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Mock-up Crack Reduction Performance Evaluation of Blast Furnace
Slag Concrete Mixed with Expansive and Swelling Admixture
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The purpose of this study is to evaluate the crack reduction performance of blast furnace slag concrete mixed with expansive and
swelling admixtures. As a basic performance test, various ingredients such as blast furnace slag fine powder (BFS), calcium
sulfoaluminate (CSA), bentonite, and hydroxypropyl methyl cellulose (HPMC) were used, and the results showed that bentonite
showed superior performance compared to HPMC. Afterwards, a MOCK-UP test was conducted to evaluate cracking and drying
shrinkage according to the mixing ratio. As a result, when bentonite and a small amount of calcium phosphate were added, drying
shrinkage was reduced and cracking was reduced. In particular, a cement mixture consisting of 30 % BFS, 1% bentonite, and 1 % calcium
phosphate showed optimal crack-free performance. It is believed that BFS concrete will contribute to compensating for shrinkage
through continuous expansion activity and can be used for field applications.

JIYE  I2=cHI0I2Y, WEW, WEM, Ax+=, 2E

Keywords : Blast-furnace slag, Expansive admixture, Swelling admixture, Drying shrinkage, Cracks

1. M 2 Bl 0|24 W, X7lAE U 27| AR4E B, 5
M5t £71 S0| SHHO2 HEEC), AXAZ0| of5t RHS Ef
22| 2ol TASE XY MEE BRI Y B A5 ZIE LjH0| 48 ZuR| S2lg Yuct gow 23
HIZZ X2t Sof BEOIA AIENS2 e isle 1242 2/E EHH0| AXE0] QNS MO ANATS 5]
12 #85t BIR|E0) ofet 402 UYL AlsE|n QoL T WAIEICKo et al, 2016), MY Zmof w2t 232lE LR 48
222470] SA0| et £28 ZEQF 6t glo| ASET}H  BUR HEHS ZALD, 252 05408 mmE 27 & bt 9
Q5lz 2A|E0| ZUMIS LHA UE, LA, 2L Chlee et al 2016),
Sg zajet 4 ook T3t 232|E 2] T2} AIRE A3 820 o8t 2
D2&0)0 0|EUS AR EIEL AR AT U T AL U USH RE AS Al BE 2¢ U5t A 25 UETL
TS o] st Holad Mz =M U M22E MEel ¥ BT ol FH0| M, 27t T Sk o2t
Chst MS®0tolLel BRE 9 BB 2 2aR|E0] 43 10 X 10° WA, 1°CH A0 et 2EECHD B 9l
drofzr 204 AN A0, A| A% B4, UZElIA WS oK, CHYoon 2016).
Slol U SHSl FEHA, SI5E HA| XS £ CB ZRNS ol2fet 232IE0| £Z0 Chft FY ML T 42kaf Al
0] JHMEE 2102 HEHt UrkYang et al, 2017) £ 92 Wil shiL WHME ARRsHs 20| Saixojatn B

* Corresponding author E-mail: wonyoungchoi@kict.re.kr

SIEAMI &Y ASHTEE AAMHATL (Korea Institute of Civil engineering and Building Technology, Gyeonggi—do, 10223, Korea)

2512 7AM7 | ST Y HAAEQISEE MM (Korea Institute of Civil engineering and Building Technology, Gyeonggi—do, 10223, Korea)
SSIRAMT &Y AMAIRIRIZEE SAMHTL (Korea Institute of Civil engineering and Building Technology, Gyeonggi—do, 10223, Korea)

ron

Copyright (© 2023 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

552



A

02

et WeHMIt 2YE 1282 Z32|E Mock-upl| #E XM I5EI

0loff & HF0fM= 30 MPa 2H2IERIS TSR G0, 112

%
N
oy

|1 QICHPark 2009). n2&2H10| S8 S0l

=]
t2ME HEE EX7IES] S7t= 2l EHE

=S 2 Z2i7 0I2Y X2 30 %, WHIHCSA)= 5 % H7H6IieH,
Hut Z32|EQ| U7 gelolets YHMS 7HX(D T}, o WrHz=s HELOIE 1 %(EN2L HPMC 1 %(E2ZE HI-EA(0f
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2M n225e179 EUEE 6000 cm?/g 0|ACR S7HAF|A M= Table 29 20| A =I5HACt

=S
L 2| ASME At&ste e S0| MAEL lent, 232
EIN eflez AEsI0 n2s]1o ME

2= R7HeE s
ZANZ Q,lllf Table 1. Experiment design and factors
nfety, WA 3 BRES 2Yst nzsd0 FIalE0 2 —
~ _ Division Materials and factor Factor .
T Z0|Hs 59 ZER Z32|ER =5t ME2M 125821 experiment
ME S flot 712X XteS MG} Bt Design . 30 MPa
strength
= Binder BFS : OPC 30 : 70
— =
2, 712 M5 N
Expandable Calcium sulfo-aluminate - Air content
material (CSA) expansive 5% - slump
2.1 Jéla:'l 7;“2! E‘:I E—»I'Iﬂ admixture - Compressive
. . trength
o o = Swelling Na+-type bentonite S
20| IR Bl THR HIE At=stH 2 EOo| | E Mol 0 .
JIEe WEM Y WEME AES 232|EQ| U7 S-0] oY material swelling admixture 1 % Lenglt(hc(:jhange
it 01201zl H70lA= 24, 30, 50 MPa 232|E =S Ciio : — (rack degree
] B Hardening Lithium carbonate 02 %
2 23 A EE Metys Agetia, O 41t 30 MPa accelerator (LiCOs) hardener -
LM LITE0] 71 ERUCH, T4 WHTHE 5 %0l AFE Selfhealing |~ Self-healing caleium |, .,
0, ()
o Z2, Tt Byo= olsl #H0| L5l o= LEtCt eent phosphate
(Yoon et al, 2022).
Table 2. Mix proportions
Symbol W/B S/a W Material quantity per unit volume (kg/m’) Retarder | AE agent| SP agent
") | (%) |kem)| gps | opc | cSA | El | E2 | H I G S (%) (%) (%)
30-OPC 40 48.6 160 120 280 0 0 0 0 0 890 840 0.2 0.009 0.8

30-E1-11 40 48.6 160 120 260 20 4.0 0 0.8 4.0 890 840 0.2 0.009 0.8
30-E1-13 40 48.6 160 120 260 20 4.0 0 0.8 12.0 890 840 0.2 0.009 0.8
30-E2-11 40 48.6 160 120 260 20 0 4.0 0.8 4.0 890 840 0.2 0.009 0.8
30-E2-13 40 48.6 160 120 260 20 0 4.0 0.8 12.0 890 840 0.2 0.009 0.8

BFS: Blast-furnace slag El: Nat-type bentonite swelling admixture
OPC: Ordinary Portland cement E2: Hydroxypropyl methyl cellulose swelling admixture
CSA: Calcium sulfo-aluminate (CSA) expansive admixture H: Lithium carbonate (Li;COs;) hardener

I: Self-healing calcium phosphate
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Table 3. Chemical properties of cement

Division CaO SlOz A1203 MgO F€203 SOg Kzo NaZO

Content (%) | 62.2 | 203 | 6.0 | 339 | 32 | 24 | 0.78 | 0.14

Table 4. Properties of BFS

Chemical composition (%)

Density [Fi 6.8
nsity |Fineness Basicity

(g/om’) | (cm/g) SiO: | ALOs | Fex05 | CaO [MgO| SO; | &

2931 | 4,650 1.9 |312] 141 | 03 [448|62 |25 |09

Table 5. Properties of CSA-based expansive admixture

. N
Bzacty | Moz Chemical composition (%)

3 2
(glem’) | (©m78) |46 loss| Si0, | ALOs |Fe,05 | CaO | MgO | SO

2.89 3,811 0.1 37 | 9.0 1.5 | 557 | 1.6 | 284

Table 6. Properties of swelling material

Category | Main component Form Color Viscosity
Bentonite Na' Powder Yellow 1,000 cps
HPMC Cellulose Powder ‘White 1,500 cps
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Table 7. Characteristics for aggregates

. . Water Mass per |0.08 mm sieve
Category Density | Fineness absorption |unit volume |passing amount
3
(g/emr’) | modulus %) (ke/n) %)
Fine 1951 | 290 0.46 1,490 0.30
aggregate
Coarse | »63 | 7.04 0.58 1,532 0.40
aggregate

Table 8. Properties of admixtures

. Densi
Category Main component| Form Color (gjr:zt}})f
Hardener Lithium Powder | White -
carbonate
S.elf-healmg Cl (calcium Powder | White )
calcium phosphate phosphate)
Retarder Fluorine-based | Powder | Yellow -
High-perf Ligh
igh-performance |- ihalene | Liquid | S | 121
water-reducing agent brown
High-quality Lo Pale
AE agent alcohol Liquid yellow 1.01
2.3 &8 21
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Table 9. Experiment design of mock-up

Division Materials and factor Specimen size

Expansive admixture 0 %
Swelling admixture 0 %
Hardener 0 %

Seltheating accelerator 0 %

30-OPC

Expansive admixture 5 %
Swelling admixture 1 %
Hardener 1 %

Selfheating accelerator 1 %

W:3m
L:3m
H:015m

30-E1-11

Expansive admixture 5 %
Swelling admixture 1 %
Hardener 1 %

Seltheating accelerator 3 %
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Fig. 5. Compressive strength results for mock-up
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T 2820 30-OPC Cfid] 30-E1-12 O 186 % 30-E-3 Oz QAR2t0| B B7t= W0l Of3t =Y 7t0|E9Y
= 4162 % =2 Y= UH6IQiL, 30-E1-13 £t 30-E1-1 Seizs My ME oRiEs YWollsto W St X6tA
HiEH0l SutAY Aoz HEEC 7IE HoMe itdas Iz AEgS ot Aoz A=ED
ANHESt 26t AIZTH 842, £ YEER 2sME st
0 2= SF 517} QICkD LIERGO, 0[F A Znle Tt Table 10. Crack occurrence results
ZICKGong et al. 2021), Division Number of cracks Crack length Crack width

(EA) (m) (mm)
30-0PC 6 7.0 0.3~0.7
3.2.3 ZHo|H3 30-E1-11 0 0 0
20|H5t= 22 Y2 2 - &5 HalF gakg 7Rl 7oz 30-E1-13 2+delusion crack 0.5 0.05~0.15

THAEIC} 30-0PCE -390~-200(X10°°), 30—E1-112 -90~110
(X107 30-E1-13= -86~50(X107°) (0|0, 30-OPC CHH]

Table 11. Crack width

Review of concrete crack defect criteria

30-E1-1E 2 25~50 %, 30-E1-32 2F 1525 % H HXpS - (allowable crack width)
MUES EH 30-0PC, 30-E1-13, 30—E1-I1 202 Z0|H3t Division 0.3 mm or less 0.3 mm or more
M2 712 30|58t A oIt (acceptable) (unsuitable)
R T
%O,_f of _147(X1076) FEoIU2H, 0|F < _390(X1076)77 AN 30-E1-I3 occurrence non-occurrence
L£HOZ HALZ0| YMSIH 78 LY 50| =2 A2 0f
AEIQICH WIS A3 30-E1-1, 30-E1-30] A2 27| WH N F e w“f%
2001 OFXIT 01 4 2001 BT XA Lielteh, ol B L. P
9| AI20| Haes| 27| WHBE F0{oh= 20 OfL|2t X|EH e 3
2 U2 WY =29 2315 oo D|M2%0] X|2st =of =
2 YHcls sUE UEfH Aoz HHETHRyu et al 2012),
detxoz F2EQ| HE=0|L dol7t Yo o Llst
= =210 Qs QIE3SH0| Yotu, Z32|EQ| QIFEES @ 30.0PC
H3[5t= AIEIM FE0| LMsh=0], 0]2{8F 2ol CHoto 2
HEEE 0|1 7E2 Mg A7l= WY & Stirh WETE

Fig. 60 QIAZEE0] 3 % EQIE 30-E1-1301| HI5H QLA

B0/ 1% =& 30-E-M0ilM WY SVt =2 A2 LET

3t

200

(b) 30-E1-11

Strain X106

LOWAAN
N : N VV\W\/\/“V\M/WV

-500

sy
b \

—30-0PC - 30-E1-11 - 30-E1-13 ‘
-600 -
Time (day) (c) 30-E1-I3
Fig. 6. Mock-up length change results Fig. 7. Occurrence crack measurement
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