
���������
	������������������������

� "!$#&%('*),+.-0/
1
243056-87:9�9�;0-
<>=@? ;BA"CD2E-FCHGJIKIJL

M�NPORQTSVU�WXSNPOYSTZT[]\X^_OY`a�Scb]dFePePQcf(gRhigROYSchieXbPhkjT^lgRhimn[Xb]d]jNPa�Se0gYZ�eXdBeo^_N]gYdBOYhkZRQTZTp
q rts�u
v�w.xyv{z

|}eXS�~Jd_gRSTeXj&S
OAB

OYS~XORQDZ�STeFgYQS�Z�NPO
�k^}�X�BNXORS���STZ�g�jdBa�~:d0Z�QTSyb�� NPeV~Jd_gYST^BN
[OA]

b]S�WX^BN]gRSTNPO
H = 3mSe:j^BZ�gROYQ�Se

O
Sg.b�� NPePS�~:dFN]gROYS

[AB]
b]S��kdBeP�FNPSNXO

L = 1m
ZRdB�k�khkjh�gYQS�~X^BO$NPePS8j�WX^_OY�BS

F−→y
^��FSTj

F = −30kN
pX��S(~:dBgRST^BN�S&g��k^$~:dFN]gROYS(ZRdBe0g�b]S(ZRSTj�gYhidFe�j^BOROYQS�bPS(j&�BgRQ

b = 0, 25m
[:�iS(a�^_gRQTORh�^_N�^$NPea�d]b]NP�kS�b�� Q��^BZ�gRh�j&higRQ

E = 30GPa
pF��e*ZRNP~P~JdFZRSO�^��0NPS��iS�~XORdF\P�i`Ta�S�STZ�gyf�QePSTOR�FhiS�b]S}�XS&�]hkdBe�b]dBa�hkeX^_e0gYSBp

������������������������ ��
��
��
��
��
��
��
�

O

A

y

x

H

L
B

Fy

���¡ �¢���£*¤�d_gYSeXjS
�Fp}¥"O�^BjSO��iSDZ�b]h�^_�BO�^_a�a�STZ�b]SDZ�Z�dF�i�kh�j&higY^lgYhidFeXZ�ZRNPO��k^¦~Jd_gYSeXjSBp
UPp�§�^_��j&NP�kSO��kSVb]Q~P��^BjSa�Se0g}ZRNPO��4� ^l�]S

~y
S&g}��^¦ORdBgY^_gRhkdBeob]No~:dFhie0g}¨�p

© p�§�^_��j&NP�kSO��kSVb]Q~P��^BjSa�Se0g}ZRNPO��4� ^l�]S
~x
S&g}��^¦ORdBgY^lgYhidFe.bPN.~JdBhke0g}ªVp

« p}¥"O�^BjSO��4� ^_�k�kNPORS�b]Sc��^�b]Q&m¡dFORa�QSFp
¬ rtsc"u�®&¯�°Hv�±o®Y²Xv�wHx�³V´�u"�µ{z

|}e�~:dFO�gYhk�0NPSV\Xh�¶·SeXjT^BZ�gROYQVSTZ�g�ZRdB�k�ih�j&higRQ(~X^_O�NPePS(j�W:^_OY�BScOYQ~X^BO�gYhiS
q~x

Z�NPO
[OA]

Sg
−q~x [BC] ¸º¹ hk�BNPOYSUB»&pX�"^�ZRSTj&gRhkdBe.S&g}�E� hkePSORgRhkScZ�dFe0g�jdBeXZ�gY^Be0gYZ�S&g��kSc~POYdB\P�k`a�S�STZ�g�Z�NX~P~:d0Z�Qcf(�XS�>hkdBeob]dFa¦hkeX^BeFgYSBp

�Fp}M�QDj&dBa�~JdFZRSO��kSc~PORdF\P�k`a�S
UPp�¤�dFNPO}j�WX^F�FNXS�~POYdB\X�i`Ta¦SF[>gRO�^BjSO��iSVbPhk^B�BO�^_a�a�S�b]SDZ

Vy

Sg�bPSTZ
Mf

p
© p}M�dFePePSO��kScZ�¼]Z�gR`Ta¦SVb�� QD�FN:^lgRhkdBe:ZySg�j^B�kjNP�iSTO��iSDZ�hie:j&dBeXe0NXSTZ�W>¼>~:STOYZ�gY^_gRh��FNXSTZTp
« p}¥"O�^BjSO��iSDZ�b]h�^_�BO�^_a�a�STZ�b]SDZ

Vy

S&g�bPSTZ
Mf

bPN.~XORdF\P�i`Ta�S�W>¼>~:STOYZ�gY^_gRh��0NPSBp

�



½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½½�½½�½
½�½½�½

¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾¾�¾¾�¾
¾�¾¾�¾

¿�¿�¿�¿¿�¿�¿�¿À�À�À�ÀÀ�À�À�À Á�Á�ÁÁ�Á�Á
Â�Â�ÂÂ�Â�ÂÃ�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�Ã�ÃÄ�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä�ÄÅ�ÅÅ�ÅÅ�ÅÅ�Å

Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�ÅÅ�ÅÅ�Å
Å�ÅÅ�Å

Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�ÆÆ�ÆÆ�Æ
Æ�ÆÆ�Æ

ÇÇ
ÇÇ
ÇÇ
ÇÇ
ÇÇ
ÇÇ
ÇÇ
Ç

O

A B

C x

y

E, I L

L

qx −qx

���¡ y¢�UV£�¤�dFO�gYhk�0NPS
È rtsV°*u
�v�x�sVw(u
®&w�°HvÉz

|}eXS�~JdBN]gYORS�j&dFeFgYhie>NPS�fcgYOY^��FQSTZ�Q�0^_�kSTZT[BhkePSORgRhkS
Igz

Sg�a�d]b]NP�kS�b�� QT�k^FZngYhkjh�gYQ
E
j&dBe:Zng�^_e0gYZySTZ�g�b]dFePePQTSZRNPO��k^(�X�FNPOYS ¹ hk�BNPOYS © p�Fp�§�^_��j&NP�kSO��kSTZ�hkeXj&dFePe>NPSTZ�W>¼>~:STOYZ�gY^_gRh��0NPSTZTp

UPp}¥"O�^BjSO��iSDZ�b]h�^_�BO�^_a�a�STZ�b]SDZ
Vy

S&g�bPSTZ
Mf

p
© p�§�^_��j&NP�kSO��kSVb]Q~P��^BjSa�Se0g}b]No~JdBhkeFg�ª�p

Ê�Ê�Ê�ÊÊ�Ê�Ê�ÊÊ�Ê�Ê�Ê
Ë�Ë�Ë�ËË�Ë�Ë�ËË�Ë�Ë�Ë

Ì�Ì�Ì�ÌÌ�Ì�Ì�ÌÍ�Í�ÍÍ�Í�Í Î�Î�ÎÎ�Î�ÎÎ�Î�Î
Ï�Ï�ÏÏ�Ï�ÏÏ�Ï�ÏÐ�Ð�ÐÐ�Ð�ÐÑ�Ñ�ÑÑ�Ñ�Ñ A

Y

C2 C3C1

X

ÒÒ
ÒÒ
ÒÒ

C0

l ll

FYl/2

���¡ �¢ © £*¤�dBN]gYORS�W>¼>~:STOYZ�gY^_gRh��0NPS

U


