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Numerical Studies for the Safety Estimation of Box—Culvert in Levee
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Abstract

In this study, 2-D seepage analysis is conducted for the evaluation of Box-Culvert installation,
Cut-off Wall Length, permeability reduction of soil under the Box-Culvert effects on Levee
Box—Culvert safety. The result of analysis it is obtained that the safety of seepage and slope stability
of levee is declined by the installation of Box-Culver. And also obtained that the piping from poor
compaction and cavity around Box—Culvert is prevented by the Cut-off wall installation below breast
wall and levee toe, so it is recommended that the Cut-off Wall below breast wall and levee toe must
be installed. And the Cut-off Wall installed below levee center is considered when the safety of
piping is declined for the whole levee section. On the other hand, for the realistic analysis it is
recommended that the 3-D seepage analysis is more suitable for the safety evaluation of Box-Culvert
installed levee when it is considered that the saturated field is dispersed to the ground.
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Fig. 1. A Section Applied to Infiltration Analysis
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Table 1. Geological Stratum& Ground Physical Value Applied to Analysis

Elastic Upit Voi_d Permegk')ﬂity Cohesion Internal Friction
Material Moduluzs Waghg Ratio | Coefficient € t/md) Angle
(E, t/m”) | (% t/m") (e) (k, m/sec) ’ (¢,
Sand(SP) 3,500 18 05 1x10°® 0.4 37
Embankment e Sand(SC) | 2,000 175 0.48 1x10°° 45 20
Gravely Sand 5,000 1.8 0.42 05%x107 0.1 38
Weathered Soil 5,000 19 0.43 1x10° 05 30
Weathered Rock 10,000 2.0 0.2 1x107" 2.0 40
Soft Rock 15,000 2.2 0.1 1x107® 100 | 45
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Fig. 3. Slope Stability Evaluation Results by Culvert Installation Existence
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Table 2. Safety Examination Evaluation Results by Culvert Installation Existence

FSpiping for below the 1 FSsiiging for river-side slope at
levee toe water-level sudden drop
Without culvert installation 2.23 1.27
With culvert installation 1.42 1.04
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Table 3. Safety Ratio about Piping by Change of Lower Part Cut-off Wall Length installed culvert center
(Standard Safety Ratio : 2.0)

Condition Safety Ratio Stability
Without culvert 2.23 O.K.
With culvert 1.42 N.G.
3.0m 1.49 N.G.
4.0m 1.55 N.G.
Length of lower part cut-off wall 5.0m 1.68 N.G.
5.5m 1.82 N.G.
6.0m 3.82 O.K.
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Table 4. Safety Ratio about Piping by Change of Lower Part Length of Cut—off Wall

Condition Length of lower part cut—off wall | Safety Ratio| Stability |Standard Safety Ratio
4.0m 1.55 N.G.
With breast and 5.0m 1.68 N.G.
lower cut-off wall 5.5m 1.82 N.G.
6.0m 3.82 0O.K. 920
4.0m 1.57 N.G. )
Without breast and 5.0m 1.70 N.G.
lower cut-off wall 55m 1.84 N.G.
6.0m 3.84 O.K.

39 SB65K 20064F 65

483



323 ¥4 5 2 AR A5F Zol9 oF

Fig. 7¢ A9 29 ASAIQ 33U F4 sh¢
2 NG =g do] W] wpE FEHEE BAE
t}. Fig. 7914 EXo] §9 315 4 Ay 28 2
ol9] kL ApF Fo| F7toll wpet XA 3] ArEH
7} A3 Frkehe AeE HrEA

3R, Table 5 &9 2 Agk &4 25T do| ¥
3ol W& slo]jPoll thdt ¢tHEE HAIETH Table 5
ANA Bo] AAHQ Ho]Fe] theh hH&L 7]Et
A& 208 BF BE3E Ao JEoy

Ed AAHoE Holho] UF AL 3 A5
2 4G A9 val =A BAHU

A7NN, F¥ L AW SR AEF 4A A A5F
1ol F@etA A Hskpel stolPel vhig A

N
o

=

& $E8 SRPAT, L A5F Qolo] wla
Je Aoz UERT 2 A9e A5F 2ot &L
A% A5TE dolrts ARSTol BI, A5F 4]
7t 2 A AFT Ee] ARAge] B sholp
ot AEE AN oz, AAH Y
ol gloiiE TAY £ 94 Ao B, A%
2 Aol7l 2ojd AS AR oF FgAo| hP

AE ZlHow BT Ao FriHA.

3 ApFo] XY A Mg F9 Ake] gho]

Pol| ek e TR AAE Aol W) 23]

A

& Mg el A5TL AR Y% A A
g RN AESAE AY A RAEAT, X4
Aol vt Ak sHolAe AE7L JAH T FH =)
gho g ARI} dAley] i Aoz wordd, wet
A, A e A5 AT AgelE 71E o
Hol) dh3l BAAT A Jol = F9 Ayl A=
sto] ol et A AEE Falstoforgin).

Qo] A §TZ BE MAY YA olgt 7
& AT 2ol Hi 20mE ASkstan oH, A}
FFo) Hol= A5F Atole Al AW HUA gx
2 3lar UCHEHBEEE Hiighse Center, 1998). £ 3
ARG NE 2539 Aolrt 15m ol HAL o) A
SGRZRE 15m AW7AAY solPol thE g0
ERo] Axg A4ol ehigel 2 Ao By}
ek wEa, A9 e AXHE AEF FS

229) sto]3g = e ik hgA G 2o
A QR ALl ulsIAE 20m o]de] BRE e
=2 ddEoh

[e]
T
o d

off .

{a) Cut-off Length 0.5m

{b) Cut-off Length 1.0m

(¢) Cut-off Lenath 1.5m

{(d) Cut-off Lenath 2.0m

(g) Cut-off Length 3.5m

{(h) Cut-off Length 4.0m

Fig. 7. Velocity Vector by Variation of Cut-off Wall Length beneath of Center

BEAKERRERLE



Table 5. Safety Ratio about Piping by Change of Lower Part Length of Cut—off Wall and Breast Wall

Distance” Without With Length of Cut-off wall Installed at Toe and Breast wall

culvert culvert 0.5m 1.0m 1.5m 2.0m 25m 30m 3.5m 4.0m
0.0m 2.23 1.42 3829 286.8 238.7 2085 187.3 171.4 158.7 148.0
0.5m 6.78 3.15 2.46 3.09 381 447 511 5.76 6.45 7.21
1.0m 877 4.60 3.69 3.78 4.25 482 542 6.06 6.76 754
1.5m 10.83 595 4.90 475 497 5.38 591 6.50 7.19 7.98
2.0m 13.02 7.35 6.16 5.83 5.87 6.14 6.57 7.11 7.76 8.56
2.5m 15.40 8.84 7.49 7.02 6.91 7.06 7.39 7.87 8.50 9.29
3.0m 18.01 1045 8.94 832 8.09 8.13 8.38 881 -| 940 10.20
35m 20.90 12.22 10.52 9.76 9.42 9.36 9.53 9.91 10.43 11.28
4.0m 24.13 14.19 12.27 11.37 10.90 10.75 10.85 11.18 11.74 12.56
4.5m 2175 16.38 14.21 13.15 1257 12.33 12.36 12.66 13.21 14.06
50m 31.80 18.84 16.39 15.16 14.44 14.11 14.08 14.34 1490 15.79
55m 36.38 21.60 18.83 17.41 1655 16.12 16.04 16.27 16.83 17.78
6.0m 41.53 24.71 2157 19.94 18.94 18.40 18.25 18.46 19.05 20.06

1) distance from levee toe.

(a) installation of Culvert

(b) Installation of Lower Part of Breast Wall

and Levee End Cut-off Wall

Fig. 8. Structural Shape of Culvert
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