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ú.1���" 0�)2�20" �! �!.��.2�1� * 
 
�� �.1���" 0�)2�20" 0�)" �! �!���.2 " þ/
 2�" ��01�" �0�)/ #

/#1�.�%�." !.�/&2+� 3 !�&� 0��.�  � 0��": (i) (�1.�&�� /0/ ���&� 2&�

�)��&� �.� 12 �$0�&� 2 # 3 !�.� �LL� <� � ��1�)" ��2!+&� /#1�.�%�."

12 �$0�&�. (iii) 
� � ��1�)" /!�10&� �.��+10&" 2&� 12 �$0�&�. (iv) 
0)!3&1� 2 # �.� ��� * ��2!+ # /#1�.�%�." �.� 2&� �1 /*�.�&�

/!�10&� 2&� �)��&� 2 # 3 !�.. (v) ü���#1� 2&� 0��1+10&� �1 !! ��." (vi) 

� � ��1�)" 0�2.2��+� �0�0�+� �.� 2�10&� 2&� !��/&� 2 # 3 !�.. 	.
�.1��� 12�/�. 1#����!+� �2.� �0 2. 12�/�. �! -0�0�0!�.1�." 2&�

/0/ ���&� (.#2)�.2� ���01� 1#�/01� � ��." �.� �!.3��� .�0��)��1� 2 #

3 !�.) �.� �02-0�0�0!�.1�." 2&� .� 20�01��2&� (�!.3��� .�0��)��1�

�02.2 ��10&�, 0�2.2��+� �0�0�+� �.� 2�10&��� 7. /* .#2� 12�/�.

0��!0�� #� 1��.�2��� 2 � 1#� ���) $!)� � # .�.�20�2.� ��. 2�� .���#1�
2 # 3 !�. �.� �.��12 *� 2 �!)�!.��. 3����)20! �! " 2 � $!�12�. 

 
�#!�&" �!)�!.��. 
 

	 �!)�!.��. PFrame �$0� 2� /#�.2)2�2. .���#1�" 0���0/&� !.�/&2+�

3 !�&� �0 2!0�" 2*� #" 12 �$0�&�: (i) ���!&" /01�0#���. 2. /* ��!.

(12 �$0� 2*� # �2), (ii) ���!&" /01�0#��� 2 ��. ��! �.� 0�0#��!&1� 2�"

12! 3�" 12 ��� (12 �$0� 2*� # 2P′), (iii) 0�0#��!&1� 2�" 12! 3�" 12. /* 

��!. (12 �$0� 2*� # �1). 	 �!)�!.��. .� ���0*0� 2 �.� ���) ��2!+ 

/#1�.�%�." 10 � !3� ����+��" �.� 0���*0� 2�" 0��1+10�" �1 !! ��." �0 2�

��� / .�.� �3�" Gauss. ,. �!��0� �. 1��0�&�0� )2� 2 �!)�!.��. PFrame 
/�$02.� �)� 0���)���. 3 !2�.. 

� �+/��." 2 # �! �!���.2 " PFrame � # �.!.2��02.� 12 

�.!�!2��. .� 20�0�2.� .�) 2 �#!�&" �!)�!.��. � #  � ���02.� program 
PFrame �.� 2�" #� ! #2��0" gdata, formk, load, solve, stress �.� stift2. 

 To �#!�&" �!)�!.��. .3 * .�2�12 �$�10� 2 .!$0� 2&� /0/ ���&�

12� �02.���2� name1 �.� 2 .!$0� 2&� .� 20�01��2&� 12� name2 12�
1#��$0�. 2. .� ��0�� ù� � *�&" /�.��� �2.� .�) 2�� #� ! #2��. gdata 2.
/0/ ���. � # .3 ! *� 12�" �/�)2�20" 2&� 12 �$0�&�, 2� �02.�* 2 #"

1#�/01� � ��. 2�" 1#�202.����0" 2&� �)��&� �.� 2�" 1#� !�.��" 1#����0". 
ù� � #�0� � #� ! #2��. formk �  � �. .3 * �.��10� 2�� #� ! #2��. stift2 
�0 2��  � �. #� � ��� �2.� 2. ��2!+. /#1�.�%�." 2&� 12 �$0�&�, � !3+�0�



 

2 �.� ���) ��2!+ /#1�.�%�." 2 # 3 !�.. �2�� #� ! #2��. load 
� !3+�02.� 2 �.� ���) /���#1�. 2�" 3)!2�1�", 0�+ 12� #� ! #2��. solve 
���02.� � 0���#1� 2 # 1#12��.2 " 2&� 0��1+10&� �1 !! ��." �0 2� ��� / 

2�" .�.� �3�" Gauss. 7�� " 12�� #� ! #2��. stress #� � ��� �2.� 2.
0�2.2��� �0���� 2&� ��!&� 2&� !��/&� 2 # 3 !�..  

 

� ! #2��. gdata 
 

$!$��� /�.���02.� 2 )� �. (title) � # �$0� / �0� 12 � 3 !�. �0 2 format 
(a30) �.� ��2& .�) 2� ���� Title �!�302.� 12 .!$0� 2&� .� 20�01��2&� �

 � �.1�. � # �$0� / �0� 12 � 3 !�.. �2� 1#��$0�. /�.��� �2.� �.�

�!�3 �2.� ��2& .�) 2 � 2�2� General Data 2. 0��" /0/ ���. :np=���� "
�)��&�, ne=���� " 12 �$0�&�, nb=���� " /01�0#���&� �)��&�, ndf= 
�.�� � 0�0#�0!�." .�� �)�� , nmat=���� "  ��/&� 12 �$0�&� �0
/�.3 !02���" �/�)2�20". 

 �2� 1#��$0�. /�.��� �2.� �.� �!�3 �2.� ��2& .�) 2 � 2�2� Element 
Group Data 2. /0/ ���. � # .3 ! *� 12�" ��$.����" �/�)2�20" 2&�  ��/&�

2&� 12 �$0�&�. ò21� ��. 2 12 �$0� m �$ #�0: ort(m,1)=��2! 
0�.12��)2�2.", ort(m,2)=0��3��0�. 2�" /�.2 ��", ort(m,3)=! �� ./!.�0�."

2�" /�.2 ��". ù� � #�0� � .����&1� 2&� 1#�202.����&� )�&� 2&� �)��&�

np 2 # 3 !�.  �  � �0" �!�3 �2.� ��2& .�) 2 � 2�2� Nodal Coordinates �0

2 � .!���) 2 # �)�� # ln �.� 2�" /* 1#�202.����0" cord(ln,1) �.2� x �.�
cord(ln,2) �.2� y. 

 7. /0/ ���. 2&� 12 �$0�&� �0!��.���� #� ��. ���0 12 �$0� ln 2 #"
�.� ��� *" �)�� #" 2�" .!$�" nop(ln,1) �.� 2 # 2�� #" nop(ln,2), 2��
 ��/. 12 �$0�&� 12��  � �. .���0� 2 12 �$0� imat(ln) �.� 2 � 2*� 2 #

12 �$0� # itype(ln) .��� �. �0 2 � 0�� 0��.� � )$� /01�0#���. 2. ��!. 2 #. 
	. /0/ ���. 2&� 12 �$0�&� �!�3 �2.� ��2& .�) 2 � 2�2� ‘Element 
Connectivity, Group and Type Data’. 

 þ #� ! #2��. gdata  � ���!+�02.� �0 2�� .����&1� 2&� 1#� !�.�+�

1#����+�  �  � �0" �!�3 �2.� ��2& .�) 2 � 2�2� ‘Boundary Conditions’. 
þ .����&1� �. 0�.�2��10� )� #" 2 #" /01�0#��� #" �)�� #" nb. ò21� ��.
2 � /01�0#��� �)�� i �. /�.�.120� � �.� ���� .!����1� 2 # �)�� #

nbc(i) �.� ��." 2!�%�3� " .��!.� " .!���)" nfix(i) ���0 %�3� 2 #  � � #

.�2�12 �$0� 10 ��.� .�) 2 #" 2!0�" �.�� *" 0�0#�0!�." 2 # �)�� #. þ
/�1�0#1� /��+�02.� �0 2� � ��/. �.� � 0�0#��!&1� �0 ��/��.  

 
 
 
 
 
 



 


� ! #2��. formk 
 

ù� ���0#1� ��2!+ # /#1�.�%�." 
 

� 2!)� " .� ���0#1�" 2 # ��2!+ # /#1�.�%�." 2 # 3 !�. 0�.!2�2.� .�)

2� ��� / 0���*10&" 2&� 0��1+10&� �1 !! ��." �.�+" �.� .�) 2�� 20$����

/�.$0�!�1�" 2 # ��2!+ # /#1�.�%�." � # �$ #� 0���0�0�. �0 )�0" 2�"

�0!��2+10�" .� ���0* �2.� �)� 1#��02!�."  � )! � � # �!�1� �2.� �)� 

12 ��& � 2 ��2& 2!��&���) 2���. 2 # ��2!+ # /#1�.�%�.". þ .�)12.1�

.�) 2�� �*!�. /�.�+�� 2 # �� .� �.�!#1��� # ��/0��� * )! # 2 #

��2!+ # 0�.!2�2.� .�) 2� ����12� /�.3 !� mk 2�" �.� ����" .!����1�" 2&�
�.��+� 0�0#�0!�." 2&� �)��&� )�&� 2&� 12 �$0�&� (��. 1$��.2. 1 �.� 2). þ
.�)12.1� .#2� �.� !��0� �.� 2 0*! " 2�" �+��" 0�2)" 2�"  � �."

�!�1� �2.�  � �� ��/0��� � )! � 2 # ��2!+ #� 7 ���0*! " nband 2�" �+��"
�! 1/� !��02.� .�) 2� ����12� /�.3 !� mk 2&� �.� ���+� �.��+�
0�0#�0!�." 2&� 12 �$0�&�: 

1mnband k +=  

 

�$��. 1 ù!����1� �)��&� 0���0/ # ��.�1� #  

 

 



 

 

�$��. 2 �$��.2��� �.!�12.1� 2&� ��2!+&� /#1�.�%�." ��. 2��

013.����� �.� 2��  !�� .!����1� 2&� �)��&� 2 # ��.�1� # 2 # 1$��.2 " 1 

 



 

þ 2.���&2� .� ���0#1� 2 # ��2!+ # /#1�.�%�." �$0� 2 ��0 ���2��. 2 #

0#� �)20! # �! �!.��.2�1� * 2&� .�� !���&� 0���#1�" 2&� 0��1+10&�

�1 !! ��." .��� �.� 2 �0� ���2��. 2�" .� ���0#1�" �0!�22+� ��/0���+�

)!&� 2 # ��2!+ # /#1�.�%�."  �  � � � .#��� #� 2�" .�.�2�10�" 10 �����
2 # #� � ��12� �.�+" �.� 2 � #� � ��12��) $!)� 0�20��10&" 2�" 0���#1�". 

 �2 1#��0�!���� �!)�!.��. �! �0���� # �. � !3&�0� 2 ��2!+ 

/#1�.�%�." 10 � !3� ����+��" .�.�20�2.� �. / �0� ��. 0�2���1� 2�" 2���"

2 # nband. ò21� 2 �.� ���) ��2!+ /#1�.�%�."  !��02.� &" sk(nszf, 
nband) )� # nszf 0�3!��0� 2 #" 1#� ��� *" �.�� *" 0�0#�0!�." 2 # 3 !�.

0�+ 2 nband /��02.� .�) 2 � $!�12� 12�� #� ! #2��. formk �.�
�! 1.!�)�02.� 12 � 1#��0�!���� 3 !�. � # 0���*02.�.  

 
<� ! #2��. VWLIW� 
 

$�) 2�� #� ! #2��. formk �.�0�2.� � #� ! #2��. stift2 .3 * �!+2.

��/0��12 *� )� �  � )! � 2 # �.� ��� * ��2!+ # /#1�.�%�." sk(n,m) 2 #
3 !�.. þ #� ! #2��. stift2(n,icall) 1#� /0*02.� �0 2.  !�1�.2. n �.� icall. 
	 )!�1�. n .�2�12 �$0� 12 � .!���) 2 # 12 �$0� # 2 #  � � # #� � ���02.�

2 ��2!+ /#1�.�%�.", 0�+ 2 )!�1�. icall .�2�12 �$0� 12� $!�1� 2�"

#� ! #2��.". ò21� )2.� icall=1 � #� ! #2��. �.�0�2.� ��. 2� �)!3&1� 2 #

�.� ��� * ��2!+ # /#1�.�%�."� 0�+ )2.� icall=2 �.�0�2.� ��. 2 �
#� � ��1�) 2&� 0�2.2��+� �0�0�+�. 

 ù!$���  !�� �2.�  � �.� ��� � �.�� � 0�0#�0!�." 2�" .!$�"

jj=nop(n,1) �.� 2 # 2�� #" kk=nop(n,2), �  ��/. ll=imat(n) �.�  2*� "

m=itype(n) 2 # 12 �$0� # n� 7 ��� " 2 # 12 �$0� # #� � ���02.� �.�

1#�� ���02.� �0 rlen. 	. ��2!+. � # $!�1�� � � *�2.� 12�� #� ! #2��.

.#2� 0��.� 2. 0��": a(6,6) =��2!+ �0!�12! 3�" =Λ ske(6,6)   ],[ PPF ��2!+ 

/#1�.�%�." >k] 2 # 12 �$0� # 12 2 ���) 1*12��., 
6)skg(66)b(6 ,],k[]a[, T= =��2!+ /#1�.�%�." 2 # 12 �$0� # 12 �.� ���)

1*12��.. 

 �02� 2 � #� � ��1�) 2&� �� ��/0���+� �)� � )!&� 2 # ��2!+ #

�0!�12! 3�", �.� 03)1 � �!�1�)�.120 12� 3�1� �)!3&1�" 2 # �.� ��� *

��2!+ # /#1�.�%�." (icall=1), �!�302.� 12 .!$0� 2&� .� 20�01��2&� 2 

��2!+ �0!�12! 3�" ��2& .�) 2 � 2�2� Transformation Matrix. �2�
1#��$0�. #� � ���02.� 2 ��2!+ /#1�.�%�." 2 # 12 �$0� # 12 2 ���)

1*12��. .!$�" �0� ����" �0 2 #" � �� *" )! #" sa=EA/L ��. )� #" 2 #"

2*� #" 2&� 12 �$0�&�. ù� � #� *�  � )! � 2 # 12 �$0� # 2*� # 1 (type1) �0
�0 2!0�" 0�0!� *" ��0� 10 ���0 ��! � 2 # 2*� # 2 (type2) �0 0�0#��!&1� 2�"

12! 3�" 12 � �)�� 2�" .!$�"� 2 # 2*� # 3 (type3) �0 0�0#��!&1� 2�"

12! 3�" 12 � �)�� 2 # 2�� #" �.� 2 # 2*� # 4 (type4) �0 0�0#��!&1� 2�"



 

12! 3�" 12. /* ��!.. ü�� icall=1 �!�302.� 2 2 ���) ��2!+ /#1�.�%�."

ske )6(6,  ��2& .�) 2 � 2�2� Local Stifness Matrix. 

 O #� � ��1�)" 2 # �.� ��� * ��2!+ # /#1�.�%�." 2 # 12 �$0� #

#� � ���02.� 10 /* 3�10�"� �!+2. �0 2 � #� � ��1�) 2 # 0�/���01 #

��2!+ # ]k[]a[ T=b  �.� 12� 1#��$0�. �0 2 � #� � ��1�) 2 # 20��� *

��2!+ # ]a][b[=skg . 

 

�)!3&1� 2 # �.� ��� * ��2!+ # 10 2.���&2� � !3� 
 

þ �)!3&1� 2 # �.� ��� * ��2!+ # /#1�.�%�." sk(nszf,nband) 
�!.��.2 � �0�2.� ��1. 12 do 400 )� # .!$��� �.�0�2.� � #� ! #2��. stift2. 
ù��1&" �02� 2�� ���1� 2�" #� ! #2��." stift2 2 � �02 *�2.� 12�" �.� ����"
��10�" 2 # ��2!+ # /#1�.�%�." 2 # 3 !�.  � .�2�12 �$ � )! � 2 # ��2!+ #
/#1�.�%�." 2 # 12 �$0� # � # #� � ��12��.� �0 2� stift2. 

 þ �02.���2� nrowb � # #� � ���02.� 12 do 350 �! 1/� !��0� 2�
�!.��� 2 # �.� ��� * ��2!+ # /#1�.�%�." 12��  � �. �. 2 � �02��0�  

.�2�12 �$ " )! " 2 # ��2!+ # /#1�.�%�." 2 # 12 �$0� #, 0�+ � �02.���2�

ncolb � # #� � ���02.� ��1. 12 do 330 �.� !��0� 2�� .�2�12 �$� 12���

03)1 � � .� ���0#1� ���)2.� �0 2�� ���!� � !3� 2 # ��& 2!��&��� *

��2!+ #. û0/ ��� # )�&" )2� � .� ���0#1� ���02.� �0 2.���&2� � !3�

2! � � �0�2.� � �02.���2� ncolb 12� �02.���2� ncol �21� +120  ���0

/�.�+�� " )! " 2 # �.� ��� * ��2!+ # /#1�.�%�." �. .� ���0*02.� 12��

�!+2� 12��� 2 # �.� ��� * ��2!+ # (��. 1$��. 3). ò21�  /0��2�"

/#1�.�%�." skg(i,l) 2 # 12 �$0� # �! 12��02.� 12 � /0��2� /#1�.�%�."
sk(nrowb,ncol) 2 # �.� ��� * ��2!+ # /#1�.�%�." 2 # 3 !�.. 

 

�#� !�.��" 1#����0" 
 
�� 1#� !�.��" 1#����0" 0������ �2.� ��1. 12 do 500 2  � � /�.2!�$0� 2 

1*� � 2&� /01�0#���&� �)��&� nb. +�. ���0 /01�0#��� �)�� 

#� � ���02.�  .��!.� " .!���)" nx   � � " ��. 2!0�" �.�� *" 0�0#�0!�."

10 ���0 �)�� �.�!�0� 2�� 2��� 100� �2� 1#��$0�. ��. ���0 �.��) 0�0#�0!�."

nrowb 2 # �0!��+" �  ���+" /01�0#��� # �)�� # nbc(n) #� � ���02.� o 
.��!.� " .!���)" icon=nfix(n)/nx. O .��!.� " .!���)" icon �. ���0� 2��

2��� ��/�� � � ��/.. ü�� 0��.� � ��/. 1��.��0� )2�  �!+2 " 2 #��$�12 �

�.��)" 0�0#�0!�." (�02.2)��1� �.2� x) 2 # �)�� # n 0��.� /01�0#��� ". 
�ï.#2� 2�� �0!��2&1� ��2 #�0 2�� 2��� 2 # .�2�12 �$ # /�.�+�� # )! # 2 #

��2!+ # /#1�.�%�." sk(nrowb,1)=1 �.� ��/0��� #�0 )� #" 2 #" ��

/�.�+�� #" )! #" 2 # ��2!+ # sk(nr,j)=0.0. �0 .#2) 2 � 2!)� ��/0���02.�
� .�2�12 �$� �02.2)��1� �.2� 2�� 0���#1� 2&� 0��1+10&� �1 !! ��." 12��  



 

 

 

 

ù� ���0#1� 10 ��& 2!��&���� � !3� ù� ���0#1� 10
2.���&2� � !3� 

 

 

�$��. 3 ù� ���0#1� 2 # /0��2� /#1�.�%�." skg(i, " ) 0�)" 12 �$0� # 12 

�.� ���) ��2!+ /#1�.�%�." 2.���&2�" � !3�" 

 

 



 

#� ! #2��. solve �.� 0������02.� �21� � /�1�0#1� 2 # 1#��0�!���� #

�.�� * 0�0#�0!�.". (��  .��!.� " .!���)" icon 0��.� ��/�� .#2) 1��.��0�

)2� 2 #��$�12 �  �!+2 " �.��)" 0�0#�0!�." (�02.2)��1� �.2� x) /0� 0��.�

/01�0#��� ". 	)20 /�.�!0�2.� � �02.���2� nx /�. 2 # 10 �.� 0�02��02.�  
.��1&" 0�)�0� " �.��)" 0�0#�0!�." nrowb=nrowb+1 2 # �)�� # n �0 2 �
0� �� # #� � ��1�) 2 # .��!.� # .!��� * icon. �2� 1#��$0�. .� � #�0�2.�

��. 2 � /0*20! �.� 2 � 2!�2 �.��) 0�0#�0!�." 2 # �)�� # n � �/�.

/�./��.1�. � # .� � #�����0 ��. 2 � �!+2 �.��) 0�0#�0!�.". �02� 2��

0��2.1� 2 # 2!�2 # �.�� * 0�0#�0!�." 2 # �)�� # n, 2 ��2!+ /#1�.�%�."

�. �$0� 2! � � ���0� �21� +120  � /0��20" /#1�.�%�." � # .�2�12 �$ *� 12�"

�!.���" 2&� /01�0#���&� �.��+� 0�0#�0!�." 2 # �.� ��� * ��2!+ #

/#1�.�%�." �. 0��.� ��/0��� � 0�2)" .�) 0�0�� #" � # �!�1� �2.� 12��
�*!�. /�.�+�� �.� �$ #� ���0� � �./�.�. 2���. 

 


� ! #2��. load 
 

�2�� #� ! #2��. .#2� /�.���02.� �.� .� ���0*02.� 12 /���#1�. r1 � #

.�2�12 �$0� 12 �.� ���) /���#1�. 2�" 3)!2�1�" 2 # 3 !�.. ù!$��� �.

/�.�.120� �.� �. �!.320� ��2& .�) 2 � 2�2� Load Data o .!���)" 2 #

�)�� # nq �.�  � 2!0�" 1#��12+10" 2 # 3 !2� # r(1), r(2), r(3) � #
.�2�12 �$ *� 12 � 0� �)�& �)�� . �2� 1#��$0�. ��1. 12 do 170 
�02.2!��02.� 2 2 ���) /���#1�. 2�" 3)!2�1�" 2 # �)�� # r(ndf) 12 
�.� ���) /���#1�. r1(nszf). H /�./��.1�. .#2� 2�" �02.2! ��" 2 # 2 ��� *

/�.�*1�.2 " 12 �.� ���) /���#1�. 2�" 3)!2�1�"  � ���!+�02.� �0 2��

.����&1� �.� 2 # 20�0#2.� # �)�� # 2 # 3 !�. .�0��!2�2. .�) 2 0�� 0��.�

� )$� 3 !2�1��� "  20�0#2.� " �)�� " 2 # 3 !�.. �.2� 1#���0�.

.�0��!2�2. .�) 2 � .� 0��.� � )$� 3 !2�1��� "  20�0#2.� " �)�� " 2 #

3 !�. �0 0�&20!��� 3)!2�1� �. �!��0� �. /��02.� ���2. &" 3 !2��)�0� "
�)�� ". 

 

� ! #2��. solve 
 

H #� ! #2��. solve 0�20�0� 2�� 0���#1� 2&� 0��1+10&� �1 !! ��." �0 2�

��� / 2�" .�.� �3�" Gauss. þ 0���#1� �!.��.2 � �0�2.� 10 /* 12�/�.. 
�2 �!+2 12�/� 2!��&� � �0�2.� 2 ��2!+ /#1�.�%�." sk(nszf,nband) 
�.� 12 /0*20! 12�/� 0�20�0�2.� � ��1& .�2��.2�12.1� �.2� 2��  � �.
#� � ���02.� 2 /���#1�. 2&� �02.2 ��10&� 2 # 3 !�.. 

 

 



 

�2�/� 1: 	!��&� � ��1� 2 # ��2!+ # �0 .�.� �3� .��+12&� .�) 2�"

0��1+10�" 

 

 þ .�.� �3� ���02.� 10 n-1 ���.2., )� # n=nszf, �0 2�� �.!.��2&

/�./��.1�.: 

  

ú��. 1: ù�.� �3� 2�" ���&12�" �02.2)��1�" û1 .�) 2�" n-1 20�0#2.�0"
0��1+10�" 
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ú��. 2: ù�.� �3� 2�" ���&12�" �02.2)��1�" û2 .�) 2�" n-2 20�0#2.�0"
0��1+10�" 2 # 1#12��.2 " �0 ��2!+ ))]1n()1n((K[ )1( −×−  

 

….. 

 

ú��. n-1: ù�.� �3� 2�" ���&12�" �02.2)��1�" ûn-1 .�) 2�" /* 20�0#2.�0"

0��1+10�" 2 # 1#12��.2 " �0 ��2!+ )]22(K[ )1n( ×−  

 



 

 �02� 2 ���. n-1 � 20���� � !3� 2&� 2! � � �����&� 0��1+10&� �$0�
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)� # 2 ��2!+ /#1�.�%�." �$0� 2!��&� � ���0� �.� 2.#2)$! �. �$0�

2! � � ���0� �.� 2 /���#1�. 2�" 3)!2�1�". 

 

�2�/� 2: 
� � ��1�)" 2&� �02.2 ��10&� �0 ��1& .�2��.2�12.1� 

 

þ ��1& .�2��.2�12.1� �!.��.2 � �0�2.� 10 n ���.2.: 

 

ú��. 1: 
� � ��1�)" 2�" ûn 

 

)1n(
nn

)1n(
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ú��. n: 
� � ��1�)" 2�" û1 

 

11nn131321211 K/)KP( ∆Κ−∆Κ−∆−=∆ �  



 

 

 þ .�� !������ /�.2*�&1� 2�" .�.� �3�" Gauss �$0� &" 0��": 

 
	!��&� � ��1� 
 

+�. )1n(1i −÷=  /��2!0�0 2�" �!.���" "  =(i+1) n÷  
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 þ 1#��02!��� � !3� 2 # ��2!+ # /#1�.�%�." 2 # 3 !�. �."

0��2!��0� �. �0!� !�1 #�0 2�" �!��0�" 2�" 2!��&� � ��1�" 12 ��& 2!��&���)

#� ��2!+ 2 # ���0 ���.2 ". ò21�  � 1$�10�" 2�" 2!��&� � ��1�"
2! � � � *�2.� &" 0��": 
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  þ 2!��&� � ��1� 2 #  !� �&��� * ��2!+ # sk(nszf,nband) 
�!.��.2 � �0�2.� 12�� #� ! #2��. solve ��1. 12 do 300, )� # ��. 2��

0��2�$#�1� 2�" /�./��.1�." 2�" �.!.� �2 � ��1�" /0� �!.��.2 � � *�2.�

�!��0�" �0 ��/0��� *" )! #" 2 # ��2!+ # /#1�.�%�.". �02� 2��



 

 � ���!&1� 2 # do 290 �$ #� #� � ��120� 2. 2! � � �����. 12 �$0�. 2 #

��2!+ # /#1�.�%�." sk(i,j) �.� 2. 2! � � �����. 12 �$0�. 2 # /�.�*1�.2 "
2�" 3)!2�1�" r1(i). 

  H ��1& .�2��.2�12.1� ���02.� ��1. 12 do 400 )� # �.� ����

.� 30*� �2.�  � �!��0�" �0 ��/0��� *" )! #" 2 # ��2!+ # /#1�.�%�." �.�

)� # .� ���0*02.� 2 /���#1�. 2�" �*10&" {û} 12 /���#1�. 2�" 3)!2�1�"

r1(nszf). 2� �02.2 ��10�" 2&� /01�0#���&� �.��+� 0�0#�0!�." �.
�! �*% #� ��1& 2�" /�./��.1�." 0���*10&" ��/0����". 

 

� ! #2��. stress 
 

002� 2 � #� � ��1�) 2&� �02.2 ��10&� �.�0�2.� .�) 2 �#!�&" �!)�!.��.

� #� ! #2��. stress 12��  � �. �!�3 �2.� 12 .!$0� 2&� .� 20�01��2&�

��2& .�) 2 � 2�2� Results �.� 2�"  � �.1�0" Node, X-Translation, Y-
translation, Z- rotation (format 100)  � �)�� �,  � �02.����10�" �.2� x,y �.�
� 12! 3� �.2� z. ��1. .�) 2�� 0�2 �� equivalence (dis(1),r1(1)) ���02.� �
.�2�12 �$�1� 2 # /�.�*1�.2 " 2&� �02.2 ��10&� dis(ndf,np) �0 2 /���#1�.
2�" �*1�" r1(nszf). 

  �2� 1#��$0�. �.� ��1. 12 do 200 #� � ��� �2.� �.� �!�3 �2.� 2.
.�!.�. 0�2.2��� �0���� 2&� !��/&� 2 # 3 !�. 12 2 ���) 1*12��. 2 #

12 �$0� #. +�. ���0 12 �$0� n �.�0�2.� � #� ! #2��. stift2(n,2) �0 2��  � �.
#� � ���02.� 2 0�/���01 ��2!+ ]k[][]b[ T

PPFΛ= . ò21� .3 * �02.2!.� *�

��1. 12�� #� ! #2��. stress  � �.� ����" �02.2 ��10�" dis(j,m) 12�" 2 ����"
�02.2 ��10�" r(ij) 2 # ���0 12 �$0� #, 0�20�0�2.� ��1. 12 do 300  

� ��.��.1�.1�)" 2 # ��2!+ # [b] �0 2 /���#1�. {r} .�) 2 �  � � 

�! �*�20� 2 /���#1�. 2&� 0�2.2��+� �0�0�+� force(n,6) 2 # 12 �$0� # 12 
2 ���) 1*12��.. �02� 2 � #� � ��1�) 2&� 0�2.2��+� �0�0�+� �!�3 �2.�

12 .!$0� 2&� .� 20�01��2&� ��2& .�) 2�"  � �.1�0" Element, Node, 
Axial Force, Shear Force, Moment  .!���)" 2 # 12 �$0� #,  .!���)" 2 #

�)�� #, � .� ���� /*�.��, � 2��� #1. /*�.�� �.� � �.��2��� ! ���
.�2�12 �$.. 

  �02� 2�� 0�2��01� .�) 2 �#!�&" �!)�!.��. �.� 2�" #� ! #2��."

stress ��0�� �2.� /�./ $��� 2. .!$0�. 1 �.� 2 � # 0�$.� /��� #!���0� �.� �21�
 � ���!+�02.� � 0�2��01� 2 # �! �!���.2 ". 

 
�.!�/0���. /0/ ���&� �.� .� 20�01��2&� 
 
ò12& )2� 2 .!$0� 2&� /0/ ���&�� � # /�.���02.� .�) 2 �#!�&" �!)�!.��.

&" name1 �0 2 format 1001, .�2�12 �$0� 12 � 3 !�. 2 # 1$��.2 " �� 	 
.!$0� 2&� /0/ ���&� 0�3.���02.� .�.�#2��� 12 � ���.�. �. �.� �0 2�

� !3� � # /�.���02.� .�) 2 �!)�!.��. 12 � ���.�. ��� 	 .!$0� 2&�



 

/0/ ���&� � # �$0�  � �.120� Input.txt �. �!��0� �. �$0� 2�" 2���" � #

0�3.��� �2.� 12 � ���.�. ��� 
 

 

�$��. �� +0&�02!�. �.� 3)!2�1� 2 # 3 !�. Test1. 
 
  �� 2�110!0�" 2*� � 2&� 12 �$0�&� 3.�� �2.� 1$��.2��� 12 1$��. �� þ
�!�!&1� 10 �)�� 2 # 3 !�. �0&!0�2.� )2� 03.!�)�02.� 12. ��!. 2&�

12 �$0�&� � # 1#�2!�$ #� 12 � �/� �)�� ���� 0�)"� 	 ��! 2 # 12 �$0� #

.#2 * �0&!0�2.� )2� �$0� 2!0�" 0�0!� *" �.�� *" 0�0#�0!�."� ù#2) ���02.� ��.

�. .� 30#$�0� ��/0���� 2��� 12 � /�.�+�� )! 2 # ��2!+ # /#1�.�%�."

� # .�2�12 �$0� 12 � 12! 3��) �.��) 0�0#�0!�." 2 # �)�� #� þ �!�!&1� 10

12�!��� /��+�02.� ��. 3 !� 0�20 ��1& 2&� 1#����+� 12�!��0&"� &" 110, 
0�20 �0 ��. �!�!&1� 12 ��! 2 # 12 �$0� # �.� 1#�����" 12�!��0&"

���! #" ���2&1�" 111� �2 #" 3 !2�1��� #" �)�� #" �!��0� �. /��&�0�  

20�0#2.� " �)�� " .�0��!2�2. .�) 2 .� 3 !2��02.� � )$�� 
 

1. 	!0�" 0�0!� � ��0� 10 ���0 ��!  

 

2. ñ!�!&1� 12 ��! j 

 

3. ñ!�!&1� 12 ��! k 

 

4. ñ!�!&1� �.� 12. /* ��!. 
 

�$��. � 	*� � 12 �$0�&� 



 

 
�2 � ���.�. � 0�3.���02.� 2 .!$0� 2&� .� 20�01��2&� name2 2  � � 

�$0�  � �.120� Output.txt �.� �0!��.����0� 2. /0/ ���. 2 # 3 !�. �.� 2.

.� 20��1�.2. 2&� �02.2 ��10&� 2&� �)��&� �.� 2&� 0�2.2��+� �0�0�+�

2&� !��/&� 2 # 3 !�. �02� 2�� 0�2��01� 2 # �! �!���.2 "� 
 

���.�." �. ù�.�#2��� �.! #1�.1� /0/ ���&� 
�#��0�2!&2��� 
/0/ ���. 3 !�. 

np 

3 

ne 

2 

nb 

2 

ndf 

3 

nmat 

1 
��$.����" �/�)2�20"

12 �$0�&� 
m 

1 

ort(m,1) 

2.1E8 

ort(m,2) 

0.015 

ort(m,3) 

0.000025 

 

ù!���)" 
& 

1#�202.����0" 
�)��&� 

ln 

1 
2 
3 

cord(ln,1) 

0.000 
8.000 

11.000 

cord(ln,2) 

0.000
5.000
5.000

  

  

ù!���)" 
1#�/01� � ��. 
&  ��/.-2*� " 

12 �$0�&� 

ln 

1 
2 

nop(ln,1) 

1 
2 

nop(ln,2) 

2 
3 

���/. 12 �$0�&� 

1 
1 

T*� " 12 �$0� # 

3 
1 

ù!���)" 
/01�0#��� # 

�)�� # 
& 1#����0" 12�!���" 

nbc(i) 

1 
3 

nfix(i) 

111 
110 

   

ù!���)" 
& 

3)!2�1� �)��&� 

nq 

2 
3 

r(1) 

50.00 
0.00 

r(2) 

-200.00 
0.00 

r(3) 

0.00 
0.00 

 

 
 

���.�." �� ù!$0� /0/ ���&� Input.txt 
 
 
    Test1 
 
    3  2    2    3 1 
 
    1   2.1e8   0.015   0.00025 
 
    1   0.000   5.000 
    2   8.000   5.000 
    3  11.000   0.000 
 
    1  1   2    1 3 
    2  2   3    1 1 
 
    1  111 
    3  110 
 
    2  50.00   -200.00 0.00 
    3   0.00      0.00 0.00 
 



 

 

���.�." � ù!$0� .� 20�01��2&� Output.txt 
 
Title 
    Test1                      
  General Data 
     3     2     2     3     1 
  Element Group Data 
     1      .2100E+09      .0150000      .0002500 
  Nodal Coordinates 
     1      .000     5.000 
     2     8.000     5.000 
     3    11.000      .000 
  Element Connectivity, Group and Type Data 
     1     1     2     1     3 
     2     2     3     1     1 
  Boundary Conditions 
     1   111 
     3   110 
         
   Transformation Matrix  
       1.0000        .0000        .0000        .0000        .0000        .0000 
        .0000       1.0000        .0000        .0000        .0000        .0000 
        .0000        .0000       1.0000        .0000        .0000        .0000 
        .0000        .0000        .0000       1.0000        .0000        .0000 
        .0000        .0000        .0000        .0000       1.0000        .0000 
        .0000        .0000        .0000        .0000        .0000       1.0000 
         
   Local Stiffness Matrix  
  393750.0000        .0000        .0000 -393750.0000        .0000        .0000 
        .0000     307.6172    2460.9380        .0000    -307.6172        .0000 
        .0000    2460.9380   19687.5000        .0000   -2460.9380        .0000 
 -393750.0000        .0000        .0000  393750.0000        .0000        .0000 
        .0000    -307.6172   -2460.9380        .0000     307.6172        .0000 
        .0000        .0000        .0000        .0000        .0000        .0000 
         
   Global Stiffness Matrix  
  393750.0000        .0000        .0000 -393750.0000        .0000        .0000 
        .0000     307.6172    2460.9380        .0000    -307.6172        .0000 
        .0000    2460.9380   19687.5000        .0000   -2460.9380        .0000 
 -393750.0000        .0000        .0000  393750.0000        .0000        .0000 
        .0000    -307.6172   -2460.9380        .0000     307.6172        .0000 
        .0000        .0000        .0000        .0000        .0000        .0000 
         
   Transformation Matrix  
        .5145       -.8575        .0000        .0000        .0000        .0000 
        .8575        .5145        .0000        .0000        .0000        .0000 
        .0000        .0000       1.0000        .0000        .0000        .0000 
        .0000        .0000        .0000        .5145       -.8575        .0000 
        .0000        .0000        .0000        .8575        .5145        .0000 
        .0000        .0000        .0000        .0000        .0000       1.0000 
         
   Local Stiffness Matrix  
  540220.6000        .0000        .0000 -540220.6000        .0000        .0000 
        .0000    3177.7690    9264.7070        .0000   -3177.7690    9264.7070 
        .0000    9264.7070   36014.7100        .0000   -9264.7070   18007.3500 
 -540220.6000        .0000        .0000  540220.6000        .0000        .0000 
        .0000   -3177.7690   -9264.7070        .0000    3177.7690   -9264.7070 
        .0000    9264.7070   18007.3500        .0000   -9264.7070   36014.7100 
         
   Global Stiffness Matrix  
  145336.2000 -236930.7000    7944.4210 -145336.2000  236930.7000    7944.4210 
 -236930.7000  398062.3000    4766.6530  236930.7000 -398062.3000    4766.6530 
    7944.4210    4766.6530   36014.7100   -7944.4210   -4766.6530   18007.3500 
 -145336.2000  236930.7000   -7944.4210  145336.2000 -236930.7000   -7944.4210 
  236930.7000 -398062.3000   -4766.6530 -236930.7000  398062.3000   -4766.6530 
    7944.4210    4766.6530   18007.3500   -7944.4210   -4766.6530   36014.7100 



 

            
  Load Data 
         2     50.0000   -200.0000       .0000 
         3       .0000       .0000       .0000 
 
 
                     Results 
 
  Node      X-Translation   Y-Translation     Z-Rotation 
    1        .0000000E+00      .0000000E+00      .0000000E+00 
    2       -.1774920E-03     -.6095211E-03      .7988305E-04 
    3        .0000000E+00      .0000000E+00      .7988305E-04 
 
 
  Element  Node     Axial Force     Shear Force         Moment 
        
     1       1         69.8875           .1875          1.5000 
             2        -69.8875          -.1875           .0000 
        
     2       2        233.0194           .0000           .0000 
             3       -233.0194           .0000           .0000 
 
 



 

TO ���+�ù��ù PFrame �ü �ü�ÿúù���� Windows 
(PFrameWin) 

 
�� �.�./!.����" – ú� ��0*!�" 

 
 
ü��.2�12.1� 2 # �! �!���.2 " 12 PC 
 
�.� *�0 ���1. .�) 2 � Explorer ��$� 2&� Windows) 2 .!$0� Setup.exe. 
ù� � #�+�2." 2�"  /���0" � # /�� �2.� 12��  �)��� ���02.� � 0��.2�12.1�

2 # �! �!���.2 " 12 � �! 1&���) #� � ��12�� 	 �! 0���0���� directory 
0��.2�12.1�" 0��.� 2 C:\Program Files\PFrameWin, �� !0� )�&" �.

0���0�0� �.�  � � /�� 20 ��� directory.  
 
�!�1� 2 # �! �!���.2 " PFrameWin 
 
A�) 2 �0� * Start 0�����02.� Programs �.� 12� 1#��$0�. � 0���2.1�

PFrameWin. �2��  �)�� 0�3.���02.� 2 �*!� �.!��#! �0�2 #!��." 2 #

�! �!���.2 "� �� .!$���" 0��� ��" 0��.� /* � �� .!$0� ��.�� *!�� "
3 !�."� � ù����&1� .!$0� # �0�0�0!�.1�. #��!$ �2 " 3 !�.�� �� 0��� ��"
.#2�" �!.��.2 � � *�2.� 0�20 .�) 2 �0� * ù!$0� 0�20 .�) 2. .�2�12 �$.

� #����, 12 ��2& /0��) ��! "� 
 
ù����&1� #��!$ �2 " 3 !�. 
 
ü����� �2." 2�� 0�2 �� ù����&1� 0�3.���02.� 2 �.!��#! Open file 2&�
Windows. ��1. 12 � 3��0� Examples �!�1� �2.� 2�110!. �2 ��.

�.!./0���.2. 0���0/&� !.�/&2+� 3 !�&� � # �� ! *�0 �. /�.��1 #�0�
�!)�0�2.� ��. 2. .!$0�.� Example1.txt, Example2.txt, Example3.txt, 
Example4.txt. �0 2�� 0��� �� 0�)" .�) .#2� �. .�.��&120� .�) 2 

�!)�!.��.  .�2�12 �$ " 3 !�." �.� �. 0�3.��120� 12��  �)�� 1$0/�.1�"� 
 
�0 2 ��2��. 2 # � #��� * �#���10�" 0�3.��� �2.�  � �#���10�"

1$0/�.1�" )� # �� ! *�0 �. 0�0!� � ��1 #�0 � �. .�0�0!� � ��1 #�0

��� �. � ��� �0" .�) 2�" 0��� ��" � # �$ #�0� �.2+�2." 12� 1#��$0�. 2 

� #��� ü3.!� ��  � ��0" !#���10�" #� � � *�2.� 12��  �)�� 1$0/�.1�"�
�.2+�2." 2 � #��� �� ���02.� 03.!� �� 2&� ��&� !#���10&� �.�

2.#2)$! �. �� / " .�) 2�" !#���10�"� þ ����.�. 1$0/�.1�" �.� !��02.� .�)

2�� 0��� �� ����.�. �� � 0�+ � �02.����1� 2 # 3 !�. 0�2)" 2�"  �)��"

�!.��.2 � �0�2.� �0 2. ���� 2&� 2011�!&� �.20#�*�10&��  
 
H 0�3���1� 2&� /0/ ���&� 2 # 3 !�. ���02.� .�) 2 �0� * - !�." !

û0/ ���.� 2 # �*!� # �.!��#! #� þ 0��� / " 12� 1#��$0�. 12��  �)��



 

1$0/�.1�" ���02.� �0 2 � #��� ��� þ 0�0�0!�.1�. 2&� /0/ ���&� ���02.� �0

2. ��2& /0��� � #���� ���/0" ü�ù�ÿ – �)�� � – �2 �$0�. – - !2�10�". 
 
û��� #!��. �� # 3 !�. 
 
+�. 2� /��� #!��. �.� 2�� .���#1� 0�)" �� # 3 !�. 0����� #�0 .�) 2 

�0� *� ù!$0� ! �� � �.2��0 2 � #��� �� � �2 �.!��#! �� .!$0�  
� # 0�3.���02.� /�� #�0 2 � 0���#��2) 2�2� 2 # 3 !�.� �12& Test1� �.�
�! $&! *�0 12�� 0�1.�&�� 2&� /0/ ���&� 2 #� �� 2�2� " 2 # 3 !�.� /0�
�$0� 1$�1� �0 2 )� �. 2 # .!$0� # 2 #� 
 
�0�����0 �.2+�2." 2 � #��� ���/0" ü�ù�ÿ. �2�� ���/. $.!��+�� 1 
.�.�!�3 #�0 2 ��2! 0�.12��)2�2." ü� 2 0��./)� /�.2 ��" ù� �.� 2� ! ��

./!��0�." 2�" /�.2 ��" ÿ� � # $.!.�2�!�� #� 2. 12 �$0�. � # .��� #� 12��

 ��/. �� �.� 2. �.2.$&!�� #�0 �0 2�� 0�2 �� ü3.!� ��� �2� 1#��$0�.

0�3.���02.� � ���/. $.!��+� � �0 2. .�2�12 �$. ü�ù�ÿ� ü�� /0� #��!$ #�

���0"  ��/0" 12 �$0�&� 2)20 0�.�0!$)�.120 12�" �*!�0" 0��� ��" �0 2��

0�2 �� ñ�#! � ü�� #��!$ #� �.� ���0"  ��/0"� 2)20 .� � #� *�0 2�� �/�.

/�./��.1�. ��$!� �. �.2.$&!�1 #�0 )�0" 2�"  ��/0" $.!.�2�!�12��+� 2&�

12 �$0�&� 2 # 3 !�.� 
 
�2� 1#��$0�. �.2��0 2 � #��� �)�� �� û�� �2.�  � 1#�202.����0" �.2� x 
�.� \ 2 # ���0 �)�� # �.�  � /01�0*10�" 2 # 03)1 � 0��.� /01�0#��� "�
�02� 2�� 0�0!� � ��1� 2�" 0�2 ��" ü3.!� �� 0�3.���02.� 12��  �)��

1$0/�.1�" �.� 12 0���0/ [\  0��12 20 �)�� " �0 2�� .!����1� 2 #� �
 !�1�)" 2&� 1#�202.����&� �.� 2&� 2#$)� /01�0*10&� 2&� �)��&� 2 #

3 !�. 1#�0$��02.� ��$!� �.� 2 � 20�0#2.� �)�� � þ 0��� / " 12�" �*!�0"

0��� ��" ���02.� �0 2�� 0�2 �� ñ�#! . 
 
ü����� #�0 0� 1#�0$0�. �2 �$0�.� +�. ���0 12 �$0� /��02.�  .*�&� .!���)"

2 #� �  ��/. 12��  � �. .���0��  �)�� " .!$�" �.�  �)�� " ��!.2 "� �
2*� " 2 # 12 �$0� # �.� !��02.� �0 2�� 0��� �� 2 # .�2�12 �$ # 0�� ��/� #

��2 �$0� P2, P2¶ � P1)� 	 12 �$0� �.2.$&!��02.� 20���� �0 2�� 0�2 ��

ü3.!� ��� 0�+ � 0�2 �� ñ�#! �." 0�.�.3�!0� 12�" �*!�0" 0��� ��". 
 
O� 3 !2�10�" /�� �2.� �0 2�� 0�2 �� - !2�10�" )� #� .3 * 0���0�0�  �)�� "

12 �  � � �. 0������0� � 3)!2�1��  !�� �2.�  � /#���0�" Fx, Fy �.� � ! ��

�� �2 �!)�!.��. 3IUDPH:LQ� /0� $!0���02.� �. /��02.�  20�0#2.� "

�)�� " 2 # 3 !�. &" 3 !2��)�0� " �0 ��/0���� 3)!2�1� �03)1 � /0�

3 !2��02.��� ù#2) ���02.� .#2)�.2. .�) 2 �!)�!.��.� �.2� 2�� .� ���0#1�
2 # .!$0� # /0/ ���&�� 
 



 

ü����� �2." û�.�!.3�" �� ! *�0 �. 0�.���� #�0 10 ��. .�) 2�"

�! �� *�0�0" 0�)2�20" /0/ ���&� �.� �. /�.�!�% #�0 ��� � � ��� �. .�)

2. /0/ ���. � # �$ #� �/� �.2.$&!�120�� 
 
�02� 2��  � ���!&1� 2�" /��� #!��." 2 # 3 !�. �� ! *�0 �. 0���� #�0

2. /0/ ���. � # 0�1�$��1.� �0 2�� 0�2 �� û0/ ���. .�) 2 �0� * - !�.". 
 
ü���#1� 2 # 3 !�. 
 
þ 0���#1� 2 # 3 !�. �!.��.2 � �0�2.� 0����� �2." .�) 2 �0� *� - !�." > 
ü���#1�� 	 �.!��#! 2 # MS-DOS, � # 0�3.���02.� 12� 1#��$0�. �."

0���0!+�0� ��. 2��  !�� 0�2��01� 2 # �! �!���.2 " 0���#1�" �Solver.exe) 
� ��. 2�� 0�3���1� ��� � # 13���.2 " �.2� 2�� 0�2��01� 2 #� �� ! *�0 �.

/�.��1 #�0 2. .� 20��1�.2. 2�" 0���#1�" .��1&" �02� �0��� �� Yes 12 
�.!��#! � # 0�3.���02.�� � �.�  � �./�� 20 ���� 12���� �0��� �� � �� 	.
.� 20��1�.2. �0!��.���� #� 2�" �02.2 ��10�" 2&� �)��&� �.� 2. 0�2.2���

�0���� 2&� 12 �$0�&� 2 # 3 !�.� ü����� �2." .�) 2 �0� *� - !�." !

ù� 20��1�.2. ! õ� 2 .!$0� .� 20�01��2&�� �� ! *�0 �. /�.��1 #�0

.#2 *1� 2 .!$0� � # /��� *!��10 o Solver.exe� �.� 2  � � �0!��.����0�

1#� 2 �" ��� �" )�. 2. 0����! #" ��2!+. ��02.1$��.2�1� *� /#1�.�%�."
��.�� 
 
ü�2#�+10�" 
 
�0 $!�1� 2 # �0� * ü�2#�+10�" �.� 2&� #� �0� * 2 #� �� ! *�0 �.

2#�+1 #�0 12 � 0�2#�&2�� 
 

• 	 1$�/� � )�&" .#2) 3.��02.� 12��  �)��� 
• 	. /0/ ���. 10 .�.�#2��� � !3�� 
• 	 .!$0� 2&� /0/ ���&� )�&" 2 /�.���0�  Solver.exe 
• 	. .� 20��1�.2. ��02.2 ��10�" �)��&� �.� 0�2.2��� �0����

12 �$0�&�� 
• ��)���! 2 .!$0� 2&� .� 20�01��2&�� 

 
 

ü3.!� ��� �#��02!��) ��.�1� �Example3.txt) 
 
7R .!$0� Example3.txt, �!�1�02.� ��1. 12 � 3��0� Examples 2 #
directory 12  � � ����0 � 0��.2�12.1� 2 # �! �!���.2 "� �2� 1#��$0�. �.

/ *�0� ���. �! " ���.� �+" ���02.� � 0�1.�&�� 2&� /0/ ���&� �.� �

0���#1� 2 # 3 !�. ��1& 2 # �! �!���.2 " PFrameWin. 
 



 

þ �0&�02!�. �.� � 3)!2�1� 2 # 3 !�. �$ #� &" 0��"� 
 

 
ü�1.�&�� /0/ ���&� 
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2 #� 
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�.!.2�! *�0 )2� �02� 2��  � �.1�.� 0�0!� � � *�2.� 2. �0� * - !�." �.�
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û�� #�0 2. $.!.�2�!�12��� 2�" �!+2�"  ��/."� 
 

ü   ��������� ���P
2 

ù   150 cm2 
ÿ   2500 cm4 
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2 #� x=0 �.� y=0. � �)�� " .#2)" 1#��.��0� �. 0��.� ���!&" /01�0#��� "

����2&1��� 0� ���&" 210��! #�0 2�� 0��� �� û01�0#��� "� ù#2)�.2.
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�)� � �02.����1� �.2� y, �. �$0� 2 1*�� � oxo. 
 
ù� � #�0�   !�1�)" 2&� #� � ��&� � �)��&� 2 # 3 !�. �0 2�� �/�.

.�!��+" � ����� 
 

�)�� " x (m) y (m) û01�0*10�" 
2 1 7  
3 5 7  
4 9 7  
5 10 0 xxx 
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c 
c    control main program 
c 
      program PFrame 
      character*12 name1,name2 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
c 
c      open files for i/o communication 
c 
      write(*,*)'           ' 
      write(*,*)' give input file name  (dos like)' 
      read(*,1001) name1 
      write(*,*)' give output file name  (dos like)' 
      read(*,1001) name2 
      open(1,file=name1,status='old',form='formatted',err=100) 
      open(2,file=name2,status='unknown',form='formatted',err=200) 
 1001 format(a12) 
c 
c      read input geometry and properties 
c 
      call gdata 
c 
c      form stiffness matrix 
c 
      call formk 
c 
c      read loads 
c 
      call load 
c 
c      form and solve simultaneous equations 
c 
      call solve 
c 
c      calculate stress resultants 
c 
      call stress 
      close(1) 
      close(2) 
      stop 
  100 write(*,'(''ERROR in opening input file'')') 
      stop 
  200 write(*,'(''ERROR in opening output file'')') 
      stop 
      end 
 
c     ************************************************************** 
      subroutine gdata 
      character*30 title 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
c 
c      read and print title and general data 
c 
      read(1,10) title 



 

      write(2,*) ' Title' 
      write(2,10) title 
      read(1,*) np,ne,nb,ndf,nmat 
      write(2,*) ' General Data' 
      write(2,1) np,ne,nb,ndf,nmat 
      nszf=np*ndf 
c 
c 
c 
c 
c 
c 
c 
c 
c      read and print element group data 
c 
      read(1,*) (m,(ort(m,i),i=1,3),n=1,nmat) 
      write(2,*) ' Element Group Data' 
      write(2,8) (n,(ort(n,i),i=1,3),n=1,nmat) 
c 
c 
c 
c 
c 
c      read nodal point data 
c 
      read(1,*) (ln,(cord(ln,m),m=1,2),n=1,np) 
      write(2,*) ' Nodal Coordinates' 
      write(2,2) (n,(cord(n,m),m=1,2),n=1,np) 
c 
c 
c 
c 
c      read element data 
c 
      read(1,*) (ln,(nop(ln,m),m=1,2),imat(ln),itype(ln),n=1,ne) 
      write(2,*) ' Element Connectivity, Group and Type Data' 
      write(2,3) (n,(nop(n,m),m=1,2),imat(n),itype(n),n=1,ne) 
c 
c 
c 
c 
c 
c 
c      read boundary data 
c 
      read(1,*) (nbc(i),nfix(i),i=1,nb) 
      write(2,*) ' Boundary Conditions' 
      write(2,4) (nbc(i),nfix(i),i=1,nb) 
c 
c 
c 
c 
c 
    1 format(5i6) 
    2 format(i6,2f10.3) 
    3 format(5i6) 
    4 format(2i6) 
    8 format(i6,4x,e11.4,2x,f12.7,2x,f12.7) 
   10 format(a30) 
      return 



 

      end 
 
c     ************************************************************** 
      subroutine formk 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
c 
c      set bandmax and number of equations 
c 
      nband=25 
c 
c      zero stiffness matrix 
c 
      do 300 n=1,nszf 
      do 300 m=1,nband 
  300 sk(n,m)=0. 
c 
c      scan elements 
c 
      do 400 n=1,ne 
      call stift2(n,1) 
c 
c      returns skg as element stiffness matrix 
c      store skg in sk , first rows 
c 
      do 350 jj=1,2 
      nrowb=(nop(n,jj)-1)*ndf 
      do 350 j=1,ndf 
      nrowb=nrowb+1 
      i=(jj-1)*ndf+j 
c 
c      then columns 
c 
      do 330 kk=1,2 
      ncolb=(nop(n,kk)-1)*ndf 
      do 330 k=1,ndf 
      l=(kk-1)*ndf+k 
      ncol=ncolb+k+1-nrowb 
c 
c      skip storing if below band 
c 
      if (ncol) 330,330,310 
  310 sk(nrowb,ncol)=sk(nrowb,ncol)+skg(i,l) 
  330 continue 
  350 continue 
  400 continue 
c 
c      insert boundary conditions 
c 
      do 500 n=1,nb 
      nx=10**(ndf-1) 
      i=nbc(n) 
      nrowb=(i-1)*ndf 
c 
c      examine each degree of freedom 
c 
      do 490 m=1,ndf 
      nrowb=nrowb+1 
      icon=nfix(n)/nx 
      if(icon)450,450,420 



 

  420 sk(nrowb,1)=1. 
      do 430 j=2,nband 
      sk(nrowb,j)=0. 
      nr=nrowb+1-j 
      if (nr) 430,430,425 
  425 sk(nr,j)=0. 
  430 continue 
      nfix(n)=nfix(n)-nx*icon 
  450 nx=nx/10 
  490 continue 
  500 continue 
      return 
      end 
 
c     ************************************************************** 
      subroutine load 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
      dimension r(3) 
c 
c      zero load array 
c 
      do 160 j=1,nszf 
  160 r1(j)=0. 
c 
c      read , print and store load card 
c 
      write(2,*) '          ' 
      write(2,*) ' Load Data' 
  165 continue 
      read(1,*) nq,(r(k),k=1,ndf) 
      write(2,9) nq,(r(k),k=1,ndf) 
c 
c 
c 
c 
      do 170 k=1,ndf 
      ic=(nq-1)*ndf+k 
  170 r1(ic)=r(k)+r1(ic) 
c 
c      if node number not max. node np 
c      go back and read more 
c 
      if (nq.lt.np) goto 165 
    9 format(i10,3f12.4) 
   10 format(a30) 
   20 format(10x,4i5) 
      return 
      end 
 
c     *************************************************************** 
      subroutine solve 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
c 
c      reduce matrix 
c 
      do 300 n=1,nszf 
      i=n 



 

      do 290 l=2,nband 
      i=i+1 
      if(sk(n,l)) 240,290,240 
  240 c=sk(n,l)/sk(n,1) 
      j=0 
      do 270 k=l,nband 
      j=j+1 
      if (sk(n,k)) 260,270,260 
  260 sk(i,j)=sk(i,j)-c*sk(n,k) 
  270 continue 
  280 sk(n,l)=c 
c 
c      and load vector  for each equation 
c 
      r1(i)=r1(i)-c*r1(n) 
  290 continue 
  300 r1(n)=r1(n)/sk(n,1) 
c 
c      back-substitution 
c 
      n=nszf 
  350 n=n-1 
      if(n) 500,500,360 
  360 l=n 
      do 400 k=2,nband 
      l=l+1 
      if (sk(n,k)) 370,400,370 
  370 r1(n)=r1(n)-sk(n,k)*r1(l) 
  400 continue 
      goto 350 
  500 return 
      end 
 
c     **************************************************************** 
      subroutine stress 
      dimension dis(3,10),force(10,6),r(6) 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
      equivalence (dis(1),r1(1)) 
c 
c      print displacements 
c 
      write(2,100) 
      write(2,110) (m,(dis(j,m),j=1,ndf),m=1,np) 
c 
c 
c 
c      calculate and write element forces 
c 
      write(2,101) 
      do 200 n=1,ne 
      call stift2(n,2) 
      do 260 i=1,2 
      m=nop(n,i) 
      k=(i-1)*ndf 
      do 240 j=1,ndf 
      ij=j+k 
  240 r(ij)=dis(j,m) 
  260 continue 
      do 300 i=1,6 



 

      force(n,i)=0. 
      do 300 j=1,6 
  300 force(n,i)=force(n,i)+b(j,i)*r(j) 
c 
c 
c 
      write(2,*) '      ' 
      write(2,111) n,nop(n,1),(force(n,i),i=1,3) 
      write(2,112) nop(n,2),(force(n,i),i=4,6) 
  200 continue 
c 
  100 format(///,21x,'Results'//'  Node      X-Translation   ', 
     *      'Y-Translation     Z-Rotation') 
  101 format(//,'  Element  Node     Axial Force     Shear', 
     *      ' Force         Moment') 
  110 format (i5,2x,3e18.7) 
  111 format(i6,i8,3(4x,f12.4)) 
  112 format(10x,i4,3(4x,f12.4)) 
      return 
      end 
 
c     ************************************************************** 
      subroutine stift2(n,icall) 
c 
c 
c 
c 
      common cord(20,2),nop(30,2),imat(30),itype(30),ort(3,3), 
     1      nbc(5),nfix(5),r1(60),sk(60,50),b(6,6),skg(6,6) 
      common /contr/ np,ne,nb,ndf,nmat,nszf,nband 
      dimension a(6,6),ske(6,6) 
c 
c      determine element connection 
c                             
      jj=nop(n,1) 
      kk=nop(n,2) 
      ll=imat(n) 
      mm=itype(n) 
c 
c      set up local coordinate system 
c 
      dx=cord(kk,1)-cord(jj,1) 
      dy=cord(kk,2)-cord(jj,2) 
      rlen=sqrt(dx**2+dy**2) 
c 
c      zero tranformation and stiffness matrices 
c 
      do 100 i=1,6 
      do 100 j=1,6 
      a(i,j)=0. 
      b(i,j)=0. 
      ske(i,j)=0. 
  100 skg(i,j)=0. 
c 
c      form non-zero terms of transformation matrix 
c 
      cosf=dx/rlen 
      sinf=dy/rlen 
      a(1,1)=cosf 
      a(1,2)=sinf 
      a(2,1)=-sinf 



 

      a(2,2)=cosf 
      a(3,3)=1. 
      a(4,4)=cosf 
      a(4,5)=sinf 
      a(5,4)=-sinf 
      a(5,5)=cosf 
      a(6,6)=1. 
      if (icall.eq.1) then 
      write(2,*) '       ' 
      write(2,*) '  Transformation Matrix ' 
      write(2,211) ((a(i,j),j=1,6),i=1,6) 
      endif 
c 
c      form non-zero terms of stiffness matrix in local coordinates 
c 
c      first terms common to all type of elements 
c 
      sa=ort(ll,2)*ort(ll,1)/rlen 
      se=ort(ll,1)*ort(ll,3)/rlen 
      ske(1,1)=sa 
      ske(1,4)=-sa 
      ske(4,1)=-sa 
      ske(4,4)=sa 
c 
c      the rest according to type of element 
c 
      go to (10,20,30,40) mm 
c 
c      type 1 : P2 element 
c 
   10 ske(2,2)=12.*se/rlen**2 
      ske(2,3)=6.*se/rlen 
      ske(2,5)=-ske(2,2) 
      ske(2,6)=ske(2,3) 
      ske(3,2)=ske(2,3) 
      ske(3,3)=4.*se 
      ske(3,5)=-ske(3,2) 
      ske(3,6)=2.*se 
      ske(5,2)=ske(2,5) 
      ske(5,3)=ske(3,5) 
      ske(5,5)=ske(2,2) 
      ske(5,6)=-ske(2,6) 
      ske(6,2)=ske(2,6) 
      ske(6,3)=ske(3,6) 
      ske(6,5)=ske(5,6) 
      ske(6,6)=ske(3,3) 
      go to 40 
c 
c      type 2 : P2 element with a hinge at first node 
c 
   20 ske(2,2)=3.*se/rlen**2 
      ske(2,5)=-ske(2,2) 
      ske(2,6)=3.*se/rlen 
      ske(5,2)=ske(2,5) 
      ske(5,3)=ske(3,5) 
      ske(5,5)=ske(2,2) 
      ske(5,6)=-ske(2,6) 
      ske(6,2)=ske(2,6) 
      ske(6,5)=ske(5,6) 
      ske(6,6)=3.*se 
      go to 40 



 

c 
c      type 3 : P2 element with a hinge at last node 
c 
   30 ske(2,2)=3.*se/rlen**2 
      ske(2,3)=3.*se/rlen 
      ske(2,5)=-ske(2,2) 
      ske(3,2)=ske(2,3) 
      ske(3,3)=3.*se 
      ske(3,5)=-ske(3,2) 
      ske(5,2)=ske(2,5) 
      ske(5,3)=ske(3,5) 
      ske(5,5)=ske(2,2) 
c 
c      type 4 : P2 element with hinges in both ends 
c        coincides with T2 element 
c        no more non-zero terms than 
c        the common ones defined first 
c 
   40 continue 
      if (icall.eq.1) then 
      write(2,*) '       ' 
      write(2,*) '  Local Stiffness Matrix ' 
      write(2,211) ((ske(i,j),j=1,6),i=1,6) 
      endif 
c 
c      calculation of stiffness matrix at 
c      the global coordinates system 
c 
      do 205 i=1,6 
      do 205 j=1,6 
      do 205 k=1,6 
  205 b(i,j)=b(i,j)+a(k,i)*ske(k,j) 
      if (icall.eq.2) return 
      do 206 i=1,6 
      do 206 j=1,6 
      do 206 k=1,6 
  206 skg(i,j)=skg(i,j)+b(i,k)*a(k,j) 
      write(2,*) '       ' 
      write(2,*) '  Global Stiffness Matrix ' 
      write(2,211) ((skg(i,j),j=1,6),i=1,6) 
  211 format (6f13.4) 
      return      
      end 
• 


