual 6
Earth pressure meter Wire Manual 3
Inclinometer Accelerator Manual 20

A, B B ASAAHE i) =4
S, Al 3 =rle s 3 ASAES
Aol AXsigler ek, AskrelAl, B 2 AS

I |—@— Settlement
t | — Embankment height

o = N WA OO N ® ©

/

Embankment height (m), Settlement (m

Embankment height (m), Settlement (m

b

Elapsed times (days)
(a) P-3 settlement plate

)
S

r —&— Seftlement
+ — Embankment height

m), Settlement (m

Embankment height (

0 50 100 150 200 250 300 350 400 450
Elapsed times (days)
(c) P-43 settlement plate

)

Embankment height (m), Settlement (m)

A-I§|:.|-71|ud :élg}eél:

Fig. 72 X =
AEDAM FslEe dxAes Jeid 308 A&}

Zleygol| ulgl &, JEsFso] S/ met Fstg=
7keke AR UrE‘r It} 2e)a ErE ghEE o
Hsldgo] 5= AFS Hole Ao=Z Yepth ©
FAE AR JESFO R Qlate] Z7o wAlE 2
0017‘__15]:0}0] ]-E]U:]/q HL*@E]" oHlE ]’Oﬂ 710151 el
02 o] gl wlz} e} doful= Z0E & &
th ks AEL 4.7-7.8m FHIAM F3Elon
2 A% ke 0.9592217mel Ao E UEhked),
|

T
5&
ol
el
o
o,
oo
ol
2
i
.
12
=2
2
[
o2
i

_4

@
2
ie e olN

o

AE A Folsh Jeel e AR 3

MEEY SuRsY

Fig 82 5] SRl AipAg olgilel &
AE) HEGAME 2HRe TS EFos Yepd A
et S o %, AEaE) B A 2

=

9 + @ Settlement
8 + | — Embankment height
7t
6l
5|
4k
st
oL
1k
0
St
-2
0 100 200 300 400 500 600 700
Elapsed times (days)
(b) P-9 settlement plate
10
9 @ Seftlement
8 | |— Embankment height
7k
6
5|
s
3l
oL
s
0
4t

b

0 50 100 150 20 250 300 350 400 450
Elapsed times (cays)
(d) P-47 settlement plate

Fig. 7. Settlement according to the embankment stage measured by settlement plate.



198 g - A
Horizontal displacement (mm)
-400  -300 -200  -100 0 100 200
0
5
10
15
20
E
< 25
Q
jo)
)
30
35
40
45
50
(a) IN-3inclinometer
Horizontal displacement (mm)
-200 -100 0 100 200 300
0 .
5,
5
10
15
20
E
< 25
Q
jo)
[a)

30

35 —e—1.538m

—A—2.424m
——3.114m
= 4.125m
©-4.998m
A-6.175m

40

45

(c) IN-13 inclinometer

Depth (m)

Depth (m)

Horizontal displacement (mm)

50 100

20

25

—-o—1.555m
—A—1.91m

2.392m
2.509m
3.881m
& 4.151m
5.157m

30

35

40

(b) IN-4 inclinometer

Horizontal displacement (mm)

-100 -50 0 100

20

30

40

50

60

d) IN-15 inclinometer

Fig. 8. Horizontal displacements according to the embankment stage measured by inclinometer.
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