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Studies on the Selection of Standard Revegetation Measures
on the Highway Cut-slopes’
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ABSTRACT

The purpose of this study was to figure out the suitable field standards for revegetation measures
on cut-slopes in consideration of the environmental factors. The field survey was conducted from 1995
to 1996 on highway cut-slopes.

The results obtained could be summarized as follows;

The major revegetation measures surveyed were 5 major measures as a whole in descending order of
seed-spraying measures, block-sod pitching measures, latticed block pitching measures, hydro-seeding
measures with seed-fertilizer-soil materials, and several netting measures on highway cut-slopes.

According to the analysis of the environmental factors, the plant coverage was affected several major
environmental factors which were soil factors(soil hardness, soil texture, soil and rock condition), and
site factors(slope gradient, slope length).

From a viewpoint of optimum selection, the major 3 factors(soil factors, slope gradient factors, slope
length factors) should be considered for selection of revegetation measures on highway cut-slopes.

Key Words : Highway cut-slopes, Revegetation measures, soil hardness, soil texture, soil and rock con-
dition, slope gradient, slope length
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Table 1. General description of highway line investigated.

Total elongated No. of Year
No. line Section distance surveyed plot after
(km) (No.) construction

1 Kyongbu Seoul - Pusan 427.8 14 29
2 Honam Hoidok - Sunchon 251.8 8 27
3 Yongdong Shingal - Kangnung 201.0 10 27
4 Tonghae Tonghae - Kangnung 41.7 6 22
5 Namhae Pusan - Sunchon 176.5 8 24
6 8 8 Taegu - Koso 182.9 6 13
7 Chungbu Seoul - Nami 117.8 12 10
8 Seoul circulation Pangyo - Kuri 31.6 4 6

Total

1,431.1 68
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Table 2. Environmental factors investigated of each highway line.
Highway Latitude Altitude Slope Slope Slope Mean ann. Mean ann.  Soil Soil moist Soil  Plant
line degree width length  rainfall Temperature acidity cont. hardness coverage
(") (m) (") m (m (mm) () eH) (%) (mm) (%)
Kyongbu 36.3 71.4 49.6 168.2 21.9 1229.4 11.9 6.7 42.1 8.5 170.1
Honam 35.9 73.8 53.8 167.5 21.8 1335.3 12.5 6.4 48.2 8.9 67.9
Yongdong 37.3  397.0 40.0 89.0 17.3 1410.5 8.9 6.8 21.2 5.4 65.4
Tonghae 37.4 58.3 40.0 120.0 20.7 1323.0 12.4 5.8 71.5 7.5 58.4
Nambhae 34.9 36.3 48.8 190.0 34.4 1511.2 13.0 6.9 8.7 1.9 62.3
88 35.2 248.3 40.3 111.7 44.2 1344.8 12.2 6.7 18.6 9.1 61.0
Chungbu 37.0 79.2 38.8 186.7 35.2 1287.0 11.3 6.8 23.5 9.9 77.6
Seoul 37.3 45.9 56.3 200.0 33.3 1369.8 11.8 6.7 37.8 8.6 41.5
circulation .
Average 36.4 134.0 45.5 164.8 27.7 1339.9 11.6 6.7 30.8 7.8 65.7
Table 3. Revegetation measures investigated of each highway line.
Highway line Kyongbu Honam Yongdong Tonghae Namhae 88  Chungbu Seoul  Total Ratio
Revegetation measures Circulation
1. Sod* 3 4 9 1 3 3 1 24 11.8
2. Seed 10 6 4 5 4 5 9 3 46 22.5
3. Straw 8 5 13 6.4
4. Coir 1 3 4 2.0
5. Jute 2 2 1.0
6. Soil/seed 4 3 6 13 6.4
7. Net 3 5 2.5
8. Crib 2 3 1 6 2.9
9. Block 3 5 2 2 2 17 8.3
10. Terrace 1 1 0.5
11. Twiner 5 5 2.5
12. Concrete 3 3 1.5
13. None 7 8 6 3 9 5 22 5 65 31.9
Total 42 24 30 18 24 18 36 12 204 100.0
* 1. Sod : Block-sod pitching measures 2. Seed : Seed-spraying measures
3. Straw : Straw mulching measures 4. Coir : Coir netting measures
5. Jute : Jute netting measures
6. Soil/seed : Hydroseeding measures with seed-fertilizer-soil materials
7. Net : Artificial sodding measures 8. Crib : Slope stabilization crib measures
9. Block : Latticed-block pitching measures 10. Banquette : Banquette planting measures
11. Twiner : Twiner planting measures 12. Concrete : Shotcrete measures
13. None : None of measures
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Table 4. Percent plant coverage of each part of cut-slope per revegetation measures.

Location Upper part Middle part Lower part Whole slope
Revegetation No. Plant cov. No. Plant cov. No. Plant cov. No. Plant cov.
measures (%) (%) (%) (%)
1. Sod* 13 68.6 7 74.0 4 75.1 24 71.3
2. Seed 19 65.7 14 69.4 13 67.7 46 67.4
3. Straw 5 59.3 5 59.3 3 55.4 13 a8.4
4. Coir 1 a2.1 1 32.1 2 40.8 4 36.5
5. Jute 1 62.0 1 62.0 2 62.0
6. Soil/seed 4 84.7 4 77.6 5 78.6 13 80.2
7. Net 2 5.4 2 5.7 1 89.1 5 78.3
8. Crib 1 94.7 3 1.7 2 93.9 6 82.9
9. Block 1 67.7 5 68.7 11 69.5 17 69.2
10. Terrace 1 71.0 1 71.0
11. Twiner 1 76.7 76.7 3 79.0 5 8.1
12. Concrete 1 0 ] 0 1 0 3 0
13. None 20 64.6 23 62.8 22 60.4 65 62.5
Average 65.0 65.9 66.3 65.7

* See Table 3.
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Table 5. Correlation matrix for plant coverage and slope variables on the highway cut-slope.

Indies LAT ALT GRD ASP WD LGT RAN TEMP PH MOST HARD SO RO GRA SAND
AT 0.2

0.2 0.198

-0.0008 0.0905 0.0116

0.168 0.3 0.1711 0.0681

0.5 0.13 0.0068 0.0992 0.53p

0128 0.8 -0.0288 0.0996 0.0779 0.091

0.5 0.THD 0.2 0.0404 0.194 0.1464 0.2003

PH .00 0.269 0.045% .65 0.0798 -0.0683 0.151 0.2

MOIST 0,134 0.259 0.1077 0.16% -0.0802 -0.024 0.281 0.2111 0.8U6
HARD  0.1709 0.0762 0.0291 0.0797 0.0846 0.1242 -0.048 0.0754 0.2415 0.258

O 0.455 0.147 -0.6088 0.0123 -0.0630 -0.1935 -0.0880 -0.3p% -0.0961 0.0961 0.07%8
RO -0.4974 -0.1071 0.4 -0.0913 0.08% 0.228 0.0441 0.4 0.219 0.0 0.8 .68
GRA  0.3%0 0.17%4 -0.744 -0.0179 -0.2684 0.1963 -0.0040 -0.2661 0.3296 -0.2474 -0.2162 0.61 -0.4309

SAND -0.1583 0.1013 0.1348 ~0.3462 -0.1810 -0.16%8 0.1029 -0.1677 -0.0%89 -0.1072 0.1280 -0.1270 0.2785 0.06%
COV  0.108¢ -0.0089 0.3166 0.2772 -0.1081 -0.041 -0.1884 -0.1074 0.4641 0.45%4 0.07 0.335 0.3 0.2709 0.07%5

# Significance : #(90<x <95), *x(95<x<99), ***(99<x)
LAT(Latitude), ALT(Altitude), GRD(Slope Gradient), ASP(Slope Aspect), WID(Slope Width),
LGT(Slope length), RAIN(Mean Annual rainfall), TEMP(Mean Annual Temperature),
PH(Soil Acidity), MOIST(Soil Moist Cont.), HARD(Soil Hardness), SO{(Soil), RO(Rock),
GRA(Gravel Content), SAND(Sand Content), COV(Plant Coverage of Slope)

Table 6. Environmental conditions of 5 major revegetation measures.

Revegeta- Block-sod Seed spraying  |Hydroseeding measures|  Lattices-block None
measures soil materials

Upper Middle Lower | Upper Middle Lower | Upper Middle Lower | Upper Middle Lower { Upper Middle Lower
Variables part of slope part of slope part of slope part of slope part of slope
No. 13 7 4 19 14 13 4 4 5 1 5 11 20 23 2
Slope 3.0 3.8 3.7 475 46.6 4.7 56.2 55.0 55.0 H.0 39.0 40.9| 4.2 49.7 49.3
Aspect (W) (N, E, W) (N,E, W) (W) (EW)
Width 157.6 121.4 105.0| 176.8 191.4 170.0; 112.3 160.0 154.0{ 50.0 138.0 163.6| 151.5 156.9 160.4
Length 276 23.4 11.00 5.7 54 27.7] 31.2 0.0 4.0 5.0 37.2 27.3] 2.5 3.5 3.3
Precipi.  11360.8 1414.2 1510.1{1324.2 1286.2 1309.9{1459.1 1439.6 1394.9(1315.7 1430.3 1345.1{1353.9 1330.9 1348.3
Temp. 109 9.5 7.9 11.9 11.6 11.8) 12.6 123 12.1] 1.0 11.0 11.2) 1.4 119 11.9
Acidity 6.5 66 6.7 67 6.7 6.7 61 6.7 64 67 64 6.6/ 6.7 6.7 6.7
Wetness 3.3 29.2 27.2] 2.1 316 4.5 625 6.0 637 2.0 B3 30.1] 2.3 242 2.5
Hardness 89 1.8 83 7.3 86 9.7 205 80 4.2 1.1 48 7.0, 87 83 78
Soil 9 5 4 8 9 8 0 1 1 1 5 9 9 8 7
Rock 7 3 0 13 10 9 4 3 4 0 3 7 12 15 16
Gravel 2.3 186 24.00 195 153 16.7] 66 54 6.6/ - 154 19.6] 18.7 24.1 2.5
Sand 91.3 8.8 8.9 B.2 91.1 9.7, 8.7 8.8 8.7 8.0 87.5 7.1 80.8 50.7
Coverage | 68.6 74.0 75.1] 65.7 69.3 67.6| 8.7 77.5 78.6/ 67.7 68.6 69.5| 64.6 62.7 60.4
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Table 7. Applied revegetation measures per soil & rock condition.
Soil
Categories Soil hardness index(mm) Rock
~20 21~ 30 Soft Hard
Revegetation Each part No. Plant No. Plant No. Plant No. Plant
measures of slope coverage coverage coverage coverage No.
(%) (%) (%) (%)
Upper 3 4 3 3 13
1. Sod * Middle 3 721 1 B8l1.7 3 69.0 59.5 7
Lower 3 1 4
Upper 3 4 8 4 19
2. Seed Middle 2 73.3 5 68.7 5 66.1 2 65.7 14
Lower 2 5 4 2 13
Upper 1 3 4
6. Soil/seed Middle 1 76.7 82.8 3 80.3 4
Lower 1 1 3 o
Upper 1 1
9. Block Middle 3 68.1 1 84.0 1 59.5 71.0 5
Lower 4 1 ] 1 7
Upper 3 6 3 8 20
13. None Middle 1 83.3 7 734 5 52.7 10 57.2 23
Lower 1 6 5 10 22
Average 7.1 80.2 61.5 57.7

* See Table 3.
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Table 8. Applied revegetation measures per slope gradient.

Slope gradient

Categories ~30°  31-40° 41~50° 51~60° 6l~70° 71~80°  8° ~
Revegetation Each part No. Plant No. Plant No. Plant No. Plant No. Plant No. Plant No. Plant No
measures of slope coverage coverage  coverage  coverage  coverage  coverage  coverage :
(%) (%) (%) (%) (%) (%) (%)

Upper 7 7.4 2746 4639 2385 1628 1 33.9 17

1. Sod * Middle 4 2 1 1 8
Lower 3 1 4

Upper 1 65.0 2 67.2 8 72.2 4 68.5 3 4.0 1 54.0 19

2. Seed Middle 1 1 7 4 14
Lower 1 2 6 3 12

Upper 1 74.7 5 83.1 1 78.9 7

6. Soil/seed Middle 1 2 1 4
Lower 1 3 1 5

Upper 71.5 60.8 50.0 0

9. Block Middle 3 1 1 5
Lower 3 7 1 11

Upper 8 75.1 5 73.6 4 63.4 2 39.5 1 71.6 33.9 2

13. None Middle 8 3 3 7 1 22
Lower 9 2 3 6 1 1 22

Average 65.0 73.8 69.9 67.9 41.4 68.2

* See Table 3.
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Table 9. Applied revegetation measures per slope
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Fig. 1. Distribution of each revegetation measures

by 3 site factors.
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Slope length{m)

Categories
~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91~
Revegetation Each pat No. P. No. P. No, P. No. P. No. P. No. P. No. P. No. P. No. P, No. P.
measures  of slope  cov. cov, cov, cov. cov. cov, cov. cov., cov. cov. No.
(%) %) %) (%) R %) % (%) (%) (%)
Upper 2 68.7 3 83.8372.9 251.6 1 53.5 178.9 12
1. Sod* Middle 1 2 1 1 5
Lower 2 1 1 4
Upper 7 81.0 8 60.0 62.2 2 38.3 147.2 1 73.2 19
2. Seed Middle 5 7 1 2 15
Lower 5 4 1 2 12
Upper 82.0 1 8.7 1 78.9 175.0 3
6. Soil/seed Middle 1 1 4
Lower 1 2 5
Upper 79.0 1 65.8 53.8 75.0 93.0 1
9. Block Middle 1 2 1 1 5
Lower 1 6 2 1 10
Upper 68.7 2 84.2 8 63.4 4 54.2 3 52.4 158.5 1 51.7 192.2 193.0 21
13. None Middle 2 3 8 5 4 2 1 25
Lower 2 9 5 4 1 1 1 23
Average 68.7 76.5 61.8 54.7 54.6 68.1 67.8 92.2  93.0

* See Table 3.
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Table 10. Selection standards for revegetation measures from four studies.

Qo] 59 2744 AAHE
LR

A F-z2=H o
A Al 3ked o,

Classification Ax* Bx* Cx D=
Soil, Sandy soil,
Soil/Rock condition Soft rock, Gravel soil,
Hard rock Clay soil
Slope gradient 0~35, 35~50, 0~30, 30~35, 0~30, 30~45,
) 50~ 35~45, 45~60 45~60, 60~
Slope length _ N 0~10, 10~30,
(m) 0~15, 15 30~50, 50~
Soil hardness 0~23, 23~27, 0~10, 10~25, 0~10, 10~25,
(mm) 27~ 25~30, 30~, 25~30, 30~
Soil m91§ture Dry/Wet Dry/Wet
condition
Vegetation type ~3b, 35~36,
(Latitude, © ) 96~
sl . North, East,
Ope aspec South, West

* A(Clark and Howell,

1992), B(Hasegawa, 1994), C(HAERZAM, 1984), DOREER LR, 1995)

Table 11. Selection standard and score of 3 major factors,

Soil factors Slope gradient Slope length
Group (Usrt)?:ldar;?n) Score (%sir;({afd) Score (%tgﬁdar xg) Score
A ~20 3 ~30 3 ~10 3
B 21~30 2 31~45 2 11~30 2
C Soft rock 1 46~60 1 31~60 1
D Hard rock 0 61~ 0 61~ 0

60" &
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Fig. 2. Sums of score and classification type by 3 major factors.
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Fig. 3. Simple matrix model for selection of revegetation work.
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