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Dynamic Behavior of Offshore Waste Landfill Revetment
with Geosynthethic-Soil Interface

zZ 2 g Kwak, Chang Won < = 3 Oh, Myoung Hak
uool Park, Inn Joon A 5 o Jang, Dong In

Abstract

Geosynthetics are generally utilized to restrain the leakage of leachate and other contaminants during the construction
of offshore waste landfill. Therefore, geosynthetic-soil interface is formed inevitably. In this study, 2 dimensional
numerical analysis is performed to assess the dynamic behaviour of the offshore waste landfill including geosynthetic-soil
interface. Offshore waste landfill can be divided into rubble mound revetment and retaining wall types and analyzed
on each type. Effective stress analysis is conducted to consider the variation of pore water pressure and axial force
and shear displacement of the interface are compared based on the characteristics of seismic frequency. Consequently,

retaining wall type demonstrates more stable behavior against liquefaction potential and favorable forces and shear

displacement.
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(@) Schematic of offshore waste landfill (Oh et al., 2012)

(b) Semakau landfill (zerowastesg.com)

Fig. 1. Offshore waste landfill
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Fig. 3. Type of offshore waste landfill revetment (Endo, 2017)
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Table 1. Conditions for numerical analysis

ltems Conditions
Method * Finite Difference Method (FDM)
Program * FLAC2D

Initial stress condition (static analysis)

Procedure : . .
— Flow analysis — Dynamic analysis

Constitutive Ground : Mohr—Coulomb model

model * Reinforcement : Elastic model (Strip element)
« Static analysis : Fixed boundaries on both
sides and bottom
Boundary * Flow analysis : Fixed pore pressure on
conditions offshore side

» Dynamic analysis : Quiet boundary on both
sides
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Fig. 4. Schematics of strip element (Itasca, 2005)
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Fig. 5. Stress-strain curves of various geosynthetics (Koerner,
2012)

Table 2. Properties of strip element

Item Value Unit

Young’s Modulus 6.00E+08 N

Width 1.0 m

No. 1.0 EA

Thickness 0.002 m

Tensile yield stress 2.25E+04 N
Strip interface cohesion 2.00E+07 N/m/m
Strip interface shear stiffness 1.00E+05 N/m
Density 980 kg/m’




o) BAISE A2 B e et tha golst & Saidte] YAt 27)$ RS FEste] 14 4
WG WoHR Fig 59} Lol 7|2e] AH A A Aol ERElALh 1 F WA 4 Fee) Auhne,
of we} 0.6GPag A-§soitt. E3F a4 = 1719 &, 25 WY, 2E &5 4 128 AEEE £
Aeiisz A8E BAPSS Table 20] Uehfoict.  7]Skste] S2AY U BANEE THEFORA 2
SldehRe FAs S oR Mgl thel Ak Seabeo] mEskolch
P A 2 Fig. 63 Ak A S s E A5 7] ol & HIF O R R Qg F4ety} QRS ¥
ko R Sl A4S AT BRARE A ol g 45s mAeh, YR o 44 R A8
ZRtolA WS ZAArAT vieHe||, S84 SQtolA A A S e EESIAS asklt
Al 9 7|zt AshES Fetact SR 7
Ao A o] Bhabal FEFe 2|astslr] flsto] o9 32 518 =A
S oIS S g Zo] 20 ooz g
w3t SA51E A5 AN 242 Table 30 Lhek o 315 AN SANA wAER A5t 519
Woich AR B4 The olgatol 22ke etk ok AHHAAL S5 AF 9 eliggtoln BH3
A aage TAT Auke Fig 73 2t Mo A|AsES At slgint AWsES A Hute] F
4 gheol] jstel e keERt AgE Al 5k B4l w2 Aol Ee Slsh] glstel 4, B
o] A HPYHE ks fiste] ARHEAdT A A E4S B 7HIES ARG HollA] et QlsAKat
2258 9 vy 1y A 2A)E AAskal A oF =) AREALE vEgstr] Q13 ©aerjuel A A
o Gm‘<17,32m> - 39,68m Impermeab!ea’s_m‘ Protection
“.§ X I Sea 53%;»:0"\\ - N eosynthetics T T
EA 39,68m 40,64m c £ g ‘ .16,93m_|12,86m £
ﬁ Marine sediment oE Sr b Marine sedment é N
éz Base rock i Base rock
i 120m o } 120m 177
(a) Rubble mound revetment type (Section-1) (b) Retaining wall type (Section-2)
Fig. 6. Sections for analysis
Ph ois 1o
P
T .«@_ P
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Fig. 7. Grid generation result
Table 3. Properties of soil
Uni oh Cohesi I | it Young’s modulus Poisson’s ratios
Materials nit Wel% ts ohesions nterna rIStIOn (E, MPa) (v)
(KN/m°) (kPa) angles(°) : : : :
Static Dynamic Static Dynamic
Marine sediment 18.5 15.0 30.0 35.0 48.0 0.33 0.44
Base rock 23.0 300.0 38.0 300.0 542.0 0.28 0.35
Revetment 18.0 0.0 33.0 50.0 78.0 0.30 0.41
Rubble mound 18.0 5.0 33.0 66.0 88.5 0.30 0.41
Protechtion layer 18.0 5.0 33.0 55.0 83.1 0.30 0.41
Backfill 18.0 5.0 33.0 55.0 83.1 0.30 0.41
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Fig. 11. Pore pressure histories on section-1
8.E+04 8.6+04
g g
B L B T BEH08
3 7
g
T T
2 2
3 26404 i 26404
IS &
0.£+00 ! ‘ ; ; 0.£+00 ! : :
0 5 10 15 20 0 5 10 15 20
Duration (sec) Duration (sec)
(a) Artificial seismic wave (b) Gyeongju seismic wave
Fig. 12. Pore pressure histories on section-2
Table 4. Safety check for liquefaction
. Seismic Initial pore Max. pore Max. excess pore | Effective confining | Pore pressure Stability for
Section : . .
wave pressure (Pa) pressure (Pa) pressure (Pa) pressure (Pa) ratio liquefaction
’ Artificial 40178.9 68985.9 28806.9 75240.0 0.383(<1.0) OK
Gyeongju 40178.9 68959.5 28780.5 75240.0 0.391(<1.0) OK
5 Artificial 33045.0 41867.5 8822.5 65190.0 0.135(1.0) OK
Gyeongju 33045.0 41868.1 8823.1 65190.0 0.135(1.0) OK
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Fig. 13. Interface behavior under artificial wave (section-1)

(a) Axial force distribution

(b) Shear displacement distribution

Fig. 14. Interface behavior under Gyeongju wave (section-1)
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(a) Axial force distribution

(b) Shear displacement distribution

Fig. 15. Interface behavior under artificial wave (section-2)
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(a) Axial force distribution

(b) Shear displacement distribution

Fig. 16. Interface behavior under Gyeongju wave (section-2)
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