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EMBANKMENT BREACH PROCESS CAUSED BY PIPING

By Yuichiro Funta, Yoshio MuramoTto and Yutaka Y AHIRO

Synopsis

On considering that embankment failures caused by piping generally occur sub-
sequently to development of pipe-like caves elongated from the high pressure side
rather than those from the other side, fundamental experiments were carried out
simulating such a situation by pipes laid on the bottom of the model embankment
in the vertical two dimensional plain. FEM analysis of steady flow of saturated see-
page also was done for the initial state of the experiments. Failure process in the
experiments were divided into two categories according to the occurrence of sand
ejection by excess pore pressure. The first group without sand ejection consisted of
two sub-groups, in one of which embankment breached completely and in the other
partially failed, being mainly controlled by the seeping out discharge directly related
to grain sizes of the materials used. In cases with coarser sand, embankment failed
easily and rapidly. The second group with sand ejection was composed of runs
with piping developed to the mid of the downstream slope and embankment failed
fully and very rapidly, suggesting that the development of piping governs the proc-
ess. In runs with fine sand of this group, new caves like-pipe were formed just
above and progressed along the pipe laid on the flume bottom.

Seepage analysis, showing a good agreement in distributions of piezometric head,
suggested that seeping out discharge increases largely when piping develops into the
region below the downstream slope and that piping elongated near the mid of the
slope produces a sharp peak of penetrating flow velocity which corresponds to the
sand ejection observed. High stability of embankment with fine sand, however, was
not explained by two simple estimation for fluid force exerting the sand grain by
the use of the seepage analysis results and laminar flow assumption. It indicated
the necessity of basic research of the thin layered flow on steep slopes with rough
surfaces.
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Table 1. Experimental conditions

Levee Reference

Material |Runs Runs with Piping

Location of Front End of Pipes

Downstream Edge of Top | Mid of Downstream Slope

15™ FE*| 6™FE |15™FS*|15™FE | 6™FE |15™FS
Coase Run 4 Run 7
Sand Run3 Runio | Run 5 Run 6 | Run1i Run8 | Run 9
Medium
Sand Runl Run16 - Run!9 | Runl7 - Run 18
Fine Run 13-1
Sand Run2 Run12 — Runi5 |guniz2| Run 14

*» FE; Pipe of Front End Seeping
»* FS; Pipe of Full Surface Seeping
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Fig. 4. A classification of the experimental breach process caused by piping.
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Fig. 5. Examples of the experimental breach process caused by piping.
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Fig. 9. Examples of changes in piezometric head.
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Fig. 10. Examples of spatial distribution of piezometric head.
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Fig. 14. Distribution of non-dimensional seeping out velocity along the downstream
slope of the model embankment. (Top; Pipes of front end seeping, Bottom;
Pipes of full surface seeping).
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and for different pipe type.
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Table 3. Permeability coefficients in experiments determined from comparisons of
measured seeping out discharge with calculated results of seepage analysis

Sand* | Location | Type of | Run | Seepage Storage Analyzed Seepage Discharge Coefficient

Used | of Pipe Pipe*** | No. | Discharge | Stage Divided by & of
Front at Piping | at Piping Peameability

End** Initiation | Initiation Storage Stage k

(crf/sec) (em) | 27cm |285cm | Interpolation | (cm/sec)
C E 15"FE 4 3.724 27.54 5.55 6.86 6.02 6.19x10™!
10 3.321 27.48 ” 4 5.97 5.56x107!
6"FE 5 3.479 27.60 ” ” 6.07 5.73x10™"
15®FS 6 4.329 27.80 5.78 6.98 6.42 6.74x 107!

M 15=FE 7| (43.286) (24.85) 18.40 | 23.05 11.74 (3.69)
11 11.643 27.25 ” ” 19.18 6.07x10™!
6" FE 8 7.429 27.37 ” ” 19.55 3.80x107!
15"FS 9 11.857 27.31 22.65 | 26.03 23.35 5.08x107!
F E 15%FE 12 0.056 27.76 5.55 6.86 6.21 9.02x107?
15"FS 15 0.079 27.82 5.78 6.98 6.44 1.23%X1072
M 15®FE | 13-1 0.213 27.63 18.40 | 23.05 20.35 1.05x107?
13-2 0.325 27.76 ” ” 20.76 1.57x1072
15" FS 14 0.217 27.65 22.65 | 26.03 24.11 9.00%x1073
M E 15" FE 16 0.929 27.52 5.55 6.86 6.00 1.55%x 107!
15" FS 19 0.931 27.75 5.78 6.98 6.38 1.50x10™!
M 15FE 17 2.440 27.60 18.40 | 23.05 20.26 1.20x107
15™FS 18 3.286 27.62 22.65 | 26.03 24.05 1.37x107"
C (Without Pipe) 3 2.948 27.83 2.57 3.30 2.97 9.93x107!
F 2 0.051 27.07 ” ” 2.60 1.96X1072
M 1 0.664 26.01 ’ ’ 2.09 3.18x10™!
C (Casagrande) 3 2.948 27.83 3.43 8.58x 107!
F 2 0.051 27.07 3.22 1.58x107%
M 1 0.664 26.01 2.94 2.26x107"
*C ; Coase Sand ** E ; Downstream Edge of Top *** FE ; Pipe of Front End Seeping

F ; Fine Sand M ; Mid of Downstream Slope FS ; Pipe of Full Surface Seeping

M ; Medium Sand

M OBA IR, BERRTRELICEEPRILEBE TS ->OILT, 2BRECHI 1 7ETF
WiEE £ TAN Run 15 TR, 28R 43 polifiRELEC L, S5, TREAPRE T (7%
BALLERTE, 2THILSHOREERS TLERBEALCTVS, ChoDIEE2EETHE,
K DREMEIDBE, A €V il 0EITLTHREBORER RN S, LAL, ThHs5RAE
H2 TFig 15 lcRan & d KBHREMSEAL TV LABIChRIE L THRECR 2 LT,
BT BV itk 5 REELOEMOBSREV LRI N 5,

SEI, Ay IHROBEESL L TAERTIRY b ohicnld, BETVELE M1 THEETH %,
BRI L7 L 51, 4 7REI & AR OMER, REVERE - THROELES IRV TR
D4 7 HFABIRBEREENEE>OT, #AE, Run 4, 50X, BREBRBICKENERIERN
TIBV, L, 4 EYIHBETLTOTRREBEOR L THEPBEEOEL 2L 5% Run 7, 80
XHIEAICE, N TOHRIBEENDSEFDF £ T OREHENICHET L0 TZOROBERICIHLHI
EZPBRNTL BL51Bbh b, EE <4 7HEMKEZV Run 7D4{E Run 8 DIFEORI6EITH »
TREREICERE L ABRESHE DB LT3,
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BEIC, omEaE L 2EEENOMED ] T TTTTT]
BT, BIFERICORENTVWE LD, 1
o Ref run o

®BEOHTE =/ KEDRAN DTN Lk
il o FiFEmIcE D - T—HiIcED LT
5& &b, ZOMEREITGVHERDICH -
T, IHBEHROETEREDTW D, El
o DOBRHKIC X 2 EEREEO & B XALHL
BaE, HRoBAERVT, RRICKE
BERROILWE S TH B, WHICHHE
EDELB03EWEMHES Run 7, 9,17,18
DEIBBETH T, 1 7HER & Tk
HEEFEORE Ol 3 tHOBE S LifXo
SNBESILL-T, BROFEVBRES NS
EEZLOND,

e Piping run
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42 IBEMEIC & 3 RIEBIZOM:E

(1) BEOAICLZES

M DB E R, KERBSK 21 B EE8 -
LTd MikmEhRE T LoBSEsES S,

RKIBD TREIRINE LI TH 1,

—%, HROBE, WENTHEE X THA 0.01
BRI EERBRG R E L 1654 D TH D,

W EdiconT, FEREORRRED B Ll
BT 2 DTS S D, BB RE 01 d (mm) 1
D42fEEIB->TVWDE, ThODHAETIE,  Fig 16, Relations between perpeability coefficients
RERBVEROHEITE & bICR4 ML and mean diameters of the materials used.
T DL, HDOBATIRIZEALE

fELTuin, Cogid, Bk o, REOREWEETHIT 2 L cERETBERE 5 50k
Mdh b,

EROBIC BT 2BAEYS .  0BRBHREE, HED T 2.93 af/sec, thih T 0.68 cf/sec, RUHHT
0.05 crf/sec TH -» T, HEZPRD 4.3 5, DO 59 EOWRE, DM D 14{5L78->T0T, 1]HA
BHEOEITEREHICIZIE BT 3L O BEREB->TV S, BERDOLSTEL A 7 L IHORN T,
REME ORI LS 5> REZKOTEHRINFCHFIT 2L EZ 5N 20T, BROEHAIZER L TE
IKGRE ke SRR 2 I HBIT 2 C EpREN D, FE, LAOHK MY, KU &R ORER
Bothiz, WRLDO2FDM, d78bb (141/021) =50K%0 064/021) =10&7hEFhLl—
BLTV3, &5i2, Table 3 DFEKBE k OEATHRE D, o L TRRTHITFig. 280k S i
WoT, kHd, D2RIHHL - TEOBEMED SIS,

B/ lg== (/)7 - -+ eememr et N
72720, K55S ky= 0003 cn/s, do=0.1mmTdH 3,

—%, BHEINT 3 tDOBRRRENR, C0LHIB LA 2 VW XBOEHTIRKRIC L - THH O
THFHSKEL RE->TL B3I LIIMAT, BHEAZRES EBROFNOBERF L +AR > TLRLOD
T, FHEDSFEFCHETH 3,

FAE, TRfER L oDRIcE EHLEBNOER ENEERT 2L TREN S,

||I|
Pl
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Table 4. Estimated values for fluid force exerting on a sand grain on the embank-
ment slope by seeping out flow

dm k q/k yq h u D, T D R D1 Dy
(an) (em/s) (cm) (cdrs) (em) (cwss) Cp (dyne)(dynsed) (dyne) (dyne) R R

1.42 0.605 3.0 1.82 0.050 36.5 0.82 8.63 21.9 0.346  0.080 108 4.3
0.21 0.013 ~# 0.040 0.014 2.8 8.2 0.0114 6.14 0.00212 0.000259 44 8.2

R=upgVcosi {(1—tani/)0/p —Rf} reeseeemrereeteeesemmmmii s 8
ST, p REREEE, i BHEAR, VRPROEE fRZTOKPEIOESE, k $RE» ORI
L BKFOREFRKTH 2, —F, REBHRALIAHHEE FRBOHNE, Fig. 15 5 5EREHESS
BEICERIOEVBAEROT VA 2 WX R, (=q/v: v KOBHRHERED 500 A TFicEs L RS
N30T, BEEREL, EEFUEve IBRHROBEEES ksini 252 % &, BAEYNOOfHRqq R
OEgiRE u 3R (9) RU (10) R&# b,

qa= GHBSING/ By ph «oeersereressesnees it 'e))

U= GRISING/BY AU rererrresssrarrrsrstre i (10)
7L, R KETHD, BERTERICEING, AIE2HAE 1 HLTHhEL, HBRART
BB, o X ICRLICE) < FAS D OFEE S L THRLC,

O Wk uhoyEicE < G

@ Emt AN EDHmEOR
D2o%EZ D, AP EEPIC>VT, ERANSTHREBE TELTORVWREENREL, u=084, kf
=1&0L7T, DRCo2HETREL, ROREMEHETNII Table 4D LS KB, QOHETR
I » D E b R ICH L TP TREBFHENBE T &icty, &IHBDBAIEFIRE( TR
SIABLEV, —F4, QOELZHTREGRNOBRBELEELN S, HHNICHDOABHEE VT
Iy, ThESoSEBREOETHEITH -2 L L TEVIBEREZEZA TV L, PR,
HNOBBIT T B A - L LV EELBERPLETH 5,

PlED &SIz, HiROWEIC & 2BRTKEOETRTOBELYBNCH ST 5103, SHEOHE
FEBHRONTEEL L, THOHLROERABEREAL,ICLTBL CEMBELNL ->TL B, AL
HEEBRICOVTE, FKMEALEELTINE T >hDHESITORTETVEH, 5 LER
KEAMECEREEATES L IBHRARTNRBESBVLITH S, TOiY), BEWRIINT 51
EAREOHEROFHRADICIHBEOMRESE TN T I UL - bDERRE N B,

(2) ~NAEY7OELTOWIES

(a) FHRAEEX TEITLTORES

EkoRERR I B OMER L, HERKROBTEEICOANEY OEHNZD Shl, RIK
DT ERSE, REE TIcE L BRI, BRokSic, MPOESE Run 4 T144536%, Run 5T 14
532%, Run 6 T124335%, Run10C1543 11 %, Runl16 T394346%), Runl9 T36 3 1THT
Hoto MW EDRTRIEE CIETARMER— 4 T oLTHET 5L, NE 15 miEiRRERD Y
{4 7 OEAMBIIPO 262 %, 2HEAROBEATSH 288ETH-T, HERIEIS—HLTWS, |
NOWTE 4 7B THRIER £ TEIT LSS, BECEATEROERE L1694 L LN, %
OEEIE CIPRICOVWTAEL, M TRAESRBICSUMERERZFNVOOTRBEVLITH S,

COM, 2TOERIBVTEAERBRISIETES 208 NERY, BINOEMRREDADBE LE
UTh 3, HODEE, <4 v /EEROLIHARIET 3.3~ 34 af/sec, RIBERFIT 7.8 crf/sec,
BTIRENFN 093 ~ 096 cf/sec, 2.1 ~22cif/sec, #EP Tl Run 12 T 0.06 ~ 0.07 arf/sec, Run 15
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2BV T0.08~0.15ct/sec TH 1, WHEEHT, BHKICLZEELEMRHELFRTIHE, #
BRI ORBERERIEFEHBEZOMN 2 {ZIMT 2L 9 Th %, TUEFNOWIC >V TRBHEDOL%E
Kbz &, HEIZHEO 41 £5, hREEV O 125 TH - T, Hiffioks 3E—-HL TV 3,

(b) FiRfikEhRE THEITL TOIRA

IBAOREBEEE, LWIhOEE OEIEBEREE > o LHiTs o, BMEHT X » THEEIFECELD
HEERBICH S E TOBRBRMEY R > TV,

FUwic, BRRRCOVWTERS, Liflrkiiz H, M1y /RBORORE % Z, Z0LOTHR
FHEHOMEESEZ T 8L, 4 €V ISHOBTOKE R 0g(H, —2Z,) LIETE, BREICIEEDKTE
BEOLOWHOEREELHHEIDT,

{01 =) +0A}g(Z—Z,) =pg (H = Z,) =++-w+rerreresermessssensssninsiiisiisi (ap
&b,
7o H~-Z
(0/0)(1—2) +A
TTH, oRBOFEERU A BDOBBERTH 5, K1 S, Z,=25cm, H=275cm, o/p= 265, i=
06 &4 5, BUBLHONEOSEZI12Z=151cn, THOVEXIZ126m&By, IhODHIZ 24
DEREER E—HT 2,

HEb, dibiconT, RECEZETCORITEELRBOADOKEERE & 2L, HYTIR 22~
801, P TIZ 45 ~300{EICbR T3, SSRMBD TR, 2EESHUO 1V IHNTREZ TE
LA LTH 10 EOEITEEE L - TH0, 351, RELEL-1RBBEDSDOEEERD
FIRRBR A TETHRERICHE L 0ERE IR TEL VR ERMICRADEESEIT L/, Tok
iz, FTHREROTRE T/ TIRERIEA TOIIEAICIE, SV & GIREIIE L REEIRI B 5,
WEETEEOMMARLEL VOB OBRETH 5,

5. H & N &

ARFFE T, ¥4 B v 7ick 28R, EKERD SREANTICET o4 7RER SR HKIC
o THARBETLERRET 2EARETH - T, U LASKEHD SEVLERII X 2580 H—
BOTHBEEL, BE2RTTORBMLERICESVWTRITEMA L, THbL, ZOLH1 1 7K
ZefE & L THhimiaAR L 2HEARNO 2 BHO DA EEL T, FBEHOMMHOBERKERVE
BRIC & » TIRAROPRIEER 2B T 2 & & bic, BREREC L 2EFMRERITEAS, ERERE
K LT, ZEROETRIECREMEOMESRAOREBRICRIETHEBIC VWTEEEMA L, 85
N-ERHRIUTOLI TH B,

@ M EvIick 3R EORERIRIE, Fig. 40& 5, EBREFOHEAR, H#icL-TA, B
D2 7N—TIHATE, Fv— 7AW, THRAEEICE U BEmsEss#ET Ui X 2 2mRigic
Btz n—=—7)&E2DERBEDTIEE st S NV—-T DI ot —F, -7 BIizERE
OREBIRICE T BE 54 FIREBOERAE, RECI-TIAV—7(3), (A)icTHEnts,

@ =7 AR, BBEDOARU M 7Hhigs TRMlEBICEREB L LEBKEEH, 0357
V=7 (1) BHE b, Fv—7 (2) BEICHBPTOERTH S, 7v—7 (1), (2) OBRE
DOFLER, RIEME (BKEH 0L 2BHFAROZRIGERT 2LE1 00, 2TOERTRERES
REVFEWHHEOEITEE bEV, 7~ 7 B, 54 7EBE ToHfERPRICEE L2ER» S0,
R L BRRBUKE IS & 2 BRDOAREEOWRDERE L2, 7 4—7(3) M, DPHTORRT
HY, HETIIERD% L S TRORICHDHSE Y, BHEBEs#EE L T2mRIEIE > 1o, TR TR
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FRAROBIRUREEE 720, BRI O2BISET THIZOEITR—BEIL L, sv—7 (4) GO
EERTHD, B 1 7 LiisiRike OO/ 4 7IRERHETL, BRI TRLERRD S &%
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BALEWT, EIVKENMEEOERERLB KLk, BEREMFRERSERCGEVEES
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OHBLEREFARIZEALZIT, ERERSTRAFEEEEL TEITT 2 LRERBVSR LIGD S
CEERLTVT, SIS THERDRMIIGET 3 SRARBVSABICEBARERFEL LG L,
7, FROBHKES O SRS LBKFERIIRED 2 Ric T 28R %2R L, RIEDKEHED
RYUTHBI EERE LTV,

® BhirEd, CEHRERELT, WRIcE AL LT, Bidhoiks, RUKEE AR
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