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ABSTRACT

The main purpose of this study is to establish adaptability evaluation indexes by
using the method of Fuzzy Preference Relations, FPR, for choosing an optimum method
among all the revegetation methods applied on the difficult sites of the slopes. In this
study, difficult sites of slope revegetation is defined as” Slopes steeper than 45 degrees,
and with a protective cover of shotcrete, or with rock, or common slopes, or concrete
retaining walls---etc., which are difficult to be revegetated ;. Accordingly, the method of
Shotcrete Vegetation Mulching Technique (SVMT), was then chosen based upon the
evaluation indexes of economy, restriction and construction. Using the SVMT method,
samples for erosion tests were-prepared.in the erosion boxes with a length of 125 cm, a
width of 100 cm and a height of 1kem. Using a rainfall simulator developed by Forster
et al. (1982) and Fan and Wu (1993), erosmn tests were'conducted on the samples with
the ages of 1, 3, 7, 14, 28 and 56 days f@‘spectlvely, with"a rainfall intensity of 120
mm/hour and a steepness of 60 degrees Durlng the tests; 'the data of runoff, erosion,
surface strength, surface velocity, ahd vegetation cover were obtained to evaluate the
resistance to soil erosion and soil strength.

From the obtained results, it was found that the SVMT method was able to
strengthen the resistance to erosion and stability of the slope within 3 days after the
samples were prepared. Aside from this, the surface strength of soil slopes prepared
using the SVMT method were 3 to 10 times higher than those using the conventional
method, and approved to be better in both cohesion and shear strength. The results also
showed the erosion of the soil samples with the ages less 7 days using the SVMT
method were much less than those using the conventional method. However, due to the
change of soil structure, the erosion of the samples prepared using the conventional
method were slightly less then those using the SVMT method, yet the ventilation and



permeability became worse, and consequently the vegetation effects were deteriorated.
From the test results, it was found the runoff and velocities of the samples prepared
using the two methods were quite similar, indicating revegetation method and the age
were not the main factors affecting runoff and velocity. For the vegetation cover of the
samples prepared using the two methods with the ages greater than 7 days, and after
rainfall erosion tests, the vegetation cover of the SVMT method were approximately 10
times of those of the conventional method, which implied that concrete cement were
effective in providing sufficient resistance to erosion and stability to hold the soil and
seed. As a result, the SVMT method was approved more capable of revegetation on the

difficult sites of the slopes.

Keywords. hydraulic mulching, Shoterete Vegetation Mulching Technique(SVMT),
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Hidk B OE R 8 5w

AFELE AR 24 B0 AT BRI AR EA YIS 2 05

EEEA R TR B9 A9 2 87.01%% - 0 5% A 4 & 120mm/hr ©

v oA

Christiansen(1941)#7#& #1 2.3+ % i > 3> B 393 fhfg(Uc) > 4o - £ ¥ - Xi 5 %
I BEF2BRE n S BF2il X 2nBREAEL T I0E -
$ih | B F K| EFE( | kE(g) | & 5% B (mmhr) | Xi-X
1 374.20 151.00 | 223.20 96.48 5580 |\, > %, - X]
2 375.70 145.00 | 230.70 99.73 54.30 ¢ 3
3 400.40 152.00 | 248.40 107.38 29.60
4 418.50 152.00 | 266.50 115.20 11.50
5 429.30 151.00 +§1278.30 120.30 0.70
6 421.30 151.00 .} 270:30 116.84 8.70
7 432.40 150.00 '|.282.40 122:07 2.40
8 483.40 151500 /| 33240 | 143,69, " 53.40
9 595.20 155.00 | 44020=t L) 1190.29 165.20
10 | 562.50 150.00 4;2.5’(?" = 1 17831 132.50
11 | 56830 14450 | 423.80° 1. | 183.20 138.30
12 | 599.20 150.10:. }, 449.10 ' 194.14 169.20
13 | 420.10 151,50 {26860 “146:11 9.90
14 | 41730 151.10 | 266:20 11507 12.70
15 | 438.10 151.00 | 287.10 124.11 8.10
16 | 426.80 152.00 | 274.80 118.79 3.20
17 | 327.60 151.00 | 176.60 76.34 102.40
18 | 330.50 151.00 | 179.50 77.59 99.50
19 | 345.50 151.00 | 194.50 84.08 84.50
20 | 360.80 151.00 | 209.80 90.69 69.20
21 | 373.70 151.00 | 222.70 96.27 56.30
22 | 388.40 152.00 | 236.40 102.19 41.60
23 | 402.20 152.00 | 250.20 108.16 27.80
24 | 426.90 151.00 | 275.90 119.27 3.10
AVE | 429.93 279.17 120.68 55.83
SUM | 10318.30 6700.10 1395.73
Uc= 0.8647
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“ﬁéﬁ!’:‘c DAL R /‘}’%?é'%gi%

BRE o F - % 0 K- o

KoL A e T R # g reE
(min) (8) (8) (8) (8) (8)
1 5 1004 273 255 749 17.8
2 10 1320 320 284 1036 35.8
3 15 1270 284 254 1016 29.7
4 20 1324 286 255 1069 313
5 25 1803 835 812 991 23.4
6 30 2043 848 822 1221 25.7
7 35 2260 862 831 1429 31.4
8 40 2040 846 823 1217 22.9
9 45 1346 203 180 1166 22.8
10 50 1641 417 L 394 1247 23.0
Al2 55 2823 T 1645 1623 1200 21.9
B6 60 2839 1626 1603 1236 22.7
total - WP 13577 3084
‘ ",_,'_":-« 1 “
Hom
R L T
W FR frd kel et EnE A el
(min) (2 ® -+ " (9) (2)
A6 5 2415 1805 1777 638 28.4
Al4 10 2978 1640 1615 1363 25.0
A8 15 2869 1628 1594 1275 33.9
All 20 3091 1655 1624 1467 31.4
D2 25 3156 1622 1593 1563 29.2
A5 30 3081 1646 1618 1463 28.0
A7 35 3144 1620 1590 1554 29.5
Al2 40 3242 1645 1623 1619 21.9
A10 45 3165 1639 1609 1556 29.7
B9 50 3180 1642 1596 1584 46.1
CI12 55 3170 1644 1617 1553 27.4
Bl 60 3247 1636 1606 1641 29.5
total 17276 360.0
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¥ PR ek 2 #, g el
(min) (8) (8) (8) (8) (8)
Al3 5 2747 1598 1587 1160 11.0
A2 10 2995 1632 1619 1376 13.0
B13 15 2968 1609 1593 1375 16.0
C9 20 2963 1623 1613 1350 10.0
Bl1 25 2992 1625 1613 1379 12.0
Al 30 2988 1636 1621 1367 15.0
A3 35 2944 1604 1592 1352 12.2
D1 40 2945 1597 1587 1358 10.5
A4 45 3102 1625 1614 1488 11.3
C7 50 3133 1632 1621 1512 11.4
B12 55 3116 1617 1608 1508 9.0
B4 60 3138 1623 1613 1525 9.6
total ‘ 16750 141.0
; ",_,'_":-« ‘ ‘
KR R iﬁ‘%ﬁqﬁ’%iw 4 g'!;%a '
¥ PR T +7%< L gt | V. iR el
(min) (8o~ .{2) (8) (8)
B3 5 2878 %1623 1605 1273 18.1
B5 10 3098 1631 1611 1487 19.9
Cl1 15 3111 1618 1600 1511 18.5
W1 20 3049 1612 1597 1452 15.4
B7 25 3090 1628 1614 1476 14.2
C8 30 3108 1621 1608 1500 13.4
B10 35 3039 1607 1597 1442 9.7
Bl4 40 3165 1626 1615 1550 10.6
w2 45 3322 1625 1615 1707 9.8
C6 50 3328 1607 1598 1730 9.2
C5 55 3279 1606 1597 1682 9.0
B8 60 3465 1622 1615 1850 7.0
total 18658 154.8
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BHEHE FZ % 5 - o

¥ PR fi+3 ek 3 i R g el

(min) (g) (g) (g) (g) (g)

1 5 1298 268 255 1043 13.2
2 10 1559 306 284 1275 22.1
4 15 1543 283 255 1288 28.3
5 20 1960 845 812 1148 33.0
6 25 2303 843 822 1481 21.4
8 30 2362 851 823 1539 27.7
Al2 35 3759 1650 1623 2136 26.5
A9 40 3245 1642 1613 1632 29.3
All 45 3114 1648 1624 1490 242
D2 50 3136 1618 1593 1543 25.4
w2 55 3185 1641 71615 1570 26.2
B6 60 3294 2 16291603 1621 26.4
total C 17766 303.7

N
; ",_,'_":-« ‘ “
BHRFEH ¥ 2% 51 & ! ‘.t || '

W PR Brial W2 MW ) oasieE el

min) @ @ (@), (@) 2

10 5 1705 471 394 1311 27.1
A8 10 4316 1651 1594 1411 29.5
15 1621 280 254 1367 25.6

20 2511 857 831 1680 26.0

9 25 2131 307 282 1849 24.9
C12 30 3482 1643 1617 1865 25.8
Al0 35 3483 1636 1609 1874 26.5
A5 40 3618 1641 1618 2000 22.8
Al4 45 3547 1641 1615 1932 26.3
Bl 50 3816 1632 1606 2210 25.9
A7 55 4123 1615 1590 2533 25.3
A6 60 4395 1802 1777 2618 25.4
total 22650 311.1
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KRR R GRS B E B SR
W R ik f+d # wnE raeE
(min) (g) (g) (g) (g) (g)
B2 5 2910 1619 1617 1293 2.4
BI12 10 3294 1611 1608 1686 3.4
BS 15 3080 1617 1615 1465 2.2
B4 20 3079 1615 1613 1466 1.9
B3 25 3073 1606 1605 1468 1.1
Bl1 30 3027 1614 1613 1414 1.0
Al 35 3096 1622 1621 1475 1.2
A3 40 3150 1593 1592 1558 0.9
A4 45 3177 1615 1614 1563 0.6
A2 50 3182 1620 1619 1563 1.1
B7 55 3177 1615 #1613 1564 1.9
Al3 60 3221 15881587 1634 1.0
total C 18149 18.7
: ; 1
KRR R E R —Hf i = ,
T SR Lﬁhi g _ﬁ‘, g e
(min) (g) (g) (g): (g) (g)
B10 5 2745 1599 1597 1148 1.9
BI3 10 2915 1594 1593 1322 0.8
Bl4 15 2914 1616 1615 1299 0.9
w1 20 3341 1598 1597 1744 1.0
C7 25 3415 1623 1621 1794 2.3
DI 30 3432 1589 1587 1845 1.9
Cs 35 3395 1610 1608 1787 1.6
Cs 40 3351 1598 1597 1754 0.8
W2 45 3408 1616 1615 1793 1.1
Cl1 50 3366 1601 1600 1766 1.4
C6 55 3354 1599 1598 1756 1.0
BS 60 3388 1612 1611 1777 1.1
total 19785 15.8
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@“igéu}g ) ‘;ﬁ; X ‘;ﬁ— B oo

W BE Ak fed T
(min) (2) (2) (2) (2) (2)
6 5 2523 836 822 1701 14.0
A9 10 3324 1628 1613 1711 15.0
A5 15 3338 1632 1618 1720 14.0
4 20 1969 270 255 1714 15.0
1 25 1963 272 255 1708 17.0
7 30 2633 853 831 1802 22.0
8 35 2644 846 823 1821 23.0
9 40 2129 306 282 1847 24.0
10 45 2220 419 394 1826 25.0
2 50 2127 310 284 1843 26.0
3 55 2074 277 254 1820 23.0
Al4 60 3455 2 164t —l615 1840 26.0
total 21353 244.0
N\
LEELEEER T U |
W PR il R [fgu S Josne ret
(min) (2) () (2) (2) (2)
A4 5 2698 1629 1614 - 1084 15.0
C7 10 3114 1648 1621 1493 27.0
B3 15 3057 1634 1605 1452 29.0
C5 20 3226 1629 1597 1629 32.0
A6 25 3423 1811 1777 1646 34.0
Al2 30 3272 1657 1623 1649 34.0
DI 35 3185 1621 1587 1598 34.0
A10 40 3220 1644 1609 1611 35.0
B8 45 3252 1649 1615 1637 34.0
B2 50 3185 1651 1617 1568 34.0
w2 55 3187 1649 1615 1572 34.0
A8 60 3209 1629 1594 1615 35.0
total 18554  377.0
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/ﬁ' p? /}{“}’E =

W PR fEd bk gl T
(min) (2) (2) (2) (2) (2)
C6 5 2896 1601 1598 1298 3.0
All 10 3091 1628 1624 1467 4.0
Bl4 15 3093 1618 1615 1478 3.0
B5 20 3094 1615 1611 1483 4.0
C12 25 3099 1621 1617 1482 4.0
D2 30 3084 1595 1593 1491 2.0
Bl4 35 3162 1609 1606 1556 3.0
A7 40 3226 1593 1590 1636 3.0
B4 45 3232 1616 1613 1619 3.0
B12 50 3215 1611 1608 1607 3.0
C12 55 3201 1608 #1600 1601 3.0
Wi 60 3253 . 15991597 1656 2.0
total C 18374 37.0
. ;’, |
kiR A R B »\T i = ,
T SR Lﬁhi g _ﬁ‘, g e
min @ g () A(® ®
B9 5 2880 1598 1596 - 1284 2.0
Al3 10 3132 1591 1587 1545 4.0
B6 15 3163 1606 1603 1560 3.0
w2 20 3188 1616 1615 1573 1.0
B13 25 3115 1595 1593 1522 2.0
A2 30 3233 1622 1619 1614 3.0
C8 35 3366 1611 1608 1758 3.0
B10 40 3363 1599 1597 1766 2.0
A3 45 3353 1594 1592 1761 2.0
Al3 50 3417 1624 1621 1796 3.0
B11 55 3321 1615 1613 1708 2.0
B7 60 3344 1617 1614 1730 3.0
total 19617  30.0
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BAER G B X s B o

W BE Ak fed T

(min) (2) (2) (2) (2) (2)
1 5 2093 261 255 1838 6.0
2 10 1832 290 284 1548 6.0
3 15 1593 258 254 1339 4.0
4 20 1242 259 255 987 4.0
6 25 1897 825 822 1075 3.0
7 30 2045 835 831 1214 4.0
8 35 2090 827 823 1267 4.0
9 40 1453 286 282 1171 4.0
10 45 1326 397 394 932 3.0
B6 50 2801 1611 1603 1198 5.0
Al4 55 3121 1624 #1615 1506 5.0
A4 60 3373 3 1625 —l614 1759 4.0
total C 15834 52.0

A
; ",_,'_":-« ‘ “

R R SE 'EW m | '
W PR il R [fgu )L reE

(min) (2) () (2) (2) (2)
B10 5 2310 1600 1597 713 3.0
B7 10 2487 1619 1614 873 5.0
C8 15 2989 1615 1608 1381 7.0
BS 20 2947 1617 1611 1336 6.0
w2 25 2864 1621 1615 1249 6.0
DI 30 2750 1593 1587 1163 6.0
Al2 35 2852 1628 1623 1229 5.0
All 40 2903 1631 1624 1279 7.0
B8 45 2847 1623 1615 1232 8.0
C6 50 2846 1605 1598 1248 7.0
B2 55 2904 1625 1617 1287 8.0
A2 60 3126 1630 1619 1507 6.0
total 14497 740
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R ? BEHIF F e X 0 5 - o

KoL A R R # Eing e E

(min) () (8) (2) () ()
B14 5 2767 1621 1615 1152 6.0
Bl11 10 2982 1621 1613 1369 8.0
2 15 2962 1605 1597 1365 8.0
A8 20 2941 1601 1594 1347 7.0
D2 25 2965 1599 1593 1372 6.0
A6 30 3132 1784 1777 1355 7.0
Cl11 35 2943 1606 1600 1343 6.0
B4 40 2965 1619 1613 1352 6.0
A5 45 3099 1623 1618 1481 5.0
A10 50 3110 1614 1609 1501 5.0
A7 55 3089 1594 1590 1499 4.0
Al 60 3139 3 1626 —l621 1518 5.0
total C 16654 73.0

Y= |
| <=
KRGS B E BT a»%[ _,;: Eo '

T SR Lﬁhi : _ﬁ‘, g e

(min) (g) (g) (), () ()
C5 5 2858 1612 1597 1261 15.0
B9 10 3072 1612 1596 1476 16.0
B3 15 3109 1621 1605 1504 16.0
C12 20 3062 1629 1617 1445 12.0
A3 25 3061 1603 1592 1469 11.0
BI2 30 3102 1618 1608 1494 10.0
w2 35 3049 1621 1615 1434 6.0
C7 40 3160 1629 1621 1539 8.0
A9 45 3308 1620 1613 1695 7.0
BI2 50 3327 1612 1606 1721 6.0
Al3 55 3258 1593 1587 1671 6.0
B13 60 3433 1598 1593 1840 5.0
total 18549 118.0
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BRE o LN 5 - e

W R 2k fd # wanE reE
(min) (g) (g) (g) (g) (g)
1 5 1320 257 255 1065 1.5
2 10 1479 285 284 1195 0.9
3 15 1296 255 254 1042 0.9
4 20 1569 257 255 1314 1.6
6 25 2139 824 822 1317 1.5
7 30 2332 833 831 1501 1.7
8 35 2060 824 823 1237 1.4
9 40 1587 284 282 1305 1.5
10 45 1981 396 394 1587 2.1
A8 50 3287 1596 1594 1693 1.5
Wi 55 3252 1599 #1597 1655 2.0
D2 60 3306 3 15941593 1713 12
total C 16624 17.8
N
@&ﬁﬁ’¥:¢A%’%j%om_ﬁy
W PR il R [fgu S Josne ret
(min) (g) (g) (g): (g) (g)
BS 5 2555 1613 1611 944 1.5
Cs 10 2639 1610 1608 1031 2.3
Bl4 15 2669 1617 1615 1054 1.5
B10 20 2814 1600 1597 1217 2.5
C6 25 2978 1601 1598 1380 2.6
AS 30 3066 1620 1618 1448 2.2
B7 35 2941 1617 1614 1327 2.8
C7 40 2991 1624 1621 1370 2.8
A7 45 2934 1592 1590 1344 1.8
BS 50 2932 1618 1615 1317 2.6
W2 55 2946 1617 1615 1331 22
Al 60 3112 1624 1621 1491 3.1
total 15254 279
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S 8 e

fi;-:}i/{h' %::J\:Q,%:__

W BE ik fed T
(min) (2) (2) (2) (2) (2)
DI 5 3186 1593 1587 1599 5.6
Al2 10 3312 1632 1623 1689 8.7
B13 15 3281 1604 1593 1688 1.1
Al4 20 3311 1626 1615 1696 11.0
A2 25 3254 1629 1619 1635 10.3
B6 30 3246 1612 1603 1643 9.4
A6 35 3382 1785 1777 1605 7.5
B4 40 3228 1621 1613 1615 7.8
Cl1 45 3169 1609 1600 1569 9.1
All 50 3197 1630 1624 1573 5.8
B11 55 3250 1619 1613 1637 6.1
A10 60 3405 ' 16151609 1796 5.5
total C 19745 97.9
i' r”
KR RS B E A —H[ iR ,
T Hﬁﬁi 5 ;ﬁj, SR e
min @ g (el (o) ®
A4 5 2549 16718 1614 935 42
B9 10 2747 1601 1596 1151 47
B3 15 2801 1612 1605 1196 7.3
Bl 20 2736 1612 1606 1130 5.9
Al3 25 2735 1593 1587 1148 6.3
A3 30 2765 1598 1592 1173 6.2
C12 35 2777 1623 1617 1160 5.5
w2 40 2782 1618 1615 1167 3.1
B2 45 2876 1622 1617 1259 45
B12 50 2927 1613 1608 1319 5.1
A9 55 2937 1617 1613 1324 43
C5 60 2972 1601 1597 1375 4.1
total 14337 612
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¥k PERY Ak R+ 1# Eing e E
(min) (8) (8) (8) (8) (8)
1 5 2728 1628 1625 1103 3.0
2 10 3920 1612 1610 2310 2.0
3 15 3933 1612 1611 2322 1.0
4 20 3780 1601 1600 2180 1.0
5 25 3832 1623 1621 2211 2.0
6 30 3655 1603 1600 2055 3.0
7 35 3690 1615 1611 2079 4.0
8 40 3634 1583 1580 2054 3.0
9 45 3679 1613 1611 2068 2.0
10 50 3610 1601 1600 2010 1.0
11 55 3519 1622 1620 1899 2.0
12 60 3570 5 1603 1600 1970 3.0
total . 24261 27.0
; ",_,'_":-« ‘ “
BLFEM 57T L2 x5 av:_\,.‘#o ‘r‘!:_ “ ‘ :
W AR Wil el M CiRE e
(min) @ . (@ (e), () ()
All 5 2668 1627 1624 1044 3.0
A10 10 3898 1611 1609 2289 2.0
BS 15 3922 1614 1611 2311 3.0
C5 20 3877 1599 1597 2280 2.0
A2 25 3802 1622 1619 2183 3.0
A7 30 3835 1591 1590 2245 1.0
A3 35 3601 1594 1592 2009 2.0
A7 40 3656 1592 1590 2066 2.0
B4 45 3629 1616 1613 2016 3.0
C3 50 3526 1599 1597 1929 2.0
Al2 55 3519 1624 1623 1896 1.0
B3 60 3514 1607 1605 1909 2.0
total 24177 26.0
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KoL A R R # g e E
(min) (2) (2) (2) (2) (2)
C12 5 3220 1621 1617 1275 4
B6 10 3446 1608 1603 1321 5
Bl4 15 3430 1620 1615 1612 5
C7 20 3435 1627 1621 1800 6
Al 25 3450 1627 1621 1777 6
B2 30 3417 1622 1617 1753 5
C10 35 3388 1621 1615 1954 6
A8 40 3434 1599 1594 1785 5
C6 45 3509 1603 1598 1770 5
Al3 50 3543 1593 1587 1847 6
Al4 55 34681 1621 1615 1798 6
DI 60 3661 15931587 1833 6
total C 20525 65

‘ ",_,'_":-« ‘ ‘
Rk o giqE 4 o AT avz_Hﬁ i ¥

TR T [fgu W Vo asinE el
(min) (8) el (g) (8) (8)
B9 5 2892 1599 1596 < 1296 3
B10 10 2924 1603 1597 1327 6
Bl 15 3227 1613 1606 1621 7
B11 20 3421 1622 1613 1808 9
BS 25 3398 1624 1615 1783 9
A5 30 3370 1626 1618 1752 8
A6 35 3569 1785 1777 1792 8
B7 40 3379 1622 1614 1765 8
B13 45 3368 1600 1593 1775 7
w2 50 3434 1621 1615 1819 6
B12 55 3413 1615 1608 1805 7
C8 60 3420 1616 1608 1812 8

total 20355 86
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