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Research on Basic Mechanical Properties of Fly Ash —slag Geopolymer
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Abstract: In order to assess the impact of slag content, water — to — binder ratio, and NaOH solution concentration on the cubic
compressive strength and axial compressive strength of fly ash — slag geopolymers, an orthogonal test design was utilized to
analyse the effects of these variables on material performance. The results show that as the slag content and NaOH solution
concentration increased, the cubic compressive strength and axial compressive strength of the fly ash - slag geopolymers both
exhibited an enhancing trend. However, an increase in the water — to — binder ratio initially enhanced the strength, which then
decreased. The highest compressive strengths were observed at a slag content of 70% , a water — to — binder ratio of 0. 30, and
a NaOH solution concentration of 16 mol/L, reaching 65.52 MPa and 56. 27 MPa, respectively. The influence of the three

factors on the compressive strength, in descending order, was identified as: slag content > NaOH solution concentration >
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water — to — binder ratio. A stress — strain constitutive relationship for fly ash — slag geopolymers was established based on a

comprehensive stress — strain curve analysis, providing a theoretical foundation for further material design and application.
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Table 1 Orthogonal test mix ratio table

JEbE LT (kg/m?)

B NaOH WK

=) s
W R T L W NaOH AW NaySIO, ik /% /(mory KR
1 367 157 500 929 70 175 30 8 0.30
2 131 305 531 986 70 175 30 12 0.35
3 111 258 554 1 030 70 175 30 16 0.40
4 221 221 546 1 005 70 175 50 16 0.35
5 198 198 545 1012 70 175 50 8 0.40
6 254 254 506 939 70 175 50 12 0.30
7 114 266 551 1022 70 175 70 12 0.40
8 148 244 511 950 70 175 70 16 0. 30
9 135 315 526 977 70 175 70 8 0.35
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Table 2 Basic mechanical properties of geopolymer /MPa
EL A G-1 G-2 G-3 G-4 G-5 G-6 G-17 G-8 G-9
SRS R B 41.52 48.41 49.31 62.59 50. 65 53.75 56.18 65.52 58.67
L D WA L1954 35.45 39.72 40.35 49.12 42.88 45.36 49.32 56. 27 50. 17
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Table 3 Results of range analysis of various factors
in geopolymer orthogonal test

. SR KKK NaOH # iRk

(A) /% (B) /%  (C) /(mol/L)
ST R HE B B/ MPa 13.71 4.51 8. 86
L0 R EE/ MPa 13. 40 2.16 5.75
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Table 4 Variance analysis results of various factors
in the geopolymer orthogonal test
fEtr i ES RFPum AmE i F o SiE/%
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7T AR "
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Fig. 1 Failure pattern of geopolymer specimens
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Fig. 2 Effects of various research factors on compressive strength
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Fig.3 The influence of various research factors
on axial compressive strength
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Fig. 4 Dimensionless stress — strain curve fitting results
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Table 5 Geopolymer stress — strain curve fitting parameters
T B TRERTE
éﬂﬂu 2 2
o B Y 3 R 2 " ® R
G-1 -0.812 53 3. 136 66 -1.428 69 0. 026 43 0.991 64 1.465 42 -1.962 99 1.458 84 0.999 39
G-2 -0.845 05 3.573 99 -1.81515 0.039 77 0.992 10 0.875 57 -1.164 70 1. 381 66 0.978 18
G-3 -0.486 66 1.723 67 -0.62140 -0.038 47 0.986 84 1. 520 08 -3.956 05 4.091 14 0.991 70
G-4 -0.815 14 3.543 71 -0.997 56  -0.014 98 0.980 67 0.514 81 0.372 92 0. 179 46 0.989 34
G-5 -1.538 76 6.509 21 -3.997 55 0.039 75 0.979 64 0. 646 58 -0.054 93 0.377 23 0.999 27
G-6 -1.059 46 4.489 90 -2.456 53 0.019 54 0.987 39 1. 154 02 -1.284 92 1. 033 46 0.995 02
G-17 —-2.488 03 8.654 54 -5.197 03 0. 065 51 0.959 08 0. 660 89 0.714 02  -0.543 37 0.987 75
G-8 -0.666 51 2.706 66 -1.229 46 0.021 81 0.998 20 0. 666 03 1.679 68 -1.978 70 0.988 13
G-9 -0.815 49 3. 495 39 -1.762 51 0.029 21 0.998 05 0. 456 04 1.33148 -1.025 87 0.990 09
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