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Puncture Resistance of Waterproof Sheets Applied at Coastal Confined Waste
Disposal Site '

Shingo KANO*
Kazunobu MOROHOSHI* *
Katsuya ODA***

Synopsis

This report summarizes the basic conéepts and mechanisms related to the puncture resistance of
waterproof sheets, applied at a seepage control structure in an offshore confined waste disposal site, and
discusses the factors influencing the breakage of punctured sheets. Waterproof sheet, used in this study, is
made of Polyvinyl Chloride (PVC), which is mainly installed in an offshore waste disposal site. The
puncture resistance of waterproof sheet is addressed in terms of laboratory test results under various
conditions.

Puncture tests were undertaken using actual backfilling stone as a penetration to clarify the punctured
deformation and strength behaviors of waterproof sheet. After the test, a breakage was identified on the
sheet like an arc near the penetrating point of stone. Biaxial strains were measured by modeling the
deformation of sheets in resinous materials and plasters, and we found that the maximum sprain occurred at
the place where breakage was happened. As the result, it is considered that the breakage was occurred as a
‘strain dependent breakage’ (which is explained that the breakage is occurred at the moment when the
deformation is exceeded the maximum strain) and the local plastic deformation of which strain is over
100 % could be the direct cause of breakage.

We also examined the pressure resistance of waterproof sheet which is installed upon backfilling stones.
After pressurizing of 50 kPa for 24 hours, the sheet was deformed due to unevenness of backfilling stones,
however, no breakage was observed. Biaxial strain of sheét was measured after examination, and we fou_nd
that the maximum strain which is less than 20 % occurred.at the place near the penetrating point of stone.
This result shows good correspondence with the result of puncture test. Therefore, we suggest that the
behavior of waterproof sheet deformation during the penetration of a backﬁlfing stone could be applied to
the evaluation of waterproof sheet deformation due to unevenness of backfilling slope in a controlled waste

disposal site.

Key Words: Coastal confined waste disposal site, Waterproof sheet, Puncture test, Strain dependent breakage.
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Cpmin (BE) 1135
D (mm) :134.02

Uy () : 138
No. 3

H (mm)  :120.79
D . (mm) :56.97
Apin () : 104

D, ~(mm) :91.84

aDmax (}E) 1 82
THATR : DO
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No. 4

H (mm)  : 62.67
D, (mm} :95 65
Cpmin (FE) 1160
D, (m) :114.94
Apma (E) 1156
THREIR s A

No. 5

H (mm) 1 88.11
D, (m 7175
Apmin () : 142
Dy, (mm)  :73.54
ap... (E) 0 107
JEN=Si2N A

No. 6
H  (mm)  :72.43
D, (mm) 1 87.53
&b min (fg) 1114
D, (mm) : 94. 66
b imax (Egz:) : 87

- TEAR =t

No. 7

H (mm) : 89.03
D, ~(m)  :5576
Apin (BE) 1 84
D (mm : 108. 48
e (E) 1151

TERAR : DO
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No. 8

H (mm)
D,  (mm)
Opmin ()
D (om

aD max (E)
THATIR

No. 9

D min (Illl'ﬂ)

aD min (FQXF)
D (om)

max

aDmax (}g)
ERTIR

h No. 11
H (mm)
D, = (mm)
Apin (BE)
D, (mm)

A (E)
THRTZAR

-31-

H (rum) -

: 105. 89
. 75.05
1 131

1 110. 64
0 138

D A

194,54
146,72
18
1 70. 14
: 104

: VA g

 83.87
1 53.23
: 82

1 66.74
1 98

D Ak
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No. 12

H (mm)
D,  (mm)
Ap e ()
D, (mm)

aDmax (}E)
THAIR

No. 14

H (mm)
D, (mm)
Ap e ()
D_.  (mm)

A (BE)
THATAR

No. 15

H (mm)
D, (mm)
Apin ()
D, ~ (mm)

Apr ()
TE AR

. /J\B]%m

1 68.76
: 53.98
1112

: 86. 03
0123

: VO g

: 85.27
1 50. 34
: 130

: 99. 06
. 105

D EA

: 77.98
: 94,52
: 82

: 118. 58
. 143

: A

1 100. 52
: 98.08
1 126
: 125.10
: 130
A
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No. 16

H (mm)
Dmin (mm)
Apin ()
D, (mm)

6leax (}§)
THRFAR

No. 17

H (mm)
D, (mm)
Ap e ()
D, (mm)

max

TERTEAR

No. 18

H (mm)

D,, (mm)
pmin )

D, {(mm)

aDmax ()E)
THAJEAR

No. 19

H (mm)
D, (tom)
Ay (E)
D (mm)
e ()

R

P

-33-

:93.8

1 64. 46
1126
192.75
: 127

: DO F

1 118. 36
: 83. 66

1 100
1 82.13
1 143
=A%

1 107. 66
1 59.09
277

1 62.24
1 135
A8k

1 86. 51
:93.00
: 139
1 112.05
1 150
=8k
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No. 20

H (mm)  :94.71
D, (mm) : 53.67
Apmin () 1 139
D (mm)  :97.32

max

A pmax (};:1’") 1 81
THATER =k
No. 21

H (mm) 1 91.84
D, (mm)  :49.53
Apmin (E) 1 167
D (mm) : 88.48
A () : 110
AR A
No. 22

H (mm) : 109. 04
D, ~{(mm)  :51.43
Opmn (E) 1143

D, (mm) :121.32
Upomax () 1126

i
A

SSTEAR : U g

No. 23

H () :79.89
D, ~(mm)  :79.71
Apmn () 1140
D (mm) :94.13

Uy () 1122
EAWR Sk
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No. 24

H (mm)
D (om)
aDmin (g)
D, {om)

aDmax ()ﬁ)
TERTEIR

No. 25

H (mm)
D,, (mm)
Cpmin ()
D, (m)

aDmax (E)
THRFR

No. 26

H (mm)
D,, (mm)
Upin ()
D, {(mm)

aDmax (FXF)
TEAIR

No. 27

H (mm)
Dm.in (mm)
Ui ()
D_. (mm)

THAUER

:79.90
144,49
1 129
1 126. 47
1 126
= A

1 102. 23
1 43.31
1 142
:.88.98
. 82
=A%

: 81.51
: 56. 81
. 140

. 86. 48
c 142

: LA

1 80. 33
1 76. 30
1 145
: 96.08
1 150
DU
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No. 28
H (mm)  : 69.57
D, (mm)  :93.17

Opmn (BE) 1139
D (m) :94.23

max

A () 2127
THRIR o F:
No. 29

H (mm)  :79.47
D, ~(m) :817

Xpmin (BE) 103
D, (m) :97.82

aDmax (E) : 164
THRJEIR =
No. 30

H (mm)  : 73.65
D, (um) :46.68

aDmin (}E) 1 104
D (mm) 17713,

‘max

X () 0 151
TERTIR C A
No. 31

H (mm) : 96. 57
D, * (m) :67.34
Qp in (E) 1 126

D (mm) 1 97.85

a;:u (B) :123
TESFR C A
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No. 32

H (mm)
Dy, ()
Upmin ()
D, {(mm)
A ()
EHRER

No. 33

H (mm)
Dmin (mm)
Uiy ()
D, (mm)
U ()
TEATEHK

. 73.08
. 83.13
0 129

1 88.55
: 99

C =A

1 72.64
. 60. 28
1 91

1 83.45
1124

D =



BEREMBELTBEAK L — P OREEE Y WHUZBET S AFHRE - %E—{%‘ AN ik

143B. FARDLEAGE

B.1 BATINEBEL (-8 1)
RO SRR M R TR L L MIME - BARAREL, BRARLAEAS (RK100 m) EEHBSEIHEET 5.
SO, TSR TEASGBED RO BT 5 & 51035

B.2 BAGYIM _
(1) =AZL$T8% (F-B.2)

QU EESICT 270, WAGEALCEAIAEITRL, BELERTS.

@FENZ NVATRAMNCAIBRD 1T OEAL FTHICRAZEERT 5.

@FENFNVERMBLOEARORAEICEY T Ty 72 EHH L THL.

@W/C=#937%, S/C=2TEALZNLEERLITHRTA.

®FNZIVETERE, BEE3C, BEESOS T2FMERA L, ZORBENLHFICTEAMBETS.
(2) BiAwmgi#r (K-8.3)

Q7 277N Ay F—IC X DVEAGZEIMT 5.

QUi EIAT RE 2 EIFT 5.

B-B.1 HAGUIWREEE

| _ ) Yl

300 mm

I ~ B-B.3 EAGYINT
E-B.2 E/NZFTER : .
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M0, EAERKEH

C. 1 MiREHRIAE

OB-C. 10 & S ICERAGICEA» DBIRICHREZ1685(< . FrE 2 FHE» D R, BEXROLZAICK T MEILE
NENELLD (22.55) . : ’

@OE-~C.20 L H CEAFRDER» HE S lent’ y F TEE & BIFC#H#E281<.

OR-C.IDEICEAL EFNOFCEIADAFICL W BEBRELXTD. BERERAAOER»HE S lent v F DA F
HICDOWTITY. Z O, HBETHREROE SOMEIL, BESOEELARZERFET2 FAKEAICRE L TRL.
ORFERLFARY, BESROZAOTHEELXBET S LICED, BAROIKTHRETET 5.

' //Eﬁ ‘ THA - ERARK (22.5%)

BEIR

(a) FHm - (o) FmX

" E-C1 BARHEEE (AR LEDE TOR)

THRA
4

HE xR

(a) B () EEX
B-C.2 BEAEEEE (EEL TATRH)

TIOENH AT

B’-C.3 FIINIATILEDRE
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BEREMNBH LA AR S — P ORES WV BT 2 M RAAFHRE - HE—E - /N HEH

C.2 AR
BUAR ORARFHRIRE R & LU TSR T
1 KO

YA [ (mm)

X%Orﬁ] (mm)

K-C.4 EAREHEHAN (AFO)
(EEBROERIZI0 mm)

(b) mEX

E-C.5 BAREH (D)
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Yy
3

E#

2 AR

Fa¥al
UU

XA
HAGSERRE (ARO)

<©

|
(uunEILLA

@l (mm)

BOMFEIZ10 mm)

(%

X-C. 6

AR e [

(b)

R

(a)

AER (fAIEOQ)

HiA

®-C. 7
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@) ArO

Al
/

YA [ (mm

XA (mm)

H-C.8 EAAHEHKRK (WD)
(EEROBIMRIZI0 mn ; 7272 L F00 & F DS OBRERR LS mm)

(a) @ (b) HmEX

B-C9 HATETEE (AKO)
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A

Ei

(4) AFEO

XA [ (mm)

@)

WATSEGE (L
(ZBBROBRRIZ10 mm)

iz

E-C. 10

T

R

(b)

(a)

.

BAEERE (ARQ)

&-C. 1
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MBI K S — P ORERE D BPUC T 2R/ RE - R

183D, ZHEMIC & HEK — FOEER| LIERFRICRIT HHEHR

D. 1 SRERIRE
FEROBIER 2 B3D. 1 (279

101.6 mm-

- B-D.1 EBROPENE
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D.2 K — FOUTHEHA
IR — MU OF HEHIROHES ZE-D. 2 1TR . OFHOBEFEC OV TIED. 3Q) ickidd 5.

2@10mm 2@10mm
. \ ¢ 100mm / .
20mm : 4@5mm , /: i 20mm
[

v— FEEEBR

B®-D.2 AL — F OO HEHEIR
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BRI v — F OSSR Y BAIC BT B/ RS - R R - /B

D.3 I—-VEAHRER
(D) Ak — bR
HIERRY — AR DA — FOEREORNETED. I~FED. 31, BIRY OfkT2FRED. 41077

(b)  WriA

FEE-D.1 ERgEOEA—F (F—R1-1)

(a) Fm (b) Wrim
BEE-D.2 FEBREOEKI— (5F—R1-2)

FE-D.3 EBREZOBEKS— b FE-D.4 BHHEHBRICELARERY
(r—=&1-3) (r—=x1-4)
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Q) B — N BT
A=V DBEAEEESE L EDEKRS— FOOTHHAERE LTz, 2EB0The 1k, ERFOBEXMOBSOES L, L TR
BOFESROBRSORS L, #WEL, UTORICLVEELE.

6‘(%)2 L2 _Ll

x 100 (1)

1

B-D. 3 (SO AEHABRE B 2. A0 T T REREEO LR 7R, KO H RS2 BRI 5 Bz & & 0]
DERIH FREHBRIEZ IEEA D iz & AN, Ko LA TRERBREOEE CHD. TREEK — N ERETD L, HEAAIEHK
HEARFAERNPSBEAT A Li/kd. £ TROMNCEAG QTS T S 2 Ltk 5.

JIERBRE OB E MR (180E)

.
e,

w>(
& w
| +
- o
G2
g €©
S
&
/ /ﬁ
@ &
4
(2l
alv,
&

/cﬁ/&?
P
X
/ﬂ
cs/
10

_ =
g Pow 240 53 53 . ﬁ _
3 ~L_ S aug { 41,/ \ \ Ip S
= AN IACHC AT 99 &
= 902 263’]33;] 151 57~ 5 \ \ e O
4‘;[ 29 { 02127:;'? N 6" 6o 5\7 \ /4 85 —t ;
L Z / \6 ,G‘UL U O Us 09
?% 8}‘?1—71*1/\11 ol 7~16\667g ¥ A / } oy = =
12 128/1176017 4 -
& : & S
i =
i e
}‘Q ~—

<
7
e
Z\
|10

S
~/
\3\ “
\:
10

c0.8

R _ 80

TEERBRME O IEE (0BF)

B-D.3 Mk — NOFHEEES :

ks, E-D.3 DS L OHBEN OOTBERSHEOTH L EH L, HERANEHANROTALER L. —F, AED
TS J OB I 72 OF M M T L 38 L, BRI I o 1 O o R Ty & e e, 7,
SRRSO O, AW 90 1, HHIA 1801, 04 210 fEL L. Lidin T, Hibtbimsis i s st
Ef2 5 22.5 B OREHE ) HIMCEET 5 2 L1c7e 5. JBLER-D. 4~EHD. 9 CRBRERLRI R, K77 7 OUTHHEN
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BEFEMIRE LT B S — b OZREE ) B T AT/ T - R 1E

B 22. 5 B ORFEEI 0 HENCERE Y 5 2 L0725, WOBLIBE-D. 4~B-D. 9 [ EBRFE R AT, K25 7 OUTHHER

NG

EZLL R
®D. 1 B GIASARC I D OT BB E
O3 BT KTTTDEA P OFHRIERLE G ED. 3 1261t 5
O B HRERES)
TSR IR O BOTH (0°,180° ) 5,4,3,2,1,41,42,43, 44, 45
BOTH (22.5° ,202.5° ) 10,9,8, 7, 6, 46, 47, 48, 49, 50
BOTH (45° ,225° ) 15,14, 13, 12, 11, 51, 52, 53, 54, 55
BOTTH (67.5° ,247.5° ) 20, 19, 18, 17, 16, 56, 57, 58, 59, 60
BOTH (90° ,270° ) 25, 24, 23, 22, 21, 61, 62, 63, 64, 65
BOPH (112.5°,202.5° ) 30, 29, 28, 27, 26, 66, 67, 68, 69, 70
MO H (135° ,315° ) 35, 34, 33, 32, 31, 71, 72, 73, 74, 75
BWOTH (157.5° ,337.5° ) 40, 39, 38, 37, 36, 76, 77, 78, 79, 80
AAEGROTH | BOTH (0°,180° ) 5,4,3,2,1,41,42, 43,44, 45
MO HR (22.5° ,202.5° ) 10,9, 8,7, 6,46, 47, 48, 49, 50
BMOTH 45° ,225° ) 15, 14, 13, 12, 11, 51, 52, 53, 54, 55
BT (67.5° ,247.5° ) 20, 19, 18, 17, 16, 56, 57, 58, 59, 60
BOTZ (90° ,270° ) 25,24, 23, 22, 21, 61, 62, 63, 64, 65
BOTHR (112.5° ,292.5° ) 30, 29, 28, 27, 26, 66, 67, 68, 69, 70
MOTH (135° ,315° ) 35, 34, 33,32, 31, 71, 72, 73,74, 75
MOTH4 (157.5° ,337.5° ) 40, 39, 38, 37, 36, 76, 77, 78, 79, 80
0.2 BEFIASAICIT DOFHRIE R
O T B0 J51) #TZ7DEA B OFTHBENE BFIRD. 3 (281 5 O T L3 HiiRE =¢
iy MECFER)
BETROTH | BOTH (Pla~5m) 1,6, 11, 16, 21, 26, 31, 36, 41, 46, 51, 56, 61, 66, 71, 76
BROTZ (Brm~10mm) 2,7,12, 17,22, 27, 32, 37, 42, 47, 52, 57, 62, 67, 72, 77
FROF% (10mm~20mm) 3, 8,13, 18, 23, 28, 33, 38, 43, 48, 53, 58, 63, 68, 73, 78
BOT . (20mm~30mm) 4,9, 14,19, 24, 29, 34, 39, 44, 49, 54, 49, 64, 69, 74, 79
BOTH (30mu~50. Smm) 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80
MBEFmOTS | BOTH (Fil~6m) 1,6,11, 16, 21, 26, 31, 36, 41, 46, 51, 56, 61, 66, 71, 76
HROFF (5mm~10mm) 2,7,12,17,22, 27, 32, 37, 42, 47, 52, 57, 62, 67, 72, 77
BOFH (10mm~20mm) 3,8,13,18, 23, >28, 33, 38, 43, 48, 53, 58, 65, 68, 73, 78
BROT A (20mm~30mm) 4,9, 14,19, 24, 29, 34, 39, 44, 49, 54, 49, 64, 69, 74, 79
BOFA (30mm~50. 8mm) 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80
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HUTH0 180°)
(No5,4.3.2,1,41 42,43 44,45)

TRUTH 25" 2025° )
(No.10,9,8,7,6,46.47,48.49,50)

200 100 200 100
90 90
80 80
70 70
: E ; ;
't 60 = BOTH () g 60
3 50 H | BOTHER £ 50 ¥
5] L N . = % 77N S 40 \\
s N 3 1
20 0 - ¥ 20
010 -60 -40 ﬁo 1]) 2 40 6010
-50 B 0 -50 0
DDA o) Pl DR (mm)
BUOTH @5 225° ) HUTH 675 2475°)
{No15,14,13,12,11,51,52,53,54 55} (N0.20,19,18,17,16,56,57,58,59,60)
100 200 100
90 %0
80 80
0 E 70
€ 60 E —- g £ E
< o 93 (D Y 60 5 | RUITHOKE
o 50 ig —X—KUFH(AE) - 50 8 = KUTH(BA)
5] 0 ] [—e—a—URR =] 40 |\ —— =R
3 M . 3 M
0 s 20 20
-80  -40 /A) 2 0 7 010 010
-50 0 0
iSO FERE (mem) Pl SORERE (mm)
HBUTH G0 270° ) HOTH (125 2925 )
(N02524,23,22.21,6162,63,64.65) (No.30,29,28,27,26,66,67.68.69,70)
100 200 100
90 90
80 150 - - - - - - 80
70 7
% 60 % —m— 80T () E100F---- - - 60 E —|— RO ()
hy 50 B |-—%—BUTHER & 50 B |~ RUTHFR
) W [emamumi B 50 - 0 7 |—e—o—umn
0 g 30 0.
20 0 =t - 20
010 -60  -40 /2'0 2 40 sr]m
0 -50 : 0
il 0D BERE (men) LA BOFERE (mm)
BUOFHO35° 315° ) HOTH (1575 3375 )
{N0.35,34,33,32,31,71,72,73,74,75) (No.40,39,38,37,36,76,77,78,79,80)
200 100 200 100
90 90
80 80
70 170
% 60 % —— 0T H () 60 % —E— RO E ()
= 50 lg X BUOTH AR 50 1 | HRUTH(FAR)
3 0 | |me—a—mn w0 7 |—e—a—m
3 I 3 N
20 20
D10 010
0 0

RLHVSDEERE (mm)

Ful i SOTERE (mm)
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BEREM BB A S — b D% &R Y AU I I/ E - R —1F - N ERD

. 3 . 4
(¢) 10 mm~20 mm ' (d) 20 mm~30 mm

(e) 30 mm~50.8 mm

B-D.5 A — MROPTHANA GREFEOTH : HEAKFENE : 22— ; 7—2A1-2)
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(¢) 10 mm~20 mm (d) 20 mm~30 mm

(e) 30 mm~50.8 mm

E-D.6 Ak — bROTHNE (REF@OTH : BEFESF  2—r0; 7—R1-2)
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FEIEMEE LS B S — P ORI WU T MR/ NFHRE - HE—F

/N

BUTH 0 180" )
(No.4,32,1,41424344)

BUTH (225 2025 )
(No.9.8.7,6,46.47,48,49)

100
80 .
g % | euTaGn g % [ muTacmn
g w0 | RUTAER £ 40 I e RUTHER)
3 R 5 7 | e—a—umn
20 1 n
- 20 40 0
-50 - T-20
iSO IR (mem) Al DEERE (mm)
BUOT'H @5° 225 ) BUOTH (675" 2415 )
(No.14,13,12,11,5152,5354) (No.19,18,17.16,56,57.58.59)
g % —— HOTH () € E —a— GHUTH )
£ € | guTamEn g 0 & |- RUTHER
53 |\ ——a— iR B l\ ——a—uik
n n
iy D EERE (mer) nlh SO EERE (mm)
BUF'H Q0" 270° ) BOTAH0125° 2025 )
{No.24.23222161,62,63,64.65) {N0.29.28,27.26,66,67,68,69)
g E —a— GUTHRED g % —a— RO HURED
£ L LG g |- guysEm
5 e s T loe—a—ms
n n
-40 -20 20 40 o
Sy OEERE (mm) S OB (mm)
BUOFH035° 315° ) BUTH (1515 3375° )
(No.34,33,32,31,71,72,73,74) (No.39,38,37,36,76,77,78,79)
100
1 80
_ 60 E = E
E & | BUTams) 2 % T RUTHRSD
Yy W | o BUFHER g B | guTramm
s T |e—a—um ) Y ema—m
20 N 1
20 ('T)o

POMEDERE (mm)

ey SO ERE (mm)

B-D.7 A — FEROTHSM (BHFRGM : a—r©@ ; F—2A1-4)
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4
(d) 20 mm~30 mm

“(e) 30 mm~50.8 mm

B-D.8 Mk — MEOTHAM (B HHOFR  FEFENT : 2—2@ : —2 1-4)
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4
(d) 20 nm~30 mm

(e) 30 mm~50.8 mm .

B-D.9 #AI— MROTEZSM (MEAHFMOT A MAFEGA : 2—r@ ; 7—A1-4)
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D.4 BHARBAGREE
(1) #K— hogkeE .
HHRBT — 2B Dk — R H LL AR OERE DRI A TE-D. 5~FE-D. 15 1R T

(a) WA — b , (b) RRfAm

BE-D5 ik — b« NEAAOERBRGE (5F—R2-1; 1EH)

(b) et

BEED 6 #iki— b - REEAOERERR (5F—R2-1: 2[@A)
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BEEMR R S — DR EH Y WH T 2ME/FERE - sEE—F - /ARG

R (r—22-3)

(a) FEAT— b _ (b) A
BE-D.9 Ak — b - R OERERR (5—R2-4)
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BE-D.12 Ay — hOEREBRR (Fr—R2-7) BHE-D. 13 kL — hOERERE (5r—2R2-8)

EE-D. 14 EAI— FOEREBIRR (5—R2-9) BEH-D 15 @A — hOEREZIRN (5—X2-10)
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BEEMIBE LIS Y — P OREH O IHICET AR/ AHES - BE—E - /NHEBHD
@) Hoks— NOTHS
AL OB L ST & & DEK S — hOOTHAHOREIC DT, il Uiz 3 — 0BT 5 074575 & F

FECH o7, $habb, U ke OFERIAOD TREN, UFAHHIRESIIRD.3, ®-D.1 8LURD.2E2MAND.

VFH %)

BROTH (0 ,180° )
(No. 5, 4,3,2,42,43, 44, 45)

120

H2EHRE (mm)

Pl S OREE (mm)
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[0S Y]

BROTH (22.5° ,202.5° )
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120
100
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o 40

HAEHE (mm)

20
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TR ROT R (R

D BROT R (M)
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—— WIAEER

Pl B OREEE (m)
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