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Abstract

We acquired the water permeation properties and also mechanical characteristics
of the altered specimen that produced by permeation or leaching as the fundamental
data for the evaluation in “Study on the system development for evaluating long-term
alteration of hydraulic field in Near Field” that had been carried out separately. The
results in this year are shown below.

1 Hardened cement paste specimens with W/C=85% and 105% were altered and
characterized after permeation. Permeability of altered part was increased, as
permeated water increased. Porosity was increased at the upper part of altered
specimens, and compressive strength that means the properties from altered part
of specimens were decreased after water-permeation. Adequate correlations are
estimated between compressive strength and porosity, permeability, Vickers
hardness. From the chemical properties, it is presumed these physical changes
were caused by dissolution of portlandite.

2 Hardened cement paste specimens with W/C=40 to 105% were immersed into
deionized water and alteration behavior under diffusion condition was
investigated. As a result, after 12 weeks, porosity was increasing and Vickers
hardness was decreasing at the altered area. And the water permeability and
the compressive strength at the deteriorated area were simulated from relations
between water permeability, compressive strength, porosity, Vickers hardness
and leaching ratio of calcium.

These results suggest that two methods (permeation and leaching) make up for
fault of each other. It is necessary to prepare additional data, to clarify the relations
between each alteration factor.

This work was performed by Taiheiyo Consultant Co., LTD. and KAJIMA Corporation under

contract with Japan Nuclear Cycle Development Institute.
JNC Liaison: Materials Research Group, Waste Isolation Research Division, Waste Management and

Fuel Cycle Research Center, Tokai Works
* Taiheiyo Consultant Co., LTD. **  KAJIMA Corporation.
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3.2.2

¢ 40x 40mmt 85 108
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3.3.2

90 180 360 500

90 W/C=85%

180 W/C=105%

4
3 n=3 1
pH
3-1
Ww/C
(Wt%)
1 3+ 1
2 3+ 1 90 90 9
85 0.39
3 3+ 1 MPa 180 90 9
4 3+ 1 360 90 9
OPC
6 40mm 3+ 1
7 ) 3+ 1 90 90 13
105 0.12
8 3+ 1 MPa 180 180 13
9 3+ 1 360 180 13
10 3+ 1 500 180 13
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C-S-H

W/C=105 |, 180
AF 3Ca0 Al.03 CaSOs4 12H20
3Ca0 Al:03 0.5CaCOsz 0.5Ca(OH)2
12H.0
AFm
3-2
wic C-S-H Ca(OH)2 CaCOs AFt MS HC C.S
(%)
1 le) le) X X e} X X
5 85 90- o o x o x o X
90- o o x o x o X
6 [e) [e) X X o) X X
7 90- o o x o o x x
105 90- o o X X o) o) X
8 180- o X X o X x x
180- o o x o o o X
o)
X
C-S-H x3CaO0 ySiO2 zH20
Ca(OH): portlandite
CaCOs3 calcite
AFt ettringite 3CaO Al20s 3CaS0Os 32H20
MS 3Ca0O Al:03 CaSO4 12H20 AFmM
HC 3Ca0 Al:0z 0.5CaCO0s 0.5Ca(OH)2 12H20 AFm
Ca2S belite 2CaO SiO:
(b)
TG/IDTA DSC 3-3



90 W/C=85% 105%
W/C=105% 180
AF
3Ca0 Al03 CaCOs3 12H20
3-3 wt
WI/C TG/DTA DSC
(%) Ca(OH)> | CaCOs MS AH
27.3 N.D. 10.0 53 N.D.

85 90- 10.8 N.D. 11.9 0.4 N.D.

90- 23.4 N.D. 10.5 1.0 N.D.
26.2 N.D. 10.1 49 N.D.

90- 8.2 3.2 13.0 0.3 N.D.

105 | 90- 27.5 3.4 11.7 4.9 N.D.
180- N.D. N.D. 12.8 N.D. N.D.
180- 16.5 N.D. 11.4 1.1 N.D.

N.D.

Ca(OH): portlandite

CaCOs calcite

MS 3Ca0 Al:03 CaS0Os4 12H20 AFm

AH




(©

90
3-7
180
CaO
Si0O2  AlOs3
180
3-7
3-4 wt
wicC SiO2 CaO Al2O3 SOs3 Na20 K20
(%)
1 16.73 | 5096 | 4.10 1.60 0.14 0.26
5 85 | 90- 2193 | 42.60 5.47 1.98 0.04 0.04
90- 16.99 | 4990 | 4.28 1.73 0.04 0.06
6 16.66 | 50.80 | 4.10 1.59 0.12 0.23
. 90- 2274 | 39.58 5.73 1.73 0.06 0.04
105 | 9o- 16.27 | 49.41 4.12 1.72 0.05 0.08
o 180- 2756 | 35.21 6.58 1.56 0.04 0.04
180- 18.56 | 46.56 | 4.69 2.23 0.04 0.04
(d)
EPMA 3-2 34
() @©
EPMA
90 W/C=85% W/C=105%

10




CaO

DSC Ca(OH)2
180 W/C=105%
CaO
CaO/SiO2 EPMA
CaO
CaO 3-5 CaO
CaO
SiO2 a0
CaO
SO3 CaO
Al203 SO3
AFt AFmM
3-5 CaO
W/C CaoO CaO CaO
85 90 34.4 16.5 52.0
27. 15.2 45.7
105 90 9 5 5
180 28.3 11.4 59.6
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3-6

WiC
9) (9)| (N/mm?2) (x 10*°N/mm2)
58.58 |83.38 | 6.82 0.34 0.27
58.13 |83.00| 6.62 |6.65 0.37 0.34) 038 |[0.29
85 58.80 |83.56 | 6.52 0.31 0.22
57.98 |80.21| 4.20 0.54 0.37
90 57.93 |80.32| 4.19 |3.89 0.52 0.50f 0.33 |0.32
57.85 |80.22 | 3.28 0.43 0.25
50.51 |76.71| 3.93 0.25 0.24
50.63 |76.78 | 3.73 |3.94 0.24 0.31| 0.24 |0.22
50.20 | 75.58 | 4.16 0.44 0.18
50.00 | 74.22 | 1.67 0.28 0.35
105 90 4940 | 7360 174 |1.71 0.41 0.34] 0.29 |0.30
49.77 | 7437 | 1.72 0.34 0.26
49.95 | 7185 | 1.19 0.13 0.46
180 4996 |7189| 120 |[1.18 0.11 0.12} 0.33 |0.35
49.07 | 71.06 | 1.15 0.11 0.26
(d)
3-7
90 W/C=85% 105%
W/C=85% 105%
0.1 1p W/C=85%
90 1 3y
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90

180 W/C=105%
3-7
W/C
(%)
1 48.2
2 8 | 90 1. 582 |
90- 48.0
6 57.4
. 90 658 |
105 90- 54.1
O 180- ... 709 |
180- 61.5
(e)
W/C=85% 105% 3-5 3-6

W/C=85% 5.2 6.2x 1010 W/C=105% 3.0 3.5x 10°

0.9 1.2x 10° W/C=105%

W/C=105% 180

W/C=85%
180 1.1 1.6x 108
W/C=85% 90

0.06MPa
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3-8
10
3-8
90 180
3-8
WiC
1/3 1.08x 10
85 90 1.15x 10 5.65x 1010 1/2 3.76x 108
2/3 2.37x 107
1/3 2.68x 108
90 8.65x 109 5.20x 109 1/2 2.56x 108
105 213 1.29x 108
1/2 1.94x 108
180 1.30x 108 4.88x 10 2/3 7.91x 108
3/4 2.94x 108
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m/s

m/s

1.0E-08

1.0E-09

1.0E-10

1.0E-07
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* 90- *+9- A °9- B +90- C

+ 180- 180- A x180- B 18- C

= 360- 360- A a360- B  x360- C

* 500- °500- A -500- B  x500- C
200 40 60 80 100 120 140 160 180 200

3-5 W/C=85%

*+90- x 90- x90- B #9- C

x 180- *180- A  +180- B 180- C

* 360- 360- A e360- B -360- C

* 500- °500- A =500- B a500- C

A -

20 40 60 80 100 120 140 160 180 200

3-6 W/C=105%
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3.4.2

(a) pH
W/C=85% 105%

13
Na*+ K+

W/C=85% W/C=105%

12.7 pH
(b)
3-9 3-10
Ca W/C=85% W/C=105%
10mmol/L
22mmol/L W/C=105%
Ca
Ca
Ca
Ca
180 W/C=105%
40% Ca
Si Al
Si Al C-S-H
SOz Na K W/C=85% W/C=105%
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Atkinson Region
3-14 3-16
3.4.1( )
Ca
80
—O—W/C=85% 0 r
[ —e— W/C=105% 60
£ 50
~N
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= 0
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4.2
4.2.1

70
60 F

50

a0
30 |
20

10 f

4-1
12
12 5 10
8, 32.0 In(W/C)-96.1
12 8, 37.7 In(W/C)-112.6
8o
w/cC
12 A
iy;S?JLnU)—llZG 012
FR" = 0988
3 y = 32.0Ln(x) - 96.1
s R®=0.979
10 100
4-1
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4.2.2
30

12 4-2

20mmol/L
1.0L

EPMA 12

Ca(0H),
W/C

30

0.5

0.4L

1L
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20

15 |

10 |

16W
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pH
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10 L
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0.5 1 15 2
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4 8w
12w

0.5 1 15 2
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N
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01 [
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120 16W
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4.2.3

4-3

4-4
20 50
70
60
50
12w
40
30 12w
—/2W
20 —A—W/C=40% —O—W/C=55%
10 —O—W/C=70% —O—W/C=85%
—¥—W/C=105%
O 1 1 1 1 1 1
0 0.5 1 15
(L
4-3
70
12w
60
50
12w
40
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Ca
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4.2.4

Denys Breysse!

—apb
exp=aP

In(K oy )= 9.50+5.95In(p)

exp 108m/s p

4-5
4-1

@ LEO7
LEO8 ¢ IN(Kex)=9.50+5.95In(p)
1E09 g O O
1E10 E
=
1E12 |
1E13 E
1E14 |
1E15 ©
00 01 02 03 04 05 06 07 08

m/

4-5
4-1
w/C
m/s

40 20.7 1.14x 1072

55 335 1.99x 1072

70 410 6.64x 10712

85 48.1 1.72x 1071

105 50.8 2.38x 101

40 25.2 3.67x 108

55 39.7 5.48x 1072
12 70 485 1.80x 107

85 56.5 447x 1071

105 61.0 7.06x 1071
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4.4
4.4.1
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10
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4.4.2

EPMA 4-14 4-19
EPMA (wtth)
mol/L
105 2.5
40 1
40
0.01
S W/C
Faucon 2
CH AFm Ca** AI(OH) SO,
50,2
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Ca(mol/L

Al(mol/L

K(mol/L

18

16
14
12
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o N B~ O

16.28mcr{L
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05

(mm
Ca
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0.57mol/L

4-16 Al
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0.09mol/L

4-18 K
12

Si(mol/L

Na(mol/L

42

S(mol/L

—— W/C=40%
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,,,,,,, W/C=70%
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6
[ %
4 - 3.21mol/L
- H——— I
3 - :oo O — |
2 F
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0 - X X X .
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