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Abstract

Introduction. Effective management of surface runoff from urbanized areas is a key task in modern
construction, directly impacting the safety, functionality, and longevity of structures. Traditional solutions and
calculations that permit the flooding of a catchment area up to the height of a curbstone are unacceptable for
use on bridges. Incorrect calculation of drainage parameters can lead to aquaplaning, saturation of structural
elements, and their subsequent destruction, which necessitates the improvement of existing methodologies.
The primary method used in Ukraine for calculating stormwater runoff from a catchment basin is the limiting
intensities method, described in [4]. Globally, Manning’s formula [1-3, 11] is widely used and applied.

A separate, yet critically important, and often-ignored aspect is the relationship between theoretically
justified minimum slopes and the accuracy of their practical implementation. When designing and constructing
bridge structures, the determination and provision of minimum longitudinal slopes required for effective
drainage depend directly on the accuracy of measuring equipment (levels, total stations) and the qualifications
of the workers. Small slopes can turn out to be less than the permissible measurement error, making
their practical realization impossible and leading to the formation of stagnant zones. Thus, the analysis of
the influence of slopes must be integrated with an assessment of the practical feasibility of the
specified parameters.

Additionally, the probability of errors in theoretical calculations must be considered, and a significant
challenge is the correct practical implementation of design solutions. In this context, the construction
camber, which is a pre-calculated imitation of reverse curvature, is a mandatory design element for span
structures to compensate for their deflection under permanent and temporary loads. Inaccuracies in the
determination or implementation of these elevations directly affect the actual longitudinal and transverse
slopes on the road surface. Even minor deviations in the construction camber elevations can nullify the design
slopes needed for effective drainage, leading to the formation of local areas of water stagnation and impaired
drainage functionality.

This study simulates the formation of surface runoff using Manning’s formula [1-3, 11] and the limiting
intensities method [4]. During the simulation of surface runoff movement, the main task was to determine the
maximum depth of the surface runoff layer, followed by identifying the key factors influencing its magnitude.
The simulation of surface runoff formation was performed considering variable longitudinal and
transverse pavement slopes, the geometric parameters of the catchment area, the distance between water intake
elements, and their width.

Problem Statement. One of the prerequisites for the effective functioning of a bridge’s drainage system
and the protection of its structures is the rate at which surface runoff is received by water intake elements. The
primary indicator that determines the speed of runoff movement is the surface slope. Errors and inaccuracies
can lead to a decrease in slope and a reduction in the effectiveness of the drainage system.

Objective. To simulate the process of surface runoff formation using the Manning and limiting
intensities methods. To determine the volume of runoff that forms from a local catchment area in front of a
drainage element. To determine the minimum permissible longitudinal slopes for bridges, taking into account
the need to ensure the functionality of the drainage system.
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Materials and Methods. This study employs a comprehensive approach based on the analysis of
scientific and technical developments in the field of surface drainage and stormwater sewerage design, as well
as practical experience in their installation. The methodological basis of the work is an analysis of current
building codes and a comparison with relevant foreign regulatory documents and technical literature. To ensure
the comprehensiveness of the study, domestic and international experience gained during the design,
installation, and operation of drainage systems has been taken into account. Mathematical modeling methods
were used to determine the optimal key factors that govern the magnitude of surface runoff formation and the
minimum permissible longitudinal slopes of the bridge deck that ensure the effective functioning of the
drainage system.

Results. The key factors influencing the formation of surface runoff have been identified. The magnitude
of the longitudinal slope that ensures the effectiveness of the drainage system has been substantiated.

Conclusions. The research demonstrates that to ensure effective drainage and prevent the destruction of
bridge structures, it is necessary to consider not only theoretical calculations but also the practical
implementation of design solutions. Achieving a minimum permissible longitudinal slope of no less than 0.2 %
is a key condition for ensuring the reliable functioning of the drainage system.

Keywords: bridge, surface runoff, longitudinal and transverse slope, runoff volume, water
intake element.

Introduction

The design of road transport infrastructure, particularly bridges, aims to solve technical, economic,
and environmental challenges. Design solutions for ensuring the reliable operation of structures are based not
only on quality and strength but also on protection from the effects of the natural environment [5-7]. The
existing requirements for bridge drainage design negatively impact the provision of inter-repair periods [8].
The requirement to place the drainage axis at a distance of 200-500 mm from the curbstone is a regulatory
deficiency that creates significant technological difficulties. This distance is too small for effective compaction
of the asphalt concrete pavement, which is critically important for its durability. The use of the necessary
compaction equipment is impossible, and the use of manual tools does not guarantee the required compaction
coefficient. As a result, this area remains uncompacted, making it vulnerable to deformation under load, water
penetration into the roadbed, and rapid deterioration. The conditions for installing a drainage axis set back
from the curbstone are also complicated by a reverse slope, which leads to an increased concentration of
moisture directly along the axis of the vehicle’s wheel track.

The spacing between drainage inlets is not an arbitrary value but an important design parameter
determined during the design phase. It depends on a number of factors, including:

e Rainfall intensity: Higher intensity requires closer spacing.

e  Hydraulic characteristics: The design of the drainage system must account for water flow rates.

e Bridge geometric parameters: The length and width of the carriageway, as well as the magnitude
of the longitudinal and transverse slopes, influence the speed and volume of runoff, which in turn determines
the required spacing.

e  Permissible runoff depth: The design must ensure that the depth of the water layer does not exceed
permissible limits, which prevent aquaplaning and ensure traffic safety.

Analysis of Recent Research and Publications. The study of bridge drainage issues dates back to
1982. Marsalek was one of the first to present hydraulic performance curves and new design procedures,
emphasizing the need to account for susceptibility to clogging. In 2005, Mohamed M. Mekkawy, D. White,
M. Suleiman, and S. Sreekanthan proposed constructing a drainage layer from porous backfill. Amin
Akhnoukh and Rudolf Seracino argued for the installation of a closed drainage network on bridges. In general,
research into drainage issues has been ongoing for less than 50 years [1-3, 5-7, 9-11].

Objective. The aim of this work is to analyze the feasibility of designing surface drainage systems as
part of a complex of treatment facilities on public roads. It seeks to determine the impact on cost minimization
when calculating the road right-of-way and to analyze existing methods for treating surface runoff.
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Materials and Methods

The paper presents modelling of surface runoff formation, which is an example of hydraulic analysis
of surface runoff on sloped surfaces. It is based on the empirical and theoretical principles of hydraulics, in
particular the Manning formula, which describes turbulent flow in thin layers of water. Such models are used
in engineering practice to assess the risk of aquaplaning, excessive wetting of pavements and design drainage
systems, ensuring that the maximum runoff depth does not exceed critical values (2-5 mm for traffic safety).
The modelling takes into account the surface geometry and climatic parameters (using Kyiv as an example).

The modelling is carried out iteratively, with a set of combinations of parameters, in order to calculate
the maximum runoff depth (y_max) at the end point of the catchment, per catchment end point. The process is
based on a kinematic wave for surface runoff, where the Manning formula is applied to estimate depth as a
function of discharge, roughness and slope. Calculation algorithm [12]:

K, (n1)\06
Tei = 54 (ﬁ) ; (1)
where T;; — duration of surface runoff concentration,
n = roughness coefficient (see Table 3-2) [12],
L = lengthofthedrain, m,
I = rainfallintensity, %,
S = surfaceslope, g,
Ku = empiricalcoef ficientequalto 6.9.
V = K:kS)>, (2)
where V' — average velocity (m/s),
Ke =1.0,
= velocity, m/s (ft/s),
k = cross-sectional coefficient (Table 3-3),
Sp = slope, %.
V = (K./n)R?/35Y/2 3)
where n = roughness coefficient (see Table 3-2) [12],

R = hydraulic radius (defined as the flow area divided by the wetted perimeter), m.
Collection and determination of input parameters

Longitudinal slope (S Jong, in %) is the slope in the direction of the main water flow, along the length
of the runoff (L). Values range from 0.0 % to 4.0 %, reflecting flat (horizontal) to steep surfaces.

Transverse slope (S_cross, in %) is the slope perpendicular to the longitudinal slope, typical for
roadways on straight and curved sections (2.5 — 5.0 %). It affects the direction of flow, but in this model, as
can be seen from the data, it does not directly change y max, indicating a simplification.

Catchment width (B, in m) is the size of the plane from which runoff accumulates (4.5 — 17.5 m),
equivalent to the width of a road or lane. It determines the area of the basin.

Runoff length (L, in m) — the distance in the direction of flow (4.0 — 12.0 m), which represents the path
of runoff accumulation to the collection point (e.g., storm drain). This is a key parameter, as the flow rate is
proportional to L.

Additional constants: Manning’s roughness coefficient (n, typically 0.011 —0.016 for asphalt),
fall intensity (i, mm/hour, often 40 — 100 mm/hour for design rain), runoff coefficient (i = 0.9 for impervious
surfaces). These values are not specified in the table, but are derived by reverse engineering
(e.g., i =40 mm/hour to match y = 1.3 mm at S long = 0.1 %).
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Rainwater runoff on a flat asphalt concrete road surface is modelled as surface runoff. This is a thin
layer of water flowing under the action of gravity on an inclined surface. Manning’s formula is used for
calculations, since the surface is conditionally impermeable and runoff occurs quickly without significant
seepage (Fig. 1), Table 1.
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Figure 1 — Model of surface runoff from the bridge pavement at q20 = 104 1/(sec - ha) and P =5 years

Table 1
Results of modelling the formation of runoff
Longitu(tl'inal slope Transverse slope c:tvcll(llrtrzlez: tal:'eea Length Max. drain depth

(%) (%) (i) (m) (mm)

0 2.5 4.5 6 3.30
0.1 2.5 4.5 6 1.65
0.2 2.5 4.5 6 1.34
0.3 2.5 4.5 6 1.19
0.4 2.5 4.5 6 1.09
0.5 2.5 4.5 6 1.02
0.6 2.5 4.5 6 0.97
0.7 2.5 4.5 6 0.92
0.8 2.5 4.5 6 0.89
0.9 2.5 4.5 6 0.85

1.0 2.5 4.5 6 0.83

1.1 2.5 4.5 6 0.80

1.2 2.5 4.5 6 0.78

1.3 2.5 4.5 6 0.77

1.4 2.5 4.5 6 0.75

1.5 2.5 4.5 6 0.73

1.6 2.5 4.5 6 0.72

1.7 2.5 4.5 6 0.71
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End of Table 1
Longitutzinal slope Transverse slope cX:ll(liItI:legi :ll:'ia Length Max. drain depth (mm)

(%) (%) i) (m)

1.8 2.5 4.5 6 0.69
1.9 2.5 4.5 6 0.68
2.0 2.5 4.5 6 0.67
2.1 2.5 4.5 6 0.66
2.2 2.5 4.5 6 0.65
2.3 2.5 4.5 6 0.64
2.4 2.5 4.5 6 0.64
2.5 2.5 4.5 6 0.63
2.6 2.5 4.5 6 0.62
2.7 2.5 4.5 6 0.61
2.8 2.5 4.5 6 0.61
2.9 2.5 4.5 6 0.60
3.0 2.5 4.5 6 0.60
3.1 2.5 4.5 6 0.59
32 2.5 4.5 6 0.58
3.3 2.5 4.5 6 0.58
3.4 2.5 4.5 6 0.57
3.5 2.5 4.5 6 0.57
3.6 2.5 4.5 6 0.56
3.7 2.5 4.5 6 0.56
3.8 2.5 4.5 6 0.55
3.9 2.5 4.5 6 0.55
4.0 2.5 4.5 6 0.55

According to [4], the modelling of the second option was performed taking into account
formulas (4, 5):

ZmidAY2F
Qr = trrnll.zn—m n-m, 4)
where z,,;4 — is the average value of the coefficient characterising the surface area of the catchment basin;
F — 1is the total area of the catchment basin, ha;
t, — is the calculated duration of rainfall, equal to the time concentration of surface runoff for a

given cross-section, min/
A and n are parameters that depend on the climatic characteristics of the regionfor a period of single
exceedance P:

lgP
A= gz 20" (14775 5)
where q,, — is the rainfall intensity, 1/(s-ha), for a specific area with a duration of 20 minutes at P =1

year.
The simulation results are shown in Figure 2 and presented in Table 2 with a sample size of 0.5 %.
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MopiBHAHHA MeTOAIB po3paxyHKy CTOKy (P=5 pokiB)
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b)
a) under the conditions of longitudinal slope — 0.5 %, transverse slope — 2.5 %, length of runoff
movement — 15 m, catchment width — 12 m;
b) under the conditions of longitudinal slope — 4 %, transverse slope — 5 %, length of runoff
movement — 15 m, catchment width — 12 m.
Figure 2 — Comparison of modelling results using the Manning formula and the limiting
intensities method
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Partial results of modelling using two methods are presented in Table 2.

Table 2
Results of modelling runoff formation using Manning’s formula and the limiting intensities method
psindival | T | i | L | el e dt

0 2.5 4.5 6 3.40 5.19
0.5 2.5 4.5 6 1.05 1.61
1.0 2.5 4.5 6 0.86 1.30
1.5 2.5 4.5 6 0.76 1.15
2.0 2.5 4.5 6 0.69 1.06
2.5 2.5 4.5 6 0.65 0.99
3.0 2.5 4.5 6 0.62 0.94
3.5 2.5 4.5 6 0.59 0.90
4.0 2.5 4.5 6 0.56 0.86
0 3.0 4.5 6 3.40 5.19
0.5 3.0 4.5 6 1.05 1.61
1.0 40 4.5 6 0.86 1.30
1.5 3.0 4.5 6 0.76 1.15
2.0 40 4.5 6 0.69 1.06
2.5 3.0 4.5 6 0.65 0.99
3.0 3.0 4.5 6 0.62 0.94
3.5 3.0 4.5 6 0.59 0.90
4.0 3.0 4.5 6 0.56 0.86
0 3.5 4.5 6 3.40 5.19
0.5 3.5 4.5 6 1.05 1.61
1.0 3.5 4.5 6 0.86 1.30
1.5 3.5 4.5 6 0.76 1.15
2.0 3.5 4.5 6 0.69 1.06
2.5 3.5 4.5 6 0.65 0.99
3.0 3.5 4.5 6 0.62 0.94
3.5 3.5 4.5 6 0.59 0.90
4.0 3.5 4.5 6 0.56 0.86
0 4.0 4.5 6 3.40 5.19
0.5 4.0 4.5 6 1.05 1.61
1.0 4.0 4.5 6 0.86 1.30
1.5 4.0 4.5 6 0.76 1.15
2.0 4.0 4.5 6 0.69 1.06
2.5 4.0 4.5 6 0.65 0.99
3.0 4.0 4.5 6 0.62 0.94
3.5 4.0 4.5 6 0.59 0.90
4.0 4.0 4.5 6 0.56 0.86
0 4.5 4.5 6 3.40 5.19
0.5 4.5 4.5 6 1.05 1.61
1.0 4.5 4.5 6 0.86 1.30
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End of Table 2
ope vy | stopeve | Wi | Lengthm | (EERIEL e mm)
1.5 4.5 4.5 6 0.76 1.15
2.0 4.5 4.5 6 0.69 1.06
2.5 4.5 4.5 6 0.65 0.99
3.0 4.5 4.5 6 0.62 0.94
3.5 4.5 4.5 6 0.59 0.90
4.0 4.5 4.5 6 0.56 0.86
0 5.0 4.5 6 3.40 5.19
0.5 5.0 4.5 6 1.05 1.61
1.0 5.0 4.5 6 0.86 1.30
1.5 5.0 4.5 6 0.76 1.15
2.0 5.0 4.5 6 0.69 1.06
2.5 5.0 4.5 6 0.65 0.99
3.0 5.0 4.5 6 0.62 0.94
3.5 5.0 4.5 6 0.59 0.90
4.0 5.0 4.5 6 0.56 0.86

As a result of modelling, it was determined that in order to ensure surface runoff from the bridge deck,
a minimum longitudinal slope of at least 0.2 % to the water intake element should be provided. At the same
time, the theoretical accuracy of the slope is influenced by factors such as deviations in the calculations of the
‘construction camber’ and the tolerances provided for in [15]. In the practical implementation of design slopes,
a significant part is made up of errors in geodetic measurements during stakeout work [14]. The authors see
the prospect of further research in the systematisation and consideration of these errors, which will make it
possible to refine the regulatory and technical documentation related to the design and implementation of
drainage systems.

Conclusions

The study identified several key issues related to drainage:

Inaccuracies in design and construction: Determining and ensuring minimum longitudinal slopes
depends on the accuracy of measuring equipment and the qualifications of workers. Even minor deviations in
‘construction camber’ marks can negate design slopes, leading to the formation of stagnant areas. Small slopes
may be less than the acceptable measurement error, making their implementation virtually impossible.

Shortcomings in regulatory documentation: Existing requirements for drainage from bridges have a
harmful impact on the time between repairs. In particular, the requirement to locate the drainage axis at a
distance of 200-500 mm from the kerb creates technological difficulties, as this distance is too small for
effective compaction of the asphalt concrete pavement. This leads to uncompacted areas that are prone to rapid
deterioration and water penetration.

Modelling has shown that to ensure effective surface runoff from the bridge deck, the minimum
longitudinal slope to the water intake element should be at least 0.2 %. This result does not take into account
possible deviations in construction elevation calculations and geodetic measurement errors.
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OCHOBHI YUHHHUKHU ®OPMYBAHHS IIOBEPXHEBOTI'O CTOKY
3 IIOKPUTTSA WITYYHUX CITIOPY ]

Anomauisn

Beryn. EdextuBHe yrpaBiiHHS TMOBEPXHEBUMH CTOKaMHU 3 ypOaHI30BaHHX TEPUTOPIH € KIFOUOBUM
3aBJaHHSM CydacHOro OyAiBHHITBA, IO Oe3mocepeqHbO BIUIMBAE Ha Oe3meKy, (yHKLIOHANBHICTh Ta
JTIOBTOBIYHICTh 00’€KkTiB. TpaauiiiiHi pilieHHs Ta PO3PaxyHKH, SKi JO3BOJSIOThH MiATOIUIEHHS BOA030ipHOI
IUISHKY Ha BUCOTY OOpIIOPHOTO KAaMEHIO He JIOIYCKAa€ThCd 3aCTOCOBYBATH Ha MocTax. HekopekTHuit
PO3paxyHOK MapameTpiB BOJOBIIBEICHHS MOKE MPU3BECTH JI0 aKBaIJIAHyBaHHS, 3aMOKaHHS KOHCTPYKTHBHHUX
€JIEMEHTIB Ta iX pyHHYBaHHS, 1[0 3yMOBIIOE€ HEOOXiJHICTh BAOCKOHAJICHHS 1ICHYIOUMX METOIUK. OCHOBHUM
crocoboM, KW 3aCTOCOBYETHCS B YKpaiHi UIS pO3paxyHKY BHUTPATH JOMIOBOTO CTOKY 3 BOA030ipHOTO
OaceliHy € MeTOJ] TPAaHMYHUX IHTEHCHUBHOCTEH, onvcanwii B [4]. Y CBITOBIf MpakTHI IMHUPOKO MOIIKUPEHA Ta
3aCTOCOBY€EThCs (hopmysia Manninra [1-3, 11].

OxpemuM, ajie KPUTHYIHO BAXIIMBUM AacIEKTOM, IO YacTO ITHOPYETHCH, € 3B SA30K MK TEOPETUYHO
0OTPYHTOBaHMMH MiHIMAbHUMH MMOXWIAMU Ta TOYHICTIO iX MpakTWYHOTO BTiNeHHS. [Ipm mpoexTyBaHHI Ta
OyIIBHUIITBI MOCTOBUX KOHCTPYKIIH, BH3HA4eHHA Ta 3a0€3MeYeHHS MIiHIMAJbHUX TO30BXHIX YXWIIB,
HEoOXiMHUX s e()eKTUBHOTO BOJOBIJIBEICHHS, OC3MOCEPEAHBO 3aJICKUTh BiJl TOYHOCTI BUMIPIOBAIBHOTO
obnamuaHHs (HiBemipiB, TaxeoMmeTpiB) Ta KBamipikarii BHKOHABIIB. Maji MOXWIH MOXYTh BUSBUTHCS
MEHIIIMMH 32 JIOMYCTUMY IMOXHOKY BHMIipIOBaHb, IO POOUTH X MPaKTUYIHY peati3alliio HEMOXJIMBOIO Ta
MPU3BOIUTH 10 YTBOPEHHS 3aCTiHHUX 30H. TaKMM YMHOM, aHalli3 BIUIMBY MOXWIIB Ma€ OyTH IHTETpOBaHUH 3
OLIIHKOIO MPAKTUYHOI JOCSHKHOCTI 3alaHUX ITapaMeTpiB.

JlomaTkoBO, CIiJT BpaxOBYBATH IMOBIPHICTH MOXHOOK TPU TEOPETUIHHX PO3PAXYHKAX, BAKIUBUM
BHKJIMKOM € KOPEKTHE BTUICHHS MTPOCKTHUX pillleHb Ha PakTHUIll. [Ipu mboMy Oy aiBEIbHAM TTiAHOM, 1110 SIBJISE
c00010 3a3aJeriib PO3pax0OBaHe iIMITYBaHHS 3BOPOTHOT KPUBUHH, € 000B’SI3KOBUM €JIEMEHTOM IMPOCKTYBaHHS
MPOTOHOBUX KOHCTPYKIIH /sl KOMIEHcallii iXHhOrO TPOTHHY TMiJ TOCTIHHUM 1 THMYacCOBHUM
HaBaHTKEHHAMH. HeTodHOCTI y BM3HadeHHI a0o peamizamii X BiAMITOK Oe3MOcepenHbO BIDIMBAIOTH HA
(baxTHYHI MO3/I0BXKHI Ta MOTEPEYHI YXUIIU Ha TIOBEPXHI MPOXK/IK0i yacTHHU. HaBiTh He3HAYHI BIIXMICHHS Y
BiIMITKax OyZiBEJIBHOTO MiAHOMY MOXYTh HIiBEJIIOBAaTH MPOEKTHI MOXWIM, HEOOXiAHI I €PEeKTUBHOTO
BOJOBIJIBEZICHHS, IO TMPHU3BOAWUTH JO YTBOPEHHS JIOKAIFHUX 30H 3aCTOI0 BOAM Ta IOPYIICHHS
(G yHKIIOHYBaHHS BOJIOBIIBEICHHS.

B poGori mpoBeneHo MonenmoBaHHS ~(QOPMYBaHHS IIOBEPXHEBOTO CTOKY 3a  (OPMYJIOO
Masnmninra [1-3, 11] Ta MeTogoM rpaHudHuX iHTeHCHUBHOCTEH [4]. [Ipu MojemoBaHHI pyxy HMOBEPXHEBOTO
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CTOKY OCHOBHOIO 3a7aycto OyJi0 BU3HAYEHHS MaKCHUMAaJbHOI BENIWYMHHU MIapy IMOBEPXHEBOTO CTOKY, 3
MOJANbIINM BU3HAYCHHSM OCHOBHUX (DAaKTOpPIB BIUIMBY Ha BEIMYUHY MIapy CTOKY. MoJenoBaHHs
(hopMyBaHHS [TIOBEPXHEBOI'O CTOKY BUKOHAHO 3 YPaxyBaHHSAM 3MIHHHMX IO3JO0BXHIX Ta MONEPEUYHHUX ITOXUIIB
MOKPUTTS, TEOMETPUYHUX MapaMeTpiB BOI030IPHOT AUISIHKY BiJICTaHi MK BOAONPUIMAaIbHUMH €JIeMEHTaMU
Ta IUPUHH.

[IpoGnemaTrka. OxmHier0 3 TepeayMOB e(eKTHBHOTO (YHKI[IOHYBaHHS CHCTEMH BOJOBIJABENEHHS 3
MOKPUTTSA MOCTY Ta 3aXMCTY KOHCTPYKIIH € MBUAKICTh NPUIIOMY IOBEPXHEBOTO CTOKY BOJONPUHMAIbHUMU
eJIeMEHTaMH, OCHOBHHM ITOKa3HUKOM, SIKM BU3HAYA€ MIBUAKICTh PYXY CTOKY € MOXHJI noBepxHi. [ToxuOku Ta
HETOYHOCTi, MOXYTh BIUIMBATH Ha 3MCHIUCHHS MOXWIY Ta Ha €(EKTHBHICTh (YHKUIOHYBAaHHS CHCTEMHU
BOJIOBIJIBOTY.

Mera. [IpoBecTu MozaemoBaHHs Tporecy (popMyBaHHS MTOBEPXHEBOTO CTOKY METOa0M MaHHIHTA Ta
TPaHUYHHUX IHTEHCHBHOCTEH. BHU3HAUMTH KiNBKICTH CTOKIB, fIKi (DOPMYIOTBCS 3 JIOKanbHOI BOAO30ipHOL
TIUISTHKY TIepe]T eIIEeMEHTOM BOo10300py. Bu3HaunTH MiHIMaIbHO-A0IMYCTUMI TIO3/I0BXKHI TIOXHJIIH JIJIS1 MOCTIB 3
ypaxyBaHHSAM 3a0e3nedeHHs (QYHKIIIOHYBAaHHS CHCTEMH BOJIOBIIBEICHHS.

Martepianu ta Metonu. Ilix yac AOCHIIHPKEHHS BUKOPUCTAHO KOMIUICKCHHMU MiAXiJ, 110 0a3yeThCs Ha
aHaJi31 HAyKOBO-TEXHIYHMX HAIIPAIIOBaHb Y cepi IPOEKTYBAHHS TOBEPXHEBOT'O BOJIOBIABEICHHS T AOIIOBO]
KaHami3arii, a TakoX MPaKTHYHUI JOCBiJ IX yNamITyBaHHA. MeETOIOJIIOTIYHOI OCHOBOIO POOOTH € aHami3
YUHHUX OyIIBETFHUX HOPM Ta TIOPIBHSHHSA iX 13 BiATIOBITHUMH 3aKOPJOHHUMHA HOPMAaTHBHUMH JOKYMCHTAMH
Ta TEXHIYHOIO JiTepaTyporo. [l 3a0e3neueHHs KOMIUIEKCHOCTI JIOCIIPKCHHS ypaxOBaHO BITUM3HSHUH 1
CBITOBHMH JOCBiA, 3400yTHI TiJ Yac BUKOHAHHsS POOIT i3 MPOEKTYBaHHS, YJAIITYBaHHS Ta eKCIDIyaTarlii
BOJIOBIIBITHUX CHUCTEM. 3aCTOCOBAaHO METOJU MAaTEeMaTHYHOI'0 MOJEIIOBaHHS AJIsl BU3HAYCHHS ONTHUMAJIbHUX
KIIIOYOBUX YMHHHKIB, $IKi BH3HAYalOTh BEJIMYMHY (DOpPMYyBaHHS IOBEPXHEBOTO CTOKY Ta MiHIMAalIbHO-
JIOMyCTUMI TO3A0BXKHI MOXUIIM TOKPHUTTS MOCTY, sIKi 3a0e3meuyroTh eeKTHBHE (yHKIIOHYBaHHS CHCTEMH
BOJIOBiABEIECHHS.

Pesynpratu. BusHaueHO OCHOBHI YMHHUKH, SIKI BIUIMBAIOTh Ha (POPMYBaHHS IOBEPXHEBOTO CTOKY.
OOTpYHTOBAaHO BENMYMHY IIO3/I0BXXKHBOTO TIOXWITY, sika 3abesneuye eQeKTUBHICTb POOOTH CHCTEMHU
BOJIOBIJIBEICHHS.

BucHoBku. JlocmimkeHHS TmMOKazye, mo i 3a0e3nedeHHs €(QEeKTHMBHOTO BOJOBIABENEHHS Ta
3armobiraHHs pyHHYBaHHIO MOCTOBHX KOHCTPYKIII HEOOXiZHO BpaxOBYBaTH HE JHIIE TEOPETHUHI
PO3paxyHKH, ajie¢ i MpaKTHUYHY peai3allilfo MPOSKTHUX pillieHb. J|OCATHEHHS MIHIMAJBHO IOIYCTHMOIO
MO3I0BKHBOT'O TIOXUITY, 110 CTAaHOBUTH He MeHIe 0,2 %, € KIIF0YOBOIO YMOBOIO 7SI 3a0€3MeUeHHs HaAiiHOTO
(yHKI[IOHyBaHHS CUCTEMH BOJOBIIBEICHHSI.

Kniouosi cnoea: mict, IOBEpXHEBI CTOKH, TO3JOBXKHIA Ta TOMEPEYHHHA IMOXWJI, BEIMYHWHA CTOKY,
BOJIOTIPUMAIbHUM €IEMEHT.
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