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Effect of Soil Reinforcement on Shear Strength by Pennisetum
alopecuroides and Miscanthus sinensis Roots on
Loamy Sand at River Banks®
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ABSTRACT

This study was conducted to find out the physical properties and soil shearing strength reinforcement
effect of herbaceous plants for the slope revegetation works. Two native plants(Pennisetum alopecur-
oides and Miscanthus sinensis) were used for this experiment, because they have excellent seed germi-
nation rates without preconditioning, and grow naturally around rivers. To identify the physical proper-
ties, the partial dry weight of plants were investigated. To identify the soil shearing strength reinforce-
ment effect, the respective soil shearing strengths of the control soils, Pennisetum alopecuroides,
Miscanthus sinensis samples were measured. Also, we did a correlation analysis to examine the relation
of shearing strength to plant features. The results are summarized as follows:

1. The average dry weight of Pennisetum alopecuroides samples consists of 52.36% above ground
and 47.64% at root. And in dry weight, 78.24% of it’s root distributes within 10 cm in soil depth.
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Meanwhile the average dry weight of Miscanthus sinensis samples consists of 52.91% above ground
and 47.09% at root. And in dry weight, 82.95% of it’s root distributes within 10 cm in soil depth.

2. The results of correlation analysis showed that for both Pennisetum alopecuroides and Miscanthus
sinensis, it could not be said that there was any correlation between shearing strength and plant charac-
teristics, and statistically they were not meaningful.

3. In the shearing strength test with control soils, Pennisetum alopecuroides, Miscanthus sinensis as
subjects, the differences in shearing strength measurement results were modest, and the order was
shown as control soils < Pennisetum alopecuroides < Miscanthus sinensis, so the soil shearing strength
reinforcement effect by the Pennisetum alopecuroides and the Miscanthus sinensis on loamy sand at

river banks surface was confirmed.

Key Words : Revegetation, River bank plant, Native plant, Plant root zone, Sandy soil
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Figure 2. Soil shearing strength measuring equipments
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Figure 3. Shearing stress value by horizontal displacement
of control soils
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Table 1. Shearing strength value by normal stress of
control soils

No. 1 No. 2 No. 3

Normal
, 2.90 3.90 6.15
stress(Njcir)
Shearing
, 1.23 1.51 2.00
strength(N/cm)
g50
Zio
E 30
20 5 ”"fT:z
10 LT i
= —y @=1241
I =062
00
00 10 20 30 40 50 8.0 0 80
Normal stress (N/et)

Figure 4. Mohr-Coulomb’s Failure Criterion of control

soils
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Figure 5. When the normal stress 2.90 N/cr, shearing
stress value by horizontal displacement of
Pennisetum alopecuroides samples




SR Azl U 52

ekl

oA Bele] BT BAEs 85

——simple ‘soil —No. 4 No. 5 No. 6

Shearing stress(N/cii)

00 50 100 150 200 250 300

) Horizontal displacement(mm)
Figure 6. When the normal stress 3.90 Njc, shearing
stress value by horizontal displacement of
Pennisetum alopecuroides samples
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Figure 7. When the normal stress 6.15 N/cnf, shearing
stress value by horizontal displacement of
Pennisetum alopecuroides samples
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Table 2. Shearing strength value by normal stress of
Pennisetum alopecuroides samples

Normal Shearing ?h!i?ée
stress strength strengtl%
(N/cm) (Ncm) en
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S 2 2.90 1.33 .
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P 178
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e 6 g
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: 1.84
s
£,
20 i f‘:‘,’fii,‘,’.f!‘,'ﬂ}i“, o

s

W p=13s0°

I c=0.68
00

0.0 1.0 20 30 4.0 50 6.0 70 80
Normal stress(N/et})

Figure 8. Mohr-Coulomb’s Failure Criterion of Pen-
nisetum alopecuroides samples
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Table 3. Physical properties of Pennisetum alopecuroides samples

Max size (cm)

Dry weight of above ground

Dry weight of root (g)

Sample TOtl?lla = P(fg a-
No. PP Plant Ear Stem  Stalk P Upper Middle Lower
-tion . . Leaf Stem gative S
height length length diameter root  root  root
organ
1 62 1130 85 930 0.45 30.74 2596 0.18 56.88 30.19 7.39 3.02 40.60
2 76 1090 95 940 0.70 38.19 3030 0.03 6852 4540 9.61 3.69 58.70
3 75 1130 105 1055 0.65 41.79 3120 0.15 73.14 51.80 1605 4.83 72.68
4 82 1180 80 590 0.80 31.85 25.55 - 5740 4491 1423 277 6191
5 110 1400 155 1175 0.60 7025 87.44  1.50 159.19 15541 1423 6.86 176.50
6 102 1680 160 152.0 2.00 10231 121.16 ~ 1.96 22543 141.80 21.73 6.58 170.11
7 92 114.5 - - - 3429 29.18 - 6347 4545 939 315 5799
8 105 141.0 120 1270 1.15 64.16 6034  0.50 125.00 102.06 1720 6.12 125.38
9 72 146.0 13.0 133.0 0.60 5532 26.18 065 82.15 5375 1241 323 69.39
Mean 8622 129.17 11.62 110.12 0.86 52.10 4859  0.55 101.24 74.53 1358 447 9258
_ ——simple soil No. 1 —a—No. 2 ——No o ——simple soil No. 7 —s—No. 8 ——No. 9

00

5.0 10.0 150 200 250 300

Horizontal displacement(mm)

50

10.0 15.0 200 250 30.0]

Horizontal displacement(mm)

Figure 9. When the normal stress 2.90 Njcm, shearing
stress value by horizontal displacement of
Miscanthus sinensis samples
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Shearing stress(N/oi)
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- “
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Figure 10. When the normal stress 3.90 Nfcri, shearing
stress value by horizontal displacement of
Miscanthus sinensis samples

Figure 11. When the normal stress 6.15 Njcif, shearing
stress value by horizontal displacement of
Miscanthus sinensis samples
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350 Table 4. Shearing strength value by normal stress of
£ Miscanthus sinensis samples
B840
s . Average
: Normal Shearing shearing
230 stress strength strength
st N N
°“ mamaagsy 1 1.50
o [ 'TB;{;OM g 2 2.90 1.43 1.59
=075 a 3 1.84
o0 0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 80 m 4 145
Normal stress(N/et) Il) 5 390 162 151
Figure 12. Mohr'—Moh;l—C0111.0mb’.s Failulre Criterion o 6 147
of Miscanthus sinensis samples . 7 239
} -8 6.15 1.87 221
e O (Table 4 #x), Rof-E59] 4 9 237
FAEO)l tHyshd E Fol AFEH (o 2
0.68 Njcrio] 1, W Hrt22k(g) e 13.50°= 1 ol algsied, §21< 83%7} A o} 10cmohH o &
EltCH(Figure 12 FX%). 23 A g AUQdTh o] FA= FAH | HlEiA
Axe] WA B A MEg o x| A} 5% INE = 2 ’\x]O]E]- A FAIA 2
T 52.91%, X157} AT 47.00% 24 35 7} B 274, 7, W, =71 A7, AV 3 At
B PATA LR PARC RS BPA Fo AR ) KRS I | B = T AFFe 5423 Table 59 2tk
t}. o] Bt 4830%, =717} Bt 50.18%, Hdd Zb A8 g AdgEsh AAfe] B
71%o] B 1.52%° Datg i, A ek B 2%, 774, W, 271 A7, A% 8 Aehn
oA - Bte]Rto] Bt 82.95%, T ““E]—r AT FaEN s AN A3 549 e
wol B3t 11.73%, shi- Hel-go] it 5.32% o tisto] A=} Fde] dvka &
Table 5. Physical properties of Miscanthus sinensis samples
Max size (cm) Dry weight of above ground part Dry weight of root (g)
Total ©
Sample popula-t
No. - Plant  Ear Sem  Stalk Propa-g Upper Middle Lower
ion . . Leaf Stem ative  Sum Sum
height length length diameter atgan root  root  root
1 8 1600 - - - 4347 4562 - 8909 7526 734 621 8881
2 89 1150 190 960 055 4215 9850 024 14089 5707 736 467 6910
3 117 2120 210 1910 075 12008 17168 337 29513 153.18 2349 10.79 18746
4 69 1420 220 1200 055 6639 4146 051 10836 6459 3005 623 10087
5 9 1725 225 1500 130 6056 4697 029 107.82 12085 1387 820 14292
6 136 1970 220 1750 065 9617 8784 335 18736 15435 896 697 17028
7 107 1600 215 1385 060 6492 4732 089 11313 11124 1058 440 12622
8 57 2170 310 1860 080 5939 7605 785 14329 10934 1999 725 13658
9 74 2160 265 1895 075 5139 5251 387 107.77 867 629 351 9847
Mean 92.22 17683 2319 15575 074 6717 7422 226 14365 103.84 1421 647 12452
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w
(=]
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= Pennisetum alopecuroides
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Figure 13. Mohr-Coulomb’s Failure Criteria of control soils, Pennisetum alopecuroides,

and Miscanthus sinensis samples
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