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The mathematical model of concrete strength prediction
on the basis of fuzzy logic is offered. Model components
take into account the influence of both quantitative indicators
of concrete mix components (water consumption, cement,
sand, coarse aggregate, water-cement ratio) and qualitative’s
ones (cement grade , consolidation technological parameters,
aggregate shape and surface ). Experimental data has been
used for model training and tuning and processed in
"MATLAB 7". A user interface for setting model output was
made.
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One of effective methods of concrete designing with
preset value of compressive strength is mathematical
modelling [1-7]. The proposed methods have their positive
qualities. However, all methods do not fully take into
account influent factors on the concrete strength, which are
characterized not only by quantitative but also by
qualitative parameters. One of the effective tool of taking
into account both qualitative and quantitative factors of
concrete mix components and type of technological
treatment on predicted concrete strength is modelling by
using techniques that take into account qualitative influence
factors on the base of fuzzy logic [8-12

Hierarchical Relationship of concrete strength with the
factors of influence is represented as a hierarchical tree of
logic inference (Fig. 1). Tree-tops interpreted as follows [11]:
root of the tree - an indicator that is diagnosed, the terminal
tops - partial state parameters; nonterminal tops (double
circle) - convolution of partial state parameters to the grain
node.

By using of all knowledge bases’ rules of each influent
factor Y1-Y4,R, on the base of “if-than” rules the model was
built by means of Fuzzy Logic Toolbox in “MATLAB7”.
After training and testing data the model’s root-mean-square
error was still inacceptable due to little amount of training
data and inaccurate knowledge bases’ rules.

Conclusions:

1.Fuzzy logic- based model of concrete strength
prediction considering the impact of qualitative and
quantitative factors is offered

2. An user interface for easy parameters input in
“MATLAB 7” for concrete designing is made.

3. The model undergoes training, but still with
insufficient level of root-mean-square error (99.2 kgf/cm2
for training and 122.5 kg/cm?2 in the testing sample), which
exceeds the average concrete class strength [13].
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3anpononosano mamemamuuny MoO0enb RPOZHO308AHOT
Miynocmi OemoHy Ha OCHO6I anapamy HeYimkoi J102IKu.
Cknaodoei moodeni  eépaxoeylomv  6naue AK  KiIbKICHUX
NOKA3HUKIG CK1a0osux 0Oemonnoi cymiwmi(eumpama 6oou,
uemeHnmy, nicKy, Kpynnozo 3anoenroeaua, BII]) max i saxicui
nokasnuxku  enaugy(mapka  yemenmy, MmexHoN02iuni
napamempu ywjiibHeHHA, QOPMA,NOGEPXHA 3ANOGHIOBAUA).
Jna nasuanua ma HANQUIMYBAHHA MOO0ENi GUKOPUCMAHO
eKcnepumMenmanvhi  0ani, w0 00podnANUCy Yy npozpami
“MATLAB 7'. Cmeopeno inmepgeiic kopucmysaua 01s
3Q0aHHA GUXIOHUX OQHUX MOOel.

KimrouoBi ciioBa — MoJCHIOBaHHS, HEYiTKa
MIPOrHO30BaHa MIIHICTh OETOHY, iepapXidyHa MOJIEIIb.

JIOTiKa,

BeTyn

CyuacHuii MiAXiA 100 TEXHOJIOTTYHOCTI OY/1iBEIEHOTO
BUPOOHUIITBA, 30KpEMa IIPOLIECY BUI'OTOBIICHHS TOBAPHOIO OSTOHY
13 3a/laHUMHM BJIACTUBOCTSAMH, & CaMe I'PAaHMIICIO MILIHOCTi Ha CTHUCK
HaOyBae 0coOMMBOi akTyanbHOCTI. OIHUM 13 e(PEeKTHBHUX METOIIB
IIPOCKTYBaHHsI OETOHY 13 3a/IaHOI0 BEJIMYMHOO MILIHOCTI Ha CTHCK €
MaTeMaTHyHe MozemoBaHHsA [1-7]. 3ampornoHOBaHi METOIMKH
MaroTh CBOI MO3UTHUBHI sIKOCTI. OJHAK, BCI METOIMKU HE B ITOBHIM
Mipi BpaxoBYIOTb (DAaKTOpH BIUIMBY HA MIlHICTb O€TOHY, SKi
XapaKTepU3yIOThCsI HE TUIBKM KUIBKICHUMH, ajle ¥ SIKiCHUMHA
nokasHukaMu. OJHHMM i3 e()eKTHBHHMX IHCTPYMEHTIB BpaXyBaHHs
SKICHMX Ta KUIbKICHHX (DaKTOpIiB BIUIMBY CKJIAJIOBUX OETOHHOI
CyMilli Ta THIly TEXHOJIOTIYHOI OOpPOOKM Ha IIPOrHO30BaHY
MIIHICTh OETOHY € MOJIEIIIOBAHHSI i3 3aCTOCYBAaHHSIM METOJVK, SIKi
BPAaxOBYIOTh SIKiCHI (h)akTOpH BIUIMBY Ha 0a3i HewiTKoi Jioriku [8-
12]. Ha puc.1 HaBeneHa iepapXiuHe JEpEeBO JIOMYHOrO BUCHOBKY
HPOrHO30BaHOI MILHOCTI OCTOHY.
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MaTemaTnyHa moaenb NPOrHO30BaHOIl
MiLHOCTi 6eTOHY

lepapxiunmii 3B’s130K MiLHOCTI OeToHY 3 (hakTopamu
BIUIMBY TMpEICTAaBIEHO y BUIVIALI i€papXiuyHOro jaepeBa
JIOTIYHOT'O BUCHOBKY(puc.1). Beprmnn JiepeBa
IHTEpIIPETYIOThCS TakuM 4nmHOM[11]: KopiHb nepeBa —
TOKAa3HHK, IO IIarHOCTYETHCS; TEPMIHAJIbHI BEPIIMHH —
YaCTHHHI TapaMeTpH CTaHy, HeTepMiHAIbHI BEpIIMHU
(TIo/IBIHI KOJA) — 3rOPTKA YACTHHHUX MApaMeTpiB CTaHy B
YKPYITHEHI.

HaBenenomy Ha puc.1 gepeBy JIOTYHOT'O BUCHOBKY
BiJITIOB1IAIOTh TaKa CHCTEMa CITiBBiHOIICHb:

R, = 3 (0, 0,.)Y,Y,, Y., Y),

(1)

Y] = fY](X]]5X125X]35X14)9 (2)
Y, = H (0 X0 X35 %00 %55), 3)
Yy = s (0 %05 %5, %54), 4
Y4 = fY4(X4]5X42’X435X44)5 (5)

nie X, — JiHrBictuyHa 3miHHa (JI3), 1o onucye piBeHb
pH Boau 3aTBOpEHHS CyMilli;

X — ninrsictryna 3minHa (JI3), mo onucye mapky
LIEMEHTY;

Y, — JIIHTBiCTHYHA 3MIHHA, III0 OMUCYE TTapaMeTp
TEXHOJIOTIYHOCTI 00pOOKH OETOHY;

Y, — JIIHTBiCTUYHA 3MiHHA, 110 OMUCYE (i3UKO-
MeXaHiuHi apameTp 3ar0BHIOBAYIB;

Y3 — JIIHTBiCTHYHA 3MIHHA, III0 OMHUCYE TTapaMeTp
TUIACTUYHOCTI CyMIlIi;

Y, — JIHIBICTUYHA 3MiHHA, 0 OMKCYE apaMeTp
MIPOITOPLIHHOCTI CKIIAAY;

f(*) — dyHKIIOHATBHUIA 3B’ 30K MiXkK BXiTHUMH Ta
BUXIJHUMU 3MIHHUMH.

basun 3HaHb ans napameTpiB mogeni

Basyrounch Ha TPUHITUIIAX BCTAHOBJICHHS MIarHO3y B
HCUITKUX  JIarHOCTUYHMX cucTemax [8-11] nwisxom
JIOTIYHOrO BHCHOBKY TIO HEUITKiN 0a3i 3HaHb, UIT KOXKHOI
minrBicTnaHoi 3MiHHOI Y1-Y4, R, Oyiio CTBOpEeHO HewiTKy
0a3y 3HaHp TUIY “SKI10-10” Y Ta0M. 1-4.

Tabnuys 1

BA3A 3HAHB JUUIA JITHT BICTUYHOI 3MIHHOI Y 1

C C B B Bue
C BC C B Cepennb
C BC B C oro

C 8C C C (8C)
B C C B

B BC B B Bucokwuii
B 8C C B B)

B BC B C

[TapameTp TexHonorigyaocti 00pobku 6erony Y1
Skio To
Tuck | Temmepary | Bomorict | VuiineaeHH
Y1
(x11) pa(xi) b(X3) A(X14)
H HC H C
H HC C H Huspkuit
H uC B C (H)
H HC H H
H HC C C Hwxue
H HC B C CepenHb
C HC H H oro
H HC C B (1C)
H BC B B .
C C C B Cepeni
C C C C ©
C C B H

JIiHrBICTUYHMM BHUCJIOBJIIOBaHHSM, IO HaBeJEHI Y
Tabmuui 1 BiANIOBiZae cHcTeMa HEYITKMX JIOTIYHUX
PIBHSIHB, SIKI XapaKTepH3YIOTh BIUIMB TEXHOJOT1YHOI
00poOKM Ha MinHicTh OeroHy y piBHsHHI (2.2). s
€KOHOMIT MicIis omepartis ““ “ mozHaueHa(:):

m (Y1) =

= (%) 4 (x,,) > (x,,) rf (%) U
UW(X”)W’C(XIZ)WC(XB)W(XM)U (6)
U (x,) > ©(x,) P (x,) nf (x,,) U

U () 2ml € (x,) > () < ()3
(Y1) =

=1l (%) = ©(x,) 3" (%) = f (x,) U

O (%) 2 ©(x,) >’ (%) <t (x )0 ()
O (%) =i € (x,,) = (x,) > (%) U

U (%) 3m € (x,,) (%) 9P (%, );

m’ (Y1) =

=t (x,) 3f€ (x,,) X’ (x,,) X' (x,) U

O’ (x,) xrf (x,) ' (%) ' (x ) U (®)
U (x,,) xrf (x,) 3’ (x,,) e (x,,) U
UW{V(X]])W]C()(]Z)W(X]3)>¢Y{ (X14);

nf™ (Y1) =

=" (x,) 3 (x,,) X (x,,) X (%) U

O (%) € (%) 9 (%) ' (x,) U 9)
O (x,,) 40f€ (%) X’ (x,,) 5t (%) U
UW{V(X”) mfc(xlz)w(xw)w(xm);
m' (Y1) =

= mf(mmf(xu)w(mw (x,)U
Unﬁ(xll)wc(xz)w(xls)w(x4) U
O (x,,) =€ (%) 3’ (x,,) xm’ (x,,) U
Um‘f(x”) mfc(xz)mﬁ(xw)xrrfv(xm);

(10)

Jost miHrBicTHYHOT 3MiHHOT Y2 0a3a 3HaHb 3alHUCYEThCS
HACTYITHAM YHHOM
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Tabnuys 2

Basa 3HaHb U1 JIIHrBICTUYHOL 3MIHHOT Y2

HaBYAIBHOIO Ta TECTOBOIO BiOipkoto. Bubipku sBisin
co0OI0 TEeBHY KUIBKICTh pelentTyp ckiaxy OeToHy 3

Di3uko-MeXaHIYHUH TapaMeTp 3all0BHIOBAUiB Y2 YPaXyBaHHAM BCIX UMHHMKIB, 0 Bpaxoaui y moper
S0 To MIPOTHO30BaHOI MilHOCTI. ba3a naHHMX Uil HaBYAHHS
Dop | Tiosep | Twn Mx Dpar MOJIETI CKJIaa€ThCs 3 eKCIEPUMEHTAIBHUX AaHuX[7,14].
Ma XHS 3aIlL. IicKy A Y2 Tabnuys 5
(Xa1) (X2 (X23) (Xos) (X5 BA3A 3HAHB JUIs1 JIIHT BICTUYHOI 3MIHHOI Ry
H B B H C Husbkuit Minsicts GetoHy Ry
HC H B C BC (H) xmo To
H B B H H — ~
uC H B C uC Huxae =1 g ca | =N = =g
> | e~ 85 o~ &2 o g -
c s [ s [ c [ 5| 5T |Edp|sEg| EL B | Zef
C B B B uC | Cepemspor TS |ZEE|T5E| 0E [ZEN| 252
C B B B C Cepeniii S =g §‘~° =8 Eé ::; ©
C B B C HC © = =
BC B B C C Buie H | 3001 H | H | H g Fusbxuii(H)
BC H H C C Cepennbor C | 300 ] uC | uC C (70-150)
3C | B B C BC o(5C) H | 300 ) H | sC | C | H
Huxue
B B B B uC C 300 HC C C C
B i CEpEeNHbOro
B B B B C Hg;‘)m” B 300 HC BC B H P uC
B B B C B H | 300 | C C H H | (151-250)
BinmnosigHo HaBenaeHo 0a3u 3HAHb I JIIHIBICTUYHHAX H 400 c c H c Cepenniit
sMinnux Y3,Y4, 1a R, y Tabm. 3-5. H 400 C BC B C (25(1(_200)
AHAaNOriYHO 3aIMCYIOTHCS PIBHSHHS ISl TapaMeTpiB c 400 c c C C
Y2-Y4, a takox Ry, mo 6a3am 3uHaHb 3 Ta0m1. 2-5. 2 288 Bg BBC g g CBHEHGC )
B ep.(B
Tabmua 3 50 T8 [ 5c [ ¢ [ ¢ ] @01-550)
BA3A 3HAHB JUIs1 JITHT BICTUYHOI 3MIHHOI Y3
A B [ 500 ] B | sC | B B Bucokuii
[MapameTp ruractigaocTi Y3 C 600 B B C B (B)
Sxmo To B 600 B B B B (551-700)
3py4HOyKIa Knac Burpara, %
JAIBHICTH B/IL e(eKTUBHO BiJ Macu Y3 .
(x3) 2| i (xgy) | emery (x50) _ O6pobka AaHnx Moperi
) C 1 B [Micns  ckinamanHs BignoBiAHUX ©0a3 3HaHB JUIs
) C 5 ] H JHTBICTUYHUX 3MIHHUX, Y KomIuiekci “MATLAB7” Gyno
) B 5 I CTBOPEHO MaTeMaTH4Hy MOJENb, SKa BiJTBOPIOE 3B’S3KU
I C T B MDK BXIJHAMH 3MIiHHAMH Ta BHUXIJHOI BEIHYHUHOIO
1 B 1 C C MIPOTHO30BaHOI MIIHOCTI OETOHY Ha CTHCK Y MOAYJi
T C ) T Fuzzy Logic Toolbox. Takokx y cepenoBumi
3 C > 7] “MATLAB7” OyB po3po0Oienuii inTepgeiic koprcryBaya,
3 C ] C B SIKMI 300pakeHo Ha puc. 2.
3 H 5 H Jloriyauii BUCHOBOK IT0 HEUITKHX 0a3ax 3HaHb Y 1-Y4,
Tabnugs 4 Ry, BuKoHaHo 3a anropurmom [11].

BA3A 3HAHB JUUTS JITHTBICTUYHOI 3MIHHOI Y4

[MapameTp nponopiiiHoro ckiany Y4
SIkmo BuTpara To
Boma | IlleGinb ITicox

(X42) (X43) (X44)

Hement

(x41) Y4

el fov) loe] lov] (@) (@] (@] f==f jun] fas!

el i@l (@117 I==Al=h ==] (@] j==] [==!

ellelicdicd el eollelle!

elleliellcd Ao e =
@)

Po3pobiieHa Momenb MPOrHO30BAHOI MIIHOCTI OCTOHY
BHKOHAHA y TEPIIOMY HAOJIWKEHHI, [UIS HaTaITyBaHHS
SIKOT HEOOXIJHO 3acTOCYBaTH QJITOPUTM HABYAHHS 3a

Puc.2 Inmepdgheiic po3pobnenoi npoepamu npocno3zyeanns
MiyHOCMI 6emony

KinbKkicTh €KCIIepUMEHTAIBHUX NAHUX ISl HaBYAHHS
cknagana 50, mist tectyBanHsa 41. Jlo HaBuaHHS HEB’s3Ka
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ckimagana 147,8 kre/cm” Ha HaBuaubHIH, Ta 154,7 kre/cm?
Ha TecToBil BUOOpI BiAmoBimHo. ITicis HaBuaHHS 99,2
Kre/cM” Ha HaBYaiIBbHIH Ta 122,5 Kre/cM’ Ha TeCTOBII.

@dparmeHT HaBUANBHOI BUOIpKM HaBeneHu y Talm. 6.

Benuka HeB’s3ka 10  pe3yabTaTataM — HaBYaHHS
CBIIYUTH TPO MaJly KUIBKICTh NaHWUX IJIsl HaBYaHHS Y
MOPIBHSHHI 3 MOXJIMBUMH (QYHKIISIMH HaJIaIlTyBaHHS
Momeni (60 mapamerpiB). HamamryBaHHIO Timmsraiu
nimie koe(ilieHTH KOHIEHTpaIii GpyHKIII HaJIeKHOCTI.

Takok BapTO BIAMITHTH, IO BeJIMKAa HEB’S3Ka 10
MoJei 3YMOBIICHA y3arajbHEHOIO MOJIEILTIO
MIPOrHO30BAHOI MIITHOCTI OETOHY.

Tabnuys 6

DPATMEHT HABYAJIbHOI BUBIPKH JIJII MOZEJII [IPOTHO30BAHOI
MILHOCTI BETOHY

Y4 E’

Y1 Y2 Y3 BUTpATa, KT | = | &
(rexnomori| (disuko- |(mapamerp | (mapamerp § gk
Bl unwmit MEeXaHiuHui |miacTuuHo| nponopuii |- gls
; napameTp) | mapamerp) CcTi) HOCTI Hele
CKIay 2:2?

FEREEEEEREREFEEER ERRE S

o e 5 e e e e e e e
@) IS1E qle|*| D o

1 IEIIUme%%gmogﬁap\og
—|2 alo| =R = =3

2 IOIOImmUm:gngSS{:l\Sg

\O

O &) en| NMO\WW o

3 mmmom::oo::ﬁmdgg:{:wg
&) SIS N BN R S

gl o] -4 Jun]Jusy jan] [aa] faa] &) %;Nogﬁﬁgw%
—(Z[ Q| a o

s = 2= === RIE S| 12 E S &2 S -
\O
N Alo|—~|0]w =] &)

O O m[\ (el wv —

6 | = =[=l= mmmIO:deﬁg:@w%
ol I R R ) o

7 I%II%mng%gmdgﬁagwg
[Momanpuie BIOCKOHANIGHHS MOJETI s 30ipHOro

3ali300€TOHY Ta  MOHOJITHOIO  3ajJi300€TOHY, 3
ypaxyBaHHSAM BiJKOPUTOBaHMX 0a3 3HAHb JJIS TAPaMETPiB

MOJENI JI03BOJIATH 3MEHIIUTH HEB’SI3KY Ta
BioOpakaTMe aJeKBaTHUHI CTYIIIHB TOYHOCTI
MIPOTHO30BAHOI BEJTUUHHH.

BucHoBkuK

1. Po3pobieHo MareMaTHuHy MOAENb MPOTHO3YBAHHS
MIIIHOCTI OeTOHY Ha 0a3i Teopil HEYITKOi JIOTIKH 3
ypaxyBaHHSIM BIUTMBY KiJIbKICHUX Ta SIKICHUX (DaKTOpIB.

2. CrtBopeHO iHTepdelic KopHcTyBada y CepeqOBHILI
“MATLAB 77 nmns 3pydHOro BBEJCHHS IIapaMmeTpiB

MPOCKTYBAaHHSI CKJIaAy OETOHY 3 IPOrHO30BAHOIO
MILHICTIO.

3. Moxens MmiIaeThbCsl HAaBYAHHIO, aje IIOKA 10 3
HEIOCTATHHOI)  BEJIMYUHOIO  CEPEIHBbOKBAIPATHUHOI

noxu6ku (99,2 krc/cM” Ha HaBUANbHiH Ta 122,5 Kre/cm’
Ha TECTOBIH BHOIpIN), IO IEPEBUIIYE CEPEIAHIO MIIHICTh
OeTOHY IS BIAMOBIAHOrO Kiacy 3a [13].
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