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Evaluation of Chloride Attack Resistibility of Heavyweight Concrete Using
Copper Slag and Magnetite as Aggregate
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Abstract

Recently, the coastal area has become the popular place for infrastructure development. To provide a beautiful scenary
of costal area to nearby facilities without any hinderance, and also to protect those facilities from the sea water overflow,
it is necessary to develop a new type of wave dissipating block, which is a turning wave block. It is noticeable that the
top of the turning wave block is flat and thus can provide spaces for various purposes. However, the unit weight of the
block decreases due to the presence of pipeline that is installed for turning the direction of the waves. In order to mitigate
such problem, a heavyweight concrete needs to be used to increase the resistance against tidal waves. The copper slag
and magnetite were used as a source of fine and coarse aggregate, respectively. The 28 day compressive strength of
concrete incorporating ordinary and heavyweight aggregate did not show significant differences. It should be noted that
the chloride ion penetration resistance was evaluated using NT-BUILD 492 rather than ASTM C 1202 method because
concrete incorporating magnetite as a coarse aggregate showed excessive current flow by ASTM C 1202 method.
According to the results from NT Build 492 method, which uses the penetration depth of chlorine ions to obtain chloride
ion diffusivity, the heavyweight concrete incorporating the copper slag and the magnetite showed the best resistance
against the chloride ion penetration. Therefore, it is reasonable to say that heavyweight concrete made with copper slag
and magnetite can be used for production of turning wave block.
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Figure 1. Elevation of turning wave block
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Table 1. Chemical compositions of OPC

(Unit : %)

Ca0o SiO2 Al2O3 SO3 MgO FexOs3 K20  TiO

6342 1948 469 4.08 3.1 3.04 132 038




Table 2. Mix proportions of heavyweight concrete

(Unit = kg/m®)
Type W/C S/a (%)  Water Cement Slag Sand Copper Crushed Magetite Wel\?glhr%feumt
slag stone (ton/md)
SC-P 571.42 - 819.65 - 804.18 - 2.40
SC-S 45714 114.28 815.41 - 800.02 - 2.39
SM-P 571.42 - 819.65 - 1388.76 2.98
SM-S 457.14 114.28 815.41 - 1381.57 297
CC-P 035 %0 20 571.42 - - 1060.90 804.18 - 2.64
CC-S 457.14 114.28 - 1055.41 800.02 - 2.63
SM-P 571.42 - - 1060.90 - 1388.76 3.22
CM-S 457.14 114.28 - 1055.41 - 1381.57 3.21
«Fine aggregate  *Coarse aggregate  *Slag substitution
S : Sand C : Crushed stone P : Non slag
C : Copper slag M : Magetite S : 20wt% of cement
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Table 3. Chloride ion penetrability based on charge passed(13]

Charge passed (coulomb) Chloride ion penetrability

> 4,000 High
2,000 - 4,000 Moderate
1,000 - 2,000 Low
100 - 1,000 Very Low
< 100 Negligible
0.0239(273+ T)L QB+ DLxX,
= () K 00288y ——pmo—— @)
12,2
01714, Dussre BPYAE] ol AIS(x 107 “m’/s)0]

o, U &89k Agix|(V), Te d=-89] 27|2we}
222w o] B4 (1), L ZAA T (mm), Xo= 5
o] BtA(mm), t= AFAIZHhr)olet,
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ekt

Table 4. Chemical compositions of copper slag and magnetite

(Unit : %)
C%qugﬁgl]t Copper slag Magnetite
Fe0s 44.26 57.36
SiO, 37.50 7.95
Ca0 538 0.44
AlO3 462 6.91
MgO 135 8.08
TiO» 0.37 18.24
P20s 0.17 037
MnO 0.16 0.31




3.2 XRD
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Figure 2. XRD patterns of copper slag
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Figure 3. XRD patterns of magnetite
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Figure 4. The 28-day compressive strength of concrete
incorporating copper slag and magnetite
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Table 5. Chloride ion penetration resistance of concrete cured
for 28 days (ASTM C1202)

Type Charge passed Chloride‘i‘on
(Coulomb) Penetrability
SC-P 6,973 High
SC-S 3,064 Moderate
SM-P not measurable High
SM-S not measurable High
cc-p 4,880 High
CC-S 2,862 Moderate
CM-P not measurable High
CM-S not measurable High
ofeft o] A7 IAHIAE Ueiiex) Skels] St

o 2 150N S4S AAIBHoH Table 60 235
ZJelateict. Table 60 WEH Afjsjo] Zagtol what Al
E9] 437} zlegx]o] Al 28Ul ETt A1 Fakd
slgol 40% %= FHashs A0 vepdtt 1oy 150
Aol M AEAE EA = AR APl vest St

Aol SAEeH, 59| Faei1ot A E SAI=
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AFE3E AFA(CM-PR= Al 155 3 500mA o] 27
7} Ze] 24o] 7153t A0 Uitk o] % uf XRD
BAolas wlel] BRRIE 4= glglont, KA U]
HAwA] Bxo| ZAste] Eapslek 24 AJFA] RS
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Al 20w UeRirt

Table 6. Chloride ion penetration resistance of concrete cured
for 150 days (ASTM C1202)

Type Charge passed Chloride _ipn
(Coulomb) Penetrability
SC-P 3,321 Moderate
SC-S 1,836 Low
SM-P 9,003 High
SM-S 5,738 High
CcC-P 2,400 Moderate
CC-S 1,148 Low
CM-P not measurable High
CM-S 5,462 High

3.4.2 NT Build 492
Table 72 A& 28Yo] AAE NT Build 492¢] 2Jgt
Z27] AR 4 faol HEZo|E gt Aot

Table 7. Initial current and chloride penetration depth by NT
build 492 method

. Chloride penetration
Initial current
depth

Type

(mA) (mm)
SC-P 93.1 23.28
SC-S 54.4 11.49
SM-P 146.6 21.98
SM-S 114.3 10.77
CC-P 76.0 20.94
CC-S 45.3 9.66
CM-P 178.9 18.02
CM-S 95.5 9.11

Table 7¢] W= NT Build 492¢f 2Jaf Gali#xsHdS

B7Rer Al 27] AFEES ASTM C12022] SabHs)E
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Figure 5. Chloride ion penetration depth of concrete using
copper slag and magnetite as aggregate
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Table 8. Estimation of chloride permeability based on chloride
migration coefficient
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Chloride migration Estimated charge

- Chloride ion
T i) (Coulom Penetrabiity
SC-P 10.76 2,872 Moderate
SC-S 5.02 1,340 Low
SM-P 10.20 2,722 Moderate
SM-S 4.70 1,254 Low
CC-P 9.59 2,559 Moderate
CC-S 4.16 1,110 Low
CM-P 9.02 2,407 Moderate
CM-S 3.99 1,065 Low
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Figure 7. Corrosion during the chloride ion penetration
resistance test of steel fiber reinforced concrete
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