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Abstract

We described a construction method for small ponds or dams based on the results
of mechanical tests performed on typical soils distributed in Northeast Thailand. As a

result of the investigations of the performance of small ponds in relation to erosion and

collapse, we proposed a simplified method of determination of the occurrence of

collapse as well as methods of prevention of collapse. We also tried to estimate roughly
the amount of settlement associated with the collapse. In terms of erosion, the slopes of

the proposed pond were found to be stable.
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Introduction

In Northeast Thailand, the main irrigation
facilities consist of small ponds. The ponds are
isolated and there is no network between the
ponds and no connection to the large-scale
irrigation facilities. In future, these networks and
connections might be important from the viewpoint
of effective water supplys). Now, the ponds are
mainly built by digging the ground. Most of these
ponds however do not function well due to
salinization of reservoir water, collapse and erosion
of the slopes of the ponds. To obtain the basic

information for overcoming these shortcomings,
we have already described and discussed the
mechanical properties of typical soils distributed in
Northeast Thailand on or with which small ponds
are constructed”.

In this paper, we will propose and analyze a
method of construction of small ponds or dams.

Development of a method of construction for
small ponds or dams

The Department of Land Development (DLD)
in Thai Government recommends a standard type
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for small ponds as shown in Fig. 1°. The pond has
the following dimensions: 34 m length, 20 m width
and 3.5 m height with 1:2 slopes. The capacity of
the pond is about 1280 m’. This pond belongs to
the digging type. In this section, we will describe
one type of small pond that is suitable for
Northeast Thailand based on DLD’s standard type
small pond. As most of the area is covered with
sandy or silty soils in Northeast Thailand, the
technical problems are restricted to erosion and
collapse‘”. We will analyze the performance of the
type of small pond proposed in relation to erosion
and collapse.

1) Type of small pond proposed

The standard cross-section of small pond
proposed here is shown in Fig. 2. The kinds of
soils considered as fill materials and foundations
are sandy or silty soils. The dimensions of the
small pond are as follows: 50~100 m length, 20 m
width and 3 m height with 1:2 and 1:2.5 slopes.

Overview

The pond is constructed by excavation and
banking. The height of the embankment is 1 m,
and the depth of the ditch is 2 m. The embankment
is constructed by compacting the excavated soil

This type of pond shows the following

characteristics.

(1) Since excavated soil is used as fill material, a
yard for the disposal of the excavated soil is not
necessary.

(2) If the proposed pond could be constructed in
many areas, the groups of ponds may in future
be used as water supply channels by
connecting the ponds with each other.

(3) Since an embankment is included, structure is
stronger than that of ponds made by only
digging.

(4) Due to the shallow excavation depth, the pond
is not readily affected by ground water.

(5) As salinization is unlikely on the embankment,
the embankment is suitable for cultivation of
field crops5).
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Fig. 1. Standard small farm pond recommended by DLD”
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Fig. 2. Standard cross-section of proposed small pond

2) Resistance to collapse due to wetting

The ¢ -log ¢, lines obtained from oedometer
tests for typical sandy and silty soils distributed in
Northeast Thailand are shown in Figs. 3% and 44),
where ¢ is the void ratio and ¢, the vertical stress.
Though these soils are collapsible, settlement due
to collapse depends on the initial water content and
initial void ratio. Then it is necessary to measure
the initial water content and initial void ratio before
construction. If the initial void ratio is obtained,
the possibility of collapse can be estimated as
follows. If the initial vertical stress from wet density
and overburden is estimated, the data of initial void
ratio and initial vertical stress can be plotted in Fig.
3 or Fig. 4. If the plotted point lies on the left side
of the saturated e - log ¢, line, collapse does not
occur, while if it lies on the right side, collapse may
occur.

The possibility of collapse is schematically
depicted in Fig. 5. The figure shows the volume
change behavior due to the decrease in suction. If
the stress point of the unsaturated soil is located on
the right side of the normal consolidation line,
collapse due to wetting can occur. A large volume
reduction can be seen in the soil (points A—A’ in
Fig. 5), whereas if the stress point is present on the
left side of the normal consolidation line, the soil
can swell (points B—B’ in Fig. 5). The process
from points B—B’ can be represented by the
process from points C—C’ in terms of effective
stresses. As points C and C’ lie on a rebound line
in terms of effective stresses, the amount of

swelling depends only on the reduction of effective
stresses. Then, we can exactly calculate the
amount of swelling if we estimate the reduction of
effective stresses. Thus, unsaturated soils have
generally a different behavior on the left and right
sides of the normal consolidation line.

In the case of one-dimensional collapse, the
amount of settlement due to collapse may be
calculated as follows. The stress point after
completion of soaking of water lies always on the
saturated e - log ¢, line. Then, the amount of void
ratio reduction due to collapse can be obtained
from the void ratio difference between the stress
points before and after soaking of water. The
vertical stresses before and after soaking of water
are identical.

Now, let us try to apply the method described
above to the pond proposed here. Although the
behavior of the pond is two-dimensional, for
simplicity we assume that the behavior is one-
dimensional. Assuming that the field water content
is consistent with the driest ¢-log ¢, line obtained
from the oedometer test, and the mean wet unit
weight of fill and foundation soils is about 15
kN/ mg, the mean value of vertical stress will be
about 23 kPa. Based on the results of oedometer
tests, the change of void ratio due to collapse for
this mean vertical stress ranges between 0.05 for
Red and Yellow loesses and 0.4 for Yellow soil. The
volumetric strain is calculated by using the
following equation,
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Fig. 3. Oedometer test resuits of undisturbed Red and Yellow Loesses (data from Udomchokes))
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Where ¢, is the volumetric strain due to collapse,
¢, and e, are the void ratios before and after
soaking of water, respectively. The associated
volumetric strains are 3% and 19%. Then, the
amount of settlement reaches 4~29 cm. This is a
simplified method. However, in more significant
irrigation facilities, for example fill-type dams, a
more sophisticated method must be used to
estimate the amount of settlement. The method
was described previouslys).

In order to reduce or prevent the settlement
due to collapse, we can suggest the following two
methods. The first is the pre-compaction method
where the ground is compacted by using a back-
hoe before excavation. The second is one of the
stage construction methods where at first pre-
excavation for constructing a temporary pond is
carried out, then water is stored in the pond.
During the filling of the reservoir, collapse may
occur, After the settlement due to collapse ends,
we can construct the pond as it was designed. The
filling of the reservoir requires at least more than 3
months. It is desirable to construct ponds in low
lands for the following two reasons: from the
hydrological view and to reduce settlement
associated with collapse. This is why the thickness
of deposit of sandy and silty soils in low land is
thinner than that in high land.

3) Slope resistance to erosion

There are several types of erosion; raindrop
splash, sheet erosion, rill erosion and gully
erosion”. In the case of raindrop splash, soil
particles are detached by the impact of raindrops.
In order to prevent this type of erosion, it is the
best way to cover slopes with plants. As rill and
gully erosions result from sheet erosion, the sheet
erosion should be controlled in order to prevent rill
and gully erosions. To prevent sheet erosion, there

are generally two methods; decrease of flow
velocity or absence of flow on slopes. If the ground
can be cut vertically, there is no slope. Then, there
is no flow on slopes. This method has been
adopted in loess regions7). This method is only
effective for unsaturated soils. In the case of
ponds, the soil is filled with water after
construction. Then the flow velocity should
decrease. If we can decrease the velocity of flow,
we can reduce the tractive force (stress) which
corresponds to the shear stress due to the flow of
water. The tractive stress is given by following

equation:

=Y whmi (3)

where <t , is the tractive stress, v, the unit
weight of water, k,, the hydraulic mean depth and ¢
the hydraulic gradient.

The critical tractive stress r . for sandy soil is
0.00127 kPa”. Let us consider a condition where
water flow on a slope is laminar, the tractive stress
due to the water flow is critical and the slope is in
equilibrium. This condition is shown in Fig. 6.
From the equilibrium equation along the slope, we
can obtain the following equation;

r,0dl-1+y -de-1-Hsinf-
y +dy-1-Hcosftan¢'=0 4

where y ' is the buoyant unit weight, dl the
slope length of a given slice of soil, dx the width of
the slice of soil, H the depth of the slice of soil, ¢
the incline of the slope and ¢’ the internal friction
angle.

Supposing y=cos2 8 , Equation (4) becomes a
quadratic equation of y as follows;

ay2 +2by+c=0. 6)
Then, y is

_beNFa |

yr 6
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Fig. 6. Slope resistance to sheet erosion

Here, the coefficients a, b and ¢ are given as

a= 1+tan2tan¢' )
27, , ,

b=—{—7,}—{" tan¢}tan¢, (8)

c=[ iTI} tan¢'}--1. )

For the sandy soils used in the construction of
this pond, we will adopt the parameters 7, =
0.00127 kPa, G, = 2.67, y ;= 14 kN/m’, ¢=0.87, .,
=9.8kN/m”. Then, 7" is 8.7 kN/m’".

Calculating values of y for ¢’ = 25° and 30°,
the value of y becomes a function of H as shown in
Fig. 7. In this figure, supposing ¢  =30°, and H =
0.001 m ( equivalent to about 10 times the mean
particle size Dsy), we will obtain 6 = 22.2°.
Comparing this value with the slopes 1:2.5 (21.8°)
and 1:2 (26.6°), the slope 1:2.5 is considered to be
stable. Therefore, we will adopt 1:2.5 slopes.

4) Slope stability

In sandy soils, we do not expect the
component of cohesion ¢ of the soils when the soils
are saturated. Then, we can only consider the

’

internal friction angle ¢’. Let us consider the

slope stability of the pond shown in Fig. 2. As the
incline of the slope is 1:2.5 (21.8°) and this incline
is smaller than ¢’ = 30°, which is considered to be
the mean value of sandy soils distributed in
Northeast Thailand, then this slope is sufficiently
stable.

Conclusions

Based on the test results, we proposed a type
of small ponds. The standard cross-section of the
small pond proposed is shown in Fig. 2. The
dimensions of the small pond are as follows:
50~100 m length, 20 m width and 3 m height with
1:2 and 1:2.5 slopes. We investigated the
performance of the small pond in relation to
erosion and collapse. As a result of the
investigations, we proposed a simplified method of
determination of the occurrence of collapse as well
as methods of the prevention of collapse. We also
tried to estimate roughly the amount of settlement
associated with collapse. In terms of erosion, the
slopes of the pond proposed were found to be
stable. Regarding the stability of more important
irrigation facilities, we can use the method
previously described”.
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Fig. 7. Relationship between incline of slope £ and depth of soil slice H
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