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A Durability Assessment on Complex Deterioration of
Concrete with Ground Granulated Blast—Furnace Slag Replacement
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Abstract

This paper presents the experimental results of frost durability characteristics including freezing—thawing and de—icing
salt scaling of the concrete for gutter of the road and marine structure. Mixtures were proportioned with the three level
of water—binder ratio(W/B) and three binder compositions corresponding to Type I cement with 0%, 30% and 50%
GGBS(Ground granulated blast furnace slag) replacement. Also, two different solutions of calcium chloride were used to
evaluate their effect on the frost durability resistance. Specially, in case of complex of freezing and thawing with salt and
carbonation, the deterioration of concrete surface is evaluated. Test results showed that the BFS30 and BFS50 mixture
exhibited higher durability and lower mass loss values than those made with OPC mix and the use of GGBS can be used
effectively in terms of economy and frost durability of the concrete to be in complex deterioration. Therefore, the
resistance to complex deterioration with freezing—thawing was strongly influenced by the strength and the type of

cement.
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Table 1 Mix proportion

Table 2 Test Method

T W/B | S/a Unit weight (kg/m’) Sp Test Method Specimen Notes
ype
@ | @ | w | c|BS| S| G |® Slump  |KS F 2402 - immediate after mixing
580PC 297 0 | 909 | 967 1.0 Air content |KS F 2421 - immediate after mixing
58BFS30 58 | 49.5 | 172 | 208 89 | 906 | 963 | 0.8 comp. strength|KS F 2405 ¢10%20cm 7, 14, 28, oﬁ day
58BFS50 148 | 148 | 904 | 961 | 07 (water curing)
S30PC | | oo | jos |90 | O] 8741967 | 09 _ dynamic modulus of
— 53 .5 5 31 99 | 870 | 963 | 08 freezmg and KS F 2456110 %10 %40cm elastlaty and quantity of
thawing scaling at 14 day
480PC 365 0| 81 | 961 | 0.9 (water curing)
— 1 48 | 480 | 175
48BFS30 255 | 110 | 844 | 956 | 0.6

% W/B © water—binder ratio

S/a : fine aggregate ratio

W © water

C : cement

BFS : Ground granulated blast furnace slag

S : fine aggregate

G :© coarse aggregate

SP : superplasticizer

A 25l 21E AEASeN, A A
‘iﬂ% ] 2.78%1 215 ARESRIT B3 E3kAl= o

AAS] 15 A=Al AEAIE ARE-sESiT

IMHUQ

2.2 HiEH|

Table 1& ¥ A& Aled ZIgE wjan)= g
W Aoz E—-AgAn] (W/B) 58, 53, 48% 37 =2
& AAsielon, Zizte) tiate] 15 HE LU A
Eg} AWE?] 30%} 50%S 1REYIVELE X
ghato] wighs Aot Z5kA A}&ﬁ% ;Asﬂ =9
>} 53] FAFd Bl QoM 57
Fo|BE B3 F7|FU5T1.5%) = UJ@} T 9=

flelr 2483

PN~

21318 Table 2] VreEpd nh} 7ko]
E EARI(EHE, 19 2 4EAE
gom U4 Fr7E gl 22839
SE A @Al thete] F48} 52 A

[e]

A sk ol A 7, 14 28, 56l V7 AFAEE =

datsict. 2 E FAgl Aol s vlsald %7}
= 3 AP KS F 2456 (554880 tigh

A ES] AGA AIEH) o] AT A EQTEH

27y st AsE sRUF 8.0%% |4 742 Ab

gaiglon oluf 940 FEE 7]1Ee] AR (PUqFE

172  Fxexicisiax| H{i4 H232010. 3)

5, 2005) & Farste] AHoich sAGAAE Aol
Zt 30Mpel 2R sAFIHAIY A sRATE
FAERATE ARSI =3 7 $E -G48 30
AlolE FR ¥ iﬂﬂEJ FHAsE J¥Hor F7t
37] glste] 2aE 2AY8F (em’/em?) & Eq. (1) 7}

o] Axksldtt S48 £H AP A58 ? %5—
23T, 5% 50% 4 CO5E 5% ZAstlA 4209 =
AAENA FX 53312 A2 $ FAs) 7—101—3— %—Zé 5}

Atk

(V, = 7V,)

= 1
VS’ n A ( )

Vs’n : n/\]—o]%oﬂj\i-cq iﬂ]%%%(Cmg/CmZ)
Vv, : SAGAAE AL APA £ (em?)
vV, : nApelEel e A8 $-4 (cm?)

A D FAFE NG AEA E A (cm?)

oJ7]ollA AlEA S 4& Eq.(2) ol 2Jst] Aatala
=3

V ( W VI/“ n ) X p'u; (2)
V, : nAtolEelA Al@Ae] &4 (cm”)
W, nAtolEele] AlgAle] A (g)
W, nAlelEelA e A 5 ()

P - =Y YT

Table 3& ZIHE wjghd 7] &9
E:]tﬂ ‘lﬂ'ﬁL —|7o (== %
ZAZE 0 AT 5

% I IS BF
Yo = E—AGAR] 7} 58%M 48%= FHASho|
g AHERES AMESE 232 EL AlH 289 oF A



Table 3 Test results for concrete properties

T W/B | Slump|  Air Compressive strength(MPa)
pe (%) | ) | (%) 7d 14d | 28d | 56d
580PC 120 5.2 25.0 32.3 34.4 34.7
58BFS30 58 120 4.7 23.7 317 40.0 44.3
58BFS50 120 4.8 14.8 24.3 36.5 43.7
530PC 53 145 5.0 29.4 38.2 41.9 42.7
5:
53BFS30 150 4.6 274 35.4 45.1 49.2
480PC 18 150 5.4 33.4 40.4 42.8 43.8
48BFS30 150 4.7 27.8 36.9 45.9 49.7
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Table 4 Durability factor and maximum scaling quantity for W/B of 58%

W/B 58%
Binder type OPC BFS30 BFS50
Freezing water tap water salt water tap water salt water tap water salt water
Cycles 180 30 180 90 180 180
Max. scaling(cm’/ent’) 0.43 042 0.22 0.53 0.08 0.16

Surface condition

Table 5 Durability factor and maximum scaling quantity for W/B of 53% and 48%

W/B 53% 48%
Binder type orC BFS30 orC BFS30
Freezing water tap water salt water tap water salt water tap water salt water tap water salt water
Cycles 270 30 300 240 300 300 210 300
Max. scaling (cm’/cnt®) 0.08 0.16 0.10 0.20 0.03 0.10 0.05 0.05

Surface condition
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