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Design Study of Buffer Material
from the View of Thermal Condition

Wataru Taniguchi*, Hideaki Suzuki* *, Hiroyuki Sugino®, Kazuhiro Matsumoto**
Masakazu Chijiatsu™®, Masahiro Shibata*

ABSTRACT

For the buffer of geological disposal of High-level radioactive waste (HLW)
in Japan, it is expected to maintain its low water permeability, self-sealing
properties, radionuclides adsorption retardation properties, thermal
conductivity, etc. It is considered that compacted bentonite or a compacted sand-
mixtured bentonite that satisfy many of the expected properties mentioned above are
superior.

JNC ( Japan Nuclear Fuel Development Corporation) has studied the measurement
method for the properties of buffer and measured to use the measurement results for the
design and performance assessment analysis. Also, we have conducted the design of
engineered barrier and underground facility based on assuming geological condition.

For the design of engineered barrier and underground facility, high thermal
conductivity of buffer is design requirement to avoid mineralogical alternation. Also,
the design is not conducted using the density of buffer less than the bulk density
( powder-mass density ). Therefore, the bulk density ( powder-mass density ) is one of
the design requiremnets.

In this report, the thermal properties and the bulk density ( powder-mass density ) of
the buffer material is measured. Then thermal analysis in the near field is conducted
using the measurement results, and we studied the relationships between the dry density,
sand-mixtured ratio, water content and thickness of the buffer to satisfy the design
requirement from the view point of thermal condition, based on the temperature
constraint of the buffer.

* Tokai Works, Waste Management and Fuel Cycle Research Center
Waste Isoiation Research Division, Barrier Performance Group

* * Inspection and Develapmen Corporation
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pdle/cm?] Rs [wt%] w[%] AW/mK] DR
0.25 0.129 a=0.129
1.0 0 6.17 0.158 b=-2.09E-4
21.00 0.433 c=8.36E-4
d=-6.49E-6
0.24 0.178 a=0.178
0 9.76 0.373 b=-6.74E-4
20.93 0.736 c=2.82E-3
1.2 d=-7.25E-5
0.29 0.159 a=0.15¢
30 7.01 0.273 b=-7.19E-4
14.25 0.628 c=2.48E-3
d=—8.62E-6
0.0 0.275
50 0.404 a=0.275
0 7.5 0.483 b=1.79E-2
10.0 0.574 ¢c=2.09E-3
12.5 0.631 d=-9.60E-5
15.0 0.691
1.4 0.41 0.312 a=0.312
6.73 0.454 b=-1.51E-3
30 14.20 0.890 ¢c=3.71E-3
30.03 1.655 d=-5.18E-5
0.37 0.227 a=0.227
4.97 0.419 b=-4.06E-3
50 9.70 0.765 c=1.12E-2
33.05 1878  ld=-5.19E-4
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0.0 0.417
4.9 0.595
6.4 0.687 a=0.417
0 9.1 0.787 b=3.12E-2
12.0 0.955 c=1.66E-3
14.7 1.073 d=-4.85E-5
19.8 1.307
23.7 1.438
0.21 0.411
0.21 0.511
1.76 0.509
3.63 0.562
4.82 0.585
5.12 0.646
5.89 0.680 a=0.444
1.6 6.05 0.729 b=1.38E-2
30 7.76 0.746 c=6.14E-3
8.58 0.845 d=-1.69E-4
10.31 1.105
10.34 1.126
12.69 1.385
12.87 1.321
15.68 1.558
15.86 1.447
19.57 1.728
25.13 1.854
25.56 2.144
0.28 0.440 a=0.438
4.7 0.607 b=4.31E-3
50 10.05 1.050 =7.63E-3
24.51 2.192 d=-2.00E-4
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0.00 0.731
4.58 0.900 a=0.733
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80 4.02 1.015 c=1.80E-2
17.63 3.153 d=-7.69E-4
0.00 0.777 a=0.777
4.30 1.023 b=1.98E-2
2.0 0 7.40 1.262 c=1.20E-2
8.70 1.348 d=-7.78E-4
10.90 1.410




JNC TN8400 99-052

Iz BE[W/ mK]

AR [W/mK]

n

f

#

%+ p 1.0 Rs=0

p 125 Rs=0
p 145 Rs=0
pd=1.6 1 Rs=0
- p1.81 Rs=0
- p72.05 Rs=0
P 1.2 1 Rs=30
p 145 Rs=30
p 1.6 5 Rs=30
- p,=1.8 1 Rs=30
- pS14 5 Rs=50
p =165 Rs=50
- p 1.8 1 Rs=50
- p 1.8 5 Rs=B0
—

3-2

BKEE [%]

BZERPEER (EKRLEFN)

0.8

@
Q
!

o
o
!

—e— Rs=0%

a--Rs=30% ...

— B - Rs=50%
X  Rs=80%

g
)
I
i
¢

e
»
!
i
;

e
w

0.2

0'{'].8

EIRTE [g/om’)

1.8 2.0

33 EREEBIUVTABRAELACELRORR (KK | 0=0%)



JNC TN8400 99-052

(3) MEFROEH

CITE, AEERWEEREY, REOBITWRFTICAVS -OIIEE %
To7 FRFATREKRLE F ABRBEEELENTA—FLLTWED, H
HEBREEIIH L TTrABREOEENLOBEOEKREISELEDZD
P, EREBENHNERBELYER LKL

1) XY b A MEKETOER

(2) TERAELAZEDIZ, AETEXROTF B AERERZ, SKEOKT
EEHITNELRY, EKE 0%EETIE, FOERERIVARS W L3505 7,
EIKE 0% TORPERLFIL, XV M F A MIFL T (L BRFOR(EERH
FILBECELXFOILERLTWS, 72, H2E5KLEULETHEERD
T AWREEREUPELIBRIZOWVTRUTOL S IZHBT LI AT
x5,

R M A MOKGTRFEDEZET T 70 a3 B35 A BIEEDTEN
(857K - BRH, 1999) 720, Y1 BEZRAEL-HREOEE, HABIEZ
NBKRFIFEIIRY P FA MEBRBLIURY P4 FEIBTRAER TV S
bDEZZOLND, L72HoT, AKOEKREVFELEHE, Y1HREE
PEWEERY AL FPOEKRKREELS R, XY M4 MIFEEORIE
RN ERTHLEELEDBIZ, XYM A MEEVWKTFERYAABET S/
Oy A FMROZERIZED LAZEROBEVEROEEI/NSI kb,
D, HEEKEULETIE, 7AW EZRAET S I LIZL > THEEER)
ERATRLDEEZOND, 3412 FDBE%2TRT
CDEIBEZDDE, ABPOKGHEETRY M HA P HEBET S L
REL, UWTD (3-3) KTEHEENENY M4 MEKILT, SzERDH
ERRTEHL



JNC TN8400 99-052

(0]

(I_Rs

ab =
{00)

(3-3)

wb . N b4 MEKE[%]
o R EEK %)
Rs 3k 7 £ AR AR (%)

B 3-5 2 EXTRD72RY P+ 4 P EABL L B(EEENERZEEY T, &5,
K 3-5Tid, £32BIUM32 TRLZAEERETCOMREEKEE N
FRAMEKRICREL, EREEBICBEL:, 20&ER, TIBRAE
2L 567, BREEEIC, XU M4 FEAKROBEMIZ LAWK AT
BRHBIEZ—FEOWIMEMERT I EB0ho, HHBTIE, ZOMEAEE
R TRL, XY MFA MEKE 0%D, 2F ) #sEEKE 0%EZ 4 4
BRERIIOTEREFEEBII—EL B IREL-HEERL RO 72,
BT (34) RICBON-BEERERT. &8, 34) RITBVWTHELE 1
HOEBPHABE KL 0B DE(ZER L 4 2,

LIREE 1.0[g/cm’]  1=0.09924+0.015401 wb

EIREE 1.2[g/cm’]  1=0.12919+0.025466 wb

BLIREE 1.4[g/cm’] 1=0.27173+0.026147 wb

¥IRWE 1.6[g/cm®] A =0.40951+0.042458 b (3-4)

¥IREE 1.8[g/cm®] A =0.56242+0.053965 wb

¥IS®E 2.0[g/cm®]  A=0.78035+0.061286 wb
A BT B EIW/m K]
wb I X2 b1 FEKEE%]

2) EREBEAEHENOER

BB, BB L L THLTA DI L TREERED 4 BIFEIZH L
FhER 3 @T2RELITo 7275, WEBOFEHEIITLIEEREIILS
SZF+2~6%ThY, BEHERIZIESDEPEL, chid, HIEHEE %2
HABREORER, ERMEBBICELLLIFERKFORY, FLTERBD
HEBELLORENEZONSE, 2D L, AR THW - AEREEE



JNC TN8400 99-052

FHOREHELR 5% TH 2 (BFMEIL(¥), Shotherm QTM-DII, HUH kv 3
BHE) 2&hs, I62ZnELERBEBOBETCHLEELLNS, &
ITE, ERBEBLI VT IMHREEREIL, kb #HRAGREERORRE
%3kmﬁ1mﬁmt,ﬂmﬁﬁw+wm@l% BRET AL E L, R0
, RREEEIL, FOHEBOTRE EBEARET S, 2FVHERENR
k%%%@tf%&4@@A®W%Fm%bémﬁ¢@mw%ibtoEsﬁ
~39 LEBREEEICHNEREB I VHEREDBE R T, 2770, Mpis
HEKE 0%RDB(ZERIL, YMHHEEFIZLST, 1) TRELAZNY B
T4 P EKEob ERABRZEROBRIBERLORD 2R b1 FEKE
0% DR ARG ERDET—E L L T3, 71 BIREGDEEIHIED 5
BAREER 33 IIEETL, Chol ), ERFEEBI VT 1 BEEGERNH
meEdbis, TIBREDEENHED 2MAGEKRIT NS 2ERL
olz, £72, RV MHA MOBREKKE 10% (7 =3IATE) &L, 7
Mﬁmﬁ%ﬁf&w WA RIRIZATIE, 7 A BREE 3own &M OB
BKEZ 7%, 71 WREE Sowe k&M O BREKEIE 5%, 71 BRE
%mM%%Qﬁoaﬂﬁmmuz%f%%fb,Kﬁﬁfﬂmttaﬂ-ﬁL
T, Ny bHA bEFEZEEL LGS, REMBARESKEUTTT 18R
EOXLEVELADIL, BREE 1.8g/cm® D7 1 HHEEE 30wt% & 50wt%,
BLUEZBREE 1.6g/m’ DT A HEEFE IWBTH S L\ 2 5,

£33 TABREIZL)BZERIIHEI NG 5 &K
(Nyb+4F$W%§$kLt%é)
RREE| TIHRESER | HEARMNE | HEEESKE (X2 M bEXKE
[g/cm’] [wt%] [%] [%] [%]
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3-3 BIBEOUESB L UCRBORE

BHHEROWES L CREOFEDS, HALIZL > TITbh L (8K,
B0, 1999) LREEkE L7z, Thbb, SBEE (EXIEH, 1997) #HW
BIEEZHEL, BEEROUERRLHVT, RB#EZFRELL. &5,
HBOEKEEKFEILUTICRT (3-6), (3-7) XA THLNL LD, T I T,
BIKIE 0% DBILEE % KD 72,

(1) BIERRBPEH &

BILBEOBE X, H 3-10 IZRTEHRRK S0 —7 (ZHEFHE PBT-43-52)
TRVWIERERIFEICLVfTo7z, ARIFEIIBWT, BRKR7u -7, ¥—
IRAYHNFIZHE) - FERZBOIMNT, Fhz S ATREL-EEL R
> TEH, BB LFEFICEESLICL 2ERIEROTILEMET AL TR
B - LTORIYDFOILIZR B, ¥—I X7 DREIX, 05 BEIC
30 HEEIEL, Y- IRIYDERELEROTSOT7 7 ANV ERD, FDE,
BEREATIZE D ElESRE, RSO -T2 HEHTHEII—3I Ry, 7 AHE,

) - FREEUCEERCTOIEFRZESHERE, RILHMEL T A—F L
LTRWBEDRELE o774 VERIEIZE 270774 VEDBE
RANE 2 BBRILEERERD 2, FIETIX, B3-1112RT & 912, EE 20mm,
E& 10mm O7 7 ) VRELIVHICHEOERICKEL D% 2 #1ERKL,

V— IR ZZFOBIZHRATRE L2

AEREEEICE L TiX, EEEX LR, 0CUTOEMATIX, REREMN
BEMOLBRIZEZ BHBRI/NEVI EREIA TS (8K, &, 1999)
729, TITIREERTOWEEL L

(2) kBHORIEHE

EERBIERFEIZL VEONE—FREREG T TOZILEE L BRERND,
UTIZRY (3-5) Apbhk#zREL .

o=—
cp (3-5)



JNC TN8400 99-052

I IT, CXBLECE [mYs], AZEA(ZEE [Wm K] (7L, BILEED
RETBEIZIE(KI/s m KIZIRE), cldki#h(kikgK], PRREMNAEEE (kg/m’]T
Hb,

FRRETTIE, Sk 0%BED B E RS, HBEOEKLEFELZUTOERLC
EOERELT.

—fxiz, Tokzi, TERERTAEER, HHE SEOBENMAEEHLZY
NEBHTRELZZ Mo TBY (FIZRIT, Gaylon S. Campbell &, FEH
Brek, HILBERR, 1987), (3-6) XTXKIN D,

c=cp,tce.p, +C,p, (3-6)
ST, PREMHBBEYEL-VOEER, RES, w, allgHEzERL

P+ P +Pa=1THbB. TDHH, KHADBERMUIEKSTHIPAS WO TE
BVTBIENTELRD, 3-7) RATERITZIENTES,

m m,
cC=C; +c,
Tmo+m, m_+m,
=cC ! c
s m v m,
+—= 1+
nm m,
= ] +c 1
s w 1
1+w 1+ —
(1)
_c¢ tc,0
1+ (3-7)

ZIT, miiEEY, ORBEMOEKEKERT,

L72d5o T, GkHAS 0% DBl L BILEELHIEL, MEOMKRLIL
Lk 0% D B E KO NI, BEM OKSTOEIMIE S %) HBAOEILEH
BHICTFRIT A EHNTE S,
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(3) MEKRB X URERER

ARG EKE 0% DEHIHEOBEL R LR 3-12 1277 T, HRILHF MR
BEENKEVIZEREREEZR LT,

L&, BB I UCHREBEAEER»D, (3-5) XAV THALS
K 0%DHBEFE L. AERRETHILBRERE LBEOREBEEH 3-13
IZRT . Thh b, Kkl 0%DOBREM OB, YA HRAIZLIZ2EEITIZ
EAERY, 2F), FABEXRY ML FORBRIIFESETH S Z EHH0
o720 F72, HBREZBREELLDIEPLIFLDIKRELRY, KK 0%D
BEDORE c[kikg K] EREE, [gem’]DBFE%E (3-8) R & ) icER(L
L7z LALLEHE, (3-6) RTRINZHEHRFADLL TFIEIDIVEMH
DEHZEATLHE, BEMORBOZBREERKERIIEL, —FLib, &
HEBLUTRET, BETOZBREERFEELELC-EBHZ, BEHOBEE,
EREFPRKEVZOZEROBENTHETLIY, ZBREOL YV KEVEERE
BEOHTHEIPNEL ozl ELIONS,

ATk, MIETHELNIELS, 2F VEAKE 0BROHEBOEIEERE
RKEEEERL, (3-7), (38) RICETE, BEHORRKRLERFEL IV
HRABEKREEZ T A=FIZUTD (3-9) KROLHIZER{LL 7=,

¢, =0.111p,+0.123 (3-8)

oo 1L1p, +12.3+4.18w
100 +w (3-9)

c, . REMEER (EH) L&
c . KRG LB

Pa . BZIR TR

o gkt
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4. =T 7 4 =) FREEEITIZ L 2 AT/ 7 OB &M B 8B O St

41 EZH

AR L72& 912, MEDEIA, ATNY 7OESHIBWTIL, SisEY,
DEYDAINY)7BIUVUELERSF 0BT 2 X O WHEY - by
CEHZEI SRV DOHRIEE Rt EGICRB S TWn5E, ATNY
TBIUELEROFIREEICE L T, BEREOBEITHRET (F B &3, 1992 ;
&0 - BEH, 1997 ; 20 - B, 1999) L Y BREBHOHIREBEHIXRHTH
5 ENBBINTNS, T/, BREMHORS LB, BEA1EXYD
DEEFHEBOHEME EDIT/NEL BN, HLEFHEBLBZ 5 E—EDR
BIZNGRT 2 2 e S hTw s (B0 - Bk, 1999). LizHoT, ZZ
T, BREMORS LARESIZIZPRT S ZEX oM P OREM LK THE
HNTH2REAEFIBOBE LR L L, BITADMBEIIHL, BE&EHO
RREE, SKl, FYMIBEEE, AIN)TIZBIIZREHOEI 285
A=FIZL, AN 7BIUVRALEEEBITRABICED /=T 74—V F
DEEERITZ T o720 RNTHEITERL S, BEMOFERELEIC, &
B ORELARED, HRBELTIZZ2 XD L&, 29, AINY
TICBITA2REHES, EREE, aKlt, BIUrMBiRAROHRMBS
b DRELER ZRET L 72,

42 MEWFE

REREBHBDO=T 71—V FTIX, BEEDILOKSEH, BLEEIOA
INY TAOHBTRDEZE, HTAOBEICE 2REMHOBEES, BABE
BOMEL EVSHEICRHEL, =7 74—V FORE, KE, [SHREEN
TALT A ENTFRENS, L2 oT, =774 -V FOREEILEHH
IZEHES 5720121, B—K—IOHERBRBLEE RS, LI LEAS,

BREAEBEZIOS AN THRSREICELHHERURN (50O - 51,
1999 ; &0 - HEH, 1997) %, TR TORTKOBEIEEIIIEF I/
CBREIZEZ AHBINENWT L, BEAORBIZLIZ=T71—-VFD
WTARDOIHABIEEIZE 2 ZEEWNSNI E (B0 Bk, 1999), #TF
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KOBHEIZE VBREHOMZEMN LR T L7720, AN 7THRERIZBIT
LEKRETOEMUEE AV TETTIREREOB A, 5 3R TR 2 /&
BE525 (F4%B-480, 1999) &2k, ZZTIRAEBIURS
EDEREFER L 2VWREEEITICE DEFMEEITo 7, BT, FRER
FLE#EHT 2 — F FINAS (8047 - RE AR EXE, 1992a) AW,

43 fRATEM
(1) RENRETHBAINYT

ALY TiX, BUVIRGHERER Y 7T AL L7477 RABELE, FF
AEILEE BT B 0D F —N—8v 7, BEUF ==y 7 LEBRD
BICHESNDBEN P OBHEINE, ALY TOEEBEHFNIX, L5YGE
BEBEXARLASHEREEARICOV TR ED O TS (BT,
By UE - BREBAREEM, 1992b) 7%, BEMORS LA REOEL, LT,
MEDEBHFRIZ L 2EENNS (FO - Bk, 1999) 720, TITR—
Bl LTS iE#RBEFRE L

1) K5 A@E1kE

bLAETASHPRBEINSLF T AELEICE LI, B ELEREIZED

X {L[E COGEMA # 3 & U'32[E BNFL 4 & OREELE, 1 7 ViREE
BHENCTRETS LD, BLUAERERKASHBLBTRE TRETS D
OxH5 (REIED, 1999), T2, FHBARBIEFEIOIMY 2SN
BA4ED OB BECERLEB SN S ABRLERAZ LIZkoTEY (H
REBMBERSH, 1996), HF5 AELEIZGH T BHIZ 30~50 EFEI D
TEilRoTWwS (RFHERE, 1994),

R TIE, —BE LT, BAERURSHBRBETH CRETEIH T A
Bttt L, BRETTOSIYM44E, FEHEs0E (PRH AL
BEE T TOSEMM S4E. DT, FHEBSES0ELTS) OFEDR
BAEMF EICREFICHVwA I E L. T/, BAET COGEIN 4 £,
B iing 30 4 (JFELD 72 LRk T CONIIYIM 34 £, LT, PHEEH
B304ELT2) OBEOREEEY AV-RETORHEMIZITo 7, K411C
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BWEICRVH 7 ABEU LR 0BRSS S ORBE OBFEILE R T,

2) F—IN—=s8v %
F ==Xy ZIZE LTI, KEIED (1999) 2k o> T—HlE LTREH
NIREFRERDOLDOZH VT,

3) REM

REMICBELTIE, IEFCTHRELEEHEENRANVFPFAE, DL
CBRY M FAMITABEZRELLZDDE L, LBREE, YA BRAE,
Bk, AINYTIZBIEREMESE T A-F L L, T/, AN
)T OEEROBREMBEIOETIE, 70y 7EBAFR (T4RI3D, 1999)
EBGHEO AR (F4RIIH, 1999) ODFEEFER L., /85 A—5D—
DTHEANINITIZBITHBREMOE I L TIE, BFICHWS FEM X
v v allGbET, 18, 24, 31, 38, 45, 57.5, 70, 109cm & L7,

2B ONRETHEAINYTERT,

T =TT LS S e

- o= = FR R Rk R S04E ;
e o ] BRI B30 |-
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W GUE / F—IN—INv >

1190+ 1340 190 Ny
e i HAL(mm)
T. BEHES (ST X—%) : 1730 '
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X a42 HBENRETHEAINYT
(2) METH &R ET 288, WEE, REAEEFRAB L URECEAEHRK

1) BB L UNSEE

AINYTIE, B TFHEA— PVLDERICE SN AGHEICEESNS
Zlizd (BHE - ZREFAREER, 1992b), TOEEICEAL T, #
BoOERE, Lk, BELRLEORREAL, HEOHFNEERLHEDIZEL
Vo EREN, FEEB L UBRREBOHMHHIER, XK THREL L THRF
TAHHBOELY 2 LOENREN, FROBTHAFEZEELTRES R
rrEIbNhA, TR, —HlE LT, BEROEE (BOIED, 1999)
R E L, MSERE% 1000m & L7z, &8, 1 FSREDHEMTII,
T OMBIREL, EEMETIEICHENF AT IHBARICL > TER
+2 2 k2 A7, EE 1000m TOWREHE, BRPWBA,LLIIRTFHEER
2% (3N

2) BEAEBEHRS L UERGERFER

REAOEBERICELTIE, BEDOL IAAFMEBRESHTABIUL
SILERE & HEAHPLICREED DN TV S,



JNC TN8400 99-052

Tz, BEA1EALDOEFERIZ, K437 TEDI, Motidg
HIlEBE  RELREBE v FORICL o TEHZEE NS,

BEMORE LRABREOBEAN»SIX, ZOWMEBHFRDOBZEILT/N S VIS,
REAEFEBOZEBIIKREL, HDIREFCEHFEBEEBR LS & —FEMHIZI
RY2HEMPH 5. (B0 - B, 1999, F/2, RBEEAEEERICNT S0
SHUEMMERORZEII/NS Y (8O - B, 1999), K442 LREm%E R
LB RO—BEZRY (B0 - &k, 1999). itk 3L, BEHRS
EABERREZAEFERE 100mYABETIER TS I LAIRENTVES,

LA T, RRETTIX, WoHERE & HNI2B 1T 2 05 58 Bk i Bk
* REME S 70cm BFORASHHEED 6 45 (13.32m) & LB EOEEAR
A HEE 300mY A Z IO R L L,

D DA TUEE
xD GG MR
y CREAY S
xDXy . BEEEIZL YD
o5 A TR : :

xD : xD

4-3 REEGCEFEROER (LoTHEHE S HN)
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180 [T R s man e ety 180 [
—— GUEALMEERE : 2D | i —o— YiEmMER 2D ]
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[ — & - HLEREMEEAE : 4D | i — & - GLEMMERE 4D | ]
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BEEAYHENR (m?/%) EREYHER (m¥E)
(Lo HLEMKE & HR) (G FLEE & HX)

X 4-4 BEEASFERLBEMES LABEOBFR (B0 - B, 1999)

(RREMEZREE | 16giem®, &K 1 7%, BWERER, WHSEE  1000m,

77 AL B EHIE C 50 4, FLBIT D IIASHER (MovLEKE X
AN 12.22m, WHILBEEHK [ 5m) 2RT)

(3) EITIZH 728t

1) 77 ABELGEB L F —N—s3y >

I ABRLEOREMEIIE 1 RNY Lo (BHF - BBREHEREEH,
1992) ERBEE L7ze A —=N—0%y ZIZHE LTI, B2 ITEEE (B4
KRFER, 1966) IZEDEEE 27C (300K) THOMEE A,

2) *REM

FRE T, BREHORYIEE /ST 2 — 2 ITRHT 52 L1k B, B
DEPHIL, WBLAZX D, 2OEREE, ki, BLUr1WERESE
RIEKET S, £72, Thoid, BEMOMOEYE, i, AN 70
EBERICEETLILEND S HENFE, BIUBE EHICLIBELRIZ
T (F4BIID, 1999 ; Bif - 8K, 1999). R Tld, BZEDOESEH
LORTFHEZERL, REMOBREKE (5 A HREE WMBETHRS
K 10%, 71 BREE IWMBHETHREKE 7%, 7 1 WIREE SOm b
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THREKE 5%, 7 1 BIREE 0mBE THRE KL 2%) (7 =3I FT¥,
AE) LTCoRE2EE L. 72, BEHEROBT2EZRL, BEH

BRI 10% 2 B2 2 HETORTTITo 7

LT, BEMOLRERE, FABRERBIVEKLICET ST A~
YREDE RS, BITHAALBYHUREDERH%, 7uy yEBARE

BGmE O FRDBEITT TR T, |

(@ 7uv Z7EBAR

Tuy 7EBARNIE, SO LOMERRICTEELLREN 7Oy 7 %
BHIZBWTEBTSHDTHS (TABIIH, 1999), LA >T, 7O
v 7 B - EETAEENLETHY, ThHICHR D 2HEEREI Y
BHed (F4RI1ED, 1999). BEM O—HEEREBEIIEKELOHEME &
LBIET T2 (B - &K, 1999) 720, SAhLIEVWIRETTOy 7%
BETHIIINFTLEE LV, T/, BEZEOBEATLIX, WBRORBRERIC
0, EKEIENITEREERI/NSC, FEFLBRLVEFEE 25, L
1S oT, BEH 7Oy 7B REFICTO Yy 7 HEERTILIVEEVEHSLZ L
REETLE, BBERTFHEOBROBA,S, Ty Z78ESKLIZE
RLBREALUTTHEILDBET LV, TO L) REBEANL, K
Tk, XY MF A POBREKRUTOEKLERNR L L, &K =0,
3, 5, 7, 10%0%MEER V. 28, ThoDEIE, ihORERERE
RBIUFAEICEOWTRE L. LTICREM OH#MEDORES X U
YD/ X — S EHEEFRRT 5,

a) XV b A b EEREN
SKIEICEBLTIE, XY b+ 4 FOBRREKRRKUT TH S EKE w=0,
3,5 7, 10%& L7, BZEEICEAL TIX, WIRORBREREZIT, -
2) RBLUE32 TRLEEGKE EREEROBRADIHFREL .
BICELTYH, WRORBREREZT, (39) RIVEREL.

b) 7 1 WiREE 30Mm bR &

EAKEIZELTIE, YA BRARIOWMDEEHOBEREKLUTTH
BEKIL: w=0, 3, 5, T%x £ L7H, 102 TORITLHREWICIT-
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72 BMEERICB LTI, K33 ICRT & ) I3, ERFE 12 B L U 1.4g/em’
BT B EKE 10T, ZREE 1.6g/cm® 12812 &K 62U TF, B
L URRERE 1.8g/cm’ I2B81T 2 &KL 59U T ORMETIE, BZERDS
I1WREREKFERZZVDIDOELTRZZ 225, ZoEKIERIC
HBHDDIE, LAY ML PEEERBEE L Lo T, HioC
RELTPHEREREE 1.8gcm® B L U 1.6giem® I BT 55K 7%, &
KE10%DDbDTHY, Thtd (3-2) KBLUFE 32 TRLAEKE
ERREROBRRPORE L2, HAICEALTD, SIRORBRERE
¥, (39) RIBEVEEE L7

c) 74 WREE SOWt%, B L U7 1 BiREEK 80wt %R &t
o A BRAE 5S0mBREM IOV TiY, Bl ICE LT, BASK
 (r1iREE SOWM% ; 5%) UTT, EREE 1.6gcm® Db DI 4
REE oM BDIFHE L FME, ZREFE 1.8gcm’ Db Didr A HEEAE
3WMBDHE L VETREVEL 22H0IZEEE RS (£33, ™
33 2R) B, I TORIFTIIRENRAE L,

(b) BGEEOHR

BgGED FRIE, SALHEALL B EHEHHE 2 05 ZICERa L, &
EORMEAVTREN T HEB THEED THLT230THS (T4RIT
A, 1999) 45 ISREH OB OFERBRO—FE RS (T 4RI,
1999) Thh b, BEMOT A BRERIINTIRESKESET D12, 7
1 BREE MBREORBEKILIZ0%TH Y, TORORKEREEILY
l4g/ecm®* ThH B, —F, 71 HREE IommBEORE KT 17%TH D,
FOBOBEKERER I 1.65g/cm* TH B, Lzdo T, BEHED DG
& TABERELI-BEMOFIVEREEEZRELTLILHFTETDH
Bo EHIZ, BEMIZERINA2YBMLBEDE H, ERFEOKE
WIZEEN-BEERT BAIED, 1992), 72, BIEOBE»S, 7
Oy 7BRE D ORENRERESAENKEVEEESINL LOREER
bRELLY, BREBEOBEIL IR LEFELSE, ThOoDBHIZE
D, TIZTiX, YA WEASEIWMBERBEHOAEZRRE L, BITIZBANT
X, ZOEKREREESAKLETHS 17%L L, BZERIZ, 7oy 7 EE
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HRDFELER, (3-2) RBIUE32 LV RDONBEICRELY.
BICBIL THREBRIC (3-9) KICHEWEREL .

3) B
AROBYHICEEL T, 34 FISREOHBUSIEDORTDDIZ, &
EA (1999) I2& > THRESN-FEOBBEREROYHEF AW,

RA4VIEIICAW T I AELE, +——23y 2 BLUBBRORYM
KA42IINT A—=F L LI-BEM OB T3,

K41 BITICHCZ9%E (FF5 ABLE, +—nN—I3y 27, 24)

BMEB/E: A & : C BAGKIKER: o

#5 Bk .
F=IN—=1Xy & % 51.6 0.473 7860

s 8 2.8 1.0 2670
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£42 BITICHAWUE GEEH)
o RIFA DM
EREBE: od| Y IHBAE Rs |AKE: o] MERE: 2 HM:C |MEOGRER: o n=
(g-cm?) (Wt9%) o) JW.m' K" | kg kD] (kg-m?)
1.0 0.129 0.230 1000
1.2 0.178 0.252 1200
1.4 0 0 0.275 0.275 1400
1.6 0.417 0.298 1600
1.8 0.518 0.321 1800
2.0 0.777 0.344 2000
1.0 0.136 0.345 1030
1.2 0.199 0.367 1236
1.4 [V 3 0.345 0.389 1442
1.6 0.524 0.411 1648
1.8 0.705 0.433 1854
2.0 0.923 0.455 2060
1.0 0.148 0.418 1050
g 1.2 0.236 0.439 1260
> 1.4 0 5 0.404 0.461 1470
hd 1.6 0.608 0.483 1680
% 1.8 0.833 0.504 1890
T 2.0 1.079 0.562 2100
5 7.0 0.166 0.488 1070
® 1.2 0.287 0.509 1284
1.4 0 7 0.469 0.531 1498
1.6 0.699 0.552 1712
1.8 0.959 0.573 1926
2.0 1.237 0.594 2140
1.0 0.204 0.589 1100
1.2 0.381 0.609 1320
1.4 0 10 0.567 0.630 1540
1.6 0.845 0.651 1760
1.8 1.136 0.672 1980
2.0 1.397 0.692 2200
1.0~1.8 0
1.0~1.8 3 Ny b4 PYE (7 1BHEAE ; RswOw®) 1235
1.0~1.8 30 5 TERIEREE. Faktod oL Rl
1.0~1.4 7
1.0~1.4 10
16 30 7 0.780 0.552 1712
1.8 1.077 0.573 1926
1.6 30 10 1.023 0.651 1760
1.8 1.328 0.672 1980
1.0 0.533 0.804 1117 *
B1p 1.2 0.822 0.823 1404 -
BHEH 1.4 30 17 1.104 0.842 1638 %
Szt 1.6 1.620 0.862 1872
1.2 30 14.25 0.628 0.742 . 1371 R > *
1.4 30 14.20 0.890 0.761 1599 XM« x

*k

EREE 1.0gem® DRHFIZOVTIIRAEHELIIGL T, (3-2) RIZRTEKE
EBZHEOMBRR T AV, EREE 1.0g/cm’ ¥ I1HIEEE 0 w%EKIE 17%0D 2{5HE
ROMEIC, ZREE 1.2gcm’® 7 1 BIREE 30wt KE 17% L EREE 1.2¢/m® 7 17

RELOWMBEKIE 17% L DBIZEEOENZEXME L THRIZHREZFEL .

EBRERE 1.2 BLU l4gem® DEGTORCEEOREIX, SKE 0~14%DFEH TEH

L. ERLZFToTV50 LA 2T, GKE 17%DBEDMRHERIIHEEME 2555,
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2) A7 ABMLIERRRAE L REM RS LAREOMER

7o ABLRERRREAE L REM RS LAREORBMBRERE L -BED
FRETCIX, BYOIE - BREBREEAICIZE 1 KD T Lo @HF - ¥
BHEARELE, 1992) CRIA-LSHE BEHEZREE 18gom’, &
K 6%, BAZESR 0.9W/mK, BEMES 100cm) (23 LT, ¥ AE{bE

XREHREL 42U~ 1IUMWEOHE TR LTS, ZOER, 75 AE
tHREZHRERELBEMES LFREOMRIRGATZLE LTS
(Taniguchi, et al., 1996) o L7:4%> T, AW T, FBEHLR EZBREE,
FABREE, EKE) B THHEELE 30 £BX U 50 FOlr — R
TR EITo T2 b0 L, LEHBIBRIRYT2 L 2/EAL:,
2B, FRFATOPHEEHE 50 FOBEOT 7 ABE{LABEREEHRE
351W/A, BRI 30 £0BEIL 558W/ARATH A, /-, LERET T
BEHOBYHBIVESLEEL TV 202 L, FRFHTIIBREM O
WiEBLVPESIIEEZRF/-E TV 5, [ 4-27~33 124 5 AE(LEIBERR R R
BELRENES LAREOBRRERT, Thdrb, FRFTOBNERLY
I ABE LB EAE L REMN RS LAEEOBBRICEAL T, BEH O
PWHEBIVESIZEKET I L2 ZIRRPITREIHR L o7
DRz, CoRBIBEBRICEBLT, MEZEFHRERENR, oF ) REH
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DAHERERB L =R TOHGIIRFT£1T I o

BARERNFAT, —REETLICHL2EFHHEERBEESIC, PEL0ERIC
EVWHWEREYN DY, CORBBIDHIBHILENEIYD g0
RBBLA-ET S, The, ARFICUTEDEER 434 DEH Ik 5B,
4-34 BT, U5 AEEEZRORRELFORIFEL LTIE, +—/v—x
V7580 R=04lm & L, F—/N—= 3y ZEREHIZOLRINY, FOEXIT
RERDEBY v FERLEL, 72, BEMIRSLAEEICEET S
BFf % t=10year & L7z, EEHRAED O OB HIZBWT, RIFEP.LHS DFEEF
HENDEHEr D TDRETIZRNTERE S,

10 t)=2§tz{s,.(_ 4:;)}% (4-1)
o(=A/pc)  BRILEE
A B{niER
p. BUGEEE
e
E : EEBRESEE

T, E{—:%{;)%Eﬁ‘@'% ERDE RSB,

Ef -2 )= o[ = )-057724[ =) -[ =] 1224000 (4-2)
4ot 4ot 4ot 4at

(4-2) RTronk LABRORE, 23N A —1N—23y 7 EREMOET
2EaGLThE, rlaa<«<10s ZEIEUTREBTEZ2S, 4-1) Rid
DT (43) XTERES,

T(r, £)= -2 {m(‘w”) 0.5772}+T0 (4-3)
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OREEFREICEET BRI -ETHNIT, BHMAERE, o h 4 -
W=y 7 L REMPET 2RI TORERIERREI AT IDOIHL AT
HBo 12720, EBFIZIBVTIE, RAENVEEL L LIIEET 2, X 435
CHREM M REE ERREICEIET 2 I TO/M, o F hEEEAER% 10 £
TTOHN S ABILGBRBEEZRT, Ihdrs, HEEELE 30 £ 50 £
DIGEBT L L, REFERFONHORHMEDNEINE ) ODAT, HE
EORBICHTA2RBABOBRER (FI770MEE) I3BEBEICHELS F—
ETHY, THEORERLABELRRTILENTES, LdoT,
BREMREZZOE O 10 FLARICENE, 9 AELEORRIZE 24EE1T
&%ﬁwm%%ﬁifﬁ%énéoit,ﬁﬁ%%lbﬁ%ﬂﬁ%&tﬁﬁ

BIZHET REENIZEAR 10 ELIRTH Y, 4-3)RICBVTI=10 ThhL,
AVRET(r, )SRIZTRBINAE G, Lo T, RRHOF 5 AELAREAE
HEOHEHETIZ, BEMD 10 EROBRE, oF WV RE LR EEIIREREBS
DMBPOREEEIZHFITLIEHNER B,

ZITIE, BTEREOHKBD7:-HI1Z (4-3) KEHWT 10 EROBEM &
REBAVETIHTOBEELFE L. 277 L, @HMHOPWHIE, Tuyv s
FEHRNTHREL, BCEFEORKIBEHEL, N0 1 FEAOEE
TE 1.0g/em’, &K 0%, EREE 2.0g/cm’, &K 10%D 6 DE AT,
72, W7 ABMLGORHEIIIER ﬁ@ﬁa~mttto$mﬁcbwét
RNICLERNFIA - DOEOHBELUTOER 4112, 4-3) XEFHW
FATEERTRA2IIRT, FOEL, mﬁﬂﬁﬁ%tn%&ﬁﬁ%TLto

L72%o T, LiiBIMEES L UVERBVRTOERY S, DREFEHBE 30
£T ﬂﬁ%ﬁofw&wﬁwlﬁtcd LREHPIBFRTREN RS LAR
BExiEl, BRSO 0REMRZEEE RO L L LT
72, BIRL-REMOBREE, 2F WA LEMNEKEEEINREH DR
BIZRIZTREIIOVTIE, (43) XFIIBNT, T TEELLBRENS
IHEOBERALEE,

ln( 4“’) 0.5772=7.77~8.26 (4-4)

r
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{7, 2, REMOEIHIBEMORELAREICRIZTHEL NS
ol

B 4-48 |Z[X] 4-47 Z BV TRO 2B S5 O OREH BLEER (REH 2,
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# 5 XE k&
S e R AR 1Bexes R B Rft—
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SOfE 351 (W/XK) 1.174.E+05 (kcal/year/m)
Hailiit
LREE : py| BKE @ % B RE—
AR 2 0.129 (W/m/K) 968.606 (kcal/year/m/K)
1.0 0 e 0.230 (kJ/kg/K) 0.0548 (kcal/kg/K)
BEGHRER: 5| 1000 (kg/m®) 1000 (kg/m*)
Ly B 1.397 (W/m/K) 10489.474 (kcal/year/m/K)
2.0 10 H¥ i c 0.692 (kJ/kg/K) 0.1648 (kcal/kg/K)
BAAIRER: o | 2200 (kg/m®) 2200 (kg/m3)

F4-2 HmetBILLBHER

TR
g7 R 1.0g/cm’ 2.0g/cm® |
P EFER A | &akib 0% 10%
304 164.3 56.7
504 120.0 52.4
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