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Study of Creep and Rupture Behavior for Hastelloy Alloy XR

-Evaluation of the Creep Data for Structural Design at HElevated Temperatures-

Shin YOKOI*, Yoshio MONMA*, Tatsuo KONDO, Yutaka OGAWA and Yuji KURATA
Department of Fuels and Materials Research, Tckal Research Establishment,

JAERT
{Received Augtst 5, 1983)

Creep tests of Hastelloy alloy XR {a modified Hastelloy alloy X develcped for
VHTR applicaticn) were carried out at 800, 900 and 10Q0C°C up to 310,000 hours
in total testing times. The effects of environment (air and simulated VHTR
helium), specimen diameters, product forms of the material (tube, plate and
bar) and the neutron irradiation were alsc investigated. The ASME allowable
stresses (SO, Sm, and St in Code Case N-47} reguired to establish the design
limit on the primary system were calculated using the current data. A procedu-
re was developed to calculate egations which represented lower limits of the
prediction intervals and the simultanecus tolerance intervals of strength

on the basis of regression analysis. Statistical analysis of the three
time-temperature parameter methods showed that the Manscn-Succop methoed was
better than that of either Larsen-Miller or Crr-Sherby-Dorn in respect of
curve fitting to the present creep-rupture data. BApplication of the Garcfalo
equation to the strain-time data resulted ina creep constitutive equation
(tentative versicn) which represented the average isochronous stress-strain
curves, It was recognized that there was little difference between air and
helium in the creep-rupture strength up to about 10,000 hours. In helium
environment there appeared slight indicaticn that carburization occured in the
early stage of exposure but no further carbon intrusion was observed in the
steady state creep range. Comparison of c¢reep behaviors among three product
forms of the same heat indicated that the bar had superior creep-strength to
the tube, This was attributed to the banded precipitation of carbides in the
tube. As a result of significant ductility loss due to the neutron Iirradiati-
on up to 8.7x1020n/cm2(th) at 60°C, the rupture times reduced below about 20%

that of the unirradiated one.

Key words; Hastelloy Alloy XR, Product Forms of Materials, Carbide Stringer,
Carbon Analysis, Creep Test, Helium Environment, Neutron Irradia-
tion, Time-temperature Parameter Method, Regression Analysis,
Creep Constitutive Egquation, Isochronous Stress-strain curve, The

ASME allowable Stress

*National Research Institute for Metals
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Fig.2.1 Geometry of specimens for tensile and creep tests. Specimens used
in NRIM have screwed heads{ M12 x 1.75-2 ).
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Fig.2.3 Test section of creep testing machine for heljum environment.

Furnace is outside of helium chamber{ transparent quartz tube ).

Helium heated during passing through a qartz guide tube is blowed off

directiy to the specimen surface.
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Table 3.1 Results of short-time tensile tests for Hastelloy XR

Product Specimen Test 0.2% Ultimate Uniform Elongation Reduction
Form No. Temp. Proof Tensile Elongation of Area
Stress Strength
(°€) (kgt/mn? ) | (kgf/mm® ) (%) (%) (%}
XRT22 21 29.6 69.6 51.0 60.2 64.6
XRT13 200 23.8 82.3 53.6 57.9 63.9
XRT2% 400 21.7 58.3 59.3 63.3 61.4
Tube ¥RTz24 700 18.5 7.2 51.7 59.4 57.2
XRTO1 800 18.0 35.¢ 11.9 69.7 60.5
XRT30 900 16.0 21.8 7.2 77.2 63.2
XRTO5 1000 7.2 12.8 5.2 60.4 48.2
Plate XRS10 S00 16.4 23.9 5.3 BO.9 ze.2
XRBC3 800 19.6 39.0 10.8 59.3 57.3
Bar XRBO8B aco 16.8 23.2 7.3 82.8 62.3
XRBO1 1000 9.3 13.4 5.3 70.4 64.3
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Fig.3.1 Temperature dependence of tensile properties for Hastelloy X
and XR. Regression curves by pelynomials (k=3 for 0.2%PS, k=4
for UTS) of temperature, lower 99% limits of prediction intervals
{LPI), and simultanecus tolerance intervals (LSTI) with 98%

probability are also shown.
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Fig.3.2 Stress-strain curves of Hastelioy XR tube at various temperatures.
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Fig.3.3 Comparison of creep-rupture curves for Hastelioy XR
tube(XRT), plate(XRS), bar(XRB) and subsize specimen{XRM).
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Fig.3.4(a) Comparison of rupture ductility for Hastelloy XR,
rupture elongation. '
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Fig.3.4(b) Comparison of rupture ductility for Hastelloy XR,
reduction of area.
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4.1 FERF—YRUZERAER

ﬁ@mﬁﬁbﬁwﬁﬁwﬁﬁmﬁﬁ%ﬁﬁﬁéﬁ%imétmw,xﬁﬁfm%ﬁﬂ%?—a
%%ﬂ%mm@mﬁc&mﬁéccmc&@,?—9®ﬁao§m%%%,ﬁﬂﬂﬁﬁatt®
ﬁﬁﬁ@%mﬁ%%ﬁfgéca&ﬁ%iéoCCTﬁ@LHtﬁmm%ﬁaﬁﬁﬁf—a@ﬁ
E%E%(ﬁﬁ)%ﬁ&@%ﬂﬁ@%ﬁﬁ@%&ﬁw,ﬁﬂ%mﬁ%®55$ﬁ@@%¢@%ﬁ
EHWTEICE > TR B EOTH S
ﬁmLt%hm%?—aquga1K%Lt%@?,nz%m4X&XR%E%ﬁ@i%%%~
%Lf,~0®§$@ﬂ%®§VVA%$fﬁé¢ﬁﬁLtof—éﬁ&ﬁ@%ﬁ76ﬁf@%
ﬁ,iﬁ%TW%LtAZ%D4XR®f—9H,C@WM#iﬂhM&&lif%&,Eﬁ@
Eﬂmotiﬁ®ﬁ§ﬁﬁwbtb,@E®ﬁﬁmﬁﬁ%$bétbﬁw¢@ﬁﬁﬁf®ﬁﬁ?f
HMA STy 5,
%ﬁﬂ%ﬁﬁf—ﬁ@ﬁﬁ(az%mﬁitm%%@é)@Eﬁmﬁﬁ&,mwgﬁm@%ﬁ
WTRET Do '
log S = bo +hy (T/Te)+be (I7Te ¥ + ba (L/To)* +
--------- b (T/To)*+ ¢ (4-1)
2L, S = 0.2%MMAERIIERS (kegf/mm?),
T = ZBEE O
Ty = A& —H v 7ORBSOEH ; To =500,

bo.b1, bz, bg, - , b= [ERFRE
k = ZIENOUE,
e = FBEIR,

@ﬁﬁﬂ(4—l)uﬁ%(%t)%ﬁﬁﬁﬁ@%@ﬁfﬁbémfw%ct%%%,@ﬁ@
EREERER - £ (R TH %,
X (4—1) EBFHlE~7 FVERRTEREICEC L,
y=X§g+c¢ (4 —2)
L, yERBEEA b,
X= (x1, X2, "7 . Xp) T 7T,
B = [oliF FR¥,
uTmﬁﬁmﬁﬁfﬂ(4éi)@ﬁ%ﬁ5ﬁgﬁﬁlﬁ%ﬁN(mﬂﬂﬂ)wﬁéc&%ﬁ
ﬁb’cwéom
Hiohtr—24 (y, X) LT, EREHROR) 2 RIETMEE, BREHCHT S/ VA
DIEHARNNCT BITFIEBEC LD, RAD L H LS.
F= (X'X)'X'y (4-3)
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ZDEE, ABOBBLHE x. WS BEBEROHETEMIL

Fe= B %o ' (4-4)
THO, FOTHXE (P i '
yn+ta/2 sv/ Xo (X’ X) ' Xo+ 1 (4—5)

i, R A ICHIET B IEBAMO FRCEY B EXME (STDT

Yo S[\prn-p x"(X'X)'x + z/zfn p)/t’/ln p
(4—6)

LB, CIT,
tnp—amﬁ(n p) Dt HTID 100 (@2) %,
s = [FimOEERE,
ffp BHE (p.on-—p) DF SN 100 (a2) %5,

zy/2 = BEEEERAHEO 100 (r/2) %A,
18y =HME (n—p) X2 HHD FH100 («2) FH,

n=7F—%588

p =iBHEHOH GRKEk) +1.

kY, BEOERSFICESOEMIE L TRBFERMO FREEERMAT 5515
1, T 2 Ve Cr— 1 Mo S0 SR RER U 7 ) — 7R i 5 T ORNL @ Booker 51T
o THA BT 50 8 b FHEROHEE TN 05 BRU 0 % & L TRNTFEKEE
HEL T 5,

Lin LABRE TR a=F= 001, $HOLEREENCEEPLC OB EEEIIBTHUKE
550 ANFEXEO TREL b - T, &85 — 40l 52 & cE T R/IMRACATEE & &
BE Lt i,

(4 5) R (4-86) CXATFHRBEUEREERME, HEORAER (BE) @&
Ol IR A N B, AR TR T - i L TR i, Eh o0 TIREEE
O (4—1) ORBERCHIET 37— 7 A LT, & (4-2) RO (4 -3) i s
RABHTAC Sk, BEOTHMEDAL ST, ML 20 T, ZOEREKEIEE M
T HEIRAE KD,

KHEARROITEROEESS ShTHITRE LT, RACLIEERE (SEE) RURE
FE (COD) AHvwa d &itd b,

%) FillXA] (Pl=prediction interval) & i— oA RAE T — 7 o RERCT, B
SOTEERE (xo) CHIET ARBEROTEE | BIFZGT2 & & o SEESNIBRE TEEN
AU CH D, F 1, FERFAXM (STI=simultancous tolerance interval) &iF, LD &L HME
REAFOT, W OpORLBHATHIECHLT, v OFMAERDELZHEIT- /L s, Filll
F RIS e SREAIGE AR 100(1—7) HTH5,E0ILEEDES 00U~ ) B DfE
EECTETE AXM TS5, BREAIC, EHMXHE (Cl=confidence interval) &4, HEOREES
W AR BERORBEN 10001 —a) ¥ OEEETEENAHRT, —MCSTI PPIEDE
P DECEFR L 55, STI THEALT & FREBNAC B 2RLHOED LML TEI TV D, »
e Cl<PL<STITH Y, BEALFHORICE L TE, STL PR &EHAHOBEHLE T S,
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SEE = fgl(yi—’ﬁ)z/(n—p) | (4-17)
COD= 2 (yi ~§2°/ & (yi=¥D’ (4—8)

eyt 1B EORBEROM v ST 3 EREERTS 5o CODIT,E y, TN
RO T, REEMOBAEOREEICH LT, HIEHTHRIT % 5WALEKL, DR
OB AEE A B TH B, SEE iR/ E v, CODMEIEAS Vg X VERRTSHS L X5
2 B,

(4 1) ok0T, RREHE L THREOMIER s, CAUESIRBEHSHBERS
IS &0 HRELERL T 2o & ORRE, D54 & SERICEOTED LT ENHD
B onTE 0 SEOBEIEF - 4 CHLT S, TOREEE DO L TOMEIC L 5B
BRELELE ELh, nEADEAD, BEOHNARBERE L1k, K&14COD %5
2, ROBEEO LD LLEFLORERENE T,

4.2 BR
Fig.3 lafk bk, ThEN02% & EERE OFEHCmMAT, 99% TillXED

THRE & 99 BERH AKX (K 99 %) © TRIEARS ERIEAHC TH L. KBk
T, MOBEDTH S,

(0.2 T IO EERETE)
SEYAME logw (YS) = 1681091153758 % 10 * T + 421236 X 1078 T?

—335928 x 107° T* (4—9)
(SEE = 0.0823, COD= 0.8792)
99 %LPI ©  logie (YS) = 139022 — 169750 X 1073 T + 460543 x 107¢T*

—350834 % 107° T? (4—10)
99 %LSTI © logi (¥YS) = 1.27859 — 235955 X 107 T + 6.26842 X 1075 T*
— 461764 x 107 T? (4—11)
(3 [RE% S OIRE K]
EEME log1e ( TS) = 192110 — 183968 X 107°T + 7.80704 < 10 T?
— 109066 X 10 T3 + 414464 x 1074 T* (4—12)

(SEE = 0.0239, COD= 0.9920)
99 %P1 : logre (TS) = 186710 — 1.90156 x 107° T + 7.92851 X 1078 T2

— 109291 % 1078 T® + 4.10445 x 107'*7T* (4—-13)
99 BLSTI : logie (TS) = 182384 — 213350 x 107° T+ 8.40604 x 1078 T2
110576 X 1078 T3 + 397864 x 1072 T* (4—14)

H¢K%Lt@%@ﬁ?d,$ﬁﬁﬁﬁ(&m~&m@)T,*E&HaTWéoCﬂ@,ﬁ
EoEEREEER (4—1) OXD HEERTHEOTIESG, EELOEBCOILISITEANE
%£§<ﬁﬁtmmm,6mﬁm1®§ﬁﬁﬁfﬂmmﬁ£f@5ﬁ,&@$5mﬁmf,mﬂ
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L TR3mA, FlREs e L TR4RXER e, PEBERTELNS, RP0OBRE -
RAAEMET AL HC LicichTHB, THHB,

D) EROBEROIH T HES € L SHBEENSAD DT b

2) HEFIEMASEESNAEE L v,

3) HLHEOMKTEDNS, PIREETORE LRARAT 52 LCky, XOHEIHD

HWMENHESIN, COZEZAFRIFBRLNEORELECLICHO ATV 5,

BliEde N DIBA & HRT, AT % 99 S X0 FRER, FoERMTEAB
BELXES5THAY, BRCBIIZMAOE 5> 2k, BEM, FAEB0CCECTS, FiC
INE BT OROOT, FHOSNHMEERRE L To S0REMCE w7, Rl s L
To 99 BLSTI A OEENXL B EDZIEUBRC D EHbN S, TRIXMES 5 v idERT
BXEOMARHTHBRFO—Dic, [EHFOEERZE X (4-5) £33 (4-6) Tk
Tas, HEHb, SLEREE (LFERS, RUBEL FORTAESCaY bo—w LT, HD
DEALELTAHCEE, MEASDHEC LABEKRL, EHEER LOETSEDOEREL A 5,

HAORUDERS 0T, R (4—9) & (4-10) RUR @4-12) & -1 ickvE
neENES OGN - EHE S S/MEA Table 4.1 CRd, T, BVl s LT 99 % FllXEo
TREAHAE L ABEC >0 TR, Bl (B10E8) ¥5, 56, (OETHEFig. 3.1 Ho e
HMEO S EEHe, FREEBRTOENTOEE rHZ8HEHEL T 5,
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5. 7 ) —7HlE T — 7 (KEAH) DR

5.1 FRAF—YRUOTTIPE

FHFEDAZF oA XREBNGFERIC L > THREICESEN SN (33) 8, FALOHEE
FENEEASCHVOT, 25 —ELT, A-HERA» COBREAEAT LT, TTRHEL,
SEROEER A DD AR, BBICRLT, BERRICL S ZRERNTH I EILT S,

HRDARFOAL X ERFRTHED EF 2704 XREDZ ) —THFTHBE D ECEL D
Fshic, OGL 1 BIE (n = 37, HE~GRERESRS 120,464 h ) & HIRTREL M % 47 b1 BF 028 O 36
B (0= 42 E~CREREEME 28,987 h ) DWW 7 — 51DV T b, AR ET - 12

o) - T T — s, RO L ST B A — 5 (TTP) TRETE S 6D &?%93

P (T, try =1 (8 (5-1)

coT, T=3BiEE (C), tp=WWE (h) , S=i7 kgl /mm?) o

BRI TTP O mh S, BMTROEC AV ATV S, KOZHEEED, hElf.

Larson— Miller LMP= Tk (Y+C) (5 —2)
Orr —Sherby— Dorn : OSDP = Y—Q (4.57293 T (5 —-3)
Manson— Succop : MSP=Y+BT (5 —4)

Fo#2L, Te=T+ 27315, Y=1loguwtr, C,Q B =74 — 7 EHK
TTP OIS/ EEL T (5 — 1) OFHBEE, KO LD SHBIES (X=1ogwS) DEXK

% IHAAE o TERT 5,
f (8)= bo+ X +baXe+ e + b Xk (5—5)
K (5 2) ~ (5—4) ICAENhB/ T A — 5 EHIZ, IEHHTFISY DR 7 f s
19

LA LTI Lo, EMTHIAO I k O IRERERE 5 BOFREICK » 7. HTRY
ORERVERAOELEES th 218EE LT, X (4 7) kU (4-8) OBEALERC,
FNE NIRRT oEELR 2 (SEE) RUBERE (COD) &/ wis

SEE=\/i§1<Yi—?i)2/(n—k—2) (5—8)
CODziél(Yi*/Y\Jz/iél(Yi“‘?)z (5—17)

v, Y=y, oEE, Y=Y 0THIHTSH 5,

SRR ZHARROES (4.1 LERETTP T L %iﬁﬁ%ﬁﬂ;ﬁ%ﬁ@lﬁl'}%ﬁmmt
FHRAR CEREFEREO FRECEMXAHE L. +4h5, X (4-2) ~ (4~38)
CHEVTYH LIy DEELT, R(5-2) ~ (5—4) OTTPEZHV,
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5.2 #R

NZFaAXRUXR D7) — 7l 74 2% (5-2~5-4) OEENETTPEAVT,
ST RO EHAETable 5.1 1R, ik, CoRKERE GBTE 75~ N
) I RERES T (XR -He) b &, XR-A11 & ERTHRT~ 9 L2 ) — 7
f—9%~%bk?fﬁtvhfééo&ﬁbt5m@w%€—a®¢f,%ﬁ%ﬁﬁxﬁﬂﬂ
BEZE (Gakushin) £H%, 34 ~TLMED - EFAEPEC L bOTH S, £, Bat
Ui 3O TTPERICIE, HE D ASHH TEOEDOZEL WD, FEUFgTIc X 57— 7 icxd
LT, WFROF—4 £y ML ThdH TRWOBRELRT SEREH,

MSP <- LMP < OSDP
ONEIC 75 »TH 0, Manson—Succop /N7 A —#IEkHBTH WHRBEE VA D, FiRT-F
1= MCOWTRT— 7 THHH, HI5HETOKBHAMBICLLILOTHY, RER
(B, BEc X 2EEER O Lo EMRMS T 3AHEENEC, # yad sl PSS
RS0y 7 — & HSBLT, 1100°CHLEDF— 7 bt D BENTL 5, .

WHL75MOF—8 2y FOFT, ~) U LfRERT— 5 UAR20T, 5 L SEEM/NE L,
JoCOD A % WTTP & 5 ERE CEHME) , 99 % Tl FRERT 99 % SR A X
O FRREE, 2FROE L L,

(OGL-1H~2T o4 X7 Y — 7 HkrEe)

FHfE . Y+ 1.54237 x 107 T
— 9354677 — 4.179809 X — 2.44766 X* + 7.83005X * — 5.948534 X* (5-—8)
99 %LPI : Y + 1.54237 % 107% Ty
2313654 — 4.05610 X — 3.01105 X? + 8.81621 X® — 6.54260X" (5 —9)
99 BLSTI . Y+ 1.54237 x 1077 Tk
— 9279223 — 3.69256 X — 4. 13630 X? + 10.42605 X*— 7.51861X* (5—-10)
(3245 HTGRZE, A7 04 XD 7 1) — 7 ik Far)
SEYME Y — 2.07422 % 10%/ Ty

= —12.90288 — 3.24460 X — 0.66641 X* (5—-11)
90 %LPI . Y — 2.07422 x 10%/ T«
' = 1340981 — 310988 X — 0840208 X (5—12)
99 %LSTI : Y — 2.07422 x 104/ Ty |
= —1376737 — 2.65992 X — 1.40838 X (5—13)
(~2Fo 4 XR (&, &, B, KSdh XR-Air) 02 ) — 7B#E)
SE A Y + 1.30608 x 107% Tk
— 20.31545 — 341681 X — 0944628 X* (5—14)
00 %LPI: Y+ 130608 % 107 Tk
— 19.78130 — 3.32308 X — 1.05871 X? (5—15)
99 %LSTI : Y + 130608 x 107 Tk

— 19.45665 — 2.94450 X — 150983 X* (5—186)
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InzasFofX, é::‘r*%év (XR—All) o7 ) — 7 il Ear)

PI{E Y + 1.29780 x 107% Ty
' = 00.12222 — 364588 X + 2.91417 X% — 750207 X* + 399666 X* (5—17)
99 %LPI : Y+ 1.29780%1072 Ty

= 19.63033 —3.48474X + 222652 X*— 632773 X*+ 331768 X* (5—18)
09 %LSTI : Y+ 1.29780 x 1072 Ty
= 1932042 — 289532 X + 0.273506 X2 — 313931 X" + 1.38310 X' (5—19)
oo L 2HTIHHAFig. 5.1 ~5.41CRT, Fig. 552504 XR &7 —
5O X TS OFig. 5 4 HIE LT %, Fig. 5.5 KRS 417299 % Tl X e a] B 3F
EXRIE, EALEE & THNSICED) 2 BEHOERENMK L bDITi-> Twab7cwH, T0OK
R ~ETEE Ve THLE, /I EEEED M{Eh 2 Mk L TR 3 EHXE & 3RS
D, HARIIRIEATREE S LT D BB AT oo e »TH S, Fig. 5.1 ~ 5.5, w7
E— b F—4 550 RBEFERICLZEODXEFATELOT, o o&H (XR—Air TSEE
= 01960, XR— All T2 0.1798) DINEPPE V.
FCT, CALDF— Db Ly e — +OF (XRT) OH 4 L TRERICERYT 5
&, BB EEMHESLT
A7 A4 XR (B) 02 )~ 7TH#H#F6e]
FrfE Y + 1.25419 x 107° T
= 1036312 — 3.36902 X + 3.83274 X* — 1048373 X* + 605088 X* (5—20)
®EE = 00736, COD= 09911)
9 #LPL: Y+ 125419 x 1072 Ty
— 19.13256 — 329135 X + 359841 X% — 1001113 X* + 567738 X* (5-21)
99 BLSTL 1 Y+ 1.25419 X 1078 Tk
— 1886983 — 307916 X + 331589 X* — 9060058 X* + 522028 X  (5-22)
BiELH, X G-14)OBEEHNT, dTRABEIHLLVEXBINZOEREFIg. 5.6 KN
4, BELOBRICINE, —BETTPR LA THAEELLTE, 11— PoDHNE 7
T4 0.1 NOSEE A B AR, < F b — hOBAIR 02~ 03BE L 52
Table 5.2 ~ 65 5 lZRIEO S MDD F— %+ v P OEH S~ )Y athRBERE, TAZTHICD
W, TR < R A EiSE S 99 S FRIKMO TIRMEAR LD TH L, COTR
[IZASME = — K4 — 2 N— 47 TREN TV B/ NERIE D OBIfHEICHES 3 2 0T, 875°C
—10°h W& (kgf/ mm®) THETS &,

Az FEAXR (KPR, £F—5) 0.84
~RF oA XR (KR, R&d) 0.86
~zFEA4 X (OGL-1) 1.26
~aFu X (FEiR 0.77

Lz, OGL—1if#EHLI 2 F o4 XITh~NT, KFRONAT 0 AXREFERD T 04

* COEER 10ChBISHETELLOOPTEENRADLDTH 5,
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X LEEn 7 ) =~ THRERE MG L 2 TV b, L LTINS, KRFD 2T oA XR D7
vaﬁﬁﬁéM,@E%mﬂﬁﬂf@mmﬁﬁﬂﬁbfﬁb,C®&§Mﬁ%£%®®fdﬁ
<,Utémn—1®nxfn4Xﬁ%%m%waU—fﬁ%ﬁﬁ%ﬁbfwk@@&%bn
50OGL—l@NfoPTXHXE%MVU&?G%XR&&NTCO(MQ%)&ﬁN(&%%ﬂ
DEHESE (, BHE2E, JERIE 1 HESV. |

Table 5.1 Comparison of standard TTP fit for rupture times of
Hastelloy X (0GL-1 and Gakushin) and Hastelloy XR
Data Set OGL-1 Gakushin XR-Air XR-He XR-ALL

Temp. Range {°C) 800-1100 800-1200 800-1050 800-1000 800-1050
Stress Range (kgf/mm?) | 10.0-0.5 | 10.0-0.7 | 10.0-0.7 10.0-1.0 | 10.0-0.7
No. of Data Points 37 42 57 37 94
Larson-Miller P.

Deg. of Poly. 4 1 2 2 4

Parameter Constant 15.54633 13.85244 12.25545 12.85316 12.13340

SEE 0.1443 0.1975 0.1955 C.1628 0.1826

COoD 0.9526 0.9317 0.9296 0.9463 0.9386
Orr-Sherby-Dorn P.

Deg. of Ploy. 4 2 2 4 4

Parameter Constant 102,303 94,853 82,233 81,137 80,357

SEE 0.1524 0.12784 0.2029 0.1667 0.1897

COD 0.9470 0.8475 0.9242 0.9471 0.9337
Manson-Succop P.

Deg. of Ploy. 4 1 2 2 4

Parameter Constant 0.0154237 | 0.0121824 | 0.0130608 | 0.0135591 .0129780

SEE 0.143% 0.2336 0.1833 0.1574 0.1798

CoD 0.9528 0.9045 0.9312 0.9497 0.9405




TEMP
°C

730
773
=1ulu]
823
850
873
200
923
250
375
1000
1025

TEMP
("C

7350
775
300
825
8330
875
300
9235
350
975
1000
1025
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Table 5.2 Stress to cause rupture at given temperatures
and times for Hastelloy X used in OGL-1

MANSON-SUCCEP PARARMETER = LOGIO(TR)Y + B&(T+273.135).

SAMPLE = BGL—-1, N = 37. DEGREE = 4,

{R} AVERAGE

SEE

= 0.1440,

TIME T8O RUFPTURE (HR)
10000 30000
5 85 (KGF/MM2)

100 300 1000 3000
. STRE

b

10.05 8.85

10, 38 3. 09 7.83

10. &0 9. 43 8.09 6. 81
3. 66 8. 45 7.06 3.74
8.69 T.43 3.98 4.83
7.867 8.37 4.93 3.73
B.E3 5.31 3. 34 Z2.9¢4
3.56 4.28 3.11 2.34
4.32 I.38 2.46 1.88
3. 38 2.67 1.98 1.53
2.82 2.14 1.61 1.26
2.25 1.73 1.32 1.03

7.48
B.43
S. 36
4.33
3.42

2.70.

2.18
1.75
1.43
1.17
0.95
0.73

B.17
S.11
4.10
3. 24
2.56
2.05
1.7
1.36
1.12
0.90
0.59

(B) LBWER 39% LIMITS OF PREDICTION INTERVAL

TIME TG RUPTURE <(HR)
1000 30000
S 8 (KGF/HMM2D

100 300 1000 3000
S TRE

)

8.35 7.75

9. 28 7.98 6. 73

5. 50 8.33 6.937 5. 68
8. 56 7.34 3.93 4,84
7.58 5.31 4.838 3.63
6.355 5. 29 3.30 2.31
5.50 4.24 3.07 2.31
4. 47 3. 38 2. 44 1.87
3.54 2.54 1.36 1.32
2.79 2.12 1.80 1.25
2. 23 1.72 1.31 1.4}
.30 1.40 1,07 D. 30

6. 36
2. 31
&.29
5.39
2.68
2.14
1.73
1.42
l.1€E
0.34
0.71

5. 46
4,06
3. 20
2. 53
2.03
1.65
1.35
1.10
0.88
0.85

cap

B

il

a.

0.

015423

3528

50000 100000 2oo00d

5.36
4.32
3.38
2.82
2.23
1.32
1.48
1.22
d.39

0.78°

Saaoo

4.47
3. 34
2.79
2.23
1.80
1.47
1.20
0.38
0.7&

4,74
.77
2.37
2. 36
1.30
1.33
1.2

1.04
0.83
0. 80

106400

3.73
2.34
2.34
1.83
1.34
1.26
1.02
g.81

3. 37
3.13
2.48
1.99
1.62
1.332
1.09
g.87
8. 56

20a0d0

3.10
2.48
1.97
1.61
1.32
1.07
0. 86
0.99

300000

3.57
2.81
2.24
1.81
1.48
1.21
G.33
0.78

300000

2.78
2.22
1.79
.47
.20
.97

.75

OO0



Table 5.3

JAFRI —M 83 138

and times for Hastelloy X (Gakushin)

Stress to cause rupture at given temperatures

BRR~SHERBY-DBRN PARAMETER = LBG(TRY - &/(4,372334(T+273.152). B =
SAMPLE = GAKUSHIN, N = 42, DEGREE = 2, SEE = 0.1784. CE8D = 0.3457
(A) AVERAGE
TIME TH RUPTURE C(HR)>
100 300 1000 3000 10000 30000 S0000 100000 200000
TEMP. 5 TRES S (KGF/MM2)
)
730 3.91 7.98 S5.89 3.22 4.42 3.72
775 9.88 7.74 S.87 4,51 3.38 3.33 z.80
800 10. 19 7.80 6.07 4.56 3.47 3.03 2.54 2.11
823 10. 38 8.14 6.19 4.77 3.55 2.68 2. 34 1.394 t.33
830 8. 39 €. 53 4.32 3.76 2.77 2.07 1.73 1.47 1.20
875 .80 5.26 3.33 2.38 2. 16 1.60 1.38 t.12 0. 91
300 5.53 4.23 3. 14 2.36 1.69 1.23 1.06 d0.85 0.68
925 4.31 3. 44 2.32 1.87 1. 33 0. 35 0.81 0.65
9350 3.69 2.79 2.02 1.43 1.04 0.74
373 3.03 2.27 1.83 i.18 0.81
1000 2.49 1.85 1.31 0. 34 0. b4
1025 2. 09 1.351 1.05 0.73
(B) LBWER 99% LIMITS OF PREDICTIBN INTERVAL
TIME 7B RUPTURE (HR)
100 300 1000 3000 10000 30000 @ S0000 100000 200000
TEMP. S TREGSS (KGF/MM2)
oo
750 9.59 7.38 3. 80 4.49 3.937 3.35 2.31
775 9. 77 7.56 5.382 4.47 3.42 Z.01 2.51 2.03
840 5.85 7.79 5. 97 4.83 3. 4B 2.81 2.28 1.88 1.53
825 7.94 6. 23 4.72 3.62 2. 67 1.39 1.72 1.41 1.14
a30 6. 42 4,99 3.74 2.84 2.06 1.51 1.29 1.04 0.83
875 S.20 4.00 2.97 2.22 1.39 I.14 g.397 0.77
00 4.21 3.22 2. 35 1.74 1.22 0. 88 g.72
25 3.42 2.58 1.86 1. 36 0.33
950 2.78 2.08 1.47 1.05 0.71
973 2.26 1.867 1.16 0.82
1000 1.84 1. 34 0. 32
1023 1.49 1.07 0.72

34,833

300000

3.36
2.52
t.89
1.42
1.06
0. 830

300000

2.352
1.86
1.37
i.00
0.72
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Table 5.4 Stress to cause rupture at given temperatures
and times for Hastelloy XR tested in air

MANSBN-SUCC2P PARAMETER = (BGIO0(TR> + B*(T+2Z73.1%), B = 0.0130508

SAMPLE = XR-RAIR. N = 57. DEGREE = 2, GEE = 0.1932., C8D = JQ,8312

(R)Y AVERAGE

TIME TD RUPTURE (HR)

180 300 1000 3000° 10D00C 30000 SO000C 100600 200000 300000

TEMF. S TREGS S (KGF/MM2)

(Gl

730 10,50 8.33 .72 3.25 4.16 3.71 3.18 2.70 Z2.4%5
773 9.11 7.21 5.77 4.48 3.592 3.13 2.67 2.26 2-04
800 3.73 7.38 6. 20 4.33 3. 80 2.36 2.83 2.22 1.37 1.868
825 8.43 6.73  &.31 4.20 3.21 2.48 2.13 1.34 1.54 1.38
850 7.27 35.83 4.33 3. 56 2.B69 2.08 1.31 1.351 1.25 1.12
875 6. 26 4.93 3.84 .00 2.25 1.71 1.49 1.23 1.01 0. 306
900 5.36 4.24 3.24 2.51 1.86 1.40 1.21 1.00 0. 81 g.71
825 4.37 3.59 2.73 2.09 1.353 1.13 0. 38 0.79 0.64

350 3.28 .03 2.28 1.73 1.25 0.91 0.78

973 3.28 2.04 1.89 1.41 1.01 0.72

1000 2.76 2. 11 1.35 1.15 0. 81

1025 2.30 1.75 1.27 0.32 .63

(B) LBWER 99% LIMITS OF PREDICTION INTERVAL

TIME TB RUPTURE (HR)

100 300 1000 3000 10000 30000 SO00C0O 1000C0 200000 300000

TEMP. 8 T REGSS (KGF/MMZ)

(g

750 8. 27 6.5335 3.25 4.07 3.19 2. 383 2.40 2.02 1.83
773 3.83 7.16 5.863 4.48 3.45 2.68 2.37 1.938 1.67 1.350
800 7.56 6.17 4.82 3.81 2.30 2.23 1.37 1.64 1.36 1.21
823 B.&1 5.30 4.11 3.22 2.43 1.85 1.82 1.34 1.10 0. 37
830 5.69 4. 33 3.48 2.71 2.02 1.32 1.32 1.08 0. 88 0.77
875 4,87 3.85 2.94 2.26 1.BB 1.23 1.06 0. 86

300 4.13 3. 28 2. 4B 1.87 1.3 G.39 g.84

925 3.32 2.74 2.04 1.54 1.09 2.78

350 2.97 2.28 1.68 1.25 O.a87

373 2.49 i.83 1. 37 1.00
1600 2.07 1.55 1.11 0.73
1025 1.70 1.286 0.88
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Tahle 5.5 Stress to cause rupture at given temperatures
and times for Hastelloy XR (all available data)

MANSON-SUCCHP PARAMETER = LOAGIO(TR) + B+{7T+273.13). B = 0.01239780
SAMPLE = XR-ALL, N= 94, DEGREE = 4, SEE = 0.1798, COBD = 0.3404
(AY AVERRGE
TIME T8 RUPTURE (HR3
100 300 1000 3000 10000 30000 50000 100000 200000 300000
TEMF. S TREZS S (KGF/MM2)
*C?
750 10.74 -23 5.63 T. 26 4.23 3.80 3. 27 2.78 2.91
775 9.05 7.10 3.74 4,34 3.81 3.23 2.74 2.29 2.05
800 .78 7.76 E. 14 4.37 3.39 3.06 2.70 2.26 1. 86 1.64
825 8.33 6.71 5.32 4,28 J. 51 Z2.39 2.23 1.83 1. 48 1.30
850 7.18 5. 81 4.39 3.6G 2.78 2. 08 1.80 1.43 1.18 1.03
875 6. 22 3.03 3.34 3.10Q 2.30 1.67 1.43 1. 16 0.33 0. 86
300 5. 38 .33 3.36 2.398 .86 1.33 1.14 0.94 0.79 0.73
24 4.63 3.71 2.82 2.12 .48 1.D086 g.33 0.78 0. 68 0. 863
850 4.00 I. 14 2.33 1.71 t.18 0.87 a.77 0.67
973 3.40 2.63 1.89 1.36 0.35 g.74 Q.87
1000 2.886 2. 16 1.51 1.08 0.79 g.64
1025 2.37 1.74 1.20 0.89 0. &
(B) LOAWER 99% LIMITS BF PREDICTIOGN INTERVAL
TIME TO RUPTURE (HR)
100 300 1000 3000 10000 30000 S0000 1000068 200000 300000
TEMP. S TRESS (KGF/MM2)
o
750 8.33 §.61 3. 37 4,23 3.34 2.37 2.20 2.08 1.85
773 8.33 7.21 3.74 4.64 3.61 2.81 2.47 2.05 1.67 1.47
800 7.71 5. 26 4.97 3.38 3.05 2. 32 2.02 1.64 1.32 1.17
825 E.569 5. 43 4.28 3.33 2.54 1.88 1.61 1.30 1.03 0.94
850 5.81 4,659 3.66 2.85 2.08 1.50 1. 28 1.04 .86 0.77
875 5.03 4.03 3.10 2.36 1.67 1.19 1.82 Q.84 .72
800 4.33 3. 43 2.358 1.32 1.33 0.395 0.83 0.71
925 3.71 2.89 2.12 1.33 1.06 g.79 0.70
950 3. 14 2. 40 1.70 1.21 0. 86
373 2.862 1.99 1.33 .97 0.72
10ao Z2.15 1.56 1.07 0. 80
1025 1.74 1.24 a.8e7
(C) LOWER 99% LIMITS OF SIMULTANEOQUS TOLERANCE INTERVAL
TIME T8 RUPTURE (HR)
100 300 1000 3000 10060 30000 S00G0 100000 200000 300000
TEMP. S T RE S S (KGF/MM2)
*Cl
750 8.85 7.38 5.98 4,87 .82 2.38 2.62 2.18 1,78 1.586
7735 7.83 G. 48 o.21 4. 20 3.23 2.47 2. 19 1.73 1.40 1.22
300 5.89 3.57 4.51 3. 38 2.70 2.01 t.72 .37 1.03 g. 94
823 6. 05 4,33 3.87 3.02 2.22 1.860 1.33 1.08 Q.84 J.74
830 5.27 4.25 3.48 2.31 1.78 1.25 1.04 0.32
873 4.3k 3.53 2.74 2. 04 1.40 0.56 0.81
300 3.32 3.06 2.23 1.863 1.09 J.73
325 3.33 2.535 1.82 1.27 0.84
3950 2.78 2.08 1.43 g.98
973 2.29 1. 66 1.11 0.76
1000 1.88 1.30 G.86

16235 1.46 1.00
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HRSTELLOY-X, OGL-1 (XB+SM)
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Time to rupture (h]

Fig.5.1 Isothermal rupture curves by Manson-Succop parameter fit for
Hastelloy X used in OGL-1. Thick lines represent the average;
thin lines are lower 899% limits of simultanecus tolerance intervals
with 99% probability.

e HASTELLOY-X, GAKUSHIN HTGR COM.
10 o 550
A T A 300°C
7 & 950°C
- i & G 1000eC
s 9 = <3 ~ @ 1050°C
€ Tae | A v 1100%
~ 4 A A w1150°C
- S = o < <$1200°C
> i -
4 2 == ; s \
| —
= \\\\ ST ~Z
v v =y
o &
© S NN
-
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N=472 ‘ &
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Time to rupture [(h)
Fig.5.2 Iscthermal rupture curves by Orr-Sherby-Dorn parameter fit for

Hastelloy X {(Gakushin}. Thick lines represent the averags; thin
lines are lower 99% limits of simultaneous tolerance intervals

with 99% probability.
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L5 HOSTELLOY-XR, XR-BIR (TUBE+PLATE+BAR+30!
5 © 800°C
10 < e BSD°C
7 \@\G : & gggzﬁ
5 Qw\ 59‘@?“\&7\ & 1050
o
3 \ E\&%‘ !
z \%x\ﬂééﬁﬁﬁng S
ﬂ\\\\\\f?EJE;:::::T\\\ é?\\\\\\\\\\\
: N
7 &
S| XR-AIR
. N=57
10 10° 10° 10 10° 10°
Time to rupture (h)

Fig.5.3

(kgf/mm2)

Stress

(]

Fig.5.4

[an]

Isothermal rupture curves by Manson-Succop parameter fit for
Hastelloy XR tube, plate, bar, and subsized specimen tested in
air. Thick lines represent the average; thin lines are lower 99%
limits of simultaneous tolerance intervals with 99% probability.

HASTELLAOY-XR, XR-ALL (RIR+HE)
0 > 8o0eC
A 200°C
% N _ma A 950
aa B - 01000
S vt N & 1050°C
o
3 \@\f E%\f
2 . VS
4 Fauy
g\\\\\i? \;;\\\\\ : \\\\\
i S \\\\‘\\
7 3 «E$?\\\
S| xR-8LL
N=94 { |
3 N
10 102 103 1g* 10° 108
Time to rupiure [(h)

Isothermal rupture curves by Manson~Succop parameter fit for
Hastelloy XR, all available data.

with 29% probability.

Thick lines represent the average;
‘thin lines are lower 99% limits of simultaneous tolerance intervals
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Fig.5.5 Master rupture curve by Manson-5uccop parameter
fit for Hastelloy XR, all available data.
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Time to rupture [h)

Fig.5.6 Iscthermal rupture curves by Manson-Succop parameter fit for .
Hastelloy XR tube (XRT). Thick lines represent the average; thin
lines are lower 99% limits of simultaneous tolerance intervals
with 99% probability.
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HB
6) £UTH 1 BEFEFRE (1)

51) — TR L D RHT,

6.2 |44 U—7#EEE Monkman—G rant DOk

5 — FEEORE « R, 7 ) — T EREOSEOSHETER S RO ERRBRICH S C
&7’))%, # (5-2) ~ (5—4) OTTP BT, Y=loguwem &L THKHONI L, Table
6. 11t RGH, ~1U ¥ et BRUEEEEHHILFT—F 2y PEDLTOHTEBEROENT
25, ~NAFD A XREKITDOT, HHRVTTP FEHA,

(~x7 o4 XROEN ) - 7EE)"

SEEE I Y + 2.288465 x 10° Tk

~ 1476579 + 3480984 X + 213084 X* ' (6—3)
99 % UPL : Y+ 2.288465 x 10/ Ty

— 1581925 + 331042 X + 233411 X* (6 —~4)
0o HBUSTI © Y+ 2288465 ¥ 109/ Tx

= 1644093 + 253162 X + 321616 X* (6 —5)

1AM, BEOACOOTERAD L H T B,
(27 o4 XREMOENT ) — 7EE]
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89 % UPI © Y+ 192670 » 10% Tk
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v BN ) — FEE R BRI LT AokEEE B 0w, FRRKE RO FERGT S XE R AE
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= 2303846 — 397675 X — 1.37697 X° 6—1 1)
99 F1LSTI 1 Y +16167 x 107% Tk

= 2249043 — 3.37833 X — 2.11452 X* (6—12)

L7 (Fig.6.6), tig LT
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(~AZFaA4 XRO 1 %20 AHEERE)

TS Y —955917( 457293 Ti)

= — 1357198 — 2.09618 X — 2.87299 X* (6—13)
99 %LPL : Y- 955917 (457293 Ty )

= —14.39933 — 194202 X — 3.06578 X* (6—14)
99 %LSTI: Y 965917 ( 457293 Ti)

=—14.93517 — 1.35692X — 3.78691 X* (6—15)
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99 %LPI ©  Y+157368 % 1077 Ty
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(2 F o4 XREMO 1 %209 H3FRL)
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= 1243808 — 270335 X — 1043407 X* + 3962838 X°
— 6084653 X* + 2950805 X° B-19
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99 #LPI : Y- 196329 X 10% Ty
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Table 6.1 Summary of standard TTP fit for minimum creep rate of

Hastelloy XR

Data set XR~Air XR-He XR-A11
Temp. Range (°C) 800-1050 800-1000 800-1050
Stress Range (kgf/mm’ ) 10.0~0.7 10.0-1.0 10.0-0.7
No. of Data Points 48 17 65
TTP OSDP MSP OSDP
Deg. of ploy. 2 4 2
Parameter Constant 93,697 0.0136022 104,381
SEE 0.3508 0.0854 0.3898
Coh 0.8218 0.9917 0.8344

Table 6.2 Summary of standard TTIP fit for time to onset of
tertiary creep (t;) and time to 1% totzl strain

{t,%) of Hastelloy-XR tested in air

Data set ts t,%
Temp. Range (°C) 800-1050
Stress Range {(kgf/mm’ ) 10.0-0.7
No. of Data Pointsg 48
TTP MSP QSbp
Deg. of Ploy. 2 2
Parameter Constant 0.,016167 95,591
SEE ©.3037 0.2970
CoD 0.8812 0.8680
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Fig.6.3(a) Temperature and stress dependence of minimum creep rate for
Hastelloy XR.
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Fig.6.9 Comparison of strain-time data and
curves by the constitutive equation given in

Table 10-5.
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Ol L v, | BEOREATRT A0, RBF OB, THEEEAT (B2 570
6 10X50G. L), AIESEEAL{(T A LEHBTHA D,

1.2 EMRUEM
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= 2020708 — 2.08854 X — 2.18149 X*
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RINEREIC L AR OEEZ AL, ~) 7 AhT B 3 TTP OBIFERE RGP LEC R
EGE B, AN APOFMSEESNE L, HTEROEPI(E-T5H, T4, REFET
i, oD E0KRE CEERF - 8LU1000°C, 1050 COHFBEBF—IBECIHEERLD

14,
Table 7.1 Creep properties of Hastelloy ailoy XR ( 51, 52, Bar ) at 800 °C
in JAERI Type B helium
Stress Time to Rupture Reduction Time to Time and strain at
rupture elongation | of area 1% strain | onset of tertiary
creep
2 oé o h v
(kgf /mn?) | () () | (%) (n) Chy (%)
10.0 104.4 41.3 36.1 8 35 4.3
75% 1.8%
8.0 298.5 31.2 23.7 41 105 19
6.2 980.7 18.0 16.0 135 580 E.
5.2 3706.8 16.0 13.6 360 2180 5.0
4.8 11485.8 26.0 24.2 360 6500 8.5
4.0 10944.1 32.0 36.0 360 4050 6.2
3.7 under way 470
3.4 under way 4830
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Table 7.2 Creep properties of Hastelioy alloy XR ( 51.52, Bar } at 900 °C
in JAERI Type B helium
Stress Time to Rupture Reduction |[Time to T1§etan? itriin at
rupture efongation| of area 1% strain onset OT iertiary
creep
(kgf /mm?) | (h ) (%) (%) (h) ; -
{h) (%)
6.0 62.0 47.3 '55.3 4 30 9.1
55% 4.7%
5.2 160.7 55.3 44.2 10 £9 a6
5.0 217.8 43.3 41.2 18 110 12
4.5 283.7 50.0 37.1 20 120* 7.2%*
140 11.0
4.0 694.7 1.7 36.0 48 360 12.6
3.5 1579.6 35.8 30.6 130 860 9.0
3.0 3839.7 24.6 21.3 210 2000 7.7
1150% 2.5%
2.7 3999.7 22.0 17.8 660 2400 25
2.4 7447 .1 26.0 30.0 720 4130 9.0
2200% 3.8%
2.0 7936.6 34.0 30.0 720 3300 70
2.0 under way
1.7 *%junder way 1400
1.4 under way 370
2.4 under way 410 3100 7.1

2

*: Value obtained from the end of the first of two steady state stages

**. Geometry of specimen is different from the standard type
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Table 7.3 (Creep properties of Hastelloy alloy XR { 51, 52 , Bar ) at 1006°C

in JAERI Type B hejium

Stress Time to Rupture Reduction | Time to Time and strain at
rupture elongation L . onset of tertiary
( kgf/’mmz) of area 1% strain creep
{h) (%) (%) (h)
. (h) (%)
2.5 196.2 55.0 43.2 22 112 16.3
2.0 430.6 42.3 33.4 36 212 12.5
1.6 699.2 41.0 32.2 43 350 10.8
1.3 2498.3 35.3 24.6 250 1380 12.0
| 480* 0.9%
1.0 2247.3 45.3 35.5 500 1100 77
1.0 8111.1 34.0 22 .0 1160 2650 4.1
0.7 under way 1550 — —

*. Yalue obtained from the end of the first of two steady state stages

3
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" Table 7.4 Time required to reach 1.2, 2, 3, 4, 5, 7,and 10 percent
strains in créep test of Hastelloy alioy XR ( 51, 52, Bar,)

at 800 °C in JAERI Type B helium

Stress Time { h )

(kgf/mm?} 1.2 % 2% 3% % 5 % A 10 %
00 | 10 17 26 34 20 48 51
8.0 50 78 105 127 144 171 213
6.2 165 254 320 390 458 . 584 750
5.2 470 880 1350 1760 2180 2570 3400
4.8 500 1140 1970 2800 3680 5400 7320
4.0 420 940 1775 2520 3210 4490 5830
3.7 700 3100
3.4 800
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Table 7.5 Time requied to reach 1.2, 2, 3, 4, 5, 7 and 10 percent strains
in creep test of Hastelloy alloy XR ( 51, 52, Bar ) at 900 °C

in JAERI Type B helium

Stress é Time ( h )

(kat/mt] 1.2 % 2 2 % v | o4 | 54 7% | 0%
6.0 59 217 24 33
>-2 N 22 3 I T Y é 2 76
5.0 8 27 36 45 § 54 73 100
4.5 9 38 49 | 62 3 74 é 97 129
4.0 | 55 §0 87 j 116 143 | 200 284
3.5 ? 150 223 | 315 E 408 500 670 960
3.0 3 250 30 | 585 900 | 1200 | 1770 é 2300
2.7 695 950 2 300 1620 | 18s0 | 2290 § 2780
2.4 330 530 900 1850 . 2100 | 3120 g 4540
2.0 840 1280 1800 | 2280 2650 | 3300 i 4080
2.0
1.7
1.4 520 2380 |
2.4 s 0 770 | 133 1800 2265 | 3150
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Table 7.6 © Time requied to reach 1.2, 2, 3, 4, 5, 7 and 10 percent strains
in creep test of Hastelloy alloy XR ( 51, 52, Bar ) at 1000 °C

in JAERI Type B helium

Stress Time ( h )
| | L | |
(kgf/mm2) 1.2 %1 2% | 3% 4 % 5% 7% | 10%
i |
|
2.5 20 ¢ 30 | 38 | 4 51 60 77
2.0 42 | 54 69 84 100 137 174
1.6 50 80 115 | 150 185 250 335
1.3 1 280 395 | 540 650 770 950 | 1208
1.0 423 643 | 755 856 950 1100 | 1270
1.0 1260 | 1670 | 2170 | 2650 | 3000 3600 | 4380
|
0.7 2000 | 3220 | 4085 4640 | 5265 6300
! ]
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