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Shielded retaining wall in the form of
substandard rack-mount frame

OKpaHUPOBaHHbLIN BONbBEPK
B BMA€E HECTAHO4APTHOM CTOEYHOM paMbl

A.V. Smolenkova, cmydeHm A.B. CMmoneHkoea,

V.S. Korovkin, 0-p mexH. HayK, npenodagamerib

N.S. Orlova, B.C. KopoekuH,

K.G. Rag.ulin, cmydenm H.C. Opnoea,

A.D. Kuzina, cmydenm K.I". Pa2ynuH,

Peter the Great St. Petersburg Polytechnic cmydenm A.[l. Ky3uHa,

University, St. Petersburg, Russia CaHkm-lemep6ypackuli NonuMexHUYecKud

yHusepcumem [lNempa Benukoeo,
2. CaHkm-lNemepbype, Poccusi

Key words: berth; shielded retaining wall; variable KniouyeBble cnoBa: npuyanoHas HabepexHas;

foundation modulus; silage pressure; incomplete akpaHMpoBaHHbIN BonbBepk; nepemMeHHbIN

sliding wedge KoadhpuumMeHT nocTenu; CUNocHoe JaBreHue
rpyHTa; HenonHasa npyMama obpyLeHns

Abstract. The article gives a practical implementation of the engineering method for calculation of
different retaining walls types. The main provision of the method is to provide the construction calculation
model as a combination of construction elements with the respective conditions of their fixing. The
calculation model of shielded retaining wall (covered type of sheet pile wharf) is proposed in the form of
substandard rack-mount frame where resilient ground attachment is accepted instead of rack lower
anchorage. This model uses stiffness characteristics of the ground in the form of variable foundation
modulus. The article considers the definition of lateral earth pressure on the wall while staying in sliding
wedge of pile bent. The article gives an engineering solution for definition of diagrams of lateral pressure
on the front wall with allowance for nonlinear influence of pile bent location, piles pitch and cross section.

AHHOoTauma. [lpuMBegeHa npakTMyeckass peanusauusi, NpearioKeHHOro paHee WHXEHEPHOro
yHMBEpCanbHOro MeTofda pacyeTa npuyanbHbix HabepexHbix. OCHOBHOE MONOXeHWe MeToAa
3aKnyaeTca B NPeACTaBfEHUM pPacYeTHOW CXEeMbl COOPYXEHUss B Buae KOMOMHAUMM 3NEMEHTOB
KOHCTPYKLMU C COOTBETCTBYIOLLUMMU YCIIOBUAMU WX 3aKpenneHus. PacyeTHasd cxema 3KpaHWpPOBaHHOro
bonbBepka npenfioxeHa B BUAE HECTAHAAPTHOM CTOEYHON paMbl, IAe BMECTO HUXKHEN XXECTKON 3aAerKu
CcTOeKk, npuvHMMaeTcs ynpyras rpyHToBad 3agenka. [lpyu 3TOM  UCNOMb3YIOTCA  KECTKOCTHble
XapakTepucTuUKU rpyHTa, B BuOe nNepeMeHHbIX KoadhduuueHToB noctenu. PaccmoTpeH Bonpoc
onpegeneHuss 60KOBOro AaBnNeHWst TPyHTa Ha CTEHKY NPU HaxXOoXOeHUW B Npu3Me ObpyLUEeHMs1 CBaNHOro
psaga. lNony4yeHo MHXeHepPHOe peLLeHne onpeaeneHnst anopbl OOKOBOro AaBMnNeHNs Ha NULEBYIO CTEHKY C
Y4eTOM HENMMHENHOrO BNUAHUA pacnonoXeHna cBanHoro psaa, wara u cedeHns casam.

Introduction

The calculation of water transport hydrotechnical constructions interacting with the ground belongs
to one of the mixed elastic-plastic tasks of continuous body. There are a significant number of software
packages (Geomechanica, Plaxis, Msheet, LIRA, etc.). They allow by a numerical method on a PC to
calculate the stress-strain state of the construction in two and three dimensional statement taking into
account elastic and extreme areas that previously was impossible. The calculation of berthing
constructions in software packages using the model of a continuous body allowed to obtain a more
complete picture of construction work in the ground. However, the calculation of these constructions in
programs which use the model of a continuous medium designed for structural materials is not strict
because it gives an approximate picture of the pile foundation behaviour in discrete soil ground

Due to the complexity of consideration of many factors affecting the structures in the port hydraulic
engineering various engineering solutions [1-7] are widely used including methods considering
foundation modulus (hypothesis of Fuss-Winkler) and not taking into account the distribution capacity of
the ground. Some of the works used abroad [8-17] should be noted. These papers consider the
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tabulated solutions to the classical Blum-Lohmeyer method of calculation [8]. Abroad in the last 10-15
years the calculation of berthing facilities is performed in the program Plaxis using the finite element
method for the continuum model. This model designed for construction materials is not strict for soils. It
gives an approximate picture of pile foundation behaviour in discrete soil ground.

Using software packages based on the model of continuous body reference to the tasks of port
hydraulic engineering requires consideration of several factors: difference in compression and tension
ground resistance, variable degree of distribution capacity of the ground adjacent to the deformed wall up
to its complete disappearance, for example, because of buttress piers end displacement leading to
significant transformation of initial outline of pressure diagrams on height and so on [18]. The using of
vertical thin layer of ground with reduced strength characteristics (interface) and so on at the contact
point between the ground and wall describes their connection in the model of continuous body
corresponding to the full adhesion of two areas incorrectly. It is not accident when publishing tasks
associated with anchored enclose in programs that implement a continuous body the diagram of contact
lateral earth pressure on the wall is not provided, and the obtained contour curves of the horizontal stress
of ground behind the wall is more or less similar to the Coulomb diagram [19-23].

The model of discrete (grainy) environment revealing the physical mechanism of intergrain
interaction more corresponds to the behaviour of backfill ground behind the wall than the model of
continuous body based on a phenomenological approach [24].

Shielding elements which take a part of lateral pressure are widely used in deep-water sheet pile
wharf, so that allows us to use a sheet piles with lower bearing capacity [1]. In addition, both task of
improving the method of covered type of sheet pile wharf calculation and task of construction units’ lateral
pressure determination are relevant.

The purpose of work is to refine the shielding (insulation) effect of front wall due to the pile row in
shielded retaining wall. In technical literature the effect of piles’ step and their distance to the front wall on
the shielding effect is not considered [1, 6, etc.]. Moreover, this effect is taken into account indirectly
through the stiffness characteristics of pile foundation elements while determining their bending moments
[6]. The authors set the task of proposing a direct method for determining the pressure on the wall from
the soil wedge cut out by a pile row. To solve this problem a scheme for the distribution of the resulting
lateral pressure in the form of a strip load between the piles acting on the front wall is considered. In this
case, the piles’ step and the distance to the wall are taken into account.

Materials and Methods

It is commonly believed that ground vaults are formed between the piles of longitudinal row on
account of ground friction on piles (Fig. 1a) [6]. For simplicity they are replaced by a scalloped surface
(Fig. 1b). These vaults take up lateral pressure of the ground located behind them and transmit it to the

piles.
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Figure 1. Composition schemes of diagrams of silage ground pressure on the front all (a) and (b)
additional shielding load pressure behind pile row (c)
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Only the pressure of the ground located between the wall and the ground vaults of piles’
longitudinal row fully acts on the sheet pile wall. For calculations vaulted surface is replaced by a
conventional vertical shielding plane shielding DE (Fig. 1a). The position of the shielding plane is usually
determined by graphical constructions (Figs. 1a and b) [6].

Shielding plane is accepted at a distance c/3 from the axis of longitudinal pile row, where c is the
scallop height in this case. The diagram of backfill ground pressure on sheet pile wall is constructed
considering the position of shielding plane.

Ground filling between sheet pile wall and shielding plane is in conditions similar to the state of
granular material in a flat silage. In the graphical calculation silage pressure is calculated by drawing (at
an angle of 45 ° — 05 ¢ to the vertical) from crossing point D of shielding plane with foundation grill a line
DB of ground break to its intersection with the calculated wall plane (Fig. 1a.).The ground pressure at the
wall segment AB rises linearly. The ordinate of pressure diagram at point B.

O-alzy'hl'ﬁ‘a @)
Below point B the intensity of ground pressure remains constant ga1.
osit=Yh A(0), 0 < h< hi; o= const if h>h = Iltg(45°—0.5¢°). 2

The authors believe that the replacement of pile row by solid shielded wall is a particular case of
pressure at sufficiently flexible front wall and a small pitch distance. In such wall deflection implements an
active pressure with the manifestation of ground vaults when the step between piles is n<3d. In
technical literature the value of bending moment in the wall and pile row distributes according to their
rigidity [6]. Such decision is incorrect because it does not consider the actual ground pressure on the
construction elements.

Shielding effect occurs not in all types of grounds. Practice shows that shielding effect of basement
in weak grounds is poorly effective. As weak grounds because of their properties closed to the viscous
liquid it causes a conventional flawover (dulling) of piles by soil ground. In weak clayey grounds it is
recommended not to take into account Shielding effect.

It is assumed that the intensity of lateral pressure on sheet piles consists of silage pressure os;j in
zone 1 and additional pressure from the shielding pile row osn (Fig. 1c) [25]. It is equal to the difference
between external pressure in zone 2 and reverse silage pressure on shielding ground plane in zone 1.
The value of this difference in turn depends on the pile step and distance C to the front wall (Fig. 1c).

Osp = Osil + O . (3)

The authors propose to determine the pressure on sheet piles from zone 2 considering the
influence of pile step and the distance C to the front wall by means of distribution coefficient Ky = 0+1.

osn = Ka 0, = (n—d)/n)(2l; /)oy, (4)

where oy = (0 — 0sil ) — resulting pressure in a plane passing through the shielding piles; o= (q + yh)1a —
lateral pressure on pile row (Fig. 1c); n — piles’ step; | = b +2c¢-tgp — the area of distribution of resulting
load between piles in section b on the sheet pile wall; I = c-tge — the area of distribution of resulting load
behind piles on the sheet pile wall, (Fig. 1c); d — diameter of shielding pile.

The influence of pile row step. If d — n we have b — 0 multiplier K,—0 the pressure is completely
taken up by pile row, so osn — 0 (Fig.1c). If d — O silage pressure tends to zero osi— 0, SO Osp — C;

The influence of pile row distance from wall. In case ¢ — 0 silage pressure tends to zero, osn— 0. If
¢ — o, |- » respectively, so osn— 0;

The nonlinear influence of zone 1 width and piles’ step at the value of silage pressure intensity.
Vertical and inclined piles slope sliding wedge of the ground behind the wall and take upon itself a part of
lateral pressure of the ground (shield) decreasing the ground pressure on the front wall. However, the
intensity of shielding of triangular sliding wedge's section is uneven from its width. That is why it is
nonlinear.

Consider the character of the phenomena occurring in the ground while slotting sliding wedge by
pile row which accepted for simplicity continuous. If pile row is absent, sliding wedge CGE which creates
lateral earth pressure CGD impacting on the wall (Fig. 2a). The appearance of pile row in sliding wedge
decreases sliding wedge by the amount ABE and accepts pressure diagram ABD. This led to a decrease
of diagrams of pressure on the wall by the amount ABD respectively.
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Expressing the resultant of shielded pressure on the wall E; in the form of a nonlinear function of
the distance to pile row:
Eeq= Ea(x/L)", 3)
where L — length of sliding wedge; a <1 — exponent.
If x = 0 shielded pressure on the wall Esh = 0, that means that the pressure is completely taken up
by pile row, but if x = L the influence of pile row at the front wall is absent. The dependence of shielded

pressure resultant from distance between pile row and the wall x in case n = 0.5 in relative magnitudes is
given in Figure 2b.

a) L b)
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Figure 2. (a) Scheme for accounting of shielding; (b) The dependence of shielded pressure
resultant from distance between pile row and the wall

Example 1. Determine the resultant of shielded pressure on the wall if x/L is equal 0.1; 0.2; 0.3.

Using the expression for Eeq if N =0.5 we obtain Eeqn = 0.31E;; Eeqr = 0.45E;; Eeqz = 0.54E,,
respectively. So the optimal arrangement of shielding pile row should not exceed 0.1 x/L.

Consider pile row with diameter d driven into the ground with step n. In this case the resultant of
shielded pressure on the wall Esh is represented as a function of distance to pile row which also depends
on the pile diameter and distance between them (Fig. 2a).

Eg=Eq(x/L) HE,— E.(x/L)"] [ (n —d)/n]™, (6)
where E; - resultant of the active pressure excluding shielding; m < 1 — exponent.

Exponents @ and m require experimental researches.

If d = 0 the shielding effect is absent, so Esn = Ea, but if d = n there is continuous pile row,
respectively.

The first term of equation for Egh is a value of the resultant of silage pressure on the sheet pile wall
depending on silage width x. The second term of the equation gives the component of redistributed
pressure on the wall from the pressure on pile row considering reverse silage pressure.

Preselection of sheet pile type and driving depth of covered type of sheet pile wharf is accepted as
for conventional sheet pile wharf. According to Russian Construction Norms and Regulations
SNiP 2.02.03-85 the driving depth of the piles is specified and the lateral pressure on sheet pile wharf
elements is determined according to the Table 1.

The calculation model of covered type of sheet pile wharf is a rack-mount cantilever frame. In the
frame the rear pillar with relieving platform is fastened to rear part of the front wall by hinged support
(Fig. 3a) or fastened to rigid supports respectively (Fig. 3b). Additionally the frame front part has hinged
support displaying the device of anchor nodes (Fig. 3).

Smolenkova A.V., Korovkin V.S., Orlova N.S., Ragulin K.G., Kuzina A.D. Shielded retaining wall in the form of
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Front wall

Pile row

Figure 3. The calculation model of covered type of sheet pile wharf is in the form of:
(a) Rack-mount frame with hinged anchor support A in its outer part and hinged support B in its
inner part of front pillar to the top of frame; (b) Rack-mount frame with hinged anchor support A
in its outer part and rigid supports B in its inner part of front pillar to the top of frame

Foundation modulus for sheet pile wall and piles. The front wall is partially dipped into foundation
soil, pile row is totally in it. Lower ends of rack-mount frame have a hinged sliding supports. Ground
behavior is described by variable foundation modulus:

Ky=y K KKy — for sheet pile wall; @)
Ky=a'Kj K-y/y. — for piles, (8)

where y — the depth of the considered point; K (kN/m#) — coefficient of proportionality [7], Ky — friability
coefficient (using for piles which submerge into backfill ground); Ka — anisotropy coefficient: for granular
soil is 1 and for clayey soil — 0.7 + 0.8, Ky = 0.6 + 0.8 — coefficient considering the plastic properties of
foundation in front of the wall for upper ground layer 1+2 m; a = 0.8 — coefficient taking into account the
influence of neighboring piles; y. = 3 — coefficient of work conditions. The iteration method implemented
in the SCAD-Cross can be used to clarify K: [26].

The main provisions of suggested calculation use the idea of engineering multi-purpose method in
the form of different combinations of construction members [17]. This combination taking into account
different conditions of element fixing uses local and structural strains. The calculation model of covered
type of sheet pile wharf is accepted in the form of substandard rack-mount cantilever frame. The rear
pillar of frame with relieving platform hingedly fastened to rear part of the front wall. In its turn the front
part of frame also has hinged support. This support corresponds to anchoring of wall.

Initial data in form loads on the covered type of sheet pile wharf (Fig. 3):

A. Payload on the territory q;

B. The load from the backfill ground qz.

C. Dead load of relieving platform;

D. The resulting horizontal load of ground on pile row and on the front wall.

To solve this task for the covered type of sheet pile wharf in the SCAD program it is necessary:

1. Introduce the elements of construction, select nodes (according to coordinates), set the
connections at the ends of the front wall and piles, assign necessary rigidness to elements.

2. Introduce initial data in the program in the form of loads on the covered type of sheet pile wharf

3. Introduce in each element parts the schemes needed according to supporting conditions of the
horizontal foundation modulus (ground stiffness) amount.

4. Set up a basic load combination and make a linear analysis.

5. In graphical analysis print out the results in the form of: bending moment diagram M, shearing
force diagram Q, axial force diagram N, reactive soil pressure R and the scheme of construction
deformation.
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Example 2 given below is performed in accordance with the recommendations of the work [27].

Table 1. Lateral pressure on the shielded pile row and the front wall

Silage pressure on the pile row
(The diagram from the left,

Resulting pressure on the pile

Resulting pressure on the front

osil3 = yihada,1;
osila = (Yih2+y2hs) Aa,1;
Osil5 = Osil4
O'sil5 = Oil5 Aa,2/ a1 - Oac;
osile = O sil5 |
Angle a = (45°-0.5¢1) ;

osh — pressure on the pile row by
backfill soil ;

osil — reverse silage pressure on
the pile ro from water side.

3. osh3 = y1halda,1- 06l = 0
4. osn3 = [q +y1(hi+h2) + y2 h3]
Aa,1 - Osil, 3;
5. oshs = [ q +ya(ha+hz )+y2 (N's+
ha)]a,1 - osil;

Oac = 2C-1g (45° — 0.5¢2) — friction
value;
7. oshe= (0sh5 + y2hs)la,2;

Aa,i — coefficient of active earth
pressure considering the force of
friction on the wall;

6. osh5 = Oshs Aa,2/Aa,1-Cac - Osil, 5 ;

row (See the diagram right to wall (Fig. 4b)
(Fig. 4a)) solid line), (Fig. 4a)
o1 =0 1. 0sh1=0; 1. osh1 = Oida,1;
osil2 =0 ; 2. 05h2=0; 2. osh2 = (q1 + y1h1)Aa,1;

Cf\a,z =0 )
3. 03 = oil, 3+ Kaiosh 3 ;
4. 03" = osi, 3+ Kaiosn 3 ;
5. o5 = osil, 5+ Kalosh 3 ;
6. 0’5 = osils + Kal(osh,s - -oca) ;
7. 06= osil, 6+ Ka(oshe - oca);

Ka — coefficient of distribution of
additional load on the front wall
from a pile row.
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Figure 6. Scheme of loads on pile row: a) Silage pressure on the pile row (see the diagram from
the left) and resulting pressure on the pile row (see the diagram right to solid line);
b) Resulting pressure on the front wall

Results

Example 2. Calculate the covered type of sheet pile wharf with height of 13.5 m made of pipe pile
with diameter 720 mm. The pile row consists of mantle pipes with diameter 800 mm which are immersed
in increments of 2.0 m. The relieving platform 4.0 m-width is located on the pipes. The backfill ground is
medium sand ¢ = 31°, foundation soil - semisolid loam I, = 0.4 , ¢ = 27°, ¢ = 8 kPa.

The calculation results of the covered type of sheet pile wharf in the SCAD program are given
on Figure 5.

Smolenkova A.V., Korovkin V.S., Orlova N.S., Ragulin K.G., Kuzina A.D. Shielded retaining wall in the form of
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Figure 5. The diagram of internal forces in the elements of the covered type of sheet pile wharf.
Conventional signs: a) Bending moment diagram; b) Shearing force diagram;
c) Axial force diagram considering the weight of pipes and sand inside it;
d) Diagrams of reactive soil pressure on the frame pillars.

The calculation results of the Example 2 are given in the Table 2.

Table 2. Comparative table of internal forces value in the covered type of sheet pile wharf

Ne Name of the internal forces The proposed The existing
method method [6]
1 Maximum bending moment in the pipe pile, 1435.8 1250.0
kNm
2 Maximum bending moment in the pile row, 470.22 750
kNm
3 Lateral forces, kN
The pipe pile 352.9 -
The pile row 239.6 -
4 Axial force, kN
The pipe pile 112.26 -
The pile row 1011.34 931.7
5 Maximum bending moment in the relieving 1143.83 1500.0
platform, KNm
6 Maximum deflection in the pipe pile, mm 60.75 -
Discussion

The calculation of covered type of sheet pile wharf in the form of substandard rack-mount frame is
an improved particular case of N.M. Gersevanov method in respect to the pile foundation grillage.

The article gives an engineering solution for definition of diagrams of lateral pressure on the front
wall taking into account the redistribution of pressure on pile row.

The article gives a practical implementation of previously proposed engineering multi-purpose
method for calculation of berths. The calculation model is proposed in the form of substandard rack-
mount frame where resilient ground attachment is accepted instead of rack lower anchorage. This model
uses stiffness characteristics of the ground in the form of variable foundation modulus.

Comparative variants of calculations of proposed and existing methods have shown a significant
impact of ground deformation characteristics on berth elemental forces in proposed method in
comparison with the existing method [6].

Cwmornenkosa A.B., Koposkun B.C., Opnosa H.C., Parymuun K.I'., Ky3una A.J[. DxpaHupoBaHHbIH O0IBEBEPK B BHIC
HECTaHIAPTHOM CTOeYHOU pamsl // MHkeHepHO-CTpoUTeNbHbIH KypHam. 2017, Ne 4(72). C. 3-11.



Magazine of Civil Engineering, No. 4, 2017
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Conclusions
1. In the existing method a maximum bending moment in the pipe pile and pile row is determined

grapho-analytical

My, =2053.0 kNm.
2. Maximum axial force considering the increasing weight of pipe and soil in it 1570.0 kH.

The difference in bending moment diagram in the elements of covered type of sheet pile wharf in
comparative Table 2 is connected with the fact that the deformation-free method satisfactorily describes
the work only in flexible walls in dense soils base. In extra stiff wall according to the proposed method,
the moment of anchorage appears inconspicuous.
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Program Evaluation and Review Technique
as the tool for time control
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Kak MEXaHM3M KOHTPOIS1 CPOKOB
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Key words: project control; time control; KntoueBble cnoBa: KOHTPOMb MPOEKTa;
investment and construction project; probabilistic KOHTPOIb CPOKOB; MHBECTULIMOHHO-
modeling; Program Evaluation and Review CTPOUTESbHbIN NPOEKT; BEPOSATHOCTHOE
Technique; activity chart MOAENUPOBaHNE; METO aHanM3a 1 OLEHKN

nporpamMmm; ceTeBomn rpacuk

Abstract. The free market economy comes to the life of the people and creates the new structure
of the work relationships between the investors and builders. One of the most important thing of the
investment and construction project is the meeting of the target date. The delays in the implementation of
this project entail the material and image losses. But the building is a complex process, many factors
such as delivery delays, adverse weather conditions, the correcting of low quality works, machinery and
mechanisms breakdowns influence on it. During the planning stage it is unknown which of these
situations may arise in the implementation process and disrupt the work schedule. That is why building
projects require the strongest time control. This article presents one of the best ways to control the
building process, which is hamed Program Evaluation and Review Technique (PERT). Although there
were mentioned other variations of the time control methods, such as Graphical Evaluation and Review
Technigue (GERT) and method of the statistic modeling (Monte Carlo), the advantages of PERT and
disadvantages of them are presented. It allows to control the expectancy of the erection and the
probability of the project completion in time. This means that it allows manager to control the activity time
of the project. The example of the PERT usage is represented with the comparison between the
controlled project and the non-controlled project.

AHHOTauuA. PbiHOYHas SKOHOMMKA MMOTHO BOLUMA B Hally XW3Hb W co3fana HOBYIO CTPYKTYpY
pabounx OTHOLWEHW MexAay 3akasdvkamu u ctpoutensamu. OOHOW M3 BaXKHEWWWUX 3ajady MeHemxepa
NHBECTULMOHHO-CTPOUTENBHOIO NPOeKTa SABMASETCA CTPOUTENbCTBO OObeKkTa B YCTAHOBMEHHbLIV CPOK.
3apepxku B peanusauumn Takux NPOEKTOB BNEKYT 3a COOON He TONbKO MaTepuarnbHble, HO U UIMUKEBbIE
(penyTaumoHHble) notepu. OgHAKO CTPOUTENBCTBO — 3TO CIIOXHBIN COCTABHOW MPOLECC, HAa HEero MoryT
NOBMWATb MHOrMe (paKTopbl, TakMe Kak 3adepXXku NocTaBoK, HebnaronpuaTHble MorodHble YCMoBuS,
ncrnpaBneHnss HeKavyeCTBEHHO BbIMOMHEHHbIX PaboT, MOMIOMKM MawwH U MmexaHusmoB. Ha crtagum
NNaHUpoBaHWS HEU3BECTHO, Kakas M3 3TUX CUTyauuid MOXeT BO3HUKHYTb B MpoLecce peanusauuu
npoekTa M HapywuTb rpaduk paboT, NO3TOMY CTPOUTESbHbIE MPOEKTbl TPEOYIOT YCUMIEHHOrO KOHTPOSS
cpokoB. B craTbe npeactaBneH oavH M3 nydwnx cnocoboB ynpaBneHus NpoLeccoM CTPOWUTEeNbCTBa,
KOTOpbIN Ha3blBaeTCA MeToA aHanu3a v oueHku nporpamm (PERT). Takke Obinv paccMOTpeHbl 1 apyrue
MeTOAbl BEPOATHOCTHOIO MOAENUPOBaHus, Takne kak [padudeckun meton aHanusa (GERT) u metog
cTaTuctmyeckmx wucnbitaHn (Monte Carlo), npoBegeH CpaBHUTEMbHBIM aHanu3 nNpevMyLLecTB U
HeJoCTaTKOB  OaHHbIX  MeTogoB. Metogq PERT  no3BonsieT  KOHTPOSNMPOBaTb — OXuaaemyto
NPOAOIMKUTENBHOCTL MPOEKTa, a TaKkKe paccyntTaTtb BEPOATHOCTb €ro 3aBeplleHus B cpok. [pumep
ucrnonb3oBaHna Metogda PERT pgnsa KOHTpona npoekrta npeacTaBfieH CpaBHEHWEM TMpoekTa C
KOHTPOSIMPYEMbIM MPOLIECCOM CTPOUTENBCTBA U NOMHOCTBIO HEKOHTPOMNNPYEMbIM.

Mishakova A.V., Vakhrushkina A.V., Anishchenko D.R., Tatarkina Y.A. Program Evaluation and Review
Technique as the tool for time control. Magazine of Civil Engineering. 2017. No.4. Pp.12-19.
doi: 10.18720/MCE.72.2.

12



HnxeHepHO-CTPOUTENBHBI KypHaJI, Ne 4, 2017

Introduction

From the beginning of the free market economy there is the natural contest between companies,
which are working in the different spheres of social life. Their rivalry increases the rate of any type of the
construction such as residential or commercial property. The definition “property” came as the
economical term not so long ago in Russia and nowadays it is still developing because of Russia history.

The property is the one of the most profitable investment in today life. Capital providers are
concerned in the fastest time erection and the nearest facility completion deadline in case of the
investment efficiency rate. The speed of the erection affects the start of the pay-off period which
influences on the profit from this property [1]. The erection of the building to the deadline time needs to be
controlled by the developer, not only on technology process and workmanship, but also of the time
control [2, 3]. The cash flow of the residential property will begin almost immediately after the company
receipts of a building permit. In this moment the building works have not already started so the sense of
the facilities completion deadline has not such big influence on the result profits.

The importance of the time control could not be exaggerated during the national significant building
such as stadiums for the FIFA World Cup 2018. The collapse of the facility completion deadline destructs
the meaning of the idea realization and falls into disrepute country on the global stage.

The project success depends on the detailed working calendar plan and control system, which
should monitor the progress of the erection [4, 5]. It could be realize with the periodical acquisition of the
facts, the comparison of them with the planning data, the analysis of the results and making of the
management decision. The effects of them must destruct the negative factors and allow the
accomplishment of the project target [6].

This article describes the using of Program Evaluation and Review Technique (PERT) method as
the tools for the time control of the building and evaluation of the investment project final cost [7].

PERT was created by the Navi’s Special Project Office and connected with the Polaris-Submarine
weapon System and Fleet Ballistic Missile. It was developed “to save time in achieving end-objectives”
[8]. Graphical Evaluation and Review Technique (GERT) was developed in 1966 by Pritsker [9]. It is only
a modification of PERT and allows following several different distribution, nevertheless it is not as
spreading as PERT in case of its complexity to the computer adaptation.

Ameen developed special program which help to teach project management techniques for his
students in 1987 [10]. Later, in 1991, Badiru makes another one simulator and called it STARC, which
allows to determine the probability of the expiration into deadline [11, 12] “Additional authors which have
studied various PERT problems via simulation include Kltngel (1966), Gray (1969), Burt (1971), Herbert
(1979), Schonberger (1981), and Dodin (1984), and Kidd (1986)” [13].

This interest in the modeling allows a possible profit from PERT. Spending of the recourses, times
and money is the reason of the economical losses, which could come to the stagnation of the whole
region, if it touches something meaningful for this site.

The purpose of this study is to adapt the probabilistic modelling methods to control project time.
The main objective is to consider the use of probabilistic models as a time-control mechanism through
the PERT method.

Methods and Results

How it was mentioned earlier, there are a few methods of the project planning, which take into
account the stochastic building characteristic. The best known of them are PERT, GERT and Monte
Carlo method.

Program evaluation and review techniqgue (PERT) is the method of analysis and program
evaluation, which is based on the three activity time estimation. There are optimistic, pessimistic and
prospective activity time estimations, which are made by experts [14].

Graphic evaluation and review technique (GERT) is a method of operation modelling. This method
shows the variations of the project completion in case of special kind of the algorithms and connects with
ending a few of the previous algorithms [15].

The method of the statistic modeling or Monte Carlo method is based on a large number of the
non-connected realization, which is overlooked in the network model [16].

MumakoBa A.B., Baxpymkuna A.B., Aaumenxo [I.P., Tatapkuna FO.A. Meton aHanu3a U OLIEHKU IIPOrpaMM Kak
MEXaHH3M KOHTPOJI CpoKoB // HKeHepHo-cTpouTesbHbIi xKypHai. 2017. Ne 4(77). C. 12-19.
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The methods do not have any practical profits for the time planning of the project, because during
the building there is the divergence of the basic plan and there is no reason to use the old plan after it.

This article presents another way of the using of the probability distribution methods. This is
method of the time control of the project on the example of PERT methods [17, 18]. A peculiarity of PERT
is the list of all or the definite activity time probability for the counting of all project time [19, 20].

As it was said earlier, PERT uses three experts mentioned:
e Optimistic — activity couldn't be completed faster than ti opt
e Pessimistic — activity couldn’t be completed slowly than ti pes

e Most likely (normal) — most likely time will take ti norm

If there is three values, then it is possible to count the expected activity time tie with formula:

t opt+4'ti nortti pess
tie = . , (1)

where: ti opt — the minimum value, when it is take into account that every task meet the target time or is
made earlier

tinorm — the time value, when it is take into account that everything is as usual

ti pess — the maximum value, when it is take into account that every task do not meet target time
(excluding of the massive catastrophe)

The degree of indeterminacy of activity time estimate may be shown by the dispersion:

op = ((pe=ton)” @
6
PERT allows to get the normal dispersion of the project time planning probability, which mode is
according to the expected activity time. The standard deviation of normal distribution curve should be
calculate to find the probability of completition of the project in time, which is differing from the expected.
It shows the stage of the indeterminacy for the whole project:

Ore = /Z of. ®)

This formula takes into account only activity dispersions, which create the critical path.

According to the probability theory, the probability of the project accomplishment is in the range
from Te-OTe to Tet+0OTe [21] equals to 68.27 %, the probability of the project accomplishment is in the range
from Te-307e to Tet+30Te €quals to 99.73 % (Fig.1).

~

N

P - probability

Siettpart = 0.5 Seun

< \\\\

ti opt ti real t pess

v

Figure 1. The frequency probability curve of the duration of each activity

Mishakova A.V., Vakhrushkina A.V., Anishchenko D.R., Tatarkina Y.A. Program Evaluation and Review
Technique as the tool for time control. Magazine of Civil Engineering. 2017. No.4. Pp.12-19.
doi: 10.18720/MCE.72.2.

14



HnxeHepHO-CTPOUTENBHBI KypHaJI, Ne 4, 2017

In fact, the investors and builder are interested the probability of the project completion to the
deadline, for example, to contract date Tpian. It could be found from the formula:

Typlan—T
Z="+"— @)
OTe
where: Tpan— planning time of the target date meeting;

Te — expected activity time — the probability of the project implementation in expected time activity
or faster equals to 0.5 (50 %). To count the expected activity time of the project it is necessary to define
for all tasks the expected activity time tie as the target value.

In account to Z value, it is possible to find the probability of the project completion with using of the
special tables, and express it in terms of per cent or unit fraction [22].

The using of PERT method gets the possibility to find the diapason of the task deadline, also it
allows to make a decision about the probability of the end activity in time according to the task, which
were done to the monitoring time [23].

As the example of the PERT using during the building process, we would consider the project,
collateral to the activity chart (Fig.2)

[A G100 | »p5.12)
Ben | —>E49 |
| (5..13) |—>{F (10..18) |
\
G715 >l (.14 |

J (2..8) K (2..9)

Figure 2. The activity chart

The list of the expert activity time estimations, the results of the expected activity time estimation
and the full time of the task are showed in the Table 1.

Table 1. The time estimations of the tasks

Time estimates
Activity o Normal o Expected

Optimistic (Most likely) Pessimistic time

A 4 6 10 6.3

B 2 4 7 4.2

C 5 8 13 8.3
D 5 8 12 8.2

E 4 6 9 6.2

F 10 13 18 13.3

G 7 11 15 11.0

H 10 12 15 12.2

| 9 14 9.3

J 3 8 3.7

K 5 9 5.2
F”t'r']g‘;)rf;j'ggtc’f 25 33 46 33.8
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In the beginning of the project, it easy to see that the full time of the project task is in the range of
25 to 46 days. This estimation is the main advantage of PERT method, because it allows to count
probability of the project finishing to the negotiated deadline.

This probability could change in the time, so it is reasonable to compare two variants of the project.
The first one shows the near-estimated time of each task, another one slows-up of the project.

Table 2. The probability of the project completion in time

|
Sézttis value of executed tasksg Expected | P % Ret?rl#éw
the tasks
Opt. Norm. | Pess.
|l o 0 250 | 330 | 46.0 33.8 70 25.46
8| 10 4 280 | 330 | 41.0 335 75 18-31
S| 20 7 295 | 315 | 36.0 31.9 92 9.5-16
| 30 11 300 | 300 | 300 30.0 99 0.0
_l o 0 250 | 330 | 46.0 33.8 70 25.46
8 10 3 285 | 335 | 415 340 | 67 | 185-3L5
S| 20 6 325 | 345 | 415 35.3 41 | 125-215
| 30 10 325 | 345 | 375 34.7 54 | 2575

During the works, the project was monitored each 10 days in this example. The appraisal of the
tasks and the comparing of the spending time with the mentioned estimation provide the possibility of the
additional time evaluation. So there is new probability of the project finishing to negotiated deadline.

Also the trend of the activities completing must be tracked. The data base of the trends lets to trace
the effects of the factors, which influence on the activity time and how much are their effects. In the future
it makes a possibility to eliminate critical errors and to plan project with a glance to this trends.

The graph shows the increasing of the successful deadline of the first variant project because of
the tasks, which are done in planned period. The probability curve locates nearby the targeted line. The
curve of the second variant shows the fall of the probability in case of the activity delay. This mean there
was not any profitable actions.

The probability of the completion of the work in time

100
90
80
70

60
40

30
20
10

0 10 20 30

——target ——I variant ——II variant

Figure 3. The probability of the completion of the project within the contract period

The project monitoring with some frequency make a possibility to find the time lag and to influence
the situation. So if some actions will be done, the delay of the activity could be escaped. In contrast, the
neglect of the time collapse reduces the successful deadline. This information provides the possibility of
the work acceleration in case of the strict deadline or the extension of the object entry date.

Mishakova A.V., Vakhrushkina A.V., Anishchenko D.R., Tatarkina Y.A. Program Evaluation and Review
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It is critical to underscore that there is no possibility to influence on the finished task, so all actions
must touch on the processing or non-started activity. The reducing of the project time is supplied with the
acceleration of the critical task, the amplification of the workmen, vehicles and devices, the using of the
progressive methods and highly-energetic equipment. Also some tasks could be excluded from the list of
the task and made after the setting to work.

The timeout of the project could be estimated to the contract date with the penalty function or the
function of “the lost benefits” or the comparing of the acceleration activity cost and the vindictive
damages. The developer has to evaluate his actions. Are the vindictive damages comparing with the cost
of the actions? Is it cheaper to pay penalty?

But these actions touch only the commercial project, which deadline does not have the global
consequences and does not devalue the idea of the project. For example, there can be the national
significant buildings such as Olympic objects in Sochi or the soccer world championship stadiums.

Discussion

There was considered PERT methods using as the mechanism of the time control. The method
was presented on the example of the simple project with 11 tasks, but the project with the bigger scope of
the task is reasonable to control with the MS Project program. Unfortunately, the authors exclude PERT
method from the last version, and now it is usable only in the old version of 2003 and 2007 years [24] or
with the help of the superstructure [25] or formulas in the new version.

The additional problem associated with the subcritical path, which might change the probability of
the project finishing to the deadline [26]. It is possible if the scatter of the subcritical path activity duration
as well as the dispersion of them is bigger than the similar critical task evaluation of the time. There is a
problem to measure the probability of the activity transformation from the non-critical to the critical task
and to measure the diapason of the float time for each activity.

It is widely thought that the accuracy of the networked model computation and the program
analyze depends on the numbers of the activities. More than 30 tasks on one path guarantee the high
level of the accuracy; otherwise, PERT method gives only the approximated time of duration of the
project.

The reason of PERT method usage should to be examined according to the costs of the building
rate of the growth and the possible penalty payment. [27, 28, 29] The sanction could to be much cheaper
than the costs of the accelerative erection [30].

Conclusion

The application of PERT method does not make economic sense without the time control. To finish
project in time, it is necessary to count the probability of the completion of the project within the contract
period not only in the beginning of the erection, but during the project realization. It is should be done in
case of the unexpected circumstances that could influence on the deadline of the project. During the
estimation of the situation it requests the analysis of the task, which was done before, and there is no
possibility to influence on them, so all actions appertain to the future activities. The using of PERT
method allows to the recounting of the possible times of the remaining task and takes into account the
optimistic and pessimistic time estimation.

PERT method could be used with the Microsoft Project program; this is the advantages in case of
the practical needs.
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Effect of the supplement based on calcium hydrosilicates on the
resistance of lime coatings

BnunaHune gobaBku Ha OCHOBE MMAOPOCUNMKATOB KanbLus Ha
CTOMKOCTb U3BECTKOBbIX MOKPbITUN
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Abstract. It was proposed to use synthesized calcium hydrosilicates in lime finishing dry mixes as
a modifying supplement. The effect of substances containing amorphous silica, which are used in the
synthesis, on the activity of the modifying supplement was established. The effect of the synthesis mode
of supplement on the structure formation of lime compositions was illustrated. It was found that the
injection of supplements of hydrosilicates accelerates the increase of mechanical strength. The efficiency
of the using of modifying supplements of amorphous silica, such as diatomite, in the synthesis was
shown. The evaluation of hydrophysical properties of coatings based on lime dry mix with the using of
supplements synthesized in the presence of calcium hydrosilicates was provided. It was shown that the
injection of supplements of hydrosilicates accelerates the increase of water resistance and frost
resistance of coatings. It was found that the adhesion of the lime compositions with the supplement
based on calcium hydrosilicates, synthesized in the presence of diatomite, is higher than that of the
compositions with the addition of calcium hydrosilicates synthesized without diatomite.

AHHoTaumA. MNpennoxeHo NPUMEHATb B kavyecTBe Moavduumpylolwenn 4o6aBku B M3BECTKOBbIX
OTAENOYHBIX CYXMX CTPOMUTENbHbIX CMECSX CUHTE3UPOBAaHHbIE TMAPOCUMUKaTLI KanbUus. YCTaHOBMEHO
BNUsiHWE BELLEeCTB, cofepXalimx aMmopdHbIA KpeMHe3eM, UCNONb3yeMblX MPU CUHTE3e, Ha aKTUBHOCTb
mMoamduumpyowen gobasku. MNMNokasaHo BNMsiIHUME pexuma cuHTe3a JobaBkM Ha CTPyKTypoobpasoBaHue
N3BECTKOBbIX COCTaBOB. BbisBneHo, 4To BBeAeHMe [06aBOK rmgpocunmnkaToB cnocobCTBYET YCKOPEHUIO
Habopa MexaHu4yeckoW npovHOoCTU. [lokazaHa 3MAMEKTUBHOCTE MPUMEHEHUS MNpU  CUHTE3e
mMogudumumpyowmx OobaBok amopdHOro KpemHesema, B 4acTHOCTM, pguatomuTta WH3eHckoro
MecTopoxaeHus. lpvBedeHa oueHka rMapodU3MYEeCcKUX CBOUCTB MOKPLITUM Ha OCHOBE WU3BECTKOBOW
CYXOW CTpOMTENbHOW CMEcUM C MpUMEHeHMEM [O00aBOK, CUMHTE3MPOBAHHLIX B  MPUCYTCTBUU
rmapocunukatoB kanbuus. [lokasaHo, 4TO BBefeHWe [00aBOK TMOPOCUNMKATOB CrnocobcTByeT
MOBLILLIEHUIO BOAOCTOMKOCTU U MOPO3OCTOMKOCTU MOKPLITUN. YCTaHOBMEHO, YTO aares3ns U3BeCTKOBbIX
COCTaBOB C [06aBKOW Ha OCHOBE T[MOPOCWUIMKATOB KanbLWs, CUHTE3UPOBAHHOW B MNPUCYTCTBUU
anatomuTa, BbIlLE YeM Yy COCTaBOB C [oDaBKOW rmMapOCWUIMKaTOB KanbLMsl, CUHTE3MpOBaHHOW 6e3
anatomura.

Introduction

For the restoration and finishing of the walls of buildings and structures, lime compositions,
including dry mixes, are used. Coatings based on lime dry mixes have high values of vapour permeability
and bioresistance, which allow using them as traditional mixes for finishing architectural monuments and
renovating structures in places of historical buildings. However, lime mixes are characterized by low
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values of strength and durability, which limiting their using. To avoid the destruction of lime dry mixes,
modifying supplements are injected to their recipe [1, 2].

Previous studies has confirmed the efficiency of the injection of mineral supplements, based on
synthesized calcium hydrosilicates, in the recipe of finishing lime dry mixes, that increase resistance of
lime coatings, [3, 4, 5].

Synthesis of supplement was the deposition of soluble glass in the presence of calcium chloride
solution [6, 7, 8]. Lime compositions with the using of synthesized calcium hydrosilicates (CHS) form
coatings increased water resistance (softening coefficient is Ksot = 0.61).

In addition, it has been found that the disadvantages of the above methods for the obtaining of
hydrosilicate supplements are the formation of high basic and low basic hydrosilicates during mixing,
where the high basic hydrosilicates predominate to a greater degree. It has been established that high
basic calcium hydrosilicates have less water resistance and strength compared to low basic
hydrosilicates, so it is important to obtain a hydrosilicate supplement, which will contain more low basic
calcium hydrosilicates. [9, 10, 11].

The aim of the work is to develop a technology of the synthesis of a supplement containing low
basic calcium hydrosilicates.

To achieve this aim, it is necessary to solve the following:

— to reveal patterns of structure formation of lime compositions in the presence of supplements
based on calcium hydrosilicates synthesized in the presence of diatomite;

— to develop a recipe for a lime dry mix, coatings based on it have increased operational
resistance;

— to establish technological and operational properties of lime dry mixes and coatings based on it.

Given that low basic calcium hydrosilicates have higher strength, compounds, containing
amorphous silica, such as diatomite of Inza deposit, were used in synthesis of supplement in further
research [12, 13, 14].

Methods

Two CHS synthesis modes were used in work:

e mode 1 —the deposition in the presence of 15% CaClz solution in an amount of 50% by mass of
soluble glass;

e mode 2 —the deposition in the presence of 10% CaClz solution in an amount of 50% by mass of
soluble glass with the addition of diatomite, wherein the ratio of liquid:solid phase (L:S) was
(L:S) =1:2.

The resulting sediment was dried at a temperature of 100°C.
The synthesized supplements were used to develop the recipe of lime dry mix [15, 16].
The first synthesis mode was used in accordance with the data given in [17]

The developed recipe includes lime powder of Classll, quartz sand 80 % of fraction 0.63—0.315,
20 % of fraction 0.315-0.14. Plasticizer Kratasol PFM in an amount of 1 % by mass of lime, redispersible
powder Neolith P-4400 in an amount of 0.3 % by mass of lime, hydrophobisator Zincum-5 in an amount
of 0.5 % by mass of lime were injected in the recipe to control structural and mechanical characteristics of
the lime composite. The content of CHS supplement was 30 % by mass of lime. Mixes were prepared
with water: lime ratio W/L = 1.2.

Water holding capacity of finishing composition was determined in accordance with Russian State
Standard GOST 5802-86 "Mortars. Test methods". Before the test, 10 sheets of filter paper of
150 x 150 mm each were weighed with an error of up to 0.1 g, placed on a glass plate of 150 x 150 mm
and 5 mm thick, one layer of cheesecloth was put on the filter paper, a metal ring with an inside diameter
100 mm and a height of 12 mm was installed on top, and the whole installation was weighed again. Then
the thoroughly mixed solution was put flush with the edges of the metal ring, weighed and allowed to
stand for 10 minutes. After that, the metal ring with the solution was carefully removed along with the
cheesecloth, and the filter paper was weighed with an error of up to 0.1 g.
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The water- holding capacity of the finishing mixt was determined by the percentage of water
content in the sample before and after the experiment, according to the formula:

V=100—(

w) %100, 1)

my—my

where m4 — mass of filter paper before the test, g; m, — mass of filter paper after the test, g; m3 — mass
of installation without solution mix, g; m,4 — mass of the installation with a solution mix, g.

The water holding capacity of the dry mix was determined twice for each sample and was
calculated as the arithmetic mean of the results of the two determinations, differing by no more than 20 %
from the smaller value.

To evaluate the operational resistance of coatings based on lime dry mix, frost resistance tests
were carried out by cyclic freezing and melting of the finishing layer applied to the cement-sand base
after 28 days of air-dry hardening. Appearance of coatings was evaluated according to Russian State
Standard GOST 6992-68 "Lacquers and paints. Method for determination of coating weather-resistance".
As the "failure”, the state of the coating was taken, estimated of 111.4 points (Table 3).

The kinetics of water absorption of coatings based on the dry mix was determined in accordance
with Russian State Standard GOST 5802-86 "Mortars. Test methods".

Samples, previously dried to constant mass, were placed in a container filled with water. The water
temperature in the container was (20 x2) °C. Samples were weighed at interval of 1 hour on
conventional scales with an error of not more than 0.1 %. When weighing, samples taken from water are
wiped with a damp cloth previously. The mass of water that leaked from the sample pores to the weighing
pan was included in the mass of the saturated sample. The test was carried out until the results of two
consecutive weighings differed by no more than 0.1 %. The water absorption of a single sample by
weight W, in percent was determined by the formula:

_ my;—my

Wy, = ——* 100%), )

my
where m,; —mass of the dried sample, g; m, — mass of the water-saturated sample, g.

The ultimate compression strength of samples was determined in accordance with Russian State

Standard GOST 5802-86 "Mortars. Test methods". As a equipment for testing the compression
strength of samples, a test machine of the type "IR 5057-50" was used. Depending on the type of used
power sensor of "IR 5057-50", the force measuring range was from 50 to 50000 N with an accuracy of
1 N (0.1 kgs). Built-in cross-bar speed controllers allow to set the speed of application of the load from
1to 100 mm/min (in terms of displacement). The compression strength (MPa) of the samples was
determined by the formula:

P
Reom = 7 (3)

where P — destructive force, N; F — cross-sectional area of the sample before the test, m2.

Results and Discussion

It was found that after 28 days of air-dry hardening the compression strength Rcom of the lime
samples with supplement based on CHS, synthesized by the 2nd mode, is higher and is Rcom = 5.5 MPa,
while the compression strength of the lime samples with supplement based on CHS, synthesized by the
1st mode, is Recom= 2.86 MPa. Compression strength of control sample is Rcom= 1.475 MPa.

Frost resistance was tested by cyclic freezing and melting of the finishing coat, applied to the
cement-sand base, after 28 days of air-dry hardening to evaluate the operational resistance of coatings,
based on lime mix. Evaluation of the appearance of the coatings was carried out according to Russian
State Standard GOST 6992-68 "Lacquers and paints. Method for determination of weather-resistance of
coatings". State of coating was assumed as the “failure”, if it estimated at 1.4 points (Table 1).lt was
found that the lime samples with supplement, based on CHS, have passed 35 cycles of the test. While
the state of the coating after 35 test cycles is estimated at V.5 points that corresponds to the state of
coating with loss of gloss to 5 %, with a slight change in color and the absence of blushing, bronzing, dirt
retention, peeling, cracking, bubbling.
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The results of the studies showed that the supplement based on calcium hydrosilicate has high
activity, which is determined by the value of solubility in a 20 % KOH solution [18].

Table 1. Impact of the synthesis mode on the activity of the synthesized calcium
hydrosilicate

Supplement Solubility M, % Activity A
Control composition 65 260
Lime composition with supplement, based on calcium 68 350
hydrosilicates synthesized by 1st mode
Lime composition with supplement, based on calcium 70 370
hydrosilicates synthesized by 2nd mode
Diatomite 61 299

The injection of a supplement based on calcium hydrosilicates, synthesized in the presence of
diatomite, in the lime composition contibutes to an increase in water holding capacity. Table 2 shows the
values of water holding capacity of lime samples.

Table 2.Water-holding capacity of the lime composites

Composition Water-holding capacity, %
Control composition 95.5
Lime composi_ti_on with supple_ment, based on calcium 972
hydrosilicates synthesized by 1st mode
Lime composition with supplement, based on calcium 979

hydrosilicates synthesized by 2nd mode

Thus, the water holding capacity of the composition based on the supplement synthesized in the
presence of diatomite is 97.9 %, while of the composition based on the supplement synthesized without
the use of diatomite — 97.2 %. The water holding capacity of the control composition is 95.5 %.

From the experimental data (Table 2) it follows that lime compositions with additives of calcium
hydrosilicates are characterized by a sufficient water holding capacity of 97.2-97.9 %.

It was found that there is a difference in the state of coatings after 24 cycles of freezing and
melting. Thus, state of the coatings, based on composition with CHS (1st synthesis mode), was
estimated at V. 6 points (Table 3), and state of the coatings, based on composition with CHS (2nd
synthesis mode), was estimated at V. 7 points after 30 cycles (Table 3).

Table3. Quality of the appearance of the coatings

Composition Number of cycles Points

<
o

Lime composition with supplement based before test
on calcium hydrosilicates, synthesized on 6
1stmode
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Higher resistance to cyclic freezing and melting of the coatings based on composition with CHS
(2nd synthesis mode) is due to a change of the porous structure, in our view. It was found that the
injection of supplements, based on CHS, in the recipe of lime compositions reduces porosity. Thus,
porosity of the samples with supplement, based on CHS synthesized by 1st mode, was estimated at
P =29.7 % (Table 4), and porosity of the samples with supplement, based on CHS synthesized by 2nd
mode, was estimated at P = 26.7 % (Table 4).

Table 4. Porosity of the lime composites

Porosity, %
Composition

Pcl Pop Pov

Control composition 71 28 35.1

Lime composition with supple_ment, based on calcium hydrosilicates 54 243 29 7
synthesized by 1st mode

Lime composition with supple_ment, based on calcium hydrosilicates 45 229 26.7
synthesized by 2nd mode

Adhesion of the lime samples aged 28 days of hardening with a supplement based on calcium
hydrosilicates, synthesized in the presence of the diatomite, is Rasg = 0.89 MPa, while adhesion of the
samples with the addition of CHS, synthesized without diatomite, is Radg = 0.8 MPa [19, 20].

It was found that lime coatings based compositions with the addition of calcium hydrosilicates are
characterized by higher water resistance. Thus, softening coefficient of lime samples with the
supplement, based on CHS synthesized by the 1st mode, is Ksot = 0.61, while softening coefficient of
lime samples with the supplement, based on CHS synthesized by the 2nd mode, is Ksott = 0.73. Softening
coefficient of the control samples is Ksot = 0.29.

[
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-
N

Water absorption , %
=
o

o N B O
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Time, h

Figure 1. Water absorption by mass of lime composites:
1 - control composition with lime binder;
2 —composition with supplement, based on CHS synthesized by the 1st mode;
3 —composition with supplement, based on CHS synthesized by the 2nd mode

Figure 1 shows the curves of water absorption by mass of lime composites. Approximation of data
was performed using software CurveExpert 1.3. Based on the results of approximation and experimental
studies (Figure 1), it follows that lime samples with supplement, based on CHS synthesized by the 2nd
mode, have lower water absorption than lime samples with supplement, based on CHS synthesized by
the 1st mode.
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The curves shown in Figure 1 were described by the exponential equation
y=a(l-e™), )

where a — constant, taking into account the highest possible water absorption; b — water absorption rate
constant; x — time.

The values of the constants a and b shown in Table 5.

Table 5. The values of the constants of water absorption equation

Composition a b
Control composition 17.671 1.902
Lime composition with supplement, based on 12.517 1.754

calcium hydrosilicates synthesized by 1st mode

Lime composition with supplement, based on 11.117 1.512
calcium hydrosilicates synthesized by 2nd mode

The calculation results have shown that the water absorption rate constant of the samples based
on compositions with addition of CHS is significantly lower, in the range of 1.512 to 1.754 hour.

Compression strength of lime samples aged 28 days air-dry hardening has been estimated. For
comparison, lime samples were made only using diatomite in an amount of 30% by weight of lime.

It is found that the compression strength lime samples made with using calcium hydrosilicate
supplement synthesized without diatomite is 4.7 MPa (Table 6), while at the lime samples made with
using calcium hydrosilicate supplement synthesized in the presence of diatomite — 7.59 MPa (Table 6).
Compression strength of control mix is 2.12 MPa.

Table 6. Compression strength of lime samples

Supplement Compression strength, [MPa]
The control mix (no supplement) 2.12
Lime composition with supplement, based on calcium 4.7
hydrosilicates synthesized by 1st mode
Lime composition with supplement, based on calcium 7.59
hydrosilicates synthesized by 2nd mode
Diatomite 3.25

Table 7 presents the technological and operational properties of the finishing composition and
coatings based on it, which were based on the developed dry mix and the prototype composition.

Table 7. Technological and operational properties of the finishing composition

Parameter value for developed Prototype
Parameter name o
composition
Compression strength, MPa 5.5 2.5
Adhesion strength, MPa 0.89 0.7
Frost resistance, cycles 35 35
Water-holding capacity, % 97.9 97
Water absorption, % 10.15 12
Water resistance 0.73 -
Shrinkage strain, % 0.024 -
Water vapour permeation g, mg/m-t-Pa 0.049 0.01
Viability, h 15 2-3
Presence of cracks due to shrinkage no cracks no cracks
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The technological and operational properties of the developed dry mix were compared with the
properties of the lime plaster mix "Kreps Antique", produced by the company "Kriks".

Thus, coatings based on the developed dry mix have higher operational properties such as
compression strength, adhesion strength, frost resistance, etc.

Conclusions

The possibility of increasing the resistance of coatings by applying a supplement based on calcium
hydrosilicates synthesized in the presence of diatomite, has been substantiated, which reduces the total
porosity, accelerates the curing of coatings, increases the strength and water resistance due to the
formation of low basic calcium hydrosilicates.

It was found that the supplement based on hydrosilicates synthesized in the presence of diatomite,
is characterized by high activity, A =370 mg/ g.

It has been established that the injection of a calcium hydrosilicate supplement, synthesized in the
presence of diatomite, in composition of the dry mix contibutes to accelerate in curing of the coatings.

Thus, compositions with the supplements, based on CHS synthesized in the presence of diatomite,
form coatings with improved water resistance and resistance to cyclic freezing and melting. Lime mixes
with synthesized supplement are characterized by high compression strength, vitality of 3—-4 hours,
adhesive strength of 0.9-1.1 MPa.
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Buildings quasi-stationary thermal behavior

KBasucTtaunoHapHble TemnepaTypHble PEXnMbI OrpaxaatoLLmx

KOHCTPYKLMM
D.S. Tarasova, Accucmenm [].C. Tapacoea,
M.R. Petritchenko, 0-p mexH. HayK, 3aeedyrouwjuli kaghedpou
Peter the Great St. Petersburg Polytechnic M.P. lMempuyeHko,
University, St. Petersburg, Russia CaHkm-lemepbypeckull nonumexHu4eckull

yHusepcumem [lempa Bernukoeo, 2. CaHkm-
lMemepbype, Poccusi

Key words: enclosure structure; thermal stability; KnrouyeBble cnoBa: orpaxgarowme KOHCTPYKUUH;

energy-efficiency; average temperature; TENnoycToN4YNBOCTb; 3HEProaPHEKTUBHOCTD;

construction materials cpegHss TemMnepartypa; TemnepaTypHbIA PEXUM;
TemnepaTypHas BoriHa

Abstract. The typical building constructions absorb the temperature wave caused temperature
fluctuations of external air. It means this building construction has a thermal stability. Therefore, there is a
reserve for warmth accumulation which can be used for decreasing of thermal losses. The developed
mathematical model of temperature distribution in an enclosure structure allows estimating the cooling
velocity of assorted designs of enclosure structures. And it shows the time which it is possible to turn off
heating during the non-working period with maintenance required temperature condition in working
period. This method allows reducing losses of heat energy considerably. It gives the chance to perform
the optimum choice of periodic schedules of heating. Cost efficiency of implementation of the periodic
mode of heating of the building is proved.

AHHOTaumA. Orpaxgatolme KOHCTPYKUMM MOrMoLWaoT TemMnepaTypHyo BOSHY, Bbl3blBAEMYHO
TemMnepaTypHbiMu KonebaHusi HapyXHOro BoO34yxa, T.e. KOHCTpyKuusi obnagaer akkymynupyroLlen
cnocobHocTbI0. B cBA3M ¢ 3TMM BO3HMKAET pe3epB Ans yrnpaBreHus NoToKaMu TennoTbl, KOTOPbIE MOXHO
MCMoNb30BaTb AN CHWWKEHUS TennoBbiX noTepb. [aHHas paboTa nocBsileHa peLueHunto npobrnembl
MakcumarnbHO 3hMEKTUBHOIO NCMONb30BaHUS SHEPreTUYECKNX PECYPCOB, pacxoayemblX Ha OTOMneHue
30aHusa. Bbinu BbiBe4eHbI 3aBUCUMOCTM Ans onpeaeneHust pacnpocTpaHeHUs TeMnepaTypHO BOMHbI B
cTeHe. PaspaboTaHHasi mMogenb MO3BOMSIET OLEHWUTb CKOPOCTb OCTbIBAHWS Pa3NUYHbLIX KOHCTPYKLMIA
CTEH, a TaKkKke BPeMsi, Ha KOTOPOE MOXHO OTKIHUYUTL OTOMNEHNE B Hepabouuii nepuog. Bpems 3aBucut
OT aKKyMYMSILLMOHHOWM CNOCOBHOCTU CTeHbl. [daHHbIA MeToA, NO3BONSET 3HAUUTENBHO COKpPaTUTL NnoTepwu
TennoBon aHepruu. B paboTe npuBedeHbl 3KOHOMMYECKME W 3HEpreTudeckue nocneacTeus
MPEAOXEHHbIX pEeLleHni A MO MOBBILWEHUIO 3HEProaddEKTUBHOCTU KOHCTPYKLUMKU U obecrnedeHuto
Nep1MoaMYECKOro pexvma oTOMMEeHUsI.

Introduction

The the most effective use of energy resources is one of the important tasks of state policy in the
field of energy saving for economic recovery and worthy life of the population.

It is possible to attain the economy of heat energy by applying a periodic duty of heating system for
the buildings functioning only in the afternoon (sports, administrative, educational buildings, etc.).

However, it is necessary to solve a problem about optimum control of periodic duty for getting the
maximum effect.

The papers deal with international research activities in the field of climate specific building design.
Various comfort and energy monitoring surveys of office buildings as well as residential buildings provide
substantial information about the occupants’ behaviour and their needs during specific situations under
different outdoor climates. This information allows summarizing basic climate dependent design
principles which architects should keep in mind during the early stages of the design process. It also
helps to develop strategies aiming at reducing building energy demand and at the same time consider
comfort aspects [1-5].
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The papers present the results of the research into energy balance of enclosure walls depending
on geometric characteristics and glazed areas of a building [6-9].

This paper show how the building automation systems (BAS) are a powerful tool for companies
face some permanent or temporary changes that can occur in the surrounding environment, which can
affect the welfare of users, increase the energy consumption and/or demand more financial investment to
strengthen or to replace the actual systems to attend the needs of users [10-22].

However, all stated methods of management of the thermal mode have the approximate disorder
nature, also nobody researched the parameter of time on which it is possible to turn off heating in the
conditions of maintenance of the set level of thermal comfort indoors in working hours and economic
feasibility of this method.

The purpose of this work is to develop a method of costs minimization for heating with maintains
the set level of thermal comfort and optimum control of the thermal duty of the buildings functioning only
in the afternoon.

Materials and Methods
The subject of the research

The subject of the research is the Federal State-Funded Educational Institution of Higher
Professional Education.

The model of the studied subject is a multilayered enclosing structure. The scheme of this model is
represented at the Figure 1.
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Figure 1. The scheme of multilayered enclosing structure

The characteristics of external structure of the building are presented at the Table 1.

Table 1. The Characteristic of external structure

Type of Materials
structure o
Characteristic )
gypsum ceramic sand-cement stoneware
cement brick mortar tile
External 0, mm 5 640 20 10
structure A, (W/m?-°C) 0.35 0.47 0.025 0.8
p, kg/m? 1500 2000 1.25 2400
¢, Jkg°C 840 880 1000 200

The advanced model of the studied subject is a multilayered enclosing structure. The scheme of

this model is represented at the Figure 2.
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Figure 2. The scheme of advanced multilayered enclosing structure
Design structure of the advanced multilayered enclosing structure is presented at Table 2.

Table 2. The Characteristic of advanced external structure

Type of Materials
structure .
Characteristic -
gypsum | ceramic cellular air qal stoneware
cement brick polystyrene 9ap tile
External 5, mm 5 510 100 20 10
structure A, (W/m?-°C) 0.35 0.47 0.033 0.025 0.8
p, kg/m? 1500 2000 100 1.25 2400
c, Jkg°C 840 880 1340 1000 220

Distribution of a temperature wave in a wall

The analysis of literature has shown that the one-dimensional motion of heat energy in a wall can
be presented in the form of the differential equation Fourier:

ar __ T

- @

where T — temperature in any part of a body, °C;
t — time point, s;
x — wall coordinate, m;
a — internal coefficient of heat transfer, W/ (m2-°C).

The initial differential Fouriers equation is replaced by an integral relation:

d e aT
d—TOT(T'f)df}[a—gl_o- @)

t X t
r=—<¢=——=h=a s
where o 3 4G,

Distribution of temperature is defined in the form of:
T(n.&)=a(r)e* +b(r)e ™ 3)
The time-temperature transformation follows the sine theorem:
(r)=asin2xzr, 4)
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Then we receive such solution of the differential equation and final expression for definition wall
temperature in any part of enclosure structure at any moment:

T(&7)= 2asin2ar - > racos2ar et +1 > . racos2ar —asin2zr le %, (5)
2 2

Schedules of dependence of temperature from time for different points of a wall are submitted in
Figures 3—4.
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Figure 3. Distribution of temperature in a wall in time for a wall No. 1
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Figure 4. Distribution of temperature in a wall in time for a wall No. 2

From this schedules it is known that the temperature amplitude of oscillations decay in the
thickness of structure. There is a phase shift of temperature oscillations in a structure, or in other words
the delay of these oscillations in time.

Graphically it can be presented so in a Figures 5-6.
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Figure 5. The schedule of temperature fluctuations in a wall No. 1
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Figure 6. The schedule of temperature fluctuations in a wall No. 2

In the structure with a low heat transfer resistance the temperature fluctuations penetrate through
the walls, but in energy efficient structure the temperature fluctuations are localized at a cold side of a
wall.

Assessment of thermal stability of a design

We determined the average stationary temperature for each type of wall by the formula:

e To+an Ty ~(1+ ac-
T, =

P meanhn) 1 f0-gee
+ 5] (6)

a. +oap ~[1+ o K%J a. +ap ~[l+ac Jj%}
where o =23 W/(m?2-°C) — outer surface heat transfer coefficient of the building envelope;

apn = 8.7 W/(m2-°C) — inner surface heat transfer coefficient of the building envelope;

Ty, - the internal air temperature in the premises of a residential building in St. Petersburg, taken

in accordance with Russian State Standard GOST 30494 at 20 °C;

TC — the average monthly outdoor air temperature in January, taken in accordance with
Russian Building Norms and Regulations SNIP 23-01-99* [15] at -8.7 ° C;

O - thickness of the wall, m;

A —thermal conductivity, W/(m-°C).

Now we determine the instantaneous average temperature of the wall:

T=(Ty~T,) 6+T, )

T C

. “Cp-0. -Cp -0
where 6:exp[—t tJ’th:p p O P9,
thy L ap Ac

Then time on which it is possible to turn off heating can be defined as time T(c) for which will

approach average value of temperature of a wall in the stationary mode T«. Mathematically it can be
written down so:
T-T,
=y ®)

Results of calculation of instant temperature of a wall are presented in the table of the application.
Schedules of instant temperature of a wall, or cooling, are submitted in Figure 7.
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Figure 7. The schedule of cooling of a design of walls at a temperature of external air of -10 °C

The heating shutdown time is about 4 hours/day. We can provide the periodic heating duty.

Economic efficiency of decisions

The heattechnical calculation has been made and thermal losses of the building are defined

(Fig. 8).
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Figure 8. The schedule of cost of thermal energy on heating of the building

At increase in thermal resistance of a design of Gidrokorpus-2 the economy of thermal energy is
about 800 thousand rub/year.

At advent of automated control station and periodic heating duty to the building the economy of the
thermal energy for heating of the building is about 900 thousand rubles/year.

As a part of the resea

Results and Discussion
rch the following results have been received:

1. The fluctuation of temperature in energy efficient enclosure structure are localized at a cold side
of a wall, and in construction with a low thermal resistance temperature fluctuations "penetrate"”

a wall.

2. High-frequency (daily, week) fluctuations of temperature are localized in a thin layer of
fluctuations and do not cause noticeable change of average temperature of a wall on big times.
3. The velocity of cooling of a hot penetration conduit is less than the velocity of cooling in a

structure with a lar

ge-scale thermal resistance.

4. The measure of energy efficiency of a wall protection is inversely proportional A, and heat

assimilation and t

hermal stability A2 is proportional; therefore, increase in energy efficiency

reduces thermal stability and vice versa.
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5. At increase in thermal resistance of a buildings construction the economy of thermal energy is
about 800 thousand rub/year. At implementation of domestic heating plant to the building and
providing the periodic mode of heating of the building the economy of the thermal energy for
heating is about 900 thousand rubles/year. Increase the energy efficiency of a wall and use of
accumulative ability from the economic point of view are equivalent.

6. The measure of energy efficiency of a wall protection is inversely proportional A, and heat
assimilation and thermal stability A2 is proportional; therefore, increase in energy efficiency
reduces thermal stability and vice versa.

Authors [1-10] propose the constructive solutions of external walls providing their high thermal
stability. Authors [11-22] cconsider the factors influencing the thermal mode of the room after shutdown
of heat supply of the building. On rate of cooling the greatest influence is exerted by the size of warm
losses through the enclosure structure at the expense of a heat transfer and on heating of infiltration air.
The big areas of a glazing of the room are a factor of increase in heatlosses and, therefore, quickly
cooling of the building after heating shutdown [23].

Conclusions

The typical building construction absorbs the temperature wave caused temperature fluctuations of
external air. It means this building construction has a thermal stability. Therefore, there is a reserve for
warmth accumulation which can be used for decreasing of thermal losses.

The measure of energy efficiency of a wall protection is inversely proportional to coefficient of heat
conductivity, and heat assimilation and thermal stability is inversely proportional to coefficient of heat
conductivity; therefore, increase in energy efficiency reduces thermal stability and vice versa.

Therefore, in future researches it would be possible to define conditions and resistance of a heat
transfer of the protecting designs under which two concepts "energy efficiency" and "thermal stability" are
crossed in one point.
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Qualified method of layer-by-layer summation to define the
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Abstract. The calculation of setting is the main criterion while designing shallow foundations as the
complete setting. Methods of defining deformation in soil body show the calculation value of the final
settlement which is several times different from the real. It is stated that the deformability of the ground
coat is defined to a great extent by the degree of the horizontal intensity caused by natural pressure and
by exterior additional loading. Here is offered a specified method of calculation of shallow foundations
settlement based on the method of layer-by-layer summing. This method takes into account the
separation of the exterior additional loading diagram into component parts which cause elastic and
elastic-plastic deformations as well as changing the module of the general deformation of the layers of
the earth foundation depending on the state of stress. To test the method there was conducted a
comparative analysis with field testing of the ground coat of natural consistency by rigid stamps with its
static loading. The calculation of setting by the method offered by the authors has a high convergence
with the results of the experiments and reflects the general picture of deformations of the soil body while
loading as well as unloading.

AHHOTauuA. PacdeT ocagku SBRsieTCs OCHOBHbLIM MpPU NPOEKTUPOBaHMU (PyHOAMEHTOB MESKOro
3anoxeHus. 3ayacTylo mMeToAdbl Mo onpegeneHve dedopMaunidi B FPyHTOBOM MaccuBe MOKa3biBaloT
pacyeTHOe 3HayeHuMe KOHEeYHOW OCafKMm B HECKONbKO pa3 oTnuyaolleecs OT OeNCTBUTENbHOrO.
OTmeyeHo, 4YTO AecopMUPYEMOCTb PyHTa BO MHOIMOM oOnpeaenseTcss BenMYMHON FOpU3OHTanNbHbIX
HanpsKeHUn, BO3HMKAKOLWMUX OT ObITOBOrO [OaBfEHWss M OT BHELHEN [OOMOSNIHUTENbHOM Harpysku.
MpennoxeH yToOYHEHHbIM MeTon pacyeTa ocafkM PyHAAMEHTOB MESKOro 3anoXeHus, OCHOBAHHbIN Ha
MeToAe MOCMOMHOr0 CyMMUpOBaHus. [JaHHbI MeTon y4uThiBaeT pasferneHne antopbl JOMONHUTENBLHOMO
BHELLUHEro HarpyXeHusi Ha COCTaBnsawwue, KOTopble MNPUBOAAT K MOSBMEHUMIO YAPYrux W ynpyro-
nnactudeckux dedopmauuii, a Takke u3MeHeHue mogyns obwer gedopmauuy CrioeB FPYHTOBOMO
OCHOBaHUS B 3aBWCUMOCTM OT HaMpsKEHHOro cocTtosiHusA. [Ons anpobaumm meToga npoBeneH
COMOCTaBUTENbHbLIN aHanuM3 C MONieBbIM WCMbITAHWEM FPYHTOB €CTECTBEHHOrO CINOXEHUSI >XeCTKUMMU
lWTaMmnamu, npu Ux cTaTU4eckoM HarpyxeHuu. PacdeTt ocagkvm no metony, NnpeanoxeHHOMY aBTopamu,
MUMeEeT BbICOKYID CXOAMMOCTb C 3KCMEepPMMEHTarnbHbIMKU pe3ynbTaTamMu M adekBaTHO oTpaxaeT 06Luyto
KapTuHYy AedopMMpOBaHUs TPYHTOBOrO MaccuBa, Kak Npu Harpyske, Tak 1 npu pasrpyske.

Introduction

Calculation of settlement is challenging when designing shallow foundations (SF), since the
absolute settlement and the resultant unevenness of settlements are the specified values directly
determining serviceability of buildings and structures. Despite numerous methods which were developed
by domestic and foreign authors for evaluating deformations in soil body, the calculated value of the final
settlement sometimes differs several times from the actual one [1-4]. In engineering practice, in sample
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calculation of SF, the settlements exceeding the specified values may be obtained. Thus, cheaper
shallow foundations are to be refused in favor of pile or pile-slab ones, but the opposite situation is
possible in weak soils [5-8].

The final settlement is affected by some subjective and objective factors and primarily, the model
of foundation and soil compressibility characteristics. When designing foundations, it is the engineer's
responsibility to choose a geomechanics or contact model. Any model of soil bed used in the specific
problem makes it possible to take into account the features of soil body deformation, but with the
assumptions typical for each model [9, 10].

The elastic half-space model (EHM) has been the basic model of soil bed for a long time [11].
Application of the geomechanics model makes it possible to evaluate the stress state in unspecified
external loading at any point of the soil body. Under certain conditions in initial loading, deformation of
soil body predicted by EHM is a linear function and generally agrees with the experimental data [12—15].

Ignorance of nonlinear behavior of the soil bed, significant exaggeration of distribution capacity of
the bed and strong forces concentrated at the edges of the foundation are the obvious drawbacks of this
model. Numerous improvements and modernizations of EHM did not provide a universal tool to
adequately predict the final settlement of shallow foundations different in areas and levels of loading [16,
17].

According to [18-20], the value of deformation modulus is of great importance for valid description
of the deformability of soil body. At present, there exist some procedures to calculate the value; in here,
the results can differ by several times. For historical reasons, the deformation modulus evaluated with the
stamp, 5000 cm? in area, is considered to be the reference in Russia. Due to complexity of the stamp
tests, their application in everyday engineering practice is quite difficult. However, as seen from the in-situ
tests, the stamp modulus does not guarantee the adequate description of layer-by-layer deformations in
depth, particularly when the foundation size significantly exceeds the stamp. Laboratory methods
evaluating soil deformability characteristics are widespread, but a designer can obtain different results
due to different representations. For instance, the in-situ tests showed that in transition from the
constrained modulus to stamp deformation one, the multiplying coefficient my does not always correctly
illustrate the resulting settlement and all the more, the actual deformation of soil bed in depth [19].

Despite evident values of the deformation moduli obtained by different methods and above all, by
the stress state generated during the tests, design models usually include a constant that determines
deformability of the layer in the entire area of loading. Given the in-situ test data which show that total
compression mainly occurs within a sufficiently thin layer under the foundation while the rest is distributed
to a greater depth, some authors propose to divide these zones into the elastic-plastic (large) and elastic
(small) deformations. In [17] it is made by taking into account the structural strength of soil psy and
bilinear model where deformability in vertical stresses does not exceed psy and is determined by the
modulus of elasticity Ee;; in greater stresses — by the modulus of elastoplasticity Ep.

According to [21, 22], the deformability of soil is strongly affected by the stress state of soil body. In
their books on testing silty clays and sandy soils in stabilometers G.G. Boldyrev [18] and I.K. Aimbetov
[23] show that the soil deformation modulus depends linearly upon the lateral (horizontal) stresses. Thus,
E increased 2 times in semisolid sandy loam with the increase of horizontal stresses from 100 to 300 kPa
and 3 times — in fine sand.

Thus, the "braking" effect of soil's own weight onto deformation of soil bed can be explained as
opposed to the weightless half-space, especially when OCR increases. Thus, deformability of soil is
largely dependent upon horizontal stresses being the sum of the horizontal overburden pressure g, and
horizontal normal component of the stress state oy arising from the external load. Therefore, the
deformation modulus at each point of the soil bed is an integral parameter of soil properties and its stress
state and, consequently, it cannot be constant even in one geotechnical element. If the external pressure
increases, the modulus will change under changing stress state and, above all, under the values of lateral
pressure.

Methods

Proposed is the qualified method to calculate settlements in shallow foundations, and principally
slab foundations, based on the convenient method of layer-by-layer summation adopted in Russian
Building Regulation SP 22.13330.2011 [24] and DIN 4019. The proposed method takes into account the
elastic-plastic deformation of soils and possesses the following features [25]:
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e Separation of the diagram o,, (Fig. 1) into components: a:p — results in elastic and

O':; — elastic-plastic deformations. The component o, corresponds to the initial stress state in soil bed

and may be equal to the dead weight pressure at a given depth G:p =0, or part of it J:p = kO'Zg or
structural strength of soil pst, in turn, their values may be corrected with OCR.

dn

Zli-1

P

Iz

Figure 1. Design diagram of the bed to calculate settlement in a shallow foundation after the
proposed method (SP*)

e Consideration of the changed total deformation modulus E of soil bed layers due to the
increase of load and stress state.

Calculation of the settlement applying the qualified method (SP*) in a construction pit less than 5m
in depth is evaluated by the formula:

( ** )h * h

. .—o_ .)-h o .-h.

s=y Pt b 1, 5 T 1)
i=1 Ei i=1 Ee,i

p,i
the average pressure across the foundation footing;

where O, ; — vertical stress component resulting in elastic-plastic deformation of soil in the i-layer due to

0 ,,; — vertical stress component resulting in elastic deformation of soil in the i-layer due to the

p,i
average ;ressure across the foundation footing;
h; — height of the i-layer;
E; — deformation modulus of the i-layer of soil across the branch of primary loading;
E.i— deformation modulus of the i-layer of soil across the branch of secondary loading;

It is needed to calculate the total deformation modulus E of every given engineering-geological
element by means of stabilometers [26]; this makes it possible to consider stress-strain state of the
samples in different values of the lateral pressure, when unloading and constructing the function
E=f(o,+0,) (Fig. 2). The approach is advantageous since Poisson's ratio Y , being controversial for

soils but influential for their compressibility, is not necessary to be taken into account directly in the
formula when calculating the settlement through the non-dimensional coefficient S.
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Figure 2. G.G. Boldyrev’s dependency diagram E= f(o-x) obtained after stabilometer tests [17]
The method aims at calculating the lateral pressures Oyg and Oxp which directly affect the total

deformation modulus E. In lack of the reliable values of OCR, the value oy is taken in accordance with
geo- or hydrostatics, i.e. oOyq :ngli (2) and o,y =04 (3) correspondingly. Hydrostatics is used
—H

more frequently, but there is not any consensus here [27]. The value Oyp May be obtained from

solutions of the EHM theory. It is necessary to consider that Poisson’s ratio y=0.5, in its classical
formulation for elastic half-space, may considerably differ for real soils. Thus, to calculate o4, after the
given dependencies seems to be the most appropriate for soil beds loaded with flat footings.

Results and Discussion

In order to evaluate the proposed method, a comparative analysis was conducted; in here, the in-
situ tests were conducted for soils being loaded statically and tested with rigid round stamps, 1200 mm in
diameter.

The soil bed of the experimental site was composed of naturally occurred silty clays. Their physical
and mechanical characteristics are given in Table 1.

Table 1. Physical and mechanical characteristics of soils at the experimental site
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Initially, deep marks were installed in the central and edge zones of the soil body at a distance
from 0.25 D to 2.00 D (Fig. 3) to record layer-by-layer deformation of soil layers. The stamp surface was
loaded through the distribution system across four points. The thruster with a pre-calibrated pressure
gauge was used to create pressure in the system (Fig. 4).

D=12m

0.150
0.0C0

—0.300

—0.600

EGE 1

—1.200

—1.800

EGE 2

—2.400

Figure 3. Location of deep marks in soil Figure 4. System of load transmission on the
body stamp surface

To study the effect of lateral squeeze on deformability of soils which occurs in the active zone, the
stabilometer tests were conducted in the type A chamber. To obtain the dependencies of the changed
deformation modulus upon horizontal squeezing of soil, the samples were tested in confining pressures —
50 kPa, 100 kPa and 200 kPa (Fig.6). The tests resulted in the values of the deformation modulus
obtained for additional pressure in different ranges (Formula 1).

Vertical pressure, kPa

0 50 100 150 200 250 300 350 400
0
a, !
Y [ \
0.01 \ a’l /!
. /I 1
2 \\ !
S 002 i M
~,
= ~ \
5 0.03 '
So | N\
g \“,1-.' \
“ 004 1
s
= \ | \
2 0.05
5 I\ \
S
5 0.06 \ \
o ‘ \
z
&
& g07 \
[+
0.08 \
0.09

Confining pressure
e 50 kPa e 100 kPa === 200 kPa

Figure 6. The results of stabilometer tests for EGE Ne2 — high-plastic loam
E, =tgay, E, =tga,, E; =tgaz (1)

Dependency of the deformation modulus upon the value of horizontal stresses is of linear
character (Fig.7); in here, soil rigidity is increased proportionally due to horizontal pressure. It is
necessary to underline that the deformation modulus of high-plastic loams increases 1.5 times faster than
that of solid clays. Obviously, this happens due to the structure of soil skeleton.
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Figure 7. Dependency diagrams of the deformation modulus and the value of horizontal
squeezing

The diagrams indicating dependency of the stamp settlement upon vertical pressure were obtained
after the in-situ tests (Fig. 8). First, the experimental value of initial critical pressure upon soil was
evaluated as if for a flat round foundation after the formula of K.E. Egorov and T.l. Finaeva
(p* = 100 kPa). The design resistance of soil evaluated by the formula given in Russian Building
Regulations SP 22.13330.2011 was R = 140 kPa.

As seen from the diagrams, calculation of settlement possesses 40% of allowance across the
whole range of loading without reference to the time factor (in t=0) in accordance with the proposed
method which applies the dependencies obtained after the stabilometer tests. The normative technique,
i.e. the compressive deformation modulus and coefficient my, resulted in significantly underestimated
value of the final settlement as compared to the experimental results. Calculation of settlement by means
of DIN 4019 using the results of compressive tests and ignoring the transition coefficients exceeds the
experimental values in 90-110 %. In accordance with the investigations [28] carried out on weak water-
saturated soils, the settlements continue to increase with time (t — o) after normal loading of the soil
body and exceed, on average in 20-30 %, the initial settlements which are recorded when loading is
stopped. Therefore, the settlements tend to approach the ones calculated after SP* with disagreements
to be 5-15 % in the limits of the calculated design resistance R.
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Calculations made after Russian Building Regulations SP 22.13330.2011 revealed considerably
underestimated values of final settlements in the foundation model in gradual stepwise loading.
Disagreements with the experimental results in the whole range of loading was nearly 100 %; if taking
into account the factor of settlements which increases with time, then the results will differ in 2.5-3 times.
These scattered results appear due to large values of the deformation modulus which was calculated
after the compressive tests and resulted in the stamp modulus with the multiplying coefficient my.

The in-situ tests and the proposed technique revealed similar performance of the soil body when
evaluating layer-by-layer deformation of soil (Figs. 9, 10). Nearly 70 % of settlement is generated in the
surface zone, up to 0.8 D and within the depth of compressible thickness to be 2.0 D, determined in
accordance with Russian Building Regulations SP 22.13330.2011. The diagrams of relative and absolute
settlements plotted after the qualified method and experimental data obtained from the deep marks
disagree in nearly 20 % across the overall thickness of the active zone. It is necessary to point out that
weakening of deformations across the depth occurs much earlier than it is given in the solution after EHM
theory, i.e. it agrees with the experimental data [29-31]. Calculation diagram of the settlements of soil
layers and relative vertical settlement across the overall depth of compressible thickness shows the
actual deformation. Difference in 7 mm in settlements on the soil bed surface can be explained by cutting
the soil with stamp edges in the process of loading, as given in [17, 21]. This fact can be optionally
considered when designing shallow foundations.
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Figure 9. Diagram of relative settlements Figure 10. Diagram of settlements developing
developing across the depth in p=175 kPa across the depth in p=175 kPa
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8.

During the in-situ tests, the soil bed loaded statically was gradually unloaded in order to calculate
elastic deformations in soil. The value of elastic deformation obtained experimentally was 8 mm, i.e. 18 %
from the overall settlement of the stamp. This value almost agrees with the calculated one, i.e. 15 %
(6 mm) and thus, “physicality” of the proposed method is proved.

This method does not intend to be used for settlement computation of problematic soil bed and in
specific condition. The computation in specific soil coditions needs to further experimental and theoretical
research.

Conclusions
The qualified method used to calculate settlements makes it possible to:

e take into account the diagram separated into components due to additional external load acting
on the soil bed; this results in elastic and elastic-plastic deformations;

e use the characteristics of deformation obtained after

triaxial compression indicators

(stabilometers), i.e. the effect of the changed deformation modulus E as the horizontal stress
function is taken into account; this allows considering the values adapted to specific conditions,
e.g. after the value of over-consolidation ratio (OCR), structural strength ps. and specific soil

properties;

¢ ignore the controversial coefficient 8 given in Russian Building Regulations SP 22.13330.2011,
since it can result in significant errors when calculating the settlement;

e take into account the elastic-plastic nature of soil; in here, the calculated diagram of absolute
and relative settlements of layers across the overall depth of the compressible thickness
illustrates the real deformation of soil bed, i.e. "physicality” of the method is shown.
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Design of steel beams cross three directions with sprengel

[MpoekTnpoBaHne CTanbHbIX NEPEKPECTHLIX Banok Tpex
HarnpasBieHNN CO LUMNPEHresiemM

N.N. Demidov, KaHO. mexH. Hayk, doyeHm kaghedpbli
National Research Moscow State Civil H.H. Jemudoes,
Engineering University, Moscow, Russia HauuoHanbHbIl uccriedosamernbcKuli

Mockosckutli eocydapcmeeHHbIU cmpoumerbHbil
yHusepcumem, 2. Mockea, Poccus

Key words: dimensional steel construction; cross Knro4yeBble crnoBa: NpOCTPaHCTBEHHAs CTalnbHas

beams with spatial tightening; terms beams koHCTpyKUuS; nepekpecTHble Ganku c
strength; terms strength puffs; deflection of the npocTpaHcTBEHHOM 3aTSHKKOW; ycrnoswusi
structure NPOYHOCTU Banok; ycnoBus MPOYHOCTU 3aTSKEK;

Npornb KOHCTPYKLMK

Abstract. The article presents one of the possible formulations and solutions of the optimization
problem of designing the cross-beams of the combined system, reinforced bongs. The basis for efforts as
functions of variable parameters was a displacement method. Approximate analytical depending forces
and displacements in beams, and the puffs. Analytical expressions possible to formulate the problem of
how to design optimization. The article points out that the problem was posed and solved for a fixed
geometry puffs and beams. This narrows the area of optimal solutions, but greatly simplifies the solution
itself. The objective function — linear. Restrictions — nonlinear functions, therefore considered the problem
relates to the problems of nonlinear programming. Optimum obtained in one of the points of intersection
of two active constraints — for tightening strength and maximum permissible deflection of the structure.
Because of this discrete mathematical optimum mix does not coincide with the physical, so the solution
obtained approximately.

AHHOTauma. B cratbe npuBOoAMTCA OAHA U3 BO3MOXHbIX MNOCTAHOBOK U  peLlueHui
ONTUMM3ALUNOHHOM 33adayM MPOEKTUPOBAHUS KOMOWHMPOBAHHOW CUCTEMbl MEPEKPECTHbIX Banok,
ycuneHHblx 3atshkkamu. OCHOBOW Onsi NOMyYeHWs YCUnUKA Kak YHKUMA BapbupyembiX napameTpoB
ABUNCSA MeToq nepemelleHun. [onydeHbl MpUONMKEHHbIE aHANUTUYECKUE 3aBUCUMOCTU YCUMUA U
nepeMelleHnn, kKak B 0Oankax, Tak W B 3aTshkkax. AHanMTUYEeCKUe BbIPaXEHUS MO3BONUIU
cdopmMynupoBaTh 3agady NPOEKTUPOBaHMS Kak ONTMMU3aUMOHHYK. B cTaTbe o6pallaeTcs BHUMaHve Ha
TO, YTO 3afjaya CTaBuflacb M pellanacb nNpu (UKCUPOBAHHOW reoMeTpuu 3aTskek u Oanok. JTo
CyxuBaeT obnacTtb onTUMarnbHbIX PELUEHWUA, OOHAKO CYLLECTBEHHO yrnpollaeT caMo pelleHue. Lienesas
PYyHKUMA — nuHerHa. OrpaHuveHuss — HemnuHeWHble (YHKUMM, NO3TOMY pacCMOTPeHHas 3ajada
OTHOCUTCA K 3ajavyaM HeNWHEWHOro nporpaMmupoBaHus. ONTMMYM MOMy4YeH B OOHOW U3 TOYeEK
nepeceyeHns ABYX aKTMBHbIX OrPaHUYEHUNn — MO NPOYHOCTM 3aTSHXKKM U MO NpeferibHO AonyCTUMOMY
npormby KOHCTpyKUMK. Bcnegctene ANMCKpeTHOCTM COpTaMeHTa MaTeMaTUYECKMIA ONTUMYM He coBnagaeT
¢ M3NYECKMM, MOITOMY MOSNTyYEHHOE peLleHne NPUBIMKEHHO.

Introduction

Cross beams three areas have long established themselves as expressive architectural coatings
are widely used in practice [1-5]. The task of structural design can be supplied as an optimization. This
formulation combines the strength and rigidity of conditions in a single task.

Advantages of this generalization are that a minimum while achieving highest objective function
and, in addition, it is clear — conditions which are decisive for the design. An important advantage in that
the process of designing a number of unrelated directly manual calculation methods is naturally
transferred to the computer base.

To date, the time period studied in detail the flat load-bearing structures, including both
conventional ties and ties with prestressed [6—11].
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The spatial beam structures with ties studied enough and need to be studied [12].

Methods

Considers cross continuous steel beams three directions hinged at its ends to the hexagonal plan.
The system of cross-beams of rolled I-beams supported by a permanent stiffening spatial Sprengel
(Fig. 1).
w4
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Figure 1. The investigated construction

A uniformly distributed load applied to the symmetric beams crossing sites in the form of
concentrated forces. Torsion beams and shear deformations are neglected. Design Conditions coupling
beams correspond to the case only a vertical interaction between them. The adopted scheme reflects
well the real more complex contact conditions and significantly reduces the number of unknowns [13].
The material works elastically in accordance with Hooke's law. Stability of beams is considered wealthy.
A deformation resistant is neglected.

Variable parameters are positive values:

x; = A — the cross sectional area of beams; x, = A, — area of ties; x; = p — core distance;
x, = hg —the height of the beams; x; = ] — moment of inertia of beams.

The objective function, without the expense of influence on steel racks and therefore roughly
expressing the volume of steel, can be written:

1)

Z =30Ax; + 6/1( )x2 =>min

+ _—
cosa  cosP

A feature of optimization problems bearing structures as opposed to the economic problems, a
small number of restrictions, but there is cumbersome analytical expressions of these restrictions.
Sometimes itself getting analytical expressions in closed form is not simple and often independent
research task.

Restrictions on the objective function (1) form three groups of equalities and inequalities:
I. Equality satisfying the conditions of equilibrium, physical and geometrical equations:
T [w]+[p] =0, )

where r — the coefficient matrix of the canonical equations of motion method comprising variable
parameters;
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[w] — the displacement vector components;

[p] — load vector.

The expanded form of equations (2) can be written as (3)

(’ZE—{HGMsm: Leosf) —('ZEH)O—AO sin~ fcosf) —3(;2 0 —6.'<|u/)’co:\:2 pU—AO
3 A 3 A 2 A
A z A
J . . J EJ . s s
—(lZE—‘-r(»'EO—_“quiu2 Leosf) |:21E—‘+EO—_(,sin: ,b’cc,\.s'/)’—ln‘\:nu2 (lco;\:a)j| 35—’ —()E—7 Eodo (smfcos™ Psing cos” o)
3 VA ;3 A 22 2 A
A A A A
_GE_{ 3E_‘:' 'iJ 0 0
A" A A
0 & o = 0
¥ A
—G—E;(io-smﬁcosz p {sinﬁco:\:: ,U+.'~:in(/.co.'\:2 a)@ﬁﬂ_ 0 0 (cos’* ,b’+cos:3 a)ELAO—
A 4 A
m 5|
W i)
Xl g |=| 0
P2y 0
u 0

where W, — vertical movement of the i-th node

@,; — rotation angles of the node 2

u — horizontal movement of the coupling assembly of ties

©)

II. Inequalities express terms of strength and stiffness of individual bearing elements and structure

as a whole:

In particular:

1) The condition of strength beams according to the criterion of normal stresses

M,
g1=1- WR,
where W, — section modulus;

N — the longitudinal force in the beam;
i — beam cross section under consideration;
R, - standardized resistance of steel.

2) Conditions strength of ties

where S, — the greatest force in the tie.

3) Conditions design stiffness

gs = 1_m
[f]

where [f] = 4—;} * | - allowable amount of deflection.

0 ’

lll. Inequalities, reflecting the peculiarities of the constructive form

g.=A>0
gS=A0>O
g6=A_A0>O

(4)

®)

(6)

@)
8)
9)
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Condition (4-9) are natural for the designer, but it is very important to the mathematical
formalization of the problem. In order to reduce the number of constraints can be eliminated system (2) of
the problem, and then analytically approximated expression of internal forces as continuous functions of
variable parameters. For simplicity, we will solve the problem fixed geometry of ties ensemble:

9 A E, A,

ﬁl; h, =3 and denote K:E*T*Az

The dimensionless parameter "K" reflects the impact of the tightening of all varying sizes.

h]_:

In this case the system of equations (3) can be rewritten in the form (10).

[ (72+0.0622K) —(72+0.01036K) —36 0 —0.249168K] [Wl] 1

—(12 +0.01036K) (21+0.09649K) 3 -6 0.326076K | | W; [1]
-6 3 7 0 0 x| g5 | = |o| (10)
0 -3 0 5 0 5 l0 J

L —0.249168K 0.326076K 0 0 185102K | s 0

The constancy of geometry narrows the area of optimal solutions, but greatly simplifies the
approximation expression. The solutions of the system (10) for different values of "K" are presented in
Table 1. As can be seen from Table 1 tightening spatial trussed significantly increases rigidity, and
greatly reduces the internal forces in the beams lowering steel consumption. Table 1 allows to obtain
approximate analytical expressions for beams, and for delay. With an accuracy of less than 5 % in the
range 100 < K < 250 true formula (11-13) (for A <100 can quadratic approximation):

N = (2.41925 + 0.002927K)P (12)
S, = (2.54867 4+ 0.003093K)P (12)
M; = (0.13 — 0.00032K)PA (13)
Table 1. The solutions of the system (10) for different values of "K"
System K= Eodo | 22
Deformation and strength fact without - Fact
eformation and strength factors ties System with ties actor
K=0 K=100 K=150 K=200 K=250
. 174 0.561 0.131 0.095 0.075 0.062
Linear Vertical PA3
. W, 0.390 0.090 0.065 0.050 0.041 —
displacement EJ,
Horizontal Uy - 0.002 0.001 0.001 0.001
) Dox 0.313 0.074 0.054 0.043 0.035 P2
The angular displacement —
P2y 0.234 0.054 0.039 0.030 0.025 E]x
M; 0.397 0.101 0.076 0.062 0.053
bending moments M 0.230 0.047 0.032 0.023 0.018 P2
M, 0.468 0.108 0.078 0.060 0.049
Qi1_» 0.167 0.054 0.044 0.039 0.036
Transverse force Q2-3 0.230 0.047 0.032 0.023 0.018
Qz_4 0.468 0.108 0.078 0.060 0.049
L S1 - 2.714 2.942 3.073 3.154
Efforts in ties
S, - 2.859 3.099 3.237 3.328 P
Largest strength in the N - 2.712 2.939 3.070 3.151
longitudinal beams
) P/ - 0.678 0.734 0.767 0.787
Efforts in spacers
Py - 0.791 0.857 0.896 0.919
The deflection at the geometric center of the "K" = 100 + 250 is approximately
Hﬂ.‘?
W; = (0.1777 — 0.000464K) B (14)

The analytical expressions are substituted into the limit Il and Il Group.
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Having specific values: P=10T7 ; A = 6m;E = 21 * 10° t/m?;
L _ AP _ 49 p —p — 2
[f] = 5= oiom = 1.2, Ry = Ry = 21000 t/m
and approximate dependence: J ~ APThG =224 hg ~ £-; x; ~ 1.818y/x; can be reduced to the task with
five varying parameters to two independent parameters x; u x,. Thus the objective functions with a fixed

geometry and flow of ties neglecting steel rack written more specifically:
Z = 180x; + 74.16x, => min (15)
Restrictions:
The strength of beams, which receive the thrust of ties:
1 0.00115 B 0.0000996x, B 0.000204 0.0000035x, >0

= X1 x3 PRV * 3 (16)
Durability of ties:
0.00121 0.000102
g2 =1- PR >0 (17)
The rigidity of the structure:
0.000049 0.000000073x,
gs=1- 2 + Xt = (18)
Restrictions defined physical meaning of the problem:
ga=x >0 (19)
gs =x,>0 (20)
Restrictions defined structural features form:
e =%x1 —x, >0 (21)

Characteristic mathematical model is reduced to four positions:

1. The mathematical model described by continuous and differentiable functions.
2. The objective function — linear.

3. Restrictions on the objective function — nonlinear.

4. The problem relates to a class of constrained optimization problems.

The scientific literature on the issues of language and methods of solving nonlinear programming
problems is extensive [14-16], and implemented by the mathematical ideas very diverse [17-20].

Results and Discussion

One possible solution to this problem of constrained optimization is to convert it into unconstrained
optimization problem. To do this, enter all six additional restrictions are non-negative variables u? > 0,
thus converting inequality constraints limit equality. Further, writing the Lagrangian:

8
Fom,u) = 200 + ) milgiC0) +uf - by (22)

i=1
determine the necessary conditions for the existence of extremum, the so-called Kuhn-Tucker conditions:

oF

a_x]-:O j:1,2

aF .

=0 i=1,...,6 (23)
aF .

a_ui=2miui=0 i=1,...,6

In our case, we get a system of 14 nonlinear equations. Among all those roots only examine the
system that satisfy the system of constraints (16) — (21),i.e. ,
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x; = 0.00682 m?; x; = 0.0016 m?; m} = 0.1124; m} = 0.6231
The Hessian matrix at the extremum point is positive:
[ 0°F 0%F
u _| ox? oxjox; |
| a%F a%F
o

124509 12669] _ .
= iones 66408]_146709x10 >0

Therefore, found a fixed point is a point of mathematical minimum.
Because of this discrete mix (I Ne40 B1) [21], the actual point of optimum
x7* = 0.00746; x5 = 0.0017 It is somewhat different from the mathematical.

As seen in Figure 2. Mathematics optimum is at the border of the feasible region at the intersection
of two active constraints — on the condition tightening strength and maximum allowable deflection
structure.

%

0,009 9

0.007

0.005

0.003

0,002

0,001

Figure 2. Graphical interpretation of the problem being solved

where = Point of mathematical optimum;

®— the optimum point in connection with the readability of the assortment;

— line levels of the objective function;
— -—restrictions

— the range of permissible values
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10.

11.

12.

13.

The results of the decisions shows that the parameter K = 247.9, and is within the accepted linear
approximations (11-14).Terms beams strength g, are not critical and are beyond the tolerance range
varying variables, so a more accurate calculation of the deformed scheme does not lead to the results of
other solutions. In particular, for the case settlement of the deformed scheme causes an additional
increase in stress in the beams by 3.5 %, which is less than the permissible 5% according to the norms.
[22]

The slope of the line levels of the objective function shows that the most effective way to further
reduce the consumption of steel is to increase the height of the Sprengel.

Steel flow without weight ratio of spacers and the construction is 25.6 kg/m2, which is a very good
indicator.

Conslusion

The solution provided by the problem is not unique. It is worth considering, and other formulations,
and use other methods of solution. The accumulation of experience solving similar close to the practice,
the tasks, the proposed methodology will improve and clarify many of the questions of the real design.
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Mechanical properties of nanocarbon modified cement

MexaHn4eckne CBOMCTBaA HAHOYINEepPOL4HOro LemMeHTa

A.V. Cherkashin, AcnupaHm, uH)xeHep A.B. YepkawuH,

K.A. Pykhtin, cmydeHm K.A. bixmuH,

Y.E. Begich, cmydeHm 51.3. beauu,

P. A. Sherstobitova, cmydeHm [1.A. LLlepcmo6umosa,

T.S. Koltsova, KaHO. mexH. Hayk, uHxxeHep T.C. Konbyoea,
Peter the Great St. Petersburg Polytechnic CaHkm-lNemepbypeckul nonumexHu4ecKkul
University, St. Petersburg, Russia yHugsepcumem [lempa Benukoeo,

2.CaHkm-lNemepbype, Poccus,

Key words: buildings concrete; CNT; cement; KnioueBble cnoBa: 6eToHHble 3aaHus; YHT;
civil engineering; construction materials; carbon LlEMEHT; rpaXKgaHCKoe CTPOUTENbCTBO;
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Abstract. This article covers use of nanocarbon modified cement (hnCMC) that was made with use
of chemical vapor deposition method. The tests were performed with traditional destructive method as
well as with the use of special ultrasonic equipment. The specimens with nCMC was tested for
compressive and tensile strength. However, the results showed that use of nCMC made only minor effect
on these characteristics, when results from other research groups indicate that nCMC improves cement’s
properties greatly. Therefore, authors hypothesize that characteristics of nCMC modified paste matrix
highly dependent on the geometrical characteristics of nanofiber such as length, type of structure (single-
walled, multi-walled) and chirality. This hypothesis is based on the ultrasonic tests' results. Furthermore,
the positioning, distribution and the proportion in the material of carbon nanotubes (CNTs) needs to be
researched more.

AHHOTauuA. B ctaTtbe paccMOTpeHO NCnonb3oBaHMe HaHoyrnepogHoro uementa (HYL), kotopbin
Obin  nony4yeH MeTOOOM XUMWYECKOro OCaXAeHWs u3 ras3oBov pasbl. McnblTaHMA  LEeMEeHTHbIX
mMaTtepuanos nNpoBOAUNNCH TPaAWMUMOHHBIM paspyllalowumM MeToAOoM, a Takke C MWCNOofb30BaHWEM
cneumanbHOro ynbTpassykoBoro obopygosaHusa. O6pasubl ¢ HYL ncnbITbiBanM Ha MPOYHOCTb MpU
ckatum un pacTtsxkeHun. OpHako pesynbTaTbl MokKasanu, 4YTo ucnonb3oBaHne HYL, okasbiBaeT
He3HauuTenbHOE BMWSHWE Ha MPOYHOCTHbIE XapaKTEpPUCTUKM, B TO BPEMSA Kak pesynbTaTbl OpYrux
nccregoBaTenbCKUX rpynmn nokasbisatoT, 4To HYL| 3HaumMTensHoO yny4ywaeTt cBOMCTBa LeMeHTa. lNMostomy
aBTOpbI BbIABUraloT rMNoTe3y 0 TOM, YTO XapakTePUCTUKN MOANMDULIMPOBaHHOW NacToobpasHo MaTpuubl
HYLl cunbHO 3aBUCAT OT rEOMETPUYECKUX XapaKTEepUCTUK HAHOBOSIOKHA, TakMX Kak AnuHa, Tun
CTPYKTYpbl (OAHOCMONHbIE, MHOTOCTEHHbIE) U XMpanbHOCTb. Kpome Toro, HeobxoanMbl AOMNONHNUTENbHbIE
nccnegoBaHWs MONOXeHWs, pacnpegeneHns n 4onu B matepuane yrnepogHbix HaHoTpybok (YHT).

Introduction

Nanomaterials in construction industry became one of the most innovative line of research. Even
though there are not many cases of their practical use, this field of search has many perspectives due to
unique characteristics of these materials. Nanostructures allows to significantly improve such properties
as: compressive strength, conductivity, and resistance to electromagnetic pulse (EMP) [1, 2].
Furthermore, use of nano-modified concrete can greatly reduce the cost of construction. This can be
achieved by reducing the amount of cement in the compound of concrete.

Concrete being the most used material in construction is valued for its characteristics such as
compressive strength, hardness and modulus of elasticity. However, nanotechnologies allowed to greatly
improve these characteristics. A group of scientist from Saint Petersburg Polytechnical University
(SPBPU) managed to greatly increase the compressive strength of concrete with synthesizing carbon
nanofiber on cement particles [3]. The result of their research was hardened cement paste that was twice
as strong as the control one. Moreover, civil engineers have been already using concrete with modifiers
based on fullerene for a long time [4, 5]. These modifiers can also greatly improve compressive strength
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of the concrete. However, the problem of equal distribution of modifier through the volume of the material
still needs to be resolved for all types of nanomodifers. So it can be concluded that there are two main
trends in research of nano-concrete: synthesis of nanostructures on matrix material and direct addition of
nanostructures into modified material [6—10].

Analysis of recent researches indicated the lack of data covering the test of cement hardened
paste modified with nanocarbon modified cement (nCMC). Nevertheless, there is a lot of information
about the concrete produced with use of special cavitational setups [19], although this method of
producing of concrete is quite complicated and there is no data considering simple mixing of nCMC with
cement in certain proportions. Moreover, further analysis of this problem revealed that there is actually no
information about attempts to define characteristics of nNCMC that is simply mixed with standard cement
in concrete mixture.

Therefore, the main goal of this research is to precisely examine the properties of nCMC. To
achieve it our team had to produce the samples in lab conditions under the control of the supervisor, test
them and analyze all gathered data.

Experimental methods

To create specimens of modified cement was used special setup made on the base of Laboratory
of lightweight materials and structures. The process of chemical vapor deposition allows to grow carbon
nanostructures that may be formed into multi and single-walled structures. The possibility of formation of
such structures is obtained due to the presence of iron in the clinker mineral celite. With increasing
temperature and duration of the synthesis increases the amount of nanostructures, however the critical
factor is the emergence of free CaO, which has negative impact on cement products. Regarding this, the
temperature of synthesis is limited to 650 °C.

,Q Gas exit

Figure 1. Schematic diagram of the device used for nCMC synthesis:
1 -furnace, 2 — chemical reactor, 3 —rotameter, 4 — valves, 5 — hydraulic lock, 6 — gas tanks

The cement used for this research has the following characteristic and compound: grade M500 DO,
no additional mineral supplement, C3S — 60.42 %, C2S — 12.94 %, C3A — 5.72 %, CsAF — 12.46 %.
Placed in a reactor with an argon atmosphere the cement of clinker minerals is heated to a temperature
of 650 °C, the heating allows to recover hydrogen, and then argon got replaced by acetylene. As a result
of catalytic decomposition of carbon in acetylene-hydrogen environment under atmospheric pressure,
there can be noticed a growth of carbon nanotubes and nanofibers using carbon supersaturated iron
catalyst. The catalyst particles can stay at the top of the nanofibers or nanotubes (apical growth) or in
ground (root growth). The number of nanostructures depends on the amount of iron catalyst. In this case,
1 % by weight of the cement matrix
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Tests of the specimens were performed in accordance with Russian State Standard
GOST 310.4-81. “Cements. Methods for determination of flexural strength and compression”.

To determine the water-cement ration of the mortar mix was used 1,500 g of standard uniform
sand and 500 g of cement.

Sand and cement were mixed in a spherical cup, pre-rubbed with a wet cloth, and hand mixed for
1 minute. In the center of the dry mixture was made the deepening to which was added 200 g of water, in
order to maintain water-cement ratio of 0.4. Water soaked for 30 seconds, and then the mixture was
stirred again for 1 minute. After that mortar was put into Pan grinder (Fig.2) for 150 seconds
(20 rpm).After the additional mixing it was divided and put in the cone layer by layer. Then the form was
mounted on a vibrating table. Each layer was also rodded 10-15 times. Then all the excesses were
removed the mixture was shaken 30 times for 30 seconds. After all these procedures the form was
removed and the lower base of the cone was measured in order to define the flow of this particular
mixture.
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Figure 2. Pan grinder:
1 -base, 2- bowl, 3 -bowl axis, 4 — axis slider, 5 =runner

With W/C = 0.40 the optimal flow of the mortar mix is considered to be around 106 + 115 mm. If the
flow is less than 106 mm, W/C should be increased in order to achieve the flow of 106 + 108 mm. If the
flow is more than 115 mm W/C need to be decreased to obtain the flow around 113 + 115 mm. In our
case the W/C = 0.48

For the production of control test specimen were used the following compound: 500g of cement
(PC 500 DO0), 15009 standard uniform sand and 240ml water (W/C = 0.48).

For the manufacturing of the beam specimens the mortar mix was prepared the same way as the
mix for the definition of flow with the exception for the shaking part. The cement paste of standard
consistency was laid in special forms with size 40 x 40 x 160 mm, that were attached to the vibrating
table, and compacted by vibration for 3 minutes. Before switching on the vibration each section was filled
with a 1 cm layer of a mortar mix. The remaining part of mixture was put during the first 120 seconds of
vibration. After the vibrating, excesses of the mixture were removed and the surfaces were smoothed.
Then specimens wereput for 24 hours into chamber with high humidity level. Until the tests beams were
stored in water under the temperature of 20+-2C.

The test of the beams was performed at the age of 3, 7 and 28 days. The specimens were tested
for their tensile and compressive strength using special presses.

Method of preparation of the control mortar mix was also used in the manufacture of test beams
with nCMC in which certain amount of cement was replaced with nCMC respectively (1 %, 5 %, 10 %).

Furthermore, the specimens were tested with non-destructive method of ultra-sonic defect
identification. All the specimens were tested with surface (Fig. 3a) and direct method (Fig. 3b). It should
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be also mentioned that the surface method demanded three measurements of ultrasonic impulse velocity
and each was determined from different side of the specimen.

a b

2

. e

Figure 3. Ultrasonic pulse velocity test: a— The surface (indirect) method,
b —The direct method (cross probing).
1, 2 —transducer head, 3 — specimen

Experimental results

The data below states (Tab. 1) that noticeable improvement of the compressive strength (Fig. 4)
was demonstrated only by the specimens that contained 1 % and 5 % of nCMC. Nevertheless, the
control specimen turned out to have the maximum tensile strength (Fig. 5). It seems that these results are
quite different in comparison to the group of researchers that managed more than 100 % of compressive
strength improvement. [20—22]. But it may be only an indicator of the geometric characteristics of
nanostructures. Only their presence is not a determining factor. Consider the length, thickness, density
and mass of carbon nanostructures

Table 1. Compressive and tensile strength of the specimens

Age, days
7 28
Ne (%) Tensile Compressive Tensile Compressive Tensile Compressive
strength (Rt), strength (Rc), strength strength (Rc), strength strength (Rc),

MPa MPa (Rt), MPa MPa (Rt), MPa MPa

Sggg:?e'n 7 37.5 8.2 50.36 8.6 60.2

1% nCMC 6.9 37.5 8.1 51.85 8.2 61.8

5% nCMC 6.6 35.7 7.8 49.85 8.2 63.47

10% nCMC 6.45 33.14 7.5 48.65 8.3 58.82
65
60
55
50
45
40
35
30

7 28
Age, days
u Control sample 1% m5% m10%

Figure 4. Compressive strength of the specimens
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Figure 5. Tensile strength of the specimens

However, the ultrasonic tests discovered that velocity of the ultrasonic pulse highly varies between
control and nCMC specimens (Fig. 6). The results showed that the speed of the impulse during the
surface control of the compressive strength is about 16% higher in the modified specimens.
Nevertheless, the direct method showed quite the similar numbers for all specimens. It should be also
stated that during the compression tests the nCMC specimens was destroyed with a certain blast sound.

7000
6000
5000
4000
3000
2000
1000

0

Surface ultrasonic method Direct ultrasonic method
m1(0%) m2(1%) m3(5%) mM4{10%)

Figure 6. Results of ultrasonic impulse tests

The images below demonstrate two types of nCMC. The first one with lower density of CNTs
(Fig.7a) represents the material that was tested within the scope of this article. The second one (Fig.7b)
is the perspective material that is going to be tested in order to define the optimal geometric
characteristics of CNTs synthesized on the cement matrix.

SEM HV: 20.0 kV WD: 4.02 mm | { SEM HV: 20.0 kV : 4.98 mm
View field: 10.8 ym Det: InBeam View field: 7.23 ym Det: InBeam
a) SEM MAG: 20.0 kx  Date(m/dly): 06/15/16 SEM MAG: 30.0 kx  Date(m/dly): 10/07/16

Figure 7. SEM images of the cement matrixes with different types of geometrical characteristics of
CNTs. a —the content of the nanostructures 1 %, b —the content of the nanostructures 6 %

Cherkashin A.V., Pykhtin K.A., Begich Y.E., Sherstobitova P.A., Koltsova T.S. Mechanical properties of
nanocarbon modified cement. Magazine of Civil Engineering. 2017. No. 4. Pp. 54-61. doi: 10.18720/MCE.72.7.

58



HnxeHepHO-CTPOUTENBHBI KypHaJI, Ne 4, 2017

Discussion

The effectiveness of nCMC synthesized under different conditions can be only determined
experimentally, however photos of the specimens allow us to suppose that compressive strength
correlates with geometrical configuration of nanofibers on the cement. It seems that the synthesis of
longer carbon nanotubes with higher density may lead to greater improvement of strength that just may
be a confirmation of the study [23-25], where presented the research of foamed concrete, where they
tested carbon nanomaterial that was a mixture of nanotubes and nanofibers with an average diameter of
20-40 nm and 2 pum long.

The figure shows (Fig.8) the approximate area of maximum hydration, which produces maximum
internal stress 1

/ /2

Figure 8. Approximate spreading of CNFs throughout the specimens:
1 - area presumably less hydration, 2 — area presumably the maximum hydration

Therefore it may be concluded that proper geometrical characteristics of nanofibers still have to be
defined.

Furthermore, on the images in results section it is clearly seen that the length and density of
nanofibers on the new specimens have multiplied and with following researches we will be able to
compare different geometrical characteristics of CNTSs.

Conclusions

However, as it was stated before, final conclusion can only be made after proper experiments.
Nevertheless, on this stage of research we can already made following conclusions:

e Geometrical characteristics of nanofiber can greatly improve mechanical features of the
concrete. Therefore, the main goal is to determine the most effective set. It is very perspective
field of study because the majority of researches only defined the optimal concentration of
nCMC or tested only concentration of the CNTSs.

e During lab tests was noticed the fact that all nCMC-containing specimens had better results
only in surface ultrasonic tests. With such dispersion of the CNTs throughout the specimens we
can made a hypothesis that cement in the middle of the specimens had no feasibility to be
properly hydrated. This can be explained by hydrophilicity of carbon, which prevented the
penetration of water in the middle part of the sample. Nevertheless, it could be also stated that
the porosity of the material in the outer layers lowered. This can lead to better water and frost
resistance characteristics.
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TenyioHacocHad cucrema

Abstract. The article deals with results of the analysis of years-long measurements of the ground
temperatures, for example: Russia, Moscow. Data are given on variations of the ground temperatures in
the course of a year, at a 10-days interval, in two plots of land — one under exposed surface, the other
under natural cover. Trends of ground temperature variations have been shown, for a period of over 50
years. As a part of research, an important application task is being handled, that is acquisition of
information on a typical curve of ground temperatures to enable carrying-out more correct calculations of
ground heat exchangers for any region of any country, and making forecasts of operating efficiency of
geothermal heat pump systems, including long-term forecasts.

AHHOTaIJ,VIFI. B crartbe npeacTtaBfieHbl pe3dynbTaTbl aHann3a AaHHbIX MHOroNeTHUX |/|3mepeH|/|17|
TemnepaTypbl rpyHta Ha npumepe Poccun r. Mocksbl. [lpuBoaATcs AaHHble MO U3MEHEHUIo
TemnepaTypbl rpyHTa B TedeHne roga ¢ 10-gHEBHbIM MHTEPBAanom He3aBMCUMO AN ABYX Y4acTKOB - C
OOHaxéHHoM  (exposed) NOBEPXHOCTbD WM MO~ €CTECTBEHHbIM  MOKPOBOM. BbisiBNeHbl 1
NPOAEMOHCTPMPOBaHbl TEHOAEHLUMN M3MEHEHUSA TeMnepaTypbl rpyHTa 3a nepuog 6onee 50 net. B xoge
NCcCcnefoBaHWA pellaeTcs BaxHas B MNPUKNAAHOM NfaHe 3ajada — MofyyYeHue KiMmaTu4ecKom
nHdopmMaumMm O TUNOBOM XOAe TemrepaTyp rpyHTa, KoTopasi no3BonuT Gornee KOPPEKTHO BbIMOMHATb
pacy€Tbl rPYHTOBbLIX TEMOOOMEHHUKOB AN Noboro pervoHa NoboN cTpaHbl, a Takke NPOrHO3MpoBaTh
adhpeKkTMBHOCTL paboTbl reoTepmaribHbiX TEMMOHACOCHbIX CUCTEM, B TOM YMCNe WM Ha ANUTENbHYHO
nepcrneKkTuBy.

Introduction

Geothermal heat pump systems (GHPS) are gaining ground everywhere, including Russia [1-5].
As a heat source GHPS uses ground heat exchangers of various designs, both vertical and horizontal [6].
At present, greater emphasis is put on issues of improved operation efficiency of ground heat
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exchangers. Thus, in studies [7—10] various modifications of existing designs of ground heat exchangers
are offered, and in [11-13] new versions of heat exchangers are under review. In addition to the design of
the ground heat exchanger itself, a crucial factor that must be obligatorily taken into account for design
process of a GHPS is a set of ground parameters in which the ground heat exchanger will operate
including, among other things, data on its temperature [14, 15]. Importance of climatic conditions
consideration during ground heat exchangers design process is analyzed in [16], where conclusion was
made that air temperature fluctuations can lead to a reduction in ground heat exchangers depth. The
purpose of the present study is analysis of years-long data on thermal conditions of the ground at a depth
up to 5 meters in the Moscow region over a period, appropriate to show climatic trends. This way, an
important application task is being handled, that is acquisition of climatic information on a ground
temperature curve to enable carrying-out more correct calculations of ground heat exchangers and
making forecasts of operating efficiency of geothermal heat pump systems, including long-term forecasts.

Measuring methods

As recommended by the World Meteorological Organization, under today climatic conditions,
affected by various regional trends, for research one shall use a series of continuous measurements,
taken over a period of at least 30 years [17]. With these considerations, the period from 1982 till 2011 has
been chosen for a 10-day analysis.

As source data on ground temperatures, results of years-long measurements have been used,
taken by the meteorological observatory of the Lomonosov Moscow State University, where thermal
regime of the ground has been observed since 1955 at eleven depth points. Considered were mean
10-day ground temperatures at specified depths as follows: 20 cm, 40 cm, 60 cm, 80 cm, 120 cm, 160
cm, 240 cm and 320 cm.

The measurement method of the parameter discussed in the article (soil temperature) is
established on the state network of meteorological stations during the last fifty years. According to it, in
standard meteorological time the current and maximum surface temperatures are measured by mercury
thermometers, and the minimum temperature — by an alcohol thermometer, as well as the ambient air
temperature in the psychrometric box [22]. This operation is performed every 3 hours throughout the
year. Measurements in the soil stratum are carried out as follows: to more accurately measure the
parameters of the thermal balance of the earth's surface in the period from spring to autumn,
temperatures at a depth of 5, 10, 15 and 20 cm are measured with the help of Savinov cranked mercury
thermometers. Deeper horizons (starting from 20 cm) use bottom-hole thermometers TPV-50. Unlike the
Savinov thermometers, these devices are arranged as follows: to reduce vertical heat transfer they are
shielded by a protective tube and copper or brass sawdust is put around the reservoir to increase their
inertia. At present, both ebonite and low-density polyethylene serve as the material of the tubes [22]. This
method of measurement should be recognized as fairly accurate: the error in measuring temperature is in
the range from 0 to 40 °C is £ 0.2 °C, and in the range of negative temperatures from 0 to -20 °C is
+0.3°C.

Every day, every three hours, measurements of current, maximum and minimum temperatures on
an underlying surface are taken (warm season: soil surface, cold season: snow surface). To measure a
surface temperature a standard mercury-filled thermometer was used; to measure a maximum surface
temperature a mercury-filled meteorological thermometer was used; and minimum temperature was
measured by an alcohol meteorological thermometer.

As far as ground heat exchangers may be placed both under maintained areas with no vegetation
cover, where snow is removed in winter time (parking areas, roads, pedestrian ways), and under lawns,
during research it was enabled to compare thermal regime of a surface with vegetation cover and surface
free of it, in all seasons. For that, measurements were taken simultaneously in two plots of land: in
grounds under exposed surface and under natural cover (Figure 1).

Bottom-hole thermometers are read once a day, with the exception of depths of 20 and 40 cm,
where measurements are taken 8 times a day under natural cover and 4 times a day under exposed
surface. With a significantly high snow cover (more than 15 cm, when it increases, and more than 5 cm,
when it melts), all the 8 bottom-hole thermometers are read once a day.

Area of a plot of land with exposed surface is 12x20 m (Figure 1.a).
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2

Figure 1. Subsurface temperature measurements a) exposed surface; b) natural cover

Calculation methods

Considering that depths at which ground heat exchangers can be placed may vary depending
upon tasks being handled, designs of the ground heat exchangers and plot features, data on ground
temperature conditions up to deeper depths than those that turn out to be possible for standard
measurements could appear to become necessary. To obtain this data, values of ground temperatures at
deeper levels have been calculated on a basis of measurements in higher layers.

In the present study mean 10-day data on ground temperatures at a depth of 40-320 cm were
used, collected for a period from 1982 till 2011. Values of ground temperatures at a depth of 400 cm and
480 cm have been calculated by means of Fourier method. The method is based on the Fourier law,
where the temperature conductivity coefficient in depth is supposed to be constant. That is described by
an equation as follows:

2
oT k a_T

1
at 0z2’ @)

where “T” is ground temperature (°C), “z” is depth (m), “t” is time (s), “k” is temperature conductivity
coefficient (m?/s). In this manner, the temperature conductivity coefficient of the ground and temperatures
at higher levels are sufficient to calculate values at deeper levels.

From Equation (1) the temperature conductivity coefficient has been calculated for a deepest of
measured levels — 160-320 cm — using an equation as follows:
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where derivatives have been approximated using central differences:
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where “” is a number of a 10-day period, “j” is depth. On the basis of the mean (throughout the period)
temperature conductivity coefficient, ground temperatures at deeper levels have been calculated:

_ (Ti=Tiy2)(7-7j_1)?

Tjrr = (ti—tit2)k — T + 2T, )

where Tj+1 is a desired value of temperature at a deeper level. Equation (5) has been used to obtain
temperatures at a depth of 400 cm and 480 cm.
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Results and Discussion

After measurements for 80—320 cm have been averaged, as well as calculations for depths of
400-480 cm, for each 10-day period tables were drawn up, to contain mean temperatures for the period
from 1982 till 2011 (exposed surface / natural cover). Tables 1 and 2 present these results,
correspondingly.

Table 1. Mean 10-day ground temperatures at various depth points, 1982-2011 (exposed

surface, with no turf in warm season and with no snow in cold season)

Month Del\‘fg_de 80 cm 120 cm 160 cm 240 cm 320cm | 400cm
January 1 -0.1 2.2 3.9 6.8 8.4 9.2
January 2 -0.6 1.6 3.3 6.3 8.0 8.7
January 3 -1.0 1.1 2.8 5.8 7.5 8.4
February 1 -1.7 0.7 24 5.3 7.1 8.2
February 2 -2.2 0.1 1.9 4.9 6.8 8.0
February 3 -2.0 -0.1 1.6 4.6 6.4 7.7

March 1 -1.7 -0.2 14 4.3 6.1 7.4

March 2 -1.0 0.0 1.3 4.0 5.9 7.2

March 3 -0.5 0.2 1.3 3.8 5.6 7.0

April 1 0.0 0.4 1.3 3.7 54 6.9

April 2 0.9 0.9 1.6 3.6 5.3 6.8

April 3 2.8 1.9 2.2 3.8 5.2 6.9

May 1 5.8 3.8 34 4.2 5.3 7.1
May 2 8.7 6.5 54 5.0 5.6 7.6
May 3 11.1 8.8 7.4 6.1 6.3 8.1

June 1 13.5 11.1 9.4 7.4 7.1 8.6

June 2 14.8 12.6 10.9 8.6 8.0 9.1

June 3 15.7 13.7 12.1 9.7 8.9 9.6

July 1 16.9 14.8 13.1 10.7 9.7 10.1
July 2 18.0 15.9 14.1 11.6 10.4 10.8
July 3 18.6 16.7 15.1 12.5 11.2 11.3
August 1 18.6 17.1 15.7 13.2 11.9 11.7
August 2 18.0 17.0 15.9 13.7 12.5 12.1
August 3 17.1 16.5 15.7 14.0 12.9 12.4
September 1 15.8 15.7 15.3 14.1 13.2 12.5
September 2 14.1 14.6 14.6 14.0 13.3 12.5
September 3 12.6 13.3 13.7 13.6 13.2 12.4

October 1 10.9 12.0 12.7 13.2 13.0 12.3

October 2 9.4 10.7 11.6 12.6 12.7 12.0

October 3 7.5 9.2 104 11.9 12.3 11.7
November 1 5.8 7.7 9.2 11.1 11.8 11.4
November 2 4.5 6.4 8.0 10.3 11.2 111
November 3 3.4 5.4 7.0 9.5 10.7 10.7
December 1 24 4.5 6.1 8.8 10.1 10.3
December 2 1.7 3.7 54 8.1 9.5 9.9
December 3 0.7 29 4.6 7.4 9.0 9.5
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Table 2. Mean 10-day ground temperatures at various depth points, 1982-2011 (plot of land
with natural cover, turf height not exceeding 5 cm)

Month De’\(l:g.de 80cm 120 cm 160 cm 240 cm 320 cm 400cm | 480cm
January 1 2.3 3.3 4.6 6.0 7.0 7.7 8.0
January 2 2.1 3.1 4.2 5.6 6.7 7.4 7.7
January 3 1.9 2.8 3.9 5.2 6.3 7.0 7.5
February 1 1.8 2.6 3.7 4.9 6.0 6.8 7.4
February 2 1.7 25 35 4.7 5.7 6.6 7.2
February 3 1.6 2.3 3.3 45 5.5 6.4 7.0

March 1 1.6 2.3 3.2 4.3 5.3 6.2 6.8

March 2 1.5 2.2 3.1 4.1 5.1 5.9 6.5

March 3 1.7 2.2 3.0 4.0 4.9 5.7 6.4

April 1 2.2 2.5 3.0 3.9 4.8 5.6 6.3

April 2 35 3.3 3.5 3.9 4.7 5.5 6.3

April 3 5.3 4.6 4.3 4.3 4.8 5.5 6.2

May 1 7.2 6.1 54 4.9 5.0 55 6.2
May 2 8.6 7.5 6.6 5.7 5.4 5.7 6.3
May 3 9.9 8.7 7.6 6.5 5.9 6.0 6.4

June 1 11.4 10.0 8.7 7.3 6.5 6.3 6.6

June 2 12.6 111 9.7 8.1 7.1 6.7 6.8

June 3 135 12.0 10.6 8.8 7.7 7.2 7.1

July 1 14.3 12.9 11.4 9.6 8.3 7.7 7.5
July 2 15.2 13.7 12.1 10.2 8.9 8.1 7.8
July 3 15.8 14.4 12.9 10.9 9.5 8.6 8.1
August 1 15.9 14.7 13.4 115 10.0 9.0 8.4
August 2 15.7 14.7 13.6 11.9 10.5 9.4 8.7
August 3 15.2 14.5 13.6 12.2 10.8 9.8 9.0
September 1 14.4 14.0 13.4 12.3 11.1 10.0 9.2
September 2 13.3 13.3 13.0 12.2 11.2 10.2 9.3
September 3 12.1 12.3 12.4 11.9 11.2 10.3 9.5

October 1 10.9 11.3 11.7 115 11.0 10.3 9.5

October 2 9.7 10.3 10.9 11.0 10.8 10.3 9.5

October 3 8.2 9.1 10.0 10.4 10.5 10.1 9.5
November 1 6.8 7.8 9.0 9.7 10.1 9.9 9.4
November 2 5.5 6.6 7.9 9.0 9.6 9.6 9.3
November 3 4.5 5.7 7.1 8.3 9.0 9.2 9.1
December 1 3.7 4.9 6.3 7.6 8.5 8.9 8.8
December 2 3.1 4.3 5.7 7.0 8.0 8.5 8.5
December 3 2.7 3.8 51 6.5 7.5 8.1 8.3

Table 3 presents mean annual ground temperature at various depth points, 1955-2011, under
natural cover and exposed surface

Trends of ground temperature distribution with depth under natural cover and exposed surface
differ essentially from each other. On average, within 1955 — 2011, ground temperature under natural
cover does not vary with depth, and its value is 7.7°C, accurate to a tenth. Ground temperature
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distribution with depth under exposed surface is characterized by temperature rise with depth increase,
with a maximum value at a depth of 320 cm.

Table 3. Mean annual values of ground temperatures at various depth points, 1955-2011

Under natural Under exposed
Depth, cm cover, °C surface, °C
20 7.7 6.9
40 7.7 6.9
60 7.7 6.9
80 7.7 7.0
120 7.7 7.2
160 7.7 7.8
240 7.7 8.3
320 7.7 9.1

Table 4 shows minimum and maximum measured ground temperatures at various depth points,
1955-2011.

Table 4. Minimum and maximum ground temperatures at various depth points, 1955-2011

Depth, cm | Under natural cover, Under exposed
°C surface, °C

Min. Max. Min. Max.

20 -5.7 25.0 -17.3 43.0
40 -3.3 23.7 -15.8 31.9
60 -2.2 21.3 -11.5 26.6
80 -0.7 20.1 -10.7 25.0
120 0.3 18.3 -5.1 21.9
160 1.2 16.7 -1.9 19.9
240 2.6 14.6 1.4 17.7
320 3.6 12.8 -6.1 154

As the tables show, at a depth of 20 cm ground temperatures vary most as compared to deeper
levels due to stronger impact of underlying surface conditions. That is why a temperature curves under
natural cover and exposed surface differ essentially from each other at that depth. Under natural cover an
annual temperature range makes 30.7 °C, while it is 60.3 °C under exposed surface due to absence of a
thermal insulating layer at higher levels (snow cover in winter / turf and grass cover in summer). Under
natural cover another ground temperature distribution trend is observed at this depth: it remains almost
constant from January till April. This trend is related to seasonal snow cover within these months that
prevents ground cooling in winter and ground warming in spring.

Figure 2 shows annual variations of ground temperatures at various depths. Figure 2a shows that
after snow cover melting (March—April) at a depth of 20 cm ground temperature intensively rises, while
under exposed surface ground temperature begins to rise at that depth a month earlier.

Ground at a depth of 160 cm (Figure 2b) under exposed surface cools down in winter and warms
in summer more intensively than that under exposed surface. This effect is to be taken into account for
design of horizontal ground heat exchangers for GHPS, because lower ground temperatures in winter,
when GHPS operates in heating mode and heat is extracted from the ground, will cause lower operation
efficiency of the system. In summer, when GHPS operates in cooling mode, higher ground temperatures
will hinder heat discharge into the ground and use of passive cooling. Considering this, GHPS ground
heat exchangers shall be rather placed under natural cover.

At a depth of 320 cm in winter inverse distribution of ground temperatures can be observed, as
compared to levels mentioned above: under exposed surface the ground temperature turns out to be
higher than that under natural cover. In summer a trend of temperature variations remains the same.
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Figure 2. Annual curve of ground temperature under natural cover (red line) and
exposed surface (blue line), average values within 1955-2011 at a depth of as follows:
a) 20 cm; b) 160 cm; c) 320 cm.

Figure 3 shows annual variations of ground temperature at a depth of 160 cm and mean ambient
air temperature throughout the period under review. Each parameter in the graph is used for a trend line
to reveal the nature of variations within this years-long period.

It is worth noting that at this depth a steady trend to ground warming is observed. Rate of warming
under exposed surface is close to a rate of ambient air temperature rise, while under natural cover a rate
of warming is two and a half times slower (Figure 3).

In the study [18], based upon the data of the same meteorological station, similar trends are shown
in the ground at a depth of 320 cm.

But this is not something special for Moscow city. The same effect of ground warming was
previously observed by other researchers for different cities, for example for Karlsruhe [19], Tokyo, Seoul,
Osaka and more [20]. In [19] a conclusion was made that the subsurface heat balance in the urban area
in Karlsruhe is obviously dominated by anthropogenic heat sources. Among these heat sources thermal
energy input from reinjections of thermal wastewater, sewage leakage and the district heating network
together with the heat input from buildings were named. But the most of the ground heat gain is caused
by increased ground surface temperature, which is in direct proportion to ambient air temperature.

In practice the fact of ground warming can be used to reduce the length of ground heat exchanger.
According to [21], each additional degree of ground temperature could save around 4 m of the borehole
length for the same heating power supply.
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Figure 3. Ground temperature variations at a depth of 160 cm under natural cover and
exposed surface, as well as ambient air temperature variations from 1955 till 2012

Horizontal ground heat exchangers of GHPS are often placed at a depth points, close to that of
160 cm. As the type of an underlying surface has a meaningful effect upon variations of the ground
temperatures in the annual cycle and dynamics of these long-term variations, while designing the ground
heat exchangers it is important to keep in mind, where they are going to be placed: under natural cover or
under roads, sidewalks and other surfaces without turf and grass protecting layers in summer and snow
cover in winter. [22]

To show long-term trends a temperature curve based upon mean values within consecutive
decades (1982-1991, 1992-2001, 2002—-2011) at a depth of 400 cm under natural cover and exposed
surface (Figure 4) and variations of mean temperature values at the same depth (Figure 5) were
examined.

Figures 4 and 5 show that in the last 30 years temperatures at a depth of 400 cm also tend to rise.
Within 1992-2001 local fall in temperature under natural cover were observed. It is difficult to explain that
fall by ambient air temperature variations because graphs for exposed surface do not reveal a trend like
that. On average, a rate of temperature rise at this depth makes about 0.43 °C within 10 years, and this
rate is rather uniform.
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Figure 4. Ground temperature at a depth of 400 cm, by decades in 1982-1991, 1992-2001 and
2002-2011, correspondingly: a) natural cover, b) exposed surface
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Figure 5. Variations of mean ground temperatures at a depth of 400 cm, by decades
within 1982-1991, 1992-2001 and 2002-2011, correspondingly:
a) natural cover, b) exposed surface

Conclusions

Data on years-long measurements of variations of ground temperatures in Moscow have been
analyzed, at depths of 20 cm, 40 cm, 60 cm, 120 cm, 160 cm, 240 cm and 320 cm in grounds under
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exposed surface and natural cover. The data were collected from 1982 till 2011. Ground temperatures at
a depth of 400 cm and at a depth of 480 cm were obtained using a calculation method.

10.

11.

12.

13.

14.

On the basis of climatic data information has been obtained on a typical temperature curve at
depths up to 5 m. These data can be used for ground heat exchangers design and modelling.

As a result of comparison of data for exposed surface and natural cover, impact of an underlying
surface upon ground temperature variations in the annual cycle has been demonstrated.

At the depth points under review a steady trend to ground warming has been revealed. At that, a
rate of temperature rise under exposed surface is faster than that under natural cover.
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Fiber fine-grained concretes
with polyfunctional modifying additives

[dncnepcHo-apMUpoBaHHbIE MENKO3EePHUCTbIE BETOHBI
C NONUAYHKUMOHAaNbHbIMU MoanduLnpyowmMMmm gobaskamm

T.A. Nizina, HA-p mexH. Hayk, npogheccop T.A. Hu3uHa,
A.S. Balykov, acnupaHm A.C. Banbikos,

V.V. Volodin, cmydeHm B.B. BonoduH,

D.l. Korovkin, acnupanm [.A. KopoeKuH,

Ogarev Mordovia State University, Saransk, Mopdoeckuli eocydapcmeeHHbIl yHugsepcumem
Russia um. H.I. Ozapéea, 2.CapaHck, Poccus

Key words: fine-grained concretes; modifiers; KnrouyeBble crnoBa: Menko3epHUCTbI BETOH;
dispersive fiber; mineral additive; optimization; MoaMdUKaTopPbl; AUCNEPCHOE BOMOKHO;

limit of tensile strength in bending; limit of MUHepanbHasa gobaska; onTumMmn3aums; npegen
compressive strength NMPOYHOCTM Ha pacTsXXeHue npu nsrmbe; npegen

NMPOYHOCTU NpPU CXaTUn

Abstract. The purpose of the experimental study was to research the efficiency of dispersive
reinforcement and modifying of compositions of cement fiber fine-grained concretes with active mineral
and chemical additives, and to optimize the developed compositions according to the strength efficiency
criteria. Multicriteria optimization of compositions and properties of modified fiber fine-grained concretes
is an urgent task in connection with the complexity of their formulations. The experimental study was
planned on the basis of a D-optimal plan containing 15 experiments. Upon the experimental results,
experimental and statistical models were built to reflect the dependencies of the limit of compressive
strength and tensile strength in bending of fiber fine-grained concretes on the type and concentration of
modifiers (mix 1) and dispersive fibers (mix Il). Analysis of study results of saturated D-optimal plan was
carried out on triangular diagrams Gibbs-Roseboom, they was built with use polynomial models of
"mixture I, mixture Il, technology — properties” and allowed to trace influence of 6 to variable factors in
two-dimensional space. Optimum fields of variation of fine-grained modified fiber concrete components
are identified with use method of experimental-statistical modeling. The efficiency of modifying fine-
grained concretes with polyacrylonitrile fiber, astralene-modified basalt microfiber as well as with highly
active metakaolin has been established. Use of these modifiers in the compositions allowed to obtain
cement composites with a wide range of strength characteristics: from 30 to 53 MPa at compression,
from 3.7 to 6.6 MPa for bending tensile.

AHHOTauus. Llenbio akcnepnMeHTanbHOro UccrneoBaHua ABNAMOChH U3ydeHne 3OEEKTUBHOCTHU
ONCNEPCHOTO  apMUPOBaHUA M MOAMMULMPOBAHMUS aKTUBHBIMW MWHEPasnbHbIMU U XUMUYECKAMU
OobaBkaMM COCTaBOB LEMEHTHbIX AMCMEPCHO-apMUPOBAHHBIX MENKO3epHUCTBIX OETOHOB, a Takke
onTMMu3aumusi  pa3paboTaHHbIX  COCTAaBOB MO  MPOYHOCTHLIM  KpUTEpUAM  3EKTUBHOCTN.
MHorokputepuansHas onTuMusauuns COCTaBOB n CBOWNCTB OucnepcHo-apMUpOBaHHbIX
MOONMUUNPOBAHHBLIX  MENKO3EPHUCTBIX OETOHOB SABNSAETCA akTyanbHOW 3ajadeli B CBA3N C
MHOFOKOMMOHEHTHOCTbIO  UX  peuenTtyp. [lnaHupoBaHMe  3KCNEepUMEHTanbHOro  MccnegoBaHus
OCYLLLECTBMAMNOCbL Ha OcHoBe D-onTuManbHOro nnaHa, cogepxauwero 15 onbitoB. [lo pesynbtatam
3KCNepuMeHTa NPoOM3BOAMIOCH NOCTPOEHNE IKCNEPUMEHTANBbHO-CTAaTUCTUYECKNX MOoLENen 3aBUCMOCTH
npegena npoYHOCTU MPU CXAaTUM U Ha pacTsHKeHue npu n3rmbe Mernko3epHUCTbIX OETOHOB OT BMAa U
cofepxaHua mopuduumnpylowmnx obaeok (cMecb |) M amcnepcHbix BONOKOH (cmeck |l). AHanwus
pe3ynbTaToB WCCNEeAoBaHMA OCYLLECTBIANCS MO TpeyronbHbiM Auarpammam [mMb6ca-Poseboma,
MOCTPOEHHbIM MO MOSIMHOMMUAlbHBIM MOZEeNaAM Tuna «cmecb |, cmech Il, TexHonorus — cBOWCTBay,
Mo3BONSAKWNM NpocneanTb BRvsHUE 6 BapbupyeMbiX (OaKTOPOB B ABYXMEpPHOM npocTpaHcTee. C
MOMOLLBIO MeToda 3JKCNepUMEHTanbHO-CTaTUCTUYECKOr0 MOLENUPOBAHUS BbISIBNEHbI ONTUMarbHble
obrnactm  BapbUpOBaHMS  KOMMOHEHTOB  MOAWMUULMPOBAHHBLIX  MENKO3EPHUCTLIX  AUCMEPCHO-

Huzuna T.A., BaneikoB A.C., Bonomun B.B., Koposkun .M. JlucnepcHo-apMHpOBaHHBIE MEIKO3EPHHCTHIE
6eToHB! C NOJM(YHKIMOHAIBHBIMA MOAMGUIMPYIOIMMH no00aBkamMu // VH)XEHEpHO-CTPOWTEIBbHBIN KypHAI.
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apMupoBaHHbIX 6eTOHOB. YcTaHoBNeHa adhPekTMBHOCTb MOANDULMPOBAHUSA MENKO3EPHUCTbIX BETOHOB
NONNaKPUNOHUTPUINBHLIM BONIOKHOM, MOANMULIMPOBAHHOM acTpaneHamu 6a3zanbToBo Mukpodunbpon, a
Takke BbICOKOAKTUBHbIM MeTakaonuHoMm. Wcnonb3oBaHue pAaHHbIX MOAMGMKATOPOB B peuenTtype
NO3BONUIIO NOMYYNUTb LIEMEHTHbIE KOMMNO3UThI C LUMPOKUM AMana3OHOM MPOYHOCTHbIX XapakTepUCTUK: oT
30 po 53 MlMa — npwu cxaTtum, ot 3,7 0o 6,6 Mla — Ha pacTskeHune npu narnbe.

Introduction

The primary task in designing plans of experimental studies developed in order to obtain
compositions of construction materials is an opportunity to provide multi-criteria optimization and to reveal
the most reasonable concentration of binding agents, fillers and aggregates, modifying additives, etc.

An increased number of components, e.g., an increased total number of formulation and process
factors of cement compositions, results in the need to overcome difficulties caused by so called curse of
dimensionality [1]. Furthermore, the optimization of compositions must guarantee high number of
operational and process properties of the material, including resource saving criteria. As a rule, optimum
coordinates of the quality system criteria under study do not overlap. Solving these multi-criteria tasks is
possible in case of integrated realization of reasonable pre-requisites and upon theoretical pre-requisites,
as well as by carrying out physical and calculation experiments, and when optimizing their results [2]
when the issues related to taking compromise decisions arise.

Currently, a complicated concrete composition that includes 6-7 and more components is
becoming a necessary reality [3—7]. Multiple additives and modifiers into concrete (hydrophobic and
hydrophilic organic surfactants — super- and hyper- plasticizers [8, 9], fine fillers [5, 10], chemical and
active minerals additives of natural and technogenic origin [11-14], dispersive fibers [15-21], including
with the use of carbon nanoparticles [22, 23], etc.) are a unique key to solving many process tasks.
Multifunctionality and complexity of applied modifiers allows efficiently controlling the structure formation
processes at various stages of concrete production [24] and producing composites having high
performance characteristics [3—7, 25]: High Performance and Ultra-High Performance Concretes [26—28],
High Strength and Ultra-High Strength Concretes [29], Reactive Powder Concretes [30, 31], Self-
Compacting Concretes [32], etc.

This causes some complications primarily associated with the cement and additive compatibility
and additives' inter-compatibility [6, 33], which is a subject of many studies and discussions at global
forums. Reputable Canmet forums distinguish the task of quantitative assessment of complex additives
component compatibility between each other and cement/additive compatibility as the primary task [33].
When assessing compatibility, all factors are important, epically the type and concentration of additives in
the mix. In various dosages, an additive can be either cure or poison, as the great German doctor
Paracelsus once referred to drugs. Increased number of concrete mix components puts the Primum Non
Nocere (do no harm) principle to the foreground.

Multi-criteria optimization of compositions and properties of modified fiber fine-grained concretes is
undoubtedly an urgent task which requires using mathematical modeling and analysis methods to solve it
competently. We believe that the method of experimental and statistical (ES) modeling proposed by V.A.
Voznesenskiy [34, 35] and being actively developed at the moment [36, 37] is the most interesting one.

The purpose of this paper was to study the efficiency of dispersive reinforcement and modifying of
compositions of cement fiber fine-grained concretes (CFFGC) by active mineral and chemical additives,
and to optimize the developed compositions according to the strength efficiency criteria.

Materials and Methods
The experimental study was planned on the basis of a D-optimal plan containing 15 experiments
[38]. Two groups of factors varied — the type and concentration of used additives: V, (condensed

compacted silica fume (CCSF) by Keznetskiye ferrosplavy OJSC); V, (white highly active metakaolin
(WHAM)); V; (Penetron Admix (Admix) sealant for concrete mixes), as well as the type and
concentration of the applied fiber: W, (polypropylene multi-filament fiber (PP) with the cutting length of 12

mm, diameter of 25+35 microns, density of 0.91 g/cm3); W, (specially treated polyacrylonitrile synthetic
fiber FiIbARM Fiber WB (PAN) with the cutting length of 12 mm, diameter of 14+31 microns, density of
1.17 £ 0.03 g/cm3); W, (astralene-modified basalt microfiber Astroflex-MBM (MBM) with the length of
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100+500 microns, average diameter of 8+10 microns, bulk density of 800 kg/m3, astralene concentration
of 0.0001 + 0.01 % of the fiber weight). The variance levels of the factors under study are given in
Table 1.

In designing the experimental study plan, the following conditions were fulfilled:
0<v, <L v, =1i=123;

0<w, <L>w =1i=123. &

In experimental studies, several series of sample prisms 40 x 40 x 160 mm were manufactured

from fiber-concrete mixes whose compositions included the following modifiers (apart from those

mentioned above): Portland cement grade CEM | 42.5R; fine aggregate — natural quartz sand from the

Novostepanovsk pit (Smolniy settlement, Ichalovskiy region, Republic of Mordovia) with the grain size

below 5 mm — 65 % of the solid phase weight; superplasticizer Melflux 1641 F — 0.5 % of the binder

weight. The changes in the compression strength (Russian State Standard GOST 310.4) and tensile
strength in bending (Russian State Standard GOST 310.4) were studied after aging for 28 days.

Table 1. Levels of variation of experimental research factors (% by weight of cement)

) Levels of variation
Variable factors

0 0.5 1

A CCSF 0 10 20

Type of additive v, WHAM 0 3 6
A Admix 0 0.75 15

W, PP 0 0.5 1
Type of fiber W, PAN 0 0.75 15
W, MBM 0 25 5

Results and Discussion
Upon the experimental results, experimental and statistical models were built [38, 39] to reflect the
dependencies of the studied physical and mechanical quality indicators of fiber fine-grained concretes on
the type and concentration of modifiers (mix 1) and dispersive fibers (mix Il). The generalized ES model
was defined as a reduced polynomial MiMiQ "mix I, mix Il — property" in the following form:
Y =D1p Vi Vo +by3-Vy V3 +Dp3-Vy Vg i - Wy - Wy +dy3- Wy - W3 +
+dog - Wy W3 +Kyq - Vg - Wy +Koq Vo - Wy +Kgq - Vg - Wy + Kpp -V - Wy + 2
+ Koo - Vo - Wy +Kzp - Vg - Wy + Kyz - Vg - W3 +Kog - Vo - W + Kag - V3 - Wa.
Two types of models "mix | (modifiers) — property" (y(vl,vz,vs); MiQ) and "mix Il (dispersive
fibers) — properties” (Y(W, Wy, Ws) ; MiQ) were distinguished from the MiMiQ model with recording the

respective group of composition factors [7]. For each type of the models and each physical and
mechanical characteristics under study, seven triangle Gibbs-Rosebom diagrams were built in the form of
2D maps of level lines by using Statistica 10.0.1011 software.

To further analyze the impact of modifiers on the properties of cement composites, a generalizing
indicators was introduced — a numerical characteristic of the property field in the form of an absolute

values of the studied indicator corresponding to its maximum Y, . ES-models "mix | — property
maximum” (¥, (V;,V,,V5); MiQmax) and "mix Il — property maximum" (¥, (W, W,, W) ; MiQmax)

reflecting the connection between the varied factors and the maximums of the properties under study
represent polynomial equations of the following form [37, 40]:

yrmx :bl'V1+b2 "V, +b3'V3 +d12'V1'V2 +d13'V1'V3+d23'V2 'V3+k123'V1'V2 Vg, 3
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Voex =00 -W, +0, - W, +0, - W, +d, - W, W, +d 5 W Wy 0 W, Wy + Ky W W, oW, (4)
By using the data obtained, for each of the studied characteristic, two triangle Gibbs-Rosebome
diagrams were built to reflect respective systems Y. (V;,V,,V;) and ¥ (W, W,,W,;) [37, 40]. For
each of the analyzed parameters, the pairs of models Y., (V;,V,,V;) and ¥(W,,W,,W,) as well as
Yoo (Wi, W, W;) and Y(Vy,V,,V;) are then synthesized. Secondary models ¥, (W) and ¥, ..., (V)

were formed representing a triangle (Figs. 1, 2) sliding along the bearing triangle and fixed in seven
centroid points (3 corners + 3 side centers + center of gravity) [37, 39, 40].

Figure 1. Diagrams "dispersive fibers — property” and contours of maximum values
of the limit of compression strength of cement fiber fine-grained concretes (CFFGC)
on triangle "modifying additives — property" [39, 40]

5,6

Figure 2. Diagrams "dispersive fibers — property" and contours of maximum values of the limit of
tensile strength in bending of cement fiber fine-grained concretes (CFFGC) on triangle "modifying
additives — property" [40]
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The resulting secondary models ¥,..,,(W) and Y., (V) are highly informative multi-factor

experimental and statistical models comparable to well-known analogues that are widely represented in
the work [38]. These ES-models enable establishing a link and quantitative relations between
investigated strength characteristics of the cement composites, process and operational factors with
simultaneous minimization of labor costs and getting maximum information concerning the studied object.
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Figure 3. Field of allowable values of the limit of compression strength
of cement fiber fine-grained concretes (CFFGC) based on content of modifying additives (a, c, e)
and dispersive fibers (b, d, f) in compositions

At the final stage of experimental studies, the compositions of modified fiber fine-grained concretes
were optimized. By using an ES-model as a polynomial equation (2), for each of the six formulation
modifiers, generalizing values of the characteristics under study were obtained — the areas of permitted
solutions describing the technology stability (Figs. 3, 4). These areas are confined by minimal and
maximum possible values of controlled properties depending on the concentration of the modifier
analyzed.
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Figures 3 and 4 represent the areas of permitted solutions for the studied mechanical indicators of
cement composites — compression strength and tensile strength in bending of fiber fine-grained
concretes. It has been found that the increased share of metakaolin in the total mass of active mineral
additives causes the compression strength (Fig. 3, c) and the tensile strength in bending (Fig. 4, c) of
cement composites to icnrease. For its maximum concentration in composites (6 % of the Portland
cement weight), we can produce fiber concretes with a wide range of strength characteristics:
30 to 53 MPa for compression strength and 3.7 to 6.6 MPa for tensile strength in bending.

Introducing condensed compacted silica fume into concrete mixes causes the strength of cement
composites to decrease, which shows the CCSF negative impact on the structure formation processes of
cement composites as compared to other types of applied additives (Figs. 3, 4, a).
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Figure 4. Field of allowable values of the limit of tensile strength in bending
of cement fiber fine-grained concretes (CFFGC) based on content of modifying additives (a, c, €)
and dispersive fibers (b, d, f) in compositions
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Mounted according to the study results the WHAM efficiency as compared to CCSF is confirmed
by data of the work [13]. This is explained by: higher (about 2-2.5 times) pozzolanic activity of
metakaolin; different chemical nature of additives (silicate in CCSF and aluminosilicate in WHAM);
accelerated reaction between WHAM and lime as compared to CCSF, which ensures its effective binding
during the first day of setting; higher plasticity and performance of concrete and mortar mixes, no surface
adhesiveness of concrete with WHAM typical of concretes with CCSF; lower water demand of mixes with
WHAM, meaning lower consumption of superplasticizers needed to achieve the same mobility of
concrete mixes.

When increasing the concentration by means of Admix mineral modifier, the maximum values of
strength are somewhat decreased, and the minimum possible values are increased (Figs. 3, 4, e); the
area of permitted values is substantially reduced for the maximum filling of this additive (1.5 % of the
Portland cement mass) — 36 to 46 MPa for compression strength and 4.7 to 5.7 MPa to tensile strength in
bending.

This effect can be explained by newly formed calcium hydrosulfoaluminates and
hydrocarboaluminates when Penetron Admix components interact with cement hydration products. These
new formations appearing when the volume grows, along with the initial thickening of the structure, may
cause negative internal stresses in case of non-optimal use. This is confirmed by the study results of
other authors, in particular [14]. Thus, taking into account that it is necessary to accurately select the
dosage of this mineral additive in order to rationally control the crystallization process and form the
structure of cement composites.

By analyzing the areas of permitted solutions when studying the effect of dispersive fibers on the
tensile strength in bending, we can make a conclusion on the efficiency of reinforcing fine-grained
concretes with PAN-fibers and MBM-fibers (Figs. 4, d, f), with the highest strength of 6.5 MPa obtained
when using a complex of PAN+MBM fibers with equal (50 %) shares of these fibers. This proves the
appropriateness and efficiency of the multi-level reinforcement of fine-grained concretes by using carbon
nanostructures (applying polyacrylonitrile fiber is reinforcement on the macroscale structural level;
applying astralene-modified basalt microfiber is reinforcement on the upper macroscale level).

Presented in [17-23] the study results confirm the efficiency of the multi-level reinforcement
(including the use of carbon nanoparticles), this is based on the hypothesis of the proportionality of the
reinforcing elements to the "blocked" cracks of the corresponding level of structure (micro-, meso-,
macro-).

Increasing the percentage of polypropylene fiber when reinforcing composites results in decreased
maximum possible strength (Figs. 3, 4, b), with the area of permitted solutions of this indicators
decreased — 3.6 + 4.8 MPa for tensile strength in bending and 26+36 MPa for compression strength.

Conclusions

To produce materials of various functional purpose with a wide range of properties, a systemic
approach is needed to be applied when selecting initial materials, composite production technologies,
planning and analyzing methods for experimental studies. An important role is played by informative
multi-factor experimental and statistical models that enable establishing a link and quantitative relations
between material quality indicators, its structural parameters formulation, process and operational factors
with simultaneous minimization of labor costs and getting maximum information concerning the studied
object.

As result of experimental studies:

1. The efficiency of modifiers and dispersive fibers was assessed for a number of physical and
mechanical properties (the limit of compression strength (Russian State Standard GOST 310.4) and the
limit of tensile strength in bending (GOST 310.4) after aging for 28 days) in order to produce concretes of
various functional purpose.

2. Secondary models ¥\ (W) and Y., (V) were formed representing a triangle (Figs. 1,

2) sliding along the bearing triangle and fixed in seven centroid points (3 corners + 3 side centers +
center of gravity).

3. Thanks to optimization of compositions of fiber fine-grained concretes, the areas of permitted
solutions were defined, reflecting the possible range of changes in the quality indicator under study
depending on the formulation and the percentage of each of the applied modifiers.
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4. By analyzing the areas of permitted solutions when studying the effect of modifying additives
on the physical and mechanical properties, we can make a conclusion on the efficiency of modifying fine-
grained concretes with white highly active metakaolin (WHAM) (Figs. 3, 4, c¢). For its maximum
concentration in composites (6 % of the Portland cement weight), we can produce fiber concretes with a
wide range of strength characteristics: 30 to 53 MPa for compression strength and 3.7 to 6.6 MPa for
tensile strength in bending.
5. By analyzing the areas of permitted solutions when studying the effect of dispersive fibers on
the tensile strength in bending, we can make a conclusion on the efficiency of reinforcing fine-grained
concretes with PAN-fibers and MBM-fibers (Figs. 4, d, f), with the highest strength of 6.5 MPa obtained
when using a complex of PAN+MBM fibers with equal (50 %) shares of these fibers.

References

Garkina I.A., Danilov A.M., Korolev E.V., Smirnov V.A.
Preodolenie  neopredelennostei tselei v  zadache
mnogokriterial'noi  optimizatsii na primere razrabotki
sverkhtyazhelykh betonov dlya zashchity ot radiatsii
[Overcoming aim uncertainties in the task of multi-objective
optimization by the example of the development of
ultraheavy concretes for the protection against radiation].
Building materials. Science. 2006. No. 8. Pp. 23-26. (rus)

Ozbay E., Gesoglu M., Guneyisi E. Transport properties
based multi-objective mix proportioning optimization of high
performance concretes. Materials and Structures. 2011.
Vol. 44. No. 1. Pp. 139-154.

Gusev B.V., Falikman V.R. Beton i zhelezobeton v epokhu
ustoichivogo razvitiya [Concrete and reinforced concrete in
the era of sustainable development]. Industrial and Civil
Engineering. 2016. No. 2. Pp. 30-38. (rus)

Falikman V.R. Novye effektivnye vysokofunktsional'nye
betony [New efficient high performance concretes].
Concrete and reinforced concrete. Equipment. Materials.
Technologies. 2011. No. 2. Pp. 78-84. (rus)

Kalashnikov V.I. Evolyutsiya razvitiya sostavov i izmenenie
prochnosti betonov. Betony  nastoyashchego i
budushchego. Chast' 1. Izmenenie sostavov i prochnosti
betonov [Evolution of development of concretes
compositions and change in concrete strength. Concretes
of present and future. Part 1. Change in compositions and
strength of concretes]. Building materials. 2016. No. 1-2.
Pp. 96-1083. (rus)

Usherov-Marshak A.V. Betony novogo pokoleniya — betony
s dobavkami [New generation concretes — concretes with
additives]. Concrete and reinforced concrete. Equipment.
Materials. Technologies. 2011. No. 1. Pp. 78-81. (rus)

Nizina T.A., Balykov A.S. Analiz kompleksnogo vliyaniya
modificiruyushchih dobavok i dispersnogo armirovaniya na
fiziko-mekhanicheskie harakteristiki melkozernistyh
betonov [Analysis of the combined effect of the modifier
additives and particulate reinforcement on the physico-

mechanical characteristics of fine-grained concretes].
Regional Architecture and Construction. 2015. No. 4.
Pp. 25-32. (rus)

Smirnova O.M. Sovmestimost' portlandtsementa i
superplastifikatorov na polikarboksilatnoi osnove dlya
polucheniya vysokoprochnogo betona sbornykh
konstruktsii  [Compatibility of portland cement and

polycarboxylate-based superplasticizers in high-strength
concrete for precast constructions]. Magazine of Civil
Engineering. 2016. No. 6. Pp. 12-22.

Huang H., Qian C., Zhao F., Qu J., Guo J., Danzinger M.
Improvement on  microstructure  of concrete by
polycarboxylate superplasticizer (PCE) and its influence on
durability of concrete. Construction and Building Materials.
2016. Vol. 110. Pp. 293-299.

Kalashnikov V.l., Tarakanov O.V., Kuznetsov Yu.S.,
Volodin V.M., Belyakova E.A. Betony novogo pokoleniya
na osnove sukhikh tonkozernisto-poroshkovykh smesei
[Next generation concrete on the basis of fine-grained dry
powder mixes]. Magazine of Civil Engineering. 2012. No. 8.

10.

11.

12.

13.

JlntepaTtypa

lapbkuHa W.A., Oanunos A.M., Kopones E.B., CmupHoB
B.A. lNpeogoneHve HeonpeaeneHHoCTeN Lenen B 3agade
MHOrOKpUTEpUanbHon onTyMm3aumu Ha npumepe
pa3paboTkm CcBepxTsKenbix OETOHOB Ans 3awuTbl OT
pagnauun // CtpoutenbHble MaTepuansl. Hayka. 2006.
Ne 8. C. 23-26.

Ozbay E., Gesoglu M., Guneyisi E. Transport properties
based multi-objective mix proportioning optimization of high
performance concretes // Materials and Structures. 2011.
Vol. 44. Ne 1. Pp. 139-154.

lNyces B.B., ®anukmaH B.P. BeToH u xene3o6eToH B anoxy
ycTon4mBoro passutus // MNpombILNeHHOE U rpaXaaHcKoe
ctpouTtenscTBo. 2016. Ne 2. C. 30-38.

danukmaH B.P. HoBble ahheKTNBHBIE
BbICOKO(YHKLIMOHAMbHbIE 6eToHbI 1 BeToH "
xenesobetoH. ObopynosaHve. Matepuanel. TexHomoruu.
2011. Ne 2. C. 78-84.

KanawHukoB B.A. 3Boniouusi pasButusi coctaBoB WU
M3MEHEHNe NpOoYHOCTU OeToHOB. BeToHbl HacToswero u
Oyaywero. Yactb 1. M3ameHeHMe COCTaBOB U MPOYHOCTU
6eToHoB // CtpoutenbHble matepuanbl. 2016. Ne 1-2.
C. 96-103.

Yuwepos-Mapwak A.B. BeToHbl HOBOro mnokoneHus —

OeToHbl ¢ pobGaBkamu // BeToH U xene3obeToH.
ObopypoBaHue. Matepuanbl. TexHonmormn. 2011. Ne 1.
C. 78-81.

Husmha T.A., bBanbikoB A.C. AHanM3 KOMMNMEKCHOro

BNMSIHUS  MoaudMUMpyoLWMX [06aBOK U AUCNEPCHOro
apMVpoBaHNsa Ha (U3VKO-MEeXaHUYeCcKkue XapakTepucTUKu
MEINKO3epHUCTbIX 6ETOHOB // PermoHanbHas apxuTekTypa u
ctpoutenscTBo. 2015. Ne 4. C. 25-32.

CmupHoBa O.M. CoBMeCTUMOCTb NOpTNaHALeMeHTa Wu
cynepnnacTUrKaTopoB Ha MONuKapOoKCUNaTHOM OCHOBE
ONA NOMy4YeHUst  BbICOKOMPOYHOrO 6eToHa  COOpPHbIX
KOHCTpYKUMiA // NHxeHepHo-cTpouTenbHbIn XypHan. 2016.
Ne 6. C. 12-22.

Huang H., Qian C., Zhao F., Qu J., Guo J., Danzinger M.
Improvement on  microstructure  of concrete by
polycarboxylate superplasticizer (PCE) and its influence on
durability of concrete // Construction and Building Materials.
2016. Vol. 110. Pp. 293-299.

KanawHukoB B.W., TapakaHos O.B., Kysweuos O.C,,
BonoguH B.M., bensikoBa E.A. BETOHbI HOBOrO MOKONEHMUS
Ha OCHOBE CyXMX TOHKO3EPHMUCTO-MOPOLUKOBLIX cmecen //
MHxeHepHo-cTponTenbHbiv xypHan. 2012. Ne 8. C. 47-53.
Yu R., Spiesz P., Brouwers H.J.H. Development of an eco-
friendly Ultra-High Performance Concrete (UHPC) with
efficient cement and mineral admixtures uses // Cement
and Concrete Composites. 2015. Vol. 55. Pp. 383—-394.
Ghafari E., Costa H., Jilio E., Portugal A., Durdes L. The
effect of nanosilica addition on flowability, strength and
transport properties of ultra high performance concrete //
Materials and Design. 2014. Vol. 59. Pp. 1-9.

3axapoB C.A., Kanauuk B.C. BbICOKOAKTUBHBbI
METaKaoNNH — COBPEMEHHbIA aKTUBHbIA MWHEparnbHbI
MoaudukaTop UEMeHTHbIX cuctem //  CTpouTenbHble
matepuansbl. 2007. Ne 5. C. 56-57.

Fiber fine-grained concretes with polyfunctional
4. Pp. 73-83. doi: 10.18720/MCE.72.9.



HnxeHepHO-CTPOUTENBHBI KypHaJI, Ne 4, 2017

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pp. 47-53. (rus)

Yu R., Spiesz P., Brouwers H.J.H. Development of an eco-
friendly Ultra-High Performance Concrete (UHPC) with
efficient cement and mineral admixtures uses. Cement and
Concrete Composites. 2015. Vol. 55. Pp. 383-394.

Ghafari E., Costa H., Julio E., Portugal A., Durdes L. The
effect of nanosilica addition on flowability, strength and
transport properties of ultra high performance concrete.
Materials and Design. 2014. Vol. 59. Pp. 1-9.

Zakharov S.A., Kalachik B.S. Vysokoaktivnyi metakaolin —
sovremennyi aktivnyi mineral'nyi modifikator tsementnykh
system [Highly active metakaolin — modern active mineral
modifier of cement systems]. Building materials. 2007.
No. 5. Pp. 56-57. (rus)

Kapustin F.L., Spiridonova A.M., Meteleva L.E. Otchet o
NIR “Sostav produktov tverdeniya tsementnogo kamnya do
i posle naneseniya pronikayushchey kapillyarnoy smesi
“Penetron” [Report on research work "Composition of the
products of hardening cement paste before and after the
application of mixture of penetrating the capillary
“Penetron”]. Yekaterinburg: SEE HPE “Ural State Technical
University — UPI named after the first President of Russia
B.N. Yeltsin”, 2010. 43 p. (rus)

Tayeh B.A., Abu Bakar B.H., Megat Johari M.A., Voo Y.L.
Mechanical and permeability properties of the interface
between normal concrete substrate and ultra-high
performance fibre concrete overlay. Construction and
Building Materials. 2012. Vol. 36. Pp. 538-548.

Wang W., Liu J., Agostini F., Davy C.A., Skoczylas F.,
Corvez D. Durability of an Ultra High Performance Fiber
Reinforced Concrete (UHPFRC) under progressive aging.
Cement and Concrete Research. 2014. Vol. 55. Pp. 1-13.

Chernyshov  E.M., Korotkikh D.N. Povyshenie
treshchinostoykosti tsementnogo betona pri
mnogourovnevom dispersnom armirovanii ego struktury
[Increasing the crack resistance of cement concrete in
multilevel disperse reinforcement of its structure]. Modern
problems of building materials: seventh academic reading
of RAABS. Belgorod, 2001. Pp. 587-598. (rus)

Rabinovich F.N. Kompozity na osnove dispersno
armirovannyh betonov. Voprosy teorii i proektirovaniya,
tekhnologiya, konstrukcii: Monografiya [Composites based
on disperse reinforced concretes. Questions of theory and
design, technology, constructions: Monograph]. Moscow,
Publishing house ASV, 2004. 560 p. (rus)

Pukharenko Yu.V., Panteleev D.A., Zhavoronkov M.I.
Opredelenie vklada fibry v formirovanie prochnosti
stalefibrobetona [Determination of fiber contribution in
creation of the strength of steel fiber reinforced concrete].
Bulletin of Civil Engineers. 2017. No. 1. Pp. 172-176. (rus)

Talantova C.V. Struktura i svoistva stalefibrobetona,
opredelyayushchie zadannye ekspluatatsionnye
kharakteristiki konstruktsii na ego osnove [Structure and
properties of steel fiber concrete defining the master
performance characteristics of structures based on it].
Izvestia of St. Petersburg University of means of
communication. 2016. Vol. 13. No. 4. Pp. 546-552. (rus)

Mailyan  L.R., Mailyan AL, Makarychev K.V.
Konstruktivnye svoistva peno- i fibropenobetonov na vode
S ponizhennoi temperaturoi zatvoreniya [Technology and
properties of fibersfoamconcrete on water with a lowering
of the temperature mixing]. Scientific herald of the
Voronezh State University of architecture and civil
engineering. Construction and architecture. 2012. No. 2.
Pp. 75-84. (rus)

Gur'eva V.A., Belova T.K. Svoistva tsementnykh rastvorov,
dispersno armirovannykh modifitsirovannym
mikrovoloknom [Properties of cement mortars dispersed
reinforced modified microfiber]. Bulletin of the Orenburg
State University. 2015. No. 13. Pp. 124-127. (rus)

Ponomarev A.N. Vysokokachestvennye betony. Analiz
vozmozhnostei i praktika ispol'zovaniya metodov

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

KanyctuH ®.J1., CnupugoHosa A.M., MeteneBa J1.E. Otyet
o0 HUP «CocTaB npoayKTOB TBEPAEHNSI LLEMEHTHOMO KaMHsi
0 1 NoCrne HaHeCeHWs NPOHUKaIoLLEN KanunnspHON CMecK
«MeHeTpoH». Ekatepunbypr: TOY BIMNO «Ypanbckui
rocyfapCTBEHHbIN TexHW4Yeckun yHusepcuter — YIU
nmeHn nepsoro [lpesngeHta Poccun B.H. EnbuuHay,
2010. 43 c.

Tayeh B.A., Abu Bakar B.H., Megat Johari M.A., Voo Y.L.
Mechanical and permeability properties of the interface
between normal concrete substrate and ultra-high
performance fibre concrete overlay // Construction and
Building Materials. 2012. Vol. 36. Pp. 538-548.

Wang W., Liu J., Agostini F., Davy C.A., Skoczylas F.,
Corvez D. Durability of an Ultra High Performance Fiber
Reinforced Concrete (UHPFRC) under progressive aging //
Cement and Concrete Research. 2014. Vol. 55. Pp. 1-13.

YepHbILwLoB E.M., KopoTkmx O.H. MoBblweHne
TPELLMHOCTONKOCTH LleMEHTHOrO 6eToHa npu
MHOTOYpOBHEBOM  [MCMEPCHOM  apMUpOBaHUW  €ro

cTpykTypbl // CoBpemMeHHble npobrembl CTPOUTENBbHOIO
mMaTepuanoBedeHVs: CeAbMble akafeMnyeckne YTeHus
PAACH. benropoga, 2001. C. 587-598.

PabuHoBny @®.H. Komnoautel Ha OCHOBe [AWCNEPCHO
apMUPOBaHHbIX 6eToHOB. Bonpocel Teopun "
NPOEKTMPOBaHWSA, TEXHOMOTWSA, KOHCTPYKUun: MoHorpadwms.
M.: UspaTtenbcteo ACB, 2004. 560 c.

Myxaperko 1O.B., MaHTenees [.A., XasoponkoB M.W.
Onpepgenenne Bknaga Gubpbl B dopmupoBaHue
npoyHocTn cTanedunbpobetoHa // BecTHUK rpaxxgaHCKux
nHxeHepoB. 2017. Ne 1. C. 172-176.

TanaHToBa K.B. CTtpykTypa " CBOWCTBA
cranecdunbpobeToHa, onpegensioLme 3agaHHble
aKCnnyaTauynoHHbIe XapaKTepUCTUKU KOHCprKLWII7I Ha ero
ocHoBe // N3Bectus MNeTtepbyprckoro yHusepcuteta nytemn
coobuenmns. 2016. T. 13. Ne 4. C. 546-552.

Mavngs  JI.P., Maunan AJl., Makapbiues K.B.
KOHCTpYKTUBHBIE CBOWCTBA NEHO- 1 hmbponeHobeToHOB Ha
BOAE C TOHWKEHHOW TemnepaTypown 3atBopexusi //
HayuHbii BecTHUK BopoHexckoro TACY. CTpouTensCTBO 1
apxutekTypa. 2012. Ne 2. C. 75-84.

l'yppeBa B.A.,, benosa T.K. CsoiicTBa LEMEHTHbIX
pacTBOpOB, AncnepcHo apMMpOBaHHbIX
MOANULMPOBAHHBIM MUKPOBOJTOKHOM 1l BecTHuk
OpeHbyprckoro rocygapcTBeHHoro yHusepcuteta. 2015.
Ne 13. C. 124-127.

MoHomapeB A.H. BbicokokayecTBeHHble 6eTOHbl. AHanua
BO3MOXHOCTE W MNpakTMKa WCMOfb30BaHWUS METOAOB
HaHoTexHonorun // VIHKeHepHO-CTPOUTENbHBIV  XXypHan.
2009. Ne 6. C. 25-33.

KanawhukoB B.W., TapakaHos O.B. O npumeHeHun
KOMMMeKCHbIX AobaBok B GeToHax HOBOro nokoneHus //
CrtpoutenbHble matepuansl. 2017. Ne 1-2. C. 62-67.

Kanpuenos C.C., WeHdensa A.B., KapaymsH IM.C. HoBble
MoANULMPOBaHHbIE BGEeTOHbI. M.: Tunorpadus
«Mapagmna», 2010. 258 c.

Aitcin P.-C. High Performance Concrete. London and New
York: E&FN Spon, 2004. 591 p.

Edward G. Nawy. Fundaments of High Performance
Concrete. New York: John Wiley & Sons, 2001. 441 p.
Schmidt M., Fehling E., Teichmann T., Bunje K.,
Bornemann R. Ultra-high  performance concrete:
Perspective for the precast concrete industry // Betonwerk
und Fertigteil-Technik. 2003. Ne 3. Pp. 16-29.

Sivakumar N., Muthukumar S., Sivakumar V., Gowtham D.,
Muthuraj V. Experimental studies on High Strength
Concrete by Using Recycled Coarse aggregate // Research
Inventy: International Journal of Engineering and Science.
2014. Vol. 4. Issuel. Pp. 27-36.

Tayeh B.A., Abu Bakar B.H., Megat Johari M.A., Tayeh
S.M. Compressive Stress-Strain Behavior of Composite
Ordinary and Reactive Powder Concrete // Iranica Journal

Huzuna T.A., BaneikoB A.C., Bonomun B.B., Koposkun .M. JlucnepcHo-apMHpOBaHHBIE MEIKO3EPHHCTHIE
6eToHB! C NOJM(YHKIMOHAIBHBIMA MOAMGUIMPYIOIMMH no00aBkamMu // VH)XEHEpHO-CTPOWTEIBbHBIN KypHAI.
2017. Ne 4(72). C. 73-83.

81



Magazine of Civil Engineering, No. 4, 2017

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

nanotekhnologii  [High-quality concretes. Analysis of
possibilities and practice of use of nanotechnological
methods]. Magazine of Civil Engineering. 2009. No. 6.
Pp. 25-33. (rus)

Kalashnikov  V.l., Tarakanov O.V. O primenenii
kompleksnykh dobavok v betonakh novogo pokoleniya [On
application of complex additives in concrete of new
generation]. Building materials. 2017. No. 1-2. Pp. 62-67.
(rus)

Kaprielov S.S., Sheinfel'd A.V., Kardumyan G.S. Novye
modifitsirovannye betony [New modified concretes].
Moscow: Printing House “Paradise”, 2010. 258 p. (rus)

Aitcin P.-C. High Performance Concrete. E&FN Spon.
London and New York, 2004. 591 p.

Edward G. Nawy. Fundaments of High Performance
Concrete. John Wiley & Sons. New York, 2001. 441 p.

Schmidt M., Fehling E., Teichmann T., Bunje K.,
Bornemann R. Ultra-high  performance  concrete:
Perspective for the precast concrete industry. Betonwerk
und Fertigteil-Technik. 2003. No. 3. Pp. 16-29.

Sivakumar N., Muthukumar S., Sivakumar V., Gowtham D.,
Muthuraj V. Experimental studies on High Strength
Concrete by Using Recycled Coarse aggregate. Research
Inventy: International Journal of Engineering and Science.
2014. Vol. 4. Issue 1. Pp. 27-36.

Tayeh B.A., Abu Bakar B.H., Megat Johari M.A., Tayeh
S.M. Compressive Stress-Strain Behavior of Composite
Ordinary and Reactive Powder Concrete. Iranica Journal of
Energy and Environment. 2013. Vol. 4. No. 3 (Geo-hazards
and Civil Engineering). Pp. 294—-298.

Yazici H., Deniz E., Baradan B. The effect of autoclave
pressure, temperature and duration time on mechanical
properties of reactive powder concrete. Construction and
Building Materials. 2013. Vol. 42. Pp. 53—-63.

Brouwers H.J.H., Radix H.J. Self-Compacting Concrete:
Theoretical and experimental study. Cement and Concrete
Research. 2005. Vol. 35. Pp. 2116-2136.

Usherov-Marshak A.V. Dobavki v beton: progress i
problemy [Additives in concrete: progress and problems].
Building materials. 2006. No. 10. Pp. 8-12. (rus)

Voznesenskii V.A., Lyashenko T.V., Ivanov Ya.P., Nikolov
I.I. EVM i optimizatsiya kompozitsionnykh materialov
[Computer and optimization of composite materials]. Kiev:
Budivel'nyk Publ, 1989. 240 p. (rus)

Voznesenskii V.A., Lyashenko T.V. ES-modeli v
komp'yuternom stroitel'nom materialovedenii [ES-models in
computer construction material engineering]. Odessa:
Astroprint Publ., 2006. 116 p. (rus)

Nizina T.A., Balykov A.S. Postroenie eksperimental'no-

statisticheskikhn modelei «sostav — svoistvo» fiziko-
mekhanicheskikh kharakteristik modifitsirovannykh
dispersno-armirovannykh melkozernistykh betonov

[Formation of experimental-statistical models «composition
— property» of physical and mechanical properties of
modified fiber-reinforced fine-grained concretes]. Bulletin of
Volgograd State University of Architecture and Civil
Engineering. Series: Civil Engineering and Architecture.
2016. No. 45. Pp. 54-66. (rus)

Nizina T.A., Balykov A.S. Eksperimentalno-statisticheskie
modeli svoystv modificirovannyh dispersno-armirovannyh
melkozernistyh betonov [Experimental-statistical models of
properties of modified fiber-reinforced fine-grained
concretes]. Magazine of Civil Engineering. 2016. No. 2.
Pp. 13-25. (rus)

Lyashenko T.V. Optimizatsiya napolniteley poliefirnykh
svyazuyushchikh na osnove modeley novogo klassa: dis.
kand. tekhn. nauk [Optimization of fillers polyester
connectives on the basis of models of new class: dis.
Cand. Techn. Sciences]. Odessa, 1984. 236 p. (rus)

Nizina T.A., Balykov A.S., Makarova L.V. Primenenie
modelei “sostav — svoistvo” dlya issledovaniya svoistv
modifitsirovannykh dispersno-armirovannykh

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

of Energy and Environment. 2013. Vol. 4. Ne 3 (Geo-
hazards and Civil Engineering). Pp. 294-298.

Yazici H., Deniz E., Baradan B. The effect of autoclave
pressure, temperature and duration time on mechanical
properties of reactive powder concrete // Construction and
Building Materials. 2013. Vol. 42. Pp. 53-63.

Brouwers H.J.H., Radix H.J. Self-Compacting Concrete:
Theoretical and experimental study // Cement and
Concrete Research. 2005. Vol. 35. Pp. 2116-2136.
Yuwepos-Mapwak A.B. [obasku B 6eTOH: nporpecc u
npobnembl // CtpouTenbHble MaTepuansl. 2006. Ne 10.
C. 8-12.

BosHeceHckuin B.A., JlaweHko T.B., MBaHoB A.I1., Hukonos
N.N. 3BM n ontumusaums KOMNO3MLUOHHbBIX MaTepuarnos.
KneB: ByamBanbHuk, 1989. 240 c.

BosHeceHckun B.A., Jlawenko T.B. 3C-mogenn B
KOMMbOTEPHOM CTPOUTENBHOM maTtepuanoBegeHum.
Opecca: ActponpuHT, 2006. 116 c.

HusuHa T.A, BanbikoB A.C. Moctpoenne

3KCMEPUMEHTamNbHO-CTaTUCTUYECKNX MOAENen «CcocTaB —
CBOICTBO» PU3NKO-MEXaHNYECKNX XapaKkTepucTUK
MOANGULIMPOBAHHbIX AMCNEepCHO-apMUPOBaHHBIX
Menko3epHuUCTbIX 6eToHoB // BecTHuk Bonrorpagckoro
rocyjapCTBEHHOroO apPXMTEKTYPHO-CTPOUTENBHOTO
yHuBepcuteta. Cepusi: CTpoMTENbCTBO W apxuTekTypa.
2016. Ne 45. C. 54-66.

HuanHa T.A.,, bBanbikoB A.C. 3kcnepumeHTanbHO-
CTaTUCTMYECKUE MOAENVN CBOWCTB  MOANMULIMPOBaHHbIX
AVCNEepPCHO-apMUPOBAaHHbIX MENKO3epHUCTbIX BeToHoB //
MHxxeHepHOo-cTponTenbHbIN XypHan. 2016. Ne 2. C. 13-25.

JlaweHko T.B. Ontummnsaums HanonHuTenewn
nonuacupHbIX CBS3YIOLUMX Ha OCHOBE MOAErNel HOBOro
Krnacca: guc. ... KaHa. TexH. Hayk. Ogecca, 1984. 236 c.

HuanHa T.A., BanbikoB A.C., Makaposa J1.B. MNpumeHeHne
MoOenen «COCTaB - CBOWCTBO» [ANsl  UCCreaoBaHus
CBOWICTB MOAUMULMPOBAHHbBIX AMCNEPCHO-apMUPOBaHHBLIX
Menko3epHUCTbIX 6GeTtoHoB // BecTHuk Benropogckoro
rocylapCTBEHHOrO TEXHONOMMYECKOro YHMBEPCUTETA WM.
B.I". LWyxoBa. 2016. Ne 12. C. 15-21.

HusavHa T.A, T[oHomapes A.H., bBanbikoB A.C.
Mernko3epHUCTbIe OUCNEPCHO-apMUPOBaHHbIE GETOHbI Ha
OCHOBE KOMMMEKCHbIX Moauduumpyowmx gobasok //
CrtpoutenbHble matepuansl. 2016. Ne 7. C. 68-72.

Nizina T.A., Balykov A.S., Volodin V.V., Korovkin D.I. Fiber fine-grained concretes with polyfunctional
modifying additives. Magazine of Civil Engineering. 2017. No. 4. Pp. 73-83. doi: 10.18720/MCE.72.9.

82



HnxeHepHO-CTPOUTENBHBI KypHaJI, Ne 4, 2017

melkozernistykh ~ betonov  [Application of models
“composition — property” to study the properties of modified
fiber-reinforced fine-grained concretes]. Bulletin  of
Belgorod State Technological University named after V.G.
Shukhov. 2016. No. 12. Pp. 15-21. (rus)

40. Nizina T.A., Ponomarev A.N., Balykov A.S. Melkozernistye
dispersno-armirovannye betony na osnhove kompleksnykh
modifitsiruyushchikh dobavok [Fine-grained fibre concretes
on the basis of complex modifying additives]. Building
Materials. 2016. No. 7. Pp. 68—72. (rus)

Tatyana Nizina,
+7(917)9936389; nizinata@yandex.ru

Artemy Balykov,
+7(927)183-28-82; artbalrun@yandex.ru

Vladimir Volodin,
+7(917)0062964; volodinvw1994@gmail.com

Dmitrii Korovkin,
+7(937)5169131; asfkorovkin@yandex.ru

TambsiHa AHamornbesHa Hu3uHa,
+7(917)9936389; a51. noyma: nizinata@yandex.ru

Apmemutli Cepaeesuy banbikos,
+7(927)183-28-82;
an. noyma: artbalrun@yandex.ru

Bnadumup Bnadumuposuy BornoduH,
+7(917)0062964;
an. nodyma: volodinvv1994@gmail.com

Lmumputi Neopesuy KoposkuH,
+7(937)5169131;
an. nodyma: asfkorovkin@yandex.ru

© Nizina T.A.,Balykov A.S.,Volodin V.V.,Korovkin D.I., 2017

Huzuna T.A., BaneikoB A.C., Bonomun B.B., Koposkun .M. JlucnepcHo-apMHpOBaHHBIE MEIKO3EPHHCTHIE
6eToHB! C NOJM(YHKIMOHAIBHBIMA MOAMGUIMPYIOIMMH no00aBkamMu // VH)XEHEpHO-CTPOWTEIBbHBIN KypHAI.

2017. Ne 4(72). C. 73-83.

83



NnxeHepHO-CTPOUTEIBHBIN KypHaJ, Ned, 2017 TPEBOBAHUA

TpeboBaHus kK MaTepuanam, npeacTasnsemMbIM K Nyonvkauum

MaTepvanbl NPUHMMAOTCA TONBKO Yepe3 CUCTEMY 3MEKTPOHHOW pedakumu xypHanos CII6MTY.
ABTOpam Heobxogumo 3apeructpupoBatbcsi B cucteme (http://journals.spbstu.ru/) n nogatb cTaTbio
Yyepes Hee, nNpegBapuTEribHO O3HAKOMMBLUUCL C HWXKENpuBeOeHHbIMW TpeboBaHVUAMU U YCHOBUSMM
onybnukosaHus. Nybnukaums B xxypHane becnnaTtHa Ans aBTOPOB.

JTnyeckme HOpMbI U aBTOPCKME NpaBa

MonaBasi cTaTblo B JKypHas, aBTOp COrfallaeTcsl Ha YCroBUS JIMLIEH3VOHHOIO [OOroBopa, B
YacTHOCTM, Ha TO, YTO BCe cTaTbM 6e3 UCKIoYeHUs MNyGnuKyloTcs B OTKPbITOM AOCTyne Ha caiTte
XypHana u B HayuyHoil anekTpoHHoi 6uGnuoteke Poccun. Takke aBTop MOATBEPXKAAET, YTO CTaTbs
ABNSAETCA OpWUrMHarbHOW, paHee He OnyGrMKOBAaHHOW, COAEPXKWUT TOJNIbKO MPOBEPEHHbIE U TO4YHble
AaHHble; Mtobble AaHHble, NoJflyYeHHbIe He aBTOPOM, UMEHT COOTBETCTBYIOLLME CChISIKU Ha UCTOYHNK.

TemaTtuka n A3bIK cTaTen

B  «MHxeHepHO-CTpOUTENBHOM  XypHane»  NyGnuMKylTCA  OpurMHanbHble, paHee  He
OnyGnMKOBaHHbIe CTaTbM, CoAepXallue MosflydeHHble aBTopaMu HOBble HayuyHble pe3yrnbTaTtbl, Mo
TemaTvke «CTpoutenbcTBo». [MpyHUMalOTCA CTaTbW TOMbKO Ha aHIMMUACKOM s3blke. MeTagaHHble
(aHHOTauUMs, KMOYEBLIE CIOBA, CMUCOK NUTepaTypbl) No4atoTcsl Ha ABYX A3blKax.

CTpyKTypa 1 cogepxxaHue cTaTen

CTpyKTypa cTaTbu JormpkHa cooTBeTcTBoBaTb ctaHgapTy IMRAD (Introduction, Methods, Results,
and Discussion, Conclusion).

TexHU4Yeckne TpeboBaHUS K CTaTbAM

CraTtbu nogatotca B popmaTe docx (MS Word 2007-2013). dann ctatby, nogaBaembli Yepes
SMEKTPOHHYIO peAakumio, AOMKEH coaepxaTb TONMbKO cam TeKCT, 6e3 HasBaHWsi, crvcka nuTepaTypsl,
hamMunuii 1 faHHbIX aBTOPOB. Bce aTM nonsa 3anonHsATCA OTAENbHO NpY Nofave vYepes SMEeKTPOHHY
penakuuto.

PekomeHgyembii  obbem crtatem: ot 15000 pgo 30000 3HakoB ¢ npobenamw.
Tabnuubl BbINOnHATCA cpeactBamu Word (He pucyHKamu) n pacrnonarailTCs BHYTPU TekcTa CTaTbMu.
VnniocTpauun omkHbl ObiTb 4ONONHUTENBHO NPEACTaBMEHbl B OTAENbHbIX rpaduyeckux dannax (oavH
pucyHok — oguH cann). Jonyctumele copmatel: JPEG, TIFF, BMP. B TekcToBbI hainn unntocrtpaumm
TaKkKe JOIMKHbI ObITb BKMNOYEHbl. Bce 0603HaYeHns Ha pucyHKax AOMKHbI OblTb HA NaTUHULE.

Cnmcok nuTepaTypbl Ha pPYcCKOM $A3blke [OMKEH ObiTb OGOpPMIIEH B COOTBETCTBUUN C
FOCT 7.0.5-2008. UunTtupyemas nutepatypa npvBoamuTcst oBLLMM CNMCKOM B KOHLE CTaTbW B MOPsSiAKe
ynomuHaHus. MNopsiAkoBbI HOMEP B TEKCTE 3akrndaeTcsa B KBagpaTHble CKOOKW. TekCT cTaTby OOMKeH
cofepXaTb CCbINIKM Ha BCE WCTOYHMKM M3 CMMCKa nutepaTypbl. Tawkke K cTaTbe npuraraeTcs Chmncok
nuTepaTtypbl Ha NatuHuue, oPOPMIEHHBIN B COOTBETCTBMM C MHCTPYKUMEN NO TpaHcnuTepauum cnvcka
nntepatypsbl, pa3MeLleHHON Ha canTe usgaHus.

AHHOTaLMA K cTaTbe

B XypHan nogaeTca pacluMpeHHas aHHOTauus Ha [OBYX $3blkaxX: PYCCKOM W a@HrIIUACKOM.
AHHOTaUMA [OSPKHA MOBTOPATb CTPYKTYPY CTaTbW: akTyanbHOCTb, LEeNb, MeToauka, pesynbraThbl,
BbIBOAbl. AHHOTaUMA gormkHa cogepatb oT 100 go 250 cnos.

NMoppo6HLIe TpeboBaHUSA K CTaTbsIM CM. Ha CalTe XXypHana:
http://www.engstroy.spbstu.ru/autors.htmi

TpeboBanus k MaTepuagaM, IPeACTaBISIEMbIM K MyOINKAUH


http://journals.spbstu.ru/
http://www.engstroy.spbstu.ru/autors.html




'
=5 A
..Nl:
L&, [ 9T
L SN Y C
S A /
R
,v
W
Y
3 et
4
v &
a > / : y
' L 5 ’
S s - .




	index (2).pdf
	Тел. +7(812)535-52-47 E-mail: mce@ice.spbstu.ru
	Web: http://www.engstroy.spbstu.ru




