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Abstract

Introduction: Wind-induced snow drift is the main reason behind the non-uniform snow load on a snow-covered area. As
known, snow load poses a serious hazard to the roofing of buildings and structures. According to the applicable regulatory
documents, snow loads for non-standard roofs must be determined based on the results of model tests in wind tunnels.
Purpose of the study: We aimed to study snow load on a unique transport infrastructure facility — the world’s first cross-
border cable car connecting Blagoveshchensk in Russia to Heihe in China. Methods: We performed model tests to study
snow accumulation and drifting with the use of a unique research setup — the Large Gradient Wind Tunnel, courtesy of
the National Research Moscow State University of Civil Engineering. Results: Based on climate analysis and tests under
different wind attack angles, we obtained distribution patterns for snow deposits on the roofing of the unique transport
infrastructure facility under consideration and derived the values of the coefficient u (the coefficient of transition from the
weight of the snow cover on the ground to the snow load on roofing).
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Introduction

The world’s first cross-border cable car
connecting Blagoveshchensk in Russia to Heihe in
China was designed to run across the Amur River,
which marks the border between eastern Russia and
China (Fig. 1).

Snow load poses a serious hazard to the roofing
of residential, public, and industrial buildings (Churin

and Gribach, 2016). As winter sets in, various regions
of the Russian Federation report accidents involving
roofing collapse due to snow load.

Thus, in northern regions with a long cold season,
prone to heavy snowfall, structural engineers need
accurate estimates for snow load redistribution on
the roofs of unique buildings and structures under
the action of wind.

Fig 1. Design of the unique cable car connecting Blagoveshchensk in Russia to Heihe in China
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The patterns of snow deposition given in
Appendix B to the Regulations SP 20.13330.2016 (and
other standards, e.g., Eurocodes) (American Society
of Civil Engineers, 2005) cover only a limited number
of the most common types of profiled sheeting for
roofing. The cable car terminal under consideration
falls into the category of unique construction
facilities, and according to cl. 10.4 of the Regulations
SP 20.13330.2016 “Loads and Actions”, the patterns
of snow load distribution on roofing and the values
of the coefficient y must be set forth in the special
recommendations based on the results of model tests

in wind tunnels or data published in technical literature.

In this paper, we adopt patterns of snow load
distribution based on the results of model tests in a
wind tunnel.

Methods

To perform model tests, a model of the facility
under consideration was designed and manufactured
(Fig. 2). Considering the dimensions of the test
section, we chose the maximum possible scale of
the model with account for blockage conditions. The
model was mounted on an automatic turntable in the
test section of the wind tunnel.

Fig. 2. Model of the facility under consideration

—

Fig. 3. Characteristic areas of snow deposits, wind angles: 0° (N) and 45° (NW)
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Wind-induced snow drift is the main reason
behind the non-uniform snow load on a snow-
covered area (O’Rourke et al., 2004, 2005; Thiis and
O’Rourke, 2012). Snow drifting results in areas with
masses of snow carried away and areas of snow
accumulation (so-called snow bags). Their location
is mainly related to the roofing (profiled sheeting)
configuration and wind direction (Li et al., 2022).

During snow load formation, non-uniform snow
deposits as well as snow blowing and falling off
the roofs can be observed (even in the case of
single-span buildings) (Jiang et al., 2020). These
phenomena are taken into account in the standards
of most countries by the coefficients u (the coefficient
of transition from the weight of the snow cover on
the ground to the snow load on roofing), which
mainly depend on the inclinations of roofs and level
variations.

We performed model tests with the use of a
unique research setup — the Large Gradient Wind
Tunnel, courtesy of the National Research Moscow
State University of Civil Engineering.

The characteristic wind speeds at which snow
drifting was analyzed were in the range of 3.4—8 m/s.

To simulate snow, it is recommended to use
wood powder with a particle size of 50-250 ym
and moisture content of 3.5—4%, drifting from a
smooth painted surface at a wind speed of 3.4 m/s
(Poddaeva, 2021).

As a result of long-term exposure of the model
covered with a thin layer of wood powder to the air

flow at a speed of 6—7 m/s, a pattern of characteristic
snow deposits was generated.

The shapes of snow bags are analyzed to
decompose the roof surface into primitive elements,
and then the snow load is determined for those
elements.

When the model is blown from different directions,
snow is subject to the impact of wind in accordance
with the wind rose in the particular region. During the
tests, the turntable made a full circle in increments of
45°. Below we present photos of snow drifting under
different wind directions. Based on these photos, it is
possible to obtain data on the snow drifting type as
well as directions and volumes of snow transported
for each type of snow drifting.

Results

The photos of snow distribution patterns are given
below (Figs. 3-5).

The transition from qualitative patterns to
quantitative values of the shape coefficient u
is carried out for the most unfavorable loading
configurations. These configurations are chosen
based on both the analysis of test results and
climatic data. A detailed methodology for the
analysis of experimental studies is given in a paper
by Lebedeva et al. (2020). The results of climate
analysis performed in the construction area show
that the characteristic wind directions in winter are
as follows: from the east (model setting angle: 270°),
from the north-east (model setting angle: 315°), and
from the south-east (model setting angle: 225°).

Fig. 4. Characteristic areas of snow deposits, wind angles: 0° (N) and 270° (E)
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Fig. 5. Characteristic areas of snow deposits, wind angles 315° (NE) and 225° (SE)

Based on the results of the wind tunnel tests, we
calculated potential volumes of snow drifting with
account for the roofing shape and drew up diagrams
of snow deposits on the roofing of the facility under
consideration for those directions (Fig. 6).

Discussion

During the study, we performed physical
modeling of snow drifting and accumulation on
the roofing of a unique transport infrastructure
facility — the Blagoveshchensk—Heihe cross-
border cable car terminal. We designed and
manufactured a physical model of the facility
under consideration, presented a methodology for
snow drifting and accumulation modeling in wind
tunnels, took photos of the characteristic areas of
snow deposits under different angles, and based
on the results, drew up diagrams of snow deposits
on the roofing of the facility under consideration
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for different wind directions. Based on the results
obtained, we also derived the maximum value of
the coefficient p (the coefficient of transition from
the weight of the snow cover on the ground to the
snow load on roofing).
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Fig. 6. Diagrams of snow deposits on the roofing of the facility under consideration for different wind directions
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Y4yebHO-Hay4yHO-Npou3BoACTBEHHAA nabopaTopus No asapognHaAMUYECKUM U ad3pO0aKyCTUYECKUM
NCMbITAHUAM CTPOUTENBHbLIX KOHCTPYKUMI, HAY MockoBckun locygapctBeHHbin CTpouTENbHbIN YHUBEPCUTET
ApocnaBckoe wocce, 26, Mocksa, Poccus
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AHHOTauuA

lMepeHoc cHera noj BNUAHMEM BeTpa SABNAETCS OCHOBHbIM (pakToOpoMm, BCNeACTBME KOTOPOro YPOBEHb CHErOBON
Harpys3ku HeogMHaKoB Mo nnowaaun nokpblTua. CHeroeas Harpyska npegcTaBrsieT CEpbe3Hy ONacHOCTb Ans
KpOBEMbHbIX MOKPLITUIA 34aHUIA 1 coopyxeHni. CornacHo AeNCTBYIOLMM HOPMaTUBHBIM JOKYMEHTaM CHErOBbI€ Harpy3ku
Ha KPOBNWN HETUMNOBLIX (POPM HEOBXOAMMO Ha3Ha4aTb No pesynbTaTam MOLENbHbLIX UCNBbITAHUIA B @3POAUHAMNYECKNX
Tpybax. Llenbio gaHHOro nccnepoBaHUA SBMASETCH M3YYEHME BIIMSAHUSA CHEroOBbIX BO3AEWCTBUN HA YHUKaNbHbIN
00BbEeKT TPaHCNOPTHOW MHAPPACTPYKTYPbl — MEPBYIO B MUPE TPAHCrPaHMYHY KaHaTHy gopory bnaroeleHck—Xanmxa,
KoTopas coeguHnt Poccuto n Kutan. Beinv ncnons3osaHsl cneagylowme MmeToAbl: NpOBeAeHNE CepUM MOAENbHbIX
UCNbITAHUI AN N3y4YeHUs NPOLLeCCOB CHEroobpa3oBaHNsa U CHeronepeHoca ¢ UCNoNb30BaHWEM YHUKANbHOW Hay4YHOM
ycTaHoBKM — bonblion MpagueHTHOM aspoamHamuyeckon Tpybel. o pe3ynbTataMm KNMMaTn4yeckoro aHanunsa u
NPOBEeAEHHbIX CMbITAHUIA A9 Pa3NNYHbIX YINOB atakn BeTpa NofyyYeHbl CXeMbl pacnpefeneHnst CHEroBbIX OTNOXEHNI
Ha NOBEPXHOCTMN KPOBMM YHMKaNbHOIo 06bekTa TPaHCNOPTHOM MHAPaCTPYKTYPbI, NONyYeHNs 3HaYeHns KoadpduumeHTa
U (koadbdULMeHT Nepexofa oT Beca CHEroBOro NMOKPOBA Ha MOBEPXHOCTUN 3EMIM K CHEFOBOW Harpyske Ha nokpbITue).

KnrouyeBble cnoBa

CHerooTnoxeHue, CHerornepeHoc, TpaHcnoptHas 6e3onacHoCcTb, PuU3nM4eckoe MoaenmpoBaHne, aspoamHamnyeckme
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