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WATER ENCROACHMENT AND STABILILTY OF FLOOD LEVEES

By Yuichiro Funta, Yutaka Yaniro and Yoshio MuramoTo

Synopsis

Fundamental experiments of levee failure due to piping seepage were carried out
similarly to the authors’ previous investigation, but by using new equipment.
Failure process differed from the previous results because of clogging of seepage
path, which restored levee stability and were confirmed by decreases in pore
pressure and outflow discharge measured. Changes in levee stability caused by
progress of piping cavities were discussed with seepage and slip failure analyses,
shifting the pipe front locations. A 4-points iso-parametric FEM employed for
seepage analyses not only reconfirmed but also improved the previous results.
Determining pore pressure distributions from the seepage solutions, the simplified
Junbu method was applied to slip surface analysis for model levee failure. The
analysis was conducted for each combination of five values of the cohesion ¢ and
four values of the internal friction angle ¢ to find general tendency of slip surface
changes of model levees and to search suitable soil parameters for materials used in
the experiments, which could produce slip surfaces corresponding to levee profile
changes in the experiments. Changes in minimum safety factors with pipe front
locations were similar to those of seepage outflow characteristics. A levees are
judged to fail immediately after pipes progress under the center of downstream
slope.
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Fig. 1. The experimental equipment (bottom) and numbering of manometer loca-
tions (top).
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Table 1. Experimental conditions

Run | Levee | Top | Side Type of Pipe front Upstream Levee
No. | height | width | slope pipe location initial stage {Bottom slope

1 (Without pipe) 46.11 (cm) ~1/265

Downstream B
’ 0.5m | 0.5m | 1:2 Front edge of top 45.26 1/207

3 o peefr‘l‘}ng Center of 45.27 1/1618
4 slope 45.44 1/1150
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Table 2. Outlines of experimental results

Initial discharge Raise of Time of . Unit
Run | petore | after upstream stage levee End of Porofsny we;%ht
X run o

No. | piping | piping | time | level | failure levee levee
(cf/s) | (et/s) | (hr-min) | (em) | (hr-min) | (hr-min) (/)

1 0.0424 10-00° 48.27 18-50° 18-50° 0.4485 1.960

2 0.0409 | 0.0597 66-10° 47.54 - 85-30" 0.4232 2.004
3 0.125 0.154 — - — 3-05’ 0.4298 1.992
4 0.130 0.183 - - 21-10 21-10° 0.4277 1.996
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Fig. 5. Changes in discharge of seepage water (top) and sediment washed out (bottom)
at the downstream end.
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DORRRIZEIL 2 BT 2 EHBTE S,
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Ch D OERIERE 2 OEBNERY FRKIOMEE R0t 38 By ozhFhIH LT, ¢, B

Table 3. Model levee analyzed and conditions for calculation

Levee | Top | Side
height | width | slope

Upstream
water stages

Impermeable,

Pipe front locations stiff ground

type of pipe

0.3m | 0.3m Front end opening | 0.90 and 0.95 | No pipe and 9 points
1:2 (50mm opening) and of dividing levee bottom |Levee bottom
0.5m | 0.5m Full surface opening | levee height into 10 equal parts
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Table 4. Outlines of analyses of seepage flow and slip stability

335

FEM Scheme Simplified Junbu Method Unit Apparent | Internal
Levee weight of | cohesion | friction
height | Finite Number of Number of | Intervals of levee angle
element | nodes & elements slices search points #f/nd) tf/ud) ¢
0.3m | 4 points 0.0
isopara- | g1 & o 16 and 3 0.25m 18 |oos, 00z | 2%,
0.5m | metric 0.05, 0.1 ’

X0 RS FIF B 7o»ic, Table 4 ® & 5IC isoparametric S PAFAERZER L - ERERES
ek - T, BANOEANEEMIEERMIT ATV, RERO £ VKRS REDS, RIHT 5HE
LHRBRUZOES2HE LI, 20T, BERO K x VKESD SR HBKESHEHVT, 2
5 4 AT B RBEE AW A EE L 25 Janbu &ic & A HEIREORERTETY, BNKE
REBRTRDEE KD, TH/ 5 4 —41d, Table 4DLX I, ¥ENcAxLSED, NEEEAY
%4800 20B0 DA OVTELSE T,

+15bb, TERNIC L OFESRESATOE VY, I THEL M 7TREFORAE « #f7
ek - THL B ~ND ST LSHEIURE BB SV, Lichi-T, BERTERR, EERodT~D
Thiskd b, &oie, ERTE UL I B TREATEORBBELRIL > 260TH L I EHEX
LV, 22T, ABFETIR, KA H . A KPOWELBEICLT, EEEROTROEIINTERT
4 RAYEFED—>TH >T, BRI A ANEHT BKENRURBESNERD, T LRSEDKFHH
DD Eh SRLREFHET 5 Janbu EBSEL TV LHN L, HEOHELOL DI EELOMBHS
Janbu EERA B L & L, X5 4 AOEHICE  RBT AN ERIDMNTHE L LTERRLL
#5 Janbu ETE SN I RLROMEIE, —BROBA, MEMREEO5~ 8% OBV LPLEIKEMNTHS
Lubn?, BEREEHOTHESNAY, CCTREHEOLDIBERBBHVTH IV,

4.2 BB LMHFE

(1) BB

KEER CREEESIT WSS, RENOEFMEREMBEEROERE, EERT VY vV 0=
k6 (B=z+p/og) %AV, EEHRE LT, BEOTHERZEALL, LffhcmEy - TPy i
%, $E EAHICH P> Tz ii%ES &, RO Laplace A& 185,

P 80
i R R T R R R A L AR R 1
ot o8zt 0 (1)

—%, WRE&ME, biERr ERC 1 TROBORARICENT,

0=H, O T} creeressessssnmnmmmnmnninnssst st )
THY, BiEE GREANOBEBKE TRRADX 3K 2,

k%?—"fy+k%§‘nfz=0 O T wereesessemssmmnmmmssasissn sttt 3)

O= Zf@) ON T wvvressssnrneresnssutiiisisintan sttt @
% 7o, FifEE EORBETIR TREE 5,

k%y‘eﬁlsy'*' k%?nsz= —V.(y, 2) ONL T weereessessrsssnmmmsrmessssn sttt (5)

6=2,(») DN I eweeessesesssssstnesstsssisnissises s (6)
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Fig. 6. Finite elements used in seepage analyses of the previous
experiments (H=0.3m).
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Fig. 7. Allocations of slice lines and search points in the simplified Junbu method
applied to the previous experiments (top ; number of slices n=15) and the
present ones (bottom ; n=25).
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Fig. 8. Examples of results of seepage

analyses without cavity pipes
compared with the Cassagrande
curve (broken line).
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Fig. 9. Examples of results of seepage analyses with cavity pipes and H=0.5m.
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Fig. 10. Distribution of nondimensional velocity of seepage ocutflow from
downstream surface elements numbered upward (Symbols are
commonly used between Figs. 11 and 14).
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Fig. 11. Changes with pipe front location in seepage outflow discharge g divided by
upstream water level Ho and seepage coefficient k.
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Fig. 12. Changes with pipe front location in seepage outflow height Z, divided by levee

height Ho. .
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Fig. 13. Changes with pipe front location in seepage outflow discharge g divided by
seepage outflow height Zo and seepage coefficient k.
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Fig. 15. Examples of slip surface analyzed both with front opening pipe
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