Table of Contents

LISt Of FIQUIES ...ttt e e e sttt ii
LiSt Of TADIES ...ttt e e et e e st e s ebee e iii
oY oY [1Te1 1o o HN RSP SRSUSPR 1
Seepage through SOil.........oouiiiii e 1
DAICY’S LAW ot e e e e 1
Heads, Pore Water Pressures, and Hydraulic Gradients ..............ccccccoiiiiiene 2
Erosion and Piping .....ooooiiiiii e 3
L [T N PSP ON PP PPUPPTOR 5
CrEEP RaAtIOS ..o 5
Bligh's Creep Ratio ......ooouuiiiii et 5
Lane's Weighted Creep Ratio .........coooiiiiiiiiii e 6
Use Of Creep RatioS.......uuiiiiiiiieee e e e 7
Methods of Analyzing Seepage...............oooovviiviiiiieienennn. TP 8
FIOW N S ettt e 8
1P U] =) Gl I o =T o ] o OSSPSR 10
Finite Element Method ..., 11
Rational Methods of Evaluating Safety Against Erosion and Piping.............c.c.c.cccoee 15
SEEPAGE SEVEIIY ..ot e 15
Seepage Severity EXample .. ... e 16
Vertical Seepage — Effective Stress..........ooooiiiiiiii 17
Vertical Seepage — Total StreSS........uuvviiiiiiiiiiiiie e 17
MEthod 1. e 19
MEhOd 2. . e 20
Vertical Seepage EXampPles.........ooooiiiiiiiiiiie e 21



Seepage Out of a Slope — Effective Stress.........cccccccvvviiiiir 23

Factor of Safety Against Heave ... 25
Schmertmann’s Method for Analysis of Piping ..............ccccc i, 25
CONCIUSIONS ...ttt ettt e e e e e st e e e e e e e e srareeeeeeeasens 26
REFEIENCES ...t e e et 27
Y o] o= Lo [ QPP SSPPPRURUPRRPIN 29
APPENAIX Bt e e e e e e 35

List of Figures

Figure 1.  Pressure head, elevation head, and hydraulic gradient............................... 2

Figure 2.  Flow net for pervious levee on impervious foundation showing
near-horizontal exit floW. ..o 3

Figure 3.  Flow net drawn for impervious levee on pervious foundation showing

near-vertical exit flow. ... 4
Figure 4. Example piping paths ..o 4
Figure 5.  Line of creep for Bligh’s creep ratio ............c...coeevininennn. et 6
Figure 6.  Flow net for a clay levee on a sand foundation................................. 9

Figure 7.  Basic geometry accommodated by blanket theory
(from DIVR 1110-1-400, 1998). ..ceooiiiiiiiiiiiic e 11
Figure 8.  Example for evaluation of exit gradients (not to scale). .....................ooeeee. 12

Figure 9.  Effective stress and total stress analyses of erosion due to

vertical SEEPAGE .......ooo i 18
Figure 10. Seepage out of a slope, and initiation of erosion as surface instability...... 23
Figure A1. Slide results — 1 element per foot using six-node triangular elements ...... 29
Figure A2. Slide results — 2 elements per foot using six-node triangular elements..... 30
Figure A3. Slide results — 4 elements per foot using six-node triangular elements..... 31

Figure A4, SEEPAW results — 1 element per foot using six-node triangular

Bl BB oo 32



Figure A5. SEEP/W results — 2 elements per foot using six-node triangular

BIBIMEINES ..ot 33
Figure A6. SEEP/W results — 4 elements per foot using six-node triangular

BlEMIENES oo e 34
Figure B1. Blanket theory equations for impervious blanket (from USACE 1956)...... 35
Figure B2. Blanket theory equations for Semi-pervious blanket

(from USACE 1956) .....eoeiiiiiiiiircee s 36
List of Tables
Table 1. Minimum safe creep ratio factors (after Lane 1934).............c..cccoeees 7
Table 2. Effect of mesh density on point values of vertical hydraulic gradient for the

Figure 8 eXxample .........coooiiiiiiiii 13
Table 3. Effect of mesh density on average values of vertical hydraulic gradient

for one foot distance below A for the Figure 8 example .......................... 13
Table 4. Proposed categories of seepage severity ..............cccoovivi 15
Table 5. Results of seepage severity example............cc.ccooiiiiiiiin 16



