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Dynamic Mechanical Properties of Buffer Material

Kazuhiko TAKAJT® and Wataru TANIGUCHI"

Abstract

The buffer material is expected to maintain its low water permeability, self-sealing properties,
radionuclides adsorption and retardation properties, thermal conductivity, chemical buffering
properties, overpack supporting properties, stress buffering properties, etc. over a long period of
time. Natural clay is mentioned as a material that can rélatively satisfy above. Among the kinds of
natural clay, bentonite when compacted is superior because (i) it has exceptionally low water
permeability and properties to control the movement of water in buffer, (ii) it fills void spaces in the
buffer and fractures in the host rock as it swells upon water uptake, (iii) it has the ability to
exchange cations and to adsorb cationic radioelements. In order to confirm these functions for the
purpose of safety assessment, it is necessary to evaluate buffer properties through laboratory tests
and engineering-scale tests, and to make assessments based on the ranges in the data obtained.

This report describes the procedures, test conditions, results and examinations on the buffer material
of dynamic triaxial tests, measurement of elastic wave velocity and liquefaction tests that aim at
getting hold of dynamic mechanical properties.

We can get hold of dependency on the shearing strain of the shearing modulus and hysteresis
damping constant, the application for the mechanical model etc. by dynamic triaxial tests, the
acceptability of maximum shearing modulus obtained from dynamic triaxial tests etc. by
measurement of elastic wave velocity and dynamic strength caused by cyclic stress etc. by

liquefaction tests.
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b, BERTERT LI EFELETELRVIEMEEL 0 OBEATH G 13 51H
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T4 MEEBLUOS A BRAKRT, FREFNERLHEIEFOERTEMSND, o
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* 23 ROEFMISSA—%—F (1/3)

(@) N> bFq NBifE AR FEEEE 1.6Mgm®

BEaRE(MPa) 0.98 1.96 2.94

BT S LDT. FrovTeoy LD.T. FroTEY LD.T. FruvS o4
BERE 5 10 5 10 5 10 5 10 5 10 5 10
Gmax{(MPa) 47.53 | 47.04 | 46.55 | 46.06 | 110.7 [ 109.8 | 108.8 | 106.8 | 198.9 | 198 | 203.8 | 203.8
hmax(%) 20 20 20

T f(MPa) 0.42 0.66 0.869

o 2.712 | 2.034 | 4.26 | 3.525| 7.192 | 6.703 { 6.031 | 5.176 | 1.282 | 1.113 | 2.975 | 2.975
B 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916

(b) N> b1 bHfE Afaf EREE 1.6Mgm’®

BYMRRE(MPa) 0.098 0.196 4.41

EhERIEH RS LD.T. Frv ey LD.T. FrovTdv oy LD.T. Fyw iy
B 5 10 5 10 5 10 5 10 5 10 5 10
Gmax(MPa) 338.1 { 339.1 1 122.5| 121.5 { 380.2 | 382.2 | 364.6 | 374.4 | 700.7 | 705.6 | 715.4 | 700.7
hmax(%) 20 20 20

T f(MPa) 0.512 0.479 0.517

a 4.219 | 4.353 | 4.375 | 4.181 | 0.594 | 0.662 | 1.563 | 1.986 | 0.181 0.233 | 0.857 | 0.699
B 1.916 { 1.916 | 1.916 [ 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916
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(€) N> b MEMR fAFN EEEE 1.8Mgm®

HipEE(MPa) 2.94 3.92 4.41
LoV pulE LD.T. RO PA Y] LD.T. Fyy oY LD.T. ¥ryTFeoH
{2emm 5 10 5 10 5 10 5 10 5 10 5 10
Gmax(MPa) 213.6 | 211.7 | 237.2 | 238.1 | 238.1 | 239.1 | 330.3 | 328.3 | 312.6 | 312.6
hmax{(%) RS R ek 5 20 20 20
T f(MPa) 1.424 1.491 1.585
~& &N
o 5.672 | 5.462 | 1.883 | 2.017 | 4.857 | 5.261 | 2.778 | 2.676 | 3.42 | 3.577
8 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916
(d) N> bFA MBS FRIA EFEEE 1.8Mgm®
B¥aRE(MPa) 0.098 0.196 4.41
BRI IEH AR LDT. - *yvTeoY LD.T. vy TEoYy LD.T. Fyy Sty
BT 5 10 5 10 5 10 5 10 5 10 5 10
Gmax(MPa) 862.4 | 867.3 | 436.1 | 436.1| 833 | 833 | 686 | 686 | 989.8|989.8| 1068 | 1068
hmax(%) 20 20 20
T f(MPa) 1.367 1.267 1.529
o 4.443 | 4501 | 14.91 | 14.91 | 0.683 | 0.706 | 4.649 | 4.702 | 0.292 | 0.315 | 2.157 | 2.126
B 1.916 | 1.916 [ 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916
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(e)T1HNESHE fafn HIR®EE 1.6Mg m-3

HERE(MPa) 0.297 0.49 0.686

vy i LD.T. Fry oY LD.T. FrvSey LD.T. vy Ty

B 5 10 5 10 5 10 5 10 5 10 5 10

Gmax(MPa) 29.89 | 29.89 | 29.4 | 29.4 | 39.2 | 39.2 | 42.14 | 42.63 | 62.72 | 63.21 | 60.76 | 61.74

hmax (%) 20 20 20

7 f(MPa) 0.127 0.165 0.178

a 2.727 [ 3.435 ] 2.404 [ 2404 | 1.514 [ 1.423 ] 1.88 | 2.342 | 1.348 | 1.535 | 1.132 | 1.611

B 1.916 | 1.916 [ 1.916 | 1.916 | 1.916 { 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916
T 1HEER TR EEREE 1.6Mg m-3

BHIHERE(MPa) 0.098 0.196

BZE R AR L.D.T. Fyry /oY LD.T. ¥y Tty

BRI 5 10 5 10 5 10 5 10

Gmax(MPa) 99.47 | 100.5 | 87.22 | 88.2 | 134.3 | 134.3 | 139.2 | 139.2

hmax{%) 20 20

T f(MPa) 0.131 0.14

a 2.015 | 2.174 1 2.635 | 2.874 | 1.66 | 1.66 | 2.889 | 2.889

B 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916 | 1.916
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227 TOMDOFEHICHITHHEBRER

CHETHlRTELRBREG LI O ROREBREEL T, EREEORLZHAY L
T4 FEAE (Bafgd) TREREZIToTWwaE, FlLEHSEFAHELRZD, FIHEIITS
BF—5 & LTRAWOY & &S ABMMIER, BERZEEHOEBOALTIZERET
oy

(1) BB, ABRTEF
o HEEAAMER

ZA DNV b A B EK
O . B =50mm, &S h=100mm

PR oy $0.7Mgm?, 1.0Mgm?, 1.3Mgm?® (\«X¥ bI 1 bHEAK)
RIS e . figfll

o MEBRAM (EEEM, WIrSEM)

B EE : 0.098MPa, 0.196MPa, 0.392MPa (¥ 0)
E R s IERRE
ik far FE] O & . 0.5Hz

D OB A EREARIL L Ffk, BEIGHREZ HSET L0 08EICX DT, #ERS
RIEE, 1 HEARISOF L TOTAROAZIVEI PEREVIT) N 10 BEFRET{ESEEL X
F=VHRCEDEF LA T2, 1BRBICOX0SHz BEDERES 10 @NA . 7—
IR WTEBIRIRATH S, HOTAEEELTE ST, SO AIIHMEMNETO A
Thb,

(2) REBRER
B =EHRERIC T - T, ZUHEREESG CHEREIEAZMBAREIToHKES
Fz 241277,

R 24 =HERERE—EBE

DY REE Mgm?) 0.70 | 0.7t | 0.71 ] 0.71 | 0.96 [ 0.97] 0.96{ 0.97 | 1.26 | 1.28 } 1.27 | 1.28
BRHEE (MPa) 0.02 10207 039] 069|002 [0.20] 0.39] 0.69]0.02 1020} 0.39 ] 0.69
EEEE Mz m?) 1.42 [1.4411.44| 144161 |1.62]1.61 ] 1.63|1.78 | 1.80 | 1.78 | 1.80
Akt (%) 104 | 104 | 104 | 104 | 68.1 | 68.1] 68.1] 68.1 | 40.8 | 40.8 | 40.8 | 40.8
¥ — 7 =] (MPa) 0.025 | 0.034] 0.038] 0.062]0.049 | 0.055] 0.063{ 0.061}0.112]0.139] 0.111 0.126
#aE)) (MPa) 0.012 0.024 0.055

HAMIETA ) 1.4 0.5 0.6




JNC TN8400 99 — 042

AU Ay EEMEANANSEE G, BEREEH L OBRER 2-14125 7, Biko
FRER, WITROr—2THEMYE AWAERCEEREECEIZOTAEKEEI DD 5
t, i AR, BEEREER TN FNOELOES VL, B AN T AIRIEH 102%
TBAIHDTERII > Twh,

z ~rrirEw @a |
E [ T ERER 0.7Mg m3
£ 15 ° " g . {130 ¢
L) S —— &=
* oG(oc'-0.098MPa) AR & o ot ;
# ] . AG(ec'=0.196MPa) . a ° o 1208
E BG{ec'=0.392MPa) A ‘& A ®
2 " Oh( oc'=0.098MPa) o oA ”
2 os Ah{oc'=D.186MPa) .ol & Jio8
& Oh{ o c'=0.392MFa) nf’a am

0 oo o g )

1.0E-4 1.0E-3 1.0E-2  1.0E-1 1.0E+0 1.0E+1
HEREAROTS (%)

(@) N2 bFoa bEHF TEEEO07TMgm®  ZIFIIREE

5 40
° RU NI 1 FEE BR

E 4 L) D.‘w 9y, LmEs 1.0Mgm
% = 3, ® ol 30
& - £
@ 3| i®6loc-0.098MP) 23 a -
# ! AG(oc'=0.196MPa) A 20 E
= "m G(oc'=0.392MPa) | e . & ]
£ 21 en(sc'=0.008MPa) a“a 2
4 - ah{oc'=D.196MPa) : D Ang
8 4 | ‘h(oc'=0.392MPa) W A, 10
¥ e & a

oL legpopoes & °

1.0E-4 1.0E-3 1.0E-2 1.0E-1 1.0E+0 1.0E+1
FEREABDYES (%)

(b) N bF o bELE FZBREE 1.0Mgm® RIFIIRE

12 S G(ee=0.088MPAT, 40
AG(0c'=0,196MPa);

— m G oc'=0.392MPa)

g 10 al B ag "o h{oc'=0.098MPa)

= 5 . 0z

- Ahl{oc'=0,196MPa) *

@ 8 ° |, | mh(ac'=0.392MPa) | it

E 6 * e a8 B 3‘es 20 E

L]

-3 A po B BT o 8 B

2 4 EfEE 1.3Mg m-3 gcq ?

g A8 7% 4, 10 g

g 2 @o“ e Ba

o se0 min b2 8°

1.0e-4  1.0E-3 1.0E-2  1.0E-1  1.0E+0  1.0E+1
AEREARDTS 7 (%)

(c) N> bFo1 bEGZE TERE1.3Mgm® SEFNIREE

2-14 BAKOT & & EMeARANR, BEASEHOBE



JNC TN8400 99— 042

3. EMEEREDRE
3.1 RBRF&
3.1.1 HABREIE

SRR EEOWE IR 3-1ZRT &9 %, SV A RIRER, IR - WIRIE, BiE- E
TBLURESRP L L EEABEEEENEEET Az, ZOEEIX, BEER/ VR
DFEVELEEZHERERF N L TEISKICEZ, ZOBFEFTIRTICELET S %
ETHLDTH 5B, REFORMEEILH 100kHz TH 5,

1

1% > F|_> NI R |

¥ " RERE

E;= B 77 ¥ sFARa—7
¥

E 31 EEXREREENCRE A

3.1.2 BEREMT

HEEE, BEREKEREBOBENY M A PBIT, XU A P ETMHOREY
z, MEDEREECLEZEES *ARGEOESERILARIFLREICIRAL, —H#ERH
BEEZRWC, ETHAHPLERICERT S LI L DERLZ, @i, N>
FEA MEGB IO A BREEOHBIREOHAS L ARBOMAL L L, ERETE,
BRILEENENEL, £ FIOFHTHEZERL L, 2BUT TR, M4 ttHKED
EHEEEE, RIEFTHSTERT 5,

® 3-1 HEFEELE

" HRBE 0, . a4k No.

E (Mg ) Skt w(%)
16 ﬁ% ;
N b A N 7 3
iR KEE 1.8 %10 2
) 1.6 #8 5

% bRE

I0Wt% T MRS RE T8 praes 6
. Ny bAoA bH&k 1.6 # 25 7
BARE vt wEaR 1 6 % 25 5

B, XM FAMIZZFNWVL, AR RORLR A3 S FO2EEYEEN
TI1d 1 TRELZSDEHVW: TABREHRO T A WEEERL 30Wwt% TH 5, HFAMS
SR, EESOmm, & 100mm Thbd, 72, F—0OHBICF LT, & 3RIZoWTH




JNC TNB8400 99 — 042

L7,
SEFIRBE O H BRI, ERIKECTHEMBE L BBNE IV ICAR, BREIKETH 2
FH, BE - -#8KkT5A2E 12X 0EHL,

3.2 HERER
BT AL TORAMANE G, R7 Vv id, BB FSEREEETHSE L
RELIBE, Bohivp, Vs L HRRNTRDHLNS,

G = pV,? (3-1)

2- p/V) (52)

£

ZIT, p . HEARE
Vp | BREW (PiRYEE
Vs . EAWEE (S H)EE

HERRE—BE2ER 3205RT. T/, Skl EMEEEREOCBMRYIK 3210, S L5H
W EEOEGY E 331057, ZOBEPSUTOIENEZ S,

3.2.1 BEMERRE

Ny M4 VB, FABRERE DEKKIEL RS E (No.1,2,7 B L UINSS M),
vp WML, Vs WA T 5, 72720, REMRETE, 7MRREHELILS, XU MF
4 PHEAEOFDINo.1,5 B XU No.3,6 F)vp, Vs & d# 1.3~1.5 RIS, fmIKEE
(No.7,8 ENTRFDENFIZIRE L kot /2, FEAREBOADLE TS 505, Bl
ZEFKEXVHD (No.1,3 B, No.2,4 B LU No.5,6) Vp, Vs £ b 1.3~1.5fFREL
ol

322 R7YLH

BTV Ry IERG-DIZED, Vp & Vs DI TkRkD BN 5B, No.1l~No.6 DEZIREIREETIE
K7V i 3 AREOER T 0.28~0.34 QEEICH Y, BR=8FEFKRIVELNL
BAE7 Vv RO TARLANVTO2FR) LN, EFRELZETHo72. LBL,
SRRETIEIZ0.5 L2V, THIRBNSEHRBERE L HNTEIRYEETHY, T4,
EOMMTEHBOBHRET YV Hi2 047 D EEEZ T, TARRHED /D S REREY
HARIZE 051D 2 Y0V —BRME b —FT 5,

— 48 -
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3.2.3 # ARTREIM

TAWEINE G i IREDIZE D, p&VshbEKE D,

Ry bF A VEIK, r A BEEBELERENE RS L (No.1,2,7 B L UINSS ),
G IKELBATH, 7275, REFRRETEITr A HREHRLIESNRY M4 PBEOK
A(No.1,5 B & UF No.3,6 By 1.8~2.1 fERK &V, fEMREWNO.7,8 B TiE vs DED
IS ol Z b, GDEJNEL ol T2, FEAREOADILETIIDH 575,
B E AKX VWED (No.1,3 M, No.2,4 B LU No.56) GiE, 1.9~2.4FKEL R
=72 <

— B FRERERD 515 5 N R E, 12 2oW T, B LEREEICBWTEKEI FE:
EERTLD, ), 7AH2RAELLES, RMUEKEEGTTIERY M T4 PEAELE
Kk 2528, IEDSKIZONTEFDEPNEL L b, OTALNNPEELELR D
7%, BMEINTCI B, L AR R G IHAEBEERN D 5 L EDR, B, DEEIL A
BERRE G DGR PEEEE, ¥ RGOFEIINTAHEHOERMIIZUTHLET
25,

L& TREINEAKBIMED D L, HUARICOWTEHNZBRARE To 7201
No.2, No.4, No.5, No.7 BL U No.8 Thb, KR L VERLLG L 2EDEN=
MABRTHONL G, DHEEE 33177, BIN=EEETHRLNL G, KN, T
ERERIVEN LG, SEIRECIHIZTIDEVE L & o 7245, FEARKETIEETIES
oWz,

HEEEEOHEEEB L UBHN=SERL VEoNRT VI, AL, £
FREE TR E & —8 L 7228, REREIIBWTRBAETITWIEELEL L, T,
RESFIIREE, EHHETICBIT 2B =8B OSTRIRE, B (B vs) HlEBER
ELHLHOTHAEERDNLY, BEEERES?E 2hoi, Z07280, KRl
BAbE, BRICASAIREEIZ BT 58I =8EERIC & 58 AREIEOZ LB IOV T HA
FBEIZIIFFMTELWESHE R 2B, KTV ILOEA/ TEAEZHFTOENS, #HE
WREE, HAMRMEOEKE PERERE, 74 BREEOE BIIRT 50 22810/
DIBIZE EE o7,
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+ 32 HEHER
fetthNo. &kt (smE(%) [BREE  |Vpms') [Vvs(ms) [R7 Y Ukt A mmm
(Mg m?) v G (MPa)
1-1 7.16 29.5 1.70|  925.2  495.6 0.30] 4177
12 | 707 296 170 900q 4898 o029 4084
13| 717 295  1.70] 892 4849 029  399.8
1-iy 7.17 29.5 1700 905.d 4901 0.29]  408.7
2-1 10.72 45.7 1.76]  958.4  480.0 0.33]  405.4
2.2 [ 071 " Tasg T17el  Tossal 4779 033 402.2
2.3 | 1070 a5 176l oazal  a7es 033 399.5
2 -y 10.71 45.7 1.76]  952.9  478.2 0.33]  402.4
3-1 7.16 40.0 1.91 1175.d  651.1 0.28]  808.7
32 | 716 a1 193 1180 6463 o029 8043
3.3 | 706 407 192l 183 6734 o026 869.7
3 -y 7.16 40.6 1.92] 1179.94  656.9 0.28]  827.5
4-1 10.81 62.5 1.97] 1258.8 624.3} 0.34 7695
4.2 [ 072 30 108 12734 6209 o034 7868
_4'-5"_""36.'7—2'""éé.ér—"?.5?3'"1—255.75“-%_25."1""6._35'"?332.'65
4-Fiy 10.75 62.7 1.98| 1263.4 627.8 0.34  780.1
5-1 8.42 35.3 1.73]  s91.d  321.9 0.29] 178.8
52 | 8.42] 355 173 6153 3246 031 182.2
5.3 | 8.42] 353  1.73 616.d  347.6 027  208.6
5 - iy 8.42 35.4 1.73] 6079  331.4 0.29]  189.9]
6-1 7.57 44.0 193] 9211 4829 0.31  453.1
6-2 | 8.43 485  1.94 8739 4993 026  484.0l
63 | 8.43] 485  1.94 8894 4710 031 4308
6 -y 8.43 47.0 1.94 8948  484.4 0.29]  455.9
7-1 25.79]  102.1 2.00, 1875.d 153.2 0.50 47.0
7-2° | 2577 1020 200 18339 1549 050 8.0
7.3 | 2587 1023 200 19179  154.6] 050 47.9
7 -y 25.81]  102.1 2.000 1875.d 154.2 0.50 47.7
8- 1 2545  101.8 2.000 1810.d 123.2 0.50 30.4
-8:5""""25._531":3(:)5._2_"_?."923'"1_8:16.:2_"372:1._8""6._56'""36.—9.
8-3 | 2554 101_.5""1.'93r"1?355.1""1"25.%'"-6.'56“"%6.%
8- Fiy 25.51  101.1 1.99] 1851.4 123.9 0.50 30.6
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2000 @
1500 o(Vp) X b1 M od=T1.6 Mgm-3 |
= o(vs) A b MHE pd=1.6 Mg m-3
$ a a A(Vp) X b4 bk pd=1.8 Mg m-3
E A(VS) X2 o bBiE pd=1.8 Mg m-3
% 1000 %9 e - @(Vp) TABEREE  od=1.6 Mg m-3 ]
= T O(Vs) FARBEH& od=1.6 Mg m-3
g a B A &(Vp) T AHBEHE pd=1.8 Mgm-3
500 @ o O(Vs) r1#pBAHK pd<18Mgm3
=]
i
0
0 5 10 15 20 25 30
kL (%)
3-2 EIKEE & MR E OB R
@(Vp) R FF 1 FBE pd=1.6 Mg m-3
2000  o(vs) X k31 hEitE pd=1.6 Mg m-3
A(VD) XY hFA FBME 0d=1.8 Mg m-3 i
A(Vs) X hFof bBE  pd=1.8 Mg m-3
@(vp) T (WR&%&E pd=1.6 Mgm-3
1500 |— 9(Vs) ¥ TBREH o0d=1.6 Mgm-3
—  @(Vp) TABHESE pd=1.8 Mgm-3
o | ©(Vs) sABREH pd=18Mgm3 4
o Y
£ 1000
i e [ )
B
= A -
& B
500 8 X
B
a
0
) 20 40 60 80 100
safEE (%)

3-3 RIMIE & MR DRAR

& 3-3 FAEHRLVER LG CEIRI=8FERTHE 5N /= Gmax D L&

FHERBRIUBHLE GBIMI=Z=GIABRTE O £
(MPa) Gmax* (MPa)
No.2 402 339 (a3RE 0.098MPa)
No.4 780 867 (#MXE 0.098MPa)
No.5 190 101 (#ARE 0.098MPa)
No.7 47.7 47.0 (HW=EE 0.98MPa)
No.8 30.6 29.9 (3%/E 0.30MPa)

*efEL, BNZEHEBEIREOMRETELY, LD.T.10cycle BOE
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4. RIR{ERER
4.1 RABRFE
41.1 HBRHEE
AR, WEIC L BEIRE LISH EIRIKEMD b & TE 5 LB £
KoL HBE LTS, EROEBRIMEE LISHORE L BAHIAHATH D, HE
Oh L HBEROBRERRS L OMEERTEBRBATERTAZLERETH LY, &
117 o 7B H R LA SBIE OB 12 Ok —HHRIEOBME LI E 4 k4t 0
bETHMLTLOBMHE 2RDODVOTHD, 1ETHBNLI T, RV PFA L
MED LS REBERBOKR S WIS E OME LIBATIC L AHES 1 713858 LA I
WETHLEEIOLNDY ", —RICBHELOBERIBEL RO LEHAIIL {fTDN 2
RERTHD L, DTICFHBRTSERISH 0 &2 5 IR OBESIC D S BIRE DR
ExfTo/Z s, DT TIIRBRELHIRMEERERT 5,
FBERICBBROUERAKIMERATHI00, OFAOBEEE 41127 SHEIT 728K
1bRBRIZ, o, BIES) =0, BFEH) =0, (EBTHH) 2EWLTEHFER LR,
KOBAYD #F SR VIEHEKIREC -, 2 —FIRD, MERHERELA #5252 L
L& DREBBMOTAE L CBEHMBAESLS SBMBEFEP AL LD THE, &
EORERD & S I AMRBROBE, &AM BHRENORRII—E L% 5,

oo, muELEE

| o,

I £, BROVTH

<> ¢ AV TH

K  AIRE

4-1 BRIEHBREER
4.1.2 HEREMH

RERL, EREE 1.eMg m® O M BREE (F A HREEE 30w%) 22V T To
7oo MEERATHEIIERE 50mm, & & 100mm TH 5, FXHMHE o 13 2.94MPa T, D
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WA 3R CEBRT R MR L2265, #VELBAREL s, /20, (o, S LIS
#, o, EERTHAEMBIE) =0.241, 0.145, 0.100 ® 3 7 — A 22T, 0.1Hz DIE
B BRVELISHE LTS A, 28, 0.=0.49MPa, ¢,/20.=0.15 DEHTIEE S
—2ELTERL TV, RBFE, FIER CIZERMICHE TS Y IGS T541 128
LTV DA, B0ELERE EIConTREBRHORREOEIHEHAL LS, &HT
DEEZ{To70

o HEEAMRILAR

MooE I ABRANRY M FA N (5 A BREE 30wt%)
rAMOREE (R bPFAL ZZ5VVLE (T0W%)
’r 4 35 (15wt%)
5% (15wt%)
5 & I B §=50mm, %S h=100mm
MR : 1.6 Mgm>
oV ;B
o HEAGMG (EFEM, BArskiHF) D E 4158
* 41 EERM, #SEES
BUHERE o, (MPa) 2.94 0.49
oo 1o fE (MPa) 3.136 0.686
HE (MPa) 0.196 0.196
BT I
3 ToE AR f (H2) 0.1
B LISHIEEY o0./20.'] 0.241,0.145,0.100 0.150
4.1.3 ABRFIE
(1) AFIHE

HREALEOBERY IV FAVETABEZERKT | 3OEHETTSHIZERET 5,

(2) EfEREIE

BELLBFHOREL-ZEFECLELESEHEE Y HE, EREGFRERECEAL
T, —HERRBEE Y BV, EEISH 10MPa 51 CHEAKERE 50mm, & X 100mm (27
5L HIBRICE/EE S,

(3) RAFNEFE

FEfGEAL L7 Bk 0 fgfife iy, UTOHETITo /2.
OBREF BV IZAEENLTHRET 5,

-5l -




JNC TN8400 99 — 042

QLTPLEZEEFRAIEDTWE, BF (#-0.1MPa) DIREET 24 BrlRET 5,
CBEZEAIERLT, ETrolkS87-1%, @AKEH 0.7MPa T 30 HLLERA X
5,

(4) HAGORE
RNV PLHMEELIRO B L%, AEEML, ERE, 58, EEZAELT, 88
SHMRABTHWCEBEALC, M 22 WRTRE=MERRBEBICHRE L. & B,
ARBRTIE, LD.T.Z L 50T ADFHINIIT - TW v, FIEEUT OB 12T o072,
OQFER-—FRARA b= E— R o RFAI NV EICHEEHE, HAKTEL,
QERAFRIEIZIE, FiicaiesEE, EHEICAEZEHL,
OHFAKICTLAR) — T2 PREZ@EVNIIEY ML, ETOITAZYY -T2 —
T 5,
@E AR, MAFEEYy S EEBET S,
@LTmED S OFKEHEO LY 21T,
GO=@trrrty FL, VILAZKEERSES,

(b) ET:EFE

HRAEKEZ ZE L VICRE LS, EToay 7 287 THKSEGE L, BIEICFHZE0E
SWEEEPTC, EEZHET 5, EBEORTIL, 3c B hHEL, FAWT% B
ExHE L7z,

(6) MTTARE &7 — XA

FEFRER T %, FEHRIRERIZ L €, MZEILAIRIEZ SIS 200682 L b, KL
SRR — 5 TR LB E 2 3 L7z, BTER 0.1Hz OEFE & L, AREC§ A
DA 7% 10% LA 1, b L <id#E LE% N=1000 bl £ CHEFEMIRL, WE, #O$FA, B
KEORRELL VRBREREZER L,

4.2 HERFER
4.2.1 HEMFHMYE

£ 4217, SUEREOWERE (S8t vy M) BLUEEBEOEYE—EL R
To

REERTH L{Ellxsé N7z B I, HBETHESEED 095 L &G LTz,
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#® 4-2 HRBSLUVEREROYSE—E

BYMEE o (MPa) 2.94 0.49
2R LIS HiRELE 0/20.] 0.241 | 0.145 | 0.100 || 0.150
#ELE No. 1 2 3 4
BEE D, (cm) 10.00 | 10.00 | 10.03 || 10.04
BX H, (cm) 502 | 5.01 | 5.02 || 5.01
R V, (cm?) 197.921197.14|198.52[[197.92
BHMER W, (g) |391.90]|391.70]393.00([392.50
7| wmE® w,(g) |305.70]305.59]306.73]306.23
% a7kttt w (%) 28.2 | 28.2 | 28.1 || 28.2
EEBE o (Mg m?) | 1.980 | 1.987 | 1.980 || 1.983
SBEBE o, (Mgmd) | 1.545 | 1.550 | 1.545 || 1.547
RARALE e 0.709 | 0.703 { 0.709 || 0.706
SUFIEE Sr (%) 105.0 | 105.8 | 104.8 || 105.3
BZR Ah(cm) | 0.327 | 0.311 | 0.302 || 0.021
thigEr{t Av (cc) | 43.65 | 41.1 | 48.7 || 8.35
% SIREE o, (Mgm?) | 1.982 | 1.958 | 2.047 || 1.615
i;;; RIRELL e, 0.332 | 0.348 | 0.289 || 0.634
B i 0.95 | 0.95 | 0.95 || 0.95
s (hr.) 504 | 504 | 759 || 336

4.2.2 @R LEHHORBE(L, BHER

B —AII2WT, WAEREEEL o, MU A, BREBRKEAOMERSL X
UHMIEIEEY K 43~ 4612777, ¢ '=2.94MPa, o /20 '=0.241 D7 — AL
B LB AL 728, 100sec O#EIP T, Brall, Mg o 2 &y, fF# THEROF 4
BTz EBL, ThEhe 77 7L Twa, 228, Au OASEEREICBITAER
ZLL B TRT, F72, ISHEBEEICE, B&ER L -ERFEIK=8EHERER L)
75 N BIEUAERD ¥ TRY,

BLD, o.=2.94MPa, o ,/20 ’=0.241 OF —ALUSAD 1,000 BHOBF 2T/ — A
TiE, g TEEnT, MO A, BHBEBEKEFET Y7 P LTHE I EFFP S,
IR, BIEOHE L —BEEPR TCHRBREPRHL2DIIT— B F) 7 LEPDTH S,
72720, HEF-2 L FU T FPEEIIHITH Y, BRBEREAIIEETLILOTII R
Wiz, 7 OFIEFIITo TR,

BHHEE 0 '=2.94MPa D7 — 2 ZBWT, ¥R LIGHIRIEH ¢ /2 0 =0.241 TIEED
LB 0.7 I CTHERIEU$ AT 10%IEL, 2EBRETREE#T L. /20 .=0.145
T3 DR LA 672 B CHEIRIE O T4 1%IEL, 1,000 BITREBT#HT Lz 0 20
=0.100 T 1,000 BT L7225, MIRIEOTAIZ 1%BIZHEL 20272 o =0.49MPa,
o 20 =0.150 D —ATH 1,000 FEIWA L7225, WIRIFOTAIE 1BIZHEL Bho72,
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o .)=2.94MPa, o /20 '=0.241 O — A%, FEEIERME TR T A0 10%ITEL
Fof, B D RAMOEBRE THOTANY 5%DRE2ERFEL, ROME, EffE
BTESMICHRAEPRICE U HNCHRENER L, TR DIBAPERLIN TV R
WIZ ERGHPDE, IRIBREE L SHEUERITILEL W ARV, BRT5 L) 28R H
BAKELSEORBFHZIES D EFE U120, ARAPIETIEERS I BT I &
L2 RBHED D %o

194 7VvE (EHEBRE) B 288MEKEORERR, MERIIIHLCo
J=2.94MPa, ¢ /20 '=0.145 D7 —ATH 0.8%, o '=2.94MPa, o /205 ’=0.100 DY — R
T#0.3%, 0./=0.49MPa, ¢ /20 .=0.150 D7 — AT 12%RETH Y, BEMFKIEL
LTIRFEFIEV, BEFFOBEBEBKEDOERSIFEEITRLHTH Y, 1000 [HOEAT
RTEOBHEBKEL (BREEBKEA/ BB RE ) &, ¢=2.94MPa, ¢ 20
J=0.145 D — A TH 0.2, o =2.94MPa, ¢ /20 .=0.100 D7 — A TH 0.1, o ’=0.49MPa,
6426 =0.150 DI —ATH 0.5 Tholz, LizWo T, BRCHERITLSISHER L I13IZ
FIE A5 13DEEEREDD, AuDHE, Ta0L p DRI, RRPITENY
AL RERERL, BEFBKEOREINNS EAE LTEHUTOLI 2 b
DPEZ NS,

1) HERESTHICBEAL TR W

2) HBRUKEBERER o 2EEEZ b > Thnin
3) FEAEFOF Yy T L—arD3IR

4) HEFAOHEBAKEDELAHERE L 2\

SEORERTIE B {HIX 0.95 FFELTBY, T/, BFCEHBLANY P4 FRER
OFEER L, 0.95 LED BEAFHTIZIZENHME L L TORGHIFROLNL I LA L HD
gZEihEsnE Ebh, $1, SBRFEVEBOBELICOEER P o722t b )%
HNEIZEZ LGV, EXBIERE LT, N A MIEBSKETH 0B ORK
BIZ X D RAT A BREERA RN A E 2o Th oAt ED, SEOR
ERORA IS 0.1Hz BETRAENFRS SN -EI2R 2 I 4 SN OEB AR 1 K
EREBAENEILICBFG ZIES D& L, BAE 2 HEL TwaHAGRET T
LR BRI AR D RIS B D720, b5, HEYPOBRME CILRmE
HOBEAEPEYEATEALTLEY, BEMBKEIEE L VI ENELOND,
Thbb, {V A O —REEHENIERD R ) BAEFROCHETI, BFE
WA ERAEREE KSR EEERITTEFLON S, ML OME L& ABFEEEN i
T B EWBRER R L RIS W, BEERESE I YR —08E LRI B
WTEIO T ATRE, BEBMBEATLE /ASCHENAEmMIICH D, S, BEESK
X% b0 EREEROSKEINEE DL 720, BRAESAC O TAORE— B4 L
LIEH—ETHLEVIRELHY D, SEOREBRT O AHRLREARITHE S T -
Wb b,
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COEI, FEBIERFEICEL TERELTR LN, 6,=2.94MPa D7 — X222\,
HHRIE O34 DA, BEHEAKE]R A o IZBELTELN/ZT— 7 OFH THaE LE
Nl L8R LIS HIRIER 0 /20 ) OBFRTH 421278 T HRIBO T AIZDWTi, 0.34%,
1.0%, 10%, @EEEAELIZOWTIE 0.1 E2B3ELEHEICODWTF D, TF— %
AP W ORBLREZRITA 2V, IFOMIRIEUC A0S L AR BEBKEL O
FHENREL o TVBEOESD5,

- -DA=0.34% ..

O " e--DA=1%

s .. ®"DA=10%

o -8--Au/oc'=0.1

bﬂ e am sl oerar caasaenaa wme e

=

!&

g e-.‘_-"-\_ '

2 e T T e e e

3 T e .

& ! SR A N
01 —— : A TP “\g

0.1 1 10 100 1000
BEUREN (E)

H 4-2 #:ELUEHE &R LS HIRELEDOREER

— hE —
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2
" ec'=2.94MPa
. _ _od/20¢=0.241
AT g
; | | -
0 : s ‘\‘ /[ RS &
d V10 \ ?o 30 ap E
-1 \\r/‘ \/
-2
time (sec,
(a) BhEID DOREEEAL
0.04
2.03 — =
— . oc'=2.94MPa &
i _UF' od/2oc'=0.241 :;
3.02 . b
I JJ—‘ g
[ =
201 oy ¥
b3
0 { N
10 20 30 40
time (sec.

(c) BRI FHBKEDERE

20
o c'=2.94MPa
10 N ‘gd/2ac'=0.241
0 /_\\ A
q R 10/- 20/ 30 4
!
|
-10 } A4 v
U/
-20
time (sec’
(b) B9 A DREEFEEL
2
CSL
1.5 *
: /
//
0
0.5 ! 2 /s
b /
a5 1 ac'=2.94MPa ’
' ad/2 wc'=0.241
-2

SERHENES p* (MPa)

@ K

4-3 BIREEBRER (60'=2.94MPa ¢ d/26¢'=0.241)
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4.2.3 BIERREDHTE

DEDBHLnT— P oBINEETHETHDOEFEFICHETH L, MELOHE,
WO L) HEL BRI L o TERTHILEARTEETH L7220, HIFEDT A
DEEICL > THIET BEEE S 2H 2V, BEREVCT AR ZOMBESFELZERL T,
Bl ZIE DA=5% T 7213 10% L ERT 54, HERH T DA=10%IZE L7z ¢ '=2.94MPa, o /2
0.=0.241 D —APNTINEMET S LIETTEETH S,

ZIT, ZT7 74—V FOMBERZERBR P TIIHERROBE MBUKEORK LRI+ 5#
RYLZELPFHPO—2TH AT L6, ARMEBEKEDEHI N OB EEZRETS Z
Ll L7z $bb, BVELEREEBRBEBKEDREE ZRTFIIIHET ZZ L THE
R0 Db GBRIMBEAELD 1.0 £725) 8K LM+ ersasE WREEE) &
EFELT. TOL) BRI OMEETERATLEHE, HE T CIEIEDE LR S A5 K
KIEDHERZ Seed 512 X HHBAKED LRR WL EWZ T4 v T4 2 73T TA-F %
RETHY, K 43~F 450t R5 &, DSHEOER TIIER LRI TE L EOEE )
SrHRRVI E, 2) BDE LB Z 5 I 0 BRI EBUKEOB ML § 5 58|
M OERIZIZIZTHEEEMETH S Z &, HFO-ORTNHOBRFER THETRIEBZ
HLARFREDHRETHA I LML, #0ELMEE SR B BRKEDEGR L BT ORI
R THE L, BREIMBUKELD 1.0 £ 2HRLER VR LEEE KO 72, #IR{LED &
LB NL &SRR 0 /20 POBRER 4712783, 2B, HPIZIESEr—ATHD
¢./=0.49MPa, 0,/2¢ ./ =0.152L B 7 =7 b MAT %, 1LY 6 '<0.49MPa, o¢,/20
J=0.15 D7 — 7 LS D o '=2.94MPa D 3 HTld, FHEMIIIT IR CHRRAER TEE
TELIEPRDPE, 72721, o =2.94MPa, o /20 '=0.241 D7 — XA T3 DK LEFHT
2mEELEL, T2, BRICHAMBEIIE>TWATD, ZOBBROEMEEIZ R &
b0426.<0241 THDHIEEERLTHEL,
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5. ¥&8

BT A R ERBREERL, BRICOWTE D F LD, LTIZEHRE
DERTBEHT 5,

[Bh 8y =8 EtER]

BIREHE 1.6, 1.8Mg m?® DY b A b EAK, EBRBE 1.6Mg m? O 30wt%r 1 BiRA
wEREN, BIRREE, FAFREOHRRGL AV, AONRELE L CBNSHRR
7o iR,

1)

2)

3)

4)

5)

6)

7)

BIIR T v o Hid, SRS TIiRIEZ 0.5 ISRV E, N TIREHIBELTT A
Az, 018 ~0.3 DETIES DWW/,

SBPOBMEMNIE, LDT.EFyy Ay TEHAIL 228, —RBICEDLRAEF v v
T ORT 4 T —RIBEAERPol, LoT, mEY TZEIA R, #
HEMD ABEESTNUL, EEEEXY M A FOZ8BRIIF v v T THE
HEHEOHLF— 255N 5,

S8 ARTENEE, BEEEERIEZEMB & OFERIEM & AL O3 AREMED
Bt olo¥ (AR |

BIRGHE T, BEREAMMMEE G, EAMBREOBRISAHRTEICESLES
EH TEME NI,

B AR - A ARTRHEECIERM LRI, & AR U3 ARG & OBFE
BT, ERWEE, &/ A E, BEOEY, FIHREOEFEIZLILT, &
TOFr —ATIERIET—ZEZ0HEBIZBS T o7,

BEREEHESEMHIZ, (AEEOBBIIESTEL2ERKEWY) CAKOTA
Rl & OBBRIZBWT, BRWERE, S A8, EEDEY, F1HREOFE
LSBT, €Ty —ATEIZ—E0EHEBEIIBZ T -7,
ROFEFIWIZEIBRBRERED 74 v T4 v T #To72 R, ROEFNLDONT A —F
FRUNIEET DI LI Lo THEBRERL D EER|T LI ENTE

[ i B R DRl E]

TEFIRRE DEZIERTERE 1.6, 1.8Mg m?> DN + 74 MEK, 30wt% s 1 BHEAE, #Al
REOWBRERE 1.6Mgm?> DX b+ A MHEAE, 30wmt% 7 1 BREE T AV T, BERRE
DBIEZIT o 7=,

1

2)

KON RT Y L, AEMRECR O3 B THN-MABRERL VBN
BIRYRT Y Y HIZHRTHETRE fE, SARETIHIZIZs TEHHN=MRBREEL
OREYBRETH -7,

Kb b ARTHINE S, SERIRECIREIMN=MERERE L V&SN ARRIEC
HARTIDENEE 2 o 7225, TRARETIIETIEL 2w,
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(R b ER]

RO 1.6Mg m” D 30wt% T A HHRARE BT, R LSRG % 4 2 Tkt
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1) #HE LISHIRIEHA® 0.241 @ — R ik, #3K L [E% 0.7 [@ T& ABFBEEE L, 0.145, 0.100
D4 — A1 1,000 [FFRMG L TH, WHEREOTHIT 1B LIELE o7,

2) BWHOBEMBKENORERIIIERIZINE L, Thid, X M4 MEREKOES
KERBITRERO R D o 72720, BEGRROKESHVRHFEZIEL OV
REPREREEILND,

3) HHEEBREROEE L EE L BEEBAEORBRD S, BEAKERD 1.0 L2858 L
E% (BURILERE LIEE) 2 RFHICIHET 5 2 LI X o TRed 7z, HARILELE LIE
B R USRI & OBFRIE, FEEECHERAER THETE /2,

RS OBHAEEET— 513, ALY TYRFAOWELEESE Pk LBV

NEZERLRT -7 THIAN, 77—V ETEXZTFLEEL LV, SHBIVBEEEF— O
FEEHD, LVBEOBVREZITILENRD L,
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