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Develop-ment of thermal stress screening method
— Application of Green function method —

(Research Document)
Ichiro FURUHASHIY, Hiroshi SHIBAMOTO? and Naoto KASAHARA2
ABSTRACT

This work was achieved for the development of the screening method of
thermal transient stresses in FBR components.

We proposed an approximation method for evaluations of thermal stress
under variable heat transfer coefficients (non-linear problems) using the
Green functions of thermal stresses with constant heat transfer coefficients
(linear problems). Detailed thermal stress analyses provided Green functions
for a skirt structure and a tube-sheet of Intermediate Heat Exchanger. The
upper bound Green functions were obtained by the analyses using those
upper bound heat transfer coefficients. The medium and the lower bound
Green functions were got by the analyses of those under medium and the
lower bound heat transfer coefficients. Conventional evaluations utilized the
upper bound Green functions. On the other hand, we proposed a new
evaluation method by using the upper bound, medium and the lower bound
Green functions. The comparison of above results gave the results as follows.
The conventional evaluations were conservative and appropriate for the
cases under one fluid thermal transient structure such as the skirt.

The conventional evaluations were generally conservative for the
complicated structures under two or more fluids thermal transients such as
the tube-sheet. But the danger locations could exists for the complicated
structures under two or more fluids transients, namely the conventional
evaluations were non-conservative. The proposed evaluations gave good
estimations for these complicated structures. Though above results, we have
made the basic documents of the screening method of thermal transient

stresses using the conventional method and the new method.

1) CRC Solutions Co. Ltd.
2) Structural Research Group, Advanced Technology Division, OEC, JNC
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1. 28Iz

EREBHAEFRICBVTHEL SNTWAF M » AAEIERLIEDSD
FHATFETIE, B EREEOMEDEZD, THbA LW, ETFFEMND S 5ICE
WIZT T RREHE LT, a0 NCHEERETFIFEE, G LT ImY.
BERA T L FHBATHBE AR LEBROEA,. RUA—TEROYIEI B
SHTND, EDRDHIL, HAOKKST2HHMOBREENEL L, FENLE
THIENh, RERBENESE L R5EAICH D, ZhEMERTEED,
BBEYSHMOR 7 V—= v JER L | BEBMICKT 2B - S — B
A EDLETCEEN RIS IFMAERZERE LTV A1,

- AREIFBREEDEBEISNAS ) —= v JECERICETALOTH S,
BETERNBIEREGN & DICREFRER L 228 BROBRIT (Ehe
DEDFRE] B L, ROKEL2 R T REZEBR R P EETEBZILTH A,
BIZIEFEE & ODBREBREICH 2 EE T, HEEESLE AH L LIEEEES
LA & BB EIT, HA=GBEBEBEX AN LR LD hieEEEEEET
D, BEDBGANZHA L AR LRBEOGEER Y EE X 5, BHA
NOBFEENRNE LT IIHIIOBRFEEREDLE Lo TEHND, BICEI T v
TEBF=1t>0% A LizBEOH ) G&,y,z, )& B H 5 ik Green 3K
2 E LT, BUBEMBEA~OSAMENKE VY, VWoizA Green B¥E ko
TRITIE, EEDOAS FOIIXT 5 HARERFROBESERS bz L s
BEPOBEICHETE S, ZHICEVHIZIDESESEESTELTAN FO) 2T
LS EROBEN ZMEICHEFM CTE S, T/2DD Green BT — &~
— 2L LT, FHBECERTE AR ARD B,

EBRIZ FBRBERF CHES N A HBEESIT. ShICE UL TEEHDH 3
B EERERERENPORES AR LEERE2EZL SR LD TH S, BES
LZEWMRBEREINIETFATI b THLIND, BEAESPLEELT. &
EMTTLITHERTEA LI RRHER Lo TW5E, o TARMDEE L
FEFICRENBET DL I AREL L LEE L CRHTILERD S, RERE
LT NITEEREDE L, ERLEIIFEE L 25, ERZ DL 5 IR
BRICHEZOFTMTIL, BREERD FRVERERIHESNS & LB
BT VT L0 SR L 2B AR S, DX ) ARERFETILBEID
TRERDRE L RDBEVE N, KRETIZZ DL S 2 EBHREEOTMICES
LT, #RD Green 2T —F_XR— L LTHEAL, EhAdbyELEAL
A EFERRE LR,
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2. MIEEMRER L OBRIEES S
2. 1 BEACERIOBEBMSZIZBIT2EED Green B3

BEo. LB ¢ BIUMEERL ORGEEMBIELSERTE X bN-HE
NOFEEFIRE TIXU T OREMEELTRRNIZE SN D,

m%:MTGmM@ (2.1)

IO THEENOEEMEY Py & L, EEAE P B L OEEEEt ORE
% T=TPH=T(x,y,zt) & T2, BEOLHERE CHERORE L BURZIZH 254
L4B, RE Sk L CHEk LEVREICH V. ik k DBER Filt), BY=EE
BREH he TEZONEHAR LT 5E=1LN), TOMOREIHESNLTVD
¥R, BREEIRO LS B FERTEL LN A,

Zgz =h{F,()~T} (on surfaceS,)(k=1,N) (2.2
7 .

or *

—=0 (on surface S except S, ) (2.3)
on . .

Il mEEREmE T 5, PIHIEESYE TR0 %5 % TXEHFER
Q.1DB I OBEREMEHQ.2), Q2.3)FEIL I TTHRITIE. EFEMER L VEER
DOHEIEIRE TRHAKRE 5, FEFERNB L UERSGRNT A TR FER
ERBIDEIRREBRIFEREE 5. HBERTIE TEREHLEOEE) ML
U. Green BSOS FET 5, FIHHRE T(P,0) & FRARIEE F) 2 RDOAS & Rz
L., BERE TPHEZROHAERRLESEE. ANOBREERSOREIZHAD
BREREDE LR, ROAN L EHOKELRTES (GEEK. SEE
#H DI Green BEFR L) ZERT DI LB TED, _

VSR EBIIEERESHICHDBEOLEIVE D, Fr0)H3 MBI
HEESFEEL, FRO(t>SORREBEOCRERELLEETLOLET S, T4
bbht=—cohbt=0% THRERE FO) BRI CEERESHRICHD ET
%, EFEOFIIRE Fi0)=To D, FENRE ST —FEMERE To kKT
NP b

(1) #BEBRED Green B -
 IEARBIIEES—BREEEE 0 75, M kIBEEOALBEMNRAT v TEL
LTIF=16>0)], O EIIEERE 0 2R LB EE2E 2 5, BERERN
Hi(Phit) ERD bz & 75, ZHNRMERKIBEDRT v 7Eicw T 518
BEORZEEHETHY., BED Green B L WXL D, Hi(Phy,o0)id it k iE
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EOH 1 THOFEITEERE 0 245 L BE 0O EEEESF b3,

(2) HE—JEDEEREE(L

A kIR Fult) & BERIZE U A ORI B VIR BE Ty & e85 7o 484
BREIKRNOBELTEZLNS,

T,(P,t) =T, +{F (0)-T,}H ,(P,h,,0) + ].Fk'(T)Hk(P>hk>t—T)dT (2.4)

(3) BEREDEERBEL |
ERERENRENENERICERZEL L BE OBERE TR, &ikED
BEERICL2BEDEELELEZQAORTEHEL, #hbE2LFEEICOVTH
BTk,
N .
T(P,t)=Ty+ > AT, (P,t)-T,} . (2.5)

k=1
2. 2 RIS X OISR LB BB H O Green B

YT E, KT YUy B OBRIEERE o O 56 A EHTEHE %
NI BMEE DS L BEOTEL (ROTH—BO0FL) 1EE R
(Hooke MILHI) IXEL&N D, = OXEFERITIGH &TM L IEEICET 3
BB FRRICERTE D, BROERERE T, BAHEE DD VTR ESHR
DAFERGFHICH O | BARMFRRERIIEM OB FEXTEL bh, HE
BIEEBE RIS T AR RN TSI bNAEE L5, BIHRLERS
DT [EREDEDOEREE] B L. BED Green B & FIEIZS D Green
BEENEFEET 5,

(MR 1] BEOMEIMTEE TH > Th L\, HOEE Vi8I (o iy Gy A
Ei. vi o) BEHTHIIV, MEOEREY ®BET 285 (1;0T/9n)
EEN DEREMAEIBEMEN DR, BEREOEBIEITEEND,

[(fE/2 2] #0ERE Sk DBVEERE h lTE—FHKE LT L8, hy (EC]
BOEHDEY FPTH IV, Sk DX LIRSS SNI-ESRE " L ICEHThi
I, BESEOBREEIIRZN S, C

(AR 3] LD CIIR BRI OB REMIC X 0 & U BEAIIRAT 5,
TRODLHERERAOERNEL 0 L LB (HERE CEIHA S
ERERT A, THICE VHEAKTEAN 0 LD L5 r— R T 1 E
RICRETED L ISR ERE L LTRET 5, BEICEL T, 28—
EERE To T (WERIWE) MEDOLZAR LEEED (FEHER) SH%
ERGLERRELT, BUICEETI LD LT3,
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(1) #ERYEA O Green BIEK

MHREEII EE D —HREERE To TEYUS 0 LT3, MEkIBEDHEN X
7 v 7TEAL U TIF=To+ 1t >0)], thOFRITEIERE To 2 HFLZHEE2E %
%, BEOKIN GrPhit) E RO BN ETE, THITHAEKEEDRT v 7
BT § 2 EBIS I OREEETH Y, BUSS1D Green B & TN 5,
Gx(Phx, N TP k DA Tot+l TRDFEARIL To ZHERF LB ADEERISH %
£bT, TXTOMET Gu(Phy,0)= 0 &7228BA1. W k OBEEZEICK
LTCEFRRISIPE L WEEBLUVEREHETH S, GPhy,o)#0 &4 5
MEND HEEIT. i k OBREEICH L TERBGARE L ABEB IO
BEREHTH D,

(2) BE—EDREE/

FefE k IBED Fi(t) & BRI L U L ORI EIEIRE To 2HRF LI-EA 0
BEYS IR OFES TE A 6N D,

S,(P,t)={F,(0)-T,}G,(P,h,,©) + J-Fk'(r)Gk(P,hk,z‘ -7)dt (2.6)

(3) M OREZL
EEIRE T B R IRIE L LA DRSS SEOIE, AHEOR
BRI L BREHE QOXTHE L, Thb % &kc >\ TNET T &
vy,

S(P,t) = i S, (P,t) Q.7

2. 3 BEEREIPERE(LT DIFREES) OELEEE

EEERED ) LR T 286, BEREHRQ.IVERFFREA L A2
D, TBERESbETOEE]NMIIETT, Green BHEMBEELRLY, T X 9 23k
BIERREIZ R LT Green G2 ALENTISHET A ¢ 2E 2 5,

(1) E—REOBRERE LIEEDRHEZEL

Tk k DBURBARED hi(t), BED Fu®t) L BRI T 25852 E X5, Mo
Pl j 3—EDBGCERE h BEIEE To2#HFTo60L92 (j #k),
HIHPREEIIRER] t=0 £ T (0B LU FuO2 MR SN e EE B REE L 5,
Z DEFOEEEE 1 % SNLPBL) &5,

THEFBENTCOXDOETE —EDO h x k(OB E A b DL 2B,
Q.OXDAVE _EHOFEHDOHIL, BUNEEREEc, c +d  JOTREREEL
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F(o)d o i L VBRIt (TRbb t— t B LA UABUSHEED LTINS,
INERFRMXHEL c O FEHBRZEFREICH TS Green B CHEET S &
SKNL(P ) DELEIE & L THKRERE LIS,

i (P,1) = {F,(0) = T,}G,{P, ,(0),c0} + ]Fk'(f)Gk P, 1y (7,0),t —7}dr (2.8)

T ZTEBRMTE (o DI KO ESMEERBERT DL T2, b D
] te (ICBVREEREDS hi(tp)IZ B L, SRANIEE DS EIEREE To 32 L. Bl 2 ok
BRI 05852 EL 5, BEBP+HSITRE (t=0o) T2 & —EEMEERET,
LRV ERRUGAIXO0 L7 oW, EREQ. kR HHTT 5,

S¢" (P.)—=2H{F(0)~ TG, {P, 1, (0), 0} +{T, - F, ()}G, {P, (1), 0} (2.9)

EHBIEN PRURERIITETE L2WVEETIZQ.9RIT 0 L2 Y . EEIE(2.8)
it o TEMITHLET 5, EEBSHNEMEEREICKET HEETI2.9)
R#E0 &0, SERRQ.8)IF too T—EDEER E2 5, ~ LT EEES
NPBEEREOE B L TE (LT B2 L2 @B LI-m Lo L 3, T
S FI B BMR AR B L CE LT BB RS o p & LT, SOLPH) %K
CE VLT AZEBEZBNS,

SPH(P, 1) = {F,.(0) ~ T, }[G, {P, h, (0), o0} exp(— %})

- t - (2.10)
+ G {P, 1 (0,£),0} {1 — exp(— %P)}]+ IF},' (DG AP, I (z,0),t —7}dr

(2) BEREOBYRERE & IBEOREZL
EREORRERES L RES Z W EURBFICEMET 554 O
BURS SNLPOIE, FIEOBEEREE L OREDELI & 58S 2 (2.8)
EFZQIORTELHE L, TN O22MEIZONTHNETS - L B8E2 bR
%,
N
SY(P,5y=> S (P,¢) (2.11)

k=]

(3) TEMRRLEERE

EPIR(2.8)8 5V NE(2.10) TIHER ORMREIREKITK 5 Green BIMESE
SND, INEHRL GELEET 2 IEIAEERROETBHEANOMEID
BT LT, Green Btz FHORDTRE, ZThob%k h IcE L CEBMEE LT
FAIRET20RHETH D, HIIE ) DHRKME himax. FRE himed 3 & UK
/ME himin \Z%F LT Green BIfZ RO THBE, ThbrBHEE T2 E0E
ZohD, HHRQ.8)H 2 ix(Q2.10)0E DO IL, HEEZERKMIZHE L
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TRERETIONEETH D, Gl 2IEERIIT — & (t,Fr;hi)(=1,0) CHRAEDIEE
CEVRERENEZ LN TWAEE, BOERATELHET ZONREETH

Do

m—1

_[F ()G AP, h (1)t =1}dr = Y (F, 11y = F, )G, {P, ho(t.,t) c(t5,0,),1— 2t,+1}
J=1
(for tm=t) (2.12)
I CHEEX R —t) OB KEIZH DRFEEZE LD LERENKE 2D,
Bﬁﬁﬁ&ifrﬁkmﬂmﬁﬁ WIS %, EERIZIE Green BB BRI (L B
DAY MG D WVITREERST N ORAEEZED S Z c‘:73>’C%5 (D
BT — X O KFEXEEARMEZBZ D2H5812Q12KXOFESFHE DORFIZ

SEILTCEHET 20N L,
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3. AT

HIE TR L7z Green BISEZBUS A7 ) —= 0 7L LCHEATE 208
D MEIRALY B720IC FBR O FHBZHER (THX) 024 — Mkl L OER
BET IR, FEMNY v 7ERZBIUO—KRR U THEEES IO 3B ER
ISR & AT o 7z,

3. 1 IHX®DEFTNAL

IHX O2fEE% Fig.3.1- 1 1Z77, —%kH%E Na B EEH—KRBAD S ZAHE
ES—WRT VS MCHA L, EEBERE, BRENE, FHER, —KRH
TRAE—EHE EEE LC— KRR ) XCE S, k% Na 58 %k
AR/ ZAVHBBRAL, BREMIEREY S /¥ 7 ic R, BBk
AT LT LEREE LTZRRIED ) AVCE D, WREBIRAIC— )RR
PEASNT—AHEL 25, SMUAE 20— M3 Y B A, 25— P F
BAERCEESND, BBEERI 2EED S, BBESRE1I1E—%% Na
DFE Qit)F L ONRE F1@) DBMZ L Th 5. BUBESERE 2 13—k % Na 0%
B Q)8 L ONRE Fa() DRFIZE(LTH B,

3. 1. 1 Ab— MEEOHBEETL

AH— MEEDOBUBIEET V% Fig.3.1-2 IZ7R T, BHRERH &4 B 7= M
AOZHABEAT VT A TR Y — FEFEN—KFR Na OREBIC X 28U
TNINEEAEELRNEEZ bND, SMUIAE 20— s DB EEDSEEET L
fElic, ZuBEBERIIZKRE Na OHAAIT LT A TORE Q)i L ONRE
Fot) DEFRIELTH D, FERIFPE & k% Na MREUREREL ha(t) CEYEEEIC
HB, AN—FTEHOINEIT—EFEKIEE To=50C & —EBVREHREL ho TS
TELH D, MOREIBEIN TS, BUESH 0 DEREIRE T Te=50C & 72
Do BBEAD — MEEZAE TR, BBEZRBI—BETHS DT, K
RERTHRAF2BLV 22 138K T 5,

3. 1. 2 ZEHESOHRBEESTIIL
EHRBEEDEBETT V% Fig.8.1-3 1274, BBEER 113—Kk% Na O

E QB IEE Fi)ORBEITH D, — KRR LE T L F 5ORAIIRSE.
EREE, EHRFEAD— b EER S OIMUIRNE TEYEEEH h) L Lz,
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RRVE W TRVEEAE h(t) & Lz, UUT OFEUTIL 2 RO REEREZ 1
HLTh@)EEdRT 2,

ERBEOEBEER 21X "% % Na D E Qo(t) 3 L ONEEE Faolt) DEFRIZEL
Thd, EFRBEEERONAIASE, ERTE CREEREE hal) & L,
ZRAHA T LT LAOERIFERA D — b TEB L OSMUIAN E CEVE R
hap() & Lz, LT OHEX T 2 BEOBVCERE 2R L T he@t) L5284 5,

ERBEOMDOERINBER CTH Y, —ERERIEE & OBRENRVO
T, BUSH 0 OREEERE ToidEBEOERE T, £EN—HEE To D,
JEH0 & B, |

FEI MY v TERITL D Na BREOKEE{LE Fig.3.1-4 2R 7,
- FEHMN) T ERICL OB GCERBEOKMAE{(E Figdlbs BL W
Table.3.1-1 1077, —KRFR 2 EAREEI L., TKRFBiE 3 EREE Lz,

Table.3.1-1 ?@J )y TBRIZE DB EREOEL

—%FW, m2K) | Zk%W,/ m2K)

t(sec) h1a(t) hip(t) haa(t) hap(t)

#1EA L BRAE (h1,max,h2,mad) | 0.0 2000 20000 | 50000 | 3400
FEME  (himed,homed | 25.0 800 | 8000 |.36000 |2350
AT RRME (1 med, ho,min) | 49.01 800 8000 | 30000 | 1350

— AR TEHEEFEERICL D NalBEDOREMZE{L% Fig.3.1-6 IR T,

— AR TEHEEERICL

Table3.1-2 IZ7R 9,

SRCERBORHZENLE Figdl7 BIV
—UCRIF SEREL L, TIRRIT 4 EREM LT,

Table.3.1-2 —RF LV THEZEERIC L 2REERKOEL
—RFZW,/m?2K) | Z%&k%ZEW, m2K)
t(sec) | hia(t) hib(t) haa(t) hay(t)
#1187 _EBRIE (h1,max, ho,mae) | 0.0 2000 20000 | 50000 | 3400
FRME L  (himed,homad | 2.0 800 8000 | 50000 | 3400
FREME 2  (himin,homed | 12.0 400 4000 | 36000 | 2350
A& T ERME (hi,min,ho,min) | 22.0 400 4000 30000 | 1350
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3.

1. 3 FEMEE#ETET NV

© MRHRE—RR Na BL U KR Na DBEFBHFEOTHEIZE

450°CT?D 12Cr SDLLT OB & @iz A Lis,

B o =T780kg /m3, tEc =0.657J,/ gk, BEZEE 1 =29.0W, mK
¥ /% E=185000MPa, &7 Yk v =0.298.

BIZARIR I o =13.0X1076,/°C

« LUT OFEFTIZIB VW THRENT = — RiX FINAS - v16.0 #fEH U7, BVEEET ©

I HQAX4(EMEE 4 8 R FRER) B L U FLAX2 (BMEE 2 & S #e
R) BER Lk, BUSHIEIT Tt QAX44 & 88 ER) 2 FH L,

- BMREMTICBIT2EROND EERIT. 2EHACEZEINEZ4ADIEO

DEKAY v Mz L0, BEENE D OBENF R ORMMEER R L, &
ERTBHEME (oc*, Ar*, 1z%) BLOSMEVEREHR 2 EE L, SRO
ANFEB IO ETHFAOBERSENERE —FT 5 L5108 ELE, 74
PHLENFABLEOEFTHFAO A EB LT — U 2R3+ ~T—5+5
£ RBFUEME CER L, BEE—FRHT- 0 280 H L7-TF 6 AHEE
DEERIFEANT & LB U, FIRER X O LT OB ORRIHES 13 B i1k
BTE DL BHR L, BLEF L OEMET RIS E ORI B #D 5 4h
5D TEKT B,

© BUSTIFEITIZBIT A BEROAN S X EHIZEREDOH S ASME—AS000 DELE

(CEDEMTEHEE (BX +v*) 2HEALL, TOBRICEEMENCKIT 258
KAV PIF—HATEESBAEREEL L,

© ROESEROFHEHIIER 2 BREET I 0L EbnS, HELSED

FEFT BB AN D DT, b & HIBIIE I FFAR R EAL > b Ak L,
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3. 2 IHX AJ— MEEOEEIERS ST
3. 2. 1 IHX Ak — MEED Green Bk

BMRIZECRER D LBRME hmax, F FIE hmea B L O TIRUE hmin DFNZHICH LT
LUF OBFEEMREMRAT IS L OIS AT 217V, Na IBEELIcH 4 28
ZUT1 D Green B Z KD,

(1) B CERENT

© H—HRIEE 0CE Lz, FEKIEE 0°C, BYEERE ho=45 W,/ m2K

+ Na OFIHHEE 0°C (F(0)=0]. t=0 TRXF v 7"Z4k 100C [F{t)=100t>0))

- EERERILt=ccDEEIBEMRITE L,

- BEREERIFEKIEES 0. NalBE% 100 & L-BOMEMEE%»ET 2
Lz B,

© BMRESRE hnax DFFATIC L DIBE 2 % —% Fig.3.2-1 1071,

(2) BRI
MRIGEMREARATIC X 2 BERE % AV TR ES DT 24T - T2,

© BMRERE hmax DFATIZ £ 2 Mises DEAHIEH = o % — % Fig.83.2-2 12571,

- RUS BT R B L OB E O REEE OB IRR D HBE S-S EEE
% Fig.3.2-3 127”7, FREWIE L1 25 L5 I3BUS T I BE TR &S HE
FELTH D, FHEWTE L6 BLO L7 G HEFO R WELEALTH Y .
EEBIC N R T HDITEM LD TH B,

- LR, BEEMNEP & LTRABRET TREEWE GHMERTE L1~L7) b
"R L T B,

(3) EU57 Green B%L
BIZRUS IIENTRERIZ NaIRE DO X T v 724E 100°CIZ/E$ B EE D Green
B TH D, BESNEZFMEEE LI~L7 DK %225V T, Green BT >V
NDERS (N BriERES A, L ; BEICEE R EFFRES,T ; BEF @
A5, NL ; ¥ AMAS) ONEEG. AEEO). BMEEHEm ;| BB L v
BTE—RE— A > Mb ; BTN OBRSIE 7 7 A 1L LT,
LR EBR hmax (X9 2 Green BI%% G(Phmax,t). T hmea 125135 Green
B % G(Phmed,t). TR hmin (2545 Green B33 G(Phmint) & 42 &
&ZTéo U7 v Y Ve S (N, L T NL)E S OFEF G, 0,m, b)IZRFIT HE 72
BEBRWVTEIET 5,
. G(P humax, t)3 & U GPhmin, ) D EFE 24 (L,T) % Fig.3.2-4 12577,
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(4) RH— MEEDEUR et

AWEOBYS S (BE. EHME. BERK. BER) KoV TR LR
% Table.3.1-3 IZ/R L 7=,

- W L1 (Y BMEEEE T H OB SRIRT —hbkik)

2 SDBER LOEEERBEND, BAOWME 1 ITBVEEREICKE IKE
L. BER 1 REFMEBEEAR) IKX5 (HIF+v—2) HomsHThs,
2% B OB 2 IIEVEEREICIT L A VIREE T, BER 2 (Y B e 57—
e OREEHRENE, b L ITEFMIEEAR) KX CEEFREAMN
+EF A ET) BOBEHTHS, BIEL EBE2 T FARRNTHY .
hmax DEFZIERILAE S Th 2, EEEREEEREIT L A CKRETPHE
2 LRAERITIFIER—TRE SR 1,/8 THh5H, THITERS (Y By
B—BEICELEBORAD— MEOEEREST. WA MBEESE) 12XV
EUB (CLEHFMEAE T BOBSHTHS,

- WFE L2 (Y BB SSARME R A4E)

2 ODIBER L OERENEND, BEE1IC L 3EE 1 IIVEBRIICAE
RTET B, HHE 2 IBVERMREICIE L A PEEET. EF2 (Y EEH0O%R
IR L A — MilE OREFAREDE) 1255 CEEFHRE AW+ E5m
HiF) BOBSHTHD, BIE1 LIEE2 T FRASRITTHY . BIiE 11X
BB 2 £V /NE L hnax DFEIEIE 0.8 (5 TH D, EEEITBEERIEICIEL ALY
REFETIEE 2 &L RAOERITISEA—TRESBP 179 Thd, ZIITER 3
ICEDAETLD CEEFATAR ) BEoREHThHS,

« WTE L3 (Y BUEEGEE R 7 — MAl R A4

1 OOBER L OEEENRENSD, Wil L1 BEOL2 0k ) 2ErsmEsT
OREE 1 IFHENRY, ERE 210 X 2HEE 2 BEVRRREICIE L A YIKE LW,
ERBEIBEREHIIZ L A SERETTBE 2 L A—FRoT (FABIZ0)
THY, KEIPP1L/5 THs, ZHITERSICEL Y4 U S METEOBS S
TH 5,

[BR] EEETEARNRO LRoknid, Y BEEEROTEE L Ay —
FOEFEREARKRE S R AHMOMEIN A EERMERICFDOL 52k
STWEEWS Z L THD, —BRICBEAROEEIT CLEFIRE AN+
EET) AIREEEKE LRI EET S,

B L4 (Y BB T — SHAY)

2 ODBER L OEEENBRND, BEE 112 & 38 1 13VEE=@ I kX
RET B, BE 21X A8E 2 IIEVEERIEITITE A PERE L2V, HBE 1
CREE 2 13T HAAR—TH Y | BE L IIEE 2 £ KE < hne DFHIEIE 3
EChD, EREITBEEREICITE A PKEETEBE 2 & F—FRod (&
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ABIE0) THY, REIBW L5 THD, ZHITERIICEI VAU AHeT
BOBYSHTH D,
- W L6 (Y el 5 o B 2RIAT — bi)
2ODHBEBLOEEENEND, ER 1ICLHBE 1 13BVEBEREIT X
EHFT D, BE2IIBVEEREKICIZEACEREST, ER2 (Y #EmHe T
—/\ER L DIREFEHREDZE, b L IXEFMEEAR) ITL 5 CERFRWE
ABT BT AT BOBEITH D, WBE 1 IIEBE2 LT FRARFR—TH
D, BIE2 L YKREL hnax DFFIZIE 3 ETH B, BER 3 ICL 3 EFEITBEE
BREUTIZ L A EREETIRE 2 L ROBRITIZIER—CTREEN/W L 5ThH 5,
- B L6 BEX O L7 (YRERTOEELZ TRV ERIR)
ERRAOER1IZLBEL OABRNLD, BE 1IIBVEEREICH L kiE
T 5, EARMIZITERAE2]. Mcneill-Brock # X [3]1%5 AV it Heisler #E[4] 72
PIC L BEHE L HEREOHENT—HT 3D TH S, BHFEF L ORYM
FHESRRIEET A DICE I TH B,
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Table.3.2-1 R4 — MEEDPLMBE OBIS 1k

Wi | #{E 1 | hmax 3400 hmea 2350 hmin 1350 S HER
*@1@ 2 T S_MiSGS T S]Vﬁses T SMjses (pr E)
EHE |(sec) |(MPa)|(sec) | (MPa) |(sec) | (MPa)

E.1 16 | 148.1 20 | 125.1 29 1926 | Th-Tn

L1 |E.2 420 | 146.4 | 480 | 147.0 | 600 | 147.5 | Tma - TB

S.S 2E5 17.8 | 2E5 17.8 | 2E5 18.0 | AT L

E.1 16 | 140.8 28 | 120.0 42 92.7 | Th - Tnm

L2 |E.2 360 | 170.3 | 420 | 166.5 | 540 | 159.3 | Tma - TmpB

S.S 2E5 *18.2 | 2E5 *18.3 | 2E5 *184 | ATL/ L

E.1 VRO RV, SRR OBERBRLR

L3 |E.2 600 | 179.9 | 720 | 177.1 | 1140 | 172.0 | Tma - T

S.S 2E5 38.5 | 2E5 38.5 | 2E5 385 | ATL/ L

E.1 18 | 150.5 24 | 128.0 | 38 964 | Th - Tn

L4 [E.2 1800 | *49.6 | 2040 | *48.9 | 2400 | *47.3 | Tma - TuB

S.8 2E5 | *10.3 | 2E5 *10.3 | 2E5 *10.2 | ATL/L

E.1 21 |163.2 | 27 |140.1| 40 | 106.1 | Th- T
L5 |E.2 |1920 | 47.1 [2160 | 46.5 |2700 | 45.3 | Tma - Tus

S.S |2E5 9.9 | 2E5 9.9 | 2E5 9.9 | ATL/ L
Le |E.1 12 | 1322 | 15 | 109.8| 19 79.1 | Tnh - Tm
L7 |E.1 14 | 1426 | 18 | 1199 | 25 879 | Th-Tm

(E1) *SRERIOE,

(E 2] Th- TuldHEHEOMSEEIRE L IREFHEEDZE,

(£ 3] Tma - Twp i3BEEETE & OIRETHIEEDED D VN TH5 IR E AEL,
(FE4]) ATL/LIZA L — b O8G FIRE AEL,
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3. 2. 2 IHXRARI— M MEEDFE Y v 7B
(1) FEARRUS AT

ACEREORHAE L EERCEELEFE N v FYEE8 0O R EVRELE
B L OBERISEN Z1ToTc, TNESREL LT, UTOBEIMLE
L,

- VBEFHBEEST. BESIEE To=50C. Na EE F(0)=520C .
© FHEETE L1~L7 O 710 Mises L4l % Fig.3.2-5 1273,
© BN L1~L7 OBYSH O EE 2B % Fig.3.2-6 1o R,

(2) B 1
RURERE hmax DHERF SNICHEOBIESTZ . G hmax, ) Z VT, KRS
LVEE LR,

S(P.0) = (F(0)~T,)G(P. hmax,oo>+jF (D)G(P. byt~ 7)d7 (3.1)

- fv‘aL DFES X Na ?ﬁfi@ﬂ#%ﬂ%—ﬂ(tj,Fj_)(jzl,n)%ﬂ% W, RAUT LY
n'l'% Lﬁ-—o

= t+1
jF (©)G{P,h_ . ,t—1}dr = Z( i~ F)G{P, b 1 —2-f+—‘}

(for tm=t) (3.2)
e ] K IR (41 — t) X KRB 10sec B2V L HIZ Lz, TTOT— & DX EIE
A3 10sec 2B DHEIIDEIL T 10sec LT L7222 Lo Ic Lz,
© FHERTE L1~L7 O Mises %577 % Fig.3.2-5 107, BUBEMNHIIBR
fl B —%T 30, BESERIZONTRKREME 725,
[FIRIZ hmea DSHERF SN2 B/ A DOEENE . GPhmea, ) EFAVVCHE LT, 5
T L1~L7 0 Mises %fiils /) % Fig.3.2:5 |27, BUBEHSIIET O
B/NFH T 223, B ETIZ DN TBKREEME 72 3,
FIHRIC hmin DSHERS S BB OBIEN %, GO hmint) 2 AV THE LIz, 5T
flTIE L1~L7 O Mises %fiils /) % Fig.3.25 IZR 7, BUBEMLITE/ T
fifi & 72 528, BERAETICHN TRBMITIFS S, |

(3) fI57¥E 2
RIELRH h(t) & AL T 2 B8 DBEH 2R CEBIEE LTz,
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S (P.1) = (F(O)~ T, JG{P, h(0), 0} + JF (OGP, h(z,0),t ~T}dr (3.3)

I CEBRAE h(o OIFRERRH « tOPHBEZEFRETH D, £E hicxd
%) Green Bi%% G(Ph,t)ix G(P hmax,t). G(P hmed,t)i’o LU G(Phmin,t) % h IZE L
THREME L CHE L,
- FREMrE L1~L7 @ Mises Eflifc /1% Fig.3.2-5 IZR T,
- FEMmrE L1~L7 OEE RS % Fig.3.2-6 IR,
- ERMERICBWTSR®EY B < JEUT% DR TE D,

3. 2. 3 IHX AA— MEEDO—RR Y T EHEZEFREENT

(1) BEHBUSSIAENT

BREGRHOBRELEBRICEEB LE—REAy THHEEES DO ERFEAE
BT L ORI ES ET 21T o T2, T ESBMEL LT, UTOBETE
LHE LT, | ‘

- THEFBRESA. BESIEE To=50C, NaiRE F(0)=520C

- FEARBRE L1~L7 OGS0 Mises Z4fif& 51 % Fig.3.2-7 127,

c FEINY v TBERLBESHOREIIZEALRTE RS, 4 0FEDE
B E—EUTICMAVIERFROBEAIIBE T BETH L, EFF
FRIOEEER t2 BL U3 BREVDT, BE2BLIVEEESHIZKE

- ENBEETHY . BRRBUSNEITRE Na BEOLETENRICIE & A L]
 TABETHD,

(2) 5 1 |
BRIZERE hmax DHERF SNTZBEOBUS %, GPhmax,t) 2 AV TE. DI
LVEHELE,
FEmErE L1~L7 @ Mises %flifs /1% Fig.3.2-7 129, BuBERENIX
ﬁap EBL—ET 30, BERETICONTERKXIME S 725,

- hmed SHERF SN GEOBUS % . GPhmea, VE AV CHE Lz, FF
i L1~L7  Mises &Mt /1% Fig.3.2-7 \ZoR9, BuBEMHIIETFT O
B/ NERTH D05, BEAETIZ YN OB XREEE L 225,

* [FRRIC hain BHEFE SNIEH B ORUEN 2. GRhmin )V EAWVWTHE L, &
M E L1~L7 @ Mises it /1% Fig.3.2-7 {29, HuBEWRITE/ T
& 2528, BEAEDIC YN TERMEITESL,
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(3) fé5 5 2

BURERE h() L BFRELT 2 BA ORI H 2 (3.3 TEEEE L,
-« FHEErE L1~L7 © Mises E{fii5 /1% Fig.3.2-7 IZ5R¥,

- RFHERICB VTSRS E B GEET5 2 EB8ERTX 3,
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—BBBOBIS I TH D, F1 OFFRITEE LTIV,
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Table.3.3-1(1) EARIEE O LM O Byt S48t (— Ik RIEEZ L, 100°C)

Wil | #8 | himex homax | himed homed | himed homin | himin hamed himin hemin

& T Smises | T SMises | T SMises | T | Sises | T SMises
sec MPa | sec MPa) | sec MPa | sec MPa | sec MPa

E1 |40 177.7 | 50 120.7 | 50 120.0 | 50 87.6 |50 87.4

L1 |E2 660 124.2 | 570 109.8 | 1560 | 136.3 | 1500 | 123.2

out | S.S | 1800 | 111.8 119.8 104.1 134.9 121.8

L2 E.2 | 600 303.9 | 540 302.9 | 510 301.5 | 450 304.2 | 420 304.7

out | S.S [ 1800 | 301.4 298.1 295.7 293.5 292.7
E.1. _

L3 E2 {270 293.3 | 420 282.8 | 420 | 270.8 | 660 285.7 | 660 276.5

in S.S | 1800 | 273.9 265.3 251.0 272.1 261.0
E.1

14 E.2

out | S.S [ 1800 | 123.8 129.6 121.9 139.7 133.5
El (30 1252 |55 [721 |55 |720

L5 | E.2 140 43.1 110 42.9

in S.S | 1800 | 53.56 50.0 48.0 47.3 | 45.8
E.1

L6 E.2

in S.S | 1800 | 130.7 117.9 121.3 103.9 106.4

L7outE.1 | 11 88.1 | 17 46.6 | 17 46.6 22 264 |22 26.4

L8 out E.1

19in E.1 |20 111.0 | 32 62.7 | 32 62.7 45 36.9 45 | 36.9

Li0inE.1
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Table.3.3-1(2) ERIEEDFMEIE OBS /1 HE(C R ZRIBEZ 100°C)

W | AR himex hemax | Dimed hzmed | himed hemin himin homed himin homin

& T Smises | T Smises | T SMises | T Siises | ShMises
sec MPa | sec MPa) | sec MPa | sec MPa | sec MPa

El |25 [110 (50 [147 |10 |[224 |50 | 150 |11 23.1

L1 |E2

out |S.S |1800 | 111.7 119.8 104.1 1134.9 121.3
E1 |13 326.8 | 15 311.1 | 156 |306.7 | 14 |3146 |14 | 305.1

L2 |E2

out |S.S | 1800 | 301.4 298.0 295.7 293.5 292.7
E.1 '

L3 |[E.2

in |88 |1800 |273.9 265.3 251.0 272.1 261.0
E.1 |19 145.4 | 28 124.5 28 124.5

L4 |E.2 900 | 130.1 1320 | 140.1

out |S.S | 1800 |123.8 129.6 121.7 139.7 133.5
E.1 |

L5 |E2 600 | 51.5 | 840 | 490 | 570 | 51.0 |720 |48.8

in | S.S |1800 |53.5 50.0 48.0 47.3 45.8
E1l |18 143.2 | 26 121.3 | 40 90.7 | 26 |121.2 |40 |90.7

L6 |E2 [570 |132.9 |660 |121.2| 1080 |122.2 | 540 | 111.5 | 900 | 109.8

in |88 |1800 |130.7 117.9 121.3 103.9 106.4

L70outE.1

L8outE.1 |15 |269.9 |15 [256.7| 15 |[2475 | 1.5 |256.7 |15 |2475

L9in E.1

L10inE.1 | 15 143.4 | 19 120.6 | 26 886 | 19 120.6 | 26 88.6
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3. 3. 2 IHXERBEEDFE Y v I E8MEH

(1) FEHBMVG AT
ACERMORMZE(EBECEER LEFE M) v FYE2 OB ERE
VB L OREBIC T 21T o 72, TR BHAEL LT Green BI% % H\V 2L
T OIS EHE & B LTz,

- VHEERESA., —KFKZ Na BE Fi(0)=550C. "%k % Na B
F2(0)=520°C »

- FEEETE L1~L10 OBUS S O Mises ZA4fiis /1% Fig.3.3-8 12777,

© RIS REWVEHEWTE L1~L4 O EERAS QT % Fig.8.8-9 125,

© G BB LB BTG T, BbEBLOVWERE FRIEE L2 ©
ISABFROMDEVERPEBIMET S, ZHIZFE Y v 7EE T
—%% Na BE L K% Na BENMZIEETL, MEOERZFNITE KX
BBV ENERTH D, o

- BHREEOREEAZBIEAIX. 2 TOEMPTE C—KFE Na BEL KE
Na BEDOHRBFEFEOR UKRE S THRATEIDT, 20k ) fEDE
BRESBOFICHTT D LI REEBERICL o THE L,

(2) M5 1 |
—EBE{E(hI,max,hZ,max) ZJS‘;%E% é hj‘\: %é\@gﬁmﬁ %f GI(P,hI,max,hZ,max,t)jS J: U
GZ(P,hI,max,hZ,max,t) %.’FH % ‘\Tykit@: c]: @ %r'l'%: L 7LC° '

S(P,t)=S,(P,t)+8,(P,t) (3.4)

t
S¢(P.1) = {F(0) = 103G (P Py s Py @) + [y (2)G (P By s Py ot = )T
0

| (k=1,2) (3:5)
I I THAOHESE Na BEDRERFIT — & 4, Fe) =1,0) % AT, kU L Y
B L,

m-l t.+t

t
J‘F;c ' (T)Gk {P> hl,max’ hQ,max=t - T}dT = Z(]:k,jﬂ - F}c,j)Gk {P9 h’l,mai’ hz,max’ f— JTJH_}
0 ) : J=1

| (for tm=t) | ' (3.6)
B X IR (b1 — ) IR KB 10sec 2B X R2WE 51 Lz, TOF—# ORXEIE
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2 10sec ZBZ DHBAIIDEIL T 10sec L FEARB LI L=,

- FHflrE L1~L10 @ Mises F1lii/1 Z Fig.3.3-8 {277, BI@ERFE &

75, TR UFHMEWTE L2 CIMFICRERMAITER/NHEE 25, BURER
BERREICRETDILHLTLORERLRERVEITH D,

MR F M E himedhomed DR I N ZHEEORIS N &
G1(P,h1.med,h2,mea,t) 33 & T8 G2(P,hi1.med, ho,mea,t) & FIVNTEHE LTz, WG
L1~L10 ® Mises ZAfij5 /1% Fig.3.3-8 IZ/R T, :

- B B T B ME imedhomind DR E N B A OREH &

G1(P,h1,med, hz,min,t) 3 £ U8 G2(Phi1 med, ho,min,t) % FIVNCTEHE U7z, HHETTE
L1~L10 ® Mises Z{fi)i /7% Fig.3.3-8 {2/~ 9,

(5) fEZFHE 2 -

HRERFP MBI T 258 0BG ERATIELEE L,
S™,ty=8"(P,t)+ 8, (P,1) (3.7)

S, (P,1) = {F,(0)~ T} [G, {P, 74 (0), 1, (0), 0} expé %P)

+GPAODBOD I -expt 1 M+ [F (OGP Ryt ~1)de

k=1,2) (3.8)

T ZCEBRMTE hi( o )idbsERE ,t]®¥i9?rf&{ﬁi%%§ﬁf‘% %o f£E hihe i
5'(‘{{"’91_5 Green Fas'ﬁ%ﬁl Gk(P,hl',hZ,t) Fj: Gk(P,hI,max, h2,max,t)\ Gk(P, hl’,med,hz,med,t)%
& O Gi(P,h1,med, he,min,t) % h1,he 1ZB8 U CREAR L CEE Lz,

3.

- VHAERBISAECDOREER « p 1IIRERSTHREZSEBIZLTUTOE

R Ui, WrmE L1,L5 T 200sec, L2~14 T 30sec. L6 T 400sec, L7
~L10 T, 2WE T b LTINFER L THREIREZTRV,

- FHERTE L1~1L10 @ Mises {71 % Fig.3.3-8 12777, 2REL2 B F

HLL T3,

- BTGB REWEMEEE L1~L4 OEXEERS % Fig.8.8-9 1R,

3. 3 IHX %*ﬁ%iﬁ@—‘sz}f‘/7°$mlﬁ]%$%ﬁﬁﬁ

(1) FEABBVSIfEYT

BRI ORI L BEICZE L — KA v TENEEEL D FHEHF B

EETR I ORIBES 1T 21T o 72, TR BAE L U T Green B3 A2 AW
TELA T OfESZEH & ik Ui,

— 56 —
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- MHEERESM,. —IK% Na BE Fi(0=550°C. Z“¥% % Na B
F5(0)=520C

- FHl#E L1~L10 OSSO Mises Z4fi55 /% Fig.3.3-10 IR,

© BRTSIREVEHMENTE L1~L4 O X E2 4L, D% Fig.3.3-11 12777,

- FEN) v TERITHARTCTFHEUEICKRERBUS A E o, THIE—

R Na IRERHEVETET, 2R Na BERITRKEETL, @ED

ENRRELS RDHDRENRBEHERFININLTHD, ZOLIREENE
REEICR BB LWL 25,

(2) BESEE 1

EBRAE (B max, homa) BRHERE S N2 B A OBYEH % G1(Ph1,max, h2,max,t) B LT

Gr2(P, h1max, ha,max, t) & AV T(3.4),(3.5),(3.6)ic L W EHE L 7=,

- FEMEWTE L1~L10 © Mises &5 % Fig.8.3-10 (TR, HIGBKTME
LIRB T LEHEEE L1 B X OVL4 Tl iz B ReRIE B/ e e 72 0 .
RN BAFHET 5, BURBREERKEICRET DI 2 EALTLYL
REQDFKEREEZ D LIIRORWHITHSE, FE M) v FESTIINE
L2 Zi/ el L7223 — X Tl L1 B XN L4 28/ 8 i L. 68
BRI LY Blpoley =R THEZEER TII—%k% Na & ZK% Na
BEOHENHY ., ThABELTVELEXBNS,

Bl BRI P M E himinhomed D HEF I N EZELSOREH &
G1(P,h1,min,h2,med,t) 3 & UV G2(P h1,min, homea, t) & FIVNVTEHE Uir, SEEETE
L1~L10 ® Mises %&flifit /1% Fig.3.3-10 |27, '

[FIRIZ T BRAE (1, min, ho,min) BSHERF S L7238 DBYS S % G1(P,hi min, b2 min, t)
B L G2(Phimin homin, ) E FAVTEHE Lz, FHEETE L1~L10 © Mises
A% Fig.3.3-10 105, |

(6) M2
BUREREMRRET 285 0BEA%28.7),B.8X TELIEHE L,
© FHEETE L1~L10 ® Mises E{f/5 /1% Fig.3.3-10 (277, BRELY B <
IERLL TV B, .
© BRSSP KRE WVEMERTE L1~L4 OEER RS % Fig.3.3-11 12571,
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SR 4) KECIIEENETEMNEP HDWVIXFHMAE A A7 L & REER T
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BRI 5, KEOBA CIIFMEME LR & L WE CBELZER LTS LU,
TOGEE, ISHT VY NVEBITONT, WAREE L BES 55 (stress
resultant) & 5 E T2 2 L BHEIRT B, BIXIENERSS. AESA. EES (GE
BE, BB ORE—AL M) BLUHITIEN WE1KE—A> 1) 2EtE+
ST L EWETD, WHESHEACL Y, WEICERTAHEDZ 4 7 (B,
HiF, B —2) RESIBIOCFAPEEICHETE, BESH L OIS B0
IFBYSTIDRERA B = X L E BT L3 2 5,

4. 2. 1 _FIEEFEmEE

HREEZ —E L L. MEOBRKKED HEE S5 B RBEZEI hoay &
BER L. BUET) 0 O—IREHEREE To RREAD b WRARERNEM R T v 7L Li-
% & [F0)=To—>F({t)=To+1(t> 0)] DAL B EARNT I L OIRTLBS NN %47 5
CERWRERT D, BONEBEIE LR G B & D G hmaxt) & 595 &1
EREAN

(S1—1) FEADDVIZFHHEEEORE

LR G BEHEDEDORIVMLESN S, MBS TSI EE TR XTS5

DWVITFHIERE 2B E T 5., BEOMREH D VLYK EEE DR FoER
POBIEINCEETREMBLMZ ARETH B,

(S1—2) FRRES M

LRGEMIIE—5 5 W IEEOBER I CEEEEE TS, ZhbOEE
EEHRER L VEORERIL., HRBEDOBSHD A T =R K5\ T
EERBRLELDOTHY BUSHOMBB M H 5\ /85 X — 7 BREEF7 &
IZHIATE 2,

P BESINTTT N TOFMMEAD B VITFMERE I L CRE S EEER Loz
ORFEREZRBT DI LEHET D, Th bbb+ 3REIFICER S,

(/2] BERE DR logt) Z48Hh & L, LRGBS T > Y N DEE RS %
ELTRIRTY D Z L2 25, LIRGEKMSE—MERDhiE» MRS
ND50h, BERORRDEHOMEBP BRI Z 0, BRIZL DML
RT< 2D, BIEBIC L VIBEDNE U, BMERER & ASEMEELD NS
SATRIGHIBELC D, TRbLIFEEBENIIMBLEOEEN 2T Th
%, WHERDOEEHSIITIT og) BRHER TS,
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 SERE I SRR E A B DA, — I ERE R TR DEIE GPhmax,
¢ DOEND, BMEEE D b DREE{LORER AT U, RES FIRES T
PSR, ThREREEZY T+ —7) BSEEOBUSHNEL B,
WBEL L ZOMER BT 38T 5,

- S ESE BRI BVMEEE R L OB EREFRT RS 5 HAI. F2 BB OBE
G(Phmax, © ) NEND, HETEFHICHERRENT RETHREDED
AVIEEFHEESFRY) BETL, CARERERY (B8 &S
EEOBUSHRE LD, WIE2 ZOBER 1, LHT 321275,

« BEETRSEESLS s b BN 7 BVE E TR CIBE 1 0ABENIEEDBE,
BICBVEETE ) b+ BN B CIHBE 2 DRBN I BAN DD, KD
BRI T OE BT T B, -

B G(P hmax,0) £ 0 DA, FIABERMNE(LIC X B8 P OEFEIS
234, 2 TONET GPhnaxo)= 0 DHE, SHEHEELEHISH 2R E Uk
VSR L OEBRAETH D, EEEICITITNET AR ERHEERK s &5
+TEZ LT B, BEE- O DEAIIERENE L% 0.95 %~1.05 FOFEN
CETAERL TS, EEE= 0 DEAIIEMBEDR L 0.05 LU TIZET
HEERI L T 5,

(S 1—3) HE—El LRSS

- BREVGEEE R R LT, BEABEEORKEINEZBRFICAT v 7R L
LTEZIFEADOBYSHE R LV EHEMmT 5, Tz FE—EL EREBYS
FSuLiPH EFHTBZ &ITT 5,

Syt (Pot) = (Fony = Fui YG (P, By 1) (42.1)
+ H—3EIE LIRS ) OB AR AL T THIE LM OREAT 2 B L7
AN

(S 1—4) FAEEERBUES

- BRREMEERE R T L C. MEEERREL FO25XHE0REN%Z
UTFORIZ L VIEEEHET 5. Zh&B SERERBUST Sue(Pt) E#HT 5 Z
Lot b, I TUEREBIIERRESR THDS & L FOIMHMREE B
LET LD LT 5, FO)=To 7% bIT—HREERERETH Y . FO)#To 72 b I
RIRE To DEFRESMIRETH D, '
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Sua(Pot) = {F(0) = TYG (P, By 0)+ [F' ()G (P, bt — 27 (4.2.2)

» O 2 THRERED IAEE ORRIIT — 2 [t F)l§=1,n) 2 B\ ThE CHE
95, BFRY|T—X @IZF'aﬁftlE(tjﬂ—tj)ziH#ﬁi;}c T BV LD LTS, B
DHBEIEt LT IHEILCEET S,

' = L+t
[F @GP, byt = 1)z = 3 {F () ~ Ft, V}G(Py byt~ 2 57 G<0)
0 J=1

‘ , (4.2.3)
B IR ERRBS S OB ARIE DS HEIS T T 3358 13 S DR 3 E sk
LAY, o — “

4. 2. 2 WRBEEETR L OT RN

BRPURTEREL hmax R L 72 _EIRSTAEITIC L 2 8Y5 A OIS EE A
CBIENEBRBBE, BRERE O TEHE 2 E hmea % FIV 7=t EETAEN 3 L
OBRERE D FIRME hmin 2\ TGN 2 M5 = & 2555,
BUES 0 DEMEREDRAED D WIRIRE N B 2T v 7BK LTz B4 OBHAE
EAEHTES & OBIEBIE T 51T 5 0 HEME humea 7 VT BRI BE 5 % th
9 G BI% & N G(Phmea,t) L B2 £ 125, FIME humin % AV T2 & 17 31
F5 7% TR G B & PR G hmin,t) & 524 L 145,

(R —RICBEEREOWME (LA AR TT L M) Befethid
FHER D2 VB, R TAE S B2 B, BVEEREOBEIER & O FRE
EBEICRET S I LI LS AERKEVOT, TRALUENC T 28 =4
BOBLDET D, BlxiE TEH 10 0 %HBE T L BsiB@ s L IRE
LU, 40 %WE TG L= BYnE (28 2 PRMES L, 1 0 %5E /B L
BREREE TREL L. 1 0% U TORE T FTRERERT5. | Lot
THRHIC L ABRELBD 5, 3

(S 2— 1) BYSHEE
I G BB LOTRR G B LT, ERR G BIZice42 (S1—-2) &
FIRORUG T 2 £S5 2 & 2T 5, TAbLREESNETRT

DFHEAD 5 VX E IS L CHE & B5ES £ 07 0B ER S BAT 3
ZLEHERETD, TNODT —F IIHBEEDESEAD A B =X A 5\ T
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MEAEERBLEZLOTHD ., BUSHOEE D 5V iE/ T A —F REFHE
REHATE D, _

(S 2—2) EBERBRIGT

-i@;¢%%i@?@@G%ﬁ%ﬁ%bT\ﬁ%ﬁ%@%ﬁﬁﬁ@%ﬁ%ﬁ
3?@M%KQT®KKiDﬁﬁ760Cﬂ%ﬁ&#ﬁ%%mﬁSm@ﬁk%?é
it A, .
R EE FOOEESSHREICH D b0 L LT, KATHES
B,

S, (P,1} = {F(0) = T,}[G{P, h(0), } exp(—}) + G{P,h(0,1),0} {1 - e(~ {—)}]

| +]F'(T)G{P,h(r,'t),z—z-}dr

(4.2.4)
c Z T E h( o DIREERRE( ) TORMBERBOEHESE T2,
CAEBEOWCHT S G EHGPLYIFER, FREABICTRGEZZ hiZEL
‘Tﬁ%ﬁﬁbfﬁﬁﬁﬁmﬁé%wkféo

T2y GBI = (Ao )G )+ (P~ PGP )Y V=P (4.2.5)

hmed Z h Z him'n _’ G(P9 h> Z‘) = {(h —h'nin)G(Pﬂ hmed’ t) + (hmed - h)G(P9 hmim t) }/(hmed - hmin) (4 2 6)
(4.2 )T D E —TEII A EE S AN BYR R LITBRE L TELT S

T LEEBEELELDTHD, tpXEHMEAIE P Olri, © OB TRES
NI ST ORER L5, RERSERBAIT cp=0 & LTEES
SAHEOELEER LT, -

- (4.2.)FOEDE " BOREEN I FHEEEOERFIF— & [, Fipl=1,0%
BT THET 2, BEFIT—F ORKEE G —t)IZEERK « , 284720
Tl BrABAE UTERDEIICHBILTHETS,

k1 i+

I | T A : fin L+t
[F@GEPHED,t~ 5z =3 ()~ FU GRS 0= (6 <0

. (4.2.7)
-ﬁw#ﬁ%%mﬁsmﬁﬂ@%ﬁﬁw14%%%@%%&?@%9\ﬁ%%ﬁ
WWEBARZ )= T AWIRHEEREZER LR,
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4. 2. 3 REATA—FEEFM

BRICHRAT N — X OB EIS IR B LT E LR VES . SR 2 44
DO, BEASTA—FREFMEIT O Z L 2 HIBT 5, BELE7-0
CEDED BRENTA—FEREREYTHEPERMTME L, BT TR
21T DB L,

(S4—1) RESMT—T 1

LBR. FEB L OTRG B ORI MiE RS, SR e ST A—F &
LT UTOL D BREFMT — TN 5 W IRET MR % (BT 5,

%&{E ig’f;f‘: ﬁ hmax hmed ' hmin

HRAE 1 )77
G(z1)

RrE#1 1

BE 2SS
G(z 2)

FREES 2 T2

EFEBUS T
G(0)

RPEH 3 T3

(S4—2) REFME1 (EHSAH)

TIBEL & T ORERORMEERMBE, —RICEE 1 3VERERICH < &
T, REHK © 1 h OB L 0 iEeniz#ms s,

WEFE (HF+ v —2) BESHE Az (F2RF) . MEEY=ESR
(EEVE, BR) &, VRS, ShHi£sm)

- FERBUS ) ST I ERTOBERRE[t — ¢ 1, t IOFRAIREZL AFL ICHRE 1
ERT O L THRZLAICTMTE 5, S1=G (1) AF1

(S4—3) BEFME2 (hHBYSH)

TBME 2 & T OREROBMREREBRE, BIE2 & 70O EROBRERER
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B ZOREA D= RMIKE RKFET 2, EEBISHITNGET 2185 TOME
BERDBIEEDE,

WFHEEM ORES (YHEE. t—7 =y FiEE) . BEFEERORERE (57—
SHEYE) . ISR (BRLIR. YHER), RESFAREARE (Xh— ME
¥, WELEEE) . MELHEEOEHREF MEEAROE (TR IAOE
) 7Y, DL, BHESR)

CEIES S S2 ILBEORBEXKE[t — (c1+:2), t— DOHEKBELE
AF2 ITIBE 2 2B 2 & CHARARICIHETE 3, S2=G (t2) AF2

(S4—4) BEFM3 (EEEE)

- EEBISHNE CHEETIIERE & FER O ERERE, .
R KBS CEVERICE A EFEFMIBESIC L U BRKBESE T,
FRREFBISAICIET S X 2 BREETIE., HEEBER I CERERIRVRE
BEIIFEALREET —ELRBIBAENEY, RRBEBIVEREIZ. &
FHREBESER Y XET AR T A —FIZDBREET BHENE,
EFEFMEEARE (Rh— MEE, WEEEESE . REZHEEDOEHRE
FREEAROZE (BRERAOEREE) L, UEHR, EFESR)
CEEES S S3ITBmEDERE (t — 1t 3) OIREIBE F3 L EEREETO L 0zE
WEREZETDHI & CHBELZFMTE 5, S3=G (3) (F2—T0)

- S1+82+S3 T NRLZ LB DRS HFEHEA T 5, (EH., EHIESR]

[54—5]K§%~&%ﬁ

(fE7n, ZHIEBR) LD LS RNAT A —FEREIPBUSHEBIZEZTH 50>,
BEMATICI Y FREE L, REEERERE LTVA— MY D,

(FR) BICEMELEERR TEEREROBERIRFRAOKBE 2 B8 L OE
HES N OBRERERTFELHER T RETH D, BMEERBEZRESERET
%2 L REREAIOBIS A Z@/NTHET 5 2 LI RDBEHRLEULEH D FLHD
5THhDH, (B, EHIESHR]
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5. £L®

FBR SRR ABBES A7 V) — = F R EET 20U T %

1ToTz, '

- BBUS T D Green Bk (LLF G B L IER) . BVEZARNL
13 2 FEBFEE RIS E T 5 72 0 ORI A 2 182 L,

+ THX D25 — MEER & OB RS OB RS N SR 2 5 LT,

© RESRD EIRBTARNT ((LIREMEEIREE B LI BES HAEIT) B Em L
ERR G Bk kDT,

+ LR GBS R BV TRERFRIEIC L A5 M 21T - 7.

- AJ— MEED LD ICE—REDOBBIEIL L VISAMNE LDy — R Tt
HFEIZ L BFHERREBTHVED THD I L EHER Lz, 7277 LA
i 72 BBENENT & ZFER L,

- BIREED L O IR EE R CHEEREORBEIC L VISANREL D
BT LA RERFEISREZRAMTHIED TH S 2 L NSRS,

TS LM REETR ORISR T, BVRERE A KRR T 5 L B
BIOBYSHD/NS S RDEHRIMIRD VBB & ThbbaEERE S
KESBRETD I ENBLALERLRVEERHVESL T L BRI,

- FRBMVEEREKZER L B RREERTE X O T REVE SR & A L
TIRMBTAET & M L, i G BB L O TFR G BE k-,

- LRGBS, G EEBEIOTR G BkE AV T, BRI
AW REFEIC LT MEITo -,

- REFHRIISERENE X GERITEB I L RER L,

- PRESEFIECRERFELTERNSE T [FBERARX 2 Y —=r P ofssls
PREL,

SH. REFEOERIBIAEBLOUBREZITITFETH D, I-BEFES
UFTORBF~EHTEE & b RWNCHIFTE 5,

- BRIV NEROF U TA L BETE=F Y VT~

s TV ab—vara—- ROBRAREED DU LTORE
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