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Evaluation of artificial intelligence models to estimate
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Abstract

Nowadays roller compacted concrete(RCC) are used to be built dams and roads, in recent years
use of RCC are extend because of its advantages, such as the Shorten of construction time,
availability of required materials and reduce the cost of construction. The sensitivity of RCC to
its ingredients and mix design is caused problems in anticipation of compressive strength.
Parameters such as cement content, water-cement ratio, the amount of replaced cementitious
materials and maximum aggregates size affects the RCC compressive strength. Nowadays
modeling with neural networks has found a special place in technical Sciences and engineering,
and the behavior prediction of materials that faced with complexity, partly it is possible with the
helping of this method. In this study mix design parameters are considered as dataset, modeling
is performed with Adaptive Neuro Fuzzy Inference System(ANFIS) and Artificial Neural
Network(ANN). Different RCC mixes design are used for evaluate performance of these models.
The modeling results of 28 day's compressive strength are compared with each other. Evaluation
of this study indicate that ANFIS and ANN have high ability to model compressive strength of
RCC, and the performance of these methods are similar and very close.
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2 Root Mean Square Error (RMSE)
3 Mean Absolute Error (MAE)



WWAO olo e VO — ylpes — oylpl oo Al o uil xS cpaaiivn

oas oold o o 4y (699,9 ylgie 4 csloaus SOV Joaz j0 a8 (6,Lisd Cooglin )|;\f Sl ‘51.%)3.4)[,: el 00l u)f S e

LT olei g b Juo (5399 b yiel)l — ¥ Jgur

[ka/m°] alscus,s o X1
[kg/m*]  ailsj, jlaie X2
[ka/m*]  loss Hlaie X3
Slowms Slga 4 O Cons X4
[kg/m*] ol Sl jlais X5
[kg/m*] oT lace X6

! losns 8lge duo o X7
[kg/m*] Cloaals gogsdl laie X8
alag ) 4 alacad 0 o X9
[Mm] 3 pas ailocKim 3o atiion X10

ool (gukispmmads — F

g Tiono o igel (slmesls s 39y 00ld (s ¥ Bime LS gian Lhgn aliwg roasay [LE, ilw Joe o
5 ool JS a5 00 53 slaools 5l gy o i T co duay Wosls JS 51 glate slaas,s 38,5 Ll o L as" yg05]
] 00 00)5T Y Jj«.\} B 69.».».'4) (s~as —6)l3 CL......»:‘ W 9 SHman (omal Aiﬁw

ool g 2w sluiel (hjgel Wosls wuoyo — TV Jou

‘5;2:)'}41 oalo 1Y 1.Y0
i el ool /0 -
‘5.:‘.,[&)’1 ool 1\0 1.Y0

, flyash

cement +flyash

2 Train Data

3 Validation Data

4 Test Data



VYAD oloyoe VO — s — ool u aldle Lo (il oS et

&l s &1y — &

‘5»4:*6)L9 CW‘ngwM&uédﬂ»5¢é~Lﬁwo)5) YA Lg)L.Mﬁ WBLQA G)L»Jd..cd.: Joy)‘c C;Lu
ol oo &1l Jglaz g JICSI B 5o (g5lw Jow gy S8 4y aslol jo gitas

sl
80
70 | R?=0.9783
. e
4 60 o® "..' °
ﬂ . [ ] t.-.
19 odss
S 40 o
= e
430 X 2
3 | Y
% 20 P
0 J’
0
0 10 20 30 40 50 60 70 g0
o5l gl

ANN ui))‘,.oi S 0315 Ac gomxo ol S iy (LS Cuogliio g (2Blg (5 Likd Caoglite dumlio — ¥ S

PESNEY
60
50 R*=0.9315 e
j ° L
J a0
9 30
=
°
3’3 20 o
e
3 10 %
o
0
0 10 20 30 40 50 60
ooy s jnd el

ANN P Hlas! ‘Sl.b oold AL g0 ao.x.mwwé)m &oglfmggféls ‘5)L~'2.§ Cooglio duw lio — ¥ 1SS0

Gl )

®
=]

~
o

R*=0.9649

[ )]
o o
[ ]

w
=}
[ ]

& adae 3l g )l G glia
[ =y
(=] (=]
[ ]

A

o

0 10 20 30 40 50 60 70 80

ey 2Lt e

ANN ui..vbo)i S 00l acgosmo cous - Golid Cuwoglio g ‘s&§|5 Gobid Cuglio auslio - & SO



WWAO olo e VO — ylpes — oylpl oo Al o uil xS cpaaiivn

20 —o— g i i

—O— s s st e gl

&5k Caadiia

0 20 40 60 80 100 120
Lo £ o sloes

emas a0l b ool (S e (65LAd Cuoglio g (28lg (63LiS Caoglio (o MBI - # IS

(SEFan mac aSl sredls galbs — F Jgus

YYTYO ¥.o0-¥ ©2AR) oigel
Y,AQ5A LA - 4701 PSR
Y,vras \Asat <, AAYY o
i sal
80
R? =0.9932
3 0 o™
5 o0 P
4 50 . ¥
55 40 . ‘nﬂo*
- o8
'?I 30 “-"
3 20 o
3 "“
10
0
o] 10 20 30 40 50 60 70 80
ol g 5 gl

ANFIS u*’)S*’T Gl 0018 acgozo ol (Suw (s (6L Cuoglio g 2Blg (g,LiS Coglin duslio - ¥ JSCU



WWAO olo e VO — ylpes — oylpl oo Al o uil xS cpaaiivn

70 kS o1
ke )
R?=0.9456
60
°
:5 50 [ ]
. L S
9 a0 ® &
=y
9 e
:“ 30 ®.
7 20 L o
@ .'
0 oot
e
0
0 10 20 30 40 50 60
s 5 e g

ANFIS u».vLo)T S 0010 e gozmo 0l (Som st (5 LIS Caogliio 9 (2Blg (5,Lid Coglio duwlio — A IS

80 —O— ol s ) gl

—— e ) b e i

0 20 40 60 80 100 120
bolsee b slass

w&—s)bcw'wbomsﬂ;w‘S)wwsluj‘sﬁb‘s)béwsmu&db|—qgj&w

Fawbi  omac — (6518 Flocin] phusw oold gallks — & Jeus

MAE RMSE R bl sl
V,0v4 V.0f4) -A457 Oiigel
Y.YAYO ¥.avos - AVYf O

smas -5l Ct;.:.';ﬁ.\ s § (£ gan ouac 4 YL @“L;l}s IR QLM aS 009 Jgu8 |8 OY9 99 B Ll s C“L“
S50 ol B9, 90 Zull 0gub g0 oamlive 45 aigilan il oo (SIS 039, YA (6)Lid Caaglin (g3l Jow jo ikl
Sunglin Slae 53 osran oras 4 3 Shes (52 gt il Lol sin b @B S5 eyl il



VYA oloyge V0 — o5 — ol oo 6l o (sl i peaiiin

(Eyan (omas 4D &5 pobgayd (Sared o oy p b 258 s 0aaline e (551 glutul plass 4 S (5,L88
5 e 4 dogay bools (3luJue (Jy eslosls olad 355 5l (30 glitiul g a4 Cond (708 (el Sl
il dae gl 355 oo s &5 (misLel Al o s92g 4 1) Al al Glgi oo Cenlanils (652 0 Shae ialejT al> o

el sl palS oeac 4SS o

SrSams - F

halel slaaiged cols & &S5 4 (Sl (2wl glag LS )b 10 (lsiee (S5ran (oo Slodlinl @
alon anie 5 Oloj 50 pipradro Gl i 8 355 slnl Jo il (pled bole g5k s 5 4l

b Ceaglio il 5o (herlsh srae (556 gLl s 5 (ostas oras 4D YL QU Geios ol @
a3 e Gl 1) (S G 05, YA

S Glsise 5 Sl (Gl rae —(56 lutl s | S (Sl egtan gras S Gluae s
also il 9 S0 o8 a4y sl g, 99 0 Sles

abbga Lls (o954 1) J18) 0ld mrasd 5 35250 sl iged (59 511 s (bgel Cobl egian puac loasls @
IS oo R (eedin psle oz Slap e (0,5 Jae Sz 68 I S 4 ) oras slaaSd alts )

Xlo-Y

[1] J. R. Berry, R. L. Duncan, R. J. Fluhr, R. L. Harvey, R. a Mccomb, B. F. Mccullough, A. Nanni,
T. L. Neff, J. E. Oliverson, T. W. Sherman, J. L. Rice, and R. J. Risser, “Report on Roller-
Compacted Concrete Pavements,” vol. 95, no. Reapproved, pp. 1-32, 2001.

[2] M. F. M. Zain and S. M. Abd, “Multiple regression model for compressive strength prediction of
high performance concrete,” J. Appl. Sci., vol. 9, no. 1, pp. 155-160, 2009.

[3] M. 1. Khan, “Predicting properties of High Performance Concrete containing composite
cementitious materials using Artificial Neural Networks,” Autom. Constr., vol. 22, pp. 516-524,
2012.

[4] J. Sobhani, M. Najimi, A. R. Pourkhorshidi, and T. Parhizkar, “Prediction of the compressive
strength of no-slump concrete: A comparative study of regression, neural network and ANFIS
models,” Constr. Build. Mater., vol. 24, no. 5, pp. 709-718, 2010.

[5] T. Mehmannavaz, V. Khalilikhorram, S. M. Sajjadi, and M. Samadi, “Presenting an Appropriate
Neural Network for Optimal Mix Design of Roller Compacted Concrete Dams,” Res. J. Appl. Sci.
Eng. Technol., vol. 7, no. 9, pp. 1872-1877, 2014.

[6] M. M. Alshihri, A. M. Azmy, and M. S. El-Bisy, “Neural networks for predicting compressive
strength of structural light weight concrete,” Constr. Build. Mater., vol. 23, no. 6, pp. 2214-2219,
2009.

[7] A. Sadrmomtazi, J. Sobhani, and M. A. Mirgozar, “Modeling compressive strength of EPS
lightweight concrete using regression, neural network and ANFIS,” Constr. Build. Mater., vol.
42, pp. 205-216, 2013.

[8] A. A. Ramezanianpour, M. SOBHANI, and J. Sobhani, “Application of network-based neuro-
fuzzy system for prediction of the strength of high strength concrete,” 2004.

[9] A. Oztas, M. Pala, E. Ozbay, E. Kanca, N. Cag'lar, and M. A. Bhatti, “Predicting the compressive
strength and slump of high strength concrete using neural network,” Constr. Build. Mater., vol.
20, no. 9, pp. 769-775, 2006.

[10] M. Saridemir, “Predicting the compressive strength of mortars containing metakaolin by artificial
neural networks and fuzzy logic,” Adv. Eng. Softw., vol. 40, no. 9, pp. 920-927, 2009.

AR



[11]

[12]

[13]

[14]

[15]

[16]

VYA oloyge V0 — o5 — ol oo 6l o (sl i peaiiin

M. C. Nataraja, M. A. Jayaram, and C. N. Ravikumar, “Prediction of early strength of concrete: a
fuzzy inference system model,” Int. J. Phys. Sci., vol. 1, no. 2, pp. 47-56, 2006.

S. Akkurt, G. Tayfur, and S. Can, “Fuzzy logic model for the prediction of cement compressive
strength,” Cem. Concr. Res., vol. 34, no. 8, pp. 1429-1433, 2004.

S. Tangtermsirikul, T. Kaewkhluab, and P. Jitvutikrai, “A compressive strength model for roller-
compacted concrete with fly ash,” Mag. Concr. Res., vol. 56, no. 1, pp. 35-44, 2004.

C. Cao, W. Sun, and H. Qin, “Analysis on strength and fly ash effect of roller-compacted
concrete with high volume fly ash,” Cem. Concr. Res., vol. 30, no. 1, pp. 71-75, 2000.

C. D. Atis, “Strength properties of high-volume fly ash roller compacted and workable concrete,
and influence of curing condition,” Cem. Concr. Res., vol. 35, no. 6, pp. 1112-1121, 2005.

M. I. Abu-Khashaba, I. Adam, and A. El-Ashaal, “Investigating the possibility of constructing
low cost roller compacted concrete dam,” Alexandria Eng. J., vol. 53, no. 1, pp. 131-142, 2014.

\Y



