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A Study on Design of Mix Proportion for Concrete using Recycled Aggregate
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Abstract
Various desired performances of concrete cannot be always obtained by current conventional mix proportion
methods for recycled aggregate concrete (RAC), This paper suggests a new design method of mix proportion for
RAC to reduce the number of trial mixes using genetic algorithm (GA) which has been an optimization
technique to solve the multi—object problem, In mix design method by GA, several fitness functions for the
required properties of concrete, i,e., slump, strength, price, and carbonation speed coefficient were considered
based on conventional data or fitness function, As a result, various optimum mix proportions for RAC that meet
required performances were obtained and the risk evaluation was also conducted for selected mixtures,
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Tbit 11bits 52bits Genotype

Cement Coarse aggregate Fine aggregate Admixture Chemical agent
ID Info. ID Info. 1D Info. ID Info. 1D Info.
11 0011 10 0011-- 00 1011+~ 11 0011+ 00 0101---

T T |

‘ Class: 4 Types, ID: Cement No.
\ Info.: Specific gravity, Cement strength, Price, etc.

\ Class: 17 Types, ID: Natural/Recycled aggregate
| Info.: Density, Water absorption, Size, Absolute volume, Price, etc.

Class: 3 Types, ID: Admixture No.

Info.: Density, Fitness modulus, Size, Absolute volume, Price, etc.
_"{ Info.: Specific gravity, Blaine, Price, etc.

-

Class: 7 Types, ID: Acceleration/Delay type

‘ Class: 18 Types, ID: Natural/Recycled aggregate ‘
Contents: Standard addition, Air volume, Price, etc. ‘

Decoding ~__%~ Phenotype “_~  Encoding
Mix Proportion of Recycled Aggregate Concrete
Water Cement Recycled aggregate Admixture | Chemicalagent
Fitness Function

Slump (cm) W‘/Wp Diffusion of CO, Do,
Density (ton/m3-28days) DZM{W Compressive Strength (MPa) E
Dry Shrinkage (p) Dshm,mgg E-modulus (kMPa) E.

CO2 emission (kg/m?3) sz Price (Yen/m3) E.,,
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<93 (Maruyama, 2002)

Wg,umpzaxLog(rc)xm+b )
oF=7%? (Noguchi, 2003)
F.=F xR, xR, xR, xR, ©)
e A4 (Hashin, 1962)
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I 1. Case study 74
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15¢cm 36MPa iNpds 24GPa
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200 0.2% 200M|CH 13000
N+1
Determine the P, fitness Genotype
(i=1, if wrd) Phenotype
Selection
(Roulette Wheel) Repeat
3 from Py
Uniform crossover .to P.i
(Random) criterion

Temporary generation
v
Mutation
(Bitinversion)
v

| Select n Pareto genes |

[Note]

P;: required performance

n: the number of genes
in a generation

N: Nth generation

Final Selection

T2 274s ?#4

W/C Cement | Sand | Aggregate | Additive Admiture
(%) (kg) (kg) (kg) (kg) (%/C)
67 221 760 1044 87.7 -

63 300 765 985 - 0.1
56 290 739 1067 - 1.1
61 277 720 1083 - 1.1
Strength
2
slump Specific-gravity —4— Mix1
—— Mix2
—A— Mix3
Mix4

Final setting

Young's modulus

4 cEEN 23E 45578



UETWE ol3er 2IYEY HiEEHA A AP AL

[

-

FASHIL 25} 4240 GAZ olg3le] A4S PEsl

1, Maruyama, T, Noguchi, M, Kanematsu : Optimization of
Concrete Mix Proportion Centered on Fresh Properties by
Genetic Algorithm, Indian Concrete, 76, pp.567~573, 2002.1

2. T. Noguchi, I, Maruyama and M, Kanematsu : Performance
—Based Design System for Concrete Mixture with
Multi—Optimizing Genetic Algorithm, 11th international
congress on the chemistry of cement, Durban, 2003

3. 7. Hashin : The Elastic Modulus of Hetero—homogeneous
Materials, J, of App. Mech, 29(1). pp.143~150, 1962

- 103 -



