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Fault Models Based on an Extended Griffth’s Theory

Hitoshi Komg, Kazuo Hosamo and Kazuo INaMI
Abstract

In the classical friction model, the critical shear stress on fault should increase propor-
tionally with normal compressive stress. Thus, faults cannot develop under high lithostatic
pressure unless abnormally high pore pressures exist within the space between fault planes. In
the Griffith’s crack model, fault is assumed as a thin elliptic pore or a penny-shaped pore. The
large and thin penny-shaped pore cannot stably exist under high effective pressures. In the
modified Griffith’s crack model, when a crack is closed by compressive stress, effect of friction at
the closed interfaces becomes significant. Under such a condition, the modified Griffith’s crack
model is essentially same as the friction model. As crack surfaces are generally uneven, a row of
gaps must remain along the closed surfaces of crack. The gaps along the closed surfaces of
crack can be treated as separate Griffith’s cracks of varying shape ratios. The chained Griffith’s
crack model gives the similar criterion as the friction model. As the strength and ductility of a
rock hardly change under the same effective stress, it is suggested that stress concentrations
around Griffith’s cracks control the mode of failure.

The Griffith’s cracks may be the case for clean brittle cracks in shallow parts of the
crust. However, fault movements in the deep crust cannot be explained with the Griffith’s
cracks. The inclusion model is proposed here for the faults accompanied by brecciated zones
or gouges. The fault is assumed as a penny-shaped inclusion instead of Griffith’s crack. The
penny-shaped inclusion can stably exist under high lithostatic pressures. The inclusion model
can explain movements of faults in deep parts of the crust. The plastic inclusion model is ap-
plicable for the faults accompanied by plastic fault zones. The deformability of a fault zone is
largely determined by the density of microfractures in the fault zone. The concentration of

microfractures into the fault zone will precede large earthquakes.
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Fig. 1. Schematic diagram of fault models.

a : friction model, b : Griffith’s crack model. The inside of
a spheroidal or ellipsoidal crack is empty except for liquids wh-
ich can flow out through narrow passages and which are kept at
a constant pore pressure in spite of shrinkage of the crack.c:
chained Griffith’s cracks model. Every variety of Griffith’s cra-
cks are contained in a fault zone. d: inclusion model. The sp-
heroidal or ellipsoidal shape of fault zone consists of brecciated
rocks or gouge.
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Fig. 2. Cohesive strength (z,) versus porosity (¢) of Tertiary sedimentary rocks.
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Fig. 3. Effect of pore pressures on stress-strain curves for Maze sandstone (Northern Kyushu).

Solid lines: Day rocks were deformed under confining pressures. Pore pressures were not applied. Broken lines: Rocks
were deformed under the control of confining pressures and pore pressures. “cp” denotes confining pressure (kg/cm?).
“pp” denotes pore pressure (kg/cm?). The medium of pore pressure was kerosene. Stress-strain curves are almost similar

under the same effective stress.
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Fig. 4, Effect of pore pressures on stress-strain curves of Felsberg limestone (Switzerland).

Symbols and conditions for experiments are same with Fig, 3,
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Fig. 5. Effect of pore pressures on stress-strain curves of molasse sandstone (Switzerland).

Strength of Molasse sandstone was hardly affected when kerosene was used as a medium of pore pressure (“oil” in the
figure). However, strength was much reduced when water was used as a medium of pore pressure (‘“water” in the

figure).

WBRZLITENTH T, BRSNIERRMELNNE
> THEET B 2 E03% . Cariske (1964) (345 1
WiBEICH L0 & 9 BRI E E-oTw B2,
Wi B EE OEMERENNE 1Y, BB~y Y RER
NS BB LEL. LrL, FBERSELEN LA
52XO9BEHE, VP YVOEBLEIAREYLEDRS.
BOCERIEIOS L THBIBRNEET A L wyY
o EF N L o T % 72 iz, HueserT and RUBEY
(1959) BREMTFEAREOEZL FRELL. BERT
EERFREREOHEENBRICER SN I22DiT, N
HOMIFEKEREFIEL LI3HATH 5. RFEkE
TIFERRKEL T, KESEIZEATEY, Lad

AT H v —ic LBERB T iz WiRESRB I
EBTERAEC 3 (RosErTs, 1972), ZDE 2 %7z LT,
—OH EMBE AT A LRTESEE 5 5. Lk
L, BiBT_TiERCE LB RE Y. BB
HTELLEEOEMCAE AL, BENCHEET
50T, KELREHETIEBATE RV,

% 3 R~ 5 R AR IC 2T OEROKER
oy, BT ERGL LTk, 1HAZBCTTRTTHE
REHEA L LTHC . BESHREFCI > TEDDHT
KRERERH BT LR, BHEDED LS kffitko
BEEO LVERE, BIRAOEAFRISEART
(3 ). L, Felsbery FRE (AA R) Gt

48—( 92 )




WL Y 7 4 ABR

EEOEERIZLAE R (B4 X). Felsbery H K&
IXI000KJE TR VIEHNTSH Y, BBEEIE D
Th5H. molasse Phft (XA ) DERRERTHE, &
HOBAIEMTEECHEN NI Vbbb ST,
KOBEIEFEEOHERKRE - (55 X). Kok
BrMFEE0BBr»b VRSB LEFRLTY
5. ITHOFIKE ) EREF~OBBEESE - LITEL
bz, molasse BED X 5 naA TR E 0¥+
BOBREYOKIC XAFHEBERL TV 30 TEECH
LEZLIS.
ERTIHHREOREROEC AR, MFEEOHE
EEF v, BREMTEKERBZ 54:4L LT3R
BHENECMERSS. L, MENZEEEESD
RHERECDOT, CARESENEL T, BELE
R LECRIETT 37255, EFETFEKEMET S
T, BT EEZL RV RE Y, BEOBITEE
I L BHBIIBRFEED IBERADOFRRECTHAH.
=¥V BFVTRR, BT SHEEIC L BRECKT
BT UL ECA A TR, BT SE0AENE
Rz X 3BECERTIRBED ISV T4 R ITv 7 « E
FAOFREECHATES.

3. JUT4R IS5y cLBHBEFI

TP e BT VBB OIESI OB EHBETE L)
Xvd, EBRRAOLIRLDTHS. v VEAITEM
HIZI T 2RO SRR EEE & 7 OEE I OB RkE
THHISNS. Lo, BEOBENHF ST
T, RYOBEROWBOEBIOBH TR S v,

BREDOX S R CEMBOBEREE L - b X5
HATE2HEmIL, Y 74 2AERTHB. 22THSY 7
4 AERIC I BWEEFAVEELTAHA LS.

BEHOENEES V74 R 759y 7L LTHRY
OPRBETE IR, SV T4 R 2T Ik
DO TRPEEEZMAER (S=—3) ZiF&L LT,
WEEITNLEE-0ICBBERRATY Il Sk
(Korpg, 1972),

(2 v)ﬂ:T J1+

o= 10J1+(2::)0

T, siE7 Ty s oRGREITON BREER),
T XMER, v REREOFBOEEORT Y Vi, Ta
IZENE O BB OER OHABSIHE Y IEE, o XERERS
BODLEEDORATVIES (&S Ths. BIRAER
RDZY 7 4 ZAEmPLELLNIBBEFANORTH
5. LdL, T TikdE Y RE 2 EEZFHERZE

CEBBBEFNMTDWT (MM o B5 o 3:3%)

TENLEREETS ZEEZ I V. #BTiBvT
EAPMb32E5FT ISV T7 42 75y 23+ <H
CTLES. EEZMERZT &P 3EIRD
Xokeins.

G
o':?(Tﬂ—uT—hb .................................... 6)

ZZTCGIENRE oBROEROMIMR, HiFEmE
EMERT 25 A ix, MERCRA D5 IRTECIER
AT TCHLEFEPFETES. 2 CHRTFERABEEE
BULle— BRIV T 4R 2T 97 « BF VL DM
BOREFRMGIRDOL dickB.

(2 u)nT \/1+ 4s
=To¢m::»>*—“rgf_—& ........................ ,

=0 OBAORATVIE

eiZl, TOBRA rito—p
71 (BES) THB.

T EMAENEETIE, FV 7422592 %
HF ESEOGRETEVCERITCHEETESZ L¥bh
32, i EREERI—RKITARE L VS, BT ER
BERLA LPOFRERTEFCECEREZRCT, BF
T ChIBREORS kT, FEERSCITI 74X
7Ty Z7iIFBLTLES.

EfER T CERESE AT, Eh B OB R
T5. ELETO P Y REE T, BESY 7
4RI T Y e BF NI I B (McCriNntok and Wa-
sy, 1962) (EEEF Y T 4 R 7T v 7 « EFVTIE, 7
Sy JBRHELBENITSY 74 R 75wy« EFNVER
UC, AUy « EFAVERLTHS. L
5T, TFY c EFVOBERALVECE LEREED
iiﬁof\’l‘é.

FY 74 2Rk ko T~y Y B E R TE S
(Komwe, 1972), WiBHEISERAFEE T, 250l
A h 5. WiEOTBAEMT 3 L&, MEAFEE KX
EVEANTEESH, MERZEFELLTES. 22
TIIEROMLEFLTH S (FH, 1971). BiBHEIERS
NeZBFER TV T4 R« 75927 LTRVESZ L
BTES., TRDLBWEBEIZZSESENRE & LI
2L SWIBEICETFRIY T4 R« 75 v 7 BEEF
EYTD. JVT7 4R 7Ty 7 POMERRBELT, 1
SOEBFIWESNB L, 75 v 7B3EBEICE-T
AHILERLTANEROBIEENRI LB, B
BEICIEWS 5THHHI Ty 7BFET 5 2, v
FHRBE s DR EV) 75 v 7 BWBHEICHT 2 EE
BAenb L TIRHLS. BREV e Db L TEELD

49—(93)




WEREFAR

b0l bBTVT 4R 7Ty I BbRS. WIFE
EovHEEERLY, MFSELEETE, O
Po, ROLS siEHEIZ STV oXRbLvdbh
5.

2—y) (1—=)T,
r=d ﬂ( 2 [Jl Ta—w}
IS UG ssteeetesrertnnnattianicanarntattitaanitatittttiianss (8)
B,
r = 2&—v) (I“V)T leL 7 (1 ) }(0 5)
= ﬂ( __p) ............................................. (9)

CORFNEEESTY T 4R IF v « EFVEL
EZricts. 8), O~y « £F VL REOEE
RROLEXLRS. (8), (ORI FY 7 4 RERIC X
T?%Vﬁ%éﬁ%?%éykémLTV6.ik,;
DETF M LT SMAEOBEL SEMICHBT
&35, BEMEN L, LBEEROBEMELALRCE
AT, FREHPR—CHTREOAZBEESE L
EFTCaL T, BA—EHROE LSOO TIITY
5. 7, BARBOBERERDL XT3
BREOBEEZ LG L2 Ty 2 OREOEER, 75
v 7RI TOIEAHEPIC Lo THHESATVY 32 L 2R
LT3, a¥kbd, 75y 7HEDIIBIEI T v
ROREECEE S, THTORIEPORE SiE
EREYENCERELTY 38, 75 v 7 FhELSoIEH
BILENCTE-TEED, HEEOEBII IS, H
FERBEOEBIIS YV T4 R 75y 7 - ®FNVEX
R 5Lz 3.

(B 25% % 2 %)

TYT 4R D T9 7« BFNVEECERGITT Tk
<3V« EFVL R CRAEGRICRET 5 L3 bh
oiz. LieddoT, HERICR L VBB -2Th
Y, BETBITIWMEOEEZHHAT 5 Z &3
VHREETHS.

4, BEOAVIN—Tav e EFI

CNECTOETMVIBIEEEENR Y Ty 7 L EXT
VBERICHERD B, BET CIIEEEhER—on
59 7Tk NERE OEA LIERHE UMY - 2%
1967) 3 % v~ % ductile fault (DoNATH et al., 1971) ¢
HBILRRERTVS. Lied-T, EREHT TR
BT LS EEE N ERDR V.

BEHERESTORVEBOESIVE LT, f V7V
—T gV EFAERERETS. ZOEFMITI T 4R
c 7Ty PEFNORERIETH - T, WiBHEHT
VEEREHGEE (R=—BD) oFEOEE X YRS
EVAVIN—Ta v LTh2a20). TOXIRE
T, BiERORMEM N (Kome, 1972)

‘/lmb_z-o‘a ......... 19

b=8/{2 —») nls + 401 )L e 5.

T G RAROBR ORISR, K B O R» T
OBHNER, G IEEEOLMTOREETSH .
WifgHic % 5 ERER LIRS AIMER LTV 2 B E

Fig. 6, Stress field near end of a fault calculated by inclusion model.

It is assumed that K’/G=0.2, G'/G= 0.02 and » =0.3, where v G, K’ and G’ denote the Poisson’s ratio of surrounding
rock, rigidity of surrounding rock, apparent bulk modulus of fault zone and apparent rigidity of fault zone, respec-
tively. The shape of fault zone is an extremely compressed oblate spheroid (penny-shape). The maximum diameter
(Iength) of fault zone is 2000 and the minimum diameter (width) is 20 (Lengths are expressed in values relative to a
standard shown in the figures). The tectonical shearing stress is applied along the fault from far away in case of Fig. 6A
and B. The stress state is uniform in the place well away from the fault. The principal stresses are 67=20, ¢y =0, og=
—20. The tensile stress is positive in Fig. 6. Stresses are indicated relatively.

The direction of intermediate stress ¢y is in the fault plane along which the fault extend most widely, and the direc-
tions of the maximum stress ¢1 make an angle of 45° to the fault plane. The stress state in the place well away from the
fault is shown in circles in Fig. 6. The stress state in the fault zone is uniorm. In case of Fig. 6C and D, the hydrostatic
pressure is superposed on the tectonical shearing stress. The principal stresses are ¢1 = —200, 6g=—250, og= —300
uniformly in the place well away from the fault. The directions of principal stresses are same as the case of Fig. 6A
and B. Contours of equivalent maximum stress are shown in Fig. 6A and B. Contours of equivalent maximum stress are
shown in Fig. 6A and in Fig 6C. The maximum value of the local tensile stress concentration in Fig. 6C is similar to the

maximum value in Fig. 6A.

As new tensile fractures take places in area of the highest tensile stress, the initiation of tensile fractures near end of
fault occurs in similar way between the cases of Fig. 6A and of Fig. 6C. It is expected, however, that the tensile fracture
extends less far in the case of Fig. 6C than in the case of Fig. 6A, because contours of tensile stress extend wider in

Fig. 6A than Fig. 6C.

Short lines in Fig. 6A and Fig. 6C show the direction of local minimum stress. Induced tensile fractures tend to
be parallel to the short lines, but the short lines do not necessarilly indicate the sites for tensile fractures. Contours of
maximum shearing stress in Fig. 6A and D suggest that the shear zone may extend near the extension of fault zone.
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Fig. 6A, Contours of equivalent maximum stress.
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Fig. 6B, Contours of equivalent shearing stress.
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Fig. 6C, Contours of equivalent maximum stress.
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Fig. 6D_ Contours of equivalent shearing stress.
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Fig. 7. Ciriteria for cataclysmic sliding of fault.

The macroscopically uniform stress state is assumed in the place well away from the fault, If the macroscopic shearing
stress (7) along the plane parallel to a fault is larger than the critical one under a certain macroscopic compressive stress
(¢) normal to the fault, new fractures may be formed near end of the fault because of tensile stress concentration. The
formation of new fractures near end of a fault may cause cataclysmic sliding of the fault. Assuming penny-shaped Griffi-
th’s crack model (G.C.M.), the larger shape ratio (s) of fault (ratio of length to width) is, the lower shearing stress may
enlarge fault. The opening of fault, however, will be closed under the compressive stress which is obtained from the inte-
rsection of criteria G.C.M. and C.C.M. line. The C.C.M. line is the critrion for chained Griffith’s cracks model. Under
high compressive stress, critical shearing stress is lower in case of inclusion model (I.M.) than in case of Griffith’s crack
model or chained Griffith’s cracks model. It is assumed that the Poisson’s ratio of surrounding rock mass v=0.3, rigidity
of surrounding rock mass G = 5 X 10* kg/cm?, practical tensile strength of rock mass Tm = 10* kg/cm?, apparent bulk
modulus of fault zone K = 4 X 10* kg/cm?, and apparent rigidity of fault zone G = 2.3 X 10® kg/cm? }
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