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The Effect of the Water Content of Soil when
the Mole Drainer is operating

Kazuo Kojima :
(Laboratory of Agricultural Machinery, Faculty of Agriculture)

Abstract

It is necessary to know the effect of water content of soil on piercing resistance of ball and
shrinkage of hole when the mole drainer is operating.

Accordingly I measured the piercing resistance of ball and the cross-sectional area of hole
by making use of model drainer for sandy loam, which varied the water content and the
compressed pressure of soil.

The results are as follows:

1) Maximum value of the piercing resistance was obtained when the water content of
soil was less than the plastic limit. .

2) The piercing resistance increased with the increase of the piercing depth. But there
was no difference that was caused by the piercing depth at the water content over the plastic
limit. :

3) After piercing, the cross-sectional area to decreased, and therefore its shape changed
to an ellipse whose vertical diameter is longer than horizontal diameter.

4) The shrinkage of hole increased with the increase of the water content and the piercing
depth.

5) The shrinkage of hole was independent of the hardness of soil.

6) Considering on the shrinkage of hole and the strength of hole, piercing of the mole
drain is desirable in to a little hard soil layer when the water content is less than the plastic
limit.
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Table 1. Physical property of soil

Maximum water holding capacity (%) 36.0
Plastic limit (%) 23.1
Liquid limit (%) 28.1
True specific gravity 2.70
Grading (%)
Gravel 2.0 mm< 0
Sand 0.074~2.0 mm 50.0
Silt 0.005~0.074 mm 35.0
Clay 0.005 mm> 15.0
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Table 2. Cone bearing capacity (kg/cm?) '

Water content (%)
Depth  (em) 13.7 1638 202 233
6 3.1 4.0 2.8 —
9 5.0 5.3 3.0 —
15 5.6 5.6 3.0 —
Table 3. Cone bearing capacity of paddy field (kg/cm?)
Depth Measured value
{cm) 1 2 3 4 5 6 .7 8 Mean
5 3.3 3.3 33 2.9 2.9 2.1 2.9 2.1 2.8
10 4.5 6.4 7.2 3.7 76 - 50 5.6 6.3 5.8
15 6.3 7.6 — — — 7.3 7.2 8.0 7.3

R OMIT 2R, BERRLE lkg/cm? OFHTHEM LAEDOBHIERX 6,9, 15cm D LT A
DL FFRMAGE Lizd5, Tabled O LS5 RKEI L 2HBRAAL N, oz - rXEEHLES
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Table 4. Porosity and degree of saturation

Water content Porosity Degree of saturation
(%) (%) (%)
13.6 48.0 41.0
16.9 47.3 49.7
19.8 40.7 78.1
23.2 40.4 92.8

TLpaZERDEL, LOEMRBELEZZINTREIDELATINERS.
BREONBEB AL L CHB S ERT & Table5 DL 5 TH 5.

Table 5. Angle of internal friction and shearing strength
Angle of
Water internal Cohesion Shearing strength
content L. .
friction
(%) (kg/cm?) (kg/cm?)
13.6 41°09’ 0.19 r=0.87¢40.19
17.3 40°48’ 0.22 r=0.860+0.22
19.8 20°42° 0.31 r=0.380+0.31
23.3 9°28’ 0:14 t=0.17¢+0.14
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Fig. 2. Relation between water content and piercing resistance. {Extreme angle
of ball is 30 deg.)
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BHTHB, HATLENDLMEL EITE 5 & &KEA 13.6% ODEREDHHBEIBEKELSEDD
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Table 6. Existence of shear crack (Extreme angle of ball is 30 deg.)

Depth Water content (%)

(cm) 14 17 20 23
6 (2D) O O X X
9 (3D) O O X X
15 (5D) X X X X

O: Existence
X :  Unexistence

ERELE. SREBKREL 220 EHEMNMEY (BHRRR 23.1%) TAKKRD
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Fig. 3. Relation between water content and piercing resistance. (Extreme angle
of ball is 60 deg.)
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Table 7. Existence of shear crack (Exireme angle of ball is 60 deg.)

Depth Water content (%)

(cm) 14 17 20 - 23
6 (2D) o) o) L X x
9 (3D) O O X ) X
15 (5D) X X X X

(: Existence
X : Unexistence
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Fig. 4. Relation between water content and piercing resistance. (Exremet
angle of ball is 90 deg.)

Table 8. Existence of shear crack (Extreme angle of bail is 90 deg.)

Depth Water content (%)

(cm) 14 17 20 23
6 (2D) O O X X
9 (3D) O O X X
15 (5D) X X X X

O: Existence
% :  Unexistence
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GEFINEF ¢ ) COEBEHLbND LS HE L LORMEEL 20T, & LOBRMER
E AL 3 S IEB L THDITE > 1.

é;%OEﬁﬁﬁLﬁﬁ(u%VTmtT6)kmﬁﬁﬁ(u&Hﬁh&?b)OZTHMﬁL
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Table 9. Physical property of soil

Maximum water holding capac1ty (%) 35.8
Plastic limit (%) . 200
Liquid limit (%) } 30.6
True specific gravity - 2.69
Grading (%)
Gravel 2.0 mm< 0
Sand 0.05~2.0 mm : 61.3
Silt 0.005~0.05 mm 22.3
Clay 0.005 mm> 16.4

SAHAREOEBR LR L ST 14, 17, 20, 8% 0 45 E L, &KLk OELY, LOEHOH
H, GKEOHEMBEEE & SHHICH .

AT OMRT OB EL D 0.5,1.0, 1.5, 2.0kg/cm? D AMDEHTHEM L. O
LEDa—VvEFHEa -y RAbe A= TRUE LRI Table 10 0L 5T, BIXLD=

Table 10. Cone bearing capacity (kg/cm?)

Compressed Water content (%)
- pressure
(kg/em?) 14 17 20 23
0.5 2.0 1.5 0.86 —
1.0 6.1 3.1 1.23 —
s 8.0 5.0 1.63 —
2.0 10.6 6.4 1.82 —

—UEFHOERDE Y h o FIAKENB2BHD L B —-rXBIEBLAEELED
7. _
SBEATEHLEZODL, O &R, BFETIE LR Table 11, Table L20k5Th
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Table 11. Porosity (%)

Compressed

Water content (%)
pressure
(kg/cm2) 14 17 20 23
0.5 47.9 .44.0 37.5 39.3
1.0 45.8 40.8 36.6 38.9
1.5 43.4 37.8 36.5 38.9
2.0 41.1 36.3 36.1 38.7
Table 12. Degree of saturation (%)
Compressed Water content (%)
pressure
(kg/cm?) 14 17 20 23
0.5 40.4 58.2 88.8 95.4
1.0 44.3 66.7 93.2 97.3
1.5 49.9 75.2 93.6 97.3
2.0 53.9 80.3 95.3 97.4
RBRERELUER
Table 13.  The ratio of cross-sectional area of pierced hole to cross-sectional area of ball (Hole area ratio)
Water Compressed | Pierced Vertical Horizontal | Cross-sectional| B Hole area
. . ——— X100 .
content | pressure depth diameter | diameter area of hole A ratio
(%) (kg/cm?) (cm) A (mm) B (mm) {cm?) (%) (%)
: 2D _— — — — —
0.5 3D . . - . "
’ 4D 28.8 28.4 6.42 98.6 90.8
5D 28.6 28.4 6.38 99.3 90.2
2D — — — — —
1.0 3D . . . . .
’ 4D 29.0 28.7 6.53° 99.0 92.4
13.9 5D 28.8 28.6 6.47 99.3 91.5
2D — — — — —
1.5 3D . . . . -
: 4D 28.7 28.6 6.44 99.7 91.1
" 5D 28.6 28.4 6.38 99.3 90
2D — — — —
2.0 3D — — — — —
’ 4D 28.6 28.6 6.42 100.0 90.8
5D 28.6 28.3 6.35 99.0 89.8
2D — — — —_— —
0.5 3D 28.8 28.5 6.44 99.0 91.1
: 4D 28.8 28.4 6.42 98.6 90.8
5D 28.6 28.4 6.38 99.3 90.2
2D — — — — —
1.0 3D 28.8 28.5 6.44 99.0 91.1
’ 4D 28.9 28.4 6.44 98.3 91.1
5D 28.8 28.4 6.42 98.6 90.8
17.1 2D — _ — — —
15 3D 28.7 28.4 6.40 99.0 90.5
: 4D 28.7 28.4 6.40 99.0 90.5
5D 28.6 28.5 6.40 99.7 90.5
2D — — — — —
20 3D 28.6 28.5 6.40 99.7 90.5
’ 4D 28.6 28.5 6.40 99.7 90.5
5D 28.5 28.3 6.33 99.3 89.5
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Table 14. . The ratio of cross-sectional area of pierced hole to cross-sactional area of ball (Hole area ratio)

Water Compressed | Pierced Vertical Horizontal | Cross-sectional | B Hole area
. . — %100 .
content | pressure depth diameter | diameter | area of hole A ratio
(%) (kg/cm?) {cm) A (mm) B (mm) {cm?) (%) (%)
2D 28.7 28.5 6.42 99.3 90.8
05 3D 28.7 28.4 6.40 99.0 90.5
’ 4D 28.7 28.4 6.40 99.0 90.5
5D 28.6 28.4 ' 6.38 99.3 90.2
2D 28.9 28.6 6.49 99.0 91.8
1.0 3D 28.7 28.5 6.42 99.3 90.8
’ 4D 28.7 28.4 6.40 99.0 90.5
19.9 5D 28.6 28.3 6.35 - 99.0 89.8
2D 28.7 28.6 6.44 99.7 91.1
15 3D 28.5 28.3 6.33 99.3 89.5
’ 4D 28.5 28.3 6.33 99.3 89.5
5D 28.0 27.6 6.07 97.5 859
2D 28.6 28.6 6.42 100.0 90.8
20 3D 28.3 28.3 6.29 100.0 89.0
’ 4D 279 27.7 6.07 99.3 85.9
5D 27.7 27.4 5.96 98.9 84.3
2D 28.3 28.2 6.26 99.6 - 88.5
0.5 3D 28.2 - 280 6.20 99.3 87.7
’ 4D 28.1 27.6 6.09 98.2 86.1
5D 27.8 27.5 6.00 98.9 84.9
- 2D 28.8 28.6 6.47 99.3 91.5
1.0 3D 28.4 28.3 6.31 99.6 89.3
’ 4D 28.2 27.9 - 6.18 98.9 87.4
22.8 5D - 27.5 27.4 5.91 99.6 83.6
2D 28.7 28.6 6.44 99.7 91.1
15 3D 28.3 28.2 6.26 99.6 88.5
4D 28.1 27.7 6.11 98.6 86.4
. 5D 27.6 27.5 5.96 99.6 84.3
2D 28.5 28.4 6.35 99.6 89.8
20 3D 28.4 28.1 6.26 98.9 88.5
’ 4D 279 27.5 6.02 98.6 85.1
5D 274 27.3 5.87 99.6 83.0

(1 %s3ILOK

TANKE s HOERTAEL, &I EXMELELTEOMERERML, T ALK D TR K W
ERCHT AT RD I N T & 2 LWL & L7z, Table 13, Table 14 &k 14% ¢ A FLIE 2D,
3D, &k 17%¢AFLE 2D ITH VTR, HAILITL Y EEESEANBEB LA > TR E
rFLAEE L, FHHANDORRLLRAIESEL Ao ) LIcDTE 2 LOERDOIERE % HIE

DEBL EoT. FRAENAEEZERTY, WEMBICLY HEVERCEMEHTIRRI L
@zﬂﬂiﬁ@ BRERZ Lo d BN L.

WALKOREARERIX 3cm TE s LOWHAI DAL WL EI LRNALEVY, TRTOE &
HOVERORVBHERORI Y DT TRDEHKE V. KAVOEBERTI VEMORHSH
FROBLYKRENWZ LHEBEINTHY,; LEOERERLELDDE DL, & ARHIAO
IR RKENENL S,

VHE ORI+ HHEMOROKRE, Logkit, €AILEE, AILITOLOEMBEIK
Lo TRE Y —EOBREIRA LNED o T,

(2) &ikk L oBE

& LTI L RIS, LORKILERMICE Y, CATLRE 72 -2 —L LTLOEREN
TEikE LB L Fig.56,7,8 DEIITES. IHNOOERDPLEAKLOBKE EBITE & FLWF
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i DURFEASK & { % 2B hhibh s, THEEKEORIKE &b ITHRIE AT 5 DT,
THRFHEBOBMTED ) L OGBS ORABRL T2 LIERT L LEDRS.
HALRRAKOAUO TR FREB 5N 20, BMAIEIKE W EKPER DL % KT ds
HEEL %Y, EESTHTEAONDITRILE Y OBME2ET 2 EELNE. 2O DBMMITHL
REME SN DA, HAEGEELTLE) LELRZOEMEMETE30LB b5,
Compressed pressure 0.5 kg/cm?
O Pierced depth 6cm (2D)
D Pierced depth 9cm (3D)

® Pierced depth 12em (4D)
® Pierced depth 15cm (5D)

» -
;\; 90
.2 I
:3 .
1 9]
< L
2
e} -
2
:g 851
14 17 20 23

Water content (%)
Fig. 5. Relation between hole area ratio and water content.

Compressed pressure 1.0 kg/cm?

O Pierced depth 6em (2D)
O Pierced depth 6em (3D)
® Pierced depth 12cm (4D)
@ Pierced depth 15em (5D)
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Fig. 6. Relation between hole area ratio and water content.
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Compressed pressure 1.5kg/cm?

O Pierced depth 6cm (2D)
O Pierced depth 9em (3D)
® Pierced depth 12cm (4D)

® Pierced depth 15em (5D)
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Fig. 7. Relation between hole area ratio and water content.

Compressed pressure 2.0kg/cm?

O Pierced depth 6cm (2D)

O Pierced depth 9em (3D)

: ® Pierced depth 12cm (4D)

- W Pierced depth 15cm (5D)

/

[0}
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14 17 20 23
Water content (%)
Fig. 8. Relation between hole area ratio and water content.
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KBOEHTHLEORBRELIKKE BbbNb LEDN, BAUBICEANLLLBAEDE
FAMELORMIRE L RS0 LBbIS.
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L BE L ILWHEOEY, CAIICL S LBLFHOEANBEESLLbNEP 724D, 5D IO TH
H32E Tablelb5 DL H1T%h5E. ZHIKLBEAD DALY 5D DEFEDH A, BKEDEL

Table 15. Difference of hole area ratio (%)

Pierced Compressed pressure (kgfcm?)
depth

(cm) 0.5 1.0 15 2.0
12 (4D) 4.7 5.0 4.7 5.7
15 (5D) 5.3 7.9 6.2 7.8

95 E pHWHEOENKEL R >TnE. 2F hFAFEMRL 5 LEKLOEEHNKEL
Hobn & p LK LT nEnL B,

(4) OEMES & OB

FTOEEDOKMNE & t HOWME OB T M B e, & » FLETIL T REEIT 3 O FEHE E S T8I
EYXDEKRIEE S A -5 - L LTHAIRTEITE EDB L Fig.9,10,11,12 D L 5 1T% 5.

EKEDBKE S CAILBEBRNIZE, & 2 IHTMEANI VI ERHIR DB E Y TH B,
BREITA B E & 3 FLWT IR ERES 0.5~1. 0kg/cm? THEIM OB D, 1.0~2,0kg/cm? ¢
R OBEmMA D phtc b, L Lads & L LWk & 7 — I OBERE 4D, 5D OFH AT
ST LwbE, Figel3 0L51T%% (BAFLR 2D, 3D B EMLEAWE L cOTHRE, &
KH20% OBER 2~ VEHABIBEALLZNDTRALL), ThiTLBEa—VvERFINKE
S hoTh, ZrIMAEEAKRKIZELNTE89.5~91.5% OWHERIICH L. TaxbbE L HLEHED
Wig e OB (2 - YXFEHOKND) LRHERBEZVENZ LS.

TOEI L& LML L REENE N D EAE L, AKEEE & LML OBIE T AFLE
FNG A= =L TELEDBLEFiR4OL)IESL. THhITLSEGEKEE LTBAILENK
ELADIEEE L IMHEKANE L Z5EMBWOHLTDY, GREVBKRELS EDEBERAILRD
MBITL 2 & g LT OMBENKRES BT LA 5.

Pierced depth 6cm (2D)

" ® Water content 20%
® Water content 23%

O
o
T

Hole area ratio (%)

o8]
(3]
T

1 A 1

0.5 1.0 15 2.0

Compressed pressure (kg/cm?)
Fig. 9. Relation between hole area ratio and compressed pressure.
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Pierced depth 9cm (3D)

O Water content 17%
® Water content 20%
m Water content 23%

é\;l 90F , :
2 _ /\.—-
s | .
et
=L .
[3
s }
43
S 85
jao]
0.5 1.0 1.5 2.0

:Compressed pressure (kg/em?)

Fig. 10. Relation between hole area ratio and compressed pressure.

Pierced depth 12cm (4D)

O Water content 14%
0 Water content 17%
® Water content 20%
® Water content 23%

S 90f
o T
s 1
S
« N
()
St
‘d —
@
S 85t

1

0.5 1.0 1.5 ~ 2.0

" Compressed pressure (kg/cm?)
Fig. 11. Relation between hole area ratio and compressed pressure.
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Pierced depth 15cm (5D)

O Water content 14%
O Water content 17%
® Water content 20%
® Water content 23%

w0
=
T

Hole area ratio (%)

0
ol
T

1 H 1
0.5 1.0 1.5 2.0
Compressed pressure (kg/cm?)
Fig. 12. Relation between hole area ratio and compressed pressure.

® Pierced depth 12em (4D)
® Pierced depth 15em (5D)

i [ ]

u ..' b
. » o
Soof Ko "
SN .

e
=
5 L
<
O -
a
e [ =
2 85 F
| u
0 5 10

Cone bearing capacity (kg/em?)
Fig. 13. Relation between hole area ratio and cone bearing capacity.
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O Pierced depth 6em (2D)
O Pierced depth 9cm (3D)
® Pierced depth 12em (4D)
8 Pierced depth 15em (5D)

_—

W0
(=)
T

[o9]
(53]
T

Hole area ratio (%)

Water content (%)
Fig. 14. Relation between hole area ratio and water content.

o LWL & OB E LB R W Ll ds, Fo KAk 209 (BERA) TRt
DIEMEN>E ) LOBMI N E L AMTHICHET 2L5TH5.

Fig. 12 0% b LML HMEE Lixd o 2 ATESD OBAR DWW TERT 31T, 20% & h/h
TG TI & x FURFE K & ¢ 90% Witk DIBIE— B RT 2%, 20% 1% 5 L L OEMIE
HORKE EBITE L ILWHELE RHRDT S, SO 0B U EOEKLICE S & & & LT
i 84% ti DIgIE—EMERO>LIITA 5.

Gkt 209 DA OFEREES ORIKIT X b fafi i As 100% 5  1ZH K L (Table 12), % x %L
FBO L3 aKkE23%DEAOLBEMITET . ThbL E & VARG XSS MM N,
AT & 2 EM BB RO, EHO 5D LHEHHAT D, BHENS L —RML Y S/
Wi, TEDbLEAIIL 2EMPBENICED S & 3 LOWAE XY ) OFHKEL, & 27O
HEAEXY) OERE LD AKRENSARESICERHIN, CAILTOLEBL LE> T T & s
LU AL DM /NE D & R EIE— i e 72 30, L LEMIEE 9K & < % Y SafuEE Ak
T5E CARLR L 2EH TR T LK ORIRIL O 70 H 5B & IIRH ¢ T, TAKOTB E &
JRHEANBKELMLIDEEDbNS.

+OEMES D 0.5kg/cm? D& &, Ak 20% DA D HFIE 88. 8%, 7 T 58. 2%,
14%C40.4% L3 b3 HbTH A, & 2 LW 90.2% & —EMEL R LT 5.

Gk As 209 D& &, LoOEMESND0.5 1.0, 1.5, 2.0kg/cm? L#iK¥ BIToNn T BT
88.8, 93.2, 93.6, 95.3% &1k L, & x LMWL 90.2, 89.8, 85.9, 84.3% LA LTWE. &
NI LEKE 17 0L &, LOEHEHND0.5,1.0,1.5,2.0kg/cm? L9k L, faFifEHs 58. 2,
66.9,75.2, 80.3% LMK LT & x FLMFTIHIE 90.2,90.8,90.5,89.5% £ 13 L A YL TV EW.

FaFIEE DSR4 80% U FOBA R, MREMSHBRLTY 2 2 INERAERLANE ZELTIN
THAHH. FRMAEN S { bnB LA 3 E, THFHOBF EETTKTHLI N LE
ATENEEBDLNEOT, GKEIEDENRD > T & L MEHETMRLEZC L. 2F &Kk
B3 2095 T d EMEIT L b BFIE A BB H A D &, BKEN2BBOBEERMUEL S 24 %D
By AWEHOMAEMULTL 23D LEELNL. TAIENIDOBAIRABET LHNL 5.

PlEDRERICEAIIES, X s LOWBELELE LMk L CHARE s AT DL EORGYEL
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BT, & gk EkE, BALENMT 23 SRR EL 5D, —HEABRRLOE X &
(2~ vX%fh), CARNBHKECIEEREL BHH, GKENKEL 55 (MEERRAUE) ¢
ALRORBIZE 2EN ORI E S, 0 E s LOMBEREKEVNKENLBYL, CAHLE
BN LEE 2 ILRBE LT . |

BED LSt s LoIH, ME CALEROZZEONRIZ—HLEZNOT, YOk) i1l
ZHDOLERAILEZLRIBAPERE LY. 22 TEVOTAIBROMK LHMEIIT 2 &,
ExILORME, HMEOTESO UHRRALY B4PNZVAKEOLE, L LEoBVLEK
3DLIEDRE, D2 WEIKOBERDIEULDEIZDLEIAITHAILTEONLINWERS.
EAHHFRMRBICS > TEREBZNET AR, 57 2 OMENEFTHE Y KELNEL D
SHAKEHNDZ EHEF L,

i =

WAL & x CAIBOUAAS LR L AIT 2 & & DR, & £ LOWMRID, L0k
Lo T ITERINIDEMB I LW, HAKE s 2T T 20N> THEELXZLTHE. *
ITHBEAG TR, oakk TOEHMENEELATCERE T 7. 2bLRBHEe -2
TRV, ZORRTENTIERDEDITE S,

(1) RAFEFRWHRA (23.1%) LV P EVEKELO L EREMLRT.

2 YAEHSHAT 2 LHAIIEIR K E { 5208, SKILAEHRMALL EIT%E 3 L AILE
TRLBEROEREL R B,

(3) HAIHE LG L, BEFHCENEMAEE ..

(8) BkHPLURATLEORKRIZE S A E t LONMIRAE L % 5.

6) B LOWHRLOE S ORBLEEI FEVLITDH 2.

6) % xILOWH, % sHLOMEOTHOAIIONTERT 2L, HAEE » REKEMBEER
IVPULMEnLEE, 32BEECERCEALT20HEVEBDAS.

2 £ X W

1) AT, BAME r S ALBOMAKDEMAIKT 2 HE, Baxsemlens, $16%, A
RE%NO, 15, 1-11, (1967).

2) Baver, L.D., “Soil Physics”, 3rd ed., p. 400, Wiley, New York, (1956).

3) hEBF0HE, WALKF & x OMMBFICOWT, B KFESEWMHEBRYE, $18%, %, #28, 15-26, (19
69).
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