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Abstract Recently, much attention has focused on the study of eco-friendly concrete using recycled by-products
for protecting marine ecosystem and durability of concrete exposed to marine condition. This study evaluated the
durabilities of 4 different type of concrete mixtures(Control, Marine, Porous, New slag) with the seawater
resistance by marine environment exposure experiment and freeze-thaw resistance, resistance to chloride ion
penetration considering severe deterioration environment. In this study, we conducted seawater resistance using
compressive strength according to the age(7/28/56 days) of specimen and curing conditions(standard(fresh water),
tidal, immersion, artificial seawater). The results show that compressive strength of concrete exposed to marine
environment exposure condition was lower than those of the standard curing condition. Also, compressive
strength of New slag using eco-friendly materials for protecting marine ecosystem was lower than those of other
concretes, there is need to improve the performance of New slag. The results for freeze-thaw resistance showed
that all mixtures have excellent, but the Porous and New slag were lower than others. Also, the more improved
resistance to chloride ion penetration than those of the Marine was measured in the New slag regardless of
curing condition.

Key Words : Freeze-Thaw Resistance, Marine Environment Experiment, Resistance to Chloride lon Penetration,
Slag Aggregate, Seawater Resistance
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(a) Marine environment exposure testing site location

(b) Marine environment exposure test

[Fig. 1] Photo for marine environment experiment
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[Table 1] Introduction of the marine environment
exposure testing site(Ansan)

Item Scale(m) Area(m’)
Splash zone 20 x 45 900
Tidal zone 24 x 45 1 080

Immersion zone 12 x 45 540

Etc. 14 x 45 630

Evaluation Testing under marine environment

2.2 A EXE X uiEA

ughd Ao AMES TAlE FAERE FArl A e
Amaiol soke Hajd He RS ARSI B
A W 2.64(glen), 2YE 2,190 Frefe} JErg S
el 2UE 349 Hé ABAS A spdom], B
& Fe BAY HhAS 25 me} ok EaE e
N 13 s ABERT BAe) 2od HHe
Table 29} Zth E3F 2 Lo olAldlets 9 pH
A7t AFYEAE Fjgke S 2103 Y 2(Co, ALE A
A, &L 2A SE AN ST 2YE AES
A2retairt. ARES SEl 1 SAH(KS F 4571)= 24 ¢
Aol ot F2 FAH(E~25) met A=A (1.2~5) mE
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[Table 2] Physical properties of aggregates

Item| Gmax | Density | Absorption | F.M
Types (mm) | (g/cm) (%) (%)
crushed - 2.64 1.3 34

Fine
sand - 2.58 1.1 2.1

agg.
mixed sand - 2.61 12 2.8
25 2.64 1.0 6.7

Coarse agg.

13 2.64 1.2 6.7

w2 Aol A Rt Higt A o ANgRE S A2
=24 542 Table 33} gt

[Table 3] Physical properties of slag coarse aggregates

Item Gmax Specific Absorption
Types (mm) gravity (%)
Fine agg. 50 ~ 1.2 3.04 1.5
Coarse agg. | 25.0 ~ 5.0 3.06 1.6

7|E BE EEWHE AMIEOPC)S] HiES AA 4
Al7]131(30%) Sl vt H(SP)I AHEAS AN (L] A

43) 5 A3 CO ARG ATAATANY 2718
Aol B4 £ Table 4of Lepfict.
[Table 4] Properties of binder
Item| Specific |Absorption| Fineness
Types gravity (%) (cig)
OPC 3.04 1.5 3,300
SP 3.06 1.6 4,379
CSA(modified activator) 2.81 - -

[Table 5] Chemical composite of artificial seawater

MgClL

Item | NaCl | 6;5 Na;SO, | CaCl, | KCl
Composition| 4 53 1 520 | 400 | 116 | 0695

(g/L)

B Aol St Z=2 S AP Yl AR
G ‘% 4714 Higtol ™, wlglEHE= Table 69 Lt

gtk Mgl goR FaelE Pae] HHzoR
AFRET Qe AT 24 MPadl dulEIE|E
(Control) A& olHt) AtfAo=m h&7tert & 35
MPagl S|YEA T E(Marine) AlEF9] 263 ZAHE
BHO TS gt 24 MPadl B4 2IPE
(Porous) A&, F12Hd AR(CO, AT ZA3A, &1
=ZA 5)E ARESE 24 MPa?l £8l1 32| E(New slag)
Al 2uigE & 4uiRkS AASHTE wiHEAE S5l
A2 2P E FAA= AT U 2N AS
4 B7HEer skl Alxstglon zh AlF F4
4 F7]&= (¢ 100 x 200) nm ¥ (cylinder), (75 x 100
x 400) m 2} (prism) & AMESFATT
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[Table 6] Mix proportion of concretes

Gmax Slump |Air content| W/B Unit mass(kg/m’)
Symbol (mm) (mm) (%) (%) N B S G AE
OPC SP
Control(24MPa) 25 150 42 50 171 204 136 928 899 2.04
Marine(35MPa) 25 150 43 37 167 267 178 844 906 445
Porous(24MPa) 13 - - 34 43 75 50 50 450 -
New slag(24MPa)| 25 150 43 50 165 Y100 Y230 2800 91096 1.98
% PB(Binder) : OPC 30%, Slag Powder & CSA(Modified) 70% , Crushed Slag : (1.2~5) mmn , *Crushed Slag : (5~25) mn

(a) New slag(24MPa) concrete (b) Marine(35MPa) concrete
[Fig. 2] SEM image of concrete specimen
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(a) Splash zone
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(c) Immersion zone

(d) Artificial seawater zone

[Fig. 3] Photos for concrete specimens
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C, : Comp. Strength (Curing condition)

C, : Comp. Strength ( Criteria for comparison)
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4714,
P ¢ Realative dyn. modulus of elasticity at c cycle
1th

n,: frequency (Hz) at ¢ cycle

NG * 1" frequency (Hz) at 0 cycle
DF : Durability factor
P Realative dyn. modulus of elasticity at N cycle
N : Nmber of cycle for P at 60% or ending cycle
M : Nmber of cycle at ending point
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CSRpp resistance - COMpressive Strength Ratio
Cpp: Comp. Strength at freeze-thaw action

Cy: Comp. Strength at standard curing condition
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[Table 7] Freeze-thaw resistance

SPS
Standard| EL245
(KCIC0001-0703)
Item
porous | 2grade | porous

Compressive srength(MPa) 11.76 over|21 over|13 over

Rate of change(comp. strength)(%)| 20 under - -

Compressive strength

. i - 21 over|13 over
subjected to F-T action(MPa)
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[Table 8] Chloride ion penetration according to charge

Charge passed Chloride ion penetration
> 4,000 High

2,000 ~ 4,000 Normal

1,000 ~ 2,000 Low

100 ~ 1,000 Very low
<100 Ignorable

wHA 0% gho] AMgE| I

9] NT BUILD 492 Hh#o] 9%
Ak %‘EME 2, gsputaus
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Seawater Attack Resistance —#—Marine(35MPa)  —+—Control(2aMPa)

~m-Porous(24MPa)  —x—Newslag(24MPa)

Compressive Strength(MPa)

7Days 28Days 56Days

(a) Standard curing condition

Seawater Attack Resistance —a—Marine(35MPa)  —e— Control(24MPa)
—m-Porous(2amPa)  —a Newslag(24MPa)

XS F 2405 2= Y= A B,
e 5'35?4!3"

(b) Compressive strength

w .
[Fig. 4] Photos for concrete specimens /’;_’-
- .
S
///
- _—
° 7 Days 28 Days 56Days

(b) Immersion zone curing condition

Seawater Attack Resistance —4—Msrine(35MPa)  —4—Control(24MP3)
~8-Porous(24MPa)  —a—NewsSlag(24MPa)

a0

Compressive Strength{MPa)

7Days 28 Days 56 Days.

(c) Tidal zone curing condition

Seawater Attack Resistance —i—Marine(35MPa) ——Control{24MPa)
—m-Porous(24MPa) i Newslag(24MPal)

Compressive Strength(MPa)

(b) Resistance to chloride ion penetration 7o 280ars s6Days

[Fig. 5] Photos for concrete specimens (d) Artificial seawater curing condition

[Fig. 6] Results for compressive strength
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[Table 9] Compressive strength ratio with different
curing periods

Exposed Period Age(days)
Specimens 28(Vs.7) 56(Vs.7) 56(Vs.28)

Marine 58.5 44.7 -8.7

S Control 32.1 54.5 17.0
Porous 70.9 103.0 18.8

New slag 81.1 171.6 50.0
Marine 72.6 72.9 0.1

I Control 67.7 79.6 7.1
Porous 28.9 44.3 12.0

New slag 68.7 144.6 45.0
Marine 47.5 40.1 -5.0

T Control 71.6 77.5 34
Porous 90.8 70.2 -10.8

New slag 102.7 182.4 39.3
Marine 36.0 34.9 -0.8

A Control 18.5 32.7 12.0
Porous 28.9 61.1 25.0

New slag 126.5 194.1 29.9

% Curing condition : S(Standard-fresh water),

I(Immersion zone), T(Tidal zone), A(Artificial seawater)

4548

Compressive Strength Change (%)

Compressive Strength Change (%)

Vs. Standard curing condition

—4—Marine(35MPa) e~ Control(24MPa)

—=-Porous(24MPa)

Newslag(2amPpa)

Compressive Strength Change (%)

: A\\ﬂ

10
15

20
—_— —

Immersion Zone Tidal Zone

Atificial Sea Water

(a) Strength ratio(Vs. Standard condition)

Vs. Immersion curing condition

—#— Marine(35MPa)

—+— Control{24MPa)

)

)

o

——

Standard Tidal Zone

Artificial Sea Water

(b) Strength ratio(Vs. Immersion condition)

Vs. Artificial seawater curing condition

T

—#—Marine(3sMPa)

—e—Control(24MPa)

—

\ﬁ

standard Immersion Zone

Tidal Zone

(c) Strength ratio(Vs. Artificial seawater condition)

. 71 Results for compressive strength(at 56 days)
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[Table 10] Compressive strength ratio

Condition| ~ Number of freeze-thaw action cycles
Specimens 0 100 200 300
Control 100 90.7 88.4 76.7
Marine 100 88.9 86.6 71.9
Porous 100 84.5 80.4 77.6
New slag 100 82.6 80.1 75.9

‘ |0 Cycle

100 Cycle
200 Cycle

300 Cycle

Compressive Strength Ratio (%)

Marine(35MPa)  Control(24MPa)

Porous(24MPa)  NewsSlag(24MPa)

[Fig. 8] Compressive strength ratio of concretes
subjected to freeze-thaw action
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[Table 11] Compressive strength of concrete at 14

days(MPa)
Control Marine Porous New slag
25.7 373 21.9 14.1
Fig. 9= 263 W 2182 e 2 2AE FA
Aol B 289 B8 Holoht SRYALE 5

Aoto] AisedAs 2
TS 7HAI PorousS 1119]?} L ] %ﬂﬂl_
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110

—= Marine(35MPa)
—+ Control(24MPa)
—— NewsSlag(24MPa)

100

Relative dynamic elastic modulus (%)

0 100 200 300

Number of freezing and thawing Cycles

(a) Relative dynamic elastic modulus

100

Durability factor [%])

Marine(35MPa) Control(24MPa) NewSlag{24MPa)
(b) Durability factor

[Fig. 9] Relative dynamic elastic modulus and durability
factor at freeze-thaw action
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[Table 12] Resistance to chloride ion penetration in

concrete
Ttem Curing condition
Specimens Standard Immersion zone
Marine 1,411(C) 1,281(C)
New slag 471(C) 326(C)
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