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Analysis of the Long—term Settlement Behavior Due to the Additional
Embankment on the Waste Lime Landfill in Public Waters Reclaimed Land
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ABSTRACT

Recently, the reclamation of public waters has been on a downward trend due to environmental problems, but there is

a limitation to evaluating environmental characteristics index uniformly. In this study, the stability of settlement behavior

on public waters reclaimed land was analyzed using the experimental test. From the primary consolidation influence factors,

the characteristics of the waste lime was similar that of clay in process of consolidation. Assuming that the waste lime landfill

is the layer reinforced with thin geosynthetic reinforcement, the settlement was predicted by calculating the amount of increase

using the Westergaard method. As a result of predicting settlement with degree of consolidation, it was found that the
increase in stress was reduced by 40% when the surface layer of the soft ground was reinforce with geotextiles compared

to the case where it was not reinforced. In addition, the consolidation behavior characteristics of clay and waste lime were

compared using the correlation between the plasticity index and internal friction angle of waste lime. Since the waste lime

in the public process of consolidation, it was predicted that long-term settlement will increase further.
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Nonwoven geotextile(200g/m?)

Leachate drainage layer(t=300mm)

Nonwoven geotextile(1000g/m?)
HDPE SHEET(t=2mm)
Compacted clay liner( t=500mm)
Nonwoven geotextile(200g/m?)

Ground water exclusion layer(t=300mm)
Original ground
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(a) Bottom liner system

Vegetation layer(soil t=1m)

Geocomposite(horizontal permeability > 3x10-5m2/sec)

Compacted clay liner(t=50cm)

Original ground

(b) Top liner system

Fig. 1. Liner systems of the waste lime landfill on public waters reclaimed land
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Table 1. Various influence factors of /; due to Poisson’s
ratio(Das, 2022)

P Influence factor, |

z ,uS:O /AS:O_Z #S:O.A

0 0.3183 0.4244 0.9550
0.1 0.3090 0.4080 0.8750
0.2 0.2836 0.3646 0.6916
0.3 0.2099 0.3074 0.4997
0.4 0.1733 0.2491 0.3480
05 0.1411 0.1973 0.2416

Dry unit weight (kN/m®)

Fig. 2. Internal friction angle on coarse grained soil(US Navy,
1986)
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Fig. 3. Overview of the waste lime landfill in public waters
reclaimed land

Table 2. Physical properties of the waste landfill material
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Fig. 4. Sieve analysis and Soil classification
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Table 3. Consolidation parameter of the waste lime

Preconsolidation Compres— . ) ) Secondary ) | Saturated unit
) o Initial void ratio, Overconsoli—dati .
Material Depth(m) pressure, sion index, . compres— 0. OCR weight,
P(kfn) c 0 sion index, ¢, | " @ Your RN/ 1)
Waste lime 9.0 40 0.602 1.606 0.01414 0.479 14.2

Table 4. Mechanical properties of the soil layer at the waste landfill

Soil layer Unit weight, v(kN/m’) Cohesion, C(kN/m) Internal friction angle, ¢(° ) Remark
Cover Sail 17.0 20.0 25
Waste Lime 14.0 40,0 20 PI=11.92
Weathered Solil 19.0 10.0 30
Weathered Rock 20.0 50,0 33
250.00 35.0
i
300 |
200.00 [ B VST(k=0.3m)
_ 25.0 UCT
% 15000 | Vj?jx”o G DST
% R 70'997.?--' % 20,0
3
i 100.00 % 15.0 20
9] 10.0
* 10.0 8.2
50.00 |
50 |
0.00 L
0 50 100 150 200 0.0
Normal Stress(kPa) Test Method
(a) Internal friction angle by the direct shear test (b) Cohesion tested by the various shear test

Fig. 5. Mechanical properties of the additional embankment soil on the waste landfill
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Table 5. Physical properties of the additional embankment soil on the waste landfill

Specific ) ) ) Sieve analysis Classification
Water content, i Moisture unit weight,
ravi i ici i i
W(%) 9 Y, 7,(kN/m3) #200 Passing Coethent of Un?fgrmny USCS
Gs rate(%) gradation, Ce coefficient, Cy,
15 2,65 17 8.25 1.3 15,7 SW-SM
Table 6. Consolidation properties of the waste lime landfill
; - Secondar lida— — P ili—
. Unit weight Initial void Compres— ol conso |<jg . “Compres. . ermggbu v
Soil Type atio. & sion index. C compres— tion coefficient, |sibility coefficient,| coefficient, k
WN/M®) | VaaKN/m®) e * ¢ | sion index, G, | Cv(cm?/sec) |  mycm’/kgf) (cm/sec)
Cover Soil 19,2 201 - - —
Waste Lime 14 145 1.606 0.602 0.01414 6.28E-04 4,98E-03 1.42E-06
O L] g roeos T
1.8 : ‘ —8—Waste lime [ é ‘—'—V\-’aste lime 11
1.6 F EV [
F T ;
1.4 B £
E el =
o 12 [ F 2
£ ] N g
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E o8 | '\\ : e e
06 | [ .'_5 e
’ g
0.4 F us
0.2 §
0.0 EE 1.00E-06
1.0 10.0 100.0 1000.0 o] 1 10 100 1000
Pressure (kPa) Pressure (kPa)
(a) e — log p curve (b) log m, - log p curve

Fig. 6. Consolidation curve of the waste lime landfill by pressure
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Table 7. Consolidation period and settlement with degree of consolidation

Period(year) 1 2 3 4 5
Degree of consolidation(%) 8.82 12,48 15.28 17 64 19.73
Settlement(cm) 13.11 18,55 227 26.21 29.32

Table 8. Increase of vertical pressure due to the additional embankment soil

Unit weight, 7(kN/m?)

Initial effective

Depth of settlement, |Height of embankment Increase of vertical
H(m) soil, H(m) Waste lime | Cover soil | Pankment | OVerBurden pressue, | o ccure, Ap(kea)
soil Po(kPa)
18.0 9.0 145 192 17.0 69.3 153
Table 9. Incremental stress by Poisson’s ratio(Westergaard, 1938)
Additional loading, P(kPa) Poisson's ratio, Influence factor, \ncrerzeor&a;as)tress, Remark
0.20 0.4244 289
153 0.28 0.5209 35.4 Eq. (8)
0.40 0.9550 64.9
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a G Test data (N.C.)

Lower Bound

-+ Mean

&' (deg)

M | = 43-10log PI

&' =30-11log PI

1011 233 points (Sorcnsen and Okkels 2013)
Data from Kenney 1959, Booker &
Ireland 1965, Bjerrum & Simons 1960

and Terzaghi et al. 1996
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0 T T
1 10 100 1000

Plasticity index, PI

Fig. 7. Relationship between ¢ and plasticity index for normally
consolidated clays
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