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A Study of Pull-out strength increasement by root of grasses
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Abstract : In this study, a pull-out strength increasement of grasses was tested in field and the relationship between
a weight of root and pull-out strength was established. The tested grasses were commmon reed, reed and sedge
which were cultivated by mat-type like turf and used for revegetation of bank. The shear stress of soil at a section
can be discribed as a function of root area and pull-out strength, therefore the result of this study will be used as
a foundational data for reinforcing the shear stress of the revegetated bank. The heavier weight of root increased,
the stronger shear stress was for all grasses. But the relationship between the weight and the shear stress were
diffferent by a kind of grass. The difference between common reed, sedge and reed is due to difference of growth
and propagation. A reed propagates by subterranean stem and a root weight and pull-out strength are linearly
increased by root and growth of subterranean stem.

Keyword : pull-out strength, shear stress, revegetation, root weight
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(kg) (kg) (kg) () (kg/g) (kg/m’) (g/m’) (kg/m'/g)
#1 55.3 20.9 34.4 1.540 22.3 229.3 0.3 148.9
2% 2} #2 89.7 22.1 67.6 1.480 45.7 450.7 9.9 304.5
23 #3 69.3 21.7 47.6 1.150 41.4 317.3 7.7 275.9
Bt 71.4 21.6 49.9 1.4 36.5 332.4 9.3 243.1
#1 100.9 23.2 77.7 2.618 29.7 518.0 17.5 197.9
353} #2 62.7 22.8 39.9 1.520 26.3 266.0 10.1 75.0
A3 #3 62.8 21.5 41.3 1.204 34.3 275.3 8.0 228.7
Bt 75.5 225 53.0 1.8 30.1 353.1 11.9 200.5
#1 97.2 22.0 75.2 3.239 23.2 501.3 21.6 154.8
452} #2 67.2 22.3 44.9 1.000 44.9 299.3 6.7 299.3
A8 #3 103.0 22.7 80.3 2.892 27.8 535.3 19.3 185.1
it 89.1 22.3 66.8 2.4 32.0 445.3 15.8 213.1
#1 134.8 23.6 111.2 9.996 11.1 741.3 66.6 74.2
5%} #2 123.9 22.8 101.1 7.137 4.2 674.0 47.6 94.4
A3 #3 96.7 23.0 73.7 5.181 14.2 491.3 34.5 94.8
Bt 118.5 23.1 95.3 7.4 13.2 635.6 49.6 87.8
#1 150.5 21.7 128.8 14.582 3.8 858.7 97.2 58.9
652k #2 103.2 23.1 80.1 12.338 6.5 534.0 82.3 43.3
A3 #3 142.3 225 119.8 11.402 10.5 798.7 76.0 70.0
Bt 132.0 22.4 109.6 12.8 3.6 730.4 85.2 57.4
#1 168.5 22.5 146.0 36.257 4.0 973.3 241.7 26.8
82} #2 117.9 23.2 94.7 26.168 3.6 631.3 174.5 24.1
A8 3 162.1 22.6 139.5 34.515 4.0 930.0 230.1 26.9
31 149.5 22.8 126.7 32.3 3.9 844.9 215.4 26.0
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(kg) (kg) (kg) (2) (kg/g) (kg/m") (g/m’) (ka/m'/g)
#1 41.8 21.8 20.0 4.780 4.2 133.3 31.9 27.9
2%z | #2 38.4 22.3 16.1 5.070 3.2 107.3 33.8 21.2
A3 #3 34.2 22.1 12.1 2.660 4.5 80.7 17.7 30.3
Bt 38.1 22.1 16.1 4.2 4.0 107.1 27.8 26.5
#1 87.2 23.5 63.7 4.395 14.5 424.7 29.3 96.6
33k | #2 67.5 23.7 43.8 3.805 11.5 292.0 25.4 76.7
¥ #3 85.8 22.4 63.4 3.891 16.3 422.7 25.9 108.6
34 80.2 23.2 57.0 4.0 14.1 379.8 26.9 94.0
#1 116.3 24.1 92.2 13.531 6.8 614.7 90.2 45.4
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5%z | #2 176.0 22.4 153.6 27.598 5.6 1024.0 184.0 37.1
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#1 152.1 22.0 130.1 26.248 5.0 867.3 175.0 33.0
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A8 #3 149.0 21.9 127.1 48.072 2.6 847.3 320.5 17.6
34 161.8 22.3 139.5 41.5 3.6 930.0 276.8 24.0
#1 186.6 27.1 159.5 78.575 2.0 1063.3 523.8 13.5
8%z} | #2 157.0 21.6 135.4 49.165 2.8 902.7 327.8 18.4
23 #3 213.5 19.1 194.4 74.050 2.6 1296.0 493.7 17.5
Bt 185.7 22.6 163. 67.3 2.5 1087.3 448.4 16.5
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#1 34.7 26.2 8.5 0.570 14.9 56.7 3.8 99.4

oFz) | #2 31.7 25.2 6.5 0.340 19.1 43.3 2.3 127.5
249 | #3 35.9 23.1 12.8 0.690 18.6 85.3 46 123.7
3 34.1 24.8 9.3 0.5 17.5 61.8 3.6 116.8

#1 30.2 22.4 7.8 1.180 6.6 52.0 7.9 44.1

3% | #2 42.5 25.6 16.9 0.862 19.6 112.7 5.7 130.7
A% | #3 28.2 20.1 8.1 1.471 5.5 54.0 9.8 36.7
R 33.6 22.7 10.9 1.2 10.6 72.9 7.8 70.5

#1 48.7 24.2 24.5 6.623 3.7 163.3 44.2 24.7

473 | #2 43.6 22.1 21.5 9.621 2.2 143.3 64.1 14.9
48 | #3 28.9 23.0 5.9 9.793 0.6 39.3 65.3 4.0
it 40.4 23.1 17.3 8.7 2.2 115.3 57.9 14.5

#1 60.4 21.5 38.9 13.067 3.0 259.3 87.1 19.8

533 | #2 41.7 22.8 18.9 6.843 2.8 126.0 45.6 18.4
A | #3 80.1 21.8 58.3 18.987 3.1 388.7 126.6 20.5
it 60.7 22.0 38.7 13.0 2.9 258.0 86.4 19.6

#1 108.3 22.7 85.6 45.778 1.9 570.7 305.2 125

gzl | #2 108.9 21.8 87.1 18.269 48 580.7 121.8 31.8
A% | #3 92.3 24.6 67.7 38.452 1.8 451.3 256.3 11.7
A 103.2 23.0 80.1 34.2 2.8 534.2 227.8 18.7

#1 117.9 23.0 94.9 41.678 2.3 632.7 277.9 15.2

8=z} | #2 125.7 22.1 103.6 78.175 1.3 690.7 521.2 8.8
49 | 43 142.3 28.6 113.7 86.911 1.3 758.0 579.4 8.7
g 128.6 24.6 104.1 68.9 1.6 693.8 459.5 10.9
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