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BEAE( : ; 300
g/em?) 3.16 + 3.01 + 292
HeF @RS (em>e) | 3300 | 3760 1 8000 _ .
HRy<w— PAE ' EVA ' SBR Ty mm
B (g/em’) 1.02 ¢ 1.04 1 1.01 .
¥ B (mPa-s) 200 ! 1000 | 50 v— b ‘/3&)mm
ph 8.5 ' 6 ' 7
Bz 5 45% 1 45% 1 28% E-2.4.4.7 72 Y ECEARBEE
. == = <1 — s
F | ;’J - VIS 4 L mE
' F-
d 5 5 .,% m120.0%
g § 5 "] 5,
X EANBE || A EANBE | O:EAK I :Eﬁ&
15em BLEFT DLEOHTF 30 FAARSLL o | =

B-2.4.4.8 EAMORIEDH

(@ RUy<—7#HL

£-2.4.4.2 77U»W&Aﬁ%#% Ry <—

N — (EVA) & Y ZA

al

- T E A e A s A o
mL Ao ofooofooo o = 1#0.0%
f PaE | % | x| x | H B O i8] 5%
Y& . ;ﬁ 1#83.0%
Py Bva [ x| x o~ 1#6.0%
SBR X i O Iff ' Ilff T 1|
VD UEINIE | | 0. 2mm 4 1.0mm

b) wRIT—HY
X-2.4.4.9 BIEIAMIZBTHEIARS



% 2% BEHEONE

2.5 F&H

KETIE, WRIFEEZ AV, PARY =—DO0UEINGIEM & LTowmMIcE+ 5545
ITORBRME L LT, VARY ~v—OIEKEH, Wi a0, Mkl rhikaMnizo4 R
~—OWF%E, MR EE WA R Y ~— 0%, 8L OOOEINHEICBT 2 EAFE -
BEE DM 238 L 7=,

TARY v —iF, BETRICBWTEA Y M EEAET, EERMEDE TEEIE T2 END
BEICE LW E LTREA Y MUEBMELE LTHIfF SN TR Y, ITFEAFENMERILL TEY, ¥
ARV ~—OMEEFH, EEREERE], SRR EOL L RN RSN T\W5, BIE, M
B BT 947 v v aBLOEFRT ZHHRE AL T2) XA RATETE
D, VARY~>—DOEREICWT TR ITTONIGRD TE T,

EBI, VARYw—DO0OVENMEME L THWD D, RTMETHLIL I BT 2—2A
EREFEA T ZHMAR 6000, 8000 7 L—IZFEHL, FHEE UARY v —DWFIEIZONTE LD
77
VUNT a—AHREFE LTO (IR 5~10%) VPEOLOFHATELET 7 —& LTHW
TR GEIX oo Te, Fiz, @IF AT 71K 6000, 8000 7 L— 2 &iEMET 4 7 —& LTHWE
WMRHDRNBURTH -T2,

F1- VAR Y = —DOVEINFEM ~DIE RIS T, BEE DI TV D HIE 2 FERNI 5y
T, FEME E Lo, BUE, ARGRERICKBIES N, ENENREFTEETINH Y, OUE
NOFRAEFRCRAERRRIL 2 LIk T, i snTng,

ZIT, FERE L EBNAECICL L, BERERHAES, WMAMEICEND VAR Y v~ — 20
FIHEM & L TERT 272912, OUOEIREAMERICEN U4 R Y ~— O RO B b &
LT, WRiFmiEE2IEET  7—L LTHY, AR ~—0EAICET = —B & 72 5%
R, FTHAEEETHILEEEHNE L, BETEITo T,
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AR v —FEMEME L CTIERT 57290 DM £
(VAR ~—Lar 7 U—kLOMNERE)

SHERFRFER LTEHRER



B3E UANY v —&AEM & LTHERT 5720005 525
(AR ~—Lar ) —kE&OfERE)

3.1 #@E

AR v —EMEME LTUHERTICHEZY, VAR ~—OFEREICET 258130 70
<, FFICAARENTIZZOLIZVARY ~— L85 & Oft BRI b0 T, PF4RY <
—Lar U — b &OMNEREICET DFEITIEIE R,

FITARETIE, VARV ~w—FNHNLLEa T ) — NOMEREEZHLNZT D20, —fi%
72 AR ~—ThHEF AT 7RI BN T, ERAWRBREZ 1T 72,

72, WEMORTICHT=Y, MEMOREEIC N U CHREOEROEIENRE D, F TR
EBRTIE, B ar 7 U= FoEN VAR v —% i T L7 & & OEMIRIC OV T [FIFEC
B %,



H3E UARY v —aMiEM L LTEMT 5720 OPHIEER
(AR ~v—LarzV—k&OERME

3.2 EBHME
3.2.1 EEBOERLKE

£-3. 2. 1 IZTEROER & kYR, K-3.2. 1 ITHREOIR & ~HEE R, B ERs =
> 7 U — MIEMEFRE 30N/mm? (2725 X 9FE L, fifEM & LTOARY ~—FAZ L (L
T, GP Lild) EiilRoOfERENAEEL 2L (LT, RM &5ET) AWz, Znth
MM ar 7V —bhERBREL 2D EIICHAL, VARY ~—Z o0 TIL 2 [FOEAERE
L 72 % 60N/mm? D/KUE SRR T 7o, MEM 2 3T HIiATeATO Fm OMRAE & vk AE  CREEMI
3.2.3 fERIRVERIFEEICEE ) IRk TED 2 KYER T -, £7-, FTHMEAEIL 30, 45,
60° D3 kHEL LT-, (K-3.2.1 &)

%£-3.2.1 EBROEELKE

[EfERE . HHEMEAE
(N/mmz) ﬁﬁo)ﬁzli (o )
B avol)—+F 30 - -
SARYI—FEILZIL (GP) % &;&?’:Eﬂ%
wisH 60 i i 30, 45, 60
HIERENEETILZIL (R 30 D, i
wWisH
200
30°
) 45°
DI
avsy—t 1 60°
100 B (mm)

X-3.2.1 HEEKDKETIE



B3E VAN v —&AiEM & LTEMT 57D OMIH R
(AR ~v—LarzV—k&OERME

3.2.2 FERAMHEIUVHREE

#x-3.2.2.11 WCHWEM B2 R, GP OMENS L UGHGIE, A7 U — 1%
é\r@mﬁ%”\@ VAR~ =5 OB o5t B O3@ERER VA BB I LT,
£-3.222ca>7V—h, £3.223IZGPENALH)N, TLTKRI3.2.2.4ZRME/NLH
NDFE ZRT,

#£-3.2.2.1 GP HRA#H

b ] 2 FF Es=
(g/cm?®)
7547y liE FA 2.26
wiK
BIFAS T HMmE BS 2.91
KHSR2E WG 1.45
Bk
KERIE T B D LIKBRK NH 1.35
B 6 =& S 2.68

£-3.222 aVO—FrDRAESLVTILy Pt

Fo W/ s/a Bfig (kg/m) AR 2N
(N/mm?) %) (%) W C S G SP SL (cm) Air (%) TC(°C)
24 53.8 | 45.6 | 178 | 331 | 799 | 966 | 3.3 16.5 5.5 22

Fo: BRETEZERE, W/C:KtA M, s/a: #lIEME, WK, CEA2 K~ SHEEHM, GHEEHM,
SP EtERE AEJBIKEl, SL:RS VT, Air: ZRE, To: BE

%£-3.2.2.3 GPEILRILDASE

HEE (kg/m)
F w/p bs/p fa/p EET 45— - _
Nmd) | %) | (06) | (%) () o W | ZPME
FA BS Wel | NaOH
30 60 10 90 249 64 216 92 1436 239
60 60 30 70 360 155 217 92 1442 246

FiERetE#ERE, WP BRMAL (HEL), bs/p: BFRASVEME (B,
fa/p: 7547y 1 BBRE (FHEL). FALD547va, BS: BFRSY. SIHEM

£-3.2.2.4 BHERBIBEEILZILORE
B (kg/m) 7 0—{E
W | B S
30 |0.4(2.5|213 5321329
FUSREtEERE, W/P . BRIBAL (BEH), bs/p: BIFR SV BiE (FIEH),
fa/p: 7547 v A BIRE (BHL), FAIS5(47via, BS: BFRSY, SIHHIBH

Oty | WB | /B

127

—ERFERER LEOHRER



B33 VAR ~—mMEM L U CTIERT 5 7200w ERR
(PHRY~w—L a7 J— k& DOfERE)

3.2.3 HEMAMERAE

BEAEDRITE 29% BE12, MHEMEIOE & FTfk S O R E LB O 3 & AVWHRE I -
R DR ETHIT D72, POBHRRIE, BURME EE, RIS R DTk E 2 H T 5
FEREERIAR 2 E L L 72,

BE-3. 2. 3 IZHEAAROMFRLR I 2 7n 37, A ~HEIE, 18 100mm, & & 100mm, &3
200mm T, SHRAIMEZ M A 30, 45, 60°L 72D K 91T, I AT v — LR EHCH ISy
g, FTRAMNCa 7 U — b EITHIAAE (BE-3.2.3 (a)), #HuRBIIREEZEI TS
=3 A F o — N B 2 B = LT — T, EIRE & T DB E LT,

Wiz 7 V— oM 7 B B ORGSR THA L, AT a— LV 8E & RrE L% (F
Rrlce =7 —7bBRELRE), BRICHOMERELZHEL (BEE-3.2.3 (), %Yo
SIHHER (GP, RM) #FTIAATE (BEE3.2.3(c)),

AR BLOFEEL, 207 V— b, FEMIHICERRICKELEZ LD, E=1— L
THEL, Bl L,

MR FO—)LEME

] :
"HIE. y A

M

.] - -
@avsy—+t @avoy—r |

(b) FHIEM DITAAHTIK SR

(@ A2 ) —bOITAHKR

B#Haro)—+

(O E27) Qe

(c) FHIEM DITAAH KR (d) SEAra o Hat xR

FE-3.2.3 #HEAOERKR



B3E VAN v —&AiEM & LTEMT 57D OMIH R
(AR ~v—LarzV—k&OERME

3.2.4 HERAGE
(1) EfeaERER
R Liz= 7 U — b, fEMDOENLZ L (GP, RM) OB (EMIRE, 5l3RMAE,
YU RS S700, MR 2R L, BURHE AWratER & [R] U i C e el iR
B L OBIAB IRRBR A 1T o 7o, JEMIEUARITRE 20788 U, #ricior RestBig a2 vz,

(2) HEREABRER
PEAEDRFSE 29% 2512, BRHE ABIRBREZIT o7, 3.2.3 EUARTERYE CIERL L 72 itk
KOMEM OMERS 28 AR (27 U— FOMiEm 35 B) (2R ARRBRETT- 72 (BE
-3.2.3 (D)), MM AW DB 5 HEAIZ, EAETRE R & [F) U E5E T e aliiek 2 v
o L7,

3.3 RBRBERBLUER
3.3.1 ¥

-3, 3. 1 ICHME MBI O R, B-3. 3. 1 ICJ BB CS Lo )1 — O T A BIfR 2 /R 77,
GP30 (T2 7 UV — b LRIRREDRE T, Yo 7R/ EW, GP60 (X7 U —hK kD
BREEN R E VDS, Yo ZREITRRRE & 72> T D, RMIIZRIFREE DL T v 13 K
XN ERGND,

%-3.3.1 RBEAMHOENE
o [EHE5R B B\ 5| 3RAEE YT &R
(N/mm?) (N/mm?) (N/mm?)
avo)—k 30.4 29 221
GP30 334 29 15.2
GP60 56.8 41 18.9
RM 32 3.7 28
60
----------- — -—‘.: 1
avyl)—+F
— =GP 30
GP6O0O
-——-RM
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
VFH e (%)
X-3.3.1 B#HEOIEH—0FT HBEZR

—ERFERER LEOHRER



BIE VAR v —a e L LTIEMT 2720 D4 525
(ARY ~v—Lar sV —k&DONNERE)

3.3.2 {EREAMREBRER
B-3. 3. 2. 1 IR AR OR R 2R3, KPS, SEREOFEEREZRL, Bif=a s
U— bk (fE4) 1%, 314N/mm? Thoto, #ifs L-faliRixensnien s esg 300, 452, 60°
DONAT, WIS 2NEEIRRE, D T m A ik ez R4,

35.0 31 4 82.7,0 5 30.0

25.0 20.8 22.2 20. 1
20.0
15.0
10.0
5.0
00 %
b

30.0

B (N/mm?)

30° 45° 60° 30° 45° 60° 30° 45° 60° 30° 45° 60° 30° 45° 0
GP30-W GP30-D GP60-W RM-W RM-D

®-3.3.2.1 EMEAMRBRER



B3E VAR v —ZEM L L TERT 572005
(PFRY~w—LarrJ— k& DOfERME)
— 44—

(1 HHEOEL  (RE: EEKE)

B-3. 3. 2. 2 (25 OARREDVTAR IR AE D IRF DO EFOIE T K 2 RS A WraliRgs 2~
2 TOMERAIZEHENT, GP30 & RM (X[FASOHE & 72 572, GP30 & GP60 % th#sd 2 L fH
A 45°LIFNC, GP60 Y GP30 X 0 BREEDS L[a] - 7=,

£-3.3. 2. 1 [T 27”3, GP60 139X COMEARMY TR & MiER 2 — K1k L 7= flE
Zn LTc, GP30 (3R 300, 45°TILRAM & fiEM DS —IRMb L7ciidE 4 L, kA 60°D
FAT B LTz, RM B 450 THAERE Lo i5IA 3 & 0, R 60°TITd < T
EE LT,

35.0 39 7 uGP30-W =RM-W =GP60-W
30.0
~ 30.0 29.3 28.8 28.6 29.0
g
~
=
" 25.0
il
gfg 20.0
o]
&
= 15.0
10.0
30° 45°
fER A

©-3.3.2.2 {EREAMBE HHOEL : ERRKE)
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#£-3.3.2.1 WERMK MHOEL  EBE@E)

ERA )
et
30 45 60
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GP60
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BIE VAR v —a e L LTIEMT 2720 D4 525
(ARY ~v—Lar sV —k&DONNERE)

2) HMEOEL  (R@E: 5ZeRE)

B-3. 3. 2. 3 |2 St DARAE S AR RE DR DA B D IE T K 2 MR VWS R 2 T,

R 30°TIEL RM 2% GP30 L 0 0oR0m Ay, BRA 45°F LU0 60°13 GP30 75 RM % E[Rl> 72,
ZHUIRM NHEBEE TR IA T U M2 Z L72DIZR LT, GPIX R T A4 T U FDRELEZ 72
SleEEZBND,

#£-3.3. 2. 2 [TREEEMEIR A2 7R 77, GP30 13MERME 300, 35 X OMERMY 450 CIIR & flifEh 23—k
L L7efE L, R 60°CH —H A mEICOUEINN RO DT EMEE Uo7, —F, RM
IBRHE 45°, 35 LN 60° TS RIE L7,

oGP30-D oRM-D

w
(3]

30.0
27.9 27.3

wW
o

N
(5]

21.6 22.2

N
o

—_
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o
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tERE ABTEE (N/mm?)

(&3]

o
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(EEEYE

X-3.3.2.3 MEMEAMGRE (FHHOEL : SZRRE
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B3E VAR v —ZEM L L TERT 572005
(PFRY~w—LarrJ— k& DOfERME)

(3) GP DELENEE

-3.3. 2. 412 GP30 DI DRI X A AW BRAE R 2 T,

FTRTOMERHE TR DORIENTLE &5 5 THRIGOME L 7r o7z,

£-3.3. 2. J TR 2R3, ERME 30°, 38 X OMEAME 45°CTITX AR OIRAEIZ IR ME <
BERF & IEM 23— b U720 U7z, RS 60° CIIIRIBREE CIIM B aE L= oizkt L,
FEEEIRAE CIE—E A I O OFEIN S L D2 DHERE L 2o 7z,

ZOREREY, VARV v —DOREOREITFERED TS RV AR & 5.

EE DR

30 273 21.9 28.8 973
25 208 222

EREAMEEE (N/mm?)

30° 45° 60°
e A

®-3.3.2.4 fEMEAMEE (GP30 DELEDFE)
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FEDIKEE
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(4) mRERE#E

ASEBR TR A U752 5%-3.3.2.3 12, {HEMIE L =0 MR DA 75 il 05 /)
#B-3.3.2. 112, RMEEAHERAR-3.3.2.2 12”7,

BEAEDIITE V%5512, KRFEBRTOMELEXZE-72, B-3.3.2.1 XV fE P 135 7)
ELTHAMQ EE|E)NIZHITHZ ENTE, TAWIHEEA TERLIZMENZNLZEND
JSTHY, HAAICE->THE-3.3.220 Eic7ay hTHZ ENRTE S,

®-3.3.2. 3 IZfERBRAE R Z/RT, ERAICE ST, WIhosfi iz ey &g
Do ZOBMEIVAMEINIRM LV GP DA E <, RM IFFIERREE & 0 IR RE D 7 3 &
SREEITE WV OITK LT, GP ITIRBEMRRE K 0 s BuRREBDIRRE D T A3 E NI m VAR & 72 o
7o

#&-3.3.2.3 {IEBIELI-EH

7 REDIKEE Eflm )
2 60
GP30 1R
bk 60
2 45, 60
RM. 30 ik
bk 45, 60
20
p P:frE (N)
2 T
‘ A: EAMERE () E 15
=
Q: BAKH (N =
N:EEH N) E 10
200 o RAMIEA N/m) L:i’
N |(mm) z
04\ T =0/A ;j 5 —ERIA60°
’ P o EEBHA N/m) Ezzgz
j_ _ 0 —Li
- a=WA 0 5 10 15 20
| (mm) | 6 1ERAE ) FEEEANO0  (N/mm2)
X-3.3.2.1 EFEREDHADHDH ®-3.3.2.2 miEEER
20
. " . GP30 GEiE)
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- L Al G2
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. AT e e 1EsIF60°
RS I e
B @ e fE#4% 457
e S Y B4 £30°
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(AR ~v—LarzV—k&OfERE

3.4 FED

RETH, —RIORVARY ~—ThDEIFAT SRR AR Y v —L 3>y
Y — N DA AR B 7 DI R AR AT > 72, AFE TR B IR R & DL TS
FL03,

Ny U—hER—ED T ARY < — L6581 E O & F IR E L& v L R%LE
DAL 2R LTz,

NUARY v —ITBMEENLZ NV LT, RTAT U ROEERZIFIT W LR
iz,

NVARY v —IT A MR EITIC, WIEIREE LV B D M AR T < A2 D Al
REVEDN D D,
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BRI IR D) I 7 a— LRI LT
UARY = —ORMERE (ERERE RS LT v —1fH)



WA BRI TEMED S Y BT 2 — MBI U DA R Y ~— D e
(EfEmmE R L OV o —f#)

41 BE

AW TIE, VARV v—ZOOFIIEAM & U THERT 57280, hirOfin SI2E H LKL
TBERZE AW AR Y ~— ORI, EARBREZIT,

VU BT a— KTk (8200000 7 L—2) THDHN, SFTYI AT 2a—2EHW=Y
TRV ~—ICET DL, ZEAENRI Y I T 2a—LBHRE (KT EDLT Y BT 2—4
DEHLEIE) 13K 2~10%TH Y, FERKPIKL L THNTWDIIEIZE A E AR,

ARETIE, YIHT72—20OVFRY)v—OEERHEE L THEANAIETHLDRRDZ L
FHBE TS, ERITIX, BRI RI~—ThD 77347 v aBLOEF AT 7k
KIZV VAT 2a— LN TEBRL, HOREERAIRTH D, HEE (7 a—fH), BXOEREREIC
OWTEBMREREZITo72, FRITIE, FHEC2MEOL Y B 7 2—2%2 0, HREOR]
B, 7u—E, BIOEMHBREIZOWTEBRNRERZITo7, 728, ERITIEL DX DK
EWVWTIAT w2 IANT, BFEAT M RBEL O I BT 2a—bDHBDEREZEZ T,



AT BRI TR D T ) T 2 — KAERM LTV R Y ~— O SR
(FEMETRE R LUV v —1H)

4.2 EERI
421 RBOERELKE

F-4.2 1 ITAREROER LKL, R-4.2. 1 1THEREZ RS, KEBRTIT, BWIKEHE
OEEl (LIF, W/P) #0.5 &L, WRILIZAKTZ 225 (LUK, WG2) : KEgbF hU v
LAKEER (LAF, NH) =2:1T—EL L, BMEDOHEOLEES T, 72721, HEE
MHRZR o T2fE T, BHEDI G2 3 3 < 72 0 _—Z Mbd 2 £ TR AN
2 CEBREITo T,

z£-4.2.1 EREKE

EZR TK#E
wmiE P) FA, BS, SF

AL B-4.2. 1 SIS
BRI

(W/P) W/F0.5
BRSO WG2, NH

¥ g WG2 : NH=2 : 1

XFA: 2347w, BS: BIFRAS UMK, SF: L UhTa—4L,
W: A&k (W=WG2+NH), P:#MK  (P=FA+BS+SF), W/P: &B&¥HALL,
WG2 : KASR 25, NH: KEEEF bV LKIFR,

[%]

XFA: 7547y a, BS: BIFRS UMK, SF: UHhTa—L

B-4.2.1 ¥MALL



AT BRI TR D T ) T 2 — KAERM LTV R Y ~— O SR
(FEMETRE R LUV v —1H)

4.2.2 FERAMHEBLIUVAS

(1) EAME

F-4.2. 2. 1 [TREBROERME 27T,

ARERTIE, BKRIZIZZ 747 v 2 (BUF, FA) OIS OHi%, JIS BUE S vzmip
2T TR BATF, BS) &3 U B 72— (LUF, SF) ML, 740 VIRKEIC
%, WG2 OJE, X 10mol/L ™ NH ZfH L7,

F-4.2.2. 2128 XM (XRF) 12K DMEO b0 % R~ T,

FA 1Z ALO; BB L% 25%, SiO, MBI X% 60% THEK SN TEY, FA L CaO BB X%
43% T, WIZ Si02 78 34%, ALOs 723 15% Tl -7, SF I 98%7 Si0, Th 7=, SilZk
FA, BS, SF D4 _TIiZ, ALOs;IZFA, BSIZEENTEY, CaO 2>\ Tk BS NIk
WL 725,

x-4.2.2.1 FERAMH

e | s 2 B

- (g/cmd)
FA 2547 va JIS T#E JIS A 6201) 2.29
wix P BS BRRS Tk 4000 (JIS A 6208) 2.91
SF1 1) hT7a—L (JIS A 6207) 2.2
N Wa2 KAS5Z2E Bk 145
A T KERIET 1) LokiaE (10mol /L) 1.5

x-4.2.2.2 FMT 1 5—DILEER
FA BS SF1

Al,0; 23.64 | 14.94 0.23
Si0, 60.49 | 34.04 | 97.75
Cal 2.9 42.72 0.23
Fe;0; 4.68 0.35 0.1
K»0 1.21 0.26 0.86
g0 0.53 5. 81 0.22
Na,0 0.49 0.26 0.09
Ig. loss | 4.03 0.25 0.28




AT BRI TR D T ) T 2 — KAERM LTV R Y ~— O SR
(FEMETRE R LUV v —1H)

(2 A&
F=-4.2. 2. 3ITRFEBRTHWEHER LT, MIKLIZFA, SF, BS, 20%Z &2k
77
%-4.2.2.3 FMAEX

. B8 (g/L)

e ML FA SF BS W62 NH P W
0) FA100—SFO—BSO | 1265.8 0.0 0.0 421.9 | 211.0 | 1265.8 | 632.9
?) FAB0O—SF20—BSO | 1013.1 | 253.3 0.0 4221 | 211.1 | 1266.4 | 633.2
6) FA60—SF40—BSO | 760.2 506. 8 0.0 422.3 | 211.2 | 1267.0 | 633.5
@ FA40—SF60—BSO | 507.0 760. 6 0.0 422.5 | 211.3 | 1267.6 | 633.8
® FA20—SF80—BSO | 253.6 | 1014.6 0.0 422.7 | 211.4 | 1268.2 | 634.1
® SF100—SFO—BSO 0.0 1268.8 0.0 422.9 | 211.5 | 1268.8 | 634.4
@ FAS0—SFO—BS20 | 1036.7 0.0 259.2 | 432.0 | 216.0 | 1295.9 | 648.0
FA60—SF20—BS20 | 777.9 259.3 259.3 | 432.2 | 216.1 | 1296.6 | 648.3
©) FA40—SF40—BS20 | 518.9 518.9 259.4 | 432.4 | 216.2 | 1297.2 | 648.6
FA20—SF60—BS20 | 259.6 778.7 259.6 | 432.6 | 216.3 | 1297.8 | 648.9
D) FAO—SF80—BS20 0.0 1038.8 | 259.7 | 432.8 | 216.4 | 1298.5 | 649.2
® FA60O—SFO—BS40 | 796.5 0.0 531.0 | 442.5 | 221.3 | 1327.5 | 663.8
® FA40—SF20—BS40 | 531.3 265. 6 531.3 | 442.7 | 221.4 | 1328.2 | 664.1
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4.4 FEO
ARETIHE, VI T7a—2E2VFR)~—0OFERRE L TEATE 20 EIDEHR~D &
ZHBIE L, FRITIIAT v aBIOEFAT I RIZV I D7 2— L E@EHL, #Y
BENHRTHL0E D0, wmEiE (7 e —H) ¥ X OEMEREIC OV TER 2 EZR 2170,
FEBRUTIEIFEOL I I 7 2— L E@mF AT VM ROELE 2, fREO A, 7 1 —/HE,
B OEMREICOWTRBIRERZIT, YU BT 2a— 2NV 4RY ~—0
IZOWTHRF Lc, RETHONIZAREZLTICE LD D,
DU BT 2a—LORMELZHEST L, WEREEDIREWCD, VAR ==X D7 r—
2N LTz,
DTV HT 2a—LORMENINT D L, VAR ~—_X—X NBET D & 72D, £, i
BRICHE D LA RE O BA L, JTEREENMET I 5,
3)EEM - ALJR (UG R) OFEEN RS U B 72— MMIBWTHIEET S 2 L AR S,
fBL, FEICL->T, WiRE, WEMEE XOEMRRENRKRESERD Z ERHLMNIR ST,
ZHUTT VA T 2 — LDy, WREEBRRLT2OTHLLEZBND,
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51 H=E

W4 ETIE, B CThHEy I N T a—bEaVARY ~—DIFET 47— LTHEZ D0
RET2DOIZ, — 72T A R ~w—OWE (7747 v a, BIFAZ 7R IV 17
— LEEHR LT, EBAREREZITY, YU 72— 2OWMC LD 7 a—fE, BLOEHERE
MEDOEBIEALT, —EDOMRERNI,

ARETIE, BIOMRIAL LT, —RITIRIMEND 4000 7 L— 2 OEIE AT ZHfER D) X
Y #EZA 6000, 8000 7 L— DEFAT IR E WV AR ~—D7 1 —{l, EERERFH,
BROVEMETRE & 5> o BRI 22 2 L 2 HIV L T 5,

5.2 EEBHE

5.2.1 EREKE

#£-5.2. 112, EROER LKL RS, BAEOHITE Y 22512, 4000 7 L—r OFEIFAT S
AR (LT, BS) T, 30N/mm?LL o> iR 6 L OVEERS D ap R REfE) 3 JIS R 5210 TRV kT
YREAXN CHESNAD 1 RHEM AR TG & Uic, IR IR WP X 0.5 12, RO
FE¥EIT WG2 : NH=2:1 CT—E & L, BSEHERE 0, 20, 40%D 3 /K#E, BS D ILEHEAEE 4000,
6000, 8000 ™ 3 /KUERRIT 7=,

%521 EROEREKE

. + BIRIMALE B
AL FA: BS (%) BS LbRETE (W/P=0. 5) Wa2 - NH
FA100 BSO
FA80 BS20 0.5 2:1
FA60 BS40 4000, 6000, 8000

XFA: 254F7v>a, BS: BFRASTMIMEK W: A% P: #K
WG2 : IKAS R 258, NH: KEEIEF RV D LIKER
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5.2.2 FRAMHBLUVHASE

(1) EAME

ARIEROMLEAM B2 FR-D.2.2. 1 1TRT, IEET7 4 T7—L LT, 7947 v =2 JIS 1/
(LR, FA), 3fE D BS 7' L—1 4000, 6000, 3+ X O88000 #hkza i L7, ffi AR,
KA T A2 H5DOFHR (LLF, WG2) £ LT 10mol/L d/KE-LT ~ U 7 AKEEHKR (LLF, NH)
& iz,

M7 ¢ T —DHOE X BRITFEOHT (XRF) (2 & AL 54T K2 ]&-5. 2. 2. 2 IR T,
FA 13 SiO2 2387 63%, ALOs 2547 22% CTHERL S TE Y, BS IE7 L —fEIC X D {bHHEAk
DEIFIZEAER LT, Si02 7381 35%, ALO:; HK) 13% Th o7,

&-5.2.2.1 FERAMH

ws e L REH (onl/g)
FA 72947 va JISIFE 5000 LI E
4000
i BS BIRR S U MR 6000
8000
_ 62 KFS52258 BA
it N KBS 1 & LkE& (10m0l /L)

#5222 FMHET45—DEFHA (%)
Si0, Al,05 Fes0; Ti0, MnO Cal NMgO Na,0 k 20
FA 63. 38 22.16 3.77 1.04 0.03 2.53 1.32 0.55 1.44
BS4000 | 35.60 13.05 0.42 0.44 0.07 43.49 5. 51 0.09 0.33
BS6000 | 35.22 12.85 0.30 0.38 0.11 41.8 6.14 0.13 0.19
BS8000 | 36.35 13. 47 0.27 0.44 0.08 43. 56 5.52 0.15 0.16
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R LI 7 0 T — ORI ENAI A2 B-5.2. 2.3 \TRT, KIENAIL 423 L FEE, L—3
— a4« BELE TRIE Lz,

KFEDOE—27 5, JIS HKE Y BS L7 L —1 8000 A3 bl <, #Ev > T 6000, 4000
LWIETH 7=, £7=, FA L BS8000 LL FDORFFETH -7,

5 == FA BS8000 —e=BS6000 =—@=BS4000
<
~ 10
]
&7 5
Z
0 ™~
0. 01 0.1 1 10 100 1000

FFE (um)

X-6.2.2 MESM
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2) ;A&

£-5.2. 23 I L=V ARY ~— DA ERT,

BEFEOBII A% 902, BS4000 7 L—2 % vy, JEAFHE A 30Nmm2 L L, 35 5 OO
CERERHORSFE S JISR 5210 [HEAL RT > R Ay~ CHESNS 1 BRI 474904
E L7,

#-5.2.2.3 HAEX

o BEE (g/L)
B (AL - - o o > " /P
FA100 1265. 8 0.0 421.9 211.0 1265. 8 632.9
FA80BS20 1036. 7 259.2 432.0 216.0 1295.9 648.0 0.5
FA60BS40 796.5 531.0 442.5 221.3 1327.5 663. 8

MFA: 7947 w2, SE: YU AT a—2A0, BS: BIF AT 7R, NH: KT F U w7 AKEBK,
WG2KHTT A 2%, P: miEDE&E (P=FA+BS), W : WK DOAE&E  (W=NH+WG2)
W/P : I AL (B &)
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5.2.3 EEAEL

(1) 7o—iHE

ARFBRTIL, JEMEIREE R L OERSIRFRERBRIC IV T, kAT 7 Ly & 2 tRikiz o0
T7u—EOREE T/, 7a—{EE, JTSR5201 [&X2 NOWERRSE OELY
L7 RBRIT YEL LCRIE L7

(2) EEEEERISER

BEEDOIE 2 5% M2, (RIKOERET -7, EPHIKOLTERY £ L, TORE
WERAL, TAL AN KL RY—T 60 BRI BE, Tk, 30 BRESEE L
EATV, S BIC 120 BRRD AT, WRIAHT RIS 2 FEORESIRA LIsRIE TRk
BALZ, T0%, 7o—ilBairo7,

BERERF AL, JIS A 1147 T2 2 U — FOBESFFIIRIR ) ICHEL L= 7 7 47—
EAFRBRICEVNE L, 77 2 —EANRRBROBEASHT, WEE 25mm? O b
DEFBEAL, BT ¢ 160X 160mm O [ {5732 f# ] Lz,

Q) EfEEERER

RS IR AR & RIBRLS, BEEOMIR A S5 9N, EREROIEREZIT - 7o, FRIBE LT
W E ANIVDRINT, RO A TZERY 2 L, TORWKREBRAL, ELZVH X4 —T 60
BHEBIEE T, £0%, 30 PRIEEE L LE1TV, 612 120 BRHIIEY T, 2, AE
BRI 1 Ny FOMIEYELZ 2L TiT-o72, $£7z, WKIT 2 FEA2FRICRA LI 0% A
Ay

TOIREE, ¢50Xx100mm O FAEEREKIZSTE 9 KT DI HIARBAEEIT o712,
BAEICBONOL, B ERZ =Ly — FTEY, I A THEO CEmEAEE L, LLTD
KO RIRESM T CRAEZITo 1,

i 1 A% 60°CT 27 R o EA&E A L LTz, i 7, 28 BIE, 20°C, 60%? RH.OEEEE
DEAEZEIToTZ,

T, PRI B IS L, i 2 S Lz,

WFBERS, AR L OGRS KT LT, Milin 1, 7, 28 BICKRIT D EMERERBRZ1T - 72,
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53 EBRERBLUEBE

5.3.1 Jo0—HE

#-5.3 111z 7 e —lfi R4, B-5.3.1 12 BS sRicE w28 (LUT, BS EHE) &7
n—fEORRAE, &-5.3.1.2127 v —RBROEEZRT, #RLY, HRERENRKESWVITLE, 7
n—fEIXED T AR R 6N D, TR, HERERESRE VI EWK & oftmgs ks <72
L7, MENRmL< R 7 —EREY LIzt EZbND,

F72 BS OREFENE U, ARFEBROHPH T, BSEMRIZLD 7 —E~OREITIZL
A ER BRI o T,

#-5.3.1.1 70—

e BS JL—> J0—{E Ty O—{E
FA100 287 x 292 290
4000 300 x 300* 300*
FA80BS20 6000 286 x 287 287
8000 268 x 265 267
4000 300 x 300* 300*
FA60BS40 6000 269 x 292 280
8000 263 x 268 266

x: J20—{EA 300m £ 2 =EDERT,

300 o ©
290
280
210
260
250
240
230

X FA100
—o— 4000
6000
220 —4— 8000
210

200
0 10 20 30 40

BSE #2 K (%)
K-5.3.1 7o—sE&ER

J0—fE
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%-5.3.1.2 Jo0—x#8% EFE

BS JL—V

4000 | 6000 | 8000

FA100

FA80BS20

FAG0BS40




5.3.2

DYA,

EERGIRETE OBAMR  (MBSEER) %,

SEAE R R 5 B
%-5.3.212, &£FHEIC

55 WL ROGEIT AT ZHREZ BN LT VAR Y < — O SRR

B D EERE DRSS - FEAERFE OfE R A2 v, £ 7-K-5. 3. 2. 1(a) IZ FA100%
(b) IZ BS & H#2K 20~40% DA O B APUEORZIE %2, K-5.3.2.2 (a) \ZJEMEME &

(b) I A& AHIRF[A] & DBIFR &2 7R T,

#£-5.3.2 70U 42 —BABRERRER

BEAEHRE (N/mm?)

B AEHE (N/mm?)

FAT0O FA80BS20 FA60BS40
BS4000 BS6000 BS8000 BS4000 BS6000 BS8000
15y
:-:ff"i 194 B5R4 3 B5fE 59 43 285 179 | 165325 | 26556 2 | 1B 25 4 42 53
<TIH
H;fF'; 294 B5fE 10 B5fE 13 & SEf 45 |SEFRE 1249 | ABFRE 109 | 2B%MH 14 58 &
<TIH
——FA100

—2——FA60 8000

50
40
30
20
10
0
0 50 100 150 200
RBESRT (BERR)
(a) FA100
—o— FA80 4000 —o— FAS0 6000 —A— FAS0 8000
50 —o— FAG0 4000 —o— FAGO 6000
40
30
20
10
0
0 1 3 4 5 6 7 8
1ZEEERT (B5RE)
(b) FA80BS20 & &k T* FA60BS40
X-5.3.2.1 EAERIEDRZIE
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120
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100 O ®FA80 4000
< FAS0 6000
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s 0 BFAS0 8000
=~ 60 OFA60 4000
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gz 40 CIFA60 8000
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20
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IRFEEERE (FERE)
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E 80
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M60
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H
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X
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fRaEmERE (BRRED)

(b) EEEEERT  MHE
R-5.3.2.2 [EHeREE — SRR BEfR

#£-5.3.2 1V, FA100 | ZEERERF R OAEFE0S 197 FER (R 8 H), #4525 294 BER (59 12
H) &, BSEHLFE 20%L ETldfk b EVEIE (FABOBS20 4000 7 L — ) THHEDS 10
Rif & bbie U C, BRSPS R VR & o T2,

F72E-5.3.2.1(b) kv, EEERAHILBS BHERN/RKEWVTE, HREEPRKEWIZEHE
K pot, WMFEEOEANRPUEOZ(LEIE, BS B RN/ R VIFEREL, AL
TW5, ZHIEBS NEMBRERIIMEZA L WA EEEZXLND, £7o, MBI
IXHEREEDBREVZERL R2EANR LN, JIUILREEAKE VIEERIRE O
PN KR E 20, KIEENEL RololodiZéB 2 5,

B-5.3.2.2 XV EMETREE & 4658 - HoRERe R OBIMRIT, BULBIOBRIZH vV, BEEDOIFIE
& [FER OB IR % fERE L7,
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5.3.3 [EMERERER

B-5.3.3. 1 |ZJEMETRE & BS R OBGRZ R~T, (a) (IA 1 AINEEA, (b) (36 7 A &
WA, () ITMiEn 28 BEBERATH D, TXTOME, TAESLMET BS BRENKE L ALDIF
&, TEMEREIZRE < 2o T\ 5, BS BH#3 20% TlE, BS OHEmMBAKE < 2HI1FE, JEHH
SRS BN AR RSN 505, BS BEHR 40% TIE, HMis 7 B BRI O B EHETRE 2 8N
L, i1 BANEERAR KL OR N 28 B EHBEEA TIEZT OIS N2 WER L o T,

-5.3.3.2 |2 FA B3R Z L OJEHETRE & MmO BIfR %2~ (a) 1X FA100, (b) i% FAS0BS20,
(c) IZ FA6OBS40 DR TH %, £7=2, B-5.3.3.3 ({27 L—1 T L Ol & JEMETRE O BR 2R
4, (@)1 4000 7L —>, (b)IZ 6000 7 L—>, ZFLT(c)IT 8000 7' L — Ziwd, 72, i
1 BIZhmERA, M7, 28 BIXHEIERETH D,

®-5.3.3.2 8L OE-5.3.3.3 LV, KEBRIZIHWTHIERAT X 2 JEHETRE O 1h)_Eh B3 i
RENTz, Tz, M7 A5 28 2T THRIEEO K & SRR 7R < MR EE O HAME M 23
W,
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(-5 3. 3. 4 |[ZJEMATRE & BN ARE BOBMR 2~ . BS BERBLOT L—r 221k
L7ZHRBIZR W TS, BABEENKE W EEMIRENRE < R2MHEmA R L7,
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54 F&o
RETHE, 7747 vV 2 lhERHEEOKE SBRRLEFAT I RKE@E R L, VA

RY~——2 hO7a—fl, BEFERRE, X OEMRBEICS 2 5B ER~T, AETH

BITHREZLUTICE LD D,

DEE AT ZIMRDEERTEARE K 2513 L, MEREmL Y, 7o—EIEd 45,
LinL, @A T 7 RO R ERER F— 086, @ilF A 7 7l KiE#ER (20~40%)
WCRDEBIZ LA LR ONT, FREDOT7r—fHL o7,

2)FEIFE AT T AR (4000, 6000, 8000) EHLFE (20~40%) T, EEfEFRFMNEWVZE,
METREE I X < 72 AEA D 5,

NEF AT TR D BEFED/NI VT E, BB DR D 5 OB AIRFUE O Z LRI EiE A
7 IR O RE 2T D,

HEFA T T ROBEBRRE L OT b— M2 2 SETYH, EMRAE & HAAEE I
BN R T,

SEFA T Ty RO EBENH 2 5 L BAAFHE RSN 5 2 L3R ST,
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SHERFRFER LTEHRER



F6E Wik EIFAZ 7R vV 7 a—2) 2ENLE
VAR v — DO VEINEAER

6.1 M=
FARETY Y N7 a—5 (BT, SF) @, 5 S ETHREMD RS (7 L— A : 4000, 6000,
8000) mF AT ViR (LLF, BS) OFEMERM: (7w —fH, JEMEIRE) 2OV THi~T,
ZOFERMNG, EMETRE 40N/mm? Z 8 2 -G, BROWKALE LIEAPIIRCE MG %
AV, eI L 2 EEIOOENEAEZREZIT, ERIEE OB R & EAMECE 2 5 EK O
REATS T2,

6.2 EEBROERLEKE

£-6. 2 1 ITEROFERN L KHEERT, 7747 v o (LLF, FA) IZEF AT 7R % ¥
L7 FA—BS % &, SF & BS #/f /2 SF—BS 2™ 2 k#L L, FA—BS & Tlid FA EH#i38 100,
80, 60% D 3 /KUE, BS DA A 4000, 6000, 8000 O 3 KUERR T 7=, £7=, W/P=0.5 & HA &
L, FA EH#E 60% DA DI WP=0.7 IO\ T Hir-7-, SF—BS A TIL, SFEHZE 60, 40%
D2AKAEL LT, D720, TR O ERRHEM BB IEAZIT O,

£-6.2.1 EROBELEKE

. BMAL SEAIMALL AR
1] BS LA
FA(SF):BS (%) (W/P) (WG2:NH)
FA100 BSO
4000
0.5
FAS80 BS20 6000
FA—BS % 8000
4000 2 .1
FA60 BS40 6000 0.5, 0.7
8000
SF60 BS40
SF—BS % 4000 0.5, 0.7
SF40 BS60
R BT B MR Y — AR A

[E] #1 : RO EHRBIEMH



%65 B TIE (BT % T VB - <V 7 2 2) BRI LT
DK Y ©— DO CHEA KR

6.3 FERAMHEELIUVAS
6.3.1 fERA#H

£-6.3. 1.1 IZAREROVARY ~—OEFAME 2 R~7, FAIXS BETHW =60 & FRERIC
JIS 1ffi%, SF3 134 = THW-SF3 LR—Db 02 FEH L7-, BS b 5 &= L [FEEEIC 4000,
6000, 8000 7' L — > D 3 FEEHA-, Wk, KA T 22 50k (LLTF, WG2) BLW

10mol/L ®/KER(LF N U o kg (LT, NH) ZfH L7,

£-6.3.1. 212357 4 7 — 0w X BT (XRF) (2 X 2RO Sk & 79, FA IX
Si02 2349 63.4%, ALO3 2351 22.2% CTHERL SN TR Y, BS IE Ca0 2387 43% T, &KIZ SiOy 23
F135% Th o7z, BSOT L— NI L DEFHERDOEITIZE A ER BN -T2,

x6.3.1.1 DHARYT—OERAMH

teRmEE
b= ]| = A
(cm?/g)
FA* I54F7vya JIS 15 50001 F
BS4000 4000
A N
BS6000 SFRST MR (JIS A 6206) 6000
(P)
BS8000 8000
SF3*? SYHTa—L (JIS A 6207)
BR WG2 KASR28 EiK
) NH JKERIEF )9 LKA & (10mol/L)
GE] #1:5ETHUW=FA LRE—
*2 : 4 FE TRV SF3 EFA—
%-6.3.1.2 FHI745—0FHM (%)
Zr02+
SIOz A|203 Fe203 T|02 MnO CaO MgO NaZO kgo
HfO,
FA 63.38 22.16 3.77 1.04 0.03 253 1.32 0.55 1.44 -
BS4000 | 356 13.05 0.42 0.44 0.07 43.49 551 0.09 0.33 -
BS6000 | 35.22 12.85 0..30 0.38 0.11 418 6.14 0.13 0.19 -
BS8000 | 36.35 13.47 0.27 0.44 0.08 43.56 5.52 0.15 0.16 -
SF3 96.50 0.26 0.27 0.02 - 0.03 0.02 0.01 0.10 2.34
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ETHIEEAT o7, RAROE—7 005, HMEEY BS (37 L—1 8000 238 &<, i
T 6000, = LT 4000 W IETH -7, £72, FA (X BS8000 & [A1%: & /-1 L vl vki
BTHY, SFITRHMPVMEITH D,

15

~@—SF  ==t=—FA BS8000 ==@=BS6000 ==®==BS4000
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o

HAHFE (%)

0 0 1 10 100 1,000
AFE (um)
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6.3.2 CHRYT—OHRE

%-6.3.2. 1 12 W/P=0.5 DIE, F+-6.3.2.2 12 W/P=0.7 DBEAFITHEA L=V ARY v—
OMEREZTRT, BSITTRTOT L— TR Uilla & Az,

£-6.3.2.1 #Aa%X W/P=0.5)

Eis=] BHfug (g/L)
W/P
(¥ALL) FA SF BS WG2 NH P W
FA100 1265.8 0.0 0.0 4219 2110 1265.8 6329
FA—BS
= FA80BS20 | 1036.7 0.0 259.2 4320 216.0 1295.9 648.0
- FA60BS40 | 796.5 0.0 531.0 4425 2213 13275 663.8 05
SF—BS | SF60BS40 0.0 797.7 5318 4432 2216 1329.5 664.8
% SF40BS60 0.0 5448 817.3 4540 227.0 1362.1 681.1
XFA: D54 F7wvia, SF: U hT7a—L4, BS: BIFRS TR,
WG2 : KKHAHSR 25, NH: /KEEIEF k™ LIKBER
P: ¥MADEET P= (FAEIXSF) +BS, W: A&KDEE W=WG2+NH
W/P . iB&IMALL (HELL)
%*-6.3.2.2 FFAEX W/P=0.7)
HE BiE (g/L)
W/P
(¥MKLE) FA SF BS WG2 NH P W
FA—BS
= FA60BS40 | 670.7 0.0 4471 5216 260.8 1117.8 7825
i 0.7
SF—BS | SF60BS40 0.0 6715 4477 522.3 2612 1119.2 7835
E SF40BS60 0.0 456.9 685.3 533.0 266.5 11422 799.6

6.3.3 ERRBEMHOAS
§_6. 3.3 &:ﬁ%%*@ﬂ%*ﬁ**@gﬁé%%;ﬁﬁo /J\IA]\rIJEc:J: - T%ﬁﬂé\ﬁ\i/ﬁ\:fcﬁo <5, 2&%
B CI% 0.2~0.5mm A OFRE TITo 72,

&-6.3.3 FERX

AEL EERE (2)
MK 15 300
BI® 2 40
7K 6 120

[1]
i
%
1k
%
ik

T T 5
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6.4 EEAHZE

6.4.1 JCARYT—DEREAHE

WIRIZATAIZ WG2 & NH 2B &l T2: 1 L7225 X HITRYE, 20C, 60% RH.OFEASE
THRE LD ZE W,

W% ANVD RN D % TOZE/E0 L2k, RIREFAL, FHY T 60 FOEHH Y &
Wiz, TO%k, 30 DREEEL LEITY, S5 120 BT L,

TR BARFERTIE, 1 Xy FOMIETESL 60ml & L7z,

6.4.2 EERMBEMMOBREEAE

Al K &R Z A, R ZHRAL, 1RO I X3 —THERO £3 78 < 72 % £ THHE
L7z, MIDWEIENELS 700 F THET 5,
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6.4..3 ABRIKERTAE

B-6.4.3. 1 ([ZaBRIA~T1EZ, B-6.4.3. 2 [ZaABATinX 2, BE-

6. 4. 3 IZFHEBRORBRIK

T, BEEOMIE VESEIL, HEREAOWEEIICOOEIh A2 ER L,

PERIG 51T, 300mm X 300mm O AR (& Smm) 2 8HEL, TORIZREOUE
AETHD 02mm OFT 71— ek, 5 @Epia ARV Tl LoD, HTEALE
GHEBLIEDICLTPEREYR— ML, 77 U MREBEMICY T, BEAITEET 5, (K
-6.4.3.2 M) 2%, RED7 Y v T EEEICIED %, A —A L —XTEAADIE
ZREL, FIEDIR L 2> TV DR T 5, bk, MARNBIOEO/IE—Y 7

L, =V 7t (24 BRIl EiE), EARBREZIT 72,

HEARBRIT T LA DA B I EABTIEAENZRTEST L2247

FEANENTTLARE 4K, [ FEAESOml (BXL#F 02MPa) & L7-,

HWEEBIX, FTEDOOOERUE~DIEAD B[S L Sem = & OR|E

DIENG B2 VT,

P 2~ 7o, ANT2BR

TIX, OOENEATIEZE 0.2~1.0mm OFEEHTHEHIND Z L0, TOR/NOVE IR

HTH5 02mm TR EL, EREITo7,

I

50mm

100mm

REVUVEINIE
o

IV D

300mm

100mm

50mm
100mm

300mm

®-6.4.3.1 BHOVENRRE HER

Jm

o)y

FEAES
H &% 0.2MPa

{-EAD

TFo7O0 Y —Fh
(BE&E :0.2mm)

EYNE S

y

LF&E
BER l
T

{-EAD

(E<& : 5mm)

L v—uy

DUEINIE - 0. 2nm
©-6.4.3.2 HHOUENRRA MHED

—ERFERER LEOHRER

— 77 1) LR
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FE-6.4.3 H#HEOUVEINEREK

SEKERER TR



F 6T WA (BIFAZ I E - v U7 2—2L) ZRMLE
AR Y = — OO OEFUENFEER

6.5 EEHER

6.5.1 FA—BS % W/P=0.5 DiHF&

BEE-6.5 1. 1 IZRENREARBROFETR L LT, FAI00 DF:F%/~9, F&-6.5.1(ZFA
—BS & W/P=0.5 DIEANRBR DK R Z 7T, ZO/MRLY, REBRTHN VAR v—
%, 02mm OOOEFUEIZAD A, Sem BEE TLOALRWERE -7,

BEE-6.5.1.2/2%&-6.5.1 DX ToH 7= FASOBS20 (6000 7' L —>) DBk F%Z 1R~ d,
O OEFUIE 0.2mm [ZIFEANEE TV DA, Sem ([ZIFEIE Lo 72,

HEAEEN Do 2 N E LT, REBRICHWZ GP ORI E > 722 & MNFRINT
boHrEEZLND,

BE-6.5.1.2 FA80BS20 (6000)

BFE-6.5.1.1 FA100 FARERLER
SEARBEER (x @ boemEKiH)
#-6.5.1 FARRBRKER
FAT00 FA80BS20 FA60BS40
BS4000 BS6000 BS8000 BS4000 BS6000 BS8000
AARES 5ecm 5cm X 5cm 5cm 10cm 5¢m
“ERKFRFER LEFRR




856 % MR I AT 7HK - 2 U BT 2—2) ERINLE
AR Y = — DOV KSR

6.5.2 FA-BS% W/P=0.7 Diz&

BE-6.5 2 I2REMRFEAEBROFEE L LT, FA60BS40 (6000 7' L —) Ok %,
6.5 2 ICHEARBAERZ ST,

ZORERE Y, BSOREFERMIED LT, £ TOFSITIVTHRK 30cm O7EAD FHE
Tholz, WP=0.575 W/P=0.7 [ZIFIKEN R 72 2 & THMEMET L, KVEETHE
ATEEEBEZOND,

EE-652 FAGOBSA0 (6000)
EARBRER

#6.5.2 JFARERER
FA60BS40

BS4000 BS6000 BS8000

FEARE | 30cm 30cm 30cm
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6.5.3 SF—BS %

%-6.5.3 12 SF—BS R D ENGERAERE RS,

W/P=0.7 DFE T ARLLIZEAR 2 <, REOOEFUE 2mm (ZIEARTRETH > 7,

W/P=0.5 D& TIE, SF40BS60 (FAEMEA R <, BE O UHIFUIE 2mm (IZIEAIZTE 2
23, Sem ([ZIFBIZE L o7z,

#&-6.5.3 FAHBRER
W/P=0.7 W/P=0.5
EARE | SF60BS40 | SF40BS60 | SF60BS40 | SF40BS60
(cm) BS4000
FI| B (s)
5 4 5 53
10 11 18 140
15 17 51 224
20 55 119 332
25 * 370 *
30 * X *

CE] “ZFAOQMEDS—) UM SRATNS®H, FAZTLTLAMN0mETRELLEM 1=
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6.5.4 SEAFESLEERBOBER

X-6.5 4 |[Z{E AES L BRI ORMEE, (@) IC FA—BS % & LT, FA60BS40 (W/P=0.7) O
4000, 6000, 8000 7 L —> D4 2 [AlDOFfE R & Ll D 72 O ([ M AAEM BLOFE R %, (b) I SF-
BS &2 & LC, BS4000 7 L — > ™ SF60BS40 (W/P=0.5, 0.7) 3L TFSF40BS60 (W/P=0.7) D
R, HEOZ®IZFE U< BS4000 7' L —12 @ FA60BS40 (W/P=0.7) DfliFk L O MHIEL
BtoRER %R~ T,

(@ XV, AT QEARI 30cm) F TORERFEIL, HREEDNRKESWVIZERWRER L2
ST, F70, BHEEEITEAES NES RDICONTEL Y, HEGEN/NSWTE, F0ff
FITBEE & 7e o7z,

(b) XV, SF60BS40 & SF40BS60 # [hiid % &, SF &AM Z\, SF60BSA0 0Dids Hi 23 H  Vik
R & 7257, SF60BS40 & FA60BS40 (W/P=0.7) Z Hld 2% & SF60BS40 i g5 FE A3 iU ik
Lilpgole, ZOZEND, FRERBHINWNERGHREIHEEZ L2 TNWDH LB, ET-,
SF60BS40 & W/P=0.7 & 0.5 Z i T % L IKE DL\, RBHEEDNHOFER L o7z,

(@, (b) &bz, HRTHWSI T D EEERHHEM B DOREGIRE D K b HWFER & o7z,

-

—0—4000-1

4000-2
—e—6000-1

6000-2
—e—38000-1

8000-2
—o— WML RMIEM M

1000 1500 2000
EI3ZEmFR (s)

(a) FA—BS % (FA60BS40) (W/P=0.7)
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/" —e—SF60BS40 (W/P=0. 7)

—e—SF40BS60 (W/P=0.7)

——SF60BS40 (W/P=0.5)

—o—FA60BS40-1 (W/P=0.7)
FA60BS40-2 (W/P=0.7)

—o— B RWIEMH

500 1000 1500 2000
BERERE (s)

(b) SF—BS % (BS4000)
M-6.5.4 JEARS—EERAME B

6.5 F&&H
ARETIE, OUOHNEZBSIINZET MEL, Eelad AW OOERUEAERZIT o7,
AKETHLNMREELEDD L, LTDOLIITRD,

HW/P=0.5 O4, PO OFINEABREIITEARS Som BETH 725, W/P=0.7 D3
A, FEARS 30cm £ THEATE 72, WKL 28042 & T, KitE2ME T Ui APEREZ ) |
L7,

DFHLOOHEINRER T, FRUEFA T 7 RER R 51X, BS OHREMEIC L DEARS ~
DEBIIR SN 720, BBEEICR LT, EmEARIWVIEE, H< A, HmAES
WEL 72 D1F Y, BEFIC/o T2,

WEMETZ 4 T =127 94T w2 NS 1HERWAS LY, YU BT 2—b%E AN NREEE
1338 < 72 DAEAIN T B AL,
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1.1 AHEDOHE

AWFZETIE, VARNY v —2OOENMEM & LTERNT 22 L2 AL L, LTOith T
BREZATVRGET L7z, 8 3 BT, — iRy AR Y ~—nar 27 U — k& OMERMEC OV TH
N4 E, S BT ERE WA RY v — =2 O EHERE AT, ZDO®%E 6
ETHEREOOENZER L, EAERZITV, BBEFHESOOENIEAMERIC JET R8I
WTHRT 21T o7z, AR, A0 2 HErb % 7T HICB W TR LIS EDOE LD 2/
w45,

28 BEOHMR

KBTI, WRFBHEEZHAY, PARY ~—DOCERMEM & L TomMICE T 558 21T
IRIEMEE LT, YUARY ~—DHARFIH, R EOME, MR HmiEz AW A R <
— D%, MBI E WY A R Y ~— 0%, 8L OOOEINMHEICRE T 2 EAFE - BE
EOMIEEIEHE LT,

VAR 7 —E, WETRIZBNTEA Y MRS, EEREDE TREIE T2 800
BREBICELWHM E LTEA Y MUBME L LTHIRF SN TR Y, IFEMENEHRLLTEBY, ¥
FARY v —OMERDBL, EEEREFE, SREEPIMER EOZ ORI TW5D, BIfE, M
B (FRZ7 747 v aBlOEF AT 7 REZMEHEAL T2) L 2BmA AL TETE
D, VARY~—DOEREICWT IR TTONIGRD TE T,

EBI, VARY =—0O0VENMEM E L THWD D, TR THLIL I BT 2—2A
ERIF AT TR 6000, 8000 7 L— 2 H L, B L PAR Y ~—DHFZEIZOWTE & T,
U AT a— ATEFHE LTO (RN 5~10%) L EOHOEHTIEET 4 7—& L THWE
eI/ otz, £72, @IF AT ZHEE 6000, 8000 7 L—> ZiE1ET 4 7 — & L CHWHFZE
HARWBIRTH o T2,

F VAR ~—DOOUCEREM ~DIEHIZmIT T, BUEM i T S iEH 2 RISy
T, FEEE E Lo, BUE, ARGREERICKBIES N, ENENREFTEETINH Y, OO
NOFEAEFIR I AERRRIL 2 L1k > T, i snTtng,

ZIT, FERE L EBNUAECICL L, BERMAE S, WMAEICEND VAR Y ~—Z2 0O
FIHEM & L THERT 272012, OUOEIREAMERICENE AR Y ~— O RO B &
LT, MWRiFmiEE2EET  7—L LTHY, AR ~—0EAICET =0 —B & 72 5%
R, TAEEETHIEAANE L, MEEITo TN,

BEIE TFRYI—ZMEEME L TERT H-ODOMEAER

ARETHE, —MRORVAR) v —ThIEFAT ITWHRBIN AR ~—& a7 J—Fh
DR EFHEZ TR D T2 DIBERE AW AT o7z, AR THONTEREZUTICE LD 5.
Dy 2 U— h EFR—RED VAR Y ~ — XA — TR E OME A BIGHET L Z v L RS EOfE
PREE AR LT,
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VAR Y v —TENHEE N Z VAT, FIAT7 U FORENZITIZ W LRI,
NVARY v —idt AL PR EITHIT, MWIERRE X 0 HOERRRE D J5 DM A IR 3 < 72 % RReE
ZHOMI LT,

FA4E BMAFRMERDS DT a—LZEFMLEDHRY) v —OEREEY
ARETHE, YIH 72—V FR)v—OFEREE L THEATELI0E) DERRLZ L
ZHWE L, FRIT7IAT v v aBIUORFAT IRV I 72— Lu@EHL, #Y
BENRTHL0E D0, wmEiE (7 e —H) ¥ X OUEMEREIC OV TR 2 EZR 2170,
RN TIE3FEEDOL Y DT 2a— L E@IFAT TR EEE 2, MR O, 7o —{H,
B R OEMIREIZOWTEBNREREIT, VI T7 a—LERANWETUARY ~— 0K
WZOWTHF Lc, RETHONIZAREZLTICE LD D,
DIV BT 2—LORMEBLZEET &, EmMBEAREWCD, VFR) v —_"—X D7 1—
2N LT,
DIV N7 2a—LOEIMENENT D &, VAR ~v——Z "R FET DA & 22D, 2, I
SRICPE D AL FEE & OB BT, EMERESME T 5,
3)EEM - ALY (UG R) OFEEN RS U B 72— MMIBWTHIEET S 2 L AR S,
fBL, FEICL->T, WiRE, WEMEE XOEMRRENKRESERD Z ERHLMNIR ST,
ZHET I BT 2a— Oy, WEREEBRLRDT-OTHLEEZBND,

EOHE WHFHAOSFERSVMMREFIMLEZOFR) T —OERESHE
RETIE, 7747 vV 2 llhREEORE INBRRDIEFAT B REERL, AR

~——2 b7 —ff, EEREREE], B X OVEMREIC S 2 DB LR, AETHE LM

RELITFICE LD D,

DEF AT T ROLREENRE < 251FE, BERAEL2Y, 7a—mixmd 35, L
L, EFATZ 7RO EREREAFE—O%E, milF A7 7 KEER (20~40%) (2 X558
BITFEALERONT, FREDO 7w —HE 27,

2)EF AT Ik AR (4000, 6000, 8000) EHLF (20~40%) T, REAERFMEVNELE, MR
IR < R MRS D,

NEF AT T ROBEHED/ NI VT E, BREOMHREN O OB ANRYUEOZ{b&EITEIF A T 7
M ROEBELRKEZT D,

YEF AT TR DOEBEL LT L —VEE 2L ST, JEMETRE & LA RS &I
BT,

SEF AT VR OEIRNHE 2 5 L BAAFEEENHINT 5 2 LR ST,
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FO6E MUTIME (EFERAZTHMMR- U NTa—L) ZEMLEDFR)T—DVUEIN
FARER

AKETIX, OUOENEFBSHICET /ML, BEREAWTCEBOCRNEAEREIT -7,

KETHLNMREELDD L, LTFTOLIITRD,

DW/P=0.5 D4, H UL O OFIRBRIARIZIZEAES Sem F2ETH 7203, W/P=0.7 O
A, TEABRES 30cm £ THEATE 72, WKL 28042 & C, KEME T L APEREZ ) |
L7,

DFLLOOFIN R T, FUEFEA 7 7B RE#REZR 51E, BS OHREMHIZ L DEARS ~
DOEBIIR DN Ten, BRBEEICH LT, MEREREPIRKEWEE, H2D, EARES
DR 72 51T 8, BEITR-T-,

WENET 4 T —I27 AT v IS 1THERAWALY, YU BT a— L& NRERE
TIE < 22 DAHP DI B AT,

1.2 SHOFEE

A SCNTBNT, MR- R AWz U4 R U ~— O ZERERRE & BRI O OEIn 2 fERL L,
OOEFVEAPERRZFRTZ03, LLFICRT L9 20 O offiEn ik Ih T o,

B4R, YU AT a—L0pEM - BIE (BEdk) OfEEIC Lo ThEgiks, ks
FOVEMRENRE S ERD ZENHLNIR TR, V) B 7 2—b0kifk, pH, 28k, 1k
RS T E OB EZ T TV AN EHRDUENRD D,

H 6 HICBWT, VARY v TERRAEEM BN, [EAMERS > TNDT, Bk
b, TR OFERE e & ORI EHS X OREEORL 1772 & O EHFE O ANEIC KAF T 8 % it
HWEDRD D,

ZOMIZh, VARY v —OOOENAHEM & L COFAICENT T, (5, G, A,
BT, EASREBLOVEAEORER E, < OMFEITILERD D,

KRIFFEDS, S% OO —TIRD Z L&,
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(48%] 229 ) — b~ADFTARER
KRERTIE, GP DA 7 J— b ~OEAREZHGE T D720, EERD a7 U — b THLEHZR
OUEINZER L, GP & HiROEERMEM Z1EA LT,

1. EROEREKE

F-1 ICAEBROHER L kML RS, KEBRTIE, GP OIEAMEREZMD O OMFERTH D
72, FEBRI TIE, 6 EOEBRTHEARES 30cm £ TEELRGHEN K LHEN-TZHETH D
FA60BS40 @ BS8000 7' L' —> Ta 7 U — MIEAZIToTo, FER T OFRER LY, EERERFE A
WRIBEMED & 5 72 8, SR T CIIESREFE 2% L 0 Ry FA60OBS40 D BS4000 7' L— 2, Ui L Y
HEME 2 REE U 7RI & F VN 72 FASOBS20 (4000 7' L—2), 38 XL ONHIIR O MERE R A &R 2 IV
77

OOVEIFUIE IR U S CYERL U 72 R o 7 A O AHE O O OEIUIE &2 A 77— L L—CHIE L
YA X LR D i)z, OOEIRUIEIE 0.2mm % F#E L L, FA60BS40 (8000 7' L—>) (% 0.4mm
Z, TNUANAOEAMENT 0.1mm 12 HIEAZITo 72, HEAZREY, TAICKDFEAEARARIZES
HEAD 2 KHEL LT,

F-1 REROER & K#E

EAMHE R _
- VD UEIiE EARE
FA:BS BS oJL—> W/P W
EER T FA60BS40 8000 0. 4mm, 0.2mm =N
0.7 WG2 : NH=2 : 1
FA60BS40 4000
FER I FA80BS20 4000 0.8 $k* 0.2mm, 0. 1mm TL, NP
EH RIS

[FE] FA: 7947 v =, BS: BIF AT JHAR, WP : WML, W #IK,
WG2 : KH T 225, NH: KEg{tT ~ U 7 AKEEK
*OUERVEAMAZ BRI L L, GP OUUHE, MMEZIRT I E 272012, LEFEEIT> T EENFEL
T RPERVA IR
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2. ERAMBEELUVRE

2.1 SEAMHE

GP DIERBERITE 6 L H—D b DMV, 7235, GP O AL, FA60BS40 |LFEh
[ L[E—DH D%, FASOBS20 [ZONVEINIEAM Z HHYE LT, IUfEER X ORMMEAZ KT S
WD T2 DITTHEE U TR BRIAIR C, AR SERBEE D 72 O ARG SCCIEEEMZR TR & 1TFLER L 72wy, MR
RAEM HFERT LA—DLDTHD,

£-2.112 FAGOBSA0 DA %%, R-2.2 \CIHAMIEHOWEEE 7T,

F-2.1 FA60BS40 (W/P=0.7) FA&EZx
EnE= Bfig (/L)
(#HMK L) FA SF BS WG2 NH P w
FA60BS40 | 670.7 0.0 4471 5216 260.8 1117.8 7825

XFA: 9547 va, SF:2)hTa—L, BS: BFRSIHIRRK,

WG2 : KAHSR 25, NH: KEEIEF k1) LKER

P:#MADEET (P=FAZEFILSF+BS), W: Z&ZENDES  (W=WG2+NH)
x-2.2 EMRWGEM FEX
AEL EERE (2)
PR 15 300
E®& 2 40
7K 6 120
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#-2.3 1227 V= MUERLMBIZ, BA Y MIEFEFRL T REX 2 &
L, MBI =R HETRIEOINW, MEMIIZ=EREEEOV A, £b5RE
AN T EPERE AE BUKAIZ iz, £72, ®-2.4123 27 ) —FORERELTT,

K-2.3 ERAMH

LR Eis=3 I (E
EERILEFSVR
AL C
AL
JIED
HEH S
RETEEE ;- 2. 55g/cm’
»a
HEM G
RETEEE ¢ 2.60g/cm’
= ERE AE Rk
SRR SP . \
(R AILKRUEER)

£-2.4 a9 )—+ORER

B8 (kg/m®) Ly otk
Fc W/C s/a
SL
(N/mm?) (%) (%) w o] S G SP
(em)
24 60 46.8 179.3 298.8 896.5 1017 157.31 20.8
XFc : %

SP: S i4HE AEBIKEl SL: RS T

RETEEERE, W/C: KEAV N, s/a: #BEM, WK, C: A2k, S:#EHM, G:HBEHM,
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3. EEAE
3.1 HMEEHE
GP F L OMERERAER DRMURE AT FERR 1 & RARICAT o 72,

3.2 HERKRERAE

HEEIRDTEIRIE ¢ 100X200 OFFEE L, #4128 H £ T 20C, 60%RH.OFEAZET, ki
BT =R, B L L, MEAOMERDGIEIZIIS S 1132 IC#EC TIT o 72,
Frn 28 HIZIAL L, 2% 3 (KA BHEE U EMERER A, 7% 0 2L OOFIn BRIk & LT,

3.3 BLUOVUVEINERAE

B-3.1icar 27V — MR oMZEM, EE-3.11ca 7 ) — MRz =7,

RO A2 SE 20N, a7 ) — bOFEEI 200 A ER L7,

BEIOOEIN A ER T 570, HIRLIRRROEHE TSR ODEh 2 FIR L,
FDt%, BEHEOMIZHEEOVEIVETHDIE X 02mm OWEH 7T — 7 % W2 5 30mm
EEBEL T ATEITRE Y AT, 2 OME O BICHR N RTREDATT 72, 0%, OUEIho
FHEIZENES, ZOL, BLar 7 U — baBREoMmicy—Y 7 L, ¥—VU v~
bt (24 R BkE), HARBRAIT o 7,

HEAZGREIL, TLOARBB I NEARTHEAENZTEST 24 4 TOHEAGREITTL 4K,
HEAR S0ml GEAE : B3XKZ 02MPa) &AL 0.06MPa O/ NI K DIEET) THEAT D X
A 7D 2 FEIEE AT,

AAO

LIRSS

mET-7 (e 1D

BE&E:0.2mm I

BHBEEOI VY Y —+
HM-3.1 avsU—+RRiF BER FHE-3.1 avy)— bR
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Fundamental Study on Application of Geopolymer containing Fine Particle Powders as a Crack
Repairing Material

ITO Akitoshi

Department of Architecture, Mie University

Abstract: In this study, basic experiments were conducted to apply geopolymer(GP), which is
a new material that can be hardened without cement, for a crack repair material. Expecting for
crack injection performance, fine particle powders were used for GPs. Basic properties of the
GPs with fine particle powders and their applicability use as crack repairing material was
examined. After that, a pseudo-crack test apparatus was made by ourselves and a crack

injection experiment was conducted.

1. Outline of thesis

Chapter 2 summarizes the basics and past researches on GPs, fine particle powders, and
crack repairing materials.

In Chapter 3, we conducted experiments on the adhesion properties between geopolymer and
concrete.

In Chapter 4, we examined the basic properties of the geopolymer when ultrafine powder
silica fume(SF) was used. In Chapter 5, we examined the basic properties of the geopolymer
when ground granulated blast furnace slag(BS) with JIS 6000 and 8000 finer than the
ordinary BS (JIS 4000) was used.

In chapter 6, an injection experiment was conducted using a pseudo-crack test apparatus,
based on the results of Chapter 4 and Chapter 5.

2. Adhesion characteristics between geopolymer and concrete (Chapter 3)
In order to investigate the adhesion properties of GP to concrete, a slant shear test was
carried out. For comparative purposes, non-shrinkage mortar for repair(RM) of the same

strength was used.

As a result, the adhesion strength of GP was equal to or higher than that of RM.

3. Basic characteristics of fine particle powders (Chapter 4, Chapter 5)

As to a basic property of the GP with fine particle powders, it was confirmed whether
mixing is possible, measuring flow value, and compressive strength. Fig. 1 shows the
experimental range of powder ratio of each chapter. As a result, the applicable range of
mixture obtained in this study is shown in Fig. 2. This range satisfies the compressive

strength of 30N/mm? or more, an appropriate setting time and flow value.
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4. Pseudo-crack injection experiment (Chapter 6)

An injection experiment was conducted within the range obtained in Chapter 4 and Chapter
5. The pseudo-cracked specimen used in the experiment is shown in Photo. 1.

The results of the FA-BS series are shown in Fig. 3, and the results of the SF-BS series
shown in Fig. 4. The larger the specific surface area of BS, the better the injection property
(Fig.3).

A better injection performance was obtained when the ratio of solution to powder was larger
or SF was added (Fig. 4).

5. Summery
In this study, adhesion characteristics, basic characteristics, and injection properties were
investigated when GP with fine particle powder was used as crack repair material.
1) GP showed equal or better properties than the same strength non-shrink mortar for
repairing.
2) Fundamental characteristics of GP with fine particle powder was clarified.
3) By increasing the ratio of the solution to the powder or by using fine particles, the

injection property of the GP was improved.
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ABSTRACT

This study aims to improve Geopolymer (GP), by investigating how the quality
would vary with different kinds of powder added at the initial stage of research. GP
has gained attention as a new and environment-friendly material that can be cured
without adding cement, which emits CO; in the manufacturing process. Alternative
materials are industrial byproducts such as fly ash (FA) and ground granulated blast
furnace slag (BS). However, practical use of GP compounded with other materials
is still in exploratory phase. Therefore, this study attempted to contribute to the
practical use of GP. The fine particles silica fume (SF) were added as main powder
to FA and BS, since in past research, only a small amount of SF had been tested.
The results showed us clear distributions of flow and compressive strength of GP,
and variations with different ratios of FA, BS and SF powder. It was found that
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1. Introduction

Creating cement-free materials to prevent disastrous
global warming has been a crucial issue in the area of
engineering. In fact, the
temperature reached 30°C in the Arctic Circle, exceeding
40°C and 50°C in some areas of Japan and The United
States, respectively. WMO analyzed that a series of
abnormal weather, including Western Japan’s heavy rain
disaster was caused by the long-term trend of global
warming due to the increase of atmospheric greenhouse

construction and civil

gases.

Regardless of the concern, the production of Portland
cement, one of the main constituents of concrete materials,
contributes to 4% of the total CO; emission in Japan. As
the rise in temperature progresses, measures against
global warming are to be taken. [1] Environmental
protection policies urge researchers to develop new
environmentally-friendly materials for substitution.

Geopolymer(GP) is a new material which, unlike other
concrete materials, hardens without cement. It is gaining
attention as an environmentally-friendly material, since
industrial byproducts, such as the fly ash (FA) and the
ground granulated blast furnace slag (BS) can be utilized
for its production. Therefore, the application of GP has
two advantages; the reduction of the CO; emission and the
efficient use of resources.

However, there are several challenges for facilitating

fluidity decrease by adding SF and compressive strength improved by adding BS.

GP production. For instance, the hardening mechanism of
GP differs from that of cement. Cement hardens due to
hydration reaction, while GP does not. Moreover, GP’s
properties change with the materials comprising it.
Therefore, the method of material utilization is still in the
investigation phase, since the reaction mechanism of GP
has not been precisely understood. [2]

Regardless of the above challenges, there are studies
making important contributions to GP’s practical use. For
example, Ichikawa’s study, that used FA and BS as the
main additional powders as other studies had done, found
that BS contributes to an increase in strength of GP. The
results also indicated that the setting time becomes shorter.
Besides, the relationship of strength and setting time
showed that a mixed solution of sodium hydroxide and
water glass is suitable for the solution.

Based on the above findings, this study aims to further
develop GP as a crack repair material, by using Silica
Fume (SF) as a main powder. SF is an ultrafine particle
material, whose particle size is from 0.1 to 0.2um in
diameter, while common inorganic materials such as
cement, FA, BS are approximately 10pum. It is expected
that producing GP with SF as the main powder can
contribute good injection properties. [5]

In spite of the good potential of SF, it has been hardly
added in previous GP research or only in small portion
(e.g. 20 % or less) was added. [6][7]. It is necessary to



investigate the basic characteristics of GP using SF as the
main powder, before being able to study its characteristics
as a crack repairing material.

Therefore, this experiment prepared GP with SF, FA,
and BS respectively, and the proportions of powders were
changed, for the purpose of grasping the fundamental
characteristics of GP using SF.

The results of experiments according to fluidity,
compressive strength and the overall condition of the
cured bodies will be reported.

2. Outline of experiment

2.1 Materials

Table 1 shows the materials used in the experiment.
Table 2 shows the chemical composition ratios of
powders by X-ray fluorescence analysis (XRF).

2.2 Mix proportion of the experiment

Fig 1. shows the proportion of Fly ash (FA), Ground
granulated blast furnace slag (BS) and Silica fume (SF) in
the powder according to a triangular graph.

In this experiment, the mass ratio (W/P) of the solution
and the powder was 0.5, and the solution ratio was
constant at Water glass No.2 (WG2): Sodium hydroxide
solution (NH) = 2: 1, and only the proportion of the
powder was altered.

However, when it was not possible to perform the
proper mixing, we kept adding the chemical solution until
the dry powder turned to the paste as well.

2.3 Method of making specimens

As for the chemical solution of WG2 and NH with a
mix ratio of 2:1 was prepared one day before the
experiment and was stored in the curing room with 20°C.
and 60% relative humidity (R. H.).

The mixing was performed in the following steps. First,
only the powder in dry condition was mixed with a hand
scoop, Second, the solution was added, and the mixture
was mixed for another 60 seconds using a mortar hand
mixer. After scraping off for 30 seconds, it was mixed
again for 120. Lastly, a flow test was carried out and the
cast into a mold was performed.

After pouring, we covered the top of the form work
with a vinyl sheet, fastened it with rubber bands and
performed curing, in the following conditions.

Specimens of 1day age were subjected to heat curing at
60°C for 27hours, and specimens of 7 and 28days age
were cured at 20°C. degrees and 60% R. H.

Three specimens of each ages, were polished using a
machine so that their top faces became smooth. They were
then subjected to compression tests, carried out in a
universal testing machine.

In the case of the swelled specimens, the swelled part
was cut with a concrete cutter and polished using a
machine until forming a cylindrical shape.

Table 1 Materials

Density

Code Material (glemd)

FA Fly ash JIS Ilclass 2.29

Powder
® | B | Blastumaceshg | %2
SF Silica fume 2.3
. WG2 Water glass No.2 1.45
Solution - -
(W) NH Sodium hydroxide 135

solution (10mol/L)

Table 2 Chemical composition of powder

(Weight%)
FA BS SF
Al203 23.64 14.94 0.23
SiO; 60.49 34.04 97.75
CaO 2.90 42.72 0.23
Fe,03 4.68 0.35 0.10
K20 1.21 0.26 0.86
MgO 0.53 5.81 0.22
Na.O 0.49 0.26 0.09
Ig.loss 4.03 0.25 0.28
100 FA [9%]

(%]
BS

100 80 60 40 20

Fig 1. Percentage of each material in powder

(2]

FA e : Mixing possible
100 [%] |x : Impossible

201 . Quick Setting
80 4

60

40 80

2 W/P=0. 6
\ 100
[9%] W/P=0. 8
B ¥ X X X SF
100 a0 W/P=0.6 W/P=0.6 W/_P_=O.[gﬁ]

Fig 2. Possibility of mixing



Table 3 Expansion of SF-BS series (FA replacement rate:0%)

SF 100 80
(BS) rate (0) (20)

60 40 20 0
(40) (60) (80) (100)

Expansion O O
300

3. Results and Consideration ' e

3.1 Fresh properties and Flow value o 210

Fig 2. shows whether or not mixing is applicable when g 240 ‘
W/P=0.5. In the case where mixing is not applicable, the 2 510 ....i"-
value of W/P is changed according to the indicated value [ ° ‘
of the solution. Fig 3. shows the results of the flow test. 180 R, .

When the proportion of SF in the powder is high, the 150 L4 .
flow value decreases, and if it is excessively added, 0 500 1000 1500
mixing tends to be difficult. Similarly for concrete, if the Amount of contained per GP1L(g)
amount of SF added is increased, the slump value tends to lzllg 3. Relationship betwe.en

o . . . ow value and SF quantity

decrease. This is due to an increase in the contact area with 250
the solution caused by SF having a large specific surface
area of 2.0~2.3(g/cm?), and it is thought that the same c’cE\ 2.00 A g [ P
phenomenon occurs also in the GP paste. % 1.50 A A A

In addition, for quick curing cases of BS100% and ~ ®
BS80% FA20% specimens, some of them were not filled ? 1.00 f
enough and cavities were formed. éc.» 0.50 @ BS-SF series (FA replacement rate: 0%6)

3.2 Shape of specimen after curing

Table 3. shows the expansion rate of the SF-BS series
(FA replacement: 0%). In this series, swelling occurred
when the replacement rate for SF was 60% or higher, and
the expansion rate tended to increase with the rise of the
SF substitution rate. It is thought that a gas was formed
due to the addition of SF, which caused foaming and
swelling in specimens.

Fig 4. Shows the influence of SF replacement rate on
density. As the SF replacement rate increased, the density
tended to decrease. Also, since the BS-SF series were
denser comparing to the FA-SF series, it is thought that
the structure of BS-SF became denser due to the formation
of CASH by Ca and the latent hydraulic property.

3.3 Compressive strength test

Fig 5. shows the results of the compressive strength
test performed on specimens of 28 days of age (sealed
curing). It was confirmed that the compressive strength
tended to rise with higher ratios of BS powder,

Fig 6.(a) and (b) show the relationship between
compressive strength and BS replacement rate in SF-BS

series (FA0%) and the FA-BS series (SF0%) respectively .

When the BS replacement rate was high, the quick

A FA-SF series (BS replacement rate: 096)
0.00
0 20 40 60 80 100
SF replacement rate: (%)
Fig 4. Influence of SF replacement rate on density

118.5

Quick =
BS setting 43 3

Unit : N/mm?

Fig 5. Material age 28 days (Sealed curing)
Compressive Strength

setting and hardening during the placing occurred, and
unfilled parts were formed resulting in the compressive
strength decrease. In the FA series, the strength increased
in the case of the low replacement rate of BS, whereas the
low replacement rate of BS did not contribute to a rise of



1400 Day 1 (Heat curing)

1200 \—*— Day 7 (Sealed curing)

—— Day 28 (Sealed curing

100.0
80.0
60.0
40.0
20.0

Compressive strength (N/mm?)

.....

0.0
20 40 60 80 100
BS replacement rate (%)

(a) SF-BS series (FA:0%)

Quick

Setting

140.0
Quick

120.0 Setting

100.0
80.0 [ IR

60.0
--@-- Day 1 (Heat curing
40.0
—&— Day 7 (Sealed curing)
20.0

Compressive strength (N/mm?)

—>— Day 28 (Sealed curing)

o
o

0 20 40 60 80 100
BS replacement rate (%)

(b) FA-BS series (SF:0%)

Fig 6. Relationship between compressive strength and BS replacement ratio

strength in SF-BS series. However, in the SF series, when
the BS replacement rate was high, the quick setting did
not occur and the strength sharply increased.

4. Conclusions

This study conducted experiments to investigate the
fluidity and compressive strength of Geopolymer
paste(GP) by testing different ratios of Silica fume(SF),
Fly ash(FA) and Ground granulated blast furnace slag(BS)
additions. The results are shown below.

1) The flow rate of GP paste decreases due to the influence
of the specific surface area of SF. When the proportion is
large, mixing becomes difficult.

2) When the amount of SF to be added is increased, GP
tends to swell.

3) The compressive strength of GP increases with the rise
of the additional amount of BS. However, if the
proportion rate of BS is high, the setting time becomes
shorter and the mixing tends to be difficult.

4) In these experiments it was confirmed that the setting
time of the SF - BS series was longer than that of the FA -
BS series. Therefore, and it can be said that SF contributes
to the setting delay, although further investigations should
be conducted.

The findings obtained in this experiment are expected
to contribute to the effective utilization of Geopolymer as
a crack repairing material in the construction field. The
realization will have important outcomes, including
reusing industrial byproducts and lowering CO, emissions.

We do hope that this area of research contributes to
preventing global warming.
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1. INTRODUCTION

This study aims to improve Geopolymer (GP), by
investigating how the quality would be varied with
different kinds of powder to be added at the initial stage.

In recent years, abnormal weather has occurred
frequently around the world due to the influence of global
warming. Reduction of carbon dioxide (CO>) is required
in various fields.

GP has gained attention as a new and environment
friendly material that can be cured without adding cement
emitting CO; in the manufacturing process. Also, GP
uses industrial byproducts such as fly ash (FA) and
ground granulated blast furnace slag (BS) as a powder.
The

GP hardens with the powders mainly composed of
aluminum silicate and alkaline solution. GP is an

aluminum based binder, while cement binds with calcium.

Therefore, GP is superior in durability, in particular,
resistance to sulfuric acid is high. Also, GP has strength
equal to or higher than that of concrete. In recent years,
research to put practical for GP has begun.

In this research, ultimate particle material is used for
powder and the ultimate goal is to utilize GP as crack
repairing material.

In this experiment, as an initial stage of the study, the
targets are to use silica fume (SF) (particle size: 0.1 ~0.2
um) which has not been used as the main powder until
now as GP powder and check whether it can be mixed,
hardened or necessary strength can be obtained.

2. EXPERIMENT

In this experiment, we study the applicable range when
using SF.

2.1 Materials and Mix proportions

FA, BS, and SF were used as the powders and an
aqueous solution of sodium hydroxide and an aqueous
solution of sodium silicate were used as the alkaline
solution. The type of solution and the ratios to powder are
made constant, In the proportion of GPs, the type of
solution and the ratio to powders were made constant,
changed only the proportion of powders.

2.2Results

Fig.1 shows the experimental results and applicable
range.

Quick setting occurred in the range where the addition
rate of BS is high (dotted line: BS addition rate: about
100% or 90%), placing of GP is difficult.

In the range where the addition ratio of SF is high (dot-
dash line), since the specific surface area of SF is large,
the contact area with the solution increases and it became
difficult to mix.

The double line in Fig.1 shows the range of
compressive strength of 30 N/mm? or less. It was
confirmed that compressive strength was improved by
BS.

: % Quick Setting

(Dotted Line)
T 2 Impossible Mixing
(Dot-dash line)

Compressive Strength
30 N/mm? or less

(Double line)

Applicable Range %0 4

(Solid line)

%3/ <
BS 100 80 60 0 20 [%]

Fig.1 Experimental results and applicable range

3. CONCLUSIONS

This study conducted experiments to investigate the
fluidity and compressive strength of Geopolymer
paste(GP) in cases, the powder ratio of Silica fume(SF),
Fly ash(FA) and Ground granulated blast furnace
slag(BS) was changed.

The solid line in Fig.l1 shows a range excluding
abnormal setting, difficulty in mixing, and compressive
strength of 30 N/mm? or less.

With this range as an applicable range, we will conduct
experiments on crack injection performance in the future.
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