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Study on Optimum Mixture Design for Service Life of RC Structure subjected to
Chloride Attack - Genetic Algorithm Application

HYE" - O|ME
Kwon, Seung-Jun * Lee, Sung Chil

Abstract

A control of chloride diffusion coefficient is very essential for service life of reinforced concrete (RC) structures exposed to
chloride attack so that much studies have been focused on this work. The purpose of this study is to derive the intended dif-
fusion coefficient which satisfies intended service life and propose a technique for optimum concrete mixture through genetic
algorithm(GA). For this study, 30 data with mixture proportions and related diffusion coefficients are analyzed. Utilizing 27
data, fitness function for diffusion coefficient is obtained with variables of water to binder ratio(W/B), weight of cement, min-
eral admixture(slag, flay ash, and silica fume), sand, and coarse aggregate. 3 data are used for verification of the results from
GA. Average error from fitness function is observed to 18.7% for 27 data for diffusion coefficient with 16.0% of coefficient of
variance. For the verification using 3 data, a range of error for mixture proportions through GA is evaluated to 0.3~9.3% in 3
given diffusion coefficients. Assuming the durability design parameters like intended service life, cover depth, surface chloride
content, and replacement ratio of mineral admixture, target diffusion coefficient, where exterior conditions like relative humid-
ity(R.H.) and temperature, is derived and optimum design mixtures for concrete are proposed. In this paper, applicability of GA
is attempted for durability mixture design and the proposed technique would be improved with enhancement of comprehensive

data set including wider range of diffusion coefficients.

Keywords : concrete, genetic algorithm, durability design, diffusion coefficient, mixture design
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2.1 GA9| 7|20l

A} 4312]5(GA; Genetic Algorithm)ye thle] kA
A1 AAER ApAdE Y] dvlE 7o s AHE H
A3} darglE 7PHolth YRl FA7 I o2, &
719] Folgiarl Eel= A9 319 Fhs FATOTA,
e o] AlRRRI. 7AIEsR} SR 5, HAE 7]
Hell =2 AMEAoU, A2 o] BEETXE A4, ¥
A, A E HiFESl ARSI gt Z7]d] AR
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e AAEA 1 sl tigh Ag=rt ST =9, A%
=7t 718 & el HAFHoE HAAHATH(Goldberg, 1989;
Cantu'-Paz and Goldberg, 2000).
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Fig. 1 Genetic algorithm process (Mathworks, 2007)

Obtaining mixture proportions and diffusion coefficient (30 set) ‘

- output : diffusion coefficient

...... e e s DA

Derivation of fitness curve with mixture conditions among 27 sets

- input : W/B, Cement, Mineral admixtures, Sand, Coarse aggregate

l

- limitation of input boundary

Application of Genetic Algorithm

Comparison with results from GA and test (3 sets)

through Matlab programing

3) Determination of cover depth

5) Optimum mixture design through GA technique

1) Determination of intended service and critical chloride content
2) Evaluation of environmental conditions (temperature and R.H.)

4) Derivation of target diffusion coefficient considering parameters
-ternperature, humidity, admixture, time effect on diffusion

Suggestion of mixture design for chloride attack

Fig. 2 Flowchart for this study
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Table 1. Mixture design and strength (28 days)

Items W o Ur.nT weight (k.g/m3) Bmd.er><% Strength cl(?;gijcsig);

Names (%) (%) W Cementitious Materials S G Admixture (l\:[jl;a, 28 x10-12

of Mix. C |GGBS| FA | SF sp AE ys) (m?/sec)
NPC100-37 37 45 168 | 454 - - - 767 | 952 1.0 0.017 49.0 4.1
NPC100-42* 42 45 168 | 400 - - - 787 | 976 0.9 0.015 443 52
NPC100-47 47 47 168 357 - - - 838 960 0.85 0.017 385 7.3
G30N70-37 37 45 168 318 136 - - 762 | 946 0.8 0.018 47.0 2.1
G30N70-42 42 45 168 | 280 120 - - 783 972 0.75 0.013 40.5 3.0
G30N70-47 47 47 168 | 250 107 - - 835 956 0.65 0.015 37.0 32
G50N50-37 37 45 168 | 227 | 227 - - 760 | 943 0.75 0.017 473 1.4
G50N50-42 42 45 168 | 200 | 200 - - 780 | 969 0.7 0.0135 42.6 1.6
G50N50-47 47 47 168 178 179 - - 832 | 953 0.6 0.015 382 1.7
F10N90-37 37 45 168 | 409 - 45 - 760 | 943 0.75 0.018 442 3.5
F10N90-42 42 45 168 360 - 40 - 780 | 969 0.9 0.021 38.0 52
F10N90-47 47 47 168 321 - 36 - 832 | 952 0.75 0.017 343 6.2
F20N80-37 37 45 168 363 - 91 - 752 | 934 0.75 0.018 425 32
F20N80-42 42 45 168 320 - 80 - 774 | 961 0.85 0.025 373 4.0
F20N80-47 47 47 168 | 286 - 71 - 826 | 946 0.7 0.017 323 5.9
F30N70-37 37 45 168 318 - 136 | - 745 952 0.75 0.2 38.2 3.9
F30N70-42* 42 45 168 | 280 - 120 | - 768 953 0.75 0.015 33.0 43
F30N70-47 47 47 168 | 250 - 107 | - 820 | 939 0.65 0.019 28.5 5.9
F10S05-37 37 45 168 386 - 45 | 23 756 | 938 1.0 0.023 49.0 22
F10S05-42 42 45 168 340 - 40 | 20 777 | 965 0.9 0.021 42.6 2.8
F10S05-47 47 47 168 303 - 36 | 18 829 | 950 0.9 0.021 38.0 33
F20805-37* 37 45 168 340 - 91 | 23 749 | 929 0.9 0.023 452 2.5
F20S05-42 42 45 168 300 - 80 | 20 771 957 0.85 0.025 40.9 3.6
F20S05-47 47 47 168 | 268 - 71 18 810 | 927 0.9 0.025 36.1 3.8
G30S05-37 37 45 168 | 295 136 - 23 759 | 942 0.75 0.015 49.1 1.4
G30S05-42 42 45 168 | 260 120 - 20 765 949 0.75 0.015 43.6 1.9
G30S05-47 47 47 168 | 232 107 - 18 832 | 952 0.8 0.015 36.3 2.1(1.8)
G35F15-37 37 45 168 | 227 159 68 - 751 932 0.65 0.014 48.1 1.8
G35F15-42 42 45 168 | 200 140 60 - 773 959 0.65 0.014 41.0 1.9
G35F15-47 47 47 168 178 125 54 - 804 | 921 0.7 0.014 36.0 23

GGBS : ground granulated blast furnace slag FA : fly ash

SF : slica fume S : sand

W/B : water to binder ratio G : coarse aggregate

SP : super plasticizer AE : Air entrainer

* : data for verification

Table 2. Chemical composition and properties of binding materials

Htems Chemical composition(%) Phy.sical properti.es

Types Si0; ALO; FexOs Ca0 MgO S0, Ig. loss iﬁzatf;c (Eﬁéj‘ge)
OPC 21.96 5.27 3.44 63.41 2.13 1.96 0.79 3.16 3,214
GGBFS 32.74 13.23 0.41 44.14 5.62 1.84 0.2 2.89 4,340
FA 55.66 27.76 7.04 2.70 1.14 0.49 43 2.19 3,621

SF 93.3 0.5 1.21 0.27 1.03 0.02 1.1 2.21 190.620

OPC : Ordinary Portland Cement

AL felixe, vigtdERIAlE = sk Y kA |3t gs3sd B ZF Y31, FIRIAZE= W/B
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7] 13l Wigre] 2718s -l A8k A 3, o
2 Zt Wk 7HE ¢ ol SIS SES] Sl 2-shke
o] dgsitt. ey BIE Wl bl HAE WA A
A3t SAE BAEE o]k HAVHES 2714kl
o3| A= FHE 7Fs7de] UiAl=Eo] k. webr] WY
e 7 & e GASH 22 Vo] AdsEth GAE ¥
et HAHSREAleA = W] Thes HelE Huig WA
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E94 ofu|7} fEg HeWelA sivt gxElofjof it} w
2hx] HAH TAA wige] AARAS AMSARY] ARS
o] 83IAXNE 7Fsgk 319 Pl thete] sl o] =]
E5 A-3 HeE AAE= Aol niEsit B sl A
T GAE °|&3 ta3]d] #44s EF317] 918l Table
37} o] Zt wigrol] gt hsdl HMelE AEs.

AMEHT TR &L, SEteldH, 2Py 5
71l w2t ShHAlE AR, (-)F THIES d1%le
o, EAFART HE -50~502 TAE=S sl HHSE
4 UAES ST ¢ A 2 F2 A o
HIgRRIA SOl HIs) iAo vre GRS 7ivarl &
NomF 5-59] HLAE THRAES Gt

2 =weMe HA tded AT AHuds ==37] 9
3l matlab®] GA ToolboxE ARSI, 2t WMyl tigh
7Fsal ®ele FEgh el dist] AGsiE g &
UEF Table 37 o] A3t g At =7
(Population size)= 2022 3.0 At (Generation)y=
Z715EE WAB] 918l 10,0000 3K 271 14191
S A Y8l L= (Uniform function)S AH8-3}
RaL 2 AT BAS Seexde vt 2o A48t
Aok AL 93 B A FAIRH U
(Stochastic uniform function)s ©]-&319 F 7He] <70

i

A7F ok AdlE AGE=E AFser, wdrEs
okl Ea EAWHO] FEe AR EdsE A3
ot 3 wHfE-S 0.8S ARSI

2 2PIME WidAEE HEE ke JAgse =5 2
A= Jephar itk e 222 213 Mg W
o] E3MA|(AEA, AEZFAl 592 E38h= Zlo] vl
vk o= ER SYE(15 cm)et BE F715H4.5%)°) thele,
s EsHAIE ARl 71Pgste] aEskA] edsdth.

Dapp(mz/sec) = [4622.882—43.512(W/B)—4.569(C)—6.044(Slag)

—4.641(FA)-8.271(SF)~0.992(S)+0.262(G) ] x 10 @

A7, Dy BRI A, wiBe E-ARARI(%), ©
= 9 AHNEHH(kgm?), Slag, 4, SFe 247 @9 1=
S vE T kgm®), Feo] Rl (kg/m?), A7t F(kg/
m’), S G= Y FEA] 2 F& A kgm’yS UE
Wiz Qick

£ AFoxe A7) viRIAE A¥3| AR o= o)
sttt 2R7| FiAIGe EASARIE Yo 3R
Ao o] &3 A7+ AAIFe] JATHThomas and Bentz,
2002), E3HAje] S Aoz ISk AdMe B
NS 7HAAL k. 71Ee] A9N(Lim et al., 2004)004]
= 14T FIYE A= g SHEe] s Sl
Z¥zro] WIS A¥oz 7Pgeidad], B ATelAly
A 37 42 A, 2] aigIAke] d¥e vt
sl g3l #4S Tl o, olF ol83dle] GAE
&390 B2 MRS 553 &, vAY o3
ATAE B3t F4Q0 s B3k Zo| vt
F2I) 4 (2)S B3l] =&d oAke] H-e HA 274
o] FalA |Gzl thated, 18.7%E ol 3t HEAFE
16.0%°2 FAE T S wighs 71zl AlHo|g} sl
g, T 2 ket MEATE T der=
(Kwon et al., 2009; HERiREI S, 1998), 16.0% T2
HEAlTE Adsithal & 4 don, dukzo=z 0.2017%4¢]
A gt |EATE W3 SSE alAdollA At
4331 AThStewrt and Mullard, 2007; Stewrt, 2004;
Stewrt and Rosowsky, 2004; Sudret er al., 2005). Fig.
3xe AFE 2 plA H7rE kel vlnE veRia

o)

o}
WTES 3 wigke A4S e, EssE vl A
ke A% BRARI wiglyHo] @ 4 ok 12 S
)BTRS ARES 9, EEto] oflvhe ARSRS BT,
ae)an EE, Zoleld, ARPREe BF AMSES A
2 BFSl, 39 B2S =E3la 0 2 HEASE
P25 Table 49} o] YeRd 4= Stk

217} =29 A7E 190 ® YepW Fig 49} Zo] Y
BB 5= QJEd), 53] FAZ E903F 49l AR dAxp)

Table 3. Variables for multi regression analysis for fithess function

Type W/B C GGBFS FA SF_ o G Constant
(%) (kg/m’) (kg/m”) (kg/m’) (kg/m”) (kg/m’) (kg/m”) )
Max 100 0 0 0 0 5 5 2000
Min -100 -100 -100 -100 -100 5 -5 6000
B304 HES5AE - 20104 9A —437 -
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Fig. 3 Comparison with results from experiment and GA Table 5eA E31QSE ST APoE T54 ks
analysis YERHAL glom, gk 9 algkx|e] AAIRAS tHdste]
iAo mE wigs ==319c). sl HHlrE =
Al B7EE AT Table 49 FHAE2 AMSE ESHA) 3l AT 2)s TS AAsle T3] Bol
TR0l wet FA% RoARE, B dAFME AQ)FE Ve EARlEE, AFeY 555 93 AAIge] Ao Fas)
o7 WiEEE s k. HIFY FAEAS B3 of B HHUPY zEasidie ARk 2 RIS 49}
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Apparent diffusion (E™mIsec)

o

Table 4. Results of regression analysis for different mixture conditions

Regression analysis

D, (m”/sec) = [X1(W/B)+X2(C) +X3(Slag)+ XAFA)+X5(SF)+ X6(S)+X7(G)+X8]x 10 *

Type X1 X2 X3 X4 X5 X6 X7 x8 ‘t‘;f;*r‘g&‘;f Sforv(;g
GGBFS | -1530356 | -139.692 |-141302| 0.000 | 0.000 | 28.011 | -16220 |114479.155| 199 182
FA 213.081 | 19874 | 0000 19832| 0000| 0573 | 4887 21588913 4.1 3.1
GGBFS+FA+SF|  -50.171 4919 | -6562| -5.666 | -12.172 | 1776 | -0321| 3514.843| 194 9.2

™ Hiest @ rogression 1 B @regrossion | st eregessen

5”"' <™ 7 * :m

jo . i~ i- .

A ” |

(b) FA

(@) GGBFS

(c) GGBFS+FA+SF

Fig. 4 Regression analysis with separate mineral admixture conditions

Table 5. Verification of proposed technique for mixture design using GA

Results w/C C Slag FA SF Sand aC(;ZIS;e
) @) | kem) | (gm) | Ggmd) | (e | kgmd) | SGERE
Case 1 GA 422 398.6 0.0 0.0 0.0 789.3 959.6

target diffusion | (boundary range 35~45 | 390~410 0.0~0.0 0.0~0.0 0.0~0.0 | 750~850 | 950~1000
coefficient

5.0x10712 test 4.0 400.0 0.0 0.0 0.0 787.0 976.0
(m%sec) error (%) 0.5 035 - - - 03 1.7
Case 2 GA 43.0 2539 0.0 134.7 0.0 766.2 969.5

target diffusion | (boundary range) | 35-45 | 250~300 0.0~0.0 110~150 | 0.0~0.0 | 750~850 | 950~1000
coefficient

431012 test 2.0 280 0.0 120.0 0.0 768 953.0
(m*/sec) error (%) 24 9.3 - 122 - 0.2 1.7
Case 3 GA 36.9 348.4 0.0 89.6 21.8 799.8 994.5

target diffusion | (boundary range) | 35-45 | 330-380 0.0~0.0 |80.0~100.0 | 10.0~35.0 | 750~850 | 950~1000
coefficient

2 5x10-12 test 37.0 340.0 0.0 91 23.0 749.0 929.0
(m*/sec) error (%) 0.3 2.5 - 45 52 6.7 7.0
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Table 6. Assumptions for durability design parameters

Structure Type A Type B

Intended service life 100 years 75 years

Critical chloride content 1.2 kg/m? 1.2 kg/m®

Surface chloride content 13.0 kg/m? 9.0 kg/m’
Exterior condition Temp. : 10°C, R.H. : 100% Temp. : 20°C, R.H. : 70%

Mineral admixtures Slag (30%) N/A
Cover depth 10.0 cm 8.0 cm 12.0 cm 9.0 cm

Target diffusion coefficient (28 days) x107">’m?/sec 7.23 4.65 9.51 5.42
Target diffusion coefficient (6 months) x10™'’m?%sec 3.63 2.33 6.55 3.72
Mixture design M1 M2 M3 M4

Table 7. Results of mixture proportions from GA
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Fig. 6 Simulation results with iteration using genetic algorithm
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