
, arc analyzed by the structural 

48 can be written 

'I constant, or as 

(49) 

KSi',(m-ll/(n-'>, b, = -(n -2m) / 
hen b, is the strain rate at unit time, 
~train-harclclling parameter measur

e of cleCl'ease of the strain rate with 

hat in the triyial case where m i;:: 
, b. is minus one; this leads to it 

-, cr~ep Ia,1\' [Scholz, 19G8]. Another 
e is that the creep rate is indrpencl
stre"s. Eqllation 4 also sho\\'s thnt, 
close to minus one, mall changes in 

'e large changes in the stress depend
~ creep rate; the time dependence is, 
hurh less sensit.iye. This emph!lsize~ 

I natme of the logarithmic creep law, 
= b.t-', which is transitional between 
, of the form 

re is no limit to the amount of tran
wit h time, and the form 

( - bl /(b2 + 1)] (1 - t
b2

+
1

) 

b2 < -1 

'r11 tends to a finite limit with time. 
the creep strains at zero and one time 

;; ill the yalue of m with stress arc 
'l\t~iblc in the structural theory, but 

to complications. As two experiments 
nt stresses are required to calculate ;1 

111, [Inc! at least three arc required to 
lower-law dependence of strain rate 011 
and m. cannot be determined if 111 

:lpidly with stre,;s. 
st rain-hardening parameter b~ is COI1-

' r a range of stresse~, It and m can br 
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l'stimated from the exponent of Lhe powcr-I::tw 
deJ1rndenct of st rnin ra(r on . j r('~~, and from j hr 
IIlran n1llle of b,. Crur/en LH)o!)l rq>orted :\ 
:'Nirs of creep experiment" on C'n ITn rn 111:1 rhle 
:lIld Pennallt sa ncbtonr. 

The parameters of the fit of the law [eqnation 
4f1] to t.hese experiments arc t:tbulatrd ;):; a 
function of the percentage of the short-teqn 
failure stress in the unia.xial compre,,~ioll P, at 
\\"hich the expel'imrnt was conducted (Tahle 1). 
The fit was performed by fitting the straight 
litH' log (de/ dt) = log b, + b, log t by simple 
linear regression on the 3s~umption thM the 
limr:' at which the strain rates arc measufrd 
nre without elTor. 

All the experiments are !"atisfactorily described 
hy the power law of creep ahoye (equation 49) 
r Cl'llden, 1960). Scholz [1 9GS] has suggested 
that the true yalue of b, is -1. But llone of 
the experiments in Table 1 haye estimates of 
b, that are exactly -1. In two of the experi
ments .(on Pennant sandstone at 05% P, and 
on Carrara marble at 53% P,), the possibility 
that the true value of b. is -1 can be rejected 
!It the 1 % confidence leyel. 

In Figure 1, b, for the:;c experiments is 
plotted against stress. The strnin-harclening pa-

rmneters of Prnn:1llt sandstone do not, appear 
to he stre~" orpC'lldent, hilt there i" !I . i~nificanl 

decrell<'e of fl, for Carrara lI1arhle hf'l(l\\' iO~~ 

of the failltl'e st J'('~". 1.illrortun;]tcl~·, tlie eXJ1cri
ment at 53% p. showed only 10 microstrains 
creep in eight Cla~'5, :md experiments :It lower 
st re55r- would hm'e been be~'ond the acclt rac~' 
of t he apparatus used. 

III Firrure 2, thr 10l!arithm:i of thC' !"train rate:, 
in the experiments !l.t a time It arc plolted 
against the slJ'(,ss (on a logarithmic scale). Strain 
rales are, of course, most precisel~' drlermined 
by the regression at the mean of the 10garitlun8 
of the time;; of the obsen'atiolls [flold, 195~). 

The time h is the \\'eight('d mean of the mean~ 
of the logarithm;:: of the estimated times 01' 
obserl'!ltion of the strain rates in the experi
mellts. 

H the strain rates follo\\'ed a power-I a.\\' 
dependence on stres~, the data would plot on :I 

t might liDe in Figure 2. The Pennant sandstone 
data fall on at lea~t two separate st raight lin('s, 
one from experiments :1t 3.5% p. and below, and 
one for t.ho;:e aboye this ntllle. 

Because the strain-hardening parameters of 
the sandston~ expcrimetlts arc not significantly' 
different, the weighted mp:1n of the "illite!" of 

TABLE L Parameters of :Fit of Creep Law de/dt = bltb. to Experiments on Pennant Sandstone and 
Carrara :'Iarble 

%P, log b l b: dw RI 

Pennant sancltitollc 
15 1. 77 -0.91 LSO 719.1 
25 2.15 -0.93 1.95 250.5 
35 2,48 -0.97 1.50 269.3 
45 2.61 -1.01 1.31 77.7 
50 2.42 -0.91 2.57 478.2 
65 2.50 -0.86 2.09 607.0 
75 3.27 -0.98 2.18 687.8 
85 3.12 -0.94 2.21 180.3 

Cllrra!'a marble 
53 4.77 -2.11 3.03 256.9 
64 1.67 -1.22 1. 91 367.2 
70 0.31 -0.79 1.85 34.7 
77 2.11 -1.11 1.98 149.:3 
83 2.21 -1.02 1.16 415,4 
86 0.77 -0.87 2.51 51.9 

Xotes. 
log b, is the natul'3llogarithm of b l (b , is measured in microstrain.~ per minute). 
dw is the Durbin-Watson statistic [Durbin and Watson, 19511. 
10 is the weighting of the regression p:irnmelers. 
ubi and ub. are tbe standard deviations of b l and b j • 

.' 

W ub. ubi 

40 0.034 0.20 
13 0.0'>8 0.26 
30 0.0.')9 0.26 
11 0.050 0.11 
28 0.042 0.18 
29 0.03.5 0.18 
31 0.038 0.18 
25 0.070 0.35 

15 0.13 0.80 
24 0.063 0.29 

8 0.081 0.33 
48 0.091 0.10 
44 0.050 0.23 
9 0.098 0.59 


