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Abstract

The underground research laboratory, which will be constructed in
Horonobe, plays a role of demonstration of construction technique upon
nuclear waste repositories. Low alkalinity cement is one of candidates for
repositories as a cementitious material in order to prevent alteration of
bentonite and rock by hyper alkaline solution.

JNC has developed a low alkalinity cement (HFSC) which contains a lot of
fly ash, and has studied the physical and chemical properties by laboratory
test. However workability which is required for construction procedure of
repositories has not been studied enough yet.

This study shows if requirements in actual construction, such as
shotcreting, self-compacting, and, grouting, are fulfilled, and if the
workability is preferable for tunneling construction.

It is demonstrated that HFSC is applicable for shotcreting by testing in a
modeled tunnel.

It is pointed out that re-bars have a possibility of corrosion in low alkalinity
cement. In-site test for saline water which may accelerate corrosion is
started by setting specimen made in last year. Analyzing and assessing will
be done next year.

Construction method of tunnel lining is investigated in case of applying
pre-cast segments. Self-compacting concrete is adopted, since added
silica-fume needs superplasticizer and its workability is very flowable. Two
piece of segment were made for the section which designed for a ordinary
urban tunnel. It is noted that pre-casting concrete can be made by HFSC.
Super fine cement powder for grouting which indicate low alkalinity can be
selected by combination of grinned lime stone powder and silica fume with
grinned ordinary Portland cement.



The items to be improved toward using in Horonobe construction are
pointed out by results of this study and summarized a study plan is
described. Major problem to be solved is delaying compressive strength
generation of HFSC. It is recognized in shotcrete and self-compacting
concrete. Selecting types of fly ash and Portland cement will be done.

This work was performed by OBAYASHI Co. under contract with Japan Nuclear Cycle
Development Institute
JNC Liaison : System analysis group
Disposal research Division of Tokai works
*OBAYASHI Corporation
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Step 2
Step
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1.2 Step 1
1
i
14
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3 360 400 450kg/m®
60 55 50 45
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(W/C) 50 OPC  WI/C=60%
WIC  60%
i
15
15
kg/m?
/C /a
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S RSN ISIN s | o | %
OPC 10 60 60 216 360 1053 | 708
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HFSC | 18 50 60 200 400 | 1006 | 676 )
HFSC | 18 45 60 203 450 | 970 652
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/C Air
() | kamy | ©xw) | em | em]| o | ¢
OPC 60 360 9.5 2.0120.5
0.7 21.0 |32.0 20.0
HFSC 60 360
0.3 12.0 - 1.5(120.0
HFSC 55 360 0.7 16.5 | 27.0 1.4120.0
0.8 10.0 20.5
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1.9
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() | arm) | (exw) Cem @ ® | )
0 9.5 2.0 20.5
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1.2 30 15.0
60 11.0
3| HFSC 50 400 0 235 42.0 20.0
1.5 30 22.0] 35.0
60 19.5 | 28.0
1.10
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/C
() | kamty | cx %) ! 28
OPC 60 360 26.2 37.7
HFSC 60 360 0.3 3.77 5.49
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0.7 4.14 9.44
HFSC 50 400 1.2 4.58 11.9
1.5 4.82 13.3
0.8 5.61 12.5
HFSC 45 450 11 625 13.3
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0 38
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15.0 15.0
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3.2
1.5
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1.25 1.26
1.27 1.28 12 14 15

1.3 HFSC

1.20
W/C | s/a (kg/m®)
CH|C)H| w OPC | HFSC G Type-10 | Type-5
HFSC | 50 60 | 200 400 | 1006 | 676 | HFSCx 1.6% H9F88C><
OPC | 60 60 | 216 | 360 1053 | 708 Cx 7

13




1.21

HFSC HFSC HFSC OPC
0 30 60 0
11.0 11.0
14.0 14.0 16.0
cm 18.0 12.0 6.5 11.5
cm 28.0x 29.0
3.0 4.2
1.6
1.22
HFSC HFSC HFSC OPC
0 30 60 0
9.8 7.0
kg 299.5 338.6
13.1 14.5
HFSC OPC
A B C D A B C D
5 5 5 5 | 5.0 | 5 5 5 4 4.8
5 5 4 4 | 45 | 5 5 5 4 4.8
3 3 3 4 | 3.3 | 3 3 3 4 3.3
3 5 5 4 | 43 | 3 | 45| 4 5 4.1
4 5 5 5 | 48 | 2 3 3 3 2.8
4 5 4 5 | 45 | 2 4 3 5 3.5
4.0 | 4.7 | 43 | 45 | 4.4 | 3.3 4.1 | 3.8 42| 3.9
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(N/mm?)
24
2.00 2.00 3.00
2.00 3.00 3.00
2.00 3.00 4.00
2.00 2.70 3.33
10
2.00 3.00 10.0
2.00 3.00 9.00
2.00 3.00 8.00
2.00 3.00 9.00
10
5.00 JH
1.50 8.00
1.24
28
(N/mm?) (x 10°N/mm?) (N/mm?) (x 10°N/mm?)
4.80 0.93 9.76 1.35
4.60 1.13 11.5 1.61
4.80 1.16 10.7 1.67
4.60 1.07 10.7 1.54
20 20
22.7 2.18 37.3 2.52
23.8 2.15 36.9 2.54
22.0 2.28 35.2 2.43
22.8 2.20 36.5 2.50
20 20
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1.25

28 42 56
7.6 0.84 16.4 1.80 14.7 1.86 19.7 2.16
5.8 1.44 15.8 1.93 16.1 1.81 18.7 1.92
8.0 1.67 17.3 1.78 15.9 1.96 20.7 1.78
HFSC 7.1 1.32 16.5 1.84 15.6 1.88 19.7 1.95
(15 ) (35 40
7
E 10 ) ( 10 ) 10
15 ) 15 ) 20 20

16.4 1.79 18.4 2.02 19.7 2.17
HESC 15.2 1.66 14.9 1.66 22.6 2.17
16.8 1.78 15.9 1.89 20.1 2.16
16.1 1.74 16.4 1.86 20.8 2.17
24.6 2.07 32.8 2.76 34.9 2.55 39.2 2.67
16.0 2.25 34.7 2.48 32.6 2.25 41.2 2.65

OpPC 18.3 2.24 34.1 2.36 32.9 2.23
19.6 2.19 33.9 2.53 33.5 2.34 40.2 2.66
30.1 2.03 27.1 2.28 40.9 2.36
oPC 33.8 2.64 33.1 2.48 37.6 2.53

31.0 2.52 25.5 2.20
31.6 2.40 28.6 2.32 39.3 2.45

0.40:JH
18 JH
( 17 0.33:
(N/mm2) (x 104N/mm?2)
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1.26 28

(N/mm?)
3.03 3.05
| 2099 | 2.92
| 3.0 | 3.06
HesC [ 322 3.07
3.06 3.03
as ) ( 10
15 ) 20
4.76 4.50
| s | 4.89
| sma | 4.40
0 e .t L
5.23 5.36
5.10 4.79
1.27
28
2
(ko/em) cc/sec x 10 °m/sec
1 1.47 249.674
HESC 5 g 1.05 178.339
0.0339 5.758
""""""""" 0.8513 |  144.59 |
1 0.0028 0.238
2 0.0028 0.238
oFC 10 3 0.00375 0.318
""""""""" 0.00125 |  0.265 |
1.28
ml/g (m*/g)
HFSC 56 0.1152 22.400 24.89
OPC 56 0.0847 16.577 18.34
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1.22 HFSC OPC

20 30 9
HFSC 13 OPC 15

3)

3)

HFSC
ii
1 1 7 7 28 28
1.3 HFSC OPC
3 6 HFSC OPC
24 HFSC 3.33N/mmz2 OPC
9N/mm?2 37%
HFSC 7 OPC
1.29
3 1.5N/mm?2 1 8N/mmz2 28 18N/mm?2
HFSC
3
24 8N/mm?2
28
HFSC 80kg/m3 OPC
360kg/m3  1/4.5
OPC
18N/mm?2 28 2 56
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1.5cm 8cm 18cm + 2.5cm

2) 25
15 25 2
60 120
3)
HFSC
120 + 2.5cm
HFSC 1.20 60
11.5cm STEP 1
1.9 HFSC 15
20 60 4.0cm
20 14 6

iv
28
6) 4,000N/mm2
7 34,000kgf/cm2  3,332N/mm?2
7 117,000kgf/cm2
11,466N/mm?2 OPC 7
1.25 HFSC OPC 50 80
56
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f'e 24 36N/mmz2
1) 1.33 2.00
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2.2
2.2
3.16
983U 2.20
2.38
2.59
2005 2.64
1.07
o 13
HS 700H 8 2
2.3
2.3
20% 20% 60%
2.3
W/C | sla kg/m
(%) (%) w C S G SP AE
OPC | 30.0 | 55.0 | 165 | 550 | 877 | 732 | Cx 1.5% | 0.0165
HFSC | 30.0 | 55.0 | 165 | 550 | 807 | 673 | Cx 2.3% | 0.1650
SP AE AE
24
1
20
1 50
C S G-30 - W Ad-120
15mm

JIS A 1102
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2.8

1
2.6
HFSC OPC
2.6
AE
Px % cm
OPC 1.50 3A 21.0 62.0x 61.5 4.4
HFSC 2.30 30A 20.5 64.0x 63.0 3.9
1A Px 0.001%
2
2.7
2.7
/mm2
OPC 94.2
HFSC 56.1
91
3
HFSC 56.1N/mm2
3
2.8

35
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kg/m3
OPC 0.14 0.006%
HFSC 0.10 0.005%
OPC 0.14 0.006%
HFSC 0.10 0.005%
2.10
2.9

0.00

OPC 0.00
0.00

0.00

HFSC 0.00
0.00

0.00

OPC 0.00
0.00

0.00

HFSC 0.00
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211

mV
1-1 -125
OPC 1-2 -112
2-1 -129
2-2 -149
1-1 -457
1-2 -551
HFSC
2-1 -232
2-2 -328
1-1 -128
1-2 -115
OPC
2-1 -138
2-2 -189
1-1 -331
1-2 -238
HFSC
2-1 -363
2-2 -351
2.12
HFSC OPC
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2.12

kQ
1-1 3.42
1-2 3.58
OPC
2-1 6.55
2-2 3.76
1-1 22.0
1-2 19.6
HFSC
2-1 55.4
2-2 45.2
1-1 473
1-2 4.22
OPC
2-1 6.73
2-2 591
1-1 43.3
1-2 35.6
HFSC
2-1 53.2
2-2 47.1
2.13
HFSC OPC

39




2.13

kQ
1-1 0.908
oPC 1-2 1.04
2-1 2.19
2-2 1.06
1-1 2.72
1-2 2.27
HFSC
2-1 11.8
2-2 8.34
1-1 1.901
1-2 2.27
OPC
2-1 2.46
2-2 0.828
1-1 6.75
1-2 8.52
HFSC
2-1 9.44
2-2 115
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3.1
HFSC
1
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AE
42 N/mm?2
28
20 mm
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45 +10
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3.1 2
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3.1

W/B s/a HESC
(mm) | m [ C) ] C) | ()
4.5 HFSCx
20 65+ 5 11 30.0 54.7 150 500 906 750 5 10
20 65+ 5 4.5 27.3 54.7 150 550 897 743 HFSCx
+1 2.1%
30
20 h 60
1
1 3 3
3.2
3.2
6N )
D) )
?) )
4)
%)
(6)
1 2 3.3
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3.3

\Y
65+ 5cm | 9 20 1.5+ 5 35 0.3kg/m
67x 66cm | 7.90 5.5 18 0.023 | 0.022 | 0.020
0.022 kg/m
2
65x 64cm | 13.00 4.9 18 0.013 | 0.015 | 0.014
0.014 kg/m
6
1 2 3.4
3.4
No. o0 N/mm? N/mm?
28 26.4
28 29.5
18 8.4 28 17.7
18 12.3 28 19.3
18 13.6 28 21.7
18 15.5 28 22.3
7
28 42N/mm?2
56
91
1
2
3.2
1
HFSC
HFSC
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) 20 67.5% 64cm 13.2 4. 4% 11
No.2 65% B4cm 14.3 6.0% 11.5
’ 20 65% 63cm 15.8 3.7% 12
3.8
3.8
Ne
18 12.6
3 ( 15 N 13.4 12.9 N/
12.6
19.7
3 20 ! o 20.5 20.2 N/
20.5
20.0
3 20 28 2N 19.6 10.7 N/
19.6
24.1
3 20 56 2N 22.9 28.0 N/
21.9
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3 20 91 2N 26.0 25 BN/
25.6
\Y;
1
1.5
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HFSC

3.3.2

3.6
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T

W
Pilill]
N

Do
Hw

3.6

w 10000kN m2 Do 2.550m H’ 2.875m

H 3.700 m

Hw -6.000 m

3.3.3

2.2m 3.7
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3.34

Do 2550.0 mm
Di 2200.0 mm
Rc 1187.5 mm
h 175.0 mm
1000.0 mm
5
3.7
i
3.9
3.9
(N/mm (N/mm ) (N/mm )
SS400 160 160 90
SD295 180 180 —
8.8 290 — 200
660
ock 42
N/mm 16
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3.35

Es
Ec

Es
Ec

210 kN/mm?2
33 kN/mm2

210 kN/mm?2
14 kN/mm?

Es

— 15
Ec

n

H’ 2.875m

Hw -6.000m GL -9.700 m

w 10.00 kN/m?2

N N —
¢
c

Y

y 1

y w

5.00 MN/ m3
0.50

1000 kN x 10
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22.0 kN/m3
22.0 KN/ m3
10.0 kN/ m3
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3.3.6

H
b Y
A
HI
R n/4+ & /2
. n/4- &/2
| Ro |
3.8
H H
2.875m
ii PV1
w 10.00 kKN/mz2
Psv y H
63.26 kN/m2
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Pvi w PsV

73.26 KN/m2
iii Pr1
PH1 A PV1 Do 2 Rc vy
37.59 kKN/m2
(\Y Ph2
PH2 A PV1 Do 2 Rc vy
63.72 KN/m?2
v Pg
2 $2
Im Wg m_Do® Di x 2.6
4
33.95 KN/ m2
Wg
J 2t Rc
4.55 kN/mz2
Pg m g
14.29 KN/m2
Vi q
0
o 0 1—0 2
2Pvl PH1 PH2 Rc*
24 (?Ec 1 +0.0454k RC“)
2.465982x 10 4m
q k o 1.23kN m2
3.9
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3.3.7

01
02

Ec

F]

g1

3.9

100
33x 106 kN/m?2

1m
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Pvi

o

LT

3.3.8

Mv1l

Nv1
Qvl

Taﬂlt}

w 4 J-IA

Pvi

TITTi1]

11171 7Pe
|
Pu 73.26 kN/m2
Pr1 37.59 kN/m?2
Pr2 63.72 kN/m?2
g 4.55 KN/mz2
Pg 14.29 kN/m2
q 1.23 kN/m2
3.10
1 2sin28  Pvl Rc2

Pvl Rc sin20

Pvl Rc sin@ cos@
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MH1

NH1
QH1

MHO

NHO

QHO

Mg

1
Z 1-2cos206 PH1 Rc2

PH1 Rc cos20
PH1 Rc sin6 cos6

1

4_8 6 3cosO 12c0s20  4cos30 PH2 PH1 Rc?
1

1_6 cos® 8co0s20  4cos30 PH2 PH1 Rc

1 . .

1_6 sin@ 8sin® cos® 4sin®  cos20 PH2 PH1
Tt

4

0.2346 0.3536c0s6 k & Rc?
0.3536c0s6 k & Rc
0.3536sin6 k & Rc

n
2

0.3487 0.5sin20  0.2357c0s3® k & Re2
0.7071cos® cos20 0.7071sin206 cos®6 k & Rc
sin@ cos6 0.7071cos20 sin@ k & Rc

T—[e OGT—[
5 T Qq 5 Qq

N

300 sine 2coss Rc?
— Tt Sin — COS
8 6 g Re
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3.3.9

Ng
Qg
T
2
Mg
Ng
Ng

Qg

Pv1

Rc

1
6 sind E cos® g Rc
1.
0 cosB E sin@ g Rc
Tt
= ) ind > S in20 Rc2
—T Tt sin — CoS —T sin c
8 6 2 J
. . 1
m sin@ 6 sin20 E cos@ g Rc
. . 1
m sin@ 6 sin26 E cos@ g Rc
. 1.
m—8 cos® T sin®  cosB E sin@ g Rc
3.10
73.26 kN/m?2 Pr1 37.59 kN/m?2 P2  63.72 kN/m?2
4.55 kN/mz2 Pg 14.29 kKN/m2 q 1.23 kKN/m2
1.1875m | 44661.5x 108 m4/m
k 5x 103 kN/m3 n 100
E 33x 108 kN/m2 0 2.465982x 104 m
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3.10

° kKN m/m N KkN/m Q KkN/m
0 10.741 53.952 0.000
10 10.054 55.250 -6.555
20 8.087 58.963 -12.209
30 5.109 64.587 -16.203
40 1.521 71.372 -18.032
50 -2.203 78.453 -17.514
60 -5.588 84.970 -14.822
70 -8.227 90.232 -10.405
80 -9.825 93.792 -4.888
90 -10.225 95.481 1.038
100 -9.409 95.117 6.756
110 -7.486 92.725 11.591
120 -4.706 88.801 14.954
130 -1.414 83.975 16.492
140 1.996 78.919 16.095
150 5.131 74.278 13.875
160 7.643 70.578 10.146
170 9.262 68.204 5.349
180 9.822 67.387 0.000
6 ° M kN m/m N KkN/m
Mmax 0 10.741 53.952
Mmax 90 -10.225 95.481
311 311
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tMmax

10. 74 1kN-m
53.952kN

1m

-Mmax

311

-10.225kN-m
95.481kN

311 Im
kN 10.741
kN 53.952
kN -10.225
kN 95.481
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3.3.10

3.12
T T 3 ] 2 £ A o il i ¢+ T y r..._.I_....‘_H
. ‘ Y ?’
d I ] u e 7
h As
As
u
B
B 1000 m As' 7.602x 102 mm2 D13x 6
H 175 m d' 60 mm
As 7.602x 102 mm2 D13x 6
d 130 mm
3.12
a 0 0°
M 10.741 kN m/m N 53.952 kN/m
b
O 3A Yy (B h?*)/2
u
A B h
87.5 mm 87.5 mm
c
e M N 199.1 mm
d

A B h 17500.0 mm2

B u®+B u’
3
446615.0 mm4
I
A(h u)
29.2 mm
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X3

X

ocC

oS

oS

d e a
a
e u 111.6 mm
X
3ax2 — As a d As a d x
EAs'd'ad' As d a d 0
56.6 mm
gc
N x B
B 2 ' 1]
X +n{As X d Asd As}
4.21 N/mm? 15 N/mm2
os
oC
n— x d
X
3.80 N/mm2 180 N/mm?2
os
oC
n— d x
X
81.90 N/mm2 180 N/mm?2
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d’ e XI
S P —4d vl e ¥
_— ———— i I — E__.i"_
fAs 1
A
I“ :‘
!
8 J
1000 mm As' 7.602x 102mm2 D13x 6
175 mm d' 45 mm
As 7.602x 102mm2 D13x 6
D 115 mm
3.13
0 90°
M 10.225 kN m/m N 95.481 kN/m

YA y (B h?)J/2
A B h
87.5 mm 87.5 mm

e M N 107.1 mm

A B h 175000 mm?2

B u®+B u’
3
446615000 mm4
I
A h U
29.2 mm
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a e u 19.6 mm

n
x33aXZEAs'ad' As a d x

6n
EAs'd'ad' Asd a d 0

X 60.4 mm

N x B

B 2
X +rfAs (x d) As(d x)}

4.19 N/mm2 15 N/mm2
h os'
oC
n— x d
X
16.02 N/mm2 180 N/mm?2
i oS
oC
oS n— d x
X

56.79 N/mm? 180 N/mm?2

3.3.11
i w

0]
w k 4c 07 Cs ¢ [E—Sﬁ’g

c 38.5 mm

(0] 13 mm

Cs 167 mm

o se 81.90 N/mm2

Es 2.1x 106 N/mm?2

€ 'cs 150x 10-6
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w 0.1414 mm wa
wa 0.0050 o 0.1925 mm

i w

w k 4c 07 Cs ¢ [E_S%I‘SJ

c 53.5mm

(0] 13 mm

Cs 167 mm

O se 56.79 N/mm?2
Es 2.1x 108 N/mm?2

€ 'cs 150x 10-6

w 0.1563 mm wa
wa 0.0040 c 0.2140 mm
3.3.12
X
n As+As \/{n(As’+As)}2+2n B(As d+As d)
X
B B2
46.9 mm
|
B x3
| 3 n As' x d 2 As d x 2
11508.9x 104 mm4
Mra'
Mya' Mys Osa ZS O sa
Mra' (0 S 16.6x 106 N m
ra sa n(d_x)
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Mra' 16.6 kN m/R
Mrd' 415 kN m/R
3.3.13
Mra 60
3.14
Mija 16.6x 0.6 10.0 kN m/R
Miju Mjax 2.5 25.0 kN m/R
y i 100 cm
17.5cm
: ; d h 11.5cm
4
- - Ab Ab  6.06 cm2
i ' y M22x 2
. b R
3.14
X
n Ab 1+ 2b d
X s~ -
b n Ab
3.753 cm
i o ck 42 N/mm?2
o ck X
Mcr' T B x d g
80.77 kN m C
i oS 846 N/mm2 Mbr'
X
os B x*(d %)
Mbr 3
2n(d x)
52.55kN m d
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C d Mer' Mbr' Mb

Mor Mor'
5255kN m
Miu 25,00 kN m
Mor Mju
M22 8.8 2
3.3.14

3.15

D Ty e A e s

3.15

o P 1 1000000 N
o Ao

Ao Bs h 1225.00x 102 mm2
o e 10 mm
O Oca

O ca 150% 1.65 24 N/mm?2
. Bs h°

12
| 31263.0x 104 mm4
0 max

0 max i P e%

Ao I

10.96 N/mm2 24 N/mm?2
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4.1
9

OFS HSF
5mm

4.2

OPC

OPC
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4.1

20mm

HFSC

4.1



—
g
- - 14.0
B BFS 20
O OPC 12
B Micro Cement 10.0
B SF 940
O SF 983 8.0
6.0
—
S g D 4.0
—
—
~ % 10 2.0
o o
@ 2 0.0
y R '
S 2
<
4.1
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4.1

BFS OPC Micro SF 940 SF 983
OPC

M m Cement

0.1 0.8 0.2 0.9 1.2 0.3 9.3 1.1
0.2 1.1 0.6 0.8 1.6 0.6 0.3 4.2
0.3 1.3 0.8 0.7 1.8 0.9 0.2 8.1
0.4 1.4 1.1 0.8 1.8 1.1 3.5 115
0.5 0.7 1.1 0.3 1.8 1.2 5.4 13.5
0.6 1.1 1.6 0.4 2.4 1.8 6.5 12.9
0.7 2.2 2.2 0.8 3.0 2.2 6.6 10.7
0.8 2.6 2.5 1.1 3.2 2.5 6.3 8.6
0.9 3.0 2.7 1.2 3.3 2.6 5.8 6.7
1.0 2.9 2.8 1.3 3.0 2.5 5.1 5.1
1.1 2.9 2.8 1.3 2.9 2.5 4.5 3.8
1.2 2.7 2.8 1.3 2.5 2.3 3.9 2.7
1.3 2.4 2.6 1.1 2.3 2.1 3.4 1.9
1.4 2.2 2.6 1.1 2.0 2.0 2.8 1.2
1.6 3.8 4.9 1.9 3.3 3.5 4.3 1.1
1.8 2.9 4.7 1.6 2.5 2.9 3.0 0.2
2.0 2.3 4.5 1.3 1.9 2.7 2.2 0.0
2.2 2.0 4.4 1.2 1.6 2.6 2.0 0.0
2.5 3.0 6.7 1.8 2.3 3.9 2.8 0.0
2.8 3.2 6.7 1.8 2.6 4.1 3.1 0.6
3.1 3.4 6.4 2.0 2.7 4.3 3.4 1.3
3.5 4.6 7.6 2.7 3.6 5.5 4.1 2.1
4.0 5.2 7.4 2.8 3.8 6.1 3.8 2.0
4.5 4.3 5.4 2.3 2.9 5.1 2.3 0.7
5.0 3.7 4.1 2.0 2.3 4.9 1.3 0.0
5.5 3.6 3.3 2.0 2.4 4.8 1.1 0.0
6.0 3.6 2.8 2.2 2.6 5.0 1.0 0.0
6.5 3.7 2.1 2.3 2.8 4.8 0.8 0.0
7.0 3.6 1.5 2.3 2.8 4.4 0.7 0.0
8.0 6.6 1.1 4.6 5.4 6.8 0.5 0.0
9.0 4.7 0.0 3.7 4.0 3.2 0.0 0.0
10.0 2.8 0.0 2.6 2.6 0.8 0.0 0.0
11.0 1.6 0.0 1.9 1.7 0.0 0.0 0.0
12.0 0.9 0.0 1.6 1.3 0.0 0.0 0.0
13.0 0.7 0.0 1.7 1.4 0.0 0.0 0.0
14.0 0.6 0.0 1.9 1.5 0.0 0.0 0.0
16.0 1.2 0.0 4.6 3.6 0.0 0.0 0.0
18.0 0.6 0.0 5.4 3.2 0.0 0.0 0.0
20.0 0.1 0.0 5.3 1.9 0.0 0.0 0.0
22.0 0.0 0.0 4.3 0.5 0.0 0.0 0.0
24.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0
26.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0
28.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0
32.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0
36.0 0.0 0.0 2.8 0.0 0.0 0.0 0.0
40.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0
45.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0
50.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
56.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
60.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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4.3

1
4.2
4.2
OPC Blaine 10270 cm?2/g
983
940
9500 cmz/g
5A 12000 cmz/g
2
4.2 OPC Sk
SF BFS
4.3 5
4.3
wt
OP SF SF BFS
C
1 50 50
2 50 50
3 20 20 60
4 20 20 60
5 30 30 40
3
i
W/C=80
i
3 20
iii
7
0.5mm
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20g 40g 2
20 65 2
7 pH 60
3,7,14,21,28,35,42,49,56,60 10 pH
10 1 65
20 pH pH
pH 4.4 43 4.4
4.4 pH
() 3 7 14 21 28 35 42 49 56 60
1 | 1248|1234 | 1211 | 11.99 | 11.85 | 11.68 | 11.44 | 11.31 | 11.22 | 11.05
2 |12.29 | 1212|1155 | 11.21 | 10.92 | 10.86 | 10.73 | 10.67 | 10.60 | 10.61
20 3 |12.08|11.94 | 1152 | 11.27 | 10.90 | 10.95 | 10.77 | 10.73 | 10.58 | 10.59
4 | 1253|1249 | 12.47 | 12.48 | 12.46 | 12.42 | 12.36 | 12.30 | 12.19 | 12.16
5 |12.16 | 12.02 | 11.53 | 11.31 | 10.92 | 10.65 | 10.75 | 10.72 | 10.64 | 10.70
1 |1051|10.16 | 9.96 | 10.05 | 9.94 | 10.12 | 9.97 | 10.06 | 9.97 | 9.99
2 |10.03| 988 | 968 | 9.79 | 9.38 | 9.83 | 9.68 | 9.72 | 9.73 | 9.40
65 3 |1002| 984 | 964 | 977 | 963 | 9.73 | 9.69 | 9.70 | 9.69 | 9.64
4 |12.06|11.86 | 11.79 | 11.85 | 11.71 | 11.82 | 11.76 | 11.77 | 11.70 | 11.65
5 |10.01| 979 | 967 | 975 | 9.67 | 9.75 | 9.60 | 9.70 | 9.68 | 9.57
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13
12.5
12
115

10.5
10
95

43 pH 60

SF
SF

13 60

12,5 40
12
T115
11
10.5

10

4.4 pH 20
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60

BFS

OPC
10

20

SF

65

SF

SF

65

65

10

81

SF

SF

pH

2,35

65

pH

OPC+BFS
BFS
FA



51 13

HFSC

ii HFSC AE

HSFC

42N/mm?2

1mglg
54

82

AE

5.48mg/g

JIS



pH
HFSC

52 14
521
1
JIS
JIS
OPC FA SF 2 6 2
3 52 4 4 2
91
2
1
3
3 1 7 28
522 HFSC
1
HFSC OPC
JIS
1 JIS
HESC
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1 1
OPC FA SF 3 5 2
JIS
30
50
20 AE
2 pH
OPC
pH
pH
pH
pH
OPC FA SF
3 442 352 262
40
28
20

20 1 1

pH

1 1

5.2.3

1

84

JIS

JIS

OPC

28

pH

28



524

525

5.2.6

13

AE

14

100

HFSC

AE

AE
150

HFSC

85

13

AE

2.5cm

5cm

50

NAGRA Grimsel
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HFSC

28

87

HFSC

28



