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Experimental Studies on Sodium— Concrete Reaction (H)%

Toshiyuki Unemoto%%, Yukio Hashimoto
Shoji Takasaki , Tohru Arakawa

Junjiro Yokoo , Yukio Sasagawa
PNC Editor; Hiroshi Hiroi

Abstract

Experiments were carried out to study sodium concrete reactions which mi%ght
occur in an LMFBR plant following a sodium leak and a successive liner failure.

The priméry effort was placed on determining the effects of the concrete type
and the concrete surface direction in the present study ( Series 1), since the data
on graywacke concrete which is planned for the use as the structural concrete in
Monju had been obtained in the Series I test.

Three types of concrete used in Series | test were (j) perlite concrete which has
been proposed for the use as the insulating concrete in Monju,{jj) alumina concrete
consisting of graywacke aggregate and alumina cement which is said to be stable
against sodium and {jj) graywacke concrete with a vertical surface.

Major conclusions are as follows.

{1} The perlite concrete reacts with sodium violently at temperatures above 5307C
as well as the graywacke concrete. The initial penetration rate into .the concrete
and the hydrogen generation rate were slower in the violent reaction of the
perlite concrete than that of the graywacke cocrete. But the total penetration
depth became twice as deep as in the graywacke concrete, since the reactio;l
lasted for a longer time in the perlite concrete.

(2} No significant difference of reaction was observed by the use of the lalumina
cement. The alumina concrete reacts in the identical manner with the graywacke

concrete.



- (8) - Although ‘the reaction proceeded more slowly in the case of the vertical
surfacé than that of the horizontal surface, the sodium penetrated into the
almost same depth. The concrete above the sodium surface was also eroded.

(4) The water release from heated concrete, the reaction heat per unit mass of

concrete, and the effect of temperature on concrete strength were studied

using small pieces of concrete.

#% Work performed under contracts between Power Reactor and Nuclear Fuel

Development Corp. and Nippon Soda Co., Ltd.
HOK Nihongi Factory, Nippon Soda Co., Ltd.

s PNC, Oarai Engineering Center, FBR' Safety Engineering Division, Plant

Safety Section.



1

2

LI

2v2 Y-+ RABGORIEE L TORE
2.1 BRRICHWAH

2.2 BHOHEAR

2.3 =2v7)—OREHEE

2.4 RBGOWIE, BE

T Y A e b SRR
31 =2vzy— bRz BREB
3.1.1 HBFHE

3.1.3 WMEMCLZERHE L EERROEL
3.2 BKRBIZX 5B

321 #FBFE

3.2.2 HBRER

e e T ———
41 =v7 9 — +FABE

42 EBEBIUAE

4.3 HEBRHE

4.4 BRLEBR

=7 AR

5.1 = vz y— bR

5.2 HEBIUHE

5.3 HBRHE

5.4 58

541 KRELEEBLIUVRER

5.4.2 =2v27 V-1, Na BIUHSFADRE
543 2 vZ Y- trORAEEE

.44 REBBOI VI — MEEREE e

...............

= W N e D

~N ~ =~ Sy o oo W

]

10
11

13
13
13
14
16
16
17
17
18



546 HBREATHEOEMEHELEBMEERI e 97
5.5.1 A= FA I Y Yo b 28
5.5.2 FAIFaVIY—} 29

55.3 BEBMOBEME I VI Y — b oo 29
5,504 a7 V) — bk Na OFG oo st e e aas 29
5.5.5 EBfia2v7V— brEIETA Na B B e 30

APPENDIX ‘ - 117



Table
Table
Table
Table
Table

Table
Table
Table

Table

Table

Table

Tabie
Table
Table

Table
Table
Table

Table

Table

Table

Table

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3

3.4

4.1

4.2

51
5.2
53

5.4
5.5
5.6

5.7

5.8

5.9

510

List of Table

Physical and Mechanical Properties of Cement

Size Distribution of Perlite

Physical Properties of Fine Aggregate «orwr-rr=srrerreeraseminraenan,

Physical Properties of Coarse Aggregate

Proportion of Mix and Mechanical Properties of Concrete <==--«--

Weight Loss of Heated Perlite Concrete
Weight Lass of Heated Alumina Concrete

Compressive Strength and Static Modulus of Elasticity for

Perlite Concrete

Compressive Strength and Static Modulus of Elasticity for

Alumina Concrete

ooooooooo

Experimental Conditions and Results of Sodium - Concrete -----+-+*

Reaction Heat at 530T

Composition of Perlite, Alumina and Graywacke Concrete

Experimental Conditions of Sodium - Concrete Reaction

List of Maximum Temperatures

Position of Thermocouples in Concrete after Sodium -  ---

Concrete Reactions

Excursion Time and Penetration Depth — rroreveeereriersecen

Characteristics of Reaction Products

Results of X - ray Diffraction Analysis of Reaction Products -+

and Original Concretes

Calculational Result of Sodium reacted with Perlite -«--e----

Concrete at 430C

Calculational Result of Sodium reacted with Perlite s«ererserrmerees

Concrete at 5307 or 630¢C

Calculational Result of Sodium reacted with Aluming «o-=seesreee-e-

Concrete at 530C or 630C

Appearance, Compressive Strength and Static Modulus «c-=cer-e---

of Elasticity after Test

36

36

37
37
38

39
40
41

42

43

44

45
46
47

48
49
50

51

92

53

54



Table 5.11
Table 5.12

Sampling Location of Test Specimen

Effect of Reaction on Compressive Strength and Static
Modulus

55
56



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig. ¢

Fig.

314
315
316
317
318
319

List of Figures

Size Distribution of Aggregate

Concrete Specimen and Locations of Thermocouples

Transient of

Relation between Temperature and Weight Loss

Weight Loss of Perlite Concrete -« :-- -

( Perlite Concrete )

Transient of

----------------

Weight Loss of Alumina Concrete -«rcreres-sressiniiiin

Relation between Temperature and Weight Loss

( Alumina Concrete)

Temperature Effect on Compressive Strength and Static

Modulus of Elasticity for Perlite Concrete

Temperature Effect on Compressive Strength and Static

Modulus of Elasticity for Alumina Concrete

Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss
Weight Loss

of Perlite Concrete by TGA (1)

of Perlite Concrete by TGA (9)

of Alumina Concrete by TGA (1)
of Alumina Concrete by TGA (2
of Graywacke Concrete by TGA (1)

of Graywacke Concrete by TGA (2)

Effect of Concrete Type and Measurement Method

on Weight Loss

Reaction Peaks of Perlite Concrete by DTA (1)

Reaction Peaks of Perlite Concrete by DTA (2) -eorerrvsmrermciinn

Reaction Peaks of Alumina Concrete by DTA (1)

Reaction Peaks of Alumina Concrete by DTA (2)

Reaction Peaks of Graywacke Concrete by DTA (1)

Reaction Peaks of Graywacke Concrete by DTA (2)

Test Rig for Measurement of Sodium - Concrete Reaction Heat -+

Sodium - Concrete Reaction Vessel «++reerrrreverisninniiiciiciennns

Sodium Temperature Change by Sodium - Concrete Reaction
(Exp. 1 H )

57
58

59
60

61

62

63

64

65
66
67
68
69
70
71

72
73
74
75
76
77

78
79



Fig.
Fig.
‘.Fig.
Fig.
Fig.
Fig.
- Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

410

411

412

413

414

415

416

=S B I S R T B
0 0 =1 Y o W DN =

S

Sodinm
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium

Sodium

Test Rig for Sodium

Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Térﬁperatu_re
Temperature
Temperature
Temperatur_e
Temperatufe
Temperature

Temperature

Change
Change
Change
Change
Change
Change
Ch'ange_
Change
Change -
Change
Change
Changg

Change

by

by

by

by

by

by

Sodium - Concrete
(Exp. 2 H

Sodium - Concrete
(Exp. 3 H

Sodium - Concrete
(Exp. 4 H

Sodium - Concrete
(Exp. 5 H

Sodium - Concrete
(Ezp. 6 H

Sodium - Concrete
(Exp. 7TH

Sodium - Concfeté
(Exp. 8 H

Sodium - Concrete

(Exp. 9 H

Sodium - Concrete
(Exp. 10H

Sodium - Concrete
(Exp. 11H

Sodium - Concrete
(Exp. 12H

Sodium - Concrete
(Exp. 13H

Sodium - Concrete
(Exp. 14H

- Concrete Reaction

Sodium - Concrete Reaction Vessel ( Exp. 1 M)

Reaction

)
Reaction

)

Reaction

)

Reaction

)

Reaction

)
Reaction
)

Reaction

D

Reaction

)

......

......

......

------

Reaction -----+

)

Reaction

)

Reaction

)

Reaction

)

Reaction

)

Sodium - Concrete Reaction Vessel ( Exp. 2M~ 8M )

Location of rThermocouples and their Symbols

Hydrogen Evolution Rate and its Accumulation
Hydrogen
Hydrogen

Hydrogen

Evolution Rate
Evolution Rale

Evolution Rate

Hydrogen Evolution Rate

and
and
and

and

its
its
its

its

Accumulation
Accumulation
Accumulation

Accumulation

.......

......

.........................

81
83
84

86

87

88

89

90

91

92

93



Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

510
511
512
513

514

515

516

517

518

519

520

521
522

Hydrogen Evolution Rate and its Accumulation ( Exp. 6 M )
Hydrogen Evolution Rate and its Accumulation { Exp. 7 M )
Hydrogen Evolution Rate and its Accumulation ( Exp. 8 M )
Temperatures of Concrete, Sodium and Exhaust Gas <r-vecrreeee-e

(Exp. 1 M )
Temperatures of Concrete, Sodium and Exhaust Gas

( Exp. 2 M)
Temperatures of Concrete, Sodium and Exhaust Gas

{ Exp. 3 M)
Temperatures of Concrete, Sodium and Exhaust Gas ++r-ereeeeeeees

( Exp. 4 M )
Temperatures of Concrete, Sodium and Exhaust Gas

( Exp. 5 M)
Temperatures of Concrete, Sodium and Exhaust Gas -r-re=:eee

( Exp. 6 M)
Temperatures of Concrete, Sodium and Exhaust Gas ++«-- R

(Exp. 7TM )
Temperatures of Concrete, Sodium and Exhaust Gas

(Exp. 8 M )
Penetration Depth for Perlite Concrete =wesresssrsrirrmrrrmenarnainnens

Penetration Depth for Graywacke Concrete with Vertical r-------

Surface and Alumina Concrete

103
104
105
106

107

108

109

110

111

112

113

114



List of photograph

Photo. . 1 Perlite . Concrete and its Reaction Product ( right side ) =-=---*-- . 116
Photo. 2 - Alumina Concrete and its Reaction Product ( right side ) ===+ 116
Photo. 3 Reiewted"G'raywacke Concrete ( Vertical Surface )  =w=wrowmereeeeeees 19
Photo. 4 Reacted Perlite Concrete at 4307  wresreeresrsss seneassrnens sessnenend 20
Photo. 5  Reacted Perlite Concrete at 5301 C rrwrrmsrerressrsmrermmsenrsreneeerees 21
Pi;oto. 6 ',Reactgd‘Per.iit:e C(;ncrete at 630C 22
Photo.. 7 = Reacted Two Layer’s Concrete ( Perlite and Graywacke } -~ 23
Photo. 8 Reéacted Alumina Concrete at 530°C r=rr-srrmreessssssssssssenenmmenenenees 24
Photo. 9"

Reacted Alumina Conc_rete ‘at 630°C PR AP S 25
Photo. 10 Reacted Dry Perlite Concrete s:irrr-srssrrsssrmsrsrmrmmossessrse e 26

Photo.‘ll " Cross Section df.Reacted Perlite Concrete et s 26



1 U ® i

EEMEREE (HACe ) OF FY v ARBERICHL UL, AF—n1 354 F
EREL, TPV ALa vz ) —rORIGEFIEL TV, LAL, Hh—, 54
FTHRBBLAESAICE, BROF M)A v 2y — PRRELT, RGOk
RAACRET DD, TOEREREFHEL, KLABEHAL TB I LIZEE
THd, £le, SHREERMY 27 FHMAEED SN BT, FHOL A7 b1k
BT 570, BEHERENMZIL2DLT, FFV A -2v20 — FORE
OEMPBEL D,

TIT, BAS 7THEEI, T3ALe ] CHARTFEERZ A ¥ F2FHE RV
T TFPIvAavzy)— r RIREBRERIDI (PNC ST 270 8"2—02) %
K Lice TORER, 7PV Y ABENRS5 30CLUTTIEaY 2 ) - rhDSIO: &
TPV ADRIERRZ 67, REHERPKREFYARBEL ABZ t¥bhol,

EIBN, KBETEHIAFba vz ) - P LOBICEHBHLLTA-F1 b2 vy
V- bRERSHBHBETE D, 7, RETEM> vV v atkiz@Bhizz vy -
FOBIREDELT, A7 Fa V2 Y- b RRRENTNS, 22T, KRR
TR <A =F A b v 7y - EOERNOT A IR L2 VIBRERAL- Y2 Y — b
EEAL, G BEHKREERERERSh TV, ABREBTRT7 AV 0=

CVrY— LA, 2L, KETEDLRNTWE M T7A3iFavey - EEHIC
ST FEFERATIHEOLOTHIND, TORFEAARXBCTHEALLSOLE
B0, KENRALO: THD, )

Soic, ERFABRDEARZCOEEDE=v2 Y - 2FEALT, 7Y vaka
Y7V - P OEMRBEOREOZER T,

AR, (DEHASERR, WRGRIERR, (=7 v 8BrSBREhL Ty
Do (NEMik=v27 Y — P OEBEOBEBEEZHOLMMITB2DIZ, 2 v ) — PR
ERAVWTERENbDTH B, (MEFEETOF F I valavr V- DERPE
HRLIBERORBTH S,

2ETRMER L2 Y7 ) - rOREMFEL#ERNEE, 3ERD S BETRLAERRSE
REFAB L7,



2

2 v 7 ) — FRABREOBIER L £ ORRME

FERAL3EEDO= v
@ A=5A4r=2v2
by 7ao3Favzy
(¢} BWEBE=v2Y

oW, ZOHRFEE

2.1 REBIZHWHE
TEOMHEFERALE

B + &2 v b

@ -4+

(@ &

i
2

@ ¥\ F #
B E A A

6 #MOEEK

2.2 FHOHERR
FRALEREOM
IZEDNWTIT =72,

J— t

y— }

=t (%L, BEHEEESS)
— b

B iz DV TR B,

NEHE2 Y VRBROBEZ7SA4 7y Yottt Vi bHEE
AVIBBOTA I A V28 (BB 2HEHLE,
INSBFERAEA YDA — D =L DRBHET Table 2.1
ERTERBITHD,
SHEBHERHRD =H<A—F14 b Cl BHFEHLEZ. Z
D=5 4+ ORBAEEIE Table 2.2 IRT LB Th Bo
EHEREFREOHEEVESHEOBRD L ZTHEOEDE 7 @ 3IC
BELTHEALR.
BHREFREORATE 2 SmOEEM ARG EFH L,
AL bavr - PlE, BE<AZ - Erx - X(HM
DAEFKEBEF IEY Y AN 70 ] LfH N.505]
Z, ThHiravsz) - bBIPER=2 7Y - MITE TH
Y AN 7 01 BHMALI

ik, THERVVANTO] ORBERERMBLIY JISS
5T.401,2 v 7 ) — FRABHERIORBEREI X 5H4ER
%%%&Amm&xch,rm505jwﬁﬁﬁﬁﬁ%&
Appendix3 IZERFNFT,
EAEAEEA L,

FHEMBIUV=Z=EEMETHICOWT, TEROAREZ T IS

() HERBIUVBRAR: JIS A 1109 MEHORER LURKERBRFLE ]



BIFJTIS A 1110 THEMOLER XURARRR
HEl Lk o,
@ 5208 TIS A 1102 TEHOIBVEITREFIE] 12X -,
® BUARER: JIS A 1104 MBHORUARBERRLUEERHARAE]
N Y
FERIL Table 2.3 , 24 B LU Fig 2 1R/ TLEBIT, Ot bTROE
E ke
0 #F # .

HBR LB ERRRNOEEY L BgRST, WFhdBELEEE R
L, BAR (BB B, 70:30%) OHE, WARSIFRER JASS.
5TEDIHMFHIBET 240 1 BROBECHET 5,

@ #HF M _

B, BAERLCREARER EREIERRROORRERY L gER
BT, WFh3RFTHY, JASS.5 TEDIHBCHTIHED 1 ROBE
KHEHET B0, 25~15mi 15~5mOREICFRENLBREOHA ORNENRS
Pl olcicd, JASS . 5D 1 EHOEENERMICHESTIEEDRE
HZHED 65: 350580 20FETB2LE L,

23 2v7Y—ORSEE
BEE LBl ez TRICRT

=7 ) — bOEE B =y
Al A F v F112%1em
EY 3 JEEY D EDHEE: 0.9~1.0 toy
. BA+¥:25m
7W;iyu-r A5 v 7 12%1em
O mi4+1%
EEE - A A stz 24 0kef Dk
o AT v 712+ 1em BEFEREE 215 topp b
FYZI- N m Ty mi4t19

A=FA V7Y - PEEAFAVCBET IO TH S, REFTORE K
PRETHBDT, BEDEVELDOEBRBEII Lire Fh7AIFa vy —
PEEERCEEDE Y2 ) — b LACRALEL L, BEDE= 70—
BRERFOEEHHETH B,

BROFHRRADERPOBE L LEEEELE YR ORBERS Table 2.5 1

-3 -



N N

BB T HEBOFEMIT Appendix 4 ICE LD BHHTWS,

2.4 RBGORME BE |
Bk AR FI BB 10 0mg X 20 0m IR TH B, RISREEAIL100
m@OFER 1 0mEI AT 1 AL DOTH B, €7 LRBRARBRMIZ2 0 3.3
mBX305mThY, 6ROMERNEDAEIN TS, (Fig. 2.2 28

%f»ﬁ%f@ﬂgZZT%Lk%ﬁo%m%sﬁﬁonvﬁD—}ﬁbhf%
PEL 7228, 20k, EH150mii -4 b2v7 ) — FCFH1 5 0mtsHEE
.@%:VJU—PQﬁﬁﬁéﬁoko

INHORBEEHS 2 8 HECREELLT, T0%, BE20TCBESO
% OEREBET, #46 1 HE TEE L, |



3 HHIKEMERER

2V7 Y- PHICKBRBREWF = v 7 ) — b OBRFICL SRR 28 ) OF®
TRE L.

31 =2v2I-tRhick 535
3.1 BEBRAE

M4 28HET2 11 CTRBEREELTY, TOH, 46 1AETEE?21
T1TC, BEBODERETHELALF10X2 0nDREAY ERES NS
AR, 55,70,110,130,150,300CRIT500COERE

LB BEAR L - OROEGRED L BB SRS IE L, ©ORBICRT
BMBFRE FRICRT.

R
REREE | 30C hr
Gt461H) 55 CCEERITAS
FTHE

R 307,
TOCTCEERIZRS

TR

%30.@/111‘

500 CTEERICED

110 CCREERIZES
R ET

£ TH#E

300 CCEERILARD

130 CCEERICASD
* CIFHE

®CRHE

150CCREERIZRS
TR

ARGEEPIE S —FA b2vr7 Y-, TAIFavr ) — b BHKEER
38, EAESIUCHEERIGBRAEMENOSEERLEHMS7H, 281,

RBBBRKNB XS RECTHEARRESEREL koA TENEN 3 &, &
H30ETH B,

3.L.2 Mk aBEAKE
B A=FAf4ra2v7Y—1}

WKL 2ERBAOT — 2% Table 3.1, Fig. 3.1, 3.2IZmT, 500°TC
T30 3DEREAEH DN, TOREIL 30 CETILET S,



D13 0CECHOERBANE, 2v2 ) — FhOEHKDRKE, 130T~
300COETRFARRBIT =) vHA FORRK, 500 CETIHEA v
b ORRURIGI & » CERS NIKBE S 4> 9 5 D—HABA L7 D 2B
%o |

@ TAIFasrZY—}

Bz 2EERHAS DT — #2% Table 3.2 , Fig. 3.3, 3457, 130T
ETIC7.2%, 500 CTIES BOEEHPNDH B0 5> T 9 BDHHAD 130
CTUTFTEL 2, .

ZOBHAKEEBEKE TEOKBBBRIC L 530 LE 2 5,

3CAHn — = C3AH; + 2AH; + 18H
CeAHs  — = CsAHs + AHs + H
(FEI @ # 743722 IB20CHUTOBEREOKMRETHERT
B KAy | |
e 2 5 CUAEDFERETART 5K
(@ C=Ca0 , A=AL,0; , H=H:0

TAiFavs)—rOMENCESHEEIXLI3I0CTEEALEKTL, Thl)
ECEHBEDTIEL, 500CETOMTHOS S THBER, ThidEEeas v
FPRTIFAT v Vat AV ERRLY, KARGIK L > TKEBEAIVS Y 224
BLRWeHELEZ D,
313 MM X BIEMRE L MM RROEL

MAENBASN S L SRR ), KAUEADSHA SN B0 CRESE
TH B, A=FA4 bavsd—rTFridavsy—OBEREFUTIERT,
1 S—=FAfba2vsV—+}

#5R% Table 3.3 & Fig. 3.5 ICm¥, ANTHLARLIIZ, MAREHRT7 0
CCREIC BB DI 7 0 B ETETT 323, 70CTHH15 0 CETIE, &
LAEELEV, LHL, 300CE500CTRBFAMICETL, 2hT
nﬁ%%%ﬁ®46%ﬁiﬁ34%®ﬁﬁkﬁéoit,ﬁﬁﬁ%ﬁ%EﬁﬁE
LABAEAE T L, RBEMEROMEE LELT, M7 0 CTR, 95 4 %,
300TL500CTIRENEN2 14BLU11%4ECEF L, |

@ 7riravzy)-—+
BSE% Table 3.4 & Fig. 3.6 (R T. RRBIER, 699kelss R L, ME

— 6§ —



mE70CT327kef {3 24 7% TETFL, 110C, 130C, 150¢C
DETEKREL P -T2, ZORIISZTFRTICETL, 300CT20 %,
500CTH18%LEsT,

i, HEERKIERBE L RAKEZERLRL, ABRFMBED 3.5 1xX10°kef;
KL, M7 0CTHLELERY, 110~150CTik44~41%, 300C
BLUF500CTiE8~6%ETET LA,

5.2 BERRMICLBRR
3.21 RRFE

SERD= V7)) - THETEOIBIZLER>T0.1 5mihd0ELET5E
TH#L, TOERPH9 5 0 CORBAMICR T 3BEEF L2 BRTEL L - THE

T2LLBIT, 2EORDIOMICRY 3R OARICHEY RERFFEBI X
> TRH L.

BaIlE
o eI T g y—
nYR—TZAHL T10~5mHF w %
$10X2 Ocm | ' (#1500¢)
(#23.5kg) (FrEmERM 64
FIUIT e —T & 5 HE— I BG4 A
1~0.1 SmniZ 7 BT 5mdbnEs FFYV T
@ 6008) | BTHETHE (#7500 ~ 1000 mg)
(T ERE® 104D (PTER %7 60 4
3.22 FEB&ER

BRXPORERE Pig. 3.7 —Fig. 3.1217, REBGHOEE L Fig. 3.14 — Fig.
3.191ZRT . %7z, Fig. 313 KR 2 oNPELICXBEEWIOTFT — 22 HEL
TRT
1 A= bavr)—rt

A~54}:vﬁu—bwm%QSOCif®§§ﬁ&$m,ﬁbﬁﬁﬁwﬁ

RKERDG e DEEME2 V27 ) -1 D6.4%LDELLEL, W24%TH

D, MY EBEROLEEKE33.6%D7 1 %I4T 5, LarL, ok

SEEFALFEINEDC2 Y27 ) - D50 0 CHBAC I Z3EERAPERI Y 500

TTHW11%, 950 CHMEARTHIHNG 2RV, ZOEIFENZEEEIZX

530 THELABARELOYBENERIZL 323D TH - TERERIZA VAR

._7_



ik, BPABPICEEROAROKRFIERE LD DOLEL S,
- E7r, Fig. 31 3T T S IWERBRIZBWTHIZ 2 0DHEEDERKE W,
INEFBRFEOAREENR 10T, mTHIDPKEFNIEHIIEL VL
W, LEX D,
REBGWOERIE Fig.314,15 IZARTHRITHD, KA PF v Fe2 Vb
ERGIa Y2 ) — MZALN S —BMEERERLTHY, 100~160TC,
500~560t£i@800~880t@ﬁm%n%n&ﬂﬁmﬁ%®6nf
"3, |
NS ORISHEROTE T EhehE L LCHEKS LU 7 A KO,
AV DRI E » TELRRBIEN V> v AORKBLTZN EEIFHOR
BHADRIZ L o TECERB ALY Y AOFRICE BB DL SH TN 5,
@ 7AriFazvwry—}
TAIFavyZ2)—rD95 0 CHBACLIEERAELL 9% THY B
DEEKESS PLIFERLETH o7, AR—FHEEHAL, BE2HVEYTIE
Lz BUKBMZEASE (- THIEEROLSKRESAE) ZAEEDE = v
7V—-bPEV25FE5NEEXRLE.
%%%%ﬁ%%ﬁ,Eg&%,ﬂjtﬁfﬁDT%D,7w$fﬁﬁyb@ﬁ
mamﬁﬁ%ﬁﬂ—a4bavau—r%%ﬁ:vyu—faﬁﬁofbékb
105C,115C,150C,240C,565C BLF815 CITRVTHTh 3
BROBEHZBRBRIGOE - 7BZDENE, ThbDEE -7 IXRT DRGNS
515 0 CUTOEBRONIEE= Y2 — rFDHEBK, FYAKBIF 7 A S
VERA AT Y AR O—ZMOBRK, 24 0 CHEAICKRIT ARG T v 1+ 2
VEPDOKIUC L o TERLIZKEBETA I =7 AORKICXDEDEFR D,
565CRKIU8] 5 TCHMADED TEMERLEARAMIME L TRALKLCa
BICX o TER LKL v > DK EKEA A>T 2DOFRICLDED
EEX D,
@ BWEHWE=zvz) -1t
mE9 5 0 CETORMICRIT2EEHIRIING 4 4 THY, TDEER= V72
V- PRV BEROSERKER L4076 FITHY L, mEHTITHERIZ
Fig. 3.18 , 3.1 9 KRTHEI T, LBHALEFF VU Fex v EHAWEEHEOAT
BzZEHzZzRL Tnd,



4 RIGBEHZERR

ZORBRIIL, Na—av 2 )~ bREIKX -T2 v 2 ) - b OBRNBESRL D ICET
DRIEBENET 2D T b0 TH D, RIGBIE= 7V — ¥ Na iz
BEL, NaDRELEELORD 7,

41 =vzY)— rRBRG
BRTHERALE=2Y 2 ) — ML, #—F4bavs)—beT7AIFavIy—
PO2EET, 100md X1 0mDKEISICHHLEZEDTH S,
AFORRIZE, Thdoa vz ) - r2Z0EEHEALER, BAk=v2 ) —
PEDORIGREET 572DRIE5 5 0 COBKF CoRMEMALLbOEFERL
7o

42 EHEBIUHAE
RIE#HNERABREESL Figd 112, RIGEOMEME Fig. 4. 21 EhEhR L,
7z, ERERAEBBSITRAEL ®KROBY TH B,
O &' W & R I R B F AT L
B & 2013 (Class 0.5)
MEHHMH 10A,20A,50A,100A
@ ®| FE & #r F BB L
B KX TR-6320
TR« TAF A — & —
@ ExHEA TR AT R
£ K 1200V,325A
ERBE :11200¢C
@ =A47re—x—  BIEZTEH
piil} 3 ! Nimblox 4 7mpb—&—
—AME D 3.2m
—ARE 12500m
_ BXER 600
® # = XN By BR TR
B R T-35-600BKS8C—1EXB, K(CA) #ma
HHEE :800T



@

. (8

@

1)

4.3

—AMNE D 1.6mm -

v—ARE 1 600m

ARGA Ky 7 R HESIE

# A SD—-220

) B 200V, 14A, 228KVA
7 B B PR

pil] A (AV-Tve—~42—- 600GS
[ & # :0~600 rpm
@ & & H 25 FRr i
- B A ==a2-% U—-631—-6P
PEHA  1mV~500V
FEV YA H A iR

B B o O

-J:I(@{tﬂ" YA H A &5

BB 7L —2
A B 197%

BT

—FBO Na ¥ TR LRGHE ELKPTMEL, NaZ530CERET LS
CHAZI VIR —AF B, Na 'PCREGESELRVWE ST 5D, B
?Na%ﬁﬁ?éoNé*ﬁknt?4ﬁna—ﬁﬁﬂﬁﬁﬁ%ﬁﬁb,Naﬁﬁ
DEREEZBET 5. BERMZELST THELREL, BECL3HNE LN,
BEDLAMOBEG, DEBOBERLYRD 5,

iy

Cp = QT
Q = 1:Rt/]
ZT ¢ Cp @ HEOBRFE (o T)

Q : REE (a)
AT . mEERME (C)
I AEEW (A)
R : #E H )
ot 1 BERE G
L] L Va-—AEH (541840 )

(4—1)
(4—2)



TIZ, 53 0CIBFELE NaFlzE B =227 )~ 3B TFL, Na BELRE
FEAELTNa - 2v 27 ) - RIEOREHRERD B, 4, RIERZLTN: 7=
t‘/-—ﬂ/—F(‘: 1/7;!:0

4.4 HRLEZ

RIGBDUER R% Table 4.1 BLTF Fig.d.3—4.1 617 T. £z, RIGHTHD
8% Photo 1 , 2%,

FNEXD L, =4 bavs ) — b, BALEZWED, ¥/ NaOH#F £
SHETPBORIGBE T L, T/, BRAME NaOHEXE TORGEL, K5
& Na ORIGEBUZEVEEZ R Lz,

Table 4. 2{Z/RL7c L 5123 —F 4 b2 v 27 ) — +iZCa(OH): B HI »> T,
KNTSi0z, AL20: DIETHREN TS, ZM5H, Ca (OH): L, Na, NaOH
DEBLEIRELENY (2L, Ca(OH): 580 TLLETCA0 L H0 12
TREL, ERLAEH0 L NaBRIGT 5%, ZOBE, 530 CTHBOTHR

B> TOBWEER B.) AL:OstE, NaOHERET 325, Na LEELEWY
%7, SiOxE, Na, NaOHOWFhi 3T 5" ZhbowEzZE+sx
S, Ca(OH DB NWA—F 14 bavy)— ME; RIGEIMEL BB LEETE B,
FE, RIE®BO-S—54 bavz ) — bE, RIGHOBREEZL THY, ( Photo

12 Tairavs) - b REERE= V2 ) - 3B RITE 5(Photo 2 BB)
DERNBRLZRBCEREY TV, Zhid, Ca(OH): PEEICESET, 20BE
FHERLDEEZ B,

Triravs)— ik, Na tREL, LASEWREEEREELLZN, Zh
2v7) - rOBHIZ Na LORIBEEIBVWEERDEEFERALLZLXAERLSE
%Bo £z NaOHXIFOBREHE D KE W,

fE Y CRE L EEDE 2 v 7 ) — 1 SHEDLY CHE L XRET vy -
FDORIGRER DAY TH D,

<BE#®E=vsZ)-1+>
cKFl= v 27U — b+ +Na 242a/ 7
-fiAKav2 Y —F+Na 193/ ¢
*BHAK=v2Y—F+Nat+NaOH : 51 2/ ¢



<iﬁ%=v99~b>
+133+133at/7 (240£240Btu/1b)
INEDELEETSE, RETIRIGAOKRE &, KMav7 ) -+ TR,
(7»sf:v9u—b)>(EE@%ﬂv99—b):(3—a4b:yﬁ
V—1t) =2 (ERE=2VZ Y — )
THY, Bik=vzYy -1+ T,
(MEME=2 27 Y1) =~ (HA=Ff a2 ) —1)
Tholco £ NaOHHE T TORMBRAOKE &%, K= v 7 ) — b oig, ™
(7riFavzi—1r) > (A=F4ravs)—1})
THY, Bik=vz ) -+ TR
(BEBE=2vZ7V—1t) >(7A3irFavry—1}) > (A= bavy
- b)
—é&)ofto

F&:Nﬂﬁ%ﬁ?ﬂ@*ﬁ@ﬁ@%:vau—&@%—ﬂﬁﬂﬁénfwﬁ)
' WO THERFE2 BT L .



5 =FLHEE

ZORRT, £B=2v27V -1 L Na PERTCHEIh 3 BBEETCrORE R
ERTHERARB DAL 3D THSB,

51 =vz ) - & BB

CORBRTHEALRAREE, Fig. 220 RLABRIZ2 v 2 U — FRHLAK,
20CTO61HELEBRBELLEBDTHD, =227V — FDEERLRRE TOE
BIRRRIX Appendix 512% & Hir,

BBRCEALL= Y20 - rid, BERDE=2Y2) -, A=Ffbavry—
b,:%:v&U—b(LE:A—54b:vau—b,TE:EE@%:y&U
~F), THIFavIY - rOABETH S,

¥, BRIZIE, Themavy 2z ) - b0z, A—54 bavrzy— %8S
FT105C, 15KMMEALLERA-51 v 7 ) $EH L,

5.2 KEBIURAE
7 ARAREELR Fig 5.1 K, RIGHE% Fig. 52,53 IZFT. £/, TaHER
BEBLURBEZROBY TH 5,
) #¥AZ7mr=t 57 R s R B P
B & !GC—4PT
A7 A 1SUS 2Zm
TE M v uvaFa
@ AvFrv—2s-— (R & BB B F T L
B KX se~tb-t,7 C-E1B
@ BEILEE EARE RS BIERE
H X WT-10B
W =4 7mpe—4%— B EES T E
B &  Nimblox <4 s/me—2%—
Y—ANME D 4. 8m
~AFKE 1 10000m
BERIBH 1550
6 BHHHEE ¥ bR
it X SPB-26



®)

0

10

w

5.3

# K 1200V,30A
2V be-AEE:0~1,200T
# OB & DIESTEGR |
B X KEHME, T-35-600BKS8C—1EXB
HHEE 800T
V—AME 1.6 mm
—AEE 160 0m
7V ELVRER BRI E ST
- B A 12575
BEHE —100~1,370T
TAANRERSET HRIINEERIER
M & ER187H-G15
BEME 0~1,000C
R & B H AR TR
B R im=a-4- U-681-6P
TEr—2 VIR —F— AEEXMHH
W X ICF-225
XBEFNEEE —— EYERE |
i) A RAD-HA (75774 b/ 7 02— Z—3fF
* A I50mX35mX L5mDT7AIRIZ2 0mX 1 §mDAEH
b o
T4k D EE 6 pm
T il (JE&E17pm
vall SR H A 25
53) N i

AR

Na &2 v7 ) — ORIGEHE Table 5.1 1277 F,
N

a FETHOBCOMEDRE (430C, 530THDWNE630T) &

Bl Na 2EFXET2v27 ) - RBEOHIRIGE~BET 5, BELK Na
Bid, Na FHESPICEREL-EMRSBETICE > THRRET S, £7RIGED Na i
BHICEENT /<M 7 re — 2 THIERECRESN S,



) KEREEXEBIUVREE
ERERCEC—ERBRL, Nabavs) - rORIETERT 2KER B
Hy 5,
RIS OHY 2ABZERAREHN T, X AhOKKRRERZ VA7~ 757
TENEhAIET 3,
KREREREL, kRX»PHRD B,

_ Rn- H b e et e aaeaaarre e s _
Re =- 31 (5—-1)

KFERERE (NL i)
ERMAEE (NL i)

HAZ R U7 Er A8 (NE)
BRI APOKERE (NL)

¥, KERERBIRALLRD B,

zzT

m<§§

Vu =—é—z (Rt +Rt+&t )-A t TR T T (5 —_ 2)
ZZT ( Vu COKERERE (NL)
Rt - R tCBITOKREREHRE (N i)

Rt+at @ KR (t+ot) BT 2KEHBEEE (NL )
@ =v79-}, Na BXUHHADERE |
a7V —t, Na BIUBXFADREN, Fig. 5.4 KR LEZHEZOHE
HTHUELATRANEELRGFIHCER L. ABREECORITLWIBTORE
AL ERALEA AL, HARIEHO T — 22 HHE L.
@ =2vzIi-—rDORAKEE
WSOPRDRART, 2v27 ) -+ FOBBENRRECALRELZRL, Na 7
—VEREZ#BATOEHERROOND, £, TOALFREMERE R -
Tavz )~ tOFBZEHELTCNBZZ LRG3, 2T, Z0OEEHIINa &
2v 7 ) - FPORIEAAPFELTCWE5DLARL, REEETHEL .
@ REEO=2v7) - 0ERE
Na L2v7)— 1% SBHMRIESELH, RCHOMAE LD—TBET 5,
ZOBRNRICEEREL T2 v 2 ) - ' ORIGREZBET 5,
2V 7Y - bORRGEBGE, 2v7) - VERERBORE LT3,
#, EPIEXFEER Na B LU NaOHREREWN LERAEIC L Y 20BN ES R



DHizo

B RUSERB DT _
B, WYRBFrSRBERDEY 7V v 7L, Ehe XIREFTHEL
TEHTHILEHERAET B
BRUCRIGERDE, 2 TREBELH DT LT v HFAFHE 7 n — 7%
y 7 AP THBARL 2. =7, AREREIASTHEBRICERL, =177 4
NARLTAVIERRE-EEZALI wAICKRL, RAEICIE, 71 IiB¥E-
Ty —-nmLice TRHEEEICRDY M), XBEHFAEZ TR 70
XREHFAESREL, TEOBEDY THD,

(Z#¢V%—F ATy T AF v
AT o 7HI D 0.02°
ATy 7HIERE 0. 1sec
=5y b ' Cu
T B E : 40KV
LE B Jt 4 0mA
54 #H B

541 KERLBREBIURLEE

KEREXEBIUFREBONUEMRE Fig. 5.5 ~ 5.12 iZ77,

FAiFa v Y-+ (Exp. 6M~TM ) dEEDE=av 70— 1V ek
BRERRERL, X—~FM bavr - eBR2, TAHIiFav 2 ) -+ 2R
EWHE=v 7Y - id, Na LEMBG1IBMTRIENHBEY, ThERIckESR
EEENBAL, ¥— 75T, TO#%, KEREEETSBICDELRD, HUE
xR BREERRD LT \RB RS Wi,

RA—S 4 bavsV—1t (Exp. 2M~4M, 8M) i, Na HEMEH1BEET
RISEBBT 5. KEREEER, H5BEORS S THR ) EFMFRET EHRA
BRENB,

BEEPE= V7 ) —  BEAORE (Exp. 1M) T, ATHE" 0B4&L T,
KEREREORAMEIE, P4 LENE, 0300k RL, KBERETEG
TeWEABETH -7z



542 =vZY—1t, Na BIUHZADRE

2vZ7 Y —t, Na BRUHVADRERNEDKERE Pig. 5.1 3~5.20 IZRT,
i, FMEMECESL-RESEES Table 5.2 17, KGR TROBEROME
% Table 5.3 RT3,

mgﬁlstﬁfiﬁw,@ﬁ@%:vﬁv—boﬁﬁﬁkmﬁm(Emﬁ1M)
v%,m$ﬁk®%ﬁmtﬁﬁt,MmHmOCGﬁtﬁbwﬁmmﬁﬁbfw5o
HEREZ CRT-20DMECHMEh, = v7 ) - + FORBOREREIZY
CRT-20DkBEEIVE k-7,

K—§4b:VﬁD—bKOwT@,Naﬁﬁ@%%%%&étb,430CT
530C,630CHEETNaliERZ =Y rr—2ALk, CKEEIZ420~480T
ThHo7)

430COEEL530COHRLTE, =22 ) - 1hOBRESRECELVWE
WB&HoTco (Fig.5.1 4L Fig. 5.1 5% W) &£/, ETRLAEISICKEY A
REBIZBWTHE530COGEIR430CHDHEEDIETH oo T, 2=
54b:v;u—PKEWT%ﬁLwEm@L%wﬁMS30t?&6a%i50
—7J, NaBB530CL630TCLDBGICE, BEERZENEDLRE N,

B -F4 ravs)—F (Exp., 8M) BEBESh ThRWE O (Exp. 3M,
4M) EARIZS 30 CTHLVWRIGER LK, ( Fig.5.2 0&8) {EL, CRT-
20, CRT—40 HICHESh72ERD, CRT-70TREhHLRADZIBRE
Y, CRT-150 THUF A 7 ROBESMUESH T B AL, Exp. 3M,
d4MLER D,

FAsravry) - PRERDE vy - VLACEB TS B,

543 2v7Y) - L ORAME

Y CEHEERE v Y - MBIl TRRE BTV S,

D=9 (1-¢ 003t
ZZT D ! BEEZ (m)
[t D BUGBHEA D & O (ain)

¥/, HEDLTIL, B a vz ) — 2 ARE2 v 20 — MIZBELTRERL,
KkARBBTNE, WO

RS © D=175 (1—e %2ty .. (5—-4)



FRE : D=10.4 (1_3_0-4t) e (5 —5)
T D ! RAKRSE (m)
[ t : Na &ML THEORE (hr)

ZOM, SNLTOXREZY 27 ) — ML CHEEFE »TnsD
FRBTH, =27 ) - v POBRENRSZLEAL, ¥-272RLEERATREER
HABERL 2D LTREHEZHEL, TOWUERERE Table 5.4 1IZR LTz,
REFHEOEELZ CRT-20 DAENBERELLRL LD, =v27 V-1 %&
EATRIGZERG LIEREZ RO LBTERP>ZPHTHD, RICEHBRMEE

AR BHEE L
N H=FA4bavr)—PE2WTiE3M, 4M, 5SMOFKERN?D,

D=23 (1—¢€ 0.004 ) BEERIL AL T TP IRTRPRRS (5—6)

#87, (Fig.5.2 1&M1)
7L, BiES-5 ra s Y- (8M) K2VTH, RABZNRD

BRRP oD TARRDOE LRI 27, L L, RIGTHOR REERKM A

-S4 PEELCBETHS D, (Table 5.42H)
@ BEEOBEEWE2 7V - MIOWTIH 1IMOBEENDS,

D=g5 (1—e 0012ty i (B—T)

P, KEEOEHED (5—-3) ReELET, Fig.5.2 2ITRLED, &
EFOBRFOFPREEEZDE W,
® TAIFavsY— HEoWTiE, BEDE= Y7 ) — F OKFEOKXNE

ATE 5%,
544 HBEOz vz Y- EHEER
Na b KE#gicaHEh, BEXhi-a v 2 ) - OBEERPLUTICE L,

ERIGERGOE | S FE | REKE , AL OREHICET 358% Table
5.5CmLic, B, BENDOHEIZmBAETHD, Sample Nold, KHTHR

XENBTPEEER ( Table 5.6 ) @ Sample No & &G L Thd,



<Exp. I1M> BE®A=zvZV—1t (EEBEE) +Na(530T, 5.0ke)

Na LML TWeTHROREMITLL, BREERSPEELTHEA, EfiX
BRSE, B~REBEEL TV, AROBHRALBRIE LR -7, B
BEMEKERIGLTHEX Lz, REGED Na i, BREhTERETICIERENE
BTHhol, RIBERMTZLTTAD VEERL, 725 L vER LI,

KAt
KRG V2 Y — b ke | —> HEHA
20
e . L
\ \
\ 7 | _— Sample No.1
— R
% yd X Sample No.2
T ARe '
2 65 200 | 130 |
l T 1
85

Photo. 3 Reacted Graywacke Concrete ( Vertical Surface)



<Exp. 2M> =54 bavsU—++Na(430C, 8 1ky) :

R LI RIS, E LAY NaOHTH o7c0 BRAIHEL TV B0,
REEBORAIL5F’ AEAEh TV IADLE LD, ZOBRAEDEFIIR
BIZXDHEE (Feo ) gt %7, ZONaOH ¥ L7z ib5 % AHiC A
NBLIBFLLGBEREL, XETBILnD, LB N2 BETRTHS L
BEib. RIGORBLLT, REShABSO=v 27 ) - MZ, GERLERLT
W A= 4ra vz ) —-tid, BEH L LTOREEZR > TWazth, FiEE
2 b DBEERERIICKE S, ZODEBETORANPLBED B ETE
LTWho ZHIEKRRG= Y27 ) — F OBKRED» S B HESH B,

T
-l Na (% 5.6kg)

180 _

707 NaOH (f#@ 2, #4.0kp)
75

= L g

80

X

A R )

N CER AR %

Photo. 4 Reacted Perlite Concrete at 430 C -




<Exp. 3M> A—-54tavZ7YV—1++Na(530TC, 8.1k

ISR OARE 7L, NaOHTH D, TOTIRREBEERYIBEEL T,
27 Y~ FROBENMEL, ZLALEREMLEN O TH ThRWD T, RIGiE
HERNROMCETLZIDLELD,

0.7k
/Na o7k
B3 &=z &
J—— NaOH (F#&f)
\
130
Sample No.3
.
215 | mas
55 3 ——Sample No. 4
30 L Sample No.5
T e
-t RNEaT VI I —t

Photo.5 Reacted Perlite Concrete at 530 €



<Exp. 4M> A—FA4 b2 v7Y—F+-+Na(630C, 81kg)
RIG#DORETE, Exp. SMERAEHETH -72705, NaOHEBLEFZBIz4h, $has.
ERLE > TODEPEROTS -7z,

10 %  — . Na
10 % < .
% | N NaOH ()
20 } BN
5% T Lﬁ Na
70 L NaOH (K&
250 -+
120 — #hs
-~ ERERIE=vZUI—t

Photo.6 Reacted Perlite Concrete at 630 C




<Exp. 5M> ZB=2v7Y9—1t (-5 4 b +EEDE)+Na(530C, 8.1ky)

IS, FLLTA=F4ra vz ) — PRI » ThWe, RIBERBDIE, ki
NaOHEBAH Y, TOTICKEARBHERL THY, Exp. SMORE L LUTHE,
BADE=v7 ) - M, BEAERIGLTELY, £2LTa vz ) — rHhick
ZEL7 Na B BAELTHW30R R 5N,

105 Y N
95 \ — NaOH (&)
145 1
50| / —— KRE (NaKLE)
65 — K& (Nafigsm
-1 kE=2v&V—}

; Photo.7 Reacted Two Layer’s Concrete
. ( Perlite and Graywacke)



< Exp. 6 M>

TAiFravrZ)—F+Na(530C, 81k)

FUGEBE, 1R AYBBERDTHY, RBREMFTICFEAERDERS
Nico ROERYE, BEWE= Y27 ) -1 O4ARWLERK, KERELTREXL

300

g —. R

50

140
20

[ CrRT-20
— CRT—40
Q§§ L CRT—70
w AR/

FREGa VI — b

Tehy, HZEBERPITEEL 2
ote, BEBEavr Y-+
EBE, EERE RS ¥ TRIG
LTz, RICOWML Z2HES
AOLHIT, BEARE~HL E
FEN TV ZHIZA—54
avys ¥ —FORIG (Exp. 2M~
5M) LHERDLEHBHTHo7

_7&%vv§%oo

Photo.8 Reacted Alumina Concrete at 530 C




<Exp. TM> 7A43+3v7Y—1+Na(630C, 81ky)

BICERMT, BEAYXREARHTHY, RIDAEMEICHRONGOHER X
CHRBBEBIFEL T, BABTHOKGREBIX, =2 v 7)) — P EREBLAERT
T, RERIGLEHETREr oz, BEOEEIZExp. 6M LtABELZEZ OGNS,
REERDI, KEFIGLTHK Lz, 7TF Vv VRHD,

— Rf

300
%

|~ Sample No. 6

/Sample No.7
%/ﬁélé

NaOH (§f)

) NN o K

™~ Sample No.8
KRGV =1

Photo.9 Reacted Alumina Concrete at 630 C



< Exp. 8M> EBA-541r2v279—-1r+Na(530C, 81ky)
Rittd, 2v 20—t BRTFHETELTRY, EHiCNaOH, Tz RO
EROE - Tz, WINERME, KRAARDLEBABERDIOH->THY,

mBERBEAR L KIBLTHER L,

| — Nafr

305

201
- NaOH ()
140
1 |~ Sample No. 9
110 Rt
§ —— $LTTIKEA

Photo. 11 "Cross ection of Reacted Perlite Concrete




545 RIGHERBHOFH
IR THBNY v A BORIGE RY O XIRERAIERERE, Table 5.6 0%

LD,

) BEME=v27) - FiZBT5 (Exp.1M) N1 kN2oiiiE, AUEEE
BUDLELTROBERLAEBDOTHE, BEOMBKETORVWVEELNK,
No 1k, REIGHD Ca (OH): %<, RIEEEHD NazSiO: B3 DT H L
T, No 2 Tk, RIGAERHDONaz Si0sPNaOHB % R, FREEDIT e
27t Eio, WThORBHISERRIED @ —Si0x03, LA ERLNA R - 7.

@ MNo3~No5 DAL, <—-FM+2v2 V- ORIGERD (Exp.3M) Th
Do N3 LMo did, NNOHHBEHSG T, TOHIZEDMORIGERIHRSEH T
Wik, No5id, EETNEDHBERS T, TOMIZ A —NaALO: & EH T
720 |

@ MN6~No8DBEEHL, 7TAiF2v2) - rORIGERY (Exp.TM) TH 5,
No 81k, BLALRRIEI Y7 ) — b TH ok, N6 &N TiE, ZFOEN
iX&H 50, WIh$ Naz Si0s 8 —NaALO S0 R b M7z,

4 NS DEPHL, BAKA-F4 bavs Y- rORIEEREY (Exp.8M) TH5
B, BOKFA-SF4 ravz)—F (b3, Nod) LIELAYRACEEERD
RRbNz,

5.4.6 WA THROEMME L MR
Na—=v7 V)= RIGARBROBT LAcBEFE= v 7 ) — b DA E L AER5 R Table

5. 7 ICART LB DT, BHEBDTORRBEE 1 ES %<, Na & OB

THHREBL, RBEGEIM, 6 MBI 7T MIBEEEOHE~%, 2M~5Midn

THEEBEOKUTTA—5, 2 v Y-} (2M~4M) OREIREIZZEL

2R kel
= 7 RMOFMIE Table5 8IZRT 2L, Na—=v7 ) — F RISRBRE T HD

RRERBPEL WD, YWHEL TWL 92 7 ORBUIIE L A P RRET

HoleDT, RAREOBRICIE LT 7OEREEX, ERUTEABYEVW2 7%

HE L7, |
Na—=2v 7V — b RIDABRKE T RO = 7HE L Wi RAEBRKSRIX Table 5.9

IKRTERBD T, RARBHBROBEIIRL T, =34 a3 v2)— bOBEE,

EMBER65~39% (430~630C) ,HMEMAKA50% (430T), 7z,

REICT A 372 v 7 ) - OBEIIEHBES1~27% (530~630T), #&



RESRFAN20% (530C) ETETF L,

INBHRHLS 30 CTRIGSEARBRE I MOBEEYE=2 7Y - MNE, Ha
2 8 HEEEREICHS, EMEENS 7%, SHERENL 04 THY, MiELK
BLTEWMEZRL TS,

Eiz, SMERBEBDE= Y27 - 0BEEERGLEIERELBEZRL TWD
B, EEOA-5L ba vz ) — Lo THREEANRZEZDLEER 5.

55 % %
ARBOEAFA— 21k, @=2v2 ) - rOEH, BF I v ALOEBREOH
S THB. 2 VI Y- MCEA—TA ba v Y=L, TAIFAVI Y- bR
Bl
5501 A=A tavry—+t
1 530CLHTTE, BEPE=2v7 ) - EARCRMERIETH D, LA
B oL T
Na _|_H2 0 — NaOH‘F‘é‘Hz (5 — 8)
DRIEHE LTS, (Exp. 2MO&HER)
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Table 2.1 Physical and Mechanical Properties of Cement

WM (h tm) Hife (kgf/m-i) Efmma kel
#iE - fu E | BRE FEM] 7e—{H
‘?;(): | B A B Bl 288 |1 8|3 8|7 8| 28R
T EH 296 1 3110| 271 | 2:50! 3:55 o3 253 ~ 30 45 65 '
St 7. vuBE | > : i : : - 118 | 220 | 380
T .
Gws s pm | 302 | 4530| 320 | 4118 |4:43 B 284 89 - - 119 | 614 - - 874
Table 2.2  Size Distribution of Perlite
. REST  (RBEWS)
RN - MR =1 piiy b3 T
e/l 5wy | 25 1.2 0.6 03 | 015
=54 - C 0.200 0 12 45 64 75 83 279

i 1) BAUFMHERLER




Table 2.3 . Physical Properties of Fine Aggregate

BiRR NESHA (BY %)
E o - & M =& BAKE | H B| EREs : kR
(& (g7 0) (%) 5 (m) 25 1.2 0.6 0.3 0.15
@(ﬁg)ﬁﬁg)@ | (289, | 23s 166 65.4 2 20 50 72 86 95 325
(@E@E@) 2) (g:gg) 2.38 159 621 - - 0 32 93 99 224
B & 73)%%%% (%g%) 236 161 63.1 1 14 35 60 88 96 294

%% D hEDO () AiREEkE

Table 2.4 Physical Properties of Coarse Aggregate

BHO B m RMESH (BB %)
B - &3 K&ES E = mAE | H | ERHE Mfr
Cmm) (%) (g 1) (%) 25 {m) 20 15 10 5
EEDEBE 25~10 1) (f;j;gg) 0.80 152 585 0 15 64 98 99 712
(RRE) 15~5 2) <§:23> 0.90 151 581 - - 0 44 90 633
BAME 430 20, | 25~5 (58201 082 | 152 | 585 0 12 51 63 97 672

W% D WED () BikighsE



Table 2.5 Proportion of Mix and Mechanical Properties for Concrete
B O & HUETER E # W ¥ 8 R 1R B
Ao A | RAEH keg/ni') (kgL ) (kgf /21) (X10°kgf 4ni)
a8 [vti b AV BRR
Y
Az /b S - H f
(%) (%) 7 HaH | BEH | BRH Cerd) @ | Enps Wit | 1A 3 H 78 2881 7 B 28H
N 70D (FH)
=54 b (CP) _ | 09908 B 0.849 _
avsY—} 775 [y 396 307 212 (M.505) 120 0916 ) — 50 67 028 031
0178 0672
Y £
av s b 55.0 4 6.0 304 167 831 979 | 0760 120 4.6 229 233 504 516 585 612 337 348
BHD :
a2 sy -} 55.0 44.0 300 165 794 ;1022 | 0750 120 42 230 - - - 210 344 250 302

% 1D =vsy—tRE.20~21T

2 BEEWER  A—-F 4 bave) — Ol GRE) ik, EE20C-HESIE0ERSTHS 2 88 ETHLEE,
105CT4BHER




Table 3.1

Weight Loss of Heated Perlite Concrete

DnEsiR BE g
() 143 55 70 100 130 150 300 500
B
P &
FEH B = 16 46 70 86 109 | 133 | 1485] 1725 1986 | 237 | 2605| 274 | 208 | 314 | 338 | 356 | 380
1 | 14546 133 | 170 | 174 { 558 | 704 | 706 |2657|2710|2720(3293 (3301 |3404(3406(393413940(4308|4316
2 114102 104 | 140 | 144 [ 516 | 659 | 66.1 | 2549|2601 (26113101 (310932103211 (3716(3723|408414095
W o4 & 3 | 14580 154 | 189 | 195 | 61.1 | 744 | 745 [ 2841|2898 (2910|3456 (3464|3567 (3577|4094 (4101|4462 4471
® 3
# 14409 130 | 166 | 171 | 562 | 702 | 704 | 2682|2736 274732833291 (3394(3398(3914(3921{4285|42a4
1 091 | 117 | 120 | 384 | 484 | 485 [ 1827|1863 (1870|2264 |2269|2340(2342(2705|2709|2962|2967
2 - 074 } 099 [ 1.02 | 366 | 467 | 469 |1808|1844|1852|2199|2205(227612277126.35|2640(2896/| 2904
W ¥ F |3 1.06 | 130 } 134 | 419 | 510 | 511 [1949[1988!1996{2370(2376|2447{2453]28.08(2813|3060|3067
¢ £
- 090 | L15 | 119 | 390 | 487 | 488 |1861|1898|19.06|2278(2283(2354(2357(27.16|27211/12973|29.79
i




Table3.2

Weight Loss of Heated Alumina Concrete

% 55 70 110 130 150 300 500
B
i 48 96 171 | 195 219 (3154 | 364 | 387 | 420 [ 464 | 543 | 567 | 582 |6052 | 630 |6539 {693 |7179
1 [36649| 674 |1015/1092(1096|1829 222112266 2268 (2424 (2430 |2586 [2591 |261.8 (2626|2756 (2762|2848 2854
2 [36199) 753 |1068(1129|1136|1882 (2284 (2325 (2327|2480 (2487 |264.2 |2648 |2675 2683|2867 |2873|2974|2979
W o4 fE| 3 [36088| 645 964 1036|1039 | 1851 (2243|2286 (2290|2446 (2452 (2606 (2612 |264.0 2648|2746 |2752|2850, 2855
" |
# 363121 691 {1016 |1086 1090|1854 (2249 (2292|2295 (2450|2456 (2611 (2617 (2644 | 2652 (27902796 |2891; 2896
1 184 | 277 298 299, 499 | 606 | 618 | 619 | 661 | 663 706, 707 | 714 717| 752| 754 TI7| 179
2 - 208 | 295 312| 314 | 520| 631 | 642 6.4 3| 685 | 687 | 730 732 | 739| 741| 792| 794| 822| 823
B o4 B3 179 | 267 | 287 288| 513 622 | 634 | 635| 678} 680 723 | 724 732 734| 762| 763| 790| 791
@® |« |
# - 190 | 280 299 | 300| 511| 620 631 632 675 | 677 720 721 | 728| 731| 769| 770| 796| 798




Table 3.3

Compressive Strength and Static Modulus of
Elasticity for Perlite Concrete

e R E HERBALG D & E & oW OE o WM R
o o R R
5 Chr) kgt ch) (X 10°kgf &)
. 828 0.30
ﬁ&??ﬁ - 84.0 }su 028 }&%
834 (100) 027 {(100)
666 ‘ 0.14
70 1075 560 } 602 0.15 } 0.15
579 (72} | 015 (54)
541 012
110 173 666 } 606 015 } 0.14
611 (73) 015 {50)
: 59.8 012
130 23175 611 } 60.7 015 } 0.13
61.1 (73) 013 (486)
509 011
150 275 700 } 575 015 } 014
516 (89) | 015 (502
395 0.06
300 3105 392 } 387 005 } 006
373 (46) | 006 (21)
209 0.03
500 3381 29.3 } 286 003 } 0.03
26.7 (34) 0.03 (11)

% 1D () ARARBEBBCHTH




Table 3.4

Compressive Strength and Static Modulus of
Elasticity for Alumina Concrete

BOH O RB

n#4 & B Eor il ) E # = E
: @ Hn & I RS
© (hr) (kgfed) (X 10° kgf éd)
o 719 3.54
aﬁi‘qgﬁ% - 685 } 699 344 } 351
693 (100) | 354 (100)
334 211
70 387 334 } 327 202 } 204
313 (47> | 198 (58)
318 156
110 464 309 } 314 153 } 155 -
315 (45) | 156 (44)
_ _ 322 159
130 567 309 } 314 153 t 154
311 (45) | 150 ° (44)
283 150
150 605.2 287 } 285 141 143
285 (41) | 139 (41)
140 033
300 6536 143 } 137 025 t 027
127 (20) | 024 (8>
129 022
500 7179 131 } 129 023 021
126 (18) (6)

619 °

HE D () AEFARABBICHY TSI




Table 4.1

Experimental Conditions and Results of
Sodium - Concrete Reaction Heat at 530°C

Exp. No Concrete Weight Na NaOH Reaction Heat
(# ) kg (wl” %)
1 H Perlite 74.7 5.0 — 218
241
2 H Perlite 69.3 5.0 — 263
3 H Alumina 2000 h.2 — 380
345
4 H Alumina 194.2 5.1 — 310
Dehydrated 109.7 .
> H Perlite 31 (147.9) 2 51 147
148
Dehydrated 1085 _
6 H Perlite 1 (145.6) %2 5.1 149
7 H Perlite 696 5.0 1.0 333
332
8 H Perlite 675 5.0 1.0 331
Dehydrated 1133
9 H Perlite %1 L477) %9 5.0 1.0 299
263
Dehydrated 1117
. ’ . 1.
OH | perite w1 | Qaamyme | 0 0 226
11H | Alumina 1926 5.0 1.0 504 |
493
12 H Alumina 1873 5.0 Lo 482
Dehydrated 1876
BH | Alumina %1 | @oowymz | °° 1.0 410
410
Dehydrated 2000
14 H Alumina 31 (2148) %2 5.0 1.0 409
%1 Dehydrated at 550 C for 6 hrs.
#% 2 Concrete weight before dehydration




Table 4.2  Compositions of Perlite, Alumina and Graywacke
Concrete '
(wt %)
Constituent Perlite concrete Alumina concrete Graywacke concrete

510, 320 588 7 4.9
ALO, 7.6 208 7.2
Ca(OH), 34.3 5.5 (as Ca0) 8.9
NaOH 1.2 3.6 3.5
KOH 1.6 3.1 3.3
MgO 0.3 0.7 0.9
F62 03 1-7 2.4 -
H,O #1 213 #2 51 1.3

w1 Residual is considered as .Hzo

%2 Water content varies with conditions of the atmosphere.




Table 5.1

Experimental Conditions of Sodium - Concrete Reaction

Concrete Na added
Exp. No. Duration
Species Weight(kg) Temp (C)| Weight(ks) (hr)
1M Graywacke 22176 530 5.0 8
2M Perlite 9.51 430 8.1 3
IM Perlite 9.46 530 8.1 8
AM | Perlite 9.40 630 8.1 8
5M (I"I::l(;telj—yg;aywacke) 1669 530 81 8
6 M Alumina 2256 530 8.1 8
™ Alumina 2245 630 8.1 8
M| poie %1 04 g) o &1 8

#%1 Dehydrated at 105¢C for 15 hours.
#2 Weight before dehydration.




Table 5.2

List of Maximum Temperatures

e
@ @ @ @ ® ® @ ® @ @
Exp. No.

Ex. Gas| Na-200 | Na-100 | Na-0 |CRT-20 | CRT-40 | CRT-70 | CRT-150 | CRT-290 |{CRT-150s | Na-60

1M 368 — — — 874 820 720 379 201 378 625
2M 45 490 495 470 520 541 374 111 90 178 —
3M 72 557 557 532 790 848 885 707 141 720 —
4M - 160 670 670 668 814 952 859 709 154 718 —
5M 59 551 551 551 783 932 857 508 205 508 —
6 M 61 609 619 712 920 963 812 605 218 421 —
™™ 90 680 687 | 758 813 8'85_ 795 498 221 412 —
8 M 71 537 537 545 791 1047 795 | 1120 851 2042 —




Table 5.3

Position of Thermocouples in Concrete after
Sodium-Concrete Reactions

(mm)
Position

Ezp. No.
3% CRT-20 | CRT-4¢ | CRT-70 |CRT-150 | CRT-290 |{CRT-150s
Standard v 20 40 70 150 290 150
position H 0 0 0 0 0 75
v —10 40 70 150 290 150

1M
H +15 0 0 0 0 75
Vv 20 40 70 150 29890 150

2 M
H 0 0 0 0 0 75
Vv 20 40 70 1540 290 150

IM
H 0 0 0 0 0 75
vV 20 40 70 150 290 150

4 M
H 0 0 0 0 0 75
Vv 20 40 70 130 290 150

5M
H 0 0 0 10 0 75
Vv —80 —60 —30 150 290 150

6 M
H 90 85 85 0 0 756
Vv —80 -20 20 150 290 150

7 M
H 95 20 50 ] 0 75
Vv 16 40 70 150 280 150

8 M
H 0 0 0 0 0 75

# V! Vertical distance from concrete surface

H : Horizontal distance from concrete center axis




Table 5.4 Excursion Time and Penetration Depth

: Time of CRT-20’s Time from CRT-20s Ezcursion (=) Total Penetration
Exp. No. Concrete Excursion from CRT. 40| CRT.70 CRT-150 CRT- 290 Depth
Sodium Spill (ma) CRT-150s (am)
1M Graywacke 101 38 96—124 — 85
2 M Perlite 161 79 - — — 75
185—218
I M Perlite 81 22—35 6772 — 215
145
287
4 M Perlite 98 20 58-63 — 250
184

Tow layer : . —

5M 75 31 68 - 145
(Perlite +Graywacke ) —

6 M Alumina ' 52 7 42-53 - — 80—140

7 M Alumina 48 5 67—74. — 80—130
Dry _ 283

8 M 79 35 71 . 342 >305

Perlite . . . 269




Table 5.5

Characteristics of Reaction Products

. . . |Reactivi
Exp. No. | Position Color Appearance | Hardness |Hygroscopicity «?a.ctnnty
with water
Surface |Brown Rocky Hard Hygroscopic | Nothing
1M Upper Gray white Rocky Hard Hygroscopic | Nothing
Middle |Black Granular | Britile Hygroscopic| Combustible
Lower Black violet Granular Brittle Hygroscopic| Combustible
Upper Red violet Na Soft Hygroscopic|Explosive
2 M Middle [Blue green NaOH Very hard | Hygroscopic|Active
Lower Gray brown ‘Rocky Brittle Hygroscopic | Nothing
Surface |Red violet Na Soft Hygroscopic|Explosive
3 M Upper Blue green NaOH Very hard | Hygroscopic|Active
Middle |Gray black Rocky Hard Hygroscopic| Active
Lower Brown Rocky . Hard Hygroscopic| Nothing
Surface |Red violet Na Soft Hygroscopic|Explosive
4 M Upper Gray green NaOH Very hard | Hygroscopic|Active
Lower Brown Rocky Hard Hygroscopic |Nothing
Surface |Red violet Na Soft Hygroscopic|Explosive
5 M Upper Green NaOH Very hard | Hygroscopic|Active
Middle Gray black Granular Brittle Hygroscopic| Combustible
Lower Gray Rocky Hard Hygroscopic|Nothing
6 M Upper Black Lava Brittle Hygroscopic|Combustible
Lower Brown white Roeky Brittle Hygroscopic | Nothing
Upper Black Lava Brittle HygroscopiciCombustible
7 M Middle |Green NaOH Hard Hygroscopic|Active
Middle [Brown white Rocky Hard Hygroscopic}{Nothing
Lower Gray Rocky Hard Hygroscopic|Nothing
Surface |Red viclet Na Soft Hygroscopic|Explosive
Upper Yellow(Blue)green| NaOH Very hard | Hygroscopic|Active
8 M Mi_ddle Yellow brown Rocky Hard Hygroscopic|Active
Mlgg}l%er Gray black Rocky Brittle Hygroscopic |Combustible
Lower Gray Rocky Brittle HygroscoPic |Nothing




Table 5.6 Results of X-ray Diffraction Analysis of Reaction
Products and Original Concretes

Sample .
No. Exp. No. Substance
1 1M Ca(OH), , Na,5i0, , Undetermined
2 1M Na,Si0, , NaOH , NaAlSiO, , Undetermined
3 3 M NaOH , CaO , Ca(OH), , §-NaAlO, , Undetermined
4 3 M NéOH. , CaO , Ca(OH), , B-NaAlO, , Undetermined
5 I M Undetermined , g- NaAlOQ,
6 7M Na,S5i0, , Na,8Si0, , p-NaAlO, , Ca(OH),
7 7T M Na,Si0, , 8- NaAlQ, , Ca(OH), , Na,SiO,
8 7 M a-Si0, , NaAlSi,0,
NaQH , CaQ , Ca{OH), , Na,5iQ, , B-NaAlQ,
9 8 M .
Undetermined
G k
raywackel - _ a-Si0, , Ca(OH), , NaAlSi,0,
Concrete
Perlit
erie — Ca{OH), , Undetermind , a-SiO,
Concrete
Alumina ) .
— a- 5i0, , NaAlSL, 0, , CaAl,0, - 10H,0
Concrete




Table 5.7

Calculational Result of Sodium reacted

with Perlite Concrete at 430¢T
( mole )
Constituent 5i0, Al O, Ca(OH), NaOH KOH MgO Fe, O, H,O Reacted Na
Composition of
Perlite Concrete of 533 0.75 463 030 029 0.07 011 1183 .
1 kg (320%) (76%) (343%) (1L2%) (16%) (0.3%) (17%) | (213%)
Reaction 1 +11.83 —1183 11.83
Total 533 0.75 463 1213 029 007 011 0 1183
ota . \ , . ) . . (2729)
Reaction 1 H,O + Na — NaOH + KH,




Table 5.8

Calculational Result of Sodium reacted with Perlite Concrete at 530T or 630C

(mole )
Constituent Si0, Al O, Ca(OH), NaOH KOH MgO Fe,O, H,O Reacted Na
Composition of
Perlite Concrete of 533 0.75 463 030 0.29 0.07 011 1183 .
1 ke (32.0%) (76%) (34.3%) (1.2%) (L6%) {0.3%) (L7%) (213%)
Reaction 1 —463 + 463 —
Reaction 2 +16.46 —1646 1646
Reaction 3 —0.75 — 0.75 0.75
Reaction 4 —533 | — 533 533
Reaction 5 —
2254
. . . 111 0
Total 0 _0 0 1068 029 0.07 0 (518%)
Reaction 1 Ca(OH), — Ca0 + H,O
Reaction 2 H,O + Na —» NaOH + ¥H, _
Reaction 3 ALO, 4+ NaOH + Na '— 2NaAlO, + 4H,
Reaction 4 5i0, + NaOH + Na — Na,S5i0, + }H,
Reaction 5 3510, + 5Na — 2Na,Si0, + NaSi




Table 5.9 Calculational Result of Sodium reacted with Alumina Concrete at 530°C or 630 T
({ mole )
Constituenet Si0, Al O, CaO NaOH KOH MgO Fe,O, H,O Reacted Na
Composition of
Alumina Concrete 9.79 204 098 090 0.55 017 015 283 .
of 1 ke (588%) (208%) (55%) (36%) (31%) (0.7%) (24%) (51%)
Reaction 1 +283 —2.83 283
Reaction 2 —2.04 —204 2.04
Reaction 3 -169 —1.69 1.69
Reaction 4 —810 1350
Total 98 0 055 017 0.15 0 2006
ota 0 0 0. . . . (4619)
Reaction 1 H,O + Na — NaOH + 4H,
Reaction 2 Al,O; + NaOH + Na — 2NaAlO, + 4%H,
Reaction 3 Si0, + NaOH + Na — Na,Si0;, + 4H,
Reaction 4 35i0, + 5Na — 2Na,S5i0, + NaSi




Table 5.10

Appearance Compressive Strength and Static Modulus of Elaéticity after Test
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Table 5.11 Sampling Location of Test Specimen
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Effect of Reaction on Compressive Strength and Static Modulus of Elasticity

Table 5.12
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Photo. 1

Perlite Concrete and its Reaction Product (right side )

Alumina Concrete and its Reaction Product (right side)
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Table A 4.1

Test Results of Perlite Concrete (No.1)

" 3 oS e pa
S i | Eae 6 %
S-S54 VK = _ B #Y | Bt
4 AV AT K k:
(%) | (Cx%) vz @ | BEA | @ | T B | (o) (kef 6
85 0.04 | 380 | 202 | 323 | 0950 | 0152 | 180 | 0905 | 0.831 45
0.04 4‘07 217 326 1018 | 0.163 13.0 0950 | 0.887 76
80 003 439 234 351 1098 0132 | 150 1.024 | 0961 95
P
002 4740 251 376 1175 | 0.094 175 1.097 | 1.030 114
75 0.0-4 474 252_ 355 1185 | 0190 10.0 1.081 | 0998 98
70 0.04 504 268 353 1260 | 0.202 8.0 1.125 | 1067 121
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Table A 4.2  Test Results of Perlite Concrete (No. 2)
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Eows | (qm
% 65 0.04 446 178 290 1.115 i 0174 110 0.914 0849 50 70
% 380 0.04 405 216 324 1.013 0101 120 0946 0877 48 70
% g0 0.04 343 229 309 0858 10137 120 0.880 0826 34 49
% 100 0.04 319 255 319 0798 0,128 13.0. 0.894 0.830 30 41
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Table A 4.3

Optimization of Sand Percentage for Alumina Concrete

MAHE  |kesvr . Ce/'nl) Asv? | wTFE | =g
) @ | wav x| mmi | mER | T ) | o |
44 55.7 300 167 797 1018 0.750 11.0 7.0 4.3
46 557 300 167 833 982 0.750 12.0 6.2 4.3
48 55.7 306 167 869 946 0750 105 7.8 4.2
50 55.7 300 167 906 909 0.750 85 10.2 4.3
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Table A 4.4

Ralation between Water Cement Ratio and Compressive Strength for

Alumina Concrete
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60 47 278 167 | 860 | 973 | 0695 125 45 462 | 512 | 557 | 598

65 48 257 167 | 887 | 965 | 0642| 110 4.3 448 | 508 | 529 | 588
iz 1 BRH HE#YVV ANTOOFERAE 250cc/C:100ks
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