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Abstract

In civil engineering banking work, it is necessary to construct a stable and stiff embankment by compacting
it sufficiently. It is also important to investigate the relationship between ground hardness and strength and root
system elongation, because the roots of plants used to green the slope face cannot extend into soil exceeding a
particular hardness. In this study, first, the relationship between the degree of compaction used for embankment
management and the soil hardness, which can be used to easily measure the hardness and softness of the ground,
is examined by laboratory tests. Next, herbaceous seeds are sown on black soil with different degrees of
compaction, and the relationship between compaction and root system elongation and growth is examined.
Furthermore, the soil-reinforcing effect of the elongated root system is examined by a box shear device with a

single shear surface.
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Table 1 Physical property of Kuroboku soil.
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Fig. 1 Result of compaction test for Kuroboku soil.
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Table 2 Relationship between root elongation and

. 7
soil hardness".
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g strength of soil)
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hardness
evaluation X X X A O A

Fig. 2 Yamanaka type
soil hardness meter.

Fig. 3 Germination test.

Fig. | OAAAIN BT OMEDIHBTHD. b
B KEESRIETE pinax=0.75 glem’, w,,, =78 %% iz, Z O
FERICEE D E, wop \CFHHE LTz 1 &5 £ D.=65, 70,
75, 80, 85, 90 %<& 725 X 91T CBR #ABR A O #ifdk &
R L CRBICREE OB E 2SI L7

2,22 TEEEOAE

Toms EROME - FAIZOWTIE, Fig. 2 IZR”-L
T SRR A O RO D EEAEE E SN TEH
V, TOME (mm) &OBLRIT Table2 DX HIZFE LD
BhTWn5.

AL, &S 40 mm, K 18mm, [EA
12° 40 OMEEM L, HEBIERE L MEERKD 0D\l
f&i 1 O B 4 O I HE A & 40 mm IZx L C 8 kg DIEN %
TRENREZNE Y PENTWD. ERE 10 cm OFFE[E D ER
A —/v RiZ, Bk L7z D=65~90%0 6 @ Y O [E b
JECEASICHEE D R EHC e LT, —RBREmE Y0 3
HEFICHER 2 LIAALT, *OEYHE %2 +
(mm) & L7z,

2,23 WEOENDELZDILTOHEHRER

BT, wep THIICHIE Db OEMEM Lz, —i#l
JE A B R & i 2 g R P L [ O BE D =65,
70, 75, 80, 85, 90 % & LT, EJE—imE AWK LB
KB Tl1X, D=65, 75, 90 %<& Liz. TE it AW
HER O AW EEIX 0.2 mm/min T, EEAEIIFEREL -
TRE O S —mEABRBRICE ST 570, @E LD
B /INE /R 3.8~77 kN/m® & L=, BARBRITZZE A
Pt CiT o 72,

2.3 tEYMEHEHARAE
2.3.1 RHFRDAE

3OOV Y—LVOHIELLET 4 v v abHE, £
D EIZFEE % 20 BiiE VT (Fig. 3), EiR% 26 Cltfro
TRHECRGE BB E R IFEH A FRER L.



LR

40mm ] -U or
(60mm for ompactec lar})fgr .
shear test) 0 - Weight
- /4 ) Displacement
100mm Loading gauge
omp d so plate Load cell
90mm D=6 30.85.90 © Lower 7 oad ce
layer / Shear frame J_._
' o —]
10mm= =Drainage | ! [F— 1 :[
- ———————
layer *Somm T somm " //
. .. . y
Fig. 4 ‘Co?ldmon of thé soil Fig. 5 Seeding position A |
1n the test container. viewed from the top.
1.5cm %
Sample Data logger Shear force
, load device
Fig. 7 Schematic diagram of the simple direct shear
10cm 10cm

Fig. 6 Shear frame'®.

80 ————
o J e
E u Dc q, Es §
2 6ok ] (%) (kPa) MPa") | =2
[ ® 65 20 18 ~
o A 75 42 22 &
- B 80 77 5.0
b AL k=
A _
g A %”
< 3
.... 1 é
. | %
® Kuroboku soil 2
I B | =)

test apparatus.

|
%0 65 70

Degree of compaction D, (%)

2 3 4 5
Axial strain € (%)

Fig. 8 Stress strain relationship in
unconfined compression test.
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Fig. 9 Hardness, unconfined strength
and D, relations.
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Fig. 10 Formulation of hardness by
unconfined strength.
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Fig. 11 Result of direct box shear test for compacted
Kuroboku soil.

Table 3 Mechanical property of Kuroboku soil.
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shear test [0) ° 17.7 16.9 359
Permiability test | kis | cm/s | 9.63x107 | 1.19x107 | 3.59x10°®
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Fig. 13 A state of growing plants.

Table 4 Measurement results of plants.
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Fig. 17 Root length.

Fig. 19 Leaves and roots (Dc=65~90 %).
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Fig. 23 Results of simple direct shear box tests (Dc=75%).
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