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GENERAL DESCRIPTION OF THE THESIS
Topicality of the Theme

At present the volumes of building construction_atvia are steadily increasing. Statistical
research shows that in the year 2004 turnoveriidibg construction has reached approximately 550
million lats, here to the amount of investmentsches almost 75 %. With the growing volumes and
rates of building construction practical work outes quality provision, due to insufficiently devedal
scientific research. In order to put modern comsion technology into practice, it is required te b
well aware of characteristics of local constructmaterials and their abilities, making use of difien
potential of this country and other states.

The present thesis is fully devoted to issues tifroping concrete mix and of elaborating new
perspective methods. During the recent 15 yearstalghanges in political and economic situation in
Latvia, there took place fundamental changes inctieerete industry. Restructuring of the concrete
industry is observed throughout the whole worldisTiesulted in broadening the fields of concrete
application and the range of concrete productsyedsas in increasing the requirements for physical
and mechanical characteristics, durability andityuaf the material. Nowadays new special types of
concrete, such as pumped, high strength, self-cotingaconcrete, etc. are being increasingly used in
building construction.

New types of concrete have specific requirementspntrast to conventional concrete; these are
susceptible in case of changing technological facfespecially of the mix). They require a new
approach in issues of concrete mix design. On therdand, in the conditions of market economy
there is a wide range of raw staff offered, angeitomes a live issue to chose lhe raw staff in such
way, that to achieve maximal economy, and at thmesdime to provide maximally good
characteristics for fresh and hardened concretei{iis necessary to find a compromise between the
price and the characteristics).

Hence, there is a requirement for new, unified enwdbile approach in issues of concrete mix
design and optimization.

The present thesis draws attention to some liveeggsghat have the largest impact on obtaining
the optimal mix for plastic concrete,

« Grading characteristics of aggregates and invesiigaf their influence can be pointed out as a
guideline, as it is a aggregate that takes up thle bf concrete volume (60 - 80 %), and
densification (packing) of its structure has a &aggnificance. In the transition period live
issues are those, which are linked with transifimm former standards (GOST) to new ones
(primarily EN), as well as those, which are linkeih requirements of new standards, and which
are to be observed during the stage of mix design.

« Water plays an exceedingly significant role in gete mix: on the one hand, it provides the mix
with determined consistency, on the otlend, the



water/cement ratio determines strength and dutaifi concrete. Necessary amount of water in
concrete mix, in its turn, is directly linked witteometrical characteristics of aggregates. Thus,
research of the system "geometrical characterisfieggregates - water factors" is an important
trend in concrete technology.
The mentioned problems are to be solved in a texnmwith regards to concrete mix design
optimization, as today effective measures are meguito allow choosing the most
appropriate raw staff and determining optimal cetemix from the point of view of economy
of materials and quality.

The thesis contains summarized and systematizedltsesf research and practical

experience, obtained during the recent 10 yearsnwivorking with concrete mixes at the
Laboratory of Construction Materials of the Riga Acal University.

Aim of the Thesis

To elaborate the concrete mix design method fatisl@oncrete mixes, that would base on utilization
of grading characteristics of aggregates as then rdaminating factor, and to offer methods of
determining the optimal mix by using multi-objeeti@ptimization elements.

Resear ch tasks

To elaborate the method allowing to re-estimateatygregate grading composition from one sieve
system to another system, which have holes ofréififiesize and shape.

To work out the method and the algorithm of velsa@ipplication to estimate aggregate
composition for multi-component mixes. To estimtte offered method application for different
types of concrete.

To mutually compare the two-component mix desigtimadion results, which are obtained by
means of different methods. To establish a databhaggregates available in Latvia.

To work out a universal (one value) parameter, rihep to rationally characterize the aggregate,
taking into account its grading composition andpghaf particles. The parameter is to determine
the water amount, taking into account the conaretssistency.

To work out the estimation scheme for plastic ceteemmix design with the help of granulation
method by observing current requirements to plasticrete mixes.

To elaborate the multi-objective optimization scleefor concrete mix in order to solve different
technological tasks, to offer the method for oVleeatimation of concrete mix.



Scientific Novelty of the Thesis

« For the first time there is a method elaborateal, &flows to mutually re-estimate
grading of aggregates from one sieve system tomtrey.

« There are parameters offered for grading equafi@aggregates (the degree n and
the curve starting pointgX with the help of which the ideal grading compiosi
can be determined for different types of concrete.

« For plastic concrete mix design it is offered tckmase of the universal parameter
- granulation number, which by one digit both cltaesizes aggregates, and
determines connection between geometrical chaiatitar of aggregates and
composition of concrete.

» There is an elastic scheme of concrete mix desigrmoatimization worked out,
that makes use of multi-objective optimization edens, provides with possibility
to choose the most rational composition and to fhmelcompromise solution
between the cost and characteristics of the mhteria

e There are graphic interpretation variants of th&émjzation results and the
conception of standard concrete, that allow toallgievaluate the efficiency of
particular mix.

Practical value of the Thesis

There is the concrete mix design and optimizatioethad elaborated, convenient in practical
application, which allows to efficiently determittee optimal concrete mix with the help of computer,
thus allowing to considerably reduce the mix praiductime. There is a database composed of various
aggregates available in Latvia.

Thefollowing isforwar ded to defend the thess:

« The re-estimation method of the aggregate granualatbmposition from one sieve
system to any other.

« Aggregate grading equation parameters, that deterthie desirable aggregate
grading for different types of concrete.

« The concrete aggregate composition estimation ndetlith the analytical least
square method and with the numerical method.

» Concept of the granulation coefficient and the gtation number for plastic
mixes and the concrete mix design method, for witiehaggregate granulation
number is the chief factor.

¢ The concrete mix multi-objective (compromise) ojitiation scheme is elaborated
and the optimization parameters are determined.

« Concept of the standard concrete.



Content and volume of thework

Doctorate thesis is composed of the introductiorchdpters, conclusion and bibliography.
Volume of the work 149 pages, there are 43 drawi@dstables and bibliography containing 123
references, 5 appendix.

Approbation of thework and publications

Results of the approbation work have been repamediscussed at international conferences:

e 2nd International PhD Symposium in Civil Enginegri(Budapest, Aug. 1998).

« 6" International Conference "Modern building materiatructures and
techniques" (Vilnius, May 1999).

« 7" International Conference "Modern building materiatructures and
techniques"”. (Vilnius, May 2001).

« RTU 42¢International Scientific Conference (Riga, Octol2602)

« 12" International Conference Mechanics of Compositeelitds (Riga, June,
2002)

« RTU 43% International Scientific Conference (Riga, Octoi2002).

« RTU 44" International Scientific Conference (Riga, Octol2€03).

« 1st Baltic States Conference of Silicate Matei{@iga, May, 2004).

The results of investigations are reffered andugised in all Latvian Concrete Assotiation
annual conferences held from 1997.

The principal results of the work are outlines ipublications (p. 21).

It was recieved patent No LV 11681 B of Republitafvia "Lihtweight
concrete mix composition” (publ. 20.06.1997.)



CONTENT OF THE WORK

The first chapter describes the present situation in isstiesrcrete mix design and optimization,
considers current estimation methods and providessummary on advantages and deficiencies of
different methods.

It is emphasized, that aggregates are of spegjalfisiance in the concrete structure, as they
take up 60...80 % of the material volume. Charasties of aggregates, that are to be taken account
of, when designing a concrete mix, can be conveatip divided into two groups: material
characteristics and geometrical (visual) charastiee - shape of aggregate particles, surface
condition and granulometric composition (grading).

Geometrical characteristics provide fixing of pelgs, influence mix consistence and
cement consumption. Grading is the most importanhegtrical characteristic, it determines the nedati
content of particles with different dimensions. @rg may be defined as relation between the sieve
hole dimension X(I), mm and the sieve cumulativesiag Y(I), %. To determine grading practically,
a standard sieve set with different holes is ultdd.to be noted, that currently to determine grgd
composition there are different system sieves ugdaen analysing the literature, it is stated, that
there is no unified method elaborated, that wolllheto re-estimate grading composition from one
sieve system to another, as well as to coordimated-shape and square-shape sieve openings.

As a result of concrete aggregate design, it i®ssary to obtain the optimal proportions of
components, that would provide fixing of compacttipkes with a minimal emptiness and allow to
reach the required concrete characteristics. Igealing curves are most widely used to characterize
optimum aggregate grading.

The most well-known is Fuller's "ideal" curve, whialmost 100 years ago was offered by
Fuller and Thompson. In its essence the Fullersecis a inverse parabola, and generally it can be
described with the following function:

YT(1) = /D1)/D,., = (D) / D),

where: D(l) is the particle size, mm;
YT(I) is the theoretical (ideal) amount of partekmaller than D(l);
Dnaxis the maximal size of aggregate, mm.

The ideal grading compositions can be also preddntea chart or graphically, as the interval
between the two curves.

When designing concrete, the aggregate optimalbptiops, that provide the composition to be
maximally close to the ideal curve, are to be estad. The graphic method of determining the
Dutch aggregate composition can be mentioned, wivih used in designing the stiff concrete mix
composition. The Dutch method idea was developed.BySs, when elaborating the method of
analitical gravity center and the least squareregitbn method.



It is to be noted, that the considered estimati@thod according to the ideal curves does not
provide for using the numerical criterion, thatetatines the real grading correspondence to thé idea
curve. Similarly, it is topical to implement thegrggate composition estimation methods to apply
them also for modem plastic concrete types (pumgaficompacting concrete, etc.)

When summarizing the available information on cosifmn design methods, it can be
concluded, that the determining principles for ptagoncrete mix composition are the absolute
volume principle, the water/cement ratio law and tonsistence principle, according to which the
water amount depends primarily on the mix consc#eand aggregate roughness.

It is stated, that the water amount is one of thstrsensitive factors of concrete composition
design. Water covers aggregate particles with @raémed thickness layer, therefore, aggregate
geometrical characteristics are very important.r&tae different parameters used, which charaeteriz
the aggregate adsorbing capability (surface shépieegparticles, specific surface, etc.). It is\mo,
that the adsorbed water layer thickness dependseosize of the particles (finer particles haverier
water layer). This provision is observed by thengtation number parameter, which most effectively
characterizes the aggregate water adsorbing ckasiics and determines the minimal water amount
for moistening the particles. The concrete commsiesign method based on the granulation number
was widely used in the 70-s ... 80-s for the camcmmpact technology. It is to be noted, that the
granulation number method was elaborated for stiffcrete mixes. Thus, it is required to implement
the granulation number method and to apply it &t mixes.

Having surveyed information about concrete optitidzg a conclusion is drawn, that there is
no unified approach to issues of concrete mix ogttion, and up to now it is difficult to find
schemes and methods, which are ready for pracjmalication. The multi-objective (compromise)
optimization is the most successful optimizationtimoel, which could be applied for concrete
mixes. The multi-objective optimization approachese used in the 90-s by A.Kregers, G.Teters, J.
Melnbardis and M.Rektjis for investigating characteristics of compositearials. Optimal solution is
determined with the help of the integral criterimmction ®, which by one value observes several
characteristics of the research object, as wellgrsficance of the characteristics.

Thus, there are main trends of research, thatdnia mostly the optimal composition of plastic
mixes, indicated and chosen:

« Aggregate grading characteristics;

» Aggregate ideal curves and the aggregate compogistmation method,;

* The water factor and the composition design methiuat, observes connection
between aggregate geometric characteristics aratatercomposition;

* Multi-purpose optimization of compositions.



See the summarized research scheme at the Figure 1.
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The second chapter is devoted to elaboration of new methods in thgregate composition
determination and estimation. The method used i@ thesis to investigate the aggregate
characteristics is described.

There were practical comparative experiments pewod; when one and the same aggregate
was bolted through sieve sets with various gradaifdholes. The obtained grading compositions were
compared and re-estimated by using linear, logarittand square root interpolation methods. For re-
estimation of compositions there is the round shee square root sieve hole transition coefficient
observed. When processing the results statistjcitllg determined, that sufficiently precise resul
can be obtained through linear interpolation. kkasicluded that the least average squared deviation
between theoretical and experimental results igeael with multi-fraction aggregates (S<2.1%). Re-
estimation method is not suitable for aggregaternphkasically one fraction. The aggregate fineness
modules obtained with the help of the Europeardst@ahEN and GOST sieves are compared. The ratio
of the FM™/ FM®5T modules for the fine aggregate comprises on aeetdif8, whereas for the rough
aggregate it is 1.02.

The ideal grading curves found in the literature @nalyzed and their graphic comparison with
the Fuller's ideal curves is made. For practicalieption there are modified Fuller's curve equatio
chosen with changing paramets (the curve starting point) amd(the degree). There are parameter
values determined for the stiff, pumped and setfygacting concrete mixes.

To determine the aggregate composition, the foligwscheme is used: There dxe
aggregates given with the known grading composition

Y(L1); Y2.1); Y (G0); o YN,
where: N is the amount of aggregates;
J is the aggregate ordinal number, | is the s@dinal number.

It is required to determine the aggregate propostio(J), which provide real grading curves
Y (I) to be maximally close to the ideal cu@&(l). The real curve equation is as follows:

YM= 3K YED.

=l
The task is solved by using the least square pileci.e. by minimizing the sum afeflection
square between the ideal curve and the real one.

i (YT(D) - Y(1))* = min,

f=l

where: M is the number of sieves.



There are estimation cases considered, when thea@nti X, of the ideal curve is fixed
(the ideal grading is preset) and thgXis floating (i.e. it depends on the aggregate maki
roughness). There is the following equation systenthe form of a matrix) determined for the
variant, when the ideal curve is preset and theuatmaf source components is not limited:

A(LL) A(L2) ves A(LN-1) E(l) B(1)
A2 A22) - A[ZN-I) = K(2) X B(2)
AN-L1) A(N-12) - AN-LN-I K(N-1 B(N-1
(matrix of unknown members coeffic.) matrix of (matrix of
unknown free coef.)
members

It is determined, that coefficients in the equatiystem change according to the simple logical
correlation. There are the following formulas reeei to determine the coefficients (the estimat®on i

easily done in the computer):

ARSI S (YOND) - Y(S,D) (YON,) — YR.D);
B(R)= i (Y(N.D) — YT(D) (Y(N,I) - Y(R,D)),

=1

where: R is the equation (the row number);
Sis the member (column) number.

There is also the numerical method of the leasasgjelaborated. The principle of the
method is to mechanically divide all possible camatibns of the aggregate proportions, to choose
the composition, for which the square deviation amidetween the real and the ideal curves is
minimal. The numerical method involves more nunar@perations, when comparing it to the
analytical method, thus, the estimation time wite modern computer can take more than 20
minutes. There are estimation volumes analyzedrdipg on the estimation step, the amount of
components and the determined boundary, when thestep numerical method is to be used.
There are schemes, algorithms and programs elaboiatVisual Basic to estimate aggregate
composition for mixes consisting of up to 5 compuaeevith the help of analytical and numerical
methods.

Numerical examples used to determine the five-corapb aggregate mixes (See the
Figures 2, 3 and the Table 1) demonstrate thattiadytical method can have indeterminate
results, in case there are non-standard composstiamce materials given, especially if the
grading curves overlap (See the Figure 3). The mizalemethod is more stable, and it allows
to use wider capabilities of mix design, in compan with analytical method. Analytical and
numerical method results differs not more then 1%.



To evaluate, how well the real grading curve cqroesls to the ideal, it is offered to make
use of the numerical criterion S (%) - the aversgeared deviation between the ideal and the real
curves.

Composition estimations made with the help of thenewical method for different ideal
grading lypes are meant for the stiff, pumped aglficompacting concrete (See the Table 2). The
results demonstrate, that, when using the sameesooaterials in different proportions, it is potsib
to obtain aggregate mixes for different types ofarete.

There is the comparison made of mix design refuitdhe two-component aggregate by using
different methods. Comparing the results of thei@aar two-component mix design, it has been
proved that elaborated analytical and numerical hmétin general show average squared
deviation between ideal curve and calculated rerlamrve that equals 6.5%; the existing Dutch,
analytical and gravity center methods - 7.9, 1h 9d % correspondingly.

For the two-component mix, as an alternative vayiais offered to use the fineness module
method, which is simple in application even whert nsing the computing devices. When
calculating finess modulus it is recommended to additional sieves 5.6 and 11.2 mm. As a
result, the accuracy of finess modulus method tl increased and the difference between
analytical and finess modulus method up to 2.6 % loeaachieved.

In the process of concrete design and optimizati®important to have a fast access to the
information on different source materials. For thispose there is a database established of differe
aggregates available in Latvia, which include naggregate indices. The data are summarized in the
Excel tables, as well as all the aggregates afectetl on a special shelf in separate vessels.

Table 1

Results of Determining the Five-Component Mix

| Aggregate Example No | - Example No 2

' Numerically | Analytically | Numerically | Analytically
Gravel 4-16 mm 0.370 0.365 0.440 0.480
Gravel 2-11 mm 0.240 0.247 0.060 -0.037
Sand 0— mm 0.310 0.312 0.000 -0.225
Sand 0-3 mm 0.060 0.055 = =
Sand 0—5 mm = = 0.480 0.771
Filler 0-0.063 mm 0.020 0.021 0.002 0.012
S, % 278 2.79 1.51 -
Time of calculation, s 43 <1 43 <1

I 1 No result




’

1
i ! A Loy
| i 1 I 1 I 1 1
(hessatl o i) | | |
I B :
B oa o o =B B als
8 R 8 R B 38 ¢ 8B R @

94 “Fuissed a1y

00 ==

20

"2

1

D.063 0125 025 05

Sieve hole size, mm

- = = . max DIN 1045

- min DIN 1043

—— Ideal

—— 2-11 mm

—a— 4-16mm

+au3-- Filler 00,063 mm

—— 0-3mm

—O— 0-4mm

Fig. 2. Grading Curves for the Example No. 1

1

o, “Buissed aa01g

0063 D125 025 05

Sieve hole size, mm

~ — — max DIN 1045
—m— 211 mm

--- min DIN 1045

—e— 4-l16mm

0.063 mm

3. Filler 0

——0-5mm

Fig. 3. Grading Curves for the Example No. 2



Table2
Results of Determining Aggregate Mixes for Differ@ypes of Concrete

Concrete type, Parameters Proportions, %

(the numb, of X n 5-16 mm| 0-4 mm | 2-5 mm Filler S, %
components) © (142) (48) (159) (13)

Stf mixture, Sl g6z | 0.52 | 60.0 40.0 - - 7.82
(2-components)

Stiff mixture, S\ 6 63| 043 | 490 250 | 26.0 - 2.42
(3-components)

PUmping, S2.-S{ 4 063 | 043 | 44.0 290 | 260 1.0 2.41
(3-components)

Sce 0.027| 0.29 34.0 36.0 23.0 7.0 2.27
(4-components)

Thethird chapter contains the water factor research for plastic mixe

To more accurately observe the surface shape agbeegate particles, it is offered to use the
special parameter - the granulation coefficiendeliermines the connection between the surfacecérea
the particles and the surface area of the sphehetlivé same volume:

Kg=S/$,

where: S is the real body surface;
S, is the sphere surface with equivalent volume.

There is the theoretical estimation made of graimracoefficients for different geometric
bodies, as well as experimental determination éat aggregate grains, by using the painting method.
For rounded aggregate particles the granulatiofficieat values range from 1.07 ... 1.27 and fa th
angular particles - from 1.37 ... 1.48. The obtdiegperimental data incorporate into the intenfal o
theoretical results.

The number of granulation is defined as minimalevatmount to cover aggregate particles
(liter per 100 liter of aggregate by absolute vajim



Determination of the aggregate granulation numbeffered to be made according to the
formulas:

where: L (J) - is the granulation number for the real aggte:
L o(J)-is the granulation number for the aggregate witimdoparticles.

M
o(D) = 2. QUL1)- 2, (1)/100,
where: Q(J,1) - content of fractions in the pafécwaggregate, %;

L o(l) - granulation number for particular fraction withurm particles

A=A K(),

=1

where: L —is the aggregate mix granulation number.

The research is made to determine connection betile® concrete composition and the
cone slump. There is the following main formulaco#fd to determine the water amount for plastic
mixes (liter per 100 liter of aggregate by absolaieime):

WP=) x K

where: K is the consistency coefficient, which degseon the slump.

There is the empiric connection obtained (See ifper& 4) between the cone slump KN and the
consistency coefficient: K=0.19 - Ig(KN) + 2.1.

It is noted, that for modern plastic concrete mikes important to keep the fine particle
composition. There are requirements summarizedirier particle amounts for different concrete
types. There is the water/cement ratio method 8pdcitaking into account the cement
classification according to the European standard.

There is a method elaborated to estimate the ctncmmposition, by using the granulation
number principles and by observing the accuracyections for the water/cement ratio and the fine
particle composition.

When comparing the designed slump with experimigntabserved results, the granulation
method shows less difference between theoretical axperimental results. The correlation
coefficients comprise correspondingly 0.84 for #tendard method and 0.94 for the grading number
method (See the Figure 5).
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The fourth chapter is devoted to the concrete mintzation issues.

There is the following concrete mix multi-purposgtimization scheme offered.
» Defining the optimization task, determining thearaeters, choosing the source
material from the database.
» Determining the experiment plan for n compositions.
« Theoretical estimation of the concrete n compasititaking into account changing
source parameters, each theoretical compositiondhés own optimized values.
« Determining the optimal solution with the help loé tb integral criterion function:

By e ey
®=(Zn® )",

where:®;. is the local criterion of the given optimized v&lu
0<®;<I;itis set thatb; =0, if the value has the lowest index, @nd- 1, if
the value has the best (desirable) index in thergrange;
rli is the significance coefficient of the optimilzealues, G<n; < 1.

There are the optimization parameters determinedable parameterssoptimized values.yas
well as the limitations summarized, which are tddden into account in the mix design.

To investigate the multi-purpose optimization calitsds for concrete mixes, there are the
optimization variants elaborated: aggregate chivara the database, plasticizing additive choice and
the optimal amount determining and the multipurpoggmization with two changing parameters.
They are tested on numerical examples and analfysis results.

The Figure 6 shows the most appropriate aggredaiee results. For the optimization task
there are 5 sand type aggregates given and 4 caggsegates, with the combination number for the
two-component mix being 4 x 5 = 20. There are 2fcoete mixes estimated, each composition has its
local criteria determined for the following optiret values: water amount W, price C and average
quadratic deviation between the ideal and realigtadurves S. Numerical values of the integral
criterion function® are shown in the diagram in the decreasing orideallows to visually
distinguish the best compositions. For the givesecthe mix No. 3 meets the requirements in atette
way, as alternatives there can be variants 4, d9 araccepted.

There is a mathematical model elaborated for plastg action, that allows to observe the
diminishing effect of the plasticizing water in thex estimation and to use a model to solve the mix
optimization task.
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In case of mix optimization with two changing vauwider capabilities can be implemented,
in comparison with the one-factor optimization taSkaphic interpretation of the results in a three-
dimensional diagram increases visual presentaticheoresults. When using the data processing
program, it is possible to obtain the function palgnial in order to achieve the optimal result amd t
predict the change tendencies of the optimizedtiume (See the Figure 7).
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Plasticizer



To solve the task of the concrete mix design antimigation, there are special programs
elaborated in MS Excel and Visual Basic. Theresgsiem obtained, that consists of sub-modules (to
determine ideal curves for the sub-programs, tonest grading, to estimate the concrete mix and
different optimization variants).

There is the standard concrete conception elalshrAdhen analyzing different concrete
offers and research results, there are statislata received about concrete of different clastks.
offered method allows to evaluate the compared retaanix according to economic and qualitative
criteria. To graphically represent the resultsrehis a 3-axis diagram used, which in a correspandi
scale depicts' concrete properties: relative co8b); average squared deviation between the idekl an
the real curves S (%) and water amount Wﬁ/m

It is to be visually evaluated, whether the giveix tiangle fits into the boundaries. The
closer to the center the mix indices, the morectiife is the concrete (See the Figure 8).

Designations: S — analyzed concrete;
————————— border of non-effective concrete.

Figure 8. Diagram for the Concrete Mix Evaluation



CONCLUSIONS

There is a method elaborated to re-estimate theeggte grading composition from one
sieve system to another with the help of the imtiation method, taking into account the
transition coefficient of the round form and theuarg-shaped sieve hole. Having
compared the aggregate grading compositionspibserved that the least average squared
deviation between theoretical and experimental ltess achieved with multi-fraction
aggregates (S < 2.1%). Re-estimation method isuititble for aggregate having basically
one fraction.

When using the least square method, there are gajgreomposition estimation universal

methods and algorithms elaborated for the analytind numerical method, that allow to

determine optimal composition for the multi-compeneggregate mix. Advantages and
drawbacks of elaborated methods are determinésictincluded that the analytical method
has restricted application. The numerical methomhdse stable, and it allows to use wider
capabilities of mix design. The difference of réswif analytical and numerical method does
not exceed 1%.

Different ideal grading curves can be formed byhgghe offered parameters for grading
equation of aggregates (the degree n and the ataréing point X). When using the
elaborated mix design method, it is possible tdgiesompositions for different concrete
mix types, starting with stiff and up to self-compiag mixes that was not possible before.

Elaborated analytical and numerical methods provaseilts, which better correspond to
the aggregate ideal curve, in comparison with timeeat considered methods. Comparing
the results of particular two-component mix desigias been proved that the elaborated
analytical method and numerical method in gendmalvsaverage squared deviation between -
ideal curve and calculated real mix curve that &06a%; the existing Dutch, analytical
and gravity center methods - 7.9, 11.9 un 7.7%spanedingly.

There is a universal parameter - the granulatiomber §) for plastic mixes offered,
which characterizes the aggregate adsorption chebi through one value,
simultaneously taking into account grading comparsiand shape of the particles. Estimated
empirical relation allow to determine water contientoncrete if granulation number and mix
consistency are preliminary defined.

Basing on the granulation number principle, thereghis concrete composition design
method elaborated for plastic mixes. The granufatiomber significantly simplifies and

makes more accurate the concrete mix estimation.tfi® granulation method there is
less difference between theoretical and experirheetallts. The correlation coefficients
comprise correspondingly 0.84 of the standard ntethd 0.94 of the granulation number
method.



* There are methods elaborated to solve differerimipation tasks, including choosing the
most appropriate aggregate from the database,ndieieg the plasticizer optimal amount
and choosing the cement type. The offered exangblepplying the optimization methods
demonstrate that the multi-objective optimizatidangents can be successfully used to
solve different practical tasks, when designingdtiecrete mix. Graphic interpretation of the
results in three-dimensional diagrams visually drettemonstrates the achieved results and
allows to forecast tendencies of the optimized tionacchanges.

* There is the standard concrete conception elalibratieich allows to efficiently compare
the price and the main quality criteria of the gimposition with the statistically average
composition indices, as well as to demonstrateehbelts in a diagram.
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