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Abstract. A review of the most significant domestic and, due to numerical superiority, foreign works on physical 
modelling of snow transport and snow accumulation processes, in particular, for the purpose of determining snow 
loads on roofs with arbitrary geometry, is presented. The existing practice of development of recommendations on 
assignment of snow loads in Russian laboratories is considered and critically evaluated. Comparison of do-mestic 
works with scientific articles in the advanced world scientific journals and foreign regulatory documents leads to 
unfavorable conclusions. Recommendations on assigning snow loads, issued by Russian laboratories on the basis 
of extremely outdated and poorly substantiated methodology, bear a serious risk for evaluating mechan-ical safety 
of modern structures, for which such recommendations are developed. Recommendations are offered to remedy this 
current dangerous practice. The article also gives some suggestions on forming a basis for field observations of snow 
loads on existing roofs. 
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Аннотация: Представлен обзор наиболее значимых отечественных и, по вынужденному преимуществу, иностран-
ных работ по физическому моделированию процессов снегопереноса и снегонакопления, в частности, для целей 
определения снеговых нагрузок на покрытия сооружений произвольной формы. Рассматривается и критический 
оценивается существующая практика разработки рекомендаций по назначению снеговых нагрузок в российских 
лабораториях. Сравнение отечественных работ с научными статьями в передовых мировых научных изданиях и 
иностранными нормативными документами приводит к неутешительным выводам. Рекомендации по назначению 
снеговых нагрузок, выдаваемые российскими лабораториями на основе крайне устаревшей и плохо обоснованной 
методики, несут серьезный риск для оценки механической безопасности современных сооружений, для которых 
такие рекомендации разрабатываются. Предложены рекомендации для исправления этой сложившейся опасной 
практики. В статье также даются некоторые предложения по формированию базы натурных наблюдений снеговых 
нагрузок на существующих покрытиях. 

Ключевые слова: физическое моделирование, аэродинамическая труба, экспериментальный водосток,
снегонакопление, покрытия сооружений.



23Volume 17, Issue 4, 2021

Critical Review of Physical Modelling of Snow Accumulation on Roofs with Arbitrary Geometry

INTRODUCTION

At present, the most widespread approach in 
Russia and abroad to determining snow loads 
on roofs with arbitrary geometry is physical 
simulation of snow accumulation in a wind tunnel 
(hereinafter, WT) or a water flume. Despite the 
long history of the issue, among the domestic 
publications there are no full-fledged review 
studies sufficiently covering the historical and 
modern practices. Such an information vacuum in 
the Russian scientific field creates prerequisites for 
oversimplification and distortion of the methods 
of relevant experiments developed, tested and 
time-proven in advanced scientific laboratories 
of the world. Unfortunately, domestic laboratories 
actively use these prerequisites of general 
ignorance, which carries significant risks for the 
adequate assessment of the mechanical safety 
of unique and critical structures, for which the 
corresponding research is conducted. The authors 
hope that this article will direct the development 
of domestic techniques for physical modelling of 
snow accumulation towards the implementation 
of best scientific practices. 
Apparently, one of the first scientists to conduct 
large-scale physical experiments to simulate 
snow drift and compare them with field data was 
Finney [1] in 1934. His experiments to simulate 
snow transport near road barriers were carried out 
at an intuitive level. Similarity issues, cohesion 
of the snow-like material, wind profile and other 
important modelling subtleties were not addressed 
in the study.
The greatest contribution to the development of 
physical modelling of snow accumulation and 
snow drift, including on roofs of buildings and 
structures, was made by foreign scientists: Anno 
[2-4], Irwin [5-7], Iversen [8-9], Kind [10-11], 
Odar [12-13] and Izyumov [14-15]. This list of 
authors and their works is far from complete.
There are only a few Russian papers on the sub-
ject matter of this article. Some of them focus 
on field measurements and the creation of snow 
zoning maps [51-55]. Another part of works is 
devoted directly to snow loads on roofs [57-59]. 

It should be noted that only a few papers [52, 55] 
are of a high scientific level and the other ones are 
either reports or blatant compilations (the paper 
[56] is simply a translation of the corresponding 
chapter of the ASCE standard [19], even without 
referencing the original source). 

MAIN APPROACHES TO PHYSICAL 
MODELLING OF SNOW ACCUMULATION

One of the most extensive studies of determin-ing 
the snow loads, including a synthesis of previous 
accumulated experience, many new experiments 
and scientific conclusions, was carried out as part 
of the Eurocode development [17, 18]. The study 
elaborates in detail the improvement of snow 
zoning maps of European territories, assignment 
of load combination coefficients (including snow 
load), and distribution of snow loads on the roofs 
of buildings and structures. As far as the snow 
load distribution is concerned, much attention is 
given to description of the field measurements 
performed, large-scale experiments at the climatic 
WT (CSTB, France) and details of processing the 
results. A thorough description of the conditions 
and the results of many experiments in graphical 
(photos, graphs, diagrams, etc.) and tabular form 
make this study a kind of reference book, which 
can be used as a basis for one’s own research.
The study [17, 18] clearly and unambiguously 
shows that it is very difficult to carry out field 
observations of snow loads on the roofs of 
buildings. A sufficiently large sample of data is 
necessary for the correct statistical processing of 
the results and the determination of dependencies. 
Snow loads are influenced not only by the geometry 
of the building (controllable parameter), but also 
by climatic factors (uncontrollable parameters) 
and landscape (partially controllable parameters), 
so multi-year studies in different climatic zones 
and landscapes are necessary. Unfortunately, a 
study [17, 18] of snow load distributions on the 
roofs of buildings located near weather stations in 
several European countries was conducted only 
for one season. Many of the field data proved to 
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be unrepresentative due to low snowfall winters in 
the respective areas, unfortunate location selection 
and other reasons. The data obtained did not allow 
to conduct a full regression analysis to determine 
the dependence of the shape coefficient on 
climatic factors and the geometry of the building. 
Nevertheless, dependencies of shape coefficient on 
roof pitch, wind speed and ambient temperature 
were obtained with satisfactory reliability.
Due to the aforementioned shortcomings, field 
experiments do not allow the distribution of 
snow loads on different roof shapes to be fully 
normalized. The main data for the normaliza-
tion of the shape coefficient µ [19] was obtained 
through experiments in the CSTB climatic WT.
The CSTB climatic WT experiments were per-
formed with fairly large scale models (1:10) and 
real snow generated by a snow cannon (Fig. 1). 
Different temperature and humidity regimes and 
two characteristic wind regimes were considered 

Figure 1. a) Diagram of an experimental setup 
for simulating snow loads; b) photograph of 

the experiment process [18]

a)

b)

a) gable roof with lantern and extended edges

b) multi-level roof

c) multi-span gable roof

d) cylindrical roof

Figure 2. The results of physical modeling of 
snow loads in the climatic WT CSTB [18]

Alexander M. Belostotsky, Oleg S. Goryachevsky, Nikita A. Britikov



25Volume 17, Issue 4, 2021

(windless weather and snow storm were simulated). 
This approach made it possible to obtain physical 
pictures of snow distribution (Fig. 2), which 
distinguishes these experiments from domestic 
works on experimental determination of the shape 
coefficient on complex roofs carried out as part of 
scientific and technical support for construction. 
The small scale (usually 1:300), the use of snow-
like material, and modelling only the entrainment 
of material without modelling snowfall, result in 
snow load distribution patterns that obviously have 
nothing to do with reality (Fig. 3).

One of the important conclusions of the study 
[18] is the experimental confirmation that the 
snow density on the building roof is quite strongly 
dependent on the location (windward or leeward), 
that is, wind pressure tamps the snow. It is not 
possible to take this factor into account adequately 
with snow substitutes.
Large-scale experiments to simulate snow 
transport and snow deposition fall into two major 
categories [20]:
1. Particle methods. Experiments are conducted in 
WTs or special water flumes. The essence of the 

 c) Research Institute of Mechanics, Moscow State University
Figure 3. Results of modeling snow loads in WTs

a) UNIKON b) National Research Moscow State 
University of Civil Engineering
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methods is to simulate snow storms by introducing 
snow particles or snow substitutes into the flow 
[44].
2. Methods that measure the nature of wind speeds 
around a scale model, and snow deposition and 
snow transport are calculated numerically using 
field snow data and other climatic information 
from the nearest weather stations. Snow particles 
in this approach may or may not be modeled.
Snow accumulation modelling in a water flume 
is a fairly common approach in foreign practice 
(e.g. used by the Canadian RWDI). The essence of 
the method is that a model of a structure is placed 
under water in a specially designed flume (Fig. 4a). 
Then water with sand [6, 21, 22] or crushed walnut 
shells [23] is passed through the flume. Despite the 
unphysicality of the obtained distributions (Fig. 
4b), the experiments in the flume are conducted 
to determine the locations of potential snow 
bags. Thus, the results obtained are not used as 
calculation schemes of snow loads, but are of an 
auxiliary nature. Note that recommendations for 
assigning snow loads to the Otkritie Arena roof 
were developed by RDWI using the described 
method [35].
Due to the small number of climatic WTs, in most 
cases researchers have resorted to using snow-like 
materials in conventional WTs. In the absence 
of the technical feasibility of introducing snow 
substitutes into the flow, an even more simplified 
approach is used, where the material is only poured 
on the model, and a snowless hurricane condition 
is actually investigated. Obviously, winter storms 
without significant snowfall are very rare and do 
not lead to the largest snow loads. Therefore, the 
use of such a maximally simplified approach can 
only be justified by the technical unfitness of WT, 
rather than by the substantiated features of the 
scientific approach.
 

PARTICLE METHODS AND SNOW
SUBSTITUTES

Many kinds of snow substitutes can be used 
with particle methods: sodium tetroborate [24, 

25], rice bran [15], sawdust (Fig. 3) [27, 28, 
58, 59], clay [4], foam balls [29, 34] (Fig. 5), 
quartz sand (Fig. 6) [30], baking soda [31], 
glass beads [10]. 
Due to a great variety of such materials, studies 
have been repeatedly carried out to compare 
them. For example, in [26] wood ash, styrofoam 
and silica sand are compared under otherwise 
equal conditions in WT. The comparison 
indicates that the quartz sand matches the field 
data better. However, the studies were only 
carried out on a simple two-level roof geometry 

b) after draining the water

Figure 4. Results of an experiment in a water 
flume [22]

a) before draining the water

Alexander M. Belostotsky, Oleg S. Goryachevsky, Nikita A. Britikov



27Volume 17, Issue 4, 2021

and the measurements are provided only for the 
lower level, whereas practice shows that it is 
on the upper levels that full drift of snow-like 
material is observed, which is not consistent 
with the physical considerations and the field 
data.
According to the ASCE standards [20], the results 
obtained by the particle methods in assigning 
snow loads are of an exclusively qualitative 
nature and should be used in conjunction with 
regulatory schemes for simple structures, 
field and climatic data of the construction 
site. Unfortunately, recommendations on 
assignment of snow loads, developed by 
domestic organizations on the basis of blowing in 
WT, completely lack a comprehensive approach. 
In fact, schemes of snow loads are given only 
on the basis of digitization of obtained snow 
distribution patterns (Fig. 7). 
One of the disadvantages of the particle method 
is the inability to account for snow accumula-
tion over a long period of time (weeks and 
months) from different wind directions and wind 
speeds, temperature and humidity conditions. 
In order to take these factors into account, the 
ASCE standards [20] recommend using the 

d) shape factor µ

Figure 5. Physical modeling using foam as a 
snow simulator [34]

c) shape coefficient µ (snow hurricane
simulation)

b) the process of 3D scanning of the
experimental results

a) the experimental setup

b) results at different wind speeds (from left to 
right, the wind velocity increases)

Figure 6. Physical modeling using silica sand 
as a snow-like material [30]

a) the experimental setup

Critical Review of Physical Modelling of Snow Accumulation on Roofs with Arbitrary Geometry
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second category of methods [33], which is 
numerical modelling based on the results of 
blowing in WT. At that, it is proposed to fi rst 
use blowing data without snow substitutes (time 
step method A), determine the most dangerous 
angles (taking into account data from the nearest 
weather stations) and then conduct experiments 
with substitutes for the corresponding angles 
(time step method B). In both time step methods, 
all experimental data obtained together with 
meteorological data are used only as input 
parameters for numerical modelling of snow 
loads during the whole winter period. 

b) recommendations for the appointment of the 
shape factor μ

Fig. 7 An example of the interpretation of the 
results of physical modeling "Krylov State 

Scientifi c Center"

a) distribution of the snow simulator after 
blowing

Alexander M. Belostotsky, Oleg S. Goryachevsky, Nikita A. Britikov
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the ASCE standards [20] recommend using the 

second category of methods [33], which is nu-

merical modelling based on the results of blow-

ing in WT. At that, it is proposed to first use 

blowing data without snow substitutes (time 

step method A), determine the most dangerous 

angles (taking into account data from the nearest 

weather stations) and then conduct experiments 

with substitutes for the corresponding angles 

(time step method B). In both time step meth-

ods, all experimental data obtained together 

with meteorological data are used only as input 

parameters for numerical modelling of snow 

loads during the whole winter period. 

 
a) the experimental setup 

 
b) results at different wind speeds (from left to 

right, the wind velocity increases) 
Fig. 6 Physical modeling using silica sand as a 

snow-like material [30]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SIMILARITY CONDITIONS 
 
It is not possible to achieve complete simula-

tions of snow transport and snow accumulation 

through scaled-down experiments in WTs or 

water flumes. Nevertheless, the ASCE standards 

[20], based on a number of scientific papers [7, 

12, 32, 36], put forward several requirements 

for similarity parameters. Firstly, the following 

expressions must coincide in the scaled model 

and the full model: 

 
2

tw U, ,
U Lg

 (1) 

 

where wt is limiting velocity of falling particles, 

U is average velocity at a characteristic point, L 

is characteristic building size, g is acceleration 

due to gravity, 1 a  is ratio of 

particle density to air or liquid density, a  is 

additional contribution to , due to the coupled 

mass effect. For air, 0a , 1 (air density 

is low), for water used in flumes, 0 5a . , and 

for sand, 0 5. .  

The first parameter means that the ratio of parti-

cle velocity to flow velocity is the same as in 

full scale. The second parameter is the densi-

metric Froude number, the equality of this pa-

rameter in real and model ensures that the ratio 

of aerodynamic force to gravitational force is 

correct. Satisfying these two parameters can be 

enough for problems where the interaction of 

snow particles with surfaces and with each other 

is not important (for example, the initial deposi-

tion of falling snow under the action of the wind 

or tracking of particles falling from a higher sur-

face to a lower one).  

Other parameters must also be observed to cor-

rectly account for particle interactions, though. 

For example, to simulate saltation, the interac-

tion of snow particles with the snow surface 

must be properly accounted for. An important 
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parameter then is the ratio of the average flow 

velocity U to the threshold velocity of the onset 

of transport Uth: 

 

th

U
U

 (2) 

 

An additional requirement is imposed on the 

mass flux dependence for the model. The model 

flux must have a dependence similar to the full-

scale flux. The flux can be expressed in the fol-

lowing dimensionless form: 

 

,
p s th th

q Ucf
h U U

 
(3) 

 

where p  is particle density, sh  is the height at 

which U is defined in (3),  is dimensionless con-

stant (can be different in model and full scale), 

0 5 1sh . m  usually (should be much smaller 

than the size of the building). The function f must 

be identical for the model and full scale. 

It is shown in [32] that if the ratio (2) is neither 

too large nor too small, satisfying it has little 

effect on the experimental result. However, a 

note is made that this may not be the case for all 

model geometries. If we discard condition (2), 

then condition (3) is also not necessary.  

Expression (3) can be used to determine the di-

mensionless time [36]:  

 

2

th scU ht t
L

, (4) 

 

where t is dimensionless time, which has the 

same value in scale and full-scale models. The 

model time and full-scale time can be found 

from the following expression: 

 
2

th sp pm

m th s mp

cU ht L
t cU h L

, (5) 

where the indices p and m denote the full-scale 

model (prototype) and scaled-down model, re-

spectively. Thus, the time of the experiment de-

pends on the square of the characteristic size of 

the model 2

mL . 

It is shown in [12] that the following conditions 

must be satisfied: 

 
3

30
2

*thu
gv

, (6) 

600 , (7) 

  

where u*th is threshold surface shear stress rate 

for saltating snow, v is kinematic viscosity. Ine-

quality (6) imposes a requirement for minimum 

Reynolds numbers and inequality (7) imposes a 

requirement for minimum density ratio. For wa-

ter flumes, inequality (7) is not fulfilled.  

Condition (1) is easily satisfied in WTs, but then 

it proves impossible to satisfy conditions (2), (6) 

and (7), which have an impact on saltation. To 

meet (1), the flow velocity is too low to initiate 

saltation. Usually, for WTs the requirements for 

densimetric Froude number are relaxed and in-

stead relations (2), (6) and (7) are satisfied. Fail-

ing to satisfy the densimetric Froude number 

results in exaggerated length and height of the 

trajectories of the saltating particles.  

In water flumes it is possible to satisfy condi-

tions (1), (2) and (6), but due to high water den-

sity it is not possible to satisfy condition (7). 

This also affects physicality of modelling, for 

dunes and ripples can form on smooth surfaces. 

Due to the problems with satisfying the similari-

ty conditions, in the ASCE standards [20] it is 

recommended to place a reference model (e.g. a 

two-level roof) next to the model under study, 

for which the normative distributions of snow 

load are known. The quality of the experiments 

performed is then assessed by the degree of 

consistency with the reference model. The ref-

erence model is also used to determine the abso-
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vestigated roof. 

 

 

PHYSICAL MODELLING AS A MEANS 
FOR DEVELOPING ADEQUATE MATH-
EMATICAL MODELS 
 
The development of methods of numerical 

modelling of snow transport and snow accumu-

lation is impossible without previous extensive 

experimental work. Field and large-scale exper-

iments in climatic WTs are necessary to identify 

dependencies, determine empirical parameters 

and verify the developed mathematical models 

and the algorithms implementing them. 

Most of the current numerical approaches to 

modeling snow transport and snow deposition 

are based on the development of the so-called 

CFD methods. To verify the CFD-based meth-

ods being developed, it is necessary to experi-

mentally investigate not only the motion of 

snow masses in the air flow, but also the effect 

of particles in saltation and suspension on the 

air flow. Experimental studies of air-snow flow 

over surfaces form the basis of existing mathe-

matical approaches to modelling of saltation and 

suspension [37]. The most significant works in 

this area are listed below. 

The most applied empirical dependencies for 

snow transport velocity were obtained as early 

as in the last quarter of the 20th century in the 

works of American [38] and Canadian scientists 

[39]. However, the universality of the results 

obtained in these works has never been proven. 

Takeuchi [40] carried out field measurements 

using a snow trap to study the longitudinal dis-

tribution of the total snow transport rate, includ-

ing saltation and suspension. Tabler [41] deter-

mined the dependence of seasonal snow 

transport on the movement of the precipitation 

zone in the design of fences. Both studies report 

that the overall snow transport rate reaches an 

equilibrium state only over areas of a few hun-

dred meters. 

In CFD modelling, surface roughness parame-

ters affecting the wind profile and turbulence 

characteristics near models are important. In 

mathematical modelling of snow transport this 

issue is equally important. Significant studies of 

snow roughness have been conducted on the 

basis of data from Antarctica obtained by the 

SANAE IV expedition [42] and participants of 

the ALW program [43]. 

 

 

MEASUREMENT TECHNIQUES 
 
This section addresses the measurements used 

in field observations and large-scale experi-

ments to investigate snow transport and snow 

accumulation. An overview of measurement 

methods is not the purpose of this work, so the 

information given is far from complete. Howev-

er, knowledge of current technical measurement 

capabilities gives a better understanding of what 

can and should be done for snow load research, 

which is especially relevant in our country. The 

review does not cover the measurement meth-

ods traditionally used in wind load and flow 

studies. 

The known problems of field experiments are 

high financial cost, long periods of times and sub-

stantial labour costs. However, even without spe-

cially designed field experiments, simple field 

measurements of snow cover in winter on roofs of 

buildings and structures can be of great benefit. 

The creation of a special database containing 

snow distributions on different roofs, indicating 

the year, geographical location and available cli-

matic and meteorological data will be invaluable 

for developing physical and mathematical model-

ling, improving the regulatory framework and will 

be a visual reference for practicing calculation en-

gineers to form an intuitive understanding of snow 

mechanics. Special atlases [45-47] serve as ana-

logues of such databases in aerodynamics, alt-
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hough they are largely outdated now. Increasingly 

popular machine learning methods require large 

data sets for their implementation to train neural 

networks. Such a database could provide suitable 

material for training. 

With the use of drones, modern cameras and spe-

cial software (all of which are now available at a 

ridiculously low prices by the standards of modern 

science), collecting a database of snow distribu-

tion on roofs of any shape is not an insurmounta-

ble task. Existing photo-processing methods pro-

vide three-dimensional pictures of snow distribu-

tion with an accuracy that exceeds the practical 

needs of construction [48]. This digital approach 

does not require measuring levels or other sensors 

to be installed on the roofs of buildings [18, 54], 

which usually presents considerable organization-

al and technical difficulties. 

The results of experiments in WTs or water 

flumes can be handled in a similar way [49], 

although a more accurate and technologically 

advanced method would be to use a dedicated 

3D scanner [34]. Previously, achieving snow 

distribution contours was done in a very simple 

way, which is by tracing the level on a card-

board submerged in snow or snow-like material 

[18]. Such a method allows to easily obtain 

snow distribution in the selected sections, but its 

main disadvantage is that the snow cap deterio-

rates with each measurement made. 

Snow particle counters [50] for measuring point 

snow fluxes or high-speed cameras with subse-

quent software processing for measuring snow 

fluxes in the area are widely used in the world 

practice to investigate the processes of saltation 

and suspension. 

 

 

RECOMMENDATIONS FOR UPGRAD-
ING DOMESTIC WTS AND IMPROVING 
PHYSICAL MODELLING TECHNIQUES 
 
The above materials clearly show the underde-

velopment of the technical equipment of domes-

tic WTs and the low level of the methodology 

used in developing recommendations for assign-

ing snow loads to roofs with arbitrary geometry. 

These problems create risks when estimating 

mechanical safety of modern structures, includ-

ing long-span structures, for which snow loads 

make the main contribution.  

The following minimum recommendations can 

be given to remedy this situation: 

1. It is necessary to modernize WTs in accord-

ance with international experience: 

1.1 Equip WTs with a snow substitute feeding 

system to simulate snow storms, rather than the 

rare snowless hurricanes that hardly ever occur 

in winter. Such systems come in a variety of 

forms depending on the WT characteristics, but 

in all cases, verification of the system with sim-

ple normative examples is required. 

1.2. Equip WTs with the necessary measuring 

equipment to digitize the resulting snow substi-

tute distribution patterns. 

2. On the basis of international experience and 

in accordance with foreign regulatory docu-

ments, develop and verify a methodology for 

simulating snow loads on roofs with arbitrary 

geometry: 

2.1. Different wind directions and velocities, 

snow accumulation over a long period of time 

(weeks and months) under different temperature 

and humidity regimes must be taken into ac-

count. The results of simulations of single 

snowstorms in the WT should be the input data 

for such a methodology, not its output. 

2.2. The reference snow layer thickness should 

be determined either by blowing into an empty 

(without a model) WT or by comparison with a 

reference model placed next to the test one. 

3. Develop regulatory documents [62] establish-

ing requirements for testing in WTs in terms of 

snow load simulation: similarity conditions, pre-

ferred snow substitutes, characteristics of snow 

substitute feeding systems, measurement meth-

ods, etc. 
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CONCLUSIONS 
 

1. A review of the development and current 

state of the methods of physical modeling of 

snow transport and snow accumulation has been 

conducted according to scientific publications 

and regulatory documents. A critical analysis of 

Russian publications and contractual works on 

the subject of the article is carried out. 

2. The review has shown that the experimental 

works carried out in Russia for the purpose of 

ologically at a dismally low level, even in com-

parison with foreign works of half a century 

ago:  

2.1. Russian WTs do not actually simulate indi-

vidual snow storms or snowfalls, but rather 

simulate the removal of a uniform layer of snow 

from roof during strong winds. This primitive 

approach has not been used in any foreign la-

boratory recognized by the world scientific and 

regulatory community for a long time. 

2.2. The reason for the widespread choice of 

wood flour as a snow-like material is unclear, 

especially since a number of studies show that 

silica sand matches the field data best. 

2.3. The choice of the reference value of snow 

cover thickness necessary to calculate the shape 

ything. The reference snow thickness can be 

determined by the thickness of the snow substi-

tute cover away from the model (or by blowing 

without the model) when simulating snowfall, 

or by comparison with a reference standard 

model of a simple shape, which is located next 

to the model under study. Neither of these ap-

proaches is used in Russian laboratories. 

2.4. Recommendations for assigning the shape 

sults of elementary digitization of pictures of the 

remaining snow cover. Note that these pictures 

clearly contradict the physical meaning. This 

approach also directly contradicts foreign stand-

ards, where it is clearly stated that the resulting 

patterns are used as additional data for subse-

quent analysis and modelling. 

2.5. Modelling in WTs or water flumes can re-

produce the conditions of a snow storm or just 

snowfall. Thoughtless use of the results of these 

experiments for developing recommendations 

leads to the fact that snow distributions formed 

throughout the entire cold season by many 

snowfalls, different wind directions, thermal and 

moisture regimes are not taken into account at 

all.  

2.6. The current practice in Russian laboratories 

casts serious doubt on the legitimacy of the rec-

ommendations being developed and poses sig-

nificant risks to the mechanical safety of unique 

large-span buildings and structures. 

3. The Russian Building Code SP 

20.13330.2016 [61] prescribes that for buildings 

and structures with overall dimensions in plan 

exceeding 100 m, as well as in cases not stipu-

lated in Annex B, model tests in WTs to deter-

out. For some reason, it is not allowed to con-

duct tests in water flumes, which is an absolute-

ly equal and recognized approach (both in regu-

latory documents and scientific publications) all 

over the developed world on a par with WTs. 

4. Simultaneous satisfaction of all similarity 

conditions for modelling of snow transport and 

snow accumulation processes is impossible nei-

ther in WTs, nor in water flumes. Therefore, 

even the model tests carried out at the highest 

level never fully reproduce the real full-scale 

effects of creep, saltation and suspension. This 

situation, coupled with the continuous im-

provement of mathematical models, numerical 

methods, computer technologies and related 

software, makes the development and future 

implementation of numerical modelling in real 

construction practice and regulatory documents 

inevitable. 

5. The best results of physical modelling of 

-scale 

tests in climatic WTs. Normative distributions 



33Volume 17, Issue 4, 2021

REFERENCES

1.	 Finney, E. A. (1934). Snow control on the 
high-ways. Michigan Engineering Experiment 
Station Bulletin, 57, 1-62.

2.	 Anno, Y. (1984). Requirements for modeling 
of a snowdrift. Cold regions science and tech-
nology, 8(3), 241-252.

3.	 Anno, Y. (1985). Froude number paradoxes 
in the modeling of a snowdrift. Cold Regions 
Science and Technology, 10(2), 191-192.

4.	 Anno, Y. (1985). Modelling a snowdrift by 
means of activated clay particles. Annals of 
Glaciology, 6, 48-52.

5.	 Irwin, P. A., & Williams, C. J. (1981). Pre-
vention of excess snow accumulation due 
to roof mounted solar collectors. Rept. for 
Ministry of Municipal Affairs and Housing 
of Ontario.

6.	 Irwin, P. A. (1983). Application of snow si-
mulation model tests to pianning and design. 
In Proc. Eastern Snow Conference, Vol. 28, 
40th annual Meeting (Vol. 28, pp. 118-130).

7.	 Irwin, P. A., Hochstenbach, F. M., Gam-ble, 
S. L., & Davies, R. W. (2000). Wind and snow 
considerations for wide span enclosures. In 
Widespan Roof Structures (pp. 62-72). Tho-
mas Telford Publishing.

8.	 Irwin, P.A. (2020). Lifetime experiences 
in wind engineering. Journal of Wind Engi-
neering and Industrial Aerodynamics, 205, 
104272.

9.	 Iversen, J. D. (1979). Drifting snow similitu-
de. Journal of the hydraulics division, 105(6), 
737-753.

10.	 Iversen, J. D. (1980). Drifting-snow simili-
tude–transportrate and roughness modeling. 
Journal of glaciology, 26(94), 393-403.

11.	 Kind, R. J., & Murray, S. B. (1982). 
Saltation flow measurements relating to 
modeling of snowdrifting. Journal of Wind 
Engineering and Industrial Aerodynamics, 
10(1), 89-102.

12.	 Kind, R. J. (1986). Snowdrifting: a review 
of modelling methods. Cold Regions Science 
and Technology, 12(3), 217-228.

Critical Review of Physical Modelling of Snow Accumulation on Roofs with Arbitrary Geometry

12 
 

are easily guessed in these results for simple 

roof shapes. Climatic tests are rather complicat-

ed and costly (also in terms of time) for their 

direct application in the industrial sector, but 

they can be a powerful tool for the development 

of SP 20 in terms of introducing snow load 

schemes for more complex roof shapes.  

6. Improvement of the regulatory framework, 

development of methods of both physical and 

mathematical modelling, is extremely difficult 

without full-scale experiments or measurements 

as well as large-scale tests in climatic WTs. 

Taking into account the lack of climatic WTs in 

Russia and the difficulties in organizing full-

scale experiments, it is proposed to make full-

scale measurements by means of drone photog-

raphy and subsequent processing of the results. 

Such a low-cost method will make it possible to 

create a base containing snow distribution on 

different roofs with indication of year, geo-

graphical location and available climatic and 

meteorological data, which will give an impetus 

for development of physical and mathematical 

modeling, improvement of normative base and 

will be a visual reference for practicing engi-

neers. 

7. Recommendations on modernization of do-

mestic WTs, improvement of methodologies 

and standard-setting to correct the current dan-

gerous practice of domestic laboratories devel-

oping scientifically unfounded recommenda-

tions on assigning snow loads to roofs with arbi-

trary geometry are proposed. 
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