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Compressive Strength Prediction of Concrete: A Soft
Computing Approach

J. Sobhani, M. H. Fazel Zarandi, A. A. Ramezanianpour

ABSTRACT

In this paper, an approach is introduced for prediction of the strength of the concrete mixes. The core of
the proposed method is based on the fuzzy rule-based systems The rule-base of the proposed system is a
simple if-then rule, but its antecedents and consequences are of different type. The antecedent of the rule is a
Fuzzy Neural Network (FNN) and its consequence is Fuzzy Polynomial Neural Network (PNN). In this
method, these tow parts is combined thorough the networks nodes (FNN, PNN) to construct the Fuzzy
Polynomial Neural Network (FPNN). At the body of the paper, the method of this process and the manner of
the training of the FPNN is discussed. In this paper, six models constructed, trained, and tested using
available concrete mixes data. The results show that the proposed model has strong potential for predicting
the compressive strength of the concrete mixes as a preliminary design tool.

KEYWORDS

fuzzy polynomial neural network, concrete strength, back propagation, least square estimating

j_sobhani@aut.ac.ir : S yuel iaiee sl wrwwsy baas 5 ol rae B3I 03l ()l rae (55360 (g paitils
zarandi@cic.aut.ac.ir : ;S uel | Jatia ol€ail (ulivs SuSaily lutily i
aaramce@cic.aut.ac.ir : ;S yuel Jiats oEis crw ) bass 5 ol yae SaStaly sl

" 1YAY o&ve“s;'e/(o'ﬂw“@t')/%*zu‘“"/w}sidh/m‘m‘®




slige 53 LGEes ool LS asms b opadl pudige
Sl st b 30 B O oo sLaGE)) 4 o Olyas
Slis lidal wabd aygel oSd foad sad T S0
3 soliiad U Glee guuaige wifide sladala o (sl sunls
S aslS fpaig ladl 5o pis Slalss (Bsa slaghs,
Lue) oo by esiuas guas el o515 o oiee Jhoa
[F] & Sia AA8A Pl Ho xS ge QI S Golod (S oty
el slagas b aeae 880t 31 ald g8 5 saliiad b
Obeoldd cweglie Aughy 4 HuE S oS 4l e
Olasar ol caud Slably cda Jue fal 9 adly (s
B3hl il cacdipa Shaie ilasohiie (Glas e wollads
e Kl 4 g3 305 sl slel G b 5 Lathy
(Al olotan 5 of &y 1984 Jla 5o ase sad 4588 5l 9
09 S Gl (Jsens Gl LGS pob ol sl (B0
et Ly e e VY] olea 5 Lo 1384 Sl
L g (5 5T 23058050 suliiand b S 508 ) peme
Il 50 108 Olare O oanlilsuns oo e Ol 4 536 s
G ool € 1y e iSad S [Y] R 5 aglS Yoo
S ) g Yh o Slee b G goldd cwslie Snghn
e reae 1a SS L 5 W] alok 5 oantibas,
L VP OEa i ol ilsnls 4] 5% & saelila S (51
ol O saliiead (ST (puus i 5 e sladSed slapbl s SO
olse D8, oludas & bsse Jlus Ja 5o 1) ladee
b omsd sl prme slaSud 51 IAL of oy uls lsdiy
59 S ool (abe 5 e eolazes oo Jolit) (Jpana o3
9 I3 5 [¥] 00 5 grosSopalS Gllua slayls
€ Y maslie b g oladdie as515 4 [4] oI5 selaw
Bad Lo B3y W ol Sae 5 (Sos38 Sy Jelt
3 salited b Jdyene b olaadiiie assl s 4 [P 4 (soS
a5 OF oSlee ssags 5 e ad HBALL s
! Sl i ol sl sl 38 1) (sl (e
Joo o Hasse kit 4 o L W] olslaosel 5 2l
aeo 0 ilacnde ool aaSle jalis sl (s&;a 5 ool
94 Jond oled e g 1aa sles (guly SRS [lade dpa
s [V] sililiane s 5 olig 5ha Voo vl o iloa S b
£ 99 3 OF ol gy Oiaad 5 OB Sladidio 9550
ladad 3 3Ea3 ol 5o S soliied aae el
o ba LS ey Giygel fRosSIL oY e HusRin
Gl Wl mead ool S, pes il (digea

0,8 suldiad S oleadilie  Sas g

doMbo —

& Wt @oludie @l s ooy e ool 5o
sad b)) i sl ,lad craglie oy Jskie
5Ske ol&T- 81 el 8 Gl s solgidy Juo Sl L cad
sadi iS55 JB 5 adle pgu e O g 5l ael s Oeb ol
as— (558 Kb K adle (hd welsd g5 Ol o Lol sl
sud S5 o) thas Sip eme K K 5 0T (B e
SLET Gy oBgy O eoliied b CaS 53 4 5sS3e A 99 ol
Ll slasially 5 sols B3sel Slaye JBlaa Ghgs o s
ouis s awmibelu i plun ol (Shy b IS
kol Gaa (K b 4ol Giosel daye e oo stALL
O s BB elie O solsiul dagiluwdae g5 ol e
2l Seoky el O slabdaal Fob 5 usa ge oledlbl
psye sladas oo owl s glapsk olas el
3 LT G baslss oniped 5 Lasially 3o s 4 o2l
SIS curala 5 5 il Siie lae i 51 IS Gl 4S ol
350 sladae Ol saliiud sla 4 )0l s Jhssa
slasialyly ol Ho cusgaae sty IMSE. oS r b,
G pooge $ole Jao lapians 51Ol plens 4 (59505
3 oapions Lo g [Y] V] spdipe soliiol Silaw s 500
ook IVIFIY] 0 ceplia asd sl (peme ladSed o
DV lims 585 ol gt 5 DNV-AT G b
ANFIS _aald slaeSed 5 INV] o5 slagioana 25008
ok b cpaia 4Bl g1l V0]

ool 5 o LlALL S L e Sl 5 Gaa
oty @l ae ladad § lagliden s (551 paalie
ol o el G Buian U5 lenn o L (i caoplie
lsie 4 (FNN) auee—il Sad Gable 15l el
(PNN) lilansigm prae 10l pupen o ploses poalle gl
G by olide 5 fore plage B B Hlee 4
LWt 5o ogdiee s OF ptosel Bsad 5 pless 2ok
=S @ts:%uj classls 5 sad alsl alan 5 soldiul
d s sak uyjdeggw_mg@m;nmwﬂ
sabb atunn cabll 5 cads uulie lajlosas 5 Jola
S s o ooby Glaled sauk

bl 3 5990 Y

ahide GLA‘C\-::JJ B Lhui'uJJ Q:J 3.}:\3‘\').‘9 L)ZJ:"“‘S aaldy

@ VPAY ol 3 slet /(o 708 sutigo) /5 A — 2 0o /o3 393 Ju / 3 ot

¥




=3 fx) o)

Ji 25 Ol e elBuin gl 5 caal (5050 (slauiie luai m oS
e S Ol ) @ogee 4 el sel g8 ol ie 4 1
R1:If X, is A, Then Va =W,
R2:If X, is A, Then Vo =W,

Rj:If x, is A4, Then Yy =w, ")

Q—fAI]’J ;L;:,B ):ti:\.c ul:u 4.:\A,j waels C).y‘—_] «RJ :‘S:\J‘)Je k:\
S agilip () JSB) il oo dhosare (a0l O30 Olsie
(Y) welsd dee sano (5510 £l il (5l pedaiw 3-S50 555
el ‘;__;MJA ‘ﬁ:S suliio
f;(xi):Zﬂij(xi)'wij/Z,uij(-xi) (Y)
= =
6102 oS pladl (Wy) (slagsys palsis L FNN () 5]
o ¢SS 51 (6) ad pouaalil ol (505 9 plessans (B 5]
E,=(,-3,) ()
-P g._\...u:‘):b 4 S\IP 3 yp K} :\a‘—p saly L;_.gu.&;\ﬁ‘ C;Ua& &G EP4S
el ge oo (2 00n 5 (2Bl e son aa @l Cpal
3 (899038 sulo Gws N (5‘)4 cdallna C):."JJ O.AJJ.: bJ)LC-

Wi pe Bl 55 (slad Gl o g5s

Pl > plo Y

(il slapiunaw 5l OSoe olabe Wlie ol o
Lo i olase b plaghtlen tig 5 (ouae ladis
ot @l suShe S5 Llale dalllhe Gal Lo o
Sand 5o 5 FPNN Ll il sut slgiday o cunslis
Kot 5 (FNN) (a5l &b ol sud a5 Lol
sacls LBale Ll aiawa b (PNN) slalensia juuac
G Olsie PNN 4 anie flsie 4 FNN 5T o ¢S ool Lise
prassas S ) LBALL Gl pdie (B WS e Jae sels
L)"“.;:‘ ...\.Su-e solitie) Uas JL::M g XS L;JLG Ctbl..;‘
(GMDH) Lassls 258 (o iens (Bos ubad L3 alows
S ol udpodlleas) LAl FPNN sl o s oo 435l
S sloline ca 52 o Sslns hosel s o o
(FNN) (s~ yuac sl asub —\-V

&w‘.‘é‘)ﬁJJJA‘L&M.. f&<w&..‘ﬁ&§&f§
Kb K Sl (1) JSb Lol (FNN) aacs 3l
S olale ol o sud subs Glis ume—(g3l
plat dlis slagassy Lesams oy Ol Sl
L eobudless LIS o als JAW N cadle (JSi ol 5o w080 o0
ad e pladl 1) X il p(x) cusde ol 55, e
b o w0 adin bauu 3 7E” 505 40 b g e fi0) (o g 0n
saliied LFNN a8 Slsie ©F wules soal o canns /i
15 o danulans 5 Aol 3

»

_//

1 & -
E,=1 30,5, @)
p=l
Hifxi)
M AN )
. / o
X S A - W N

Q
=

|

:

{

‘~---, --.:T{.i: RN ik

®
O
f‘i
:
£

Jadas Jlail Aoy gu | yaa a3 (FNN) pheutin pufls Glid caas—(g 3 GBSl (V) b

]

IWAY (bt g sl / (008 (guntigo) /P A — GB;W/Méjﬁdb/;gS”!@



X2 >y
..X:j’
"
FD —> Z
B .
PD | Z] Xp P
4

acaria I Qi ofgie da (PNN) (slatan dia oaeas &ads jaaba 3 (gl 4 gad oY) JSib

5 PNN S
(FNN) = pule ( 1/\ o

(RPNN-Typel) \ cusadiga 5 s 13 g pule (23 cas8 5 oY) JSab

FNN e PNN L
(FNN) pse ( )/\JJ

v Ay A 3.:\}' ¥ SL‘Q’ ¥ f{fY

X3

(FPNN-Tpe2) ¥ caasd go 3 aduusea (G g pols (i3 caus 53 :(¥) Jsub

@bmv i g slat /(o 105 unsign) /A — 0 o /3 35 J / S ot vy




@8 @ (F) 5 (V) sladSs o S suliinl (Sas cuadge g
PNN 5 FNN Jlai! & 4053 b 1, FPNN ulgs sla,lia b
99 oxf i waoe oL 1, Y ) Jladl (slacadpe 5
Wiz Sl oo 1S il e WPD 4 o7 lagsas,s s bo sbale
S5 ) san slawY GPD gug,5 fi 5 W S @
o ead auly obi) G A gl ek awls was .
ol 2obe FPNN G 5 pulio (3 5 (((0) 5 (8 )slad<s
51

: FPNN auio (jfidy

a4 Laione (50555 Slal€es oY cul 5o —) &Y
by e LTI (guas LY (slas £

VY 5o o3l ile S oK e Y ol o -Y &Y
2 69305 Sasad slie ¥ Oal 5o wsdie sols bl
Wige Ganl dbs gy e (55U Haile s

L U8 LY 5o sad Jlad suolie Juals wr¥ ol o - &Y
Wi ee s5ludlos 515 Jged 5l sutitul

Hy=py 1) )
7=

0o 0 Y &Y Lo sk qulas Jlop ualie -F &Y

18 5k o b YLl
ay =, (x,)xw, (V)

Sl slast gl Vil caand o 51 Jeadl Sy pum 0
‘ol PNN € 5u505 oaile (lgie ¢ gy (¥ JS2) FPNN
© byye ay ¥ Jlall cualige B Jlall opgea 5o s
$9909 sxie Olsie 4 FNN o g0 &Y o,y i
(& JS2) 555 aalya PNN

© b S 630 gLl Ghg, Y ol o -0 &Y
| sbise Jlacl el o g ,n

A)=3a,03 y(x)=3 1, ) w, 13 1y ()
J=1 Jj=1 7=l J=t

(W)
e fi f Ka) YPladl cusise BT o) s
S aalga FPNN ale JG ol sie 4 PNN gu4,5
s & ¥ &l 59 FNN oy 2 -FNN ag)n &Y

B sk on daulaa 55 Jgasd

y:f,(xl)+f2(x2)+....+f,,(xn)=if,(x,) (\Y)

eobie FNN lag s o¥lail oo, adis Jpess —al
Iv] 5 e
N *)
201V, = 3,) 1y (x) + a(w, () ~w, (1 = 1))

B35l £33 5 puTiese curd LSS LT 50 & g 4
3 o S 5 SRS 5 e (guluc! <€ Wius ot
(PNN) sl dhon Sia— uac dSulb -Y-

B o olsie 4 PNN <3 38 oS 5k oles
2 PNN IS ulial S e Jae phuuses (sliss sucls Lo
ual 008 0lgs s (GMDH) Lasals 4 58 ousiows sy
S opdi e ool Lagldanaia 3 (oIS Ghigy ont oo &S
e [Y] wieli o (PDS) st huyai- 3o 1, 0T ladlaca
oL (V) oo o sad G jai- (A3a slagglalan aig ol 3
o O peln Gladsd ORI L el sad suls
99 QLB 5 Jaua 5u sad eddie e U Laggltlenin
Ulas 6los ) WPD g3 s Olsie oY oo Lo oS
© S auon 5 sYsos o Ul sl ces 4 ela
Guilas ) aaly b ogdige Juola PNN a3y, &I 4l
gl 50
Y= (X, X000 X,) v)
P (A&ELST) (ol Bl 5§ (adS a 58 Hlade
D o lae

_)A/:f(xl,xz,.,.,xn)

=0y +ch|xk1 + chlkzxklkz + chlkzkskalcs +...
7 kik2 kik2k3

0
pheaes by oo 158 S aiiean Juo oyl G oS g5k @
1> PNN 5Ba L 31 I (V) JSb g5 4iag 50k alyh
=l slaglilaaain 5l galeas (V) Joia o 080 olis
o5-Bie Jda ol sl sud suly olis Pl o soldial
¥ e Type 1T o as (gl <lan wia) J sl &5 50 Type I 5
sat ol Mlonnsia iae < Type Ty (Sl ol )
SualS 5 auliiwl (g 5lawsoban (gl aal 0550 o il ga

ol st S 48y oen 51 i 31 balans ole)
(FPNN) sl adod Jia uac— 5L dlub — -

Kok cala gl (8 LBl 5o S5 gan B8
cpalse g0 Gobiie Cpl Gl ol gldarsin a3k

(\)gm‘)disd‘)‘d JJ?JPNN&FNN&?:S\):G‘%@
2 51 ol oo FPNN & il (sl ol sadh suls ol

\As

IWAY S6d g o/ (o 8 guiiqn) /8 A — 2 0 sl /8395 Sl /;a’::ﬂ'%



O MR 7yl (sl ada oY) Jgu

PNNJaaa&“wlaJygLAgidxyale;ﬂ'&&a&ly!:(\)&jjg

N 1 slass
Gw( e R shlen sig
ODg Algo8) eld 5909
Ladaad !
Tk ol e | She [ | C +Cx +Cyx,
(CAYo AAVAA | oAVENR 2 || C+Cx +Cx, +Cyx” +Cpx, + Coxx,
(FA)4uls JANYos | <JoEVY | Cy+Cx+Cyx, +Cixyx,
(SP)auiiS ol s 308b0ke [+\V-to | Co+Cix +Cox, +Cyxy
(SF)U"‘.‘.‘“ﬂ“""J-)S.‘.“" RALAARK 3 I Cu +C1Xl +C2xz +C3x3 +C4x12 +C5x22 +C(,x32 +C7x1-x1
(W)l o[+ VAAY | YYAEYA + Cax %y + CoXyXy
(C)obogen S[HEAYSY | [oVASAE I | C,+Cx, +Coxy + Cyxy + Cox X, + Coxy X + Coxy X
it [ | C+Cx, +Cox, +Cyxy +C %,
. . (Sl 1K) dials 2 2 2 2
SilKanbus pnd Cy+Cx, +Coxy +Cyxy + Coxy +Cixy” +Coxy" +Coxy™ + Cyx,
N N Jslas AShaa 11
4 +Cox, %y + C X, +Cx X, +CpXy x5 + CpaXy Xy + Gy XX,
835 YA e glis Y/A \Y
[ s hee / ° 1o | Gt Cint Cony Cany o+ Gt
+Cox,x; + Coxy %, + CaXyxy + Coxyx, + CipXyx,
Y=y ¥, e v 1 OA) 5 as,lie FPNN JG ids Slulew LIS
Xi = [Xu er th Xn‘,t]T ) f‘-‘-ﬂe-‘-“ LAGUTA-’ (59903 LSL“).éil“ QL& C)&‘ o -\ J.“é
B Al 0 e 4 @) wsd QLTI cusise ST usdioe pedde
in'r =[1 Xy Xy X X i X"z X kin ] (V%) 1ol s 05 8l A S S8 OB 5809 ite
0 X, =X =X, =a,  (B=0%]) (\v)

C =[C, C, Cu Gy C, 1" (¥+)

sLasals e gane y) sl 7y w0 S Bolad | Sy ke
5 e aanSbe 1 g0y @atie yolis sluas 71 PPRAYH
shlansia culicuyd o @ sadiomad quled sl 2
el

cabli Gasig b @WPD B ool o pladhw =¥ 58
st ol sl bl 5 culgd Ha B gdi oo ST Anohy
08 OLIIPD G sigs a sl oo (o (0) Aol 5o

Ok bl 7 b slaedsld So9lae> —&

FPNN o 0 (gelonrcs Lano 55 o3ind 0l 51 cam Juol 5o

oe crn 5 O s ol culie (Snoty sl
Sily cmnl 25 (gl G cad OF LGN ¢k o asm s
5 adisel slasals e gena olayl sl (ubia (Sledlbl
et wils fis5ladue slaghss sl b & el
sty (3a8a3 ool 5o b 50T gea Ol S5 5 ees
Jolt abie ol cand st (55 5T pan 0SS lie 31 (A
o0 adlbge Olagd 5 bl slassaS AT s
fegams (sl 9ose TYA (al&iule3T 0,6S, €87 Ol g yane
sols olualal At laledl (shoy €53 VOl el
s 4 Louly 5 s oS 2 clanl adh el sad

43 i(Jﬁgw‘VduiaﬁyﬁéJ&dew
105y 08l alewnn JB Qi 4 o500 s3iie Olsie
X = fio % = fres Xy = 1
a5 slasiis Ja PNN GaL. Ol ol Hu -Y 58
L L}PD tSf cdm 6’\):\ SJJ‘LU'A aaly ‘ﬂ:& LPD a.:\:\‘),a\,
) S 4 ol (Sae 1) Y LS5 gladeading 59500
?‘»‘3"5 suldiid

2 2 2 2
Z, = Cy O X+ X, F Xy + X, FCsXT HCeXy FCXy FCXy

(n=m) (W)

+CyX, Xy T ClgXy Xy O X Xy O XXy O3 Xy Xy € XXy
(40)
sy 5 soliieal b 4 wiieus oal pa Cp,, Ca, Cryabasl gl 5
B9 ga dasulas [Y] (LSE) olasse Slaa (2ed3
ooliiand b oo 35T PD el 36 gl 5o -¥ 38
L s> oYulas dejsens ny dasals degane 535 O
9l el ) @ogee 4 Y 5 59 Glsiee
Y =X, (V%)
oy 0 5 sl @las o Jilas (i 5 4l (s
5 ek go danlone ) Bl 51 suliieud L LPD
()
“S gosk 4

c=(x"x)'x'y

Q}ww il 3 slet /(0 o5 ontigo) /P — 0 o /033 b / S ol

T¥




5\}\3) YA GJL:.:I.& :.'A.cJL’ic La.u\}lc‘)‘.ﬁ.a ‘»s.'lua:\wu.;\j)a e
g 5Lt 1 Lasuls JS 31 el Lemda (¥)

80 5 s o5 (55507 B 1l 4388 aladl sulias
stasielsly st (oS sla pheusas (B350l gy s o £ 5
OB GOs wals oo PO slle Shge 4l a0y
S 3 Babe (¥ (FA) csbs (Y (CA) o (V ol y e
olass (V' eol (0 (SF) (ualaeus Koo Bule (€ (SP) suiS

FPNN ilids stadas HLable o(F) Jgua

S5 g
By el £ WPD clus guas LY o Jli laPD ulaes
e n o e g5 g sleas 3 2 él j;: 1 :i.
<
Model 1 0.09 0.0001 FPNN-Typel I 2 6 4 3 2 1 -
Model 2 0.125 0.001 FPNN-Typel I 2 8 6 3 2 1 -
Model 3 0.125 0.001 FPNN-Type2 I 2 5 4 4 4 2 I
Model 4 0.115 0.002 FPNN-Typel I 2 7 3 2 2 1 -
Model 5 0.115 0.002 FPNN-Type2 II 2 7 3 2 2 1 -
Model 6 0.119 0.023 FPNN-Typel I 3 6 4 1 - - -
i sladas oy cubil g o Sles duulia () gua
R.M.S. rad s et
Cases _ - B -
A s cdula)! oS o sal winbe)]
Model 1 14.654 16.00 12.067 0.807 0.769 0.693
Model 2 14.665 16.01 11.682 0.807 0.769 0.716
Model 3 22.062 19.21 15.636 0.460 0.754 0.356
Model 4 12,491 14.69 10.659 0.864 0.810 ’ 0.771
Model 5 14.419 7.103 10.121 0.814 0.974 0.796
Model 6 - 11.688 14.44 9.5555 0.882 0.819 0.821

IS 9 sl ) Te i j90T sldoSIS —F

sk pacall dlins 5o 4 (S o) guo 4 Lasuls dc gens
Ol ou il caule)T Bula Yog siosel Bals YYA el
99 o2 on S S osse Gl 60500 buls s Galad
(CD) (RS bl o6 b 5 QLT lesT o] &
plensen JA18 0 St (55 ge o @byl s ol 6l
slos sty s ol e 0ol o ol st suly sla FPNN
Ot (8018 AA) conal sud 438 K LIS (55500 w8 Ky sl
slal paspsesi 5 Gaedd o Sun LU G Jolas LIS
WS o

599,79 S yusio sLAD (g jlws iLd -Y

(Small, Zero, and Big) )8 uiie 4w 3 o ool Hu
(F) S8 ol sud suliial (go9, o Liely Liad (sl

«a‘)fdtq.a JAJL;QGL:ZQ ‘J LA(S\)JJJL.\J@\}:\JA CA;sJ.uS.: @"93

O 5 LS aoglite (iu yiiw —O

Uiy @ st o3 e ool o 45 5) FPNN s
(V) JSa ol sut gibasnly wlbhe o g 4l o)
oBge aaee LIS 1) GBS usse plene Soled Hlale
FPNN L3l i o ool oLt JS ol Lo oS otz
sad 6551 g slssls desame 31 soliind L € o

ol sk suly (55 el

CA

FA

B FPNN ot g Ll
SF m

W

C

\{]

WAY aw,,w(a',osm)/mco,wwwu/gﬂw



RMS = li(f;,~ﬁ,)/1>

C.'_\—adtq.of; cu_:\:\:\ L;L_A‘L.s\ytﬁt slaai ,JS &w P ddslas t:)f‘ os
obih saglia f 5 (K0La0T) G sladipal 835, YA

(*Y)

il e salgidng Jae b oad Jwsging s

cov(F,, F,)

Corl(f.. /)= \/cov(ﬁ;,li)-cov(zi,Fc) (¥Y)
«S

Fo = foawen Fo)s o= (Fots Frzors Fop) (¥7)
3

cov(F,, F) = EI(F, - )~ (F, = f3.)] (¥¥)

sl bl B 5 gt = E(F,) <y, = E(F) «Sosk
1 lagsludas 3 sael cuws 4 b Lada (F) Jou
PD 5 sotiind b oS aas oo HLaS Jgan 0ol -ass e pLES

e Ol Sdw gogoy ol elres 4 L Sl b

saabine guns JEa L3 oS Oriaen )ul s & SR
C»-u‘ u.uh.o LAJJA JJS.LAC "“J"'::‘Lf"

Mode! 6, Training Data

Actual

I L
20 30 40 50 60 70 80 S 100 10 120

120 T T v
1o} B s = .
a ]
100 | a ] 4
@ @ =
g0+ a A
a
— 80 o B
El a a
5 -]
< g0t ngfe :
-
- " A
60 = s [ :
. a .- a
50+ - ]
% mm
& l‘ a
A0 Boal_ g -
-
[: ] ]
10 i . . ; . ) L
30 40 50 60 70 80 90 100 116 120
Model

23y palla s P Jo (s lis (o deuslie (M) JSub

1.2

small zero big

0.8 |

0.6 |

Membership

0.4 -

0.2

a b ¢ Input
(o) St 59959 Lo yadie (sludd (5 hes (53U 1(F) Usib

Jsb ot 93 (sta Sl )l :(0) J g

c b a

$9909
5875 3875 1876 O
.5647 .2880 0114 wle
0176 .0085 0 s 5l g,308
1521 .0761 0 ouabi 5 S
2185 1127 0069 ol
.5290 2851 0412 Olazes

& Ughingg 3o insle Ty iyl ~A

coglie Gaedd (sl olgiduy Ghsy alase b o
Kot o¥lail Lt glag sy wsdipe soliiawl S (solid
Gl Ofaed 5 S o Dhe On Sobad slael o) e
S 50 Y 5 ke G gulael 35 (1 5 M) Giosel slag
oo e Gnghy Jee olide 5 JBAle s S
sl saud sala L (V) Jasa

Model 6
140 o g

1201~

W o e e

100} R N R

80

80

40 « o,

Compressive Strength (MPa)

B LR
cvmwndas

3

«

010726 30 40 50 80 70 80 90 100
Samples

sAEdle 3T a8l g alis £ Juo (o 995 dwaslio oY) Jsuki

20

(%) Joux o9 (V) dusa wose 08 5o (olwdae o

RMS a5 o 5 soliiad b Joaa Col o9 ol sud wadls

eabli o hewlie (Yo Uobae) (S 5 (Y6 Ualas)
sl s alal L Jua

@mv bl g 3161/ (o108 ntige) /P — 040 /039 Sl / S ot

\t4



Comparison of ANFIS, Modei 6 and Actual Results
g R . ot ey
[ i+ T~ ANFIS .
Lo Model 61
Actual |

|
T !

Compressive Strength (Mpa)

i

|

i

. ‘ : |

e e O Y NSRS DU |

20 40 80 80 100 120 140 160
Sample No.

SANFIS Ju&mbfdu#&#w@&(h)dﬁ
@5!534@4

S5 azuis 9 duoda -9

53l et 31 asliiad (3da3 ool 31 el Cous
oldd seslis 2ed3 (sl (FPNN) (liles sip puac
FPNN Cifide HEab s aalline gl 5o el 5 ot ol
SBale il g 5 bt Ll Gidgel Lk 5 Ldsas
slaelaule 3T 51 sudi (5557 pan (slaesls L FPNN Cilids
O ol b ad suls males gl 5 ol 31 s
Jold W Jas ol (sus05 Oiud ol 03 gl snle 3T slasals
olass 5 ol ulias Koo 0l fy, 358 b G
S ool G 8555 YA (5oL oe5lie ladas (2 555 0l oo
aeal 20k g8 S0 pllims Jalit BMEAT b (eleal s
oty ¢l oo Gl Gusr calie B (Sle 38a3 il
Wt glajlasa 5 sobed olallhs bl BTV AT IVA 199
SY slades 5 lio gladas 232V 56 Y N (cladus oud
suly Leauddd O cueglie Auohy sl awliol slaJus o
pb b wan w30, SISy 51 solitnd GalaS 0l 550 (S35 a
55> o9 (FPNN) (llaa wip (3l peme slaeSi
VB0 Ol wsusnlS o 3l adbipe G e glie usohy
sae33 5 (BP)lad L o pae G0 Ol @SS L
iy ) 53 o B s (LES) olasye filua
sl Ol b Glos ol wabie GB olas el
2 OIS 450 Slaid bl wlae pila palsd Suoin

é_:l).o 1=

Jang, J. R. , “ANFIS: Adaptive-Network-Based V]
Fuzzy Inference System”,IEEE Tran. on Sys. Man.
and Cyber. ,Vol. 23 No. 3, pp 665-685 1993

Park, H. S, “A Study on Multi-Layer Fuzzy [¥]
Polynomial Inference System base on an Extended

GMDH algorithm,” IEEE Irit. Fuzzy System Conf.

Proc., pp 2212 , Seol, Korea, August, 1999

slor Gad Olsie & # Jao s Gy culils (V) U2 0

U‘:.“ o4 il auld suls uLonu(CP) tf“JLS L;LAOJ‘J 3..:_\5&;.4
g\)w)u.&:_\a:}w ZJM ﬂ;m LSB‘JJ“ C.u.u‘ s bd‘d
badle JS& ol Lo S G laa aas e olas JELLK,
olid alfall @l b pod BUS Jua ool wpd e
sladas o 1) bdae cullE oyl & UTYENET IRV NN
23l spalie o (Vg Glgie ©) P G o Maslie
C)Ljd ’J Ls-l.i\::t—ﬁ:)." K] U_:ZJ:)J.AT Gubdid i&w RENgY (SIJ;’
dnla c:\‘:u baaay u‘.ﬁ.u u_"ul IS5 :LAJ‘JJ.A.': u:\‘ SRR N
mb baula @B jpee 5 ulgidny Jae gy 3
Solts gobd b 3 L SuSl,y adlye jalal]
| u.’jb )::’J‘ln L J.Lo J' lala @L’D‘(SJJJ K GS;MJJ
b talesl 5t el glasals degana @l s

Modef 8, Training

200’7 /'lJ

150+ =] <
=~ 4

100 s

&
1
1
i

50
H
o
S U
i
/ '

ABOF . ~Unacceptable

Actual
5 @
<

L U ST SR |

0 50 100 150

B0
Mods! 3
6&3!3ﬁd&4§03\‘duﬁuﬁﬁwiﬂel§o (3) Jsuds

0 5 ¥ boladt Jue ugdipo sualiis (f) Joua © 425 b

IS 59 S ook Oled )l ped paatd 5 aed caiala
Joiaels gl &bl dids 4 das ool woansd s oSB (1)
dosre (O ol ceplie suolle sy e aygd)
Ladas b0 5 ¥ sladas S 4 cnlnby (s i e Galis,
Gl oS Snghy osa lades Glae @ Gl |
ot wanlia sy ol Olaa 4 o olad ol
Fdas asoa b suliied ANFIS Jus 51 e gab ceslie
ceoplie Jas Gl ml® (V0) JSEo0 o) sud danlis
Oled el sk dulio £ Juo il L ANFIS Juo b Lads gl
GJSJ\}E J_.LE Giul(sdweg Jae «dﬁwaLi‘m&lS(s)Jl:
.J.AJ‘;A [WIPWTR) 4.::

vy

WA sl 3 slgs / (it yo wigo) /PA — g 0 o /M,wwxf»'@;



Kaveh, A., and Khaleghi, H. A., “Pridiction of
Strength for Concrete Specment Using Articila
Neural Network”, Asian Journal of Civil
Engineering, Vol. 2, No. 2, pp 1-13, 2000

KasperKiewicz, J., Racz Jand Dubrawski A,
“HPC Strength Prediction Using Artificial Neural
Network™; Jour., of Comp. in Civil Eng., Vol. 9,
No. 4, 1995

C‘,\.a\’\i-ﬂ U:A:‘lfu:\:\;\u ft ‘Jljlu_f-\.a.u: 9w ‘J‘;‘;GJL.M
¢ mae glacat 5 sotiid b Yh o Slac Lo

AYA Oload (Ol cdaun s 5 Ol lallias Gudl S
Yeh, I. C.; “Modeling Concrete Strength with

Augment-Neuron Networks”; Journal of Materials
in Civil Engineering”, Vol. 10 No. 4, 1998.

3l g 5 O Sleadatio w1 wGLT by 5ol
Y smas gl b B soliiwl o (ae ol LAt b
HSile olaal, 4 wdoleubuaols wbobl
el imhea alily (liee suSily o sililid,
Oh, J. W., Lee, L. W,, Kin, J. T, and Lee, G. W,,
“Application of Neural Networks for Proportioning

of Concrete Mixes”, ACI Material Journal, Vol.
96, No. 1, pp 6167 1999

Oh, J. , Lee 1., Kim, T. and Lee G. ; “Applications
of Neural Networks for Proportioning of Concrete
Mixes™; ACI Mat. Jour.,, Vol. 96, No. 1, 1999.

Yeh, . C.; “Design of High-Performance Concrete
Mixture Using Neural Networks and Nonlinear
Programming”; Jour. of Comp. in Civil Eng., Vol.
13, No. 1, 1999

Bai, Y. and Amirkhanian, S.N., “Knowledge-
Based Expert System for Concrete Mix Design”;
Jour. of Const. Eng. and Manag., Vol. 120, No. 2,
1994.

Basma, A. A., Barakat, S., and Al-Orimi, S,
“Prediction of Cement Degree of Hydration Using
Artificial Neural Networks”, ACI Mat. Jour., Vol.
96, No. 2, pp 448 1999

Ramezanianpour, A. A. & Tarighat; A., “Neural
Network Modeling of Concrete Carbonation”; ACI
SP, pp. 199-52, 2000

Ghaboussi, J., J. Garrett H. and Wu, X. ;
“Knowledge-Based Modeling of Material Behavior
with Neural Networks™; Jour. of Eng. Mech.,, Vol.
117, No. 1, 1991

Ramezanianpour, A. A. Sobhani, M., Sobhani,
J“Application of network based neuro-fuzzy
system for prediction of the strength of high
strength concrete”, Amirkabir Jour. of Scien. and
Tech., Vol.15 No.59C, Summer 2004 [in Farsi].

(W]

(VY]

AN

AN

(o]

Q}mv il g ylgs /(08 ptige) /PA — 0l /3365 JUu / 3

YA



