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Relevance of research. Optimization of formulations and modes of obtaining
building composites is carried out on experimental and statistical models most effec-
tively [1]. Experimental and statistical models allow to consider simultaneously a large
number of factors in a given production until binding to the careers of raw materials.
Experimental and statistical models allow to held a deep analysis of a specific situation,
taking into account features of the mechanisms of hydration and structure formation.

State of the problem. With the use of the methods of computer materials devel-
oped by the information-analytical units of experimental-statistical models is held the
analysis of the significance of the effects of interactions between the parameters of the
structure and properties. Such a technique allowed in the computational experiments
to conduct systematic analysis of the transformation of these relationships and to iden-
tify the most sensitive to management factors for materials’ producing with desired
properties.

Purpose of work. With using experimental and statistical modeling to investigate
the influence quantity and chemical composition of additives on the properties of build-
ing composites.

The results obtained. On the basis of the previously obtained data of natural
studies [2], a basis for performing experimental and statistical modeling was formed.
Experimental-statistical modeling [1] using polynomial models and correlation of co-
efficients was carried out to determine the influence of additives 1 and 2 on the strength
characteristics of 28-day hardened building composites. First, the experimental-statis-
tical models are constructed in the form of polynomial equations based on experimental
results. For this purpose, the percentage of the calcined clays in the range of 0%-60%
was normalized to encrypted data from -1 to +1 into dependence -1X; + 1 by ap-plying

typical equation X; = (Xj — Xoi )/X. The experimental- statistical models describing the
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effects of the reactive oxide molar ratios and the reactive-phase content (X) of the cal-
cined clays on the 28-day, as the response (Y ), have the following expression:

Y =bo + byX + by1x?
Coefficients of the experimental-statistical models calculated based on encrypted

1)

data are listed in Table 1. Coefficients of the experimental-statistical models and the

corresponding variables calculated for the maximum 28-day hardened composites are
listed in Table 2.

Table 1.
Coefficients of models based on encrypted data
.. ay compres-
fficients of 1 o s; Ca/Al Na/Si Na/Al Si/Al phous content®f 0
models (%)
(MPa)
Additive 1
bo 0.749 2.507 0.16 0.533 3.306 88 27.23
by -0.26 -2.352 0.011 -0.231 -1.604 -12 -15.47
b1 0.08 0.916 0 0.096 0.622 0 -11.81
Additive 2
bo 0.846 3.415 0.18 0.729 3.994 80.6 23.16
by -0.216 -2.055 0.035 -0.12 -1.301 -22.16 -15.18
b11 -0.036 0.33 0.005 0.021 0.319 -3.56 -7.98

Subsequently, numerical tests were designed to evaluate the significance for de-
termining the effect of the amount and chemistry of the reactive phase on 28-day of the
hardened composites. To calculate the coefficients, the variables were normalized to —
1<Xj<+l dependence. The main factors were Ca/Si (Xi), SI/Al (Xy),
and Na/Si (X3) ratios, and the amorphous-phase portion (Xs).

Table 2.

Coefficients of experimental-statistical models calculated with respect of maxi-

mum 28-day harden composites

nt of building phous content". COTPTeS”
o Ca/Si Ca/Al Na/Si Na/Al Si/Al sive strength
compositions (%) (MPa)
88.5/11.5 0.9536 4.558 0.153 0.7255 4.623 89.64 32.3
99.5/0.5 1.026 5.8 0.15 0.87 5.614 96.68 30.3

Accordingly, two-factor models were constructed in pairs of X;-Xs, X2-X4, and
X3-X4 and had showed following forms for the hardened composites with additive 1:
Rb, cassnampn — 29-40 — 7.44x; — 7.01xZ + 0x;x, — 7.44x, — 7.0x3 (2)

Rb, s mampn — 29:87 = 7.37%y — 7.24x3 + 0.01x5x4 — 7.72x4 — 5.86xF  (3)
Rb,assiampn — 27-16 = 7.72x3 — 5.86x3 + 0.004x3x4 — 7.72x, — 5.86xF (4)
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For the hardened composites with additive 2, the models had the following ex-
pressions:

Rb,cassampn = 20-60 — 7.66x; — 2.68x{ + 0.07x,x, — 7.66x, — 2.68xF (5)
Rb, s avampn — 2490 — 742X, — 4.88x5 + 0xpx, — 7.42x, — 4.88x} (6)
Rb,nasiampn = 22-08 — 7.63x3 — 3.44xF + 0.03x3x, — 7.63x, — 3.44x% (7)

Figs. 1 present response surfaces for 28-day of hardened composites for the fol-
lowing pairs: (1) molar reactive ratios Ca/Si and amorphous-phase content, (2) Si/Al
and amorphous-phase content, and (3) Na/Si and amorphous-phase content.
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Fig 1. Response surfaces for 28-day hardened composites with additives 1 and 2:
(a, d) Ca/Si-amorphous phase content; (b, e) Si/Al-amorphous phase content;
and (c, f) Na/Si-amorphous phase content

Subsequently, correlation analysis was performed to rank the statistical signifi-
cances and analyze the contributions of the reactive Ca, Si, Al, and Na oxides to the
28-day CS of the hardened composites. The computation experiment involved repro-
duction of a set of experimental data using the obtained experimental-statistical models
[3]. The graphical representation of the correlation analysis (Fig. 3) shows differences

in the ordering of the reactive oxide ratios, contributing to the strength of the compo-
sites.
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Fig. 9. Correlation coefficients versus reactive molar oxides ratios
and amorphous phase.

As result, for composites, the significance of the reactive components evaluated
using correlation coefficients r presented the following sequence: [r{Na/Si; reactive-
phase content; R}] > [r{Ca/ Si; R} > r{(Ca/Al, Si/Al); R} > r{Na/Al; R}] and for
additives 2: [r{(Ca/Si, Na/Si, reactive-phase content; R} > r{(Ca/Al, Na/Al); R}] >
[r{Si/Al; R}].

AHoOTAaLlIA

JlocmpKeHO 0COOIUBOCTI BJIACTUBOCTI OYIBEIBHMX KOMITO3HUTIB 3 J00aBKaMHU
3QJIEKHO BIJI 3MICTY Ta cKjaay amopdHoi ¢a3u. BecraHoBneHo, 1110 100aBka, 1110 Mic-
tuTh 60% (azu, npuaaTHa 115t BAKOPUCTAHHS SIK IOJATKOBUH aTIOMOCUIIIKATHUI KOM-
MOHEHT 10 IUTaKy. B pe3ynbTaTi JOCHIIKEHb OTPUMAHO KOMITO3UIIIMHE B'SDKyYE 3 Mi-
IIHICTIO MPY CTUCKaHHI y BiIll 28 116 1o 30 MIla. MeTomamu ekciepuMeHTalIbHO-CTa-
TUCTUYHOTO MOJIETIOBAaHHS BCTAHOBJICHO, 1[0 HAWOUIbII 3HAYYIUMU (pakTopamu y ¢o-
PMyBaHHI MIITHOCTI KOMIO3UIIIHHOTO B'SKYy4oro € BMICT amopdHOi (a3u Ta CIiBBiI-
HOIIIEHHS OKCU/IIB.
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