Journal of the Socicty of Korea Industrial and Systems Engineering

Vol. 33, No. 4, pp.122—129, December 2010.

NZAY 0]&37} Mahalanobis Distance 0[] E2¥l9 2 0]23
13 32E Z= & Y g A A

A9

_ﬁ)\_“

ol

Frhsta

ofj

sojst 44 FF s

Modeling of Strength of High Performance Concrete with
Artificial Neural Network and Mahalanobis Distance Outlier
Detection Method

Jungeui Hong*

Department of Industrial and Management Engineering, Chungju National University

High-performance concrete (HPC) is a new terminology used in concrete construction industry. Several studies have shown
that concrete strength development is determined not only by the water-to-cement ratio but also influenced by the content of
other concrete ingredients. HPC is a highly complex material, which makes modeling its behavior a very difficult task. This
paper aimed at demonstrating the possibilities of adapting artificial neural network (ANN) to predict the comprresive strength
of HPC. Mahalanobis Distance (MD) outlier detection method used for the purpose increase prediction ability of ANN. The
detailed procedure of calculating Mahalanobis Distance (MD) is described. The effects of outlier compared with before and after
artificial neural network training. MD outlier detection method successfully removed existence of outlier and improved the neural

network training and prediction perfomance.
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<E 1> 232|E YNFA

H e Range of Component

Al Cement 137~374(kg/m3)

A2 Blast Furnace Slag 0~193(kg/m3)

A3 Fly Ash 0~260(kg/m3)

A4 Water 160~240(kg/m3)

A3 Superplasticizer 4.4~19(kg/m3)

Ab Coarse Aggregate 708~1050(kg/m3)

A7 Fine Aggregate 640~902(kg/m3)

A8 Slump 0~29(cm)

A9 Flow 20~78(cm)

<E 2> 1A% B32|E Z%(Sample)
Cement Blastsllz:gmace Fly Ash | Water Su%?;glrastl Agé)r?er;:te AggFr‘ggate Siump | Flow | Strength

1 273 82 105 210 9 904 680 23 62 34.99
2 163 149 191 180 12 843 746 0 20 41.14
3 162 148 191 179 16 840 743 1 20 41.81
4 162 148 190 179 19 338 741 3 21.5 42.08
5 154 112 144 220 10 923 658 20 64 26.82
6 147 89 115 202 9 860 829 23 55 25.21
7 152 139 178 168 18 944 695 0 20 38.86
8 1435 227 240 750 853 145 585 36.59
9 152 237 204 785 892 153 51 32.71
10 304 0 140 214 895 722 19 51 38.46
11 145 106 136 208 10 751 283 245 61 26.02
12 148 109 139 193 7 768 902 23.75 58 28.03
13 142 130 167 215 6 735 836 255 67 31.37
14 354 0 0 234 6 959 691 17 54 33.91
15 374 0 0 190 7 1013 730 145 42.5 32.44
16 159 116 149 175 15 953 720 235 54.5 34,05
17 153 0 239 200 6 1002 684 12 35 28.29
18 295 106 136 206 It 750 766 25 68.5 41.01
19 310 0 143 168 10 914 804 20.5 48.2 49.3
20 296 97 0 219 9 932 685 15 48.5 29.23
21 305 100 0 196 10 959 705 20 49 29.77
2 310 0 143 218 10 787 804 i3 46 36.19
23 148 180 0 183 i1 972 757 0 20 18.52
24 146 178 0 192 1 961 749 18 46 17.19
25 142 130 167 174 11 883 785 0 20 36.72
26 140 128 164 183 12 871 775 2375 53 3338
27 308 111 142 217 10 783 686 25 70 42.08
28 295 106 136 208 6 871 650 265 70 394
29 298 107 137 201 6 878 655 16 26 41.27
30 314 ] 161 207 6 851 757 215 64 41.14
31 321 0 164 190 5 870 774 24 60 45.82
32 349 178 230 6 785 721 20 68.5 43.95
3 366 187 191 7 824 757 2475 62.7 52.65
34 274 89 115 202 9 759 827 26.5 68 3552
35 137 167 214 226 6 708 757 27.5 70 34.45




LY OlZ1 Mahalanobis Distance OMyX| Eratw

25

1%

S 0|80t NPT BIAAE FET OIS DY YO [ AT 155

15 fes - s ss sas oo sss

ORI S o L T

------------------------------------------------------------

--------

1 6 1 16 21 26 31 36 41 46

%6 61 66 71 76 8 8 91 9 101

I8l 1> MDZETE OlAKR|

4. MZYE 01
oI5 =g

uZE 232|E I

AR o]8o] 7THE FE VIS o&dtd Hid

HlolHE o] &sle dq&rde /Wd 7tedhg &
631} gk A8 AAE ste] 9789 43 Node,
b 71¢) Hidden layer, T8 3 £ 30] & 719 NodeZ
74 A5 A7 (Back-Propagation Neural Network)S:
A3 TE. Hidden Layer node® 7§+ hullo] €]
o) wte} A weight matix®] AAFe] 7} S| o]
B ATsE 9 g WM AAYT Hol
TEE Sigmoid¥TE AHESACH o]F 3 4E
dlo]E 2] GeneralizationS g3 Ze& A& 0|43}
w3 soi

ro" [RURN:3

XX,
= Tar, min Ym%im

max min

X ( Ta‘rmax - Ta("min) (3)

ol & AA A F 103709 uolE F A
o] &3t 7Z+z} 30, 40, 50749 ©HlojE]E MY
2+7k 200,0008] ©]A+9] Iterations HA 9] SSEFLS
Weight MatrixZ A3l o]F o] &3le] 1037]¢]
Hol| digt A=& 534t <19 2> g5 4
9o ol wE &g HA AEee] T ojr}
7& & HA9] diojele} vy et A
o] g3l A@AFY FoE vusdr). 4
s lé%)cﬂ} é&x%M 43 #AE Yehie
ojt}y, A#A 1?+ Atolol] EAEtL AT
o

1

& 5

i

I

jaln]
2 oy

}

O @ N O
o =2
oo N
L__FW

el

=

Mﬁmm

1
I % dEgst AAge) TS
- 949 AagAE Yehan, &
3 F @Aelsl guaArt g

o ==
:L
_\;\L
Mo

411 -W

T
=
oy

re
o
F3 .{o
% o

ﬂd
ox.

-

a7

b d
[l

¢

mo o 4 olo b o o 2
gL
o

)

S

o
i)

<E 3 oBAE AARA WE dFlA I
2 45e 9o 4EE dolHg AT S A3
B 28 A2 ge A dolHg vnde 98 A

i

|+€ vehia 3ok

CE 3> OIAHI HFHHS| AL Bl

MH| Data | 30 Data

0.967

40 Data
0.982

50 Data
" 0.993

AEAS

—

<H 4>E oJAAE AAT T data FoIA oA AA
A7 wpAz A AR Ed AL 4F ;% FHA
FE BHAFa 9l

<E 4> OJA] MAHZ2| a7+ Hln

M# Data | 30 Data | 40 Data 50Data

0.984 0.996 0.996

4> M9} o] o|AAE AANA ¥
Ao HolH 5 YR FHElelHE AAs] A7
BEge 433 A ggdolE e
AaAG kel 09672 Ve
AAT A5 FHAT 0984EE}
‘Ur & OWX & AAT 7
AR dgg B AR ol A& Aﬂﬂ
A @& A Bk 58 %5’3{%}711 veldlS &
Atk <HE 4E oAAZ AAT T JE dHoly A
F2 WshaN AAe BA=@I 45 Fde AHEA
S ol gt ABAFE JeERITE o)A E AAT
H}OlEt stgdlolE e ol FAR] A BT A
#ATE YERT ek

o A3t ol 4AE
BT R ¥

o T‘ o o
o

gO



126

B

10

. HPC Z=9 w4olo] 2 e

L

A
7

s

60

50

40

30

20

10

- Actual

......... aosample

~~~~~ 405ample

50 sample

i 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101

<8 2> O[dxl MAHHL| oS A

- = = actual

......... 30sample

----- 40sample

50 sample

LA A M B A Bt I I L 2 A M A B A M A e A e I AR B A e e ]

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79
<8 3> O|&x| MAH=2 oS Zx}

e T A& 2AHY Weight MatrixE
o] &3t HAAY HF&

s ACTURL

...... o 40sample

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76

G 4 Y o Fa

%—' A5 AAE <a¥ 4> 4
2 A7 THE 284 AATE ol AFEDE e W Aﬂvl E dehd dA A9l o@
S AAT F 40709 FFHClEE o8sle] Sy fEe 2 AF J ol gd d¥ 2AL <E 5,
+ AA SA dolHete RATIE 099602 <& 63



4BT OI=1 Mahalanobis Distance O1%X| E#EHHA 0|88t NPT BIZE ZT IE T JH2| & AT 197

<H 5 FHE MU=z A

Blast Furnace - Coarse Fine
case | Cement Slag Fly Ash | Water | Superplasticizer Aggregate | Aggregate Slump | Flow | Strength
50 326 0 167 174 6 884 792 21.5 42 52.65
33 366 0 187 191 7 824 757 24.75 62.7 52.65
<& 6> HAYS 0|83 HSE M Y=EA
Blast Furnace - Coarse Fine
case | Cement Slag Fly Ash | Water | Superplasticizer Agaregate | Agaregate Slump | Flow Strength
i 366 0 211 190 5.86 932 738.25 21.75 49 54.92
2 366 0 211 180 5.86 . 932 735.25 21.75 49 5488
3 366 0 211 170 5.86 932 738.25 21.75 49 547
4 366 0 211 165 5.86 932 735.28 21.75 49 54.55
5 366 0 211 160 5.86 932 735.25 21.75 49 54.36
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