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The steady-state seepage flow under and through a leaky sheetpile 
partially embedded in a homogeneous, isotropic porous medium 
underlain by an impervious substratum is studied by means of its 
electric analog. Results are correlated with limited cases of pre
vious theoretical and experimental work, and they are extended to 
include the cases of a partially embedded sheetpile centered under 
an impervious dam, and a single sheetpile, either fully or partially 
penetrating a porous stratum with horizontal potential boundaries. 
The effectiveness of a sheetpile is shown to decrease markedly 
with a very small percentage of holes in the sheetpile, and charts 
are given to evaluate quantitatively the extent of this decrease. 

•MOST classical solutions for seepage flow around a sheetpile contain the very restric
tive assumption that the sheetpile is completely impervious. Although this assumption 
is desirable to render the problem tractable, it is not satisfied in most practical engi
neering situations. Usually the sheetpile is not 100 percent impervious over its entire 
depth, but rather it contains a random distribution of leaks due to open seams between 
the pilings, distortions in the piling caused by driving, etc. This work is directed to
ward evaluating quantitatively the effectiveness of such a leaky sheetpile for both the 
fully penetrating and partially penetrating cases. 

SCOPE OF STUDY 

This study is restricted to steady-state seepage flow under and through a vertical 
leaky sheetpile embedded in a homogeneous porous medium underlain by an impervious 
substratum. The variables under study are shown in Figure 1, and they include the 
quantity of flow per unit time, q; the head difference between the potential boundaries, 
h; the coefficient of permeability of the porous medium, k; the thickness of the porous 
medium (or depth to the impervious substratum), D; the depth of penetration of the 
sheetpile, d; the open space in the sheetpile, W; and the half-width of the impervious 
dam, b. Since the above six variables are expressed in terms of two fundamental units 
(e.g., length and time), four dimensionless terms may be formed to describe the results; 
these are chosen for this study as the flow quantity parameter, q/kh, penetration param
eter, d/D, open-space ratio, W /d, and dam width parameter, b/D. 

NATURE OF STUDY 

This study is experimental in nature and utilizes the well -known electrical analog 
technique (1). The porous medium of permeability k is modeled geometrically by a con
ductive paper (Teledotos paper) with electrical conductivity C (which equals the recipro
cal of the resistivity, R); the hydraulic potential difference, h, is analogous to the elec
trical voltage difference, V, while the fluid flow quantity, q, is represented by the elec
trical current flow, I. Hence, we have the equivalence 
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Figure 1. Diagrammatic description of problem. 

where N is a geometric shape factor which 
is constant for similar geometric shapes 
and analogous boundary conditions. 

Since the geometrical conditions under 
study are symmetrical about the vertical 
sheetpile, all analog results presented 
herein were obtained with models repre
senting one-half the geometrical config
uration shown in Figure 1. For reasons 
which will become apparent later, all mod-
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Figure 2. Effect of unnatural boundaries. 

els were constructed with a depth, D, of 12.5 in. In order to eliminate or minimize the 
effect of unnatural boundary conditions on the models, a study was made of the influence 
of the parameter x/D on q/kh for five values of d/D (0, 0.2, 0.4, 0.6, 0.8) with b/D and 
W/d equal to zero. These results (Fig. 2) indicate that the effect of the unnatural bound
ary conditions at either end is negligible for x/D values greater than 2; a very conser
vative x/D value of 4 was used for all tests conducted in this investigation. A slight 
anisotropy of about 8 to 10 percent between the principal conductivities of the Teledotos 
paper was noted. To partly neutralize this effect, the "reference square," which was 
used to complete one leg of the Wheatstone bridge, was cut at 45 deg to the longitudinal 
axis of the paper, and all models were cut from the roll with consistent orientations, 
but otherwise the effect of this anisotropy was ignored. 

All of the leaky sheetpiles treated herein were modeled by a series of equally spaced 
slits. A completely ineffective sheetpile (W /d = 1.00) is, of course, modeled by a con
ductive strip of constant potential. The open-space ratio, W /d, of the sheetpile is de
creased by arbitrarily dividing the sheetpile depth, d, into 1.25-in. increments and 
punching a series of equally spaced 0.125-in. square holes, one in each 1.25-in. incre
ment, along the length of the sheetpile; this having been completed, the sheetpile is con
sidered to have a W /d ratio of 0.90, and appropriate readings are recorded. Then, an
other 0.125-in. square hole is punched from each 1.25-in. increment, yielding W /d equal 
to 0.80, and appropriate readings are again taken. This process is repeated with the 
refinement that for W /d values less than 0.30, the ratio is decreased in increments of 
0.05 instead of 0.10. 

REVIEW OF THEORETICAL SOLUTIONS 

A slit model, similar to that previously described, was used in the analytical ap
proach reported by Daehler (_; ~), who derived 
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where n is the number of openings and E is an effectiveness or efficiency factor defined 
as 

q - q E = _o __ 
qo 

(3) 

where q0 is the flow which would occur under an impervious dam with a width ratio of 
b/D and no sbeetpile; the flow quantities q and q0 are both determined for the same 
head difference, h, across the potential boundaries. Note, however, that Eq. 2 is ap
plicable only to the case of a fully penetrating sheetpile (d/D = 1.0), since the open
space ratio is expressed as W /D rather than W /d; also, it is restricted to the case 
where the sheetpile is centrally located under a dam of width ratio b/D, since E errone
ously becomes unity if b/D equals zero. For W /D values less than 0.10, Eq. 2 can be 
simplified within slide-rule accuracy to 

E (4) 
2D n b 

log10 rrW + 1.465 D 

As can be seen from Eqs. 2 and 4, for constant values of W/D and b/D, an increase inn 
has the effect of lowering E; this effect is not at all intuitively obvious and it appears 
somewhat paradoxical. 

A theoretical approach to the solution of the leaky sheetpile problem for conditions 
of horizontal free-field flow was presented by Numerow (4); his work is based on the 
assumption that the stream function, i/J, is distributed linearly along the sheetpile ac
cording to 

(5) 

where y is the vertical coordinate and a is a dimensionless parameter characterizing 
the permeability or leakiness of the sheetpile. Using a particular method of solution 
developed by him, Numerow obtained the following simple relationship to express the 
effect of sheetpile leakiness: 

(6) 

where a is a parameter which characterizes the effectiveness of the leaky sheetpile; f 
is the ratio of the permeability, k, of the porous medium times the additional head loss, 
~h, caused by the sheetpile to the flow rate, q, for the leaky sheetpile, i.e., f = (kAh)/q; 
f"" is the value off for a perfectly impermeable sheetpile; and ¢, which characterizes 
in a manner similar to a the leakiness of the sheetpile (this latter parameter was intro
duced by Chugaew (5) and used subsequently by Numerow (4)), equals Df/O'. The value 
of f"" can be determined from -

(7) 

where dis the penetration of the sheetpile. Certain laboratory investigations (5) indi
cate that the value of ¢, which has the dimension of length, lies between 5 and 80 m, but 
field measurements by different investigators indicate that the value of ¢ may be as high 
as 2000 m, with increasing values of ¢ corresponding to decreasing values of sheetpile 
leakiness. Based on the theoretical results of Numerow (4), Figure 3 is proposed to 
determine the effectiveness of a leaky sheetpile for different values of d/D and ¢/D. 
Since ¢ is not directly related to the number of leaks in the sheetpile, the applicability 
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Figure 3. Theoretical effectiveness of a leaky 
sheetpi le. 
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Figure 5. Theoretical relationship between flow 
parameter and width of dam. 

of a as a parameter characterizing the 
leakiness of the sheetpile may be viewed 
with some doubt. 

EXPERIMENTAL RESULTS 

By use of the experimental technique 
described, an initial study was conducted 
for the case of an imperfect cutoff (d/D 
= 1.0) intercepting horizontal flow, and the 
results are shown in Figure 4. The modi-
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Figure 4. Effectiveness of an imperfect cutoff on 
one-dimensional flow quantity. 
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Figure 6. Effectiveness of a single sheetpile 
centered under a dam. 

fied flow parameter, qx/khD, is used to obtain consistency in exp1·essing the results. 
The deviation between the theoretical and experimental values (about 7 percent) at W/d 
equal to zero is attributed to the anisotropy of the conductive paper. Above an x/ D 
value of 2.0, flow quantities were not significantly affected by variations in x/D . . 

By combining the results of model studies on a sheetpile centered under an imper
vious dam and the theoretical solutions presented by Polubarinova-Kochina (6) and 
Dachle-r (2), the information in Figures 5 and 6 is obtained. Figure 5 illustrates graphs 
of q/kh as a function of b/D for cases of no sheetpile (d/ D = 0) and completely effective 
sheetpiles (W/d = 0) with depth ratios d/ D, of 0.5 and 0.9; these theoretical curves, 
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Figure 7. Effectiveness of an isolated leaky 
sheetpile. 
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Figure 8. Experimental relationship between open
space ratio and permeability characteristic of a 

leaky sheetpi le. 

obtained from Polubarinova-Kochina (6), provide some limiting conditions for the ex
perimental results in Figure 6. The open circles represent experimental data for the 
flow parameter q/kh associated with a fully penetrating (d/D = 1.0) sheetpile; the solid 
circles at the left of the graph represent theoretical calculations for the case where 
there is no sheetpile (d/D = 0 or W /d = 1). The solid squares at the right of the graph 
indicate theoretical results for a fully effective (W/d = 0) partially penetrating sheetpile 
where d/D equals 0.5, and the dashed curves represent estimates of the anticipated 
results for leaky sheetpiles with d/D equal to 0.5. Due to the apparent small differences 
in q/kh for partially and fully penetr ating sheetpiles with W/d values greater than 0.05, 
it was not deemed necessary to conduct additional experiments for partially penetrating 
sheetpiles centered under dams; the indicated estimates appear to provide an adequate 
evaluation of such cases. As seen from Figure 6, as b/D increases, q/kh becomes less 
sensitive to W/d, except for very low values (less than 0.05); also, there appears to be 
very little difference between the seepage quantity under a completely effective sheet 
pile (W/d = 0) which penetrates the pervious layer halfway (d/D = 0.5) and a fully pene
tuting sheetpile (d/D = 1.0) for which W/d equals 0.05. The dotted curves (Fig. 6) were 
calculated by Eq. 2 with d/D equal to 1 and n equal to 10, the same condition which was 
achieved experimentally. Eq. 2 agrees very well with the experimental data for large 
values of b/D, but deviations in excess of 20 percent are noted for low values of b/D. 
As mentioned previously, Eq. 2 is not applicable to cases where b/D equals 0, that is, 
the case of a single isolated sheetpile. 

The final case considered is that of a single sheetpile (b /D = 0) partially or fully pene
trating the pervious layer. Since a singularity exists at the intersection of the sheetpile 
and the horizontal potential surfaces for the case where b/D equals O, this singularity 
was eliminated experimentally by approximating the single sheetpile case by the case 
where b/D is equal to 0.01. The results obtained from an extensive series of analog 
model tests are shown in Figure 7; the data for the fully effective sheetpile case (W/d = 
0) agree very closely with the theoretical solution of Polubarinova-Kochina (6). 

In order to evaluate the ability of the more abstract parameter ¢ to characterize a 
leaky sheetpile in a manner similar to that accomplished by W/d, analog experiments 
were conducted with the sheetpile fully penetrating the permeable layer. In this case 
the value off'" is infinity, sinee a perfectly impermeable fully penetrating sheetpile 
does not allow any percolation through it, and from Eq. 6, we can write f =¢/Dor ¢ = 
fD; hence, the value of ¢ can be obtained as a function of W/D (d = D) directly from the 
experimental data. Figure 8 shows that, when plotted on a log-log scale, the obtained 
values of W/D and ¢ lie on a straight line which can be represented by 
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(8) 

where ¢is expressed in meters. This relationship indicates that ¢ is, in fact, a param
eter which characterizes the leakiness of the sheetpile. The laboratory experiments 
mentioned earlier (5) yielded¢ values between 5 and 80 m, and these correspond to W/D 
values between 0.15- and 0.005; the high ¢value of 2000 m obtained under field conditions 
corresponds to an extrapolated W/d value of 0.00011, which indicates an almost perfectly 
impermeable sheetpile. 

CONCLUSIONS 

Quantitative experimental relationships have been determined for the effectiveness 
of a leaky sheetpile which either partially or fully penetrates a homogeneous porous 
medium underlain by an impervious substratum; the sheetpile 01ay be isolated or cen
tered under an impervious dam . Based on the results of an electric analog investiga
tion and correlation with limited theoretical work reported, the following conclusions 
can be advanced: 

1. Jn virtually all practical cases the effectiveness of a sheetpile is reduced consider
ably by a relatively small open-space ratio in the sheetpile area. 

2. The decrease in effectiveness is much more abrupt for fully penetrating sheet
piles centered under wide impervious dams than it is for isolated sheetpiles or those 
under narrow dams. 

3. For low open-space ratios, the rate of decrease in effectiveness is considerably 
more rapid for a fully penetrating sheetpile than for a partially penetrating one. 

4. For sheetpiles under wide impervious dams, there is relatively little difference 
in the seepage flow quantities under and through a leaky fully penetrating sheetpile and 
under and through a leaky partially penetrating sheetpile. In other words, the only way 
to effectively reduce the flow quantity is by installing a nearly impervious fully pene
trating sheetpile. 

5. For an isolated sheetpile with an open-space ratio greater than 0.1, there is little 
difference in the seepage flow quantity for a fully penetrating or partially penetrating 
sheetpile. 

6. A relatively abstract parameter, proposed by other investigators to characterize 
the leakiness of a sheetpile, has been shown to correlate well with the more physical 
open-space ratio used in this study. 
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