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1. �bUCS�;���:σ1 =57.72�σ2 =−27, 72�σ3 =−50�,	:��º�øS��σr3 =107.72��þ-��UM:MPa)
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2. òå���íþbùZ1t�ï'é:Iz1��åþb�bï:A�Z1t�Z2t�ZCt�b�t	K��Ý»�+:d1�d2��åþbùZ2t�ï'é:
Iz2 =Iz1 − A · d2
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5Þ'f P��f ú,�� !ß q 4u , 2u
5. ÷�ú�b�� ò¿Ñ<:�¹�: EI · w′′ = − 1

2qx2 − F · x�v÷�úÅ��n�ï�8p��Laö�Þí'aö�w(l) = 0 , θ(l) = 0�
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6. þ-�::��Y���d�:ù!�Y��:Bd���_��÷9n��ãd�S��_�(�þ
�:úø���_�sï	�v�úø��ØbO�aöWF
c + WP

c + WFc

c = 0 �Wc = 0�
F P

F

A BC

c�� �t�þ�:��Jz���J�����G:D = 80 mm�z�t��:d = 40 mm�×	Æ-mé�\(�T1 = 15 kN ·m�T2 = 25 kN ·m�T3 = 10 kN ·m�÷¡�úht�×��'���τmax�( 15�)
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25 kNm 10 kNm15 kNm

15 kNm

10 kNmméþ�4�	ã�∵ τmax = T
Wn

ABµ�
T = 15 kN · m

Wn = πD3

16

. = 1
16 × π × 0.083

. = 1.005× 10−4 m3 �3�	
τmax = 15×103

1.005×10−4 = 149.21 MPa (2�)

BCµ�
T = 10 kN · m

Wn = πD3

16 (1 − α4)

. = 1
16 · π × 0.083(1 − 0.54)

. = 9.425× 10−5 m3 �3�	
τmax = 10×103

9.425×10−5 = 106.1 MPa�2�	
∴ τmax = 149.25 MPa �1�	



5Þ'f P��f ú,�� !ß q 4u , 3u	� ��UÓ�×P = 40 KN\(�AB�BC�930�Ò�òåABF�¸ï
��:[σ] = 160 MPa�(
�Qv�Fö�×�Ê:�î��Åµ��Õn�ABF�**bïA�( 9�)
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×�þ�2�	ã�∵ ΣFy = 0�
∴ FAB · sin30◦ − P = 0 �2�	
∴ FAB = 2P �1�	È∵ σ = FAB

A
6 [σ] �2�	

∴ A >
FAB

[σ] = 2×40×103

160×106 = 5 × 10−4 m2sA > 5 cm2 �2�	Û� ÷;ú�þ��j�þ�/éþ�v-M = 3qa2
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ÏÏÏµµµ2������qqq2 × 6 = 12������Q���M<<<���èèèqqq2���������___���<<<���èèè1�������� �F3�'¡�( 10�	þ:Ó�-��öABC:�'��
Øb	�CDF$ïð/���:d = 20 mm�P��9'!Ï:E = 200 GPa�λp = 100�Õn��
(1)CDF�4L��Fcr�
(2)ê�QCDF�3�ö�åÓ��¸ïw}�



5Þ'f P��f ú,�� !ß q 4u , 4u
��
��
��

��
��
��

F

1m
d

A C

D

B

1m2m

ã�1$ïð/åµ = 1�1�b*båi = d
4�1�	�I = πd4

64 �1�	�
(1) λ = µl

i
= 4×1×1

d
= 4

0.02 = 200 �2�	
∵ λ > λp

∴ ï('Él���1�	
Fcr = π2EI

(µl)2

. = π3
×200×109

×0.024

64×(1×1)2

. = 15.5 kN �2�	
(2) ∵ ΣMA(~F ) = 0

∴ Fcr × 3 − 2 × F = 0�2�	
∴ F = 3

2 × Fcr = 3
2 × 15.5 = 23.25 kN�1�	

m� þ:5¨ðf�5:�e��é:m�ðf�Ës3�l�òåw
ÍÏ:W = 4 kN��n��:D = 40 cm�t�d = 5 cm��L = 1 m�t�¸(��[σ] = 120 MPa�Õ	,	:��º!8åt�� 15�	
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méþ�j�þ�/éþ�$����ê	méþ�/éþ��3�	ã�T = W × D
2 = 4×103× 0.4

2 = 800 N ·m�1�	
Mmax = 2× 103 × 1

2 = 1000 N ·m �1�	
σr3 = 1

wz

√

T 2 + M2
max �1�	

wz = πd3

32 = π
32 × 0.053 = 1.227 × 10−5 m3�2�	

∴ σr3 = 1
1.227×10−5

√
8002 + 10002

. = 104.35 MPa < [σ] = 120 MPa�3�	
∴ �h�1�	�


