P
INTEERNATIONAL ATOMIC ENEROY AGENCY
UNITED NATIONS EDUCATIONA L, HOIENTIFIC AND CULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSBICS

84100 TRIESTE (ITALY) - P.O.B. 088 - MIRAMARKE - STRADA COBTIERA 11 - TELEPHONE) $R340-1
CABLE CENTRATOM - TELEX 400301 -1

WORKSHOP
OLOBAL GEOPHYSICAL INPORMATICS WITH APPLICATIONS TO
RESEARCH IN EARTHQUAKE PREDICTIONS AND REDUCTION OF
SEISMIC RISK

(13 November - 16 Decemier I953)

CRACK FUSION MODFLS OF SEISMICITY
CRACK GROWTH MODELS OF SEISMICITY

L. KNOPOTF

University of Califernin
Los Aageles
UusS.A.




MopeceNGg AR UNDERSTANDING
(ctusTering)

MAKES USE oF

o STress ’(?E‘Drs-rmaunm T)u?‘l‘b FRACTURE

o PLATE TeaTonics

o GeoMeTRY OF ALREADY TRACTURED
(Damaged) MATERIALS

e Cree? W HEOLOGY
Steess Corresion

—==> Time DEAYS

THEOAET (CrAN'S TWLLosoPHY:
The modals should net fhetrs comphicated

e, THE NUMBER oF DEGAEES of FREEeDdomM
( n.tz'ushblg, p..ro.m-ftu)

SetoulD BE SMALL

B R -

ST, PETEMR SAND SIOWING VARIQUS INILNSIFILS OF FHACTUNING

R e Rk

B g

P



HowDoes The ASPEL(TY D'mfﬂén&f

X
AL e
&“ﬁ"‘ — > £X7. SHCAR STRESS Glhtmehe (AREMTLRID  moreL
LAY
fLoa b\ E——
~{7s m—
aL.m i -—
—_.\
——dh A~ /NcatAze
"'33:‘:{.«
/ &i‘: LV /NG
Blocas (38) = Treéd (20) » CRACKS ufie ¥
Mo D&
e, ™,

~—lly
55 ——A
“ " - sﬂ‘l:? conTIATEd
ey e "sd"

e -—-———
" l, — sealst coABoniert
\l, : b /: ~s
e Uay FEbS L ]
l—
\‘1'/ - o M/
__.__._____-_ PRS- — T
ZN s e s[> cRACK fusiond
“(A 'bul"(.“
$
Sf"




[

emaiidamr anm e atlar wAnUhk SMA‘-L y..;‘ub‘ i

M\uh-l ad G 5§ nw P8 L iSe ;...tr'._‘_l'f& L/MZC
mednmn % € shdenr 5, .

/A srdar e # O Fral Y, TY Y, f‘b& ﬁ/ﬁ&l‘-

Oong Mht.k ‘w\&u__ g £ 'rcO(C Mwl'\‘ avt”
N s e, Tlns #hnrvcmmcrw POY o Aklfd\“

/"\OM/W

U\hsw

M&A s[,-.bi\J éa Lty Ao f.,v_(’ ook ‘7.." A
/uik -

U r

M A
l'hal-.:anJ

l=k
> (ﬁu\h‘MrL

il - T il it et

e —— e e e e e

B e

-

e

RS- S



G&O ml-*l'r 0: -f-;.-“ H;.\I

—~ L

of xhout rane. Intergrenuiar crieh prapogation ond twin ingaplion nesr amell aters n e sl

Pigure 4. Comeking arvll fwinning in sodium nitrate wn dantr
€; twin wisening 81 Fubby sermwr; microtraciuen dilation at f snd Sample thick i sbaut 30 Lm.
541 (‘ 67; ?

GEOLOGY, NOVEMBER 1981




CRA CiC GrowtH MedEL

“Thene s enly ene conck o TN
whele wald

Conthrin --‘ly

(8 rmenwnébl on

K> & ()

)
\
|
|
I
| Breaning (Fruched)
I
I
!

Ka(»

o \
gheuss sy ¥\ gy % [<]s oz 1™
% . Yraaking)s ey

| prestrass Oy

Slidsag {ijﬁdﬁui‘of- :

— . . 1
poa Ae'a \

e fine

Ker g L*
crack Sl £
K> Ke 4

'p-u'i&k

\a



B

t 1 1 ] ! I 1

1.0 1.5 2.0 25
x 10°

C/[/-Lnsn/(o-s—c-d)] -




x 10°

C/ [ poSe/ (om0 )

v 2

- A

-t



o (o=t 7o
€
S y € z i 06 1 4 € FA 1 0

ol x
nm.ﬂ_m.m."_om._v-m_”Jm.——«oo
e
qQ
// (0'9)°% \1 / (0'2)2) \u !
5\\\ /J) \.\ -4
/-E 5 .
(@OPH iy, 1 [T oy |
Josz

[(Po.%0V20%r 1/ v

(Po_9%0)/2




— ’ Tb 2
©
p 3'04@”%%%\/\/\\%
» 300
-.9 Tp
Y 304 3 |
i~ |
-
) =
5 ;
2 .
i
-
(6]
:ﬁ!—'—"‘l
o
o |
s a
oS .
[o)
(Po-%9)/2 I“[{"-'9 -22)2¢° | ui
.,
X
.
i




/ —
T, FRACTALS !

;:-;rt Pevy. 7 rPos €Y A -ﬂ’:;#‘/é o
4 o
D eR(BUTN —72&/ Aas o 72““ C4l~/

5"0}440'0.1

. 1
,CCVJnr X dw

~7Re dr:uﬁz-"o L shentt &e /mo’-!d“-u’ .
re. e se/hs wem ta n‘? np tid by X
s rafd '\c.w.r, v A e : apaA.

"wy

£09
\7_ |
’ & - 9
»
“The AVM&' o{ .‘]‘tkg Py I T /7 and -4
w fhgsamead Y P s - 2 and F
P - w & anh8
a4, ) |
(There (8 ns giao‘a}( P o “p““"")
=

F2efa. ol gaaflgoq . y

V&
Ten




Diidosiond om 2ZATDEES

S. C(‘M‘ea.u'd\»" (R&ll. Meod, T"\-’lc‘ts \KQC)
shaved Faut o randow wn ik ™ - l'u.-.'t ‘mwaatm

‘A&:‘J\&l Fhe odwim_-) (\aene A BRAC o
-4 LI N ok gmetate

L4 V‘Q“' ™ o¥
’ra

/S
AT A
~ A7
AL\

-‘ﬁg A‘i:A Aﬁe‘ “": oA
D Fhsion (pgndom wnl®) o o il TR lteads
A - J‘mlu'h e’lASXCQ. u.-/z a, J’Cl\é Gaﬂ’léﬂ/
d‘.m\‘ﬂ."l ce fm.cr?n/

‘ . OF
V-kve= 3, & k(d)

G(‘ﬁﬂ' Al aroni Alnndgr ﬂ'yt.au (7513
df“a\&‘ L Aﬁugqo(ga ﬁv. n:r. Qﬂ‘(
Orba ) ASadh

Refs;

-

a\

- g Y e T T ol et g 4 L TET WP e g "

o
4,

i+e

l+'.|

e
g
-~
23
= 5%
’
L
t
*&M'q‘
A A
* %



Ko, » <& o

Mo
N .[ ‘.3:“ -a (aob-c-.(/A’(H+("¢0(R-44-4}£‘(0}

GG (V°
# {-‘[(*-“‘-41" - )Gt g'”f(k/yéfﬂ
ZA(GK o8 EWES L)+ ETIK) - KO FoS &)
Kok’ k3nb e g=of

L

Stress intensity factor, Moment

Stress intensity

tactor

- = pairwise approximation

- axact solution
1 1

0 1
log (r/s)

Figure 2

Ly




Numbaer of foreshocks

120

16

Figura 3

X9




syoousesoj J0 18aUnN

Figura 6a

2.9

o agt 5



log N

- Time

Figure 8a

3‘3



L
o O.N“u o.%
log Tg

Figure 7




-~

00 D O srou02

T

i e Al e I

T v - v
T s:_ e M

§°e L $° X 0t §$°0 0°0

e S rd— e A W e = a
D S SN = SEEire—  S—— v m—

AL Sh— " A e 4 S & 0 w— e

- — - —

. x10%

- agpp———— -

30

$°2 9z 51 X et $°9 L)

52 X4

e — A — - ———— - -

A 4 e ——— —— ———

T s ——— 0k i} e — . — oa

T ———— ) ————— e —

e e ———

T — e % W —— ———w w } —

- § ———— . . ———

b ——— . ——— e ——— —

4

1

T—— — -0 b r— s .+ ——

e S — ¢t ——— r— — > —

& "

" 70+3950962°0°1

§°3 L St X ot 5$°0 80

1 00°0

o

{ 61°8

{1 §1°0

HEASL

h0+ JOW6aL3 0= 1

TN T e e e - At i W ER e o -
A v —— - —— A—

TR L S —————— 2 — - —

e A
et R iy B BN L L. BN T T

e e e e — e ——
A W e e L A e — — s —  —

T AT e e maie o a— e s e ————

A . b — — - —

TR T

24

33



02 g

04 xlo?

(b)

M

na'e

Seismicity i the Izu Peninvuls end the
zone indicate Lthe maits shock and 1 8

947 - AT B, 19N

Hellum

T

N

e 140+ 1€

Figure 1

HeiQhm

L)
» - T T T T '

Figure 4

T T T

adincent regions for the periods: (1) 1961- 1966, and [b) t967-5 May 1974 Cross mark and shaded
fiershock zone aficr TMA, respectively. Large ellipsc outlines ascismic ares during the period (b).

Time seq of shatlow earihquakes (hat 1ook place in the elliptical area shown in Fig. 3. Those thocks
of which magnilude 13 ot reporied are indicated by cross marks.

0""“ ke
?AGearH  nd 1083 1976
rF

35

e




2 "By

£

i

I L i 7 i
i e 198 153 101 10099 54 01 e &5 94 $ % 91 s

13193-171311 .




L it sl Y

Orsiilee Tpra STl ang bosg Aotlon iion KotV Clinin
TMJ&‘ Mj'w‘-b ,7 /206 al V7 wcurtd oy g i .

At hun Bl ne .c.:...:..:.jfi.a.? (s M Sl

=

35




lo Fedt

9.

-
[
/o
r>t
b TR
8" C. Az A;’o‘u/ﬂ

9
L)
g
. °
. A e & ¢ :
?.@ o~ - > 7¥.I|P/ -m _ 2
t & > 8
& .Mn a L..h - % -
K
.J S ¢ J rm m. zw. du _a J ~
cM . # “ o 1 U ~ ~
) +
3 - & ¢ .“ m .w \ ﬂvu
¢ 1 . 1 3 f S
mas E Y 4
” T “ -t ?n nh... lﬁl
3 ; - o 'R
g . .
X of » X
v - A ¥ ©
e a JM L1 <k
A -G
v X7
Uy
\ - - u. -
\ - m——
: |
rpwr ﬁ.‘u._.\uﬂav.n >! oo voev D\\\ m
m
?.d.a..........tnsquc..d |
f.a.l s\
Ty NIVN® B
Corp 1Y -
_ v g 2 106
5 oo ey Toe
¥ ‘ T te -
: : g o e
TRB =5t i

PRy Y FLTTTITS TR LR L

Fers [t bestTResrerrrtSetrssrerhersetrtelireerries Zrereretaliresesraels

i ] ) .B,_Rl SeEIA SINTVA 0W 30 IO

ame Ry M

T S WA Vot .

e

- e

e

o T -

DT .-l-_-




/- D Slm(_x\p‘_f c‘nn.r

Nearst- ne Léer
b 1-D
t; a...(t.’u-!‘c./’,

BRLEMeC

Sm'w/n/'t
( /~D /..#IE.‘: m gefed YA ,‘v’lri\r CQAR"'
b..n,(ar f‘A-‘! frand M&m“} _
wet??
.
s
o
Bereadun
s g
d
prestress
" e
N
\mu-
t-iuu&-h‘-‘
VYIRS

A3

- ey

-
-
;—"-—-

-

2-D LATTCE
DATAGING
g Thlw <

SV W

L q L

at




o
-

AR - -

o s RV - -

e gooo
Dro.erf
K 08

ZAEWNN
BAIrLYINWND
L

-

£

1o
s-

& JOo [q ]

Area

"






