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Effect of Steam Curing on
Compressive Strength of Slag Binder Concrete
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Abstract In this study, blast furnace slag powder was used in concrete to help reduce carbon dioxide emissions and
to recycle industrial waste. Blast furnace slag powder is a byproduct of smelting pig iron and is obtained by rapidly
cooling molten high-temperature blast furnace slag. The powder has been used as an admixture for cement and
concrete because of its high reactivity. Using fine blast furnace slag powders in concrete can reduce hydration heat,
suppresstemperature increases, improvelong-term strength, improvedurability by increasing watertightness, and
inhibitcorrosion of reinforcing bars by limiting chloride ion penetration. However, it has not been used much due to
its low compressive strength at an early age. Therefore, this study evaluates the effects of steam curing for increasing
the initial strength development of concrete made using slag powder. The relationship between compressive strength,
SEM observations, and XRD measurements was also investigated.The concrete made with 30% powder showed the
best performance. The steam curingseems to affectthe compressive strength by destroying the coating on the powder

and by producing hydrates such as ettringite and Calcium-Silicate-Hydrate gel.
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Table 2. Physical properties of used materials

Materials Physical properties

Ordinary portland cement,

C >
Density : 3.15g/cm3, Blaine : 3,500cm’/g

BFS Density : 2.90g/cm’, Blaine : 4,196cm’g

Fine aggregate (Sea sand),
S Density : 2456g/cm3, Maximum size : Smm,
Water absorption ratio : 1.01%

Coarse aggregate (Crushed aggregate),
G Density : 2,67gcm3, Maximum size : 25mm,
Water absorption ratio : 1.39%

SP Polycarboxylate Superplasticizer

Table 1. Experimental plan and mix proportion of concrete

Table 2= AH&A 59 22|74 A4S e slolth
AMEE REXESHEANEES AR89 o &
#23 KS F 2563 '2AgEL n2&a njEd 9
TAS WHAY = 1251 355 AHE-8HATE Table
38 AMARS] B S YERE Slolth

. S/a Unit materials content (kg/m’) )
Specimens W/B N Evaluation contents
(%) W C BFS S G SP
OPC 516 - 678 1038 + Compressive Strength(MPa)
B10 464 52 676 1036 - 1,7, 14, 28 days
0.32 40.5 165 5.68 + SEM&EDS, XRD
B20 413 103 675 1034 ’
+ chloride diffusion coefficient
B30 361 155 673 1031 (x10"*m?sec)
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Table 3. Chemical properties of used materials

D Chemical composition (%)
Si02 Ale3 F6203 CaO MgO NaOz KzO 503
C 19.68 | 5.31 324 | 61.86 | 3.32 0.10 0.84 2.10
BFS | 26.90 | 10.40 | 1.82 | 51.90 | 5.20 - 3.0
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+ TKS F 2403 23YE 4F4% AA A=,
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Fig. 1. Curing temperature
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3.2 SEM & EDS

Fig. 45 n2&Y 0 v A8kgo e 43
shewle) WAITEE SEMS Bo) 2@ A%E vt
W Ao|ty.  o7]4 SEM< Scanning Electon
Microscopes] eH2 FAAHGm] Foleba Gk, mg,
EDS+ Energy Dispersive X-ray Spectroscopy2] <4}
24 oA EAkE REPRAdo)glsln], SEM Ao

$rhdoz gel il SEMel AAeE Q3w
ASE AEe] B4 XA FPs 4Fel 4Re ¥ g N
At g det (d)
Fig. 4. Analysis results of SEM (a) OPC (b) B10 (c)
B20 (d) B30
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Fig. 5. Analysis results of EDS
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Table 4. Results of Si/Al

Specimens SiO, AlLOs Si/Al
OPC 18.2 12.5 1.46
B10 24.7 9.1 2.71
B20 27.2 9.8 2.78
B30 33.5 10.3 3.25
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3.3 XRD

Fig. 5+ Li"EH:L U]
shebe] A
& #2418 2otk 0471*1
oFAt= XA 8 Aozt
A Alge FHe] XHE 2
g 3ol A w= g

Fig. 6> OPC, B30 A& #¢
el Aol OPC A]?MH
ol EF7Io|E ¥ A7} Tha EJ
Ak g, B302] 49 OPC EE}
7H A& ERlEglon, A 3
A A EFIIIETL ¥ Stk

o

OPC
C : portlandite,
E : ettringite

7 days

E

15
2-Theta®

(a)

25

B30
C : portlanditey
E : ettringite

15
2-Theta®

(b)
Fig. 6. Analysis results of x-ray diffraction (a) OPC
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Table 5. Results of chloride diffusion coefficient
chloride diffusion coefficient
Specimens (10 m'ss)
1 2 Average
OPC 15.7 14.5 15.1
B10 10.4 10.6 10.5
B20 79 7.3 7.6
B30 5.0 5.2 5.1
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