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A Study of Relation Between Yamanaka Hardness and
Penetrometer Cone Index

Kyung Hwa Han, Hee-Rae Cho, Sang-Ho Jeon, and Yong-Seon Zhang*

Soil & Fertilizer Management Division, NAAS, RDA, Suwon 441-707, Korea

This study was conducted in order to compare between Yamanaka hardness (YA), hand-push type, and
penetrometer cone index (PE), on 16 upland sites. Yamanaka hardness had significant correlation with
penetrometer cone index. The regression equation was PE=1.80*YA+0.16 (R2=0.91***, N=16) with the
applicative YA range of 0.1-1.3 MPa.
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Table 1. Soil physical properties at hardness-measured depth in investigated sites.
Parameter’ BD TPS Vs Vw Va Sand Silt Clay Texture

Mg e R — viv, % W/W, Y% =mmmmmmmmmmmmee
Site 1 1.74 342 65.8 25.9 8.3 40.5 34.8 24.7 Loam
Site 2 1.57 40.6 59.4 332 74 26.9 44.5 28.6 Clay loam
Site 3 1.56 412 58.8 33.6 7.6 31.0 43.1 20.9 Loam
Site 4 1.29 51.3 48.7 30.2 21.1 95.8 2.5 1.7 Sand
Site 5 1.45 453 54.7 33.7 11.6 16.8 57.0 26.2 Silt loam
Site 6 1.30 51.0 49.0 22.1 28.9 76.9 16.9 6.2 Sandy loam
Site 7 1.51 43.0 57.0 314 11.6 49.7 30.9 19.4 Loam
Site 8 1.27 52.0 48.0 39.7 12.3 27.1 39.6 333 Clay loam
Site 9 1.49 43.7 56.3 36.9 6.8 532 33.0 13.8 Sandy loam
Site 10 1.39 47.6 524 432 44 84 62.9 28.7 Silt loam
Site 11 1.55 41.6 58.4 27.5 14.1 68.8 20.2 11.0 Sandy loam
Site 12 1.52 42.8 57.2 8.5 343 98.8 0.2 1.0 Sand
Site 13 1.16 56.1 439 413 14.8 52.0 382 9.8 Loam
Site 14 1.32 50.3 49.7 183 32.0 80.0 13.6 6.4 Loamy sand
Site 15 1.47 444 55.6 39.0 54 32.8 513 15.9 Silty clay loam
Site 16 1.51 432 56.8 31.1 12.1 63.0 20.1 16.9 Sandy loam

TBD, Bulk density; TPS, Total pore space; Vs, Volume percent of solid; Vw, Volume percent of water; Va, Volume percent of air.
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Fig. 1. Yamanaka hardness in investigated sites. Values are
the means of five replicates. Vertical bars indicate the
standard deviations of the means.
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Fig. 2. Relationship between penetrometer cone index
(DIK-5521) and Yamanaka hardness in investigated sites.
Values are the means of five replicates. Vertical and
horizontal bars indicate the standard deviations of the
means for each axis.

A0 Y D
RTINS EYAEe] el ASAAE

8.0—24.5 mm, A HE Cone index 0.83-2.5 MPaZ L}
Ehith (Fig. 1 & 2), AHE4) Ame] BASAgre 4557
200) rum L2 olE QLT MPa WMEAAS 1), A
7} 18 mm OO R =& Site 1, 2, 7oAE FHHFZthH
EEUA, 2 ol A] At

r
)



lo

346 st =

v S7kske Aoz YUeRdtt (Fig. 1. ole A48 %E mm
ool A MPa TH922o] WSt LI} 2|eHog FIIst
= FHE 19 A=t 3 il =2 o 7177 2
7] o2 Ty

2] A= WA 7= Cone index®] WAl 1H 2
of =AJE]o] Qlet, WHEZRe] HAPrL AR weh thEA] U
e gk vlaste] 2 A T AR A
Ax r=095" 2 GOy}, 3ARAS S AEAAE
o TAAF =S| PAAS Fei3lom o] 34| A8
e AT RIS Sl ASA7E 0.1 MPa o4
1.3 MPa ©Jsl, mm ©9]%2 8 mm O} 24.5 mm o|5}2} &
o Stk o] Ao mRE A4 E 18 mmi= Cone
index 1 MPad]|, 23 mm+= Cone index 2 MPa¢] a|g3l=
AR FAEIL ASAAE 23 mme TR #e|o]
Ao Eest Arg HiEo] Qlo] Silver et al. (1994)
o] 7|E AbsieE Az 4= QIQlH we Hies A
BF Aol AREAl AE 25 mmE 3P40 AgHeE 1l
oftt qlol 2 A4S 8T = gl

a4y 2 AFE T EGHEET BEGY WHolA

Z A4}
=

L=}

o fr mog

7 :
ol 2ene SRt AAATel 2gsr] SsiA
o}

AHES} Heol A s

A

454 & (YA, MPa)9t 4] 7%= Cone index (PE,
MPa) o] SAHAE EUEA0] thE 1671 A4 v|us|
2 Ay, oh3a 22 A 3 4 Aok

PE = YA*1.80 + 0,16 (R*=0.91" , N=I6)

o] 37AS] A8 AFAEE 0.1 MPa o) 1.3 MPa
o]a}, mm T2 8,0 mm oA} 24.5 mm ©]3}3itt,
At At
2 AT e sE3NTA TEATAY (@AHE:D PJ0060

5012011) B =¥sdateld dAerle A HEARY
(ZHAHAE: PJ007434201004)2] Aol 28] o]Foix A,

o]

e

o0

HO

(=)

AREFRI]. 1986, 5 ATAAHEA LT 52 4

37 TAE AR EFEA.

A, 294, A 1976. B =
AR, pp. 87-124.

de Jong, S.M., E.A. Addink, L.P.H van Beek, and D.

Duijsings. 2011. Physical characterization, spectral response

o

S

pi

BN

[¢]

>
e

_,d
re

T

Al

and remotely sensed mapping of Mediterranean soil surface
crusts. Catena 86:24-35.

Lowery, B. and J.E. Morrison, JR. 2002. Soil penetrometers
and penetrability in Method of Soil Analysis Part 4.
Physical Methods (Ed). Dick, W.A., Published by Soil
Science Society of America Book Series. Madison,
Wisconsin, USA.

Motavalli, P.P., S.H. Anderson, P. Pengthamkeerati, and
C.J. Gantzer. 2003. Use of soil cone penetrometers to detect
the effects of compaction and organic amendments in
claypan soils. Soil Till. Res. 74:103-114.

NIAST. 2000. Analytical methods of soil and plant. National
Institute of Agricultural Science and Technology, Rural
Development Administration. Suwon, Korea.

Raper, R.L. 2005. Agricultural traffic impacts on soil. Journal
of Terramechanics 42:259-280.

Silver, A.P., B.D. Kay, and E. Perfect. 1994. Characterization
of the least limiting water range of soils. Soil Sci. Soc.
Am. J. 58:1775-1781.





