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Abstract: Geopolymer recycled aggregate concrete(GRAC) was prepared by replacing cement with geopolymer
and natural aggregate with demolished concrete. The effect of the modulus of water glass(n) on the mechanical
properties of GRAC was studied and the mechanism of influence of its microstructure on the mechanical properties
was analyzed. The results show that there are two kinds of gel structures in geopolymer hydration products,
aluminium-modified calcium silicate hydrate (C-A-S-H) layered structure and sodium aluminosilicate hydrate
(N-A-S-H) network structure, both of which contribute to the strength of GRAC. The compressive strength of
GRAC increases with the decrease of n. The dimensional conversion factor of compressive strength of GRAC is
correlated with 7, and the standard deviation of compressive strength decreases with the increase of n. In the
constitutive equation of compressive strength of GRAC with 7 as variable, the up-portion coefficient has polynomial
relation to n, and the down-portion coefficient has rational fraction relation to 7.

Key words: geopolymer recycled aggregate concrete(GRAC) ; modulus of water glass; dimensional conversion

factor; stress-strain curve; constitutive equation
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Table 1 Chemical compositions of slag and fly ash

w/%
Material CaO SiO, ALO, Fe,O, MgO Na,O K,O 1L
Slag 43.10 32.26 14.69 2.06 6.19 0.97
Fly ash 5.51 48.54 28.35 6.37 2.42 3.01 3.90 0.96
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Table 2 Chemical composition and basic properties of water glass
Chemical composition(by mass)/ %
n pH value Density/(g-m )
Na,O SiO, H,O
7.96 26.10 65.94 3.3 13.1 1.47
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Table 3 Basic properties of recycled aggregate

Particle size/mm

Bulk density/(kg-m *)  Apparent density/(kg+m *) Water absorption ratio(by mass)/% Crushing index(by mass)/ %

5.0-31.5 1180 2560

8.75 14. 20
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Table 4 Mix proportions of GRAC

No. n

Mix proportion/(kg-m™)

Slag Fly ash Water glass Water Sand Recycled aggregate
WGO06 0.6 315 135 54 126 681 1075
WGO09 0.9 315 135 54 126 681 1075
WG12 1.2 315 135 54 126 681 1075
WG15 1.5 315 135 54 126 681 1075
WG18 1.8 315 135 54 126 681 1075
WG21 2.1 315 135 54 126 681 1075
WG24 2.4 315 135 54 126 681 1075
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Fig.2 XRD patterns of geopolymer pastes with
water glasses of different moduli
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Fig.3 SEM images and EDS analysis of GRAC with water glasses of different moduli

50
e 100 mm
40 + 4 150 mm
) v 200 mm
30 +
20
10 -
O 1 1 1
0.9 1.2 1.5 1.8 2.1

n

Effect of moduli of water glass on compressive
strengths of GRAC cubes with different sizes

13 ¢

1.2

‘L___’A_,,/‘?"&éo.mo 63+0.233 050
L1 . I R=0.9699

® Ty
A ay

a=1.029 30+0.073 70n
R’=0.988 6

oY

0.9

0.8 |

0.7 r

a=0.943 62-0.002 44n
R*=0.956 4 a=1.229 51-0.192 96n

R=0.974 0

0.6
0.9

5
Fig. 5

1.2 1.5 1.8 2.1

IR B BBO GRAC R 37 22 iy 5% i
Effect of moduli of water glass on dimensional
conversion factors of GRAC

2 I], R IREE 5 GRACTER RN 1122 S
PR I RHR S RBOEAE T 5 4 s K B4
AR SHR A R B T B ELG  r Bos  n=1.5;24
0.9 n<<1.50F , a0 Fll s Bl 2 2B FGE 2 1.5<n
21, o0 Fl1 a0 it 2 AR A AE A RHIZY
2.3 JKIFTEH T GRACIEEIREZH N
GRAC H 119 J5z B b4 L RO 23 301 R Tl % i
AP A TRLE DRI i B %) 8 vk e K, R REAS A
5 R EE R L 6 A K B R A RO A TR RS
GRAC 3 FE bR 2 (o) I RZ 1 .

6
e 100 mm
5 = 150 mm
+ 200 mm
4L
£
S
2 [
L
>
1 L Compressive Compressive
strength>20 MPa_ strength<<20 MPa
00.9 1.2 1.5 1.8 2.1

n
K16 TR AN A [a] RO GRAC i B A7 1 22 19 52 1)
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glasses of different moduli
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(a) Normalized stress-strain curves of GRAC
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(b) Geometric characteristics
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Fig.9 Normalized stress-strain curves of GRAC with water glasses of different moduli under uniaxial

compression and their geometric characteristics
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Table 5 Boundary conditions of normalized stress-strain curves

Stage Position Boundary condition
1 Original point x=0,y=0
2 Up-portion 0<<z<<1,dy/dx>0
3 Peak point a=1,y=1,dy/dx=0
4 Down-portion 2>1,dy/dx<<0
5 Whole curve r=0,0<y<1
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Table 6 Mathematical fitting models of normalized stress-strain curves

Functional form
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Fig. 10 Fitting results of normalized stress-strain curves of GRAC with water glasses of different moduli
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Table 7 Parameters and determination coefficients of

normalized stress-strain curves of GRAC

n a R*(a) b R*(b)
0.9 1.597 0.992 5 15.759 0.836 0
1.2 1. 366 0.995 2 13.892 0.9170
1.5 1.258 0.994 2 9.122 0.929 3
1.8 1.175 0.997 8 7.583 0.9227
2.1 1.166 0.997 5 3.422 0.9210

a=2.2026— 0.746 6n + 0.134 0n" (5)
b—10.3277n — 5.5359 (6)
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3 g:él: TE Classification and characteristics of alkali-activated cements[J].
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