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Toshkent davlat transport universiteti RAASN akademigizbekistonda xizmat ko'rsatgan
yoshlar murabbiyi, texnika fanlari doktori, professor Miraxmedov Maxamadjon
Miraxmedovich tavalludining 80yilligiga bag'ishlangan, ilmiy ishlar to'plami nashr etilishi
ko'zda tutigan ¢ Samar al i gurilish materiall ari, K
mavzusidagi Xalgaro ilmiamaliy konferensiyani o'tkazishni rejalashtirmoqda.

M.M. Miraxmedov kompozitsion qurilish materiallarining polistruktura nazariyasini
rivojlantirishga salmoqli hissa go'shgan. Uning qurilish materialshunosligi sohasidagi ilmiy
hi ssasi e 0 t i -yildaf Rossiya iafxitekturadva qurdlishSfamlari akadyasining
(RAASN) xorijiy aodzosi eti b sayl angan. M. M.
ilmiy magolalar va 25 ta ixtiroga mualliflik guvohnomalari muallifidir.

Ushbu konferensiyaning asosiy maqgsagurilish materialshunosligi, bino va inshootlarni
loyihalash va qurilish sohasidagi ilmiy tadgiqotlar natijalarini, shuningdek, muhandislik
tadlimini takomillashtirish yo'l Il arini mu h o k

Konferensiya ishida ishtirok etish uchun oliy o'quv yurtlari va ilmiy tadgiqot institutlari
olimlari, O'zbekiston Respublikasi va xorijiy davlatlarning ishlab chiqgarish vakillari, ilmiy
tadqgigotlarda salmoqli natijalarga ega bo'lgan mutaxassislar talddiet

ASamar al i guril i sh mat eri al |l ar i mavzismagist r uk s
xalgaroilmiya mal iy konf erensiyaning asosiy yodnal.i
1. Resurs va energiya tejovchi qurilish materiallari va texnologiyalari.

2. Atrofmu hi t ni ng transport infratuzil masiga ta
usullari.

3. Bino va inshootlarning qurilish konstruksiyalari: hisoblash va
loyihalashning zamonaviy usullari.

4. Arxitektura, shaharsozlik va shahar muhitini rivojlantirish.

5. Quirilishni tashkil etishning innovatsion usullari va qurilish jarayonlari
texnologiyalari.

6. Transport obyektlarini loyihalash va qurishda ragamli texnologiyalar

hamda sundéiy intellekt.

7. Temir yool transport.i infratuzil masi oby
ekspluatatsiya qilish.

8. Zamonaviy muhandislik taodélimi tizimini t
Mazkur konferensiya il miy hamjamiyatning t
mat eri al shunosl i gi sohasi dagi Zzamonaviy muarm

gul ay platforma vazifasini baj ar di
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TEXNI KA FANLARI
PROFESSOR
MI RAXMEDOV MAXAMAD

(16 iyun26 9i4yury.20
Miraxmedov Maxamadjon aka 1944
16 iyun kuni
oblastining Leninsk (xozirgi Asaka) shahrida
tavallud topgan. Maxamadjon aka 1954

yildan 1962yilgacha Asakadagi -2onli

sakki z yil ik makt a
o06sha shmdkibdagiod?ga
1964vyilda oltin medal bilan tugatgan.

Miraxmedov Maxamadjon 19#dlda Sankt

Peterburg temir yool
temir y ool gurilishi
mut axassisligi bodyi

bilan tamomlagan. Toshkent e mi r
muhandi sl ar i i nstit
faoliyatini 1972%yilda ilmiy xodim sifatida
boshlagan. 197gildan fan nomzodi
dissertatsiyasini yoglagandan keyin
AQur il i sh i shl ab
assistenti, 197yildan kafedra dotsenti va
1980yildan shu kafedra mudiri
lavozimlarida ishlagan. 198B989villarda
M.Miraxmedov Sanoat va fugaro qurilishi
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gaytgach 200%il dan M.Miraxmedov
Toshkent temir y ool
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M. Mi raxmedov 3 ta daorédlliak,i ,2@uivar bdg-uva ka
godél Il anma, shu | uml auvshlardan muhemfaza rgiishneng zexnikivhd i d a

ta o6zbek tilida va taplkiiydexnologikr yechimiars topiigdn.i d a
monografiya, 80 dan ortiq ilmiy maqgolalar Uning 25 dan ortiq ngolalari Yevropa
mual l i fidir. A T o s h knamlakatlari, t Rossiya va Wloainaning
muhandi sl ar i a x b o r o nufudijuindlarida cliiop etilgant e kt ur a.

Qurii sh. Dizayno va fAOQo inbyefioliyatit davomida wbtazlardilimig
konsultantl ari o jur malklt abiiniandadal ar | enti i sdhadv
gatnashgan. zamon temir yool qgur il i s

M. Miraxmedov Kkoodpgimuaa mmofluazrlii kadyiac loa il m
ilmiy anjumanlar ishtirokchisi. Jumladan u y o 61 ga qoo6yi s h, ul arni nq
Polshaning Katovitsa shahrida2004va2012d ar aj ag a kootari sh uchu
yillarda o6t kazil gamib kbampu@miby i &Ktoirddgralnii ngh o ¢
Seul shahrida 2013 hamda Germaniyaningma ml akat i mi zda temir Yy O ¢
Veymer shahrida 2006, 2009 va 2012 olimlar va pedogog kadrlar tayyorlashning

yillarda, Rossiyaning Moskva va Sankt si f ati ni oshirishga katt

Peterburg shaxarlarida  20@B13 M.Miraxmedov institut jamoasi orasida

o6t kazil gan anrhaglardao o oizlimmiiyn g olijanob i nson

ishtirok etgan. obrodé gozongan edi. U to
Hozirgi kunda M. Mi rzaixynoeldiolva rtiednainr  yboodd | i b,

qurilishi soxasida faol ishlayotgan olim madani yat i, namunal i a X

sifatida nafagat respublikada balki xorijda boshgalarga ham talabchan va adolatli
ham tanilgan edi. Uning ilmiy tadgiqotlari munosabati bilamjralib turardi.

tabiiy-texnik tizimlarda, shu jumladan temir

yool |l arda ekzogen j afiBIN® VAISABIQAT INBHOOTIARI b i y

t arfnis i kamaytirish masalalariga QURILISHI o
bagdi shl angan bodl i b, KAGEDRASH BAMOASI u s hbu
tadgiqgotl ar da temir yool Il ar , avtomobil
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Optimization of Foam Concrete with Fly Ash and Silica Fume for Energy
Efficient Wall Blocks

A. llyasovi®? A. Allamuratov ©P

IKarakalpak State University, Nukus, Uzbekistan

Abstract: The article presents a desigoreening approach for nautoclaved foam concrete intended 1
thermalinsulating and structurdhermatinsulating wall blocks. The proposed mixtures comb
Portland cement, fine quartz sand, fly ash, silica fume, a polycarboxylate superplasticizer and pr
foam. The main objective is to obtain a rational beégabetween dry density, compressive stren:
thermal conductivity and water absorption without excessive cement consumptionlévédensity
series from D500 to D900 was analyzed. The results show that mixtures in theDD&E3GFange
providethemodh al anced performance: thermal condtl
predicted 28lay compressive strength exceeds 3.0 MPa. The paper also proposes an integi
method that can be used for selecting foam concrete compositions for vealtisrin dry and ho
climatic regions.

Keywords Foamconcrete, preformed foam, fly ash, silica fume, thermal conductivity, dry density, lightw
wall blocks, water absorption, energy efficiency

1. INTRODUCTION strength, thermal insulation and moisture resistance
are simultaneously acceptable.

Foam concrete is a lightweight cementitious material

containing a system of uniformly distributed artificial

air pores. Compared witbrdinary dense concrete, it 2. MATERIALS AND RESEARCH

has lower dry density, reduced thermal conductivity METHODS

and improved technological flexibility. These ) i

characteristics make it suitable for Roadtbearing "€ proposed material system includes Portland

wall blocks, monolithic insulation layers, roof screeds cément as the main binder, laalcium fly ash as a
and fill materials 1]i [3]. mineral filler, silica fume as a highly reactive

microfiller, fine quartz sand as a skeletal component,
a polycarboxylate superplasticizer and preformed
foam prepared from a proteibased foaming agent.

Water dosage was selected to maintain paste

The main difficulty in producing reliable foam
concrete is the simultaneous control of pore structure
and cement matrix quality. Excessive foam content
reduces density and thermal conductivity, but it can o ) L= .
also decrease strength and increstwinkage. On the floyvablllty while minimizing the wateto-binder
other hand, increasing cement content improvesrat'o' ) . )
strength but worsens economic and thermal indicators. F0am concrete mixtures were designed for five
Therefore, the development of foam concrete shouldt@rget density grades. The preformed foam was

be based on a multiiteria balance rather than on a introduced at the final mixing stage in order to reduce
single target parameter. mechanical destruction of air cells. The quality of

foam was evaluated by foam density, Hé#f and

The use of supplementary cementitious rnater'alsvisualstability. Hardened specimens were assessed by

is one of the most effective ways to improve this drv density. 28dav compressive strenath. water
balance. Fly ash contributes to particle packing and by i Y, dth y | pd fivit gth,
laterage pozzolanic hardening, while silica fume fills absorption an .erma co.n uctivity. .
microvoids and promotes the formation of addiéibn For comparative selection of the best composition,
C-S-H phases. In combination with a superplasticizer, @ integral score was calculated using normalized
these components can reduce water demand anylues of strength, thermal conductivity and water
stabilize the cement paste around air pores. absorption. Higher strength increases the score,

The i o is il s o developand evaluate TS5, 0T el conducibly ane et
series of foam concrete mixtures for wall blocks and P : P

. : N . ) screening is expressed as:
to determine a rational density interval in which 9 P

tps:// 006 8BD.7AH4HY 0000
tps Q¥ 0009

/] 0-0 0 A&t .de
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{ 8 4v 8 r- 8 FC | 910 | 5.76 | 0.212] 25.3 | 69

T Q) 900
where S is the integral score, Rs is normalized
compressive strengt h, &1 _ | == compressive strength r mal
conductivity and Wn is normalized water absorption. S 5
Table 1 5 4
Proposed mixproportions for foam concrete v
wall blocks I
Mix |Cemen{FA/SF| Sand | W/B Talraget §77
FC‘ 5(‘)0 6(;0 7(‘)0 8(‘]0 QCIIO
500 270 | 90/20| 120 | 0.43 | D500 Dry density, ka/m?
FC- 285 | 95/25| 155 | 0.41 | D600 Fig. 1. Relationship between dry density and
600 ] compressive strength
FC-
700 300 |100/30 190 | 0.39 | D700 Figure 1 shows that compressive strength
FC- increases almost linearly in the considered density
goo | 320 |100/35 225 | 0.37 | D800 range. This confirms that thead-bearing capacity of
FC. foam concrete is mainly controlled by the thickness
900 345 | 90/40| 260 | 0.35 | D900 and continuity of interpore partitions. However, an

- — increase in density above D800 reduces the thermal
Note:cement, fly ash (FA), silica fume (SF) and sand ald\éame\l,g%otf tgermaterial.

are given i n Kkabindejratio. W/ B

=&~ Thermal conductivity

0.200

3. RESULTS AND DISCUSSION

The obtained screening results confirm the typical 0.175
relationship between density and performance of foam
concrete. A decrease in density improves thermal
insulation but reduces mechanical strength. This trend
is caused by the increase in total air volume tme
reduction in the solid loadearing frame of the

cementsand matrix. so0 600 100 800 500

The D500 mixture has the lowest thermal Dry density, kg/m’
conductivity, but its strength is sufficient mainly for
insulation products and ndoadbearing fills.
Mixtures D600 and D700 demonstrate a more
balanced structure because the amount of cementitious Thermal conductivity also increases with density,
matrix is suffigent to form stable interpore partitions, because the fraction of solid mineral phases becomes
while the pore volume remains high enough to provide |larger and the amount of dilled pores decreases. For

0.150 A

0.125

Thermal conductivity, W/{m-K)

Fig. 2. Relationship between dry density and
thermal conductivity

thermal efficiency. wall products intended to reduce heat losses, the
Table 2 D600D700 interval is the most promising
Screening properties of foam concrete mixtures. compiomise between insulation and strength.
. >
. |Density| R28 Water

Mix Kg/ | MPa W|/<)( % Score ) 80 -

FC g oA

500 515 | 1.34 | 0.112| 385 63 o

FC- 2 a0

600 605 | 2.10 | 0.132| 35.1 75 :

FC- E 201

200 695 | 3.08 | 0.153| 31.7 86 N

FC 80 2 10.181| 28.9 82 500 60° A0 50° 900

800 5 4.4 .1 1 . 3% < < 3% <

Fig. 3. Integral score of the designed mixtures
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The integral score indicates that #Q0 is the composition can be recommended for further
most balanced composition. Although 88CG0 has  laboratory verification and pilot production of
higher compressive strength, its therroahductivity structuraithermalinsulating wall blocks.
is noticeably higher. FG00 and FE&500 are useful for The proposed integral score method is convenient
insulation layers, whereas FXDO can be considered  for comparing alternative foam concrete compositions
for structuraithermatinsulating wall blocks after  pecause it simultaneously considers strength, thermal

pilot verification. performance and water absorption.
Table &
Recommended application range of selected REFERENCES
mixtures . L
Density Main Limitatio | Recommende [1] Rama_r_nurt_hy K., Na_mblar E'K'K'Z Ranjani
grade | advantage n d use G.1.S. A classification of studies on properties of fo_am
Low Roof/floor concrete. Cement and Concrete Composites.
D500 Lowes't 2009;31(6):388396.

strength |insulation
Medium [Non-load

[2] Nambiar E.K.K., Ramamurthy K. Aivoid

D600 |Low weight characterization of foam concrete. Cement and

strength |walls Concrete Research. 2007;37(2):220.
Needs [8] GencelO., et al. A detailed review on foam
D700 |Balanced |curing  (Wall blocks concrete  composites.  Applied  Sciences.
control 2022;12(11):5752.
Partitions/bas [4] ASTM C796/C796M19. Standard Test

D800 |High strengthiHi g h EIayers Method for Foaming Agents for Use in Producing

Cellular Concrete Using Preformed Foam.

[5] ASTM C869/C869M24. Standard

4. TECHNOLOGICAL Specification for Foaming Agents Used in Making
RECOMMENDATIONS Preformed Foam for Cellular Concrete.

[6] Neville A.M. Properties of Concrete. 5th ed.
The foam should be introduced only after the Pearson Education, 2011.
cementitious slurry reaches stable flowability. [7] Jones M.R., McCarthy A. Preliminary views
Overmixing after foam addition must be avoided on the potential of foamed concrete as a structural
because it destroys air cells and causes densitynaterial. Magazine of Concrete Research.
deviation. The recommended mixing sequence is: dry2005;57(1):2131.
blending of cemat, fly ash, silica fume and sand; [8] Hamad A.J. Materials, production, properties
addition of water with superplasticizer; short and application of aerated lightweight concrete:
homogenization; introduction of preformed foam; review. International Journal of Materials Science and
casting and protected curing. Engineering. 2014;2(2):15257.

In hot and dry climates, early moisture loss can
cause shrinkage microcracking. Therefore, foam INFORMATION ABOUT THE
concrete blocks should be protected from wind and  AUTHORS
direct solar radiation during the first 28 hours.
Curing under film or in a humid chamber is Allanazar Professor, doctor of technici

recommended uih sufficient matrix strength is llyasov sciences, Karakalpak sta
developed. university
e-mail: allanazar86 @mail.ru
5. CONCLUSIONS https://orcid.org/000®00%:
69734545

A five-level density series of foam concrete mixtures

with fly ash and silica fume was proposed for energy ~Allambergen  Assistant, Karakalpak stat
efficient wall blocks. The results show that the use of  Aj 3 muratov

mineral additives and a superplasticizer makes it unlve.lr.sny
possible to improve the matrix quality ameduce emai. )
thermal conductivity while maintaining acceptable allambergen9191@gmail.cor
strength. https://orcid.org/0009003
The most rational composition in the screening 44210691
series is FE00, which combines a dry density of
about 695 kg/ mj, compressive strength of 3.08 MPa
and ther mal conductivity of 0.153 W ( mLK). Thi s
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The Effect of Heavy-Duty Pavement Concrete Mix Composition on its
PhysicoMechanical Properties

A. Adil khodjaev}®?, T. Amirov 0P
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract This article examines the differences in strength and porosity throughout the entire thicknes
upper and lower layers formed by the vibratory compaction of a cezrnantete pavement mixtur
with a nonoptimal composition. Research has also been coritwtdetermine the effect of th
sand content in the aggregate on the physical and mechanical properties of concrete mix
roads designed for heavy loads. Based on these studies, recommendations have been dev
optimizing the composition afoad concrete and determining the integral service life of cen
concrete road pavements.

Keywords: Optimal composition, delamination, vertical deformation, sand fineness, enriched sanc
density, granularity, ease of laying, volumebkorbed air, strength

1. INTRODUCTION cement and take into account several criteria of the
watercement ratio [AL3].
In the Republic of Uzbekistan, economic growth, the In the dryhot climatic conditions of Uzbekistan,
development of transport infrastructure, an increase insome disadvantages arose as a result of the use of a
the intensity of traffic on roads, an increase in the nonoptimal composition of the roacbncrete mixture
volume of transportation of heavy goods, climate used in the construction of roads with cemearicrete
change are the causes of many defects on the roads. Ipavement (Figure 1).
addition to domestic and world experience, according
to scientists of the republic, the largeale ue of
cement concrete coatings is not only a solution to
existing problems, but the use of local materials in the
preparation of the mixture serves to save mfijgy
[7].

Therefore, many of our highways are being

S o

deformation@ uneven inconsistency

reconstructed, and these roads are being changed from e
asphalt concrete to cement concrete. This, in turn, thei%%‘:'iz of the d|;tr|t;gt|c;rt1ecs>f cg]r;g:gte
creates allound convenience in the transportation of 9 aﬂgn gthe mixture with
cargo and passengers. However, the construction of verticalg rofile the
cement concrete roads is a somewhat complicated P requirements
technological proced4], [8]. quirel
for it

2. THE MATERIALS AND METHODS Fig. 1. Sfome of the ﬁisadlvant?jges caused by the

use of nonoptimally selected concrete mix

OF RESEARCH composition

Due to the low cost of operation, resistance to many
deformations and high loads, resistance to external
climatic factors (especially in d#fyot climates),
increasing strength over time, high water
permeability, cement concrete pavements are
preferable tather types of concrete pavements.

As a result of the use of local materials in the
design of the optimal composition of concrete, with within hours of application (plastic shrinkage as)
_the use of modern technologies, it is possible to and/or possible premature cracking.
Increase the - strength O.f concrete, the_ necessary According to the results of numerous tests, it can be
mobility of the concrete mixture and the efficiency of o,iq that the strength of the upper layer of the concrete

concre_te(m|n|mum consumption of cemer!t). Whe_n pavement can be up to 10% less than the lower layer. In
choosing the composition of the concrete mixture, itis

necessary to correctly estimate the consumption of

Concrete that is slipformed to form a stable
structure requires small aggregates, especially to fill
the voids left by large aggregatesqJ/

If the aggregates contain too many fine patrticles,
the mixture may delaminate due to vibration during
paving, which leads to layer of sand and cement on top
of the pavement. This layer may lead to cracking

Whttps:// o00GBwWEWHY 0000 POhttps:// 0-060@B.SIFrPY7 0000
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addition, the micreporosity of the upper layéncreases and the actual thickne$sof the edges of the newly
and becomes prone to destruction. formed concrete pavement are measured after the

Fig. 2 and 3 show a comparative histogram of thepreading of the edges of the slab is completed(Fig. 4).
porosity of samples taken from the upper and lowelhe relative vertical deformation of the edge of the
layers of the cemertoncrete pavement and a graph ofcoating[14] is determined by the following
the distribution of porosity at different sizes. formula(1):

Pore size distribution by MIP 5 - (1)

P

Fig. 4. Scheme for measuring the deformation of
the edges of the pavement

These technological properties of the concrete
mixture are significantly positively affected by the
relative proportion of sand in the aggregates, the
fineness of the sand and the amount of entrained air.
In addition, with a decrease in the mobility of the
concrete mixture and the size of the flint (gravel), the
T stability of the edges and side faces of the newly
o o0 formed concrete slab increases. The consumption of
the concrete mixture is selected in accordance with the
accepted speed of laying the concreteepa

In Central Asia, for the manufacture of concrete,
mainly river, mountain or barren sands are used. The
composition of the sand used for concrete must be
clean. Dust with clay particles covers the surface of
the grains of sand and prevents their adhesidheo
cement stone, reduces the strength of confst&7].

Porosity (%)

Fig. 2. Comparative histogram of porosity in
samples taken from the upper and lower layers of
cementconcrete pavement: a) upper layer; b)

lower layer

3. RESULTS AND DISCUSSION

According to the composition we have chosen, 2 types

of sand produced HWiC afdP OMEGRA
i GRANIMT B | NLEG were taken as a fine

aggregate. Although these sands meet the

I EEEEEEEEEEEE
(a'Brns) GBowIAD

= SR A A s requirements of GOST 87314 and GOST 31424
1 AR 2010 in certain parameters, they do not meet the
BN e requirements of GOST 266&012. Therefore, by
2N I mixing these sands in a certain amount, sand was
3 AN e created that meets the requirements of GOST 26633
i 2015 [18-20].

e When used as a cement concrete filler, sand must
e comply with the requirements of GOST 2663315
b (Fig. 5).
Fig. 3. Distribution graph of pore sizes in samples When checking the properties of sand obtained by
taken from the upper and lower layers of cement  mjxing bothsands in an amount of 60/40%, the test
concrete pavement: a) upper layer; b) lower layer  results showed that the sand meets the requirements of
GOST 26632015 for fine aggregates for cement
After the passage of the sliding formwork, stresses concrete Eig. 5).
and deformations occur in the newly formed concrete
slab due to its own weight. This causes the vertical
edges and edges of the coating to bleed. The value ol

tor (um)

ENGINEER



Sand granularity changing the percentage of sand in the aggregate
o , mixture to 0.25, 0.26, 0.27, 0.28, 0.29 and 0.30. Sand
—+—=Lower |-AFiutl,le resg in a concrete mixture is a fine aggregate that serves to
100 & fill the space between large aggregates (together with
o 0T water + cement + air).
s 80 Therefore, it was found that the percentage of sand
E 70 \\ in the mixture of aggregates directly affects the
o 60 N properties of the concrete mixture. Without changing
5 90 QA the amount of water, cement and SAM additives,
¢ 40 \ when the percentage of sand in the filler mixture was
= 30 \ increased, the changes as shown in Figures 7 and 8
T 20 \ were observed.
10
0 - Effect of sand content on
0,160,3150,63 1,25 25 5 10 properties of concrete mixture
Sieve size, mm 5
Fig. 5. Grain composition of enriched sand % 4 06127
according to GOST 26632015 S 3.2 2545147123122
R e o o
As can be seen from the graph, some fractions of " 4 =-0,0893%X + 0,6393x + 1,5
the enriched sand do not meet the requirements of 0 Rl =10,86/4
GOST 26632015, but since the composition was 0,25 0,26 0,27 0,28 0,29 0,3
selected on the basis of this enriched sand and Th . f dinth
laboratory tests were carried out, the concrete samples e proportion of sand in the
showed the required strength results and did not mixture of aggregates
significantly affect the properties of the mixture. Fig. 7. The effect of the proportion of sand in the
srushed stone i s used asaggegaeonxueentheglynpergdaefte f or t he
preparation of road oncr et e mi x. grushed stmxwe | s

mined in the mountains and by crushing stones formed _ .
as a result of natural weathering of hard rocks. The Itis stated that the requirement for thegPade of
surface is sharp, jagged, and usually contains the concrete mix for the selected object should be in

mixture of sand, clay, dust, and organic matter. the range of # cm.

grushed stone is a | oose * ' - “7crushin
various hard rocks into large pieces, as well as broken Effect of sand content on properties
bricks, slag, etc][1-16]. of concrete mixture

I n the composition we h stone

N
of 5-20 mm fraction are used by "BUKARTOSH" s B 48 5
LLC and 2040 mm fraction by "GRANITE € 5. 4445 46 4,7 %
MINING" LLC (Fig. 6). S
= 4
Crushed stone granularity © L
g SpgLower l-ifmsite e d T 3 y'=0,1143x * 4,2667
S §§ R £ 0250260871028 0,8 37 O
e \ =
= 70
T X 60 % The proportion of sand in the mixture
B o 28 \, \ of aggregates
< .= gO A VAN Fig. 8. The effect of the percentage of sand in the
o 18 }\{N mixture of aggregates on the amount of absorbed
s 0 | air in concrete
n 2,5 5 125 20 25
Sieve size, mm The effect of the value of the sand content in the

Fig. 6. Graph for determining the grain size of ~ aggregate mixture on the compressive strength of
the shank fraction 520 mm concrete depends on the size of the sand: for concrete

with coarse sand, the strength does not depend
The crushed stonef 20-40 fraction produced by  significantly on the sand content in the aggregate
"GRANITE-MINING" LLC also met all the  mixture, when the sand is fine, the strength decreases
requirements when tested, like th@Gmm fraction.  proportionally with the increase in the sand content in
Studies conducted at the selected site showedthe aggregate mixtui&ig. 9).
various changes in the concrete mixture when
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Effect of sand content on
compressive strength

o 420

= 400 388 380 381 4

5380 T | &~ 361

4

= 360 \

S 340 N326

S 300 |V =+4,8393x2 + 23,761x + B1,9
5 200 R| | = 00,8536

0,25 0,26 0,27 0,28 0,29 0,3

The proportion of sand in the
mixture of aggregates

Fig. 9. The effect of the percentage of sand in
the aggregate mixture on the compressive
strength of concrete at the age of 28 days

It was found that increasing the value of the

percentage of sand in the mixture of aggregates from
0.25t0 0.30 has a positive effect on the tensile strength

of road concretérig. 10).

Effect of sand content on flexural
tensile strength

65
o 62 57 58
g 59 to}e) A
553 ~
= 50 //
S 47 4423 7143x + 38,667
O 44 40" A R} —=-0,823
B Al
38
35

0,25 0,26 0,27 0,28 0,29 0,3

The proportion of sand in the
mixture of aggregates

Fig. 10. The effect of theproportion of sand in the
aggregate mixture on the flexural tensile strength
of concrete at the age of 28 days

placing. To achieve an optimal balance between the
density and workability of concrete, it is necessary to
balance the proportion of sand in the concrete mix
according to the requirements of a particular project.
The proportion of sand in the mixture of
aggregates has a significant effect on the physical and
mechanical properties of concrete. When the
percentage of sand in the aggregate mixture increases,
the average volume of open pores decreases, and the
volume of conditional closed reserve pores in concrete
increases to 4:8.0%. This ensures high cold
resistance of concrete. During our research, it was
found that concrete achieves its optimal properties
when the value of the percentage of sand in the
mixture of aggregates for the selected object is 0.28.
Moreover, when the amount of sand is increased, the
price of the concrete mixture decreases, because sand
is a large aggregate for this object. it is chéayw.this
reason, we recommend taking the percentage of sand
in the filler mixture at a value of 0.28 for the selected
object.
Furthermore, introducing a structural coefficient
that characterizes the composition of road concrete,
and using it in an integrated durability model, will
bridge the existing gap between microstructural
concepts of concrete and engineering methods for
calkculating road pavements. This will also allow for a
more accurate description of failure accumulation
processes and better forecasting of service life.
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On the Mechanism of the Influence of Various MicreFillers and Chemical
Additives on the Microstructure and Strength of Cement Paste

A.l. Adilkhodjayev @2, |.A. Kadirov 2©°, F.E. Abdukadirov®¢, E.V. Kakharov?®¢

Tashkent State Transport University, Tashkent, Uzbekistan
“National Research University "TIIAME", Tashkent, Uzbekistan

Abstract The paper examines the mechanism of the influence of complexfilier®andchemical additives
on the microstructure formation and physiocechanical properties of cement paste. The hydre
and structure formation processes in binary cement composites with the introduction of
mineral admixtures and superplasticizersaralyzed. It is experimentally confirmed that the t
of an optimized composition of micfillers contributes to a significant compaction of the cem
matrix structure, a decrease in total porosity from 14.5% to 9.2%, and an increase in com|
strergth by 3334%. The research results demonstrate the effectiveness of using these con
in the production of resouregving highstrength concretes adapted to the regional clim
conditions.

Keywords: Cement Paste, Mictfillers, Microstructure, Strength, Porosity, Hydration, Modified Concrete
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DesignBased Assessment of Hybrid Thermalnsulating Dry Plaster
Mortars for Aerated Concrete Walls in Aral Sea RegionConditions

A. Ismayloval®?2
'Urgench State University, Khorezm, Uzbekistan

Abstract The paper presents a deslysed assessment of therimedulating dry plaster mortars intended f
aerated concrete and other porous wall materials under the dry, windy aadrsstil affectec
conditions of the Aral Sea region. The study focuses osiiidtaneous compatibility of the plast:
layer with the porous substrate in terms of thermal resistance, vapour permeability, capillar
absorption, adhesion and crack resistance. Five mortar variants were compared: a referenct
sand plaster, grlite-based and vermiculitbased lightweight plasters, a hollemicrosphere
modified plaster and a hybrid perltermiculitemicrosphere composition. A multriteria
approach was used to evaluate the balance between low thermal conductivity, st
compressive strength, low water absorption and vappen behaviour. The calculated screen
i ndicators show that the hybrid composit
decrease capillary wat er a bag adequdte adhesiohto aetx
concrete. The results confirm that the best solution is not the composition with the lowest
alone, but the one that combines closed and open pore systems with a compatibémient
matrix and hydrophobic modifation. A minimal laboratory testing program is proposed for furt
verification before pilot application.

Keywords: Aerated concretalry plaster mortarthermal insulationperlite, vermiculite hollow microspheres
vapour permeability capillary water absorptignAral Sea region salt aerosql multi-criteria
assessment

mechanical compatibility are assessed together
1. INTRODUCTION rather than separately.

Aerated concrete is widely used in enegdficient 2. MATERIALS AND METHODS

wall systems because its cellular structure reduces

density and improves the thermal performance of The designed mortar system contains Portland
building envelopes. However, the same porous cement, hydrated lime, fine mineral filler,
structure also makes the material sensitive to lightweight porous fillers, polymer powder,
capillary sw@tion, vapour accumulation and surface  cellulose ether, hydrophobizer and dispersed
damage when the finishing layer is selected  microfibres. Expanded perlite and vermiculite were
incorrectly. In dry continental regions, especially in ~ selected as opepore lightveight fillers, while
territories affected by dust and salt aerosols, the hollow mineral microspheres were used as a closed
external plaster must not only protect the wall from  pore component. The limeement binder was
rain and mecdnical action but also maintain a safe chosen to improve vapour openness and reduce

moisture balance inside the wall section. stiffness compared with a purely cement matrix.
Traditional cemensand plasters are relatively Five compositions were analysed10 is a
dense and strong, but their thermal conductivity is  reference cemesgtand plaster. M1 and M2 contain
high and their deformation compatibility with perlite and vermiculite respectively. M3 contains
aerated concrete is limited. A hard and {eapour hollow mineral microspheres, and M4 ashybrid

layer can increase the risk of interfacial cracking, =~ composition combining perlite, vermiculite and
efflorescence and local detachment. For this reason, microspheres. The numerical values in the tables

dry thermalinsulating plaster mortars containing are desigrscreening indicators intended for
lightweight fillers, polymer modifiers, formulation selection and laboratory planning.
hydrophobizing agents and microfibres are The basic thermal and moisture criteria were
becoming an important di regpessédadingthefdllowidgrelaichshipss y st e ms
based on aerated concrbétecks.

The purpose of this paper is to develop and R = d [/ =& (1 .
compare several thermisulating dry plaster RO = Rsi + E(@® /[ @&i)
mortar compositions for porous wall substrates. The sd = ¢ L d(3 .
comparison is based on a mutiteria framework in W=mt-mo) / (A (& at)
which thermal insulation, moisture transport and S = E wi L 6

ahttps:// 000 NUGB.PEAQYY 0009
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Here R is the thermal resistance of a layer, d is

r

the | ayer thickness, & i|sowdethe t hermal cohdudgtivity

coefficient, RO is the total thermal resistance of the . Wt.%

wall section, s_d is the equivalent air layer thickness, Cellul

€ is the vapour d,iWidthesi on elugsi stande flactor

capillary water absorption coefficient, A is the € 0.25| 0.30 | 0.30 | 0.35 | 0.35
: ; ; ether,

wetted surface area, and S is the integral multi WE%

criteria score obtained from normalized indicators -

x_i and weights w_i. Organd

Composition design silicon

The composition design was aimed at reducing hydrop| 0.20 | 0.35 | 0.35 | 0.45 | 0.50
density and thermal conductivity while keeping the hobizer
plaster mechanically compatible with an aerated , Wt.%
concrete substrate. The amount of cellulose etherand | pojypr
polymer powder was kept moderate because opylen

excessive polymercontent may reduce vapour e/basal
permeability. The hydrophobizer was increased in microfi 0.15) 0.25 | 0.25| 0.30 | 0.35
lightweight compositions to compensate for the bres,
openpore structure of perlite and vermiculite. Wt.%
Table 1 Air-
Designed compositions of dry thermainsulating entrain
plaster mortars "9 | 0.05| 010 0.10 | 0.10 | 0.10
Comp stabiliz
MO M1 M2 M3 M4 er
onent '
wt.%
Portlan
d Recom
cemen 28.00| 25.00| 24.50| 23.00| 22.00 mende
WE% d 0.2 0.2 0.3 0.2 0.2
water/d 3 9 1 7 8
Hydrat ry mix
Iir?:iz 8.00 | 9.00 | 9.00 | 10.00| 9.00 ratio
wt % Note. The water/dry mix ratio is given for mortar
- preparation and is not included in the 100 wt.% dry
Fine composition balance.
quartz/ Table 2
Imesto 62.35| 46.40| 46.00| 44.60| 38.60 Designscreening performance_indicators for the
he compared compositions
filler, Mix | MO | M1 [ M2 | M3 | m4
wt.% ;
Densit
Expg‘“f y, | 1340| 690 | 720 | 640 | 610
¢ | 0.00 | 17.00| 0.00 | 6.00 | 10.00 kg/
perlite,
wt.% o,
W/ ( | 0.345| 0.153| 0.168| 0.128| 0.116
Expang K)
ed
vermic| 0.00 | 0.00 | 18.00| 6.00 | 8.00 € 13 | 7 8 9 8
ulite, s dat
wt.% 20 0.26 | 0.14 | 0.16 | 0.18 | 0.16
Hollow mm, m
mineral W,
micros| 0.00 | 0.00 | 0.00 | 7.60 | 9.40 kg/ | 052| 036 | 0.39 | 0.30 | 0.26
pheres L h
Wt'% Compr
Redisp essive| 8.2 2.8 3.2 3.8 3.5
ersible] 1.00 | 1.60 | 1.50 | 1.60 | 1.70 strengt
polyme
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h1
MPa
Adhesi
on,
MPa

Shrink
age,
mm/m

0.42 0.34 | 0.37 | 0.39

1.25 0.86 | 0.74 | 0.69

Score| 0.46 | 0.79 | 0.77 | 0.86 | 0.91

Density and thermal conductivity of designed plaster mortars
0

o o ] o
o 9 W W
5 & & &

Thermal conductivity, W/{m-K)

=]
o
G

600 700 800 200 1000 1100

Dry density, ka/m®

Fig. 1. Relationship between dry density and
thermal conductivity of the designed mortars

1200 1300

Moisture-transport indicators at 20 mm plaster thickness

N Capillary water absorption
0.5 Equivalent air layer sd

Indicator value

MO M1 M2 M3 M4

Fig. 2. Moisture-transport indicators used to
check vapouropen and waterresistant
behaviour

Multi-criteria score for the designed compositions

=
o

081
0.86

o o o
= = ®

Integral score, 0...1

o
N

0.0

MO M1 M2 M3 Ma
Composition

Fig. 3. Integral multi -criteria score of the
designed compositions

3. RESULTS AND DISCUSSION

The reference composition MO has the highest
density and thermal conductivity. Although it
provides high compressive strength, the strong and
dense cemergand matrix is less favourable for
aerated concrete because it can restrict vapour

movement and increase stress at the interface. This
is confirmed by the highest capillary water
absorption coefficient and the lowest integral score.

The perlite and vermiculite compositions reduce
density by nearly one half compared with MO. Perlite
gives a lower thermal conductivity than vermiculite
in the proposed design, while vermiculite slightly
improves compressive strength. However, both
materids contain open pores; therefore, the
hydrophobizer and polymeellulose system are
important to prevent uncontrolled capillary suction.

The microspherenodified composition M3
demonstrates a better balance between low thermal
conductivity and mechanical resistance. Hollow
particles create a closgubre contribution to thermal
insulation, while the fine mineral matrix keeps
sufficient adheisn to the substrate. The hybrid
composition M4 achieved the highest score because
it combines the thermal efficiency of lightweight
fillers with lower water absorption and acceptable
vapour openness.

For fa-ade wuse in the
important result is the balance between water
resistance and vapour permeability. A hydrophobic
but vapouopen plaster reduces rain and aerosol
solution ingress, while allowing moisture
accumulated in the Wlato dry outward. Such
compatibility is especially important for aerated
concrete because its thermal conductivity and
durability are strongly affected by moisture content.
Recommended laboratory verification
Before industrial implementation, the proposed
compositions should be verified using a minimal but
complete testing program. The program must
include thermal, hygric, mechanical and durability
tests, because a single indicator such as thermal
conductivity cannot fully
performance.

Table 3

Recommended minimal testing program for

plaster compatibility with aerated concrete

Method /
Indicator | Purpose | reference %280'[rgrmgtr
direction 9
Steadystatq |
heat flow 00. 2
Thermal | Evaluate test; W/ ( ml
conductivit| insulation |comparisol preferably
y efficiency | with EN 00. 1
9981 T | W/ ( mlL
classes
; CSICsII
Prism .
Compressi mecc?%cni?ca compressiq rg?cﬁg'
e strength stability nztgsé:ftser excessive
y stiffness
Pull-offtesf O0 . 2 5
Adhesion t¢ Prevent |on prepare|  with
aerated |delaminatiq aerated |cohesive 0
concrete n concrete | mixed
blocks failure

Ar al
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Vapour '
Vapour Control | diffusion m at 20 mn
permeabili{  drying resigtange layer
y capacity | and s_ :
calculafion| thickness
: Limit rain | Capillary R
C\?V[;{Iearry and salt | uptaketes) OO0 . 4
absorption Solution | ondried k g/ ( m
P intake | specimeng
Length |~
Drying Estimate | change ? 1o'r 0 f
shrinkage| crack risk | measurem laster
nt on prism| P
Salt aerosd ASS€Ss Arg v%gt(t:ilhcg No visible
/ wet-dry Sea with salt | Scaling;
cycles | durability ooy tion any Mass 10ss
y risk drying 05 %
Cyclic
heck fre)ézmg IStrength
Freezethaw sgaggnal anf(tj thawin e?n(? nso
resistance 12| after water o
durability 2~ | delaminatid
condétlonln n

4. CONCLUSION

A designbased comparative assessment of dry
thermalinsulating plaster mortars for aerated
concrete walls was prepared. The results show that

the optimal fa-ade pl ast
should be selected using a mugititeria approach
that comines thermal conductivity, vapour

permeability, capillary water absorption, adhesion
and shrinkage.

Among the compared compositions, the hybrid
system M4 showed the best balance of properties. Its
calcul ated thermal condu
capillary water absorpti
the integral score reached 0.91. The hybrid approach
is promising because perlite and vermiculite reduce
density, microspheres add clogeale insulation,
and the limecementpolymer matrix maintains
compatibility with aerated concrete.

The proposed compositions can be used as a
basis for laboratory trials and pilot production of
lightweight plaster mortars for dry and sa#rosol
affected regions. Further work should focus on real
specimen testing, cyclic durability assessment and
optimization of the hydrophobizer dosage under
local climatic conditions.
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Visual Determination of Adhesion of Bitum Modified with Defecate with
Marble Stone

|.S. Sadikov®2 G.K. Isakoval®®, R.K. Kadirbergenov®¢
Tashkent State Transport Universifiashkent

Abstract

The longevity of asphalt concrete pavements largely depends on the adhesion properties

bitumen and mineral aggregates. The insufficient adhesion of the bitumerstoftee of the unit
leads to coating degradation under the influence of moisture, a decrease in strength, and a |
in service life. Therefore, improving the adhesive properties of bitumen is one of the img
issues in the field of road constriget. In this article, the adhesion properties of grade 50/70

bitumen to marble stone material were studied by modifying it with defective mineral po
which is a sugar refinery waste. During the research, a homogeneous mixture was pref
addirg a certain amount of defecate to the bitumen composition, and visual tests were cond
accordance with the requirements of GOST 12801. During the test, the degree of bitumen r
on the marble surface was assessed through visual observation.

Keywords:

Road bitumen, defect, adhesion, modification, marble stone, industrial waste

1. INTRODUCTION

Bitumen binder is the primary adhesive material for
road surfaces, which holds the road structure in a
continuous state and makes the surface of the coating
waterproof. However, when cracks appear in the
pavement or water enters the pavement from the
external environment, the connection between the
bitumen and the aggregate is disrupted, and the
bitumen seprates from the surface of the aggregate

[1].

By their chemical nature, aggregates can be
acidic or basic (alkaline). According to Hefer's
(2005) research, acidic materials form better
chemical bonds with basic materials, and basic
materials with acidic materials. To form a strong
chemical bond in thditumenraggregate system, a
base aggregate such as limestone reacts well with the
acidic components contained in the bitumen [ 2].
Calcium carbonate (CaCO3), present in limestone,
forms a strong bond with the carboxylic acids in the
bitumen. Conversely,ilcate aggregates have an
acidic nature, and bitumen is also a weakly acidic
substance. Therefore, the adhesion strength between
such aggregates and bitumen is relatively low [3].
Nevertheless, under high temperatures and
mechanical effects, a certain degree of bonding
between the bitumen and the aggregates can occur.
However, when water enters the asphalt surface, it
displaces the bitumen film from the surface of the
unit. Once thé process begins, separation
accelerates[4].

Currently, scientific research is being conducted
to improve the physical, mechanical, and adhesive
properties of bitumen to increase the service life of

al
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highway pavements. The efficient use of industrial
waste is particularly important from both
environmental and economic perspectives [6]. One
of the wastes generated in sugar production plants is
defecate, which contains calcium carbonate, organic
substanes, and fine mineral particles. The use of this
material as a bitumen modifier allows for the
improvement of asphalt concrete composition.

The adhesion of bitumen to mineral material
determines the water resistance and strength of the
asphalt concrete. According to GOST 12801,
adhesion is determined by evaluating the visual
condition of the surface of the bitumenated stone
material.[5]

The aim of this study is to visually evaluate the
adhesion properties of grade 50/70 bitumen with
marble stone by modifying it with a 5% defect.

2. RESEARCH METHODOLOGY

In this experiment, 50/70 bitumen, widely used in
road construction, was selected as the bitumen
binder, and one of the wastes generated at sugar
production enterprisésdefecatd was obtained.
The nature of the chemical composition of the
selected mineral gwder was analyzed separately
(Table 1).Table 1. Chemical composition of the
defect.

Table 1

Chemical cmposition of the defect

Component Amount (%)
N(Nitrogen) 0.210.7
P O ( Ph 0.210.9
K O (Pot 0.31.0
““https:// o-00&®. 09494 0009
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0.410.8
80-85

MgO (Magnesium)
CacCoO

Marble grain (at least 10 mm)tied to it with a
thread or thin wire (diameter not more than 0.5 mm)
and heated in a drying oven. The heating temperature
of the crushed stone is I3D50AC f or
bitumens (Fig. 1). After 1 hour of heating, it is
immersed in bitumen for 15 secondsen removed
and hung on a stand to drain excess bitumen. The
marble stone sample was covered with bitumen with
a defect of 5% relative to the mass of the prepared
bitumen (Fig. 2). The samples were tested in a hot
water environment in accordance with the
requirements of GOST 12801. Then it is removed
and immersed in a glass of cold distilled water for 1
3 minutes to cool and fix the bitumen film remaining
on the surface of the gravel. The surface of the
marble grain is checked on apbint scale with an
interval of 0.5 points. After testing, the sample
surface was visually evaluated according to Table 2.

Fig. 3.
Table 2
The results are evaluated according to the table
below
Properties of bitumen film on
the surface of gravel Quality
The film is fully preserved,
although its thickness may 5 points
decrease in some places. (very good)
The film is intact, but has been
partially detached from sharp 4 points
corners and edges. (good)
More than 50 percent of the film
remains on the surface of the 3 points
stone. (satisfactory)
The film is preserved by less thg
50 percent, and individual drops
of bitumen are observed onthg 2 points
exposed surface. (bad)

3. RESULTS AND DISCUSSION

The results of the laboratory tests conducted show
that the adhesion properties of bitumen modified on
the basis of defecate (sugar production waste) to the
surface of mineral materials, particularly marble, are
significantly higher than those of convemtd
bitumen.

During observations, it was established that the
interaction between the modified bitumen and the
marble stone is stable and durable. The active
components in the defecate have a positive effect on
the physicochemical properties of the bitumen,
increasing its palrity and, as a result, contributing to
the formation of a strong molecular bond on the
surface of the mineral material. Under hydrothermal
and mechanical loads, the main part of the binder
layer remains intact. This indicates that the process
of the bindé€'s separation from the mineral surface
occurs to a very small extent [1he experimental
results also confirmed that almost the entire surface
of the mineral material is covered with bitumen.
Only in some cases were very small point
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separations observed in microzones with sharp edges
and high surface energy of the crystalline structure.
Based on the results of visual assessment and current
standard requirements, it was established that the
degree of adhesion of the modified bitumes high
quality indicators. It can be evaluated as an effective
material in ensuring the strength and longevity of
road surfaces, showing significantly superior results
compared to conventional bitumen. Overall, while
cases of binder separation are more mom in
conventional bitumen samples, defembdified
bitumen demonstrated a high degree of adhesive
stability and reliability.

The indicators obtained during the study confirm
that incorporating the defecate into the bitumen
composition allows for a fundamental improvement
in the physical, mechanical, and adhesive properties
of the binder. Primarily, this is explained by the fact
that highly dispersed mineral particles in the
defecate function as active fillers within the bitumen
dispersion system. In this process, fine dispersed
particles strengthen the molecular structure of the
bitumen, forming a stable framework in the
"bitumentfiller" system, which in turn increases the
ability of the binder to moisten the surface of the
mineral material.

At the same time, calciumompounds and other
active components in the defecate chemically
interact with the asphaltene and resin fractions of the
bitumen, ensuring thermodynamic stability in the
boundary layer between the mineral material and the
binder. As a result of such a coleyp action, the
water resistance of the asphalt concrete pavement
increases, and the risk of bitumen film detachment
during operation is significantly reduced.

From an economic and environmental
perspective, the use of industrial waste defecate as a
modifier serves as an effective alternative to
expensive artificial additives while optimizing the
consumption of pure bitumen. Most importantly, this
method of dispsal creates a foundation for
mitigating the negative impact of sugar industry
waste on the environment and developing wéste
technologies based on the principles of the "green
economy." In conclusion, composite materials based
on defecatenodified bitunen are a promising
direction in road construction, ensuring high
operational efficiency.

4. CONCLUSION

As a result of scientific research and laboratory tests,
it was confirmed that adding a 5% defecate additive
to grade 50/70 bitumen significantly strengthens the
adhesive bond of the binder with the marble mineral
material. Visual and instrumental assesstoe
conducted in accordance with the requirements of
GOST 12801 showed that the modified bitumen

possesses high quality indicators and is included in
the highest scoring system [5This modification
method serves as an effective technical solution for
increasing the resistance of asphalt concrete coatings
to water and aggressive environmental influences.
At the same time, the application of defecate, which
is considered a sugar industry waste, in the field of
road construction is of strategic importancethie
rational disposal of industrial waste and ensuring
environmental sustainability. General analyses
indicate that the developed modified bitumen
composition allows for the extension of road
pavement service life and the achievement of
economic efficieng[9].
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Prospects for Using Foam Concrete That Complies with The Principles of
AGreen Buildingo

Z.M. Sattorov! 3 N.A. Madraymov! ©P
TashkentUniversity of architecture and constructj@ashkent, Uzbekistan

Abstract. This article examines the development of eneffizient and environmentally friendly materials,
pressing issue in modern construction. Specifically, usitegnational research methods, the physi
mechanical, and thermal properties of foam concrete prepared from ash generated at thermal pov
were analyzed. The study examined experimental methods for preparing foam concrete sar
varying comsitions and determining their density, strength, thermal conductivity, and durability.

Keywords: Lightweight concrete, thermal conductivity, foaming agent, foamed ash concrete, building ma
strength, resources, industrial waste, pilot testing, fly ash, cement, easigg material

AYashil Qurilisho Tarmoyiplilk&ruil pae tMasi
Istigbollari
Z.M. Sattorov* @2 N.A. Madraymov®©P
Tashkent arxitekturgurilish universitetiTos h k e n t , O6zbekiston
Annotatsiya. Mazkur magoladazamonaviy qurilish sohasidadolzarb muammolardarbiri bodgan energiya

samaradova  ekologikxavfsizmateriallaryaratishmasalaskodib chigilgan Xususanissiqlik
elektr stansiyalaridahosil bodadigan uchuvchikul asosidatayyorlanadigarkodikkulbetonning
fizik-mexanik va issiglik xossalari xorijiy tadgiqot metodologiyasiasosidatahlil gilingan
Tadgigotda turli tarkibdagi kodpikkulbeton namunalarini tayyorlash ularning zichligi,
mustahkamligi issiglik odkazuvchanligihamdachidamlilik kodsatkichlarini aniglashbodyicha
tajribasinovusullartadqgiqqgilingan

Kal i t s o ¢ Yengil beton issiglik odkazuvchanlik kodik hosil giluvchi modda kodpikkulbeton qurilish
materiallarj mustahkamlik resurslay sanoatchigindilari, tajribasinoy, uchuvchikul, sement
energiyatejamkormaterial

1. KIRISH tadgigotlarning o&aro integratsiyasini taminlash

sifat nazoratini kuchaytirish bino va inshootlarni
Hozirgi kunda qurilish sohasijahondagieng yirik loyihalashda va qurishda ekologik toza hamda
resursva energiyaistedmol giluvchi tarmoglardarbiri energosamaradaqurilish materiallaridarfoydalanish
hisoblanadi  Aholi  sonining ortib  borishi nazoratini tashkil etish maqsadida qurilishda

urbanizatsiya jarayonlarining jadallashuvi hamda foydalaniladigan qurilish materiallari hajmining
zamonaviy infratuzilmaning rivojlanishi natijasida kamida?25 foizini ekologik tozg resurstejamkorva
energiya samaradorva ekologik xavfsiz qurilish energiya samarador qurilish materiallari tashkil
materiallarigabodgan talab tobora ortib bormogda etishinijoriy etish muhim vazifa sifatida belgilangan
Shu nugtai nazardan tabiiy resurslardanogilona [1].

foydalanish va sanoat chigindilarini gayta ishlash Soénggi yillarda issiqglik el
asosidayangi turdagi qurilish materiallarini ishlab hisoblangan uchuvchi kuldan foydalanish orqali
chiqgishdolzarbvazifalardarbirigaaylanmogda olinadigan yengil beton turlari, jumladan,
Od&bekistonRespublikasPrezidentining2025vyil kodépi kkul betonga katta qizigqi
1-dekabdagi fQurilish  materiallari  sanoatini mat eri al o6zining past zich
rivojlantirish choratadbirlari tog@isidedgi PQ-365 tuziishi va yaxshi issiqlik o006t Kkd:a

sonli garorida qurilish materiallari sanoatida  ajralib turadi. Shu bilan birga, yuqorida keltiriigan
ragobatbardoshlikni yanada oshirish qodshilgan garor talablariga muvofig, sanoat chigindilarini
giymatli qurilish materiallarini ishlab chigarish qurilish materiallari ishlab chigarishga jalb gilish
hajmini kengaytirish sohada amaliyot va ilmiy orgali ekologik muammolarni kamaytirish va

a
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resurslardan samarali foydalanish  imkoniyati 2. PurevErdene BaEr de n e, Sanjay Pare

yaratiladi. o6zgartiruvchi materiall arni
Ko 6 pi k kiubulsemernd, uchuvchi kul, suvva asosi dagi kodépi k betonni i sh
koopi k hosi | giluvchiodérmadndaslhan( Ex pesroismamat al Study
tayyorl anadigan yengi l Flg tAsh nFoam ConcretebQoridinind Phase) Ghangeé i s h d

devorbop bloklar, himoya qatlamlari va boshga Materid s ( PCMs) )0 bodéyi cha tadgq
konstruktiwv gi sml ar s i baighgad. avlazkir ellmig tadogggotdal uchavehi kul s h i

mumkin. asosida tayyorlangan kodpi k
. - o6zgartiruvchi materiall ar (
Adabiyotlar tahlili issiglik-fizik xossalarini yaxshilash imkoniyatlari

tajibaasogda o 6r gani |l gan. Ushbu vyo
va energiya tejamkor  material sifatida
kodépi kkul betonning istigboll
alohida ahamiyat kasb etadi, chunki ushbu materiallar

binolarda haroratni barqaror ushlab turish xususiyati

Quirilish materialshunosligi sohasida bugungi kunda
ustuvor vazifalardan biri mabhalliy xom ashyolar
hamda ikkilamchi resurslardan samarali foydalanish
orgali yuqori sifatli, mustahkam, arzon va energiya
tejamkor qurilish materiallarini ishlab chiqarishdan bil i :
i borat. Bu yoonalishdagi |a¥ gl ﬁu.rg"ot l.ar .naf.ata.at igtisod
samaradorlikni oshirish, balki qurilish sohasida adqiqot ) rayonlda _t“”'_taf"!b adinamuna
resurslardan ogilona foydalanish va atmudhitni bet(_)nlar_tayyorlanlb, ularning Z|chI|_g|, mustahkgmllgl_
muhofaza  qilish  talablarini ham yanada V@ issiglikni saglash hamda uzatish xossalari tahlil

kuchaytirishga xizmat giladi. Shu nugtai nazardan, 91 | i ngan. Natijalar shuni ko
issigik ee kt r stansiyal ari dakhbiksiikkupdet 2di gh s S ikwlii k ene
chigindilarini gayta ishlab, ular asosidaengil va binolarda harorat tebranishlarini kamaytiraBli esa,

energiya tejovchiqurilish materiallari tayyorlash 06z navbati da, isitish va s
masalasi  xorijiy olimlar tomonidan keng energiya migdorini kamaytirish imkonini beradi.

o6rganil moqgda. Xususan AnShwadilan hivgak achuvchi Ikuldan foyedathpish

Mahdi Fawzi, PureErdene BaErdene, Sanjay materialning ekologik jihatdan  magbulligini

Pareek, E. Rommel, L. Prasetyo, Y. Rusdianto, R.t ad mi nl ab, sanoat chiqgindil

Karimah, A.S.Riyanto, S.A.CahyBheng Li, Hongbo i shl ashga xi zmat qil adi. Tad
Li, Changyu Yan, Yongfa Ding, Xuanshuo Zhang, ku | gooshilgan kod6pikkul bet o
Jing Zhaoolimlar tadgiqot ishlarini olib borishgan. samarador qurilish materiall:

1. Anowar Wakaa Ali, NadaMahdi Fawzi egal l ashi mumki n b biddya b, naf
AEkol ogi k toza materi al {akijathd fuqgorf ntaterfhiddalRi Br@diyh tej%vé‘hl da
yengil koopi k b €Produstionios h lingaBatsiGnia@rt difdtidatham katta istigholga ega

Light Weight Foam Concrete with Sustainable 3]

Materials)o bodyicha t adqi3q|<:9tR0|in eleaersaiént Ohi}%hin%ﬁ” i shg:
Mazkur tadgigotda yengil 'énaﬁisya\jd’t ()'koosgi% 'béiﬁ’)ﬁ’&i A Ko
ekologik va resurs tejamkor materiallar asosida ishlab : ’ ' '

chigarish imkoniyatlari '©2PHItia Y@ |“|ic.#E1gr‘:a‘{.r$r|‘ Bokpupdan fhg
va energiya tejOVChi material sifatida etonnlng ISSIql ossalari e [nsulation proper‘tleS

Ao : : - of f congrete with the_use_of foamagent.ang fl
f 0 Dbk A S " amert 1§15 1) O s A A Solgant st "
tarkiblarga sanoat chigindilari, jumladan, issiglik t @d i gqotda koo6pi k hosi |l qil
el ektr stansiyalaridan dICihdaEindankud@angdeyiameamal gaj
kiritilib, ularning ma Rewnning, [ssiqlikoPdst skaA|Z Fpapsefid tfriba a 6 s i r i
o6rganil gan. Tadqgiqgot naspphadarporkoaditislagas-hi cha, ku
asosi dagi qo6s liamdtma |l &roléapdiaioq ¢tanij larayonida turli teé
betonning zichligi kama ynramunalariitagysriangol iUk ag gti gz w@vi cchhd ni 1 gii ¢
yaxshilanadi va materialning energiya samaradorligid ar aj a s i va 1issiqglik oo6tkazu
oshadi. Shu bilan birga, bunday tarkiblar yetarli t a h | i | gilingan. Natijalar st
darajadagi mustahkamlikni saglab golishi aniglangan. k u | va koépi k hosil gi luvchi
Bu esa koodpi kkenpilbbalkipugon i tankrfganondigdori Ymaterialda bir xil tagsimlangan
darajadagi issiqglik 0 6 tglg @A maignkini khgudanir&dy @Bu e$al Uniing | s h
materi al i sifatida qoodl I Aajsdhliimkiomii ng a £y tajdr j. b ,Mujad d i 41
X ul osasi_ga koér a, . San.0atseziFér’ﬂ(ﬂaﬁhjhd&ﬂakshilayﬂi.i dan f oydlal_ani s h
orgali ishlab chigaril gaghu didh%Rda KuchRchit kKBidan féydafadish i s h

sohasida ekologik xavfsiz, igodly samarador va materialning ekologik jihatdan samaradorligini
energiya tejamkor yechim sifatida katta istigbolga ega. oshirib, sanoat chigindilarini gayta ishlash
Ushbu yondashuv resurslardan ogilona foydalanishimkoniyatini kengaytiradi. Tadgigot xulosalariga

bilan birga, chigindilar migdorini kamaytirish va k0 6r a, koo6pi kkul beton yuqor i
Ayashil qurilisho konsegai ¥ a8 |nhkeral skekda Golhrdarelgijal s h g a
xizmat giladi [2]. sarfini kamaytirishda muhim
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zamonaviy energiya tejamkor qurilishda keng davomida (7, 14 va 28 sutka) tajribmovga
gool l anish istigboliga eg@dt Hadi. |l di .
4. Sheng Li, Hongbo Li, Changyu Yan, Yongfa Keyingi bosgichda mexanik xossalarini baholash
Ding, Xuanshuo Zhang, Jing ZhdaUc h u v ¢ h a fichuk U hustahkamlikga  chidamlilik  sinoviari
asosida koopi k betonni nggemuksatzaihkgaiml i ggu v as imeenaing rk 0
tavsi fl ar ilnvestigatingthey Mecharscl (myst ahkaml i gi va uning zic
and Durability Characteristics of Fly Ash Foam  apiglandi Shu bilan birga, materjalning uzog muddatli
Concret¢ 0 booyicha tadqgi qot pdashigRi’ badhdlas mhabsldid? O chiblamli@ 2 N -
Ushb,u ta_dqlqotdalchuvchl kul _aSOS|da tayyorlangan_ Koor s ?t i ¢ch ll ar i ham tadgqigq h
muddatli  foycalanishga  chicemiiik  xosalad 11T Y & REAM B! VA28
atroflicha tajriba asos??@lgn'shga?r?uélsaﬁ%ri'Itg'asnh. t@sohslﬂtfl 59
Afyengi | v a jamkon ematgrialy sfatida e sihoviar amaiga .'”ld". .. S
koépi kkul betonning i sti qb tfaayipgrpygnidaglngan nawglar taglipgliniby o j 4 4
muhim ahamiyatga ega bodICiNBVCRht &Ml 1™ 9P T hAF 8FakoO
i ssiqlik oo6tkazmasl ik, BYY @gkmexnamigk j Xasnehffl 9gi ¢
bargarorligiga ham eoti bdhUmiatudgh.gamaterialning” mi
Tadgigot davomida turli tarkibdagi tagsimoti ham _ qiyosly tahlil q|I|n_d|. Ushbg _
koépi kkul bet on namunal afedehbhggbyY@angrpdal iy akonGppigk k ul
bosimga chidamliligi, zichligi, suv shimuvchanligi, t ar ki b’ va uning qurilishda
muzlasheritish  sikllariga  bardoshliligi  kabi  iImiy jihatdan asoslandi.

kodérsatkichlari tahlil q.Ii.l.'hbang.an Olﬁn%”an natijalar s
kodorsatadecki, kukhugodshi plfioa g '“OVHQC{'UQ ystfian
tuzilmasini yaxshilab, uning zichligini kamaytiradi va Sheng Li

0
5
kr

Hongbo Li, Changyu Yan, Yongfa Ding,

ayni paytda vyetarli darajadagi mustahkamlikni uanshuo Zh a tchyvchdnikul gsosiid a o
taominlaydi. Shu bilan kisrhgqag, KoOPH Kikgd bedPnd Mida mi
goovakli tuzilishi uningys| §Fh A (idvdstigatRathly fadehiaBas | 1 K

xossalarini oshiradi. _ and Durability Characteristics of Fly Ash Foam
Tadgigot xulosalariga doyRRd 8 LROIYI ¢ h alajfBdind P BBt ni

tarkib va texnologiya asosida ishlab chiqarilgan usullari quyidagjcha shakllantirildi [5].

ko_c’>pikk_u|peton yugqori %uhsbtuaht_a?‘d“ﬂi'd(otdé{auchuvchi K

chidamlilikka ega bool i Beon fathinhidi! Sy Ar | &% a 9 kDlolpad xh

|mkon|yat|ga ega. _U'nafaqgt yengil va energiya g | | qoél lanildi. MazKkur us.t

tejamkor material sifadia, balki uzog muddat xizmat  oqdalarning reaksiyasi natijasida qorishma ichida

giluvchi va ekologik jihatdan samarali qurilish p; 7 tagsiml angan goéovakl

yechimi sifatida ham katta istigbolga ega [5]. Bu jarayonda koo6pik hosil b ¢
suspenziyaing qotish va mustahkamlanish tezligi

2. TADQIQOT METODOLOGIYASI bil an mo s kel ishi muhi m aha
bargaror twuzilma hosil qi |l i sh

Sheng Li, Hongbo Li, Changyu Yan, Yongfa Ding, Tairiba uchun sement. uchuvchi kul. qum tupro
Xuanshuo Zhang, Jing Zha & ; n &nl ' Prog o
kodpi k betonning musta’?’l%}é’am qﬁg?gﬂﬁ%&a (k\yexléa%%yﬁga\gch

t avsifl ar ilnvastigatingthey Mecharschl vboshimehaj, O0pPI K arqarol
and Durability Characteristics of Fly Ash Foam ollpropllen t.OIa. va vodorod pc_aro!<3|d| asosly tashk_|l

Concrety) 6 bodyicha tadgigo FtW?hP@p sif ¢ igy, eligdy j Bargha ; tashkil
o6rganil di. Tadqgi qot i s fyvehilar  giingag |, kisghlangap ;" propossyalat i g a
tayyorlangan koopik bet dPPYAFNmefhBKKk QR visaF QR dg;ar
baholash uchun kompl eks tQofishmay gayygrash| |jgayoniq oiyidegh ni | di .
Tadgigot metodologiyasi bir nechta bosgichlardan bosgichlarda amalga oshirildi:

i bor at rbaterdal itayyorlash, namuna - dastlab qurug komponentlar (sement, uchuvchi

shakl |l antirish vV a | abor kut, aquni yYuprog,s stabilizatdr) ayudqom itezlikola@it k a z i s
jarayonl arini o006z i chi gagorshtigidhda bir necha dagiga davomida

Avvalo, tadgiqot uchun xom ashyo sifatida aralashtirildi;
sement, uchuvechi kul , Suv-kegi Kobal Kk hosv ! vai bupehpl
moddalar tanlab olindi. Turli proporsiyalardagi b i r X il konsistensiya hosi
gorishmal ar tayyorl ani b,aralkshtgilghi K generatsiyasi orqal.
bir xil géovakli tuzil i s h-g@érish@atévorl&igadyopdshit qolyjad @igrilat bet o
namunalar hosil qilindi. Namunalar standart t 061 i q qodéshib yuborilib, ar a
06l chaml ar da shakllantiridddngr el ! nvgavddoragyiad Wty c h i
peroksi di gooshilib, gi sqa
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aralashtirildi, nati j ada [4 rAnbwarsWakea dAi, Ndda &ahti aFawzi.ma y d a
g6éovakl ar shakl | ana bos hPraudciion of Light Weight Foam Concrete with

Tayyor qorishma darhol oldindan moylangan Sustainable Materials. // Engineering, Technology &
goliplarga  joylashtirildi. Namunalar ikki xil Applied Science Research Vol. 11, No. 5, 2021, 7647

06l chamda shakl |l antiril d7652
- 100710071100 mm o006l ¢chamd3 gRurekEudéne Batrdene,a $anjay Pareek.
(mexanik sinovlar uchun); Experimental Study on the Development of Fly Ash

- 3007300730 mm 0 61 c hRoam Gogdrete Centaiairgt Phasea Change Materials
namunal ar (i ssiqglik 0 6 (P&kMsy u vMatedals | i RORZ, Bni 428 s h
uchun). https://doi.org/10.3390na15238428
Qoliplarga joylanganqgorishma yuzastagi namlik [4] E. Rommel, Y Rusdianto, R Karimah,
yooqgolishini ol dini ol i A.BRiyanto.gSsAaGihye ke insylatigngieperdiesad i | a n
goplandi. Namunalar dastlab 48 soat davomida foam concrete with the use of foaagent and flyash
qgolipda saglanib, keyinchalik golipdan chiqgarildi [9, / 10P Conf. Series: Materials Science and
10]. Soéngra ular st andaEngneegns a821o (262Q) 2012013 0@P2 Aublishinga r o r a't
va 95% dan yugori nishiy namlikdsglanib keyingi doi:10.1088/175:899X/821/1/012013
sinovlar uchun tayyor holatga keltirildi. [5] Sheng Li, Hongbo Li, Changyu Yan, Yongfa
Qoo6shimcha ravi shda, a Ying, Xuanshue #hang, alindaZhamvestigating yhe
talablariga moslashtirish uchun yuzasi tekislab kesildi. Mechanical and Durability Characteristics of Fly Ash
Plastina  shaklidagi namunalar esa issiglik Foam Concrete.// Materials 2022, 15, 6077.
o6t kazuvchanlikni ani q Ihtepsi/Aeloi.org/10330GA1I51760d4 x s u s
o6l chamlarga kel tirildi. [6] Sattorov Z.M., Madraymov N.A. lIssiglik
Mazkurtajibas i nov met odi kasi o&lg@aktir bStraxsily ydiodamklig¢hi gadi g
tuzilishga ega, bargaror va nazorat gilinadigan tarkibli asosidagi qurilish materiallarining xossalarini tajriba
koopi kkul bet on namunal arsinov gsullarin d iEngimear nitesnatianal saientificn g
fizik-mexanik va issiglik mssdarini ishonchli  journal. Special Issue 2dpril, 2025. ToshDTU /i

baholash imkoniyati yaratildi. Toshkent, 2025 p. 43 46.
[7] Sattorov Z.M., Madraymov N.A. Issiglik
3. XULOSA el ektr stansiyasi Kul i asosi
o ) chigarish tadgigotlari va muammolari. // linigmaliy ,
Koo6pi kkul beton yengi l V"’]uerrhearlg'ﬁyAarxtietle%’f”‘uorra,qltgru'rli'Isitkh

materiali sifatida zamonaviy qurilish sohasida katta Toshkent, 2024 yi. 538 544 b.

istigholga ega .[11]. Uning pqst zichligi, yugori 8] Sattorov Z. M., Madr ay mov
goéovakli tuzilishi vV a p@é[lon'55b'|°o|k'lkar00F§ﬁFHBChélH'!:]Q
bi no I_ar da_ i Ss i _q_I 'i k .ygiyaﬁq_otteixlnios|hoigniiy aagmayt i by F&EN§o6on
sarfini sezilarli darajada gisqartirish imkonini beradi. temirbeton ishlab chigarish korxonalarida energiya

Shu  bilan = birga, ~uchuvchi kul kabi sanoat samaradorligini oshirish va ekologik bargarorlikni
chigindilaridan foydalanish materialning ekologik t+ 3 8 mi nl as h id ya yambinmlvar o ma v

xavfsizligini oshirib, tabiiy resurslarni tejashga xizmat regpublika ilmiy va ilmiytexnik konferensiya

qiladi. . .  tod6pliaFmr.gddna. -26semddT2025 25
Tadgigotlar shuni kodrgpdi@gdgpki .~ todgori tanlangan

tarkib va zamonaviy texnologiyalar asosida ishlab [9] Sattorov Z.M., Madraymov N.A. Tabiiy

chigarilgan ko dnpstakkamlik \@e t sfysiaphi€tbjfdH Val bargaror qurilish materiallari

chidamlilikka ega boolijbspn| Y1 cAMGAETI SARNADY KENGAY |
S 0 h a ' arida sama r al i goo I ohish S{u@ullaﬂ"“téﬂ&idotﬂ il Ijrrrﬁlimaliy Sjlf}rHal boi s,
kodépi kkul beton fyashil GWh ikl bk ke u;a'mO)QluIrliqri isha yMo spj
keluvchi, igtisodiy jihatdan magbul va energiya - o/ 2 g Zdshkent, 2025 yi. 166 170 b.
samarador material sifatida kelajakda nge [10] Sattorov Z.M., Otajonov O.A., Madraymov
gool lanilishi kutilmogday, A" Sanoat chigindisi asos
gorishmasining reologik xossalariga kimyoviy
FOYDALANILGAN ADABIYOTLAR godbébshi mchaning t a 6-texnika . I
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i 9097 b.
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Research Analysis on Partial Replacement of Cement in Concrete with Fly

Abstract

Ash and Wollastonite

Z.M. Sattorov'®2 O.A. Otajonov?®P

Tashkent University of Architecture and Civil EngineerifigshkentlUzbekistan

Keywords:

’Fergana State Technical UniversifgrganalJzbekistan

This study investigated the effect of partial replacement of cement in concrete with fly as
wollastonite mineral on concrete properties. The potential of wollastonite, a natural mineral ¢
produced by coal combustion in thermal power plants, to ingprile environmental an
mechanical properties of concrete was analyzed. In the experimental process, a certain p:
cement was replaced with 20% and 25% ash, as well as 10% and 15% wollastonite, anc
concrete compositions were prepared. Dyitime study, the workability, compressive strength i
durability properties of the concrete mixture were tested at 7, 14 aday28iring periods.
Concrete, concrete testing, workability, strength, durability testing, sodium sultdiastonite, fly
ash

Beton Tarkibidagi Sementni Kul va Vollastonit bilan Qisman Almashtirish
Bodéyicha OIlib Borilgan Tadgi qot

Annotatsiya

Sattorov Z.M. @2, Otajonov O.A.20P

Toshkent arxitekturgurilish universitetiToshkentO6 z be ki st on
’Fargéona davl atFdrex®@d kéme ninstvemsi teti,

Mazkur tadqgigotda beton tarkibidagi sementni gisman uchuvchi kul va vollastonit minerali
al mashtirishning beton xossa&ltamisgy atl ad s id
natijasida hosil bodél adi gan kul hamda t al
va mexanik xususiyatlarini yaxshilashdagi imkoniyatlari tahlil qilindi. Tajriba jarayol
sementning madl b njgdedaikul, 8hQningdek 1@ % va 15 % miqdo
vollastonit bilan almashtiriigan hamda bir nechta beton tarkiblari tayyorlandi. Tadgigot daw
beton gorishmasining harakatchanligi, siqilishdagi mustahkamligi va chidamlilik xususiyatlari
va28sit kal i k gotish davrlarida sinovdan o6

Kal it s o0 ¢ Beton, beton sinovi, harakatchanlik, mustahkamlik, chidamlilik sinovi, natriy sulfat, vollas
uchuvchi kul

1. KIRISH madél umotl ari ga koor a, semen
jarayoni  global karbonat angidrid (GO

Beton insoniyattaraqqgiyotida eng muhim qurilish  chigindilarining gariyp 7 % ini tashkil etadi.

materiallaridan biri hisoblanadi. Hozirgi kunda u Portlandsement ishlab  chigarish  jarayonida

dunyo bodyicha eng koop ohaktoshaidg kuydiilishi gaayugorisharéraidia Minkaru r i | i s

materi al.i sifatida e0t i dlighfkattaentigddrda @nergiya Bilad giladin Bunega ke ng

goodl Il anilishiga wuning vy atrfosféra ifloskiniskiting drisiéganblib keladil. u z o g

Xizmat muddati, itsodiy samaradorligi va turli Shu sababl i, bugungi kunda

konstruksiyal arda qo ol lgaisshmi nii mkmeind eyrad |i géadmrbmc hal a

bodél mogda. Zamonaviy qubbbiysbhasakoedapli ab iblemioynsi zl an

tasavvur gilish giyin. MBhenaga GdBEIMA Ync h SlodMdagn f o)

yillarda

1 a beton ishlab chsgagl shdajaabsehi hogebmaghi
material hisoblangan sement ekgilomuammolarni  oshiradi,sulfat muhitlarga chidamliligini yaxshilaydi
keltirib chigarmoqda. Xalgaro Energetika Agentligi
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va betonning uzoq muddat xizmat gilishini Vollastonit  mikrotolalari  beton tarkibida

tadminl aydi . Bundan t as mkaarmaturavaZifesini bajaradh Ulaa lietondchidagj ar i s h
xarajatlarini  kamaytirib, ekologik xavfsizlikni  mikro yoriglar rivojlanishini sekinlashtiradi hamda
tadminlashda ham muhi m adhlmé zialtigah edagai. vV a egili shd:

Hozirgi kunda Hindiston dunyodagi eng yirik oshiradi. Shuningdek, betonning gisgarish
sement ishlab chigaruvchi davlatlardan biri deformatsiyalarini &maytirishga yordam beradi [5].

hisoblanadi. Biroq katta hajmdagi semeishlab Vol |l astonit pl ast massa, ker a
chigarish ekologik muammolarni ham metallurgiya va qurilish materiallari  ishlab
kuchaytirmogda. Shu bois sanoat chigindilaridanc hi gar i shda keng goodél l anil a
samar al i foydal ani sh v tarkibidal uhdarr foydalanish betdnoirgy driexanikcva |
materiall arni god6l | ash dekdpnatatsibn xosusivatlamni yshilasta mkooinir i b o 6|
golmoqda. beradi.
Natriy sulfat (NaSQs) va chidamlilik sinovi.

2. MATERIALLAR VA TADQIQOT Betonning uzog muddat xizmat qilish xususiyatlarini

METODOLOGIYASI baholashda sulfat muhitlarga chidamlilik muhim

kodérsatkichlardan biri hi sol

Uchuvchi kul & issiglik elektr stansiyalarida (NaSQi) beton konstruksiyalari.
maydal angan koomirni y&Qibsm atmati igjads ikd any ohvo syi Imoddal
bo6l adi gan mayda di sper sl Sulfaignlag sement toghh tarkibidagi gid@tatsiyg o n i d a
hosil boé6lgan juda may dmahsulgtiary ditam geaksiyagat kirishibh hajmiyz | ar i
bilan birga koodtariladi kwearg@lyésthr o fmilkirrol ay o ryiotkliarmahkos
matolifiltrlarda ushlab golinadi. yemirilishi kabi salbiy jarayonlarni yuzaga keltiradi.

Uchuvchi kul tarkibida asosan: kremniy oksidi Shu sababli, betonning B8O, eritmasidagi
(SiQy), alyuminiy oksidi (AkOs), temir oksidlari chldgmllllgl maxsus Iaboratorlya S|'novlar| orqali
(FeOs) kabi oksidlar mavjud@nbddlaa@idi .UnT ajgr khalyavdg bet

tarkibi i shlatil gan k omdigdat patriy sulfgtieritmasida saglanagdio/a Ulaging:

texnol ogiyasiga bogéliq MdSda fyaorOqd Ogtiilsahdi; [ Must ahkam
Qurilish sanoatida uc h yuzadagi yemirlish holaihahplangd. 61 | ani | adi .

Aynigsa beton ishlab chigarishda u putssolan Uchuvchi kul va vollastoni

t
gooshi mcha sifatida muh#imChahsatnfikattur gad1wsielt a@e ol i shi
Uchuvchi kul sement bilan reaksiyaga kirishib, beton ichiga kirib borishi kamayadi. Natijada bunday
qoo6shimcha kalsiy gi dr obgionlarnigagressiv muhitdagiichidamgligi jogdey | v a

betonning zichtjini oshiradi. Natijada: betonlarga nisbatan yuqori ba
1  betonning ishlovchanligi yaxshilanadi; Mayda t o0 Beton rtarkibideh imayda o
1 gidratatsiya issigligi kamayadi; tood6l diruvchi sifatida tabiiy
9 suv ob6tkazuvchanligi flz&d@@r})kd(gsg,alan beton gorishmasining ishlov '
1 sulfat muhitlarga chidamlilik ortadi; k ruve ? a 3 1igi TV ad mu Stt ah kda ml i
1  uzog muddatli mustahkamlik yaxshilanadi. 001 S atacd ! ) 1 a q.! qot avo
Uchuvchi kuldanfoydalanish tabiiy resurslarni granulometrik tark|b|,.suv shlmuvchanl|92|chl|g|, . . .
hamda solishtirma ogéirligi

tejashga xizmat giladi hamda sement sarfini
kamaytirish orqgali C@chigindilarini gisgartiradiShu
jihatdan u ekologik bargaror qurilish materiallarini
yaratishda muhim komponent hisoblanadi.

talablariga muvofigligi tekshirilgan.
1-jadval
Mayda todéldiruvchining x

Vollastonit & tabiiy holda uchraydigan kalsiy || Xossalari | Qum |
inosilikat mineral. b@éllb,E|a}kiamyov||iy fpiomulas| Casi O
kodérinishida i fodal anadif o M mer.al tar i oo a ayrim
hollarda magniy, temir va marganes kabi elementlar | irikiik maduli H 2871 |
ham uchrashi mumkin. Vollastonit odatda oq rangda || Sol i shtir | 2,64 |
boolib, tolalid mikrostrukguvgh%g\,@ha,ﬁgyna. 1,77 % |

U asosan ohaktosh yoki dolomit jinslarining
yugqor i harorat v a bosimHatjnﬂy(zishIig'rlJ 176&' ik
obzgari shi natijasida h bsi bodl adi i ngli:

kimyogari va mineralogi Uilyam Hayd Vollaston L . . .
sharafiga nomlangan. Vollastonitning asosiy Yirik toddiruvchi. Tadgigotda20 mm va 10 mm

N I : ) : o fraksiyali maydalanganshag’nl yirik toddiruvchi
afzalliklari quyidagilarén iborat: yuqori oq ranglilik;
namlikni kam shimishi; pJdqa adenidy, ;TRANUNHNGG 2 P_hani ik

yuqori termik barqarorlik; kimyoviy inertlik; bardoshhg; may alanuvchanl|g| yass
mikroarmaturalovchi xususiyati. cho&inchoqg donalar migdori betonning umumiy

ENGINEER



mustahkamligi hamda uzoq muddatli ishlash 5-jadval

xususiyatlarigaadsir giladi. 1 m® B50 markali beton uchun gorishma
2-jadval tarkibi
Yirik todldiruvchinfing xossméyaar Yirik ]
| Xossalari || 20mm || 10 mm | Suv|Semenl ') g it 0 61 d | YA
Solishtirma 288 299 [15326(437,90| 76692 || 117936 |[253744
ogo6irl
Suv 6-jadval
shimuvchanligi 1,46 % 0,29 % 1 m® B55 markali beton uchun gorishma
Toé6l dir{ . ; tarkibi
zarba qiymatl 2% 8% Suv ||Semen| Ma}yda ; Yi,rik Jami
Too61 dirld todl dijtod!l d
maydalanuvchanli 11,75 % 9,98 % [15326(41422]| 78462 || 118884 |[254094
giymati
Yassilikindeksi | 1089% ||  2526% | 3. TADQIQOT NATIJALARI
c hir?dgkzil "1 684% 7,66 % Harakatchanlik. Yangi  tayyorlangan  beton
gori shmasining harakatchanl: i
1’657, yordami da baholandi. Chooki s
Hajmiy zichligi (1b7°° 153 (bo yugqori qismi bilan chodkkan
175 11,68 (zichlangan nugtasi orasidagi balandlik fargi orgali aniglangan.
(zichlangan Tadgigqot natijalari wvollastol
. . . i , _beton gorishmasining  plastikligini  oshirishini
Vollastonittabiiy kaltsif nosi | i kat mignegryaglait gbgon0 ! i b,
beton tarkibida mikrotool ‘E‘SihilszJ Vm‘hi?a'nkarﬁlit;i‘c ﬁ’aﬁjdlaﬁ.a Be'toﬁnthé atil di
betonning mikrostrukturasi yaxshilanishiga, ¢ j gilishdagi mustahkamligini
yorilishlarga  chidamlilikning oshishiga va 15 i 150 i 150 mm bodl gan
mustahkamli k kodrsat ki cfyyiantin Nam@halarYsRyifsh BreskidaNsindvédlah 9 @
xizmat giladi. _ o6t kazil gan va yuk bet on y
o ~ Zjadval  posgichmabosgich oshildi. Sigilish mustahkamligi
Vollastonitning xossalari quyidagi formula orgali hisoblandi:
| Xossalari || Qiymati | b
| pH giymati | 9,9 | a - @
| Solishtiri 267 | - .
| Hajmiy zichligi “ 12118 k gl bu yerda.: ||-6 sigilishdagi kuch;=08 kubning
. kesim yuzasi, mr
| Rangi “ Oq | Natijalar shuni koodérsatgank
) ] ] voll astonit va kul godbéshi mch
Beton tarkibini loyihalash.Tadqiqot davomida  mystahkamligini sezilarli darajada oshirdi.
B45, B50 va B55 markali beton gorishmalari Mustahkamlik va chidamlilik sinovi natijalari.
tayyorlandi. Beton tarkibioyihalashda swsement  Betonning sulfat muhitiga chidamliligini_aniglash
ni shati, todél diruvchil arma{TquadoOirda h1a5nbdamnppoté||ngqqlan1dsarblio
beruvchanlik va must ahkaglydrdnd ke 93" sttkat dbvorfidh!s@vbial qothiliiS © b 9 @
olindi. _ Qotish muddati tugagandan so
_ 4-jadval tozalandi @ ul arning boshlangéi ch
1 m® B45 markali beton uchun gorishma etilgan.
tarkibi Keyinchalik namunalar natriy sulfat (b&Q)
s s Mayda Yirik Jami eritmasiga tushirildi va mabdl
UV ISEMenly 561 d{t 061 d aml boril di. 28 sut kadan sobng
chiqgarilib, massa yoobéqgotilis
|1532d|38313” 80818 H 119771 “25422& kamayishi foizlari aniglangan.
Tadgiqgot natijalari vol |l ast

beton namunalarining sulfat muhitiga chidamliligi
oddiy betonlarga nisbatan yuqori ekanligini
kodorsatgan.
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4. XULOSA 257 M.

2l 1 duoGje ¢. ¢., wjdzjLdjoO [
Sement massasiga nisbatan 15 % vollastonit va 20 % . ¢ ., gjdzjLdzj 90O 1. J . md d3d
kul gooshilganda B45, IBj50dzts dza ¢ d 5 B j-Tefadztskoa | i/ / w. 568
betonlarning ishlov beruvchanligi yaxshilandi. [3] Z.M. Sattorov, O.A. Otajonov Influence of

B45 markali beton tarkibida 15 % vollastonitva20 t h e ash of AAngreno t her mal
% kul ishlatilganda siqilish mustahkamligi oddiy superplasticizer on the properties of aerated concrete.

beton bilan solishtirganda 7,66 % ga oshdi. llmyramal iy jurnal AArxitektur
B50 markali beton tarkibida vollastonit va kul / / ~ 3 1 ToéhReBt, 2023 yi. 146-149 b.
goo6dshilishi natijasi da maHK4$ ifinka If escitq iolfi swp | nhuasstt aohnki a nel inc
6,52 % ga ortdi. replacement on the properties of cementitious
B55 markali beton tarkibida 15 % vollastonitva20 composi t es o0, Yue Li, Zhenghua
% kul qgodé6ll anganda si qi | ZingngHen2020Elsehietladdm!| i gi 4, 93 % ga
oshdi. [5(] "Research initiatives on
Vol l astonit wva kul g o 6 svbllastonits ih cemernd s g A sc dasbebtonino mg
ajralishdagi chod6zil i sh Nisharst tAaNaikaa YhlSaiqumb, B 4Cstpber 2620, v a
B55 markalari uchun mos ravishda 4,96 %, 5,68 % vaj.jclepro.2020.124665.
5,65 % ga oshdi. [6] Bhavin Pindoriya, Aakash  Suthar

NaeSO, er it masi da o6tkaziEgperi méhtdamlihiviestigation
sinovlari oddiy B45, B50 va B55 betonlarida of cement with FIyAsh and Wol

mustahkamli k yodqot il i s hlntermatosal ResearchsJbudnal o Engireerifig, and7 , 5 2

% va 6,79 % ekanligini k ,eéhnotogyt (IRHETN).. Volume: 12 Issue: 05 | May
Tadgi qot natijal ari ga 20256 dwwairjet.nesPagedsnll.n i gi sman

almashtirish uchun eng maqgbul tarkib 15 % vollastonit

va 20 % kul ekanligi aniglangan. MUALLI FLAR TOOGORI SI DA

Vollastonit va kuldan foydalanish sement sarfini 1 A 5LUMOTLAR
kamaytirishga, betonning mexanik xossalarini

yaxshilashga hamda ekologik jihatdan barqaror Sattorov Zafar Toshkent arxitekturgurilish

qurilish materiallari ishlab chigarishga xizmat qgiladi. Mur ©@dovuni versiteti;
muhit muhandi
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Complex Modification of Cement Matrix and Bloated Vermiculite Surface
to Increase the Strength of Healzolating Constructional Blocks

Abstract

Keywords:

J. Turgaev}®?, N. Takhirjanov 2P
!Karakalpak State University, Nukus, Karakalpakstan, Uzbekistan
*Tashkent State Transport University, Tashkent, Uzbekistan

The technological and structural prerequisites for increasing the strength ehdwbating

structural blocks based on expanded vermiculite without significantly increasing c
consumption have been considered. The scientific idea of the work libe icomprehensive
modification of the "cement matrixvermiculite aggregate” system, including the introductior
microcrystalline, fly ash, and superplasticizer into the binder composition, as well as seq
treatment of the vermiculite surface witRaOH solution, liquid glass, and the GKI

hydrophobizer. It has been shown that the increase in strength is determined not only
compaction of cement stone and the formation of additional hydrosilicate phases but alsc
state of the interphastransition zone. Based on the results of composition analysesy phase
data, and microstructural images, it is substantiated that complex treatment reduces tl
porosity of the filler surface, increases adhesion, and forms a more stablecéfifient stone”
contact. The proposed approach ensures a rational combination of low density, thermal in
efficiency, and increased operational reliability for vermiculite blocks.

Expanded vermiculite; thermal insulatiwonstruction blocks; cement matrix; microcrystalli
earth; fly ash; superplasticizer; interphase transition zone; hydrophobizatigitiQel
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Mikrekremnezem migdori ortishi bilan sigilishdagi mustahkamlikning o'zgarishi

N0 N~ FSEowoso
0O FEODFIIIFO

Zola-u'nos migderi ortishi bilan sigilishdagi mustahkamlikning o'zgarishi
{a} Mekrekremnezem
53 = . (b} Zola-u'nes

k iy hicamibk, MP;
P wow
o S =
B K g ag: | MP
A
2 B

454 . i
ME migdo, % 1] 2 4 & 8 10

tdfp. 3.1. 1 tsydsfls: )
d3d§tGISQTGJd3dZJLJd30tdﬁ]' 3.2. 1 tesydasls iz dasle

st sMisOodzj dedj twdMkzdel o cHLOzAzsa) B g BE Ly Ok OC S0 S |
yls s BdCtosCtej dzdzj LY & sBiffRf jideg OfEyysd@rzgo sj Iso j teH j dac
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Superplastifikator migdori ortis hi bilan siqilishdagi mustahkamlikning o'zgarishi

(c) Superplastifikator

53
52 1
51
50 1
49 7 e
48 |

47 it

28 sutkalik sigilishdagi mustahkamlik, MPa

46 1 e

45

SP miqdori, %
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Gidratatsiyalangan portiandse: a0 modellashgan XRD diaktogramma P
siyalangan tmatritsasi + 10% XRD
Gs. ‘: 5 parg AFva ca ‘°"" refeksiar; Cu K prales s o T a pasaygan Ca(OH); reflekslari; Cu Ka, 26 = 10-70°
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Intensiviik, sh.b.

v /X
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Study of the Effect of Hydrophobic Modifiers on the Properties of Cement
Mixtures

U.J. Turgunbaev®?, Y.O. Murodillaev 1@°, D.T. Sharipoval
Tashkent State Transport University, Tashkent, Uzbekistan

Annotaton: This article comparatively studies the effect of zinc stearate and polyhydroxysiloxai# :
hydrophobic modifiers on the structural and operational properties of cearahimixtures. The
experiments were conducted on the basis of cement from OhangaemskSC and sand from tt
Chinoz mine, with a watezement (Water/Cement) ratio ranging from 0.4 to 0.7. It was found
zinc stearate (1% by weight of cement) did not reduce the compressive strength of cement
all test periods, but rather inased it by 131360.7% compared to control samples. According
the water absorption reduction efficiency factor (Pw), zinc stearate reduced capillary absory
2.573.03 times in the initial period to result twice as high as conventional polyhycasdoThe
results obtained prove that the use of zinc stearate is highly effective in ensuring therror
durability of plaster coatings in the sharply continental climate of Uzbekistan.

Keywords: Hydrophobic additives, admixture, cement, zinc stearate, polyhydrosiloxane, hydrophobi
compressive strength, water absorption, durability

Gidrofob Modifikatorlarning Sement Qorishmalari Xususiyatlariga
Tadsirini Tadqgiq Etish

Turgunbayev U.J.%®?3 Murodillayev Y .0.1°, Sharipova D.T.!
Toshkent davlat transport universiteti, Toshk© 6 z be ki st on

Annotatsiya Ushbu magolada semegim qorishmalarining strukturavyi va ekspluatatsion xususiyatlarige
stearati vapoligidrosiloksan 1361 1 gi dr of ob modi fi katorl a
Tajribalar ¢Ohangaronsemente AJ -sememdSut/Sem
ni sbatining 0,4 dan 0, 7 g a cstearatilisentent massasidam L
barcha sinov muddatlarida sement toshining sigilishga mustahkamligini pasaytirmasdan, al
nazorat namunalariga nisbatan 183,7% gacha oshirishi aniglandi. Suv yutishni kamaytit

samaradorligi koaghsasatkkcbhte@Pw)ibbdshl ah
3,03 martagacha kamaytirib, anbanaviy pc
kodrsatdi . Olingan natijalar OGzbeki st
goplamd ar i ni ng uzogqgqa chidamliligini t ad mi
berishini isbotlaydi.

Kal it s o ¢ Gidrofoblovchigoshimchalayqorishmasementrux stearati poligidrosiloksan gidrofobizatsiya

sigilishgamustahkamliksuvyutish, uzoqgachidamlilik

1. KIRISH nugsonlar tod6planishiga va vy
olib keladi. Materialning uzoqga chidamliligini

Mavzuning dolzarbligi oshirishda suv shimishni kamaytirish hal qiluvchi
omildir.

Suvoq goplamalarininguzoggachidamliligi qurilish

obektlariningasosiytexnik-igtisodiy kodrsatkichidir Muammoni ng Porttarcdgement s h i
Tashgi gatlamlar asosan namlaniiish va @S©0sidagi kompozitlarni himo
muzlaskerish jarayonlarida yemiriladi. Sement FPoligidrosiloksan13@ 1 qo6shi mchal ari qc¢
toshining géovaklarida s Birog, ularning hozirgi dozalari bargaror gldrof%bi T Vv a
kuchlanishlar ortadi. Bu holat konstruksiyalarda € f f € kt ni toodlinq taominiama:?

"MPhttps:// o000 O&BD.BRr6gY 0000
b https://orcid.org/000900879723223

ENGINEER


https://orcid.org/0000-0003-1993-8165
https://orcid.org/0009-0008-7972-3223

samaralirog metall stearatlari, xususan sink
stearatidan foydalanish istigbolli hisoblanadi.
Tadgigot magsadKimyoviy tuzilishi turlicha
bodl gan rux stearati
godshi mchal ar-qumi nggrishmatage me =
Xususiyatlariga taodsirin =

260{ 1

240

2. ASOSIY QISMI

Suvoq qoplamalarining uzoqga chidamliligi asosiy

texniki gt i sodi vy kodérsat ki cl
gatlamlarining yemirilishi asosan ikki mexanizm bilan ™ % Y o 0
E ? |g 8 Ig :a g : t asf)I skiI rI “ B?Ji rinll ? r; IhD < & r%gfra i:déoé? lz{atorlarf)lé uéléélvga(\jlflka ri
muzlasherish jarayonida suvning fazaviy m?gr;katcf nln gla(koﬁ Iseignqsl:n;g;) nqurgn;s t
o6bzgarishlari tufayli yuz inéallsbosat Y ?( ﬁ(;]lanl Ihllar
natijasi da shikastlanishlarm ng ooplanlsohq b at i
sodir bodl adi . Bundan ta ar.i kuchl an v i
muhit va atmosfera havosining gakgaa | taod 8. ?% é rln t|d ko h ors f?g:enitl QIK(%%) i dekK '
notekis choo6ki sh vV a bodki si‘;Gil'O aoy nall QS g?hmm?.qs%isﬁ
natijasida vujudga keladi. Har ikki holatda ham | hqo Ib keladi g tos tS 9a
materialning suv shimish qobiliyati uning uzoqga (quyuqlas IS hg ) ol K er? - rl:): ﬁearal esal | |
chidamliligini belgllovcah§asosr oomlus boogliyboy>f| rr?adt
qgiladi. abdsir e ay, [ avyva

Portlandsementdan tayyorlangan qurilish Eg g f’ ' Z tn ie n Sulciﬁoa glilr%lallsililem?nzkin g g tz gar
materiallarining uzoqga chidamliligini oshirish uchun . 9 . g '

Biroqg, goodshilayotgan rux ste

Poligidrosiloksan 1361 [1,2] kabi bilan - lashish marasi nad Ir
gidrofoblashtiruvchi qoosah %uﬁﬁgqiaorsoﬁlazﬁjify%?(?ayladéq%?qladi
Hozirgi vagtda bozorda yangi gidrofobizatorlar: sink, oy '

; . : : . Gldrofoblovchi go6shi mch:
lr;a;i%,dmagnly, marganets stearatlari va natrly oleati modifikatsiyalangan qurilish qorishmalarining

, A must ah.k aml gqr i agi
Shuni tadkidlash joizki - qoosah|nh.: % 3 dg
dozasi bargaror va uzoq muddatli suv qaytaruvchl 0| ngan ma qajaualdaokﬁ tﬁ" é

samaraga erishish uchun yetarli emas. Shu munosaba{fmv""I esa ushbu tarkiblarning suv yutuvchanl|g|

bilan [3]ishda minerakhlakli kompozitsion uIarnlngsOuvs € meEg ?' sbati bi Iua:n qua:r
materiall ar yordami da 494 Bal r % it azl? }1 \) :
bls's'h ah agmus a3 k & i g

ularning natijasida sink hamda kalsiy stearatlari

. g mnmldara , day )
o6rganilgan met all stearbaHﬁagra|n éaﬁﬂﬁj@?aahqcfa%nasalira@ Md'iC & <

ekanligi aniglangan. Ushbu natijalarni inobatga olgan . jadval).
0 %Jagvglht iruve

holda, tadgiqotimizning ikkinchi boszthida kimyoviy
tuzilishi har Xi | bool g "j‘Tr}.-;lrkiblidél< 5idrotf08'|zats(?ylal<9vcrhﬂ< omponen

g o 6 s hi micdmnk stearatig(kimyoviy formulasi:

i : : boél gan qurilish qgorishmalar

Z.n(Cl7Ij|35COO).2). va qﬂlgld.rosnoksanlamng. Cotur | bosgichlarida mustahka
gidrofobizator sifatidagi giyosiy samaradorligini - . —
aniqlashga edétibor qaratdr/i lil Qoo§h| S'q'I'Shga.

Tadgigotdan magsad sink stearati (sement r ar, % mustahka}mllk
massasining 1%i) va dfigidrosiloksan 13611 chegarasi, MPa
(sement massasining 0, 15 %i ) qoéshl‘?mc%allﬁriz%ing
gurilish gori shmal ari kOﬂSiStGﬂSii%S?ubaSUt tSUalsirini
aniglashdan iborat edi. Qorishmalar a |ka”[ka |ka
iOhangaronsemento D20 md t K D1l sement® V& | @nlidfq:z
koni qumidan (Mkr = 1,5) sement:qum nisbati 1:3 4 B S >
gilib tayyorlandi. Konsistesiya GOST 310.4 2|0, 55| 11 | 16, | 30
booyi cha -streent nisbatlaridagQuvdan 0,7 S 5
gacha) tebratish stolidan foydalangan holda aniglandi. 310, 42| 89| 14, | 26,
Sememgum aralashmasi konsistensiyasinindlus 6 2 S
gqo6shi mchal ar -semehti | rashatiga s @ v 0O, 2,81 70| 10, 22,
bogo6liqgligini k 0 6 rrasmdau vic hli/ natijala 391 5
keltirilgan.
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5 01 812 15’ 207 33, Mustahkamlikning ortib borish dinamikasi (MPa)
4 poligidrosilo 2 0 5 ~® Nazorat (Suv/Sem 0.4)
6 |0, | ksan 13641 | 58| 13, | 16, | 28, 2T :
5 5 5 2 Esﬁ —& Rux stearati (Suv/Sem (1.7)
7 10, 45| 8,6 | 13, | 26, £y
6 5 5 g ,
8 |0, 30| 7,0 12, | 19, %
7 2 5 g2
9 |0, 85| 19, | 27, | 41, By
4 rux stearati 5 2 5 E .
1|0, 72| 15, | 21, | 38, B
0 |5 5 5 7 " s
1|0, 56| 13, | 15, | 29, . : - =
116 2 5 5 Qotish muddati (sutka)
110 45| 11 | 14 | 26, 3.2rasm. Eng xos nisbatlar (Suv/Sem 0,4 va
2 |7 5 Suv/Sem 0,7) uchun mustahkamlikning vaqt
bodéyicha odbdzgari shi
Tadgi qgot shuni kgom r s - ) )
gorishmasi ga 0061 g asemeht g ¢ _Shunday qgilib, rux ste_aratldan foyda!anlsh _
ni shbatlarida (0,4 dan O, qorlshmagq nafagat suv _|taruvch| xususwatlayrm qoo6sk
uning mustahkamlilkususiyatlarini sezilarli darajada P €r adi , bal ki ~anb6anaviy qoo0
yaxshilaydi. Gi drofobl o\unng mgstahkamllk markasml ham sezilarli darajaglg g
dastlabki va medyor iy mioshirshimkonini beradi. _ i kni
nafagat pasaytirmaydi, balki nazorat namunalariga QO O0shi mchal arni ng o gidro
nishatan uning bargaror samaradorligini o&8@ladgiygh GO
Tarkibida I ux stearathayon etil gan usl udgumy ot bo
sinovning barcha davrl a ¢ gorishmasining suv yutishini kamayishini aniqlaqh| i shg
yugori mustahkamlikka egorqa!i oc’>t.kazildi..Kamayish C
Oradan 3 sutka odgach rux stearati POOyicha hisoblandi
namunalarning mustahkamligi nazorat PW=# (2)

namunalal’ining kodsatkichlaridan 13,3 60,7% ga bu yerda W 1 nazorat na?'nunasining suv yutishi, Wr
(SuvSemnisbatigaqaral) oshadi Engyuqorinisbly  esa gidrofoblangan namunaning suv yutishidir.
ogsishSuvSemnisbatD, 7 bodgandagaydetilgan(2,8 Barcha tadqiq etilgan tarkiblar uchun suv
MPaganISbatam,5l\/|Pa) QOtiShning 28 y ut | S h | n | n g k ama y | S h d ar aj as
sutkasidarux stearatligorishmaningmustahkamligi v a gt i ga b o g 63l4jadyalda keltirigarat i j al ar
41,5MPa(SuvSem0,4 da) dan26,5MPa(SuvSem

0,7 da gacha bodgan giymatni tashkil etadi 3.4-jadval
Taqqoslastuchun 13641 markalipoligidroksiloksan Suv yutishining kadnayi sh ko
godlangandabu kodsatkichlaranchapastbodib, 33,5 Suv/ Sem nisbati va todyinish
dan19,5MPagachaoraligdao&garadi QooOshiTod| SIS| SIS | SIS | SIS

Suv/ Sem ni sbati 0,5 bopl gandjanishny =0 | DH5e=0/6ax0j7| bi | an
gidrofoblangan tarkibningnustahkamligi 28 kundan vaqti,
soébng 38,7 MPani tashkil et adi| soatBu 0060slhi mchal arsi z

nazorat namunasining mustahkamligidan (30 MPa)| poligidrosil | 0,25 | 1,37 | 1,44 | 1,49 | 1,57
1,29 baravar va poligidroksiloksanli tarkib natijasidan oksanlar
(28,2 MPa) ancha yuqoridir. Quyida eng xos nisbatlar 13641
(Suv/sem 0,4 va Suv/Sem 0,7) uchun 1 1,33 1,39 1,44 | 1,52
mustahkamli kning vagt ooti shjii 3 bidoan33| p3onomy
o6zgarishini yaqgqol kodfr sat uvlic hei 1p6 [a1f2B k1,3k[e at|i r i | gan
(3.2rasm). 24 [1,19]1,23]1,25] 1,29
rux stearati| 0,25 | 2,57 | 2,68 | 2,82 | 3,03
1 2,51]| 262|271 2,89
3 2,39| 2,48 | 2,53 | 2,79
6 1,86| 1,87 | 1,91 2,38
24 | 1,48| 151| 1,54 1,78

3.4jadvaldagi dr of obl ashtiruvchi
(poligidrosiloksanlar 13@&11 va rux stearati)
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gooshi | gqum gosshrmaknmming suv yutishi  Suv/Sem nisbatiga garab 13,3% dan 60,7% gacha

suv bil an todyintiri shnyetadi a suv
sement nisbatiga (S/S) b 3 Suv/ Sem = 0,5 bodhganda
T o 6y i ndastlabki davrgla (0,29 soat) sink  tarkibning 28 kunlik mustahkamligi 38,7 MPa ni
stearati ablo darajadagitaminl adi . Bu kodorsat ky athl anre

namoyon etadi. Uning uchuRy Kk 0 6 r s at ki cMPa) 1,29 baravar yuqoridir.
3,03 or al i g 6-41d poligidiosiléksasia |, 4 Todéyinishning dastl abki

uchun bu kod6r satlBIdarhl5dnstearat. kapil |l ¥B#3 magao 6r i | i s
gacha. Bu holat sink stearatining namlik bilan kamaytiradi. Bu poligidrosiloksanga (1j3357)

al oganing birinchi s 0 a t nisbatan qariyb ikki baravar yuqori samaradir. 24l i s hni
samaralirogq todsi shnnqosoatli k todlig todyinishdan
kodérsatadi . o6zining yau xususiyiatini H21i,481G8)
Todéyinish vaqti 2 4 s 0 a saglab goldi. archa
tarkiblar uchunPy ko 6r sat ki chi gonuniy ravi shda

pasayishi kuzatiladi. Biroq, bir sutkadan keyin ham FOYDALANILGAN ADABIYOTLAR
sink stearatli tarkiblar yuqorirogq samaradorlikni /| REFERENCES

saglab goladi (1,48.,78), 13641
poligidrosiloksanining himoy®@lstd@@cosel [ t§negsiad y Pic &b Oazhz |
giymatlargacha (1,14,29) tushib ketad BJjIstsds’f sGoOG, 2000.

Toogo6trda dadr i koretldil WSt si [plas @d&y fdo d y [. 1., [ d s dz

nisbati oshishi bilan ba&bjtKdtafh)Rdz0 0 0 Sehefi yMBS B RIAFOBY  ©
samaradorligi ham ortadi. Gidrofobizatsiyaning eng ¢ O dzdzw di3ts dzts d3§ te dz' A3 Ctoj dgdzd 2 St
yaxshi kodérsatkichl ari ME$HH ddzj Gad @ dzdp 0 ¢ |/ g at iy oirplsytedlz € Is 2
etil gan. Xususan, 6 soafbkh fd@dg i nifsththpdps ms@ongd V/ g
nNi sbat. 0,7 boodlPglamoérss antkls s Bfgtf el dzruT hiftssfck ji E B B ¢ : & @ HzS
2,38 ni tashkil etadi, bu esa V/S nisbati pastroq |s tg . RL H. 1 v Y54, 1995 . Y. 50

bool gan h o li1a%1)l garagpada éntha 8 6 [3] 1 d MMj elsOydw ¢C. Is. dz [ st

yuqoridir. IrMsCsedHteY 5B d C Y s
Sink stearati barcha nazorat nugtalarida (0,25 dangzO'Is j tc d O dzr

24 soatgacha) 1361 poligidrosiloksanining [4 1 {uv 1278.30j Btsdz . [ jsBH

koorsatkichlaridan doi miw{ tjanvji dgjhddgw YausHosffits gnaAsthijjdgflwa r n

koorsatadi . Bu wuning mat efs| alrguhbayeZR, Ghafpuve D.DFy mixes i moy a

bil an tadominlovchi s a Mmaoden dorstuétion uingdoca® faw MatedialsCand

komponen si fatida qod6l | ani bdysédriaddifvess §IRRAQ2023 ME3S OWeb Gf

ekanligini tasdiglaydi. Conferences452 (12), 2023.

Shunday qilib, rux  stearati 13641

poligidrosiloksaniga nisbatan ancha samaralirod MUALLI FLAR TOO6 GO RI SI DA
gidrofobizator hisoblanadi. U dastlabki bosgichda (1

soatgacha) naml i ikknkbaravaro 6 s'vil'%(?] hap IVlooe-l-yl'a'rb‘IRi

ustunlikni t a 6 mi nl aydi va Uz orGrguniafe? t Binod&ardbdl inshédtiar qurilishi,
todyintirilganda ( 2425s 0 atyinpdk0 X ?Jélﬂ(énhdbvﬂaﬁrangp%rfuﬁi\ge%iﬁ da
38% yuqorirog himoyaxususiyatlarini saglab goladi.  jagmolovich  E-mail: urinbekdj@mail.ru

Qoodoshimchaning asosement XU§HFdva @ Bido vasahdal inshootiar durilishi,

nisbatlarida ham yuqori samaradorligini saqglab  pjjafruz Toshkent davlat transport
golishidir, bu esa uni sement tizimlarini uzog muddatli 1,fukovna universiteti, Toshkent
gidrofobizatsiyalash uchun eng magbul tanlovga E-mail: dilafruz1407 @gmail.com
aylantiradi.

Murodillayev  Bino va sanoat inshootlar qurilishi,
Yashnarbek Toshkent davlat transport

3. XULOSA Otamurod  universiteti, Toshkent

006961 Email

1. Suv/Sem nisbati 0,55 dan oshganda murodillayevyashnarbek@amail.co

poligidrosiloksan qorishmani quyuglashtiradi. Rux

stearati esa konus yoyilishiga deyar/l.i sal biy taédsi
kodrsat maydi .
2. Rux stearati sement tizimlarida

mustahkamlikning pasayishini oldini oladi. Va barcha
muddatlarda nazorat namunalariga nisbatan bargaror
06si shni tadébminlaydi. 3 sutkada mustahkamli k o0d6si shi
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Modification of the Cementitious System As A Method For Densifying the
Inter -Pore Walls of Fiber-Reinforced Foam Concrete

V. Soy*®2 G. Nuriddinova®®, J. A. Turgaev?®¢, A.O. Jumageldie®¢

Tashkent State Transport University, Uzbekistan
’Karakalpak state university Karakalpakstan, Uzbekistan

Annotaton This study investigates the effect of complex modification of a cementitious system on har
behavior and strength formation in cement paste designed for the production -oéifiberced
foam concrete. Microcalcite, microsilica, and a polycarboxylassed superplasticizer were us
as modifying components. The experimental program included a comparison between a re
mixture without additives and a modified mixture incorporating 5% microcalcite, 5% micros
and 1% superplasticizer by masxefment. Compressive strength was evaluated after 3, 7, a
days of curing, and the phase composition of the cement matrix was analyzedybyiraction.
The results showed that the complex additive did not lead to a significant increase -agee
strength, but contributed to the development of strudtumaing processes by 28 days-ray
diffraction analysis confirmed the presence of portlandite, calcite, residual clinker minerals,
amorphous region related to calcium silicate hydrate gghaShese findings indicate that tl
combined use of microcalcite, microsilica, and superplasticizer promotes densification
cement matrix and can be applied to modify the cementitious binder fordinéorced foam
concrete

Keywords: Fiberreinforced Foam Concrete; Cementitious System; Microcalcite; Microsilica; Polycarbo:
Superplasticizer; XRay Diffraction; Compressive Strength

1. INTRODUCTION The condition of the cement matrix forming the
inter-pore walls is of particular importance. These
In modern construction, there isiaereasing demand  structural regions carry the main mechanical load and
for lightweight and energgfficient materials  determine the compressive strength of the material. If
characterized by reduced density, sufficient strength,the cement matrix is characterized by increased
and stable performance properties. One of thecapillary porosity, insufficient density of hydration
promising materials in this field is neautoclaved  products, or a large amount of weakly bound phases,
fiber-reinforced foam concrete, whigtombines the  the strength of foam concrete decreases even when the
advantages of a cellular structure and dispersedpore structure is relatively uniform. In this regard,
reinforcement. Due to the presence of artificially modification of the cementitious systemosid be
formed air pores, this material is characterized by low aimed not only at improving the workability of the
average density and reduced thermal conductivity, mixture, but also at controlling the hydration and
which makes it suitable for use in@osing, partition, phase formation processes of cement paste.
and thermainsulating structural elements of A promising approach to increasing the density
buildings [1, 2]. and strength of the cement matrix is the combined
However, producing lovdensity fibefreinforced incorporation of mineral and chemical modifiers. In
foam concrete with sufficiently high strength remains this study, a modifying system consisting of 1%
a challenging technological task. As density polycarboxylatebased superplasticizer, 5%
decreases, the volume of pore space increases, thmicrocalcite, ad 5% microsilica is considered. It is
thickness of the intepore walls decreases, and the assumed that the superplasticizer ensures dispersion of
probébility of forming a defective cement matrix cement particles and reduces water demand,
increases. As a result, the material may exhibit microcalcite acts as a microfiller and crystallization
reduced strength, increased water absorption,center, while microsilica contributes to the binding of
shrinkage deformations, and a tendency toward calcium hydroxide and the formation of additional
microcracking [3, 4]. Therefore, improving the quality calcium silicate hydrates.
of the cementibus system is one of the key The aim of this study is to investigate the effect of
approaches to enhancing the properties of-non complex modification of the cementitious system,
autoclaved fibereinforced foam concrete. including 1% polycarboxylatbased superplasticizer,
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5% microcalcite, and 5% microsilica, on phase Along with active siliceous additives, limestone
transformations and the strength of filsemmforced powder, or microcalcite, is widely used in cement
foam concrete. To achieve this aim, a referencebased materials. According to the review by D. Wang
composition without modifying additives and a et al., limestone powder can affect cementitious
modified composition were compared. The systems through several mechanisms, including the
effectiveness of modifation was evaluated based on filler effect, nucleation effect, dilution effect, and
the results of compressive strength testing arrdyX  chemical interaction [7]. When used at a rational
diffraction analysis of the cement matrix. dosage, microcalcite contributes to microstructural
Literary analysis densification, reduction of porosity, and acceleration

The production and application of foam concrete have Of clinker mineral hydration. Under the conditiaofs
been widely discussed in the scientific literature. In the fiber-reinforced foam concrete, this may promote the
work of K. Ramamurthy, E.K. Kunhanandan formation of a denser cement matrix and strengthen
Nambiar, and G.I.S. Ranjani, studies devoted to thethe interpore walls. .
composition, production technology, properties of ~ An important component of the modified
fresh mixtures, and characteristics of hardened foamCémentitious system is a polycarboxytaeesed
concrete are systematized [1]. The authors note thaSuPerplasticizer. Modern polycarboxylate admixtures
the properties of foam concrete depend on the type ofP0SS€ss high wateeducing capacity and provide
binder, mixture composition, foam stability, water effective dispersion of cement particles. Their action

solid ratio, and curing conditions. At tharse time, IS @ssociatedith adsorption on the surface of cement
not only the total porosity but also the quality of the Particles, electrostatic repulsion, and steric hindrance
formed pore structure plays an important role. between particles [8]. This makes it possible to reduce

A number of studies show that the strength of the water demand of the mixture without impairing its
foam concrete is closely related to its porosity. E.P. flowability, \_NhICh Is espeuglly important foroam
Kearsley and P.J. Wainwright established a CONCrete, since an excessive amount of water may
relationship between the volume of pore space and the&@Use segregation, settlement, and disruption of the
compressive strength of foam concrete [3]. As Pore structure. .
porosity inceases, the strength of the material The analysis of literature sources shows that the
naturally decreases; however, the nature of this€ffects — of — microsilica, — microcalcite, — and
decrease depends on the condition of the cemenfUPerplasticizers on cememsed materials have been
matrix and the pore distribution. This means that the Studied quite extensively. At the same time, most
strength improvement of lodensity foam concrete  Studies consider the action of these components
cannot be achievednly by changing the number of separately o in relation to conventional cement

pores; it is also necessary to improve the quality of theconcrete. The complex influence of the combined use
inter-pore walls. of microsilica, microcalcite, and a polycarboxylate

E.K.K. Nambiar and K. Ramamurthy based superplasticizer on phase transformations in the

investigated the influence of pore structure on the c€mentitious system and the strength of -non

permeability and performance properties of foam autoclaved fibereinforced foam concrete remains
concrete [4]. The authors emphasize that the size Insufficiently studied. Therefore, a comparative study

shape, distribution, and degree of connectivity of Of reference and modified compositions usingay
pores significantly fiect the water absorption and Q|ffract|on analysis is of both scientific and practical
durability of the material. For neautoclaved fiber ~ INterest.

reinforced foam concrete, this conclusion is of

particular importance, since instability of the pore 2. MATERIALS AND METHODS

system can lead to increased open porosity, reduce
strength, and deteration of performance
characteristics.

Fine mineral additives are widely used to
improve the structure of the cement matrix. One of the
most effective active additives is microsilica. Its effect
is associated with its high fineness and high content of
amorphous silicon dioxide, which reactshwialcium
hydroxide formed during cement hydration. As a
result, an additional amount of calcium silicate
hydrates is formed, contributing to the densification of
cement paste, reduction of porosity, and increase in
strength [5, 6]. However, the effectiess of
microsilica depends on its uniform distribution in the
cementitious system and on a rational waberement
ratio.

dI'he modified cementitious binder was prepared using
cement, finely dispersed mineral additives, and a
chemical modifier. The main characteristics of the
materials used in the study are presented in Table 1.

After the selection of the raw materials, two
cementitious system compositions were prepared: the
reference composition R and the modified
composition M. The reference composition R did not
contain mineral or chemical modifying additives and
was used for @anparative evaluation. The modified
composition MK1 included a complex of additives:
5% microcalcite, 5% microsilica, and 1%
polycarboxylatebased superplasticizer by mass of
cement.
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Table 1

Characteristics of the materials used for the production of fiberreinforced foam concrete

Material

Origin

Material characteristics

Function in the modified
system

Portland cement
CEM llI/A-K 42.5

JS@kmhangar a
Republic of Uzbekistan

Cement containing a
mineral carbonate additive
strength class 42.5; used |

Main component of the
cementitious system;
ensures the formation of

cement paste and the

N ; o strengthbearing matrix of
the main hydraulic binder fiber-reinforced foam
concrete
Active mineral additive;
Highly dispersed siliceous participates in the
By-product of . ; ; ! \ .
Microsilica metallurgical production o afd di :] : gzoe/l_ Wl lt EOZZOI?;:_CI reaction W'tg
jsc ﬁUzmetkomoretan b; particle a ( ) an
size | ess to the formation of
additional G Si H phases
F|fn eilyldllspgrfed cbar;)osnae1 _ Acts as a microfiller;_
Microcalcite Product of carbonate raw  characterized by high 'mggxgzspda;!ggspﬁcmgg
(CaCQ) material grinding / waste| fineness, with a specific cement matrix. and
from marble processing| sur f ace ar eg !

and a fillerstructuring
effect

promotes nucleation of
hydration products

Polycarboxylate
superplasticizer
iMaster

Industrial chemical
admixture for cementitious
systems

New-generation water
reducing admixture;
dosage in the modified
compositiond 1% by

mass of cement

Improves the dispersion
of cement and mineral
particles, reduces the
waterdemand of the
mixture, and increases th
homogeneity of the
cement suspension

Tap water complying with

Used for cement
hydration, preparation of

Ensures cement hydratiq
processes and provides t

Mixing water the requirements for wate| the cement suspension, a| . .
X , ; : required working
used in concrete mixtureg preparation of the foaming : .
agent solution consistency of the mixtur
Cube specimens with di Be RESULTS ANDG DISQUSSIONO T 20

mm were molded from the prepared mixtures. After ]
molding, the specimens were kept in the molds until The experimental results demonstrated that complex

demolding and then placed in a standard curing modification of the cementitious system significantly
chamber. Curing was carried out at a temperature ofinfluenced the strength development of hardened
2 0 N an2 arAl&ive humidity of not less than 95%. cement paste. At all curing ages studied, the modified
Tests were performed at the ages of 3, 7, and 28 dayszomposition M, incorporating 5% microcalcite, 5%
Compressive strength was determined using amicrosilica, and 1%  polycarboxylatemsed
hydraulic press in accordance with the requirements ofsuperplasticizer by mass of cement, showed higher

GOST 310481 AiCement s. M edmipresdive strentjtie than the reference composition
determination of fl exur aR. and compressive strengtho
and GOST 10182 01 2 AConcretes. Met hods for

strength determinationusn g r ef erence specimens. 0 At

each curing age, specimens of both the reference and
modified compositions were tested.

X-ray diffraction analysis of the hardened cement
paste was performed at the ages of 3, 7, and 28 days.
The analysis was carried out to evaluate the phase
changes occurring during the hardening of the
reference and modified cementitious systems. The
obtaired XRD results were compared with the
compressive strength test data.
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Table 3

Compressive strength of the reference and modifiedompositions

| cement Mineral and chemical additives, _
Composi content wit.% of cement _ wiC Age, days Compressive
-tion % ’ caca S P Magter Microsilic | ratio ' strength, MPa
Gleniuneg a

3 63,4

R 100 - - - 7 74,3

28 74,3

3 63,06

sl 90 5 1 5 7 67,73

28 78,30

As shown in Table 3, at the age of 3 days, the

strength values of the

the replacement of 10% of cement with microcalcite
and micosilica did not cause a noticeable reductionin r e f |

To assess phase changes during hardeninigy X

reference and modified diffraction analysis of the modified composition MK1
compositions were almost identical, amounting to was performed at the ages of 3, 7, and 28 days. The
63.40 and 63.06 MPa, respectively. This indicates thatdiffraction patterns are presented in Fig. 1.

the early strength of the cementitious system.
At the age of 7 days, the strength of composition were recorded at all curing ages. The presence of a

MK1 was 67.73 MPa, which was 8.8% lowerthanthat pr onounced

In the diffraction patterns of composition MK1,

of the reference composition R. This may be attributedincorpaation of microcalcite, as well as with the
to the reduced cement content in the mixture, as wellcarbonate component present in the cementitious

as to the fact that the pozzolanic activityr€rosilica

does not manifestimmediately, but develops graduallyfiller and contributes to the densification of the
as calcium hydroxide accumulates during hardening hardened cement paste structure.

By 28 days, the modified composition reached a

compressive strength of 78.30 MPa, whereas thecrystalline calcium silicate hydrates,i & H, is
strength of the reference composition remained atobserved in the lovangle range. This phase is the
74.30 MPa. Thus, at the design age, MK1 exceeded RMain  strengtiforming component of hardened
in strength by 5.4%. This result indicates the positive ceément paste; however, due to its poorly crystalline
effed of complex modification on the strength structure, itdoes not appear in the diffraction patterns
development of the cementitious system at later curing@s sharp intense peaks. The formation of th&i &

ages.

The increase in the strength of composition MK1 clinker minerals and with the possible pozzolanic
by 28 days is associated with the combined action ofreaction of microsilica with calcium hydroxide.

microcalcite, microsilica, and the superplasticizer.
Microcalcite contributes to microfilling of the

structure, microsilica participates in the pozzolanic modified cementitious system was observed. The

reaction with the formation of additional calcium Pe€r si st ence

silicate hydrates, and the superplasticizer improvesongoing hydration processes, while the presence of
particle dispersion. As a result, a denser cement matrixPortiandie confirms the hydration of the silicate

is formed, which ensures the strength gain of the phases of cement. At the same time, microsilica may
modified composition.

suopuas obnacts C-5-H|
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Fig. 1. XRD patterns of the modifiedcomposition
MK1 at 3, 7, and 28 days

ections of portlandite Ca
resi dual unhydrated <clinker
CacCco peak i s as
system. The carbonate phase acts as a finely dispersed
An amorphous region characteristic of poorly
phase is associated both with the hydration of cement
As the curing age increased from 3 to 28 days,
gradual development of the phase composition of the
of C S and CcC S
partially bind Ca(OH) to fo

silicate hydrates, contributing to the densification of
the cement matrix.

The obtained XRD data are consistent with the
compressive strength test results. Although the
strength of composition MK1 at 7 days was lower than
that of the reference composition, by 28 days the
modified composition reached 78.30 MPa and
exceeded the refence composition by 5.4%. This
indicates that the main effect of complex modification
becomes more pronounced at later curing ages, when
the combined action of microcalcite and microsilica
contributes to the formation of a denser cementitious
structure.
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4. CONCLUSION and computer modeling studies on cement pastes.
Cement and Concrete Resear2B00, Vol. 30, No. 6,

The conducted studies showed that complex pp. 953 962. https://doi.org/10.1016/S0008
modification of the cementitious system with 8846(00)00264
microcalcite, microsilica, and a polycarboxylate [6] Hamada, H.M., Abed, F., Binti Katman,
based superplasticizer changes the hardening behavioH.Y., Humada, A.M., Al Jawahery, M.S., Majdi, A.,
of hardened cement paste intended for the productionyousif, S.T., Thomas, B.S. Effect of silica fume on the
of fiber-reinforced foam concrete. properties of sustainable cement concrdteirnal of

It was established that the modified composition Materials Research and Technolog023, Vol. 24,
did not provide a pronounced increase in strength atpp. 88878908.
early curing ages. The main effect of the complex https://doi.org/10.1016/j.jmrt.2023.05.147
additive became evident by 28 days, which is [7] Wang, D., Shi, C., Farzadnia, N., Shi, Z., Jia,
associated with the gradual development of strueture H., Ou, Z. A review on use of limestone powder in
forming processes in the cementitious system. cementbased materials: Mechanism, hydration and

The results of Xay diffraction analysis confirmed  microstructuresConstruction and Building Materials
the presence of portlandite, calcite, residual clinker 2018, Vol. 181, pp. 65%72.
minerals, and an amorphous region corresponding tohttps://doi.org/10.1016/j.conbuildmat.2018.06.075
calcium silicate hydrates in the modified composition. [8] Gao, Y., Zhang, Y., Li, J., Wang, X.
The presence of calcite is associated witie Interaction between polycarboxylate superplasticizer

incorporation of microcalcite, while the formation of and cement particles: A revieMaterials 2025, Vol.

calcium silicate hydrates is caused by cement18,

hydration and the possible participation of microsilica https://doi.org/10.3390/ma18112662

in the pozzolanic reaction.
The combined action of microcalcite, microsilica,
and the superplasticizer contributes to the
densification of the cement matrix due to microfilling, AUTHORS
improved particle dispersion, and the formation of
additional hydrate phases. This creates prerequisites
for increasing the strength of the infmre walls of
fiber-reinforced foam concrete. Soy
Thus, the application of the proposed additive  v/|adimir
system can be considered an effective approach to thepixaylovich
targeted modification of cementitious binder for fiber
reinforced foam concrete.
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Physicochemical Fundamentaland Technological Efficiency of NorSteam
Production of Dispersed ReinforcedComposites

A.l. Adylkhodjaev®2, A.F. BabajanoV®P
Tashkent State Transport Universifigshkent, Uzbekistan

Abstract The article examines aspects of the energy intensity of precast concrete production and the
influence of steam curing on the formation of concrete structure. Based on the thermod
approach and the theory of heterogeneous nucleation, théifilyssf transitioning to norsteam
curing technology is considered. A mathematical model of strength development kinetics b
the Arrhenius equation is presented, and the role of carbonate microfillers in reducing the ac
energy of the hydrain reaction is demonstrated. Special attention is paid to the specifics o
reinforced concrete hardening: it is proven that the elimination of steam curing minimizes tl
deformations of polymer fibers, preserving the integrity of the adhesia: bo

Keywords: Non-steam technology, activation energy, hydration kinetics, nucleation, polycarboxylates
reinforced concrete, energy efficiency
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Analysis of Modern Research on the Impact of Desert Winds and Sand

Processes on Railway Tracks

A.Y u. MamadalieV}®2 S. S. Abbarova®®®

Ministry of Higher Education, Science and Innovation of the Republic of Uzbekistan

Abstract:

Keywords

*Tashkent State Transport University

The article provides an analytical reviewrnbdern domestic and foreign research dedicated tc
impact of desert winds and sand processes on railway infrastructure. The climatic and aeror
features of arid regions, the mechanisms of sand drift formation, and their impact on the eler
the road's upper structure have been examined. A comparative analysis of modern eng
solutions for protecting railways from wind and sand impacts has been conducted. It he
established that foreign research is primarily focused on the applicdt©RD modeling, digital
monitoring, and aerodynamic analysis of sand flows, while domestic research focuses on inc
the operational stability of the upper track structure and improving sand protection structure
main scientific problems havesen identified and promising areas for further research in the fie
increasing the stability of railway infrastructure in desert regions have been identified.
Railway track, desert winds, sand drift, aerodynamics, arid regiasst layer, CFD modeling
engineering protection, operational stability
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Improving Saline Soils with a Fiberglass Reinforcing Layer

Z. Kakharov®2, |. Purtseladzé®P
Tashkent State Transport Universifiashkent, Uzbekistan

Abstract This article examines the problems of saline soils, which lead to a decrease in their stability
wetting and drying, using the addition of fiberglass. When fiberglass was added to soils in b
and wet conditions, soil settlement and dynamic paramsignificantly increased with increasir
fiber content. Furthermore, settlement, velocity, and soil displacement decreased with the adi
fiberglass, while acceleration increased. The stability parameters of soil treated with fiberglas
percentage significantly improve with increasing fiberglass content. The practical benefit of
results in engineering applications lies in their ability to construct buildings on challenging soi

Keywords: Soils, saline soils, collapsible soils, nylon composite, fiberglass, sand layer, reinforcement
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Assessment of the Effect of Geomatn Reducing the Intensity of Deflation

Abstract

Keywords:

of Sandy Soils on Railway Embankment Slopes

K.S. LesoV®? A.Sh Uralov®P
Tashkent State Transport Universifiashkent, Uzbekistan

The article examines the effect of geomats on reducirigtiwsity of sandy soil deflation on railwa
subgrade sl opes. The relevance of the stu
wind erosion leads to the removal of soil particles, deformation of slope profiles, contamina
the balast layer, and a decrease in the operational reliability of railway tracks. Geoma
considered as geosynthetic protective materials forming a spatial structure on the slope surfac
limits the movement of sand particles and reduces the impainaisand flow. The theoretical bas
of the study is the classical relationship proposed by R.A. Bagnold, describinglrivied sand
transport considering wind dynamic velocity and particle characteristics. It is shown that, for r
subgrade slopedgflation assessment should take into account not only wind impact paramete
also soil properties, moisture content, surface condition, and the presence of a protective ¢
this regard, the necessity of considering the coefficient Cg, charatgethe retaining capacity o
geomats, is substantiated. The use of this coefficient provides a methodological ba
mathematical modeling of ardieflation slope protection and for evaluating the effectivenes
geomat application in sandy soils.

Geomat, deflation, sandy soil, railway subgrade slope, railway track, wind erosiedgeation
protection, coefficient Cg, windand flow, geosynthetic materials
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A Technical and Engineering Analysis of the Parameters for Protective
Forest Plantations Along Railways in Areas with Shifting Sands

K.S. Leso?®?, M.K. Kenjaliev®®, A.Kh. Mavlanov!®°
Tashkent Stat&ransport UniversityTashkent Uzbekistan

Abstract: The article presents a computational and technological substantiation of the parameters of protective forest plantations
along railways under conditions of mobile sands. Itis established that the stability of railway infrastructure ingrid regio
is detemined by the intensity of deflation processes, wind regime characteristics, and the condition of the railway right
of-way. Based on the analysis of natural and climatic factors, sand transport calculations, and assessment of the
aerodynamic effect of prattive forest belts, rational parameters for their placement and structural design are
determined. It is shown that protective plantations with a heigtittofmdform an aerodynamic influence zone
extending over 6,00 m, while a 3010% reduction in windpeed can reduce the volume of sand transport by
approximately 7880%. The results confirm the effectiveness of using protective forest plantations in combination with
engineering measures to reduce deflation load and improve the stability of railwénecdBstems.

Key words: Protective foregtlantations, protective forest belts, railways, mobile sands, sand transport, deflation, raitafy right
way, aerodynamic effect, arid conditions, stability of ecotechnical systems
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Assessment of Erosion Reduction on Railway Slopes Using Geomats

A.Sh. Uralov}®?, D.K. Kenjalieval®P
Tashkent State Transport Universifiashkent, Uzbekistan

Abstract: The article examines protective forest plantations as a ¢actimibuting to the stability of railway ecotechnical systems
under conditions of mobile sands. It is established that, in arid regions, the stability of railway infrastructure is largely
determined by the intensity of deflation processes, the leveldfraasport, and the degree of protection of the railway
right-of-way. The study considers the role of protective forest plantations in reducing wind speed, decreasing deflation load,
stabilizing sandy surfaces, and improving the operational stabiliivady tracks. It is shown that the combined use of
protective forest belts and engineering measures reduces sand accumulation on railway tracks and improves the reliability
of railway operation under adverse natural and climatic conditions. The artitigles that protective forest plantations
are an important factor in enhancing the stability of railway ecotechnical systems in areas affected by mobile sands

Key words: Erosion, geomat, geosynthetic materials, RUSLE model, railway sloffi@stoC Pfactor, soil loss, slope stability,
hydraulic stability

Temir Yool Qiyaliklarida Geomatl ar Yor
Bahol ash

O6r al o3 Kenj8iyeva D.K. 0P
Toshkent davlat transport universiteti, Toshkéhtg z be ki st on

Annotatsiya: Mazkur magolada temir yooél giyaliklarida eroziya jar
RUSLE modeli asosida baholandi. Tadgiggtda g 6i ngar chi |l i kning eroziyaviy taod:
giyalik geometriyasi hamda qoplafneo s hgar uv  omi | [ ari tahl il gilindi. Aso

omillariga garatildi. ASTM D6459 standart sinoviari hamda ilmiy tadgigoar nat i j al ar i asosi da
gopl ami qod6l |l angainlda6 uocsrhablui gkéoiegfafcihtas i keanmalyairs hOi. 4ani gl an¢
yoo6qotilishi sezilarli dar aj ada ididupeggaaathalariningslishmat | ar ni
chekl ashi va o6simlik ildiz tizimi bilan birgalikda
geomatl arning temir yoél yer pol ot n tetkiyechmiekadigini k| ar i ni
koorsatadi .

Kalit sod&zbaiya, geomat , geosintetik mataktar,iPadktaocr,, RtUSHLE0O qnoyed
giyalik bargarorligi, gidraviik bargarorlik

1. KIRISH Eroziya jarayoni todbdgbri
] ) koochishlar va yuvilishlarga
Oabekiston temir yool | aryjehiilishga 8lip Kélib, YinfrAthzifnd | yaxlitliginis h a mo |
yoki suv eroziyasiga moyil hdudlarda joylashgan. buzadi, tadmirl ash xaraj at
Yillik yogoin migdori jdfr@&ufimddshGoydhlanishlatdad! ilisHldrgd heinda

asosan shamol taodsirida fyddafichid xalfdzligRyd/afdator x@@ainiham b o 61 ac
Buning natijasida turli xil infratuziimalar (temir yuzaga keltirishi mumkin [1].

yooéllar, —avtomobil yooll @iyalkiarda 8rézye rAubmmasidi halfqMsh @ngo | i k
binolari), gi shl oq X006 jtaleigdoiri YO hahdi sliiks grelcanri miva,
hayvanot olami turli zararlarga uchrashi mumekin. etadi.

Soob6ngi vaqtl arda gl imsopPregiaryisihliiar@aat bjuasindaunyo

ngarchilik holati R&fAckdVi} qurifsh madtedidlldridan fdydlarmhRogod a .
sa yomg Oi Ar.l arning absAby i@l |bh|da‘gébsmtét|larﬁa€éﬂaﬁar endg ! 91
rd ~Yomgoirlar avviedgtagdayotginfu&nibiti hiselanali 2P d avom
boolsa hozir 91 S Beosiftdtil fateliallat t e ME KT poosilalvaa avt
niosngiodargiary kooproqgykgephtl ayaprtiiishhUukabi turl
sababli kam yogdingarch |5|htét|ll< m&h8ufblamiflg @raufniy fkesdifkatdioa r d a
n

ham qgisga ammo jadal yo mgpailif |Uaf tatkbighd Geofekst I Raterialfad S i
ham rivojlantirmoqda.

yogbi
aynig
o06zga
et gan
koori

ahttps: // 0006 BA.Zxr5g0 0000
Ohttps:// o006 ANBEXPY7 0000
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geotodrl ar (geopanj ar al Kirtyprogning erogyaga sneyillik kedffitsienti;

geomembranalar, geomatlar hamda geokompozitlar LS 1 giyalik uzunligi va tikligi koeffitsienti;

kiradi. Mazkur materiallar yuqori mustahkamlik, C1 yer goplami va boshqaruv koeffitsienti;

ki myoviy tabsirlarga b ar dPo s heltoriylagak garshiu himaya tadbirdama t

muddati (100 yilgacha), yugori haroratga chidamlilik, koeffitsienti [7].

kam material talaketishi va yengilligi kabi muhim RUSLE modeli qurilish maydonlarida yuzaga

xususiyatlari bilan ajralib turadi [3]. kel adigan eroziyani prognozl :
Eroziya jarayonlaridan giyaliklarni himoyalab U eroziyaga eng moyil hududlarni aniglash,

mustahkamlashda geosintetik materiallardan mulchalash va himoya choralarining samaradorligini

foydal ani sh bodyi cha | oya hall asth hgaomddaa | ah 0 6 khaandda h o\
standartlari mavjud [4,5]. sediment hajmini taxin qilish imkonini beradi [6].

Temir yool Il ar yer polothadasgi faiynal adaaomi yeorgoozunynalng
jarayonidan himoyalashda geosintetik materiallardano mi | ) har bir hududdagi yogo
hajmli geopanjara va geomatlardan foydalaniladi[2]. c hi gar i sh sal ohiyatini ifodal

Geosintetik materiallarni ISO TR 18233 hamda uning tuproq zarrachalarini ajratib yuborish
fGeosintetikl ardan fio8 dadokiligagna n tavsitbaydd a Mlagyani hhaduddagh
gi s m: Yuzaki eroziyani ry a0 zpadmg a énergiyasi vas inténsivdiginia haticdasht i ni n g

l oyi hasi bodl i b, ushbu osrtgaanidarutndangy egoizny avwidys itra dsi
yuzaga keladigan qgiyalik eroziyasini cheklash uchun R omil yogoin maél umotl ari
geosinet i Kk yechimlarni | oyi Bahdahybmgygi changakshghtl Br ence
va koorsatmalar keltirilwamgt [ ®r.aligdidagi maksi mal

Qodél 1l anilgan erozi yaga olgpadir[l3 hi chora tadbirlarning
ganchalik foydali ekanligini bilish muhim bosqich Yogo6in hodisasining energiy
hi sobl anadi . Qi yal i kIl ar dyardantda dniglanadb o 61 adi gan eroziya
jarayonida tuprogq yoéqgotilishini hi sobl as hn'ng bir
gancha usullari mavjud. > 80 8 m°®* @)

Geosintetik materiallarni  eroziyaga qarshi buyerda:ei yogoi nning energiyasi
qod6l 1l angan hol ni RUSLETkeemhigh acmaisgidlhayghganp davrdag
chigamiz. Shundan sobdng yogoinning

kodrsat ki chi quyi dagi for mul s
2. TADQIQOT METODLARI g
ngarchFIlikmo E (3

Wischmeier va Smith 1958 i | d a yogoi
energiyasi va uning tuprog yuvilishiga ta
dastlabki tadqgigotl arni t alpdyerda: witldo éd rairb @
Loss Equati onyida AQBBIRENog 1968 d6i n haj miydgmn/
xo06jaligi g o ésbnida nhoya etilgam.i ndggigatk8naksimal intensivligi [1].
Keyingi yillarda model takomillashtirilib, 197gilda Yakunda odé6rtacha yiRI ik yoog
RUSLE (Revised Universal Soil Loss Equation) omili quyidagi formula yordamida aniglanadi:

shaklida nashr etildi. Renard va hammualliflar

tomonidan ishlab chigilgan ushbu modelda

tenglamaning asosiy twuzi I% S—hl siqlT #b golingan bodl sa

O6siri bodyi c
bhgvéeanyal g8&i
m]lhodi3Dasi ni

O

da, ayrim koeffisientlar yangi ilmiy tadgiqotlar g O 4)
asosida gayta ishlangan [6]. L

RUSLE model i uni ver sal xususiyat P'ega boo6l i b,
turli geografik va ijtimoiyigtisodiy sharoitlarda bu.verda.fi kuzat|I illar soni: m ildagi
godél |l ani shi mumki n, bir upitng ||%ﬁfalﬂa|rdlé Pﬁj%ﬁ hrlk'hod
statistik madl umot!l ar %%g\nkoorsqa g%
Tenglamadagi omillar hududning iglimi, tuproq Komiiituprogning y 0g6in va

xossalari, relyefiyer qoplami, ekin turi va agrotexnik

tadbirlarni tavsiflaydi [7]. taodsirida erozi yaga uchrash

. S , koorsatk| i_r_. i Qi en
v P 00 e e | gl 1 g bR o
tuprogq migdorini ifodalaydi hamda tuprogning ichki
A=RKASICP 1) Xususiyatlar n i |, juml adan zarracha
Tenglamada: tagsimoti, twuzilishi, suv 060
Aioértacha yillik tupr Beddaymgdogroakseftiiadidli (tn/ga yil);
Riyogéingarchilikning e'ﬁQf“t“FUQV%Q”'”%%aéll#'omet”'ﬁt@r"i'blYSahO ni
koeffitsienti: zarracha o6l chamlari tagsi mot
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Zarrachalar tagsimotini tahlil
zarrachal arning
quyidagi formula bilan aniglanadi:

J
i--" (5)

bu yerda: fi i-elak fraksiyasining foiz miqdori;

gilish orgali

m me=3

diushbu fraksidamerii ng oodr t,
Zarrachal arning geome
aniglangandan soo6ng,
[6].
3 8
(6)
8 Ho- A 8

8

Yogdn va tuproq bilan bogdiq omillardan
tashgari RUSLE modeli giyalik geometriyasining
tuproq eroziyasigatafsirini hisobga oluvchi ikkita
o&garuvchiniham o& ichiga oladi. Bular. giyalik
uzunligi omili (L); qiyalik tikligi omili (S). Mazkur
omillar yer yuzasining fizik xususiyatlari eroziya
jarayonlarigagandaytaésir kodsatishinitushunishda
muhimahamiyatgaega[7].

Qiyalik uzunligi omili (L) qiyalik uzunligining

gorizontaluzunligi (8) asosidahisoblanadi

;L @)

8
bu yerdam 1 odchovsiz ko&satkich bodib, u
giyalik tikligining funksiyasihisoblanadi
Qiyalik tikligi omili (S) giyalik nishabligining
eroziyagaassirini hisobgaoladi va giyalik darajasiga
bogdig holdaquyidagiformulaorqali aniglanadi7]:

{1 8 8 3 v (8)
bu yerda: § giyalikning foizdagi nishabligi.
Qiyalik tiklashgan sari suv oqimi tezlashadi,
natijada kodprogq
eroziya jarayoni kuchayadi.
Amaliyot omili (P) va boshgaruv omili (M)
|l oyi ha doirasida
boshgaruv

i shl ov berish
yor damchi

yoki
tadbirlarning

esa umumiy yer boshgaruvini, jumladan agrotexnik

geometr ibkr

tqrtfpl'ar}% an hBIé&dat QeRL My,
tup

c ho o ki nayyidagiprafiagacha kamayady.

strategivyal ari
P omili suv ogimini boshgarish uchun konturli
turl i

qoéllaniladi@an ekspluatatsiya
i bilarJﬁevﬁosiﬁta bogodol gdir [

C omili yoki qgoplamab o s hqar uv omi | i m
oqpirt aalcihkadadio®dmeée mi i k Dgopl a
boshga boshgaruv choralarining himoya darajasini

ifodalaydi [7].

C=1 bodl sa, tuproqg himoyal
kam hi moyal angan boo6lib, kuc
hisoblanadi

1 boélsa tuproq hi moyal
amgtPlamI y

iymAtidqartechalfk Rikhlkd o 11 S, P 1 &8¢ A1 a

eroziyaga qarshi himoya yechimi shunchalik samarali
bodél adi .

3. NATIJALAR VA MUHOKAMA

Geomat goplamasining eroziyaga garshi
samaradorligi RUSLE tenglamasidagi C va P
koeffitsientlari orqgali baholandi. Ushbu omillar

giyalik yuzasining himoyalanganlik darajasini hamda
eroziyaga gar s hi gool |l ani |l
choralarining samaradorligini if@alaydi. Tadgiqot
natijal ari shuni kodérsatadi ki
geomatlardan foydalanish tuproq yuzasini mexanik

jihatdan mustahkamlab, suv ogimining bevosita

tadsirini kamaytiradi va nat i
oldini oladi [10].

C-faktorining  giymatlari ASTM  D6459
standartiga muvofiq laboratoriya va dala sharoitlarida
o6t kazilgan tajribalar asosi
standart geosintetik gopl a
tadsiridagi eroziyaga gar s
bahol ashga moébi pal reagashhr oi
gi yali klarda sunbd6iy yogdingar
tuprog yooéqotilishi mi gdor it
beradi [8].

Tadgigotlar natijasiga koodr

goplami mavjud holatda C va P koeffitsientlari

koochiril adi
Aav { R )
vV a

tMRZKiud | dradd i af &y d HieLimadH ag a
YHzZasning himoyajanish dasaagerilanly ertishini v o mi |

kodérsatadi . Hi moyal angan hol

tadbirlar yoki gidroseyka (hydroseeding) kabi Y00 doti I i shi quyidagi ifoda c
usullani gamrab oladi [1].
Birogq, kodpl ab fugarol i kg T( 3%!‘0’%1":4!sl|gi a1
|l oyi hal ari da, aynigsa y O 00t a | roi
giyaliklarini qurish jarayonida, ushbu omillar 'Ioengl ama ioor ' ¥1ad| ki,
kodopincha 1 ga teng debkoetifI |Banr|n|n F%mﬂyfﬂ yillik atlbDFP(ﬂ ul ar.
neytral tadsir koorsat adi %%‘g)tlhl So'bf RIRY Q?r o pEcraiyd s i
Buning sababi shundak‘? 0t a aqoté& ﬁi%eomat
inshootl ar bodél i b, odat%a% a Bhkdkg'n ??/lalLEi”?s'llaq a%?d Tk ©
rivojlangan o6simlik qop 0 9agha ¥ Iy Gﬁ%ﬁ%?; "eg.
bodél maydi. Shu sababl i ua}yarpoasashI%qu angya%gco'og aqracrrh'vII
yoki himoya amaliyotlari mavjud emas [1].
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Abstract

Keywords:

Predicting Railway Sand Drifts Using Meteorological Data

M.K. Muzaffaroval®?
Tashkent State Transport University, Tashkent, Uzbekistan

This article investigates the patterns of sand drift formation on railway infrastructure located
zones. The study analyzes the dependence of éraaioachment intensity on atmospheric proc
parameters, with a particular focus on moisture deficit in regions prevalent with dune sant
research establishes a mathematical correlation between a decrease in annual precipitatio
maximizationof sand accumulation on the track superstructure. Reduced moisture in the tc
layer causes a loss of cohesion, thereby intensifying deflation processes under wind loa
findings enable the prediction of critical periods of track susceptibilityatad drifts and can b
applied to optimize the design of protective structures and improve the scheduling of track ¢
operations.

Sand drifts, railway track, dune sands, atmospheric processes, annual precipitation, arid zon
encroachment dynamics, wisénd flow
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Application of Composite Sleepers on Railway Bridge Approaches

Z. Faziloval®?
'Russian University of Transport, Moscow, Russian Federation

Abstract: Laying composite sleepers on the approach to the bridge is a scientifically based and prover
of dealing withtransitional rigidity. The main effect is achieved by smoothing the jump in elas
and increased damping, which prolongs the life of the entire structure. The assessment ¢
strength, elastic and damping properties of composite sleepers unuigiutirece of a variable loac
simulating the passage of wheelsets was carried out in the loading me&fekiRqspan 20 kN) with
frequencies of 5, 10 and 15 Hz. Number of cycles: up to 5000. The results showed that the
is subject to cyclic stretigening. Initial instability (€200 cycles) is replaced by stable strengthen

Keywords Approaches to bridges, composite sleeper, cyclic tests, loading mode, frequency of action, ¢
properties, deformation, modulus of elasticity
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Assessmenbf the Operational Reliability of Railway Water Pipelinesin
Seismically Active Areas

S.T. Djabbarov?, E.B. Abdualiev!
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: In this study, the stresstrain state of the railway subgrade ahd water pipeline system und
seismic and operational loads was assessed based on digital modeling. Calculations were p
using the finite element method based on a thieensional model. The research results reve:
that soil moisture, embankmeheight, and pipe wall thickness significantly affect the deforma
and reliability of the structure. An increase in soil moisture leads to a decrease in the defo
modulus and an increase in the amount of settlement. Decreasing the pipe Wwadsthieduces th
rigidity of the structure and does not ensure seismic safety. It has been substantiated the
modeling methods are an effective tool for assessing the stability of railway infrastructu
developing optimal engineering solutions

Keywords: Seismic safety, railway track, culvert, digital modeling, finite element method, sustai
engineering, operational reliability

Seysmi k Faol Hududl ardagi Temir Yool
Ekspluatatsion Ishonchliligini Baholash

Djabbarov S. T .}, Abdualiyev E.B.}
Toshkent davlat transport universiteti,

Annotatsiya: Mazkur tadgigotda temir yool yer pol otno
ekspluatat si on kuchlaishdefarmatsiya holati éagaimii mmodedaghtirish asos
bahol andi . Hi sobl ashl ar chekli el ementl| a
oshirildi. Tadgi qot natijalari grunt na
konstrus i yani ng deformatsiyasi va ishonchli
namligining ortishi deformatsiya modul i ni
keladi. Quvur devori galinligining kamayishi konstruksiyaning bikidigkamaytirib, seysmik
xavfsizlikni tadminlamaydi . Ragaml i mo d

bargarorligini baholash va optimal muhandislik yechimlarini ishlab chigishda samarali *
ekanligi asoslandi.

Kalit so¢Seysmik xavfsizlik, temir yodl yer polotn
elementlar usuli, barqaror muhandislik, ekspluatatsion ishonchlilik

1. KIRISH konstruksiyaning real holatini aniq baholash imkonini
Zamonaviy temir Loyjhélashdain]perrfl}cat'thubzuiI[naa'qn'qotning maqgqsadi
seysmi k xavfsizlikni taopolotiosiava Buvo Ituk a2 i vdhi aqawanrll ari
ragamlashtirish va bargaror muhandislik yechimlarini deformatsiyasi va ishonchliligini ragamli

qool lash muhim ahamiyat gdédellagh@irigh asoside Paholashdarpisolat. Tadgidot
polotnosi ostida joyl as hgradlkass Hifdtida0 ® hdliR Zayshikhxududtyfy ur | ar

konstruksiyaning muhim elementlagich bi r i jo®yll d Phgan Toshkent viloyat
ularning deformatsiyasi qgdbél flindan (¥asn$.! izining umumiy
i shonchliligiga bevosita tabésir gqgil adi

Seysmik faol hududlarda gruntning fizikexanik
xossalari, namlik darajasi va  konstruktiv

parametrl arning obzgari shi konstruksiyaning
kuchlanish va deformatsiya holatini sezilarli darajada

obzgartiradi. Shu sababl i, zamonaviy raqgaml.i
modellashtirish usulidan foydalanish
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RO O6zbekiston sharoitida, hud
: T = - - e faolligi sababli, ushbu masala dolzarb ahamiyatga ega.

= Akademik T.R. Rashidov [8] tomonidan yer osti

inshootlari, aynigsa quvurlarning seysmodinamikasi
bodoyicha il miy maktab yaratil
ishlanmalari zilzila sharoitida quvurlar chidamliligini

e it baholashda metodologik asos vazifasini bajaradi. G.H.

_ Xodjayev [9] temir yoél yer
Irasm. Oo6zbekiston R esp Vlﬁdé\rﬁalléra SoktiBdgi™ Ybargafodigi Miak  Iyoss

rayonlashtirish xaritasi gruntlarining fizikmexanik xususiyatlarini tadgiq

Tadqgiqot yooénali shi Yeatexnh kM, GCoOllyosmpv [10]va k
muhandislik va ragamii modellashtirish esa ragamli teanloglyalarnl joriy et|sh shuningdek,
texnologiyalari (FEM, BIM) kesishmasida rivojlanip T PTU ol i ml ari Suv o6t kazuyv

kelmogda. Jahon va mabhalliy ilmiy maktablarda' shonc hl i I i k- koorsatkichl a
grunti nshoot 06zar dStuctura 6 gnordie 1 rish orgali bahol

Interacti on, SS inghootrarnimgl a 'Sak P porm?qglgq[ll 12].Umuman olganda,
seysmik barqarorligini baholash masalalari keng mavjud adabiyotlar grunt va inshootlarning alohida

o6rganilgan. yoki integratsiyalashgan holda seysmik tahlilini
Jahon migyosida Z.G. Téartirosyan [2] va Y Oritadi. Birog temir yool ki
D.A. Karpenko [3] gruntlarning dinamik xususiyatlari V@ SUuUv oo0tkazuvchi quvurlarni

hamda zilzila sharoitida yer polotnosining kuchlanish dinamik FEM modeliasosida kompleks baholanishi
deformatsiya holatini chekli elementlar usuli (FEM) yetarli darajada tizimlashtirimagan. Mazkur tadqgigot
asosida modellashtirish d%BIN cﬁﬁ“f PRES M A AT a0l rdiiyr
asoslarni ishlab chigganlar. Ularning ishlari dinamik t € M1 T yool bz konstruksiya
hisoblash algoritmlarini takomillashtirish va noxatolik 'shonchliligini — seysmik ~ sharoitda ragamli

zonalarini aniglashda muhim ahamiyat kasb etadi,. ~ Medellashtirish orqali bahashni magsad qiladi.

Yaponiya olimi K. Ishihara [4] gruntlarning
suyugl ani sh (Ilquefactlo%)TAID@@iOQ_éJg’ULHl chuqur oc')rganit

unt ng transport inshoo tl—IISOXb ash mode)fl Wﬁlsc%blas% chekli eFemen [ar usﬁll

poydevorl ariga tadsir mée Z ari ni ani
Uning tajriba va empirik modellari zilzila paytida 2:?";: quy|Jé]g| tenglama yordamld% am%lga

ballastvd yoss gruntl arining Mmus tahka o6qoti sh
a

Tafus ey

sharoitlarini bahol ashda ken an.i | di . ...
. . : uyerda: [ ] konstruk5|yan|ng bikirlik
N. Kyriazis va G. Gazetas [5] tomonidan yer osti matrltsaS|
inshootlari, jumladan quvurlar va grunt massivining
; ! . . {u} - tugun siljishlari v ktorl A
seysmi k todl qginlar osti 6zaro ta05|r

orl.

o6rganil gan. Ul ar tomon| g%ylfaqgsar\ﬁl&(tefil%aa F\ ? 't| d
yarim empirik modellar quvurlarning '

deformatsiwlanish chegaralarini aniglash hamda
stress  kontsentratsiyasini  baholashda samarali

asosida qurildi. Modelda grunt asosi, ballast gatlami,
.yer polotnosi va temibeton quvur va seysmitolat
hisobga olindi ( Z2asm)

hisoblanadi.

Temir y ool i zi oralig "~ NS Vuzadagi asosly yorigar
maml akatl ari da temir y 0 v flganvasudiganelsid 3 |
model l ashtirish boéyichi N R o b
shakl |l angan. E.S. Ashpi o wr ey
polotnosining ishonchliligini baholash va diagnostika
gil i sh bodyietotikani ikh@mghigile, k s
ragamli modellarning natijalarini real monitoring
maodél umotl ari bilan integ! o T i oni t ak
etgan. V.V. Vinogradov [7] esa seysmik hududlarda .. IRl PP et
temir y o0l i nshootl ari ni sobl ash

€
Tarqalayotgan =
2

Zilzila gipomarkazi S-to'lginiar

usullarini takomillastirib, dinamik koeffitsientlarni
aniglash va xavfsizlik zaxirasini  baholash
metodikasini rivojlantirgan. 2-rasm. Hisobiy model

2
Targalayotgan y Max mon. acceieration 0
S-to’lginlar k [ =i ]

% Fon Mizes kuchlanishi (Pa]
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Hisoblash

parametrlari.

parametrlar gabul gilindi:

kodét ar ma
o06qiy
grunt namligi: 18% va 28%;
quvur devori galinligi: 0,070,10 m;

grunt deformatsiya moduli: 3810 MPa.
Grunt materiali MotKulon modeli asosida, quvur

Hisoblashda

yukl ama:

quyidagi Nat i j al ar .

WBanl andl i gi
25,5

Grunt

oshganda deformatsiya moduli sezilarli darajada
Natij a

kamayi shini

ded ®g mat si yasi
yugori namlik sharoitida ikki baravargacha ortdi. Suv

o6t kazuvechi

bool ganda
jadvalda keltirilgan.

materiali esa elastik model asosida modellashtirildi

(8

guvur
ball

kodér satdi
ortdi

devor.i

Mak s i

qa

seysmi kani

[13].
1-jadval
Suv o6tkazuvchi quvur devorining qalinligi t = 0,10
. Eafa: dltigf Namlik B&S)'m '?é’s')mb Cho'kish | Cho'kish | Ishonchlilik | Ishonchlilik
0 ) ) 0 Y 0
(H), m (W), % MPa Mpa | (@ mm | (@ ) mm (R), % (R )0
1 2 18 18 18,90 9,9 10,40 97 92,2
2 2 28 30 31,50 22,8 23,94 84 79,8
3 3 18 19 19,95 10,4 10,92 96 91,2
4 3 28 31 32,55 24,3 25,52 83 78,9
5 4 18 20 21,00 10,9 11,45 95 90,3
6 4 28 32 33,60 25,4 26,67 82 77,9
7 5 18 20 21,00 11,5 12,08 94 89,3
8 5 28 33 34,65 27,3 28,67 81 77,0
9 6 18 21 22,05 12,1 12,71 93 88,4
10 6 28 34 35,70 28,7 30,14 80 76,0
S u v tkapugichi quvur devori galinligi t = 0,07 m natijalar (t = 0,07 m, 8 ball, ks=0,05) - fadvalda
boél ganda (8 ball seys mkelisigan. hi sobga ol gan hol da)
2-jadval
Suv od6étkazuvchi quvur devorining qgalinligi t = 0,07
i | dltigi"" Namiik Bz’qs)'m '?gs')mb Chokish | Cho'kish | Ishonchlilik | Ishonchiilik
0 ’ ’ U U 0
1 2 18 18 18,90 11,2 11,76 94 89,3
2 2 28 30 31,50 24,5 25,73 79 75,1
3 3 18 19 19,95 12,0 12,60 93 88,4
4 3 28 31 32,55 25,8 27,09 77 73,2
5 4 18 20 21,00 12,8 13,44 91 86,5
6 4 28 32 33,60 27,6 28,98 76 72,2
7 5 18 20 21,00 13,5 14,18 90 85,5
8 5 28 33 34,65 29,8 31,29 74 70,3
9 6 18 21 22,05 14,3 15,02 88 83,6
10 6 28 34 35,70 32,4 34,02 72 68,4
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Quvur devori galinligini 0,20 m dan 0,07 m Kod6t ar ma bal andl iKpi6értiamrgna t a

gachakamayish natijasida: balandligi oshishi bilan kuchlanish va deformatsiya
- choodki s h ildlogadrdr i 12 qgiymatlari ortdi. Eng katta deformatsiya 6 m
- konstruksiya bikirligi kamaydi; balandlikda kuzatildi. Maksimal kuchlanish giymati
- ishonchlilik koeffitsiyenti kamaydi. 10 MPa gacha yetdi.
Muhokama. Natijalar grunt namligi konstruksiya
o 5 W=18% def ormat siyasi ga sezilarli
P15 Swmem I ko6rsatdi. Namlik ortishi grt
Y i O B, Sl el va choo6kishni oshiradi. Quv
E 'JH,f'/ kamayishi konstruksiyaning seysmik xavfsizligini
FE ' kamayadi va defonatsiya ortadi. Ragamli
2. . modellashtirish usullari konstruksiyaning real holatini
baholash va optimal loyihaviy yechimlarni ishlab
” T —— chigish imkonini beradi.
i S
R mabamaignm 3. XULOSA
' O6t kazilgan tadqgigot natijal e
| .- T __7___,.-—-!""’" gilish imkonini berdi:
3 _f—----”""'* —— str-1am) - grunt namligi konstruksiya ishonchliligiga
. +Ch‘“;f sezilarli taodsir kooé6rsatadi:;
8 T - quvur  devori  galinligini  kamayishi
® konstruksiya ishonchliligini kamaytirdi;
o e ] - kodt ar ma bal andl i gi def
0 @5 30 3 40 45 S0 33 6o kuchl ani shga bevosita tao6sir
2rasm. Suv od6tkazuvchi “che &‘%am'h"%o?et&aah““ahﬁeya”?'k xavisizlikni

devori galinligini 0,07 va 0,10m oraligda 8 ballik taodémin samarali vosita

sesysmi kani inobatga oIR?aaqr?”Hdl quOdeeJr41|aSh)}dffI' sh usull

i zining chodkishi atuzilmasining barqarorligini oshirish va seysmik

xavfsizlikni taéminlash i mkor
95 ._‘_‘____+ 1
0 TT— . FOYDALANILGAN ADABIYOTLAR /
N 1 REFERENCES
Faof | [ z1 s 2.06. 200 j2Mmosd ¢ "EZHEHC
i Tt _ st Odmy stels d dzh stsls dzOte d dzd
e e, https://mc.uz/uploads/mcuz_262886446214.pdf
L I e S X T 2] v jfeOtelsdtesmMwdz ¢. 7., vdntsd
. [ S [BL e ydmdzj dzdzr 7 BjstsHBo tc O
|| Cr e fsojtendesmisd ctkzdzs® fted hHdlsts:
B A Construction and Geotechnics.
—_ 471 81. DOI: 10.15593/2228826/2025.1.04.
TTTTt——— | [38] s Otef j dz€ 15 r. ¢. { oL O
_ dmf sdz! L 59 Odad fmMeh jMmlseakzs h d A
Codif dzj CMtso H dzw ud fdzj dzdaets ¢ ts
N tcOB SiIsT BONddz d i~ OdedL dizseo o
g ot BztetsdzOB do dzOw Mo OwW f twOMh dtej c
fe — 1 Glozdzls OR , ftosmj HOE N dn f SH
- - R W=1E) s Mise j dzdets ¢ 5 -l® jj Anddd Y J i § dOX S uso 'tste
e D e calzyOfmdsy Isjrndsdztse’ ', HBOljE" O
1 - b Wmgew) [ | BzH adzdylse ' e. | dadzadyw: 1 ° dzadzd
0 25 30 «:'r-::n\ah;.:ndugd-.lﬁ\'ma 50 55 60 ISJ. : dZ: 1{dzq- 2 lZ dzr 9 J. thr] q IS J. |I§8 2008.
3r as m. tkeawvchi chegarasida quvur [4] Ishihara K. Soil Behaviour in Earthquake

devori galinligini 0,07 va 0,20m oraligda 8 ballik GeotechnicsOxford University Press, 1996.

sesysmi kani inobatga oIU%dge] KYH?'? @tr aCazelas, . Seis 'Seﬁ)?s'gn of
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Modern Principles of Sustainable Bridge Design

S. Salikhanovt®?
Tashkenstatetransport universityTashkent, Uzbekistan

This paper addresses modern principles of sustainable bridge design developed within the fre
of the Sustainable Bridge Design concept. The analysis focuses on four key directions
sustainable approach: environmental performance, reduction of carbon footprirtycléde
management, and reuse of materials. Particular attention is paid to the integration of inter
standards (EN 206, Eurocode, AASHTO) and modern digital todM, (BCA, digital twins) into
bridge design, construction, and operation processes. Examples of life cycle assessment (L
efficiency indicator (K
design solutions consided climatic, operational, and soeé@onomic factors is proposed. The stu
is based on doctoral research aimed at promoting sustainable development of transport infra

Abstract:
calculation oftheece c o n o mi ¢
in Uzbekistan.
Keywords Sustainable design, bridge life cycle, cartfoo ot pr i nt ,

environment a

LCA, BIM, reinforced concrete bridges

1. INTRODUCTION

A rational use of construction materials;
A application of LCA (Life Cycle Assessment)

Under conditions of global climate challenges and the and LCC (Life Cycle Costing) principles;

need for rational
importance  of

use of natural resources,
a sustainable (environmentally

oriented) approach to the design of engineering

structures, including bridges, is steadily increasing
(Fig. 1.

Climate
Adaptation

/' Digitalization
and Innovation

Fig. 1. Modern pyramid of sustainable bridge
design

The figure illustrates a fotlevel methodological

the

A reduction of energy and water consumption
throughout the bridge service life.

Digitalization and innovation involve the
implementation of modern technologies to enhance
design accuracy and monitoring:

A BIM and digital twins;

A structural health monitoring systems (SHM);

A automation of design solutions.

Climate adaptation, representing the top of the
pyramid, reflects the transition to bridges capable of
withstanding changing climatic conditions:

A temperature variations, intense precipitation,
wind and seismic loads;

A durability of materials under aggressive
environmental conditions;

A resilience margins against extreme and
catastrophic impacts.

Traditional approaches focused solely on strength
and operational characteristics are no longer sufficient
for assessing bridge performance over the entire life
cycle.

Figure 2 presents six key stages of the bridge life
cycle in the form of a closed loop:

framework of modern sustainable bridge design based A Design i selection of structural system,

on principles of environmental responsibility, digital
transformation, and climate adaptation.

Regulatory compliance forms the base of the
pyramid and includes fulfilment of all applicable

construction codes and standards such as SP 35.13330 A Operation i

[11], SP 63.13330 [8],, Eurocodes [1],[2],[3].[4],
AASHTO [5],, and others. This represents the
minimum accetable level of design ensuring
structural safety and functionality.

A reduction of CO

ahttps:// o000 @BEFRXY7 0000

materials, strength, durability, and environmental
assessments;

A Construction i erection  processes,
technology selection, control of emissions and waste;
traffic loads, condition
monitoring, routine maintenance;

A Maintenancei scheduled and unscheduled
strengthening, repairs, corrosion protection;

Residual life assessmernit diagnostics,

e mi s$nSpectionss durability forecasting;

ENGINEER


https://orcid.org/0000-0002-0883-7257

A Demolition / reconstruction dismantling,
reuse of materials, recycling, environmental
restoration.

Residual life

gl 25sessment /
Fig. 2. Bridge life cycle

This diagram emphasizes the necessity of an
environmental approach at all stages of the bridge life
cycle, from design to demolitiodmplementation of
this approach enables application of LCA principles
and Sustainable Design in bridge engineering.

Modern approaches to sustainable bridge design
are based on reducing ca
resource  use, durability, and  minimizing
environmental impact throughout all stagesom
design to dismantling. According to international
standards (EN @6, 1ISO 14040, AASHTO LRFD),
environmental performance is determined not only by
energy consumption and emissions but also by the
potential for reuse of materials and structures.

This paper presents a generalized approach to
sustainable bridge design based on doctoral research, 3

focusing on reinforced concrete structures of high
speed highway viaducts ¢
transport infrastructure {4, 1215].

2. MAIN PART

Methodological essence of the concept

In bridge engineering, sustainable design is interpreted

as a decisioimaking methodology that minimizes
total environmental impact while maintaining
required levels of reliability, safety, and economic
efficiency.

It integrates three fundamental components:

9  Durability i the ability of a structure to
maintain its performance throughout the design
service life under climatic, seismic, and operational
effects;

1  Environmental performanci minimization
of CO emi ssi ons, ener
ecosystem impact;

1  Economic performancé reduction of total
costs related to construction, operation, and-ahd
life stages (Life Cycle Cost, LCC).

Methodologically, these components are

combined into an integrated efficiency criterion:
|I‘_ef f |I‘_d ufr“‘_e nf/“‘_ec o]

where

L, i, durability

technical reliability;

L, i, environmental
(ecological footprint);

e ol g&conomicefficiency coefficient.

This approach allows bridge design to be treated as
a multiobjective optimization problem, where each
alternative is evaluated not only by lebédaring
capacity but also by cumulative environmental and
economic impacts.

coefficient  characterizing

efficiency coefficient

2.2. Principles of sustainable bridge design
The sustainable design methodology includes a
system of interrelated principles reflecting current
scientific and regulatory trends (Table 1).
Table 1

Principles of sustainable bridge design
No. Principle Description
Assessment of resource
Life cycle cost, and environmental
r'b g Hinkng o t p|rimpact thrqugheut the
entire bridge life cycle
Reduction o
emissions through

Low carbon S
2 design optimized cement and

steel production, use of
RCA, slags, silica fume
Application of secondary

Resource materials, prefabricated

efficiency and | and modular systems

reuse suitable for dismantling

Use of lowclinker
Environmental| concretes, stainless or
4 compatibility | composite reinforcemen
of materials environmentally safe
coatings
Use of BIM and digital
twins for life-cycle
management,
degradation forecasting,
and maintenance
optimization
Consideration of rising
Climate temperatures, humidity
6 ; changes, aggressive
adaptation SO )
precipitation, and wind
loads

5 Smart design

g'P[h co_n,sumgtion,_ and
ese principles form the basis of a new
engineering philosophy in which a bridge is viewed as
a Aliving systemod
environment.
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Quantitative assessment of environmental 3. CONCLUSION

efficiency

Key tools of sustainable bridge design include Life

Cycle Assessment (LCA) and Life Cycle Costing

(LCC), providing quantitative evaluation of

cumulative impacts and costs over the service life.
Environmental efficiency can be formally

expressed as:

Sustainable bridge design represents a key element of
transport infrastructure development. Application of
Sustainable Bridge Design principles makes it
possible not only to reduce environmental impact but
also to ensure durability, investment efficieneyd
operational reliability. Integrated use of digital

|= 5 technologies, analytical models, and -@omnomic
L,y Frhbase indicators enables informed decisipraking at early
F|= proj design stages. The methodology developed within the

wherepk p lL,epresents speci fdogoraC fesearéhNfiarewbrio Gaf be Guccessiull
the designed solution, anpl|= b a GQTesponds to a adapted for Uzbekistan and other regions with harsh
conventional reference solution. climates, high traffic intensity, and the need to
Lower values of EE i r bndicate  higher ~ modernize aging infrastructure.
environmental efficiency.
In international practice, carbon footprint values REFERENCES
for concrete range from01@. 35 kg CO [/ kg, and for
reinforcement steel froml.82. 1 kg CO / kl3.ENF296:2023 Concrete i Specification,
reinforced concrete bridges with optimized concrete performance, production and conformitBrussels:
composition and recycled materials, emission European Committee for Standardization (CEN),

reductions of 2630% are achievable. 2023. o
Integration  of  environmental and [2] EN 1990:2002 + A1:200%urocodei Basis

; i t of structural designBrussels: European Committee
engineering aspects for Standardization (CEN), 2005.

Methodologically, ~Sustainable Bridge Design  [3] EN 19911-1:2002 Eurocode I Actions on

integrates  theoretical, analytical, and economic stryctures. Part 11: General action$ Densities, self

assessments into a unified system. weight, imposed loads for buildingsBrussels:
Environmental performance is not treated as an European Committee for Standardization (CEN),

additional criterion but as an integral part of the design 2gg2.

algorithm. A solution is considered optimal only [4] EN 19921-1:2004 Eurocode 2 Design of

when: concrete structures. Part1: General rules and rules

) { H d- f f BLE it nf{le co ] for buildings Brussels: European Committee for
This relationship enables mufactor analysis of  standardization (CEN), 2004.

design alternatives, where durability, environmental [5] AASHTO LRED Bridge Design
safety, and economic efficiency are treated as equallyspecifications 9th ed. Washington, DC: American

important objectives. Association of State Highway and Transportation
Relevance for uzbekistan Officials, 2020.

Gi ven Uz b elinatis t amdh Goperational [6] FIB Model Code for Concrete Structures

condition® hot climate, seismicity, humidity 201Q Lausanne: F®d®r ati on

variations, and use of deing salt$ the application  (FIB), 2013.
of sustainable design principles is particularly [7] 1SO  156861:2022  Buildings and

important [9]. constructed assefs Service life planning Part 1:
Key priority directions include: General principles  Geneva: International
T  optimization of concrete composition and use Organization for Standardization, 2022.
of recycled aggregates; [8] SP 35.13330.2011Bridges and culverts
1  protection of reinforced concrete elements Moscow: Ministry of Regional Development of the
against carbonation and corrosion; Russian Federation, 2011.
1'[ reduction of energy Consumption in [9] SHNK 2050322, Bndges and culverts.
construction material production; Design standards Tashkent: State Committee for

{ transition to digital lifecycle modeling of Architecture and Construction of the Republic of

bridges (BIM + LCA). Uzbekistan, 2022. | .
Thus, sustainable bridge design becomes not an _ [10] V. Yu.Vasilievand A. A. KiselewDurability
optional trend but a mandatory element of modern of reinforced concrete structures of transport

reinforced concrete bridge engineering, ensuring facilities. Moscow: Transport Publ., 2018.
durability [10, 1215], resilience, and socieconomic [11] SP 63.13330.201&oncrete and reinforced
efficiency of transport systems. concrete structures. General provisionsloscow:

Ministry of Construction of the Russian Federation,
2018.
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Methodological Framework for Assessing Durabilityand Reliability of
Reinforced Concrete Bridge Structures

S. Salikhanov®?2, J. Zokirov !
Tashkenstate transport universitfashkent, Uzbekistan

Abstract: This paper addresses methodological issues related &sshesment of durability and reliability
reinforced concrete bridge structures throughout their service life. The study examines conw
deterministic design approaches alongside contemporary international standards, including
AASHTO LRFD, FIB Model Code 2010, and ISO 15686. Particular attention is paid to servic
design principles and to the role of material degradation models in the prediction ¢&ron
structural performance. From an engineering standpoint, it is shown that dlusivex use of
deterministic methods does not adequately reflect-tdependent deterioration processes.
overcome this limitation, a multevel assessment methodology is proposed, integre
deterministic, seraprobabilistic, and probabilistic apprdees for evaluating structural reliability ar
residual service life under environmental exposure.

Keywords Service life design, durability, reliability, reinforced concrete bridges, degradation mod
environmental exposure, probabilistic assessment

1. INTRODUCTION

Temperature Moisture/Temp. Chlorides
~ . (pH 1) F-T cycles () .
From the authordos engknec o 5 ability
related failures of bridge structures are most often \ l K//
associated not with insufficient strength, but with
. . . DURABILITY

underestimated environmental degradation
mechanisms. /

Modern research in the field of reinforced concrete

Humidity, Seismic,
moisture wind, fatigue

Carbonation

bridge design considers durability as a mldtiel ol

performance characteristic that defines the ability of a
structure to maintain its functional and safety Fig. 1. Diagram of the influence of climatic and
properties throughout the intended service Uifeler anthropogenic factors on durability

the combined effects of environmental, operational,

and anthropogenic factors [2], [4], [10]. In this The methodology for assessing the durability and
context, durabmty is no |0nger treated as a Secondaryre”abi"ty of reinforced concrete bridges deVElOped in
consequence of strength reserves, but rather as #is study integrates the following interrelated

governing design parameter influencingustural approach.e's:
performance over time. Durability assessment methodology  R(t),

From a methodological perspective, durability addressing the timdependent degradation of
should not be associated with individual empirical concrete and reinforcement, including concrete
coefficients or isolated verification checks. Instead, it strength  reduction, carbonation, reinforcement
is more appropriately represented by an integratedcorrosion, chloride diffusion, and the associated loss
system of models that jointly account for mechahic of crosssectional are and elastic modulus. This

behavior, physicochemical degradation processes, andnethodology is based on the regulatory framework of
environmental exposure within a unified framework EN 206, Eurocode EN 1992, and SP 63.13330.2018

for service life assessment (Fig. 1). and aims to answer the quest
structure retain its perfor ma

Reliability assessment methodology S(t), focusing
on I i mit states, reliabil it

characteristics of loads and resistances, and the
probability of failure over time. This approach relies

on EN 1990, AASHTO LRFD, and GOST 27751

2014 an addresses t he guestion
probability of failurefree structural performance
throughout the service |ife?¢

@https: // 000 @BEFRXY7 0000
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Life Cycle Cost (LCC) methodology, which reached, particularly in aggressive environments such
considers initial construction costs, operational as areas exposed to -@éng chemicals, coastal
expenses, maintenance and strengthening measuresggions, and zones characterized by high temperatures
as well as reconstruction and eofdife processes. and intense solar radiation.

This methodology is based on liégcle economic
models and LC/LCA principles and answers the 2. MAIN PART

guestion: iwhat is the total cost of the structure o
its entire service | if e?Regulatory framework for durability and reliability
Environmental efficiency assessment assessment

methodology rE hl, . addressing greenhouse gas The assessment of durability and reliability of
emissions, material intensity, recyclipgtential, and  reinforced concrete bridges cannot be performed
resource efficiency within the framework of without reference to existing regulatdirameworks.
sustainable design principles and Aifgcle European standards, such as EN 206 (Condrete
environmental indicators. This methodology aims to Specification,  performance, production  and
answer the question: i T confarmity)t establish windamernitakrequireneentsdfer s i g n
solution environment al | yconjcigte taking inte atcodnt environmental exposure,
By integrating these approaches, the proposedstrength, and serviceability [1]. Within bridgesign
methodology for assessing the durability and practice in the European Union, Eurocode provisions
reliability of reinforced concrete bridges is based on play a central role, particularly EN 1990 (basis of
the combined application of four interconnected structural design), EN 1991 (actions on structures),
components: durability assessment R(t), reliability and EN 1992 (design of concrete structures). These
assessmer8(t), life cycle cost evaluation (LCC), and documents enable the consideration of svthctural
environmental performance assessmenmtf hlk, .,  safety and service life performance within a unified
Their joint application provides a comprehensive design framework [2]4].
engineering, economic, and environmental The American approach is represented by the
justification for design decisions (Fig. 2). AASHTO LRFD Bridge Design Specifications, where
structural reliability is assessed using probabilistic

concepts based on limit state design principles [5]. In
Assessment Methodology the postSoviet regulatory space, SP 63.13330 governs
the design and analysis of reinforced and prestressed

concrete structures, addressing requirements related to
durability, deformations, strength, and stiffness [11].
Contemporary concepts and international

standards
International standards and guidelines, including
Reliability mifiiiiifm E::irrf:rr"r:::c':l FIB Model Code 2010, EN 206, ISO 15686, and
assessment AASHTO LRFD Bridge Design Specifications, have

introduced a fundamentally new methodological
: i o paradigm known as Service Life Design. Within this
Fig. 2. Methodology for assessing the durability g mework, durabity is treated as a design parameter

and reliability of reinforced concrete bridges equivalent in importance to strength and stability [1,
Classical approaches to durability assessment 6, 1115].

Historically, durability considerations in bridge The key principles of this concept include:
design were incorporated indirectly through safety |, - definition of the required design service life
factors and strength reserves. In national standarddla e s 1 ¢gpending on the structural category (typically

such as SHNK 2.05.632 [9] and Russian regulations 50, 75, or 100 years);

including SNiP 2.05.084, SP 35.13330.2011, an@ S - identification of degradation stages:
63.13330.2018 [8], durability was primarily - initiation stage (penetration of CO2,
associated with parameters such as concrete covechlorides, and moisture);

thickness, water resistance grade, frost resistance, and -  propagation  stage  associated  with
reinforcement type. This approach was essentially progressive reinforcement corrosion;

deterministic, with environmental conditions assumed - ultimate limit state stage;

to be constant and tiFiavariant. - evaluation of degradation parameters, such as

~ While such design practices ensured compliancediffusion coefficients, concrete cover thickness, and
with safety requirements, they did not allow for a environmental aggressiveness;

realistic prediction of the actual service life of bridge - calibration of degradation models using
structures. In practical applications, this limitation jnspection, monitoring, and diagnostic data.

often resulted in the need for repairs amergithening

measures well before the intended design life was
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According to ISO 15684 (2011, 2022) [7],
durability is defined ag¢g

(Service Life
DeSignh e

fatigue, and limit

adopted in FIB

sstate éxceddsnce

b dnd Burosoder

nponent

perform its required functions over a specified period
of time without unacceptable degradation of

Service life design methodology integrates these

performanceo0.

design methodologies.

It should be emphasized that the presented
standards differ only formally,

conceptually in their treatment of tintkependent

degradation.

not

but

Integration of durability and reliability
The reliability of bridge structures is defined as the
probability that a structure will maintain its load

bearing

capacity and
throughout the specified service
methodological standpoint, the relationship between

functional

life. From

durabiity and reliability may be expressed as:

”'a dzN%

¥ <h

where |}5 ¢n®S the probability of failurdree

performance
intensity as a function of environmental exposure and

materialproperties.
In this context, durability can be interpreted as a

time-integrated reliability indicator:

Lﬁ dzNg

and

a(t)re

1« -”H

Cons e qu e n tapproached: usengrdbabllistid ahalybiseis typiceallg
explicit function of time and exposure conditions, applied at early design stages,
forming the basis of modern service ldeented

a

where R_tis the residual lodbaring capacity at
time t, and R_0is the initial capacity. This formulation

enables the use of probabilistic tirdependent

models that link limit state design with environmental
degradation mechanisms.
Service life prediction methodologies

Within

the methodological
durability assessment of bridge structures,

framework

principal approaches are commonly applied:

Table 1

Main methodological approaches to the
assessment of bridge durability

Approach Description Advantages
Use of normative
environmental Lo
. Simplicity,
... | coefficients, wate
Deterministic . regulatory
resistance and e
; compatibility
frost resistance
grades
Resource
Sr?pr)?r?éfln using Applicable in
Semi relationships engineering
I practice,
probabilistic < enables servicg
R .
m ' dccounting| e o crimation
for exposure
category
Probabilistic | Modeling of Highest
time- diffusion, accuracy and
dependent | carbonation, flexibility;

for
three

an
while detailed
probabilistic models are used for refined assessments
and optimization.

Conceptual framework of durabiliyriented

also design

In a generalized form, durabiliyriented bridge
design may be represented as a sequence of five key
stages:

- classification of environmental exposure
conditions (according to EN 206 and SHNK 2.05.03

performance 22):

- specification of the design service Iife esign

time-dependent modeling of material
degradationr <, <« andly ;;

- evaluation of failure probabilitylly <and
|dent|f|cat|on of Sqovernlﬁg limit séates

- op |m|zat|on of design solutlgns Wltﬁ respect
to durability, environmental and
economic efficiency.

Within this framework, durability emerges as a
governing criterion of structural reliability, while
reliability assessment becomes a quantitative tool for
evaluating environmental impacts on leegm
structural performance. This integrated approach
consttutes the methodological basis for incorporating
environmental effects into the design of reinforced
concrete bridges.

In practical bridge design, the selection of an
appropriate methodological level largely depends on
data availability and the expected aggressiveness of
the operating environment.

performance,

3. CONCLUSIONS

The conclusions of this study are based on a
combination of regulatory analysis and engineering
generalization of longerm bridge operation practices.

Thesystematization of methodological approaches
to assessing the durability and reliability of reinforced
concrete bridges presented in this paper allows several
important conclusions to be drawn, which are relevant
for both the scientific community and engaring
practice.

First, the analysis of regulatory documents,
including EN 206, Eurocodes (EN 199®92),
AASHTO LRFD, SP 63.13330, FIB Model Code
2010 [6], and ISO 15686 [7, 13], demonstrates a clear
international trend toward the transition from formal
normative design ot service lifeoriented design
methodologies. Unlike traditional deterministic
approaches based on strength reserves and fixed
design parameters (such as concrete cover thickness or
frost resistance class), contemporary design concepts
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require explicit consideration of tirgependent [2] EN 1990:2002 + A1:20Q%urocode’ Basis

material degradation and the integration of of structural designBrussels: European Committee

environmental effects into structural assessmentfor Standardization (CEN), 2005.

models [12, 15]. [3] EN 199%1-1:2002 Eurocode I Actions on
Second, a key outcome of this study is the structures. Part 41: General action$ Densities, self

justification for adopting a muHevel methodological ~ weight, imposed loads for buildingsBrussels:

framework that includes: European Committee for Standardization (CEN),
1 a deterministic level, ensuring compliance 2002.
with existing regulatory requirements; [4] EN 19921-1:2004 Eurocode 2 Design of
f  asemiprobabilistic level, based on empirical concrete structures. Part1: General rules and rules
relationships and engineering judgment; for buildings Brussels: European Committee for

1 a probabilistc timedependent level, Standardization (CEN), 2004.
incorporating models of carbonation, reinforcement  [5] AASHTO  LRFD  Bridge  Design
corrosion, and fatigue degradation within the Specifications 9th ed. Washington, DC: American
framework of limit states and failure probability Association of State Highway and Transportation
analysis. Officials, 2020.

The integration of these levels provides a robust  [6] FIB Model Code for Concrete Structures
basis for predicting the residual service life of bridge 2010 Lausanne: F®d®ration | nt
structures and enables more substantiated engineerin{f~!B), 2013.
decisions during the design process. [7] ISO  156861:2022  Buildings  and

Third, the results highlight the necessity of further constructed assefs Service lifeplanningi Part 1:
harmonization between national regulations and General  principles ~ Geneva:  International
international standards, particularly with respect to: ~ Organization for Standardization, 2022.

1 classification of environmental exposure  [8] SP 35.13330.2011Bridges and culverts
conditions (in accordance with EN 206 and ISO Moscow: Ministry of Regional Development of the
15686); Russian Federation, 2011. .

1 service life prediction using approaches _ [9 SHNK 2.05.0322, Bridges and culverts.
adopted in FIB and Eurocode frameworks; Design standards Tashkent: State Committee for

1 implementation of diagnostics and Structural Architecture and Construction of the Republic of

Health Monitoring (SHM) as an integral component of Uzbekistan, 2022. i d isel bil
both design and operational management strategies. [10] V. Yu. Vasiliev and A. A. KiselevDurability

. of reinforced concrete structures of transport
poslible?:)/?ra”’ the proposed methodology makes it facilities. Moscow: Transport Publ., 2018.

1 improve the accuracy of service life [11] SP 63.13330.201&oncrete and reinforced

. . . concrete structures. General provisionsloscow:
assessment for reinforced concrete bridges; - . : )
Ministry of Construction of the Russian Federation,

1 enhance the efficiency of maintenance and 2018
rehabilitation planning; y [12] Saidkhon Salikhanov, Fakhriddin Zokirov:
1 substannate_ deS|gp demspns at  both Studying possibilities of joint operation of main beam
conceptual and detailed design stages; and protective layer constructions. AIP Conf. Proc. 15

1 increase the adaptability of bridge structures July 2025: 3256 (1): 030029.
to climatic variability and anthropogenic impacts. https://doi.org/1’0.1063/5.0266815
Under conditions of increasing operational [13] Determination of deformations and self

demands, economic constraints, and Stricter gyress” in concrete on stress cement // Saidkhan
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integrated durability and reliability models should be ,,~ 35 Web Conf., 264 (2021) 02056, DOI:
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Methods for Calculating Retaining Walls Composed of Modern
Prefabricated Elements andTheir Stability Conditions

M.Kh. Miralimov ¥©2, Kh.U. Urazov¥®®, Z.K . Rakhimjonov®¢, K.M . Juraev®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article discusses the design principles, calculation methodstadility conditions of reinforcec
retaining walls composed of modern prefabricated elements. The study analyzes the main loa
on retaining walls, soil pressure, the working principles of reinforcing elements, and their infl
on the structuraktrength of the system. In addition, the overall stability conditions of the
including overturning, sliding, and foundation stability, are evaluated based on engin
calculations. The technical and economic advantages of using modern prefdlatieatents, as wel
as their role in accelerating construction processes, are also considered. The article pre:
practical application of retaining walls reinforced with geosynthetic materials and
reinforcements, together with the standardgfeapproaches used in their calculation. The obtai
results are important for ensuring the reliability and toergn serviceability of reinforced retainin
walls used in highways, railways, and other transport infrastructure facilities.

Keywords: Reinforced retaining wall, prefabricated elements, soil pressure, stability conditions, geosy
materials, strength analysis, sliding, overturning, foundation stability, engineering stru
deformation, reinforced soil, geotechnics, structuraltsmis, load effects

Zamonaviy Yigdéma El ementl|l ardan | bor at
Usullari va Barqgarorlik Shartlari

Miralimov M.X.}®3 O 6 rOa z'C®Rahimjonov Z.Q.1®¢, Juraev.Q.M.1 @
Toshkent davlat transport universitetgsShkentO6 z be ki st on

Annotatsiya: Ushbu magolada zamonaviy yigéma el ementl a
konstruktiv xususiyatlari, ularni loyihalash va hisoblash usullari hamda bargarorlik shi
yoritilgan. Tadgiqot davomida i r gak devorl arga tadsir et

armatural ovchi el ementl arning ishlash pr
tahl il gi lingan. Shuningdek, devorning

barmr or Il i k hol atl ari muhandi sli k hisoblari
foydalani shning iqgtisodiy va texnik afzal
chigilgan. Maqolada geosintetik materiallar va metall armaédwdan foydalanilgan tirgal
devorlarning amaliy qod6l |l ani shi hamda ul
keltirilgan. Olingan natijalar avtomobil

gool | ani | adi g &gak devorfamihgushamdhldign \tg aizng nhuddatli xizmat qilishi
tadéminlashda muhim ahamiyat kasb et adi

Kalit so¢Armatural angan tirgak devor, yigéma el em
materiallar, must ahkaml i k hi sobi , sirpani sh, ag
i nshootl!l ari, deformatsiya, armatur al angan
1. KIRISH Anbdanaviy monol it rgak dev.

ti
Zzamonaviy yi g6 ma el ementl ar c

Hozirgi kunda avtomobil gVRatuf®l Gnga®Oltit§aRSBEUbII a
infratuzilmasining jadal rivojlanishi murakkab geologik Shu bilan birga, armaturalangan tirgak devorlarni
sharoitlarda ishonchli va iqtisodiy jihatdan samarali |oyihalashda grunt bosimi, tashgi  yuklamalar,

Bunday inshootlartarkibida tirgak devorlar alohida k o nstruksi yani ng agodarilish
ahami yatga ega bodlib, gebrin@diyaga Larshin BargartR@if Safic hidodliagnd
bargarorligini taominl agbhm mdsabdan il hisodaRadi. Zathbnhvy! S h
hodi sal arining ol dini ‘H'i's%'&la'%ﬁmdausquoaHinHOy'qoéIIz

mustahkamligini  oshirish  vazifalarini  bajaradi. ishonchliligi va uzogq muddat xizmat gilishini

a

https:// o0o-006@R&.&kHIgF 0000 https: // 0-06&®B.Br gX
https:// o006B& %My 0000 ““https:// 0-06 0BG HY7

0000
0000
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t a 6 mi mMazkyr dhagolaning magsadi zamonaviy }-%/ - Armatura

yi gdéma el ement!| ardan i bor aylman ] — T tirgak
devorl arni hi sobl ash usul | a Z .. ularning
barqgarorlik shartlarini t ahpeglar : folldindvehi ' ma | jy qo

imkoniyatlarini yoritishdan iborat. Tadqgigot natijalari
transport va geotexnik inshootlarni loyihalashda samarali

konstruktiv yechimlarni tanlashga xizmat giladi.[1] J| P _

2. TADQIQOT METODIKSI . 4“- -

Hozirgi kunda respubl i kami=p . ik

sohasida kooplab yangi turdi: N,mummllardan

foydalangan holda k o 6pr i kl arni ng €| I T

mustahkamlikka va chidamlilikka hisoblashmoqda .
2rasm: Tasma ar matur al i de

shu jumladan ushbu ishda ham vyangi turdagi
Zzamonaviy yi goma elementlardaq%uvcmtabsrbq'kléc'f'lartlrkama
devorlarning ustuvorligini hisoblashda amal giladigan
shartlar va ketméetlik goidalari kefirilgan. 3. MUHOKAMA VA NATIJALAR

Tasma armaturali tirgak devorlarini hisoblashda eng
birinchi dastlabki loyiha tuziladi. Dastlabki loyihalashda Hobal andl i kdagi devorga taodsi |
armatura kesimi va umumiy armaturalar soni kK uc h yon bosi mning (H)bal and]I
hi sobl angandan sob6ng i integialtaghtorqali aniglanadb Shunglay gitbr deviorga
tekshiriladi. Tasma armaturali tirgak devorining t a 0 s i r umeniyuaktiy bdsim (B va umumiy
bargaraligi tashgi va ichki bargarorlik sifatida ikki passiv bosim (§ quyidagi tenglamalar bilan

bosgichda hisoblanadi. aniglanadi (TS 7994).
Tashqi bargarorlik
Tasma armaturali tirgak devorining tashqi barqgarorligini ||'=|= ,VT' L ’ L+ﬁ‘| (1)
hi sobl ashda yi g6 ma panell arning 090|rl|g|n| hi sobga
ol masdan, tizim ogéirlik deforl L_.Ra?brL_ﬂljshIa)K?dl deb
hi soblanadi. Ushbu taxminga koo6r a uyi dagi eksh|ru la
amalga oshiriladi @asm). Bu yerda A - D% 1995 U 'nf bi
a) Asosdan silish tekshiruvi 0gbi rJ-iakiv gruntking yon devorga b05|m|
) / R koeffitsiyenti va K - passiv gruntning yon devorga
b) Agodarilish tekshi F UV bosimi koeffitsiyentidir.
C) Koo6tarish qgobiliyati t ekhshyonrkucklar (Ra R) yon grunt bosimining
d) Umumiy yemirilish tekshiruvi tagsimlanish diagrammasining
Boshqacha yt ganda, bu kuchlar tad
diagramma asosidan boshlaffdya teng. Agar yer osti
—j ¥ 5 i suvlil ari mavjud bodl sa, yer 0
i ' ! suv kuchini ham yon devor kuc
Bir nugtadagi suv bosimi (u):
u=hyz'. Devorga taébésir giluvec
ham suv bosimining suv taobsi
bodéyl ab integrallash orqali 0
Chokish holati Axrlanish holati ”_ ) l; A -5 I (3)

1-rasm: Tashgi barqarorlik tekshiruvlari (TS 7994)
. . Agar Z r kuchl
Agar y|_goma,_elmentlardool}/%c,) %%b Hb‘iﬂl%tbﬁ%k q%ln kel.i

i nshootni ogéirlik devor i , hootg
tadsir qiladigan tashdjyi Iﬁucmgﬁf'afa}b;foﬂg [, YO {tU‘Pr&Lb rE)"S| mi
; o i iV op yt
passiv grunt garshiligi @ va devok) o 9934) i (
hisoblanadi (Zasm).[2-3]
Av={= &+Av (4)
Ao LLa ©)

Yuza yuklanishidan devorga t
aktiv va passiv kuchlar espuyidagi tenglamalar bilan
aniglanadi (TS 7994):
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L T L, s, La 6 Ishqalanishsiz devor
R (©) % /siliish vuzasi
Fve 7 Eay LEag (7 t
Bu kuchlarning tadsir ma . . ... 1 gining
yarmi darajasida joylashgan. S S;f_’::;lf f:;z:ff
Madl um bir ¢ huq guvlariviksita g n —
tarangligi natijasida yuzaga keladigan kuchlanishlar
yigoindisi guyi dagi tengl H/3 di (TS
7994):
a.; La, L, o (®) '
a._ La, L. o ©) 4r asm: Devor sirti qiya bodlg

va devorga taodsir etuvchi

Gruntdan, suvdan va sirt yuklanishidan yuzaga

kel adi gan yon boswmsmdmgA%I%?/ol?%gyltaa s%' paénsh tekshi
koérsatilgan. ooylab 5|rpan|shga gar s
ushbu formula orgafiniglanadi.

By dgle Br<t JE o

I Kpv'e | _’|“° x.\f: vass it Tv v >—=|=I' i B!_I. "-+I ||> J"|= \ Q)
% = 5K,vH3 . P:lknuo |h "ﬁ'ﬁ " — (16)
:r I ‘_’l“fﬂ Jrs . " Eng kam xavfsizlik koeffitsienti 1.5 gabul qilinishi
;:r'”", ;;:ra G';w']“t ” s ku“';; " kerak (TS 7994)
assiy 4 et i fichicoiisht B u yergdt a;iljishnixd’r'dini oluvchi kuchlar
3-rasm: Grunt, suv va sirt yuklaridan kelib o i nod-ls $il ji «kBvchi kuchl ar y

chigadigan yon bosi mni ‘WQPasHLPd’é’ g A 5§8§| bh taoésir etu
Qiya sirt va ishgalanishsiz devor orgasida (2.20 B - panel tasmasi uzunligi (devor asosi kengligi),
rasm) gruntdan kelib chigadigan devotga 6 s i r  eCt Ma & napos zaminining kogeziyasi va ichki

bosimlarni ani ql assaktivara q ¢SBAplanighy purchagi; HYarn insheotning igtisodiy
Kpr passiv Rankin bosinkoeffitsientlari quyidagi ~ XiZmat muddati davom|da devor oldidagi gruntda

formulalar orgali hisoblab topiladi. (TS 7994): gazish ishlari olib borilmasligiga ishonch hosil
gi lishning il oji bodl masa, u
L H b . v oo v -k gruntning passiv gandigi (Pp) edti borga olin
R AR v GO )
L ’ ’ Agodarilishni tekshirish
W . T Agdbébdarilishga garshi xavfsizl
IL_:| (11) tenglikdan aniglanadi.
o Wk vovie viw gl
, 17 v -l
. . v 'nv4=|I+>.-.vﬁ|i r“%,; a7
Pr = - - - — (12)
Vit v Bu yerda:
Z v = viie g xM-Cnugta(2d¢ asm) atrofida agddar
P_ = - = - — (13) . : ;
viiew giluvechi kuchlarning momentl ar
x Mi-Cnugteat r of i da agdédarilishga

Aktiv va passiv yon kuchlar devor normali bilan

- . ; o ilad . kuchlarning momentlari yigoinc
quyida berilgart burchaklarni hosil giladi (TS 7994): Agar Konstruksiyaga tabdsir

ﬂ+ 4=|=. A L. b (14) eguvchi momentlar bitta normal kuchga (N)
Vol aylantirilsa (3% a s m) , bu kuch devor

4 <+_ viieyrgls (15) ekssentriklik (e) gacha uzoglashadi. Agar
- T T ekssentriklik e<B/ 6 dan kict
Devor va grunt oraligqg yjugzga:qsrl( aij)gltlr%s%r\‘jite?h\nmlgam@a%?harlda
esa, aktiv va passi\yon,kuchlar_ grunt yuzasiga Yuk kootarish qobiliyatini te
parallel booladi Ekssentriklik(e)or t i b B/ 6 danmikatta b
manf iy bodl adi vV a b u hol da
kuchl ani shl ari paydo boél adi
chunki gruntning chodzilis

garshiligi juda past. Bunday holda, devordagi
ni sbatl ar ni gayt a ani gl ash
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kuchlanishlari paydo bodli
O B/ Basnf) Bolatida asos bosimi (TS 7994);
£t L = (18)
Yuk koot arish qobiliymtini
tekshiriladi, maksimal asos bosimi poydevorning yuk )
kodétarish qobiliyatidan oc¢
: - :
éQ@)ﬂ@thldiLi,sh ilg —rgéllfﬂ ¥) J|| T V- ) (22)
= Bu yerda:
U-boo6l ak asosi yoy markazi .
- birlashtiruvechi too6gori chi zi
¥ B vertikal yodénalish bilan ho

Doydevarzamini Boo6l akning siljishiga gar shi
qu%m gruntningsi | ji shga qgarshiligidan
5-rasm: Ekssentrik yuklangan tasma bilan quyidagicha (TS 7994).

mustahkamlangan tuproq armaturali tayanch Jo ] AL . VAR
devori ostida asos bosimining tagsimlanishi. im YV Y Qe v ¥ g

— . YA RS | .

Agar yigoma panellardan S'Ji‘t;#orvayt TR 9%k de 1 i
lenta(tasmasimon) poydevor sifatida garalsa, uning - boél akning yoy uzunlig
yakuniy(chegaraviy) koodtkgleifrsh t gPBht i Yastiiimii skga!l 4@ s
Terzagi _tomonidan,t.aklifyiegtéiilngjq@ihpgbgri%fp|jqpphl,'bﬁpt
formulasi (19) bodéyicha \ang @il Afihs iMPdNkd insbatiga teng (

» ity mrts 8lad. ) g, BN eew 23)

Buyerda:cdevor ostidagi tuproqgning boBb_rBI'»anish .
koeffitsienti, B devor asosining kengligip(o 61 at Bu i fodada moment yelkalari
armatura uzunligiXDs - poydevor chuqurligi, NNva ~ quyi dagi kodérinishni ol adi.

N, - poydevor gruntining ichki ishgalanish burchagiga 44 o -Bd 24
@ bogéliq kobtarish qobiliyatiTom &Tari. (24)
Kodétarish qobiliyati XaVfLS-ADZy!)yhirﬁuzhnﬁg?(éré]?,bos.s'ent' (TS 79¢
TMvi @& HTI T T b;_groﬂ'i (20) Ichki bargarorlik _ _
Te Ichki muvozanatda armatura(tasma)ning tortish
tadminlanishi zarur. kuchl ani shl ari ostida wuzilis
Yuk kodétarish qgobiliyatiinghdgelkesriigh shufayl i todl diri

Tasma bilan mustahkamlangan armaturali tirgak devorio 6 r g a n'i | a d iUshb( Tekshirigh9 réatdagida,

uchun barcha tekshiruvlizaarr uroadtt kan gy g eh @da, gsaorrcih,i o
xavfsizlik  koeffitsientlari  kerakli giymatlarda t o061 di r gi ch ichiga joyl ash
tadmi nl aWgan kbdod!l ha |l | ar dielgilgnadt.i sh natijasi da

yuzaga kelgan oo6zgar i ahl Armatuch@smayuzilishinrtekshirishl gan hududd
tuprogning muvozanat i ni Armiatudasmap tayyodamgam matehalning tortistb i r g a
buzilish ehtimolini oshiradi. Shuning uchun umumiy mustahkamligi tegishli xavfsizlik koeffitsientiga

0
t

buzilish tekshiruvini o6bawaki spbanahabdatitlopdil.adTur gAdrL
tahl il Shvetsiya bodl ak maksimautsrtish kuchb Ti |(fasm) quyadi gogla os hi r i
mumkin. orqali hisoblanadi (TS 7994).

Shvetsiya bodl akl ar usuliga 5 ABCD aydoni

vertikal bool akaampa Boﬁnamgimﬂg(E%bz#vs*ﬂ]ls%me‘f (25)

y on tomonl ari ga t aésinir e Buyerda:h i kuchl ar bir

muvozanatlaydi deb hisoblanadi. Ixtiyoriy (i) Twi Grunt yukidan hosil booélg
boél akni ng) oddlirdk gas sW dar,, ™BzHak ul Nbdbmlgwkdamwrho sihl
va urinma (Ti) yodénalishlpr daeritkikiiatia yugdlhbhysidli songs

bodlinishi mumkin. Ts: Gorizontal yuk
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Tm: Vertikal yukdan hosil boélgan mbhent tadspgi.
Grunt yukidan hosi | bodl gan tor'tishH kuchi T
1. 34
I bel T (26) o vk SO
Yoyil gan y igandogishkishpds i | boékoor' ni shida hisoblanadi .
2Ftan(45 - @/2) 3 ©
JI|A E=|=Avc (27) : d(m/zq I‘d—" b A5+ 2
P | :
koorinishi da arhatuslarbotasidaga d i b
vertikal oralig, gy oyi | gan yuk madno:¢ h F,
5 b d+b/2 i Is
Fi :H tan(45 - 35)
IENEEEEEEEEE
1
1r5y 2 T:‘ 2 3
I
3 9r as m: Gorizontal yukning arn
(TS 7994)
¢ Armatira Bu yerda: I; - armaturalangan sohaning effektiv
> uzunligi, S - vertikal yuk, F - gorizontal yuk, b
yoyilgan yuk kengligi, -t as mal ar wusti dagi
balandligi, d-yoyi |l gan yuk o0od6rtasi v
orasidagi masofani anglatadi (2:2&m). Maksimal
| B | tortish kuchi hisoblangandan
7rasm: Tortishga taosir BZUVERD kneht ahkamlsi gbogaquyi de

tekshiriladi (TS 7994).

Vertikal yukdan@has)i| bodl gan kluctk [Frive (35)

Jy Loy 1 - (28) Bu yerda: & - ruxsat etilgan tortish kuchlanishi b
LAd T A 1 - armatura kengligi va t- armatura gqalinligini
_ m anglatadi.
I?: -H"H—EE' V|1=|= ' -H- (29) Armatura(tasma) sirpanishini tekshirish
I ™ ffuvge ® L (3 Armatur a sirpanishini
' ' too6l diruvchini ncgugylikdawea.i yuzas

S uzunligida armaturaning ikki tomonida yuzaga

2 keladigan ishqgalanish kuchi (sirpanishga qarshilik),

T - armaturaning qalinligini edt i

’ :b \ 1 , .

v i ) bool gani uchun;
oL =f >
\} 4 Bdapoa g (36)

D, ifodasi bilan hisoblanadi (TS 7994). Bu yerdaP

Uanii shqgal ani sh koef fU<tllsi yent i
gi ymatl ar or aBb@la bodli shi k e

4. XULOSA

Xulosa qilib shuni aytish mumkinki yugorida
8rasm: Tashgi yukl arni kegeldrimatlugraang a ftoa drauilrai v a S X en

(TS 7994) mumki nKki yi goma el ement!l ard
. devorl arni hisoblash qoidal ar
Gorizontal yuk T esa #asmdan devorlarni hisoblash ketrdeetligidan biroz farq
JI'I"* '||.=1 ||f ||If (31) giladi, shu sadad an yi gbéma el ementd
o, tirkama devorlarni hi sobl ash
Ik H - (32)  @alohida ahamiyat kasb etadiBunday turdagi
r CE maqol al ar Obzbekiston respit

Vertikal yukdan hosil bgaga}s'glgoﬁma%’oment tadsiri;
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Analysis of theStrength Characteristics and Micro-Crack Formation
Boundaries of Ceramic Concrete During Compression

Abstract:

Keywords:

G. Malikov1®2
Tashkent State Transport University, Tashkent, Uzbekistan

The article examines the physicochemical, strengthdafamation properties of keramzit concre
under shorterm and longerm axial compression. Particular attention is paid to the kinetics ¢
microcracking process and the determination of parametric pothé&slower (R_crc*o) and uppe
(R_crc™v) boundries of microcracking in the structure of light concrete. Based on an anal
review of the research, the influence of the heterogeneity of the porous filler and the strengt
mortar part on the overall deformability and prismatic strength ahtiterial is demonstrated.
The limitations of applying O.Ya. Berg's classical logarithmic dependencies in evaluating n
concretes were demonstrated, and new universal émapfiormulas were analyzed, accounting 1
the constant ratio of loadlevel s ((d_crc”~o0o)/ (d_crc”rv )=
concrete. The obtained results can be used to improve methods for designing and assessing
strain state of concrete and reinforced concrete structures. Keywords: Keramziegtigbteveight
concrete, prismatic strength, Poisson's ratio, deformability, microcracking, lower boundary o
formation, upper boundary of crack formation, stigtsain state.

Ceramic concrete, light concrete, prismatic strength, Poisson's ratio, deformability.craking,
lower crack formation boundary, upper crack formation boundary, sthess state
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Analysis of the Influenceof Loading Time And Technological Factorson
the Deformationof Long-Term Creep of Lightweight Concretes
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N.R. MukhammadieV}®9, G.B. Malikov®©
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Abstract: The article analyzes the developmental patterns of linear and nonlinear creep deforma
lightweight prestressed ceramic concrete structures pnolenged compression. The joint influen
of the watercement ratio, temperature effects up to 900C, and the stiffness of the porous filler
kinetics of stress redistribution in the concrete structure was investigated. The mathe
dependence fodetermining the nonlinear creep of keramzit concrete was considered, takin
account the time factor and the age of the concrete at the time of loading (t1>16 days). It h
established that the linear creep limit of higkength lightweight camretes reaches 65% of tt
compressive strength, which is significantly higher than the indicators of conventional concret
obtained results and refined empirical formulas significantly increase the accuracy of calcula
deflections and loatleaing capacity of bending and eccentrically compressed elements of trai
structures.

Keywords: Porous concrete, light concrete, porous concrete, nonlinear creep, deformabiliycenatet ratio,
porous aggregate, age of loading
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Passive Cooling Strategies in Residential Architecture of Hedry Uzbek
Cities: A DesignScreening Model

E. Urazxanoval®?, K. Markabaeval®®
'Karakalpak State Universitiyukus, Uzbekistan

Abstract: The article analyzes passive cooling strategies for residential architecture -dny hotban
environments of Uzbekistan, with attention to the climatic conditions of Karakalpakstan and the
Amu Darya region. Theesearch evaluates orientation, compactness, shading, natural vent
courtyard design, envelope thermal resistance and reflective roof surfaces. A comparative
screening model is proposed for four residential block variants. The results sitavetihighest
coolingload reduction is achieved through a combined passive packagevesastrientation
control, external shading, ventilated roofs, improved wall insulation, night ventilation and s
courtyards. The proposed approach supports greffigient housing design and can be used in eg
stage architectural planning.

Keywords Passive Cooling, Residential Architecture, Hoy Climate, Nukus, Courtyard Housing, Shadir
Energy Efficiency, Urban Heat Island, Sustainable Design

load reduction index was estimated using normalized
1. INTRODUCTION architectural parameters rather than full dynamic

Residential buildings in halry cities face a dual simulation.

challenge: they must protect occupants from high CLI=0.300 + 0.25S + 0.20E + 0.15V Q)

summer temperatures while keeping energy demand 0.10C

affordable. In the cities of Karakalpakstan, climatic  \yhere CLI is the passive cooling index, O is the

stress is intensified by low humidity, strong solar grientation score, S is the shading score, E is the

radiation, dusty winds and the limited cooling capacity envelope performance score, V is the ventilation score

of urban vegetation. Therefore, architectural solutions gng C is the courtyard microclimate score. Each

should reduce heat gains before mechanical cooling iscomponent is normalized from 0 to 100. The model is

required. designed for earhgtage design comparison before
Passive cooling is not a single technique but a detailed energy modeling.

coordinated design logic. It includes orientation,

shading, compact planning, thermal mass, ventilation, . . . . _ Table 1
roof protection, courtyard microclimate and envelope Residential design variants used in the
performance. The relevance of this topic is insiieg comparative assessment
as climate projections and urban hesdnd effects Main desian Cooling
indicate higher exposure of urban populations to | Variant featuresg CLI load
extreme heat [1], [2]. reduction
The aim of this article is to develop a practical VO |Weak shading,
designscreening model for evaluating passive cooling |Conventjordinary roof, 28 0%
strategies in residential architecture. The model is onal |random orientation
intended for preliminary architectural decisions and \Vl
can be adapted to local building codes andlatvie Shading) Long facades
materials orientaticcontrolled, external| 49 14%
' n  [shading

2. RESEARCH METHODOLOGY V2 |Insulated walls,

. . . Improveqventilated roof, low | 63 24%
The study uses a comparative dessgreening

. . i envelopg WWR
method. Four residential block variants were formed: -
; : : - V3 [V1+V2, night
VO - conventional block without systematic passive Passi filati haded| 78 36%
measures; V1orientation and shading improvement; assiveventiation, shade ?
packagecourtyard

V2 - improved envelope with ventilated roof; 3

integrated passive package, including optimized
orientation, external shading, insulated envelope,
night ventilation and a shaded courtyard. The coeling

A% https: // 0-06B®.46 &6 0
2 htt ps:/ / 0-060@&. 880> y9 O
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009

ENGINEER


https://orcid.org/0009-0007-8846-1686
https://orcid.org/0009-0007-1710-8228

3. RESULTS AND DISCUSSION VentilategAir gap and reflective | Reduced roo
roof |upper layer heat flow
The results show that single measures provide Lightweiaght insulation _
measurable benefits, buthe strongest effect is Wall orginsula?ed masonry | Staple indooy
obtained when measures are combined. Orientation | €NVelope ) .\ o temperature
reduces dlr_e((:jt solar e)éposTlrg on I<f)ng fa_(ia(_jes; I_shf_;ldmg Court arcTreeS’ pergolas, Cool semi
protects windows and walls; roof ventilation limits Yart o rmeable surfaces | open space

heat transfer from the most exposed surface; and the
courtyard creates a seqprivate shaded microclimate

that improves thermal comfort. The relationship between courtyard shading and

indoor comfort is important for hatry cities because
courtyard housing is compatible with locgpatial
traditions. However, courtyards should not be
designed as closed heat traps. They need controlled
proportions, nighttime air exchange, shaded surfaces
and vegetation selected for low water demand.
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Fig. 1. Modeled coolingload reduction by
residential design variant
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Figure 1 demonstrates that the integrated passive e
package can reduce cooling demand by more than one
third compared with aonventional design. This result

is consistent with the general principle of bioclimatic

Fig. 3. Comparative benefit/cost index of passive
cooling measures

architecture: energy performance depends on the Table 3
interaction of building form, envelope and Recommended envelope targets for preliminary
microclimate. design
o Compong  Recommended Target
£ 350 nt solution indicator
£ s ] External |INSulated lightweight |, 0 < 5
£ masonry or Composite
g wall bl W/ ( mj
‘% 35.0 4 OCk
i Roof |Ventilated and U-value < 0.3
MERE insulated roof builebp | W/ ( m]
g 200 Windows|-OW SOI2Fgain glass v \yp 543004
g with external shade
: 0 10 2 a M © op eningsOppOSite. vents and |ACH increasg
Courtyard shaded ares, % secure night ventilatio,  at night
Fig. 2. Effect of shaded courtyard area on Trees and shaded Shade > 409
. Urban plo X .
modeled peak operative temperature pedestrian edge of main path
Table 2 T . . . .
Passive architectural measures and their design Application in residential design practice
implications The proposed model can be applied at three levels. At
Design Architectural the urban level, the orientation of streets and
Measure| . imendation effect residential blocks should reduce prolonged solar
_ “ILimit east/west exposure of east and west facades. At the block level,
Or'emat'oglazing' use narrow Lower so_Iar semiopen courtyards and shaded pedestrian passage
n eastwe,st exposure heat gain should be arranged to support air movement rather
- than block it. At the building level, the envelope
External |Deep reveals, screeny  Window . : '
. . . should be designed as a protective thermal filter
shading |pergolas, balconies protection
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consisting of shaded windows, insulated walls,
ventilated roofs and controllable openings.

A major advantage of passive cooling is that it can
be implemented using local construction practices.

cooling checklists at the concept design stage; (2)
regulate windowto-wall ratio and external shading for

residential facades; (3) encourage ventilated roofs and
reflective roof surfaces; (4) integrate courtyard

Deep window reveals, balconies, perforated screensmicroclimate into residential planning; (Spnnect
verandas and courtyard galleries are compatible withbuilding-level cooling strategies with distritvel

regional architectural traditions. When thesengnts
are combined with modern insulation and rational
glazing, they create a bridge between cultural identity
and energy efficiency.

The economic effect of passive measures is

green corridors.

The scientific contribution of the article is the
formulation of an integrated passigeoling index for
early design comparison. The practical contribution is
a compact checklist that can be used in residential

strongest when they are introduced during the designdesign review, educational studios and pfiotising

stage. Retrofitting external shading or roof ventilation
is possible, but it is more expensive and less
integrated. Therefore, municipal architectural
guidelines should include a passreeoling checklist
for new residential districts.

Table 4
Passivecooling checklist for preliminary
architectural review

Criterion | Recommended checl .R'Sk i
ignored
OrientatioLong_ axis near east High |
n west; minimize west |afternoon heg
glazing gain
Window |External shade for Overheating
shading |south/west windows and glare
Roof |Ventilated or highly | Strong ceiling
protectiorjinsulated roof heat flow
CourtyargShade, vegetation, Courtyard )
) : becomes hee
comfort |night flushing
trap
Natural |Crossventilation and Dependen.cer
o : . |lon mechanics
ventilationsecure night openings .
cooling

Thelimitations of the model should also be noted.

The calculated indices are comparative and should be Urazxanova Assistant,

verified through thermal simulation, field
measurements and pastcupancy evaluation.
Nevertheless, the model is useful because
transforms general clineresponsive principles into
a measurable decisianaking tool for architects and

planners.

it

4. CONCLUSIONS AND
RECOMMENDATIONS

The study confirms that passive cooling should be

treated as a system of mutually reinforcing measures.

In hotdry cities of Uzbekistan, the largest effect is
achieved by combining orientation, external shading,
roof ventilation, improved envelope insutsii
controlled openings and shaded courtyards.

For architectural practice, the following
recommendations are proposed: (1) introduce passive

projects in hodry regions.
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Technological Efficiencyof Modular Green Roof
Systemsfor Operated Flat Roofsin Nukus Conditions

G. Dosjanova®?
'Karakalpakstate university, Nukus, Uzbekistan

Abstract: The paper examines thechnological performance of modular green roof systems for operate
roofs under the climatic and construction conditions of Nukus. The study combined reg
review, comparative analysis of roof alternatives, functional and organizational mocshic
chronometric observations carried out for the installation of a modular greening system. An o

roof with a total area of 324 m] was take
were performed f or Tieade@gemratian of snodaldr Installation was 2
h per 10 m]J, and t he t &dus,lwhidhadoresponds to a rationalver

of three workers. Comparative calculations for six constru¢éghnological alternatives showe
thatthe modular option with 0.5 m modules achieved the best overall result: 167-petssrand
18 shifts for the full roof, versus 28233 persorhours and 20 shifts for pedestrian hatdface
alternatives. A system of efficiency indicators was used taragp the labor contribution of th
multilayer substructure from that of the greening layer. The results show that the modular s
slightly increases the labor share of the green layer itself, but compensates for this by reduci
in the supportig roof structure, shortening the work cycle, and improving maintainability.

Keywords Modular green roof; operated flat roof; labor intensity; technological efficiency; chronometric
observation; Nukus; organizational and technological modeling

1. INTRODUCTION 2. MATERIALS AND RESEARCH

e . . METHOD

Cities in arid regions do not have the luxury of treating ODS

the roof as a passive enclosure only. In Nukus, whereThe research combined several mutually connected
dense development, ddatlen winds, sharp summer methods. First, the normative and scientific background of
overheating, and limited land resources act at the samereen construction, operated roofs, and roof retrofitting was
time, the roofincreasingly becomes a reserve urban reviewed. Second, six alternative construeteehnological
surface. Yet the question is not simply whether a roof Variants wz;re comparedwo Ipedestriand rooff So'llJtiQ”S
can be greened. The more practical question is howAY+A: V1B), two continuously greened roof solutions
such a roof can be built without turning the technology (V2A, V2B), and two modular green roof solutions (V3A,

. . dsl : . V3B). Third, the process structure of modular installation
Into an expensive and slow construction exercise. was decomposed into individual operations and formalized

Most published work on green roofs focuses on through organizational and technological modeling.
thermal behavior, environmental benefits, drainage, or  Chronometric observations were then carried out for a

plant selection. Those issues are essential, buttheyda 0 m|] i nstall ation zone of

a

mo |

not fully answer a c o nt measgredoopefatipns ecavaged ymdrking, placement @fr n s :

how many operations are needed, which stageadjustable supports, slope correction, fixation of connectors,
corcentrates the highest labor input, what crew is !ying of the grating deck, mate anchoring, and filling
rational, and which variant is more manageable during V/th substrate and planting material. The study used average
installation and maintenance. This gap becorneso_luratlon_, labor input, crew comp_05|t_|on, and stability of the

. .. time series as the main process indicators.
\?V?t%ec'ggﬁgggﬁ WE;E dgﬁzgedrgg?és agﬁ dcor\?vﬁﬁred For the fultscale comparison of roof alternatives,
continuousy greened roofs.

The purpose of this study was to substantiate a
constructivetechnological solution for modular
greening of operated flat roofs and to evaluate its
efficiency through measured process parameters. Th
article relies on the final dissertation materials dedot
to the technology of constructing roof coverings used
together with greening systems and presents them in
compact journal format.

to compare not only local installation operations, but
also the labor contribution of the multilayeoof
substructure and the upper operating or greening layer.
®rhe evaluation logic intentionally separated these two
groups because in practice they behave differently:
some solutions reduce labor in the upper layer but
Dverload the substructure, whiléhets do the reverse.

@ohttps:// 0006 BHB.LOHPZ 0009
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Technological framework for the modular Table 1

green roof Average duration and labor input of modular roof

The proposednodular roof system is built around installation operations (
adjustable supports, a grating deck, detachable Average !_ab(:r

modules, geotextile containment, substrate, and |Operation Stage |duration, |MPUYb

vegetation. This arrangement was selected for three min persorn

reasons. First, it protects the waterproofing layer from : hours

direct repeatedhechanical stress. Second, it creates a |[Surface marking| Stage | 20 1.00

technical gap where irrigation lines and service [Support

elements can be placed without dismantling the whole |placement and | Stage | 22 1.10

roof build-up. Third, it allows damaged modules to be  |gluing
replaced locally, which is an important practical |Slope adjustmen

advantagédor roofs exposed to strong sun and wind. of supports Stage | 40 2.00
From a construction standpoint, the process is Fastener fixing | Stage | 14 0.70

divided into three stages. The first stage forms the Laying the

working base and the adjustable support system. The |qating deck Stagel| 26 1.25

second stage creates a stable deck. The third stage

installs the greening modules and fills them with Eg‘éﬂg the gratinde e 1| 17 0.85

substrate and planting material. This staged logic is

Installing a 4 Stage

simple enough for site control, but detailed enough to aul N 22 1.10

support chronometric measurement and crew m.o. ule group

planning. Fixing the Stage 20 1.00
module group 11 '
Filling with
substrate and Stage 30 1.50

planting material

The comparison of constructitechnological
variants confirmed that the best lopabcess indicator
does not automatically produce the best-fobf
result. Pedestrian hailirface roofs remain relatively
straightforward in their upper layer, yet they
accumulate significant labor in heavy surface
finishing. Continuously greened roofeduce hard
3. RESEARCH RESULTS surface operations, but the arrangement of the
greening layer is less flexible in maintenance terms.
The modular solutions redistribute work more evenly
and reduce the labor intensity of the substructure,

Fig. 1. Staged technological framework for
constructing an operated flat roof with a modular
greening system

The chronometric observations showed that the
installation process is not evenly distributed in time.
Stage |, where the support system is laid out and ;
adjusted, is the most tirmnsuming block. Within especially when gmaller mo_dules are used

this stage, the adjustment of support slope takes the Among the six alternatives, Va@Bthe modular

largest share because it directly affects future surfacqrgg:)rwi':;eg's?tym 1?3%@5&%??525 iﬁ\(levessrt]c}r?cfaa;lt
stability and water drainage. Stage Il is comparatively work cycle, 18 shifts. This is a strong result because it

compact, while Stage Ill combines medhduration . hieved not by simolifving th f funct but
assembly operations with the physically heavier task IS achieved not by simp ifying ne roof function, bu
by reorganizing the technological chain. The work

of filling the modules. b tal bett ited to phased
The sum of the average operation durations ecomes more segmental, betler suited 1o phase

reached 211 min, or 3.52 delq'very, qu eafi%r torﬁ‘f‘if‘ta‘”\m‘e{ cRmngssi?n@q. al | a
input of 10.56 persehours, the rational crew size is ' '
obtained as:

N=Tum/ t = 10.56 [/ (B.52
In practical terms, this means one-grade roofer,
one 2ndgrade roofer, and one 3gtade green
construction worker. That composition is balanced:
the roof specialists carry the accuragnsitive
operations, while the greamonstruction worker - e

absorbs the operations connected with module e
preparation, anchoring, and filling. Fig. 2. Total labor intensity of the compared roof
alternatives; duration is shown above the bars
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Table 2

Comparative labor intensity and duration of
constructive-technological roof alternatives

Stag
es
Stag|lll+
ell: | V: Total
roof |uppe labor
subs| r | . .
. intensi|Durati
Varia D iotion truct |layer ¢ on
nt escrip ure, | and Y .,
perso| shifts
pers|gree| -
on- 1NNG. | hours
hour | pers
s | on-
hour
S
Pedestrian
V1A |roof, variant | 86.6|45.0| 231 | 20
1
Pedestrian
V1B |roof, variant | 89.3/45.0| 233 | 20
2
Continuously
V2A |greened roof| 71.6/29.1| 200 | 20
variant 1
Continuously
V2B |greened roof| 51.8/22.9| 174 | 20
variant 2
Modular
green roof,
V3A |module 59.6/35.1| 194 | 18
diameter 1.0
m
Modular
green roof, 3
V3B |module 6.6 31.1] 167 | 18
diameter 0.5 ™
m

Coefflclent value

0.2

0.0

Fig. 3. Comparison of the efficiency indicators for
the continuous and modular green roof solutions

1.08

0.43

0.04

Continuous roof

Modular roof

Formalized efficiency assessment

To avoid a onssided reading of total labor intensity,

system, and the third shows how large the labor share
of the greening layer is within the entire roof
technology.

Kmi = Qmii / Qmiav (2
Kor = Quri/ Qgrav 3)
thr = Qgr,k/ (le,i + Qgr,k) (4)

For the continuously greened roof, tteefficients
were obtained as 1.09, 0.43, and 0.04. For the modular
roof, the corresponding values were 0.90, 1.20, and
0.13. These values deserve a careful reading. The
modular system does demand more labor in the
greening layer itself, which is why theregning
coefficient rises above one. At the same time, it
reduces labor in the multilayer roof base, which is why
the multilayer coefficient drops below one. The
overall share coefficient of 0.13 places the modular
solution in the acceptable range and shdhat the
additional work connected with the green modules
does not dominate the full technology.

DISCUSSION

For Nukus conditions, this result is more important
than a simple reduction in persbours. A roof
technology that is easier to zone, easier to repair, and
faster to execute is usually the safer and more durable
option in a sharply continental climate. Nl
exposure, rapid summer overheating, and the need for
flexible irrigation all favor a system in which the roof
can be serviced by fragments rather than as one
monolithic layer.

This is where the modular approach shows its real
strength. It does not eliminate work; instead, it shifts
work from wet and difficulto-correct site operations
toward more controllable assembly operations. From
t he contractor ds
sequencing and less technological uncertainty. From
the ownerds perspective,
of damaged fragments and a more manageable service
life.

The comparison also suggests that the main
reserve for labor saving is often not in the visible green
layer, but in the substructure beneath it. Once this is
understood, design decisions become more rational. A
seemingly simpler roof may in fact be lesBant if
it relies on labointensive underlayers or heavy
surface finishing.

4. CONCLUSION

1. The modular greening system for operated flat
roofs can be organized as a clear tleege
technological process that is suitable for site control,
crew planning, and phased execution.

2. Chronometric observations established an
average duration of 3.52 h and a total labor input of
1056 persommnour s for a 10 m]

the assessment used three coefficients. The firstzone, with a rational crew size of three workers.

describes the labor intensity of the multilayer roof

3. In the fultroof comparison, the modular

structure, the second isolates the labor of the greeningalternative with 0.5 m modules (V3B) produced the

it
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The Practical Importance of QGIS Technologiesin Engineering Geological
Mapping

Sh.R. Khalimova'®?2, A.M. Karabaev®P
Tashkent Stat&ransport UniversityTashkent, Uzbekistan

Abstract: Engineering geological mapping is essential for infrastructure planning, geohazard assessn
sustainable urban development, particularly in rapidly urbanizing regions. The growing com
of spatial data requires efficient tools capable of integyaand analyzing diverse geological a
terrain information. This study evaluates the practical importance of QGIS, ansoyee
Geographic Information System, for engineering geological mapping using Tashkent city as
study. A structured and reqmlucible workflow was developed by integrating geological maps, Di
Elevation Models (DEMs), and fielbased observations within the QGIS environment. BEdgvived
morphometric parameters, including elevation, slope, aspect, and hillshade, were datal
characterize terrain conditions and assess construction suitability. Spatial overlay techniqu
applied to combine geological and morphometric factors, enabling the identification of aree
potential geotechnical constraints. The resultsagi that QGIS significantly enhances the accuri
efficiency, and interpretability of engineering geological analyses. Tdineensional visualizatior
and thematic mapping improved the understanding of terrain morphology and spatial relatic
betweengeological factors, supporting more informed engineering deeisaking. Overall, the
study confirms that QGIS is a robust, ceffective, and flexible platform for engineering geologit
mapping in urban environments.

Keywords Engineering geological mapping; QGIS; Digital Elevation Model (DEM); morphometric ana
slope analysis; spatial overlay; 3D visualization; geotechnical risk assessment; urban geolog

1. INTRODUCTION growing importance in engineeringeological
mapping. Owing to its coffectiveness and high

Engineeringgeological mapping plays an important adaptability, it is increasingly being chosen by many
scientific and practical role in the planning of modern organizations and research institutions as an
infrastructure projects, the assessment of geologicalalternative to licensed software solutions [7, 8]. This
hazards, and the sustainable development ofstudyis aimed at analyzing the practical significance
territories. Reliable information on subsurface of QGIS technologies in engineerirggeological
condtions, lithological composition,  mapping, as well as their application potential,
geomorphological structure, and hydrogeological advantages, and limitations.

characteristics is a decisive factor in ensuring the | jterature review

safety, stability, and lonterm performance of — gyer the past decades, the use of Geographic
construction facilities [1]. Under conditions of rapid |nformation Systems (GIS) in the fields of geology
urbanization andhe expansion in scale of engineering 54 engineering sciences has expanded significantly,
structures, traditional mapping methods increasingly pecoming one of the principal scientific tools for
limit the possibilities for comprehensive analysis of digital geological mapping geotechnical
spatial data. ) ) investigations, and the assessment of natural hazards
Geographic Information Systems (GIS) have 11 17 16]. According to the scientific literature, the
marked a new stage in the collection, processing, anQansition from traditional papdrased mapping
analysis of spatial data in engineering geology. In methods to Glshased digital environments has
particular, the opesource QGIS (Quantum anapled more accate data representation, improved
Geographic Information System) platform stands out gpatia| consistency, and enhanced reproducibility of
due to its usefriendly interface, extensive analytical analytical results in engineering geology [12, 23].
capabilities, and continuous development supportedys " in turn, has contributed to the development of a
by an active user community [1, 2]. QGIS enables the ygjiahle scientific basis for engineering decision
creation of digital geological maps, the integration of 5ying.
data obtained from various sources, and the A humber of studies emphasize that QGIS
implementéion of spatial analyses required for (Quantum Geographic Information System), as an
informed engineering decisianaking [3, 4]. _ opensource GIS platform, is capable of competing
The widespread use of QGIS in professional fynctionally with commercial software such as
practice and educational processes demonstrates itg,cg|S [8, 15, 17]. Researchers highly evaluate QGIS
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for its analytical capabilities, data processing may result in additional time and cost expenditures
efficiency, and visualization quality, while during project workflows [16, 20].
particularly  highlighting that its opesource Another frequently cited challenge is the shortage
ecosystem allows for flexible expansion in accordance of highly qualified GIS specialists in the fields of civil
with user needs [2, 10]. The absence of licensing costsand geotechnical engineering [20, 21]. Although GIS
is identified as a key factor driving the widespread technologies are widely taught in environmental and
adoption of QGIS by higher education institutions, urban planning disciplines, their full egration into
governmental geological services, and engineeringengineering education programs has not yet been
consulting organizations, especially in developing sufficiently achieved in many regions. This situation
countries [7, 8, 16]. indicates that, despite the significant technical and

The scientific literature extensively documents the economic advantages of QGIS, its effective
effectiveness of QGIS in visualizing and interpreting application requires systematic professiamaining,
complex geological data, including lithological units, standardized data practices, and institutional support.
networks of tectonic faults, stratigraphic boundaries, In summary, the existing literature confirms that
and hydrogeological objects [11, 12, 1Bhe platform QGIS technologies possess strong scientific and
enables the integration of vector and raster data withinpractical  potential in  engineerinhgeological
a single environment, allowing geological maps to be mapping. At the same time, addressing issues related
analyzed together with digital elevation models to data quality, professional training, and software
(DEM), satellite imagery, and geotechnical borehole intergperability emerges as a critical prerequisite for
data [1, 6]. This capability enres a comprehensive the more effective application of QGIS in engineering
and systematic approach to enginedrgeplogical practice.
assessments. Data collection method

The extensive plugin ecosystem of QGIS further gngineeringgeological mapping implemented using
broadens its practical applicability. Scientific studies QGIS is based on the integration of spatial and- non
report the effective use of plugins such as GeoTracespatial data. Commonly used data types include
QGIS2threejs, as well as tools oriented toward geological maps, digital elevation models (DEM),
geostatistical analysis and spatial modeling in satellite imagery, field survey records, and GfaSed
engineeringgeological research [2, 10, 24]. These point observations [1, 6].
plugins facilitate the identification of spatial Data are typically collected from open geospatial
orientations of geological structures, the assessment ofepositories, national geological services, and field
slope stability, and the visualization of terrain jnvestigations. Prior to analysis, the data undergo
morphology in both 2D and 3D environments [10, 18]. preprocessing stages such as coordinate system
This is of critical importance for improving the standardization, data cleaning, and attribute
understanding of geological processes and for theyerification. Quality control measures include the
early assessment of engineering hazards. validation of spatial data through comparison with

Applied studies confirm the significance of QGIS field observations and the verification of results using
in landslide susceptibility assessment, urban areacomparative analysis methods [1].
planning, and the implementation of lageale The integration of GPS technologies within the
infrastructure projects [7, 9, 16, 18]. In landslide QGIS environment enables rehe positioning
prone areas, GHsased modeling has contributed to during fieldwork, thereby enhancing the accuracy and
the identification of highrisk zones by integrating reliability of geological data collection [6]. This
geomorphological, geological, and climatic factors, synergy between remotely sensed data andfiate:d
thereby providing a foundation for the development of phsevations provides a solid foundation for the

engineering measures aimed at risk mitigation [18]. effective implementation of engineerirgeological
Furthermore, studies conducted in the field dfaur analyses.

planning demonstrate that QGIS is effective in
analyzing lanelise dynamics, forecasting 2. METHODOLOGY
infrastructure demands, and i mpl ementing fismart
cityo concepts [16, 19] .|n this study, the methodology for applying QGIS
At the same time, the literature also identifies technologies te@ngineeringgeological mapping was
certain limitations associated with the use of QGIS in structured around a systematic and reproducible
engineeringgeological mapping. Data accuracy and workflow. The methodological approach comprises
reliability remain among the primary challenges, as several key stages:
GIS analyses are highly dependent on the quality, Stage 1. Data collection and preparation. Spatial
resolution, and timeliness of input data [12, 20]. In gnd norspatial data required for engineeifing
addition, interoperability issues between GIS geological analysis were collected from open
platforms and engineering software such as CAD andgeospatial sources, national geological services, and
BIM often require complex format conversions, which the results of field investigations. These data included
geobgical maps, digital elevation models (DEM),
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satellite imagery, geotechnical borehole data, andstructure and elevation variability within the study
GPSbased point observations [1, 6]. All datasets were area. As illustrated in Fig. 1, the spatial distribution of
transformed into a unified coordinate reference key morphometric parametérsuch as elevation,
system, attributes were verified, and data cleaningslope, aspect, and hillshadelearly reflects the
procedures were performed. geomorphological characteristics of Tashkeity.c

Stage 2. Integration of data into the QGIS These prameters form the fundamental basis for
environment. The prepared datasets were importedengineering geological assessment and support the
into QGIS in both vector and raster formats. At this identification of terrain conditions relevant to
stage, data obtained from various sources wereconstruction suitability.
integrated within a single environment, ensuring
spatial compaliility and topological consistency [7].
This process provided a reliable spatial database for
subsequent analyses.

Stage 3. Terrain and morphometric analysis. Based
on the DEM, terrain parameters were calculated, §
including elevation, slope, and aspect, as these §
indicators are essential for assessing land suitability ®
for construction and identifying geological hazards §
[1]. The morphometric analyses served as a §
fundamental basis for engineering decisimaking.

Stage 4. Geological and structural analysis.
Geological units, tectonic structures, and fault §
networks were generated as thematic layers. Using &
specialized QGIS plugins such as GeoTrace, structural
elements were digitized, and their orientations and S
threedimensional characteristics were evaluated A
based on the DEM [10]. This stage enabled a mere in
depth analysis of the spatial structure of the geological
environment. ,

Stage 5. Hazard assessment and thematic map
production. Based on the analytical results, thematic
maps illustrating hazardrone areas (e.g., zones of
low slope stability) were produced. Overlay analysis T
of multiple spatial layers was employed to identify
areas posing engineering risks, and their spatial
distribution was visualized [2].

Stage 6. Validation and visualization of results. Slope analysis derived from DEM data proved to
The analysis outcomes were validated throughpbe a critical factor in evaluating geotechnical
comparison with field data and presented in a clear andconstraints. The slope gradient map presented in Fig.
interpretable form using visualization tools. Both 2D 2 highlights areas characterized by varying slope
and 3D visualization techniques were applied tatere  classes, allowing the identification of zones with
maps suitable for use in the engineering decision increaed susceptibility to geotechnical hazards. Areas
making process. with higher slope gradients were recognized as

The selected workflow enables high spatial potentially unfavorable for construction due to an
accuracy, efficient data integration, and elevated risk of slope instability, ground deformation,
reproducibility of geological analyses withinthe open and related engineering challenges. This analysis
source QGIS environment. This approach serves as alenonstrates the importance of slope as a key
reliable methodological framework for supporting indicator in engineering geological risk assessment.
scientifically gounded decisioomaking and the
proactive assessment of hazards in engineering
geological mapping.

Tashkent @ elevation.city (scale 3

Fig. 1. DEM—basedmr

phometric analysis of
ashkent city including elevation, slope, aspect,
and hillshade maps used for engineering
geological assessment

3. RESULTS AND DISCUSSION

The application of QGIS technologies in engineering
geological mapping significantly enhanced the
efficiency, accuracy, and interpretability of spatial
analyses. DEMbased morphometric analysis
provided a detailed representation of the terrain
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4. CONCLUSION

The results of this study demonstrate that QGIS
technologies have significant practical value in
engineeringgeological mapping by effectively
supporting spatial analysis, data integration, and
visualization processes. As an ogsurce and
economically efficient platform, QGIS provides
extensive opportunities for making scientifically
grounded decisions and ensuring sustainable
infrastructure development ithe fields of geology
— and engineering.

At the same time, the integration of QGIS with
artificial intelligence, machine learning, the Internet of
Things (1oT), and clouthased GIS platforms has the
potential to further enhance its role in predictive
modeling, automated analysis, and collabogativ

An integrated engineering geological evaluation 9eological research in the future. This, in turn, will
was achieved through overlay analysis of geological contribute to safer and more sustainable decision
units, structural features, and DEdérived making in engineering practice.
morphometric parameters. The resulting integrated
map, shown in Fig. 3, provides a comprehensive =~ REFERENCES
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Integrating Roadside Greening and Urban Microclimate into Pedestrian
Accessibility Assessment: A Case Study of Tashkent City

J.1. Sodikov®2, K.N. Musulmanov®® and A.D. AdizoV®°
Tashkent State Transport University, Uzbekistan

Abstract: Rapid urbanization has intensified the urban heat island (UHI) effect, particularly {olitmatte
cities, affecting pedestrian mobility and comfort. While roadside greening provides imp
environmental benefits, its role in transport accessibility remaidsrexplored. This study develoj
a climatesensitive accessibility model by integrating roadside vegetation and microclimate fac
Tashkent city.

Remote sensing data (LST and NDVI) and ®BESed network analysis were used to assess the
conditions and walking accessibility (5, 10, and 15 minutes). A Thermal Comfort Index (TCI
developed to incorporate temperature, vegetation, and shadiragagssibility evaluation.
Results show that conventional models overestimate accessibility by ignoring environ
conditions. Hightemperature, lowegetation areas have reduced real accessibility, while gree
shaded corridors improve pedestrian conditions.

The study proposes a new framework linking greening, microclimate, and transport acces
supporting more sustainable and climegsponsive urban planning.

Keywords Urban Heat Island (UHI), Roadside Greening, Pedestrian Accessibility, Urban Microclimate
Based Analysis, Thermal Comfort, Climebensitive Accessibility, Land Surface Temperat
(LST), NDVI, Sustainable Urban Planning

1. INTRODUCTION Beyond thermal regulation, roadside greenery is
increasingly recognized as an integral component of
Rapid urbanization and the expansion of transportyrban green infrastructure. It provides multiple
infrastructure have Significantly transformed urban ecosystem services, inc|uding carbon Sequestration,
environments  worldwide. Modern cities are ajr pollutant removal, stormwater management, and
increasingly characterized by dense road networks,pjodiversity support. Recent studies highlight that
high traffic volumes, and extensive impervious roadside forests and vegetation belts can store
surfaces, ~ which collectively  contribute  to substantial amounts of carbon, reduce atmospheric
environmental challenges such as air pollution, pollutants, and contribute to climatesilient urban
increased surface temperatures, and the urban heajevelopment [2]. In addition, vegetation barriers along
island (UHI) efect. These issues are particularly roads can reduce pedestrian exposure to tradffated
pronounced in rapidly developing cities, where pollutants by influencing airflow and enhancing

transport planning has traditionally prioritized particulate deposition, thereby improving public
vehicular mobility and efficiency, often at the expense health outcomes [3].

of environmental and humarentered considerations. At the same time, the relationship between
Urban roads are not only mobility corridors but roadside greening and pedestrian comfort has gained
also important public spaces where people are directlyincreasing attention. Thermal comfort is a key
exposed to environmental conditions. In this context, determinant of outdoor activity, particularly walking
roadside environments play a crucial role in shaping pehavior in urban environments. Strémstel
urban microclimates and influencing human corbf  conditions suclas shading, tree canopy coverage, and
Numerous studies have demonstrated that vegetationgpatial configuration of vegetation significantly
particularly trees and structured green elements alongnfluence perceived and actual comfort. Studies have
streets, can significantly reduce air temperature shown that tree shading can reduce pedestrian heat
through shading and evapotranspiration, thereby exposure and improve the usability of urban spaces,
mitigating the negative impacts of UHI. Foraemple,  especially during extreme heat conditions [4].
roadside vegetation has been shown to lower landHowever, most of these studies focus on
surface tempgratures and improve thermal conditionsenvironmental or design aspects, without explicitly
at the pedestrian level, especially in dense urban areaginking these factors to transport accessibility.
where heat accumulation is most severe [1]. Transport accessibility is traditionally defined in
terms of travel time, distance, and network
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connectivity. Conventional models, including forests contribute to biodiversity, climate regulation,
isochronebased analyses, assume that all routesand urban resilience, while also providing measurable
within a given distance or time threshold are equally ecosystem services such as carbon storage, air
accessible. However, this assumption does not reflectpollutant removal, and stormwater interception.
reatworld conditions, particularly in hot climates Moreover, the effectiveness of roadside greening
where thermal stress can significantly influence varies depending on road type, suggesting that
pedestrian movement. In cities such as Tashkent,contextspecific planting strategies are requiredheat
where summer temperatures frequently excedd 35 than uniform approaches.

40AC, wal king behavior i 1a addgidn rvegatatibnyacts as fa hatu@ltbarrebr thdt y
environmental conditions such as shade availability reduces exposure to traffielated air pollution.
and surface taperature. Barwise and Kumar [3] emphasized that the

Despite the growing body of research on urban effectiveness of vegetation barriers depends on plant
greening, microclimate, and ecosystem services, therecharacteristics such as leaf structure, density, and
remains a critical gap in integrating these aspects withspatial configuration. These findings underline the
transport accessibility analysis. Existing studies tend multifunctional role of roadside greenery in improving
to examine vegetation effects, thermal corhf or both environmental quality and human wiedling.
transport systems in isolation, with limited efforts to Despite these advances, a significant research gap
develop a unified framework that captures their remains. Most studies focus on the environmental and
interdependencies. In particular, the influence of ecological aspects of roadside vegetation, while

roadside greening on ofir eteahsport pceedsiitity isitypicallyaassessed susimgi | i t y
defined not only by distance but alsodswironmental distance, travel time, and network connectivity. Such
comfor® has not been sufficiently addressed. approaches neglect thermal conditions, shading, and

Therefore, this study aims to bridge this gap by pedestriardevel comfort, which are particularly
integrating roadside greening into urban transport andimportant in hotclimate cities such as Tashkent.
microclimate systems. Using the case of Tashkent Therefore, this study aims to integrate roadside
city, the research evaluates how vegetation structuregreening into transport accessibility and microclimate
thermal conditions, and streletvel environmeral analysis by incorporating environmental comfort
factors influence pedestrian accessibility. The study factors into accessibility assessment, thereby
proposes a climatsensitive approach to accessibility developing a climatsensitive approach to urban
assessment, in which roadside greening is treated as mobility evaluation.
key variable affecting both environmental quality and
transport usability. By doing s, ¢ontributes to the 3. DATA COLLECTION METHOD
development of more sustainable, resilient, and
humancentered  urban  transport  planning This study integrates multiource spatial,

frameworks environmental, and transport datasets to analyze the
e relationship between roadside greening,
2. LITERATURE REVIEW microclimate conditions, and wurban transport

accessibility in Tashkent city. The overall data
Urban road corridors are increasingly recognized notcollection and integration framework is presented in
only as transport infrastructure but also as Figure 1.
multifunctional ecological systems. Previous studies e i e o
indicate thatroadside vegetation provides a wide mrTEET——
range of ecosystem services, including microclimate # ==~ g/
regulation, air pollution mitigation, carbon :
sequestration, and improvement of pedestrian comfort ——
[1i 3]. —, —

Roadside vegetation plays a critical role in & == (=

regulating urban thermal environments. Li et al. [1] *

demonstrated that the structure and composition of * i’ = o S e
vegetation significantly influence land surface —— &
temperature (LST), with tredominated areas P = rer—

producing thestrongest cooling effects in dense urban — o
environments. Similarly, urban greenery enhances :
thermal ~ comfort  through  shading  and

evapotranspiration, thereby reducing pedestrian Fig. 1. Integrated Framework for Data Collection,

exposure to heat stress [4]. . ~ Processing, and ClimateSensitive Accessibility
From a green infrastructure perspective, roadside Analysis

vegetation is an essential component of sustainable
urban systems. Niu et al. [2] highlighted that roadside

() et ¢ et s e e e e teet & ey we
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The figure illustrates the workflow of the study, 4. METHODOLOGY
including data sources (remote sensing, transport, and
greening data), GHBased processing, network This study proposes an integrated framework that
analysis, environmental assessment, and thecombines urban transport accessibility analysis with
development of a climatgensitive accessibility —Mmicroclimate and roadside greening factors. The
model. methodology consists of four main stages: (1) data
3.1. Remote Sensing Data preprocessing, (2) conventional accessibility
To assess the urban thermal environment, satelliteModelling (3) environmental factor assessment, and
imagery was used to derive Land Surface Temperature4) development of a climatensitive accessibility
(LST) and vegetation indices. Landsat 8/9 thermal model. _ _
infrared bands were utilized to calculate LST, while 4.1. Data  Preprocessing and Spatial
Sentinel2 imagery was employed to compute the Framework
Normalized Difference Vegetation Index (NDVI), All spatial datasets were processed in a GIS
which represents vegetation density and distribution. environment. The road network, public transport
These datasets provide mediesolution (1030 m) stops, and environmental layers (LST, NDVI,
spatial coverage suitable for citgale analysis. vegetation coverage) were projected into a unified
3.2. Road Network and Transport Data coordinate system (WGS 84 / UTM Zone 42N). Raster
The urban road network and pedest@msessible  datasets were resgled to a consistent spatial
paths were extracted from OpenStreetMap (OSM). resolution (30 m) to ensure compatibility.
Public transport data, including bus stops and metro ~ The study area (Tashkent city) was divided into
stations, were collected from available geospatial analysis units based on a regular grid system. Each
datasets and local sources. These data were used @id cell was assigned environmental attributes,
construct a networkased accessibility model, including land surface temperature, vegetation index,
including walking isochrones (5, 10, and 15 minutes). and proximity to green infrastructure.
3.3. Roadside Greening Data 4.2. Network-Based Accessibility Analysis
Roadside vegetation characteristics were assessedccessibility was calculated using a netwidksed
using a combination of spatial and visual data sourcesapproach. The pedestriaccessible road network was
Vegetatiordistribution was derived from NDVI maps, Used to generate walking isochrones (5, 10, and 15
while additional information on tree canopy coverage Minutes) around public transport stops.
and streetevel greening was obtained through street ~ The conventional accessibility index was defined
view imagery and Gl®ased interpretation. Where as:
available, building footprints and lante data were

also incorporated to better represent urban = m«w-»E T

morphology affecting shading and microclimate . :

conditions. where: o _ o
3.4. Microclimate and Environmental Ir = - accessibility weight based on walking time
Variables threshold.

This model assumes equal accessibility within a
given time threshold, without considering
environmental conditions.

In addition to LST and NDVI, environmental
variables influencing pedestrian comfort were
considered. These include surface temperature, . . .
vegetation density, and proxy indicators of shading, 4.3.  Environmental and  Microclimate
such as tree canopy coverage and urban form. Thes&:SS€Ssment _ N

variables were sed to evaluate the thermal conditions 10 incorporateenvironmental conditions, two key
experienced by pedestrians at the street level. indicators were used: )

3.5. Data Integration % Land Sqrface Temperature (LST) i

All datasets were processed and integrated within a representing thermal exposure

Geographic Information System (GIS) environment. 2 Normalized Difference Vegetation Index
Spatial layers were harmonized to a common (NDVI) i representing vegetation density
coordinate reference system (WGS 84 / UTM Zone  Additionally, proxy indicators such as tree canopy
42N) and analyzed using network analysis tools. The coverage and urban form (building density) were used

integration éremote sensing data, transport networks, t0 estimate shading conditions.
and environmental indicators enabled the A Thermal Comfortindex (TCI) was developed

development of a climatsensitive accessibility [© represent the environmental suitability for
framework. pedestrian movement:

J Lo z 44 24 L

1 Fko {4 po © TT&»0
o7 |+%m

Where:

4 .4l ,rnormalized land surface temperature
4 T E .- normalized vegetation index
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{ |+ "™sgading indicator (tree canopy / urban
morphology)
o0 ;0 ;0 -weighting coefficients
4.4. Climate-Sensitive Accessibility Model
To reflect real pedestrian behavior, environmental
factors were integrated into the accessibility model.
The proposedeal accessibility indexis defined
as:

- - J
TrmfFrn T g« _uz_>_| )4 'I! F L

f - environmental sensitivity coefficient.

This  formulation adjusts conventional

accessibility by incorporating thermal comfort and
environmental quality.

In this model:

Y% areas with high temperature and low
vegetation Y reduced
areas with shading
increased accessibility
4.5. Spatial Analysis and Mapping
The final stage involved spatial overlay analysis to
combine accessibility and environmental layérse
results were visualized using Gbased maps,
including:

% conventional accessibility maps

% thermal comfortistribution

% climatesensitive accessibility maps

Comparative analysis was conducted to identify
differences between traditional and environmentally
adjusted accessibility patterns.

4.6. Validation and Interpretation

The model results were interpreted in relation to urban
structure, road types, and distribution of green
infrastructure. Particular attention was given to
identifying:

%, areas with high accessibility but low thermal
comfort
areas where greening significantly improves
accessibility

Yo

Ye

5. RESULTS AND DISCUSSION

5.1. Spatial Distribution of Urban Thermal
Environment

The analysis of Land Surface Temperature (LST) and
vegetation density (NDVI) in Tashkent city reveals a
strong relationship between urban thermal conditions
and the spatial distribution of greenery. High

surfaces. These findings confirm the important role of
green infrastructure in reducing urban heat exposure
and improving environmental comfort in transport
oriented urban spaces.

5.2. Conventional Accessibility Patterns
Networkbased accessibility analysis shows that a
large portion of the study area falls withiil® minute
walking distance to public transport stops. According
to the traditional model, these areas are considered
highly accessible due to their proximitynd
connectivity within the road network.

However, this model assumes uniform conditions
across all routes and does not account for
environmental factors such as heat stress or shading.
5.3. Thermal Comfort Distribution
The cTbeemmlsGoafort Indexy(TCI) results indicate

significant ispatial differensas ein yenvikonmental

suitability for pedestrian movement. Areas with high
vegetation density and shading demonstrate higher
TCI values, indicating more comfortable conditions.
Corversely, zones characterized by high LST and low
vegetation show low TCI values, reflecting
unfavorable thermal conditions.

The results highlight that thermal comfort is not
evenly distributed and is strongly influenced by the
presence and structure of roadside greenery.

5.4. Climate Sensitive Accessibility

When environmental factors are integrated into the
accessibility model, significant changes are observed.
The climatesensitive accessibility (A_real) shows a
reduction in accessible areas in zones with high
temperatures and low vegetation.

In contrast, green corridors and streets with
continuous tree canopy coverage maintain higher
accessibility levels even under hitgmperature
conditions. This demonstrates that roadside greening
can effectively enhance real pedestrian accessibility
by improving thermal comfort.

5.5. Comparative Analysis

A comparison between conventional accessibility
(A_network) and climatsensitive accessibility
(A_real) reveals that traditional models overestimate
accessibility in heagxposed areas. In several
locations, areas classified as accessible under the
netwok-based model become patrtially or fully
inaccessible when thermal conditions are considered.

This discrepancy is particularly evident in central
urban zones and major road corridors lacking

temperature zones are mainly concentrated alongsufficient greenery.

majar road corridors, densely builp districts, and

5.6. Key Findings

areas with limited vegetation coverage. In contrast, The results of this study demonstrate that:

urban areas characterized by higher vegetation density

demonstrate noticeably lower surface temperatures.

The results indicate that roadside greenery and

urban vegetation contribute significantly to mitigating
thermal accumulation within the urban environment.
Areas with continuous vegetation cover and tree
canopy exhibit improved thermal conditions
compared @ impervious and highly urbanized

% Urban heat significantly reduces real
pedestrian accessibility
% Roadside vegetation improves thermal

comfort and enhances accessibility
%  Accessibility is strongly dependent on
environmental conditions, not only distance and time
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%  Traditional accessibility models fail to of urban heat and improve human weding. In the
capture spatial inequalities caused by microclimate context of Tashkent, where summer temperatures
factors. frequently exceed 3 0AC, i ntegrating gr
DISCUSSION transport systems is particularly important for

The results of this study demonstrate that urbane€nsuring sustainable and inclusive mobility.

transport accessibility cannot be fully understood  Despite these contributions, the study has several
without Considering environmental conditions, limitations. The use of remotely sensed data may not
particularly microclimate and roadside greening. fully capture micrescale variations in shading and
While conventional networbased models classify —thermal conditions at the pedestrian level. In addition,
large areass accessible based on distance and travethe Thermal Comfort Index is based on stldc

time, the integration of thermal and vegetation factors indicators and weighting assumptions, which may
reveals significant spatial differences in real require further calibration using field measurements or
accessibility. behavioral data. Future research should focus on

The findings confirm that roadside vegetation incorporating reatime climate data, pedestrian
plays a critical role in shaping the urban thermal surveys, and highesolution 3D urban models to
environment and pedestrian experience. Consistenfmprove the accuracy of climagensitive
with previous studies, areas with higher vegetation accessibility analysis.
density and tree canopy coverage exhibit lower
temperatues and improved thermal comfort. This is 6. CONCLUSION
mainly due to shading effects and evapotranspiration__
processes, which reduce solar radiation exposure and NS Study demonstrates that urban transport
ambient temperature at the street level. As a resumacces&blllty cannot be accurately assessed without

these areas support more favorable conditions forcOnsidering environmental conditions, particularly
walking and outdoor activities. microclimate and roadside greening. While

In contrast, zones characterized by high land conventional accessibility models rely on distance and

surface temperatures and limited  vegetation travel time, they fail to capture the influence of
demonstrate reduced environmental suitability for thermal stress and environmental quality on pedestrian
pedestrian movement. These areas, often locatedovement. _

along major road corridors and dense urban structures, BY integrating remote sensing data, digsed
are subjectd intensified urban heat island effects. The Network analysis, and environmental indicators, this
results suggest that such conditions can discouragd€Search developed a climatensitive accessibility
walking behavior, even when transport infrastructure M0del for Tashkent city. The results show that high
is physically accessible. This highlights a critical €mperatures and low vegetation coverage

limitation of traditional accessibility models, which Significanty reduce real pedestrian accessibility,
assume uniform conditions across all routes. whereas shaded and green corridors enhance walking

The integration of the Thermal Comfort Index conditions and improve accessibility. This highlights
(TCI) into accessibility analysis provides a more the critical role of roadside yegetatlon in mitigating
realistic representation of urban mobility. The urban heat and supporting more comfortable

comparison between conventional accessibility and Pedestrianevironments. o
climatesensitive accessibility clearly shows that _1he study contributes to the existing literature by

environmenth factors can significantly modify  linking three traditionally separate domains
accessibility patterns. In particular, the presence of transport accessibility, urban microclimate, and green

continuous roadside greenery and shaded routednfrastructur@ into a unified analytical framework. It

enhances accessibility, while heatposed areas introduces a Thermal Comfort Index (TCI) to adjus

experience a reduction in effective accessibility. accessibility based on environmental conditions,
These findings have important implications for providing a more realistic representation of urban

urban planning and transport policy. First, they Mobility. , _ o
emphasize the need to move beyond purely network ~ FTom a practical perspective, the findings
based approaches and incorporate environmenta?mphas'z‘? that roadside greening shoult_:i be treated as
quality into accessibility assessment. Second, they@n €ssential component of transport infrastructure
highlight the strategic importance of roadside rather than a purely aesthetic element. Indiotate
greening as a tool for improving both environmental Cities such as Tashkent, integrating vegetation into
conditions and transport usability. Rather than being "0@d design and planning can significantly improve
treated as an aesthetic or secondary elementthermal comfort, promote walking, and enhance
vegetation should be considered an integral Overall urban sustainability. _ L
component of transportfirstructure. In conclusion, the proposed climatensitive
Furthermore, the results support the concept of @pproach offers a valuable tool for urban planners and
climatesensitive urban planning, where green decisionmakers to design more resilient, livable, and

infrastructure is used to mitigate the negative impacts &nvironmentally responsive transport systems. Future
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research should focus on incorporating high and climatic data. Such systems can support evidence
resolution data, fieldbased measurements, and based decisiemaking and enable the identification of
behavioral analysis to further refine accessibility priority areas for greening and infrastructure
models and better understand the interaction betweenmprovements.

environment and human mobility. Climate Adaptation and Urban Resilience
Climate adaptation and planning Strategies
implications Given the increasing frequency of extreme heat

The findings of this study highlight the importance of events, roadsidgreening should be included as a key
integrating environmental factors, particularly component of climate adaptation policies. Integrating
roadside greening and microclimate conditions, into green infrastructure into transport systems can
urban transport planning. Based on the results, severaénhance urban resilience, reduce ektted risks,
policy recommendations can be proposed torawg and improve overall quality of life.

pedestrian accessibility and support sustainable urban
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ResourcekEfficient Designsand Organizational-Technological Solutionsfor
Reinforcing the Subgradein Sandy Soils

K.S. LesoV®?2 Sh.A. Tadjibaev P
Tashkent state transport universifigshkentUzbekistan

Abstract: This article examines current issues in enhancing the stability anebéaaithg capacity of the
subgrade for transport structures built in the complex engineeringemhahical conditions of sand
soils. It also analyzes the main deformation factors inherent to desert regions, including wind
and low soil cohesion. The paper proposes a set of ressanvo® structural elements ar
organizationatechnological slutions based on the use of modern geosynthetic materials
methods for stabilizing local barchan sands. These proposed technologies make it pos
significantly reduce transportation costs for imported soils and to minimize environmental d¢
The practical significance of this work lies in the development of effective process flow dia
that ensure the durability of the subgrade while optimizing material and technical expenditure

Keywords: Earthwork, sandy soils, resourcenservation, structural solutions, soil stabilization, volumetric
geogrid, geotextile, arid zone
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Management of Transformation Processes in Uzbekistan's Railway
Industry: Challenges, Solutions, and Initial Results

U. Dosmetov
JSC ¢Uzbeki st Gashkent Uzbekistanu |l | ar i &,

Abstract: This article analyzes the initial results of transformation processes in Uzbekistan's railway in
It examines in detail the goals, key areas, initial experiences, and results of transformation pi
across the entire network of UTY. It also déses the specifics of managing transformati
processes based on current regulations, analyzes existing problems, adopted solutions, and
changes achieved. Inrecent years, important policy documents have been adopted at the gc
level o transform the operations of UTY. Strategic objectives have been defined at the in
regional, and national levels, and roadmaps and plans have been developed for structural ci
the industry, the implementation of major investment projectthoconstruction of new lines, ar
the reconstruction and electrification of railways, based on a introduction of advanced interr
practices in transformation processes. The experience of managing transformation process
industry, the argsis of project implementation problems and the comprehensive soll
considered by the author have important practical significance for the industry and make it ¢
to avoid complications in managing transformation processes in the railway ynidutste future.

Keywords: Rail way industry, transformation, project
directives, consulting.
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