


4. Safety against Piping
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The exit gradient generally provides the most

significant criterion design for the factor of safety
with respect to piping.

For a depressed structure on a permeable base

of infinite extent the exit gradient may be analytically
calculated by Harr’s expression:
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Fig. 1 — Preliminary Design of the Diversion Dam
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hydraulic head loss

Embedment depth of structure
coefficient to be determined according
Harr as a function of the ratio Ds/B

(1)

where B is the width of structure (Fig. 2).

[
sl
B/DF
[ ]

Q10

|

|1

8]

a
B
Dg

020 040 060 0BO 100

U

orR F

a

l—28 —







EL. 1D

e

.
-

ELIO7Q

T

8.70

L
{
e
f

~ ___[.EL.

109.70

—ﬁ—_

gEL. 107.00

Fig. 3 — Stability Analysis Case A
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and the following safety factor is obtained:

A
Po

The stability against shear failure is then ample
even in the most unfavourable conditions.

Fe = = 11.40

Safety factor:

dy
F, = = 4.27
X PO

The stability against shear failure is also ample
in the above indicated Case (B).
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Fig. 5 — Chart showing relation between ¢ and bearing capacify factors

Loaded strip, width B
Tota! joad per unit length of footing

General shear failure: Q72 = B (CN.: -+ vy Dy Ng | % yBNr)

Local shear failure:

Qu=B(Z CNle +yDr Ny = 3 yBN'r)

Square footing, width B
Total critical load:
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Qs = B2 {13 CNe — v Dy Ng + 0.4y BNr)

Unit shear resistance, § = ¢ + O tan ¢

CASE “B”" (Fig. 4)

Upstream water elevation = 109.70 m
(maximum spiliway head).
Downstream water elevation = 107.00 m

(0.35m above riprap top).

Horizontal water thrust is calculated according
to the new conditions and Vertical resultant force
N as in case (A).

It is very unlikely that the maximum head con-
dition may last for such a long time to produce
uplift pressure worse than that considered in case (4).
Therefore U is taken as in case (4).

s ' = 51.2 ton

Vertical forces 2 U = 251 ton
N = 26.1 ton

‘ Su- = ]8.8 ton

Horizontal forces S, = 5.0 ton
{ H = 127ton

Proceeding as in the previous Case (4)
Eccentricity of resultant force R:

¢ — 068 m
Applied pressure at cutoffs base level:

N

Po = B —2e

= 5.63 ton/m?.

6. Seepage

According to the results of permeability tests
the quantity of seepage under the dam is likely to
be low, on condition that the passage of water along
or near the soil structure contacts is prevented.

The contacts between soil and structure which
may have been disturbed or lossened by excavations
would require treatment up to certain depth.

Grouting might solve the problem but for such
a small dam this sclution was considered to be ex-
pensive,

Since the permeability tests indicate low see-
page loss and the cutoff walls also reduce this loss,
it was considered that the seepage would not be a
serious problem. However, in order to seal the con-
tacts between soil and structure, it was proposed
to substitute the disturbed natural soil at the up-
stream cutoff wall by compacted mixture of clay,
sand and gravel. The downstream cutoff wall side
was provided with inverted filter as shown in Fig. 6.

Measures taken to minimize seepage losses also
reduce considerably the uplift effect. The cutoff
walls, the compacted mixture of clay, sand and
gravel at the upstream face of the structure would
increase greatly the “creep length”, This together with
the inverted filters at the downstream face of the
cutoff wall reduces considerably the uplift effect under
the dam.



7. Overturning

Since the resultant of vertical forces is much
higher than the resultant of horizontal forces in

% is equal to or less than “f”

. . . 8.5
both cases A & B (Section 5) the structure is safe Case 4: “f7 = %1 = 0.325
against overturning. '
i : - 12.7
Taking moment about of the downstream cut Case B: “f = — 0.485
ofl wall toe: 26.1
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Fig. 6 — Final design of the Diversion Dam

Case A
MH 215 x 8.5
Fe = MN = 350x %6l = 0.2, less than 1
Case R
MN 2.40 x 12.7
F, = W = 35056 = 0.33, less than I

The factor of salety against overturning is some-
times defined as the ratio of the tightening moments
to the overturning moments about the toe of the
dam. When so defined all excepting the direct founda-
tion reaction are deemed active. Ordinarily the factor
of safety against over-turning is between 2 and 3.

MN

Case A: Fy = MH = 5, greater than 3
MN
Case B: Fy = MH 3,3, preater than 3

8. Sliding

The allowable sliding factor is the coefficient
of static [riction between two sliding surfaces reduced
by an appropriate lactor of safety, If “f”’ represents
the allowable sliding factor, a dam is considered
safe against sliding when
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Qur case represents for permissible ““f*° — concrete
against gravel, coarse sand and boulders.

Furthermore the cutoff walls prevent displace-
ment as could be observed from Figs. 3, 4 and 6.

Exact values for coefficients of static friction
cannot be determined without the benefit of labora-
tory tests, but the allowable sliding factors given
below which include ample factors of safety for
concrete against sliding on the various foundation
materials may be used as a general guide:

Material I
Sound rock, clean and irregular surface 0.8
Rock, some jointing and laminations 0.7
Gravel and coarse sand 0.4
Sand 0.3
Shale 0.3

Silt and clay testing required

9. Conclusions

The final design of the diversion dam is safe
against piping, shear failure, cxcessive seepage,
uplift, overturning and sliding effects.



Piles are not necessary for stability against
sliding or shear failure as discussed in section 5.

The presence of a double cutoff wall and an
adequate compacted mixture of clay, sand and gravel
at the upstream side of the cutoff wall and the
graded inverted filter at the downstream side of the
cutoff wall will prevent piping, excessive seepage
and uplift effect under the dam.

The downstream rock riprap must be suffi-
ciently thick and long in order to prevent erosion
near the dam by the over flowing water and for the
purpose gabions have been recommended. Bui ero
sion may still take place beyond the protected zone.
I in this case the toe of the valley slopes should also
be protected by rockfills and periodically repaird as
necessary.
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