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SUTDY OF LONG-TERM ALTERATION BEHAVIOR OF CONCRETE (3) *
M. NAKANISHI **, M YURUGI ***, Y.SAITGH ****, AND Y.FUJIWARA *****

ABSTRACT

Por disposal of radioactive wastes, concrete is examined to be applied as seal
materials ete.
These studies have been started with the aim to study about long-term behavior
of concrete under natural condition. Since 1987, we investigated the literature
of long-term behavior of concrete and examined the degree of alteration with
some concrete samples collected from structure.
This year, based on previous research, further investigations are conduted to
examine the alteration status of concrete sample collected from another struc-
fures.
The concrete structures were the building at central location in Tokyo metropolis
constructed in 1938 (in service for 52 years) and wharf in Yokohama new port
constructed in 1929 (in service for 61 years).
The results are as follows :
(1) The alteration degree of concrete sample
The examined concrete samples were considered to be likely not so altered
~ because sample from building was collected at outer wall of basement 3rd
floor and from wharf was collected under sea level, therefore both samples
have been cured in relatively stable environmental conditions.
(2) The literature related to evalution method of concrete alteration
A few litarature related to alteration of cement hydrates is able to
compared to results from investigation of alteration of concerte sample
collected from structure.

*Work performed by Shimizu Corporation, Kajima Corporation, Ohbayashi Corporation
and Taisei Corporation under coniract with Power Reacter and Nuclear Fuel Develop-
nent Corporation

PNC Liaison : Geological Isolation Technology Section,
Noriaki Sasaki

**  Shimizu Corporation, Institute of Technology

Kajima Institute of Construction Technology

Ohbayashi Corporation, Technical Institute

***** Taisei Corporation, Technical Rescach Center
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4, BREREER
4. 1 TERUCHITK, BKORBRER

4.1, 1 3 |
DENTERLAOV 7Y~ b7 CEEEM LTV EOBREEER4L 1 — 1
~4 1 -5IRLi,
2. 3 — 1 OEBERES 53 FSFRENLH, KESRHSHEBHICEL . B
HThoi %07 VHEETIOBSOEWIEER - K LicBoa7HkE L
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4. 1. 2 HWTFRRU#A
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F4.1-1 %@iﬁ@aﬁfﬁ%ﬁ .
Table 4.1~ 1 Test Results of Properties of Soil

JIS A 1202 T N F o Kk B R B

bl E i3 U 1 2 3 ]
B LS NI R T
| R A R e sry [ len s | 16z, 561 |
mERPSLEEOREHORE T C | 20.0 20. 0 20.0 |
KEFA:AR: |2 % & 5 | 322 323 324

Cwtmg OKE ¢ | §5.050 | 61.517 | 49.136 |

. Mms £ LT PV O [

m g | 17.503 | 18.238 | 17.693
g ” g | 158423 | 171295 | 151 337

e+ (e~ ) 6. 619 6. 443 |
;g‘;g;*b;mum 2.755 | 2.744
s OFE F %% . o 9991 0.9991
B E BT EEHES R -
G(T'C/IS'C)-—?() GLTT/TTC) 2.753 2 753 ' 2.742
F 1 & B % (TC/15C)= 2.749
TCR s sknkE =2 ¢, 0.898234| 0.998234! 0.998234
R R EERS g b ) 0 98284,
4 G_‘(m,it,=(;'j_c.<n,r.c, 2. 750 2. 750 2. 739
F 15 f& . & (TT/4T)= 2 746
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Fz41 -2 EpIBORBREE
Table 4.1 — 2 Test Results of Properties of Soil

JIS A 1203 T o & XK 8 R %

& XK it hl| Ed EE AT

N 259 Mo 261 N 270

Mm193.96.m0153.22 | mel8H. M0 mi 149,16 | me177.20me 141 .77

Mm1D3.08. M 12,52 | M9, 16 me 12,15 | milll, ITm 12.8%
me B0 I8 m U070 | ma 39.24 m. 137,01 | m. 35.43m 128.93|«= 28,4 %

Y= 8,96 % v= 28,64 % w= o el.48 %

m, : (EMI+FE)EE &

Ty, m, D FERL+EEIRE ¢
kit w-m.—mcx 100 m. . BHENVHER £

m, : BMtHFnknHE &
m, m, . FiRLER ¢
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AR RE S m

#4.1—-3 EailBEoERER
Table 4.1 —3 Test Results of Properties of Soil
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=41 —4 BT EHORRESE
Table 4.1 —4 Test Results of Properties of Soil

+ o T OREE R OB (/¥ RiE)
'a'.q: """"" i m g 1774. 00
% x P on 12.73
----------------------------------- 12. 73
- E o oH oz H cm 12.730
B o® = D¢ em Feereeenad 1 000 ..............
N N 1251 N |
LB EHHE D cm 10. 000
w g B De CMm perreesrens 1 000 .............
............................................................ 10.00 |
ch RIRIE I HE D. cm 10. 000
F R " & D em  beeeenelld 1 0.00 ............
... 1g.00 |
| THEFBOE Di cm 10. 000
LERHE D =(De+D. +D0:)/3 10. 000
¥ B & A=xD/4 on? 78. 540
#* W V=4A-H =t 999,812
& ™ F® K Pe=mfVy g/ 1.774
EH g5 Kk K w % 1 28. 4
€ B B K f=pfltie) gl 1. 382
tHFokd e | 2. 749
B it e=(C.-pusod=1 | 6 989 -----------
] 1 E S.=G,-w/e % 78. 8
1] F 8 M
E| ~ =L71A g e
Mle [ 4
* 1. 1T14.0
] w= 28.4 o |k me B 11382.1
&
fﬁ E e g
Pa=1. 382  g/eat w %| 2.3

5 .. M1l o
&) w=-r—r X 100 %

Ma {(ERE+EFR)EE
el (BRL+FR)EE
m.: EEHE
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£4.1-5 BEHEORBEE
Table 4.1 —5 Test Results of Properties of Soil

T HARBRER B F (ERuwsm)

® % (Mountll) % 5

B

o [ |
5 (SwmllF) % 4

¥l xuwea  w | osp

e e
e %

& g *ﬁ.i:-!_:ﬁ%ﬁ -0 |

o ,

t 8 F ok EG 2. 749

g [ B B B 284

B | BBUEE P 17741

e 1214

2" h & s % 788
LRRE 8 R 8.7 .
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#4.1—-6 HTFKBIUEBKODIIFER
Table 4.1 — 6 Results of Chemical Analysis of Underground Water and Sea Water

# KB o8- DV BEHERE | BRO1 3
: (B3F-1) B (mg)
= H T K /K
® 2 AR EH
pH 7.4 7.5
E h @) 51 82 -
EEF 8 E @S/ 0.97 44.86
M B B (e 5.8 2.0
cl- 33.5 16,512 18,980
1 HCO=" 14.0 1.2 0.14
;‘r S 042" 175 2,275 2,650
7 Caz* 130 332 400
j Mg2 19.3 1,007 1,270
. Na* 47.2 8,744 10,550
= K+ 28.8 344 380
E Alz3 0.3 0.3 )
(mg/1) -
Sio0-: 29.9 7.1 | (0.5-10)

#) 1 WROAFVEER. BREE , “ #@TANYFTy T ", ()
HEEEHALTS ., p. 131 (1879) E0BlELE,

( )HDAL1**BLUSiO:i. The Geochemistry
of Natural Water 2nd Edition X0DBIH
UVEB{ETSH 5,

2 EMEYEERE, “BiEXE ", No. 64 , p. 672(1991)
L BZEBEROHNN - FBKRKOKBIE., ZOEBDTH 5. '

BAO@N - @BANIGFERS (mg/l)
(& L THHRROBEME 3 1 R

= - £ RAE|Tann J NO, |MH, | B
& . * M i - T
- W a | gaw|w | cco, Na* | K* {Cav™ [Mg=* | CI{SO|Si0, | Fe | P | _ _

fomg | % sk-mesart|za) srolias| 206 | ss|15 (133 33 | s3f 202jze
ol | £ - weni |65| seo (1674 26 | 76]15) a4 | 25 | so 155|208
g | & -mm# tealm (24 | 189 | 14{07]102) 21 | 44 7| 93]
#itw s m-meumr |ss5]ozz |16} 114 [84[09| 831 28 | 9.1} 260{230
BN |46 A mear®|70] 1287 ) 40| 169 | 67{13]158 | 43 | 82{ 449|354 |0

0.03 | 0.07
012 | 0.02
Q2] ~-
0.03 [0.07
0.08 | 0.04

N | EREnnxua® 73] 906 l155) 24 | 7Bl25 ) 92| 23 { 44 79[434]0.
maN jE BEmuif|n1) 80iss| 203 | 48|07 647 18 | 57| 4.8{126
g0 |od-4EH (71] es0q104] 373 | s2lool129 | 13 | 44| &6{144
N |- EkywmY 169) 530 |104] 234 | 57fLo| 74 | 19 | 62 119]15]
® Wl E-EwEAri2s 5L |susf o J134]63 336 | 25 [1348[2800{605 4.

064 | —
Q.04 |0.05
0.05 | 0.06
003)013
Q.18 | 0.04

BEM|# R-@L |74 €76 ]220] 252 {s1]08] 85| 27 | 38 33| 16| 002] -
v |sewenekan® (7111437 (166 434 |167[{37 166 | 59 ] 203 367|138 a13iell
(12 RTIT - 73] 51.2¢{ 69 386 | 33]12| 83| 34 | 08 16] 93 0oz | -

*EAERINL BL-MER 2R -M@il 3 SHEATDHEFT R-Ebd SHR- LT
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4. 2 HEEHHHOD Y- FOEE

4. 2. 1 ®NZNELGEEEMOBERL

EEEOEEIC2WT b mPl LOMEM OE#E, SEBH L e 7 LS EMEBHOE
B, EREHTD EULI362.6 1 27. 4% HEIRFTHIRERIITA. 81 25. 2% TH » TFES
PSRRI R A0 961 B LT/ E W,

4. 2. 2 avsY—troEKE

DEIWZ 8.7%. MEEHHBREIL 6.3% TH 7. BRFREHIEKPICS 7D
Ty AREEKBRD - EZ0RTTH A h& D5 EFohic 7oy 75 o540
SHBENC, BEALERLIELSI TS, 4%EHRI VI LT ohicBERIcEKE
ZHETDHLEND B,

4. 2. 3 avr7u-—trogEEER
(1) ERERER. HREEHRN
ERBERBERERL 2 — 110, SREARATRRER4 2 - 1442 -2
IZRT,
D ELIZ 168ke £/ of & BMEEHYEL

#4421 EREHSESRER

Table 4.2 — 1 Compressive Strength of Specimen

X H| ¥ G\ 9 HEE & B E B ER X8 EE E
BE g|& & WO (& H|a E
(em) | (em) | () | () | (gD (ton ) (kgf/caf)
DEN | 7.41 |14.89 | 43.12| 642.1| 1,497| 2.33 | 7.25 | 1.00 168

B
FEIRER | 10.01 | 9.76 | 78.70| T68.1| 1,813| 2.36 |24.75 | 0.888; 279

) DEMABEDY 7 Y — b OREEEMERI 150ke  /cf T 70




—9e—

{kgf/cm? )
300+
v A mh
(#) (kgf/end)
0 0
50 12
106 23
164 35
224 46
288 58
200 ¢ 359 70
, 433 81
503 93
588 104
873 1186
768 128
871 139
979 151
1085 162
ﬁ%ﬁ%&@ﬁﬁ#ﬁuﬁTMﬁ
100+
ﬁ%ﬁ%ﬁ@%%tmn#tmﬁ
343
REIGH (kgf/em)
168
Nt {RE (X 10F kgli/em)
1.9
0 } 4 : p——t t } t t : 15:()0 + ¢ : 20:00 : : : 25.00
0 500 1000 {x10™")

M4.2-1 D EJLERE OIS H O AR
Fig 4. 2—1 Stress-Strain Curve of D Building Specimen
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f ) (kgf/cm'o)
0

40 11
(kgf/c:n’) 92 27
. 152 34
300 209 45
266 57
319 68
‘. 376 79
2 434 20
493 102
551 113
614 124
875 136
739 147
200 ¢ 802 158
872 170
943 181
1017 192
1101 203
1197 215
1305 226
1433 237
1592 249
--------------------- : 1853 260
100 + ; 2241 271
' ﬁ%ﬁ%ﬂ@ﬁ%mﬁmt?ﬁé
: 50.0 11.2 :
E AL EROHEIC AN R LR
: 538 112
F i RxGH lkef/em)
! 279
i SRRl (X105 kef/om)
: 2.06
0 — T S S S £ S Sy S S R
0 500 1000 1500 2000 " 2500
(X10™%)

| B2 -2 HITEEERRADLAOT SR
Pig 4.2 -2 Stress-Strain Curve of Yokohama New Port’s Wharf Specimen
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BEMEAN - ERERERCHEEOR K. HARABREFESRCEMRICXLS LIROAT
RITEDNTE D,
Ec=21x10° (y,/2.3) “°X (Fc,/200) *°
SN Ec - SR ket ad)
7 : WE
Fc : EfgmBEE (kg f o)
AL kL 2 — | CRTEMRERVHEE, OHEERMERD S L. DENMZ
1.96X10%kg f Aeaf & IRIF—E L. WREFHIETRIE2. 58X10%ke f “of & ERIEIZ L
BLTPPREV,
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(2) BARBER

FKAREEEAERL 2 — 2 84 2~ 3ITRT,

D ELROREETSERARGk S bic T OEKREIL. BEOT L 7Y — FOBK
FRAH107°~107"" cm/sec IHBELTARE, Eio, MIEHBEFEOI L/ Y~ 7
Oy Z738EE& (C—1, C-2) KL->TIERE LBIKRENRL T3S,

#4.2—-2 DEANGERLUAHEEOBKESBES
Table 4.2 —2 Result of Permiability Test (D Building)

L e3E,
SN TR
{cm?) (cm®/h) | (cm®/sec)
1 41 41 0.0114
2 64 23 0.0064
3 98 34 0.0094
4 131 33 ¢.0092
1) 165 © 34 0.0094
) 200 35 ¢. 0087
EKE (cn3/sec) 0.0092
HEFOE X (cn) 11.4
AT (kg/cm?) 5
R EH (cn®) 176.71
EXKFEE (cn/sec) 1.19%10"7
%mtﬁﬁﬁﬁwtﬁﬁ # 1
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F4.2 -3 KHEFHERENIZIN LM EOBKRBRER
Table 4.2 — 3 Results of Permiability Test (Yokohama New Port’s Wharf)

o o® W ¥ ®
%ﬁg 21 (C;—‘éi:i) ERE L4 | (C;";) BkE
2 1= ‘.f:
(Ej;% (c?é%) (ca?/sec) (ﬁ% (cﬁ%) (ca?/sec)
1 20 20 0.0056 0 0 0
2 36 16 0.0044 8 8 0.0022 .
3 56 20 0.0056 16 8. 6.0022.
| 4 86 30 0.0083 24 8 0.0022
5 100 14 £.0039 30 6 0.0017
6 115 15 0.0042 37 7 0.0009
iEKE (c?/sec) 0.0053 - 0.6020
HH G oE (cn) 9.9 9.4
BHESH kef/ca®) 5 i 5
EREH(cn?) 78.54 78.54
EKEGBE (cn/sec) 1.34x10°7 4.80%10-8
ﬁmzﬁﬂéh%)%wtﬁrﬂ 81 48




4. 3 HEHRETOHR

4. 3.

+

l

CaQ.insol.
HEABNSDAN Y Y LA F VREOBERF B/ DICERLAC a0, insol.
%43~ 1IRT,

D ENRUBRESEERE b, Tk, EhddkicEREEM L TWieEmoD — 1 R

Y-1DCaO/ insol. KAMEL BFTOAN VI LESOBEEN S - EZ SND, &

%ﬁb&mﬁéﬁﬂ®W%®caO/me&ummﬂﬁEniéﬁﬁmﬁ@m@mo

%4.3-1 CaO/insol. MIEESR
Table 4.3 —1 Results of Ratio CaO vs insol,
) R4 | Cal insol. | Cal/insol.
L S ) ¢ Ji¢
D | D-1 13.4 63.4 0.211
¥ D-2 14.8 60.5 0.245
i D-3 14.6 62.2 0.235
- Y-1 4.8 60.3 0.245
- Y-2 17.9 54.9 0.326
. Y-3 17.1 56.8 | 0.301
" Y-4 17.3 56.3 0.307
” Y-5 17.8 56.4 0.316
Y-6 16.8 58.0 9.290
B
Y-7 16.4 59.3 0.277

PNC ZJ1449 91-006
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4. 3. 2 KEERMOEH

B (d=2.36) AT X 2iEEY s KBMOEREIE, #F (DTA-TG,
DSC) . {LEMFERAEFL 3 — 2 L4 3 — 3R XRENHERIC & BIKFOLER
AORERELEL 3 — 41T, T OSOBRENSHEE LikioERES TR 3 -

5IZRTo
4. 3 — 1 3. BERGEMOEEEIEMED, > OEEEHICHE L TRLADOTH
bo

AR £ BIEEY & IO AFHELIITY, 3~88, 3% Th » Tn TOEHRNA—
T8 ) — VB2~ 20% DIKFUERS). 55\ B ENEHT B L5 TH 5o
D ELRURIRFSERS b, EIE, SPMICE S & T—BER LIKBIEA LY
L (Ca (OH) . ) MHELTVE,

D E LTI E RS LW REOD — | B RERSEETRBkcE
BEMLUTW-EEY - 1 R EROY — 2 BRSEEBELE L TETORBLA LYY L
(CaCO0s ) AERLTVS,
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#4.3—-2 DEALSEHMLUIBHOEHEAMBOBSN. (LFEITORR
Table 4.3 ~ 2 Results of Heavy S%Iution F.ragztion. Thermal and Chemical Analysis
' D Building

sxg | AE D s hans C ikl
9] Ca{0H)> CaC0z F-Salt H20 AH Cal S§ifa Al20s Fe204
D-1 66.3 0 3.6 0 14.6 6.7 34.1 |31.83 6.54 2.24
B T T AT S I B B (i (it
T e [T T -
D-2¢ 75.9 ¢ 0.9 0 14.6 1.4 37.4 130.863 l 6.46 2.07
I T I T D Y N _
- (85.0) -
| 03 | e | o o4} o |49 [s1 | 375 [30.48 | 6.37 | 2.13
D-3. 11.0 0 0 g 2.8 -
T e [T T LT -

#) 1 T EEW. s B
2 HEOHE: 2. 36
BTﬁﬁﬁ(f)t%ﬁ%(S)tmﬁﬁﬂé(%)?ﬁb\( ) AlcEO&FTERERL

4{;%9--?»&&5 (F~Salt) :3Ca0-A120:-10-12H0THEXRIER

5 FAzFSN{(AH) :t Al20s. nH:0

6 BETITI, S8W (f) FWETHRL. BEH/F v EE2AWATHENEER IS &
D BEULEEE (C1) OREE (B : %) 2. ROrED ThHs,

B-1 D-2 D-3
0.219 |0.202 |9.123
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24,3 -3 HIRSSEEE) L RR L ARNOERARRURSN, (LEAHOBR
Table 4.3 —3 Results of Heavy Solution.Fraction, Thermal and Chemical Analysis
(Yokohama New Port’ s Wharf)

lans| 52 Pl asants C e
: &) Ca(OH)= | CaCOs F-8alt | H:0 Al Cal Sit= | Al202 Feo0s
Y-1¢ 70.2 0 2.4 20.9 13.5 0 36.4 124.38 6.33 1.76
T L I S R X O _
- (85.2) -
2 |13 | 0 | 20 220 [ ms o |se 262 | 635 | 150
Y-2» 7.1 i) 1] 1} 3.3 -
S 7Y -
¥-3r | 75.9 0 0.4 | 17.7 | 13.8 |o.3 | 39.6 |25.07 | 6.73 J 1.63
N I O T B I
N @s.3) | T -
4 s | o |0 |2z |oues (113909 [26.28 | 667 | 163
Y-4. 10.8 0 0 13 3.6 -
D Ty I ST -
BRI NN
Y-5= 6.2 0 1} 0 3.2 -
T ey | T }
y6 | T3 | 9_-___._-P.-P_-___z_i_9__{__1f-i_ 6.8 | 302 |28 | 646 | 161
IS TR IR WU o L. 33 17 -
- | (86.3) - A
17 | 533 | 0 0.3 { 18.3 | 15.1 |0.4 | 38.8 |24.99 1 6. 56 J 1.65
R __1_92{_:{:::ZE{Iﬁ}ﬁﬁﬁéﬁ:{ﬁ}}}iLﬁ}:ﬁ """"""""" _
- (78.3) -
B) 2. 58 () *BEBTERL. B3 vy EBEAWABHEHEREC L
D.FELVAER (CLl) oFE# (BEI: %) &, WOLENTHD.
‘-1 Y-2 ¥-3 Y-4 Y-5 Y-6 Y-7
3.423 |3.202 | 2.518 2.153 i1.942 1.718 |1.382
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#=4. 3 -4 FHESELA-FHOBMKRXEEWR AL SETEER
Table 4.3~ 4 Identifical Results of X-ray Diffraction of Samples

HHE | Ca(0H)2 | CaCls | AFt AFm | 79-7'RfR4E | C-S-H | Si0 %ﬁ@{%@

0-1e O "_9 ______ C_) _______________
ST D - R A R o o

D-2¢ O O Q _______________
[ 700 N N I S R B B e' o

D-3s O O ____C_) _______________
IE =700 R R Y R R o 0

Y-1¢ O O ] _OO _______________
.| o | 1T 0 o

Y-2¢ O O O O
22 N I A T E B RN o
Y-3r O O O _______________
2N D R R o o

Y4+ O O O ______________
27 R R S A B o o

Y-5¢ 0] O o
Y. | 1T T o o

Y-6¢ O O 20
I Y [ S A N R R SR o

Y-1+ O o) o
Y. |y T o T o

1 Ca (OH):: WA ES¥ AL

2 CaCOs: ANTFA R

3 C-5—H:mCaQ-8i0z-nH:=0

4 AF£:3Ca20-:-A120:3-3CasS0:«32H0T{iFE2hh5BHEHEH

5§ AFm:3Ca0-Al202-CaS0.-12H0THRESNHEFHHM .

6 ZY-FHNEE(F-Salt) :3Ca0-Alz0:-10~12H0TC{FEIh3E
EEH

7 S10::H/H )

8 ZooFHEL. AMNG. BEBRUTFERRARY
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4.3 -5 KIESHOHEER
Table 4.3 —15 Results.of Measurement of Cement Hydraies
DEN (D Building)

S (%) - HEGHEL100%L LEBE C-S-Hidi

RS Cal/Si0.
: Ca(0H)2 | CaCBa | AFt AFn | F-Salt| AH jC-S-H | H20 TN
D-1 0 8.1 0.1 5.4 0 6.9 73.9 | 5.1 1.0
D-2 0 0.9 0.1 25.8 0 1.5 61.8 | 8.9 0.9
D-3 0 0.4 0.2 10.4 0 5.4 77.6 | 6.0 i.2

RS HIEEE (Yokohama New Port’ s Wharf)

] £5% (%) : HRAHE100% L LEGS C-S-Heh D
HHE Ca8/Si02
Ca(0H). {CaC0s | &Ft | APm {F-Salt| AH }C-S-H | HeO ENN
-1 0 3.9 0 0.4 23.1 | o 64.1 | 8.5 1.2
Y-2 0 2.1 0 0.7 23.8 | o 65.3 | 8.1 1.3
Y-3 0 0.4 0 3.9 19.0 | 0.4 | 67.7 | 8.6 1.4
Y-4 0 0.4 o 0 21.8 1.2 | 68.5 | 8.8 1.3
-5 0 0.3 0 0 23.7 1.0 | 66.7 | 8.2 1.3
-6 9 " 9.8 0 0. 25.4 0.9 | 64.0 | 8.8 1.3
-7 0 | 0.4 0 19.5 | 18.5 | 0.4 | 65.7 | 8.7 1.2
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HZ VA, Y- 2ROY ~ 5107 ) —FUEEERDI, o, #hTHHPD- 1K
UY—TK1}UVﬁ4b%\Y~4&UY—7KK&&ﬁw9¢A%ﬁwto

7Y —FAREORFNLSEMBELTOEPMAD 1 FIERT

TY—FIEE
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n sua]

EE43—-1 Y-5x20SEME (80~%5mm)
Photo 4.3 —1 SEM Picture of Y-1 Sample (80~95mm)

24 3-—85 BRESHOEPMA (Y- 538
Table 4.3 —6 Electron Probe Micro Analysis of Bar-Like Hydrate {Y~5 Sample)

7T %! Na | Mg | Al Si C1
4 7 EOCO | 404 1.20111.68 | 2.67 | 23.95
7-5h I (%) | — | — 11892 | —— 24.86
piv | K Ca | Ti Fe |Total
a5 OO 0.90 |53.70 | 0.07 | L79 }100.00
7)-7h B (%) | — |56.22 | — | —— |100.00
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Bokic & 2REFRRRUHRASHEREWEFRRIR 7 ¥ 1 ¥~ KEEARD VX ~4
=) EHWRBILBORERRE. &4 8- TITRT,

F#L.3-T BEEHORTEHRE-EHAR
Table 4.3 —T Total Air Void Volume and Total Pore Volume

i HEH | 87RE | S#1E
i < (al/g) (ul/g)
D D-1 0.172 0.103

D-2 0.200 0.098
nl -3 0.169 0.071

Y-1 0.153 0.063
#
| 2 0.154 0.072
&

Y-3 0.154 0.07%
5

Y-4 0.161 0.085
& _ -
Y5 ] 0.158 0.078
-1

Y-§ 0.157 0.072
11

Y-7 0.143 0.072

R4 3~ 23 HAERORMEFLESRE XUNL 3 — 3~4. 3 — 12, HAER
ORFEENTNORREIC S VTR LA LD TH 3, |
D EILOMRMFLENIZ +i5 & QBB ERED > EBICHN - THROLTWEF— 5 Th
A0, BEREBLMET 2 L —BIcFOERNS 2 & IZEVWIIhiL,
BURSTBRTRIC >V TRk & OEBERMEH 5P TORZERER CHTLE
& BIFEOHERNZAI,
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D ENVE IR IRTE E HIRIIBIC X 53 p HIZMWI2T—ELTHED, TIH Y

SR gE i hTwa,

#4338 BIREDIKEA + VBE

Hydrogen lon Concentration of Solution

Table 4.3 — 8

pH | KFRA4>

Erw s B E
DiD-1 11.9
E(D-2 12.0
V| D~-3 12.2

Y—-1 11.9
- _

Y-—-2 12.0

Y-3 12.0
5

Y—-4 12.0
#

Y—-5 12.0
]

Y—6 12.1
¥R

Y-7 12.1
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AFIERS. Ca 0/ insol. RRUBEED p HEEODERBEREBET 5 LFEER
EHALEZDEADI Y Y Y — PRUBEFSEHEOI V7 ) — MI, BEALHIEL

TRWLITH B,
5. RUIZHEBHTHFEORERS

5. 1 EHEBREHTUFECETIXEAER
HEHHEEMAABROBREN SO v 7 ) — FORMEEEHOFICHT 86T
OXEERR LLER, KEHREEO Y LAY ORI 3Rk L, RIFEHE
B & REEREG LTV BEHEREOMMNCBIE L TREY A ¥ PROVWTOET
b Uk 1) | WEER SUHITRICET 5T 7Y — PO DVWTOET AL
(X#k 2 ) BURBKICOWTOEFIL (XR3) THb, Wb, BEEERTOL
T REERR U VWAKESE Lict A v b« ov s Y — oML W4, 5,
TRUS8) . RCEEVORBAEHOTERES 7L OWRE) RUFIY7 ) —hOD
LT RN E FIME L TFRET 2 5 CUR9) AL IXmMERR LT,
{17 Assessment of the Performance of Cement-based Composite Material for
Radioactive Waste Immobilization

M. Atkins. J. Cowie, . P. Glasser, T. Jappy, A. Kindness and C. Pointer

Scientific Basis for Nuclear Waste Manegement XII

(23 Mechanistic Model for the Durability of Concrete Barriers Exposed to
Sulphate-Bearing Groundwater
A. Atokinson and J, A. Hearene

Scientific Basis for Nuclear Wasie Manegement XTI

{3) Modelling of the Bvolution of Porewater Chemistry in a Cementitious

Repository
A, Haworth, S. M. Sharland and C. J. Tweed

Scientific Basis for Nuclear Waste Manegement XII
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Thoickds, C~-S—-HHDCa0/8 10, ENLEBREREE OBRIRSE
DEARETIIVA, BHITLE & ORITIZEOMEE. £7:C a 0/ insol. L& ORI IRIE
DIEEL S 5B,

ECI. C—-S—-Hh®Ca0/Si0: ENHEBTEEBELOBICAHASHEIFVE
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EZONBH, F—F —HKHOBWd, %I SIF—5 —OBHIEE B,




PNC ZJ1449 91-006

%51 -1 FEAREROSERELOHE
Table 5.1 —1 Comparison Concerning with Main Results Obtained in 1988, 1989 vs 1990

gea|d 2|8 B 2R |gFE\m % &£ #|B E S
£ B H® o L & | GHR)
FHEiL, Sigst| B-1
' TR EE
MBHIGAE | BEgbAl | E 18 | ZEs0Rss | 4967 | [SRKEsR B
T DB B—2
B & OE +EBELT, Kk B
PESEERICE
SRR | MOEE | F )i | E L8| #4061 | ST kaRHEN E
RS B,
HET S A
BEYIRMOEL T 3B 52| 4 MTK D
(ExXk) &
SRk 2 5 : .
R |HEFE L0, 11 61  HKEF
BEY t=7: -Gl (B, WTE Y
DREFZIT)
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5.1 -2 IERBRERORFELOHE:
Table 5.1 —2 Comparison Concerning with Main Results Obtained in 1988, 1989 vs 1990

| EmY (%) : BRA E100% & L %= 8 & | C-SH )
FHE Ca0,7Si0,
Ca(CH): | CaC0s | AFt Afm | F-Salt | AH |C-S-H {H:0 TN,
B-2 0 87 0 0 0 9.6| 7.0 | 4.8 1.2
%a FE
il
g R 4.0 5.4 | 0 0 0 0.4 73.4 | 7.8 0.9
H&5| 20 3.3 0 0 0 891 7.9 | 80 11
E B 0 11.9 0 0 9.2 4.4 67.5 | 8.0 0.6
g E 0 23.8 5.9 0 4.2 48| 539 | 7.5 0.6
A 0 17.0 1.3 | 15.7T | 8.6 24| 5.2 | 1.6 0.5
?22 D 0 3.3 0.1 139 | 0 46| 7.1 | 7.0 1.0
é Y 0 1.2 0 3.5 |22.3 0.6 66.0 | 8.4 1.3

B HULARS M 2 OMERIRICL - Th. ¥RZOF— 5 DFEIZRIT - TL 345, =
7 OENERIDOHBIERA 27, FAREOEEOEN, TREZ T It~ T RS
A 2 DT — 7 OBSEGEEH LT3,

5. 1 —3 FEHEREROREE L OHE:
Table 5.1 —3 Comparison Concerning with Main Results Obtained in 1988, 1989 vs 1990

SN | ERERE | PR B K RO | BIRR | BHIFLE | Cal/insol. | BiEE
ic Ggf/cn®) | (kgf/cn?) | (em/sec) ml/g) | (@l/g) H ®pH
| B—-1 542 3. 79x10° 6. 1x10°'° - - - -
f1{B-—2 0.121 0. 057 0.24 11.6
] _ :
63 412 3.54%x10° 3.3x10°8
. gy 0.101 0.041 0.22 1.6
& 0.118 0. 049 0.24 11.8
?}é B 0.178 0. 165 0. 13 11.2
;:: E 236 3.48x10° |4.17x10°® 0. 163 0. 166 0.09 11.3
A 0. 160 0. 169 0.14 10.5
IIEZZ D 168 1.91x10° {1.19%1077 0. 180 _ 0.091 0.23 12.0
£2E Y 279 2.06%x10* |0.91x1077 0.154 0.070 0.30 12,0

E) UL AR ORMERIBICL > Thy REDOF— 5 OWEIZRIT -TL 25, <
7 OENCEEREOHBERS 2 10T, RO BSEOEFTRZ & It RT IS
A ZAF D7 — 5 QBEEPgRER LT\ 3,
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