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Abstract

For high strength concrete of 40~60 MPa, the effects on the early strength and concrete dry shrinkage properties
replacing 60~80% of Ordinary Portland Cement with Blast Furnace Slag Powder and using the Alkali Activator
(Modified Alkali Sulfate type) are considered in this study. 1% Alkali Activator to the binder, cumulative heat of
hydration for 72 hours was increased approximately 45%, indicating that heat of hydration contributes to the early
strength of concrete, and the slump flow of concrete decreased slightly by 3.7~6.6%, and the 3- and 7- strength was
increased by 8~12%, which that the Alkali Activator (Modified Alkali Sulfate type) is effective for ensuring the early
strength when manufacturing High Strength Concrete (60%) of Blast Furnace Slag Powder. Furthermore, the dry
shrinkage test, both 40 MPa and 60 MPa specimens had level of length changes in order of BS40 > BS60 > BS60A
> BS80A, and the use of the Alkali Activator somewhat improved resistance to dry shrinkage.

Keywords : ground granulated blast-furnace slag(GGBS), alkali activator, high strength concrete, heat of hydration, drying
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H, EQE oP R A, A S, AP L
ZeTAMES oA, A3l A o Uik S0l FH
© 20 dHA Stk Wb BF ZEHE AJHIEC] vs
7P o] AslEal, 27| Hxso] SHiEe 2A
ol A=Al 2, 3,4].

E5] n2&e 1 ulEdo| ot 27|7twe] /e S8t
o] Be2 4 000 em’/g 45014 6 000 em’/g oL
2 AP uhlslo] Qlot olels A9E nesa
njRuke] 71Zo| HELENE AHIES] 71Zu} SARE 4
FO R Zslo] AR Folrs 37 HEEA] Heh= A
Aot}

olof me} 2 AoflA= (40~60) MPage] 1= &
AYEE Ax3dol| QlojA], HE EZEHE AHIE] 60~
80%2] M2&H T nlEHS diFlska, Yrte Aduo]EA
(Modified Alkali Sulfate type) A=A|(Activator)E S-&
slo] 27w A 2 ZagEe] Zojs) EAS 11
sjo], Ww Bav)e Az nRS njRe] AN
s SRt 7124 =S AR} sk

2. A3A3 2 9y

Sepfel] et ubIshe e whEA] Ssfubgat vt
1 S glon), We ARS SRIsien Fa%t 48

SAeHe), webd,  Qipoas 2ol Ag] 9 Ut
Asfo]=A| A=Alo] ofgt L vl gk g
AR 154 Blely] Sfslo] LA ujHue
60% tiAlslL l7l] XEle] £9) ofio] W Agke)
ul 48l S AWEII, of 1) BS 60A9] - o
7] A RS 1068 ABS:
nAElS 299 915 AR AR Table 13} 2t

Table 1. Composition of heat of hydration test

Binder
w/B
Types OPC BS A %)
(%) (%) (%)
BS 60 40 60 -
50
BS 60A 40 60 1.0

OPC : Ordinary Portland Cement
BS : Blast furnace Slag powder
A : Alkali activator(Modified Alkali Sulfate type)
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2o} Tols Sl wkE o} B4 ERIskaA} 619l

B

o

o] ff W] AFAE AMESh= Afollis A 5
aeslo] A AT iRl 1.0%5 ARgsIien, &1
Zh2E2A 1A% A (Polycarboxylate—based
superplasticizer)—‘: 40 MPa Z32|EQ] A< 1.0%, 60
MPa Z32EQ] AL 1.2%= ARSI

Table 2. Factors and levels of experiment

Factors Levels
Strength(MPa) 40, 60

BS replacement(Binder %) 40, 60, 80
Alkali activator(Binder %) 0, 1.0

Slump flow / Air contents
Compressive strength(1/3/7/28/56 days)
Drying shrinkage(60days)

Measurement items

Table 3. Mix proportions of experiment(1st)

Unit weight (kg/m*)
WB S weigt (kg A Ad

Types ) ) _ Binder (Bx%) (Bx%)
Water OPC_ BS S G
BS 40 200 199 7% 906

,\j‘ga BSG0A 325 470 162 199 209 792 903 10 10

BS 80A 100 398 789 900 1.0
g 5S4 360 240 72 8@ -
Mpa BS 60A 270 450 162 240 360 719 888 10 12
BS 80A 120 480 716 884 1.0
Table 4. Mix proportions of experiment(2nd)
/ / Unit weight (kg/m*)
WB Sa . A A
WSy ) g — M g BB
OPC BS
BS 40 2867 191 797 906 -
40 BS 60 191 287 794 902 -
MP 45 470 165 10
a BS 60A 191 287 794 902 10
BS 80A 9% 382 791 89 10
BS 40 U1 28 728 897 -
60 BS 60 00 450 165 28 1 75 88 -,
MPapBs g0 ) 28 341 725 8B 10
BS 80A 114 455 72 889 10
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OIS 1% AR HEEA AuS ugow
40 MPa vigolA] 498 kg/m’, 60 MPa vigollA 600 kg/
O SFE AL, 24 AR 40 MPa el
478 kg/m’, 60 MPa vigol|A 569 kg/m'2 2431310,
TSRS WA FRa Al Shshaat 13} A
o4 162 ke/mollEl 2t 27 AFOIATE 165 ke/n'o
2 ok Z7A N8BS s

2.2 AI2T R

2 Aola] ARERE A= o] E4JE Table 52 60 Uehd
Hje} Zo| AMIE: K ZEHE AME(EE 315 g/ar,
T 3419 ar/g), ILREL v 3E(UE 2.92 g/
oar, TEE 4 432 ar/g)S ARSI F A AiA|
4= 25 mi}l F<= RS ARBSIGl o, A viceE
A1t dote] AFEAR= Table 73} o] dvte] Awo]
EA|(Modified alkali sulfate type) RS ARSIOH,
o= U 1,11, IPEFEF 23%2] PCA 15 1A
(Polycarboxylate—based superplasticizer)& ARSI

Table 5. Physical properties of raw materials

Materials D(g/n;ﬁl}y ?Clr?'/g? Abs(c{))g))tlon
OPC 3.15 3 419 -
BS 292 4 432 -
Coarse aggregate 261 - 0.68
Fine aggregate 2.59 - 0.78

Table 6. Chemical component of OPC and BS(%)

Si02  ARO3 FeOs CaO  MgO  SOs  Igloss

OPC 220 527 344 634 213 196 079
BS 32.7 132 0.41 441 6.23 149  0.88

Table 7. Properties of alkali activator

: Apparent .
Appearance D(S/rlﬁl,'}y density Chemlcal(oz?mponent
(g/om)

Ca0 12~25

Light gray AlOs3 3~11
inorganic 2.75%0.05 1.25£0.1 Na2O 22~35

Powder K.0 <5
SOs 38~56
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Figure 1. Drying shrinkage test

3. AdZAA 3 32

3.1 O|&435A

Figure 2, 3= 12521 vl &2 60% AR Aeel
A alke) AFAIe) Apgel e el vl4aie) 2
£ UERHSIH Figure 2= 3K 1ARE o9 27 13H
olm, Figure 3& T2ARIIX9] 31 AlF Zxolrt,

ZENE AHES] 27| 431 BAIE FLEsH, 027
(initial period), @-<=7|(induction period), @7}7]
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©ehb(diffusion  period)® 7T 4+ glom,
Jawed 58]0l o5 2719 481 W= kAR
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Figure 2. Heat of hydration of control specimens(2 hour)
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Figure 3. Heat of hydration of control specimens(72 hour)

Table 8. Result of heat of hydration
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Figure 4 Cumulative heat of hydration of
control specimens(72 hour)
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Table 9. Properties of fresh concrete(1st)

Types Slump Flow(mm)  Air Contents(%)
1st Peak 2nd Peak 40 MPa BS 40 605 3.8
T . Heat of ; Heat of (Unit Binder =
ype (Tr|nrlnn93 Hydration (Em% Hydration 498 kg/m, BS 60A 605 40
(callg) (cal/g) Unit Water BS 80A 605 50
BS 60 40 4.29 11.42 1.09 = 162 kg/m’) :
BS 60A 3.0 464 11.33 1.41 60 MPa BS 40 620 37
(Unit Binder =
600 ke/m, BS 60A 560 34
Wrle) A HET BSG0AS] A9z Ol A _—dekgm PSOK o0 o
= b =2 =20 U oT 1 = —
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Table 10. Properties of fresh concrete(2nd)

Types Slump Flow(mm)  Air Contents(%)
BS 40 595 38
40 MPa
(Unit Binder = BS €0 685 48
478 kefm,
Unit Water BS 60A 640 46
= 165 kg/m*)
BS 80A 640 45
BS 40 610 33
60 MPa
(Unit Binder =  BS 60 670 30
569 kg/m’,
Unit Water BS 60A 645 o8
= 165 kg/m)
BS 80A 685 29
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Table 11. Compressive strength of concrete(1st)

Compressive strength(MPa)

Types
3d 7d 14d 28d
BS 40 34 456 64.3 68.6
40 MPa  BS 60A 29.9 46.2 64.3 65.9
BS 80A 27.3 39.2 50.1 52.6
BS 40 37.2 534 724 778
60 MPa BS 60A 41.3 59.9 736 75.2
BS 80A 39.0 498 62.8 64.0
80
MBS 40
70 -
EBS60A
60 -
DB5B80A

50 -

40

30 —

20 —

Compressive strength(MPa)

10 —

w
]

14 8
Age(days)

Figure 5. Result of compressive strength(1st-40 MPa)
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Figure 6. Result of compressive strength(1st-60 MPa)
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Table 12. Compressive strength of concrete(2nd)

Compressive strength(MPa)

Types
3d 7d 28d 56d
BS 40 322 46.0 62.3 66.6
BS 60 27.9 39.2 55.1 56.9
40 MPa
BS 60A 31.3 44.0 541 57.3
BS 80A 30.0 37.0 435 457
BS 40 4.7 542 727 76.0
BS 60 38.1 51.7 66.3 724
60 MPa
BS 60A 412 55.9 66.4 67.4
BS 80A 36.8 475 61.0 62.9
80
m BS 40
70
EBS60
60
[ BS60A

50 mBS80A

40 L
30 M|

20 - %
10

3 7

Compressive strength(MPa)

~
(-]

56
Age(days)

Figure 7. Result of compressive strength(2nd-40 MPa)
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Figure 8. Result of compressive strength(2nd-60 MPa)
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Figure 9. Result of dry shrinkage(2nd-40 MPa)
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Figure 10. Result of dry shrinkage(2nd-60 MPa)
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