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Durability Assessment of High Strength Concrete with High Volume
Mineral Admixture

Chul-Woo Baek,”* Hoon-Sang Kim,” Sung-Woo Choi,” Hyun-Tae Jo," and Deug-Hyun Ryu"
YR&D Center, Eugene Corporation Co., Ltd., Goyang 10566, Rep. of Korea

ABSTRACT The purpose of this study was to assess the durability of high-strength concrete with high volume mineral admixture
(HVMAC) derived from previous studies within ternary blended concrete (TBC) and normal concrete (NC). Four durability
evaluation types such as chloride penetration resistance, freezing and thawing resistance, carbonation resistance in two pre-treatment
conditions, and sulfuric acid and sulfate resistance using 5% sulfuric acid (H,SO,), 10% sodium sulfate (Na;SO,), and 10%
magnesium sulfate (MgSQ,) solution were selected and performed in this study. HVMAC showed the excellent chloride penetration
resistance in any age and the freezing and thawing durability close to 100%. In addition, HVMAC affected more reduction in
carbonation resistance than TBC. When the curing time was increased, to create a concrete internal organization densely improved
resistance to carbonation. HVMAC also showed the most superior in sulfuric acid and sulfate resistance. As the reduction of calcium
hydroxide and C;A to apply a large amount of admixture reduced the swelling and cracking of concrete, the strength reduction and

mass change of concrete was found to be small indicated.
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Table 1 Design of experiment

Factors Levels
Target Slump 600100
Mixture flow (mm)
Target air (%) 3.5+1.5
- Slump flow

Fresh concrete .
- Air content

- Compressive strength

- Chloride penetration resistance

- Resistance of concrete to
rapid freezing and thawing

- Accelerated carbonation

- Resistance to sulfuric acid &
sulfate attack

Experi-
ment Hardened

concrete
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NC) ODO DoOooo.

00 00 OO00bObD OO0 0ObOo0 Oogo 600+100
mm, OO0 0000 35+1.5%0 00000 O00OOO0O

22 AR =

0O 000 000 0ooooo oo oo bo0 o0
0 Table 30 OODOOO.

000 0000 000 HAO OO0 ODOoooooog
ugob ooboboo booo booobo ooobobooa
oobo0O 000000 00 FAD ODOO0OObO boOoo
oo 0o 00 0D 00 000 oooo oo oo o
o0 oob0O 000 OO0.HAD 00000 SiO; 27.6%,
CaO 35.3%, SOs 5.6%00, FAOO SiO,00 OO CaOUO
SO, OO0 OO0 OO0 0O0. Fig. 10 DOO OO O
0 SEMO OO FAO HAO OO OO0 O00OOO0O0O O

FAO 000 000 00 OO0 bOO0ood ogd, HA
0 oo oob obo ooob oo oo boog g
oo oo oo ooo o oo.

HAO 00 OO0 0000 000 AGhO O00O0O0gd
Uo0b 00000 bDOO0O0 50.6%0 OO SO; OO0
gooo oo.

oob0O 0ooo0o ooooog, obooo bog

(a) FA
0 0000 ODoooo ooooo.
Fig. 1 SEM image of FA & HA
Table 2 Mix proportion of concrete
W/B S/a Unit weight (kg/m®)
MIX
(%) (%) w OPC GGBS FA HA | AG S G AD
NC 596 0 0 721 899 8.4
TBC 26.0 44.7 155 60 417 119 693 864 4.8
HVMAC 60 358 119 30 30 693 864 5.7
Table 3 Physical and Chemical Properties of Cementitious Materials
Items Chemical composition (%) Density Blaine
Types Si0, AlLO; Fe,Os Ca0 MgO SO; | LOlI (g/em?) (cm*/g)
OPC 21.6 5.6 3.8 60.8 2.1 2.4 2.2 3.10 3342
GGBS 34.1 15.4 0.5 41.6 4.2 32 0.3 2.90 4191
FA 60.0 22.7 5.9 7.1 0.0 0.2 3.7 2.27 3432
HA 27.6 13.0 6.9 353 6.0 5.6 4.5 2.82 4848
AG 3.0 1.4 0.4 38.8 1.6 50.6 3.9 2.82 3643
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Table 4 Physical Properties of aggregate

. . Gmax | Density | Absorption
Classification| Types (mm)| (g /cm3) (%) FM
Fine Sea |5 | 558 070 | 272
aggregate sand
Coarse Crushed 25 261 0.78 6.93
aggregate stone
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Fig. 6 Mass change of freezing and thawing
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