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Abstract

Cement industry is typical carbon-emission industry. If the industrial by-products(granulated blast-furnace slag
(GGBFS), fly ash, etc.) are used a large amount, it might be able to reduce cement consumption and mitigate carbon
emissions. In this case, however, decrease of early strength is relatively large. Therefore, there is a limitation in
increase of the amount of substitute. Considering these circumstances, it would be a good solution to reduce carbon
emissions in cement industry to improve the performances of mixed cement through proper alkali—activation in Portland
blended cement using GGBFS or fly ash. Therefore, this study prepared concrete in ready-mixed concrete
manufacturing facilities with an addition of a binder which used 2.0% modified alkali sulfate activator after mixing
Portland cement, GGBFS and fly ash in the ratio of 4:4:2 and assessed its basic properties. The results found the
followings: The use of modified alkali-sulfate activator slightly reduced slump and shortened setting time. As a result,
bleeding capacity decreased while early strength improved. In addition, there is no big difference in carbonation
resistance. It appears that there should be continued experiments and analyses on the related long—term aged specimens.

Keywords : ground granulated blast-furnace slag(GGBS), fly ash, blended cement, alkali activated cement,

ready—mixed-concrete, carbonation
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Table 1. Mix proportions of ready-mixed concrete

Unit weight (kg/m)
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Specimen  W/B Sfa Toal
) OPC BS FA AS S G Ad%)
Binder
3B0-Plain 1440 1440 720 -
500 490 10 30 Bl 8B 10 ;
146 141, 6 72 . .
XA 6 1416 €96 Figure 1. Ready-mixed concrete plant and manufacture
400-Plain 1600 1600 &0 -
434 446 165 400 70 917 10 .

20028 1573 1573 773 80 Table 2. Measurement items

OPC : Ordinary portland cement Items Time of measurement

BS : Blast fumace Slag Powder Slump / Air contents initial / 60min

FA : Fly Ash ’ _

AS : Alkali Activator(Modified Alkali Sulfate type) Bleeding Shours

Setting time ~ 8hours
Compressive strength 2/3/7/ 28] 56 days
)= A2 AL Figue 13 Zo] A & x99 Carbonation 4/8/ 12 weeks
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)7 ujEE Y 2 89g/em’, BT 4,100cm’/g), Zet
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8.430cm’/g) & AMB3IGOT, e Bt e 2
22> 95mm<l He AT HAAS AM8S) gz &
ABHR= Table 59 Zo] T TAo]A] A3t Qi) Ao]
EA RS AMgsigon, 38 SsRE 1gEsE)
16%°] Z7I2EA A 14% eAl(Polycarboxylate

gt

—based superplasticizer)S

Table 3. Physical properties of cementitious materials

Compressive Strength  Activity Index
Density ~ Blaine (MPa) (%)
Gem 0 ey 7 ma 2sd s6d
OPC 3.14 3,350 348 4441 55.6 - -
BS 2.89 4,100 - - - 93 107
FA 224 3,430 - - - 94 98

Table 4. Physical properties of aggregate

’ 3 Fineness Absorption
Density(g/om’) Modulus (%)
Coarse aggregate 262 6.84 117
Fine aggregate 254 264 1.03

Table 5. Properties of alkali activator

Type Aopearance DEnSW Chemical
P P (glem?) composition(%)
Ca0 27~34
SiO» 2~6
Modified Light gray AlOs <5
Alkali Sulfate inorganic 2.75+0.05 FesO3 <5
type Powder NasO 014
K20 < 4
SO3 45~55
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Table 6. Properties of fresh concrete

Air Content(%) Slump(mm)
Specimen
Omin 60min Omin 60min
360-Plain 4.00% 3.60% 190 160
360-AS 3.70% 3.70% 180 155
400-Plain 4.30% 3.70% 180 180
400-AS 4.10% 3.90% 175 170
5.0%
--E}- 360-Plain
—l— 360-A5
--€r- 400-Plain
p— = _‘_-:__”T!—O—A-DD—AS
g
=
2.0%
0.0%
Omin B0min
Figure 2. Air content (%)
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Figure 3. Slump(mm)
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Table 7. Result of bleeding test(bleeding capacity(cm®/cm?))

Specimen Ohr 1hr 2hr 3hr 4hr 5hr
360-Plain 0.00 0.06 0.1 0.15 0.18 0.20
360-AS 0.00 0.04 0.09 0.12 0.16 0.17
400-Plain 0.00 0.03 0.07 0.09 0.1 0.13
400-AS 0.00 0.02 0.06 0.08 0.10 0.12
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Figure 4. Bleeding capacity(unit binder : 360kg/m®)
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Figure 5. Bleeding capacity(unit binder : 400kg/m®)
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Figure 6. Penetration resistance of fresh concrete
Table 8. Setting time of concrete

Specimen Initial setting time Final setting time
360-Plain 6hours 26min. 7hours 45min.
360-AS 6hours 15min. 7hours 24min.
400-Plain 6hours 19min. 7hours 33min.
400-AS Bhours 15min 7hours 12min.
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Table 9. Result of compressive strength(MPa)
Specimen 2d 3d 7d 28d 56d
360-Plain 8.1 1.9 19.8 375 431
360-AS 9.1 13.2 21.8 37.3 24
400-Plain 96 124 235 382 47
400-AS 10.7 15.8 26.9 40.4 438
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Figure 7. Compressive strength(unit binder : 360kg/m®)
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Figure 8. Compressive strength(unit binder : 400kg/m®)
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Table 10. Results of carbonation depth

Weeks Specimen %aerg%&?gﬁ?
360-Plain 561
4 360-AS 5.96
400-Plain 508
400-AS 566
360-Plain 12,61
8 360-AS 11.50
400-Plain 1157
400-AS 10.71
360-Plain 13,53
12 360-AS 13.33
400-Plain 13.67
400-AS 13.05
15.00
--EF- 360-Plain
—— 360-A5
E --2% - 400-Plain
E —@— 400-AS
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B
@
a
8
®
§ s00
<
d
0.00
d-week 2-week 12-week

Figure 9. Results of carbonation depth(mm)
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