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ABSTRACT

Mechanical Properties and Applicability of Concrete

Depending on Substitution of Blast Furnace Slag

Yang, Chul Jin
Advisor : Prof. Park, Jeong-Ung, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

This study presented to determine the effective usage of slag in concrete as
cement binder. In order to determine the effective slag replacement ratio of cement
matrixX, the mixture proportions of Series I in accordance with unit weight of slag
and water were designed and its mechanical properties regarding slump, air content,
bleeding and compressive strength were tested. From the test results of Series I
mixture, the Series II mixtures which were adjusted the unit weight of water were
modified and the slump, air content, setting time and heat of hydration were tested.
The effective slag substitutional ratio with 50% of the binder was selected in
present study. To evaluate application of the slag mixture in construction site, the
mock-up test including compressive strength and heat of hydration for OPC
mixture and conventional low heat cement mixtures was performed. From the
mock-up test it was found that the compressive strength of slag concrete was
advantageous to the long—age strength of concrete depend on the latent hydraulic
reactivity of cement incorporating slag. Moreover, the mixture incorporating slag
was not only able to effectively decrease the maximum heat of hydration and
hydration velocity of concrete compared with OPC mixture but it also presented
similar low heat tendency of conventional low heat cement concrete. The mixture
proportion of high volume slag concrete in this study is sufficiently adopted to the
concrete structures requiring controlled heat distortion cracks and long-age

strength.
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AAE o] o] WAL Polo] HAW mELYa v Hg 15% LB ¥t
ol a7k fivkar ob A= 9%olste] ghraa Zteth(AH 24, 2000). 37 12
S v B AaE B9std 27AE AN, AxFE a9 3 dAd &

g

By Ak aREwa vED AxA E2E 4000 cm¥/gold Axshar awe] A
i 7. &

of slojxfel EAbdol & ol

A5 kel W E vEd A =

Hola gt FAE A4 (Slag activity Index)®, 715 A|HEZE AL&3 REELE9

AHAEE /FeR nREY T NELe Y ANES] FEDE S e A

oz AL AFA P AHgIE FAE EEAS A LoE EFF 239
— 8 —
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2 F&sl, W/CE 052 3kal C/S+ 25% 3+ wige] Raetar) Al
(3= %= 8], 2009).

o ZhA) W E A B E A A 2] HE R
FAEATGAD = e e e s e e gE g 0@
T 25 02220 DI2YQ EZR(KS F 2563) (St=2E =8 3|, 2009)
a=REYa v
=4
1 & 2 % 3%
1 % (g/cm?) 2.80 °]% 2.80 °]% 2.80 °]%
] 3 ¥ 4 (cm?/g) 8,000~10,000 6,000~ 8,000 4,000~ 6,000
S AE 74 95 o] A 75 o] 55 o]A
%] 2= A 28 105 o] 4 95 o] A 75 o]A
B | 3% 919 105 o)A+ 105 o] 4 95 o] A+
Z 2 9781(%) 95 o] A 95 o4 95 o]A
Abshul ] (%) 10.0 o]s} 10.0 o]s} 10.0 °]3s}
2SS 05) (%) 4.0 o]&} 4.0 o]&} 4.0 o]&}
7397 (%) 3.0 o3&t 3.0 o3&} 3.0 o]&t
AstE o] (%) 0.02 °]3} 0.02 °]3} 0.02 °]3}
A= 1.6 o4
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2 6,000 /gl Zel1(5008H) (BHAET, 2008)
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ARl 2.3 BT 8,000 arf/gel Z2H1(1,0008H) (SHE=, 2008)

Slag Activity Index(SA10 %

J8 2.2 D2sci] 0122 I LA 2]
(8t& =, 2008)

aREWPIE SEAHEEE Melilitedl  (2Ca0-AlOs-Si02-2Ca0-MgO-2Si02) £+
Merwinite (3CaO-MgO-2SiO2)A7F vt =ul £ 1+ MeliliteAl o £3shaz, Melilite

_11_
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284 o] AFHUA At AFd o] B9 nR&as rIHoRE A
=T 2] F 10%0] slFsh= Ca(OH)9F A@ddth 2 E2HE ANE SFH7= oF
25%2] Ca(OH)E B4 W3ty widd, 29A @ A12&EH 1 = 25 @ 759 E£3H|7t
A aREdgae] AdFE 24NN F 9 CalOHRE dRe o Qirh a=&d
a8 e ASwAEEAE ) g8 v Aol dnh oW Afelk

tobermorite®} A Zg A e Aol E FEEE 23S THEFE A, 2008).

NaOH &9 &Zg] A=A+, C-S-H, C4AH 2 Gehlenite 93} C.AHO| A ¥ a1,
Ca(OH)z Ab=Al¥= C-S-H$ CsAHo] A ¥ 1 CASHS A A gon, fAtd 5
AAZS-A M= C-S-H, oEHAIEL FAGE CiA, C-S-Het FAtstadulH
AlOH)s7F A HTh A5E-e] A3, 4z, fFAitdsel Aot A ol Fo] #H&
49 AlOH)s= ol EdAelER Walstth 43 A FolAl Mg(OH)w webbA] ot
19 C-S-Hole MgO7) w9 w@o] xkx|shA Hrh.

nrEd e Fitmo] FAs S AdstA geEve S 2
AaME, Ed19 Si0, , CaO M7} 1.3 FxS AL 7Hord o
o sk FYAGE e CSY CoS9 F3het Hlatshe] thad Zo] yEld 5 gtk
(&4, 2014).

SCSS + 6H2 O — CSS2H3 + 3Ca(OH)2 (2.2)
208 + 4H, O — CsSoHs + Ca(OH)g (2.3)
CsS2 + 3H20 — CsS2Hs (2.4)
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I °© T 1% 2% 3%
5 =3 30 =3 60 =3}
nEEHa S (A %)
- e Ee 30 o] 3} 60 ol 3k 70 o] 3
2213 8HS05) (%) 35 o]} 4.0 °]s} 45 o]s}
ket FALE (%) 30 o3} 3.0 o3} 30 |3}
E AR
< N3
50 o]} 6.0 °]3} 6.0 ©]3}
(MgO) (%)
v] 3 ¥ 4 (Blaine)
Rue A 3000 o4+ | 3000 14 | 3000 ©]4
(cm”/g)
LEFHYolr
_ 0.2 o]} 0.2 °]3} 0.2 °]s}
oF A 5 (%)
22529 (mm) 10 )3} 10 °]s} 10 o3}
=4 (&) 45 60 60
A AZF | HT AE
z4 (A7) 7 10 10
3 o 125 o] 10.0 o] 75 o]
FHEAE
7 2 225 o] 4 17.50] % 150 o]
(MPa)
28 < 425 o] 425 o] % 400 ©] %

9] E. Langen< FAEHIE &4

=
slop vk Al o] e EuE Ale Edsea, 1895 FAdM = 44 Be 1

2EHIE FUT W sk Ho, 2R, e B v AR saas] 25~
30%, FAEHNT 70~7062] FUvl&e A2EHIAMET} digFez ks ek
&7, 2000)

shH, n=2&EYa vEge] ZAZESR TIAZE AEHT] A AL 599 N
Sutterheimo] 19530l w33 A% 2L 1 2L 2HE AFREY]) A Zgicka <

HA drHRAA, 2015). FolZg]Flo| A= 19581 ©]F 3500 cmYgoel e Faws
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s

B glo
RLNE==)

171 ¢

S

g meEgs Ax

I

e

ol

Brslo] 19801 FHE o] F A A

o BEHE

juis
Aol @A Hol stou, FHFoll=

iz
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=
|

HAar, Ax

E

Fol 2% 6,000~15,000

g

7N

) 2.
=

1=
)=

Eal

]

A

iz

A mEes A

2=
=

cm¥/ge nZ

o

s

S, uhel A o} 179% 4

ksl

Hhsh ol
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a9 2394 B
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R

o T

ur
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0]
PN

o Ahg-5 AL

e

EFAEA AR

A ES

o] 2YARGE "AT B2E 4000 cm¥g

HAZ AREH AL

T -
-

o

X

of et FEE 4,000~

o]

38

ol
N

\Qo

gl

CEREAD

H, FHoll= RS

8000 cm%/gd LB 1 v

A

1 6,000~10,000 cm®/g

9

1, el A

)

of A A ATHAA &, 2011). &

=
-

criteria for common cements, 2000)9] ¥ 2.4}

veb L glem EN 15 167-1(EN 197-1, 2000) (GGBS for direct

use in concrete)o]] ZA Y E] A&
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115 (3,8%) | 212 (89%)

4(0,1%)

™

517 (16,8%)

. Aggregates (crystallized slag)

Cement (granulated slag)

| Aggregates [crystallized Slag)
. Stockpiled

. Others

8 2.3 ZEANM AFEED A= D2 0I22(AE, 2012)

CEMENT TYPE DESIGNATION CLINKER  SLAG SilicaF  FA  Pouzz  Burntsh Limestone SecConst CaSulfate
K S D v z T L
% mass % mass | % mass % mass  ¥mass % mass % mass % mass % mass
"Eortland- Slag Cement CEMII!'AS 80-34 &2 | o -5 |
CEMII/B-5 65-79 21-35 0-5
Eqmposite Portland cement |CEM I1/A-M 30-94 6-20 0-5
CEMII/B-M 65-79 21-35 0-5
Blast furnace Cement CEM /A 35-64 36-65 0-5
CEMIII/B 20-34 66-80 0-5
CEMINI/C 5-19 81-95 0-5
Compaosite Cement CEM V/A 40-64 18-30 wemmne= 18-30 ---em 0-5
CEMV/B 20-38 31-50 semsenn 31050 weneen 0-5
Super Sulfated Cement S5C >10 >80 0-5 <20

8 2.4 S8 ANUHEN 8 AEM BEE(JE, 2012)
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5 /MAte] 6 7l &2l o

3|, 2016)

w0

[ m w8 - =
e
: B eu-=y
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o - % §- BRI - Y

v

e
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kiln
AHE A A A
4g 0D sHEHE/A)
TF 24 7 10,045
7/5/2 11,221 / 3,537 / 568
&8 S8/ E/ = . .
< - 14 < - 15,160
ol A o} A A 4 4,146
g4 et 5) 9,686
4/1 6,633 / 1,551
eSS SA /Al i et
e o ] ] S 5 S 8184

e
[
>

AR AME 1 ALY AEG) S BAS G,
So mEEe) 100 % (S/P)) AW, TEAE AWES n2Eg T v ugol
70% : 30%(G-1), 60% © 4096(G-2), 50% : 50%(G-3), 40% : 60%6(G-4), 30% :

709%(G-5)%1 EF AHE Wl B8t
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H 2.8 EXQHIFANEIIE0N HAZL HSFSHAH & Z20HD| YUY
ol wew 149 972 A% REEE
(mg/kg) (mg/kg) EA A
1 T 0.1 0.0
9 | Froexn 0.1 0.0
0.40(AAS)
3 | =% (Cd) 4 0.00
=8 0.10(ICP-AES)
4 | 79 (Cw 150 1.0 0.0
0.10(HG-AAS)
5 | W4 (As) %5 150(ICP-AES) 0.00
0.10(HG-ICP-AES)
N ) 0.05(CV-AAS) 000
T s 0.0L(TDA-AAS) '
10(AAS)
7 | & (Pb) 200 0.0
15(ICP-AES)
8 | 67}=2E (Cr) 5 0.5 0.0

Collection @ chosun
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= ALE YEYT. ol mEEY T vEY AEE& Wl st BEAoAZ fAF
s RS Holi Qlvdl, dEEd T g XFEo] HolAA HU, TeHxErE &
H7HA Ha FE7F molAE AL & F AT ol¥g AR BEETE ST
mEt HA S Hawk o] dash dus AL & 5 Ul
H 2.10 HIXAME ANHES =& Y FUE AW
Sample
Al EW] & Al F= e
No AaY
A PC - A 100 %6 0% 295 3,570
B PC - B 100 %6 0% 295 3,490
C PC - C 100 %6 0% 305 3,590
D PC - D 100 %6 0% 325 3,860
E PC - E 100 %6 0% 29.0 3,540
F PC - F 100 %6 0% 29.0 3,240
G PC - G 100 %6 0% 295 3,520
S/P AEEYa v E 0% 100 %6 - 4,310
IREY
G-1 70 % 30 % 30.3 3,900
Al E-1
IREY
G- 2 60 % 40 % 30.8 3,990
Al E -2
IREY
G -3 50 % 50 % 31.0 4,150
AW E-3
IREY
G -1 40 % 60 % 31.2 4,230
Al E -4
IREY
G -5 30 % 70 % 32.0 4,605
Al HE -5
2) HrlE EA431
EGodsAAE7IEd YAt AAg ARIE U #HUEE 24 Aie ®
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I 3.4 Series IIUHEF AtAl

- W/B S/a Unit Weight(kg/m")
H
)| ) B W C BS | FA S G
EEAE
441 165 | 374 - - 850 | 916
A E
BS30 | 43.3 162 | 262 | 112 - 850 | 916
BS50 | 42.5 159 | 187 | 187 - 851 | 918
BS70 | 41.7 | 485 | 374 | 156 | 262 | 262 - 850 | 919
4-3-2 | 42.8 160 | 150 | 112 | 112 | 833 | 898
4-4-2 | 42.8 160 | 150 | 150 74 838 | 903
FA25 | 43.3 162 | 281 - 94 837 | 903

* o7]M, W/B: -2 A
FA: Zz2folofA] B: A%
G = =AY

vl S/a: AFAE, C: 15 FENE A
A

322 A8A%

1=
I (C, BS, FA), BS: 12&a1 nj&2 S: 234,

(g/CHI‘) (cnf/g) (%) %7 =7 39 7¢) 289]
3.15 3285 0.16 211 300 22.3 28.8 38.8
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H 3.9 ZCIOI0HAIS] =2l - 3t5td §4
4= TeE S T
3 2 ° i SIi02 B
(g/cm”) (cm/g) (%) (%)
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331 99 FF x2E&dga v T X3S & 5 AR (Series 1)
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() ¢¥x g A
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50-157 42.0 157 0.80 190 170
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_ BS | wsl5w wEA= MPa)
Hj <t s :
AgE (%) | (keg/m’) 19 3¢ 79 28]
TEWE
i 0 165 12.1 23.1 32.4 41.7
30-165 165 5.9 17.1 25.5 33.0
30-162 162 6.2 18.0 25.6 36.0
30-159 " 159 6.2 17.4 25.7 27.7
30-156 156 5.5 16.0 24.5 39.0
50-165 165 2.7 10.8 18.8 38.1
50-161 161 3.2 11.9 20.6 415
50-157 0 157 3.1 11.8 20.5 40.4
50-153 153 4.1 13.2 23.3 43.7
70-165 165 1.1 7.1 17.3 45.8
70-160 160 1.5 8.1 19.3 47.3
70-155 ° 155 1.6 8.7 21.4 45.8

70-150 150 1.7 9.2 21.2 41.8
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v Etolof Al o) midR Ao FU|AYA FER L APE ] AxEAG Vg Ao
2 g @A gl feye Edtolofale FHY AAYF wg Ak 1 A
v dsid EFtolol(FA)Y =l ZAYE A& FEHHA 2 v dae
A== Fdpolofr]e] 2wyl FAZE RUE HeEE A4S HY HLolth
vdd BAE UEeR Fota e EEtolofHl(FA) B n2se1 v EEe o
Az F71% GRS F7ARA AR o] nREH T vREEE AFES 2 A9
Hjgto]l freldh Ao veylith
(3) &4 AIzk
¥ 3178 A wigdel diste] &2 ARHA SAHE I wE A AEggEs
Ebdl Aol 29 3163 1y 3172 2243 FAAIS YER Aot
H 3.17 WA OE 2YNHEX 53 2
XEWE AHE BS 70% BS 50% BS 30%
PERE A4 A& e A3 A & A7k A A& A7h A3 A&
(MPa) (MPa) (MPa) (MPa)
5:00 0.65 6:50 0.59 5:30 0.21 5:20 0.55
6:00 1.18 7:30 0.96 6:10 0.76 6:00 0.98
7:10 3.54 8:30 2.7 6:40 1.54 6:30 1.69
8:00 11.31 9:00 4.56 7:30 2.99 7:20 3.16
8:30 30 9:30 12.53 8:30 5.82 8:20 12.13
- - 10:00 - 9:15 15.85 9:05 30.33
- - 10:30 - 9:45 28.12 - -
40-30-30 40-40-20 FA-25%
PERE A4 A & e A& e YA &
(MPa) (MPa) (MPa)
6:15 0.65 7:00 0.84 5:15 0.51
7:15 1.98 8:05 6.69 6:05 1.04
8:15 3.40 8:40 5.90 6:55 2.53
8:45 5.14 9:25 15.43 7:25 3.83
9:15 8.01 10:30 38.74 7:55 8.28
9:45 20.26 - - 8:25 21.50
10:15 29.76 - - 8:55 36.60
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H 3.18 20|HE2as4d 21
A (L Plain BS30 BS50 BS70 4-3-3 4-4-2 FA25
0.0 24.4 23.0 24.0 23.5 25.2 24.2 24.6
0.5 5l.2 42.1 40.2 35.6 42.1 42.5 57.2
1.0 66.3 63.1 59.4 52.8 54.5 593.7 61.7
1.5 64.7 65.3 59.4 53.1 55.3 55.3 59.8
2.0 62.0 63.5 56.0 50.6 53.0 53.2 56.3
2.5 59.0 61.4 53.1 48.0 50.3 50.1 593.2
3.0 56.4 98.7 50.1 45.5 47.7 47.6 50.1
3.5 4.2 56.6 47.4 43.4 45.1 45.0 47.3
4.0 51.6 4.1 44.8 41.2 43.5 42.8 45.4
4.5 49.7 52.1 42.5 39.7 41.4 41.0 42.7
5.0 47.5 50.0 40.4 37.8 39.5 39.3 40.7
9.5 45.8 48.2 38.2 36.0 38.0 37.7 38.5
6.0 43.8 46.2 36.0 34.5 36.4 36.2 36.2
6.5 42.6 44.8 33.7 32.4 34.6 34.3 34.8
7.0 41.1 43.3 31.5 30.5 33.0 32.6 31.7
7.5 40.0 42.2 29.5 29.4 31.4 31.2 29.8
8.0 39.0 41.1 27.3 27.5 30.1 29.5 27.7
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