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Numerical Analysis of Hydrograph Determination for Cohesive Soil Levee
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Abstract

The integrity evaluation of river levee includes slope stability evaluation of riverside land and protected low-land,
and safety of piping with respect to critical gradient and critical velocity based on related regulations, such as Design
Criteria Rivers Commentary (2009), Structural Design Criteria Based Commentary (2009). The design hydro-graph is
the most important design input factor for the integrity evaluation; it can be inaccurate due to the absence of its decision
methods suggested by the national level. The authors in this paper evaluated numerical analytic levee integrity for piping
and slope stability by changing each design hydro-graph, including rising ordinary water level, lasting flood water level,
falling water level, and flood frequency for Mun-san-jae on Nak-dong River. Finally, the authors suggested that the
levee integrity of piping and slope stability are very sensitive to the changes of increasing time of ordinary water level

by 57 hours and lasting time of the flood water level by 53 hours, respectively, for Mun-san-jae.
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(a) Before 4 river project

(b) After 4 river project (NakDong river, 2013)

Fig. 3. Rising Level Cases of the Levee and Sluice Gate

Table 1. Design Standards of Levee Piping and Slope Stability
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Riverside Land protected low-land
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(a) Conceptual diagram/occurrence scene of piping (KICT, 2004)
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Fig. 4. Conceptual Diagram of River Facility Stability Analysis (Levee, Sluice Gate, Multi-Functional Weirs Piping) (Structural design criteria
based commentary, 2009)
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Fig. 6. The finite element mesh and geological configuration used for the analysis

Table 2. The Characteristics of Soil for the Analysis

Material Unit weigf;t Poisson's ratio Permeability Cohesive Internal friction
(vt, KN/m°) (v) (cm/sec) (c, kPa) angle (¢, °)
Building materials 18 0.33 8.00E—04 10 28
Sedimentary layer (SM) 17 0.30 2.00E-03 5 25
Sedimentary layer (SP) 19 0.33 8.00E-03 0 30
Bed rock 24 0.30 5.00E-06 300 33
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Table 3. Analysis result of design hydrograph

60

Typhoon Water level rise time (hr) Lasting flood water level (hr) Water level falling time (hr)
LUSA 17.6 10.7 25.3
MEMI 16.0 16.3 22.7
Heavy rains 2004 11.9 12.3 22.9
MEGI 12.9 8.4 16.4
EWINIAR—1 15.3 10.3 13.7
EWINIAR-2 12.3 39.5 34.8
NARI 11.5 10.0 13.3
Heavy rains 2011 14.2 10.0 14.9
SANBA 6.1 8.4 14.9
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Table 4. Using hydrograph seepage/landslide analysis scope and content

Rate item Variation factor Variation value Legend
Time 6, 16, 23, 42, 57 hr D, Q, 0, d 6
Water level
Flood Analysis Point
water [-------------------- n
level W |
72,1 |
Rising ordinary o !
S !
water level ,/,'/,’,/ : :
A !
Ordinary I ;/_/, /! i Lasting floodi
water @ D C D | water level ! !
level Ordinary +__Rising 1 g Falling '
| _water level ! ' water level H
Time
Combination of Hydrograph : O+@+®, @+@+®, @+@+® D+2+®, H+@+®
Time 11, 23, 29, 58, 70 hr ®, @, ®, ©, ©
Water level
Flood
water f[~==-------=----------- q
level ' W
. H WL
Falling water ! RN
level ; RN
! : N UMM Analysis Point
Ordinary i Lasting flood ! (NN
water ' i water level | ®2 '®®
level Ordinary Rising T H Falling 1
| _water level ! water level

Time

Combination of Hydrograph : @+@+®, @+@+®, @+@+®, @+@+©O, @+@+1O

Time 8, 15, 27, 40, 53 hr 0, @, B, ® G
Water level
Flood D @B ® Analysis Point
water f-=-----------------—;———— T T-oT =g
level \\:{\\ N
Lasting flood IR
water level N
Ordinary ! Lasting floodé \‘:\\\ \‘;
water ! | water level ! !
level Ordinary | Rising T : Falling :
+_water level ! 1+ water level '
Time
Combination of Hydrograph : @++®, @+@+®, @+B+®, @+W+®, D+B+®
Frequency ‘ 200 (24.93 m), 100 (24.28 m), 50 (23.56 m) year @, ®, @
Water level
Flood ® Analysis Point
water [-------------------- E o
level S
Flood ~ SN
frequency : ST,
Ordinary ELasting floodi N \__\:\___\_\_}—._
water ! | water level ! !
level Ordinary +__REing 1 g Falling '
| _water level ! H water level H

Time

Combination of Hydrograph : @+@+®, @+®+®, @++®, ©®+B+1O

Table 5. Seepage/Landslide analysis (Rising ordinary water level)

! L Piping Landslide
Rate item Combination of Hydrograph I | m

O+©2+® 4.05 1.54E+04 1.51

o i @+2+® 3.69 1.41E+04 1.50
Rising ordinary @+@+® 3.45 1.31E+04 1.49

water level

@D+2+® 2.95 1.10E+04 1.47

B®+2+® 2.68 9.98E+03 1.45

| = Critical Gradient (£S=14./i,), Il : Critical Velocity (£5=v./v,), lll : Protected low—landslide (FS)
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(a) 6 hr (falling water level)

/

(b) 57 hr (falling water level)

Fig. 8. Seepage analysis for the rising ordinary water level (Total pressure)
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Table 6. Seepage/Landslide analysis (Falling water level)

Piping Landslide
Rate item Combination of Hydrograph : | v
@+@+® 3.20 1.20E+04 1.43
@+@+® 3.09 1.16E+04 1.50
Falling water level B+@+® 3.08 1.15E+04 1.52
@+@+©® 3.10 1.15E+04 1.58
@+12+1 3.13 1.16E+04 1.60

| : Critical Gradient (FS=14,/i,), |l
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Fig. 11. Variation curve of piping/landslide safety factor for the
falling water level
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Table 7. Seepage/Landslide analysis (Lasting flood water level)

Piping Landslide

Rate item Combination of Hydrograph : | "

B++® 3.68 1.40E+04 1.50

) B+@+® 3.45 1.31E+04 1.49

Lasting flood @+B+® 3.00 117E+04 1.47
water level

B+1W+® 2.80 1.05E+04 1.46

@+B+® 2.58 9.66E+03 1.45

| : Critical Gradient (£S=4,/i,), Il : Critical Velocity (FS=wv./v,), Ill : Protected low—landslide (FS)
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Fig. 13. Variation curve of piping/landslide safety factor for the
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Table 8. Seepage/Landslide analysis (Flood frequency)
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Fig. 14. Variation curve of piping/landslide safety factor for the
flood frequency

B % R gasts B4 HolF

Wz 5o digt obde HIl= 1.49~1.502.2 1% u]
Tho) 7**7} A Hs AoR Jé 7h=|Sietk o]gt who]
S J

N
N
N
=4
\)
[
(=]
i
i
H
~
A
©

ZﬂLHXl Oﬂ 1‘41?* °Px4g«l Hok= 1471 So2 H7}
=ik wheka] A 2HE Ao 20049 HlE A
St sfols Qb S FAESAAL 20 2 FAR
£ 100 o)A}, BEoFA-E 1.3 o]AF 5 AR
7 47} S|4 ATE et 1) Hof STARE o4
o) = ¢HMA1 74 2) FHApdos e Aoy 4

Zl—

5.4 B
B R B BAAE o B9 A
%, B9 Ak, Y, FHUE 5 A 9ty

& wE AT EATSAAN, AARE S
ot J+ow A AR 9 A7) o

0192 Thol g
54]‘41 35% J&, T
HE2 Ry, s obdgof
ﬁ# 3l Ao
Al ABF AXEE 11~70A7F0.2 2=9]
sl Azto] gola4E wtolm qrgel A9
AETBAN 3.7% H SN 41% =R,
AR g FadEe] 49 10% F=7t Hasto]
= o= Ao R YEIT
(3) 504, 100, 2009 F<wl=s A AHEE Bab
Al Aol g 9 He 137m HEO] e 429) 2}
off 7]¢lste] wfolge] 7 7% L, XMXI %%
o B 1% nwtez 2

¢

~J

@) A 2= A 2008 W= AAG99E S Al

Ao mAs Y= —ﬂﬁio}"% 1) 2 57 Al
2t oVde] HeAdSAIR, 2) FRAMELR Fei

AZE ol4o] &

INEIRE
# ATE FEREYFENENL| SATY 1A
714 ATARI ] AU A3 A AT 25 2
CE R

179 (References)

1. Bilgh, W. G. (1927), “The practical design of irrigation works”,
A. Constable & Co.

2. Choi, B. H. and Kim, J. M. (2007), “Geotechnical Approach for
Improving the Stability of Levee”, Foundation and Technology,
KAPE, Vol.4, No.4, pp.50-58.

3. John H. Schnertmann (2000), “The No-Filter Factor of Safety
against Piping through Sand”, ASCE, Geotechnical Special Publication
No.111, pp.65-133.

4. Kalin, M. (1977), “Hydraulic Piping-Theoretical and Experimental

Findings”, Canadian Geotechnical Journal, Vol.14, No.1, pp.107-124.

. Kim, K. H. (2004), Levee development of advanced technologies

W



92

relevant, final report, Korea Agency for Infrastructure Technology

Advancement.

. Korea Geotechnical Society (2009), Structural design criteria based

commentary

. Korea Water Resources Association (2009), Design criteria rivers

Commentary

. Kovacs, G. (1982), “Manual of Soil Laboratory Testing”, Vol.2,

Pentect Press, pp.458-464.

. Land Transport and Maritime R&D Report (2012), Network based

SOC Management and Operations Planning.

. Ministry of Construction (2000), Levee Design Guidelines, pp.

221-245, Japan.

. Ministry of Land, Transport and Marine Affairs (2009), Master

Plan of 4 Major Rivers Restoration.

st=XgtEssisl=2d H30A M4z

12.

13.
14.

15.

16.

Ministry of Land, Transport and Marine Affairs (2006), Practical
design tips river construction.

Nakajima, H. (2003), River Levee, Kibodang Press, japan.
Richardson, J. F. and Meikle, R. A. (1961), “Sedimentation and
Rluidization 111", Trans. Int. Chem. Engrgs., Vol.39, No.5, pp.348.
Schmertmann, J. H. (2000), “The No-Filter Factor of Safety against
Piping through Sand.”, ASCE, Geotechnical Special Publication No.
111, pp.65-133.

Terzaghi, K. (1943), “Theoretical Soil Mechanics”, John Wiley and
Sons, pp.189-194.

Received : December 23, 2013
Revised : March 6“‘, 2014
Accepted : April 17" 2014



