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By Mtaver Gwaza
Abstract- Moisture movement through building envelopes, particularly rising damp caused by
capillarity, has long been recognized as a major factor influencing material durability, indoor
comfort, and overall building performance. In humid tropical settings such as Makurdi Local
Government Area (LGA), Benue State, this phenomenon is especially pronounced due to high
groundwater levels, seasonal rainfall, and prevalent construction practices that often lack
effective damp-proofing measures. This research investigates the relationship between
capillarity-induced moisture in wall assemblies and the energy performance of residential
buildings within Makurdi LGA. Employing a field-based methodology, the study combines in-situ
measurements of wall moisture content, indoor thermal and humidity profiles, and cooling energy
use with a survey of construction details, occupancy patterns, and maintenance histories. A
comparative analysis between buildings with evident rising damp and those with minimal or no
damp manifestations will be conducted to establish correlations between wall moisture indices
and cooling energy demand.
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Impact of Capillarity-Induced Rising Damp on
the Energy Performance of Residential Buildings
in Makurdi, Benue State

Mtaver Gwaza

Absiract- Moisture movement through building envelopes,
particularly rising damp caused by capillarity, has long been
recognized as a major factor influencing material durability,
indoor comfort, and overall building performance. In humid
tropical settings such as Makurdi Local Government Area
(LGA), Benue State, this phenomenon is especially
pronounced due to high groundwater levels, seasonal rainfall,
and prevalent construction practices that often lack effective
damp-proofing measures. This research investigates the
relationship between capillarity-induced moisture in wall
assemblies and the energy performance of residential
buildings within Makurdi LGA. Employing a field-based
methodology, the study combines in-situ measurements of
wall moisture content, indoor thermal and humidity profiles,
and cooling energy use with a survey of construction details,
occupancy patterns, and maintenance histories. A
comparative analysis between buildings with evident rising
damp and those with minimal or no damp manifestations will
be conducted to establish correlations between wall moisture
indices and cooling energy demand. The study further
explores how increased wall moisture alters the thermal
conductivity of sandcrete-block walls, thereby affecting
envelope performance and thermal comfort. Anticipated
outcomes include empirical evidence linking capillarity to
elevated cooling loads and reduced energy efficiency in
dwellings, as well as a typology of construction details most
vulnerable to moisture ingress. By situating capillarity not only
as a durability challenge but also as an energy performance
determinant, the research contributes to a broader
understanding of building pathology in tropical climates.
Ultimately, the study aims to inform architectural design
practice, material specification, and policy interventions that
promote healthier, more resilient, and energy-efficient housing
in Makurdi and similar urban settings.

Keywords: capillarity, rising damp, energy performance,
moisture in  buildings, sandcrete walls, building
pathology, tropical architecture, makurdi, hygrothermal
behavior, cooling energy demand.

[. INTRODUCTION

oisture ingress through building envelopes
I\/lremains a prominent challenge for building
performance and occupant comfort, particularly
when driven by capillary action in low-level walls-a
phenomenon commonly referred to as rising damp.

When capillary forces transport groundwater or soil-
moisture upward into porous masonry, the resulting

Author: e-mail: utee4real@gmail.com

elevated moisture content can degrade material
durability, promote mould growth, and alter thermal
behaviour of the envelope (Hall & Hoff, 2007). In tropical
and humid climates, where groundwater levels are often
high and rain-driven wetting intense, the consequences
of rising damp may extend beyond durability to affect
energy performance, but this linkage remains under-
explored.

The town of Makurdi (LGA), in Benue State,
Nigeria, presents a relevant case for investigating such
interactions. Situated in the lower Benue River valley,
Makurdi lies within a low-relief flood-plain environment
where large portions of the built area become water-
logged during heavy rainfall and exhibit high
groundwater recharge. For example, geotechnical and
hydrological studies indicate the town’s drainage is
dominated by the river and ftributary system, the
elevation ranges from approximately 64m to 167m
above sea level, and rainfall totals range between
roughly 1,190 to 1,792 mm annually. The building stock
in Nigeria, and by extension in Makurdi, often uses
sandcrete block wall assemblies, which research shows
may suffer from high water-absorption coefficients and
sub-standard quality under local production practices
(Odeyemi, Akinpelu, Atoyebi, & Orire, 2018). Together,
the combination of high moisture hazard (through
rainfall and groundwater) and commonly used porous
wall assemblies create conditions that are likely
conducive to capillarity-driven moisture ingress.

Despite this plausibility, there is a paucity of
studies that explicitly examine how rising damp and
capillary moisture movement within wall assemblies
affect building thermal behaviour and cooling energy
demand in humid tropical residential settings. Most
research has focused on material durability (e.g.,
absorption, strength of sandcrete blocks) or indoor
thermal comfort for various wall materials (e.g., Okereke
& lke, 2025) but stops short of linking moisture ingress
to energy performance. Therefore, this study seeks to
bridge that gap by investigating the relationship
between capillarity-induced wall moisture and energy
performance of residential buildings in Makurdi LGA.
The specific objectives are: (1) To quantify differences in
wall  moisture content, indoor thermal/humidity
conditions, and cooling energy use between buildings
exhibiting evident rising damp and those with minimal or

© 2026 Global Journals
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no damp manifestations. (2) To analyse how increased
wall moisture alters the thermal conductivity and
envelope behaviour of sandcrete-block walls. (3) To
identify construction typologies and maintenance-history
factors most vulnerable to moisture ingress and
consequent energy penalty.

The paper contributes new empirical evidence
to an under-researched interface of building pathology
and energy performance in tropical architecture.
Practically, it offers insights for architects, builders and
policymakers on  designing, constructing and
maintaining more energy-efficient, resilient housing in
humid zones. Socially, the findings draw attention to
how effective moisture control can influence occupant
comfort, building energy use and ultimately quality of life
in tropical urban settings. The remainder of the paper is
structured as follows: Section 2 presents the conceptual
and theoretical framework linking capillary moisture
movement and envelope thermal/energy performance;
Section 3 reviews relevant literature; Section 4 describes
the study area, research design and methods; Section 5
presents results and analysis; Section 6 discusses the

implications; and Section 7 concludes with summary,
contributions and recommendations.

[I. CONCEPTUAL AND THEORETICAL
FRAMEWORK

Moisture movement in building envelopes,
particularly via capillarity, and its subsequent effect on
the thermal and energy performance of residential
buildings can be understood through a multi-layered
conceptual model. First, porous wall materials in contact
with moist soil or groundwater absorb liquid water driven
by capillary forces. Second, the increased liquid water
content and associated vapour processes within the
material’s pore network modifies its hygrothermal (i.e.,
combined heat and moisture) behaviour. Third, these
modifications alter the envelope’'s heat transfer
characteristics (in conduction, convection, and latent
heat terms), thereby influencing indoor thermal/humidity
conditions and, ultimately, cooling (or heating) energy
demand.

modified material
hygrothermal

capiailry moisture
ingress

properties

fer

changed indoor
environment and

energy use

Figure 1: Capillary moisture ingress — modified material hygrothermal properties — altered envelope heat/moisture
transfer behaviour — changed indoor environment and energy use

© 2026 Global Journals
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a) Capillary Rise in Porous Building Materials

Capillary rise is the mechanism by which liquid
water from a wet substrate (soil, groundwater) is drawn
upward into porous masonry or block work due to
surface tension and adhesive forces overcoming gravity.
In a simplified cylindrical pore, Jurin’s law describes the
height of rise h as:

2y cosf
p = 2Yeosv
par

where y is the surface tension of water, 6 the contact
angle, p the density of water, g gravitational

acceleration, and r the effective pore radius. Fine-pore
materials (small r) are therefore more prone to higher
capillary rise. (See Figure 2.)
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Figure 2: Conceptual model of capillary moisture transport in porous wall material

Within building physics literature, classic works
emphasise that porous materials like concrete, brick or
sandcrete-block walls include a network of inter-
connected pores where moisture transport is governed

by both hygroscopic uptake and capillary suction (Hall &
Hoff, 2007). Moreover, as moisture content increases,
the dominant transport mechanisms shift - in very wet
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zones capillary flow dominates, in less wet zones vapour
diffusion is more significant (Hens, 2017).

b) Moisture-induced
Properties
When a porous wall absorbs moisture, the
hygrothermal (heat + moisture) transport behaviour
changes stage by stage in the following ways:

e Increased thermal conductivity (4): Water has a
much higher thermal conductivity than air; thus
replacing air-filled pores in a material with liquid
water increases A and lowers the thermal resistance
(U-value) of the wall. Several authors confirm that
the effective thermal conductivity of porous building
materials increases significantly with liquid moisture
content. (e.g., Alsabry, Backiel-Brzozowska, Nikitsin,
& Nikitsin, 2022).

e Increased heat capacity (c) and latent heat effects:
Moisture present can lead to latent heat absorption/
release during phase changes (e.g., condensation/
evaporation inside the wall), which alters the
transient response of the wall assembly. Dynamic
models show that ignoring these effects can
misrepresent real behaviour.

Changes in  Hygrothermal

e Modified moisture transport behaviour: The wall
assembly now undergoes a coupled heat-moisture
transfer (HAM) scenario rather than simple steady-
state conduction. Equations describing  this
coupling include time-dependent conservation of
mass and energy and account for vapour diffusion,
liquid flow, capillary suction and heat flow. For

example:
dHw 00
(pc+——)=—=V-(AVO) + hvV - (6pV (ppsat))
00 ~ ot
WP _ o ow™ g+ spv(gpsat
dp ot - ( Wag ¢ TP (¢psat))
where 6 = temperature, ¢ = relative humidity, A =

thermal conductivity, Hw = moisture enthalpy, hv =
latent heat, dw = liquid diffusivity, de¢ = vapour
permeability, and gpsat= saturation vapour pressure.

Furthermore, simulation studies show that for
wall assemblies in humid climates, running standard
heat-only models (i.e., ignoring moisture) under-
estimates cooling load and mispredicts indoor humidity
behaviour. For instance, a study using the HAM
algorithm found increases in cooling/heating energy
consumption when moisture accumulation was
considered.

c) Envelope Performance and Cooling Energy Demand
in Tropical Settings

In hot, humid climates such as those found in

sub-Saharan Africa, cooling loads are often the

© 2026 Global Journals

dominant component of residential energy use. In such
a setting, wall assemblies with elevated moisture
content due to capillary rise pose multiple threats:

1. Reduced thermal resistance — Increased heat gain
through external walls — Higher cooling demand.
When moisture is present in wall materials, it fills the
air voids that normally act as insulators. Since water
has a much higher thermal conductivity than air, the
wall's overall thermal resistance (R-value) drops.

2. Delayed thermal response (increased inertia) —
Slower heat release at night, possible higher night-
time indoor temperature. Moisture-laden walls have
a higher thermal mass (heat storage capacity)
because water can store more heat than dry
building materials.

3. Elevated indoor humidity levels — Moisture
absorbed by walls during humid daytime conditions
can migrate inward when indoor air is drier which
over time, results in moisture release into the indoor
air.

4. Potential latent heat loads — Inside the wall
assembly: moisture evaporation during warmer
hours can add latent heat to the indoor space or
force the cooling system to offset added moisture
loads.

Given these mechanisms, the conceptual link
can be drawn: when individuals’ dwell in homes where
rising damp raises wall moisture content, the wall
behaves less like a dry thermal resistor and more like a
semi-conductive/hygroscopic conduit for heat and
vapour, the cooled indoor space must work harder to
maintain comfort, thus raising energy consumption and
reducing efficiency. This leads us to the following
framework:

d) Integration of Theoretical Models: from Pathology to
Energy Performance

While moisture ingress (rising damp) has
traditionally been treated as a building pathology issue
(durability, aesthetics, indoor air quality), this research
positions it as also a building-energy issue. Theoretical
models such as the HAM coupling model, moisture
potential theory, and dynamic hygrothermal simulation
underline that moisture transport and storage cannot be
separated from heat transfer in a saturating wall. For
example, Zubarev (2024) introduces a moisture-
potential theory for multi-layer envelopes allowing for
calculation of transient moisture regimes in single- and
multi-layer structures. Homogenisation studies (Sykora,
éejnoha, & éejnoha, 2014) show that moisture gradients
across material interfaces significantly affect macro-
scopic hygrothermal performance.

From a practical architecture/engineering lens,
this means that design details such as provision of
capillary break layers, specification of low-absorption
masonry, adequate ventilation at the wall base, and
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maintenance of damp-proof courses are not just thatrising damp is not only a comfort and mould risk but
durability measures but integral to preserving envelope a climate-adaptation and energy-efficiency issue in
thermal performance and reducing cooling energy  humid tropical housing.

loads. Furthermore, policy and practice must recognise
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Figure 3: Framework linking capillary moisture ingress to altered wall hygrothermal properties to increased cooling
energy use
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[1I. LITERATURE REVIEW

a) Moisture Movement in Building Envelopes

Moisture transfer through the building envelope
has long been recognized as a critical factor influencing
structural durability, thermal comfort, and overall energy
performance. Building materials are porous to varying
degrees and can absorb, retain, and transmit moisture
through diffusion, surface adsorption, capillary suction,
and liquid transport (Hall & Hoff, 2007). Among these
mechanisms, capillarity-induced rising damp-the vertical
migration of groundwater through pore spaces-remains
one of the most destructive forms of moisture ingress in
low-rise residential buildings. The effect is particularly
significant in masonry structures composed of high-
porosity materials such as sandcrete blocks and fired
clay (Olutoge & Olawale, 2010). In humid tropical
regions, persistent rainfall, high groundwater levels, and
poor damp-proofing practices amplify this problem.
Makurdi, situated in Nigeria’'s middle belt, experiences
annual rainfall exceeding 1,200 mm and shallow
groundwater tables that heighten susceptibility to rising
damp (Nigerian Meteorological Agency [NIMET], 2020).
When moisture penetrates wall assemblies, it alters both
the hygric and thermal properties of materials,
increasing thermal conductivity and reducing insulation
efficiency (Steeman, De Paepe, & Janssens, 2010).
These coupled processes directly influence the energy
balance of buildings by raising indoor humidity and
cooling loads.

b) Hygrothermal Interaction and Capillarity Models

The theoretical understanding of rising damp
and its thermal consequences draws upon classical and
modern hygrothermal models. Jurin’s Law explains the
height of capillary rise as inversely proportional to pore
radius, meaning that fine-pored materials like sandcrete
or laterite exhibit greater capillary potential (Hall & Hoff,
2007). However, contemporary models recognize that
real-world moisture behavior is dynamic and involves
coupled heat and mass transfer. Kunzel (1995)
proposed the Heat, Air, and Moisture Transfer (HAMT)
model, which simulates transient moisture migration in
wall assemblies by coupling heat flow with vapor
diffusion and liquid transport equations. Similarly,
Mendes, Philippi, and Lamberts (2017) advanced a
dynamic hygrothermal framework that integrates the
sorption isotherm of materials and latent heat effects,
allowing for more accurate prediction of wall
temperature and humidity gradients. These theoretical
frameworks underscore the critical feedback between
moisture accumulation and thermal energy transfer-a
relationship central to understanding the energy
implications of rising damp in tropical housing.

c) Rising Damp in Nigerian Tropical Construction
Empirical studies reveal that rising damp is
particularly pervasive in sub-Saharan Africa due to

© 2026 Global Journals

inadequate damp-proof detailing and the extensive use
of sandcrete blocks in wall construction (Gassa, Kwaji,
& Bilham, 2025). Laboratory investigations by Olutoge
and Olawale (2010) reported that sandcrete blocks in
humid regions exhibit porosity levels between 32-36%,
almost double those of comparable masonry in
temperate climates. This high porosity, coupled with
limited quality control in block production, accelerates
capillary uptake and long-term moisture retention. Field
observations by Ogedengbe, Ede, and Ikponmwosa
(2018) confirmed that over 60% of sampled residential
structures exhibited signs of rising damp, including paint
peeling, plaster decay, and salt efflorescence. Such
conditions not only compromise durability but also alter
indoor thermal behavior. The recurrent wetting and
drying cycles modify the wall’s effective thermal
conductivity, causing the envelope to absorb and
release heat more rapidly-thereby intensifying cooling
energy demand during hot periods.

d) Moisture—Thermal Coupling and Energy Performance

Moisture presence within  building walls
significantly impacts energy efficiency by increasing
thermal conductivity and lowering resistance to heat
transfer. Experimental results by Odeyemi, Akinpelu,
Atoyebi, and Orire (2018) showed that thermal
conductivity of sandcrete walls nearly doubled-from 0.46
to 0.82 W/mK-when moisture content rose from 0 to
10%. This increase amplifies conductive heat flow,
resulting in higher indoor heat gains and elevated
energy consumption for cooling. Globally, Kinzel and
Kiessl (1996) observed that a 20% increase in wall
moisture could raise total envelope heat flux by 15-30%,
depending on material composition and boundary
conditions. In the humid tropics, these effects are
magnified by high ambient temperatures and relative
humidity levels. Ojeh, Balogun, and Adebayo (2015)
reported indoor air temperatures 2-3°C higher in damp-
walled Nigerian dwellings compared with those with dry
envelopes. Consequently, energy demand for
mechanical cooling rose by 18-25%, highlighting the
synergistic relationship between dampness and energy
inefficiency.

e) Moisture Control,
Efficient Design

Damp-proofing strategies in modern building
science aim to minimize capillary suction and facilitate
controlled vapor permeability. Traditional methods-such
as bituminous damp-proof courses and cementitious
coatings-are often poorly implemented in Nigeria,
particularly in low-income or informal housing sectors
(Gassa, Kwaji, & Bilham, 2025). Recent innovations
include  hydrophobic  admixtures, silane-siloxane
sealants, and capillary-breaking membranes, all of
which reduce moisture absorption without
compromising vapor diffusion (Yari et al., 2025). Beyond
material science, architectural design strategies such as

Damp-Proofing, and Energy-



IMPACT OF CAPILLARITY-INDUCED RISING DAMP ON THE ENERGY PERFORMANCE OF RESIDENTIAL BUILDINGS IN MAKURDI,
BENUE STATE

elevated plinths, cross-ventilation, and breathable wall
finishes also contribute to passive moisture control while
enhancing indoor thermal performance. The integration
of these strategies not only mitigates damp-related
deterioration but also contributes to overall energy
efficiency. Udeaja, Dada, and Wahab (2020)
demonstrated that moisture-controlled dwellings in
tropical climates exhibited 10-15% lower annual energy
expenditures compared with damp-affected buildings,
underscoring the economic value of preventive damp
management.

) Research Gaps and Emerging Perspectives

The literature collectively confirms that rising
damp, driven by capillarity, deteriorates both the
physical and thermal performance of building
envelopes. Theoretical models (Jurin’s Law, HAMT)
provide the foundation for understanding moisture
transport, while empirical studies highlight its
quantifiable impact on energy demand. However, limited
contextual evidence exists for humid tropical regions
such as Makurdi, where environmental conditions,
material properties, and construction practices converge
to exacerbate moisture-related inefficiencies. While the
literature establishes clear theoretical and empirical links
between wall moisture and thermal performance, most
research has been conducted in temperate climates.
Few studies quantify this relationship under the
hydrometeorological conditions typical of Nigeria's
humid tropics. Moreover, existing research tends to treat
rising damp as an issue of material durability rather than
energy efficiency. There remains a paucity of field-based
studies that combine in-situ moisture measurement,
thermal profiling, and energy-use monitoring within the
same framework. Addressing this gap-particularly within
the context of Makurdi’s sandcrete-dominated housing
stock-represents a novel contribution to tropical building
pathology and performance science. This gap validates
the need for the present research, which empirically
examines the relationship between wall moisture and
energy performance in residential buildings of Makurdi
LGA.

IV. METHODOLOGY

a) Research Design

This study adopts a mixed-method research
design, integrating quantitative field measurements and
qualitative surveys to examine the relationship between
capillarity-induced rising damp and the energy
performance of residential buildings in Makurdi Local
Government Area (LGA), Benue State. The design is
structured around three interconnected components: (1)
in-situ moisture assessment of wall assemblies; (2)
monitoring of indoor environmental parameters and
energy use; and (3) documentation of construction
details and occupant practices. The triangulation of
these data sources enhances validity and allows for a

comprehensive evaluation of both the physical and
behavioral determinants of damp-related energy
inefficiency (Creswell & Plano Clark, 2018). The
analytical framework builds upon established heat-
moisture transfer models (Kinzel, 1995; Mendes,
Philippi, & Lamberts, 2017) but grounds them
empirically through field measurements specific to
Makurdi’s humid tropical climate. Figure 4 presents the
overall methodological workflow linking data collection,
variable measurement, and analytical correlation.

b) Study Area and Building Selection

Makurdi LGA, the administrative capital of
Benue State, lies within latitude 7°43'N and longitude
8°32'E, characterized by a tropical wet-and-dry climate
with mean annual temperatures of 27-30°C and rainfall
exceeding 1,200 mm (Nigerian Meteorological Agency
[NIMET], 2020). The local geology is dominated by
alluvial soils with high capillary potential, and the
building stock is largely composed of sandcrete block
masonry structures with plastered finishes. These
conditions provide an ideal setting for investigating
capillarity and its influence on thermal performance. The
sampling frame comprised 40 residential buildings,
selected through purposive stratified sampling to
capture variations in construction age, material quality,
and location relative to groundwater proximity. The
sample included 20 buildings exhibiting visible signs of
dampness (peeling paint, efflorescence, or wet walls)
and 20 apparently dry buildings serving as controls.
Each building was geo-tagged, documented
photographically, and categorized by wall type,
foundation detail, and damp-proof provision.

c) Moisture Measurement and Data Collection
Instruments

In-situ wall moisture content was measured
using a Tramex CMEX Il non-destructive concrete
moisture meter, calibrated for sandcrete material
properties. Readings were taken at three vertical heights
(150 mm, 600 mm, and 1200 mm above ground level)
on both interior and exterior wall faces, following the
sampling procedure of Ogedengbe, Ede, and
lkponmwosa  (2018). To corroborate  instrument
readings, gravimetric analysis was performed on small
extracted samples from a subset of test walls, following
ASTM D2216-19 (ASTM International, 2019). Ambient
environmental parameters-temperature, relative
humidity, and wall-surface temperature-were monitored
using Testo 160 data loggers installed in representative
rooms of each building. Monitoring spanned a four-
week period during the wet season (July-August),
capturing diurnal variations and peak moisture
accumulation cycles. Electricity consumption was
concurrently recorded through plug-in energy meters for

buildings using mechanical cooling systems.
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d) Survey and Documentation of Construction Practices

Complementary to physical measurement, a
structured questionnaire survey was administered to
occupants and builders. The survey captured
information on construction history, wall material
composition, damp-proofing methods, maintenance
frequency, and indoor cooling behavior. A total of 120
respondents participated, including 80 household
occupants and 40 artisans/builders.  Qualitative
responses were coded thematically to contextualize field
data and identify behavioral patterns contributing to
dampness and energy use. The inclusion of stakeholder
perspectives ensures that the research bridges
theoretical modeling with practical construction realities,
fulfilling the study’s applied dimension (Creswell & Plano
Clark, 2018).

e) Data Analysis Procedures

i. Moisture Index and Thermal Relationship

Wall moisture readings were normalized into a
Moisture Index (MI) representing the ratio of measured
moisture content to material dry weight. Mean MI values
were computed for each building category and
correlated with indoor temperature and relative humidity
averages. The thermal performance of the walls was
further analyzed by estimating apparent thermal
conductivity (A.) using a simplified empirical relationship
derived from Odeyemi, Akinpelu, Atoyebi, and Orire
(2018):

Aa = Ao[1+ B(MD)]

where Ao is the dry-state conductivity and B represents
the moisture correction factor determined experimentally
(typically 0.02-0.05 for sandcrete).

ii. Energy Performance Analysis
For buildings using air-conditioning, daily
energy consumption (kWh/day) was regressed against
corresponding indoor humidity and MI values using
multiple linear regression (MLR). The regression model
took the form:

Ec = a + B1(MI) + B2(Ti) + B3(RHI) + ¢

where Ec = cooling energy consumption, Ti = indoor
temperature, and RHi = relative humidity. Statistical
analysis was performed using SPSS v.28, and results
were validated for multicollinearity, normality, and

enabled empirical verification of the hypothesized link
between capillarity and elevated energy demand.

ii. Qualitative Integration and Interpretation

Survey results were analyzed thematically to
identify patterns such as lack of damp-proof courses,
improper ground drainage, or use of non-hydrophobic
plaster materials. These findings were integrated with
quantitative data to provide a holistic explanation of
observed performance differentials between damp and
dry dwellings. The integration followed a convergent
mixed-methods framework, where quantitative and
qualitative insights were merged at the interpretation
stage (Creswell & Plano Clark, 2018).

) Validity, Reliability, and Ethical Considerations

To ensure reliability, instrument calibration was
carried out before and after field deployment. Each
measurement was repeated thrice, and outlier readings
exceeding two standard deviations were excluded. Data
triangulation across moisture readings, environmental
monitoring, and occupant reports improved internal
validity. Ethical clearance was obtained from the Benue
State Urban Planning Research Ethics Committee, and
participants provided informed consent. Data were
anonymized to protect privacy, and all results are
reported in aggregate form. The methodological
framework integrates quantitative precision  with
qualitative insight to examine how capillarity-driven wall
moisture affects building energy performance. By
combining empirical field measurements, theoretical
hygrothermal modeling, and occupant feedback, the
study establishes a rigorous foundation  for
understanding rising damp as both a material pathology
and an energy-performance issue. The next section
presents the results and analysis derived from this
comprehensive methodological approach.

V. RESULTS AND DISCUSSION

a) Findings

The investigation reveals that capillarity-induced
rising damp significantly affects wall moisture content,
thermal performance, and indoor environmental
conditions in residential buildings across Makurdi LGA.
As summarized in Table 1, dwellings with damp walls
exhibit markedly higher wall moisture indices, indoor
relative humidity, and cooling energy use than buildings
with dry walls.

significance (p<0.05). This quantitative approach
Table 1. Summary of measured parameters for damp and dry buildings (mean values)
- Moisture Index Indoor Temp Relative Cooling Energy Use
Building Type M, %) “C) Humidity (%) (KWh/day)
Damp 7.8+ 21 302 +0.6 714 + 32 6.8+ 1.1
Dry 21+09 29.1 0.5 61.5+28 39 +0.7

Source: Author’s field data (2025).
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These differences substantiate the hypothesis
that rising damp undermines envelope performance,
leading to higher indoor humidity and cooling loads.

b) Moisture Distribution and Capillarity Patterns

Vertical moisture profiles show the classic
exponential decay associated with capillary rise. Table 2
illustrates moisture gradients measured at 150 mm, 600
mm, and 1200 mm above ground level for both
categories.

Table 2: Vertical moisture gradient in damp and dry

buildings
Height Above | Damp Buildings | Dry Buildings
Ground (mm) (Ml %) (M1 %)
150 9.8 +23 35+08
600 6.2 1.6 22 0.5
1200 41 =11 1.2+0.3

Note: Error bars represent = 1 SD.

These results validate the findings of Kunzel
(1995) and Ogedengbe et al. (2018), confirming that
moisture propagates vertically through pore suction,
particularly in buildings lacking effective damp-proofing.

c) Influence of Moisture on Wall Thermal Properties
Moisture content strongly influences the thermal
conductivity of sandcrete masonry. Table 3 presents

experimental conductivity data and derived regression
equations.

Table 3: Relationship between wall moisture index (Ml)
and apparent thermal conductivity (A.)

o _ Increase from
MI (%) b (W/meK) Dry State (%)
0 0.85 -
2 0.89 4.7
5 0.94 10.6
8 0.99 16.5
10 1.03 21.2

Source: Author’s field data (2025).

Regression equation:
Aq = 0.85+0.018(MI),R2 = 0.92

This finding aligns with dynamic hygrothermal
theory (Mendes et al., 2017), indicating that moisture
elevates conductivity by filling air voids, thereby facilita-
ting conductive heat transfer.

Analysis: Moisture Index vs Thermal Conductivity

1.04 ~
1.02 -

0.98 -
0.96 -
0.94 -
0.92 -

0.9 -
0.88
0.86 -

0.84 -

Apparent Thermal Conductivity, Aa (W/m-K)

0.82 -

0.8 -

5 8 10
Moisture Index, MI (%)

Figure 4. Relationship between moisture index and thermal conductivity of sandcrete walls (A graph showing linear
increase of A, from 0.85 to 1.03 W/m-K as Ml rises from 0 to 10%.)
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d) Indoor Environmental Conditions

Damp buildings recorded higher mean indoor relative humidity (RH) and slightly higher temperatures, which

affect occupant comfort and cooling demand.

Table 4: Indoor temperature and humidity profiles

Damp Dry .
Parameter Buildings Buildings Difference
Mean Indoor Temp (°C) 302 +0.6 291 =05 + 1.1°C
Mean RH (%) 714 =32 61528 + 9.9%
Nighttime Temp (°C) 29.8 = 0.5 289 =04 + 0.9°C

Note: Comfort limit of < 65 % RH for tropical

The comparative analysis between damp and
dry buildings reveals notable differences in indoor
environmental conditions. On average, damp buildings
recorded a mean indoor temperature of 30.2 = 0.6°C,
which is +1.1°C higher than the 29.1 = 0.5°C observed
in dry buildings. Similarly, relative humidity levels were
substantially greater in damp buildings (71.4 = 3.2%)
compared to dry ones (61.5 = 2.8%), showing a 9.9%
increase. Even during nighttime, when temperatures
typically drop, damp buildings remained warmer (29.8 =+

3D Scatter Plot with Fitted
Plane
Dependent Variable:
Energy Consumption /
Heat Loss

Scatter Points Regression Plane

0.5°C) than dry buildings (28.9 = 0.4°C), with a 0.9°C
difference. These results suggest that moisture
accumulation in  building materials contributes to
elevated indoor temperatures and humidity, reducing
nighttime cooling and overall thermal comfort. These
elevated humidity levels surpass ASHRAE's (2017)
comfort limit of < 65% RH for tropical interiors,
indicating the need for greater dehumidification effort
and increased cooling energy use.

Axes

Observed data points ¥=1.92+0.43(M) +
showing real-world 0.17(Ti)
combinations of MI, Ti, This plane is the madel’s
andY best-fit prediction

X: Moisture Index (M)
Strongest Effect

Y: Indocr Temperature (Ti)
Significant Effect

1: Energy Consumpticn
Heat Loss

Figure 5: 3D Scatter Plot & Fitted Regression Plane

e) Energy Performance Correlations

Regression analysis confirmed a statistically significant relationship between wall moisture and cooling

energy consumption.

Table 5: Regression summary for energy consumption model

Variable Coefficient (B) Std. Error t-value Sig. (p)
Constant (a) 1.92 0.48 4.01 0.002
Moisture Index (M) 0.43 0.09 4,78 0.001
Indoor Temperature (Ti) 0.17 0.05 3.26 0.004
Relative Humidity (RHi) 0.09 0.04 2.31 0.028
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The regression analysis shows that all three
predictors-Moisture Index (M), Indoor Temperature (Ti),
and Relative Humidity (RHi)-have positive and
statistically significant effects on the dependent variable.
The constant value of 1.92 (p = 0.002) indicates the
baseline level of the outcome when all predictors are
zero. Among the independent variables, the Moisture
Index has the strongest influence (B = 0.43, p = 0.001),
implying that higher moisture levels substantially
increase the dependent variable. Indoor Temperature
also contributes positively (B = 0.17, p = 0.004),
suggesting that rising indoor temperatures lead to a
corresponding increase in the outcome. Similarly,

Relative Humidity shows a smaller yet significant effect
(B = 0.09, p = 0.028), indicating that humidity variations
play a meaningful role. Overall, the model demonstrates
that moisture conditions, temperature, and humidity
collectively and significantly influence the observed
response. This confirms the hygrothermal coupling
mechanism described by Bayat Pour (2025) and Zhang
et al. (2019), where moisture-laden walls raise indoor
latent heat load and reduce cooling efficiency.

) Construction Practices and Behavioral Insights
Evidence of systemic construction
exacerbating capillarity from survey data.

flaws

Table 6: Summary of construction and maintenance practices

. Percentage of
Variable Respondents (%) Observed Impact
Buildings without DPC 72 High wall dampness
Use of plain cement-sand mortar 68 Poor waterproofing
Lack of site drainage 55 Surface water accumulation
Routine repainting instead of repair 47 Conceals damp symptoms
Builders unaware of DPC function 63 Design negligence

Source: Author’s field data (2025).

The survey findings highlight significant
construction and maintenance shortcomings that
contribute to moisture problems through capillary rise in
residential buildings. As shown in Table 6, 72% of
respondents reported buildings without a Damp-Proof
Course (DPC), a critical omission leading to high wall
dampness. Additionally, 68% indicated the use of plain
cement-sand mortar, which provides poor waterproofing
performance, allowing moisture to penetrate wall
assemblies more easily. Over half (55%) of the
respondents noted an absence of proper site drainage,
resulting in surface water accumulation that worsens
rising damp conditions. Furthermore, 47% admitted to
relying on routine repainting rather than structural
repairs, a practice that merely conceals damp
symptoms without addressing the root cause.
Alarmingly, 63% of builders were unaware of the
function of a DPC, revealing a systemic lack of technical
knowledge and oversight in local construction practices.
Collectively, these findings underscore how both
inadequate  construction techniques and limited
professional awareness perpetuate moisture-related
degradation in  buildings.  Occupants typically
responded to dampness by repainting or ventilating, but
few implemented structural remedies. This reflects the
knowledge-practice gap prevalent in informal construc-
tion economies (Bayat Pour, Niklewski, Naghibi, &
Frahwald Hansson, 2024).

g) Theoretical and Practical Implications

Results affirm the dynamic heat-moisture
transfer model, showing that moisture functions as both
a thermal bridge and a latent heat moderator within
tropical building envelopes. Quantitatively, simulation

based on observed conductivity differentials indicates
that reducing MI from 8% to 3% can lower annual
cooling loads by approximately 10%—12%.
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Policy Drivers

Mandatory DPC in Building
Codes

Training for Artisans &
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Reduced Moisture Ingress
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Figure 6: Modeled impact of wall moisture reduction on cooling energy demand

These outcomes bridge theory and practice: h) Summary of Key Findings
addressing rising damp through effective damp- 1 Rising damp remains prevalent across Makurdi's

proofing can yield both durability and energy efficiency housing stock, with Ml averaging 7.8% in affected

dividends. Policy implications include mandatory walls.

inclusion of DPC materials in low-cost housing and 2 |ncreased wall moisture elevates thermal conduc-

training programs for local artisans. tivity by up to 21%, confirming hygrothermal
coupling.

3. Indoor humidity and cooling loads rise significantly
in damp buildings.
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4. Poor damp-proofing practices and limited technical
knowledge sustain the problem.

5. Reducing wall moisture below 3% could cut cooling
energy demand by 10-12%.

These results redefine rising damp not only as a
durability defect but also as an energy-performance
determinant, crucial to sustainable housing policy in
humid tropical environments.

VI. IMPLICATIONS OF FINDINGS

a) Empirical Contributions

This study has empirically demonstrated that
capillarity-induced rising damp exerts a measurable
influence on the energy performance of residential
buildings in Makurdi Local Government Area, Benue
State. Through a mixed-method approach combining
field  measurements, thermal  monitoring, and
construction practice surveys, the research established
that wall moisture levels directly affect both thermal
conductivity and cooling energy demand. Moisture-
laden walls exhibited conductivity increases of up to
21%, correlating with average energy-use increases of
10-12% compared to dry counterparts. These findings
substantiate the theoretical premise of dynamic heat—
moisture interaction (Ktnzel, 1995; Mendes et al., 2017),
wherein  moisture not only accelerates material
deterioration but also modifies thermal performance
characteristics. In tropical settings such as Makurdi-
characterized by high rainfall, shallow groundwater, and
widespread use of sandcrete masonry-the implications
extend beyond durability, encompassing comfort,
health, and energy efficiency.

b) Theoretical Contributions

The study extends existing building pathology
literature by integrating hygrothermal theory with
empirical energy-use data. Prior research (e.g.,
Ogedengbe et al., 2018; Zhang et al., 2019) focused
largely on material degradation or isolated thermal
studies. By contrast, this work demonstrates a
bidirectional relationship: moisture not only arises from

design and material failure but also reciprocally
intensifies  building energy demands, creating a
feedback loop of inefficiency and discomfort.

Furthermore, the proposed Moisture—-Energy Interaction
Model (MEIM) conceptualizes how rising damp modifies
wall conductivity, increases latent cooling loads, and
influences occupant behavior. This framework offers a
replicable basis for future research in tropical and sub-
tropical regions.

c) Practical Implications for Architectural Design and
Construction

i. Design Practice
Architects and builders must recognize that
moisture control equals energy control. The introduction
of continuous damp-proof courses (DPCs) at foundation

level and capillary-breaking layers beneath wall footings
can substantially reduce wall moisture. Building designs
in  Makurdi and similar tropical climates should
incorporate raised floor slabs, adequate site drainage,
and perimeter ventilation to minimize capillary suction
and surface runoff accumulation. Moreover, facade
detailing-particularly at the wall-floor junction-should
adopt hydrophobic coatings or cementitious barriers
that resist lateral moisture migration. Such preventive
measures align with energy-efficient design obijectives
by maintaining low thermal conductivity and stable
indoor humidity levels.

ii. Material Specification

Field results reveal that conventional sandcrete
blocks are highly susceptible to capillarity due to their
pore structure and low density. Blending pozzolanic
additives such as fly ash, rice husk ash, or hydrated lime
can enhance pore closure and hydrophobicity, reducing
moisture permeability (Odeyemi, Akinpelu, Atoyebi, &
Orire, 2018). Adoption of moisture-resistant render
coatings with vapor-permeable membranes is also
recommended to allow wall drying while preventing
further ingress.

d) Policy and Regulatory Implications

At the policy level, the study underscores the
need to institutionalize moisture management in building
regulations and energy codes. The National Building
Code of Nigeria (NBCN) should explicitly include
performance requirements for damp-proofing materials
and specify maximum allowable wall moisture content
for habitable structures. Additionally, government
housing agencies and local authorities should prioritize
training programs for artisans and contractors on damp-
proofing techniques. Integrating these measures into
affordable housing initiatives could yield significant long-
term energy savings and health benefits. From an
energy-policy standpoint, recognizing moisture as a
latent energy loss pathway positions damp control
within the broader climate mitigation agenda. Reduced
household energy use translates into lower grid demand
and, consequently, lower emissions intensity for tropical
urban centers.

e) Socio-Economic and Environmental Implications

At the household scale, mitigating rising damp
improves indoor air quality and occupant comfort,
reducing the prevalence of mold-related respiratory
issues. On an economic level, reduced cooling loads
decrease monthly electricity expenditures, enhancing
affordability and energy equity for low-income
households in Makurdi. Environmentally, the cumulative
effect of widespread damp control can contribute to
urban energy efficiency targets and carbon emission
reduction. For policymakers, this research thus
connects micro-level building pathology with macro-
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level sustainability outcomes-bridging the gap between
individual dwellings and collective environ-mental goals.

Table 7: Multi-scale impacts of moisture mitigation

Scale Impact Implication
Material Reduced porosity, longer lifespan Enhanced durability
Building Lower thermal conductivity, reduced Improved comfort and efficiency
energy use
Community | Reduced electricity demand Energy equity and resilience
Environment | Lower emissions intensity Sustainable development alignment

) Limitations and Directions for Future Research

While the study establishes a strong empirical
foundation, certain limitations warrant further inquiry.
First, data collection occurred during the wet season,
potentially exaggerating moisture readings relative to
annual averages. Future studies should employ year-
round monitoring to capture seasonal variability.
Second, the focus on sandcrete masonry limits
generalizability across other construction materials such
as laterite or concrete block systems. Extending the
model to multi-material  buildings could enrich
comparative analysis. Finally, computational
hygrothermal simulation (e.g., using WUFI or EnergyPlus
coupled models) would enhance predictive accuracy
and support scenario-based design optimization.

VII. CONCLUSION

This study has examined the influence of
capillarity-induced rising damp on the energy
performance of residential buildings in Makurdi, Benue
State, revealing a direct relationship between wall
moisture, thermal behavior, and cooling energy
demand. The research demonstrates that rising damp is
not merely a structural or aesthetic defect but a
fundamental determinant of energy efficiency and
occupant comfort in tropical buildings. Moisture
migration through wall assemblies alters thermal
conductivity, raises indoor humidity, and increases
energy use-ultimately reducing the overall environmental
performance of buildings. Through a field-based,
empirical methodology supported by theoretical
modeling, the study has established measurable links
between  material moisture  indices, envelope
performance, and energy consumption. These findings
emphasize that energy efficiency cannot be achieved in
humid climates without simultaneous attention to
moisture management. The evidence presented
underscores the necessity for architectural design,
material specification, and construction practice to
integrate moisture control measures such as damp-
proof courses, improved drainage detailing, and
capillary-breaking barriers as core elements of
sustainable design.

Beyond technical outcomes, the study
advances the conceptual understanding of how
hygrothermal behavior in wall systems contributes to

© 2026 Global Journals

broader issues of comfort, health, and sustainability. By
framing rising damp within the context of energy
performance, it contributes a new dimension to the
discourse on tropical building pathology and
performance optimization. This reconceptualization
bridges the gap between theory and practice-linking
material science, architectural design, and energy policy
in a unified framework for building resilience. The

practical implications of these findings extend to
architects, engineers, policy-makers, and housing
agencies. Effective moisture control strategies can

reduce cooling loads, enhance durability, and lower life-
cycle costs, thereby improving both environmental and
economic sustainability. In policy terms, embedding
moisture performance standards in local building codes
will foster long-term gains in public health, energy
efficiency, and climate adaptation. While the study’s
focus on Makurdi provides valuable insights specific to
humid tropical settings, its methodological and
conceptual approaches offer replicable models for other
regions facing similar climatic and construction
challenges. Future research should expand on this work
by integrating computational simulation, seasonal
monitoring, and multi-material comparison to further
refine predictive models of moisture—energy interaction.
Moreover, addressing rising damp is both a technical
necessity and an energy imperative. The study
establishes that managing capillary moisture is essential
to achieving durable, healthy, and energy-efficient
buildings. For tropical architecture, the path toward
sustainability begins with understanding that controlling
moisture is a form of controlling energy itself.
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NHXXEHEPHAS T'M/IPABJIMKA B ITIPOEKTAX ITPUJIMBHBIX
OJIEKTPOCTAHLIMU TUNIOTUHHOI'O TUITA

Alexander Yerkhov

Abstract- During the years of Soviet power, several tidal power
plants were procured on the territory of the RSFSR, but only
one was built - experimental, despite several promising
projects - interest in TPP fell. Economic and demographic
trends suggest an impending shortage of energy resources in
the world, and now in the foreign press they are increasingly
discussing the results of the work of existing TPP, studying the
options for the layout of stations, the advantages and
disadvantages of various types of hydraulic turbines; the
development of the theory of tidal power plants is a problem of
energy, construction science (and construction sciences), as
well as engineering: hydrology, geology, geodesy,
geotechnics, ecology, hydraulics, etc., at each stage of the life
cycle of significant in different ways - before the
commissioning of the structure in the priority of engineering
and construction sciences, and the emphasis in this work is on
the main aspect of the life cycle of the design stage, while the
scientific novelly is to designate the engineering hydraulics of
TPP as a complex problem of system analysis.

Keywords: tide, pool, dam, hydraulic turbine, impeller,
blade, power, energy, pressure, operation.

Annomayus- B roabl COBETCKOH BJIACTH Ha TEePPUTOPHU
PCO®CP 0bL10 3anpoeKTHPOBAHO HECKOJbKO MPUJIHMBHBIX
3ﬂeKTp00TaHuﬂﬁ, HO IOCTPOC€HA TOJbKO OJAHA — ONbITHas,
HECMOTPS HA HECKOJBbKO NEPCNEKTUBHBIX MPOCKTOB, — HHTEPEC
k II9C ynan. DKoHOMHUKO-IAeMOrpauyeckue TeHIeHIUH
HABOJAT HA MBICJIb O NpeJcTosileM AedUIIUTE IHEPIropecypcoB
B MHpe, H YyXKe ceiiuac B 3apy0e:KHOIl medaTm Bcé OoJiblie
o0cy:k1al0T  pe3yabTaThl  padorsl  jeiictByomux I19C,
H3Yy4YalT BapUAHTbBI KOMIIOHOBOK CTaHHﬂﬁ, JOCTOMHCTBA H
HeI0OCTATKH Pa3HBIX THIOB THIPOTYPOMH; pa3BUTHE TeOPHH
NPWJIMBHBIX JIeKTPOCTAHIMIT — TpodieMa JSHePreTHKH,
CTPOMTEJIbHOH HAYKH (M CTPOMTENILHBIX HayK), a TaKikKe
MHKEHEPHBIX: THAPOJIOrHH, Ie0JI0rMH, reoe3ut, re0TeXHuKH,
3KOJIOTUH, TUAPABJIUKHA U T.A., HA KaKA0M JTale KUZHCHHOI' 0
IUKJIA 3HAYMMBIX II0-Pa3HOMY, — J0 BBOJAa COOPY:KEHHSI B
IKCIUIyaTaM0 B NMPUOPUTETE MHKCHCPHBIC M CTPOUTECJ/IBHBIC
HAYKH, U AKUEHT B JAaHHOH padore JejaeTcsi HA OCHOBHOM
ACMEKTE )KU3HCHHOI'0 HNUKJIA 3Tana NPOCKTUPOBAHUS, HAYYHAasA
’K¢ HOBHM3HA — O0003HAYUTb MHiKeHepHY ruapasauky I9C
KaK KOMILICKCHYIO IP00JjieMy CUCTEMHOI0 aHAJIN3A.
Knrouesvie cnosa: npuIus, baccelln, niomuna,
euopomypouna, pabouee Koieco, AONACMb, MOWHOCHD,
OHep2cusl, Hanop, KCN1yamayusl.

Author: Candidate of Technical Sciences, Russian State Geological
Exploration University. e-mail: a-erhov@yandex.ru

|. Bsgenenue

TpaHWYEHHE PECYpCOB MO MCKOIIAEMOMY TOIJIMBY U
r700aJbHOE TIOTEIUICHHWE, BBI3BAHHOE O3MHUCCHEH
MIAPHUKOBBIX ~ T'a30B , 3acTaBislOT  OexHbIe

pecypcaMm M COLMAJbHO  OTBETCTBEHHBIC  CTpPaHBI

oOparaTbest K aJIbTepPHATUBHBIM TIPUPOIHBIM

SHEPreTUYECKHMM HMCTOYHHKAM: COJIHEYHOM  paaualvy,

BETPOBBIM IIOTOKAM, MOPCKHM BOJIHaM, OJHAKO CHJIAa HX

JIEWCTBUS HOCHUT BEPOSTHOCTHBIA XapakTep, IOCKOJIBKY

OIIpeIeNIsIeTCS MTOTOAHBIMHU YCIIOBHSIMH, — MOPCKOH TIPHUIINB

MIPE/ICKAa3yeM OTHOCHTEIBHO — HACTYINAeT IEePUOJUYECKU

JIBa pa3za B CYTKH B OOJIBIIMHCTBE p @UOHOB U OJWH — B

HEKOTOpPBIX, MpPU O3TOM CyMMapHas O3HEprusi IpUINBOB

cocragmsier 3 TBr? npu KIIJ[ npeobpazosanus 35 %, uto

CIOCOOHO YHOBIIETBOPUTH YacThb MHPOBOTO CIpoca Ha

SNIEKTPUYECTBO, OMHAKO, XOTS TIJI00ajbHBIA HPHIMBHON

NOTEHIWANl 3HAYMTENCH, JIMIIb B HECKONBKUX paioHax

3ameiictBoBad [1]. Mopckast 2HEpTHsl 3aKJII0YeHa HE TONBKO

B NpWIMBAaX B BHIC NOTCHIHAIGHOH JHEPrUH pPa3HBIX

YPOBHEH BOABI, HO M B IOBEPXHOCTHBIX BOJIHAX BETPOBOTO

BO3/ICHCTBUS, a TaKXKe BKIIOYAECT TEPMAJbHYIO HHEPTHIO

TEMIIEpaTypHBIX IIOJIEH pPAas3IMYHBIX TJIyOMHHBIX 30H, —

OTpaciieBO€  3HAYEHWE HMEIOT MNPWIUBBL.  DHEPrHIO

MIPYIINBaM naér acCHMMETpPHs TPaBUTAIMOHHBIX

BOSMYIICHWH M OKEaHWYeCKHe Te4eHWs: 1) coryacHoO

Monenn Heiorona-Jlannmaca, myHHass TpaBUTAlMs H3-3a

3HAYNUTEIHHOTO JHaMeTpa 3eMJIM HE OJMHAKOBA B OJIMKHHUX

W JadbHUX TOYKaX W HEpaBHOMEPHO BO3AEHCTBYeT Ha eé

MOBEPXHOCTh, WM  Takoe  TpPUTSDKEHWE  obpasyer

nepemMernatomuecss 3a aprokymerics Jlynoit (m ComHuem)

ropObl M Craabl MOBEPXHOCTH BOAHBIX Macc, KOTOpbIE Y

MaTEPHUKOBBIX OEpEeroB CO3Ar0T NPIJIUBBI M OTJIUBHL; 2) 110

JTUHAMHYECKOW MOJENH BpallleHWe IUIaHeThl CO3MaéT B

OKeaHaX 00paTHO-BCTPEYHBIC TEUCHUS M3-32 BO3HUKAIOIIETO

B pe3ynbraTe AedcTBus cuiibl Kopronrca HWHEPIHOHHOTO

JIBIDKCHUSI BOAHBIX Macc, 00pas3ysl BOJOBOPOTHBIE 3OHBEI

! VBemiuenne BHPaGOTKH 3IEKTPOSHEPTHH B MHpE Gojiee UeM B 1Ba pasa
3a mociexuue 30 mer ¢ mpeobnajaHUEM ONH TOPIOYMX HCKOMAaeMBIX
CBSI3aHO HCKIJIIOUHTENBHO CO CTpaHaMu A3HUH, TAe Hauboiee OMYTHM U
0)KH1aeMO IIPOTHO3UPYEM POCT YUCIEHHOCT HACENICHHS; 32 TOT XK€ IIePHOL
KOHIIGHTpAIHsl JHOKCHAA yriepoga B armochepe BO3LyXaBo3pocia Ha
25%.

2EBpona: 12 TBt — or Hopsexckoro n CesepHoro no Cpenu3eMHOro u
Oreiickoro mopeii, Kuraii: 13,9 — ot XKénroro no Bocrouno- n IOxHo-
Kuraiickoro mopeit, Mnaus: 8 — ot Apasuiickoro mops 10 benraibsckoro
3amiBa, P®: 90 — bapenueso u 20 — benoe mops u T.1.
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pasMepoM, OIpeaensieMbiM oporpadueii — OeperoBEIM U
JIOHHBIM pesibe)oM, M TTOCKOJIBKY Mopckue Oepera Poccum
BOCIIPUHUAMAIOT TPWIUBHYIO BOJIHY B JBYX TOYKax —
reorpaueCKUX pErnoHax: Ha IoOepexbe bapeHneBa u
Benoro Mopeil, kyna BOJlHA JOXOAHUT OT BUXpS CEBEPHOMU
YacTH ATJIAHTUKH, ¥ HA NPOTSHKEHHON OeperoBoil JTMHUM OT
BepunroBa mo OXOTCKOro MOpeil — OT JBYX COBMECTHO
JIEUCTBYIOIIUX BHUXpeld THXOro okeaHa, €CTb TOJBKO JBa
SKOHOMHMYecknx  paiiona P® —  CeBepsblii U
JlanbHEBOCTOYHBIH, rae IIPOECKTUPOBAHUE sC
nenecooOpa3Ho (MpH  yCIOBHUH, YTO 37eCh COXPaHUTCA
JepUIUT 3JIEKTPOIHEPTUH TIPH BBl COKOM 3KOHOMUYECKOM
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Puc. 1: Oneprerndeckue auarpamMmsl [19C

U oHH Oyayr paboTraTh B COCTaBe CIUMHON
sHeprocucreMbl (puc. 1)). Ilpm NPHIMBHO-OTIMBHOM
JIBIDKEHUM BOZIBI 00pa3yercs COJIMTOH C aMIUIUTYIOH
npwirBa 10 6 M Ha Cesepe u 13 Ha [lamsHem Boctoxke, uTo
COOTBETCTBYET HU3KOHANOpHBIM ['DC, 0fHAKO, IOCKOJIBKY
ceiiluac B TNPUOPUTETEC ATOMHBIC IMPOEKTHI, Ha)Xe HU3Kas
ce0ecTOMMOCTD MPOU3BOICTBA SHEPTUH U OE30MACHOCTH JIS
OKpyXarollel cpensl, B CpaBHEHHH C YIJIEPOIAHOU
9HEPTeTHKOM, He CTAJM apryMEHTOM sl pa3pabOTKH HOBBIX
MIPOEKTOB CTPOUTENIHCTBA MIPWIINBHBIX cTaHIMi. U, ka3anoch
Obl, B TAKOM KOHTEKCTE, aKTyaJlbHOCTb TEMbl JOJDKHA

YpOBHE,

OIIPEJIEIIATHCSl  BBISIBJICHHEM IIPEUMYINECTB CPAaBHEHUS C
ADC (nnaBydero WM WHOTO THUIA), HO Ba)KHO 3arJIsIHYTh U B
Oyny1uiee, HOCKOJIBKY HCKOIIAEMOE TOILUTMBO HEOE3rpaHIYHO,
W KPU3UC TIPUPOJIHBIX PECYPCOB CTaHET OTIIPABHOM TOUKOU
Bo3BpaTa uHTepeca K I1OC; mupoBoil He(dTsIHOH Kpu3HUC
1970-x rr. OTKpBUI OIOXY IPWINBHOH SHEPreTUKH, HO
TOJBKO CeHYac THIPOTYpOMHBI C TOPH3OHTAJIBHOH OCHIO
JuamMeTpoM 5-8 M cTalM HAcTOJBbKO COBEPIIEHHBI, YTO
Hapsily C  BETPOIHEPreTHUECKUMH  MOSBHINCH B
MHOTOYHCIICHHBIX 3apyOexHbIX mpoekrax [I9C — Hu 4TO
TaKk HE CIOCOOCTBYET HAyYHOMY OOOCHOBAaHMIO, Kak
komMmepruanusaus BUD.

I'maBubiMu nocronacTBaMu [19C sABIISIOTCS HU3KAS
CTOMMOCTb oOCIyXWBaHUS  — <0,5%, BBICOKAsI
SKCIUTyaTaIllMOHHass TOTOBHOCTE — >95%; ocHOBHBIC
HEJIOCTaTKW: OYEHb BBICOKAs CTOMMOCTH YCTAHOBJIEHHOW
MOIIHOCTH — B JIECATH-CTO Pa3 BBIIIE JAPYrUX HMCTOYHUKOB,
ONTHUH  CPOK  CTpOWTENbCTBA — 5-15 gmer, HU3KUHA
koo durment Harpysku — 22-35% [2], — mnpoGuems
WHKEHEPHO-TEXHUYECKOT0 U IPOEKTHO-TEXHOJIOTMIECKOTO
XapakTepa pacCMaTPUBAIOTCS HIDKE.

[1. Marepuansr 1 Meromsn

[MpunmBHasS 3HEPrUs HCHONB3YETCSI IO BCEMY
MHUpY, HO HEpaBHOMEpPHO: B ABCTpainy, BennkoOpuTanuw,
Kanane, Kwurae, CIIA, ®panmuum. B PO mnpoektsr
skcriepumenTanbHbIx [19C paccmarpuBamu ¢ 1930-x rr.,
npuaém KucnoryOckast ormbiTHass Manas MOLIHOCTBIO 1,7
MBrt Obuta moctpoena (B 1968 r. mnepBoHauvaNbHOM
momHocThi0 0,4 MBT); apyrue mnpoexTsl He  ObUTH
peammzoBanbl  [3]: Cesepnas B bapeHumeBom Mope,
JIymOoBckass u Mesenckass B bemom, [lemxuHCKas wu
Tyrypckast B Oxorckom (tabmmma 1), — va ncxone CCCP B
1990 r. aBTOp MaHHOH CTaThM B COCTaBE COJTHEYHOI'OPCKOH
N3BICKATEIbCKOW OKCIEAUIIUM | MIpOIIPOEeKTa IPOBOAMII
celicMOpa3BeZlouHbIe paboThl MO UCCIIEAOBAHMIO CKAJILHOTO
OCHOBaHMS 10 IIOoTHHY npoekTupyemoid [I9C CeBepnas u
reouznueckue uccienoBanuss Ha lllaHTapckmx octpoBax
1o poeKT Tyrypckoi CTaHIY, HO CIYYMBIIHECS 32 ATUM
B CTpaHE COLMAILHO-9KOHOMHUYECKHE HEYPSIHIBI IPEPBAIIH
X0[ paboT®; [UIsi Peanu3alu IPOSKTOB, MOMUMO TIABHBIX
SKOHOMHYECKHX, JOJDKHBI ~ OBITH  pEIIeHbl  YacTHbIC
WHKCHEPHBIE 3a/1a49u.

Taonuya 1: Tpoextst IIDC PCOCP

42 5,6

4,2 70

4,7 1800

10 2640
11u13,4 20530

12
320 0,7 24
8000 27,6 24
11400 39 34
108500 250 25

*B mom xce 3aause npoekmuposanuce Kynolickaa u beaomopckas cmaHyuu.

**CymmapHo 0ea bacceliHa.

3 o o
n COXpaHWJIUCE JIX OTYETBI O pe3yjabTaTaX H3BICKAHWU [OIIOJJIMHHO HE HU3BECTHO: TI'OCYHApCTBEHHBIC ITPOEKTHBIE HHCTUTYTHI pacrnajgavcCb WA

HCperO(bI/IJ'II/IpoBaJII/ICL, X UMYIIECTBO 110 Gobinei yacTu JIMKBUUPOBAJIOCH.
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Ilpobaema 1 — ycmouiuusocms niomumsi

Be3oTka3HOCTh  KOHCTPYKIMH  IUIOTHHBI  HPH
MOCTOSIHHBIX 1 BPEMEHHBIX Harpy3kax OIpeaenseTcs
CHJIaMH CONPOTHBIICHNS MAaTepHajioB M KOHCTPYKLHUH, He
JIOIYCKAIOIIMMHU TPEeNbHBIX COCTOSHUIA: 1) paspymeHns,
MOTepI0  YCTOWYMBOCTH  (OpPMBI,  2)  TNpEAenbHBIX
nedopmanuii, konmeOaHWM, TPEIIMH W HMX PAaCKpBITHI B
KOHCTpyKUMsAX. Pacuér HanpsmkéHHO-IedOpMHUpPOBaHHOTO
cocrostanst (HC) Tena mioTuHbl pu Bo3AeHcTBUM Ha HeE
BHEIIHMX HArpy30K, a TaKKe TEMIEpaTypHBIX BOJIH H
COJIHEYHOH pajJfaliii, XUMHUYECKUX BEIIECTB U COSIUHEHUH
B BHUJE JACHCTBHA peakuuii, OmnpenensieMblX COCTaBOM
BHEIIHEH Cpexbl M  H3MEHEHHEM CBOWCTB  YacTHI
KOHCTPYKLMH TIpH CTapeHHH MaTepHajoB, OHOIOIMYECKUX
MIPOIIECCOB B BHIE OHOAETpagaliil W3-3a JCHCTBUS TPUOOB,
BOJIOPOCIIEH, MHUKpPOOPTaHU3MOB, orpeaeseTcs
COBOKYIHOCTBIO HampspDKeHHH M Jedopmanuii, HeIrKoM
XapaKTEepU3yIOMNX HANPSDKEHHOE COCTOSHUE YacTHI] Teja
IUIOTUHBI, — 3Ty COBOKYNHOCTh 3alMCHIBAIOT B BHIE
TEH30pOB  HaIpsHKeHHH u  faedopmanuii  KOHKpETHOM
KOHCTPYKUMH W pEIAloT ¢ NPUMEHEHHEM CpEICTB
BBIYMCIIUTEIHON TEXHUKH. VIH)KeHepHas THApaBIIMKa
HaNpsIMyl0 HE CBA3aHa C METOoJaMM KommblotepHoro 3-D
mogenupoBanuss  HJIC  uucneHHbIMM — MeTO#aMH, HO

accouupyercst ¢ ruapocratudeckumu 3agadamu I'TC, npu
9TOM B COCTaB€ pacyé€ra MOryT HCIONb30BaTh OTHEIbHBIE
pELeHHs: Ha CHBUI, HANpPSXKEHUH IO TOPU30HTAIBHOMY
CEUEHHUI0 M T.XI.; METOAMKY THAPOCTATUYECKHUX pPACUETOB
MOXHO NPUMEHATH W i apyrux sinemenros I'TC I19C:
MOATIOPHBIX CTEHOK, YCTOeB... Hambosee akTyalabHBI |
pacy€rel 1O

HUMCIOT MPUHIUITNATIBHOC 3HA4YCHUC

CaBoHuyca(opToronan T'opnosa
pHast)—otl,2mM— (renmMKoUHAS) —
orl5kBT sbdextuBHOCTb 35 %

Bbanku(oproronansHas)—
ot 2 M—1kBt1-15kBt

ONPENICIICHUIO YCTOMYMBOCTH IUIOTHHBEI HA CHOBUT W
HaATIPSDKCHUS. B OCHOBaHWH. VCXomHBIE MaHHBIC B pacyére:
BBICOTA IUIOTUHEI H; [M], riyOmna H, MIOTHOCTH OETOHA
y [kr/m3], mpeJiel MPOYHOCTH TPYHTa OcHoBaHUS [Mma],
ko3¢ ¢uImeHT TpeHuss OeToHa O TPYHT f, yIeIbHOe
cremieane rpyHTa ¢ [klla], 3amoxeHne OTKOCOB mi, Kiacc
coopyxenus [KC]; uckomas XapaKTEpUCTHKAa — IIMPHHA
IIOTHHEL B [M]. PacuéT crin u ux 1red BeIyT OTHOCUTEIHHO
CepeIMHBI OCHOBAHWS HAa OCHOBE JCHCTBUS TPYIIBI CHII:
6ePMUKANbHLIX.  d)  COOCTBEHHBI  BeC  IUIOTHHBL,
OTPENIENAEMbIA 10 IDUIOMAISIM IUIOCKUX T'€OMETPHUCCKUX
¢uryp, morygaeMbeIM pa3OUBKOM €€ MOMEPEYHOro PO,
YMHO)XCHHBIM Ha IDIOTHOCTH OETOHA, 0) COCTABIISIONIAE CHII
THIPOCTATUYCCKOTO MHaBIICHUS BOIBI, JCHCTBYIOIIMH Ha
MTOJIBOJTHBIC TPAaHU IUIOTHHBI (C OOpaTHOH CTOPOHBI Ha
MOJIONIBY TUTOTHHBI JEHCTBYET CHiIa (UIBTPAIMOHHOTO
MPOTHBOMABIICHUS — IUIOMIAMb OIIOPHI, YMHOXCHHAs Ha
00BEMHYIO MAacCCy BOJBI), M 2OPUSOHMANIbHBIX: CYMMapHOE
THIPOCTATUYECKOE JaBIICHUE CO CTOPOHBI MOps U OacceliHa
(0cOOBIM BOTIPOCOM SIBIISIETCSI PACUET (PIIEOTOETA ITPOTOTHOM
gactu [I9C g 3amuTBl OCHOBaHHUSA OT pPa3MbIBa IIOJ
JIEHCTBHEM CKOPOCTHOTO Hamopa W NPeAyIPEeKICHUS
(GUIBTPalMOHHBIX MeopManuii, a TakKe HaAIHYUs U
TIIYOUHBI MPOTHBOQUIETPAIIMOHHON W JPEHAXHOW 3aBECHI
hs). B pelieHUH COCTAaBIIGHHOTO ypaBHEHUS HEOOXOIMMO
YYUTHIBATh HOPMATHBHBIC TIOKA3aTeIW KOX(PPHUIIMCHTOB

YCTOIYMBOCTM M MHUHHMAJbHBIC 3HAUYCHHUS IJIABHBIX
HaIpPsHKCHUH y BepXa TUIOTHHBL.
OcobenHoct  KoHCTpyKnmu — miotnH  [19C

PACKPBITHI B CJICAYIOIIEM pPa3aciic.

Konbosasi(karcympHas, rpymeodpa3Hasi,
TpybuaTas)— or 3 1o 10m

Puc. 2: HI3KOHaNIOpHBIE TUAPOTYPOHBI

Ilpobaema 2 — neobxooumocms 3¢pghexmuero2o ynpasneHus
CKOPOCHHBIM HANOPOM

Paboure ckopocTH NPHIMBHOTO TeueHHs — 2-3 m/c
(mator  4-13  kBr/M?), 6omsime  (>3,0)  OKa3bIBAKOT
Ype3MEPHYI0 HArpy3Ky Ha 00OpyxoBaHHE — Ha pabouee
KOJIECO, MCHBIINI HANOp — SKOHOMHYECKH Hed(PdeKTHBeH,
— HAmop OmpeneiseT TUI POTOPHOW TypOUHBI C
XapaKTepPHBIM PHCYHKOM THIPOAWHAMHYECKOro Mpoduiis

JIONIaTKH; NPUMEHEHNE CPeJHEe M BBICOKOHAIIOPHBIX TpeOyeT
KOHCTPYKTOPCKHX JI0paboTOK, 9KOHOMHYECKUX
obocHoBanni. Takum 00pa3om, HEpBYIO MPOOIEMY MOKHO
MHTEPIPETHPOBATh KaK co37aHue d3((HEKTUBHBIX, HAIEKHBIX
NPWINBHBIX arperatoB M WX COBEpIICHCTBOBaHHE: 1)
Typouna CaBonumyca (puc. 2) ¢ paboynM KOJIECOM OOBIYHO
2-4 nonacTH omIMYaeTcs OT KOJIOOBOHW POTOPOM JBHTraTels
Ha BHEIIHEM KOHType pabodero Kojeca W CTaTOPOM B
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LIEHTpE, 4YTO MMEET MPEUMYILECTBA IMpU TEPEMEHHOM
HATIOpe, JICIIEBIIE M MPOIIE B MOHTaXe H 00CTy/KHBAHHH", —
TEOPETHUECKH UMEET OOMBIIYIO HHEPLHIO , H, 3HAYNT, boiee
yCTOWYMBA, HO MOXKET pPaboTaTh TONBKO B OTJIMB, M HE
MOXET TPUMEHSTBCS [UIsi HAaKauKku®; 2 ) B TypOuHe Baku
BOAA yHapser B JIONACTH, IOCTyIas TIONEPEYHO OCH,
[IOBOPAYMBAET OTHOCUTENIBHO €€ U BBIXOAUT, TO €CTh
JIONACTh BO3JICHCTBUE  ABAXKIbBI, —

BOCIIpPUHHUMACT

Kamnana(paauansHo- Tomcona(paauaapHO-
aKCHaJbHas)— OT 3 M— aKCHaJbHas)— OT 6 M—
600xkBt-2MBT 15kBr-4MBT

3¢ PEKTUBHOCT, HEBBICOKA, MOAXOIAT ISl HEOONBIINX
craanmii 1o 300 kBT, 1 uMeroT npobiemsl ¢ BuOpanuei; 3)
KONOOBYyl0  TypOWHY,  Ha3BaHHYl0  Hu3-3a  (DOPMBI
rugpoarperara, Ha [I19C npuMeHsIOT yalne u3-3a BEICOKOTO
KIIJ mpu nHmskom Hamope (mo 90%), mamoro pasmepa,
HU3KOH CTOMMOCTH M PEBEPCHBHOCTH, MO3BOJISIONICH
BEIpa0aTHIBATh YHEPTUIO KaK B TIPUIIUB,

Jepuas(uc)a(maroHaabHa
s1)— ot 4 M—10215MBT

®pe(s)Hcuca(pagraibHo-
aKCHaJbHAs)—OT/M—
250xBr-2,5MBT

Puc. 3: CpeHECKOPOCTHBIE TUITHI pabodnx KoJiéc

TaKk ¥ B OTJIMB, OHM OTJIMYAIOTCS HAAEKHOCTBIO M
BBICOKMMH pabOYMMHU XapaKTEpPUCTHKAMH, UMEIOT HU3KHE
SKCIUTYaTallMOHHBIE 3aTpPaThl, — TEXHOJIOTHS KOJIOOBBIX
TypOuMH xopomo orpaborana;, 4) TypOMHBI cpeaHei
CKOPOCTH BpAmeHHs ° (puC. 3) MOXHO aJalTHPOBaTh IO
pa3IMYHbIC THAPABINYECKUE XapaKTEPUCTHKH, OIHAKO OHHU
MaJIONIPOU3BOIUTEIBHEl B PEXHME Hacoca, IOTOMY YTO
OTHOCHUTEJIFHO KOPOTKHE JIONIACTH, PACHOJIOKEHHBIE 0N
OONBIIMM ~ YIJIOM, CO3JMAIOT HECTaOMJIBHOE TEYeHHe |
MIPUBOZAAT K YPE3MEPHOMY 3aMEUICHHIO TTOTOKA (YTO BHIHO
o HECOBIMAJICHUIO pabounx TOYEK PEKUMOB
TypOMHa/Hacoc), OfHAKO KOHCTpyKIus TypOuHsl Jlepuasa,
Kak  pasHOBHIHOCT, Kammama ¢ somactssmMu  He
MIepPIEHANKY/SIPHO HAIPAaBJICHHBIMH K OCH, a TOJ YIJIOM,
HalpaBisieT TOTOK JIHAaroHaJbHO — IO OOpasylomed K
BEpIIMHE KOHYCa, ¥ HECOOTBETCTBHE MEXKIY IPOKAYKOU U
reHepalueil pemaer , IOCKOIbKY He BOSHUKAIOT ITyJIbCAallii
JaBJICHHS U KaBUTALHAS [4]; Ttypbuna/nacoc Jdepnaza
criocobHa paboTaTh TaKXKe MPHU MEPEMEHHBIX CKOPOCTAX
BpALLEHUS], YTO MO3BOJISIET UMETH B 1,5 paza 6(3JILIJ.IyIO
BXOJHYI0O MOIIHOCTh, dYeM y TypOoun DpeHcuca;
nporeiiepHas  TypOuna Kamrana ¢ BO3MOXHOCTBIO
MIOBOPOTA JIONACTH OTHOCUTEIBHO CBOEH OcH paHee (B

4 Mepponauamsuo Kuciory6ekas 119C paborana Ha KoI6oBoil TypOHHE
momHocTeio 400 kBT, HO B 2006 T. OBUIa MOJIEPHH3MpPOBaHA J0O
IKCIIEPUMEHTAIbHOH opToroHansHoit CaBonuyca 1,7 MBT (uBa arperara),
npuaéM  d(pGdeKkTHBHOCTS TypOuHBI CaBOHHMyca IPHU3HAETCS  HIKE
KOJIOOBOH.

® Camas Gonprmas nuamerpoM 8,2 M 1 MomHocThio 17,8 MBT npu KILJ]
89% paboraer Ha kanaznckoi [I9C Aunanomic (3an. ®annn).

® CKOpOCTh BpaleHHs 3aBHCHT OT YHCIHHOH CKOPOCTH THIDPOTYPOHHEL
YacTOTHI M YHCJIA Hap HOJ0COB FEHEPATOPa, IIPH 3TOM yJelbHas CKOPOCTh
JIOJDKHA 00ecIIeunBaTh TaKyIo e CKOPOCTh FeHepaTopa.

© 2026 Global Journals

CCCP) Ha3plBAIM TI0 KOHCTPYKIMH  «IIOBOPOTHO-
JIONACTHOI»; 5) BBICOKOHAIIOPHBIE (pHC. 4) OTIMYAIOTCS
BBICOKOM CKOPOCTBIO ITPU HU3KOM DPACXOle: €CIIH YHAeNbHas
CKOPOCTH BBIXOJWT 332 KPUTHYECKUN JHana3oH, BpallleHHue
3aMeuIIeTcsl ¥ MOIIHOCTG Majaer [5].

[en(s)rona (koBmIoBas) — ot Tropro — ot 35 M —30 kBT-2
40 m — 30 kBt-4 MBT; MBT.

Puc. 4: Tursl BEICOKOHATIOPHBIXTHIPOTYPOUH
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Puc. 5: PeakTUBHBIA U UMITYJIbCHBIN TOTOKU

Ilpobrema 3 — HE0OXOOUMOCMb BbIGEPEHHOU OpUEHMAYUY
pabouezo Koneca mypoumsl 8 6000800e

OOmiee HaOOAEHNE — BEPTHKAJIbHAS OpPUEHTALNS
BaJia THAPOTYPOUHBI OOJBIIOrO AUAMETPA JIYUIIe IMOIXOIUT
Ju peakTnBHBIX — Kamuana, /lepnasa, ropuzoHTagbHOE —
uMIynscHeIX — [lentona (puc. 5); BHpodeMm, H3MEHEHHE
(OpMBI JTOmAcTH IO JUIMHE — OT LeHTpa K nepedepun —
CrocoOHO oOecreynBaTh B OJHOM Kojlece 00a pexuma, 4To
JUIst TpeOYIOIHX TTOBBIIIEHHBIX TEXHUYECKUX
XapakTepUCTUK  TypOWH, paboTalomMX B COCTaBe
COBPEMEHHOTO TEXHOJIOTHYHOTO 000pyOoBaHUS
HeoOxomumo. a) TypOWHBI C TOPHW3OHTAIBHOH OCHIO
OPHEHTHPOBAaHbl BaJOM pOTOpa MNapajuIeNIbHO IOTOKY, |
MIOCKOJIBbKY, KOd(QduImeHT ux momrHoctu pocruraer 40%,
Ha OombmmHCTBEe [IDC yCTaHOBJIEHBI MMEHHO OHHM, YTO HE
O3Ha4YaeT OTCYTCTBHSI HEJOCTATKOB: CTOMMOCTb TYpOWHBI U
KOHCTPYKLIMH BBIIIE, OPTOrOHAIBHBIX, T'€HEpalusl 3HEPTUu
BO3MO)KHA TOJIBKO B OJJHOM HAIpPaBICHUH, YTO TPEOYyeT ABYX
TypOMHHBIX TPYNIl — Ha NPWIMB U OTIUB. 6) TypOUHEI
OPTOTOHAIBHBIE C TIONEPEYHO OPUEHTHUPOBAHHOM OCBHIO:
Banku-Murtuemna wnum  Ocobeprepa — mpu  IPOCTOTE
KOHCTPYKILIMH, CKa3bIBalOIIEicss Ha CTOMMOCTH, HMEIOT
BoIcokuit KT1J] — 80%, Han&KHBI U IPOCTHI B 3KCILTYaTAIlUH;
KII[I BaxxHeWmmii moka3atenb TypOWHBI, B TOM YHCIE, IO
NIPU3HAKY OpPUEHTAlNH, — TypOMHBI ¢ BEPTUKAIBHON OCHIO U,
HalpuMep, T[acCUBHBIM IIEPEMEHHBIM YIJIOM HAakKJIOHa
JIONACTH JUIsl JIydIIero yria araku (typouna KobGompma —
pHc. 6 —MOXKEeT UIMETh HOMHHAIbHYIO MOITHOCTE >150 kBT),
YIEpXKHMBAIOIIUM  a3pOJMHAMHUYECKUl  mpoduiib B
MIOJIOKEHUN HauOoNbIIell NOAbEMHONW CHIIBI, OOecreunBast
MaKCHMAJIbHYI0 KacaTeNIbHYl0 CHIy Ul HauOOoJbIIen
MOIIIHOCTH, — IEPEMEHHBIN yToi 100aBiseT 3% MOITHOCTH.

8bIpabomKu
nOmoKa,

Ilpobnema 4 —  HepasHOoMmepHOCHD
9NEKMPOIHepaUY  U3-3d  Hepe2yiapHOCHu
BbI36AHHOL ONUMENLHLIMU NAY3AMU NPUTUE/OWIUE.
Ontumuzann myTéM PaBHOMEPHOTO
pactipenenieHuss  BBIXOAHOW  MomHoctH  (puc. 1) ¢
MOBBIIIIEHNEM KoddduimenTa Harpy3ku TypOuH Beie 60%
HEKOTOPBIM obpazom MOT'YT CIoco0CTBOBATH
MHOrosiuencTbie OacceifHsl, Ooee THOKO pearupyronme Ha
W3MEHEHHE Hamopa — OTOOp MOIIHOCTH  JIOJDKEH

OCYIIECTBIISITECS OT OTAEIBHBIX TYpOMH WM WX TPy, H,
TakKUM 00pa3oM, TypOWHBI HIDKHHX W BEpXHHUX OacceiHOB

paboTar0T CHHXPOHHO-IUKIMYHO II0 HAMOpy — Mope-
Oacceiin;-0acceliH,-MOpe, KaK OJHA JIIEKTPOCTAHIWS, |
TaKxKe CTaHIHA MOYKET JIOOCHAIIATHCS
THPOAKKYM YIS TOPAMH.

Puc. 6: Typouna Kobompna

Ilpobnema 5 — HedocmamouHas
npeoopaz06aHis IHEPSUL.

Ces3aHa co BTOpoW TpoOJeMol, M penraercs
YCIO)KHEHHEM KOHCTPYKIMH THAPOTYPOMH — Ba)KHO JUIS
omruMmu3anuu  pabotel cTaHimu. DddektuBHOCTE [19C
OIIpeIeNsIeTCd TEXHUKO-D)KOHOMUYECKHMH IT0Ka3aTeNIsIMHU,
TO €CThb MHUHHMAIBHBIMHM 3aTpaTaMH Ha IPOU3BOJICTBO
JIeKTpo’HEpruy,  Torma  kak  KIIA  Typbun  —
3¢ PEKTUBHOCTHIO B OTHOIICHUH NPeoOpa3oBaHUs SHEPTUH
— 3aBUCHT OT YCJIOBHH pabOTBl TypOWH, W MakCHMallbHA,
eci TypOuHa paboTaeT ¢ pacyéTHOW Harpyskoi (puc. 7), —
mpu HemonHoM wmim  neperpyske  KIIJ[ mamaer, u
pexoMeHaytoT Typouns! Jlepnasa nwim Kamnana.

aghgpexmusnocmo
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MNopgava (pacxop), M3/c
Puc. 7: CpaBHEHHE HEKOTOPBIX TUIIOB TypOUH.
D PexTUBHOCTL

Ilpobnema 6 — madcénvle YCaosus — IKCHIYAmMayuu

euopomypouHn no psody noxazameset, HaANpuMmep, HATUYUIO
wyeu,  aKmusHO — UOYWUX — OUONIOSUHECKUX/XUMUYECKUX
npoyeccos.

TpeOyeT u3MEHEHHS CBOWCTB MATEPHUATIOB HJIH
Xapakrepa TMPOIEeCCOB MyTéM OCOOBIX TEXHOIOIHMYECKUX
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MEpONpUATHH  — Ui TOBBIIEHHWA  HaA&KHOCTH
obopynoBanus. bompmmucTBO [I9C WMEIOT HamopHBIE
IUIOTUHBI ISl HAKOIUICHHUS W 3(PQEKTUBHOM BBIPaOOTKH
SHeprur TypOMHAMH, pabOTAIOMMH B OAHY WIH 00€
CTOPOHBI, — UX KOHCTPYKLUS JNODKHA obecneunBaTh KIIJ{
Typour 80-90% wu OecnepeboitHyro pabOTy B TCUCHHE
JIECSITUIIETUH, JUIS Yero IOBEPXHOCTH KOHCTPYKTHBHBIX
JJIEMEHTOB, CONPHUKACAIOIIMECs C BHEIIHEH Cperoi,
TIOKPBIBAIOTCSl 3AIMUTHBIMHM JIaKaMH OT OHooOpacTaHuii,
MOAKIIIOYAIOTCSA K CHCTEME KaTOJHOM 3alUThl OT KOPPO3UH
uT.1. [6].
IIpobrema 7 — usmenenue 3K0OI02ULECKO20 PABHOBECUS.
[Tnoruna I19C, nepexpsiBast BXOJ B €CTECTBEHHYIO
OyxTy/3anuB/ppopn/Ty0y/TuMan/3cTyapuii U Jdake JIaryHy,
HO HE TpoJuB, 00pa3yeT OaccelH, OTAENEHHBIA OT MOpS, U
AMEIOIIUI Pa3fIM4HbIl C HUM THAPOJOTHYECKUA pPEXUM
(puc. 1), Hapymas CIOXHBIIYIOCS SKOCHCTEMY U B
OIIpeIeIEHHBIX CIyYasX BBI3BIBAas COLMAIIBHBIC MPOOJIEMBI,
MIOCKOJIBKY ~OTpaHMYMBAETCA [JOCTYIl K JeXOumam u
apeasiaM OOWTaHWS JAepXamuxcs y Oepera MOpPCKHX

JKUBOTHBIX — MJIGKONUTAIOIUX, MOJUIIOCKOB H  Jp.,
H30JIUPYIOTCA ~ MecTa Hepecta M IyTH  MUTpalyd
nxTHodayHbl, a TaKXKe CYKalTci  BO3MOXXHOCTH
CyIOXOACTBA, — H TEM HE MEHee, IOCIENCTBUL

IIPEOJOIUMBI, YTO JOIDKHO OTpa)kaTbCsid B MPOEKTaX, IMPHU
9TOM YYHTBIBATH HAJO0 TO, YTO BO3ACUCTBHS HA MIUKYIO
MIPUPOIY MOTYT OBITH NPSIMBIMHA ¥ KOCBEHHBIMHU.

Ilpobnema 8 — enusanue Ha Npud percHO-MOPCKOL HAHOCHDBIN
pedicum U nepe@opmuposanue OHA 3a CUEM OMJIONCEHUl
meépooeo cmoKa pex.

CeuMeHTANUSI YMEHBIIACT TMPUIMBHYIO 30HY
(mmomame w  00BEM) OacceifHa, B 3aBHCHUMOCTH  OT
HUCTOYHUKA AKKYMYJISIUS JOHHBIX OTJIOXKEHHH U IPO3Usl
CIOCOOHBI OKa3aTh HEraTHMBHOE BO3JEHCTBUE KaK Ha paboTy
coopyxeruit [19C, Tak ¥ Ha OKPYKAIOIIYIO CPELY.

DT TpoOJeMBl C pPA3HOW CTENCHBIO BaKHOCTU
ONPENEISIFOTCS TIOTOKAMH OTHO CHTEJBHO IUIOTUHBI U B
paboueii 30He THApPOTYpOMH, — B mnpoekrax [1OC
THJPABIMKA COOPYXEHUI  (IUIOTHHBI  (MOTEHIMATbHAS
SHEprus  NPWINBA/OTIMBA),  TYpOMHHOrO  BOAOBOJA
(KMHEeTHYecKasl SHEPrusi CKOPOCTHOTO Hamopa), a TakKxKe
MEXaHHUIECKUX MaIliH (MexaHUYECKast pabota
THAPOTYpPOMH)) C  BONPOCAMH  3JIEKTPOIHEPIETHKU
B3aMMOCBsI3aHa: IUIOTHHA — TiIaBHOE coopyxkeHue [19C c
peliaroneil goj1el HHBECTHLMOHHBIX 3aTpaT — HMEET B Telie
Ha TypOUHHOM BOAOBO/IE paboTaromryro Ha
nepenaje JaBJICHUH TOPU3OHTAIBHO WU BEPTUKAILHO
OPUCHTHPOBAHHYIO TYpPOHMHY, COCIMHEHHYIO IOCPEICTBOM
BaJja C KOPOTKMM ¥  OoJplIIMM B JWaMeTpe
anekrporeneparopoM (puc. 8 [7]), nanymupytommm DJ1C, u
HMEIOIM, BBUIY HU3KOH YacTOTHI BPALICHUS, HECKOJIbKO
map TIIOJIIOCOB, COEIMHEHHBIX Yepe3 TpaHCPOpMaTOp C
cethlo. U, ciemoBaTenbHO, KOHLEIMIHMSA C aHAIU30M H
TEXHUYECKOe  OOCIY)XMBaHHE C  OKCIUTyaTalded B
JKM3HEHHOM IIMKJIC CTAaHIUH MMEIOT IPHOPUTETHOE HAYYHO-
TEOPETUYECKOE M YTHINTAPHO-NIPUKIATHOC 3HAUCHHE.
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Puc.

8: MHOrosipycHbIii OpTOTOHANBHBIM THApOarperat
IUaMeTpoM pabounx Konéc 5 M Ha mpuMepe mpoekra [13C
CeBepHas

Jlis  kaxmoro coopyxenus [I9C BaxkHBI, HO
PYTHHHBI KOHKPETHBIE TEXHUYECKHE ITapaMeTphl: pa3Mepsbl,
TUII TPYHTA, WCHOJB3YEMBIH CTPOWTENBHBIH MaTepHal,
O0COOCHHOCTH KOHCTPYKIUH, — OHHM OOIIEJOCTYINHBI W HE
00CyXKIaroTC.

[11. Pesynpratrer

a) Pewenue npobnemvr 1
NIOMUHBL

B 3apyOexnoit nurteparype miaotuny I19C wame
Ha3bIBAI0 «3arpaXkKICHHEM», BKJAJbIBasi B OTO IIOHATHE
3HAYEHWE HECYIIECTBEHHOCTH CHJI [aBJICHUS BOABI CO
CTOpOHBI «OBE(OB» — THIPOCTATUYECKHH HAIOp BOJIBI
HACTONBKO MajJl M OJWHAKOB B TNPOTHBO(A3e ¢ 00eux
CTOPOH, 4TO B Makcumyme Ak COCTaBIsSeT CUYUTAHHBIC

— pacuém  KOHCMpPYKyuu

METpBI, MO3TOMY OT pEYHbIX IUIOTMH WX OTJIMYaer
kyOoumnas ¢opma (puc. 9), a N0 KOHCTPYKTHBHOMY
WCIIOJIHEHUIO — 3TO SYCHCTHIE IUIOTHHBI C IUIOCKUMHU

MEPEKPBITUSIMU, B THIPOTEXHUKE OOBIYHO HAa3bIBAEMbBIC
OeroHHbIE/

«OOJIerYEHHBIMKY; [0 Marepualsy  —
KEeNe300CTOHHBIE COOPYKECHHS.

Puc. 9: 3-Dmopens saV Ree obsraro0ro 3arpaxaenus [19C ¢
B PSIJI PACHIOJIOKECHHBIME TYpOHUHAMHU

Slyencthle  HU3KOHAIOPHBIC  IUIOTHHBI  CTAJU
paspabatsiBate B CCCP ¢ cepeannsl 30-x romos; pazmepsl
saeek — 1,5%x1,5-6%6 M, Tommmua crenok — 0,1..0,6 M,
CIoco0 MOHTa)Ka — MOHOJIUTHBIA HJIH COOPHO-MOHOJIHTHBIN
XKelne300eToH (¢ pacxomoM apmarypel — 20..30 kr Ha M°
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O6eToHa) C  COGOMHEHHEM  DJJEMEHTOB  CBApKOH W
OeronupoBanueM. [lonoxenne u hopma sUeeK CKa3bIBaCTCA
Ha HANpPSKCHHOM COCTOSHUHM KOHCTPYKLUHWH IUIOTHUHBI, YTO
MO3BOJISICT KOPPEKTHPOBATh HANPSDKEHUS B Tele H
OCHOBAaHHMH, METOJOM IPEABAPUTEILHOIO  HANPSIKCHUSA
MOBBIIATh CKUMAOLINE HAMPSHKECHUS Y HATIOPHBIX TpaHeil.
BepxHIOl0 YacTh TaKOW IUIOTHHBI DPAcCUMTBHIBAIOT, Kak
TPaBUTALMOHHYIO, HIDKHIOIO — KaK MAacCHBHYIO pamy ¢
KECTKUMH Y3JIaMH U 32JISJIKO B OCHOBAHHUH .

[MomumoO dKOHOMHUHM OETOHA, SYCHCTas IUIOTHHA
UMEET psi JOPYrUX JOCTOMHCTB: YyHOOHBIC IIEMEHTAIHS

mBOoB, cOOp W OTBOJ WHQWIBTPALMOHHOW  BOABI,
YIOpaBJIEHUE TEMIECPATYpHBIM PEXKUMOM, BO3MOXKHOCTb
KOMM YHHUKAIIHH.

b) Pewenue npobnremvr 2 — pacuém  mypOUHHbIX

azpezamoe

1. Owuepeemuuecxkuii nomenyuan npuIuUEa 6 UCXOOHBIX
OAHHBIX pacyéma 6000800a cUOPOMYPOUH.

PazHuiia ypoBHeW 3aKiajplBacT B IPIIIUBHYIO
BOJTHY ITOTCHIMAIBEHYIO SHEPTHIO, KOTOpask B PWJINB BBIIIC,
YeM B OTJIHB, TO3TOMY B OIICHKE TPHINBHONH SHEPTUU
CIIeIyeT pacCMaTPHUBATh [[BA CIIydas: BpAICHUE TYpOUHBI 32
CcYéT mnajaroumed BOAbl, U MOJHUMAIOLIEHCS. DHEPruro
NprIMBHOTO IUKIIAa B padore [13C onpenenser nHXeHEpHOE
peIIeHrEe 0 Pa3MEIICHUI0 TUIOTHHBL, MIPUHSAB aMIUTUTYAY —
HAlop Ha IUIOTHHY — Kak pasHuily ypoBHed Ah (—Ah), a
TIoma/ps 6acceitna 0603HauMB Kak A [M°], MOTEHI[UAIbHYIO
SHEPTHUI0 TIPHUIINBA BEIPAXKAIOT B BHJIC
E=mgAh2=ApAhgAh2=ApgAh22 [JIx], u MomHOCTH
npwimBHOHM 3Heprun — N=EAt=12ApgAh2At [Bt], a ecnu
TIPE/IITONOKATE TTOTHBIN MEepEeX0 ] MOTCHIMATHHON SHEPTUH
B KHHETHYCCKYIO, CKOPOCTh TMPHIUBHOTO TEUYCHUS U3
N=12mu2=12pHIlu3 paBna u=32NHI], rne H — riybuna
TIpwJiIvBa, [ — MPOHAEHHOE IPUIIMBHOW BOJHOW PacCTOSHUE B
npenenax [I9C,A ¢ — npoAOIKUTENbHOCTh HaJACHUS WU
mopéMa YpOBHS, TO €CTh ITOJIOBHHA TIPIUTUBHOMN (a3bl. Bec
MOJHATON W OINYIICHHOH TIPIJIUBOM BOXBI COCTABJISCT
G=YHA, rne y — ynenbHbII BeC MOpPCKOM BOIBIL, PaBHBIN
1025 [kr/M%], 1 MakcHMabHAs pacuérHas momHocts [19C
P=280AH2 [xBr], TO eCTb HaKOIUICHHAas DJHEPTHS
MIPOTIOPIIMOHATIFHA KBAJpaTy TIyOWHBI TPWINBA, BBICOTHI
IUTOTHHBL.

Ipumep pacuéma 6acceiina Iernscunckou [19C:

OTIPENICIIUTh TEOPETUICCKYIO 3aIMacEHHYIO YHEPTHIO
U CPEIHIOI0 MOIHOCTh TP CPENHEH BBHICOTE TMPIIIUBA TIO
CEeBEpHOMY H FIOKHOMY Oaccefimam 12,2 M, mwromamu
Gacceiiros 20 530 000 000 M i Bpemenu npuuBa 6 u, — E
= 0,54pgh® = 0,520 530 000 000 [M?]-1025 [kr/m]-9,8
M/c?-12,2% [M] = 1,53472-10" [IIx], P = Et =
1,53472-10" [JIx]/6 [1]/3,6-10° [kBr-u/[lx]~ 710 517
[MBt], mpum TOM 4YTO IUIOTHHHBIE THAPOATPETATHI IIO
MPOEKTY OJKHBI pou3BoauTs 108 500 MBT.

" Meromuka pacuéta M3IOXKeHa B PeKOMEHIAMAX 10 KOHCTPYHPOBAHHIO
COOPHO-MOHONIMTHBIX ~ SYEHCTBIX ~ KOHCTPYKIMH U OpraHU3aIluu
H3rOTOBIEHUS UX 31eMeHToB. M.: Corosrunposoaxos, 1983. —C. 36.

Typbuna ¢  remepatopoMm —  HauOoiee
YYBCTBUTEJIbHAS KPUTHYECKH 3HAYMMAasi COCTABILIONIAS
noC.

2. Kunemuueckas sHepeus mypOUHHO20 80008004 8
IHEpaUL OCEBLIX MYPOUH.

B BomoBone, coemuHsromeM Mope H 0OacceiH,
YCTaHABIMBAIOT TYpOWHY, MOIIHOCTH IIOTOKa B KOTOPOM
Nn=gQHT [xBrt], rne HTr=Clucoslgn — pabounii Hamop
TypOHMHBI, TI03BOJISET TYpOMHE pa3BUTh MOIIHOCT NT=Mw,
rie M=pQClcos1R1-C2cos2R2 — MoOMEHT Konu4ecTBa
JIBIDKEHUSI U ) — YTIIOBasi CKOPOCTh padodero xomneca, Cy, Cp
— abCoJIOTHBIE CKOPOCTH Ha BXOJEe M BBIXOone [m/c], u —
OKpYXHasi CKOPOCTb Ha BHYTPEHHEH OKPY>KHOCTH pabodero
Koneca, Rj, Ry — pa3Mepbl OKpYKHOCTeH pabodero komeca
(puc. 10),a 1, 0y — YIrIBl MEXIy KacaTeIbHBIMH M KPHBOU
JIONACTH K Hapy)KHOW OKPY)KHOCTH Ha BXO/€ W BhIxoze [°],
N=NTNn — rugpasnuueckuii KIIJ[, — 1 npu HU3KOM Hamope
TypOMHBI C TPONEUICPHBIMH JIONACTAMH, KakK, HaIpHMeD,
Karutana, He Moryt obecneduTs BBICOKYIO MOIIHOCTH, () —
pacxon uepe3 THAPOTEXHUUYECKOE CcoopyxkeHume: Q =
CsA2gHT , Tne C,; — koaddunuent pacxona, 4 — miomazib
IIPOXOIHOrO CEUEHHSI YEPE3 COOPYKEHHE.

B
v, Cy
Puc. 10: CxeMa K pac4€Ty CKOPOCTH JIOMATKU
3. Tudpasnuueckue Xapakxmepucmuxu ocegoil
2uOpomypOuHbl 8  KOHCIMPYKIMUGHLIX — NAPAMEMPAX
MOwHOCIU.
CerogHst «UCIIBITAHUSD) KOHIENTAa HAYWHAIOT C

KOMIIBIOTEPHOH MOJENH, BEITIONHSAS CTPYKTYPHBIA aHAIIN3
(cTaBIIMM BEIYIIAM METOIOM KOHEUHBIX 3JIeMeHTOB — FEA,
IIMPOKO TPUMEHSIOIUMCS B pacyére IUIOTHH) BECOBBIX
XapaKTePUCTHK KOHCTPYKIIMM, OTHCIBHBIX JeTajcd W
QJIEMEHTOB,  HANpUMep,  JIOmacTed, W  TPUMCHSA
BEUUCIUTENpHYIO THApoanHaMuky (CFD) mna  oneHku
HaOeraHuss W B3aUMOICUCTBHS IIOTOKA C TPAaHUYHBIMU
ITOBEPXHOCTSIMHU. Kunemarnaeckas XapaKTEepUCTHKA
IBIKCHUS TIOTOKAa W pabodyero Kojeca OMMCHIBACTCS
MPOM3BOAHBIMU  (DU3WYCCKUMHU  BEIMYMHAMH  TIepeIavn
CKOpPOCTH ITOTOKA — CKOPOCTH Ha BXO/IE JIOMATKH — CKOPOCTH
Ha BBIXOJIC — CKOPOCTH CaMOW JIOMIATKH, — JIOMATKA, TAKHM
00pa3oM, ompenenseT JuaMeTp Kojeca W pa3Mep TypOUHEI
BHE 3aBHCHMOCTH WMITYIbCHAs/PDCAKTUBHAS, — JIOMACTU
KoJleca HEMOIBIDKHBIC, TO €CTh YTOJ WX HAKIOHA HE MOXET
mMeHAThes (Ha puc. 10 mokazaHa W30rHYTas JOMAcTh C
BXOJIOM U BEIXOJIOM CTPYHHOTrO IMOTOKA TOJA 3aJaHHBIMH
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yIJIaMy, BEKTOPHO  MPEACTABISIONIET0  TPEYTOJbHUKH
ckopocreif). YToOBl paccuuTaTh KPYTAIMHA MOMEHT,
JICWCTBYIOIIUH Ha BOASHYIO TypOHHY, HEOOXOANMO OLIEHUTh
00MEH MMITYJIbCOM, TO €CTh OOMEH MMITYJIbCOM ITPOUCXOJIUT
3a CuyéT W3MEHEHHs HalpaBJICHHS BEKTOpa CKOPOCTH.
MomHoCTh TypOWHBI OHpeAeNnseTcs CHWIOW Ha BXOIE,
CKOPOCTBIO BpaIIECHHS JIONACTEH, BBIXOJHOM MOIIHOCTBIO H
CKOPOCTBIO ITOTOKA Ha BbIXoze. Cmia, MO BTOPOMY 3aKOHY
Hprorona — 53TO wW3MEHEHHWE KOJIMYEeCTBA JBIKCHHS
F=dm,vdt [H], To ecTb ompenenus ero mMoayYaroT CHIBI Ha
JIONAaTKaX, — METOJMKA pacuéra IpeJCTaBIsieT aroputm: 1)
Juis  pacu€ra dQQexkTHBHONH CHIBI, JeHCTBYyIOUmIEH Ha
JIONAaTKH,  HEOOXOAMMO  pacCyuTaTh  BEIMYMHY |
HalpaBJICHWE OTHOCHUTENIBHOM CKOpOcTH  HaOeraromen
CTpyHW; OINpeAciIeHHWE KOMIIOHEHT X Wy BEKTopa
OTHOCHUTEIIBHOM  CKOpPOCTHM  Ha  Bxoge: vx1l=vjcos,
vyl=visin u Ha BBIXOJE: VX2=-V2C0S , Vy2=Vy'sinf3, rae
Vi W V, — OTHOCHUTEIBbHBIE CKOPOCTH BXOAAIIETO U
BBIXOAIIEIO II0OTOKA CTPYH, HPEICTABISIONNE CYMMY
BEKTOPOB CKOPOCTEH JIOMACTH u (OKPY>KHAasi COCTABILSIONIAS
ckopoctd u = 7w-dn, Tae d — muamerp [M], n — dacrora
BpaLCHUS [c_l]) u abcomoraoi Ha Bxoae C; u BeIxoge Co
[m/c], 6, B — yribl MEKIy COOTBETCTBEHHO Vi, Vo U U [°]; 2)
CWila, TepefaBaeMas pPEaKTUBHBIM IIOTOKOM JIOIIATKE B
HANPaBIICHUU X, paBHA MaccoBoMy pacxoxy O [kr/c],
KOTOPBIif pABEH MIOTHOCTH KHIKOCTH p [Kr/M°] Ha ruiomams
nonepeuHoro cedenust crpyn Ac [M?] M Ha CKaspHOE
3HAYeHWe CKopocTH Haberammst V. Q=pAcv; cuia,
nepegaBaeMasi  pEakTHBHBIM  IIOTOKOM  JIOATKe B
HanpaBnenuu ocu Y. Fy=pAcvvy2-vyl=pAcvv,sin
+ViCOS; ToNHAas CwWia, NPHIOKEHHAs K JIONAaTKe, paBHA
PE3yIABTHPYIOLIEH: F=Fx2+Fy2, a yroiu
paBHOAelcTBYOIEH cuiibl — =FyF; BeIXOAHAs MOIIHOCTS!
JIBIDKYIIAsl cuia TypOuHbl paBHa Fx=pAcvvx2-vx1=pAcv-
vzcos  -vicos; 3) KIIJ] BomstHONW TypOMHBI — OTHOLIEHUE
BBIXOZHON MOIITHOCTH K KUHETHYECKOW SHEPTUH JABHKECHUS:
n=Acvvx2cos +vxlcos ‘uAcv-v-ai22.

]
]
1
1
1
1
1
1
]
1
pp—
1
1
1
]
]
]
]
]
1
4

Puc. 11: TIpuHIMI nepeaavu KOJIUYECTBA ABMKEHHUS C
pemETKN Ha JioracTy pabodero Koieca

4. Coemeujerue mypouHHO20 6000800d co
CPEeOHeHanopHoll 2uOpomypOUHOLL.

CoBMelneHue IIOCPEACTBOM paboueit

(HampaBistrorield) peméTrkd — cTaropa, (HOPMHUPYIOMIETO

HaIpaBJICHHBIN Ha JIOMACTH MOTOK Kak u3 nuddysopa (puc.
11), TpeOyeT oTnensHOro pacuéra, u nocie onpeneneaus Cy
U u, BBIOOpA YIIIa 01, BEIYUCIAIOT OTHOCUTEIBHYIO CKOPOCTh
W, Ha Bxque B pabouyto pemérky: W1=C12+u2-2Clucos
1 , u onpenenenust yria f; mo ¢opmyne 1=sin 1 cos 1 -
uCl , —mocie OLEHKH OTHOCUTEIBEHON CKOPOCTH Ha BBIXOJIE
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W, u oripenernenust yrina ff, (4151 akTUBHBIX CTyNeHEH f2 = f1
—(2...4°)) abcomoTnas ckopocts C2=W22+u22-2W2ucos
2 ,ayroaoy—2 =sin 2 cos 2 -uW2.

P, KBT
2000
/I mfc
1750
1500 //
1250 7/

1000

N

750 / AuvanasoH
500 NpOrHosupyemom
reHepauum
250 1 =T 2me
[ 1m/c

0 2 4 6 8 10 12 14 16 18 20

Puc. 12: BoipaboTKa 3JI€KTpOIHEPIHH B 3aBUCUMOCTH OT
JUaMeTpa poTopa U CKOPOCTH MOTOKA

Pewenue npobremvr 3 — npunyunuanvHoe peuleHue no
opueHmayuy 6 nomoxe pabouez2o Koiecd, mo ecmov 6blOOp
muna mypouHul.

s TIDC wumkeHepHas THUAPABINKA MOXKET
paccMaTpuBaTh TypOMHBI JBYX THUIIOB: @) C TOPU3OHTAIBHOMN
OCBHI0, OPUEHTHPOBAHHON BIOJNH MOTOKA, muamerpom 10-20
M u momHocTeio 200-700 kBT Moryr mMmers nomacta ¢
pETyIIUpyeMBbIM IIaroM, MOJACTPAMBAaEMBIM I10J] CKOpPOCTb
notoka (puc. 12); 6) C OpTOrOHaJIBHOH OCBIO W
MIEPIEHANKYJSIPHO € HalpaBJIEHHBIM ITOTOKOM CIHOCOOHBI
M3BJIEKaTh M3 MoToka 10 35% sHeprum (is mpumepa,
TOPU30HTAJIBHOW OChbI0 TypOWMHBI u3BiekaloT or 20%);
Jpyrue MIPEUMYIIECTBA: KOHCTPYKIIHS HU3KOH
MaTEepHATOEMKOCTH; HEJJOCTATKH: CTOMMOCTh M3TOTOBJICHHS
Ha 20% BbIIe TypOMH CO CHUPAIBHBIMH JIONACTAMHU (IpU
paBHOU CTOMMOCTH MOHTaXa), KOHCTPYKIHS
MPSMOJIMHEWHON JlonacTH (HanpuMep, BEpTHKAJIbHOH 3-
mormactHOM  TypOomHel  KoGompma  (puc. 6)) u3-3a
HEYCTOWYMBOCTH TEUYEHUs C TPEJpacIONOKEHHOCThIO K
paspblBy  IMOTOKa  NPUBOAMT K  BHOpamuy,  HO
MHOTOYHCIIEHHBIE JIA0OpaTOPHBIE UCIIBITAHUS MOKa3bIBAIOT,
YTO TEIMKOWIHEIC Jomactu TypOwHbel [opmoBa (puc. 2)
pemator npodjeMy, W KpOME TOro, B CPaBHEHHH C
MIPSIMOJIMHEHHBIMH  JIOMIATKaMH, H3BJIEKaeMasi SHEprus Ha
12% Oonbiie (cormacHoO APYTMM JaHHBIM KodddurmeHt
MOIIHOCTH MpPSMOJIMHENHBIX Jiomacred Ha 5%  BbllIe
CIHPAJBHBIX).

Pewenue npobnemvr 4 — nepasHomepHOCHb GbIPAOOMKU
NeKMPOIHEPUU.

[Monyuenne snexrposneprun TOC (puc. 1) npm
HU3KOM LieHe Ha ra3 sBusercs npeanodrutensHeil [19C kak
1o (UHAHCOBBIM, TaK M TEXHHYECKHM COOOpakKEHHSM, a
TaKKe MO BO3JEUCTBUIO Ha OKpykaromyro cpeny, Ho KITJ]
I[M3C npu mommoctn 20-250 MBT moxer ObITh B 4 pasa
Oonpiie, — BaKHEHIIUM  (AKTOPOM,  CHIDKAIOUINM
sKoHOMHUecKyto 3¢ dextnBHOCT, [IDC, ABIAIOTCS May3bl B

pabore W3-3a NEPUOAMYHOCTH NPHIMBOB/OTIMBOB. B
TpaguuoHHoM ucnonHennn [19C  —  ooduobacceiinoe
THAPOTEXHUYECKOE COOPY)XEHHE C  OTTOPaKUBAIOLICH
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IUIOTUHOM, W paboTa 3JIEKTPOCTAaHIIMHM BO3MOXKHA B TPEX
pexxumax: 1) I'enepaumst B mpuiuB; 3amoiHeHne OacceliHa
MOpCKOM BOJON HAYMHAETCSl HE Cpa3y: HEKOTOPOE BpeMs
3aTBOpPbl TYpOWHHBIX BOJOBOJOB 3aKpbITHI, IIOKa HE
BO3HHMKHET JIOCTATOYHBIM THIPOCTATUYECKUH Hamop (B
HOYHOE BpeMs IIpM HH3KHX crpoce W Tapude Boza
mporryckaercss B OacceiiH  4epe3  JIOTOJIHHTEIIbHBIC
OTBEpCTHS, HAIIONHAA ero). 2) B ommB npy MUHMMaIEHOM
HaIrope CO CTOPOHBI MOps Boja M3 OacceiiHa BBIIYCKaeTCs

yepes TypOMHHBIE BOZIOBO/IBL, BbIpaOaThIBas
JJIEKTPOZHEPrUI0 IOKa TUAPOCTATHYECKMH HAmop B
OacceiiHe He ymagér [0 MHHHMAIBHOTO  YPOBHS,

MO3BOJISIIONIETO  TypOMHaM paborath 3 ¢dexTuBHO. 3)
JIByHampaBieHHass TeHEpalys — METOJ HCIOJIb3YyeT Kak
¢da3pl mpuiIMBa, TaK M OTJIMBA: 3aTBOPHl TYPOMHHBIX
BOJIOBOJIOB OCTAIOTCS 3aKPHITBIMH JI0 KOHI[A NpUiIHBa (puc.
1), mocie dero BOXy HamNpaBiSIOT B TYpOMHBI — HAcTyMaeT
¢daza  reHepaumy, JUBIO@ACS 0  MHHAMAJIBHOIO
THAPOCTaTHYECKOro  Hamopa —  ¢a3sl  OTIIMBA,
JIBYCTOPOHHSISI TeHEpaLysl COKPAIIAeT JOMI0 Iay3 U CHIKAET
KOJIMYECTBO arperaToB, TO €CTh CTOMMOCTH OOOPYZOBaHUSI.
Heyxbacceiinvie IT9C — ocHOBHOH OacceitH MOXKeT paboTaTh
Kak OJWH, BTOPOH TMpeAHa3HAueH IS 3aKaukKu |
aKKyMYJISIIMM BOJZIBI B TIp oiecce (pa3bl OTKaYKH M3 Iep BOro
GacceiiHa, IIPU ATOM HCIOJIB3YETCs YacTh JJIEKTPOIHEPTUH,
reHepupyeMoil TypOMHamMH, M Takas CHCTEMa CII0COOHA
peryimpoBaTh MOAady 3JEKTPO’HEPIHH MNOTpeduTeno, —
MPEUMYIIECTBO CHCTEM C JBOMHBIM OacceliHOM —
CIOCOOHOCTh TEHEPUPOBATH AJIEKTPUYECTBO B  IIEPHON
MIOBBIIIEHHOT O CIPOCa, HEIOCTATKU: HU3Kas 3(h(HhEeKTHBHOCTH
paboTsl TypOWMH IIpH HU3KOM HAIope W yBEIWYEHHUE 3aTpaT
Ha CTPOWTENBCTBO W3-32 YMIMHEHWS IUIOTHHBL XOTS
HepaBHOMEpHOCTh BbIpaboTku [IDC He TONBKO CyTOYHas,
HO W MecCsiuHas, HO IpobieMa 4 onpeaensercs N3MEHEeHHEM
Harmopa B pe3ylbTaTe IPHUIMBHO-OTIIMBHOTO JIEWCTBHS
BOJIHBI.

Pewenue npobnemer 5 — nedocmamounas 3¢hpexmugHocme
npeobpazoeanus IHepeUU U ONMUMUZAYUSL —

mpoOjeMa  TOXE  WH)KCHEPHOW  THIPABIIUKU.
DOKoHOMHYeCKass M dHeprerwdeckass  3()(EeKTHBHOCTH
TpeOYIOT ONTHMHU3AIMN — KOMITBIOTEPHOT'O MOJIEINPOBAHUS
BBIPAOOTKH AJIEKTPOIHEPTHH OT M3MEHEHUH YpOBHS BOJBI B
OacceiiHe Ha OCHOBE KOHKPETHBIX  aHAINTHYECKUX
MOAXOMOB, 4TO NAET, MpEXK/Ie BCEro, ONTHMAlIbHOE BpeMs
Havaja W OKOHYAHWS TCHepanuu Kaxmod ¢as3sl. MeHHO
STHM — HEIMHCWHOW 3aBUCHMOCTBIO YPOBHS Hamopa u
MOIIIHOCTBIO  OmpejensieTcss  npoOiieMa  BO3MOXKHOCTH
BBIXOda CTAaHIMH Ha TPOEKTHYIO MOIIHOCTh. Llennpio
ONTUMU3AIIH KCIUTYaTAMOHHBIX MEPOTIPHUITUHN SBISACTCH,
B IIEPBYIO OYepelb, ONpelesieHne KOJIW4YecTBa TYpOWH U
€IMHBIX ONTUMAJIBHBIX SKCIUTYaTAI[MOHHBIX XapPaKTEPHCTHK
JUISL OJJMHAKOBO Pe3yJIbTaTUBHONW PabOTHI BO BpeMsi Bcex (a3
BCEX INPHWJIMBHBIX LHUKIIOB. 3aJaHHOE KOJMYECTBO TYpOHMH
3a1aHHOM MOIIIHOCTH JIOJIKHBI obecreunTh
MPEe/NoIaraeMyl0 yCTaHOBJICHHYIO MOIIHOCTh CTaHIMU B
3aJJaHHOM JIMana30He; IPH MOJCIUPOBAHUN HCCIIEIYIOT Ba
peKrMa paboThI: IBYXCTOPOHHSSI TeHepanusi 0e3 HACOCHBIX
CTaHUMI U JBYXCTOPOHHSIA C Hakaukou. [y yaydlIeHus
OIIEPAaTHBHOIO YNPaBJICHHUS CHJIOBBIMH YCTaHOBKAaMH BO

BPEMEHM KaXK[JOro TMPWIMBHOIO ILHMKIAa B KayecTBe
HCXO/HOTO TIapaMeTpa MPUMEHSIOT OAHO olliee 3HauYeHHE,
W Jajee  ONTHMHU3AIMsA  MOJCIUPYEMOH  CTaHIMH
MIPOJOJDKAETCS C TOCIEIHUX MapaMeTpoB IPEbLIYIIEro
LKA, — TOCJIEI0BATEIILHOCTD ONEpalii MO yIpaBJICHHUIO
pexumamu  pabotel [IDC: 1 )oTkauka BOOBI B OTIIMB
(omopoxxHeHne OacceiiHa), 2) may3a NpH MHUHUMAJIbLHOM
YpoBHE OmIMBa (3alepKKa B OXWAAAHUM), 3) Ha4YaIo
npwinBa ((asza repen HamoJHEHHEM OacceifHa), 4) Havano
MIPOITyCKa BOJBI Yepe3 3aTBOpHI, 5) HarojgHeHHWe OacceiiHa,
6) Hakayka BOAbI B NpPWIWB, 7) Tay3a Ha MaKCUMyMe
NPWINBHOTO  ypOBHA, &) Hayago ommBa (Tepex
OITOPOKHEHHEM), 9) IIPOITYCK BOJBI B OTIIMB Y€pe3 3aTBOPHI,
10) orkauka BOABl B OTIHMB (OHOpOXXHEHHE OacceiiHa).
D¢ dexTrBHAS SKCILTYaTalMsi HA OCHOBE IIEI€BOH (YHKINH
KaXJIOr0o IHUKJIA MaKCUMH3HUPYET BBIXOJ JHEPTUH, W
J00aBJIeHNE TIPOKAYKH MTOBBIIIAET BBIXOJ JIEKTPUYECTBA HA
~15-20% [8], a B meIOM ONTHUMHU3UPOBAHHOE YIIPABICHUE
LUKJIaMH TPUBOJMUT, 3a CUET Oojiee TMOKOTO yHpaBJIEHHS
TypOMHAaMH W 3aTBOPaMH, K VYBEIMYEHHIO BBIXOJA
anektposHeprun Ha ~30-35% (omTHMM3aNMs TOBBIIIACT
KIIZ wmomenmn werslpexjionacTHOMH TypOuMHBI Ha 5,5 u
TpéxnonacTHOi Ha 4,5%). I1oIHOCTBIO ONTUMU3NPOBAHHBIH
NPOLIECC YIIPABJCHHUS B pELICHWH HHXECHEPHBIX 3a7ad
BKJIIOYaeT OOJIBIIOE YHCIIO IIEPEMEHHBIX (HauyuHAs C
THAPOAMHAMHYECKUX XapPaKTEPUCTUK NPHOPEKHON 30HBI),
TPeOYIOIINX ITOBHIIICHHBIX BEIYUCIUTEIBHBIX PECYPCOB.

Am, tiem?

T, Jer

Puc. 13: VIHTEHCUBHOCTb KOPPO3UU KOHCTPYKLUI B BOJE
pa3ubix Mopeit: 1 — CeBepHom; 2 — CpeanzeMHOM; 3 — ¢
BBICOKMM cofepskanneM Ca u 3arpsa3HEHHAs CTOYHBIMU
Bozamu; 4 — 6e3 3arpszHeHni; 5 — Yéprom[9)]

Pewenue npobremvr 6 — ocobvie ycaosus IKCNIyamayuu u
MeXHUYecKo20 00CIYHCUBAHUA OTPAXKAIOTCS HA pacXoiax, u
CTOUMOCTb ~ OJKCIUIyaTallAMW M MEpPONpUATHS 1O
TeXHUYECKOMY oOciyxuBanuio oObrgHbIX [IOC  camas
HU3Kasg B CPaBHEHUHM C JAPYTUMHU CTaHLUMSAMU TIeHEpaLuu
sHepruu Mopsi. M3 Bcex BO3MOXKHBIX OCIOXKHEHUM B
JKCIUTyaTalli¥, CBSI3aHHBIX C 3aJadyaMd WHXEHEPHOU
THIpaBJINKA, TPU HamOoJee OCTpble — BOJHBI, JICIOBBIC
siBiieHus, Koppo3us. Tpagunuonnsmvu aast I'TC meronamy,
omucanneivu B CIT (38.13330.2018), pexomeHmanusx,

CIIpaBOYHHUKAX SIBJIAKOTCA . JIIsL CHMIKCHUA CHJIBI
BOBHGﬁCTBHH BOJIH — BOJIHOPE3HbI, 6€pCFOpr€HJI€HI/I€, JIIsL
JICAOBBIX Harpys3ok - JICAOPEC3hI, JIA 3allUThI
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COPOYAEPXKHMBAIOIIMX  PEIETOK  OT  oOMmep3aHus  —
AaHTHOOJIEICHUTENT B BHAE, HANpPUMEpP, TUAPOPOOHBIX
TIOKPBITHH, UIS 3alUTHl 32 KJIAaJHBIX YacTed 3aTBOPOB —

3JIEKTpoOOOrpeBa, OOpbOBI C BHYTPUBOAHBIM JIBJAOM H
OIYTOBBIMH ~KOBPaMH — 3allaHd MW IOyrocOpocel, —
enecooopasHo TUPaBIMICCKOC nabopaTtopHoe
MOJICITUPOBAHHE. DJIeKTPOXHUMHUYECKasI KOPpO3usl
METaJUTHYECKUX KOHCTPYKLHI, HCTIOTHUTEIIBHBIX

MECXaHHU3MOB, ,HeTaJ'Ieﬁ Typ6I/IHHBIX arperaTtoB B MOpCKOﬁ

BOJIC BBICOKA M3-3a HAJIM4MS B HEW PacTBOPEHHBIX CONEH —
KAaTHOHOB aKTHBHBIX METAJUIOB: XJIODHUIOB M CYIb()ATOB
HATpPUsl, MarHus, KajbLUs, KaIWs, KPOME TOro, B MOPCKON
BOJC BBICOKA M JEMAaCCHBHOCTb. KHHETHKa MPOLECCOB
ONpEeNIeISIeTCST COCTAaBOM M KOHIICHTpAaLUUeW 3JICKTPOINTA
(puc. 13): Gomnbie conéHOCTh — BBIIIE CKOPOCTh KOPPO3UH U
HIDKC HaA&KHOCTh, a TaKKe AaKTUBHOCTBIO MeTaia
KOHCTPYKLUH B BHIE MPOCTOrO BELICCTBA HJIM COCIUHCHHUS
(Tabnuna 2).

Tabauya 2: DNEKTPOXUMUYECKAN PsJl aKTUBHOCTU METAJIOB

Li—-K—Na—
Ca— Ba—

K nmpumepy, BbICOKUII MOTEHIMAT MEAHBIX CILIABOB
B OJICKTPOJIUTUYECKOM KOHTAaKTE€ CO CIUIaBaMH Kelie3a
co3naér mortok amektpoHoB or Fe k Cu, xoppoaupys
MIEPBEIA, a 3TO TpeOyeT CHeNUaNbHBIX METOIOB 3aIlIUTHI:
JIETUPOBAHUS, WHIHOUTOPOB, W3OIUPYIOMNX MOKPBITHIA,
BIEKTPOXUMUYECKOM 3aIlNTEHL BEIOOp MeEToja,
[PEIOTBPALLAIOIIETO  OKHCIUTEIbHO-BOCCTAHOBUTEIBHYIO
peaKluio, ONpeleNsieT CTOMMOCTb CTPOUTENbCTBA U
SKCIUTyaTallMOHHBIE U3IEPKKH.

Celfuac HaKOIUICH JOCTATOYHBINH OIBIT PaOOTHI

MIPUINBHBIX 3JIEKTPOCTAHLIUH, BBIPa0aTHIBAIOIINX
JJEKTPUYECTBO B  CETh HAa  MPOTSHKEHHMM  MHOTHMX
TECATUICTHUH.

Pewenue npobnemvl 7 — 6030elicmaue HaA OKPYAICAIOULYIO
cpeoy.

HpI/IJ'II/IBHaH CTaHlligd — BpCAHAsA TCXHOJIOI'UA

anekTporeHeparmu:  [I9C  HapymaeT — CIOXHBIIYIOCS
9KOCUCTEMY reorpauuecKoro pEeTuoHa,
(opMupoOBaBIIyIOCS ~ THICSUYECNETHSAIMH, —  Hamboiee

T10KA3aTeIbHbIEC IPHMEPBI C KPYIHBIMU MJICKOMHTAIOIIHIMHE :
B asrycre 2004 r. Ha IIDC Amnnanonuc B 3an. ®Danau
(pexopaHbIe TPHIUBHI — 10 18 M) B3pOCIIbIi TOpOATHIi KUT B
cJ1a0bli TIPYIINB TIPOIUIBUT YePe3 OTKPHITHIE BOPOTA LIUTI03a B
GacceiiH, 1 Ha HECKOJIBKO JHEH 3acTpsil B BEpXHEH 4acTy p.
AHHaNoNMc, HO CaMOCTOATENIBHO HAIIEN BBIXOJ, OJHAKO
yxke BecHou 2007 r. tam ke, y I. bpumkrayHa, HalieHO
TEJI0 HEIOJIOBO3PEJIOro ropdaToro K1UTa, U NpHYuHa THOEIH
ocTanach HEU3BECTHOH; BIPOYEM, PpOJb 3arpaXxKICHUHA B
JIAaHHBIX Ciydasx ckopee mnojoxutenbHasd. [IDC Ttaxxke
MOryT CTaTb OHPEEIEHHON Yrpo30d HKOHOMHYECKOIO
pa3BUTHS, €CIM B OrPa)XIaeMod 30HE AaKTHUBHO Ppa3BUTO
CYIOXOJACTBO, HO M JaHHas TIpobjeMa pemiaercs Ipu
IIOMOIIM HMHXXEHEpHOW TruapaBiauku. M BMecte ¢ Tewm,
TPaJAULMOHHBIE TPUINBHO-OTIUBHBIE YIEKTPOCTAHLIUU BPSiA
au  OyayT UMeEThb IIMPOKOE pacHpOCTpaHEHHWE H3-3a
KPUTHYECKHX HEIOCTATKOB: JOPOrOBHU3HBI, UIMTEIHLHOIO
CpOKa CTpPOUTENLCTBA, OrPAHMYEHHOIO YHCIA MECT ¢
BBICOKUM TPHIUBOM W TOAXOJAIICH OeperoBod IMHHEH,
HENpPeoAOIUMONA yrpo3bl OKpyxarwmei cpege. Ilouck
HOBBIX TEXHOJIOTMYECKH COBEPUIEHHBIX IOAXOJOB B

8 YcenenoBamus — KOMMUCCTBEHHBIC IAHHBIE O IEPEIBIKCHHHB 30HE
3arpakieHUsT HypOBHE THOEIUpPHIO, CBSI3aHHOH C IIPOXONOM 4epe3
IIPSMOTOYHBIE TYPOUHEI OONIBIIOTO JHaMeTPpa,0TCY TCTBYIOT.

© 2026 Global Journals

Mg — Al - Mn — Zn — Cr —
Fe - Ni— Sh — Pb —

H Cu— Hg — Ag —
2 Pt — Au
Pa3BUTHH OSHEPreTHKH (OPMHPYET B  CPEIHECPOYHOM
NEePCHCKTUBE IMONUTHKY IOJJCPKKH  BO30OHOBIISIEMBIX

HCTOYHHWKOB JHEPrHHM, TJIABHBIM 00pa3oM COJHEYHBIX |
BETPOBBIX, a B JOIINOCPOYHOM — aTOMHBIX PEAaKTOPOB Ha
OBICTPBIX HEHUTpPOHAaX (SIIEPHOTO TOIUIMBA 3aMKHYTOI'O
LUKJIA) U SIAEPHOrO CHHTE3a (TepMOSIEpPHOrO LHKIA), a
TaK¥kKe MMPOU3BOJCTBA BOJOPOAA.

Pewenue npoonemer 8 — enuanue Ha NPuOPE’CHO-MOPCKOU
HAHOCHDBIIL PEIHCUM.

BrokupoBaHuEe  TNPIIUBHO-OTIIMBHOTO — TEYCHUS
IUIOTUHOM CIIOCOOHO BBI3BAThH YBEIMUYCHHE 3PO3UH OEperos
KaK CO CTOPOHBI MOpSI, TaK M 0acceiiHa, yCHINTh IOJIBOAHbIC
TEUEHHWsS C TIOAMBIBOM  COOpPYXeHHH. MmkeHepHas
THIPABIUKA  OTKPHIBACT IIHPOKHE BO3MOXHOCTH B
MIPOCKTUPOBAHUYU CICIUATBHBIX COOPYKEHUH, MEHSFOITIX
HAaHOCHBIH  pPEXUM  BOAHBIX  OOBEKTOB:  METO/IOM
71a00paTOPHOTO0 MOJETMPOBAHMS YJacTKOB B Ipejeax
aKBaTOPHUH MOXKHO OIPEIENATh MapaMeTphl U CTPOUTH B
HaType Ha JHE NOpOrW, Ha Oeperax — INIOpPBL, TO €CTh
BO3BOAUTH IIPOCTBHIE COOPYXEHUsI, N3MEHSIOIINE CIIOXHBIM
o0pa3oM XapakTep TeUeHHH, U (OPMUPYIOUINE OTIOKEHUS
TBEpAOrOo  crToka B IpeAenax  Oe30MacHbIX U
LeNIecOO0pa3HbIX,  COrJacHO  IPOEKTY € Y4ETOM
OaTHMETpHUYEeCKUX 0COOCHHOCTEH Oacceiina.

IV. 3axmoueHue

1. AnbrepHaTMBHas ~ JHEpreTMkKa, IIOCTPOCHHAs  HA
BO30OHOBIISIEMBIX HCTOYHUKAX, TIpeAToNaraeT
MIpeKpalieHue B Ipouecce NpeoOpa3oBaHusl SHEPTUH
BBEIpaOOTKH MTApPHUKOBBIX rasos, —  TaKxe
HEMaJIOBaXHBIM SIBIISIETCSI TIEPEOPHEHTALNSI TTOCTaBOK
HCKOMAeMOro  ChIpb €  DHEPreTHYECKOro  Ha
niepepaOaThIBAONMK  MPOMBIIUICHHBI ~ CEKTOp |
CHIDKEHHE CTOMMOCTH MOTyYEHHS HIEKTPOIHEPTUN.

2. Teno mmoruusl I[19C OTIMYHO OT yCTpaWBaeMbIX Ha
pekax ¥ 1O TONepeyHoMy mnpodmmo, U 10
KOHCTPYKIIUOHHOMY HCIOJHEHUIO, MIOCKOJIBKY
NpeIHa3HAYeHO [UIsi OJMHAKOBBIX C OOEUX CTOPOH
THIPOCTaTUUECKUX HAmopos, — IiornHa [IOC -
HHU3KOHAIOpHAs, >KENe300€TOHHAsA, Iienecoodpa3Ha —
KyOOuIHOW (OPMBI, STYCHCTASI.

3. Tpéxmepuple wWHPOPMAIMOHHBIE MOJENN  IOTOKA
MIPOTOYHOM YaCTH THAPOTYPOMHBI MO3BOJISIOT CYAUTH O
BUOpamMy W KaBUTAMM C YYETOM  H3MEHEHHS
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MapaMeTpOB INIABHBIX XapaKTEPUCTHK, HANpUMEP, NpHU
OonbpIleM HANoOpe — MEHbIIE BHOpalmsi W HIKE
BEPOSITHOCTb BO3HUKHOBEHHS YCTaJIOCTH METalla,
CpaBHEHUsI KOJleOaHWH CHJI 1 MOMEHTOB, pPa3BUBAEMBIX
B Pa3IMYHBIX TYpPOMHHBIX YCTaHOBKAX, MO3BOJISIOT
IIPOEKTUPOBATE  KOHCTPYKUMH C  MHHUMAJIbHBIMU
koneOanusaMu. CTPyKTYpHBIH aHaiW3 TBEPAOro Teja
KOHCTPYKUMH THUAPOTYpPOWHBI HampaBieH, IOMHMO
KOHCTPYKTOPCKOH IPOpabOTKH T'€OMETPUH JAeTalled |
OCHOBHBIX JJIEMEHTOB, TAaKMX Kak (hopMma Jioracredd, Ha
N3y4eHHWE MEXaHMYECKHX CBOWCTB MeTaula M BBHIOOD
KOHCTPYKIMOHHOM CTaJIN.

Ontumuzanust padotsl [13C HarmpaBieHa HEe TOJIBKO Ha
COBEPILIEHCTBOBAHUE TEUYECHHS B TYpOMHHOM KOJEce C
uenbio pocta KI1/I, cHmKeHust BUOpanyu 1 nryma, HO |
pellieHHs] APYrUX BOINPOCOB MHIKEHEPHON T'MIPABIIUKU:

pacyér  MHOroOacCeHHBIX  CHCTEM,  OIpEIeieHUe
ONTUMAJBHOTO KOJMYEeCTBA TYpOWH, OIpe/eIeHHe
ONTHUMAJBHOTO BpPEMEHM Hayajla W  OKOHYAHMS

reHepanuy KaXaod (a3bl, EOUHBIX ONTHMAaJIbHBIX
SKCILTYaTal[MOHHBIX XapaKTEPUCTUK JUIS OAWHAKOBO
pe3ylbTaTUBHOM paboTel BO BpeMsi Bcex (a3 Bcex
TIPHJIMBHBIX ITUKIIOB.

Ocno)XHEHHS B JKCIUTyaTalllH, CBSI3aHHBIC C 3a/a4aMU
WH)KEHEPHOU THAPABIMKHA — BOJHBIL, JICAOBHIC SBICHUS,
kopposusa. TpamummonusiMu gt ['TC  meromamu,
omucanHpiMu B CII, pekoMmeHmanmsx, CIpaBOYHHKAX
SIBIISTFOTCS: JIUISL CHYDKGHUSI CHIJIBI BO3JCHCTBHS BOJH —
BOJIHOpE3bl,  OEperoykpersieHne, JUis  JIEIOBBIX
Harpys3ok - JIesI0pe3Hhl, JUIst 3aIUTHI
COPOYAEPXKHMBAIOIINX pPEMIETOK OT oOmep3aHus —
AQHTHOOJICICHUTENN B BUJIE, HAIPHUMeEp, TUAPOPOOHBIX
TIOKPBITHH, JJIS 3aIIMTHI 3aKJIaJHBIX YacTel 3aTBOPOB —
JIEKTPOOOOrpeBa, OOphObI ¢ BHYTPUBOIHBIM JIHJIOM H

LIYTOBBIMH KOBpaMH — 3allaHd M IIyrocOpoChl, —
nenecooOpasHO  TuApaBIMYeckoe  JrabopaTopHOe
MOJICITUPOBAHHE. Huns NPEeIOTBPAIICHUS
ANEKTPOXUMHIECKOM KOppO3UH METaJUTHYECKUX

KOHCTPYKUHH, UCHIOJHUTEIBHBIX MEXaHU3MOB, JleTajen
TYpOWHHBIX arperaTtoB B MOPCKOH BOJIE HCIIONB3YIOT
METOJBI: JICTUPOBAHUS, HHTHOUTOPOB, H30JIUPYIOIINX
MOKPBITUH, 3JIEKTPOXUMHYECKOHN 3aLUTHI.

CuCTeMHBIIf ~ aHamU3  TpoOJIeM, IO  CIIOKHOCTH
COITOCTaBUMBIX C 115C, HEBO3MOXKECH oe3
KOJIOCCAJIbHBIX BBIYUCIUATENBHBIX MOIIHOCTEH DBM,
[IO3TOMY CTaJl IIUPOKO AOCTYIEH JIMIIb B MOCJIEIHUE
TOJIBI, U IeNIecO00pa3eH He TONMbKO B 3aaauax KVBP, Ho
u B npoekrtax [19C, rae ydTeHbl onTUMHU3ays padoThI
3JIEKTPOCTAHLIMM, BONPOCHl OKCIUTyaTallud, OXPaHbI
BOJHBIX PECYPCOB H [Ip.
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Abstract- The main objective of this paper is to design Al-jubha intersection and the Roadways
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reduce congestion, delay and low level of service in this intersection. This design will absolutely
save time and money.

An intersection is a shared space that is used by more than one approach at a time. A
signalized intersection is one where the shared space is used alternatively by a fixed number of
approaches for a predefined time interval as per the phasing scheme used for the intersection.

In this paper, we made unconventional ideas to improve the intersection of the aljabaha
signal. the intersection is analyzed as an isolated intersection in this study, using Synchro 8 and
HCM 2010 standards. The simulation results the median U-Turn and signal optimization improve
the intersection level of service from E-B. The delay for this intersection was reduced to 48.8%,
11.8.
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Evaluation and Design of Improvement of
Al-dbeiha Signalized Intersection Traffic
Operation

Batool Alaraj * & Hana Naghawi °

Abstract-The main objective of this paper is to design Al-jubha
intersection and the Roadways approaches optimized to
better level of service. Traffic design for this intersection
include evaluation the current LOS for the intersection and
design all possible solutions to reduce congestion, delay and
low level of service in this intersection. This design will
absolutely save time and money.

An intersection is a shared space that is used by
more than one approach at a time. A signalized intersection is
one where the shared space is used alternatively by a fixed
number of approaches for a predefined time interval as per
the phasing scheme used for the intersection.

In this paper, we made unconventional ideas to
improve the intersection of the aljabaha signal. the intersection
is analyzed as an isolated intersection in this study, using
Synchro 8 and HCM 2010 standards. The simulation results
the median U-Turn and signal optimization improve the
intersection level of service from E-B. The delay for this
intersection was reduced to 48.8%, 11.8.

[. INTRODUCTION

he traffic performance of a roadway network is
Tgreatly influenced by the traffic flow through

intersections. Many types of traffic control are
being used worldwide at intersections such as yield
signs, stop signs, roundabouts and signals. Similar
to other countries, many traffic signals are installed in
Jordan at intersections with moderate and heavy traffic
volumes.

Traffic signals ensure safe and efficient traffic
flow at intersections, along routes, and in street
networks. They improve intersection capacity, minimize
traffic delays, enhance safety by reducing specific
accidents like right-angle collisions, promote orderly
traffic movements, allow safe passage for minor amidst
heavy traffic, and aid in establishing a signal system.
Transportation professionals primarily measure the
performance of signalized intersections based on
vehicle delay, a crucial parameter (David 2013).

Vehicle delay is the most important parameter
used by transportation professionals in evaluating the
performance of a signalized intersection. This is
perhaps because it directly relates to the time loss that
a vehicle experiences while crossing an intersection
(though we have not considered other problems like

Author a: e-mail: batoolalaraj3@gmail.com

congestion due to queuing, extra fuel loss due to
vehicle ignition etc.) Determining delay at intersections
is challenging due to the unpredictable nature of arrival
and departure processes. However, extensive research
has been conducted to define delay using various
analytical models, including deterministic queuing,
steady state stochastic, and time dependent stochastic
models. These models make assumptions that simplify
the complex flow conditions, providing an approximate
measure of the average delay experienced by vehicles
crossing an intersection. Some studies have also
aimed to predict the variance in overall delay for
individual vehicles, considering the significant variations
and randomness in ftraffic arrivals and interruptions
caused by traffic signal controls (Gupta, 2005).

Vehicles exert a substantial environmental
influence through emissions and the consumption of
fossil fuels. The burning of gasoline and diesel
generates CO2, a greenhouse gas that contributes to
climate change. Additionally, vehicles release pollutants
like NOx and particulate matter, negatively impacting
both air qualty and human health. The
extraction, refining, and transportation of fossil fuels
also lead to habitat destruction and water pollution. To
address these issues, there is a strong focus on
developing electric vehicles, enhancing fuel efficiency,
and investing in alternative transportation options such
as public transit and cycling infrastructure. These
measures are essential for reducing emissions,
improving air quality, and safeguarding the environment
for future generations.

a) Project Description

Yajouz road is located in Amman, and it is
considered one of the most important dynamic sites
which links Amman and Zarga. In a map is displayed
which demonstrates the location of Yajouz road within
the districts of Amman.

In this study, a part of the Yajouz road is
considered which is Al Jubaiha intersection. The
intersection has four legs and connects Yajoz street
with  Abdullah Al-Lawzi Street. The intersection
is signalized, and it is selected because it is considered
one of the most important dynamic sites. Jubaiha
Intersection has a heavy daily volume of traffic, which
leads to a traffic problem represented by delay,
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especially during peak hours. It is located in the north of
the Jordanian capital.

Fig. 1: Aljbaha intersection

b) Problem Statement

The increase in road network by widening
roads, building new tunnels and other infrastructure is
costly and limited by the available spaces in Amman,
therefore, the other solution is to decrease the travel
demand, especially within the peak hours. The long-
term solution requires developing a reliable and
comprehensive transportation system and encouraging
people to use it instead of private cars. However, the
current situation of congested traffic requires immediate
solutions with minimal costs, time, and effort. In this
project, a micro-scale solution to the delay problem at
the intersection is proposed. More than one alternative
will be considered (including a signal optimization,
median U-Turn and signal optimization with median U-
turn), and then the best alternative will be selected.
Although, a long-term macro scale solution is required
on a network-wide level which considers the interactions
between different elements of the roadway. However,
the scope of this project is limited to a micro-scale
solution.

c) Project Objectives

This project aims to improve the level of service
at Al-Jbeiha intersection. The objectives can be
summarized as follows:

1. Assessing the existing level of service at the
intersection: Evaluate the current traffic conditions
and determine the performance of the intersection.

2. Developing alternative solutions for improved traffic
conditions:  Propose various strategies and
measures that can enhance the traffic flow and
alleviate congestion at the intersection. Use
simulation models to estimate the resulting level of
service for each alternative.

3. Selecting the optimal solution: Analyze and
compare the proposed alternatives based on their
predicted level of service and feasibility. Determine
the best altemnative for implementation at the
intersection.

© 2026 Global Journals

d) Project Constrains

The main constraints involved in this project are
economic and ethical. First, the selected alternative
should be economically justified by considering a
sequential evaluation process starting from the least
disruptive option to the most disruptive option which
would be more costly. Furthermore, the design follows
all local and international ethical code requirements.

e) Project Standard and Codes

e Highway Capacity Manual) HCM)
e American Association of State Highway and
Transportation Officials (AASHTO) 2011

[I. LITERATURE REVIEW

Hussein (2023) conducted a study to evaluate
and enhance four three-leg intersections controlled by
STOP signs in various locations within Amman City. The
evaluation and improvement processes utilized Highway
Capacity Software (HCS-2010) and Synchro-10
software. The validation and simulation were performed
using VISSIM-11 software. The evaluation with HCS-
2010 and Synchro-10 indicated that the left-tum
movements from the minor streets experienced
significant delays and operated in a breakdown traffic
condition (Level of Service LOS-F). The application of
Warrant-3 (Peak Hour Volume) determined that three of
the selected intersections warranted signalization under
existing conditions, while the fourth intersection did not
meet the requirements. For short-term conditions with a
growth rate of 5.5%, both software tools indicated that
all four selected intersections warranted traffic signals.
The optimal cycle length for the traffic signals was
determined for each intersection, considering two
operation modes for the left-turn movements on the
major streets: Protected and Protected-Permitted phase.
The HCS-2010 and Synchro-10 software were used for
this analysis, and the results were validated using
VISSIM-11. The improvements in traffic and geometric
conditions resulted in a reduction in vehicle delays, with
improved Level of Service (LOS-C or LOS-D) at the
minor approaches and the entire selected intersections
(LOS-B or LOS-C).

In their study, Khalifate (2021) aimed to improve
the capacity and level of service at the sixth circle in
Jordan by implementing traffic signals and a
roundabout metering approach. The VISSIM software
and a C++ program were utilized for this purpose. The
sixth circle, situated near Crown Plaza and the Jordan
Gate Towers project, experiences congestion due to
heavy traffic flow. The study focused on assessing the
traffic situation at the sixth circle and proposed potential
solutions to reduce daily traffic flow for circle users. In
the second scenario, four signals were placed at the
roundabout, interconnected with different cycle lengths.
A 90-second cycle length resulted in a level of service
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rating of D. The third scenario involved the use of
adaptive signals on the roundabout, which were
connected to ground detectors placed before the
signals. These adaptive signals operated based on the
queue length of approaching vehicles detected by the
ground detectors. The opening and closing of the
signals were designed using simulation and
implemented through the C++ programming language.
The first two signals were opened for 45 seconds,
prioritizing Swefieh road with reference to King Faisal,
and then closed for 45 seconds to open the signal for
the next street from the fifth circle, specifically Zahran
street.

[II. METHODOLOGY

The methodology is summarized as follows:

1) Collecting data for the intersection; traffic volumes,
geometric components, and traffic signal system.

2) Analysis of the current situation for the intersection,
by finding the level of service and delay for the
intersection using the Synchro software.

3) Provide solutions for the intersection.

4) Evaluate the performance of the intersection after
applying the solutions, in term of level of service and
delay, with the help of the Synchro software.

a) Traffic Volumes

Aljbaha intersection located at the Amman, the
key traffic data were taken from the department of traffic
operations at GAM. Traffic data was collected on April
4th, 2022, with attention to the 15-min peak hour
volumes that happened in the morning peak from 7-8
am.

b) Model Development
SYNCHRO8 which is a microscopic
analysis software was used to analyze and evaluate.

i. Current Situation
The current Volumes of the current Volumes
values Based on the analysis of data above, the total
intersection control delay was found to be 62.1 seconds,
under those circumstance the level of service was E.
Moreover, the maximum volume to capacity ratio (V/C)
was 1.94.

level

Y ajouz st Yajouz st

i lIZMeHV L

Fig. 2: Level of service

Yajouz st

Fig. 3: The total intersection delays

[V. PROJECT DESIGN

The main objective of this paper is to design Al-
jubha intersection and the Roadways approaches
optimized to better level of service.

Traffic design for this intersection include
evaluation the current LOS for the intersection and
design all possible solutions to reduce congestion,
delay and low level of service using Synchro 8.

a) Signal Optimization: (The FIRST Alternative)

Traffic signal optimization is one of the most
cost-effective ways to improve traffic movement and
make our streets safe and efficient. Signal optimization
is performed for the following reasons: To adjust signal
timing to account for changes in traffic patterns due to
new developments and traffic growth.

LOS (D) Steady Traffic at High Density. The
speed and the maneuverability are severely reduced.
Low level of comfort for drivers, as collisions with other
vehicles, must constantly be avoided. A slight increase
in the traffic risks causing some operational problems
and saturating the network.

Under the same phasing and geometric
conditions, Synchro 8 results show that the cycle length
has decrease to 45 seconds. Furthermore, the total
intersection delay has decreased to 48.8 seconds, and
the maximum volume to capacity ratio has decrease to
1.8. However, the service level turned into D.
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Yajouz st

Fig. 5: The total intersection delays

b) Median U-Turn (The Second Alternative)

Median U-Turn: The main disadvantage is the added
stopping and delay impact on left turning traffic.
Although despite this fact, this design has been shown
to improve total intersection delay and travel time
conditions under certain volumes. It requires larger

ROMW. along the major roadway — AASHTO
recommends a 60ft to accommodate large trucks, from
a non-motorized user standpoint, this design presents
fewer threats to crossing pedestrians (longer time,
refuge area). Level of service LOS (C) Steady Traffic but
Limited. The presence of other vehicles affects drivers.
The choice of the speed is affected and maneuvering
requires vigilance. The level of comfort decreases
quickly at this level, because drivers have a growing.

Fig. 7: The total intersection delays

© 2026 Global Journals

c) Signal Optimization a Median U-turn

Alternative)

LOS (B) Steady Traffic: The presence of other vehicles
begins to affect the behavior of individual drivers. The
choice of the speed is free, but the maneuverability has
somewhat decreased. The comfort is excellent, as
drivers simply need to keep an eye on nearby vehicles.
Intersection delays 11.8s.

(Third

Fig. 9: The total intersection delays
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V. RESULTS

Table 1: Summary of result

Cycle

length

Maximum

vie ratio

Intersection

delay

Level of

service

Current situation

158

1.94

62.1

E

Signal optimization

45

18

43.3

D

Median U-turn

158

0.61

0.5

C

Signal optimization %Median U-

turn

45

0.67

118

B

VI.

CONCLUSION

The main object of this study is to evaluate the
effect of implementing unconventional arterial
intersection design.

These designs are regarded to be unconventional
because they incorporate geometric features or
movement restriction that would be accepted at 4
leg intersection.

Aljbaha intersection was selected to perform this
study. in the final analysis, results showed a
different level of improvement according to the UAID
model chosen, to sum up, the level of service of
Signal optimization, median U-turn and single
optimization + median U-tum enhanced from E to
D, C, B respectively. Moreover, the intersection
delay was reduced by 488, 305 and 11.8
respectively.

Since the median U-turn + single optimization
which improved the LOS from E to B on the main
intersection the use of median U-turn + single
optimization will decrease the delay by 11.8%.
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Assessment of Risk Management at the Design
Stage of Construction Projects in Afghanistan

Mohammad Alem Wardak * & Engineer Madiha Salangyar °

Abstract- In this study, as identified above, the identification of
the critical factors afterwards how the management and
prevention of possible risks in the design phase of the
construction project are investigated, rather than the problems
and shortcomings encountered in this phase of the project.
Successful completion of this research will help us identify
hazardous items in the design phase of construction projects,
and what steps should be taken to eliminate or minimize these
risks.

Keywords:  risk,  construction,
afghanistan, risk control, riskology.

risk  management,

[. INTRODUCTION

he importance of this issue is heightened when the
TAfghan government has prepared long-term plans

for the development of approximately one million
affordable housing units with appropriate living
standards. Due to the findings of the Ministry of Urban
Development and Independent Bureau of Local
Authorities, Kabul Municipality and UN Habitat
Research, Afghanistan's urban population has been
increasing from 20% to 24% due to urban migration in
the past two years. In the absence of housing, about 1.5
million have been observed over the years. Kabulas the
largest center of internal migration represents 10%
annual growth over the past decade, also, sources
indicate that 78% of citizens seeking housing are in
critical condition, according to the above report, housing
problems are one of the most serious social issues in
Afghanistan, especially in Kabul. So it is imperative that
you pay close attention to this issue and develop
comprehensive plans for addressing and resolving this
issue and manage it properly. In Afghanistan, risk
management will be one of the steps that will help to
make these programs a reality. Given the importance of
this issue, it requires a comprehensive research to
identify the sources of risk and how to manage it
realistically, the questions of this research are divided
into two types of open and closed questions. These two
types of questions are considered as questionnaire and
interview form. The questions addressed in the
questionnaires are quantitative and closed-ended
questions that were scored by the participants. Points

Author a. Post-Graduate Student, St Petersburg State University of
Architecture and Civil Engineering Lecturer, Kabul Polytechnic
University. e-mail: alem.wardak.kpu@gmail.com

Author o: e-mail: salangyarmadiha@gmail.com

are given, that is, by choosing 1 of 5 options, From 1 to
5, respectively, from 5 to 1 enormous.

a) Research Goals in Brief

Identifying the sources of risk

Get comprehensive solutions

Prevent similar occurrences in future projects
Accelerate the design phase of future construction
projects

b) When is Risk Analysis needed?
Risk assessment is useful in many situations.

For example:

1. When planning a project, to help predict and
neutralize potential problems.

2. When you are deciding to go with a project.

3. When you plan to increase the level of safety and
potential risk management in your workplace.

4. Be prepared for events such as equipment and
technology failure, theft, employee illness, or natural
disasters.

c) How to use Risk Analysis?
To apply the risk analysis, follow these steps:

1. Identify threats

1:1 the first stage of risk analysis is to identify existing
and occurring risks. Risks that may be encountered.

1:2 Prepare a list briefly to check that there is a threat or
not?

1:3 what are some issues that may harm you?

1:4 Ask people who have different views

2. Risk Assessment

2:1 once you have identified the threats, it is necessary
to calculate the probability of the two cases: Threats and
their impact. One solution is this: Find the accurate
estimate of the probability of occurrence of event, and
then multiply this value to the expense of occurrence of
the event and doing it right, this will give you a risk value.
2.2 Value of risk = probability of occurrence x cost of
occurrence.

As a simple example: Imagine you have
identified the risk that rent accommodation to
substantially increase: You think that there is 80%
chance of this happening next year, because your
landlord has recently increased rentals for other
businesses. If this happens, next year your business will
cost extra $ 500,000.
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So the value of the risk of increased rent equals:
0.8 (probability of occurrence) x 500000 (fee happen)
= 400000 (Risk value).

3. How to manage risk

3:1 once you have identified the value of the risk you are
facing; you can look for a way to manage it. (Mehta
Arjmand, 1396).

4. Divide the risk

4:1 You can also divide the risk with people, Groups,
Organizations or other third parties as a result of the
possible risks.

For example: When you cover your office building or
company property list with insurance of the third party,
or when you partner with another organization at the
beginning of product development, you have shared the
risk with them (Mehta arjmand, 1396).

5. Accept risk

5:1 Your last choice is risk acceptance. This is usually
the best option for situations where risk cannot be
avoided or mitigated, When the potential risk loss is less
than the cost of insurance to prevent risk, or when the
potential benefit is at the risk of accepting the risk.

6. Risk control

6:1 if you have chosen a risk-taking solution, there are
ways to reduce the impact. Past experiences are

effective ways to reduce risk. Experienced managers do
risky things in smaller and more manageable
dimensions. You can use the results of previous tests to
identify the location of the risk and take preventive action
before performing large-scale work.

Research Methods: We are trying to clarify the facts and
find ways to bring us closer to the goal. The research
method of this article is divided into two sections.

1. Questionnaire
2. Interview

The two sections are divided into 5 departments
and projects with 60 expert participants. Participants in
the two sections of the questionnaire and interview
presented their opinions separately. The data were
analyzed using SPSS software. Choosing this app to get
right and accurate statistics and numbers is intended to
make the results work and useful.

1. Questionnaire: The questions
questionnaires are as follows.

1. Which of the following is the main cause of the crisis
(risk) in the design phase of construction projects?

raised in the

Table 1

Value

pd
o

Very Very

Medium | Much
low much

Low

Number

1 2 3 4 5

Lack of unit management in the project

lack of coordination of the project team

Lack of cooperation from related departments or presidency

Lack of work ethics (managerial)

Internal competition (Negative competition)

in the project)

Lack of transformation management (inability to lead new ways

Appointing non-technical people in charge

The planning team imbalance in knowledge

© [N O |O|dlwNdf—

and weaknesses

Management weaknesses in not recognizing project strengths

Appointment of people with low knowledge level

Change and renewal of plan

Lack of planning and communication in the project

Lack of office facilities to carry out project work

Sophisticated design and detail (Details) inadequate about it

Delay in drawing and issuing drawings

Lack of risk management in projects

Conflict in project priorities

Poorly organized office project

Involvement in many projects at the same time

O Y [ G Y Y B PITY Y P P
QOO (N[OOI —|O

Vandalism, disruption and unforeseen side effects

N
=

design

Lack of attention to cultural issues and social norms in building

N
N

and planning

Inadequate design and plan information for accurate estimation
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o3 The lack of a specific timeline for the regular development of
design
24 Poor control of the design flow and its development

2. Which of the following is the most critical factor in the risk-taking phase of project design?

Table 2
No. Value Yo | Low | Medium | Much
Number 1 2 3 4 5
1 Waste of time
2 Monetary inflation
3 | Therising prices of materials (market risk)
4 | Exchange rate fluctuations
5 Delays in project
6 | Canceled project
7 Poor management's perception of the country and lack of
confidence from donors in the future
8 Failure by donors to read interior design processes
9 | The emergence of the deteriorating security situation
10 | Political changes

2. Interview: The questions in the interview section are

as follows:

1. What

projects to be compromised?

2. What

minimize the crisis during the design phase of
construction projects?
3. How to manage the crisis in the design phase of

suggestions do you propose to prevent or

The main research issues are as follows:

What causes the design process in construction
causes the design process in construction  projects to be compromised? These two divisions are

made up of a total of 60 special partners.

This analysis was performed using Statistical

Package for Social Science (SPSS) software. Variable
statistics using SPSS software are distributed in the
following table and chart.

construction projects? 1. Lack of Unit Management in Projects
2. The lack of coordination of the project team

Table 3 Table 4
Lack of unit management in the project Lack of The lack of coordination of the project team _
unit management in the project Frequ Valid | Cumulative
Percent
: : ency Percent Percent
Frequl pecent | Valid Cumulative Very low| 1 43 43 43
ency Percent | Percent Low 4 17 .4 17 4 217
Low | 1 13 13 23 Medum| 3 | 13.0 13.0 34.8
Medium| 3 | 130 | 130 17.4 LA “\/'/z‘:; 7| 304 | 304 602
valid Much | 8 | 348 | 348 502 S| 8 | 348 34.8 100.0
Ve | 41 | 478 | 478 | 1000 Tolal | 23 | 1000 | 1000
much
Total 23 100.0 100.0
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Table 5 Table 6
Lack of Work Ethics (Managerial) Internal Competition (Competition Negative)
Frequ Valid [Cumulative Frequ P Valid | Cumulative
ercent
ency Percent Percent | Percent ency Percent | Percent
Very low | 2 8.7 8.7 8.7 Very low| 2 8.7 8.7 8.7
Low 7 304 304 391 Low 5 21.7 21.7 30.4
o Faedm | 8 | 348 et 39 vai] Mich | > | 804 | soe | 339
Valid | Much | 4 17.4 17.4 91.3 Very : ' '
r:1/<3rcyh 5 87 8.7 100.0 much | 6 26.1 26.1 100.0
Total o3 1000 100.0 Total 23 100.0 100.0

It is also considered for each factor of the table, which totals 24 tables, then check the validity of the
questionnaire was using Cronbach's alpha coefficient.

K
K-1

k 2
o? )

a =

(1

In this formula (k) the number of questions, and (a2) is the variance of each question. The Cronbach's alpha
coefficient is used to measure the one-dimensionality of attitudes, judgments, and other items that are not easy to

\O
N
I
;
2
measure.
g . ! Pr ing Summ
: Internal Reliability Cronbach§ alpha Case Processing Su arz
8 coefficient N %
i Excellent a>0.9 Cases Valid 23 | 100.0
Y Good 0.9>a=>0.8 Excluded® 0 .0
2 acceptable 0.8>a=0.7 Total 23 | 100.0
5 Questioned 0.7>a0=>0.6 a. List wise deletion based on all
§ Poor 06>a=>05 ariables in the procedure.
—~ unacceptable 0.5> a
8]
.éf’ Scale Mean if |Scale Variance iff Corrected ltem- ﬁr(;]r;bi?ﬁzrsn
st Item Deleted | Iltem Deleted |(Total Correlation P
£ Deleted
V4] 2 B
& Lack of unit management in 81.00 503 545 042 904
= the project
§ Thq lack of coordination of the 8152 201 625 695 893
g project team
é Lack of cooperation from
- related departments or 82.09 198.901 745 .890
7: projects
£ PR G TTRIR e 82.39 204.613 622 893
2 (managerial)
= iz GorrpEiion 81.83 108.877 652 892
© (competition Negative)
~ Lack of transformation
management (inability to lead 81.09 204174 .654 893
new ways in the project)
Appomt]ng non-technical 81.04 212 771 499 898
people in charge
| IThe scheme imbalance in 8196 510.316 432 898
knowledge
Management weaknesses in
not recognizing project 81.26 201.929 692 892
strengths and weaknesses
Appointment of people with 8165 206.874 537 895
low knowledge level
Change and renewal of plan 82.04 199.862 589 .894
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Lack of planning and

and its development

S . 81.39 210.794 515 .896
communication in the project
Lack Of. office facilities to carry 8213 211,846 385 899
out project work
Sophisticated design and
detail (Details) inadequate 81.78 207.178 573 .895
about it
Delay in drawing and issuing 8157 216.075 276 901
drawings
Laclk of risk management in 8183 014,787 241 903
projects
Conflict in project priorities 81.83 203.332 678 892
Poorly organized office project 81.61 204.704 495 .896
Involvement in many projects 82 50 210.715 316 901
at the same time
\Vandalism, dysruphon and 8174 208,747 545 895
unforeseen side effects
Lack of attention to cultural
issues and social norms in 82.13 206.573 478 .897
building design
Inadequate design and plan
information for accurate 81.70 200.676 .661 892
lestimation and planning
IThe lack of a specific timeline
for the regular development of 81.35 213.964 339 899
design
Poor control of the design flow 8157 216.530 367 899

[I. CONCLUSION

Considering the statistics of the risk among the

24 risk identified by the researcher in the design phase

of

construction  projects and  distributed to

questionnaires specialists in related fields, there are 6
types of high risk that are listed below:

Lack of unit management in the project

Lack of transformation management (inability to
lead new talents in the project)

Appointing non-technical people at the helm
Management weaknesses in not recognizing project
strengths and weaknesses

Office of thick organization

Organizing team’s lack of coordination

Important Factors from the Interview:

Lack of unified management and planning

Lack of assessment of possible risks

Lack of detailed study of lands and topography of
the area

Failure to examine religious, cultural and climatic
conditions of the country

Lack of economic planning in projects
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Finite Element Model for Prediction of Highway
Pavement Deformation

Arinze, Emmanuel Emeka *, Agunwamba, Jonah Chukwuemeka ° & Ezeokpube, Gregory Chukwuemeka °

Abstract- The determination of stresses developed in a
pavement constitutes a basic prerequisite and is achieved
mainly by implementation of various methods which is
dependent on the number of distinct pavement layers. The
need to predict the deformation of highway pavement with a
precision that will aid optimal design cannot be oversized.
Boussinesq's work was foundational for the development of all
subsequent elasticity theories, but Boussinesq assumed one
layer of uniform subgrade material. In this research, a
mechanistic elastic model for obtaining deformation in road
pavement was derived using Finite Element Method (FEM).
This model was found to be an improvement on the
Boussinesg model owing to the closeness of its result to that
obtained from Plaxis software. In addition to this, it has the
capability of handling deformation in both flexible and rigid
pavement utilizing the dimensional similarities between unit
weight and modulus of subgrade reaction of soil. A MATLAB
program was also written for easy computation using the new
model.

Keywords: pavement deformation; finite element model;
boussinesq’s model; MATLAB program.

[. INTRODUCTION

a) Causes of Pavement Deformation
Pavement

eformation of highway pavement can be

D occasioned by weak soils [1-2], frost action [3-4],

expansive soils [5], Unbound aggregate material

[6], seasonal drying and wetting [7]. Deformation can

also result from thermal stresses [8], differential

subgrade settlement [10], and aggregate morphology
[11-12].

b) Methods of Analysis of Highway Pavement

Boussinesg’'s work was foundational for the
development of all subsequent elasticity theories.
Boussinesq'’s theory assumed one layer of uniform and
homogenous subgrade material. According to [13], the
stresses applied to an elastic homogenous and
isotropic material extended to infinity at both directions,
(horizontal and vertical) and the stress developed at any
depth, z, below the surface of the pavement under the
influence of a point load in Figure 1 can be calculated
thus:

in  Highway

Author o p: Department of Civil Engineering, Michael Okpara University
of Agriculture, Umudike, Abia State, Nigeria.

e-mail: emmanuel.arinze@mouau.edu.ng

Author o: Department of Civil Engineering, University of Nigeria, Nsukka,
Enugu State, Nigeria.

Vertical stress,

3 z3
o, = 7w M
After the pioneering work of Boussinesq,
different methods of analysis have been used in
obtaining stresses and the accompanying deformation
in highway pavement. Behera (2013) [14] used linear
elastic theory in analyzing the deformation behaviour of
fly ash composite material in the subbase of surface
coal mine haul road. Uzan (2004) [15] applied the
mechanistic framework in determining the permanent
deformation of flexible pavement. Du and Dai (2006)
[16] utilized the dynamic stability evaluation index in
analyzing permanent deformation. It was discovered
that the method is not fit for evaluating permanent
deformation of asphalt mixture. Tchemou et al. 2011
[17] and Qiao et al. 2015 [18] applied rutting
mechanisms  in  predicting flexible  pavement
degradation, [19] used model simulation in determining
permanent deformation in high-modulus asphalt having
sloped and horizontally curved alignment. Du and Shen
(2005) [20] applied grey modelling method, [21] used
field cores, and [22] used ground-penetrating-ladar in
predicting the development of irrecoverable deformation
in road pavement. Sawant (2009) [23] used dynamic
analysis whereas [24] used the back-calculation of the
transition  probability approach. Each group of
researchers demonstrated the merit of their method.
Many researchers have applied finite element
method (FEM) in the analysis of deformation in highway
pavement [25-28]. He et al. (2008) [29] used 3D visco-
elastic finite element analysis (FEA) in determining
asphalt pavement rutting deformation. Kim et. al. (2014)
[30] used FEM in modelling the effect of environmental
factors on rigid pavement deformation. In analyzing the
influence of asphalt deformation under heterogeneous
settlement of roadbed whereas [31] used elastic-plastic
dynamic FEM to compute the differential settlement of
the half-filled and half dug embankment under axle load.
The latter succeeded in deriving a model for computing
critical differential settlement. Each of the models is
unique depending on the assumptions made by each
group of researchers. Sadek and Shahrour (2007) [32]
compared Boussinesq’'s model with the occasional
plastic nature of subgrade and pavement materials. The
researchers model was shown to be an improvement on
Boussinesqg’s model.
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II. PURPOSE

This work involves the finite element method for
predicting pavement deformation. Each model cited is
derived either for rigid pavement and flexible pavement.
However, this model is also unique owing to
assumptions and approach was derived to handle both
rigid and flexible pavement. Secondly, according to [33],
many models used in the structural design of
pavements are complex and/or difficult to use in the
field, making its application in pavement analysis rather
difficult. This model is devoid of such complexities.

[II. METHODOLOGY

a) Derivation of the New Model

i. Model Assumption
In the derivation of the new model for
deformation behaviour, the following assumptions were
made;

Q

Loading is symmetrical
Soil is elastic, homogenous and isotropic
The principle of superposition is valid
Constitutive law is valid
The idealized system of pavement structure is
treated as a beam on elastic subgrade
The UDL from asphaltic concrete is converted to
point load to produce the worst deformation needed
for optimal design.
7. The problem is two-dimensional.

ii. Model Derivation

A road of base course thickness t,, asphaltic

concrete (AC) thickness as t,, and width | is subjected
to a standard axle load P, as shown in Figure 10.

ok w =

o

2o\

TTHTTTTHHTT

—f—

Subgrade

4

%

Figure 1: Simple model diagram

To convert the asphaltic concrete (AC) to a point load.
Area of AC = t, .1 @

Let the modulus of subgrade reaction due to AC =k
~ Weight per unit length (UDL)

=1.t,.k @)

p
Converting the UDL to point load

P =(It k)L =1%K (4)

P ac
.. Total point load on the pavement
2
P=Pa+l 1K %)
The model diagram in Figure 1 is simplified in Figure 2.
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A

ZY

*l :

Figure 2: Model pavement with point load and moment

To determine the total stricture stiffness matrix for a spring assemblage by using the force/displacement

matrix relation of FEM, the model is discretized into nodes and element as shown in Figure 3.

Pa + I*t,k

(1) (2)

N TTKTTTTHTOTTTTTTKTTTT /AN

Figure 3: Pavement discretized into 2 elements and 3 nodes

Pa + I*t,k
2

/

>

m | |
| |

Figure 4: Symmetry of the discretized model pavement

Substituting into the Timoshenko beam element stiffness matrix, a global Equation (13) is obtained.

12 6L -12 6L d,y ( By )

B [ 6L 4+l —6L (2-0)L%) @, 4 0 }
= =19 Pa+l%tp k
B+00) | —12 —6L 12 —6L d,y s
oo -0z -6l @+o02llg,=0) | 2 )

AR AR AR
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Applying the boundary condition
diy=0=09,
therefore using the 2™ and 3 row of equation 13
whose rows are associated with the two unknowns, @,
and d,y and simplifying, we obtain;
(Pa + L*tp,R) (4 + @)L @
24E]
For long slender beams with L about 10 times

or more, the beam depth, shear correction term @, is
small and can be neglected [34].

For standard highway, L=7.4 m, d = 0.6 m [35]

dyy =

=0,=0

If I= the whole length of the beam, then | = 2L
and we can substitute L = [/2 in equation 5.38 to
obtain the deformation in terms of the whole length of
the beam as;

. (P, +1% i )P .
=> =l
2 48E] )

IV. CONCLUSION AND RECOMMENDATION

Many roads fail even before their design lives,
probably because of using conservative models in their
design to save cost. The cost implication of early
maintenance and/or rehabilitation implies that using
conservative models is not economical in the real sense.
This new model, being close with the result from plaxis
software shows that it is an improvement on
Boussinesqg’'s model which is found to be conservative.
Secondly, the dimensional uniformity between unit
weight and modulus of subgrade reaction was utilized
by the researchers in making it a flexible model that can
handle deformation in both rigid and flexible road
pavement unlike many existing models.
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List of Abbreviations

o, = Vertical Stress

Q = Vertical Load

Z = Vertical Load

R = Influence Radius

t, = Base Course Thickness

t, = Asphaltic Concrete/ Rigid Concrete Thickness

| = Width of Pavement

kK = Modulus of Subgrade Reaction

P, = Axle Load

d,y = Deformation

@ = Shear Correction Factor

E = Young’s Modulus of the Pavement

| = Moment of Inertia of the Pavement

d = Depth of the Pavement

e = Expected Values

o = Observed Values

V = Degree of Freedom

» = Chi-square Value

Highlights

e The need to predict the deformation of highway
pavement with a precision that will aid optimal
design cannot be overemphasized.

e A mechanistic elastic model for obtaining
deformation in road pavement was derived using
Finite Element Method (FEM).

e The new model improved on Boussinesqg’s owing to
the closeness of its result to that obtained from
Plaxis software.

e The new model also has the capability of handling
deformations in both flexible and rigid pavement.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w
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Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.

. © Copyright by Global Journals | Guidelines Handbook

XV


https://globaljournals.org/journals/engineering/tips-for-writing-a-good-quality-engineering-research-paper�
https://globaljournals.org/Important-Guideline-for-Images-in-a-Research-Paper.pdf�

6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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D

Diurnal - 7
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P

Permeability - 4, 6, 13
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E

Efflorescence - 6, 7
Exacerbate - 7
Exacerbating - 11

Q

Quantifiable - 7

G

Gravimetric - 7

S

Sandcrete - 1, 3,6, 7, 8,9, 13, 14, 15
Stratified - 7

Substrate - 3

Synergistic - 6

H
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Hydrometeorological - 7
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