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Statistical Analysis of Creep Data

Tomoyoshi KawADA, Skin YOkor, Chiaki TANAKA,

Synopsis:

Yoshio MoONMA, and Nerio SHINYA

In the presentation of creep data on the materials for elevated temperature use, it is most desirable
to analyse them by use of statistical procedures and expfess the results in objective form.

In this paper an attempt has been made to fit statistically regression curves for the creep data actual-
ly obtained for 2!/,Gr-1Mo, 1Cr-1Mo-1/4V, 18Cr-10Ni-Ti and 16Cr-13Ni-3Mo steels, concerning
relations of stress vs. rupture-time, stress vs. minimum creep rate and stress vs. parameters (LLARSON-
MiLLER etc.), which contain rupture-time and temperature or creep rate and temperature.

The results obtained are as follows;

(1) The maximum significant degree of polynomials used for the regression equations for curve

fitting turns out to be the third (cubic).

(2) The frequency distribution of residuals obtained from the estimated value and the observed
value of logarithms of the rupture-time, the minimum creep rate and the parameters shows normality.

(3) There are some cases where a segmentwise regression curve composed of two straight lines
fits the data better than a single curve with an increased degree of regression.

(4) The propriety of the general use of twenty as the value of the constant C in LarRsoN-MILLER

parameter is confirmed statistically.

It should be noted, however, that there are some cases where the

contribution in curve fitting suddenly deteriorates when the constant C increase over twenty.

(3) As the results of the statistical studies regarding the comparison of the three different para-
meter methods, the MaNson’s parameter method is shown to be better than the Larson-MILLER’S and
Dorn’s methods in respect of curve fitting for the creep rupture data.

(Received Nov. 7, 1969)
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Table 1. Chemical composition and heat treatment of materials.

) Chemical composition (wt%)
Material Mark - Heat treatment

C|[Si Mn| P S Cu |Ni |[Cr Mo |T1 |V

1 : 100°C/hr
91/,Gr-1Mo A~ [0:110390'470°0190:006 011 0-09 2-2000-98| — | — | 930°C x lhr————Cooled
) ’ 1010°C x 21hr—880°C x 7hr
) ! —AC
IGr-1Mo-1/,v B [0-3200-29054 — | — | — |0-50 0-94]1-10] — 030 720°Cx 60hr—FC
| | 955°C X 25hr »>Mist C
l I 670°C X 85hr—FC
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16Cr-13Ni-3Mo | D 0°09j0- 441-580-014{0-017 0-06[13-32[16°182-68 — | — | 1090°Cx Ihr>WQ
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Fig. 10. Regression curves and confidence limits of creep rupture data.
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Table 3. Selected regression equation for curve fitting.

|Material 'g;eén )p ) Regression equation
500 log tz=201-880—393738 log ¢ +262'712(log o )2— 58883 (log ¢ )3
4 550 log tg= 7'517— 3'58] log¢ o =18kg/ mm?
log tg= 9-245— 4'988 logo o <I18kg/mm?
600 log tp= 2'696+ 6:849 log g —6'495(iog ¢ )2
500 log tg=—82-731+126-029 log ¢ —45'563(log ¢ )?
- B 550 log tp=—38'836+ 69-919 log ¢ —28-399(log ¢ )?
- 600 log tpg= 24-229— 52-866 log o +48°082(log ¢ )2—15-510(log ¢ )3
20
_._‘o_ 600 log tg= 12-500—7:102 loz &
3 c 650 log tg= 12-207—7:713 log ¢ o =13 kg / mm?
® log tp= 8-129—4'118 log ¢ o =13 kg / mm?
& 700 log tp=  7-658—4'634 log ¢
600 log tr=—293-856+669 188 log ¢ —494-775(log ¢ )2+ 120°050(log ¢ )?®
D 650 log tp= 22°119— 24:976 logg + 7°511(log s )?
700 log tgp=  15-566— 16790 log o + 4'545(log ¢ )?
500 | log émin= 8°023— 21157 log o +8-952(log o )2
A 550 | 10g émin=— 8-928+ 4°646 log ¢
600 log emin=54-203—201-801 log ¢ +225-384(log a)2—80-450(log ¢ )®
= 500 | log émin=—28-453+16°559 log o
E B 550 | log émin= 33-395—61-850 log & +25-652(log & )?
o 600 | log émin= 4-218—17-290 log o + 9-500(log ¢ )2
g 600 | log émin= 37.554=68-464 log o +28-198(log ¢ )®
o () 650 log émin=—10"793+ 6773 log ¢
& 700 | log émin= 2-323—17-268 log g +11-753(log o )?
600 | log émin=— 12-592+ 7-427 log s
D 650 log émin=— 31516+ 41-261 logs — 13-902(log ¢ )2
700 | log émin=—290"3264 791629 log ¢ —729-877 (log ¢ )2+ 226157 (log ¢ )
L p T(19+1log tg) x10-3=22:037— 3-070 logg o =18 kg/ mm?
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g
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&
O —-
:C.D‘Ll) C T(24—log emin) X10-3=36-485—13106 log ¢ + 2:759(log ¢ )2
B D | T(25—10g émin) X 10-3=69-263—89-377 log s +62-614(log ¢ )2—15-711(log ¢ )

RELPLIVBRELNIZ. loge 3t T(C—log émin) L ENMEFCELITHSE. X Chuy biTHTS
TRTDAPO LT HEMP RS &, RESEIE, 3koREH LIEHXME (4.6 Hio Fig. 15-1) #R%
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LT THENKELREINTWS. $EHED S ERBROHZEE, BoNi-7 — 2OHBERNOALDIER
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Fig. 16. Regression curves for creep rupture data obtained from master

curves of three different kinds.
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