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Influence of Mineral Admixtures on the Resistance to Sulfuric Acid
and Sulfate Attack in Concrete
Su-Ho Bae,"* Jae-Im Park,” and Kwang-Myong Lee”

"Dept. of Civil Engineering, Andong National University, Andong 760-749, Korea
“Dept. of Civil and Environmental Engineering, Sungkyunkwan University, Suwon 440-746, Korea

ABSTRACT It has been well known that concrete structures exposed to acid and sulfate environments such as sewer, sewage
and wastewater, soil, groundwater, and seawater etc. show significant decrease in their durability due to chemical attack. Such del-
eterious acid and sulfate attacks lead to expansion and cracking in concrete, and thus, eventually result in damage to concrete matrix
by forming expansive hydration products due to the reaction between portland cement hydration products and acid and sulfate ions.
Objectives of this experimental research are to investigate the effect of mineral admixtures on the resistance to acid and sulfate
attack in concrete and to suggest high-resistance concrete mix against acid and sulfate attack. For this purpose, concretes specimens
with three types of cement (ordinary portland cement (OPC), binary blended cement (BBC), and ternary blended cement (TBC)
composed of different types and proportions of admixtures) were prepared at water-biner ratios of 32% and 43%. The concrete
specimens were immersed in fresh water, 5% sulfuric acid, 10% sodium sulfate, and 10% magnesium sulfate solutions for 28, 56,
91, 182, and 365 days, respectively. To evaluate the resistance to acid and sulfate for concrete specimens, visual appearance changes
were observed and compressive strength ratios and mass change ratios were measured. It was observed from the test results that
the resistance against sulfuric acid and sodium sulfate solutions of the concretes containing mineral admixtures were much better
than that of OPC concrete, but in the case of magnesium sulfate solution the concretes containing mineral admixtures was less resis-
tant than OPC concrete due to formation of magnesium silicate hydrate (M-S-H) which is non-cementitious.
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Table 1 Physical properties, chemical composition, and mineralogical
compound of cement and mineral admixtures

Physical properties OPC |GGBFS| FA SF
Specific gravity 3.15 2.89 223 2.20
Blaine (cm’/g) 3,290 | 4,893 | 3,750 |200,000

Compressive| 3 days 34.0 - - -
strength 7 days 44.1 - - -

(MPa) 28 days 56.9 - - -

Chemical composition
Si0, (%) 21.1 34.1 56.5 88.7
AlLO3 (%) 4.6 16.1 27.1 1.8
Fe,03 (%) 3.5 0.4 4.4 1.8
CaO (%) 61.8 423 3.8 1.5
MgO (%) 3.2 4.1 0.8 0.8
SO; (%) 2.1 2.5 0.2 0.1
R,0 (%) 0.9 0.7 1.3 1.0
Mineralogical compound
CsS (%) 55 - - -
S (%) 19 - - -
C3A (%) 6 - - -
C,AF (%) 11 - - -

Table 2 Physical properties of fine aggregate

. Density |Absorption U?“t We.1gh t of
Specimen ( g/cm3) (%) weight | passing No. | FM
(kg/m®) 200 sieve (%)
River sand| 2.60 1.47 1,597 22 243

Table 3 Physical properties of coarse aggregate

. Gpax | Density |Absorption| Unit weight
Specimen (mm) | (gfem’) (%) (ke/m’) FM
Crushed rock| 20 2.65 0.58 1,648 727
Table 4 Properties of superplasticizer
- —
Specific Solid Quantlty (%) Main
Type . pH |content| (by weight
gravity (%) of cement) component
Supet- 1105 | o | 38 | 055 | Folyearbonin
plasticizer lacid admixture
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Table 5 Mix proportions of concrete

Unit weight (kg/m’)
Gnax W/B S/a Cement Binder (B) Sp
% % t \\% S G Bx%
(mm) | (%) %) vpe OPC | GGBFS | FA SF (Bx%)
OPC 160 500 0 0 0 691 966 1.10
20 0 0 BBC* 160 250 250 0 0 684 955 0.85
TBC1** 160 200 200 100 0 707 910 1.30
TBC2*** 160 250 225 0 25 681 951 1.36
OPC 165 388 0 0 0 811 925 1.00
BB 1 194 194 1 .
20 8 47 C 65 9 9 0 0 805 918 0.80
TBCl1 165 155.2 155.2 77.6 0 798 910 1.03
TBC2 165 194 174.6 0 194 802 915 1.23
*OPC : GGBFS =50% : 50%
**OPC : GGBFS : FA =40% : 40% : 20%
***OPC : SF=50% :45% : 5%
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