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Concrete Optimum Mixture Proportioning Based on
a Database Using Convex Hulls
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ABSTRACT This paper presents an optimum mixture design method for proportioning a concrete. In the proposed method, the
search space is constrained as the domain defined by the minimal convex region of a database, instead of the available range of
each component and the ratio composed of several components. The model for defining the search space which is expressed by
the effective region is proposed. The effective region model evaluates whether a mix-proportion is effective on processing for opti-
mization, yielding highly reliable results. Three concepts are adopted to realize the proposed methodology: A genetic algorithm
for the optimization; an artificial neural network for predicting material properties; and a convex hull for evaluating the effective
region. And then, it was applied to an optimization problem wherein the minimum cost should be obtained under a given strength
requirement. Experimental test results show that the mix-proportion obtained from the proposed methodology using convex hulls
is found to be more accurate and feasible than that obtained from a general optimum technique that does not consider this aspect.
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Fig. 2 Models used in optimum mix-proportioning
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Fig. 4 Diagram of a convex hull

: effective region

(a) Windowing

(b) convex hull

Fig. 5 Effective regions defined by windowing and convex hull

Tabel 1 Ranges of mixture data

Components Spe.ciﬁc Mini- | Maxi- | Ave-
weight | mum | mum | rage
Water-to-cement ratio
%) - 20.0 | 70.0 | 40.0
Water (kg/m”) - 108 | 225 171
Cement (kg/m’) 3.15~3.17 | 252 900 456
Fine aggregate (kg/m’) | 1.70~3.22 | 349 1074 | 712
Coarse aggregate (kg/m’)y 1.32~3.16 | 452 1416 924
Compressive strength
(MPS & - 110 | 145 | 545
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Table 2 Information to implement genetic algorithm

Process Method or condition Poort on
(%)

Selection Roulette wheel selection 10
Combination of the genes with ran-

Crossover domly selected genes from parents’ 70
genes
Addition of a random number taken

Mutation from a Gaussian distribution with 20
mean 0

. No improvement in the objective

Stopping .

condition function for a sequence of consec- -
utive generations of length 50

*Next generation is composed of 10% elite individuals chosen
using roulette wheel selection, 70% crossover individuals, and
20% mutation individuals
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JSoor(X) = PN -max{0,f,(x)—1.001, 0.999 -1 (x)}
)
o] 714 MR A5 (PN)f 1x10% 032, 2 Bye i9Hx

T4 A8 HFS g7t ?5}92—— o fx) =YX/ =
Akt T3 0.1% 22k 583k

f;‘eg(x) = PN (1 _-fcv(x)) (10)
714 £(x)E w7 FES e 1& FHslw, 1
9A) gom 0% EYSHE Parolth

fstr(x) = PN max{O,frc _.fprd(x)} (11)

2

A7 L aTEE AECIR, £ (0 E AT
ol s %8 Frwolch,

733=

il
k>
Ll
Ju
it}
ot
fjo
o
0p
o
in
=)
1
=
=)
b
N
=
H
H
i
m
ul
b
=D:=
o
[*N
W



FNﬁ

Table 3& QEzto 7 A& EE 7k A A8 o
7V4 3 ¥]5S YERdTH Table 4= 3714 o2 A=
kel

As % A R 99 Bk 290 W 21 Wy 2
38 UeRdth. Table 4914 CX Alelzel wpEre o]

EfHj o] 29] 5 gl ofs Fojs= 9 v
e s Yegt. =-AMER = Llrn TV ¥ éﬂr
o Blas) = o F 99 2l BF Tl e A
o7 FAEAN E3 AWE © ]Eb] 4%- CO /~] g
Z= 7hs7de] AT CX Alg=e] A4 oF 20% A=
Ze Aow Velytth 7149 A9 Co AlgzEY CX
Alglzg2 U2 wlehs Fotel oF 16% B Al Alxd

]}\

o], CX409] 7% =44
L7t WA AT o=
ABRA O R ARMEZF] o] Z
o CX503 CX60 A3 e

2 T4 & At U A

oA okt

Fig. 8% CX40 W& olgstel Azd 24

EBEE

< KS F 24029 uwe} 43 }Oﬂ\:} Fig. 8lA4]
5o] CX40 viFo 2 AzxE ZIZE

Aejel Y A

2 eIt ¥ AY

I % 9l

= fredel 79

glom AT = ST o] ddozRE A

ERFRIEDERRES IR AT
Hu o WS FE 2AL WEY
FYol BAZE YA FErhe o
2z 2o AL Az

o1 el
kA &S

P

_r_o1

gl 5 3

rhu

sl EAsHA
ozt A%

A

oM =2 2 s A7t

% & Aow e,
o] AFollA AFe A A E HolHWo|AE HIR
42 AE 3} oz FIE BA dF mdg UEo] HA wEs 7
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Table 5i= Table 4o A|A€ o] S 5o} /éa‘;‘a 3 Table 5 Comparison of the predicted strength and the strength
af 3 A= Pl A3E Yeig. FAYE ASAE by the compression test
Ade 74 A5 543 HE, 8 R, A" =4 Region |Required strength | Fop Relative
o ugl JFgFe w=], o A 754-4 74% A7 100 mm, model (more than) (MPa) | (MPa) |error (%)’
o] 200 mme] PFFAAE o] &3t FAEAL, A CX40 |40 MPa| 41.1 3.81 978
#2 KS F 24050 w2} =3t CO Alej=9] 45 Min-max | CX50 |50 MPa| 53.2 - -
SAE A=rh A58 AREG W UgA 27 = CX60 |60 MPa| 61.2 - -
AL HEH o QAT 8.13%E UERdt) o]dl uhal 40.6
CO40 (40 MPa| 43.9 . 8.13
Convex 0.91)
Table 3 Specification of components hull 51.3
- - - CO50 |50 MPa| 54.5 T 6.24
Component Unit cost (KRW/kg)| Specific gravity (1.93)
61.2
Water 0 1.00 CO60 | 60 MPa| 645 | s
Cement 79.2 3.15 (1.07)
Fine aggregate 370 261 : The numerical v.alues in parentheses pre.sent the standard devi-
C % 270 ations of 8 specimens of each CO series.
oarse aggregate . . ® The relative error is calculated as | Jord = Jexpl ! fexp % 100.

Table 4 Optimum mix-proportions according to region models and required strengths

. Optimum mix proportion (kg/m’)

Region model Required strength wle (%) Tine Conrse Cost . Jpra i
(more than) Water Cement aggregate aggregate (KRW/m?) (MPa)

CX40 40 MPa 45.5 138 303 1,027 1,003 31,635 41.1

Min-max” CX50 50 MPa 37.7 117 310 863 1,227 32,428 53.2
CX60 60 MPa 37.6 140 372 764 1,210 36,838 61.2

CO40 40 MPa 494 193 391 935 875 37,763 439

Convex hull| COS50 50 MPa 39.6 155 391 825 1090 38,203 54.5
CO60 60 MPa 345 166 481 840 969 44,865 64.5

“The min-max model (CX series) restricts the amount of the concrete components from a minimum to a maximum value of the database.
*The predicted compressive strengths by the artificial neural network are for cylindrical specimens with size 100 x 200 mm.
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(a) Slump test

(b) The state of fresh
concrete

Fig. 8 Fresh concrete made with CX40 mix-proportion
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