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Effect of pozzolanic reactive fine powder on compressive strength and C-S-H formation of hardened cement
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Abstract: Silica fume (SF) is used to achieve a low water-binder ratio in ultra-high strength concrete, but SF is expensive and volcanic glass

powder (VG) is expected to be an alternative material. The hydrate that hardens concrete is generally called calcium silicate hydrate (C-S-H),

and it is known that the properties of C-S-H vary depending on the material. In this study, C-S-H was differentiated from each material by the

density of C-S-H, and the effects on the formation rate and compressive strength were investigated. As a result, it was found that the

compressive strength of VG was comparable to that of SF due to the formation of C-S-H, which has lower reaction activity but higher filling
effect than SF.

1. XC®IC Tablel. Specifications of materials
VU BT a—LSF)RKILT T A R(VG)FED R

Material Sign Specifications
N \/}imll‘iﬁﬁ*ﬁj\ﬂ{(u% PZ ﬁ[&*ﬁ\j{)ci‘ TABE Cement C Low heat portland cement(p =3.25g/cm?)
DRV T VRIS LD KFEREEY 27 U — b S — — 5

ilica fume SF Ferrosilicon(p =2.20g/cm?)
DIEVARPN D221 % Fo sl U RIS T 535 Z L 3% Volganic glass | VG JIS 6209 Grade 1(p =2.32¢/cm?)
SNTWVWS. VG X 2 RAEW SF OZffi 724 Water w Distilled water

. N Sand S ISO standard sand( p =2.63g/cm?)
*’l' & LT 2020 EF‘&: JIS A 6209 ﬁ)ﬁ_ﬂjﬂ:— éﬂf: #jir t Calcium hydroxide | CH Reagentfor chemical(p =2.21g/cm?)

AL "R PZ %%I*fj\j{ @}i}fﬂ;@: Iy éﬁk X ﬂéj{ﬂ]t’% %, Super plasticizer | SP | Polycarboxylic acid based super plasticizer
Ej},ﬁ{@ﬁ%mfﬂ:/)‘/f E’Eﬁ/l/f/ ]7 A7kﬂ]¢@(c—s-H) é_’_ é Defoamer DEF Polyester based deformer
AVEMBHZ X 0 s N R 5 Z LIRS N TN 5. Table2. Mixture proportion of pastes

L, BALAPIEAMERD C-S-H 2SIRIET 5 7
O X B2 ﬁ%ﬁf H5. ZKH Tlx C-S-H OD&.V ZHEH S:"me‘e vgf Mw(”"r)ate W B s ( s | (DEF)
or B x %, Bx %)
UBLIED C-S-H %+ A > DA C-S-H & PZ 4k o T T T T
SF10 10 154 1128 0 113 1066
RKOER C-S-HICKRRBTAHET PZEHARD C-S-H D SF15 15 152 | 1066 0 160 | 1066
HERREIS & TEMEMIEIC 5 2 5 BB A Ra LT i T e e o e e 2
" = : ' SF30 30 150 916 0 215 1066
2. ﬁ%*ﬁ%g SF40 2 147 837 0 335 | 1066
0.25
ABRO M FIESEL 2 Table 1. L 2 L (M)BLA % R T O T
VG15 15 135 1096 0 164 1066
Table 2./~ 7. KFEEHEL(WIB)IT 15%—E L L, K Yaoo I 2 A A
RV 7 2 Rl AL R (OSK LT PZ IR DR i T o T o Tor T ]
Hh 10~50%D4 7FE & AIEFD 1FE L L=, K a0 TN T R O
0
%;k&) 6 f:&)@t )( :/ I\ ‘/\O“—X ]\ (CP)%&*}@EE‘/E]\ Li, VG100 100 253 0 845 845 0
MECA L D HIEMZBRW=b D & Uiz, [EHEEEH S-H % (pesn) i HH & OIF5EEI 2 2B p K OBEI D
M fiEE AR IE ¢ 50x100mm By, CP &ML 250ml AR Y KT A NMEMROKFIOBENSEHH L=, B

HRICHTRRE LT, IR S OWigEd % 538 1 TF TR % U723 B S D) AUS L0 SAPBHR R D C-S-H IS L
20°C, i X RF 48 IR, HermiaE 90°C, fmiiE 7=.

FHATHER] A8 FFE OBAE A 21T o 7=, (AR D EHETR o= Pi — PSForve—csH %100 (1)

FEIT JIS A 1108 (T HEHL LIIE L7z, CP DA RIS Pc-csu — PcsH

5P fig KA VT DIRFNZR D4 3 /KHE & RIBFISAEIZ D Z 212 a: CHRD C-S-H DIFEEIE (%)

WTCERR L7z, FERLAR CAERR S L7z RSB K Fnid 4 pi : £ PZ O RIS O REAL AR EE (glomd)
NTCSHTHDEMELZ. T2 TPZIMMmAKRDK pesh ¢ 45 PZ IRy ARIRFI=E C-S-H 7 £ (g/emd)
SIS E VAR SN D C-SHEEZJET H1-0, PZ pecsH © C HI3R(PZ0)?D C-S-H % i (glemd)
WA & AKER{E A1 v > D L(LABE CH) & 1:1 TIRG L T psrorve-csH © PZ B A Fi ok C-S-H % £ (g/em®)
VERR L7232 RS U 72, ARBIFSE CUI KR (4 alkt 3. B R L OB

DEE () 2R EFHZ LV RE Lz, &/K%ED C- Figurel.\Z PZ #fy RIEFNSE & V& )V O JEHERE D

LiHRET - BE (A0 - £ 20 HKRETL - #HE - 1ok
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20%1ZC 220.7MPa, VG Fl&A TILiEFI= 25%(2 T
2193MPa & 72V, SF Blf & VG BLA O fcKBIL RIS
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Figure2.iZ PZ Ty R DIRFNR & SOGRDOBIR Z R~ 7.

PZ Wby KBS SRITIRFNR OB AEVME T L2, VG
Bl & OROGERIT SF BLA T A~K 20%/h S < 22 o 7
ZIULSF & VG DIEEBOENITIKN EEZ bD

Figure3.IZ PZ ik RiEFIsE & CH &OMRE R
CH ®lZ&HH D PZ kR THIEME 25%LL T
Omass% & 72 o 7=. LA EX V&2 Mifkikeho CH
AR 7 RIS X 0 EE S, TR 25%LL Tl
PZIRNREITH D B2 BTz,

Figured.\Z PZ Iy RIRFIFE & C-S-H B E DR A R~
T HEMENS ARSI C-S-H O (pesh)lE, C H
S (PZ0)7S pe.csn = 2.77g/cm®,  SF F2E(SF100) 73 psr-csH =
2.20g/cm®, VG H#(VG100)2% pve-csh = 1.68g/cm® & 7
S72. pvecsh (F,psrcsn (ZHAVNE K IR o2y, VG 3
SFIZEA L2 ALOsZ & EeT=, C-S-HIT Al AV
SR C-AS-H BAER L TV D Z ENFRIAT
B EEBEZ LN, & PZIRIEFIZD pesnldk, PZ
Wk RIBTROEMIZHENE T L, SFEEGT
pcsH=2.54~2.40g/cm®, VG BLA T pesn = 2.29~2.16g/cm3
OFFAE 72D VG BLA DY SF BEA 12~ 0.25g/cm® 2
EhEL et

Figure5.\Z PZ iy RiEFn3 & C-S-H Al (vol.%) D
BfRZRd. SFHED C-S-H AR T, IRM=Rory
Iepbn< ootz —J5, VG HEKD C-S-H A K&
L, IR 25%0" e —27 20z 7=, it VGELA D
JFNER 30% Tl VG &EEI 2 ENFINTZ LB 2 b
7=. £ VGELE D C-S-HAKEIL, SFEEIZEA
FOSHEMENZ S0 BT %< leoTe. ZHUIAERK
WIDMEIEFE T d 5 72 DELIRN % &5 6 2 A2 il DO IR FE
BIENEL IpoT2tE2 NS, U EDOFERNS,

VG BL &1 SFELAIT L~ PZ 08 R B SR DM DM
BERETR C-S-H ZAERR, Z2M A SR L SFRLA & [RIFREE
DIEMEREZ BB L2 L EZE 2 HND.
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Figurel. Compressive strength of mortar
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Figure2. Relation of mixing Figure3. Relation of mixing
rate and reaction rate rate and amount of CH
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Figure4. Relation of mixing rate and density of C-S-H
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Figure5. Relation of mixing rate and amount of C-S-H
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