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Abstract

With regard to the adverse environmental impacts of cement production, the use of geopolymer
concrete (GPC) can be considered as an environmentally friendly approach for concreting.
This study deals with an experimental investigation on the effects of partial replacement of the
GGBS' (replaced with 5, 10, 15, 20, 25, and 30%) used in GPC with natural zeolite (NZ) and
silica fume (SF) simultaneously with different concentration (4, 6 and 8 M) of sodium
hydroxide (NaOH) together with sodium silicate (water glass) solution on the compressive
strength. Results indicate that increasing concentration of NaOH yields decreases the
compressive strength of the concrete. In contrast, adding NZ and SF into concrete results in
increasing the compressive strength. In addition, gene expression programming (GEP) was
employed to develop mathematical models for predicting the compressive strength of GPC
based on GGBS'. Using the experimental results, an extensive and reliable database of
compressive strength of GGBS-based GPC was obtained. The database comprises the
compressive strength results of 351 specimens produced from 117 different mixtures. The five
most influential parameters i.e., age of specimens, NaOH solution concentration, NZ, SF and
GGBS content of GPC, were considered as the input parameters for modeling. The results
reflected that the proposed models are accurate and possess a high prediction capability. The
findings of this study can enhance the re-use of GGBS for the development of GPC leading to
environmental protection and monetary benefits.

Keywords: Geopolymer Concrete, Pozzolan, Compressive Strength, Strength Prediction, Gene
Expression Programming.
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Models | Phase MAE |RMSE |[RAE |RRSE [R’ Models | Phase MAE |RMSE |RAE |RRSE [R’

GEP] |Training 2.645|3.428 [0.295[0.312 |0.903 |GEP11 |Training [2.291(3.157 |0.253]0.286 [0.921

Validation [3.1514.027 [0.373]0.382 |0.860 Validation |3.206 [4.029 [0.401]0.398 |0.849

GEP2 |Training 2.39913.033 ]0.279]0.287 |0.918 |GEP12 |Training |2.267(3.013 |0.251]0.272 [0.926

Validation [2.7663.297 [0.281]0.272 10.940 Validation |2.841[3.905 ]0.349]0.389 |0.855

GEP3 |Training 2.62813.527 ]0.288(0.313 10.904 |GEP13 |Training |2.650(3.271 [0.308]0.309 [0.906

Validation [2.0462.926 [0.267]0.316 |0.929 Validation |2.988 [4.076 [0.296]0.338 |0.886

GEP4 |Training 2.48413.503 [0.267[0.312 10.907 |GEP14 |Training |2.353]3.060 ]0.268|0.278 10.925

Validation [2.744|3.166 [0.389]0.334 |0.896 Validation [2.805(3.771 ]0.322]0.373 |0.863

GEP5 |Training 2.60413.664 [0.279]0.325 |0.899 |GEP15 |Training |2.751(3.306 [0.311]0.306 [0.909

Validation [3.122]3.802 |0.455[0.424 10.842 Validation [2.945(3.943 ]0.331]0.350 |0.883

GEP6 |Training 2.53813.359 [0.281(0.305 |0.908 |GEP16 |Training [2.342(2.969 |0.267]0.278 [0.924

Validation [3.0433.939 [0.375]0.382 |0.861 Validation |2.834(3.167 [0.306]0.270 {0.934

GEP7 |Training 2.87713.800 [0.320]0.347 |0.880 |GEP17 |Training |2.673[3.301 |0.305]0.303 {0.909

Validation [3.7494.629 [0.439]0.433 10.856 Validation |2.543(3.230 [0.309]0.329 |0.893

GEPS8 |Training 2.60413.306 [0.289{0.303 10.908 |GEP18 |Training |2.491[3.341 ]0.274]0.297 |0.913

Validation [2.6103.246 [0.312]0.301 |0.925 Validation |2.454 {2.855 [0.314]0.318 [0.904

GEP9 |Training 2.54613.362 [0.297]0.323 10.896 |GEP19 |Training |2.415(3.076 |0.257]0.268 [0.929

Validation [3.011)3.655 [0.304]0.300 |0.924 Validation |3.152(3.918 [0.466|0.485 |0.770

GEPI0 |Training 2.74813.726 [0.313]0.346 |0.881 |GEP20 |Training |2.506(3.222 ]0.281(0.297 |0.913

Validation [2.9343.614 [0.344]0.328 |0.895 Validation |3.232(3.984 [0.364]0.363 [0.940
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AS (day) | NaOH (M) | NZ (%) | SF (%) | GGBS (kg) | Exp. | GEP2 | GEPI6
7 4 0 0 37931 51.75]55.30 | 54.46
7 4 9483 |0 28448 | 49.3849.04 | 48.96
7 4 0 113.79 | 26552 |70.5 |73.22 | 71.56
7 6 569 |0 322.41 555 |49.05 | 50.50
7 6 0 37.93 |341.38 | 59.93|57.80 | 59.24
7 8 569 |0 322.41 499 |46.46 | 46.99
7 8 0 18.97 |360.34 | 50.67|51.97 |52.12
28 4 3793 |0 34138 |62.5 |59.50 | 59.44
28 4 7586 |0 30345 605 |57.72 |57.21
28 4 0 9483 |284.48 | 78.25|78.05 | 76.16
28 6 0 0 37931 54.83]57.79 | 59.86
28 6 0 569 |322.41 66.11|66.81 | 68.32
28 8 113.79 |0 26552 |51.7 |49.82 |49.81
28 8 0 37.93 |341.38 | 65.33|60.41 | 60.12
90 4 1897 |0 360.34 | 70.46]72.83 | 71.73
90 4 9483 |0 28448 | 67.82|71.14 | 67.27
90 4 0 569 |322.41 85.69 | 81.82 | 82.05
90 4 0 113.79 | 26552 |90.11]93.52 | 89.87
90 6 0 37.93 |341.38 | 74.47|73.72 | 75.90
90 8 569 |0 322.41 64.51|63.82 | 61.41
90 8 0 18.97 |360.34 | 64.33|67.24 | 66.54
90 8 0 7586 |303.45 | 70.03|73.79 | 73.39
90 8 0 113.79 |265.52 | 72.08|78.97 | 77.40
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