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Influence of Supplementary Cementitious Materials on Alkali-Silicate Reaction
Characteristics of Seawater and Sea Sand Concrete
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Abstract: The characteristics of seawater sea sand concrete become a recent research issue, while the alkali-silica reaction (ASR) of
seawater sea sand concrete is still unclear. To clarify the influence of supplementary cementitious materials on the alkali-silica
reaction characteristics of seawater and sea sand concrete, the cement-metakaolin-fly ash-slag cementitious materials were designed
by a simplex centroid design method. The effect of supplementary cementitious materials on the ASR products, pore structure, pore
solution pH value, alkali ion content and expansion rate of seawater and sea sand concrete was investigated. The results show that the
content of the amorphous product ASR-P1(Kgs,Ca; 16S1403(OH),54-1.5H,0) and the crystalline product Na-shlykovite
(NaCaSiyOg(OH);-2.3H,0) in seawater and sea sand concrete are inversely proportional to the content of active SiO, and Al,O; in
supplementary cementitious materials. Among the seawater and sea sand concretes with different cementitious materials, the pH value
of paste prepared with 50% cement+25% metakaolin+25% fly ash and the contents of Na*, K* and Ca®" are the minimum values. As a
result, the content of ASR-P1 and Na-shlykovite, the content of harmful pores and multi-harmful pores are the minimum values, as
well as the porosity is the maximum value, thus resulting in the minimum expansion rate of the paste prepared with 25%
metakaolin+25% fly ash +50% cement at 14 d and 28 d. This paper can provide a theoretical basis for the design of cementitious
material composition of seawater and sea sand concrete, and improve the service life of seawater and sea sand concrete structure in
marine engineering.
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Table1  Main chemical composition (mass fraction w) of Cement, MK, FA and S wW/%
Binder CaO SiO, ALO3 Fe,03 MgO SO3 MnO Na,O K>O TiO, LOI
Cement 64.38 21.51 5.08 3.74 2.48 0.52 0.53 1.80
Metakaolin 0.03 53.01 44.09 0.30 0.08 0.01 0.04 0.60 10.86
Fly ash 4.01 53.97 31.15 4.16 1.01 0.73 0.05 0.89 2.04 1.13 0.81
Slag 41.20 30.70 14.00 0.40 9.90 0.30 0.50 0.40 1.40 0.95
W is mass fraction.
xR2 BUBHKERS
Table 2 Chemical composition of sea sand
SlOz CaO A1203 KzO F6203 MgO NaZO
87.41 4.64 1.98 1.02 0.51 0.34 0.25
®3 BKILFEERK
Table 3 Chemical composition of seawater  g/L
NaCl MgCl, Na,SO4 CaCl, KCl1
24.53 5.20 4.09 1.16 0.69
R4 K- RS LR R-T# 0 TT AR R AR T
Table 4 Design of cementitious materials composition of
cement-metakaolin-fly ash-slag binder
Mix proportion W/%
Number
Cement Metakaolin Fly ash Slag
1 100.0 0 0 0
2 50.0 50.0 0 0
3 50.0 0 50.0 0 N n A TR ] L] 15 L
K1 KU~ e by KR53 R B AR R e T
4 50.0 0 0 50.0 . . .. .
Fig. 1 Cement-metakaolin-fly ash-slag cementitious material
5 75.0 25.0 0 0 .. .
composition design
6 75.0 0 25.0 0
7 75.0 0 0 25.0 1) X SHEATET 41 (XRD) 5% ] Miniflex 300 X
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13 67.0 0 17.0 17.0 \ . S N .
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Fig.2 XRD patterns of seawater and sea sand concrete under different cementitious compositions
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Fig. 3 TG-DTG curves of specimens under different cementitious materials
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5 ASR R0 28 d EARIAZELERL T4 Na-shlykovite, Ca(OH), &2
Table 5 Contents of Na-shlykovite and Ca(OH), in specimens with different cementitious compositions after 28 days of ASR

erosion
Samples No. Mass loss at 400 ‘C/% Na-shlykovite/% Mass loss at 450 ‘C/% Mass loss at 650 C/% w(Ca(OH),)/%
100% Cement 1.88 24.66 3.61 6.23 25.32
50% Cement+25% MK+25% FA 0.46 6.03 1.33 1.13 7.37
66% Cement+17% FA+17% S 0.66 8.65 1.20 2.95 9.89
50% Cement+17% MK+17% FA+17% S 0.52 6.82 1.35 1.21 7.59
62.5% Cement+12.5% MK+12.5% FA+12.5% S 0.63 8.26 1.83 2.82 12.27

V7% K AR, 50% K YE+17% =8 = +17%4
FEIRAN 17%8F32H 1) Na-shlykovite & BRI T 1.83%.
X TR g i s = T ROK AR A R C-S-H Bk
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FEIEE AL AR K P A T, ASR R Bt
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(a) Pore structure curves

(b) Pore structure distribution

Bl 4 AEBEME NIRRT
Fig. 4 Pore structure of specimens under different cementitious materials

%= 6 ASR 1211 28 d BRI FLAHHFES B

Table 6 Pore structure characteristic parameters of the specimens after 28 days of ASR erosion.

Pore structure distribution/%

Sample No. Total porosity/%

<20 nm 20-50 nm 50-200 nm >200 nm
100%Cement 12.17 36.84 15.93 14.97 32.26
66% Cement+17% FA+17% S 10.82 70.27 10.02 4.70 15.01
50% Cement+17% MK+17% FA+17% S 13.47 70.34 10.88 3.28 15.50
50% Cement+25% MK+25% FA 14.97 70.47 16.37 3.44 9.72
62.5% Cement+12.5% MK+12.5% FA+12.5% S 13.56 68.08 15.51 3.16 13.25
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Fig. 5  Effects of different supplementary cementitious
materials on the pH value of specimens after 28 days
of ASR erosion
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Fig. 6 Ion concentration in the specimens under different cementitious materials
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Fig. 7 Effects of ASR on the expansion rate of specimens
under different cementitious materials

=7 BORMBREZENT R Digy Dsy F1 Doy H1E
Table 7 Dqy, D5y and Dy in particle size distribution of
cementitious materials

Binder Dyo/pum Dso/pum Dyo/pum
Metakaolin 1.82 7.64 21.33
Fly ash 2.55 12.37 26.97
Slag 4.12 15.37 37.16

Note: Particle size of Do, Dsg and Dy is defined as 10%, 50% and 90% of

the particle size in the sample is less than the particle size.

%8 AERRER TIRXHR CasSi bR ALO R E

Table 8 Content of Ca/Si ratio and Al,O; of specimens under different cementitious materials

Mass fraction w/%

Sample No. Molar ratio of Ca/Si
CaO SiO, AlLO;
66% Cement+17% FA+17% S 50.18 28.59 11.03 1.76
66% Cement+17% MK+17% S 49.50 28.43 13.23 1.74
62.5% Cement+12.5% MK+12.5% FA+12.5% S 45.89 30.66 14.33 1.50
50% Cement+25% FA+25% S 43.49 31.92 13.83 1.36
66% Cement+17% MK+17% FA 43.18 32.38 16.14 1.33
50% Cement+25% MK+25% FA 33.20 37.50 21.35 0.89

Note: Content of each chemical composition in the table=the quality of chemical composition/the total quality of cementitious materials.
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50% 7K Ve +25% fhi = 08 A0 25% o S8 K 2
ASR-P1 0 0 (58 B I T AR 55 . 25% 1 = 04 +
A 25% B K B A K LK SRR,
1 AL O, i 58 % ASR-P1 P24k il 35 13 41 2K

.

2) Na-shlykovite 7 &5 HAm B PE R BB %
PE SiOyy ALO; FEAUR . S AEH AR R A,
50% 7K Y8 +25% i =y 0 A1 25% KK 4L 7K 4k ) £L
T Na VR BEFAR, A2 Bl Na-shlykovite & &
BAKHN 6.03%. K 25% k0% A 25% K K 2 15
A DA C-S-H BRI PR EE T, FRARFLIE pH 1)
IR Y 2 e — S AR IR A A, KA A il —
% C-S-H M FR ) 1 4 Jeg AN 7K 43388 1o 35085 1
JERI SR P IX, A RBEAK T 7240 Na-shlykovite

& .
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(a) 14 d expansion rate of (b) 28 d expansion rate of (c) 14 d expansion rate of
cement-metakaolin-fly ash cement-metakaolin-fly ash cement-metakaolin-slag
(d) 14 d expansion rate of cement-metakaolin-slag (e) 14 d expansion rate of cement-fly ash-slag (f) 28 d expansion rate of cement-fly ash-slag

8 ANIFBHER R T UK ASR K 28 = M T AR (E 4&
Fig. 8 ASR expansion rate triangle contour map of specimens under different cementitious materials
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