Journal of the Korea Concrete Institute
Vol. 25, No. 1, pp. 115~123, February, 2013
http://dx.doi.org/10.4334/JKCI1.2013.25.1.115

— ﬁ =2 _ — - - = — =
ZFZuE FiEsS 28t Y= 248 fetE OSE 232Eg
s L = |
e M5 U MN8N
oy " - HAUY? - U
Vxugely BE=ysty  22ddsty 8 3stu syt

Engineering Performance and Applicability of Environmental Friendly
Porous Concrete for a Marine Ranch Using Steel Industry By-products

Byung-Jae Lee,l)

Young-1I Jang,z)

and Yun-Yong Kim""

l)Dept. of Civil Engineering, Chungnam National University, Daejon 305-764, Korea

2)Dep‘[. of Construction Engineering Education, Chungnam National University, Daejon 305-764, Korea

ABSTRACT The steel industry, a representative industry that significantly consumes raw materials and energy, produces steel as
well as a large amount of by-product steel slag through the production process. The vast habitat foundation of marine life has been
destroyed due to recent reckless marine development and environment pollution, resulting in intensification of the decline of marine
resources, and a solution to this issue is imperative. In order to propose a method to recycle large amounts of by-product slag into a
material that can serve as an alternative to natural aggregate, the engineering properties and applicability for each mixing factor of
environment friendly porous concrete as a material for the composition of marine ranches were evaluated in this study. The test
results for percentage of voids per mixing ratio revealed that the margin of error for all conditions was within 2.5%. The compressive
strength test results showed that the most outstanding environmental friendly porous concrete can be manufactured when mixing
30% slag aggregate and 10% specially treated granular fertilizer for the optimum volume fraction. As concrete for marine
applications, the best seawater resistance was obtained with mixing conditions for high compression strength. An assessment of the
ability to provide a marine life habitat foundation of environmentally friendly porous concrete showed that a greater percentage of
voids facilitated implantation and inhabitation of marine life, and the mixing of specially treated granular fertilizer led to active initial
implantation and activation of inhabitation. The evaluation of harmfulness to marine life depending on the mixture of slag aggregate
and specially treated granular fertilizer revealed that the stability of fish is secured.
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Table 1 Experimental variables

W/B (%) 25

Target void ratio (%) 15, 20 25

Target flow (%) 180

Slag aggregate (%) 0, 30, 50, 100

Specially treated 1

pe.c%a y treated granular 0. 5. 10, 20

fertilizer (%)

PVA fiber (Vol.%) 0.05
Physical & - Void ratio test
mechanical - Compressive strength test

Test items | properties - Seawater resistance test
Marine - Seaweed adhesion test
applicable test | - Fish toxicity test
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Table 2 Physical properties of aggregate

. . Water |Absolute| Unit

Gradation|Density . .

Items (mm) |(g/em’) absorption | volume | weight

s (%) (%) | (kgim)

Crushed |13 »o | 279 0.74 59.6 | 1661
aggregate

Slag 113 50 | 3.15 3.57 60.6 | 1846
aggregate

(a) Crushed aggregate (b) Slag aggregate

Fig. 1 SEM analysis of coarse aggregate
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(a) Grains of fertilizer (b) Sectional image in concrete

Fig. 2 Specially treated granular fertilizer

Table 3 Physical properties of specially treated granular

fertilizer
It Grading | Density | Coating thickness | Absorption
em
(mm) | (g/em’) (mm) (%)
GF | 3.0~5.0 1.30 1.0 7.28
Table 4 Physical properties of fiber
It Length | Diameter| Density Tensile Elongation
em
(mm) | (um) (g/cm3) strength (GPa) (%)
PVA
12 40.0 1.30 1.56 6.5
fiber

Table 5 Physical properties of admixture

. Density Mass contents
Admixture |Appearance + | pH
(g/en’) (%)
High-range Light
water brown 1.06 | 6.5 41~45
reducing agent| liquid
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Table 6 Chemical composition of artificial seawater

MeCl
Ttem NaCl | (i [NaxSOs| CaCla | KCI
Chemical 1,4 530| 11.110 | 4.090 | 1.160 | 0.695
composition (g/{)
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Table 7 Mix proportions of environmentally friendly porous concrete

_ W/B Target void SA® GF? PvA® Unit weight (kg/m3)
Mix. no. o ratio content content content
(%) (%) (%) (%) (Vol.%) C w | CAY | sA" | GF? |pvA?| Ad.®
1-1(P) - - 0.05 438 | 110 | 1661 - - 0.65 | 3.55
I-2 30 - 0.05 438 | 110 | 1163 | 563 - 0.65 | 3.55
I-3 50 - 0.05 438 | 110 | 831 | 938 - 0.65 | 3.55
1-4 15 100 - 0.05 438 | 110 - 1875 - 0.65 | 3.55
I-5 30 5 0.05 438 | 110 | 1163 | 563 | 22 | 0.65 | 3.55
1-6 30 10 0.05 438 | 110 | 1163 | 563 | 44 | 0.65 | 3.55
1-7 30 20 0.05 438 | 110 | 1163 | 563 88 | 0.65 | 3.55
11-1(P) - - 0.05 352 88 | 1661 - - 0.65 | 2.76
11-2 30 - 0.05 352 88 | 1163 | 563 - 0.65 | 2.76
11-3 50 - 0.05 352 88 831 | 938 - 0.65 | 2.76
11-4 25 20 100 - 0.05 352 88 - 1875 - 0.65 | 2.76
11-5 30 5 0.05 352 88 | 1163 | 563 18 | 0.65 | 2.76
11-6 30 10 0.05 352 | 88 | 1163 | 563 35 | 0.65 | 2.76
11-7 30 20 0.05 352 88 | 1163 | 563 70 | 0.65 | 2.76
11-1(P?) - - 0.05 266 | 67 | 1661 - - 0.65 | 2.00
11-2 30 - 0.05 266 | 67 | 1163 | 563 - 0.65 | 2.00
11-3 50 - 0.05 266 | 67 | 831 | 938 - 0.65 | 2.00
111-4 25 100 - 0.05 266 | 67 - 1875 - 0.65 | 2.00
11-5 30 5 0.05 266 | 67 | 1163 | 563 13 | 0.65 | 2.00
111-6 30 10 0.05 266 | 67 | 1163 | 563 | 27 | 0.65 | 2.00
111-7 30 20 0.05 266 | 67 | 1163 | 563 53 | 0.65 | 2.00

SA": slag aggregate, GF?: specially treated granular fertilizer, PVA®: polyvinyl alcohol fiber, CA®: crushed aggregate,
Ad®: admixture, P®: plain
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