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Effects of Compound Mineral Admixture with
Steel Slag on Durability of Concrete

YANG Qianrong, YANG Quanbing
(Key Laboratory of Advanced Civil Engineering Materials of the
Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: A study was made of the carbonation. chloride ion
penetration and alkali-aggregate reaction (AAR), frost-resistance
and adiabatic temperature rise of concrete with compound mineral
admixture(CMA) of steel slag, granulated blast furnace slag and
fly ash. The result shows that the resistance to carbonation and
chloride ion penetration and expansion caused by AAR of concrete
can be improved obviously in comparison with ordinary concretes
at the equal water/binder ratio by substituting CMA for cement at
equal quality, and the frost-resistance of concrete decreases
dramatically with CMA over 50%. The hydration heat of
cementitious material, adiabatic temperature rising and the rising

velocity decrease remarkably with CMA substitute for cement.
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Tab.1 Chemical composition(by mass) of mineral admixtures %
BAERA w(Si0) w(Cad)  w(ALO3) w(Mg0) w(Fe;03) wMnO) w(TiOy) w(K:0) wNaz0) w(f-Ca0) S,
GGBS 33.76 36.75 15.69 10.18 0.48 0.58 1.23 0.40 0.32 — 99.4
FA 55.18 2.03 29.61 1.09 4.58 — — — — — 92.5
SS 13.43 42.68 2.78 7.08 25.50 2.01 0.88 0.05 0.05 5.62 94.5
#x2 KERWEBEERSAEREEER
Tab.2 Compressive strength of mortar and activity index of mineral admixtures
3d 7d 28d
KR A5 Gk ™ » ; - ~ - ; " » - ; "
U GURURIE/MPa EYEISEC /%  BURSRIE/MPa  EYERSEL /%  DURMRIE/MPa  EYEISEC /%
C 27.3 100.0 36.1 100.0 43.8 100.0
FA 18.6 68.1 25.1 69.5 36.4 83.1
SS 18.6 68.1 26.8 74.2 38.2 87.2
GGBS 21.3 78.0 30.4 84.2 47.6 108.7
CMA 21.3 78.0 30.6 84.8 46.4 105.9
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Tab.3 Mix proportions of concrete for testing carbonation, chloride ion penetration, adiabatic

temperature rise and frost-resistance and their compressive strength

B/ (kg e m™%)

ENIET T X 5 - o Sy AU/% 28ALRML/MPa
BO 360 198 723 1084 1.2 41.0
B01 360 198 723 1084 0.0360 3.8 33.8
B02 360 198 723 1084 0.0648 6.5 26.7
Bl 270 198 723 1084 90 1.0 44.0
B11 270 198 723 1084 90 0.0360 3.3 33.5
B12 270 198 723 1084 90 0.0720 5.9 29.4
B2 180 198 723 1084 180 1.2 41.5
B21 180 198 723 1084 180 0.0432 3.2 33.8
B22 180 198 723 1084 180 0.0900 5.7 28.0

F4 BEEREL(ATURAOBENRENEKE) 2 RIEFHE

Tab.4 Mix proportions of mortar for testing expansive

ratio of alkali-aggregate reaction

SN R T RE AN kP CMA RS NaOH
J-0 45 100 225 0.323
J1 45 75 25 225 0.242
J-2 45 50 50 225 0.162
J-3 45 75 25 225 0.323
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Fig.1 Effect of compound mineral admixture(CMA )

on carbonation depth of concrete
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Fig.2 Effect of CMA on chloride ion penetration

depth of concrete
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Tab.5 Effect of CMA on chloride ion diffusive

coefficient of concrete

CMA #1E /% 0 25 50
AETY AR/ (10712 m? e s71)

1.827 1.433 1.349
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Fig.3 Effect of CMA on expansive ratio of

mortar caused by AAR
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Tab.6 Effect of CMA on frost-resistance of concrete

TR 28 ABUERREE/ BRI AE

g (MAB

/% /% MPa §5L(DF) /%
B0 1.2 41.0 10.0
BO1 3.5 33.8 48.5
B02 6.2 26.7 78.6
Bl 25 1.0 44.0 8.50
B11 25 3.3 33.5 42.7
B12 25 5.9 29.4 76.3
B2 50 1.2 41.5 7.50
B21 50 3.2 33.8 36.6
B22 50 5.7 28.0 67.2
3.5 KUMBAIIR

KL TR AL TR T B - B 40 3 RE VL ) Y 2 R
AL il B8 IV ) 2 R B - R T R — MR E A [
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WEEARAL . 1/3 ok B TR K- B e Y45 4k
JERRARK IR T U 2 —. 2R 7 FH T
AFRBRE GBS BB BHEA R KA ] 5 7%
PSR, TR R BINE G386 B R R
It KA B 42 25% F1 50% B &
ERVEERRHE 24 h i TR 0 531 O R o 7K U Y
84.2% K1 63.9% ,48 h 435k 84.6% F1 66.4% ,72
h 4354 88. 2% F1 74.4% .
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Tab.7 Effect of CMA on heat of hydration

of blended cement

KUK/ J gD

X5 CMABE/%

24 h 48 h 72 h
H-1 0 84.81 161.26 196.87
H-2 25 71.43 136.47 173.7
H-3 50 54.21 107.00 146.39
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Fig.4 Effect of CMA on concrete adiabatic

temperature rising
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