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1 .o Intmduct1on 

1.1 scope of Report 

In the prsszn: P?rt II::reep-rupttire, creep-rate, and hot-fatque 
data fsr $4 mater-is& taken from publIshed sources are presented u1 a form 
cmmenient for reference 3.n terms of a prenously given theory132 and 
expermental results glvcn end dx-,usscd lr, Part T CC the Rcpcrt3. 
Relevant perts of the theory are summarued. below and znParas. 2.1 and 5.1. 
kteridls, chemcal canpos~tLons and references to the sources of data are 
given in Table I; the main results are presented 111 Figures 11 to 97 and 
in Tables II, V, VI and VII, Tables V and VI grve estmates of the random 
scatter m th? data,and Table VU gives the nuber of freely adjustable 
Wmstants wed when fitting the theory. Self explaratory exmples of the 
Figres vath detailedle~ends are g?~ven in i"qures 2, 3, 8 and 7. The 
grap-hicalnethods of analysis used* are described m d&al in References 
4 and 5. Reference shoxi5 slso bo ;l;do to SEction 9 of Part I. 

The daza selected for ar?alysi= ., was pri~~~~ly that whxh vuiis readily 
avatile. It comprises that zn tht: extanslve compllatxons QF the 
"T&en Digest", the Xcnd Data 3ooks for the Nlmonx Alloys, "Fox Steels 
Design Data'.", &an A&;rolty sumwry, Lsnd a number of published papers 
includmg unclasstiied N.P.L. and R.A.E. reports. In order thorou&ly 
to check the theory without mtroduclng bias by selztlon of data, all the 
data in the Tinken, Mend, F'cx and Aiimxjity publ;Lcatwns that mere stifi- 
c1entl.y extensive to warrant attention have been examined and are presented. 
kfUc!h of the detailed discussion m the Report 1s due to an attempt to 
make the best use of fra&Tentary sets of data, and to the indxrect and 
incomplete nature of the ewdence concernxq filfxlment of co&.dltlons 
nec%wry ln order that data of the kind consu3.ered should be smenable to 
analysis. Although detzulo are rather filly g=ven for those to whom they 
are of mterest, the essent-al content of the Report should be obtanable 
from the first and last sections snd the Fqz-es snd Tales. 

1.2 ',utlme of theory -- 

Ewatmns (2) and (3) of Fart I zro cxtalned :r. '. zcr~r>~ formula 
which was sta:sd 1~ References 1 ar.d C Unix a specxl case vws used. The 
generEd fonrmla represents strain E as the sum of a number of terns in 
stress cr viz. 

E = C,&$, K1 + c*&!2x~ + . . . . . . . . . . (1) 

q5, = t;q - T)-A, 

. . . . . etc. 

-------^-_---------------------------- 

*The F~EURS are reprodxed at ?.~~I‘oxIDIU?~J !ulr me lfnerr scale of the h'orkin~ 
dmwir.gs. 
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E = at"' + bt"* + ,.... a. . . (14 
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I.3 Conditions for analysis; presentation of data 

Conditions that the creep must fulfil in order that data may be 
=mlysed m accoruence vvlth Equatmns (Ic) (or(h)) are that there must 
be either 

(9 a stage of markedly accelerating crew precedw rupture as 
in Figure la (rupture data), 

(1%) a long stage of steady-state creep as in Figure lb (creep-rete 
data), 

(ni) a stage of steady-state creep extendin;i effectively to rup- 
ture as I-T Fqgure lb, to@?ner with a substantxLly constant 
strain at rupture (rupture data). 

TO each of these corresponds a partxular method of analysis and presenta- 
tmn. 

When tne first condition is satisfied, terms in Equation (1) with 
large X (apparently K 5 3) predcmmmte, and when the cecond and third, 
terms with K = I predominate. The first and third conditions leai to 
drfTerent methods, sty (s.) and (iii), of presentation of rupture data, and 
the second to a method, say method (ii), of presentation of creep-rate data. 

Wethod (3.) f'lnally presents creep-rupture data as plots cf log 
stress versus log +b. $/hen condition (i) is satisfied, rupture data for 
a particular telmperature, inito.all,y plotted as log stress versus log twe, 
is fo& to fall upon a curve mdo.stmguishable in practxe from a segmental 
curve uade up oi straight lines with standard slopes as in Part I, and aho 

as in Figure 2a of which the detaals sre referred to in Earn. 2.2. For 
other te;nIeratures the data fall upon other segmental curves, as predicted 
by formula (IC), made up of the same stcndard slopes sqarately displaced 
dOrig the log tuuc axis (Fisre 2a). Such data is presented for converuence 
UPOn pbts of log stress versus log 94, log Q2, etc., in wluch a set Qf 
pcints, for various temperatures, sssocx&ed witn a single standard slope 
then amblne to fall about a single line (r'igure 2~). Each such set of 
pOmts has in general its own scale of (1, dependent upon tne val.Ue of I'. 
Ihe data is therefore summe.r;sed by one, two or three lines witn standard. 
slopes, as in FiLmre 2c or Figure Y of Part I. 

Method (ii) presents creep-rate data as log stress versus log creep 
rate. \&en condition (li) is satisfied, creep-rate data for eny one mater- 
ial and. temperature plotted as log stress versus log creep rLte %s found 
to fall abtbuut a continuous curve whose predetermined form, accnr'd.~ to 
Equatxoon (22)) is governed (see Fora. 3.1) by the ssme stsndard slopes. 
'For any ether temperature, the data is f-itted by a somi3.a.r curve but now 
displaced al*ng both harizont;l and vertical axes, as shown in Figure 3~ 
where the locus of displxement according to (2a) is inaicated. Super- 
positlen of curves for different temperatures after the manner of "the 
creep-rupture segments is cnly possible i-,hen no more than two terms are 
concerned, and even tnen doss not lead to a convenient presentation; the 
data is therefore go.ven as plots of log stress versus log rate for each 
temperature separately, each fitted with a curve whose relation to the other 
azves is calculated in &ccordance with the several $ (Fi@?e 3~). 

Method (iii) presents creel,-rupture data as log stress versus lo& 
time. When condrtion (iii) is satisfied, rupture data mqy be presented 
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sunllarly to creep-rate data as $ots of lob stress versus log time fitted 
with curves ol' predeterumed folm (cf. Para. 2.3). 

The hot-fatlsue data considered is co-ordixted by method (J.), 
attentron bcuq given to tune to rupture rather than number of cycies. 

2.0 Creep rupture - ( Methods (1) and (~ii)l 

2.1 General properties of formula P?r constant straip 

FOr a gxven stress and te 
Yiekied by (I] takes the form $ (la 

erature, the equatlcn to the creep curve 
,, in nhxh constant-rate creep ir, 

represented by terms with it = 1, and accelerating seep by terps with 
K > 1: where direct experimental evxlence is available, the latt-r terms 
appear to have E a 3. When tne curve of log stress versus log tlule for 
given Sixein and temperatare is controlled by terms nit!% a ccaz3On v.&~e of 
K, the form& for this curve, irrespective of the vslue of x, takes the 
fOm (Ic), and mto thx the previousiy-determined ratla.5 K/P of 
L 

. . . 4, &, 
m@x- be mtrodxed. 

t$;;‘.a T 5 -A. 
In (Ic) tne constants A, B,... are of the form 

kt a f3.xed straisin and a smngle temperature, !Scgatlon (IO) Insi the 

following features. A smgle tmm on a io:. strezs vc'rsus log t3me plot 
yields a strazght line whose slope is -I$&, whxle several terms yield a 
continuous curve. For the data here exarx.ned, the greatest number of 
terms that are effective at a s3ngle temperature 35 t?cee. 

In the many cases in whxch only two terms are effectxve, the 
continuous curve has asymptotes cf standard slope, each defked by a single 
tern. The f'mm of the curve 1s dependent only upon the v:ilues of K/p acid 
K. Since 'only a few predetermuzd va.!.ues of these constants are relev=t, 
the few two-term standard axrven shown m Figur.?s 4 and 5 are 00~~1~ to all 
sets of data. Curves for the cases zn which three terms are eff%ciL.~ 
GX rtadily b6l.t up (cf. Reference 5) from these curves. 

At the same fixed strain and axxther temperature, the single-term 
straight line is displaced along the lag-tune .ZCLS in accordance wl?h Its 
$; each of the components .tf the mult;ple-term curve 1s sinular~ but 

separately duplnced along the log-tune axx1s, each in accordance wit:? its 
own 4. 

In the present context, K enly affects the abruptness of the 
transltmns between asymptotes, the ab~bn@x~ss becomx+< more marked with 
mcrease of B. For vaiues of K of say unity (cf. condx.tun (211)) or 
less, the transltuns are gradual and may cover the whole of i;he experi- 
mental range; whxle for K say ~3 (cf. condit?.on (I)), they are so 
snarply curved that they are mdutmnguls~able, wIthi the scatter, from 
abrupt transitl?ns. Examples are given J.X~ Figures 5 and 1; respectively 
which are consu%ered xn the next Paragraphs. 

2.2 Method (19 

For data that filfils condxtscn (1) of SectiLcn 1 

(4 the tune to rupture is determined almost ent1rel.y by terms 
with large K; 

(b) a varxhion XI the straw at rupture ptiuces a smaller 
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relative variation in the time to rupture, so that for 
moderate variations it is reasonable to treat rupture plots 
as constant strain plots to which the resuits of Para. 2.1 
3PPiYY; 

(cl the transitions on a log stress versus log tvne graph are 
sharply ourved so that the graph reduces effectavely to a 
number of linear segments each dependent on a single term of 

(ICI; 

(a) III view qf (c) the precise value of I is unimportant. 

pigures (la), (2a) and (4) illustrate these points: tnns Pigure (la) 
ShOwS a Creep oxve in which the term with K = 3 predominates at lerge 
strains, and for this curve a typical strain variation of +1.5/l anValVes 
a tune variataon of :l,24/l, which, as will be seen ti Section 6.0, is 
wlUu.n the scatter of all but the best data: for lerger K the time veria- 
tl*n would be smaller still. Figure 4 provides standard curJes for paU.3 
of terms vnth IC = 3 and various s/p; the curvature of the calculated ' 
transitirns is seen to cover only a mill part of the range of stress am- 
m0nl.y encountered, and the difference betvfeen the curve and the stralght- 
line asymptotes is w.thin the scatter of most of the data (cf. Piyre 2a). 
The range of the transition, end tne difference between cxrve and straight 
lines, becomes smaller for lerger R, SO that with K > 3 the precise value 
rmd net be known since the cwwz ten 111 all cases be appmxamated by the 
ssme strelght-line asymptotes. This "independent term appMxtit3.On" 19 
equivalent to treating each term in (IO) separately, the chosen term for 
an3r particular stress range being that which makes the largest mntributiJn 
ta EC for that range. 

Data that fulfils the conditaon is conveniently presented in the 
form of a graph (cf. Figure 2c) in which, as inPart I, Figure 8, each 
group of points for various temperatures but associated with a ~S'tiCUl‘or 
segment (and hence with a particular term of Equation (I)) as seporatelJ 
plotted as lqg stress versus log + with its own sceile of j, but in v/hich 
all groups share a common scale of log stress. In the diagrams relating 
to tbLs methad, each group of points is fitted with a mean lone ef 
standard slope; the cycles of the log stress scale ore chosen for graphi- 
Cal accuracy to be larger (conveniently 3.75 tunes larger) than tnose of 
a or; the points r-f each group are plotted with dL.stinctive shapes; the 
temperatures are indicated by tagging; and the occnsional bracketed points 
are those that fall too near a transition between two slopes to be assigned 
uniquely to either group, and hexe are plotted on both. The legends on 
these graphs are given in more detail in Figure 2c: the common sceles are 
given with cltser graduations in Figure 6. :)et,ails of the procedure 'by 
rich these graphs were built up are illustrated m Figure 2 and described 
ln References 4 end 5. 

This presentation enables values of stress to be read dlredly from 
the log stress scale, while values ef time and temperature separately ms,v 
be obtained by caloulation from the log $ scale in which both ere combined. 
Per a faxed temperature, a log $5 scale may be regarded as a scale of log 
the, and, for a fured time, as a scale of A log (!P' - T): accordingly, to 
enable time and temperature to be determtied from the li'?@res withgut recourse 
to calculation, two auxiliary sotles of this kind are provided whxh are 
separately labelled with time 2nd temperature. The farst IS n. sliding 
logezJ.thrmc scale of tame; the second is a fixed scale constructed for the 
value of T' appropriate to the scale rf log $6, and graduatei in temptiratmc. 
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All the flgui-es have the ccinmon sliding logarlthmlc SC&C of time shown in 
Figure 6, while each lme in each figure has in general Its own f?xed 
scale carrespcnding to the T' fur that lme. The latter, termed the 
TIOO scale, has been arranged to give the value of log $5 (WDEZ~Y log ,$qOO) 
for the fuced tune of 100 hours and the labelled temperature ToC. In 
use, the sliding scale of tune is set with Its 100 hour mark opposite that 
for the temperature T of Interest on the f'~~.~ed scale; then, 

leg $ = log t - i?, log (T' - T) 

= logt - log 100 + log 100 - A lcJg(T' - T), 

= log t - log 100 + log $,(J(J 

so that 

log # - log #lrJO = log t - log 100 

Thus the log $ for time t and temperature T WLS distant (log t - log 100) 
from the graduatun far T°C on the TlOO scale, and any tline t hours on 
the log time scale corresponds to the value of log # on the adjacent 
log $ scale for that tune and temperature (cf. Para. 2.8 and Figure 7). 
Wbre, owing to lack of space, the Tim scale has not been given III f'ull 
rage, it may be extended from tne scales of log(T' - T) in Figure 6 
( cf. Reference 5). 

To lndlcate duectly the f'lt of the time-temperature variable 6 
to the experimental data, auxiliary graphs of A log t velisus temperature 
(cf. Figure 2) are provided, togebher with the best-fittmg curves from 
Equation (1) with 1% = 20. The measured &.splacements A log; t assocxated 
with each slope are separately plotted wltn paints of distlndive shapes 
(cf. Figure Zb). The fltted curves pmvzde the smoothed duplacements 
used for supcrposltr?n of points on the lqg stress/lag >! plots (e.g. 
Figure 2~) in the present method (2) and for spacing the sets of arves on 
tile log stress-log time plots m method (xii) below. 

2.3 Method izi 

For data that fulfils conditlen (~ii): 

(4 the time to ruptme is determIned slmost entlr4.y by teE!!s 
with E = 1; 

(b) the time to nzptnre 1s considerably dependent upon the 
strain at rupture, so that only when the rupture strarn 
1s sufficiently constant msy the rupture plots be treated 
as constant-stram plots; 

cc: the trmsit~ons on log cr/ leg t gra;?hs are gradual (6‘. 
Figure 5) so that the independent-term approximation is 
madequate; 

(d) suce fulfilment of condition (iii) u~pl~s that SC = 1, the 
form of the transltlcn curve is Sretermmed by formula (1~). 

Figures (lb), (8a) and (5) illustrate these points and their 
contrast with these of Para. 2.2. The first shows a typical creep CuIzre 
III which terms with E = 1 predomuate: for this cw.-m tine tme varlatlon 



- 10 - 

appropriate to a strain variation of 21.5/l msy be seen to be .&out 
*1.6/l, a variation which (cf. Section 6.0) is oompsrable with the scatter 
of the mere soattered data. The curved transiticns cf Figure 5 commJnJY 
extend over the entire experimental range, so that, as shown e.g. in 
Figure 8a, the straight-line asymptotes are not a good approximation. 
If Equation (Ic) applies, the curves af Figure 5 should be common to all 
the data for which K = 2. 

Such data is conveniently presented as direct plots cf log SWISS 
versus log time for each of the testing temperatures separately, to each 
of whichthe appropriate curve is fitted. In regicns where snly twe 
terms are effective, the general shape of the curve is independent of the 
Cmatants C, and the curve has one of the stsndard forms shown III Figure 5. 
For another temperature, each of the component terms is separately displaced 
along the log time axis 111 accordance v$ith its own T', and the complete 
two-term curve is displaced, without tilt or change of fen, both horison- 
tally s.M vertually (cf. Figure 8a). Thus the st~ama curve for the 
particular m/S generates a family of curves, one for each temperature, 
spaced. acmrdmg to the T'. n%en mere than two terms are effective the 
form of the Curve depends upon the relative magnitudes of the oonstsnts C 
and must be individually cslculated for each case5, the cal~lation being 
based on the two-term arves, 

In the log stress versus log time plots preserlted according to this 
method, the component terms of each fitted curve for a particular tempera- 
ture are shown as straight lines of standard slope. When only two terms 
are effective, these are asymptotes to the curve, The line of a given 
slope for a particular temperature passes through the graduation msrked 
with that temperature en a spacing-scsle Ts, which corresponds to the T~OO 
scale Of Fara. 2.2: the spacings between graduations for temperatures 
T, and T, are of the smeunt A log(T' - T2) -A leg(Y - T,). ALlXlliary 
A log t versus temperature plots are also presented, as for method (i). 
Each Set of A log t, T points, with its fitted curve, corresponds to a 
term with a particular ratio m/p: the fitted curves are used to determine 
the spacings between the lines for that term on the Ts scale. 

2.4 A lag: t and A log rate plots - determination of A and T' 

The values of A and T' used in the construction of' log stress 
versus log $ plots and in the fitting of log stress versus log tome or log 
stress versus log rate CUFJ~S, are indicated for any one term by the dis- 
placement A log t (or A log rate), wrth temperature, of the Resition of a 
line of the appropriate standard slope along the lo:; time axis. In the 
example of Figure 2a for method (i), the spacing is measured between parallel 
SQPIentS, and platted in Figure 2b; in the exsmples of Figure8 3a and ga, 
it is measured between parallel asymptotes of the two-term curves, and 
plotted in Figures J!J and 8~. 

When adequate data at three nr more temperatures are available to 
define two or more values of A log t, both A and T' are uniquely determined 
in prinorple, In practice, the scatter is such that in most cases a range 
of values of A, with corresponding values of 'I', will fit the experunentsl 
data equally well. For reasons discussed in Section 7.0 of Pact I, ond 
Para. 5.1~ of the present Report, the ccnstant A has been chosen to have 
the common value 20, and with this common value the T' for an extensive 
set Of data is closely defined. The curvature of the plot of A leg t 
versus '7 decides whet&r T' is above or below the experimental range of 
temperature: an upward curvature (A log t/AT increasing with T) indioates 
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a T' above, and a downward curvature a T' below this range. 

In many cases the data, particularly if it refers tc two tempera- 
tures only, does not of itself determine whether T' is above or below the 
experimental range (the "sense" of !i"). rimever, the chowe can often Ee 
made on other evidence, and, when made, a numerical value can be determined. 
Thus III the case of a material whose rupture data satisfies ~vndition (iii) 
and whose creep-rate data satisfies condition (ii), the terms with IC = 1 
Control both rate and rupture, and the value of '7' should be the ssme for 
both. Where there was direct evidenoe On this point, the sense of T' was 
found. to be the same, although the numerlcal value, Owing apparently to 
scatter, was not (d. Para, 5.2). Hence, when evidence was lacking 
for one set the sense was if possible determined from the other. Fa1llng 
such ev-denoe, the sense was determined from data on similar matexsls. 
In all oases the numerical value was determined d3.rect~ from the data 
COnCWIld: each value whose sense was chosen w one of these WJS IS 
starred in Table 11. 

Where, for a p~~+~.culor slope, data at only one temperaixi-e is 
available, no value of T' can be &stermmed: in such cases a value is 
ususily ailopted from an adjacent slope (such values are bra&eted in 
Table II). Far one set of data however, nmely that for DMZ steel which 
satisfies coniiition (i), these values were not suitable: hence the data. 
for the slopes for which T' was not defined were plotted simply as log 
Stress versus log tine, and fitted with standard slopes. 

Some data rio not establish all paints on the A log t plot with 
e$Tm.l certainty; thus in the example of Figure 2a tx lines of slope -& 
are firmly established at 7TOoC and 815%, but only an extreme posrtion 1s 
ottamed at 7OO'C: the correspond%& pornt In Figure 2b is therefore arrowed, 
and the fitted curve may pass below it but not above it by more than the 
scatter. In other cases, e.g. Figure Sa, the slope at a partioular 
temperature may be poorly defined because only one or two experimental 
points arc available: the corresponding A log t point is queried in Figure 
8b, and given less weight than the others in fitting the oxcve (cf. 
Reference 5). 

2.5 Nature of evidence for fulfilment of conditions (1) and (iii) 

Independent evidence on the fXLf3lment of conditions (1) and (1i.x) 
LS obtainable from data such as that given in the headings below which IS 
often supplied in conjunctzon with creep-rupture and creep-rate data. 
The evidence is given in some detail in Table III, and the general manner 
x.n which it was used is as follows:- 

(4 Creep -es: if these extend. to rupture they will show 
directly -flhether the creep accelerates strongly or is Of 

constant-rate at rupture, and uill also show tne strain at 
rupture* (of. Figures la, lb). 

b) Times to a fixed stras.n: xf at apartxx~lar stress the 
tune to a f2xed strain of e.g. 0.5 per cent is not less 
than ssy half the tune to a rupture stmain of several 
per cent, mnditxon (3.) is probably fWfzJ..led. The 

---------c---_----_------------------ 
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converse, when the time to a fixed stran is much less than 
the time to rupture, cug~ests but does not necessarily 
establish that con&.t-mn (xii) holas. 

(cl stress for a fixed stra.ln: if tht stress fcr a fixed strain 
in a given time LS little less than the stress for rupture 
m the same tine, condition (i) is pmbably fulfiYJ.ed. If 
it 1s appreciably less, condition (iii) 1s suggested but 
not established. 

(a Strsln fr-*lm wnstant-rate terms: If the .&ram that would 
result rf the specifiedcreep-rate acted for the period ot 
the rupture txne LS a smallpmpprt;Lon of the rt.cotied rvpturo 
s-tram, mndit3.m (i) is probably Ifulf~lled (cf. F&ure la). 
If rit 1s a large proportion, oondxtion (xl?.) IS probably 
fU.f~lled (cf. Fmre lb). Tsc of ths Evidence 1s complr- 
cated by the fact that, in a convcntxxLl constzat-load test, 
the ticrcase in true btrcss with decrease in cross-section 
produces ncceleratlng creep frail even a constant-rate term. 

The choxoe between method (I.) or (iii) was based upon the &bove 
cmtfaxr; when the evidence was sufficient. OJGhennse the mcthcd chsen 
WB.S that wkch led to the best fit; thus data that showa? abrupt tr,msl- 
tlonS VrasjadLysed by method (i) and thst showing ~;r&&xLt trzns~t~ons was 
analysed by method (~1). Table V, (last column) shows that the mndepen- 
dent evidence when available wirs usu&Lly z.n a;;reement wit.1 the observed 
form of transLtlon. 

2.6 Presentation of rupture dzte. 

The sources kited in Table I provide 65 sets of creep-rupture &La. 
Of these, 3 (for IIGT~, RPO, vex 326 !#) are msufflc~ent to dehne any log 
stass versus log tune curve, 3 (for ~i.monw 80, 8OA and 90) have been 
presonted 3.n Part I, and one (for rJ'155) is reserved lkr future detailed 
staly. The rem&x-Lqg 58 Sets, r# which all but 2 tabdlated sets (fQ,r 
Nmonlc 95 and 100) represent brect expermental, as dxtlnct from enter- 
palated date, are presented 3x3 Figures I$ to 64. Tddes I and I.& gave 
materials, oomposltions, heat treatments and sources cf dcta; Table II 
gives figure numbers and values of 1' where determane& h'ig.re nambers 
from data where II' wae not determined are given in Table ILL 

Of these 55 sets, /+T were sLiffra~ent.ly extezxive to &fine both 
log stress-log time std. A lor t VCI’SUS ‘i’ curves, and of the k?, ti nets 
rtili;i,ing to materials of 36 dlffererlt mmpnsi.txonS have been rnalysed bg the 
above methods and ore presented in E'lgures 11 to 53; the remzinm~ set, for 
DM steel (Figure 60) IS discussed in Para. 2.7. The 9 less cxtcnsive 
sets cf rupture data, for materLLs in tube i'olm, namely far l&x 337f-, Glaj, 
FC5(T) solxl drawn, l?CX(T) se;im melded., snd Nlr,lonlc 7j (all in Fq?re GC), 
and for Nlmonic 95 (Equre IT), Di$, G-183, and ~%3~weld, (IQ$Iras2 to 
61;), defxncd log stress versus log time curves but gave no aformztion :*s 
to the Alog t versus T curves and hence on the v&lue of T': data for the 
first 6 is ava.xlable at only one teqerature, and for the remainrng 3, CW& 
to the amparet~vely small range of stress covired aad. an :Jli'ortun;te 
placing 3f thx range, the standard slopes appear ench only at a dtiferent 
smngle temperature. The Ximonx 95 data 1s pr-sented (Pi&re IT) in a 
plot of log stress versus lag $5 according to method (L), since other data 
on this matcrx3.l provides a suitable vnlue Of T'; the other 8, far 
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xhch no external evidence 1s available, are presented in plots of lor 
stress versus leg time with curves fitted for each temperature separately. 

Nine sets of rupture data (Figures 16, 26, 27, 26, 39, 1~5, L.7, 51, 
53) pmzded plots of A log t (and hence values of T') for some slopes but 
not for others, and the undetermined value of T' (lndlcated in brackets Zen 
Table II) was taken, in all but Figwe 47 far C-MO steel, to oe the same 
as that for an adjacent slepe, The data for C-&o steel does not define 
the T' fcr slope -& , but rejects the values used for other slopes. One 
set of data, for Rex i&8, (FQure 37) has a very marked xre&ku-1t.y in 
its A log t versus T plot (Fx~ure 373) and has been pwwnted both by the 
n0ma1 application or' method (i), with T' = 12003C; and a&c by d double 
applmaticn cf m&hoi (1) separately to the data &t 5OL1OC to 550°C, and 
dcm at 600 to S50°C, !Phe second n&hod, using a ccmmon value of 
T' = 975’C, yields two psrallel log stress versus log (; lines. 

2.7 Cetzlled discussvn 0P ruotu-e i.nte - 

Of the 49 sets of rupture data presented in Figares 11 to 59, 36 
were an&se& by method (i): these included wx set for which, as 
mentioned in Para. 2.4, values of T' were indicated for one standard 
slope i:ut not for others. Of' the 36, 15 sets were shown by crxteri~ (a) 
and (b), 2 sets by criterion (c), and 3 sets by criterion (a) unambiguwsly 
to ILlfLtll condition (1) - detzis are in Table III. h require& by 
h+StlOn (IC), ail showea Eh'UFt transltlons where the transrtion range 
was sp*nned by the &ta, -71 exhibited the standard sloges, and all but one 
W.S fitted tc wthin the scatter by tne tmie-temperature rc-ation (6. 
Indepenucnt evidence ES to the fulfilment of the criteria XL." not &x&l- 
able for 3 sets, wmely 2 of’ ?GID~LC &ta ma one of Incord X, but these 
were expected to satisfy mnhtmn (i) since data on similar alloys are 
known to satosfy it; they also s!:owd abrupt transitions and standard siq?s. 
The remaining Ij rupture sets of' Table 11 for which independent evx5ence 
was absent or inadequate (Table IX), xere analysed by method (I) i-.erely 
because they had abrupt transitiors; these were found to exhibit the 
stand-d slopes and to be fitted satisfactorily by the time-temperature 
relatxm. 

Thirteen sets of rupture &ta xere analysed by ne~ilod (ixi) (Fiyres 
47 to 59). 4dequate evidence es the fulfilment of condition (iii) WLIS 
avoxlable only fcr the extensxve data for 18-8 steel (Figure 57, criterion 
(a)) which nas generally well-fitted by the cull~es. Of the cti2er 12 sets 
(which were en?lysed by method (ill) because they had curved trensitrons), 
II fitted to wIthin the scatter cf the deta and one (2 per cent Cr iJo, 
Flw= b-81, while fitting -Tiei1 tc the standard curves for each temperature 
separately, did not PIT. satisfactorily to the t>u.le-tempE-rature relation. 
This rend the szxilar example of >er: L!+5 in Bra. 2.6 present t+le A log t/T 
anomaly mmtzoned U-I that pxagraph. TLere was finited evidence for the 
13 materials that the strain at rupture varied irregularly, and scmc 
scatter mny be due to this cause (cf. Para. :.I+). 

The set of data for D.X. steel (Figfire 61), for which there was 
little independent evidence concerning the criteria, was found to have 
sherp transitions at low telkperatures but gra&el trenszxions at high 
temperatures: Equation (Ic) is thus an oversimplLfKx?t3.on for this 
mat enal. Data of this kind req.ulres consrderatinn III terms of the 
complete formula (I), 

The log stress/log time pints of method (iii) are direct plots @f 
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expericlentsl datta, and the log stress/L?& 6 plots Of method (1) are 
wmediately reducible to direct plots by use of the sliding scales of iq 
time provided. The s&T-ccnsxtency of the points for eny one temperature, 
and txir correlation by the st&w%rd slopes, can be oxmediately assessed 
from the plots: the ~rrelat~~n 0f sets of pouts at dJ.ffePeSt t&TireratUreS 
car: also bc estxmeted from the plJts, but 1s more wmediately seen fror? the 
auxiliary A log t/temperature plots. The latter represent derived data, 
depenning to some extent an the assumption of standard vsluss for tine slopes 
-!v'$, but these slopes appear to be sufficiently well established not 
bredtly to affect the assessment, 4s an illustration, in the typical exam- 
pie bf G.32 presented by m&hod (i), Pigure (22a) indicates tint results 
at temperatures from 75O'C to 1000% are regular and aciequately cc-Ordiilated 
by the time-temperature curve derived from Equat.tlon (I), wh:le Iw,ure 22 
shows that, for stresses between 16 t.s.i. and 2 t.s.i., the experimental 
results at all tempera**s; are well co-ordinated by the tzc strozght lines 
or" slooe -& and -2;. Guts~de thxs stress range, other slopes (e.g. -+6 
sad -:> may be required, but the data IS iradequate t0 define them. 

Similarly, in the typical example 0f !+ to 6 per cent Cr 110 + Ti 
steel, Figure 522 indicates that results at different temperatures are 
reasonably well correlated by the time-temperature an-~e, while I'igurc 52 
sncws that the experimental data IS ~11 cc-ordinated by the set of ~mmon 
curves spaced in accordance with 0. Vhth the exception 3f the two sets of 
d&L which have markedly irreg,uls.r A log t versus T plots (cf. Par:?.. 2.l+) 
and four sets which exhibit the partial discrepancies discussed in Par:. 
5.5, all tre 48 sets nf creep-rupture data appecw to be adequately fitted 
by the lines or curves provided. by Lquat=on (1~). 

2*6 Use ef rupture plots 

For data plctted according to method (i), interpolated values of tile 
time to rupture for a given s:ress and temperature cay be readily obtained 
from the appropriate log stress versus log 4 lrne by ,means II' the auxiliwy 
scdes. ‘Xhere two or m0re lines each with a sq3srnte scale of 102 fi are 
I-"Esant, each wLI. give a drr'ferent value of the time ix rxpture, ,-;nd tne 
a9Tropriate line is that whicin gives the shortest trme. T..ls feature 1s 
sue to the change in relative predominvce of terms with temperature cind 
Its explanation may be seen from Figure 2. The expcrxmental points in 
l"igure 2a always fnllow tne lower line when two lines of stz&ud slope 
cross. smllarly, r; time and temperature are given, the lovlest Of the 
stresses to rupture given by the several lines is adopted. If time and 
stress are given, the lwest temperature is adopted. 

As en illustrat.tlon of interpolation for method (i), let It be required 
to dete,-mine the time to rupture for ~32 at 8 t.s.1. end 800%. At tl.Ls 
stress, some experimental points fall. upon the line of slope -c, others On 
tkiit of slcpe -2. In Figxe 7, in ptiich the data or Figure 22 is replotted, 
the sl~dlng scales of log time from Fiypre 6* sre set for each sloge w.th 
tiheir ISO hour graduations opposite the required temperature of 800°C, and 
the tLmes on these scales corres&ondin;; to 8 t.s.1. are indicated. The 
tliie hi 2900 hours for slope ->, is less then the IGO~C hcurs fw slope -+i, 
and tie former vdue, being the smaller, is adopted as the time to rupture. 

r?or data plotted accordant: to method (~ii), the curves ix@diately 
yield mlues cf mterpolated stresses or times to rupture for any of the 
testxng temperatizes. if kv,ever, It IS reqmred to determine a value for 
an intermedla'ce temperature, the appropriate log stress/log tiiie Curve must 
be constructed. !Vhen only two terms are present, as z.n the exem@e of 1: 
------_-__--____-_-__11_____________1_ 

Y; 
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to 6 per cent Cr MO + Ti (k'igure 52 and Figure 8c), it is onljj necessary 
to set the standard curve so that each of its asymptotes passes through the 
appropriate temperature graduation in the spacing scales. As an illustra- 
tion let it be required to determine the time to rvpture at 630°C snd 5 
t.s.1. In Figure 8c the common curve for slopes + and -$ has been set 
so that the asymptotes pass through the required graduations, and the tine 
to rupture is seen to be 32 hours. When three or more terms are operative, 
the sane method applled to two predommatmg terms will give approximate 
results, but for more accurate results the method to use is given m 
Reference 5. 

Extrapolation is sl;nilsr in princlpie to interpolation, but raises 
the problem of whether terms in Equation (1) not revealed by the experomen- 
tal data become tiportant. Fach lz~ne or asymptote of standard slope is 
considered UI principle to extend indefinitely 3.n both direotlons. 

3.0 Creep rate 

3.1 Pmperties of formulae for constant-rate creep 

The equation for creep rate, obtained by dWfkrentiating (1) with 
respect to tune, is 

III which the D at any one temperature are constants, When an extensive 
range of steady-state creep occurs, terms for which K f 1 may be neglected. 
Graphs cf logo versus log E often appear to have several distmd; slopes 
(msgnltudes l/p since x = I) as asymptotes to the continuous curves, and 
this suggests that several terms with K = 1 and dliferent values of P may 
be present. Creep-rate data, because of the curvature of the log stress 
versus log rate plots, provides little direct evidence as to the values of 
@, but eoonomy of hypothesis suggests use of the standard values of K//B 

derived from creep rupture; this step is generaIll& confurr.ed by the fit to 
the data. 

Par IC = 1 and the above values of IC/@ the formula reduces to 2n, 
VIZ. 

c I D,& + D& + ..e. . . . . . . (24 

Tkils equatlon is slm~lar to (1~) when on (1~) E is constant, and It provides, 
since log E = constant - leg t, a log stress versus log rate curve vLnch is 
the muror image of the log stress versus log tine curve of Para. 2.3 
snd Fxgure 5. 

The log stress versus log rate curves for different temperatures are 
derived from conunon curves displaced both horzontcSy and vertically, 
exactly as for rupture data analysed by method (111): the common curves 
appropriate to creep rate are given m Figure 9. The slo es of the compo- 
nent terms zre glen by the standrwd vslues of x/p, now 1 7 @, of $, &, & . . . . . 
2nd are mirror Imaged of the creep-rupture slopes. Ponula @a) is fitted 
to the data by fitting calculated f,smilies of curves to the complete set 
of points. 
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3.2 l3vdence for creep-rate condition 

Creep-rate data can only be fitted by Equation (2) when condition (ii) 
is adequately satisfied; for if the "steady" creep rate is due to an 
accidental combination of accelerating and decelerating terms, as in the 
"apparently constant-rate creep" of Figure la, the relative proportions of 
the terms msy vary at different stresses; also the values of K, w-hich 
determrne the form of the lsg stress versus log rate curve, would be 
UnknOWL 

Criteria (a) and (a) of Para. 2.4 may be expected to provide 
evidence as to the oonstancy of rate, but for most of the data presented, 
evidence only in respect of (d) was available (cf. Table III). Thus for 
example a certain test upon S.590 gave a steady creep-rate of 0.001 per 
Gent per hour with a time to ru@ure vf 4000 hours. The strain due to 
this term sould therefore be at least 4 per cent at rupture owzng to the 
Increase in true stress with strain durmg this constant load test. Terms 
with high K, although probably present, do not therefore predominate at 
rupture since they contribute M more than half the observed 9.6 per Cent 
of rupture strain. Their contribution at strains below 1 per cent where 
Weep-rates are commonly measured will be negligible. Any constant-rate 
Weep 1s therefore ltiely to be due to terms with R = 1. 

In constrsst, materlsls like 25-20 steel, for which the strain due 
to the constant-rate creep is less than 0.5 per cent out of say 5 per cent, 
Cannot reliebly be analysed on the assumption that the constant rate 
quoted LS due to K = 1 terms (cf.Para. 5.5). 

3.3 Presentation of data - method (ii1 

For reasons similar to those given in Para. 2.3 for method (iii), 
it is oonverrient to present creep-rate data, selected as in Psra. 3.2, 
m the form of &eat log stress versus log creep-rate plots far eac3h 

8 
erature separately. The best-fitting families of curves from formula 

a are shown, together with the component-term lines and the spacing 
scales T,, one for each term, graduated in temperature. 

The fit of the rate versus temperatire curve, calculated from 
Equation (2a), to the experimentsl values of the spacings A (log rate) is 
shown in auxzliary graphs (cf. the A log t versus T graphs of Para. 2.2). 
In these graphs, the spacings for each term are separately plotted 88 
points with distinctive shapes, and to each set of points the master rate 
versus temperature curve is fitted. The fitted curve provides the 
spacings on the scale T,. 

3.4 A log rate plots - determination of T' 

The oonstsnt T' which determines the spacing on the T, scale between 
the component-term lines for different temperatures is determined from the 
A log rate versus temperature plct, the construction and use of wb~ch 1s 
similar to that of the A log t versus T plots discussed in Par& 2.4. 
A is again chosen to have the value 20 which, as in the case of creep x-up- 
ture, satisfactorily co-ordinates all the creep-rate data presented. The 
choice of T' above or below the working temperature is if necessary made in 
conjunction with the method (iii) creep-rupture data (?ara. 2.4). Terms 
which eppear at one temperature only, for which T' is not determAle, are 
if possible plotted on a T, scsle with the T' adspted from an adjacent term; 
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such T' are bracketed in Tsble II; otherwIse they are plvtted on a scale 
of rate only, and no value of T' 1s quoted . 

3.5 Creep-rate data presented 

Cf the 23 sets of creep-rate data available, 4 were mdd~cated by 
cr1tenon (a) not to sat33fy oondltlon (ii), and altkiough presented 1I1 
Fqgmes 84 to 87 their fltted curves are not considered to give a reliable 
udicatlon of behaviour (see Para. 5.5). 

Of the remauing 19 sets, 17 were independently shown by criterion 
(a) to satisfy cr&ltion (II), and the other tv~o could be assumed to 
satisfy the cond~tron because s:mllar materials dud so: all 19 have been 
presented by method (1~1) in Figures 65 to 83. On2 set 2 per cent 

- MO) has a very uzregular A IOU rate versus T curve 
?if. Xex'W?, Sectxon 2) and the d& for 

t Figure 69a) 
slope 2 has been treated z.n 

two parts, to wkch the ko Ts scales shown refer, one relatmng to 

temperatures 482 to 5JR°C, the other to taperatuses 593 to 6L9'C. 

3.6 Ducussion or" creep-rate data 

The points on the iog stress-log rate plots represent direct 
experimental data to whch irimedlate return may be made from the tags and 
scales. As m the case of creep mpture, the consistency of the points 
for any one temperature, and their correlatl;n by a CornTon curve, may be 
assessed Prom the parallelism of points mth the curve: the correlatmn 
of sets of points at different temperatures mey be estulated from the fYt 
to the :aKLy of curves (w;hose spccmg is determuled by the $), but 1s 
more umedutely made from the A log rate versus temperature ploti. Ir! 
the tm3z.l example of Tvnken Slcmmo 5S steel, Figure 77a indicates that 
results at temperakres 533oC to 70L+"~ are &equatel.y co-ordinated by the 
curve derived from the tune-temperature relation, while Plgzre 77 shows 
that for stresses between 6 t.s.1. and 0.5 t.s.x, the experiment& Creep- 
rate data 1s co-ordinated to mlthin the scatter by the fitted curves 172th 
use only of terms with ~/c/p = & and 4. 

For some meterm3.s e.g. S~cromo 5 Ms (Eyre 78) the creep-rate 
data 1s adequately fatted mrth terms of slope $ and & only, the ter%us of 
ukermediate slope $ apparently not contributrng slgn~ifuznnt3.y to the 
creep r&e. However, most of tne data is madequate to show unambiyous&Y 
that tubas term IS absent, snd it may I,z&e si~~ylf'uzant contributions outside 
the experimental range. 

Of the 19 sets analysed (l?lgures 65 to 83), 17 are seen to show 
satisfactory agreement with formula (2a), the remainmg 2 for 2 per Cent 
Cr Ko (Figure 69) and S 816 (Figure 62) have irre@a A log rate cmr~es 
and are dIscussed mPara. 5.5. 

The 4 sets ihat did not satisfy the condition are also discussed 
m Para. 5.5. 

3.7 Use of creep-rate plots 

Interpolated values of stress or strain rate at any of the 
testing temperatares may be reed due&Q from the approprate log stress- 
log rate curve exactly as for rupt?lre data plotted by met:?od (Gi). The 
method on extrapolation is sim~lzr, but, as mtk case of creep rupture, 
addItIonal tern may need to be taken into account. 
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kn exsmple of Ilrterpolatum is given in Figure 3c, III whxh the 
standard curve of slopes 'd and $ . 1s fxtted for 600°C, and the creep rate 
for 2 t.s.1. at 600% determined as 9 x IO-'. 

4.0 Hot fatigue 

4.1 Relation to formula 

It was shown in Part I of the Report that data for the time to 
rupture in hot fatigue, for zero mean stress, couldbe co-ordinated by 
formula (i), and fitted by star&xxi slopes from the ssme sequence as for 
creep-rupture data. In *he present Report, avaiLable hot-fatigue data is 
analysed in greater detail. No independent criteria .sre avs.CLable (con- 
trast Para. 2.5), but method (1) appears adequate sxce all data show 
standard slopes with abrupt transitions. 

4.2 Hot-fatigue data presented 

Of the 15 sets of hot-f'atlgz data available, 5 have not been 
presented,nvnely one very extensive set for N.155 which is reserved 
for future study, and 4 sets from the Mend booklets which provided only one 
log stress versus log time point at each temperature. 

The remaining 10 are presented m Figures 88 to 57; of these, four 
provided both log stress versus log tame and A log t versus temperature 
plots, and were anslysed by method (i); the remaining 6 defined the log 
stress virsus log time slope at only one temperature. These 6 were 
plotted as log stress versus log time and are Pitted with lines of standard 
slope in Fl.gures 92 to 97. 

4.3 Discussion of hot-fati,mre data - use of plots 

The 4 sets of data analysed by method (i), Pigures 88 to 91, 
indicate a fit to within the scatter to the standard slopes, the scatter 
appeering to be of the same order as for creep rupture of these materisls. 
The tme-temperature reiation is not severely tested by Y~LS data, since 
ody for n'imonic 90, Figure @a, did the same slope appear at three 
drfferent temperatures: in this case the A log t versus T cxrve fits the 
points closely. 

The log stress versus log $ plots, as 111 the case of creep rupture, 
serve to summarlze the data, and provide a basis for interpolation end 
possibly extrapolation. The method is identical with that of Para. 2.8. 

5.0 Discussion of data as a whole 

5.1 Evidence on form of time-te.mperature relationship 

The graphs of Sectzons 2, 3 and 4 msy be considered to establish 
the validity of the assumption of standard slcpes. This result together 
wit2 the more extensive A log t or A log rate plots provides evidence to 
d~scrimlnate between varzous proposed time-temperature relationships of 
which several, psrticulerly those of JLarsecandM~ller~~, Nsnson and 
Es.ferd18, and ~orn'y have b een extensively used to correlate creep data. 

The Larsen and Kiiler relationstip that, at constant stress end 
strain, 
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T (C + log t) = constant = log $L (WY) 

1s at varumce wxtk the standard slopes of log, stress versas lo& tune (or 
log rate 
A(lob3 QL j 

establxhed bji the present work. For, urd.er tnesc condl.tmls, 
= 0, 

i.e. A log t/AT = - (c + log t)/!c *. . . . . (3s) 

so that, for g~v3r-i AT amI T, A log t varies with t. o;x.ls the 13mes of 
log stress Y~~SUS log t3cF: fbi- aifferf2nt twnperetwes 82-e represented zs 
bang not parallel. 

The remainmg ti~o relations are not moonsl.-tent wltkn tne stzndwd 
sk'pes, but predxct forms of A 1~5 t versus " carve at vatxance wxth nlost 
of tine data presented. Thus the %nson and Haferd x-c-l&xx, effeczxvely 

log t + BT = constant z hE $iM (my) 

provztdes A log ~/AT = - a, a mmtant, . . . . . . (3iij 

whxh provides @ 1% t/a = -(Aiti/RT" ) , . . . . . . . * !Jc) 

tnus predicting that the slop e oi" the A log t versus 19 @?aFhS decreclses 
wxth temperature. 

The relation of the present Report 

t(!P - T)-* f c$ 

provides 

predxctug th& the slope xncreases or decreases with T acax&ng as T' 
is above or below the experimental range of T. 
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TAT33 IV 

Curva+~re qf A log t end A log rate plots --- 

/ 
Change of slope Number of A log t or A lop; rate plots 

with temperature 
R(1) R(iii) E(ii) F(l) Total 

f IncreLsr?g PO 2 2 I 25 
' 

t con6tD.nt IJecrea.ng 9 1 15 2 11 1 0 0 35 4 

\ UndC?fu~d nr sn:bq.xxs 23 9 25 3 65 

The plots ~1 the last row are mostly those that contvn only two 
pomts aLd therefore give no mformatio~l ‘as to cuvat~re. In the 
re.mal.rLng rows ) only 4 plots support the strsqht lue of tk hEsnson and 
Haferd relatron; the 35 plots mth decreanmg slope favour the Darn 
relation and that of the present Report equally since the dUference III the 
ccirvatx-e predrcted by these relatxxxs 1s wi.t:lm experimental error; whzle 
the 25 plots of the first row wltii mcreesing slope support the relation $ 
alone. T:~xs if a comma form of tune-teqerature relatronshq 1s to be 
used for &Llx&eruls snd slopes, then tnere wiil be marsy fewer d~?~repan- 
mes If the 3 of the present Repcrt is used. 

5.2 Probable errors in the T' 

The use cf @ hax~ng been justz.fled, It remains to discuss the 
squ.ficanoe of thr: experxwntel values of 'iI. 

An udependent e&mate of tne error in T' csn be ubtaned for 
thase materials for wkzh both cre,q+zupture znd creep-rate data relate to 
x = 1 (i.e. both coniutuns (xi> z& (5.~) appear tn be f'ulfxlled) so that 
each provides an udependent value af the s?xe T' (cf. Para. 2.4). 
Differences are oksewed which provide evldecce as to systematx and 
random errors in T'. 

h dxfference in T' for a sclitary material provides vu-tually no 
evxdence; but on the assuzptzon that all experxnental piouks are e~wlly 
lxa'ole to error, the combznat~on cf all av~lable dtiferences provides 
enough values for ststlstxal study. Such combination imust take accxwnt 
of the wGe.ely dlffermg uvxnts cf evidence fzr establxkq the iniivxdual 
T': It 1s assuu6d that the probable error m T' is inversely proportlo;Xl 
to the sqxre root of the zwber of experimental pouts and to the range 
of eqerimental temperature, and 1s directly proportional to the difference 
betjween T' and the mean experunental temperature Tm. On the assumstun of 
a Gaussun dlstrxbutlon of the error in the indxnc-ML T', the distribution 
of errors III the drfference (T'r (rupture) - T's (rate))was fou~'d by compu- 
tatron to be Gaussian, w.th a probable errrr sd related to the errors sr 
and s c of the indr-adual T' by the appmxlinate formulae 

Sd = sr (1 + O-31 "/sr) 3 5. > 6~ 
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Each experimental value of (T'r - Tre) was therefore ass&x& a weqhting 
factor l/s*, end the we@ted o@.vel distribution curve is shown in 
Figure 10. It is seen to be closely Gaussian, thus both confa.rmi.ng the 
assumptions and u&c&mg no appreciable systematic differences between 
the T'. 

By combining the mn~ividuel wexgnting factors for each set of data 
wlt:l the standardised experimental error (i.e. error for urut vrei~<ltang 
fac5or) frr,m %.gure 10, estunates of the standard deviations 311 Table V 
were oa.de* trie table relates oriy to thos R ~tend.s for which cwmpanson 
was possible for at least one slnle, but ior these materials includes 
values for all slopes for whxh a L' was iietermxned. The table grves for 
each materxd and slope separately the experimental values of T'r and. T's 
taken from Tabie II, the standard deviations sr and ss, the most probable 
mean value of '1' , and Its standard deviation s. 

5.3 Sqnifutance of differences between the T' 

In order to test the s~gnzfxance of differences between the most 
probable T' fcr a particuler slope but dof'ferent materials, the lndiv~~dual 
'i' ire mmpared in the last column of Table V with the weighted mean %" 
for all materials that have that slope: the departure of the T' for each 
materud f-mm thw mean 1s shown as a fradmn of the standard deviation 
of the T' for that material. Tkils CO~LIIWI supgests that the T' for slope 
i SJX significantly Sfferent for different materx&., but that the differ- 
ences for the other slopes (for whxh however there is less evadence) are 
not sig~xant. For any one material, the T' for different slopes are 
in general significantly different. Tne weighted mean T' for a p.artXular 
SlOpe, -b&%x over eli the materials, dlFfers markedly from the weighted 
mean f@r any other slope. 

Direct compnr~son of the T' in the shove manner IS only possible 
for the materials for which two independent estimates of the value were 
ave.zlable; for the remaining materials, the error in 7" can be assessed 
ather by assuring that the scatter in each experimental point is the 
same as for the material of Table V, or directly from the A log t versus 
T plots, as in Fqw~-e 8 of Part I. The scatter in the graphs of log 
stress versus log tame, log rate, or log $, suggests that the first 
assumption 1s probabiy safe for the rem;Ansng data. The scatter in Lne 
best of the method (IL) graphs 1s apprecxobly less than that for the data 
of Table Ii (see Section 6.0 Cand Table VI), ard these graphs ox??lrm that 
the T' are in general different for dxfferent slopes and, for the same 
slopes, for different materials. 

There are five materials (1%34!b, DN2, 2$r - IMo, killed carbon 
and S~JIIO steels) for whzi.ch a T' vms obtainable for the same standard 
slope both for terms with K = 1 (creep rate) and IC > 3 (creep rupture): 
these T' drffer markedly, suggesting that terms in Equation (I) with the 
s~liie I& but different x have an general different T'. 

Although the T' for a given slope are III many anstances clearly 
different for dzfferent materials, the scatter is such that for a group of 
related materiais the differences are barely distinguishable, so that 
the use of ccxnmon values may be considered (cf. the common "actwation 
enerCy”d Reference jp). There were however very few lnsixnces of 
extensive aata for which common values could be used for dzifferent slopes. 
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5.4 The camon value of A, and ~terpretation of the T' 

Ko indivxlu~~ set of data 1.3 adequate in range and conslstenff~ to 
determine both A and T' directly. Since the values of T' cbtained depend 
markedly on the chosen value of A, the evidence for the choice of A = 20 
rests mamly on the physical reasonableness of the T' as a whole. 

The values listed in Table II, which are based on A = 20, are seen 
to fall between the absnlute zero snd the melting point, except for those 
from tk-ee sets of data whxhwere independently shown ( Pera. 5.5) not 
to satisfy the conditions fcr the analysxs. 

A further indication of the reasonableness of the T1 is provided by 
the correspondence, for the Nlmonx alloys, between the T' for slope 6 and 
the solutron treatment temperatures. This correspondence was noted 
in Part I for 4 sets of tabulated data: a comparison of Tables I and II 
of the present Report extends ths to ? sets of direct experimental 
data, and also shows that, fcr Kimonx 90, when the solution-treatment 
temperature was changed from 1000°C to 1:50'%, there was a corresponding 
change m the T'. 

For the other slcpes of the Ximonic alloys and for the other 
solution treated materials of the table, the indlcataons are fragmentary 
and ~nconcluslve, and for two materials (S590 and SO16) the T' are below 
the working range. Such values in Table II are usually associated with 
materxals that have a nonaelzzing or annealing treatment rather than a 
Solution-treatment. All low values of T' are outside the range of normndL 
neat-treatment temperatures, but it appears from Table II that most of tiiose 
for slopes B and $ fell vfitiun the range of temperature over which "blue 
brittleness" may be observed. 

On the present euadence there appears no need to consider a 
V&x of A other than 20. 

5‘5 Departures from Equations (1~) and (Za) 

It remains to consider the 13 sets of data which depart from 
Equations (lc) or (2a) by more than the experimental scatter. Departures 
are of two kinds: firstly, tnose probably due to inc&nplete fulfilment 
of the conditions under which the approximate Fquatlons (Ic) and (Za) hold, 
but where the data are qualitatavely in agreement vath Equation (I), and 
secmdiy those for which the A log t/T or A log rate/T plots are net III 
accordance ?lith 5, and where the data are therefore not in accnrdance with 
Fquation (1) as fitted. 

As a general comment,but especisilly in regard to rupture data con- 
trolled by terms with I( = 1, disagreement would arise from systematic chenges 
an the stra-in at rupture wath stress or temperature; for Equation (Ic) 
relates to ccnstsnt strain. No ciear evidence cf a systematac bias due to 
these changes is however prcvlded either by the graphs of Figures 47 to 59 
(which contszn the only available straans for all the data considered), or 
by the am.lp.~~ of Para. 5.2. Randnm changes presumably contribute to 
the random scatter, and the observed scatter (cf. Section 6.0 and Table VI) 
1s) as would be expected from tins cause , greater Sor rupt.xe data with 
R = 1 than for the other data. 

The five exxr~oples of the first kind comprase the rupture data for 
DM steel and the creep-rate data for thi s steel and 16-13-3, 25-20 and 18-e 
steels. For each of these there is evidence that terms wit?? more than one 
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value of Ic 2x-e present. Thus, 111 toe data for the creel, ru@ure of 
DTL steel, while the Lnlted independent evidence of Table III favours 
condltlon (I), the transitwns In the lc 2 stress versus 108 time plot 
Figure 61 change from abrupt at low temperatures to gradual at nigh 
temperatures, so that Equation (jc) is an over-slmplifioatlon. Ihe com- 
plete Equation (7) 1s able to eccount for thss effect 1.f terrna with the 
sane slope - I& but different K have dlf'ferent 'i" (cf. Para. 5.3): but 
the rupture dataalone is ~nsufficlent GO detenn~ne the required constants, 
and so the figure has onlji been fitted for each temperature separately with 
standard slopes or a standard curve as appmpr3ate. For the creep-rate 
data fnr this and for the other three steels wluch 1s presented in 
Figures 84 to 87 and. 84a to 87a, the indeoendent evidence of Table III 
shows that condition (II) is not sat,isf&: 
contributed, not masnly by the t' 

the creep rate is presumably 
term as -in Figure lb but by a combination 

of all terms as 111 E'l~re la. 'be creep rate would be expected to follow 
the standard curves of log stress versus log rate, or log rate versus 
temperature, only 1~1 the unlikely event that 611 terms were present in the 
same proportzans at different stresses and temperatures. The -es s.n 
fact fit the data poorly, and for the fzst three materljls a fit is ori@ 
obtarned with a T' above the multlng pclnt. The broken lines (obtaned 
frPm Equation (2s)) are intended only to indicate the de;&ree of rmsflt end 
not to give a reliable suw~lary of the propertles. 

There are e&t mstances of apparent systemetw departure of the 
semnd more serxous kind from Equations (lc) end 
twc, however, (Llconel x (Figure 23) and 16-13-j t 

2a). The departures for 
I"igure 35)) fall mlthin 

the limits of tppsrsntly random scatter exceeded by shout 10 per cent of 
all the data considered (me. within category B of Table VI, Section 6). 
91i conrprlse dqartures from the tame-temperature relation $ end relate 
each to one tern only cf' Equation (IC) or (2a). They may be seen on the 
A log t/T plots for each of Inconel X, Rex 448, 2 Rer cent Criuio,I6-13-3, 
srcmmo 3, and S~mno ijs, (Figuul-es 23~i, 37a, l+i3a, 35a, 54a), and on the A 
log rate plots :or 2 per cent Cr HO and. ~816 (Iisgures 6ya, @a). The A 
106 t Or A log rcte plots for the remaining terms were all lil acoordance 
with $. Three of the dzcrepsnt plots (for rupture cf Rex 448 and 2 per 
cent Cr !%c, and for creep-rate of 2 per cent Cr No) were sufficwntly 
irreg-hr (cf. Bras. 2.6, 2.7 and 3.5) net to be wunedztely fitted by 
my avculable time-tempsrature relation: four (for rupture of 16-13-3, 
Slcrozo 3 and Sicromo 5~, and for the creep rate of S816) were those that 
showed no curvature (cf. Table IV), and would be better fltted by the 
Henson and. Zaferd parameter. D~crepancies mrght conceivably be explained 
by systematic changes wltn temperature sn the strain at rupture as men- 
tzoned above, and for Rex 448 there is some evidence (6. Reference 20) for 
this view; but the evrdence as a whole does not appear adequate to account 
for the observed dlscrepancles which are uR to 4:l in tme. The data for 
S81G ney be biased by the different heat treatments used for different 
temperatures of testmg (see Table 1). The remalnmng plot (Figure 23) 
for rupture of lnoonel X shows a rather large discrepancy at the highest 
temperature and draws attention to a possible explsnatlon of these effects 
wthln the frsmework of Equation (I). For the discropsncy appears to be 
associated wsth the fact that the T' for one term (j50°C for the term with 
K./j3 = $ ; Table II) lies wtbnm the expermental range, For temperatures 
in the mledlate neighbourhood cf a T', a term is represented by Equation (1 
as psssslng through an mdefm;tely large value wzth possibly a change of 
SIL@-l. Thus a tern nay be effective near a T' ihat m&es contrzbutions, 
at te~eratures iisll r,vi,~,y fro: a 2' , too c;mnll to be direotly resolved by 
the Cats. KLtiiough there IS no direct evidence lake tiiat for Inconel X 
for any other material, t&s posslbillty is present for all. Behaviour 
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at temperatures m the nel@ourhocd of a T' 1s to be a matter for ?krther 
study. 

6.0 Summary and concluszons 

he luulred and three sets of creep-rupture, creep-rate and hot- 
fatzgue data h:ive been considered in tms Report, lncludrng dii the 
data (92 sets) m the 4 mmpA.atlons. Of these, 96 and 85 sets respectively 
were suffkczentljr extensive to deilne a relstlcnshlp between stress and 
tuie or creep rate, 2 (for N 155) bezng so extensive as to Justify separate 
detaA==d study. The r~mairtig 94 (83) have all been analysed, as far ss 
the extent of the data wzranted, m terms of Aqusuatlon (I), and have been 
presented; these totals mclude the J sets of tabulated data for Nimznics 
80, 8OA and 90 wnsulered only III Part I. 

Of' those analysed, only 5 (3) were clearly shown by independent 
evidence not to fulfil the rGquu-ements for 
forms (IC) and (23) of Quati3n (1); 

analyst by the sunpltiied 
when these 5 sets were nevertheless 

analysed they were all found to devlate from (Ic) or (2a) m ways that 
could in prlnclple be avered by the conlplete Equation (1). 

The 89 (78) sets that did fKLfk1 the requirements mere snelysed. by 
Equation (lc) or (Za) as appropriate. The scatter m time of the points 
from the calculated lines may readily be estmated frcm the Figures because 
a g:lven percentage drscrepancy z.n time LS represented by a parallel dis- 
placement of a standard line er curve along the log tune axu. The 
displacements mrrespondmg to +C.l and 20.2 in 10~ the are lndlcated ~fl 
Fi@re 6 with examples u Yigures iic, 3c and 8~. These ranges are equ- 
valent to +25 to -20 and +60 to -I+0 per cent 111 tune respectzvely. The 
89 (78) sets concerned have been classtiled rnto groups A, B and C 
respectively accoz+.ng to whetner half' or more of the points fall wIthin 
tC.1, within iO.2, or cutsde these llinlts, 3.n log the. For each set 
of data the classtilcatlon 1s nottd In the approprrate rligure whzle the 
numbers of sets in the different categories are summzrued zn Table VI. 
It was found by -mpectron that for a particular set of data the error in 
log tvne tended to be constant ;or dtiferent slopes while the error m log 
stress varied with tilt- slope, 3e errors have, therefore, been quoted ~1 
log time rat&r taan in log stress, but the corresponding stress errors 
for any p&rtXultFT slope rnw be obtained from Table VI(b). 

Of the above 89 (78) sets of &ta, 75 (64) were sufflc1cntl.y exten- 
slve to define both log stress versus log tune CL‘ rate, and lot, tme or 
rate versus temperature graphs. Tsble VI(a) shows that for 46 sets the 
tune errors were vnthin +25 to -20 per cent and the stress errors generally 
less than +5 per cent, and for 23 (18) sets the time errors were wltnin 
+60 to -40 per cent and stress errors generally not more than 210 per cent. 
The 6 (6) sets relatug to 5 materials that fall outslde this range all 
show systenklc departures (cf. Para. 5.5) from the time temperature 
mumble but not from the standard slopes. They 21ce ducussed 111 detail 
m Fara. 5.5. 

Fourteen (14) sets were too restricted to estzullsh the tune tempera- 
ture variable, and so were fitted rvlt,i standard slopes for each temperature 

* 
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Larson-Miller, Darn and !,k.nson &fez-d ;?ara.meters. The pl-sent formula (1) 
offers a niethod free l‘lom these objections that wy be wortny cf trxal. 
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S?qJC i 
i-T Slope 6 SlqE 2 Slop@ $ 

R(f) ~tlfll &ii! F R(l) a( iI11 t(li1 F R(I) R(fil) aii, F R(11 i?(!f:) air, 



i 

18-8 + Cb L.C. rrm 925% 

Red Fox 36 A& rrOm 1050% 

KB CT) - I 1 hr 350% A,& 
FCB (T) - iI 1 hr 105cJ”, AC. 

M2 Amakd 8!&O@C 
25-20 rQ. from lfwc 
G.19 AS cast 
25-12 W.Q. rrm taco% 

lG-13-3 w.0,. rm fogo0c 
x2.x 3376 Soln treat 1230% a@d 7@C 

RSX ha 0.F. 1150% teqmped 6!5O@Z 

Rdd Fm 3i W.Q. 1100% 

C cr Nl co X0 

0.08 12.25 12.93 

0.10 r!zx 17-20 fl-13 

0.15 29.06 12.36 
0.15 ‘0.06 12.36 

0.10 0.97 0.55 
0.11 23.60 a&G5 
0.34 13.9 13.0 10.1 1.57 
0.06 24.96 13.40 

0.08 16.42 13.a 2.81 
0.19 13.75 i8.25 6.03 3.84 
0.23 14.66 17.85 6.02 3.75 

10.50 1.a 0.69 
a&&- 14.0- 
27.0 17.0 

2h cl- no Ameaied 840% 
au ‘I Wom!!llaed 940% \ 
cm - Ii Annealed 9fQcC 
Cia.2 D&e arneaied 930% 
Cm.2 :I No1%311~ei 900% tempered 73&Z 
Crnf.2 III Ame%led 9xPc i 

0.90 
0.4w 
0.70 

0.W 
1.13 

;0.75- 
(‘2 1 
1.52 Bd. 
1.52 B& 

Bli. 
BELL 

2.57 Bal. 

BGll. 
081 B& 
0.82 B?J. 

O&Z B&. 

0.58 1.72 6 

0.8 mx 2.0 Iaax 8 

O.@J 1.17 9 
0.20 1.17 9 

0.25 0.35 
0.75 0.58 
0.84 0.67 w 287 
0.42 1.55 

O.k5 l&3 
0.63 0.61 cu 3.35 
0.91 0.74 cu 3.55 
0.35 0.87 v  0.19 
1.a 
2.0 

1.0 IMX 

Ref 

: 
9 
6 

a 
a a 
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Condltlon 

C 

0.15 
0.11 
0.13 
0.11 

0.09 
0.12 
0.10 
0.10 

0.10 
0.13 
0.11 
0.12 

0.50 
0.52 

2.08 0.50 

2.06 0.51 
5.25 0.50 
5.09 0.55 
4.98 0.50 

4.a3 0.51 
5.16 0.51 
7.33 0.59 
9.50 0.95 

17.75 9.25 

~33 19.60 43.86 3.96 3.85 
19.80 zo.34 44.w Lx, 3.23 

Tl Fe AL si 

Sal. 0.28 
Dal. 1.55 
Bel. 0.25 
B& 3.42 

i&El. 1.32 
831. 1.40 

0.18 
0.51 iIa1. 0.38 

BJl. 1.55 
Sal. 1.37 
aal. 0.92 
Sal. 0.67 

B?J. 0.61 

2.54 
2.53 

tin OtilW 

0.46 
o.xJ 
0.49 

0.45 

0.41 
o.l&3 
0.45 
0.44 

0.36 
0.37 
0.43 
0.44 

0.50 

1.01 
1.16 

w 3.70 j 
w 3.92, 



Slope Q 

F R(1) R(~ii) $11) 

slope t 

F R(i) R(iii) E(H) 

45 65 
46 68 760* 
47 66 
48 65 

4Y 70 280 
50 73 
51 74 

. 5276 

2 z 
55 75 
56 80 

57EJ7) 
58 a2 340 410 

12201 1::0* 

380 90* 
350 310 

280 260 
36v 26c 
300 
i2o-J 

lOO* 
440 

35c 3w 
370 

330 -200 

340 350 

mies to Tnbl- I, 

220* 320 
225 950 

a0 200 
240 

2r)(: 
200 
300 2co 
190 

190* 110 
41" 
31” 

35c 300 

200 -2oc 

Slew * 

F R(l) Rfiii) ihi) F 

lco 
lid 

(240) 
150* 

-,!?I 
-250 

[3@) 
go* 

-2CO 
-2oc 
-2CO 



TABLE I (c oilt’ d) 
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s1oce $ Slope & slope 3 slope $ 
D 

Maid-I22 
Fl%. iI& 

R i F* 

R( 1) R(li1) i(lI! F F.(I) Nffl) ;(ll) F R(i) R(iil) Eifl) i’ R(l) R(Ifl) &ll) F 
L. 

5: 83 420 410 so 330 1340 13;0* 
(61) (04) ii?00 lC.3 125J 

71 (110) 110 (IlO, 

-- -- ----- 



CXNFOSITION PER ClNT 

hkterldi Condition Ref. 

c CT- Ni CO MO gj Ti 1% A& Si l&l 0 th?r 

Rex 337A 1 ztot 
G 18% 

grven. 1 l;aterlals tested 1rot 9 
F03(T) 

q1ven 

Nl.nonl.c 75 
:n tube form. z 

Esshete D4C No~jllzed 940% 0.12 0.45- 0.35 0.40- 8 msx 0.65 Lldx 0.70 

G 183 soln treated 
1300% A.C. 0.j; 12.9 13.0 10.3 1.6 2.98 - 3.d. - 1.U (2.81 2.66lf 9 

nlrtlweld Nomd1zed 940% 0.16 0.4c- 0.40 0.60 
0.6G 

B O.GOl- 8 
m2;2 max nax 0.005 

0,3yc c3rbon 
steel 

IYot given Not gxven 9 

- _il_ 

A< Xi Fe !&I Si sn zn cu Ref. 

Kiaumx - v,2L .As rolled IO,93 4.82 4.76 0.27 Bd. 9 

Bdxsx . I As wiled 9.59 4.6 4.56 0.19 0.10 ~6 0.07 ELL. 9 
Hrdurax - Annealed2 hr 
Iv 600-650% 10.69 5.31 5.49 03 0.10 0.08 _ 0.07 B-al. 9 

- 

I 

Y 

I 
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r.aterial Cl-ltWIOll 

(a) 

(a) 

.mon1c BOA-1 (a) 

.mon10 EnA-? (a) 

rw.ic 95-1 

non10 55-11 

manic 100 

32 

cone1 x 

34 

- 15 

46 

t-1 

(3) 

(a) 

(3 

(0) 

t-1 

(al 

(4 

(a) 

t-1 

(al 

NBt.uP3 3r evidence 
Data and ~0rm 0r 

method tranSitions 

UpturnIn, creep ewes 3bouc 
0.5 per cent. 

Uptumlng CNEP curves db?‘re 
2 per cent. 

R(f) 

X(I) 

R(i) 

R( 1) 

R(l) 

R(l) 

R(l) 

at 1) 

R(i) 

R(l) 

iI(l) 

R( 1) 

R(1) 

RI I) 

RI i) 

R(i) 



TABLE III (Con~t) 

i-acure 01 avldcnce DaW. and FONI of 
method 

Metwial criterion 

, 

18 - 8 + Cb ( d) 

led FOX 34 Cc) 

F.%(T)-I (*I 

ZB‘B(T)-II (a) 

DN 2 

Z-i-20 

; 19 

25 - 12 

16 - 13 - 3 

Rex 33% 

Rex 443 

fdl 

(4 

(d) 

(d) 

(a) 

(8) 

Eltrapolated creep rate K( 1) 
3 x w-5, scthg far Npture Elfi) 
tm J&c hr gives 10 Di?P 
cent out or total 44 per 
cent SCIUI". Condition 
(Ii) satisfied, (1) dwbtf”1. 

scwss to Nptlm? 1s on R(l) 
*vemge 10 per cent greater 
than stress to 1 per cent 
stmm. 

UptwnlnR creep cwws above R(1) 
0.2 pw cent. 

Uptumlng weep c”rWs above R(i) 
0.2 per cent. 

Cctrapolated creap rate 
6 x m-5 ror 1500 hr g1Pas 9 2, 
per cent o”t Of 33 par cent 
total strain. Condltlo” (ii)/ 
sat!sfied, Condltlo” (1) 
probabY not. 

C:rcep rate 2.2 x 10-6 gives R(l) 
0.4 per cant o*t of 5 percat 6 
wal stn1n. Condltfcn (1) 
satisifed, ~o"dittc~:rl (:I) not. 

u‘)cunl”g creep c.wva tlba%? R( 1) 
2 per cent strain. 

Fitrapalated creep rate R( ii 
1 x lo+ for 14W h!' zIYe6 E 
stwin Of 1.4 per cent out Of 
12 par cent tot-d strsin. 
Condltln” (1) Shtfsiled, 
COndItlo” (li) dmbti"l. 

creep rata 1.6 I 10-5 Ior R(l) 
2&x ill- gives strain 01 0.45 E 
out Of 18.5 per cent total. 
Conditlo” (1) sztWIed, 
condltlo” (Ii) not. 

Upturning creep curves nbme R(l) 
1 par cent strain. 

upturning creep curves abore R(i) 
1 per cent swain. 

D? 
d 

d 

D’J 
A 

A 
A’ 

(T' above 
as?. ) 

A 
7 

A? 
A? 

(T' e.bOYe 

W-1 

A 
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TABLF: J (LmVd) 

"aterial 

Red Fax 31 

Esshete CYL-I 

21 Cr - 1 X0 

Esshete CXL-I I (21 

C-1 

(Cl 

Esshete CFNH I I (4 

XlZled cvban 

3llno 

CPiterlOn 

(Cl 

C-1 

( d) 

(4 

(4 

Data ad Fom 0r 
method 

!I( 1) 

R( 1) 

r(( 1) 
a ill 

M il 

R( II 

R( 1) 

R( 11 

at il 
f(iil 

C!ll 
E(iii 

? 

- 

A7 
A 

* 

- 

? 

7 

7 
A 

D 

A 



- i+2- 

( d; 

Cd) 

(d 

i-1 

IdI 

( d) 

nethod tmnsItianS 

cmep Tate 6 I 104 1or 
4GOC hr gives 2.4 pm- cent 
wr Of 5 per cent tot91 
stxiin; 3 x 10-G Ix- 
3,%0 hr g1-m 1.2 gar cent 
out or 15 per cent total 
Sw‘li~i; 1.3 x lO"5 lor 
3,200 hr gm5 4.2 psr cent 
out or 13.5 p-r cent total 
stmin. Condliion (!I) 
sat!sfied. strains to 

rupture 6, 5, 15, 13.5, 8, 
1-i per cent. Condltlol 
(ill) partly sLl.tlsiisd. 

Extm:rak?ted creep rat.0 
4 x 10-S ior 4,600 hi- eivas 
lo,4 per cent at or 54 pe.- 
cant total srmin. con- 
dftlon (I:, satIs?Ied. 
R”pJ.lm strain 60, 4q s.!A,GO 
per cent. Conditian (Iii) 
satisfied. 

None. 

Zxtwp,Letad tee> rate 
 ̂ x lo-5 rot- 3,600 hi- giues 

7.2 pm- cent o*t Of SC per 
cent tow st;uia. COlldI" 
t:on (ii) satlsfled, condi- 

tion (:I11 doubttil. Ri'p- 
t.lre Strains 51.5, 59.5, 
59.7, 27.5. 

R(l11) 
&ii1 

R(ilf) 
E(!ll 

511) 

R(il!l 
C(ii) 



Cd) 

(4 
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I 4 

(a) 

r(ili) 
&ii) 

lo, 1 II) 
2(11) 

pciii1 
E(li) 

l((i!ll 
E 

A 
A 

A? 
A 

A? 
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D? 
A 

A? 
A 

A 
A? 

(poor fit) 
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Fatent or analysis 

Data fully analysed 
in accordance nith 
EciucSAm (1~) or- (24 

Data only analysed 
in mspeCt. or Stress 
and time or rate 

- 
::llnbeP Of Set6 Of data 

cacegorJr Range Ii: tune or rate 
R( il R(1ii) i (Ii) F(i) TOtal 

A -22 to +a per cent mm J(3) 12(12) 1(l) 45(N) 
El -40 to +60 pir cent a( 7) x51 5(J) 3(3) cd 18) 
C < -40 to > +6Jl per cent l(1) J(3) 2( 2) 0 G(6) 

A -a WJ +25 per cent (6) (0) (01 (31 (9) 
B -40 to +60 psr cent (2) (Of (01 (0) ( 2) 
C < -4c to > +60 per c*nt (0) (0) (0) (3) (3) 

- ___.--.-- 

TABLE VIb 

Stress em comspondine GO srx?cifled CIae errors 

1 
4 

Log time ewcr Time en-or stress error per cent 

9.1 -al to *35 per cent 9.7 I1 -4 I3 i6 -11 to +13 
10.2 -37 to +5a per writ ii.4 3 i6 -11 to +I3 -a to +25 
L-0.3 -50 to l lwJ per cent f.2 24 -a to +9 -16 to +19 -a to +w 
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