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Experimental Study on Piping Failure of Embankments in Two Dimensions
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WFgesE THIgE L 7= 4CST A AW\ =7' 11 75 L FEMFRSD3 Th %, £, k2 AREFMOBREE, kL 28Eh
MIOFE KGR E T DL, 4 T~ X512, EREEOETEAMEDM ka1 111 ThH Y EHFEKRNE 1.0 12TV,
Lieti» T, ZZ Tl BEESHEREE E L, BEROEHEXE LT)XEAWT#BIT 2T/, 22
Wox z ITEAEER, hIZEKEEERT,

&’h  'h
A )

Fig.3 ([ZEEOEEREM, Figd (AT OFIE L 07 0 —Fv— h&at, Figl ot ko lz, BEREMHT,
BFkBEM - h=H,(AB k). h=H,(CD L)
B : h=z(AE L) (— OB TH D)
M@ : h=z(DE k) GEBRTIZAW)
FEAMEER : BC E (— OB THD)
LRIND,
Fig.4 G, MESHQOS [Lfi#dr ik % 43#14 % 7 0 7 A, GRCTQO7 13 MESHQO3, FEMFRSD3 (= L % fig b6 4 % H
W, orEIK, EEN2 PVE, BRT v MBRGTEERT D270 YT A THD, S HIZ, i 7 o

\v4 A
H, z‘ - D 1 A
3 B/////// \\\ - vy 1
C

Fig.3 I {KoLs R4

ZA

L

— 206 —



AT —% s s 4

| MESINOO I > MESHQOS5 |7 it 4 (A o 3 1 B OF
i T Ml | = o\ T —E oD A SEIBE T — 5 Ak
ERUEESET—FONN
y
| SEPINOO I J,] FEMFRSD3 |t2{EPiE5% i O fig i
Hiitx 03B AR B, BEAE KSR (i Ic B a2 KEHEE, B
R Ui R A b BT o A D B O Sl B A gk aiick
e, e OF, H-2 bhu - i
BiIHRET RO )
A
| GRCINOO i > GRCTQO7 |iHooitih
ISl SO U O T (1) 5y HIE
YL TOM SO AN (2) Hieidi~ oL
B) HERT Ly BT

Figd MRTOFIHL7r—Fr—F

2’7 2 FEMNESD4 |2 L St Ra V5 LS o, mMEEZ < Tables FEM 3% MEARHF(E ti Ak
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(Desai and Abel, 1974), 10001 660 693
5 - e S AR J0002 740 777
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WA, BARANEEFICBT 2 REORKRERIZOWTELS, BHORBE L LI, Krb(AS B 2ok
(2 EFEENZETT L TwW < (Fig. 7). b HIREARALLVHETT 5 L 20KA L O EATE L(Fig 7(b)). =il
2T & o RMHE L 0 LG ORRLA 3T ~ TR SR EOIIRZEL BT L T . 73 B ZkA BT, B
FoOFEE & HIZRELC, B4 25 L5 2B RO L To#S 4 Lol U, kb ok Ly
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Table 7 7250005 & 512, KB J0001, g TROKGE | R oML
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MERICEB T DEKAE) OFKME i (max) - — 50 40 0.267
ROS LMV /ERED L X CEELT 35 0.379
BY, HEaGmE B EDLREICRT 51 13 1003 50 i 0035
B 2o LG < 0.5) ICEFERAO ﬁ ;£$
R HD EEZ LND, 5, XMW 1:4 J002 50 = @&6

ARERDEN LT O R ENFIHIEEZEZT
EICEETT D L L b, KVREOEN
ZEMHEREZERTOLENDH D,

6. iR
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KA H EOWNERTE L, RiE#HAEIC TE RREIE L Y EFOWR BT TR S R EOIRE(L S ET
LT®<,
(3) A BT ORAB)IEMORIBE L LIZREL T, HHICE > TELNL BB L v D LT oMy 2 L
IR L, K& oM ERMEERAAHEORAE L icii-SunTw <,
(@) FREICARA LD EFRAFEICEEL ERMOFAPRE T2 Lok, B30 EzEn i s
Do
(5) SRITHETHEMIBEORREA R L, Hil2 1, 5 J0001 T, SRARNMEIZR - ThH BET % £ T2 6 B 30
DEELZ, ZOMIZBIETES L4 8L 5 2 LR TEIUIMHE A KRR ENTE S,
(6) /A B 7k THRIZBT 28KA0 ] OFKRME i (max) 2805 L0k haipfios iz EL TRy, |
2 A D E D I EHE % DR O &t BTG < 0.5) ([ZITHBRHORMSBH 5.
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HiEF
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THELRTHRETHS,
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Experimental Study on Piping Failure of Embankments

in Two Dimensions

Tsutomu Tanaka
Hisashi Doi
Kazuya Inoue

Abstract

In the design of hydraulic structures such as embankment type dams, levees or reclamation dikes,
piping failure has become a problem. In this study, model embankment tests were conducted to clarify the
mechanisms and features of piping, FEM seepage flow analyses were carried out, and the following results
were obtained:

(1) When the hydraulic head difference between the up- and downstream side H reaches a critical value,
piping occurs at the downstream surface of the model embankment just above the downstream water level
(i.e. on the surface of seepage). Piping occurs entirely on the length of the downstream slope. Sand
particles are fluidized and washed out with water in the form of a sheet.

(2) The head of the piping (or end of the water channel) proceeds upstream with time. When the head of
the piping moves forward to a certain extent, the sand above the water channel collapses, and those sand
particles are washed out by surface water flow slightly below the line of seepage calculated by FEM
seepage flow analysis.

(3) The head of the piping proceeds upstream to the storage water level along the theoretical line of
seepage.

(4) When the head of the piping reaches the upstream slope, the embankment overflows with the stored
water and collapses completely.

(5) Piping failure is classified as a type of “progressive failure”, and some time is required from
occurrence of piping to failure of an embankment.

(6) Piping phenomenon occurs when the largest hydraulic gradient in elements 7 is rather less than 0.5,
which is the required value for a stable embankment set by the Ministry of Land, Infrastructure, Transport
and Tourism. The safety standard 7/ < 0.5 is not appropriate in seepage failure problem in embankments.

Key words: Embankments in two dimensions, Piping, Water channel, Line of seepage, Progressive failure,
Safety standard for stable embankments against seepage failure
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