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Z] ,¸5m �Y ,.1� �63» Ê#.Y1#.�] $Z+ ,] Y$ LB LY14 Ê» Z#$YEÌ2Z� = hZc.]4[
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7 Saloukh et al 
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,] Ã|ÌnÌ_ O]Y=$ �Y LB CË|H4 = 81¸S» ÊjZË$ W2Z' ^Ë h$1" ,] ,ËZ_ ,Ë�l< ^Ë �Y Ã.Z*-�Y ÊËZ/< ÉY�mY = Ã.Z� ÊS]Y=$
|3�Z] Ê» Y$Y. Y$ É.|� ÉZ# m=$ ^5+ ,] CÌ¸v4 $. Ê�Z�Y �:< , Z# ,<ZËY$ O�14 hZH�Zv» .Ê»15� $Z-?Z� WÌ4�4 ¾ËY ,]

|3�Z] Ê» Y$Y. Y$ É.|� ÉZ# m=$ �Y Ã.Z*-�Y .¾Ë=Z3� )v4 Y$ É.|� ÉZ# m=$ �Y Ã.Z*-�Y Ê»15� $Z-?Z� LY14 Ê» WÌ4�4 ¾Ë|]
  �S» ,�Ë�.15<:

 ,ËZ_ ,Ë�l< 
 V|» )?Z� 
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^Zy �{ {Á|@& YSmY �Á� 

^Ë $Z-T$ Ê3Ì] �Ì_ EÌ< = Ê°Ì<Z°» $Z-?Z� Ê�$�] )/m ,m=$ ¾ËY ÉZ-�Y$ $. Ã|� ,†Y$Y ÉZ# ,»Z<�] = gZ? $. .=|v» YEmY m=$

..�U Ê»  �S» Ê2Z5�Y ÉZ# $Z] )v4 gZ? V|».1]�» hZ:Ì:v4 ,gZ? ÊS? �Ìc $Z-T$ ,S�Y= ,] �ËZ� ,] )H�< ,3Ì»� ¾ËY ,] {
)�Y Ã.1] ÃY�5# É�4|3+ )T�DÌ_ Z] É.�]$Z+ .$Y1» .,|�Z] .=|v» YEmY m=$ W2Z' $. gZ? ÊS? �Ìc $Z-T$ �´<ZÌ] ,+ ÊS]Y=$ ,†Y$Y

 VZ� $. $Z] ¾Ì-�z<1970¾°<Y. O�14 2
q<ZQ =3

|Ë.�U Ê�$�] .^Ì21]�~Ì# V|» LY13� )v4 Ê2|» LZDËY4
dÌ"14 )/m Y$ 

O]Y=$|<.�+ LZÌ] gZ? $. �<�+ = �34 ¾Ì]Z» ..15< Ê» dÌ"14 Y$ gZ? Ê�Z64$Y = ÊS?�Ìc $Z-T$ V|» ¾ËY .Ê�Z5» V=|»5
LZÌ] 

|Ë.�U Ê» LZÌ] gZ? )»=Z:» = Ê2Z5�Y �34 RS� �Y ÊX]Z4 h$1" ,] V|» ¾ËY $. Ã|� .$. )21/� ,S�Y= ,] Z»15� V|» ¾ËY �Y
..�U Ê» Ã.Z*-�Y gZ? ,] {1]�» hZ:Ì:v4 .»,S]Y$ �Y Ã.Z*-�Y Z] Ê�Z5» V=|» ,H�Zv» ,] {1]�» ,2.ZX)1(,] ,+ ..�U Ê» dË�X4

€!AY EÌ< ¾°<Y. ,2.ZX» LB .1� Ê» .

1 Singh 
2 Duncan 
3 Chang 
4 Hyperbolic Model 
5 Tangent Modulus 



7˹˺

)1(
2

31

313

)(
)(

1
»
»
¼

º

«
«
¬

ª

�

�
�»

¼

º
«
¬

ª


f

f
n

a
at

R
P

KPE
VV

VVV

tE:Ê� 64$Y Ê�Z5» V=|» 

aP:�*�54Y $ZDT 
1:V,3ÌDÌ] Ê¸"Y �34 
3:V,3Ì5+ Ê¸"Y �34 

f)(: 31 VV �Ê´-zÌ�U ,S:< $. ,3Ì5+ = ,3ÌDÌ] Ê¸"Y ÉZ# �34 k!-?Y 

fR:Ê´-zÌ�U )H�< )gZ? 7Ì¸�4 )»=Z:» ,] ÊËZ/< �34 )H�<(
nk,:|�Z] Ê» dË�X4 C]Z' d¸-z» ÉZ# gZ? ÉY�] ,+ |X] L=|] .Y|�Y .

..�U Ê» dË�X4 Ê¸"Y ÉZ# �34 �Y ÊX]Z4 h$1" ,] Ê�Z64$Y Ê�Z5» V=|» ¾°<Y. ,2.ZX» $..¾�

1
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W:Ê��] �34 
C:gZ? ÊU|3H�Q 
V:VZ»�< �34 
I:Ê¸?Y. gZ°S"Y ,Ë=Y� 
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1 Shen 
2 Kushwaha 
3 Poisson’s ratio 
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..

: a8Z-� $Y.�] 
.

: a)��� $Y.�] 
a:ÊËZ6]Zm $Y.�] 
M:&�m uË�4Z» 
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K:Ê-z� uË�4Z» 

É15< m=$ ,ÊS?�Ìc $Z-T$ ,S�Y= ,] .=|v» YEmY m=$ .�]$Z+ = gZ? ,] {1]�» C†Z�» $. )ÊDËYETY(3
Ê» $Y�' Ã.Z*-�Y .$1» 

.�ÌU .�Y )¸� Ê» CH' )5�' $. Ã|� ,H�Zv» �34 LYEÌ» �Y ÊX]Z4 h$1" ,] ,¸@�» �# $. �34 ,H�Zv» ,m=$ ¾ËY �Y Ã.Z*-
|�Z]...�U Ê» Ã.Z*-�Y hZH�Zv» $. �ZÌ< .$1» Ê�Z64$Y V=|» LY13� ,] Ê�Z5» V=|» �Y m=$ ¾ËY $..

,] �63» |<Y14 Ê» gZ? $Z-T$ Ê�$�] )/m .=|v» YEmY m=$ �Y Ã.Z*-�Y Y%2 .1� É|35-ËZj$ ZËZ-< .$. m=$ ¾ËY �Y Ã.Z*-�Y
 )�Y Ã|Ë.�U ,mY1» VZH:-�Y Z] �Ì?Y ÉZ# VZ�.

VZ� $. ,hZ:Ì:v4 ¾ËY �Y Ê°Ë 2003|� &Z6<Y L.$Y $1D+ $..Ã|5@1]Y

4
ÊA Y$ gZ? $Z-T$ , .=|v» YEmY m=$ �Y Ã.Z*-�Y Z] 

S?�Ìc $Z-T$ ^Ë h$1" ,] Ê]Z:D] ÉZ# ¾#B=ZU �Y Ã.Z*-�Y Y$ Z# ,rÌ4 m�] ,Ë=Y� = É=�DÌ_ )��� hY�YY = .Y. $Y�' CÌ¸v4 .$1» Ê
.Y. $Y�' Ê�$�] .$1» d¸-z» gZ? =. $..ÊDD+ É=�Ì< �ËYETY ,] �63» Z# ,rÌ4 m�] ,Ë=Y� �ËYETY ,+ .Y. Ê» LZD< LZDËY ZËZ-<

|� Ê» Ê]Z:D] ¾#B=ZU �] Ê2Z5�Y ÊH<Zm ÉZ# =�Ì< �#Z+ = �ZÌ< .$1».�ËYETY ¾Ì3n5# É=�Ì< �ËYETY ,] �63» , É=�DÌ_ )���
|� Ê» Ê]Z:D] ¾#B=ZU �] .$Y= É.15� ÉZ#=�Ì< �#Z+ = �ZÌ< .$1» ÊDD+.]7[

Z/ �Á� Á {Y-& 
$YETY &�< ,.=|v» YEmY m=$ �Y Ã.Z*-�Y Z] ,$Y=. ÉZ#�¸Ì4 $. gZ? m�] |3ËB�T Ê�$�] )/m Plaxis)T�U $Y�' Ã.Z*-�Y .$1» .

|-]Y ,ªÌ:v4 ¾ËY $. Ê<Y$=. )��� ,É=�DÌ_ )��� hY�YY u~� = |Ë.�U Ã.Z»B ,A1]�» ÉZ#�-»Y$Z_ ,] ,m14 Z] gZ? ,XS' V|» Y
)T�U $Y�' CÌ¸v4 .$1» gZ? $. ,rÌ4 m�] ,S�Y= ,] Ã|�.Z6ËY ÉZ# �34 = Z/<Z°» �ÌÌr4 LYEÌ» �] gZ? Ê-]1A$ ÉY1-v» = $14=$ .

�Y .1] h$ZH� �YY �# d¸-z»  1S�:
 . É=�DÌ_ )��� �YY RS� =. $)2/23 =3/41)�Z� �] �-»1¸Ì+ (
 RS� =. $. $14=$ Ê<Y$=. )��� )183 =251,:Ì'. �] $=.(
 RS� ,� $. gZ? Ê-]1A$ ÉY1-v» )10-12% ,12-14% =14-16%(

1 Chie et al. 
2 Cook 
3 Incremental method 
4 Abu-Hamdeh 
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 .$Y. Ê´-�] Ê*¸-z» ÉZ#�-»Y$Z_ ,] ,.�ÌU Ê» $Y�' m�] )v4 ,rÌ4 O�14 ,+ gZ? CÌT=�_ C°� .#�-»Y$Z_ ¾ËY C°� C»Z� Z
.1� Ê» $Z+ ª5� = Z<!T �] G'Y= ÉZ# ,rÌ4 .Y|X4 ,$14=$ Ê<Y$=. )��� , $1-+Y�4 É=�DÌ_ )��� , ,rÌ4 .^Ë�# �ÌYZ4 Ê�$�] ÉY�]

 �] Z#�-»Y$Z_ ¾ËY �YgZ? CÌT=�_ Ê�|3# hZ�zD» = C°� $YETY &�< $. ÉY ,»Z<�] ,MATLAB|Ë.�U Ã.Z»B .¾ËY �Y Ã.Z*-�Y Z]
 C»Z� ,+ ,»Z<�]�Ë� ,� -»Z<�] ,Ê»_ �ÌYZ4 )v4 gZ? CÌT=�_ Ê�|3# C°� ,|�|Ë.�U Ã.Z»B Ã|�  �S» ÉZ# �-»Y$Z .ÉY�mY )/m

 m�] ;ZX� ,Z<!T ^Ë �] G'Y= ÉZ# ,rÌ4 .Y|X4 ,)TZ� ,:Ì'. �] $=. ,É=�DÌ_ )��� �Ë.Z:» |ËZ] �]$Z+ , ,»Z<�])= ,rÌ4 V1A ;156»
14=$ ;ZX�$(|ËZ5< .$Y= Y$ $Z+ ª5� =.u_LY13� ,] ,rÌ4 O�14 gZ? m�] �Ì�» Ã|3#. CÌ°D4 {Z:< hZ�-z» ,,»Z<�] ÉY�mY �Y 

..�U Ê» ,†Y$Y ,»Z<�] Êm=�?.$YETY &�< $. Ã|� ,Ì/4 ,»Z<�] Êm=�? �Ë.Z:»MATLAB Ã.Z*-�Y gZ? ,5:2 hZ�-z» LY13� ,] ,
|Ë.�U .X� = ,rÌ4 V1A ;156» ,+ m�] ;ZX� , Z# ,rÌ4 .Y|X4 , ,»Z<�] ¾ËY $.|Ë.�U p�T )]ZY , $Z+ ª5� = |�Z] Ê» $14=$ ;Z .

,Z<!T É=$ �] .1m1» ÉZ# ,rÌ4 .Y|X46h$1" ,] ,+ |Ë.�U p�T ,rÌ4 3ÉZËY=� $. )*m 120$Y�' �´Ë|°Ë ,] )H�< ,m$. 
|<.1] ,-T�U .V.ZX» m�] ;ZX�22$Z+ ª5� = �-» Ê-<Z� 16|Ë.�U p�T �-» Ê-<Z� .1<;VY ,,rÌ4 -|� 8Zz-<Y C°�.�-»Y$Z_ 

RS� =. $. É=�DÌ_ )��� ,gZ? ,5:2 C°� L.$=B )�. ,] )/m �Ìr-» ÉZ#2/23 =3/41 )��� ,EÌ< = )�Z� �] �-»1¸Ì+ 
RS� =. $. Ê<Y$=.183 =251|� p�T ,:Ì'. �] $=..,¾ËY�]Z3]4¾ËY dÌ"14 )/m V|» 4|Ë.�U Ã.Z»B )ÌXj= .ÉY�]

? �] ,rÌ4 k�A �Y Ã|� VZ5�Y É=�Ì< ,H�Zv» $. gZ? C5X2Y u°� É=�Ì< V.ZX» ,m�] É=�Ì< $Y|:» C'Y|@ , m�] LZ»� $. gZ

|� ,-T�U �l< .|� ,H�Zv» ÃƒË= �D+ ,] ,m14 Z] =�Ì< ¾ËY $Y|:» ..¾ÌH+ ^»

1
VZ� $. 1952 �]  $. )��� &Z'$Y �Y É$ZÌ�]

.15< ,H�Zv» = É$=B G5m Y$ �D+ .Ë$|3# Z-ËZ/<^VZ� $.1988 ,S]Y$ )7()/m Y$ ,] d¸-z» ÉZ/+Z? ÃƒË= �D+ ,H�Zv»
.$=B )�. .[2] 

)7(2
21 .sccD 

$YETY &�< $. ÉY ,»Z<�] ,gZ? GS:» �] Ê2Z5�Y ÉZ#=�Ì< ,H�Zv» )/mMATLAB|Ë.�U Ã.Z»B .
Z? Ê°ËEÌT hZ�zD»)�Y Ã|»B �Ë� V=|m $. g.,gZ? ,5:2 V|» É=$ �]6$. Ê2Z5�Y ÉZ# �34 �Ë.Z:» Z4 |Ë.�U 8Zz-<Y ,S:< 

..�U ,�ËZ:» = ,H�Zv» d¸-z» ÉZ# )ÌXj=.
,Á|m)1(^Zy {�-& �{ Äf9� �Z¯ Ä] )Z/�f&Y�ZW 

h$ZH� W�Q�] 

^D? >1�z» L�= dJ

�4 >1�z» L�= J

ÊU|3H�Q C
Ê¸?Y. gZ°S"Y ,Ë=Y� I

,Á|m)2(:Êf]-�� )Y-f@& Ä� �{ ^Zy Ä] w-]�& )Z/�f&Y�ZW �2{Z'& 

1 Mckibben 

Ê-]1A$ ÉY1-v» [ kg/m3]dJ[kg/m3]J[N/m2]C[deg]I
10-12 1610 1770900022
12-14 1610 1800930021.46
14-1616101833980020.61
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G@] Á H2Zf0 

|Ë.�U Ã.Z»B d¸-z» ÉZ# )ÌXj= $. gZ? CÌT=�_ C°� .V=|m $.)3(É=�DÌ_ )��� )ÌXj= $. ,»Z<�] Êm=�? �Ë.Z:»23/2
. )��� = )�Z� �] �-»1¸Ì+ Ê<Y$=183)�Y Ã|� fzD» ,:Ì'. �] $=. .C°� $. $YETY &�< $. gZ? Ã|� É|3] ,°H� V|»)1(

.1� Ê» Ã|Ë..

6°7 )1:()Á�:ÌW d]�� LÌ.-e dVm Ã|7 )|À] Ä°47 ,|&2/23 Ê0Y�Á{ d]�� Á d]Z� �] �f&-$Ì¯183Ä'Ì\{ �] �Á{ 
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 ,Á|m)3:(d]�� �{ ^Zy Ä5'· Ã|À/{ 6Ì°:e wZ'0 IZJfK&2/23 �Á{ Á d]Z� �] �f&-$Ì¯ 183Ä'Ì\{ �] �Á{ 

V1A p�� 
-10/71 -21/44 
-5/91 -21/98 
-1/09 -21/72 

3/59 -20/66 
8/01 -18/85 

12/01 -16/34 
15/48 -13/24 
18/30 -9/65 
20/27 -6/00 
21/64 -6/00 
22/22 -6/00 
27/04 -6/00 
24/89 -9/92 
22/02 -13/47 
18/51 -16/54 
14/48 -19/00 
10/04 -20/76 
5/33 -21/76 
0/50 -21/97 
-4/27 -21/37 
-8/87 -19/99 

x

y

0 5 1 0 1 5 2 0 2 5

-2 0

-1 5

-1 0

-5

0

6°7)2:(d]�� �{ ^Zy Ä5'· 2/23�Á{ Á d]Z� �] �f&-$Ì¯ 183Ä'Ì\{ �] �Á{ 

$. gZ? ,5:2 É=$ �] Ê]Zz-<Y {Z:< $. �34 �Ë.Z:»12|Ë.�U ,H�Zv» )ÌXj= .É=�DÌ_ )��� )ÌXj= $. �34 �Ë.Z:» 23/2
Ê<Y$=. )��� = )�Z� �] �-»1¸Ì+183 V=|m $. Ê-]1A$ ÉY1-v» ,� $. ,:Ì'. �] $=. )4()�Y Ã|� fzD» .�Ë.Z:» ¾ËY $Y.15<

 C°� $.)3()�Y Ã|� fzD».

,Á|m)4:(d]�� �{ �{ AÀe2/23 Ê0Y�Á{ d]�� Á d]Z� �] �f&-$Ì¯ 183Êf]-�� )Y-f@& Ä� �{ Ä'Ì\{ �] �Á{ 

Ê-]1A$ ÉY1-v» �-z»hZ
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P o int

S
tre

ss
[P
a]

0 1 2 3 4 5 6 7

-260 0 0

-240 0 0

-220 0 0

-200 0 0

-180 0 0

-160 0 0

-1 40 0 0

10 -1 2
12 -1 4
14 -1 6

6°7)5(:d]�� �{ Ê]ZKf0Y wZ'0 �{ AÀe �2{Z'& �Y{-50 2/23 Ê0Y�Á{ d]�� Á d]Z� �] �f&-$Ì¯ 183Ä'Ì\{ �] �Á{ 
Êf]-�� )Y-f@& Ä� �{ 

 )�Y ,-TZË �ËYETY gZ? �] Ê2Z5�Y ÉZ# �34 LYEÌ» ,)]1A$ �ËYETY Z] .gZ? hY$P ¾Ì] ,¸"ZT �ËYETY ,�»Y ¾ËY )¸�
|�Z] Ê» .�ËYETY Z] Ê2Z:-<Y É=�Ì< Y%2 ,|�Z] Ê» NZ54 $. É�-5+ hY$P ,] Ê2Z5�Y É=�Ì< VZ:-<Y ÉY�] gZ? hY$P ,,¸"ZT 

|]ZË Ê» �ËYETY ,$=Z6» hY$P Z] NZ54 RS� �#Z+ ,S�Y= ,] ,$=Z6» hY$P ,] Ã$P ^Ë �Y.�# �] .$Y= É=�Ì< �ËYETY

|]ZË Ê» �ËYETY Ê2Z5�Y ÉZ# �34 LYEÌ» ,Ã$P.
 ,É=�DÌ_ )��� �ËYETY)�Y Ã|� gZ? hY$P ,] Ê2Z5�Y �34 �#Z+ ,] �63» .,5:2 C+ RS� �ËYETY ,�»Y ¾ËY )¸�

|�Z] Ê» gZ? .gZ? ,5:2 RS� ¾°Ì2 ,)�Y Ã|� gZ? ,] É�4(Z] É=�Ì< VZ5�Y ,] �63» )��� �ËYETY ,°3ËY .1m= Z]
 Ã.1] �-DÌ] ,Ê2Z5�Y É=�Ì< �ËYETY ,] )H�< gZ? RS� �ËYETY = )�Y ,-TZË �ËYETY EÌ<)�Y .,] �63» �»Y ¾ËY Y%2

)�Y Ã|� gZ? hY$P �] Ê2Z5�Y ÉZ# �34 �#Z+.

10-12 12-14 14-16 

l[Pa] l[Pa] l[Pa] 
X

[cm] 
Y

[cm] 
,S:< Ã$Z5� 

-15560 -15914 -16502 20 -12 1 
-16161 -16536 -17163 18 -14 2 
-16733 -17184 -17945 16 -16 3 
-22166 -22573 -23262 13 -18 4 
-22476 -22978 -23805 9 -20 5 
-23352 -23867 -24718 5 -21 6 
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 )�Y Ã|� gZ? ,5:2 RS� $. Ê2Z5�Y ÉZ# �34 �ËYETY WH� ,$14=$ Ê<Y$=. )��� �ËYETY .�#Z+ ,�»Y ¾ËY )¸�
.1� Ê» gZ? $. �34 �ËYETY ,] �63» ,.$1» =. �# ,+ |�Z] Ê» gZ? �] Ê2Z5�Y É=�Ì< �ËYETY = ,5:2 RS�.

 �Y Ê-]1A$ RS� �ËYETY $. Ê2Z5�Y ÉZ# �34 LYEÌ»14-12,]16-14�Y Ê-]1A$ RS� �ËYETY ,] )H�< ,|"$. 
12-10,]14-12)�Y Ã.1] �4(Z] , |"$. .

XmY�& 

1-& ,¾ÌËB ,] .} ,& ,É.=Y. xÌ�)1381.(,$1-+Y�4 .�°¸5� �] m1_$. $Y�:-�Y )ÌXj= = $1-+Y�4 É=�DÌ_ )��� �YY
 Ê5¸� ,¸6»É�$=ZD+ .|¸m25-Ã$Z5� 2.

2-$1�3» ,$( É�=�/])1378.(Ê»!�Y .Y�B ÃZ´D<Y. Ê5¸� hY$ZD-<Y ,É�$=ZD+ ÉZ# ¾Ì�Z» Ê@Y�A V1"Y 

3-3-.Yƒ< $|" ,¾Ë|2Y�Ì»Y|Ì� )1380 .(.=|v» YEmY m=$ �] ÉY ,»|:» .¾Ë|2Y�Ì�< ,mY1? Ê-X3" ÃZ´D<Y. hY$ZD-<Y
 ,Ê�1A411,v*" 
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5- Cook R.D., Malkus, D.S., Plesha, M.E. (1988). Concepts and Applications of 
Finite Element Analysis. Wiley, New York 

 
6 -Koustic, S. Filipovic, D and Gospodaric, Z. (1996). Rotary cultivator energy 
requirement influenced by different constructional characteristics, velocity and 
depth of tillage. Poljoprivredna- Zanstvena- Somatra, vol 61, nos 3-4, 1996, 
P239 

7- Nidal H. Abu-Hamdeh, Randall C. (2003). A nonlinear 3D finite element 
analysis of the soil forces on a disk plow. Soil and Tillage Research 74- page 
115-124. 

8-Sharifat, Karim (1999). Soil translocation with tillage tools. Ph.D thesis. 
University of Saskatchewan 


