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Heavy weight concrete can be used in marine concrete structure to improve resistance against high wave energy. However, heavy
weight aggregate, which is an indispensable material for heavy weight concrete, is difficult to be supplied in large quantities because
its use is limited due to its high cost. In this work, the applicability of heavy weight by-products, copper and 3 month aged steelmaking
slags, were evaluated as sources of heavy weight aggregate for marine concrete structures. Experimental results showed that copper
slag was found to be a stable material for marine concrete structure. However, 3 month aged steelmaking slag showed significant
expansion by 80°C water immersion test and ASTM C 1260 test. In addition, depth of chloride ion penetration in concrete was higher at
which steelmaking slags were located. It was associated with porosity of steelmaking slag, and for this reason, steelmaking slag was

not found to be suitable for marine concrete structure.
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Table 1. Chemical compositions of type | ordinary portland cement(%)
CaO SlOz A1203 SO3 MgO F6203 Kzo TlOz PZOS MHO ZI’IO
63.42 19.48 4.69 4.08 3.11 3.04 1.32 0.38 0.20 0.13 0.11
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Fig. 1. Size gradation of copper slag(FM of as received sample = 3.63, FM after adjustment = 2.45)
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Table 2. Grading requirements of fine aggregate in ASTM C 1260
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- - Table 3. Mix proportions of mortar specimen for length change
Sieve size
Mass(%) test(g)
Passing Retained on
4.75mm(No.4) 2.36mm(No.8) 10 W/C Sl Ste.el
Type o Water | Cement making
2.36mm(No.8) 1.18mm(No.16) 25 (%) slag Slag
1.18mm(No.16) 0.6mm(No.30) 25 Copper slag | 47 | 2068 | 440 | 1,306 -
0.6mm(No.30) 0.3mm(No.50) 25 Steelmaking B 2068 240 ] 1260
0.3mm(No.50) 0.15mm(No.100) 15 slag ’ ’
Table 4. Mix proportions of concrete(kg/m?)

Type W/B(%) S/a(%) Water Cement Blast furnace slag | Silica fume | Copper slag | Steelmaking slag
Plain 35 40 180.0 514.0 - - 898.2 1,300.5
C-R 35 40 180.0 436.9 51.4 25.7 898.2 1,300.5
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Table 5. Chemical compositions of copper slag and steelmaking

slag(%)
Chemical component Copper slag Steelmaking slag

CaO 5.38 52.15
Fe,0; 44.26 16.85
SiO, 37.50 14.54
MgO 1.35 7.71
P,0s 0.17 3.72
ALOs 4.62 2.44
MnO 0.16 1.40
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Fig. 3. XRD pattern of steelmaking slag
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