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An Investigation of Cementitious Materials for Radioactive Waste Repository
- Mechanical Properties of Law Alkalinity Cementitious Materials -

Hitoshi OWADA*, Morihiro Mihara*, Keishirou IRIYA** and Jyun MATUI***
Abstract

Cementitious materials are comsidered as candidate materials for the geological disposal of high-level
radioactive waste and TRU waste. As the pH and the Ca content of leachate from the cementitious materials
are high, the host rock and the buffer-material would be degraded by the leachate in the long-term. Therefore,
transport properties and parameters such as solubilities and distribution coefficients of radionuclides would be
changed and affect the performance of the repository. In order to dissolve this "High pH plobrem", the use of
a low alkalinity cement is considered for the disposal.

In this study, we summarized the necessity of the low alkalinity cement, and developed the approach of the
low alkalinization of cement. And, the following were carried out in this study : A leaching test of cement
paste, a fluid test of the mortar and a installation test of the concrete to the trial structure.

From the leaching test using the cement paste, we confirmed that we were able to obtain the low alkalinity
cement (HFSC) by addition of pozzolanic materials such as silica-fume and flyash. From the resuit of the
fluid test of the mortar, we chose the cement for the practicability evaluation.  The practicability of low
alkalinity concrete was evaluated by installation test to the trial structure. As a result of these examinations,
we proved that the pH value of the leachate from the cemenﬁﬁous material was reduced by adding SF and FA
to Portland cement. Simultaneously, SF and FA had to be added in order to obtain the good workability. In
addition, workability and mechanical strength of the cement which SF and FA were added are almost
equivalent to the ordinary Portland cement. The results shows that the HFSC has high practicability.

*:Waste Isolation Research Division, Waste management and Fuel Cycle Research center,
Japan Nuclear Cycle Development Institute
#%.Obayashi corporation
*¥%:0TEC co. LTD.
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5 iR 3& & (°C /min) 15 5
B 7 #3 [ 30~ 1000°C 30~ 390°C
HEE 20~ 50mg 5~ 20mg

7 AEFESH
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o ¥ Zd R’ TG-DTA DSC L a1
BleAV REBHEE]| OpH | Ca(OH). i CaCOs ($£87/K| AFm ! AH | ARt SH
0g 12.9 172+ - .+ 405 | 32 i1 - 0.7 0.3
6000g 12.5 - ! 29 1 116 - - 1.8 0.6
A| OPC 16000g 12.0 -1 19 1121 | - b - 0.4 1.6
30000g 11.4 - 27 11T - 1 - 0.2 3.8
0g 12.9 143 - 1 388 - - 02 | 06
6000g 12.5 - 1 34 1 198 - - 0.4 1.2
A| MPC 16000g 11.9 - 125 1 2710 - - 0.3 2.4
30000g 11.2 -1 20 | 204 - - 0.2 8.6
B| 0S4 0g 11.8 - L . 272 - - 0.1
B| 087 Og 10.0 -0 - 1230 - - 0.1
0g 10.5 - 1 - 1290 - - 0.1
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B| OSF 16000g 10.6 - . 08 ! 110 N -
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A| OB3 16000g 12.1 -1 27 1210 - - 33 1.5
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TRTOBHTCSHABHOhT-, £/, OSFOFRBBERBZBORMERVTE, §RT
ORBETARNR RSO N, Ef, SF, FAFMUAEBEO AL FTIECaON)-D ERENR L
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#£3.3—3 ERHEOILELEESAR

& # EHE WD)

B AVh |REBHAE|SIO: [ALO:[Fe:0s [Ca0 [MgO [NaO [K:O [SO: | insol. | ig.loss
_0g 11730 [ 17 1367 09 [ 02 {03 | 12 | 02 [ 442

6000g 21759 131 (38209 - [ - | 20 | 04 | 252

A| opC 16000g 261] 69 {38 (343 12] - | - [ 19 | o1 [ 242
30000g 271 69 [ 44 [340] 15| - | - 1 19 | o2 [ 239

0g 128123 [ 24 [349] 16 [ 01 [ 02| 1.1 | 01 | 444

6000g 223 42 |39 [377] 13| - | - [ 17 [ o1 | 247

Al MPC 16000g 238 | 47 | 41 [318] 13| - | - [ 15 | o1 [ 208
30000g 265] 55|58 (324124 - T - [ 13 [ o1 | 235

B| Os4 0g 375126 | 1.0 (272 13 | 02 | 03 [ 09 | 44 | 290
B| o0s7 0g 567 | 1.1 [ 08 [144] 07 [ 01 [ 02| 05 | 344 | 255
Og 32293 |23 [190] 06 | 08 | 05| 07 | 93 [ 336

6000g 36.9 | 105 26 [224] 08 | 04 [ 04 | 05 [ 129 [ 237

B| OSF 16000g 39611430 [235] 08 [ 04 [ 04 | 05 | 140 | 183
30000g 248 [104] 27 [190[ 09 [ 04 [ 03 [ 01 [ 114 | 305

B | HSF Og 3631112 25 [164] 1.0 ] 1.0 [ 06 | 09 | 158 [ 286
Og 130 42| 11 [310] 20 01 [02] 1.4 | 01 [ 469

6000g 2.7 70 21 [362] 26 [ - | - [ 21 | 01 | 254

Al oB3 16000g 228 | 67 [ 20 (31528 | - | - {17 | 02 | 303
30000g 295] 94 | 25130337 - | - [ 10 [ 02 | 238

B[ OR 0g 37.6 | 19.8 | 39 [104] 1.1 [ 20 | 1.1 | 09 | 356 | 219

HEETFTBEMTCOE-EILETRY
insoll, TERSERT iglossld, MBEEEFFT,

#3.3—4 ERHEPOCSHOEHFERUHER

= # B & FE (mol%) C-$-H #8 R (mol k)
B AV |EWBHER| CO |Si0*| ALO: | #E & 7K SFE) €O HO ALO:
(wt%) { SiO: | CaO | ALO:+ SiO.

Og 232|117 27 | 403 78.0 2.13 | 5.41 0.12

6000g 3631217 57 | 115 75.3 1.79 | 099 0.13

A OPC 16000g 332261 69 | 121 78.2 1.36 | 1.13 0.13
30000g 325|271 69 | 177 | 841 128 | 1.70 0.13

0g 241|128 23 | 388 78.0 2.02 | 5.01 0.10

6000g 35.7 | 223 | 42 | 19.8 82.0 172 | 1.72 0.10

A MPC 16000g 304 | 238 | 47 | 270 85.8 137 | 2.77 0.10
30000g 3121265 55 | 204 83.6 126 | 2.03 0.11

B 0S4 0Og 2720331 26 1 272 90.1 0.88 | 3.11 0.04
B 087 Og 144|223 ] 1.1 | 244 62.2 0.69 | 5.38 0.03
Og 19.0 (274 | 68 | 29.0 82.3 074 | 475 0.13

6000g 22.0 13031 7.1 | 161 75.4 0.78 | 2.28 0.12

A OSF 16000g 231324 7.7 | 110 74.2 076 | 1.49 0.12
30000g 18.5| 29.0| 74 | 26.1 80.9 0.68 | 4.39 0.13

A HSF Og 16.4 | 282 | 70 | 23.0 74.5 062 | 4.37 0.13
Og 267 | 13.1] 3.9 | 427 86.4 2.18 | 4.98 0.15

6000g 3431217 68 | 211 83.9 1.70 | 1.91 0.16

B OB3 16000g 29.5| 228 64 | 269 85.6 1.39 | 2.83 0.14
30000g 29.0]295] 9.4 | 207 88.6 1.06 | 2.22 0.16

A, OF9 0g 103 | 19.4 | 103 [ 18.7 55.7 0.57 | 5.63 0.24

FCSHADSIOIZ L YA L EEL . Y VH7a—LABEELETATAMLEDOEL, SEEEMLERY CIT
®3. 3—3Winsol#. FARBEML B 0 5i02,A12031%, insold S FAS & (Si0251.119%,A120326.6%) % 2L 3| L1 =,
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£3.3-5 AREEOEKNNOSEE

[€3.3-7 OPCORERBIDDSCHEREE

o ¥ EHE (o/50gGRH + 45 K)) RHEE|FEK
HltAvk | REBREEE| Ca(OH): | CaCOs ¢ i H AFt | APFm | insol | (g (®)
NBE L
Og 6.5 - 29.5 03 | 12 | 0.1 37.8 12.2
6000g - 0.6 14.4 04 | - 0.1 19.1 30.9
A| OPC 16000g - 0.3 12.3 0.1 | - 0.1 15.8 34.2
30000g - 0.3 11.1 0.1 | - 0.1 13.2 36.8
0g 5.3 - 29.1 0.1 | - 0.1 37.3 12.7
6000g - 0.7 17.5 01 | - 0.1 21.3 28.7
A| MPC 16000g - 0.4 15.9 0.1 | - 0.1 18.5 31.5
30000g - 0.3 11.1 0.1 | - 0.1 13.2 36.8
B| 0S4 0g - - 35.7 01 | - 1.7 39.6 10.4
B| 0s7 0g - - 22.8 01 | - | 126 | 377 13.3
0g - - 32.3 0.1 | - 3.6 39.2 10.8
6000g - 0.3 24.8 - - 4.2 32.9 17.1
B{ OSF 16000g - 0.2 22.0 - - 4.2 29.5 20.5
30000g - 0.2 25.7 - - 3.6 | 312 18.8
B| HSF 0Og - - 28.1 0.1 | - 6.0 37.7 12.3
0g 2.0 - 33.9 1.0 | 15 ] 01 39.2 10.8
6000g - 0.6 19.4 05 | - 0.1 23.1 26.9
A| OB3 16000g - 0.5 18.8 07 | - 0.1 21.8 28.2
30000g - 0.4 13.5 - - 0,:1 15.3 34.7
B| OF 0g - - 23.0 02 | - 13.9 | 392 10.8
CEEBRTRELTCHI-CLERT
10,00
5.00
g \
N AFmIZ & SR E
g 0.001
L)
8
5,004
~10.001 — _ —
30.0 102,90 174.6 246.0 8.0 390.0
Tewp s C IHanting}
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CaZ{ECaSitk DC-S-HIZCHMUAEEAMBERELTLWRIEN D ST,

CNoDHERMNS, SR ESELRYSUMBERMTHSET, BREDCamd £C-S-HIC
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Bl #-T, KRLOFARES>THEY, TOLHITCSHOCSiNEEEELBELTE, -
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3.8 RYSUHHOFEMIZKBZETFILHAIREDEED
BARDOKRIT S8 (SF, FA, BFS) £ HRMUEHFSCR~A D EBHERICE-T, KYS
VHEOBEMICES AV EDETILAYHELEIZOLWTEREL, L TOREEE-,
7 SF, FAZRMLEHFSCTIRAHADBEADpHZF 12 TFIZE TSR I EATE, HIiC
OSFHSFOSTCIE 1L FIzilfl+ o M,
1 BFSZEHRMLUI-HFSC(OB3) X, OPC, MPCLRI B D BHEBHERL, BHE RO pHE B
TEeEdoLIFHELEM 2,
7 BEERHORUEOPHIL, CoSit DB ETEBRTE,
CHoDBERMIS, SIHEZRBIZEORYSOMBEFIMTEET, BHEOPHAIILT
DEAVZRICENRTAETHIZER D2 F=, FOEAVIOEHBEOEFIL
LiZHiz>TR, BEOFEENATEIARENASICENTERT,
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4 HFSCEILSIIEUHFSCaYvYY—hizk3EEHORR

4.1 B

BETE, RYSUVHHEFMLEES AV FTCHIHRSCIZE> T, SHAEDpHA11LL T
DA ORENTRETCHIIEEZRLE,

BAVFERABICHRT HEHIZE. BLEANE. OV HY—RELEEBOD—AEYF—_ EiL
BOBEGLEORESRAICHEIS230THTFAIELGLLV . T0OHOBHEIZOINT
LINFETIRECHAVWLA TS EAVFER B ERSITRUBEZISIEMNZEELL,

BLELPAVIY—FDRBEE. TOBREICEYREEAS H-T. AV MOEREIZIE
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’ i5.0 3.0 73.b 6.0 A R
i2.0 2.4 9.0 4.1 B
OSF 1 80.0 [150 | 500 <=0 0T 755 [ 5.3 T BE

A B 55K, (B BB HFSICH L TBI6ka/m’,O0SFICXT L TI06ke/w® &L 7z,
! MFETAUDNEFTH- B:mL ETHEEBLGD s



JNC TN8400 99-057

7 HFSCavoU—to¥—H%
£4. 3-6ICEITRHOEREOHENEHEETRT,
MAGMIZHLTHRHBTOHABHEERENHALHMITETLTEY, MBICHELA

BAEFHLTWSIIERS o=,

I HFSCIAVIY —+DaEmEECIcERAE
F4. 3—7ICHFSCaY S — D EEBHEVICEHBICBTI2EEREEZRT,
BLAIVERKRICEEBERIHUERU ELETH T,
EMBRER2EHEH TO~TOMPak F NEEZRLIz. £ . a7 EHOEHRE T,

F4. 3—BITFT LIV ThEWOMPaTHY, FTHRETITIZHEHMBRFELOZERILR

ShEholi, MAGMICHLTHEAOBENABEZERSRL AT,

T HFSCaVYU— DR INHE

#4. 3—9lz,

HFSCavH U — OB BERROBEZRT. .5, kO,

OPCERW:ERBBREO VIV —IOERINBERROBRE £HEL:.

%4.3-6

USEEEY S IRIL 0 P EEOEEHER-E
AWk FHEMEEEM -
RAE | E@ | RS | P8
HSF 18.1 16.1 11.0 15,1
0SF 22.2 16.8 5.1 18.0
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HSF 26-50 | 28-05 14.b 21.3 32.5 63.4 83.5
0SF 25-15 [ .27-40 14.3 22.8 38.0 69.4 105.7
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A8 EB 7 481 iy EEHEE
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AV B (%) 7k AV | #HME 7B | #8148 | #153288 | #1918
"HSF 30.0 150 500 -2.31 -3.18 -3.87 -5.50
OSF 30.0 150 500 -2.39 -3.16 -3 .77 -5.16
0OPC 30.0 170 567 -2 .45 -3.18 -4.03 -5.88
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1. RHERICBT5E8FHOIHFER

BHEBTHLNE-ERHEOSHHBRL, BINEFITIoTEAV IR HORMB T ERE
FRLE, 2ORBLERERLZLEEL, BFFERUBHIGRORZLEERH T 56
DOERNT—2LU5, ZOT AREICETHIRUSBRTORBEOSTERER T -1 12

FEHB,
& T-1
B IRMALER BEE (mmo |/ 1) HH Raatak R EE (mmol /1)
(g) pH Ca | Si | Al | Na K (g) pH Ca Si | Al | Na K
75. 2] 12.88] 7-7]0.01] 0.01] 22.8] 14.8 38.7] 10.51] 3.5| U.85] 0.0 13.4] 2.0
70.8) 12.79] 10.5]0. 01| 0.01} 10.4] 6.5 73.8] 10.72] 2.2| 0.96] 0.01] 11.2] 1.6
1077 12.66] 0. 0|0. 00| 0.01F 9.5] 5.8 T09.6] 10.811 1.0] L.I0[ 0. 01| 8.4 t.2
T83. 8] 12.64] 15.8| 0. 01| 002t 5.0] 3.2 T84 11.02] 0.6] 1.21] 0.01] ©6.3] 0.8
120,81 12.84] 19. 0| 0. 01 0.01f_T1.5] 1.1 3524 071 0.5] 1.45| 0.01] 3.4] 0.4
oPC 587.6] 12.76] 19.1/0. (7] 0.02] 0.9 0.5}| OPC 520,2| 11.00] 0.4 18| 0.0l 1.9 0.3
1209. 6] 12.7%] 20.0j 0. 00| G.01] 0.3 0.1 T148.2| 11,01 0.4] 0.87] 0.0 1.0] 0.3
1950, 2] 12.85] 20.5/ 0. (1] C.00 T784.6] 10.82] 0.3 0.65] 0.01| 0.6] 0.2
3504] 12.72] 20.6/0. 0] 0.02 T04.6| 10.83] 0.3] 0.53] 0. 0.3 0.1
BB42. 1| 12.45] 11.8{0. 03[ 0.03 5576.2) 10.76] U.3] 0.98) 0.00] 0.7 0.7
T0380. 7| 12. 221 3.6]0.06] 0.10 10421.8] 10.67] U.3] 0.32] 0.00
.3 11.80) 1.7{0.15] 0.06 17257.2] 10.62| U.3] 0.28] 0.00
31118.4| 11.38; 0.7(0.31] 0.03 31514.4] 10.38] U.3] 0.22] 0.01
M | RR AR BE (mo /1) BH | RARHER iR B (mmol /1)
(g) pH Ca | Si | Al | Na K (g) pH Ca Si | AL [ Na K
I8.4] 12.90] 12.4]0.03] 0.03] 7.6] 16.7 26.9] 10.42| 4.2] 1.00] 0.00] 13.9] 1.5
57.4| 12.69] 12.4]0.02] 0.02] 4.9 10.8 B1.4] 10.57| 2.6] 1.07( 0.01] 10.8] 1.
T07. 4] 12.72] 15. 2] 0.02] 0.02| 3.7] 6.9 T00.2] 10.63] 1.3] 1.18{ 0.001] B.2] 0.
783.6] 12.72] 16.3]0. 02| 0.02| 2.0] 3.4 166.5] 10.54] 0.5] 1.211 0.01] G.4] 0.
360, B[ 12.72] 18.4]|0. 01 0,01 0.5( 1.0 %33 10.81] 0.3] 1.45] 0.02]{ 3.3] 0.3
MPC T04. 3] 127219, 6|0. 02 0. 02 0. 11 0.Z|| HeF 591.9) 10.80] 0.3] 1.39] 0.0 1.3] 0.2
T023. 3| 12. 88| 20. 7| 0- 01| 001 1126.7] 10.86| U.3] 0.89] 0.01| 0.0] 0G.2
 1826. 2] 12.76] 20.4|0.01] C.01 1743.2) 10.73] U.3| 0.65] 0.01] 0.5] W.1
[ 3605.4] 12.75] 16.3] 0. 02] 0.02 3150.5] 10.64] U.3]| 0.46) 0.01f 0.2] 0.1
G206, b 12. 34| 6.3]0. 03] 0.04 5708.3] 10.56] 0.3 0.31] 0.01] 0.1 0.1
T0511.91 12.14| 4.8]0.09] 0.09 10435.3] 10.54] 0.2| 0.26) 001
1| 11.74| 4.0]0.20] 0.20 17241.3] 10.40] 0.2| 0.22] 0.01
31852. 7| 11.35] 2.2]0.25] 0.29 31265. 3] 9.32] 0.2 0.18] 0.00
BA | Rik2 B ER BEE (mmo )/ 1) [o SR Ek oY R EE (mmol /1)
{g) pH Ca | 8i ] Al | Na K (g) pH Ca Si | Al'| Na K
331] 11.81] 0.5)0.62] 0.05] 6.0] 2.5 IT.2| 12.94] 10.5] 0.14] 0.06] 15.9] 10.1
7. 3] 11.67] 0.610.56] 0.04] 5.41 3.1 50.6] 12.85] 12.2| 0.02] 0.03| 11.9] 7.5
142.0( 11.79] 1.4]0.62] 0.04] 3.7] 2.9 O8.7] 12.80] 15.8| 0.03] 0.02| 7.9] 4.7
192. 51 11.82] U.910.56] 0.03] 2.8| 2.0 182.1] 12.77] 16.0| 0.04] 0.02] 4.1] 2.4
357. 2| 11.75] 1.510.67{ 0.03] 1.7] 1.3 958.9] 12.771 18.4] 0.05] 0.02] 1.0] 0.6
084 529.5| 11.56] 1.710.509] 0.03] 0.7 0.7] 083 602.4] 12.771 21.5] 0.05] 0.03] 0.2 0.2
1195. 4] 11.51] 1.5]0.55] 0.03] 0.2] 0.2 086.5] 12.88] 20.6] 0.05] 0.03 0.1
7935.6| 11.61] 1.56(0. 58] 0.04 7722.9] 12.79] 19.1] 0.01] 0.00
3826, 3| 1. 48} 1.2({0.411 0.02 3535] 12.62] 10.3] 0.02] 0.05
5345, 6] 11. 291 1.0]0.42] 0.01 Bi52.3] 12.32| 6.0| 0.04] 0.13
T0478.6| 11.34] 0.6]0.511 0.01 10501.2] 12.17] 3.3] 0.05]| 0.20
T7860.6] 11.05] 0.6(0.64] 0.01 19186, 3] 11.70] 1.4] 0.10] 0.16
31910. 7] 30.95] 0.5]0.58] 0.01 31752.7] 11.35] 0.8 0.11] 0.12
HE IR LR MEE (oo i/ 1) B |BiREnER B (ol /1)
tg) pH | Ca | Si| Al | Na | K g pi [ €a [ Si | Al [ Ha T K
78, 1] 9.93| 3.1(2.78| 0.04] 3.8] 1.2 41.5] 11.63] 0.11 0.41] 0.3 7.6] 2.0
58, 7] 9.97] 2.1[2.98] 0.01] 2.7] 0.9 78.4] 11.88] 0.11 0.59] 0.33] 5.4] 1.8
123.6] 10.16] 1.8(3.09] 0.07T[ 1.9 0.7 113.5] 11.80] 0.1] 0.64] 0.28] 3.7 1.0
T82.4] 10.16] 1.4(3.08] 0.01] 1.51 0.6 186.4] 11.81] 0.2] 0.08| 0.24] 2.8] 0.7
391.9] 10.26] 1.2(3.04] 0.02] 0.71 0.4 362.6] 11.68{ 0.3] 0.63] 0.17{ 1.8] 0.3
057 533.8] 10.241 1.1(2.85] 0.02] 0.71] 0.3( 083 B16.2] 11.631 0.5 0.59] 0. 12f 14| 0.2
1220, 7] 10. 331 T1.1[2.65] U.01 0.1 T2 2[ 11.43] 0.3| 0.44] .12} 0.9] 0.1
T847. 7t 10.311 1.0|2. 21 0.01 T809.4] 11.32] 0.3] 0.38] 0.09] 0.5 0.1
3773. 2 10.36] 0.8]1.791 0.1 3364] 11.05] 0.3] 0.21] 0.08] 0.2 0.1
B221. 2] 10,39] 0.8/1.87] 0.01 T915.4] 11.02] 0.3] 0.15] 0.12] 0.1] 0.1
T2 10,491 0.8] 1. 58] 0.01 T004Z. 3] 10.81] 0.3| 0.11] 0.10] 0.1
1] _10.43] 0.6]1.10] 0.02 17224.6] 10.72] 0.3 0.171] 0.08
32132, 5] 10.40] 0. 3[0.59] 0.02 J1766.6| 10.34] 0.3 0.10] 0.07
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2. KSARIZAW=EILZILOEHE

ABEERBCTRECHEIFORYBLWESLIUEIEZOEEZFDIC HFSC OERAE
[ZDWTHl Rtz ZD=8H. —fRICELZIVICEALTITSERBROHBERISOVTIEREFEOFRT
[FEEAMLTULVEL, LAL, F2EXIEEBLZILOEHRE IR ERBORITETE T HED /N
SA—BELTHLLONSEE, FOMOEBREIIOVTENREE R THEZLITFRTH S,
ARETIE, ELALOEFHRARELT, KIRTRAREE. PRER T EEREOSFE
([SHNZ T, EHESARE. 218U, 2 —TRUMA RS ORI EET o1z, CCTIRENLDE
RBER7.

2.1 [EHEEE

EMEREL, JIS A 1132 a0 —rOBERBRAHGAEROMEY AR>S THERL:
¢ 5x10cm OHERAZHEWNT, JIS A 1108 NaVY ) —FDEHEEERRAEITENRLTAE
LTz TOHEREXRT-2I2TT,

#T-2 BENAIDOESERE

b B W/ [RANEI E§E5aEE (N/mm’)
%) %) 38 | 7B |288| 918
40 1.5 45.9 | 62.7 | 79.1 | 92.5
0PC 45 1.0 36.3 | 52.3 | 68.4 | 81.4
50 0.8 27.8 | 44.6 | 59.6 | 70.8
MPC 45 0.7 22.6 | 33.5 | 60.4 | 83.3
40 3.5 28:3 ] A5:2. 740 | 981
.y 45 3.5 24.1 | 38.1 | 63.0 | 88.8
50 3.5 19.9 | 32.9 | 56.8 | 80.9
60 3.2 13.6 | 25.5 | 42.8 | 56.0
40 2.4 (P | o A e e
HSF 45 2.2 g e P 5 P2 0 -
50 1.8 6.5 | 9.1 | 15.8 | 27.1
0SF 45 2.0 11.0 | 16.2 | 28.9 | 44.6
0B3 45 0.8 29.1 | 44.7 | 60.6 | 78.7
0F9 45 0.5 = i | 3.8
0F7 45 0.5 4.6 | 8.2 1.4 20.0

2.2 HRBIEHLIUII-T

BRI R U —TIE. JIS REMVV—DEHEY) TR
ER A% () IIZECTRIR LIz, RERICIE, PLICOT AHEEIEDHIA
ATHERLI= ¢ 15x30cm DEILZILEHFELEERD ¢ 15%30cm
DEILZIFEEHREFZRA

it iAx 28 BRIEEBELK. M 28 HOBRED1.74D
BhE1-AR#BEL, TOEEQVTHERELIZ, TDEZDHTF
FRT-1IRT, T BRER T3 IITRY,

A —TRBER

__42._.
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F=T-3 ERNBRUCZ)—-THROBE
ZBEE| EBRBUBUTH(X109 | 7U~-F0Fa (X100 | 20 —-7E@&% (X109

(H) 0PG MPC | HSF 0PC MPG | HSF | OPC | MPC HSF
0 0 0 | o 0 0 0 0 0 0
1 16 20 11 148 130 95 [ 0.221|0.204| 0.262
2 31 36 23 201 186 | 125 [0.300] 0.292{ 0.345
3 44 46 35 232 220 | 148 | 0.346 | 0.345( 0.409
4 55 53 46 249 245 | 166 | 0.37210.384| 0.459
5 62 58 54 273 267 | 183 | 0.407]0.418! 0.506
6 67 61 62 292 287 | 197 | 0.436/ 0.450 | 0.544
7 70 63 69 316 306 | 210 |0.472] 0.480| 0.580
14 88 82 112 392 385 | 283 | 0.585| 0.603| 0.782
2] 106 98 161 444 440 | 336 |0.663)0.690| 0.928
28 122 117 | 213 478 477 | 372 | 0.71310.748] 1.028
DT A (X10°) 670 362 638
3.3 HAES#T

BAZESMORERL, Hih 28 BFCEEELL-#EFENSIALHYVELEY 5Smm BO
HEZANT. KBEAETT o=, EFHIERBACF I ICBBELTKEIRGESIES
. EEERL-. BRER T4IZFRT, '

F=T-4 W/C=45%, HiB28B DR ENL 2 VLOMILBST

2R (%) SRME
0.03~0.02|0.02~0. 05} 0.05~0.1( 0.1~0.9 | 0.9~15.2
A b Mm pm um pm pi %)
0PC 7.59 3.53 1.35 0.89 0.16 13.5
MPC 7.31 4.70 3.24 0.88 0.11 19.0
084 13.38 2.54 0.27 0.84 1.99 22.0
HSF 9.91 6.61 4.07 1.25 0.12 21.6
OSF 10.87 5.25 3.95 1.37 0.15 16.2
0B3 8.36 3.10 3.66 0.99 0.1 13.6
OF9 3.44 1.46 1.20 7.37 10.92 24.4
OF7 5.10 2.83 2.38 11.16 1.60 23.1

W/C=45%, ¥ k:28 B





