
��������� 	�

������� ��� ��������� ��

! "�#%$�#&"�' ( 
������)!
*,+.-0/�12/�35476

8:9<;>=7?�@ 6�ACB0D�AFE�EHG
I JLKNM�OQP RTSNUVM�WXJXY�Z\[^]_SN` abM�KcM�SN` SNdeMfKgd:h a Z)]ji M�k_Z)d
l�m>nCoqpsrut�vQwyxzt
{|m~}�}�m��
p�nz��xzm~�bm>�~t�nFt�m~�Co�m~nzt_��rup��bt�nCo�p�m>nC�j}C��p�v�ps��xF}�t�w��Cm>�znCrz��v������>�j}��ztc�zv�m>�z�}�t�����oqwyv�m~nF�g{|m>v������ ��<���H� �< �<��¡£¢5¤ p�n ¥:¦ V� ¤ � ¢5¤ ¦ §��¨Q� ¢ ¨ ¦

��©��
�
xzt_v�t�¥ ¢Lª �¬«��®­,� ¤ ¦�¨.��¯<°±��²�jv\mj{�}�t�nz�>w�x¬¨ ¢ © ¤ ��nCr³t�}´�>oqwyp´�e�µm~nCo�w¶��nuw �·¢ ©)p´o��µm~n²oqp´r�t�v�t�rH°:¸Qxzt nzm�rz��}�rup´o���µvyt�w�p�¹��jwyp�m>n^pso\oqxzm��
n¬p�n¬º0p��~�Fv�t�oe© �jnCr¬»u°,¼�n¬º2p��>�zv�t½©~¾�nzm�rut�ob©¿��À,�jnCr¬»>Áj��»~ÂÃ�jv�t�º�Änzm�r�t�o��
xzp�}�t�nFm�rut�ocÅj��»~Å �jvyteÄ�ºÇÆLnzm�r�t�o\��oq�F�z�Cm~v�w�o�p�¹�tÉÈÊ�~ËÍÌ�Î§{|m>vÏnzm�rut�ocÅb��nCr:»~Åbpso�o�t�wwym^©>° ¤ »Ð�¶° ¼�wÏpsocoqt�t�nÃw�x²�jwcw�xztÑoqwyv�t�oyoqt�oc��v�tb� ��v�Ò<t�r�}�� rupÔÓHt�v�t�n�w�{|vym~�fw�xFt)t�ÕF�~�¿w�o�m~}��zw�p�m~n��nCr®xzt_nC�µtÏwyxztcnu�z�Ñt�v�ps���j}Hoqm>}��zwyp�m>n®p�n�º2p��>�zv�te©Ï{��jp�}soQw�meoy�jw�psoÖ{|�bwyxztc�C�jw���x�w�t�o�w�°¼�n:º2p��~�zvyt�»u¾Cnzm�rut�o�©¿��ÅÑ�jnCr:»>Åj��»~Âb��v�t\ºÍÄ�nzm�rut�o��
xFp�}�tcnzm�r�t�oÏÁj��»jÀ���v�t\Ä�º�Æ�nzm�r�t�oµ°¸Qxzt×�jÕ�p´��}Coqwyv�t�oyo�p´o2�z}�m~wyw�t�r�{|m~vØrupÔÓ�t_v�t�n�w2�>��}��zt�o�m�{0�~Ù�Ú�ÛÝÜßÞà��nCreáÐ�C�>ruv¶��w��zvyt���â���°�¸Qxzt
vyt�oq�z}�w{|m>vbâcÅ®�
p�w�x¬�~ÙÖÚqÛÔÜÔÞ ¢�ã � �jw���xFt�oÏw�xztbt_Õz�>�µw\o�m~}��Fw�p�m>n¬w�mÃ�jw�}�t��>oqweo�p�ÕÃoqp��~nzpÔäH����nuwerup��~p�w¶oµ°¸Qxztcnzm>v��b�|�>�j}��zt�oÇ{|m>vQwyxzt�rupÝÓHt�vyt�nuw.���~o�t�oàpsoQ�zv�tåoqt�n�w�t�rep�n ¸0�j�z}�t\©~°Ø¸Qxztcv�tåoq�z}�w¶oQo�xzm��
n p�nº2p��~�zvyt�»���v�t×�N�¿m~nCo�t�áÐ�Ft�nC�µt
m�{0�~�_�µ�zv¶��w�t�p�n�w�t��>v¶��w�p�m>n)�Ct�p�nz�����jvyv�p�t�r�m~�zw�p�n)wyxzt�t_�~��}��C��w�p�m~nm�{cw�xzt�o�w�pÝÓHnztåo�o\� �jwyv�p�ÕH�bw�xFtÉ{��>�µwew�xC��w)nzm�rF�j}×rum~� ��p�nCo�m�{cp�n�æC�zt�nC�¿t®wyt�v��Ñp�nC��w�tÑ�jwÑ�µt�}�}�Cm~�FnCrz�jvyp�t�oQ{��~�¿p�}�p�w¶��w�t�o�w�xztcp�n�w�t_�~v¶��w�p�m~n��jnCr xzt�nC�¿tÏw�xzt�oy�jw�psoÖ{��>�µw�p�m~n�m�{�w�xFtN�²�jw¶�¶x w�t�o�w�°

¸0�j�z}�t)©>�àç.è����jn²r®é ê��|nzm~vy� oë�ìVí0îuï)ðFñóòCð ôVõ¶ö¿÷|ø�ù úeû0üzí2ý�üuþåû2ý�î ç è é êÄ�º�Æ ã ° ¤ Å Áuÿ ¤���� © ¤���� Àzÿ�©µÀ � © ¤�� êº�Ä ã ° ¤ À � ÿ�©_Å � © ¤��	� Âuÿ�© �
� © ¤��	�º�Ä ã ° ¤ Å ©~ÿ
� ¤�� © ¤���� »uÿ Å ã
� © ¤����º�Ä ã ° ¤ Á�� »�� À ©~ÿ ¤ Á � © ¤���� ©~ÿ »jÀ � © ¤����º�Ä »u° ¤ Å »uÿ Á ¤�� © ¤��	� ã ÿ ÅjÀ � © ¤��	�



0.0 2.0 4.0 6.0 8.0 10.0�
Distance x

0.900

0.925

0.950

0.975

1.000

1.025

1.050

1.075

1.100

1.125

S
tr

es
s 

σ

E = 1

Q5; dratio=3
Exact soln.
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BCs: u(0) = 0, u(10) = 10

Nodes Type
�

1-4 FE

26-29 FE

5-25 EFG

h=1

h=0.1
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BCs: u(0) = 0, u(10) = 10
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