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Ã|Ì°" 
ÊU.�D/T É�/ÌU Ã�Y|/<Y $YE/]Y LY1/3� ,/] $1/-+Y�4 ÉZ/# v�/Q ^/Ì<Z°» = É�$= gZ/? ,/] {1]�» hZ:Ì:v4 $. Z# Z3� P1*< 

|//<$Y. .�]$Z//+ ÉY Ã.�-�//U $1//A ,//] gZ//? .//# Z3//� P1//*< f?Z//� É�//ÌU Ã�Y|//<Y $. É|//Ì*» $YE//]Y ^H//� L�= Z//] Ê-//�. ÉZ
 |3/�Z] Ê» gZ? ÊA=�z» .Z/] É.(1/T {=�/z» ^/Ë L.�/+=�T ÉY�/] RS/� |/@Y= $. �Z/Ì< .$1/» É=�/Ì< ,Ê/A=�z» f?Z/�

 .1/� Ê/» LZ/Ì] VZ°/�Z_Z´» W�/@�] LB |/@Y= = |�Z] Ê» gZ? $. .$Y|<Z-�Y .ZX]Y .)/�Y ÊSËY�/� $. Z/# ÃZ´-/�. ¾/ËY .�]$Z/+
 ;1< ,+ |/�ZH< Ã.Z*-/�Y C/]Z' ,/�$E» $. ..�/4 h!°D/» CÌ2. ,] LB É$1-+Y�4 )D_ .Z3/� P1/*< ÃZ´-/�. ^/Ë ª/Ì:v4 ¾/ËY $.

 ÉY�/] C/5@ C/]Z' É$YE/]Y ,/+ |/� ,-?Z/� = Ê/@Y�A �/2�-3+ =�/°Ì» ,/ËZ_ �/] Ã.Y. CÌ�/v4 7-�/Ì� ,/] E/6» Ê-�. VZ-Ì6Ë.
 /3+ Ê/» 7#Y�/T Y$ É�$= gZ/? hZ/X2ZS» $. ÊA=�z» f?Z� É�ÌU Ã�Y|<Y|.�Y =�/Ì< V|/H» Ê¸/"Y �/z] ,/� �Y ÃZ´-/�. ¾/ËY

 Ã.Y. CÌ�/v4 7-�/Ì� = É$1/< �´�/@ Z/] ª/5� É�/ÌU Ã�Y|/<Y &EÌ<Z/°» ,P1/*< É=�/Ì< É�ÌU Ã�Y|<Y ÉY�] $Y.�ÌU�� ^Ë �Ì4 ;1<
 )/�Y Ã|/� CÌ°D4 .VZË�/� C/]Z+ ª/Ë�A �Y Ã.Y. CÌ�/v4 7-�/Ì� ,/lTZ@ $. Ã|/� Ã�/Ì?P ÉZ/# Ã.Y.232-RS &�/< ^/Ë =
|//� ,-//�1< $YE//]Y LZ//]� ,//] ÃVisual Basic.1//� Ê//» Ã.Z-//��T Ê�//z� �41Ì~»Z//+ ,//] .,ÃZ´-//�. ¾//ËY Ê]Z//Ë�$Y ,//¸@�» $.

 |/� ,�/ËZ:» gZ/? LE/z» $. Ê#Z´D/ËZ»�B Ã|/� V�/-3+ OËY�/� $. .$Y|<Z-/�Y É$Z/64 Z3/�P1*< ÃZ´-/�. ^/Ë Z] LB .�°¸5�.
LZ/3Ì5AY RS/� $. Y$ É$Y. Ê/3X» k!-?Y ZËZ-<95%ZD/< ÃZ´-/�. =. ÉZ/# Ã.Y. ¾Ì/] .Y|/< L.Ã|/� Ê/@Y�A ÃZ´-/�. .�/°¸5�

ÊA $. = Ã.1] LZ3Ì5AY C]Z' |D/< Ã|#ZD/» Ê/°Ì<=�-°2Y Z/Ë = Ê°Ì<Z/°» C°D/» ,/<1U •Ì/# É�/ÌU Ã�Y|<Y .,-?Z/� ÃZ´-/�. L�=
 Ã|�6|�Z] Ê» ,T�" ,] L=�:» $ZÌ�] .1m1» ÉZ# V|» Z] ,�ËZ:»$. = Ã.Z� $ZÌ�] LB Z] L.�+$Z+ = Ã.1] &�U1¸Ì+ .

Ã#YÁ|Ì$¯:�P1*<Ã.Y. CÌ�v4 7-�Ì� ,ª5� �´�@ ,=�Ì< V|H» ,P1*< ,] )»=Z:» ,Ê-�. Z3 

1-6D<Y. LY�/4 ÃZ´D<Y. 7-�Ì�1Ì] Ê�|3/» Ã|°D<Y. ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» |�$Y Ê�Z3�$Z+ É1 
2-LY�/4 ÃZ´D<Y. 7-�Ì�1Ì] Ê�|3/» Ã|°D<Y. ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U .Z-�Y 
3-}�+ ,É�$=ZD+ Ê�|3/» = Ê3T hZ:Ì:v4 ,��1» Ê5¸� )‰Ì# 1i� 
4-,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U .Z-�Y LY�/4 ÃZ´D<Y. 7-�Ì�1Ì] Ê�|3/» Ã|°D<Y. 
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Ä&|'& 
gZ? ^Ì<Z°» $. ÊUƒË= W¸cY ,É�$=ZD+ ÉZ# |3�Z] Ê» Ã.$Y= ÉZ#=�Ì< C]Z:» $. gZ? C5X2Y u°� ,] {1]�» gZ? ÉZ#]1[.
W¸cY Z/ÌUƒË= ¾ËY ,] {1]�» Ê» gZ? &Z°v-�Y |3�Z] Z»� $=�» �YY $. fzD» gZ? ^Ë $. ,+ )Ë�Ë|/» ,ÊËY1/#= 8B OËY�/� ,L

 |33+ Ê» �ÌÌr4 ÃZÌU |�$ = gZ? .= Ê»Z°v-�Y ÉZ/ÌUƒË= ¾ËY Ã�Y| <Y ª/Ë�A �Y |/<Y14 Ê» gZ? �Y Ê�1< �#$. Z/<B hY�ÌÌr4 ¾Ì3n5#
 |<.�U ¾ÌÌX4 gZ? P1*< ,] )»=Z:» ZË = gZ? Ê��] )»=Z:» É�ÌU .= É�#Z/o Ê2Z/´Q ,/] É.Z/Ë� |/@ Z/4 Z# ,�zD» ¾ËY �Ë.Z:»

 ÉY1-v» |<$Y. Ê´-�] gZ? Ê-]1A$ .ÉY Ã�Y|<Y ,] ,gZ? L=$. É=�+ Ã�*@ ^Ë CÌ°D4 ÉY�] �ZÌ< .$1» $ZDT �´<ZÌ] P1*< ,] )»=Z:»
�] ¾Ì3n5# = Ã.�+ ,AZ@Y Y$ É.(1T {=�z» |<Y1-] ,+ = {=�z»  1S� ¾Ì] gZ°S"Y |�Z] Ê» ,|3+ ,H¸c LB kY�AY gZ?]2[.

.ZË� ÊU.�DT Z] gZ? $. LZ#ZÌU ,DË$<4 Ê5 |3+ P1*< |3<Y1 .�Y |/34$ZH� gZ/? ÊU.�D/T L|/»B .1m= ,] CË(.:1(hY=.Y ..�/4
 $. ¾Ì´3� ,�$E» $. �D+= É�$= gZ? hZÌ¸5� ¾Ì@2(= ^Ì<ZU$Y .Y1» .1H5+ �Ì] É�$= gZ? �YY $. gZ? $Z-?Z� ¾-T$ ¾Ì] �Y

|@ �Y3(gZ? ÊU|3H�Q �ËYETY]3[.= ,L.� ^�Ë. ,7z� ,Z#$1-+Y�4 = hY=.Y ..�4 |/<.�U ÊU.�D/T |/�Z] |<Y14 Ê» gZ? ;1< .
�Y �4(Z] ÊU.�DT  1S�2VZ°�Z_Z´» .1� Ê» 8B $1H� = ÊD°#� h!°D» ,] �63» ZË = Ã|� LZ#ZÌU ,DË$ |�$ G<Z» ..$Y1» ¾ËY

|� |#Y1? V1�v» �-5+ .�°¸5� ,] �63»]4[.
Ã�Y|<Y ÉY�] V=Y|-» ÉZ#$YE]Y , Ã.Y. )HY 7-�Ì� ,] E/6» ÉZ# Z3� P1*< L.$=B )/�. ,/] = gZ/? Ê/A=�z» f?Z/� É�/ÌU

 |3�Z] Ê» ÃZÌU |�$ �] LB hY�YY = gZ? Ê°ËEÌT >Y1? ,] {1]�» hZX2ZS» $. gZ? ÊU.�DT CÌT=�_ .Z/#$YE]Y ¾/ËY )/Ì]1Hv» C¸�
 �Y |34$ZH� :1(|3-�# ,T�" ,] L=�:» = LZ�B .�]$Z+ Z] ,GË�� Z/<B 2(3+ Ê» 7#Y�T Y$ CÌ¸v4 = ,ËE64 C]Z' ÉZ# Ã.Y. |/3 3(

|<�ÌU $Y�' Ã.Z*-�Y .$1» |3<Y14 Ê» gZ? Ã.$1z< )�. ÉZ# ,<15< ,] {1]�» hZX2ZS» $. ,+ |3-�# ÊËZ#$YE]Y)ÉY ,�$E» OËY��(]
5[.Ã�Y|/<Y ÉY�/] Z//<B �Y LY1/4 Ê/5< ZË = Ã.1H< Ã.Z*-�Y C]Z' É$1-+Y�4 ;1< ÉZ# Z3� P1*< ,+ É.$Y1» $. C5@ C]Z' ÉZ#$YE]Y ¾ËY

 ÉZ# É�ÌU |<1� Ê» G'Y= �Y1» $ZÌ�] .�+ Ã.Z*-�Y .ZË� .Ê/° <=�-°2Y Ã.Y. CÌ�/v4 ÉZ/# 7-�/Ì� ,] Ê-�. ÉZ#$YE]Y ¾ËY ,+ Ê-'=
 |33+ )HY Y$ P1*< ,] )»=Z:» ,] {1]�» ÉZ# Ã.Y. |3<Y14 Ê» ,|<1� E/6» .P1*< ,] )»=Z:»É�ÌU Ã�Y|<Y Z] Ê/A=�z» f?Z� ¾Ì/ X4 

.$Y|<Z-�Y O�14 ,+ .1� Ê»313.3SASAE)�Y Ã|� dË�X4 .$ZDT ÉY�] RS� |@Y= $. =�Ì< LYEÌ» �´<ZÌ] ÊA=�z» f?Z�

 $. .$Y|<Z-�Y .ZX]Y Z] É.(1T {=�z» ^Ë L.Y. |�Z] Ê» gZ? ª5� .$. $ZD/T VZ/5�Y RS/� LY1/3� ,] É.(1T {=�z» ,ËZ_ RS�
 .1� Ê» ,-T�U�l< .NY$ ,Ë=Y� Z] É.(1T {=�z» 30,m$. = Ã.1] LE< q<� .(1T u3m �Y|�Z  Ê» .{=�/z» ¾/ËY ,] C�-» ,¸Ì»
 .(1T u3m �Y EÌ<AISI 416|�Z] Ê» .= ÊU.�DT ŠZv2 �Y gZ? É|3] ,:HA ÉY�] Ê5+ É$ZÌX» f?Z� ¾ËY OËY�/� ¾Ì/3n5#

|�Z] Ê» Z# $1-+Y�4 ÊDD+]6[.
Ì_DG/5m $. Y$ LZ/@Y�A ÊËZ/<Y14 ÉE/Ì´<Y )*´� $1A ,] ^Ì<=�-°2Y = �41Ì~»Z+ ,3Ì»� $. �Ì?Y ÉZ# )T� ,É$=B m�Y.�/_ = ,

(Z] Z# Z3� P1*< ÉZ# Ã.Y. CÌ¸v4 = ,ËE64 )�Y Ã.�] .Ã�Y| <Y ,ª5� É�ÌU Ã�Y|<Y hYEÌ/64 = Ã.Y. VZ-Ì6Ë. É$=B G5m ÉZ# 7-�Ì�
 = =�Ì< LZ»E5# ÉZ# É�ÌU )�Y ,-?Z� �Ë%_ LZ°»Y Y$ ª5� .Ê2Z/´Q Ê/3Ì] �Ì/_ ,Ê<1/3+ ,-T�D/Ì_ hYEÌ/64 Z] = Ê¸XT OËY�� $.

)TZ] ,gZ? É�#Zo|�Z] Ê» �Ë%_ LZ°»Y gZ? �Y É�ÌU ,<15< L=|] = ÉY ,�$E» OËY��$. gZ? q<$ = )]1A$ ,.
m!4 ,-T�DÌ_ É�ÌU Ã�Y|<Y ÉZ# 7-�Ì� É�ÌU$Z+ ,] Z] Z# Z3� P1*< �Y Ã.Z*-�Y L.�+ Ã.Z� ÉZ-�Y$ $. É.ZË� ¾Ì::v» Ã.1/5<

|////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////<Y 
]7[.LY$Z°5#= u2= 1)1981(,] E/6» Ê-�. VZ-Ì6Ë. Z3� P1*< ^Ë ;1/< �Y ,/lTZ@ ^/Ë Z] C5@ C]Z' Ã.Y. É$=B G5m 7-�Ì� 
$Y1<|� LZ»� LB$. Ã.Y. Ã�Ì?P )ÌT�o �ËYETY |�Z] ,+ |<.�+ Ê@Y�A Y$ Ê�ÌAZ3r» ]8[.»^4$Z] = L1�Ë$12)1987 (P1/*< ^/Ë

 |<.�+ Ê@Y�A Y$ .1] ª5� É�ÌU Ã�Y|<Y ÉY�] �-»1Ì�<Z-_ ^Ë ,] E/6» ,+ Ê-�. VZ-Ì6Ë. Z3� .ÃZ´-�. ¾ËY $.G/5m 7-�/Ì� ^/Ë 
Ã.Y. É$=B, Version 4.5) Omnidate Polycorder (= É$=B G5m ÉY�] |� Ã.Z*-�Y Z# Ã.Y. Ã�Ì?P .Z/] ÃZ´-�. C+ L�=

 Ã.Y. É$=B G5m 7-�Ì�7/4|�Z] Ê» C5@ C]Z' �*< ^Ë O�14 ,+ .1] &�U1¸Ì+ ]9[.LY$Z°5#= 1<ZÌU$Z+3)2006 (Ã�Y|<Y |@Y= ^Ë

 �-»Y$Z_ ,+ C5@ C]Z' É�ÌU Ê+Z°S/"Y ÉZ//ÌUƒË= ¾Ì/3n5#= Ê/A=�z» f?Z� = gZ? Ê´-T$=�T ,Ê��] &Z°v-�Y CÌH' �Y ÊËZ#

 
1 - Wells et al 
2 - Morison and Bartek 
3 - Cargiano et al  
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 .�ÌU Ê» Ã�Y|<Y ,S:< ^Ë $. Y$ gZ?,Ê@Y�A Ã.�+ |3-?Z� =.Ê°Ì<=�-°2Y É�ÌU Ã�Y|<Y $YE]Y ¾ËY(Bevameter) {=�/z» ^Ë �Y
.$Y|<Z-�YASAE = ÊA=�z» f?Z� É�ÌU Ã�Y|<Y ÉY�] ? ¾Ì] gZ°S"Y ¾Ì3n5# = gZ $. fzD/» ª5� ^Ë $. ,+ Ê<Z»� E¸T

 ^/Ë ,fzD/» ª/5� $. gZ/? Ê/��] &Z°v-/�Y É�/ÌU Ã�Y|<Y ÉY�] ÊA=�z» Ã�_ ^Ë ¾Ì3n5# ,.1� Ê» Ã|<ZnÌ_ gZ? �´�/@ 
ÉY�] Ê63� �<�+ ÉZ# V|H» ¾Ì3n5# = ª5� É�ÌU Ã�Y|<Y ÉY�] ^Ì<1�Y�-2=Y É�/ÌU Ã�Y|/<Y ,/] )/»=Z:» $=Z-D/U = P1/*< 

Ã|� CÌ°D4 ÊDnÌ_)�Y ]10[.
|#. Ê» �#Z+ Y$ É�ÌU Ã�Y|<Y )'. ,+ |�Z] Ê» Z/<B P1*< )��� Ê-?Y13°ËZ< Ê-�. ÉZ# Z3� P1*< WËZX» �Y Ê°Ë .Z3/� P1*<

 Ê-�. ÉZ# ,+ |<$Y. .1m= $.Z/" .1� Ê» }$Z? .$Y|<Z-�Y |@ �Y P1*< )��� ,+ Ê<Z»� $. Y$ Ã|3#. $ZS?Y Ê41" VZ3´Ì� ^Ë Ê/»

|33+]9[.
:v4 ¾ËY �Y k|# = )?Z� ,Ê@Y�A ªÌ .1/] É�$= gZ/? hZX2ZS» ÉY�] Ê°Ì<=�-°2Y C5@ C]Z' Z3� P1*< ÃZ´-�. ^Ë Ê]ZË�$Y .

ÃZ´-/�. ^/Ë Z/] Y$ ÃZ´-/�. ¾/ËY hZ�ËZ:» ZËZ-< ¾Ì3n5# = Ã.�+ RË�D4 Y$ ÃZ´-�. ¾ËY �Y Ã.Z*-�Y = Ê@Y�A ÉZ# m=$ ,2Z:» ¾ËY
|3+ Ê» LY13� É$Z64.

ZV7Á� Á {Y-& 
Z# Z3� P1*< Ê@Y�A $. C/5@ C/]Z' �/*< ^/Ë O/�14 = Ê-@Y$ ,] Z4 Ã.1] ^H� ÃZ´-�. L�= ,+ )�Y 81¸S» ,Ê-�. É|/�Z] .

 1S/� $. hZ/X2ZS» $1/l3» ,] ÊA=�z» f?Z� .ZË� ÉZ# Ã.Y. É�Z� Ã�Ì?P )Ì¸]Z' ,ÃZ´-�. 81¸S» hZ�zD» �´Ë. �Y ¾Ì3n5#
 Ê�z� �41Ì~»Z+ ^Ë ,] Ã|� Ã�Ì?P ÉZ# Ã.Y. VZ:-<Y ‹Z-ËZ/< = |�Z] Ê» e$E] |/�Z] Ê» $Zl-<Y .$1» É|X] ÉZ# CÌ¸v4 ÉY�] ..Z/X]Y

 .$Y|<Z-�Y $. LB ,] C�-» ,¸Ì» = É.(1T {=�z» .$Y|<Z-�Y313.3 SASAE =. $. =Ã�Y|<Y d/¸-z» )/�Y Ã|/� LY1/3�.1-
�S' Z] ÊA=�z»mm27/20�S' Z] ,¸Ì»= mm88/15= &�< ÉZ/+Z? ÉY�] 2-,ËZ_ �S' Z] {=�z» mm83/12/¸Ì» �/S'= ,

mm 35/9,¸Ì» V1A= �-°Q1+ .ZX]Y �Y Ã|� Ê@Y�A ÃZ´-�. $. ,)z� ÉZ/+Z? ÉY�] cm60{=�/z» ¾Ì/3n5#= 30,/m$.

 |� Ã.Z*-�Y .LE< q<� .(1T �Y ,¸Ì»= {=�z» u3m316AISI É$1/A ÃZ´-/�. ¾/ËY = |� ,Ì/4 É$Z°3Ì�Z» hZÌ¸5� Z] ,+ Ã.1] 
»= ,¸Ì» LY1-] &�< gZ? OËY�� $. ,+ Ã|� Ê@Y�A .15< ¾ËE´ËZm Y$ �-U$E] .ZX]Y Z] {=�z .=�� ,] {=�z» ¾Ì3n5# Ã|� Ã=�$ ,¸Ì»
 �Y .$Y|<Z-�Y Z] ª]ZS» {=�z» �ËZ� ,+ ÊX'Y1» Z43%.15< ŒË1X4 Y$ LB LY1-] |3+ �=Z64.

Á�Ì0 )�Ì= Ã*Y|0Y :|� Ã.Z*-�Y $Y.�ÌU �� ^Ë �Ì4 �Y ,C� .12 Ê@Y�A $1l3» ,] ÃZ´-�. ¾ËY $.)Ã$Z5� C°�1.(É=�Ì< �w+Y|@ 
C�.12 ¾ËY ,] Ã.$Y=50$. &�U1¸Ì+ |�Z] ¾Ì»Z4 C]Z' �*< ^Ë O�14 Z4 |� ,-T�U �l< .É�ÌU Ã�Y|<Y C]Z' ÊA=�z» f?Z� �w+Y|@

 =�Ì< ¾ËY Z]4|�Z] Ê» VZ°�Z_Z´» .LB .ZX]Y ,+ Ã.1] .(1T u3m �Y ÊHX°» ,XS' ^Ë Ê�Z64$Y ��3� mm4×50×110 
�A V1"Y ,m14 Z]C�.12 Ê@Y CÌ-�Y �YAISI 4340hZ�zD» Z] )MPa207(E=|� 8Zz-<Y ...Z3� �<�+ =.120Ê5#Y 

|� Ã|<ZH�Q LB ¾Ë�Ë� RS� $. �´Ë. ÉZ4 =. = ÊË=$ RS� $..O�14 LB É.=$= ,+ Ã.Y. L1�4= C_ CÌ°D4 Z3� �<�+ $Z/Q
 É�4Z] ^Ë6.1� Ê» ¾Ì»Z4 Ã.Y. CÌ�v4 7-�Ì� �Y )2= .14 EÌ< C_ Êm=�? C]Z+ O�4CÌ�v4 7-�Ì� ,] $Y. ��1_ ÉY ,-�$ 

.1� Ê» Ã�Ì?P = Ã|� C�-» Ã.Y. .|�Z] Ê» mZD-cY hY�ÌYZ4 �#Z+ C�.12 ¾ËY $. $Y. ��1_ C]Z+ �Y Ã.Z*-�Y )¸�.

Ã�Z57 6°71–Ã*Y|0Y )Y�] 3-QeÁ 6W Á �Y{� = �� 12 )�Ìe 6�{-· =Á�Ì0 )�Ì 
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 6�{-· 3-Ì�Y�4Ì·Z¯:+ |ËZ] Z# V|H» WË�j = É�Ë%_ $Y�°4 )Ì¸]Z' ,|<Z5�_ LYEÌ» ,)Ì�Z�@ L1Q ÊËZ#�-»Y$Z_ Z4 |<1� Ã�HÌ2Z
 .1� ¾ÌÌX4 L1Ì�Y�HÌ2Z+ .C�.12 É=$ É$Y%U$Z] ÊX'Y= OËY�� ,]ZD» LB É$Y%U$Z] OËY�� ,+ É�n�°ÌT g$Y|4 �Y u_ $1l3» ¾Ë|]

 |� &Z6<Y L1Ì�Y�HÌ2Z+ ,)�Y .Z4 �*" �Y ÉY ,¸_ h$1" ,] $Z]70�U1¸Ì+ �Y Ã.Z*-/�Y Z/] L1�4= C_ Êm=�? = |� VZ5�Y C�.12 �] &
|� É�ÌU Ã�Y|<Y VZ-Ì6Ë. �-» Ê-21» .Ã�Y|<Y �-» ¾Ë�-�Y ÃZ´-�. O�14 �<�+ LYEÌ» L1Ì�Y�HÌ2Z+ )'. L.�] (Z] $1l3» ,] ¾Ì3n5#

 |� É�ÌU .h$1" ,] $Z] ,�Z6» É=�Ì< �w+Y|@ ,] L|Ì�$ �Y u_ ,V|H» |<Z5�_ LYEÌ» ¾ÌÌX4 $1l3» ,] Ã.Y. �#Z/+ �*/" Z/4 ÉY ,¸_ 
|Ë.�U )HY ‹Y.|6» C"Z@ ÉZ# �<�+ = 0Z-2= = |�.

6�{-· Ã|0�Ì=�] �{ ZZ\ :V|H» Ã|<�ÌU �] $. 8Z'=�Ì< ��3� ,+ É$1A ,] Ã|� ,-?Z� Ê<Z-v4 = Ê<Z'1T )5�' =. �Y 
.$Y. Ê» ,´< = Ã.Y. ÉZm .1? $. Y$ Ê�Z64$Y .$ Ê:TY ,-�. ^Ë ,] VZ�4Y LZ°»Y Ê<Z'1T )5�' ¾5j Ê<Z-v4 )5�' = ,-?Z� ZÌ/» Y

,P1*< ,¸Ì» É�ÌU�] $. |#. Ê» $Y�' Ê�Z64$Y ��3� Z] NZ54 $. Y�<B .Y$ ÊH<Zm ÉZ/D34 ,Ê<Z-v4 )5�' $. .1m1» ÊS? ÉZ/<Z'Z4ZË
.�Z� Ê» C:-3» Ê�Z64$Y ��3� ,] Y$ É$1v» ÉZ#=�Ì< O:T = Ã.�+ 8%m .,+ )�Y Ã|� Ê@Y�A É$1A V|H» Ã|<�ÌU�] $. 8Z'

Z'|�Z  Ê» Y$Y. Y$ d¸-z» ÉZ# )»Zzj Z] Ê�Z64$Y ÉZ#��3� �Y Ã.Z*-�Y )Ì¸] .ÉZ/+Z? $. Y$ ÃZ´-�. �Y Ã.Z*-�Y LZ°»Y )Ì¸]Z' ¾ËY
.�Z� Ê» ZÌ/» �-DÌ] ÉZ# ª5� = d¸-z» .�Y Z# 8Z' ¾ËY u3mPVC ÊË(Z] &Z°v-�Y �Y = ^H� $ZÌ�] Z/<B L�= ,+ Ã.1] Ã.�DT 

$Z°�Y�4 hZÌ¸5� Z] = |<$Y.$1?�]|<Y Ã|� Ã.Y. C°� É$Z+ ��T = É.G'Y= $. = Ã|� C�-» �´Ë|°Ë ,] Ã�/» = •Ì_ O�14 8Z' =.
C�.12 ÉY�] Ê#ZU ,Ì°4|3+ Ê» 7#Y�T.
e5] )�Ì= Ã*Y|0Y :C"Y1T ,] = ,-�1Ì_ Z< h$1" ,] ª5� É�ÌU Ã�Y|<Y C5� ÃZ´-�. ¾ËY $. mm10.1� Ê» &Z6<Y .C5�

Ã�Y|<Y Ê» ;=�� Ê»Z´3# ª5� É�ÌU .1�P1*< {=�z» ÈËZ_ RS� ,+ |��] ¾Ì»� RS� ,] gZ? $. Ã|33+ .C5� LY1-] ,°3ËY ÉY�]
Ã�Y|<Y O? ^Ë �Y Z4 .1] &�( .Y. &Z6<Y P1*< ª5� �Y Ê"Z? {Z:< $. Y$ ÊA=�z» f?Z� = ª5� É�ÌU f?Z� Ê4$ZH� ,] ZË �+

Ã�Y|<Y ..�U Ã.Z*-�Y É�ÌU .Ê¸Ì» =. )»Zzj ,] Ê'$= �Y $1l3» ¾ËY ÉY�] �-» Ã.Z*-�Y|�.7? Z] ,+ ÈË=Y� $. LB É$Z+90,,m$. 
,XS' C"Y1T ,] LB É=$ �] ,+ |Ë.�U C"Z@ ÉY mm10Z# vY$1� Ë�S' ,] Êmm4.Z6ËY|�.C]Z' ª5� Ã�Y|<Y 

&EÌ<Z°» ¾ËY O�14 É�ÌU cm55|�Z] Ê» .CÌ°D4 ŽYEmY �Y |34$ZH� &EÌ<Z°» ¾ËY Ç|3#.)1(É.Z# g1¸])2(Ì»Z53#Y$ È¸)3(,ËZ_

)4(ª5� f?Z�)5(É$1< �´�@ =)6(VZ�4Y hZXS' Ã|3#. .Ã$Z5� C°�)2(ÃZ´-�. Y$ hZXS' ¾ËY 0Z-<1» �Y C"Z@ Z] �A

Ê» LZD< C»Z+ |#. .g1¸] VZ�4Y Z] •Ì_ =. O�14 ª5� É�ÌU Ã�Y|<Y &EÌ<Z°» Ê» C�-» ÃZ´-�. ,] ,8Z' ,] É.Z# .1� .��A$Z+

�� ¾Ë|] )5�' ¾ËY,-�. É=$ �] =�Ì< VZ5�Y Z] ,+ )�Y  ,LB ,] C�-» &EÌ<Z°» )C�.12 Ã|<�ÌU�] $. 8Z' = ,¸Ì» ,�156» (,]

,lv2 $. )�$. = Ã.�+ )+�@ ¾ÌËZ_ )5� Ê» gZ? RS� ,] {=�z» Ç|�Z' ,+ ÉY Ã�Y|<Y &EÌ<Z°» ,ËZ_ |�$ É=$ �] ª5� É�ÌU
Ê» $Y�' gZ? RS� XS' ,Z53#Y$ È¸Ì» ,,ËZ_ h$1" ¾Ë|] .�ÌUVZ�4Y ÈÊ» )]ZY gZ? RS� �] ª5� f?Z� = Ã|3#. |<Z» .È»Y.Y $.

Ê» P1*< gZ? $. {=�z» ,+ )+�@ g1¸] |3+ Ê» )+�@ ¾ÌËZ_ )5� ,] EÌ< É.Z# |3+ .,¸"ZT �]Y�] gZ? $. {=�z» P1*< $Y|:» 
)�Y ÉY g1¸] ,+ Ã�Y|<Y f?Z� É=$ �] É.Z# Ê» ÊA ª5� É�ÌU |3+ .Ê» ¾ËY�]Z3] Ã�Y <Y C5� LY14 È¸"ZT ªË�A �Y Y$ ª5� É�ÌU

g1¸] O�14 Ã|� ÊA Ã�Y|<Y f?Z� É=$ �] É.Z# .Y. &Z6<Y ª5� É�ÌU .g1¸] É=$ �] É$1< Ã|<�ÌU = Ã|3-��T �´�@ ^Ë W�< Z]
 ,�´�@ ,X�Y L|� C"= = GS' = f?Z� É=$ ÉZ# vY$1� �Y ^Ë �# C]Z:» �Y �´�@ $1H� Z] ,{=�z» ¾-T$ ¾ÌËZ_ ¾Ì@ $. ,É.Z#

Ì� ,] Ê�2Z_ CÌ�v4 7-�Ã.Y. �´<ZÌ] &Y|+ �# ,+ .1� Ê» VZ�$Y mm10ª5� �Y|�Z  Ê» .C5� È54Z? �Y |X]
Ã�Y|<Y Ã�Y <Y &EÌ<Z°» C+ gZ? �Y P1*< È¸Ì» L|� }$Z? Z] É�ÌU .1? ÈÌ2=Y )ÌXj= $. = Ã.�+ )+�@ (Z] )5� ,] EÌ< ª5� É�ÌU

Ê» $Y�' .�ÌU .<Y �+ O? ,] ¾ÌËZ_ $. ,+ ÉY ,ËZ_ fÌzD4 ÉY�] ÊT�A �Y = Ã.1] gZ? É=$ �] ÃZU ,Ì°4 .1� Ê» C�-» É�ÌU Ã�Y|
.=$ Ê» $Z+ ,] CÌ�v4 7-�Ì� O�14 gZ? RS�.

6ÌJ@e [fQÌ�Ã{Y{:CÌ�v4 7-�Ì�Ã.Y. (Data Acquisition System) �] ,+ |�Z] Ê» Ê2Z-Ì6Ë. 7-�Ì� ^Ë 
ÉZ# �2�-3+=�°Ì» ,ËZ_8Ã.Y1<Z? �Y Ê3Ì_ AVR (ATMEGA 32) )+�� ATMELÉY$Y. ,+ |�Z] Ê» KB32,lTZ@ 

,»Z<�],KB2Ã.Y. ,lTZ@ (RAM)=KB1|�Z] Ê» �Ë%_ |Ë|64 $ZU|<Z» ,lTZ@ .�2�-3+=�°Ì» ¾ËY $. m�Y.�_ )��� d:� 
MHz16|�Z] Ê» .

,¸Ì�= ,] 7-�Ì� ¾ËY $. $YETY &�< Ê@Y�ACODE VISION AVR LZ]� ,] =C|� &Z6<Y .$Y|<Z-�Y .Y14 ,Ì¸+ ,] G]
)�Y Ã|� ,5Ì5j ,»Z<�] ,] YE6» ÉZ# CËZT h$1" .�ËZ5< ¾Ì3n5# = )Hw» = Ê*3» É$ZD�Y .Y|�Y L.�+ .$Y= LZ°»Y G]Y14 ¾ËY
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|�Z] Ê» Y$Y. Y$ �]$Z+ O�14 Ã|� 8Zz-<Y ÉZ# ,3ËEU )TZË$. = �]$Z+ ,] 7-�Ì� ÉZ# &ZÌ_ .^Ë Ã.Z*-�Y .$1» ÊH<Zm ,lTZ@
EEPROM )+�� �Y ATML$Y. ,+ )�Y ,lTZ@ ÉY KB 256|�Z] Ê» .Z] Z# LZ»�T = hZ�!AY VZ:-<YEEPROM �Y 

u~Ì¸ÌT ,5Ì�=. C°4=�_ ªË�A(Philips,12C).1� Ê» &Z6<Y .¾Ë  ªË�A �Y {ZH4$Y ÉY�] &�( ÉZ# CËZT )/m ¾Ì5# ,]
)�Y Ã|� ,5Ì5j ,»Z<�] ,] C°4=�_ .�] $ZÌ-?Y$. €1T ,lTZ@ )Ë�Ë|» ÉY�] �ZÌ< .$1» G]Y14 ‹Z35j ,¸Ì�= ,] Z4 |�Z] Ê» uË1< ,»Z<

.�ÌU &Z6<Y Ê-@Y$ ,] �ZÌ< .$1» hZÌ¸5� ¾Ì3n5# = ,-�Y. .1m= ,lTZ@ ,S:< �# ,] ÊT.Z�4 Ê��-�. Z/<B .É$1A G]Y14 ¾ËY
 ,Ã.Z*-�Y $Z] �# $. ,+ |<Y Ã|� Ê@Y�A10E» Ã$Z5� ,xË$Z4 )HY ÉY�] ,+ |3#. Ê» $Y�' Ã.Z*-�Y .$1» LZ»E5# $1A ,] Y$ )ËZ] ,,�$

 Ã$Z5�g1¸],Ã.Y.= ª5� =�Ì< V|H» Ã.Y. &Y|+ �#2)ËZ] .�ÌU Ê» $Y�' Ã.Z*-�Y .$1» .$YETY &�< �Y ,7-�Ì� É�Z� ,ÌH� ÉY�]
PROTUES|� Ã.Z*-�Y .|Ë.�U GT$ = fzD» ÃZ´-�. )?Z� �Y �Ì_ Z#ZS? �Y É$ZÌ�] ,6Ì-< $. .$Y|» Ê@Y�A ÉY�]

 ,»Z<�] �Y Ê°Ë�-°2YPROTEL DXP-2004-�Y |� Ã.Z* .&Z6<Y ÃEÌ2Z-» = ,Ë=$=. Ê°Ì<=�-°2Y .�] )?Z� )/m $Y|» Ê@Y�A
|� ..�] .ZX]Ycm20×15)�Y Ã|� É$Z+ vY$1� |Ì¸+ ,v*" = �ËZ5< ,v*" W�< ÉY�] ÊH�Z3» ÉZ# Cv» LB $. = )�Y .

Z#EË1< k%@ ÉY�] ¾Ì3n5## )5�' = |<|� gZ_ |Ì�Y Z] Z# 7Ì� �Ì�» $. O:T .�] k�A =. Ê�» �+=$ �# Ê�» $Y. ��1_ ÉZ
.�] k�A =.|� C�-» ¾Ì»� VZ�4Y ,] .Y$ m=$ ¾ËY �Y Ã.Z*-�Y POWER-PLAIN|3Ë1U Ê» .C°� $. Ã|� Ê@Y�A 7-�Ì� 

Ã$Z5�3)�Y Ã|� Ã.Y. LZD< .LZ]� ,] ,+ ÉY ,»Z<�] ,¸Ì�= ,] 7-�Ì� ,lTZ@ $. Ã|� Ã�Ì?P ÉZ# Ã.Y.Visual Basic 6.0 
É�� C]Z+ ,¸Ì�= ,] Ã|� ,-�1<RS-232.1� Ê» )TZË$. �41Ì~»Z+ O�14 .É.=$= 0Z-2= 6�Y CÌ�v4 7-�Ì� ,Ë%r4 ÉY�] )2= 

.1� Ê» ¾Ì»Z4 0$Z� C]Z' É�4Z] ^Ë ªË�A.

6°72-1ÌeZ57Êf�{ HÀ�c-N0 Ã|7 )*Z� ÄÌ47 

W�< LZ°»É$1< �´�@

C�.12

É.Z# g1¸]

RS� fÌzD4 ,v*"
gZ? 

C�.12 8Z'

ª5� f?Z�
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6°73-6ÌJ@e [fQÌ� Ã{Y{ 

ÃZ´f�{ �Z¯ Ã-@0 :» �*< ^Ë O�14 Ê-@Y$ ,] Ã|� ,-?Z� ÃZ´-�. &Z/6<Y Y$ Ê/A=�z» f/? Z/� É�ÌU Ã�Y|<Y C5� |<Y14 Ê
|#. .�Y É.$Y1» É�ÌU Ã�Y|<Y ;=�� �Y CH' Y|-]Y $. ,|3+ Ê» 8Zz-<Y É$Y.�] Ã.Y. $1l3» ,] Y$ ,S:< ^Ë $14Y�_Y ,,�$E» $. ,+ Ê»Z´3#

 É�ÌU Ã�Y|<Y �ZÌ< .$1» ª5� ,C�.12 L1Ì�Y�HÌ2Z+ ,2.ZX» CÌH')Y|<Y f?Z� É=$ ÉZ# vY$1� .Y|X4 Z//<B ¾Ì] ,¸"ZT = ª5� É�ÌU Ã� (
=,/lTZ@ $. = Ã|/� 7-�/Ì� .$Y= |/Ì¸+ ,v*/" ªË�A �Y $Y�°4 .Y|X4 ,g1 ]̧ Ã$Z5� ,,�$E» Ã$Z5� ,xË$Z4 CÌH' �Y É.$Y1» ¾Ì3n5#

 .1� Ê» Ã�Ì?P .,3ËEU $14Y�_Y ,)2Z@ ¾ËY$.RUN Ê/» $Y�/' Ã.Y. )/TZË$. ÉY�] mZ] Ã.Z»B )2Z@ $. Y$ ÃZ´-�. ,+ Ã.�+ 8Zz-<Y Y$ 
|#. .7-�Ì� ,] C�1-T �´�@ O�14 |�Z] Ê» �*" ª5� �´<ZÌ] ,+ u2Z_ ¾Ì2=Y ,|��] gZ? RS� ,] {=�z» ,ËZ_ ,°3ËY Œv» ,]

 $1/4Y�_Y �Y Z/# Ã.Y. Ã�/Ì?P �] Ê3H» Ê2Y1� 7-�Ì� ,|Ì�$ Ã|� ¾ÌÌX4 CH' �Y ª5� ,] {=�z» ,°Ì<Z»� = .1� Ê» VZ�$Y Ã.Y. CÌ�v4
 |Ì¸+ 8Zz-<Y h$1" $. ,+ |��_ Ê»YES |<1� Ê» Ã�Ì?P ÃZ´-�. ,lTZ@ $. Z# Ã.Y. ,.,,/�$E» $. É�/ÌU Ã�Y|<Y ,¸@�» LZËZ_ $.

 VZË�� C]Z+ �Y Ã.Z*-�Y Z] ÃZ´DËZ»�B $. Ã.Y. CÌ�v4 7-�Ì�RS-232 �41Ì~»Z+ ,] Z# Ã.Y. = Ã|� C�-» Ê�z� �41Ì~»Z+ ^Ë ,] 
,//] ÉY ,//»Z<�] �41Ì~»Z//+ $. Z//# Ã.Y. )//TZË$. $1//l3» ,//] ..�//U Ê//» VZ//�$Y LZ//]� Basic 6 Visnal  |//� ,-//�1<

(PENETROMETER DATA RECORDER) CËZT ^Ë$. L1-� �� $. = )TZË$. Y$ Z# Ã.Y. ,+ Excel LZD< 
|#. Ê».
3-&*8ÃZ´f�{ Ê]Z2*�Y Á

= ÃZ´-�. Ê]ZË�$Y $1l3» ,] Ê3T hZ:Ì:v4 ,��1» gZ? LEz» $. ÊDËZ»�B ,LB Z] Ã|� É�ÌU Ã�Y|<Y ÉZ# Ã.Y. )v" �Y LZ3Ì5AY
 |� &Z6<Y }�+ É�$=ZD+ Ê�|3/»= .LB )]1A$ É1-v» = Ã.1] Ê»12 Ê�$ LEz» ¾ËY gZ?12%.1] .,Z3/� P1/*< �ËZ»�B �Y CH'

 $. Ã.�DT ÉZ# ,Ë( .Z6ËY )/m = 81¸S» ª5� gZ/? É�Z/� Ã.Z/»B ÃZ´-/�. �Y $Zl-<Y .$1» |@ ,] gZ? )]1A$ L|<Z�$ ¾Ì3n5#
(Soil Processor Unit)ÊU.�DT = |� Ã.Z*-�Y ª/5� $.cm20-10|/� .Z/6ËY .É$Z/64 Z3/� P1/*< ÃZ´-/�. ^/Ë �Y

)Ejkelkamp(1
C°� $. ,+ |� Ã.Z*-�Y |#Z� ÃZ´-�. LY13� ,] 4)�Y Ã|� Ã.Y. LZD< .=�/Ì< V|H» ^Ë ÉY$Y. ÃZ´-�. ¾ËYS

Ê» P1*< ª5� É�ÌU Ã�Y|<Y ÉY�] ^Ì<1�Y �-2=Y �´�@ ^Ë ¾Ì3n5# = P1*< É=�Ì< É�ÌU Ã�Y|<Y ÉY�] C°�|�Z] .|@Y= ^Ë ¾Ì3n5#
Y$ gZ? ÊU.�DT CÌT=�_ É�ÌU Ã�Y|<Y ¾Ì@ $. ,+ Ã|� W�< ÃZ´-�. É=$ �] Ã.Y. É$=B G5m|<Y14 Ê» LZD< |#..

�Y CH' ,] {1]�» ÉZ# Ã.Y. ,+ |� ÉEË$ ,»Z<�] ÃZ´-�. =. �# Ã.Y. CÌ�v4 ÉZ# 7-�Ì� ,�ËZ»�B ;=��28=. �/# O�14 ,S:< 
..�U Ã�Ì?P ÃZ´-�. .:< ¾ËY $.$Z3+ dË.$ =. $. = {Z ª/5� Z/4 Z3� P1*< ÃZ´-�. =. �# ,¸Ì�= ,] É�ÌU Ã�Y|<Y ,7#cm55&Z/6<Y 

|� .É� U Ã�Y|<Y .$1» dË.$ V1A m14= Ã.1] C"Y1T ,] {Z:<m5/0|<|� 8Zz-<Y .dË.$ =. ¾Ì] Êj�� ,¸"ZT ¾Ì3n5#cm
10 |� 8Zz-<Y .Z3� P1*< ÃZ´-�.É$Z64 ,»Z<�] É$1A ,<Z?$Z+ O�14 C"Y1T $. Y$ ª5� ,+ Ã|� ÉEË$mm10|/3+ Ê/» )HY .

1 - Ejkelkamp, Model 06.15 Netherlands 
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 {=�z» ÃZ´-�. =. ¾ËY Z] É�ÌU Ã�Y|<Y ¾Ì@ $. ¾Ì3n5#30,m$. Z]Ë �S'|� Ã.Z*-�Y LZ�° .=. ,/lTZ@ $. Ã|� Ã�Ì?P ÉZ# Ã.Y.
 �41Ì~»Z+ ,] ÃZ´-�.C:-3».�ÌU $Y�' CÌ¸v4 = ,ËE64 .$1» Z4 |� Ã�Ì?P =.

6°74-7 ÄfyZ� ÃZ´f�{ Ã|)?"(Á)�ZUe _-0)d�Y� (^Zy 3SK& �{ 

H2Zf0 
=�Ì< L1Ì�Y�HÌ2Z+ Ê3v3»-Ã$Z5� C°� $. =�Ì< V|H» 0Z-2= 5)�Y Ã|� Ã.Y. LZD< .,/S]Y$ �´<Z/Ì] Ã|� Ã.Y. LZD< ¾ÌÌH4 WË�j

 )�Y 0Z-2= = =�Ì< ¾Ì] 81? Ê¸Ì? ÊS? .] Ã.1] EÌQZ< $ZÌ�] Ã|� &Z6<Y L1Ì�Y�HÌ2Z+ �Y C"Z@ |<Z5�_ LYEÌ» )HY |<Z5�_ ,+ É$1A ,
O�1-» $1A ,] �<�+ ÉY�] Ã|�32/3|»B )�. ,] L=�°Ì» .V|H» )Ì�Z�@5/0,/+ |/»B )/�. ,/] L1/41Ì< �# �] )2= Ê¸Ì»

 )�Y ÊË(Z] $Y|:» ..C�.12 O�14 =�Ì< É�ÌU Ã�Y|<Y )'25/0%±|»B )�. ,] .É�Ë%_ $Y�°4 ÉY�] V|H» .�°¸5� L1»�B ¾Ì3n5#
¸@�» �# = Y�mY EÌ<)�Y. .1m= ZËZ-< $. ÉEÌQZ< k!-?Y = |� $Y�°4 $Z] ,� �ËZ»�B ,.

R2 = 0.9968
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)T�U $Y�' ¾Ì´<ZÌ» ,�ËZ:» L1»�B .$1» ÃZ´-�. =. �Y Ã|»B )�. ,] ÉZ# Ã.Y. ,Ã|� ,-?Z� ÃZ´-�. .�°¸5� Ê]ZË�$Y $1l3» ,] .
Ã$Z5� C°�6Z# Ã.Y. ¾ËY �Y C"Z@ ¾Ì´<ZÌ» $Y.15<|#. Ê» LZD< Y$ .ª5� $. gZ? Ã.�DT ,Ë( ,+ .1� Ê» Ã|#ZD» cm

20-10|� .Z6ËY gZ? É�Z� Ã.Z»B |@Y= O�14 Y|-]Y $. ,+ ,-�Y. .1m= .Ã$Z5� V=|m1¾Ì´<ZÌ» ,�ËZ:» L1»�B ,] {1]�» tÊ»

|�Z] .Z´-�. =. ÉZ# Ã.Y. ¾Ì] ,+ |� fzD» ¾Ì´<ZÌ» ,�ËZ:» L1»�B ZËZ-< ,] ,m14 Z] LZ3Ì5AY RS� $. Ã%95$Y. Ê3X» k!-?Y 
)�Y ,-�Y|< .1m= .L1»�B &Z6<Y �Y CH'tL1»�B Y|-]Y $. FÃ|� É�ÌU Ã�Y|<Y ÊA=�z» f?Z� ÉZ# u<ZË$Y= ¾Ì´<ZÌ» É�]Y�] ÉY�] 

L1»�B Y%2 )�Y|< .1m= Z# u<ZË$Y= ¾Ì´<ZÌ» ¾Ì] É$Y. Ê3X» k!-?Y ,+ |� &Z6<Y ÃZ´-�. =. Z]t�]Y�] u<ZË$Y= Z] |� &Z6<Y .
Ã|� ,-?Z� ÃZ´-�. Z] Ã|� É�ÌU Ã�Y|<Y ÊA=�z» f?Z� O�1-»73/1ÃZ´-�. Z] =É$Z6482/1´»|�Z] Ê» VZ°�Z_Z .C°�7

|#. Ê» LZD< Y$ ÃZ´-�. =. Z] Ã|� É�ÌU Ã�Y|<Y ÉZ# Ã.Y. ¾Ì] Ê´-�H5# .Ã|3#. LZD< ŽY|H» �Y $1H� = (Z] Ê´-�H5# WË�j
Ê» ÃZ´-�. =. É(Z] Ê´-�H5#|�Z] .�# O�14 É�ÌU Ã�Y|<Y ÉY�] �ZÌ< .$1» LZ»� gZ? LEz» $. É�ÌU Ã�Y|<Y ¾Ì@ $. ¾Ì3n5#

 .=|@ = Ã.1] �]Y�] ‹ZHË�:4 ÃZ´-�. =. ÉY�] LB $Y|:» ,+ |� É�ÌU Ã�Y|<Y {Z:< C+ $. ÃZ´-�.20ÉY�] ,:Ì'. 28|�Z  Ê» ,S:< .
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R2 = 0.994
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Design, Construction and Evaluation of a Digital Hand-Pushed 
Penetrometer 

 
ABSTRACT 

A cone penetrometer is widely used in tillage and off-road mobility research as an 
indicator of soil strength and density characteristics. Light-weight, manually operated 
units are especially useful in recording cone index determination at remote field 
locations. An electronically hand-pushed soil penetrometer with a microcontroller-based 
data logging system was designed and fabricated to provide a portable penetrometer for 
determining soil resistance to penetration in tillage studies. The device consists of three 
main components: a cantilever beam strain-gauge load cell held by housing to measure 
penetration force, depth measurement mechanism with a photodiode sensor, and a data 
logging system for amplifying, digitizing, and acquiring data. Data from data logging 
system can be downloaded into a personal computer by an RS232 cable and a software 
program. In evaluation stage, the performance of the developed penetrometer was 
compared with a commercial Eijkelkamp hand-pushed digital penetrometer in a 
controlled soil bin conditions. No significant difference was found (p<0.05) between the 
two penetrometers. The penetrometer performance was reliable and the penetrometer’s 
mechanical and electrical parts worked well without any malfunctions. The device is 
very light, easy to use and more economical compared to the conventional types. 
 
Keywords: Hand-pushed penetrometer, Penetration resistance, Load cell, Depth sensor, 
Data logging system 


