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Dust

Table 1 Chemical composition and LOI

' | ' m Marks VG | VGR-C | VGR-F | RJF | RIC | CF | CFIF | CFIC

I/ci] Jet mill CFJC Density (g/em?) |2.35]| 2.9 | 2.36 |2.35| 2.38 |2.57] 2.17 | 2.%5

BET:;’-‘E‘;;”“ 1.50] 3.60 | 6.49 |15.0] 4.17 [31.4] 37.1 | 13.4

VGR-C _ﬁl RJF | Glass content(%) |87.7| 82.4 | 85.7 |88.6| 67.4 |62.2| 32.6 | 72.0

Rol.'lermlll[ Jet mill Si0), 73.1| 735 | 73.6 |71.4] 73.7 |66.0| 60.4 | 69.7
VGRF 2

Ti0, 0.20] 0.20 0.19 |0.22] 0.21 |0.29| 0.35 | 0.26

Flg.1 Manufacturing process of materials ALO, 12.5] 12.20 | 12.30 |12.9[12.20 [14.4] 16.7 | 12.8

: 3 Fe,0, 1.64| 1.48 | 1.49 |2.12| 1.57 |5.96] 7.73 | 4.23

. MnO 0.05| 0.05 | 0.05 [0.06] 0.03 |0.07] 0.09 | 0.05

Table 2 Factors and levels of experiment |~ MgO 0.29] 020 | 0.5 [0.37] 0.28 [0.69] 1.16 | 0.45

Factors Levels CaO 1.45| 1.45 1.35 |1.56] 1.44 |1.40| 1.70 | 1.43

— : Na,0 3.82| 3.82 | 3.73 [3.70] 3.64 |2.60] 1.88 | 2.98

Ipplementary K0 4.26] 4.26 | 4.37 |4.17] 4.38 [4.10] 352 | 4.65
cementitious VG, VGR-C, VGR-F, R]C, RJF, -

. POy 0.03| 0.03 0.03 |0.04] 0.44 |0.03] V.05 | L.U3
material CF. CFIC. CFJF Lot 2.63| 2.60 | 2.66 |3.42| 2.40 |4.47| 6.37 | 3.4
(SCMs) =12 S LS B LU
Replacement |0, 5, 10, 15, 20(VG, VGR-C, CF, CF]C, CFJF)
ratio(%) 0,5, 10, 15, 20, 25, 30(VGR-F, R]C. RJF) Table 3 Material used
W/B(%) 30

Table 4 Mix proportion

Material | Marks Properties

Ordinary Portland cement
Density : 3.16g/cm’®

Fine Crushed lime (Kochi)

Cement OPC

aggregate 5 Density : 2.66g/cm’
Chemical AE Air-entraining and high-range water-
admixture reducing admixture

Table 5 Result of mortar flow change

W/B | Replacement | OPC | SCMs | S | W+AE
(%) ratio (%) (g) (2) (g) (g)
0 964.0 0 1350 289.0
5 907.5 | 47.8 | 1350 286.6
10 852.2 | 94.7 | 1350 284.1
30 15 798.0 | 140.8 | 1350 281.6
20 744.6 | 186.1 | 1350 279.2
25 692.1 | 230.7 | 1350 276.9
30 640.6 | 274.5 | 1350 274.5
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BOTHHAEPHRELBRES I, KLY % R
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Mad Replacement | Origin Flow After | Flow
’ ratio (B*%) (mm) (B*%) | (mm)
i 15 % 0.83 111.5 1.09 |[165.0
20 % 0.83 | Unmeasurable | 1.64 | 239.0
5% 0.83 188.5 1.26 |258.5
10 % 0.83 106.5 1.69 |[248.0

CFJF
15 % 0.83 | Unmeasurable | 2.56 | 252.0
20 % 0.83 | Unmeasurable | 3.44 |239.0

BRA L, JIS OBEIZEBMLI-REO 4 5, 3341
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15 %@#IE 10%EFv7a—ffIZED, FrLdh
A=A —ORET2LERAFOBRFEHR LB 58
BEL oo, B2 250mm = 10mm & L7z, fEER
i~} #I2EE 50mm, H 2 100mm OEBEMREL L,
20 CAF AR S 7, 28, 91 B2 3 fH o EHHAE %
EL. TOFEEH,HTEEEREREHEH L.



Cement Science and Concrete Technology, Vol.73

w
-]

B

7
(=]

Compresive strength (N/mm?)
B8

a

00246810[2 '00‘246!1012 0024681012 0024681011
Curing age (week) Curing age {wock) Curing age (week) Curing age (week)
150 T -
E VG o ICF} CFIC
125 — Enj =
I s 2| e
B 75 -3-0PC|_ é 75 e! ~3%-0)
£ o 5% g o 5%
50 -0 10% |- Eso -0 10% -0 10%|—
§ =0—15% E - 15% -9~ 15%
25 —o—20% O 25 —0—20% 25 o W%} S 25 ©—20%[—
0 0 0 0
0 2 4 6 8 10 12 0 2 4 6 % 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Curing age (week) Curing age (week) Curing age (week) Curing age (week)
Fig. 2 Compressive strength
10 —— —— e A 2074 5RO EELILRS, — BT
39 esesase CF OPC VG | CF ™ 20 % {1 T i34 13 M THEMAE L TV 5720,
EL - FUGI X HERHAES LTRELEL 505,
g7 H i AFY 7 A& TRBMESTH D CF IHALERA
EG 14 HIEERH S, KLY T RADBIL L2270 7 x 22
E5 LN / CEMEEL, ShE®RL TEIS S CFIF I3
B 4 + FORFABHRIEL TV 2HATHS L FHaML
g3 : . D, RRERETHET 7 2 v B AFKILKERS
22 S O BESICHLTEA Y FARC LY BT B L, fe
£ i i DRPET AR R L LB E I AT, MERBI%S =
0 : ¢ Y BvE Shd, ZOERICOWTIRAMBE TER
0.1 1 Pmmcls?zc (wm) 100 1000 TEHNY Y AL G AR SN, Ca(OH), RER L
_ T LCEliT 2 - L CHATEBESNBD, L Lid
Fig. 3 Particle size distribution 5. CFIF OEMEHAEIIHEG | B CIEHRTL 7 VA%
UTFThsb00, #4800 13 M5  TR%N
3. ERERCER FiHEL TS, KILFFRAZFEALY 22 P INTH

31 MRERERBOMARRUELIHE4OEE

ks 13 @ TCOEMMBEE Fig 2 127°F, BET t%k
i 15m%/g @ RIF iwiFhoBERCLHE 1 8206
EHE LI L LELMEEERTR L. HEOMETIZP W ER
HAE VI E MM S B 2 AMMER LY, BET i
KM 5m’/g M #D VGR-F & RIC i34kt 4 M F Tik
ERENECEERBEIRREL L2200, Him 13
M AT TH B MR % R L7 BET (Rl 3m”/g
BELT® VGR-C L RKH#® VG 1341k 138 T
HELIAEZTEY, BRTHIIEEENNS (o7

KW THL VG L CF BT LL, 5%BBRT
i CF OEMBMENE V. L — W — BT 2R 5 A il
EHMIZL D VG, CF. OPC ONESM * Fig 3 127K
T, ERBUTHLDICHERELZ>TWEA, VG
OFIRE 0um BEICH LTCF i 4um BETH 5,
OPC OFIGHEIZ 17um D728d, CFS %BR T T

MEUL L7z RIF (25 EEMMAE IS, Ef#
ML AT T AEHEIT 32%E V) HPHEEA S IX
47071 7 HRPLEMHAUBEDROTELELE
AbNAA, i 48F TCOEMMBIZEY:, BET It
Kififk 37m*/g L Wk & KL T AR & [F—
DFBEREFAD AL L REZIZL VLD, HERR
KHESTHEAF-TwELELILND,

RIF : F#EE® 13.4m%g 2\ BET hEHM % &
<> CFJC 13 BET W& 4.17Tm%/g @ KILH 7 A
K RIC X W EMMEI/NS L, BMY CHHM LA
HOBEbELLE, BTHAFCF 2BETAHIET
L) EHRER RS METELLE LD,

3.2 BEREHNBERRICSEAIVE

RIEO#RIZ2WT, BET KK & HtEEHEHO
BB L UMDEMRL BRETLICFig4 107 Te &
B, Hh6RELEBRERE, VA 72—-2008H

467



Cement Science and Concrete Technology, Vol.73

Replacement ratio 5%

Replacement ratio 15%

125

Replacement ratio 10%

- 125 125 -
o01days ©0Tdays ©91days
2Rdays o 28days ©28days
=15 H ;7days 115 H o7days 15 | o7days
Fos 2 X105 . . =% %105 = ,4f
i o _|aS— ] .g /(V £ ° 2"
£ 95 |—=o £ 95 ot E‘ 95 ot
£ 8 § g/ ¥ f 2 f -
< 85 < B85 < 85 —to-
75 - 75 75
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
BET surface area (m*/g)! {“BET surface area (m?/g) BET sruface area (m*/g)
125 Replacement ratio 20% 125 Replacement ratio 25% 125 Replacement ratio 30%
ys o9ldays ©0ldays
028days ©28days ©28days ﬁ'
;\:‘1 15 H o7days §' 15 { & 7days ) ;.*1 15 I o7days //
< £ - £
105 2 Q / 5105 o // 105 _"’/ S
' // / ‘g o / - - i /
E 95 o3 295 ] E 95 -1
5 & o// % ’/ & ° // /
< 8 - ot ™ <85 =z e
B —1 8 s
75 - 7 25 LA
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
BET surface area (m%/g) BET surface area (m?/g) BET surface area (m?/g)

Fig. 4 Relation between BET surface area and activity index
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Fig. 5 Relation between replacement ratio and activity
index at the age of 7 days
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Fig. 6 Relation between replacement ratio and activity
index at the age of 28 days
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Fig. 7 Relation between replacement ratio and activity
index at the age of 91 days
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ABSTRACT : Volcanic glass powder (VGP) is manufactured from pyroclastic flow deposits. This
paper reports the effect of BET surface area and replacement ratio of VGP as a supplementary
cementitious material on compressive strength. The performance of VGP as a SCM was evaluated
by conducting tests on mortar mixture, replacing 0 % to 30 % by weight of Portland cement by
VGP with 0.3 water to binder ratio. VGP mortar with BET surface area of 15m2/g showed better
results of 7-, 28-and 91-day compressive strength compared to contrel mortar in all replacement
ratio. In particular, VGP demonstrated better strength development in mortar from 28-day to 91
day when replacing 25 % and 30 % by mass of Portland cement.

KEY WORDS : Volcanic glass powder, Natural supplementary cementitious materials, BET surface
area, Replacement ratio, Activity index, Compressive strength
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