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Analysis of Variations in Mechanical Properties of Soil by Tillage Operations

J. G, Park K, S Lee S. C. Cho

K.

M. Noh S, O. Chung Y. C. Chang

In the study, the cone index, the cohesion and the internal friction angle of soil were measured before and after tillage
in order to suggest relative improvement in soil properties by comparing the two measured values before and after tillage.
The tillage methods tested in the study were five combinations of plowing and rotovating; one plow tillage operation, one
plow followed by one rotary, one plow followed by two rotary, one rotary without plow and two rotary without plow. The
experiments were performed in a soil bin in Sunggyunkwan Univ. and in four selected test fields in Yeoju, Seodun-Dong,
Suwon (especially, two different fields) and Chungju. In general, the internal friction angle and cohesion of soil increased
with the increase of soil compaction. After applying the tillage operations, the internal friction angle reduced by 14 degree
and the cohesion decreased up to about 2.2 N/em” on the soil bin in comparison with those before tillage. The two values,

however, reduced by 9 degree and up to about 1.0 N/em’

on

the tested fields. The CIs for all the tillage operations on

the soil bin and on 4 different test fields were decreased by 800 kPa in comparison with those before tillage. The best
combination of tillage operations for decreasing the ClIs of soil was one plow operation followed by one rotary. The Cls
for one plow operation followed by two rotary were slightly higher than that for one plow operation followed by one rotary
because one plow operation followed by two rotary crushed down the soil excessively, so that the porosity of soil decreased.

Keywords : Tillage operation, Soil compaction, Cone index, Cohesion, Internal friction angle

(Canarache, 1991).
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T : Shear resistance of soil

C . Soil cohesion

tan o: Internal friction coefficient

o : Normal stress on shear-surface
[0) : Internal friction angel of soil
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Fig. 1 An example of estimating the relationship between normal
pressure and shear resistance.

A58 A% IRy =me+n)9 71719} ydBOZY
Fol AR EzkE 72 4 Sl o) |, A4

*
=
g o 29 nofl siFE, et ¢ 71279 d9

A A FeAde 292 F AN FFEA,
AL A BRI, A7 - EY 15 e ¥



), A7lezele) 18], AlzE 28, 2E) 19, 2E
23] 4gsich olelit 2RE 8% BEY o} 20

o HJ?L'
¥
4
i
iy
OFO
N
e
& o
?IE
o
EN

SL'
lo

ﬂ_.
2
ol iy,
o
of
32
v

o o?‘:'

.{

>,
2
=2
o
-r1‘
F
o
i
vk
oX
o

8, ez SAE dule e sdsiglion
o) 2qE A A 2ol F 6FFE AU
A Aol olF et SN ABEA 23, FF A7
0 AREE T AR F 4neR AP A9 £35S
A s 22 Ao3] Aele = flovt di=t 0.5 mss, =
Hel A& 02 misE SIgith 2 A el Jee] €%
H 540 Bile V] wie] 39 B2 S8k o
et EgellA] 2 gl sl 3R A
A& F4stn FEEQ HolH g vlusgint 74 A
2ol 63 ool Edks AlHst APHE S
AR I T2 54 o9 A, FHE S €
slod BEA]d A Adel dvdE Al skt
a8 28 ¥ 3 747 o A 2 oAy A
o] ¥4 AeiE HofFI gl ¥ A Mo 3 o) A
A2 Fote] Az AedY # 7K freiide] B2
o 20

3
[s2h=i3
i |
} A

SO

% e

e

i
i

robel thed Ak

Fig. 2 A view of an experiment field before tillage.
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Table 1. Cohesions and internal friction angles for various tillage
operations with 2 compactions by a roller before tillage

Operation tvpe Cohesion Internal friction
peration typ (N/er) angle ()
Before tillage 3.52 385
at surface
Before tillage 1.04 31.6
at 10cm depth
Plow only 1.25 29.9
Plow + rotary 1 1.19 317
Plow + rotary 2 1.03 31.8
Rotary 1 1.05 40.5
Rotary 2 1.30 389

Table 2. Cohesions and internal friction angles for various tillage
operations with 4 compactions by a roller before tillage

Operation type Cohesion Internal friction
© typ (N/em?) angle ()
Before tillage 323 48.3

at surface
Before tillage 2.71 44.5
at 10cm depth
Plow only 1.74 40.1
Plow + rotary 1 1.51 36.5
Plow + rotary 2 1.83 353
Rotary 1 1.05 405
Rotary 2 1.69 339
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Fig. 4 CI profiles for various tillage operations with 2 times of soil
compaction by a roller before tillage (3 replications).
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Table 3. Cohesions and internal friction angles for various tillage
operations at a test field of Yeoju
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Table 4. Cohesions and internal friction angles for various tillage
operations at a test field I of Seodun-Dong, Suwon

Operation type Cohesion Internal friftion
(N/em?) angle ()

Before tillage 1.46 31.4
Plow only 0.89 273
Plow + rotary 1 0.84 277
Plow + rotary 2 0.83 27.2
Rotary 1 0.57 26.7
Rotary 2 0.70 27.6

Table 5. Cohesions and internal friction angles for various tillage
operations at a test field II of Seodun-Dong, Suwon

Operation type Coheston Internal ﬁif:tion
(N/em?) angle ()

Before tillage 1.36 333
Plow only 1.03 28.5
Plow + rotary 1 0.63 28.6
Plow + rotary 2 0.63 294
Rotary 1 0.71 29.7
Rotary 2 0.85 283

Table 6. Cohesions and internal friction angles for various tillage
operations at a test field of Konkuk Univ., Chungju

Operation type Cohesion Internal friftion Operation type Cohesion Internal frif:tion
(N/em?) angle () (N/en?) angle ()
Before tillage 1.57 372 Before tillage 1.95 34.9
Plow only 1.00 30.2 Plow only 0.96 309
Plow + rotary 1 0.83 29.6 Plow + rotary 1 0.83 283
Plow + rotary 2 0.78 29.1 Plow + rotary 2 0.86 285
Rotary 1 0.75 30.6 Rotary 1 0.92 27.0
Rotary 2 0.78 295 Rotary 2 097 26.7
Table 7. Selected physical properties of soil for various test fields
Test field Moisture Content Wet soil czensity Solid. ratio Liquiq ratio Air .ratio porosity
(db, %) (g/em”) of soil (%) of soil (%) of soil (%) (%)
Yeoju 30.2 1.71 50 39 11 50.5
Seodun-Dong, Suwon 36.7 1.49 41 40 19 58.8
Chungju 323 1.84 53 45 3 475
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Fig. 6 CI profiles for various tillage operations at selected test fields.
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