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Abstract

Concrete quality is mainly managed through the reliable prediction and control of compressive strength. Although
related industries have established a relevant datasets based on the mixture proportions and compressive strength
gain, whereas they have not been shared due to various reasons including technology leakage. Consequently, the costs
and efforts for quality control have been wasted excessively. This study aimed to develop a web-based numerical
model, which would present diverse optimal values including concrete strength prediction to the user, and to establish
a sustainable database (DB) collection system by inducing the data entered by the user to be collected for the DB. The
system handles the overall technology related to the concrete. Particularly, it predicts compressive strength at a mean
accuracy of 89.2% by applying the artificial neural network method, modeled based on extensive DBs.
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1) OPC: ordinary Portland cement, FA: fly ash, GGBS: ground
granulated blast furnace slag, SF: silica fume
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Figure 1. Distribution of main parameters in database
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[ Project }—>|

Add Modify }—>| Project & company name, address, evaluation type, evaluation date ‘

[ Input ]—>| Material properties }——>| Binder H OPC,FA, GGBS, SF (density, surface area chemical composition ratio) ‘
Ll Fine |—»| Sand, crushed sand, artificial lightweight, bottom ash. recycled aggregate ;
aggregate {density, max size, unit volume weight, absorption ratio, solid contents, fineness modulus)
Coarse Gravel, river gravel, artificial lightweight, bottom ash. recycled aggregate ;
aggregate (density. max size, unit vohume weight, absorption ratio, solid contents. fineness modulus)

| Other materials |—»| Fiber (Steel. PP. Nylon. PVA, PET). Filler Material (solid bubble, nano filer, CNTs) |

—b| Admixture }—>| Superplasticizer (polvcarboxvlate, Hgninic, melaninic), Additives (retarder, hardener) ‘

| Mixing design H per—fr‘tsrrrrgl:ilce H Compressive strength, slump, air contents, type of binder ‘

| Strength develop }—>| Mix proportion }—p W/B. S/a. Water. Binder(replacement ratio). Fine and coarse aggregate (replacement ratio),
Admixture, Fiber

| Curing condition }—>| Curing type & temperature

| Test constants H Apparent activation energy, strength development constant, final setting time

| Test results

}—>| Fresh concrete H Slump, air contents(initial 30-60 min ), unit volume weight

| Hardened concrete H Compressive, tensile, flexural strength, elasticity modulus, oven-dry density

| Standard design H Example of mix desizn Genetic Algorithm (GA), Optimal mix design by replacement ratio of binder

| Strength develop H W/B, §/a, Unit vohume weight of materials

H Design strength, strength by curing age

: Environmental CO, emission H CO, emissior. costs table, material-specific costs table. process-specific costs table
impact assessment

| EIA system H Environmental Impact Assessment (EIA) scale table and figure

[ Output ]—>| Aggregate ratio H Apggregate H Mixing ratio for aggregate type. optimized particle distribution. passing percentage ‘

| CO, capture H Evaluation member, count and classification of exposure surface, CO, capture

Figure 3. Distribution of main parameters in database
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Figure 4. Example of input window

Table 1. Database collection factors in the developed program

Type Collection factors

Binder  Density, Surface area, Chemical composition,

Typele.g. natural, lightweight, recycled),

Raw Aggtrgf Density(oven—dried, saturated),
material 9 Water absorption, Fineness modulus
Reinforcing fiber (steel, PP, PVA, PET), Filler
other material (solid bubble, nano filler, carbon

nano-tube)

W/B, S/a, Unit weight of contents,

Mixture. proportion Replacement ratio of binder and aggregate

Curing condition Temperature (equivalent, elevated)

Performance of Fresh
concrete

Initial slump, Air contents,
Unit volume weight

Strength(Compressive, tensile, flexural),
Elasticity modulus, Strain at peak, Poisson’s
ratio, Oven—dry density

Performance of
Hardened concrete
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Table 2. Details of input and output values in each stage

Type Variable definition Unit Range
Compressive _
Qutput strength MPa 10.1-166.8
W/B % 125-789
Sla % 20.4-68.9
Unit water contents kg/m® 97 -2475
Input
FA % 0-55
Replacement GGBS o 0-80
ratio by °
SF % 0-30
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Figure 6. Evaluation process by ANN
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Figure 7. Output versus target values of ANN test sets



Table 3. Compressive strength estimation by ANN model

Ordinary Portland cement

Binary blended cement Ternary blended cement

No. 15<W/B<40 40<W/B<55 55<W/B<B0 15<W/B<40 40<W/B<55 55<W/B<B0 15<W/B<40 40<W/B<55 55<W/B<80
Mean larget 69.0 266 20.1 776 317 237 499 246 207
Mean Quedt 721 29.4 234 854 362 279 515 268 224
Mg?g (e/”f’r 429 6.12 879 10.01 14.20 17.54 332 8.92 8.14
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