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(1) @�A%B�CED%/2F σa = σr = 120kPa G�HJI $JKML u = 70 kPa ,�N = G�O K�P%Q�R�K%S'&T(�) /U1
D V#W*G !8X#Y�Z ( [ Y%Z%X ) \ σd = 100 kPa

� D<]U^%_`\ acbU143
^�_�d �*e�f�Y%Zg:�h�ij�lk%m#npo ,rq>st3 ( u�v o RJw )x Y%ZT�#y�z D8/UFJG8{T| L N/m2

�4}�~��2:�K�Z��#y4zgR`�����
Pa ,r� 9 143��

(2)
���%��� @JA%B#C R8� �'��L G��*��\ 50 mm G �>� L 100 mm D i>� 3J^8_�d :�L�!J�T��K%S��

\ 2.60 mm G��'1 �#�ML 0.90 cm3
�4��� \#��������1*3
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σ′

1f = σ′

a = σa − u = σr + σd − u = 120 + 100 − 70 = 150 (kPa)

©%�[ Y%ZTL4$��J�`�#R G
σ′

3f = σ′

r = σr − u = 120 − 70 = 50 (kPa)

5%u �*®�¯¢?g� G k%m npo ,*6�° :<±8i 3
τ

σ’ (kPa)σ’3f=σ’r

    =50
σ’1f=σ’a

    =150
0

(2)
!%�#����L G Q#²`:�?`�³K8S�� ,l@'A��p� R'´ /2F'G

εa =
∆H

H0

=
2.60

100
= 2.60 × 10−2

V8V R G �'����� @�A �#�ML G ( µc�*, cm
:r¶ ¡·/UF ��¡ ip� D )

V0 =
πD2

4
· H0 =

π × 5.02

4
× 10 = 196.35 (cm3)

/U1'\�¬JF�G �J���J����L G ����¨���R4¸`�4¹�º ,r»Ms FJG
εv =

∆V

V0

=
−0.90

196.35
= −4.58 × 10−3

$��#�g�J� �J����L G'¼� �J��� ,l½ Q /2FJG εv = εa + 2εr

�8hl¾g¿jÀ G

εr =
εv − εa

2
=

−4.58 × 10−3
− 2.60 × 10−2

2
= −1.53 × 10−2



Á�Â
1�J���J��� Dt� �J�����%hl¾ ,UÃ'Ä«/2F �M?MÅ 3�{�| L�olÆ`¨��'R GJ@�A � �p� H0

:�Ç'ip�tK%S��
∆H \JG#@�A � ��� D0
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εa =
∆H

H0

, εa =
∆D

D0

@�A �4� � V0 = π
4
D2

0H0

:<Ç /tF#G<ÉJÊ�Ë L V = π
4
(D0 −∆D)2(H0 −∆H)

:J¨��4�JR G<Ì S�� ∆VL G
∆V = V0 − V

=
π

4
D2

0 · H0 −

π

4
(D0 − ∆D)2 · (H0 − ∆H)

=
π

4
(2∆D · D0 · H0 − ∆D2

· H0 + D2

0 · ∆H − 2∆D · ∆H · D0 + ∆D2
· ∆H)

5%u ?g� G �#���#����L G
εv =

∆V

V0

=
2∆D · D0 · H0 − ∆D2

· H0 + D2
0 · ∆H − 2∆D · ∆H · D0 + ∆D2

· ∆H

D2
0
· H0

= 2
∆D

D0

−

∆D2

D2
0

+
∆H

H0

− 2
∆D

D0

·

∆H

H0

+
∆D2

D2
0

·

∆H

H0

= 2εr − ε2

r + εa − 2εr · εa + ε2

r · εa

V'V R G#� � ��� \ 10−2 ÍÏÎ n�� ¼% � �%� ,U½ Q#i>� D<]4G 2 È �4Ð ε2
r, εrεa Ñ 3 È ��Ð ε2

rεa
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εv ' εa + 2εr
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