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Chloride Ion Penetration Resistance of Slag-replaced Concrete and
Cementless Slag Concrete by Marine Environmental Exposure

Bo-Kyeong Lee,” Gyu-Yong Kim,"*

Gyeong-Tae Kim,” Kyoung-Su Shin,” and Jeong-Soo Nam"

"Department of Architectural Engineering, Chungnam National University, DaeJeon 34134, Rep. of Korea

ABSTRACT In this research, it was examined chloride ion penetration resistance of slag-replaced concrete and cementless slag
concrete considering marine environmental exposure conditions of splash zone, tidal zone and immersion zone. In the design
strength of grade 24 MPa, the specimens were tested to determine their compressive strength, scanning electron microscopy images
and chloride migration coefficient. Further, chloride ion penetration depth and carbonation depth of specimens exposed to marine
environment were measured. Experimental results confirm that chloride migration coefficient of specimens tended to decrease with
increasing the replacement ratio of ground granulated blast-furnace slag in accelerated laboratory test. In addition, the specimens
exposed to the tidal zone were found to be the greatest chloride ion penetration depth compared to splash zone and immersion zone.
On the other hand, the chloride ion penetration depth of the specimens exposed to splash zone tended to increase with increasing the
replacement ratio of ground granulated blast-furnace slag in contrast with the results for the tidal zone and immersion zone.
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Table 1 Chemical compositions and physical properties of the used materials
Materials" Chemical compositions (%) Density | Blaine
aterials - 3 )
Si0, ALO; | Fe)03 CaO MgO | Na,O K,0 SO; LOI | (g/em’) | (em7/g)
C 20.70 6.20 3.10 62.20 2.80 0.10 0.84 2.10 1.96 3.12 3,500
GGBS 32.75 15.61 0.50 43.51 4.41 0.25 0.49 0.04 2.44 291 4,500
DS 15.35 1.21 2.40 69.71 1.52 0.10 - 4.20 5.51 2.83 4,000
AG 0.73 0.17 0.16 41.57 - 0.02 0.03 55.50 1.82 2.90 3,550

1) C: ordinary portland cement, GGBS: ground granulated blast-furnace slag, DS: desulfurization slag, AG: anhydrous gypsum

Table 2 Physical properties of aggregate

Materials

Physical properties

Fine aggregate

maximum size: 5 mm, Density: 2.56 g/cm’, Absorption ratio:

1.01%

Coarse aggregate

maximum size: 25 mm, Density: 2.67 g/cm®, Absorption ratio: 1.39%

Table 3 Experimental plan

Experimental variables

Experimental level

Evaluation items

Type of concrete with
replacement ratio of GGBS

- Cement concrete (CC100)
- Slag-replaced concrete (SC40, SC70)"
- Cementless slag concrete (SC100)

- Compressive strength
- Scanning electron microscopy images
- Accelerated laboratory test

- Splash zone
- Tidal zone
- Immersion zone

Marine environmental
exposure conditions

- Chloride migration coefficient

- Marine environmental exposure test
- Chloride ion penetration depth
- Carbonation depth

1) SC40: Slag-replaced concrete with replacement ratio of GGBS 40%,
SC70: Slag-replaced concrete with replacement ratio of GGBS 70%

Table 4 Concrete composition

Soocimens| ReP: ratio | fi | Slump | Air | W/B | S/ Unit weight (kg/m®)
P of GGBS (%)|(MPa)| (mm) | (%) | %) | % | w | ¢ |coBs| ps | aG | s | G
CC100 - 60 49 202 337 - - - 816 880
SC40 40 60 49 202 202 128 7 - 812 874
24 180 + 30/4.0 =+ 1.0
SC70 70 53 49 179 101 225 11 - 838 902
SC100 100 45 49 180 - 312 60 28 804 866
300 | t=2232|ESts| =22 M29H HMI3=(2017)
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