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SREEE - Bl

TE2E T FHEAFHEE ITHERRPM (7321 FHETAFHHET 2753)
PERE T FHEAFHEEE THEERREM (7321 FEETHAI 2753)

Bk R BRI B OB EEM E LTHVOLNT WA YA A Y T LY OB IRHOHEIZ>WT, EEO
FELTICELITBR LI BV X v 7Ly OREFHEE 72 TOREKRDEMK%, Koerner i, Co-energy ¥,
EELOWPEEE RIS EICLVHUT. 208, OTHITERINEZVI AT LY OBUBIKET S
R Fs, LREICHETALR2E Fse 2 OBITIE, Fs;=Fs:* DBFE»H 5. QB2 ICHETHRLEB LUV
Co-energy ICBI 9 2K 2R LMBUBIRETIREROEIEI—NKTS. Q@VA AV TV VYORERS L, BRE
BN - BEERHRORESIREVEE, KEREEZLELTE. JEMHboT.

Key Words . design, safety factor, elasticity, friction, settlement, liner, geomembrane,

1. BL®II

AR, Bk R BEESIBIC BN T, EAEED &
LTESFHE» 555 PVC (BVEEE=Z—) 2
HDPE (BEER)TFLY) BEDIVARXA YT LY
BHOVLATVAEYY, ZhAsDTF A Y7L VidEK
HAMEL, BKBE U TCOESHEL, Mt HE
hTVEY, BREOREFUTICLOYF AV T L VIS
BREEERVA (BEVEEERV 0T H) PEL, Vi
AV TV OBEINERE N TNE,

VAAV TV U PBRTEKBE UTHW SN2 E

%, MEsAF -t TBESENWID, VA x0T

LY OB BRTE 135 OBKEEEIC & > THmIY &
5BIENEL, BIRVARMAS BIAAYTLYOD
RO EETH S, i, Exic@easiLo
& LT Koerner 3= RLBEHRICE I EE L OHEY
MIEEXNTHED, Giroud® HEHMMTFEINZHOIT
Mx52V4x0 7Ly OBRAEZRSIFTEELT, 51K
VH-0 3 HpERICE S < Co-energy (RERL TN 5.
EIAT, VAA YT L VOBMNIBHRY DFIEYES
Ty 13, BIFRVBE o5 B S O (Twe=o0up-t) T
Fahsy, BBV, RBEOBERBIIHGT &
RTKEE Fsr THRUTHOVOLNOPEETS 5.
RHXOBWIE, JAAYTLVOEEEEZEEBLULE
AWEEICBNT, REEN, HUE, BE, B3,
Co-energy DHEIZBNT, E0 &> BENRKEZ
BoborzRemildsl:2BRELTWVWS. £,
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ZOBBIZBNT Co-energy BOE X R ~DOILIED
R
2. Koerner Vb 2ReE
Fig.1 iZR$ &5 I, BRBORZEEXTIRIA AV T
VBRI AL - THEBICEIERY INRET S
W, CONBIFAAYTLvELEOBTRESNDE
BAHLWEH>EEXS. Thbb, FELAITHIBLURL
BAEM Y OFR0 ) T i, VA A V7L YOS
ROBER o, TZOEZ %L, R2EAE Fsr &L UTH
(1) cEaxh3.
Tar=ouvr t/Fsr (1)
TARAVT Vv ETEOBEBANLET ¢v, TEHT
S THY, XHILLEBHEZ p, BEZRET S DICHRE
BRIFXAVTVVOHEBES® x(Fig2 BR) -5 &,
BEHREK (2) &b,
R=Ry+R;=p- (tangy+tangs) -x (2)
T & RPKELFRTHES L LTRSS tERD B &,
K (3) &15b.

_p-x (tangyttang) - Fs
= CO;’B'GUL - - ( 3 )

$75bH 5, Koerner HEIZBWTIE, BE% Fsp IZ & VK
BUTEZBI &3, BE3% Frfd522IF L.

B, TOKoemeriBIIBIT3EBBAEZE, B—KE
FEoREHEBz OREDH ST THS. $4b5, Fig.2
WWHEREINTVBH LD, s BES HIKRETHETH
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Fig.1 Design model used to calculate geomembrane thickness?
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~ ok Thickness
=N 90
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=
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Fig.2 Mobilization distance versus applied normal stress for

HDPE geomembrane®

5. Lpdil, BsZ2EELTCEBLLzOEA2FERALT
R (3) P tZROHPOEFREBETHSH. B3R
OEBITBRT BITRBER YA X T L OBUDOEE
FRIEVWRR XN B55R0 NN & OBERIC OV T DR
BB INTVEVWETH S, VA ATV OB
HEAREEMIC L > T, FEFIRVBECHET SN
TUEHHARETIERET 5 123 OBUDE U WAl S
HbH., COE_OMESOHRERZERLTVHDN,
Co-energy iR &R TH 5.
3. Giroud O Co-energy EICH 1T 3 FEE

(1) Co-energy &®

Fig.3 (a) IKR$ &H T, —#Wpay s ) — M
PICEEINIZ VAR Y T LV OEEN s P IETT 5
L, VXA VTV VIIHUE s ERXND. V42V
Ty IS mEN p SMERLTE Y, Bt
E OB — B ANBENE c=p-tang EEL
TWaEEESTS (Figd (b) 1), coL&, U
AT YROBAIEYS O DR TE, ZOEEENEI
WHl3 T, V320 T U IEAMNBENE SRS
LW (0FHPELEW) B> H OB iz L
THRENICEX (Fig.3 (c) 28) 956. 35b5,
R (4) TEINS.

T=t-x=p-tang (4)

SAMBEBENESRET S VA A VT Ly OBEY L
LI BHE, VAAVTLYHNORASIEED 11 To 1388
M DOBERTEL, FORXIEK (5) TH5.
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Fig.3 Geomembrane subjected to differential settlement s

To=7-L (5)
ks, VAA YT L VIIRELHURsIE, YA AL
TUYRIRELS0T A e ODRBLIKbORZ2BHETD
v, X (6) TREN3.

s=f0Ledx (6)

N (4) »HDde=dT/(p-tang) &, 2=LTT=T,
TERT S L,

s-p‘tan¢=j;roe daT (7)

& B, FOX, Figd iRy [BRYH-054] B
BIZB I 580 T=T, £ TO Tihé OBOmBIZE
L. O Co-energy | E' TdH 5.

Y— 7NN TS Coenergy % Emax &35 &,
FEHp, BEEREESOTTYA A YT LY BEKICHY
5 BE smax WA (8) E5.

S = E,max
max p-tang

(8)

(2) Co-energy ic&3 { ReE®

FERTBIA AT LY OBESREZ &, 5IERON
-3 HDORMR, T80 5 Co-energy S EBEBIEL R
5, BEiOVAXAYTLYICEAT AN LDOME% Ef
E¢ETHBE, MUBSIZIHE B ITWMER Co-energy



Co-energy

— Energy

Strain 2

Fig.4 Geomembrane tension-strain curve and area defining the
geomembrane Co-energy®

PEre i3,

El=s"p-tang; (9)
THBP D, MBOERIHES MO T2EHI OV
ATV BT BEEERE, Co-energy KWEBHUL
TERTER (10) 72 5.
Efeq
X (10) &V, HUE (FH) KB 2K LK Fs, Off
id, Co-energy DL 25 Z &5,

S
Fs,= max __

- (10)

(3) Co-energy EDE SKEIADHER

Fig 4 IR U 2515R 0 -0 3 OB, BIBRVE
N-VFHOBERIMRRI B ENTES. ZOBFRTO
Co-energy % [Unit Co-energy : E/ml] &30, E
BIOVARAYTVYWET Y- EHIEHIET 3
Co-energy id t* Epnimax TH 5. BHEIZIL, BEIPRZ
%<& Co-energy BE(LT 2 &N FREINSED, 22
TRERT L LT 5.

t Eiimax 230 (10) D Elmes IWHRAT 2 &, KR
EUT Fss 2EANEXOREEX te, 13, 7 (11) O
E3i1i 5,

_Fss Efeq

Emimax
Fhabt, MUBKEBEAULELEEFs, TH5E, R
(9) KESLMTEL HMEL ZN 5 Co-energy I

MUT, VA2 YTV yDIEH-03 #BER» &5 &

M % Unit Co-Energy % Fs; 7ZIJEBLTEASL &

i3, BE% Fs 5952 EIFE L.
2T, BBCHEBELREE, ¥—oBIIET 5

Co-energy D{ERE EIENITHT 2 EBEREP—FL

TN 213, BiE D Figd TOMEEthiRcBENSHE

BMOLUETHLIELORELTHS. D EDZ END,

(11)

treq
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Trpu A Tu Geomembrane
¢ =
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L ro

~ Fig.5 Forces acting on embeded geomembrane

{fU - Co-Energy - ES IZB3 3KL2ER (b L I3E
BER) OBBEE—B L0 E 8505, SHICET R
SEOHEIIRL>1bDERB, BHICET 2RAE
OBYEIERIZ OV TIRD 4. TEHULLARRS,

4. FHHRICESCKEIOFEETEE

(1) EIOFMMEsRexR

Fig5 IORg &1, BX t, 5RVBHERE DY
FAYTVLVH, BEHNRPBEIHEIC L 5B 2HER
o DFT, BS Leo WIERINTVAS LT 5.
DEE, HAVBMNIENRY Ty 25518k heE$T2
BED5IERVED I, X (12) LK (13) ¢F
aha?,

—

- To
D_Z‘E't‘ (ot -0, (12)
Tro=1{2-D-E-t- (/-éU"‘ﬂL)‘O'n}O‘S (13}

I, 3 EVE A YT LV E ORMOBEEGHR (L
BECuy, FETu) THY, BEOEFEMDAE X
IEFEL B0, 78 D5 5 ARG E IR EMICEL
TREBHAIZEE 23 5 EREL TV S,

FECBARA A E X t ORI T B 12k, £ 0
BRHE (B2, BBOBMNLT) Kk-TVA AT
LUIER SN AU s 2 LR D £ EEc B %, R (13)
EROTHESNBBUIESH T V4 XY T L
VOREDMEICH L TREE LD LHIREZ S,

FHDL, VA A YTV Y DOFEIIEH ou 1ITWET 2
BHABIERY 1% Tal=tou) £35&, B s BFAE
SEEV AN TE L B 120058413 (14) &85,

Tarz Try (14)
WEBEEXE by & LT, BMEESLR Fse=0u./0a(0u
Y-8 2EVEE, R (15) »ELIB.

Our" by
a2 (20 Bty (ot ) 0}

> 2 E- (ﬂu+/,t1,) 'O'n'FSFZ
B our®

(15)

Lreq

X (15) i, RUE s LMUHHESIHRY HEINTE



L5z RERE X . WHFIERICH S & ZINL
THY, ZOEhHHUIETI2REEROBEIEED
&Y, Co—energyETihR7zEE—8T 3. L
L, BEICELTREE Fsp ZWEEKT 22 L1,
Ex%k Fs 53528, $8OBHOKRHLT Fsi# D
FeRERAL I SIS D, WICEZSHE, HUIKEY
BREE Fss 3BEIIHLT (Fs)® OREEFEEAT
WaAHZEIZRS.

T, FOBIIET A2RLE Fs, s BT 2», 5
WIZEREEICEAT AR AR Fsr AT 20120V TI,
TFA VT VIR U TERINBHBTE sy O DS
RS BOTHELEIhTORENT &, BLT, BER
LD 2RPHORERIELNTLEAELSLE, B
EZEREFHATZEINLOLIZBbNS.

mB, VAAY T LY REBRIIBNTEELT, D,
HEBOEIGERE LI BV T A VT Ly OMNBEE XL,
WG E - BIST 0 - BEERM p DR EHSKREVE
E, Rz nELTH2Ed, & (15) »oHEET
5.

—

(2) Co-energy 7 & aiittik

Fig4 2R U KLBIERVFI-0THOBRDS, oL
BESHEENFRTHE S LTI,
Co-energy : B’ &, X (7) &&biz

E,=h=o‘t'5=oz-t= T
2 2 2°E 2°E-t
=s-p-taneg (16)
Lrn. i, wEEEOX (12) »5
TPUZ
D-(uotp) 0.=5 p 5 (17)

b, ZOEHIZ, IEH-0THEESRERNTHN
BlE <A LLDEEEH, Co-energy EIZED
BEESERETH->TL, SRR TEZ LV ETE
NTVB LI IZEDNRS.

i &' fi

BATRRBEE A 12.54 kN/m® OFEEY H345.72m D
BITHEHYTHNE. ERECTA Ay FKTEICE
»h, FOLIHDPE VA AY T LY, EHILE0LE
HiewhErhn s, BB Fig6 IZRT £ IZIF 30.48
cm, ZDHULT 5,55 cm ORFELTHA0E 2 W 5955,
BEIZBIT AR Fsp=1.5 AL LT, BEX -
Co-Energy - HUBIZET 52K 2%, Koerner i -
Co-energy i - BRI HE-> CEEIL CTH 5. Fff&
LT, HDPE 2 R5&E (0vy=13.78 MN/m*) £ TOD
-0 HBEARKBIETH O, BMERKE E=172.3
MN/m?& 4%, £/, HDPE & V4 4 v b BLUBE
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CL

Waste
l Geomembrane

Fig.6 Deformation of HDPE geomembrane caused by settle-
ment of subgrade

DEEEREZ 2N EFh 1,=0.176, py=0.325 &35,

(1) Koerner ik

VAAVT VUK ETHDEE, FIERHTEE
2 5 DOEISHTIE p=573.3kN/m? (83.21b/in.%) T
HB. COERANDHETHDPE EREZ L U HE
#HH L, Fig.2 #2R35%&, $7.62cm (3in.) TH
3. BEEEEZRX (3) KRATAR L, BEEX,
. 573.3X10*7.62X107*- (0.325+0.176) -1.5

cos20°-13.78 X 108

=0.00253 (m) =2.53 (mm)
THo5. BEIHEILILZLEFsr 2ERLIEVEZD
MEEXE, BEsHErL->T=1.69mm &2 0,
BEICEY 2 XeXERAL T LI &> THDPE ¥4
ATV DRERSS FspfEl 35,

t

(2) Co-energyix
AR B NIV F A Ty BEBOBEIETIC &
Y Fig.6 DERICERLT 5. Z OHBAEROE(LICER
T 512 DIPBRRUN, PLOBRAITEL<ABIA
B5ERETNE, FATOVF A YT LV iRERENS
HUE s RO LD IZE 5.
$=15.24 (1/c0s20°—1)=0.98 (cm)
HDPE VA A v 7L VIZhEE Co-energy 1X,
(9) IFREHMEZRALT,
E;.,=9.8x1073-573.3X10% (0.325+0.176)
=2.81 kN/m
8B,
5, RHRBEDS L UFEBRE (04=9.19 MN/m?)
IZB93 % Unit Co-energy 3,
Elnimax=0.5-13.78-(13.78/172.3) =0.551 MN/m?
Elia1=0.5-9.19-(9.19/172.3) =0.245 MN/m?
T#H 5. Unit Coenergy D13 2.25 TH VO, Fsp D2



FLIEHo>TWNA,

MELE X, & (11) KBV THTIZEY 2 ReR
% Fs;=1.0 &BUVT,

Efimax 2 LT

=281 —0.0051 (m) =5.1 (mm)

Einiar WL T

2.81
T

BELNDE. INHOEIPLL, BEXOHIEIFs &8
BB ENHME

HOEsITF LT Fs:>1.0 DRELER%E BiAdy (44
FEROE(L» SFME N HUOBICEELAEZ A2 2) &
%, NEL XI5 Coenergy b Fs; fExhz0D7T, b
BHEXH FLOMED Fs, {54755,

treq

= =0.0114 (m)=11.4(mm)

(3) sk

DESHUE s=0.98cm & EEEZR (15) ITRA
$5&, HDPE VA A V7L v DMUIZENEET S
IST) % REREREE S & UFFRBELINICN D 3 12 01T
BEXIE, FhERROLIICES,

RERBRE I L T
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CONSIDERATION ON FACTOR OF SAFETY IN THICKNESS DESIGN OF
GEOMEMBRANE USED AS A LINER SUBJECTED TO DEFORMATION

Shigeyoshi IMAIZUMI and Yukimitsu YOKOYAMA

Design methods of thickness, such as Koerner’s method, Co-energy method and elastic method proposed by
authors, with which geomembrane deforms without any failure in case of differential settlement of subgrade soils
are reviewed and meanings of factors of safety, Fs, emploied in design are discussed from a view point of elastic
theory. As a result, it is found that Fs or elongation of geomembrane embedded in ground is related to square of F's
for strength, that Fs for thickness’ coincidence with those for Co energy and for elongation and that stiffer
geomembrane, larger overburden pressure or higherfrictional coefficient need thicker thickness.



