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Analysis of the Effect of Tree Roots on Soil Reinforcement
Considering Its Spatial Distribution=
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ABSTRACT

Tree roots can enhance soil shear strength and slope stability. However, there has been a limited
study about root reinforcement of major tree species in Korea because of some experimental difficulties.
Thus, this study was conducted to analyze the performance of Japanese larch (Larix kaempferi) and
Korean pine (Pinus koraiensis) which are two common plantation species in Korea. Profile wall method
was used to measure the spatial distribution of root system and its diameter within 15 soil walls of
Japanese larch stand and 13 soil walls of Korean pine stand in Taehwa University Forest, Seoul
National University, Korea. Root tensile properties of each species were assessed in the laboratory, and
root reinforcements were estimated by Wu model. The study observed that the number and
cross-sectional area (CSA) of root in both species could tend to decrease with soil depth. Especially,
CSA were well-fitted to exponential functions of soil depth. Mean root area ratios (RAR) were 0.03%

and 0.10% for Japanese larch and Korean pine, respectively. Estimated root reinforcement from Wu
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model were, on the average, 4.04 kPa for Japanese larch and 12.26 kPa for Korean pine. Overall, it

was concluded that root reinforcement increased the factor of safety (Fs) of slope for small-scale

landslide as the result of two-dimensional (2-D) infinite slope stability analysis considering vegetation

effects.
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A Figure 1. Location of the study sites.

Table 1. Site characteristics of Larix kaempferi and Pinus koraiensis stands.

Parameter Larix kaempferi Pinus koraiensis
Stand age (year) 42 48
Stand density (tree/ha) 3,000 3,000
DBH (cm) 21 21
Height (m) 25 20
Slope aspect SW SwW
Slope angle (°) 5 15
Soil texture (by ISSS) Loam Loam
Soil unit weight (g/cm’) 1.269 1.235
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Figure 2. An example of root spatial distribution clas-
sified by its diameter.
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Figure 4. The number of root with soil depth classified by root diameter.
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Table 2. Proposed exponential models for estimating cross-sectional area with soil depth (y=ae™, where y=
cross-sectional area of roots, x=soil depth, and a and b = constants).

Species Soil profile no. a b ¥ RMSE
1 60.17 -0.0634 0.85 4.38
2 111.6 -0.04285 0.80 13.03
3 184.8 -0.1188 0.85 6.978
4 1615 -0.1366 0.55 102.2
5 242.7 -0.2278 0.98 1.245
6 4590 -0.2969 1.00 3.575
7 124.6 -0.0131 0.07 97.41
Larix 8 60.36 -0.0152 0.19 25.21
kaempfteri 9 3.784 0.01689 0.13 159
10 261.1 -0.07494 0.90 14.11
11 9322 -0.08505 0.95 30.55
12 31.78 -0.04922 0.89 2.096
13 37.44 -0.00907 0.02 58.28
14 3512 -0.08866 0.95 10.23
15 2742 -0.05129 0.59 38.7
Mean 218.7 -0.06185 0.90 12.04
1 2123 -0.1367 0.97 3341
2 2044 -0.06707 0.85 153.1
3 294.4 -0.0505 0.82 3041
4 - - -0.31 -
5 688.8 -0.08076 0.98 16.05
6 445.7 -0.03934 0.45 126.3
Pinus 7 1384 -0.05452 0.89 103.3
koraiensis 8 788.9 -0.033 0.25 379.9
9 684.7 -0.06373 0.77 70.09
10 286 -0.04024 0.53 65.95
11 309.2 -0.02909 0.63 65.56
12 739.9 -0.03491 0.58 167.3
13 4122 -0.03018 0.39 145.1
Mean 635.3 -0.04488 0.83 66.3
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Table 3. Estimated soil reinforcement by tree roots.
s | vo | mawgy | St [ il b
1 0.01 1.49 0.85
2 0.02 2.77 1.58
3 0.01 1.88 1.07
4 0.09 8.41 4.79
5 0.00 0.81 0.46
6 0.03 3.26 1.86
7 0.07 7.24 4.13
8 0.03 4.85 2.76
Larix 9 0.01 1.84 1.05
kaempteri 10 0.02 3.71 2.11
11 0.07 7.04 4.01
12 0.01 1.48 0.84
13 0.02 2.96 1.69
14 0.03 5.38 3.07
15 0.05 7.46 425
Avg. 0.03 4.04 2.30
Min. 0.00 0.81 0.46
Max. 0.09 8.41 4.79
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Table 3. Continued.
Estim: T Revi I h
Species No. RAR (%) rein;(:rcealnw;t (Etha) redi\;tsizi ;]:cltl:r l?;Ot.;;)
1 0.08 12.81 7.30
2 0.21 28.03 15.98
3 0.04 8.48 4.83
4 0.04 753 4.29
5 0.06 9.57 5.45
6 0.08 11.17 6.37
7 0.17 27.99 15.95
Pinus 8 0.17 23.88 13.61
koraiensis 9 0.07 10.61 6.05
10 0.05 9.37 5.34
11 0.08 14.51 8.27
12 0.15 23.44 13.36
13 0.10 16.02 9.13
Avg. 0.10 15.65 8.92
Min. 0.04 7.53 4.29
Max 0.21 28.03 15.98
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Table 4. Parameters for sensitivity analysis of slide length.
Parameter Value Description
Soil cohesion (Cii) 0 granular sandy soil
Basal root cohesion (Chaseg) 0
Total normal force (0) 20kPa
Pore water pressure (1) 9.8kPa Saturated condition
Residual soil frictional angle (¢”) 35°
Depth of landslide (/) Im
Saturated soil unit weight (¥ 2t/m’
Gravitational acceleration (2) 9.8m/s’
Unit vegetation weight (/1) 0.3t/m*
Slope angle (8) 25°
Later root cohesion (Ciyee) 12.26kPa 3Vh1f :::(;2? t?;l t\}/}:;luceurc;infi:tl:;ykora1'611s119 by
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Figure 9. Factor of safety (Fs) of ‘with tree’ and
‘without tree’ across landslide length.
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