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Analysis of Slope Stability Effect of Arbors' Roots'

- On Tensile Strength of the Roots -

Jae-Heun Oh’, Jin-Sung Hwang3, Du-Song Cha"’
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ABSTRACT

To provide the basic information about slope stability analysis, tensile force and strength of tree roots like
Pinus koraiensis, Larix leptolepis, Pinus densiflora, Quercus mongolica, and Alnus japonica were measured
and analyzed. As a result, tensile force increases in forms of involution of root diameter. The mean tensile
strength of roots like P. koraiensis, L. leptolepis, P. densiflora, A. japonica and Q. mongolica were calculated
as 165.38kegf/cr’, 172.78kgf/cn’, 176.25kgf/ci’, 214.29kgf/cu and 224.19kgf/cni respectively. It was shown that
tensile strength decreasing tendency as root diameter increases. Also, recalculated soil shear strength by tensile
strength of the roots like P. koraiensis, L. leptolepis, P. densiflora, A. japonica and Q. mongolica were 0.099kgf/
cm, 0.104kgt/cnf, 0.106kgf/cn’, 0.129kgf/cnf and 0.135kgf/ci' respectively.

1 A4 20109 109 294, A (12k 2010 12€ 229, 234 2010 12€¥ 319), AAEA 2010 124 31d
Received 29 October 2010; Revised(1st: 22 December 2010, 2nd: 31 December 2010); Accepted 31 December 2010

2 AF A7) &9t A Forest Practice Research Center, Korea Forest Research Institute, Pocheon(487-821),
Korea(jhoh@forest.go.kr)

3 Zrdoistn oishl A7 94dt Dept. of Forest Management, Graduate School, Kangwon University, Chuncheon(200-090),
Korea(jinny3879@kangwon.ac.kr)

4 7FEdisty AFE 7 98k} Dept. of Forest Management, Kangwon University, Chuncheon(200-090),
Korea(dscha@kangwon.ac.kr)

a o] =R AFA A atel7) S AR(IHAH S S210810L010110)° 2] A off o3 43 Aol U4

* WAIA AL Corresponding author(dscha@kangwon.ac.kr)



32

g A e B2 #) 25(1) 2011

ME

AT F71 AAL A HER Qg B9 7%
7} Fobe] wkel, FEQ oF 64%7} AFE o ® o]2o]A 9)
= Ut A e HEALAY D EEF AL 23t Ak
ko] A& o2 Frpsta ok 3 Aol FolF, A
AF 7HA AEe H3 AEH ALY TS A HelE
sl Y=g st BAolA vjgdHo] Ba¥sta Qo
ATt 7] 50~60%7F B0 AFHE FA2Z <l
oA ArerR o] FAAA A g AAMETE SAYsted o)
digt g ofr|stn drt

ole} 2 AAERE s} HsliAE Abatel o] vz
ST ARAFR ] Qb Aol gt ofsfrt HAlF o s ARy
ofob & Zlolw, 1 F | @& TAT FaXo] lAH
U= Boprt R0 o8t A Q] S stolt. Bk
AR =E He7l S7HE ¢ Aohes AL %2 a7

& A

3}

>

)4

31
o A
o] 2J3fA] B H 2 tHO'Loughlin, 1974; Waldron, 1977;
Waldron and Dakessian, 1981; Waldron ez al,, 1983). =)
oM AAFol o5t AbHF(Lee er al., 1991), BE A&
of ot AtHery 3 H2j9] AFE (Cho and Lee, 2000;
Cha et al., 2002; Ji et al., 2004)0] Bst 475 Zeysn}
glont, S A4 U AR e 25 g AT
7t @ol o]RojR|7] ¢k AAolr). EFF tiFR o) B <l
AR AA B E A Aol olYat AlFH

L Hastel QYT SAAEHE B

Y

s

[HUN [

ML d&ster e RES AR Algdeh

¥

ALAAFH Y] Eok-alo] BAREEL oy
oL §oIst melyl SHsta ok 714

3kl 9.0 m(Waldron 1977; Wu et dl., 1979), Atk & oj
B 9jef Fe-EQgzhe] Aoh-gE o] Aol Hale]

1. AR

2 A7 olgd R5F Hee
AU, AT, AT tiE AgeEd
d HEsS ARUE I~TI95= e
de Al FArd S H1A
ol A AEL o83t =] B=g
A712 Fejo] &4o] 7HA) dES I8
Sholct. gntdos IAE ZI B ¥

i

My T of
ol o o 2 g

O
sk
.

Table 1. Root numbers need tensile test by root diameter class

Diameter  Larix leptolepis Pinus densiflora Pinus koraiensis Alnus japonica Quercus mongolica
class Number  Percent Number Percent Number of Percent Number Percent Number of Percent
(tm) of roots (%) of roots (%) roots (%) of roots (%) roots %)
0~ 2 3 5.6 3 4.6 3 6.1 4 6.6 6 10.5
2~ 4 14 25.9 12 18.5 7 14.3 22 36.1 14 24.6

4~6 18 33.3 15 23.1 14 28.6 14 23.0 12 21.1
6 ~ 8 13 24.1 21 323 15 30.6 11 18.0 15 26.3

8§ ~ 10 6 11.1 14 21.5 10 204 10 16.4 10 175

Total 54 100 65 100 49 160 61 100 57 100
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Figure 1. Zig and grip of UTM for tensile test of
tree roots
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Table 2. Regression analysis of the root diameter and tensile resistance

Types of regression equation

Species - : - )
linear involution exponential
Pinus y = 11.301x - 20.265 y = 2.1951x"%! y = 5.0926¢"7"
koraiensis = ().8339 = {.8716 R? = 0.8119
Larix y = 13.54x - 29.746 y = 1.5867x"* y = 3.2656¢"*¢™
leptolepis R? = (.8165 R? = (.8815 R* = (.8495
Pinus y = 14.686x - 33.259 y = 1.5411x"" y = 3.678¢"
densiflora R? = (.888 R? = 0.947 R? = 0.9095
Alnus y = 15311x - 30.984 = 2.4058x "™ y = 5.3277¢"
Jjaponica R2 = 0.9232 R? = 0.8938 R* = 0.8733
Quercus y = 16411x - 32.125 = 2.2716x"*% y = 49991
mongolica = (.8744 R? = 0.933 R? = 0.8909
200 5006
Hquation of regression
180 :‘3’Pf""”‘”""‘f«"“’9 ) Pinus koraiensis = 6% ; 7R =278
1603 Larix leptolepis @ 568 ¢ @ Larix leptolepis 9 1R = 00593
. ‘ s . P w :% ® Pinus densiflora ¥ 37 RE=0.0471
o k& . &5 5, 400 " @ slnas j V6. 9910) + 29769 | REE 0430
é;,no % Alnus japanied . i’ ; & ® Quercus mongolics v =72 04nix) + 32169 | 02507
§ 100 1 ® Quercus ? 300 ? :
-‘—é o ';":: 200

Diameter{mm)

Figure 2. Tensile force distributions of root by
diameter and species
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Figure 3. Tensile strength of root by diameter and

species
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Table 3. Analysis of variance for tensile strength
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Source DF R’ SS Mean Square F value Pr>F
Species 4 160040.99 40010.25 13.78 <.0001
Diameter 4 0.321714 170005.74 42501.44 14.64 <.0001
Species*Diameter 16 29387.17 1836.70 0.63 0.8563
Table 4. Differences of the tensile strength by species in same diameter class
Mean tensile strength (kgf/cn)
Diameter{mm) 0~2 2~4 4~6 6~8 8§~10
Pinus koraiensis 263.59 AB 171.10 A 187.41 AB 144.91 C 131.79 B
Larix leptolepis 190.66 B 189.74 A 160.49 B 164.75 BC 178.53 A
Pinus densiflora 197.05 B 185.95 A 181.73 B 168.52 BC 169.22 A
Alnus japonica 322.99 A 228.27 A 208.80 AB 190.49 AB 173.90 A
Quercus mongolica 304.18 A 216.55 A 240.30 A 209.89 A 189.02 A
* Same letter are not significantly different by Duncan's multiple range test (P=0.05)
Table 5. Differences of the tensile strength by diameter class in same species
Mean tensile strength (kgf/cn)
Species Pil?us . Larix . Pir.zus .Alnu's Quercz.ts
koraiensis leptolepis densiflora Japonica mongolica
0-2mm 263.59 A 190.66 A 197.05 A 322.99 A 304.18 A
2-4mm 171.10 B 189.74 A 185.95 A 228.27 B 216.55 B
4-6mm 187.41 B 178.53 A 181.73 A 208.80 B 240.30 B
6-8mm 144.91 B 164.75 A 169.22 A 190.49 B 209.89 B
8-10mm 131.79 B 160.49 A 168.52 A 173.90 B 189.02 B

* Same letter are not significantly different by Duncan's multiple range test (P=0.05)
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Table 6. Reinforcement value of soil shear strength by species

Species Mean tensile streng’[h2 Area ratio Reinforcement value of sozil

of the roots Tr(kgf/cm®) (Ar/A) shear strength ACr(kgf/cm”)
Larix leptolepis 172.78 10-3 0.104
Pinus densiflora 176.25 10-3 0.106
Pinus koraiensis 165.38 10-3 0.099
Alnus japonica 214.29 10-3 0.129
Quercus mongolica 224.19 10-3 0.135

<38 24T HAHBHE Table Sojl A HH Zhpp
o A1, eE R e 0~2mmE A9 24 £%
FeAA a7 fofH Aol gle Ao ‘:'“54040

2]
o, 912] QYT B4 A2 Fatet go] wle] 7
%

of ALHE IARE F71HE AoE Uehin.

L
4>
Ol
ng
Hm
02
r
rn
(]
H
OlN
N
N
b
o

Qe oz Walst Eel WRARE 27T 7}
A Stol, Wu(1976)7} 7|3t AoE 5242 S5 sof
o] AH= F7F gk gt A1)l Aek 2o, (sing
+cosf tang )ZE2 Lee ef al.(1991)°] )3 A& A3}t AA|
Aol A Fo AT 374 Beje] QAL Walsh
7H AR AR EE] 40~50% A=t SUEHGE 2AE
EUE Wu(1976)7F AIAI3E 1.159] 50%S 123t 062 2
3t AL 71 gk 245kt 1 A3t Table 63}
ol ARt 0.135ketler 2 71 A vrebg s, Ay
T} 0.099kgfar® 7F WA vrebgh

2 AFOAE AR AekEo] YAHE nEE 2
o e el S 474 O-l0mmaele] S
Eope] AEE F7LE T A2, $89 Bejr} &
2 EAsh= 0~20cmBol|l A 9] B35 T o) tigt el B
AR A7} 5] ol ol Ao} Wk Topt BEE Beje)
B tiet SR AT E4o] 7HeE AeE gk

=
?_I'gT:

ro

Abe, K. and Ziemer, R.R.(1991) Effect of tree roots on a shear zone:
modeling reinforced shear stress. Can. J. For. Res. 21:
1012-1019.

Cha, D.S. and B.Y. Ji(2003) A Study on Slope Stability Effects by
the Tree Root Systems (3) - Spatial Distribution of Korean
White Pine Tree Roots -. J. Korea. For. SOC. 92(1): 33-41. (in
Korean with English abstract)

Cha, D.S.,.H. Oh, B.Y. Ji and G.W. Jeon(2002) A study on Slope
Stability Effects by the Tree Root Systems ( 1 ) - Spatial
Distribution and Physical Properties of Red Pine Tree Roots -.
J. Korea. For. SOC. 91(1): 71-78. (in Korean with English ab-
stract)

Cho, J.H. and J.S. Lee(2000) A Study on the Slope Stability
Analysis by Shearing Reinforcement of Vegetation Roots -
Focused on the Pinus koraiensis Roots-. J. Korean Institute of
Landscape Architecture 27(5): 81-93. (in Korean with English
abstract)

Ji, B.Y., JH. Oh, B.G. Choe, G.W. Jeon and D.S. Cha(2004) A
Study on Slope Stability Effects by the Tree Roots System(4)
- Tensile Properties of Korean Pine Roots -. J. Korea. For. SOC.
93(1): 103-107. (in Korean with English abstract)

Lee, LM., S.G. Sung and C.M. Lim(1991) An Experimental Study
on the Effect of Vegetation Roots on Slope Stability of Hillside
Slopes. J. Korea. Geo. SOC. 7(2): 51-66. (in Korean with
English abstract)

O'Loughtin, C. L.(1974) A study of root strength deterioration fol-
lowing clear-felling. Canadian Journal of Forestry Research 4:
107-113.

Waldron, L. J.(1977) The shear resistance of root permeated homo-
geneous and stratified soil. Soil Science Society of American
Journal 41(5): 843-849.

Waldron, L. J. and Dakessian, S.(1981) Soil reinforcement by roots
: calculation of increased soil shear resistance from root
properties. Soil Science 132(6): 427-435.

Waldron, L.J., Dakessian, S. and Nemson, J.A.(1983) Shear resist-
ance enhancement of 1.22-meter diameter soil cross sections
by pine and alfalfa roots. Soil Science Society of American
Journal 47: 9-14.

Wu, T.H.(1976) Investigation of Landslides on Prince of Wales
Island. Geotechnical Engineering Report 5. Civil Engineering
Department. Ohio.

Wu, T.H., McKinnell, W.P. and Swanston, D.N.(1979) Strength of

tree roots and landslides on prince of Wales Island, Alaska.
Can. Geotech. J. 16(1): 19-33.



