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VISCOELASTICTE AND ROCKS

l. Tntroduchoe

ochs  show vwsceelashe hehavier . For e.xo.mP\c ) cfeep occofs opon
excaraben in mchs such as shale | c.\aas\'one. and e.\.rqegn\'a.s . Tlime
o{crenden}" cre meks have also been ohserred in Re ia.horahta.

Flaure 1- ahews t%rcco.i e.rea? o ren oé’ saall beoveed @ dcfrerc_n’r
&-e_mf,e.m.turca ranams behveen <25 and los®C.
rtaure_ & showts o (-{“neo.l creep euie ‘fcr cocks. Tthe asrve conswis
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Steady state o aecmdat‘ c.reeto . IF skress 15 teleaned o zem, Re

fock sheuss o persmasent shrade
. ~l-efi\‘m3 creep et leads bo gcu\u.re..
I\io&e iRar rock creep depends \mael.:‘ on temperature , stress level,
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Tose sets creep \awes ase ovalable 1n tRe literalure emrm‘ca\ lasss
and lasss denves <Eh':m rhecloglieal models.
Cree.‘; can be tapmeﬂh:d Ba tRe @o\\om;m e:‘ocub‘nr\

£ = E + E@F) +&G) +&O) )

where &e : Instantanecus eloshe skraid
e, @'): +Hansient ccee
- power lam E.;G-) = F\'\:n (o(n(u)
- oaadfem lase €,(+) = A Bt .
€.(): Secondasy creep witR & (#F) = VE whese V= £ s
constant

€y (j-) : ['erl'fo.f:j creep .

2. R\'\eolaatea\ V\ode‘s.

Since rocks are hme dependent 1n thewr response lo loading , Re
clashe seoltd (Hoehecu\ :.o\td) and e vascous Hoid Cl\‘wbnmc\
xkoid) re‘areaen*' lwo exireme models. R‘\Edﬁatm\ models are baned
on ..btmplc. thstca\ idechkzabions and conswr af combtaabons ﬂ
massless Goear Lpeings and viscous  dashpots.
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E. spang constoant

S < r*::?é.
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l‘tmbman ovbstonce y: viseosdg conetoat- e

g = d&/d-l- 15 tRe shraun vate .

2eceral hwo | Hiee and J’oer Pcnrame.l-cr models obhtatned Ld combinahon
°é> e two basie medels ore shown n rtaure 3 .
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TIn aeae.ta\ ; Liresses | shramns and rares ﬂ skhesz and strain are relatcd an

é’el(cm s

P,,G‘*P‘a‘ v‘l-?z&:'+ ..... = ch*q‘éﬁ-c],_é S ('20}
m . n .

o Z pidc = Z qids (25
at' dt'

or {p}e = {}e (2<)

" . 0 :
wdt€ iP} = E;_) F;":_;'i anod {Q} = lgct;_;_.:l:i (£48)

3. Creep and Reloxation

C’ceep and relaxahon tests are tfe hwe base =< pescments eé {tnear
viscoelashodif .

Creee consats % O.Pplatnﬂ o coastant shess G tRat s macwramed

-

constant witR hme while &) 1s recorded . TIn marfemaheal \Bnm
= o HE) € = @ TI¢) 3)

where R(F) s Re f‘eaﬁs‘cde <fmm:-.l'n:u\ and T(+) 1s e creep
é’uneh‘on or creep comPltqncg._ (F'uaure 4)

A

Fiqere Creep test.
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F&aum 5. Relayabon test .

Cree‘; ond relapation curves é’or tRe V‘akc»e,l\ and Felan medels arc shousn
L0 F‘uauve. 6 .

4. Superposihon Tntegrals

For o stress hxa}o(ﬂ = o) , ¥ can be shewn vsing We sopespomibon
Fﬁnei\ole, Rat e creep response 1S guven b.ﬂ

£
E@F) = «IG) + |d() T@E-+)dE (5a)
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wheie T2 15 e stress Jomp abF hme +=o0 . The ecTua,ho(\ 1 alse eﬁoal
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v(#) = & EM)~ “J:ic%%’rr‘) E@-+)dt/ ( 62)
x
or o(t) = EF)E(R) + | &) d E¢-+) dt (eh)
A d (k1)
)

Cree.‘a and relarahen ‘Yunehons are related an <f'e\lous.s

J ECH-+) TC)at! = t (F)
oi‘

5. Burger ﬂodel

Conscder {Re .Butaer model t:f ﬁaum o ..nu\%lecl‘ K5 o conzrant sbress ef

magaitvde o5 . Ler & and €, be e skauns in MRe Kelvin and

f‘lo.poae“ ‘:of\': c{Y s wedel rea‘aechre\:‘. _Tﬁcos,

= éa. (.g)
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o £ = E..-!-Ez. ond o= 0 HG‘) (_93)

Usmj e LaPlaec ’n‘anx(forms e{f eq. (? ) wad eq. (3) we have
sﬂz E,‘rﬂs

E and T = c;/s are TRe Lqplaﬁe. h‘ar\stform.& % g€ and <,

To—

& =

o lal

where
t‘e:.\{:echve:\ﬂ . Tken

= Loe L+ ‘ :I '!-l -r‘— ‘
E,(EL*&S)

B “E:; Styz. ;(E.-ry, s) Es %), Es »
"

Aol



e nvesze o?Q.P\Qec *rans{fosm c%r eq - Q“) a\ueb

E() = T@) = L. -t—_LCl«e-/y‘t) (}2,)
@ & f  E

Ta s e.c‘ucmon:

Ta / E, reprments tRe tnstantaneous elashe rmponse.
Yot / 7& repasents vizesos Flow (sk-ca.cﬁ state of TIT creep
~€‘/ 4
To (l-— e ) / Ey reproents e delayed elanhe regponse (hansienr cmer) .
The creep curse compondmﬂ & <q. (li) 1z shown ip F;aocc + .
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bit:\-e, Kot tRe creep arrve becomes as mpicfe fo o Qne  wir® eqeabon
E(_i‘):. T + ¥ 4 Tot shesn oe fne (1) in F\au?t :7"
[l = 7,_
TP plress 1z releaned to zew ob hme t=t; , o paumanent shea
exists and can be colevlared vsiog cq. (_SL). Stnce T(t) =0 &or tory,
eq- (S b)) beeswmen

ty

E(_f’) = JT(‘*“) d?@*{"’) dt! = o ['.T(‘I") - T(‘_i-—i‘-g)] GS)
3 d (+-1Y)

Usma eq- (2), e*) = eﬂuoi 1 52) _
- B (*-+ -kt
EG‘) = Ei’..ti + e, (e- y'L@ )— e 7 ) (U—t)
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As £ - po E.(j-) aFF;ou.ekeA o é’lnt\"t afan eﬁua.\ ‘o ﬂa'f't/Ez.(.see
Fxgavc_ t?')



é. Bmﬂham t’lode‘

—fe Bungham model 1z o visco elasto plaske medel TRat consists
oj a Waqcuae\‘ model (n senen wil® a _£rtchcsna\ element (Flausc 8)

T
- —

" 7

m«

(=) (k)
Fiaurc. 8. (a) Pe:iﬁac\'% plashe. element ) Buﬁhnm model.



