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'|Ì() 
PFC +¯ ,-Y "�YV_Y K�¿ YVn» "ZÆ¿Z¼WY BÁ� +% Y� "Y +¿Y# #YÂ» ÊYÌ¿ZY» �Z/_�)DEM ( Q2Ì¸ve Á +2)Vne Á "'Z- +Ì^�

 |À¯ Ê» ."Á�¯ CY�y C�Â! +% ZÆ¿Z¼WY :|» ¾)Y �#)|À/�$ :Â6u Q%Z^ "Á�¯ "ZÆ¿Z¼WY 9Ì¯�e Z% VÌ¿ "Á�¯ �Ì£ "ZÆ¿Z¼WY |Àm �$(
Y .�YÂ)# C�Â! +% #YÂ» .|¿�Y|Æ=¿ …ÂU- Á i¸/;» "Z$ .'Y|¿Y Z%|¿Â  Ê» #Zn) .Á Ê2Y)VÌ_ �YÂ2  ,:|2» ¾2)Y "#Á�Á CZ2�b4Y

 Á Z2$Á�Ì¿ ,CY�y ¾Ì2% ?À2e ,CY�y ,2Ì3^Â» Á ,��2- Q»Z2� *M Ê28Á�  CZ2�b4Y Á .|¿�Y|Æ=¿ …ÂU- Á "Y +¿Y# #YÂ» ÊYÌ¿ZY»
 ÂÆn» ÊYÌ¿ZY» Á ÊY)VÌ_ �YÂ  'Y Ê �% Á :|» �# .|� |ÌWÂe "Z$ "h�¿Y xYÂ¿Y ,Z$ .�YÂ)# �% .#�YÁ "Z$�ÁZ/7( Ê» "Y +¿Y# #YÂ» :

|À�Z% .:|» �# CZ^-Zv»PFC Á�Ì¿ *Â¿Z^ Á ¾e  KÁ# *Â¿Z^ �Z-Y �%-#�2Ì( Ê» C�Â! Ê0Zn%Z8 .Q2!Zu +2¯ .�y �2$ ,2¯�u
 #Â� Ê» #�ÁM�% ¾eÂÌ¿ KÁ# *Â¿Z^ 'Y .#Z5/-Y Z% ,|�Z% Ê» CY�y Ê¸ Y# Á Ê-Z¼e "Z$Á�Ì¿ .Ê^�2¿ ,2¯�u Q!Zu +¯ Ê-Z¼e "Z$Á�Ì¿

 Ê» �Z¼e SZR¿ �# CY�y Á�Ì¿ *Â¿Z^ p)�4 'Y |À�Z% -|¿Â� Ê» +^-Zv» Ê0Zn%Z8 ."Z$#�%�Z¯ ¾)�/¼Æ» +¸¼8 'YPFC "'�ÁZ72¯ �#
+)ÁY' "�Ì( .'Y|¿Y"�Y|)ZN ¾Ì¼;e ,"�Âv» +- ?)Z»'M "'Z- +Ì^� Z% "Y +¿Y# #YÂ» ÊYÌ¿ZY» �YÂ  #�ÁM�% ,"Y +¿Y# #YÂ» Q;¸;e Á

+aÌe �% #�YÁ "Z$Á�Ì¿"Ì^� Z% @Z  �# �Z¯ :Zu �#�]% Á ZÆ N#Â¯ �# �]% Á #Â¯ *Z)�8 "'Z- +Ì^� Á @Z  �# +aÌe ,¯�u "'Z- +
BZN +% +WZR» ¾)Y �# +¯ |À�Z% Ê» Z$'Y Ê �%#Â� Ê» +/ Y#�N ZÆ¿M.

'*Y+ |Ì,¯:Á "Á�¯ CY�y ,YVn» "ZÆ¿Z¼WY ,"'Z- +Ì^�PFC 

1-Particle Flow Code 
2-,�� _ Ê3Ì^4 r%ZÀ» Á "'�ÁZ7¯ CZRÌRve V¯�» "'�ÁZ7¯ Ê-|ÀÆ» Á ÊÀ_ CZRÌRve ?;% Ê7$ÁgN �Z) #Z/-Y ,'Y�Ì� 

&Ì¿Á�/YWY ,�N:sja925@mail.usask.ca 



2271

Ä»|.» 
!Y Á ÊuY�4 ,Æ8 K'A CZ�b4Y "Y +¿Y# #YÂ» ÊYÌ»ZÀ)# �Z/_� QÌ¸ve �Z2¯ Á�2- #YÂ2» +2¿Â=À)Y Z% +¯ ÊeYVÌÆne "'Z- +ÀÌÆ% Á …b

 #'Z- Ê» `$Y�_ Y� |¿�Y# .Ê2/u Á |2�Z% Ê2» �% *Z»' Á +À)V$ �N �ZÌ�% Ê$Z=7)Z»'M Á ÊY)VÌ_ "ZÆW|» 'Y .#Z5/-Y Z% �Z/_� ¾)Y QÌ¸ve
 |À�Z^¿ :Â6u Q%Z^ ÊY)VÌ_ "ZÆW|» p)�4 'Y ,-Y ¾Y¼» #YÂ» ¾)Y CZÌ!Â6  'Y Ê�3% .+% .'Á�»Y Á "hÂ2WÂÀYe ,_�72ÌN i2UW 

Ê2Y)VÌ_ CZÌ!Â62 Á ÊYÌ»Z2À)# �Z/_� QÌ¸ve +¯ |¿Y +/_Z) "#Z)' B�/�( "#|� Á "�Â>e "ZÆW|» ,,��- �N "Z$�eÂÌ„»Z¯ �ÂÆ‰
 |¿Y .#�¯ �e .#Z- Y� #YÂ» .#�Â2» �# Y� CZ�b4Y ¾)�/7Ì% ,`¯ +À)V$ Á *Z»' q�! Z% +¯ |¿�Y# Y� ,Ì¸%Z^ ¾)Y "#|� Á "�Â>e "ZÆW|»

/_� |À$# �Y�^ �ZÌ/ Y �# "Y +¿Y# #YÂ» ÊYÌ»ZÀ)# �Z .�Y 2^ +23WZU» #�Â» "#Y�5¿Y C�Â! +% Y� Z$ +¿Y# &e &e �Z/_� |¿�#Z^ +YÀ)Y ¾¼O
 Á +�Â¼n» ÊYÌ»ZÀ)# �Z/_� �# Ê¿M C�Â! +% Y� CY�ÌÌae ¾)Y�LY ,|À/�$ #YÂ» ÊY)VÌ_ �YÂ  Y�j¯Y +¯ "#Á�Á CZ�b4Y �ÌÌae Z% Á .#Y#

 Z7¿ Z$ +¿Y# &e &e |À$# *.YV2n» "Z2Æ¿Z¼WY BÁ� �Z-Y �% AÂ¼3» "Y +¿Y# #YÂ» ÊYÌ»ZÀ)# �Z/_� QÌ¸ve "#|� "ZÆW|»)DEM (
|¿Â� Ê» ÊuY�4 .

@�/2-Y Á :Y|2¿Z¯ P2-Âe �Z2% ¾ÌWÁY YVn» "ZÆ¿Z¼WY �Z-Y �% "#|� :|»1)1979 (:Z2- �#1979 Ê2_�3» "#bÌ2» 
|�]3[.CY�y Q%ZR/» �LY YVn» "ZÆ¿Z¼WY BÁ� �#)?ÀY¼$ (+¿'YÂ» 'Y |3% +¯ #Â� Ê» +/_�( �<¿ �# ÊYÌ»ZÀ)# |À)Y�_ &) *YÂÀ� +%

 |-� Ê» ÊYÌeZ/-Y :#Z3e +% Ê¸ Y# "Z$Á�Ì¿ .,2ve CY�y +�Â¼n» &) �# +/_�( C�Â! "ZÆÌ0Zn%Z8 Á CY�y ¾Ì% Ê-Z¼e "Z$Á�Ì¿
 ,-Y ¾ÌÌ3e Q%Z^ CY�y &e &e ,¯�u *#�¯ |!� Z% ,?Àe .Y +nÌ/¿ "Y +�Â¼n» ¾ÌÀm �# CZ¯�u ,2¯�u 'Y Q2!Zu `24be �Z7/¿

 |À�Z% Ê» Ê¸ Y# "Z$Á�Ì¿ Z) Á Z$ .�YÂ)# ,¯�u ,CY�y .Ê=/�2% Ê=/52�M �Z72/¿Y ,��2- *M �# +¯ ,-Y ÊYÌ»ZÀ)# |À)Y�_ &) ¾)Y
 #�Y# +�Â¼n» *M .|À$# QÌY7e CY�y ÊY)VÌ_ �YÂ  +% `ÌR/�» .CZ2�b4Y ¾/2�Y# ,YV2n» "Z2Æ¿Z¼WY PÌv» �# CY�y #Zn)Y ,Æ8

 #�Â» �# Q»Z¯ ,-Y `Æ» �ZÌ�% CY�y .'Y|¿Y Ê(|À¯Y�N Á QY� .CZ^-Zv» +¯ |¿�Y# Y� ,)V» ¾)Y "Á�¯ CY�y YVn» "ZÆ¿Z¼WY BÁ� �#
,-Y .#Z- �ZÌ�% ZÆ¿M +% SÂ%�» .*Y�ZY¼$ Á �)ÁZ_2)1999 (,-Y Ê¼Æ» ÊY)VÌ_ "ZÆW|» †V8 CY�y QY� ?)Z¼¿ +¯ |¿#Â¼¿ B�YV(

 e Y� YVn» "ZÆ¿Z¼WY BÁ� �# "'Z- +Ì^� ,^# +¯|$# Ê» �Y�^ �ÌLZe ,v]4[.Z2e ,2-Y +2/_�( C�Â2! "#Z2)' "ZÆ2�be ¾)Y�%Z2À%
 |À$# �Y�^ Ê-��% #�Â» YVn» "ZÆ¿Z¼WY :|» �# Y� CY�y i¸/;» "ZÆ¸Y� .�# "|Ì¸¯ xÂOÂ»DEM QY2� #Â� Ê3- +¯ ,-Y ¾)Y 

|À�Z% +/�Y# Ê3^YÁ CY�y +% Y� ,$Z^� ,)ZÆ¿ CY�y .*Y�ZY¼$ Á cÀÌe3)1995 ("Â�Ì% "ZÆ¿Z¼WY Y� &2) 'Y �e ‡�V% QY� ,^�¿ Z% 
|¿#Y# �Y�^ .#Z5/-Y #�Â» CY�y ?)Z¼¿ ,Æ8]10[.

*Y�ZY¼$ Á cÀÌ¿4)1997 (|2¿#Â¼¿ Ê2-��% .�¯ "#Z)' #Y|3e 'Y .#Z5/-Y Z% Y� +%�O �LY �# 'Â/¯A "Z$ .#Âe Ê=/�Y� .
Ê2-Z¼» �Z2/_� Á :Z»�¿ Ê-Z¼e Ê/;- i¸/;» "ZÆW|» 'Y .#Z5/-Y Z% CY�¯ ¾Ì% "Z$|¿ÂÌN |2)#�( :Z2¼�Y ]9[.*Y�Z2Y¼$ Á ¾ 2À85

)1999 (&2) Q2 Y# �# +¯ #Â% "�U^ `$ .�)Y# +- Q»Z� +¯ |¿#�¯ :|» "|3% Á# "Z$ +�Â  'Y .#Z5/-Y Z% Y� "Y +¿Y# `/�Ì- &)
 |À/�Y# �Y�^ h¸j» .ZR» , "|3% Á# "Z$ +�Â  �# CY�y *Y�Á# *|� #Á|v» QÌW# +% B�% ,�e �# +¯ |¿|Ì-� +nÌ/¿ ¾)Y +% ZÆ¿M ,»Á

 [Z) Ê» ?)YV_Y +�Â¼n» Ê��%]5[.*Y�ZY¼$ Á Ê¿6)2000 (+Ì^2� ,2Æ8 Y� i2¸/;» CY�y �2U^ Z2% "Y +�Â  CY�y +�Â¼n»
 |¿#Y# �Y�^ .#Z5/-Y #�Â» `ÌR/�» B�% ?)Z»'M "'Z-]8[.*Y�ZY¼$ Á "�|ÀW7)2002 (Y� |2»Z8 +¼Ì¿ Á |»Z8 Ê¿YÂÌu "Z$#Â¯ �YÂ 

 Y +�Â  �Ì£ Á "Y +�Â  CY�y #Zn)Y Z% PÌv» �# "PFC |2¿#Y# �Y�2^ +23WZU» #�Â2» i¸/;» :ZY�Y Z% "Z$�ÀÌ/¿Z¯ �# ]6[.Á Ê¿Z2»
*Y�ZY¼$8)2003 (�YV_Y K�¿ 'Y .#Z5/-Y Z% Y� C�y "Z)ZR% �#ÂN `¯Y�e |À)Y�_ |¿#Â¼¿ BbePFC |ÀÀ¯ "'Z- +Ì^� .ÊnÀ2-YÁ ,Æ8

 ¿#Â¼¿ +�)ZR» Ê3^YÁ CZ7)Z»'M M)Z/¿ Z% Y� "#|� :|» ¾)Y M)Z/¿ ,:|» M)Z/¿ Á "#|� :|» M)Z/¿ ¾Ì% Ê%Â  Ê¿YÂ;¼$ +ÌWÁY M)Z/¿ +¯ |
#Y|¿ *Z7¿ Ê3^YÁ CZ7)Z»'M]7[.*Y�ZY¼$ Á ZÌ¿ Ê¸�_Y)2003 (�YV_Y K�¿ 'Y .#Z5/-Y Z% Y� ‡�V% Ê^3Y» "Z$�¸Ì% �# +_Â¸� `¯Y�e |À)Y�_

PFC |¿#�¯ #�ÁM �% Y� �¸Ì% *Â/�ÌN �% #�YÁ "Z$Á�Ì¿ Á .#Â¼¿ "'Z- +Ì^� .M)Z/¿ Q2%Z^ |2u �# Z2$Á�Ì¿ #�ÁM�2% "ZU  +¯ #Y# *Z7¿

 
1 Strack  & Cundall  
2 et al. Favier 
3 et al. Ting 
4 Ning et al. 
5 Jensen et al. 
6 Ni et al. 
7 Landry et al 
8 et al Mani 
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,-Y ÊWÂ^^]1[.�YV_Y K�¿ Ê_�3» ¾¼O +WZR» ¾)Y �#PFC 'Y Ê0Z2$ +¿Â¼¿ Á .|� f)�7e *M ÊOZ)� CA#Z3» Á :Â!Y , ZÆÌ(g)Á ,
##�( Ê» +0Y�Y "'�ÁZ7¯ "Y +¿Y# #YÂ» ÊYÌ»ZÀ)# �Z/_� *#Â¼¿ :|» �# �YV_Y K�¿ ¾)Y #�%�Z¯.

µ|» Êb�R» 
PFC �Z/_� +¯ ,-Y "�YV_Y K�¿ ÊYÌ»ZÀ)# YVn» "ZÆ¿Z¼WY BÁ� +% Y� "Y +¿Y# #YÂ» )DEM (Á +)Vne Á "'Z- +Ì^�

 |À¯ Ê» QÌ¸ve |$# Ê» �Y�^ �%�Z¯ �ZÌ/ Y �# �Y#Â¼¿ Á .#Y# C�Â! +% Y� M)Z/¿ Á.Q2u ,�YV2_Y K�2¿ ¾2)Y Ê2uY�4 +ÌWÁY Á Ê¸!Y q|$
�ÁZ7¯ �# Z»Y ,-Y .#Â% *#Z3» +% SÂ%�» Q0Z�»,-Y +/_Z) "Y .#�/�( #�%�Z¯ VÌ¿ "'.¾2)Y �#�YV2_Y K�2¿ CY�y C�Â2! +2% Z2Æ¿Z¼WY 

|¿Â2� Ê2» #Z2n)Y .�YÂ)# C�Â! +% #YÂ» .|¿�Y|Æ=¿ …ÂU- Á i¸/;» "Z$ .'Y|¿Y Z% "Á�¯ .:|2» �# CZ^2-Zv»PFC �Z2-Y �2% 
,-Y �YÂ/-Y �)' CZÌO�_:

1-|ÀÀ¯ Ê» Q¼� 9¸! KZ�8Y |À¿Z» CY�y.
2-fU- �# CY�y ¾Ì% �Z¼e#�Ì( Ê» C�Â! &mÂ¯ �ZÌ�% .
3-|À�Z% +/�Y# Ê¿Z�Â„¼$ |À¿YÂe Ê» �Z¼e SZR¿ �# 9¸! CY�y.
4-Á�Ì¿ *Â¿Z^ 'Y +¯ ,-Y Ê-Z¼e "Á�Ì¿ *YVÌ» Z% 9-ZÀ/» Á .#Â% &mÂ¯ �ZÌ�% Ê¿Z�Â„¼$ *YVÌ»-|À¯ Ê» ,Ì3^e Ê0Zn%Z8.
5-|ÀÀ¯ �Y�^�% |¿ÂÌN `$ Z% |À¿YÂe Ê» �Z¼e SZR¿ �# CY�y.
6-À/�$ "Á�¯ CY�y KZ¼e, Z- .YÂ;W# "ZÆ¸Y� "Á�¯ CY�y 9Ì¯�e Z% *YÂ/Ì» |Àm �$ ,|.

:|» �# CZ^-Zv»PFC Á�Ì¿ *Â¿Z^ Á ¾eÂÌ¿ KÁ# *Â¿Z^ �Z-Y �% -#�Ì( Ê» C�Â! Ê0Zn%Z8 .Q2!Zu +¯ .�y �$ ,¯�u
 #Â� Ê» #�ÁM�% ¾eÂÌ¿ KÁ# *Â¿Z^ 'Y .#Z5/-Y Z% ,|�Z% Ê» CY�y Ê¸ Y# Á Ê-Z¼e "Z$Á�Ì¿ .u +¯ Ê-Z¼e "Z$Á�Ì¿ Ê^�2¿ ,2¯�u Q!Z

 Á�Ì¿ *Â¿Z^ p)�4 'Y |À�Z% Ê» �Z¼e SZR¿ �# CY�y-|¿Â� Ê» +^-Zv» Ê0Zn%Z8 .Ê¿ 2»' KZ( `/)�Â=WY &) CZ^-Zv» + �m ¾)Y�%ZÀ%
 Á�Ì¿ *Â¿Z^ Á CY�y +% ¾eÂÌ¿ KÁ# *Â¿Z^ ��Y» :Z¼�Y 'Y +¯ ,-Y-Z2$ .�YÂ2)# ,Ì3^Â» +/-ÂÌN *#�¯ 'Á� +% Á �Z  SZR¿ +% Ê0Zn%Z8

 #�Ì( Ê» QY� .Á |¿� ( Ê» QY� &ÌeZ»ÂeY �Â4 +% .�YÂ)# Á .�y &) ¾Ì% Z) Á .�y Á# ¾Ì% #Â8Â» "ZÆ-Z¼e , "'Z- +Ì^� "ZÀLY �#
 |¿Â� Ê» +/�Y� .Á |¿Â2� Ê» 'Á� +% .|� ¾ÌÌ3e ?ÌN 'Y "Z$ .�YÂ)# ,Ì3^Â» Á CY�y +% SÂ%�» " ZÆ-Z¼e 'Y "Y +�Â¼n» Y|/%Y �#
 Á�Ì¿ *Â¿Z^ Z„--�Y �  �$ +% Ê0Zn%Z8 .|)|N Á# ¾Ì% Ê-Z¼e "Z$Á�Ì¿ Ze #Â� Ê» :Z¼).�YÂ)# Á .�y ¾Ì% Z) .�y Á# ¾Ì% (SZR¿ �#

|À¯ 'Á� +% Y� �Z¼e "�Z/ Z- :|» Á �Z¼e .¾eÂÌ¿ KÁ# *Â¿Z^ .Z=¿M),¯�u *Â¿Z^ (,2Ì3^Â» Á ,��- Ze #Â� Ê» :Z¼�Y .�y �$ +%
 Ê-Z¼e "Z$Á�Ì¿ 'Y Q!Zu �ÁZ/7( Á |À)M�% "Á�Ì¿ �Z-Y �% Y� .�y |2À¯ 'Á� +2% Á +^2-Zv» .�y +2% .|� :Z¼�Y Ê¸ Y# Á.¾Ì2Àd¼$

 ##�( Ê» z;7» ZÆ¿M +% .|� :Z¼�Y ,��- �Z-Y �% Z$ .�YÂ)# ,��-]2[.

Ê[ZË� 2Za�Z;» 
Á�Ì¿ *Â¿Z^-�Z¼e +UR¿ �# Ê0Zn%Z8(c) Xi|À¯ Ê» Q¼� #�Y# �Y�^ �Z¼e +v5! "Á� +¯ .+2% �Z2¼e +v52! ¾2)Y

 |uYÁ :Z»�¿ �Y#�% +¸Ì-Áni#Â� Ê» i)�3e..�y Á# ¾Ì% �Z¼e .Âv¿ ).�¯ (QY� �#)1(,-Y .|� .#Y# *Z7¿ .¾Ì% �Z¼e ¾ÌÀd¼$
 QY� �# .�YÂ)# Á .�y)2(,-Y .|� .#�ÁM .�Z¼e +UR¿ ,Ì3^Â»(c) Xi#Â� Ê» i)�3e �)' "Z$ :Â»�_ +¸Ì-Á +%:
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)5().�y Á# ¾Ì% (dRRU BA
n � ][][

)6().�YÂ)# Á .�y ¾Ì% (dRU B
n � ][

Z$ :Â»�_ ¾)Y �#ni�% ,|uYÁ :Z»�¿ �Y# xi
[A] Áxi

[B] , CY�y V Ȳ�» ,Ì3^Â» �Y#�% d,.�y Á# V2¯Y�» ¾Ì2% +¸2!Z_Un*YV2Ì» 
Á .�YÂ)# Á .�y ¾Ì% Z) .�y Á# ¾Ì% Ê¿Z�Â„¼$ R|À�Z% Ê» .�y xZ3�.
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I(�1-'�u +{ mZ0! ' ;¿)'�¯ (B+Aµ|» �{ PFC 

I(�2-'�u mZ0! ' ;¿ )'�¯ (b'�Y Ë{ +wµ|» �{PFC 

Ê-Z¼e "Z$Á�Ì¿ �Y#�%Fi#Â� Ê» +)Vne Ê��% Á :Z»�¿ +5WÂ» Á# +% �Z¼e +v5! +% ,^�¿:
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)7(s
i

n
ii FFF 

*M �# +¯nFi-Z¼e "Á�Ì¿ Á :Z»�¿ ÊsFi,-Y Ê��% Ê-Z¼e "Á�Ì¿ .:Z»�¿ Ê-Z¼e "Á�Ì¿ �Y#�%)nFi(+^2-Zv» �)' :Â»�_ 'Y
#Â� Ê»:

)8(i
nnn

i nUKF 

:Â»�_ ¾)Y �# +¯Kne +UR¿ �# :Z»�¿ Ê/;- ,-Y �Z¼.+^2-Zv» Ê72)YV_Y Z) Ê3¼ne "Â=WY &) �Z-Y �% Ê��% Ê-Z¼e "Á�Ì¿
 #Â� Ê» .#Â� Ê» +/_�( �<¿ �# �5! Ê��% Ê-Z¼e "Z$Á�Ì¿ xÂ¼n» ,,_�( QY� �Z¼e +¯ Ê¿Z»' .Ê2��% Ê0Z2n%Z8 ?)YV2_Y �$

Ê» +_ZOY +ÌWÁY "Á�Ì¿ �Y|R» +% +¯ #Â� Ê» &Ì/-AY Ê��% "Á�Ì¿ �# ?)YV_Y h�Z% "|3% Ê^�¿#Â� .Ê2��% "Á�Ì¿ �Y#�% ¾)Y�%ZÀ%
 |2)M Ê» ,-# +% Ê¿Z»' KZ( "Y|/%Y �# #Â8Â» "Á�Ì¿ �Y#�% �Y|R» +% Ê¿Z»' KZ( �$ �# Á�Ì¿ �Y#�% ?)YV_Y *YVÌ» *#�¯ +_ZOY Z% |)|8 .

,2¯�u .|2)|N Á# C�Â! +% Á .|� +^-Zv» *M �% .|� :Z¼�Y �ÁZ/7( Á Á�Ì¿ �Y#�% |À)M�% 'Y .#Z5/-Y Z% .�y �$ ,¯�u &2) ÊWZ2R/¿Y
#Â� Ê» *ZÌ% .�y Ê¿Y�Á# ,¯�u Á .�y "Á� �# +UR¿ .#Â� Ê» +/�Â¿ �)' "�Y#�% C�Â! +% ÊWZR/¿Y ,¯�u +W#Z3»:

)9()(
..

ii gxmF �

:Â»�_ ¾)Y �#Fi, .�y +% .|� :Z¼�Y Ê8�Z  "Z$Á�Ì¿ |À)M�% mÁ .�y Q¯ K�8gi�Y#�% ,2-Y Ê2¸ Y# "Z2$Á�Ì¿ [Z/2� .+2W#Z3»
#Â� Ê» +/�Â¿ �)' "�Y#�% K�_ +% Ê¿Y�Á# ,¯�u:
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Modeling of Dynamic Behavior of Granular Materials Using PFC Software 

Sadegh Afzalinia 

Abstract 

Particle flow code software models the dynamic behavior of granular materials 

using discrete element method.  In this software, granular materials are generated as 

spheres (clusters by combining spherical particles) and boundaries are created as walls. 

Input data in this model are physical and mechanical properties of granular materials 

and boundaries (walls).  Parameters including velocity and position of particles, stresses 

between particles, forces and moments applied on the walls, energy produced in the 

model, and some unknown properties of granular materials could be outputs of this 

model. Calculation cycle in PFC is based on Newton’s second law and the law of force-

displacement. Particle movement which comes from internal and contact forces of 

particles is estimated using Newton’s second law. Contact forces resulting from relative 

movement of particles at the contact points are calculated using the law of force-

displacement. Of the most common applications of this software in agricultural 

engineering are determination of repose angle and porosity of granular materials, 

estimation of the mechanical properties of granular materials by simulating tri-axial test, 

estimation of soil reaction forces on the tillage tools, and modeling of manure, fertilizer, 

and seed flow in the hoper of fertilizing and seeding machines. Some of these 

applications are covered in this study. 

Keywords: modeling, discrete elements, spherical particles, PFC  


