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5. 2. 3 kbAv M (ERE) L ORBK LT HRE OGS
5.4 1277 U 0 — 2Bk BR 2. (P, InF,) & (P, InF ) @ 2 f% 0% — R 1
TROTLRR LB Do




1000

“e 100
(&)
B
Gy
bo
i
M1o
H o1
0.1 1 ' ' X 5.4 ZERR &R O B £

EE (%)

In (0) = (In(F,)) —1n (F))-(P—P,) / (P, ,—P,) +1n (F;) (5.2)
2T, P, BEMNFLNDEAOZERK
F ENEGEONDEROZERELICNIGT 28E (F =0THoH0, 22
Tld. BUaMT 2 e 725728, F =1 &RKET %)
P, @ 58 RIKHIRF D 2EBR %K

F oo 524Kk O #

Li=hioT, ZBRP | P, L#iEF | F, 2R3 itk hAktA Y MEmI
i L TR DBIRDEE D o

5. 2. 4 ZEfK (P) &AKMKILE (h)
KA OERBER RO (1 +V) FICR256, ZZREPIIKNKIGEh %
ERE L., AV bOEo, KXY MW/ CE2HWT (5.3) XAc£Ihd,

GAL0 CL 0 1+Vh
P=1- —~ Vh=1- (5.3)
C/ o+W C/ p+W 1+ o0W/C

T, A POKMRIEERIFZ KO.0EARTLICHEDEA Y PR FOKREL
AL MR TFORKIMESOERBILICI D RATERKE NS,

i
!
1
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BT A MR

K
ARIKF e
' AY MR o
R,R R
5.5 £X2 bMRFDKM
h=1-R,3/R3 (5.4)

CZT. Ry :Milnt TBIF 22X bRAFORRIGHPE
R:BLDOELAY METFOERE

5. 2. 5 JKMIS#EERXDFES

(1) SR BGBFE D KA 8 B 5

KMRIGEBEIE . @Eha 2 ) —bDE A PAR—Z MDORHEBEDKINIZ X DN
ZEBETCHL. COBRBETIEMALDOE AL MRTORMOEMIT RN & DRIBIE.,
MICHEA, ZORMMHBETKANEEY TEHDN L SR T T2,
CZTCIRERMBIGBERED img) Dt X > b KA O NI 0 O R A LT il 5
MICHEL S O EREL. 55N 2 BIGRIEIZ DWW T DR PGB D Sb d EA %
(6.5) L& L7k,

dn/dt=J,(m—n)n (5.5)
.M AY PR—=Z MPODE R SR

(d
(A
i

n bR AT
J  KInEEES (aexp (b, /T,))
(2) A& A B D AR S
BHCL D . SMBARIGERED C , SOMISEERX, KIGEE (R, —R,) T

sz (5.6) XAtk 2,




~dR,/dt=J,/(R_—R,) (5.6)

CZIZ. Ry i Mt TORRIGHE
R .t A2 A S I B ARG O o B £
J,: RIbEEER (aexp (b,/Ty))

L L. M5.6ICRTLHIC. CORTIEMEDIIEKR (R, =0) OkITIad &
HOo&RS5T, MBERATOI L Z) = FEEMNELRNI LIZ2 5,
ZDESH. TITERGEREIZODWCOHHD (5.6) Xz, ETMLOBHIHFH
BLT, REGEER  OERACED L. HEBEEA (R, =0) CORIGHEEO0 &

RBED (5.7) ATEPEE %,

—dR,/dt=J,R/] (5.7)

o2z, E : BEibin

(5.7) R TCIEK5.6IZRTELIIC, RZIFFEMABYITERZ LIZXD, HILEE
OBET (5.6) RICEBT B EDNTE S,

o |
& (5.6)
é (5:7)-3%
- E Dz X > TZE1k
\ ;
é% e X5.6 (5.6) A& (5.7) XD
Ro—Rt Ro
(1 =00)

5.2.6 AKMEwickdar2)—baEHEETNVAFEDLZDDHALEBDE L
(1) KAKIGEh &ZEREP DR
Xy rokinEEA (5.7) A2 E (5.8) Aeas,
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—dR,/dt=J, R}

$ (1/R,B)-dR,=—§J,-dt

1-B
R t

s J st AT (5.8)
=B

2. C:BoEl

LTRARIGHIRE DA R L LTHL L=t DLEDEAY MTORIGY
R, & R, =R _%&0O7T (5.8) RMOBMA/EKCIE (5.9) R LTKDS5N 2,

R 1=8
O
CEder bt (5.9)
1—E
2.t EHEBARDDIEE R

O

R, : 2HRARISHHE RO L A > MET ORI
L7nioT. (5.8) RER, KOVWTML & (5.10) RZ&H 5,
R,={(E—1) J,(t—t_) +R IF}I/1E (5.10)
Y IAT LAY N OKFEIGEhIZRE.5ITmR Lkt A Y bRT- 0 RAHIE S Ok
MEAWT (5.4) ReRENT Ehb, (5.10) RTHRENBR, % (5.4) RITRAT

52 EIdD, A Y POKMEFEhIHRAMBOKBKETERETN (5.11) A& R D,

B2 LB Bl - R e i T

h=1-—""7"=1- (5.11)
R# R+

e kRMEIERh%E (5.3) RICRAT 2 LEREPHEE D,
zzc, (5.11) ROEME BLUR BUFOLSCLTKRE S,
(2) &ERARIGHBAt O

SR ARSI, RERCK TEREBICELZZ 6. 2HEARIGHGRZt
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FRELIGH TH L AR THD LT 5o COED. 2TRASICHBERA L E. £

FOGERRED G EE R (5.5) R2MRNT kDB ENTE S,

dn/dt=J,(m-n)n (5.5)
§$ {1/ (m-n) n} dn=§J,-dt

§ i1 /m) / (m—n) + (1/m) /n}tdn=5§J,+-d1t
(1/m) log (m—n) + (1/m) leg (n) =J,-t+C

logitm=n) & legbn)=m«J , #t+0° (5.12)

ZC. MoK C, 2BMEMNICHEDIC, t=00¢ZxoKIEE0Z (n/m)

(4

=0.001, t=t oLtz 1l. 0% (n/m) =0.999 £EMT 2,
CZTC. n/m: KNMEIGHE/ "X MRFOIE L DKM
t=00¢&E, n=0.00lm
t=t O&%, n=0.99m
THDHDT,
log (m—0.00lm) + 1log (0.00lm) =C~
log (m—0.99m) + log (0.99m) =m-J, -t _+C’
log (0.999m) + log (0.00l m) =log (0.000999m%) =C~
%o & HIC,
log (0.01m) +1log (0.99m) =m - J, -t _+log (0.000999 m?)
log (0.01m) + log (0.99m) — log (0.000999m?) =m-J, -t
log (0.0099m?) — log (0.000999m?) =1log (9.909) =m - JE e A
R, Lo Tl ARGHGRZt FRATERI NS,

t ,=0.996/m+ J, (5.13)
CZC, miZBAI LAY PR=ZAMFOEAY PEAEBTCHD. m=S/(C o+

W), Sidt A bFOEEBE. CIEZHAALX Y bE, WIHIAKE., oldt AV
holtETH 20T, (5.13) R (5.14) Rk 3z,
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t,=0.996 (1+p0-W/C) /o0-8S-J, (5.14)

(3) amEARULGHGER (t ) ORKIGEA Y PRFEER ORI
BEHIC X D &, RERISREOSUGEE r FRATRI NS,
r=J,+t P (8.15)
T, Jg RIbEEER (a.exp (by/Ty))
b : &K
L7zho> T, 2R ARIGFBRIO KRR ISE X > MR FFER F. DA b
WifEEZRET D E (5.16) ATRSIND,
R j=R=pa=Rendidn /b (5.16)

5. 2. 7T WMEMEETTINVADOFES
Kt A2 bbmomiE & 2ZREOBRIEAIED (5.2) XATH S,

In (¢) = (In (F,) —1In (F)-(P-P,) /(P ,—P;) +1n (F,)
ZZIZ, o:aAyrZ)—rDOEWBRE
P : ZEpRR
P MEDE S NS E O 2R E
F oD 6N 5 EAD 2RI NN T 2 8
P ; 1 S8R KHIRs D 22 K
F ot 584 KM D 5 EE

CZC. Ay ) — b OmERREEHRARICORGRZ L CIXIZERICIHED
F =1 ((5.2) ABW). TNITHIETZZEMKP FP =1-(1+Vh ) /(1
+oW/C) &hdo £z, BEKANKEOMEF iTiX, 5. 3 THRIZERT—F 0
5ZDRBEEHELTKkDDZI L L. TNITHIET 2 BR2KMFFDOZEREP (F P
b= 1~ (1-+Vh ) o C1H oW BB chvbofe (5.2) RIEARA LT,
EREKRP (P=1—- (1+Vh) / (1+oW/C)) BT 2HEMREocEKDSZ

EMTED,




CZT, (6.1 XKD, Mt BLUBMELIHFONDHEATt (FFICBIT DKM BRIGE
xZzhzh
hal=4(E=1)J,(t=t ) +R ¥E}AE RS
h =1~R _3/R?
THhH. ZBEKNMBOKMEGED , FRATEIN D,
hey= (oW/C) /V
< By
t =099 (1+p - W/AC) f0+8 +dy
Ra=RB—=r=R0 80"
R=% X roEHRLE (R=230000/ (S p0))
S:tArroHEMmME
Oo:tAbDHE
W/C:XKktA2 it
Vo KHIRIBRIC X B & A2 b OKEER ST
E : RIGIREL
J b Jg Jg0 RIGEEER
b : EK

LED>T, 2heofz (5.2) ACRATZ L, 3227 )— b OEMMEE oLk
Ht. KtXA bPHEW/C, BEBET. AL bPOEBRERICL > CidddE B Z
b, (5.2) APy KRABIXAERBEH ALV, ISREE. RnEEERT , J,,
J,BLUOEHDbTHD, INLORMBZE, T2 ) — FEORIE LG RIEDE
D2FMER/NCTIIEBERN2FEICID KD, ETNVA2E L. BITICHIzoT
. ZOBERETHSN SRR ARIGFHBRS X2 NLEOKFRIGEEICIDONT, B
FOXHERT—4 1) BBECHMEEMA RIS, RERRABE KD =,

KB EZ L DDOOMIICHNET—2IE, 5. SOERTELA L MZEER)
oY R XY bORMANICAERKAREEZ O, BEREREZ5~40Ck LY
N—XT1D13557—FTHb. BINICLDBONZEEZLFICTAT,

AREAa V=1. 2




B s IR B E=5. 5
E R b=1. 42

RIGEEEHT  =200exp (3496, (T+273))
J2=150097Oexp(—4179/(T+273))
J3=161829exp (—4917/ (T+2173))

aYr ) —bEENEE T VAL S EMEEANBORRZXS. TIZR T . HBR
Bix0. 97 3T KA MEFEHEMBD/ NS K RBMERADH %o LIHIIBHE T
FFD KR nEZKEL LEGSICENELE OMSHR RS I Eh 5 Kb B b
P2 RASIGRE O KR LR ORI (V) DRSS BRER T IKe O H e o
(F,) OREMBDERLIEDHEISND,

e e W Ie L N AL o e R I -
a  W/C45% 5°C

m  W/C45%10°C

500 : o /C45%20°C
~ Cmh o W/C45%30°C
= 1 oy A x  W/CAB%40°C
2400 X Om & A W/C55% 5°C
o . o W/55%10°C
iﬁ 300 O W/C55%20°C
ml o  W/C55%30°C
it + W/C55%40°C
Tz 200 & W/C65% SfC
g W/C65%10°C

e W/065%20°C

100 & W/C65%30°C
% W/CB5%40°C

0 &
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FHifE(kgt/cm)

M5.7 a2 ) —rmERAEET IVAIC K2 HEMmEREDHEEME & A EO IR




50 &‘!;hunxtj/ﬁ‘)“‘}\ﬁ

ST S ?71111)4)(2?5(1(]
a7 ) —bNOMERBRICTS T 58X boKAIBIEE XV b EKDILERIGT

HHDT, TOEMBITWME LRBIC L > THIAEN S, LIzpoT,. a7 ) —hbD
FESAE A RIS R DB L TR T e AlREE IR Do ity BRH & IR E & R DR
LZREAERE ((5.17) ) iITLhar 7)) — M@ OMERE D 2R Z R TEIEGL
rLTaYR7F 4w i ((5.18) RX) obCizorafEcHhH s 2R L, F0
#%., BWEIL2)) — NOBEFRFBEICIOVWT, Tyl ((6.19) X) 0l
SHE b RIFRgdMNTcEL L E2RLEN,
- B L

n
M=% (6 z+10) (5:17)
g=1

2. M EEREE (°D-D)
z : BEHKRE (°C)
Z M (H)

- OY T 4 w7 IR
g =g o4 bhezp (K IogM+m]} (5.18)
2T, o EHERE
O o+ ERASHRE
k, m : EEREK

» d OV IR
og=g.;expi{—a (1 /M) *} (5.19)

oo, a, b EREN
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DRI E R TR LToo Y X7 4 wZ7illifEs LT >~ )V withii o @ &M 2 st

z1T
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5. 3. 2 3v2)—OEMEELRERECHT 2ER
(1) EBROHE

a . RERGT

BRI, I ) - rOEPBTEBPETICH YT 2@MA2ER LT BERE.
#Z5. LRI LIICEC~40CETRERLELEVY XTI X2 MR KRUERMA
ERBRLBEV) =X SHEEINT VWD, SEAREI —EICHH L. MO EYH
Boar ) — MEEOELREIC -BI ¥, EHEEOAEMERIX. BHERED 3
0°DDH»52730°D-D (20CHEADHATHEHBLHILSI 1H) XTORMT
AE ECHEICAMTEEDRIMERE Lz,

5.1 FEEREHH
ARBRIRE
-A LA h A IKEAYMEE | AR | RS
(%) PHe) (°D-D)
I ST TN AV AEJk# | 45,55,65] 5,10,20
TAY b (FZHE) 30,40 30
EMEREARUKF]| 45 60
(REHES) 5,10,20 90
BTN A VI ARk 60 210
TAY (FR4EE) 300
I 480
840
AE /K] 45,60 |20,30,40( 1500
AR 2A° ) b GEZEF) 2730
Ty N EAY b

b. @AM

LAV PMIEERNVI SV REA PEFFBRARVIZ R A PZ2AVWET I
S R 5201 k2B RELRDI.2ICKRT,

BAFNIZ) V7= RNV U ERRO AERKABZEEEZBLOE L. 2OEP». AERIK
FLEBIEI (V7 =2 RNWVRVBERR). mtEie AEWKA (R) ANVER VBRI —FTIVR) &
Rz,

FAHTME A & UTHNERD, MEM e UTEBERGZ AW Mo P AR

ERAEE5.3IC77




#5.2 XL bOYHMAEKR

Y=A" AP b | b 2R A e =5 E #F R E
KBGO RE|EN (kgf/cm)
(cni/g)| (%) | h-m | h-m 3H | 7TH | 28H

I [E@EA)y h(A%L) 3.16 [ 3,100 | 28.5 | 3-14 | 4-19 | R 139 | 238 | 411
I [E@EA)V(A%E) 3.16 ] 3,100 | 28.5 | 3-14 | 4-19 | R 139 | 238 | 411
HREEAGE IV (ARE)] — .5 il T Geldead, e W oo | S P

#£5.3 BMOYLEER R
vl el B M REGLLE | BRoKE | SRR | FRR
(%) (%)
I MiEM | Ehligih | 2.75 1.16 66.2 2.43
ME | S| 2.63 0.56 60.9 6.71
II MEM | REgiEeD | 2.65 0.97 67,2 2.07
MEM | Hhfta| 2.63 0.56 60.9 6.71

c. WHe

Eald. FEAPTEICHD EXDREE20C. X771 8cn, Z25&4. 5%
ZHIFICUEZALBD 2170, COHRZ, BEREOEVWII DD S TH—E A2 b
DHEGDOETICEMA Lz, 27V — DGR EXL.4ITTT,

#5.4 20 )—rOHAE
AT TAR JRF AKEAME] S/A | BRDKE| AL N HEEM | RER | BRI
(%) % |Gem)| (I/m)| (/m) | (I/m) | (ke/m)
45 43.5 167 117 303 393 0.928
I @t h  [ABRUIGHI(EEER) 59 48.0 171 98 341 370 0.778
65 50.8 180 88 362 350 0.693
e R EAR I 45 42.5 127 0 316 427 0.39%
TomEsovh | ARG IRESEE) 60 49.5 170 0 347 353 0.708

II 45 43.9 162 114 298 386 0.828
AERIHIGEBEE) | 60 49.5 170 90 347 393 0.708
HHTEEAR IV 45 43.9 162 112 298 388 0.720

60 49.5 170 88 347 399 0.566




d. ABRAEDOMEMLELE S

KT 1 0 X 20D ) ¥ —L L. MOEELEI ) — b 2RO
KT BIAATE®, FIBIAARRZ T v 774 )WVATENW, A7) —bMaEZHIZFO#®
HEEE —BIT2L5CBEHER2TRLARYOMEOHBREICR LI TELEZITD
e. ZEREIC KD HEMEMEE DM IE

a2 )= HOERKEDOEHIIEMEEICEEZ RIT T DD, MM &
ETELQEBEOETHOLEEZE L. 25w 1 BICDETEMMED 4 %W T 26D &l
ELULHD ED Do RGEAEHICH DOV TEARE 4. 5 %D EMMEE D A IEEDS
02 EOMIELE. COGE., ZZamD @ & &> zmtie A EwokFz Hnwza
Y7 ) =TI ZOREICHE D K HMIEDPNEE & 7R > 2z DBREI D SR\,
(2) EBRHER

FEfEsREE C BMRREOMBREZEERECLICOY AT 4 v Z7HBAB LTI )Y
e LTRDEFHERIIELI.FIERTODTH %, wEHEMBAIC K D2HERE &
KH5RE OMBIREIIIER CEm < BEREBISWH T NORIT K o T H EMGREE DA
BWEPEERLEZINTEY. OV 7)) — baEHEARENPD Y X7 4 v Z7HiIfRP T >~
RNV CERSINZ L T5 8 - BREHS ORRDPMER SN £/os BOIVRT 4 v Vi)
MAE T~V YRR Z B LG E6 KRT -2 0 lEH I B s T )y
MR RNKL S TH Do

B, BEREAAIEBERECOIPDLT. KAV MMEEERREOAIZKD R

ERERIND EDRECHEDNZHDTH 2P X5.81T/-F K 5 I w6 P 23 i 12
EWGEICIIRMIMESRICE W T REREIC X > THERE & MEDBIRISEN RS
N5,




# 5.5 o i A O 5 PR AK

AT YA/ (EREE | WO | S O 254 w7l L~ DIHGA
%) |ECOl i k m | HBIRNESHE]  a b | AR
5 55 | 3.10 | 6.0 | 0.99& | 54 | 49.1 | 0.823 | 0.99%
10 55 | 269 | 6.07 | 0.9%4| 5% 27.5 | 0.693 | 0.9
S o 8 | 2.0 | 48 | .90 651 13.4 | 0585 | 0.9979
N | 4% 1.2 | 3.8 | 0.9 | 5% 8.9 | 0.5% | 0.9983
0 | 462 1.8 | 3.68 | 0.9904 || 488 8.9 | 0.58 | 0.990
e 5 49 | 2.66 | 6.39 | 0.9973 | 508 28.5 | 0.646 | 0.9991
M| AE 10 || 43 | 269 | 6.5 | 0.9 || 4% 28.0 | 0.635 | 0.9
I | Rl wkH| % | 20| 44 | 2.8 | 510 | .97 5% 11.8 | 0.457 | 0.99%6
)V 0 | 427 | 1.66 | 3.80 | 0.977 | 497 7.2 | 0.407 | 0.9986
h 0 | 362 | 2.4 | 4.16 | 0.9%5 || 32 10.5 | 0.53 | 0,995
5 % | 2.9 | 6.9 | 0.9991 | 3% 2.0 | 0.6 | 0.997
10 35 | 268 | 6. | 0.9% | 401 27.1 | 0.593 | 0.9
65 | 20 || 44 | 1.66 | 4.9 | 0.9% | 918 8.0 | 0.2 | 0.9%
0 | 361 1.5 | 4.09 | 0.9B| 515 6.6 | 0.303 | 0.9
0 | 2% 1.8 | 4.40 | 0.99&3 ] 3% 10.4 | 0.503 | 0.99% |
AE 5 B | 2.2 | 6.39 | 0.9 [ 410 29.6 | 0.674 | 0.9
Wkl 60 | 10 | 401 | 2.29 | 5.64 | 0.912 || 481 16.1 | 0.516 | 0.993
i | (BEER) 20 [ 409 1.5 | 4.64 | 0,998 || 483 10.4 | 0.458 | 0.9%5
i 20 [ 40 | 2.29 | 4.68 | 0.BR | 49 5.9 | 0.656 | 0.9918
K| AE | 46 | 0 | 50 1.% | 4.21 | 0.921 | 614 9.7 | 0.505 | 0.992
)V | I 40 || 515 1.87 | 3.7 | 0.99%8 | 55l 8.6 | 0.5% | 0.9978
b | CHER) 201 30 | 2.0 | 48 | 0.%48| 44 11.2 | 0.461 | 0.9844
11 60 | 0 || 423 1.67 | 3.% | 0.99&4 | 512 7.2 | 0.387 | 0.9
0 | 30 1.81 | 4.2 | 0.9%67 | 362 8.4 | 0.459 | 0.99%7
20 [ 58 1.% | 451 | 0.9946 | 6@ 10.8 | 0.48 | 0.99%5
m| AE | 46 | 0 || 56 1.% | 4.41 | 0.9%67| 6% 10.1 | 0.483 | 0.9%4
B | I 40 || 565 1.87 | 4.18 | 0.9 | 637 9.3 | 0.478 | 0.99% |
#4 | GEER) 2 452 1.5 | 4.8 | 09| T8 8.3 | 0.313 | 0.9914
60 | 0 || 47 1.48 | 4.40 | 0,993 91 6.6 | 0.25 | 0.99%6
0 | 365 1.9 | 4.9 | 0999 | 464 10.3 | 0.420 | 0.9946
1] ———————————— -
s ;
500 | -2 1, W/C45% /::jii
= = -
§4m~
e BHEEE
=300 & —a— 5C
g — m—10C
s 200 --@--20C
S= —Ba— 30°C
H 100 - — 0- —40°C :
0 1 L j
10 100 1000 10000 )

SR (D°D)

X5.8 BEREBOBRELLEEREOMRGK (>~ |
NAVAE BT |
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5. 4 KMINICLZarr)—bmEMETT VA & BREEBEALX
KoL Bar 7)) —bgEEEET VA (LLFKMET )IVA EESR) EBEE

BB TH 2T~V vthiEX 2L FIcmR T,

KFEF IV
In (0) = (In (F)) —In (F))-(P-P,) /(P ,—P,) +1n (F,) (5.2)
I, O EhERE
P @ ZEpaR
P dEEH SN S B OZERE
F | i8EDE 5N 5 B0 2RI IS T 2 i
P, : SR kHIRs O zepik
F ek MIBEO e (FRAkss)

T2 ROV R
o=0,°exp (—a .ib ) {5.19)
T I, Oy : ik
M : BB

a,b: EBREH (a>0, 1>b>0)

KMETFNWAEEE LT,
e=F sjoxip Kln{ B i SR P~P (P —F3)
S (el J=dn(F ) BEREBSDCChEAL TS £k,
P,=(W/C-1/p-V-h,) / (1/p+W/C)
hy;=(0o-W/C) /V (h;>10&&E h,=1)
THDHDT, ZREP IEHERDINEBL TS L,
g=F e X p AA AP =EB) R 8B

1
o=F,exp {A-——} (5.20)
(P,—B)

(P=1)




E%%bo TZTC, (6.20) AL (P, ,—B) / (P—B) HIZODWTRTHS &,

P =W/ G0/ e s oy W oW )
hy=1—-R 3/R3
R =R~J >t b
t,=0.996 (1+p0-W/C) fo+8S+-J,
Fr=A, B, (1R AR
=X B Bod
=ARB A R=J 3 P) ¥
=A,+B, (R—J,-{0.996 (1+p -W/C) f0:S-J,}P)3
SR e BB = T g e S

= S

THhH, J |« J,EHNRET, OB THZDTP IFHENREOBEKE RS, F 1z,
ZERRR P KM Eh OB CH H . hiZIbHEEH T , BLUMERt ORI TH
20T, PRIKIGERERT ROLEMNERET  BIXUMEt OB LIRS,

R ol o nN b Eo L1 p W0 )
e 1 = (=153 L) R 3 n s
Pk, +By (s B3P

F T R W R e Pt B
P=f (T,t)

Lo, (6.20) X (P —B) / (P—B) F#RE L HBOBEIKE R D,
ROED L, ol COHDOFEDEKE?S D (5.19) ROBEERKMEKTH 2/E
WMEMPE MG L. AMEFNVRIZT Vv oEtlez b > %,

ZTZC, (6.20) KAFDABLY (5.19) APpaldnIndERTH DD T, (P,

—B) / (P—B) EMPOEEMNENTES, K5.9F. 5. 3OERTFT—FEHNT
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The Equation Describing Concrete Strength as a Function of Pore Structure

and its Application

by Toshiyuki YOSHINO

The mechanical properties and durability of concrete particularly depend on
its pore structure, and it is indispensable in the understanding of these properties
to know the pore structure. In the researches aiming at this point in the field of
concrete engineering, those concerning the compressive strength and frost
damage have advanced. As regards the mechanical properties and pore structure
of concerte, the strength is generally represented by a so-called Ryshkewitch
equation, in which only the porosity is taken into consideration as the pore
characteristics, and the influence of pore characteristics other than the porosity
such as the diameter and shape of the pore has not been sufficiently confirmed.
For this reason, to clarify these points is considered important for further
understanding the mechanical properties of concrete.

This paper studies relation between concrete strength and pore structure
including the roles of not only the porosity but also other pore characteristics,
and derives a concrete strength equation obtained by developing a conventional
equation by statistical analysis on the experimental results using various
concrete, and then verifies the properties of this equation by experiments using
model void. Further, as practical application of the knowledge thus obtained, I 4
developed a method of estimating the concrete strength, and applied it to a
concrete strength improving model.

This paper is composed of six chapters, the outlines of each chapter are as
follows:

The first chapter describing the object and significance of the research, and

shows researches concerning the subject in the past in Japan and abroad. !

The second chapter forms the root and trunk of this paper. This chapter studies
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the relation between strength and pore structure for various concrete. and derives
a strength equation for representing the compressive strength of concrete by the
porosity and the pore diameter for verification. In deriving the strength equation,
the test condition for the compressive strength of concrete and the measurement
condition for pore structure are determined at the beginning, and an index for
measured value is determined. Next, by studying the material, mixing, age, curing
condition, and the relation between the pore index and the compressive strength
of concrete, it has been found that a correlation between the concrete compressive
strength and the porosity of the hardened cement paste portion is better than
that between the concrete compressive strength and the porosity for the entire
sample, and that the former somewhat differs depending on the age and the curing
condition. In addition to the porosity, indexes representing the pore diameter,
continuity of pore, and the correlation between the concrete compressive strength
and each of them are analyzed by using the statistical technique to derive the
concrete strength equation represented by the porosity and the pore diameter.
The strength equation thus derived shows that the difference in the relation
between compressive strength and porosity depending on the age and curing
condition method can be eliminated, and that it is possible to cope with water-
absorption and shape of aggregate which affects the relation between compressive
strength and porosity by means of correction of ordinary aggregate or crushed
stone. On the basis of these results, this chapter proposes a strength equation
for representing the concrete compressive strength by the porosity and pore i
diameter of hardened cement paste, indicates the excellence of the strength
equation by comparing it with the past equations for verification. ;,
The third chapter mixes eleven kinds of artificial voids (model voids) with
different shape and dimensions into cement paste, and studies how the mixture
affects the strength to verify the propriety of the result obtained in the second

chapter. For the model voids, spherical, cylindrical and prismatic ones made of

expanded polystyrene were used, and hardened cement paste specimens, in which
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model voids alone were assumed to be voids, were used to perform experiments.
Form these experiment results, this chapter describes that the compressive
strength when the void diameter is smaller is greater even at the same percentage
of void, and the results obtained in the second chapter are reasonable. In addition,
the following knowledge has been obtained: that the strength depends on the
void having larger diameter; that the void shape also affects the strength in the
order of spherical < cylindrical < prismatic; the greater the strength of cement
paste which has been assumed to be a solid phase portion even at the same
percentage of void is, the higher the strength as a whole becomes, and the like.

The fourth chapter describes the application of a strength estimation method
using a small quantity of concrete pieces as an application of the concrete strength
equation obtained in the second chapter. First, the strength equation is conversed
into such a model of equation that the estimated error becomes constant j
irrespective of the magnitude of the strength, and further, the second chapter
adds indexes (return ratio and combined water ratio) included in the constant
term to derive a concrete strength equation, thus regarding the concfete strength
equation as a strength estimation equation. Next, the fourth chapter studies
standard deviations for each of the strength of concrete core specimen gathered
from the slab model, the strength of a cylinder specimen made with a steel mold,
and the estimated strength by the strength estimation equation, and describes
that the error in the strength estimation is somewhat larger then that in the
core or the cylinder specimen, and is satisfactory together with the estimated {
value.

In the fifth chapter, as another application of the strength equation, the view
of the strength equation is applied to a hydration process of cement, and the
hydration progress which is described cement-chemically is captured as the
expression of concrete strength. It is known that the concrete strength improving

process is represented by Gompertz curve using accumulated temperature as
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functions of the curing temperature and age, but this paper represents the




expression state of concrete strength by changes in porosity and pore diameter

of the hardened cement paste portion. This expression that it can approximate
to the Gompertz curve, and that the strength equation using the Gompertz curve

has a limitation on temperature.

The six chapter is the summarization, and summarizes the results obtained

in this research.










