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In this study, filter conditions by difference in grading between core material and filter material used for dam construction was
applied as evaluation condition for surrounding ground conditions near excavation site in a bid to identify the risk of land sub-
sidence resulting from the erosion of soil particles. To that end, filter conditions proposed for the test was evaluated and the risk
of land subsidence depending on grain size conditions was also evaluated using the filter conditions developed by COE. Conse-
quently, evaluation diagram that can be used to determine the risk of land subsidence using grain size conditions obtained from
ground investigation data was developed, which is expected to help evaluate the possibility of land subsidence depending on
changes to the stratum. To simulate the particle flow process, PFC3D program was used. It's not only intended to determine the
land subsidence pattern caused by falling ground water level but also predict and evaluate the land subsidence caused by soil ero-
sion using grain size condition which can be verified by numerical analysis approach.
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Table 1. Filter standards

Proposer Filter standards

D D
Bertram (1940) —Dep, =<9

D85(s) DSS(S)
U.S. Corps of DIS(/)<5 D]s(/)<20 Dso(/)<25
Engineers (1948) Diss) ’ Dy ’ Dsyyy
For Cu(s) <1.5:
Do g Puw_py Do ys
DIS(c) ’ D]S(.Y) DSO(.Y)
For : 1.5<Cy<4.0:
Sherman (1953) D5, <5 D5, <20 Dsop <25
D85(s) ’ D]S(A) ’ DSO(A)
For : Cy>4.0:
% <5 % <40 % <25
D85(s) D85(s) DSO(s)
Leatherwood and D5 a1 D5y <53
Peterson (1954) Diss) o 500 ’

Uniform filter :

D
5<—=2 10
50(s)

Well-graded filter

Karpoff (1955) 12< Dy <58

50(s)

D
12<=—92<40, and
15(s)

Parallel grain-size curves

medium and coarse uniform sand :

D
5<=010
50(s)
fine uniform sand :
Zweck and

D
Davidenkoff (1957) |5<—2<15

50(s)
well-graded fine sand :

D
5<—2 25
50(s)

D5y : Grain size equivalent to 15% of passing weight (%) of filter
Dsy( sy : Grain size equivalent to 50% of passing weight (%) of filter
D5 : Grain size equivalent to 15% of passing weight (%) of foun-
dation
Dsq) : Grain size equivalent to 50% of passing weight (%) of foun-
dation
Dgs) : Grain size equivalent to 85% of passing weight (%) of foun-
dation

Al ARk} A 7He 5, dtelo] AT 4 9lom,
vlo]s HAE S8 ZE] AEE A

Blo] Qo e Auke] YJreAfE ol-8-ste] Auhl AR}
& 7Fs/32 %71 & Sivh Table 12 FE AWAR
< 53 of2] AAEe] AR TE 71ES HolFaL Sl



A

gRl- 27

SR E I mk gy |

o e ANRE TR B2 A

Sk

Zars 135

1

Table 2. Understanding of filter conditions to prevent soil particle erosion (U.S. Corps of Engineers, 1948).

.. Stable

D
B0 90
15(s)

.. Stable

D
=20 .25 .".Stable

50(s)

- Unstable

——=>20 ..Unstable

. Unstable

Dssis)  Drisir)

Soil Filter

Disisy  Distm)

Soil Filter

Dsor)

(S)

Soil Filter

For Dysi, to pass through D, it shall

Dis
150
— > Dy -

That is, D,s,/5 grain size at lower layer is
larger than Dy, , soil erosion would pos-
sibly occur.

For D5 to pass through D5, it shall

be 15(/)>D,5m
That is, D5,,/20 grain size at lower layer
is larger than D, soil erosion would
possibly occur.

For Dy, to pass through Ds,, , it shall

Dsy
25

That is, Ds,/25 grain size at lower layer
is larger than Djs,, soil erosion would

be

> Dy -

possibly occur.

Table 3. The conditions that may cause soil erosion (U.S. Corps of Engineers, 1948).

D D D
—B@9 o5 ..Stable —BE9 20 .. Stable —2C 25 . Stable
D85(US) 15(US) 50(US)
D D D
—249 -5 . Unstable 249520 ..Unstable 249525 .Unstable
D85(US) 15(US) 50(US)
Upper Soil Desws) Upper Soil cooooooiony I Disws) Upper Soil (] Dsotws)
Lower Soil Disws) Lower Soil 3 Dists) Lower Soil ] Dsotst

For Dygsysy to pass through D5 , it shall

DIS(LS)

be > Dysus) -

That is, D,s.s/5 grain size at lower layer
is larger than Dy, soil erosion would
possibly occur.

For Ds5s, to pass through D5y, , it shall

DIS(LS)

be >Disws) -

That is, D,s5..5/20 grain size at lower layer
is larger than D5 , soil erosion would

possibly occur.

For Dsyys) to pass through Dy , it shall

DSO(LS')
be ———>Dsyus) -
25 50(US)
That is, Ds.s5/25 grain size at lower layer
is larger than D, , soil erosion would
possibly occur.

Standard grain size > grain size at upper layer = Soil erosion condition
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Fig. 1. Diagram of ground condition that would possibly cause land subsidence.
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Fig. 3. Longitudinal section of district OO.
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Fig. 4. Grain size distribution curve of district OO.
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Fig 5. The result from the evaluation diagram at district OO.
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Fig. 6. Sample size for numerical analysis.

Table 4. Input parameters
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Fig. 7. Hydraulic interface analysis using osmotic pressure
(Itasca, 2016).

Upper Layer Lower Layer
Density (kg/m’) 1,750 1,900
Normal Stiffness (N/m) 2.0x108 1.5x10°
Shear Stiffness (N/m) 1.0x108 0.75x10°
Ball friction 0.45 0.80
Contact-bond normal stiffness (Pa/m) 3.0x108 5.0x107
Contact-bond shear stiffness (Pa/m) 2.0x108 3.2x107
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(a) Initial state (b) After particle flow

Fig. 9. Particle flow analysis result.
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