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A Study on QOutlet Damage Prediction of Pipe Culverts in Forest Road
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Abstract: This study examined the damage characteristics through investigation for a total of 10 factors (longitudinal
position, crossing position, soil type, collecting well volume, outlet position, water apron material, waterway existence,
pipe culvert diameter, pipe culvert gradient, pipe culvert height) affecting outlet damages of forest road cross drainage
for forest roads in the Research Forest of Kangwon National University. We predicted outlet damages of forest road
cross drainage for forest roads using a discriminant analysis Results showed that longitudinal position, crossing
position, soil type and pipe culvert height did not affect damages caused to forest road cross drainage. Most influential
factors affecting outlet damages were outlet position, waterway existence, pipe culvert diameter, pipe culvert gradient
and collecting well volume, respectively. The discriminant ratio calculated from the developed discriminant function

was 68.8% which is reasonably reliable.

Key words: discriminant analysis, cross drainage, damage rate, forest road
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Table 1. General description of the study forest roads in the Research Forest of Kangwon National University.

Line Construction year Total road length (km) Survey route (km) Survey point (No)
1 1993 4.46 1.30 10
2 1994 7.33 - -
3 1997 5.82 3.30 13
4 1998 7.20 7.20 50
5 2007 9.60 - -
6 2014 3.55 3.55 34
7 2015 1.44 1.44 14
8 2016 1.86 1.86 14
Sum 41.26 18.65 135
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Table 2. Factors and categories to evaluate culvert outlet damage in forest road.

Category
Factor
1 2 3 4 5 6
Longitudinal position mountain foot hillside hilltop - - -
Crossing position valley slope ridge - - -
Soil type gravelly soil  weathered soil soft rock hard rock - -
Collecting well volume (m') <5 6~10 11~15 16~25 26~ 30 31<
Outlet position existing grade fill slope - - - -
Water apron material circular dry pitching rectangular wet pitching no apron -
gabion gabion
Waterway existence no existence - - - -
Pipe culvert diameter (mm) 400 600 800 1,000 - -
Pipe culvert gradient (%) <5 6~15 16~25 26< - -
Pipe culvert height from the <10 10< - - - -
bottom (cm)
Table 3. Culvert outlet damage distribution by longitudinal position.
Damage condition
Category DR p-value
Existence No existence
mountain foot - (0.0%) 1 (1.1%) 0.00
tudi hillside 47 (100%) 87 (98.9%) 1.01
Loqgltudmal 0.463
position hilltop - - -
sum 47 (100%) 88 (100%) -
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#2797

FET 93 47704 Fol M AEAPHOA 4372x91.5%)

Table 4. Culvert outlet damage distribution by crossing position.

Damage condition

Category Existence No existence DR p-value
valley 15 (31.9%) 43 (48.9%) 0.65
Cro§§ing slope 32 (68.1%) 45 (51.1%) 1.33 0.058
position ridge - - -
sum 47 (100%) 88 (100%) -
Table 5. Culvert outlet damage distribution by soil type.
Category - Damage condition . DR pvalue
Existence No existence
gravelly soil 30 (63.8%) 45 (51.1%) 1.25
weathered soil - (0.0%) 3 (3.4%) 0.00
Soil type soft soil 2 (4.3%) 7 (8.0%) 0.54 0.336
hard soil 15 (31.9%) 33 (37.5%) 0.85
sum 47 (100%) 88 (100%) -
Table 6. Culvert outlet damage distribution by collecting well volume.
Category . Damage condition . DR pvalue
Existence No existence
<5 35 (74.5%) 37 (42.0%) 1.77
6~10 7 (14.9%) 31 (35.2%) 0.42
Collecting well 11~15 2 (4.3%) 6 (6.8%) 0.63
volume 16~25 2 (4.3%) 4 (4.6%) 0.93 0.015
(m?) 26~30 - (0.0%) 3 (3.4%) 0.00
31< 1 (2.1%) 7 (8.0%) 0.26
sum 47 (100%) 88 (100%) -
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Table 7. Culvert outlet damage distribution by outlet position.

A107H A3E (2018)

Damage condition

Category - - DR p-value
Existence No existence

existing grade 4 (8.5%) 38 (43.2%) 0.20

Outlet position fill slope 43 (91.5%) 50 (56.8%) 1.61 0.000
sum 47 (100%) 88 (100%) -
Table 8. Culvert outlet damage distribution by water apron materials.
Category . Damage condition ' DR pvalue
Existence No existence

circular gabion 7 (14.9%) 22 (25.0%) 0.60

dry pitching - (0.0%) 12 (13.6%) 0.00
Water. apron rectangular gabion 5 (10.6%) 6 (6.80%) 1.56 0.004

material wet pitching 27 (57.5%) 26 (29.6%) 1.95

no apron 8 (17.0%) 22 (25.0%) 0.68

sum 47 (100%) 88 (100%) -
Table 9. Culvert outlet damage distribution by waterway.
Damage condition
Category - - DR p-value
Existence No existence

existence 1 (2.1%) 25 (28.4%) 0.07

Waterway no existence 46 (97.9%) 63 (71.6%) 1.37 0.000

sum 47 (100%)

88 (100%) -
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Table 10. Culvert outlet damage distribution by pipe culvert diameter.
Damage condition
Category - - DR p-value
Existence No existence
400 15 (31.9%) 8 (9.1%) 3.51
Pipe culvert 600 9 (19.1%) 13 (14.8%) 1.29
diameter 800 18 (38.3%) 47 (53.4%) 0.72 0.004
() 1000 5 (10.6%) 20 (22.7%) 0.47
sum 47 (100%) 88 (100%) -
Table 11. Culvert outlet damage distribution by pipe culvert gradient.
Damage condition
Category - - DR p-value
Existence No existence
<5 8 (17.0%) 11 (12.5%) 1.36
Pipe culvert 6~15 25 (53.2%) 25 (28.4%) 1.87
gradient 16~25 10 (21.3%) 36 (40.9%) 0.52 0.014
(%) 26< 4 (8.5%) 16 (18.2%) 0.47
sum 47 (100%) 88 (100%) -
e 7re) WA BAE AL FAHOR vl A¥ oMl BB AT FUR FAR AT
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Table 12. Culvert outlet damage distribution by pipe culvert height from the bottom.

Damage condition

Category - - DR p-value
Existence No existence
(V) 0,
Pipe culvert <10 44 (93.6%) 83 (94.3%) 0.99
height 10< 3 (6.4%) 5 (5.7%) 1.12 0.869
(cm) sum 47 (100%) 88 (100%) ;

Table 13. Developed discriminant function.

Damage condition

Factor B .
Existence No existence
Collecting well volume -0.51 -0.40
Outlet position 12.01 11.03
Wateway existence 11.28 9.94
Pipe culvert diameter 4.86 5.19
Pipe culvert gradient 1.42 1.52
constant -30.65 -27.91

Table 14. Discrimination cross table of damage factors on forest road culvert outlet.

Discrimination

Samples with damage

Samples without damage

Discriminated to samples with damage

Discriminated to samples without damage

38 (80.9%)
9 (19.1%)

35 (39.8%)
53 (60.2%)

Total 47 (100%) 88 (100%)
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2 otk G U] A How L5 W HH0.648), BUAA BAH0470), W4 F71(0451) <
YTt e Ao Yehfon, £ 27] § ohaet OR BAHON, o] ghe HE £03 ol4kel 4 §o
Aol Bl wigpkel )7k AAEA, AbsR B @ Zo® WEsa g
72 740] 800 mm o4& AFSHE ol MF AT A o] WHASNSAL o] g% A% B At
o= wetgch A 13572004 )] 4774 F 3871 4(80.9%)7F A
BE HAT, 94£019.1%)7F 28R sglon, w3}
2. ATHCHASTO| s T o oS G 88l B AER QHRE 242} 5374(60.2%)
4719 IARAG ol g3l Mot AWA Q= 6 o 35AL(G0.8% ERELOu, AF Ao et
ARE ol gste] Fisherd] % BHAZHU4ES 0§35t  HF HEL 688% LreEthTable 14). o] ZAupi
of BAP4AS EEsech 7|E ATHTHe W e Holw YolA FF ARE
I3 AR B4 oS A ANE B3k B mekstel PEsjoF & AolthCha et al., 2000; Cha and
o] A g7= FoBHE (p)<0.05 o) ZgtE] o] QUA] ¢rof Ji, 2001, 2002).
Hp=0.83), ©] AAE AAT T 574 QKA A7),



A=

ol

o i
-1
fr
sl
a
=
%
|
ol
ol
L
=

4 ox 2
i
>
g
1o
ot
H
ﬂllﬂl
ok
N
of ol
ol
M

o . >
E

Horot o
)

o
ﬂllﬂl
>,
o

N
<
>
hu
et
é_‘
o
ol
)
N
"]
ol
S
£

= o\
(o ok
=

>
o

Kl

o

«i m{)(

o

oo

1

o

=

Ty

r>~

[o

2

o

i 10

fu

oo,

do Lo
i
:?L

fo
ro.
=
=
=

N
Y
T
‘

o

Of

Am oot N ok o
r% (o

N
-~

T
>
-
4o Mo
Y
+H >
= o

o ox
e,

o 32
(s

Jo
41
r
3
N
1

o

i3
L
oN,
>~
el

3L
|o

=

r'l

i
31_5

Lu‘“
N do
o
TS P
lo 4
ot
noo
(T <A}
> O
1o
S

N
@
%
X
2
e
X

4 &
o
il

T W
S
o v
by
o

N Ju

=
N,

rJ

uO

Y

Ny

oM,

Mlo
AT

%0

o ¢
2 4
“ ox
2 v
jg —_—
o~
H1

fr

ye A

X

U R KT o me
N
2
i
2
i
i1

2
|o
fru
rE
of
B
2
L
et
pasy
o
fru
rel
a0
it
O
I'H ul
r

1
N
rr

Ml 32 do b O~
ot Jo y = of m o o ]

4

2 o

A

=2
do
it
-
N
do
N
)
i)
fr 2

2]

o
S
o me
N
z
N,
D)
)
3
Gl
Jo
H1
ok

bl AARS el AlgEe, X
A PR E
A=l webA e /\PEXLOH

A%, 7129 JEAbe] £
22 QAR SEss Wy
A T;L* ot Aol Al A1)
Ao.s geke) o2 A
4 mi 2

o2

Do
o
2

(o]
L —
NooQ
> X oo
ﬁmlm>
L

FIF
oL L

o 32 oo R ffr > 8 4 o E o do
ox
t

o> o oox i &

(<]

o
N
=2
=)

m
o
N
ojfl
lo
o ol r‘
iy
3
il
m
O
o f
2
g2 Jo [ ol
t
I oot (2
o fr — i

f o > oM
N

=
i
et
o
o n
ne o
i)
o)
i
o=
e

gl
e

B weno 07ds sk tislks] 4 skl iz Adu)
(T 5-520170352) 9F PR <GRFF7|d} o)Ak
o] Artist 7lsAEd ARA (A 2 2018129B10-1819-
ABO1) 9] A|do] ofste] A5 3+

References

Baek, S.A., Cho K.H., Hwang, J.S., Jung, D.H., Park, JW.,
Choi, B.K. and Cha, D.S. 2016. Assessment of Slope
Failure Potential in Forest Roads using a Logistic regression
Model. Journal of Korean Forest Society 105(4): 429-434.

Baek, S.A.,, Lee, J., Ji, BY., Yeo, U.S,, Lee, J.W. and Cha,

Thile] a7 e ool Wik A 285

D.S. 2014. Forest Road Damages associated with Heavy
Rainfall Event in Hongcheon, Gangwon Province.
Proceeding of the 2014 Meeting of the Korean Forest
Society. pp. 281.

Bang, H.S., Kweon, HK., Lee J.W. and Kim, M.J. 2014. A
Study on Classification of Disaster Risk rating for Forest
Road using AHP Methodology. Journal of Korean Forest
Society 103(2): 258-263.

Cha, D.S. and Ji, B.Y. 2001. Development of Prediction Model
for Fill Slope Failure of Forest Road. Journal of Korean
Forest Society 90(3): 324-330.

Cha, D.S. and Ji, B.Y. 2002. Development of Prediction Model
for Cutting Slope Failure in Forest Road. Journal of Korean
Forest Society 91(3): 412-419.

Cha, D.S., Ji, B.Y. and Oh, J.H. 2000. Evaluation of Slope
Failure Possibility on Forest Road using Fuzzy Theory
(I)-On the Fill Slope of the Metamorphic Rock Area-.
Journal of Korean Forest Society 89(1): 33-40.

Choi, Y.H. 2010. A Study on the Planning of Forest Road
Drainage System. Thesis of Doctor. Graduate School,
Chungnam National University. pp. 213.

Choi, Y.H., Kim, M.J., Kweon, HK., Lee, JW., and Kim,
T.K. 2009. Development of Application for Forest Road
Drainage System using GIS( I). Proceeding of the 2009
Summer Meeting of the Korean Forest Society. 308-309.

Choi, Y.H., Lee, JW. and Kim, M.J. 2011. A Study on
development Standard Calculation Program of Forest Road
Drainage Facilities. Journal of Korean Forest Society
100(1): 25-33.

Food and Agricultural Organization (FAO). 1992. Irrigation
and Drainage Paper No. 46, CROPWAT: A Computer
Program for Irrigation Planning and Management.

Ji, B.Y., Cha, D.S., Jung D.H. and Oh, J.H. 2003. Manufacture
of Failure Prediction Table of Fill Slope on Forest Road
in Igneous Rock Area. Journal of Korean Forest Society
92(4): 340-347.

Ji, B.Y., Jeon, K.S., Jung D.H., Lee, J.W., Cha, D.S., Ma,
H.S. and Park, J.M. 2006. Evaluation of Damage Factor
on Forest Road Surface. Proceeding of the 2006 Autumn
Meeting of the Korean Forest Society. 383-385.

Ji, B.Y., Kweon, HK., Hwang, J.S. and Jung D.H. 2016.
Preference Analysis between Two Administrator Groups
on Forest Road Facilities. Journal of Korean Forest Society
105(4): 449-455.

Kim, M.., Lee, M.S., Kim, M.S. and Gho, G.B. 2014.
Development of vulnerable slope protection method around
forest road and its stability analysis. KSFE-P16 278.

Korea Forest Service (KFS). 2017. Forest road facilities.
Accessed in http://www.forest.go.kr/newkfsweb/html/Html



286 AL LR

Page.do? pg=/conser/conser_0301.html&mn=KFS 02 01
05_01. [in Korean]

Park, J.J., Seo, LK., Kang, D.Y. and Lee, J.H. 2016. A Safety
Evaluation of Shoulder Rumble Strips on Expressway using
Discriminant Analysis. Journal of Korean Society of Safety
31(1): 95-104.

Park, JM., Lee, JW. and Ji, B.Y. 2007. Culvert installation
and size on low-volume roads in U.S.A. Journal of Korea
Society of Forest Engineering and Technology 5(1): 45-57.

Piehl, B.T., Beschta, R.L. and Pyles, M.R. 1988. Ditch-relief

A107H A3E (2018)

Culverts and Low-volume Forest Roads in the Oregon
Coast Range. Northwest Science 62(3): 91-98.

Scandari, S. and Hosseini, S.A. 2011. Evaluation of drainage
system of forest road on Iran: Darabkola forest roads.
Journal of Development and Agricultural Economics 3(16):
703-708.

Manuscript Received : June 19, 2018
First Revision : July 30, 2018
Accepted : July 31, 2018



