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Table 3. System of mechanics in porous media

Field Quantity ( III ) Stress-strain relation
Tox = 2N€xx + Ae +Qe
Framework Liquid O‘w — ZNe“ + Ae, +Qe
—— Toz= 2Ne€zz + Ae +Qe
Displacement w U w vV W zz
= = 5 T ~ Fuy= Ne
Stress Tex O3y [ O‘xgoaz Ozx a- T ry =¥
= e
Strain €xx Sy @22 e"‘delf‘ €zx 0‘32 N $=
Trax= Neéezx
Basic uations '(}' _ Qe + Re
( I ) Eqnilibrium equations (e= €xxt eﬁ*e’z‘)
o Yoo v F1 ti ( Darcy's 1 )
Fort . 0% + Wz _ 0 ( IV ) Flow equations arcy's law
be: W 2% W p2(T-w)
S L &~k
2Tux 20wy 4 Wt ®) 20 — -V
25+ 3} + 0 25 b%T(V )
L
i T -
( II ) Strain-Displacement relation " %_z = b%t_(W W‘)
—2U 'y — W
en—%% ’ exa— Py €=737

- 20 ol =20 2L
Cxy= 'og +2 e oy, G oxt

A
€=+ 2L+ 32
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ﬁfﬁi: Z Flyy2 u
613 = - 'blF/%x'ag

LEHRTHE, BACET 2HO0FBRELT
{ KWOF = b2V
Ke'e = b% OF
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It »T, HAEERGFEIN, XBHESHBHEIN B,
BHTBE, HETHAIN LS MBEESER T B4, DHREBTRLENEEAE D & ik
ENLL—FOHETRAZN S, TOREBRABROBE L UBNRAOBEERL L RDE N B,
RO I & R RENABAL, TOSETBHEERCIEA NS »TRD, COBFBERRHY
BABBHBCL ~TROLEND, 28, BEGHAMEREOELBEZT 20, EHORERET
BB NETNTRETRRAND L OKRY, TORMBNABHEROEE S o

5.3 ZAEBARTECH EapE 00

FEL TEABRBEORO ~HICETFHELH BA (Fie.11) 2E 4

Th b, BEROBITI{AOATHNE L K

_ P _ 27
0y = ~ % =2

- _2p _zx*
O\x I 2 (Zz+‘):7‘)2 =
o= o

2P _ 7%x

Tex= ~ & (2P

2P cosb
{ s = 3‘(0-1+03+0~2)=—3ﬁ T

= _ P
s =/ (T3 th= RGE= w @

TELLNB, CHLLOBEROEHLL EIUBRBEOBBROL S KT, EJScoBmEEILESE

BOERNAKEELDBIDOTH b, RECHEEKER X

e;=@<rm=_§%ﬁ.@3& (p:mARH) ®
EXobhb, BEAGHE, -7, =F Tkobhib,

RECEHRRPHECI 2EEFEREITH D, WERRLL T -y - = 7TORBEREERH

A9

Twax < Rt O Tomp o8

BEIYIDEFRET HE, BUERATBLA2HARAIAMEZ D, TOERde (Fig.11 2RO
(— Amp

de ﬁ%m o

TELLND, SHUBBEORERRLL T, BAEACHL TCORBERRERAR VIO O

LEET B E, BREHRA

Toax < R + (0-=T) Tamp @

EhBo BURDEE O, Ty WKHRAL, ERONERATZE, BHBRZELHERERD
THEEID LLT :
dpgae{1+g£g%§%} | o
EWORRE 9B, (Fig 11)

FHEERRET B D CRAIENC b AFBIED T SAT2Y, Bz THERRAZEL
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BOLBALTNC S LT 2BBICE, CORERONEBHRBANABHEED L TH 55,
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Fig. 12
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On the theories of rock deformation
By Shozaburo NAGUMO, Earthg. Res. Inst., Tokyo Univ..

A consideration is made for the system of mechanics which describes the deformation of rocks. Taking up
the basic principles of stress-strain relationship and field equation of deformation, their compositions are

critically reviewed..

The stress-strain relationship is represented by such fundamental assumptions that ( I ) the permanent
strain co-exists with elastic strain even from the beginning of loading, ( II ) the permanent strain is kept
constant through the process of unloading and repeated loading, ( III ) the total stress is the sum of the
stress due to elastic part and the stress due to static friction, ( IV ) elastic stress is represented by the
power function of elastic strain. From these assumptions, various characteristics of stress-strain relations
are derived, such as ( 1 ) difference of Young's modulus between virgin loading and repeated loading, ( 2 )
hysteresis, ( 3 ) residual strain, ( 4 ) non-linearity of stress-strain curve.

A mechanism of non-linearity of elastic deformation is derived from the theory of granular media,

The effects of pore for the deformation of rocks will be described by the theory of porous media. They
are composed of the effect of pore frame elasticity, the effect of porosity and the effect of liquid pressure
within pore.

The £ield equations of deformation in the liguid filled porous media are given by the simultaneous equa-
tions with respect to elastic equilibrium and liguid f low.

As for the treatment of large deformation of rocks, Biot's theory of incremental mechanics is introduced.

It is pointed out that the fourth order differential equation with first order time differential term is the

cause of instability of deformation.
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