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УТИЦАЈ ЕКСТРЕМНИХ ЗИМСКИХ УСЛОВА НА 

ВЕРНАКУЛАРНЕ ГРАЂЕВИНЕ 
 

Резиме:Обилне падавине, град, олујни ветар, снежне мећаве, наноси, лед, топлотни талас, хладни 

талас, суше, се сврставају у екстремне временске услове којепредстављају доста честу појаву. 

Веома је важно схватити да утицај екстремних зимских условатреба бити препознат и укључен у 

израду студија процене ризика од природних непогода, посебно у земљама као што је Србија, која 

има велики број дана са снегом. Вернакуларне зграде су стално изложене оптерећењима од 

количине снега које може наштетити, па чак и уништити архитектонске структуре, посебно у 

планинским регионима. Истраживање обухвата анализу различитих утицаја снега на 

вернакуларне зграде. Циљ истраживања је стварање идеје и разумевање потребе за увођењем 

превентивних мера као што је мапирање критичних подручја, као и детаљна анализа ризичне 

вернакуларне архитектуре. 

Кључнеречи:екстремни временски услови, снег, вернакуларне грађевине, природни хазарди, 

традиционални материјали, животна средина 

 

IMPACT OF EXTREME WINTER CONDITIONS ON VERNACULAR 

BUILDINGS 
 

Abstract:Heavy rainfall, hail, stormy winds, blizzards, sediments, ice, heat wave, cold wave, drought are 

all considered as extreme weather conditions which can occure very often. It is very important to 

understand that impact of extreme winter conditions have to be recognized and included in the making of 

risk assessment studies of natural hazards, escpecially in countries such as Serbia, which has large 

number of days with the snow. Vernacular buildings are constantly exposed to snow loads which can 

harm and even destroy architectural structures, especially in the mountain regions. The research provides 

analysis of different impacts of snow on vernacular buildings.  Contribution of this paper is creation of 

idea and understanding the need for initiation of preventive measures such as mapping of critical areas, 

as well as, itemized analysis of vernacular architecture at risk. 

Key words:extreme weather conditions, snow, vernacular buildings,natural hazards, traditional 

materials, environment 
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1. INTRODUCTION 

 

There are many different definitions of natural disasters, but one most common is that a 

disaster can be defined as an event, which has great possibility and ability to destroy life, 

natural landscape and has consequences on man-made infrastructure [1]. It is very important 

to draw attention to vast impact of natural disasters on natural and built environment. On the 

5th International scientific conference and 15th International conference on fire and explosion 

which was held in Novi Sad from 5th to 7th October 2016, attention was drawn to the 

alarming situation of consequences which snow avalanches have on cultural heritage (Bajić S., 

Sladić M., Impact of snow avalanches on cultural heritage, 5th International scientific 

conference and 15th International conference on fire and explosion, Novi Sad, October 2016). 

Furthermore, physical and economic impacts of snow-related building failures which occured 

in the USA were examined and minutely anaylized, while such events have serious 

impications (Strobel K., Liel B. A., Snow load damage to buildings: Physical and economic 

impacts, Proceedings of Institution of Civil Engineers – Frensic Engineering 166(3): 116-

133). 

It is very important to understand that impact of extreme winter conditions have to be 

recognized and included in the making of risk assessment studies of natural hazards, 

escpecially in countries such as Serbia, which has large number of days with the snow. The 

focus of this paper is the impact of extreme winter weather conditions like snow and frost on 

building envionment. This paper explains what consequences have these extreme conditions 

on vurnerable buildings, and why is very important to consider initiation of preventive 

measures such as mapping of critical areas, as well as, itemized analysis of vernacular 

architectureat risk. 

2. EXTREME WEATHER CONDITIONS – WINTER 

 

Heavy rainfall, hail, stormy winds, blizzards, sediments, ice, heat wave, cold wave, 

drought are all considered as extreme weather conditions which can occure in Serbia 

according to “The instruction on methodology of development and content of disaster risk 

assessment and protection and rescue plan“ [2].This research will focus mostly on the impact 

of snow on different vernacular architecture at risk. 

Precipitation is one of the most important climatic elements. Considering the atmospheric 

processes and the characteristics of the relief, the precipitation on the territory of Serbia is 

irregularly distributed in time and area. The normal annual amount of precipitation for the 

whole country is 896 mm, while values values grow up to 1000 mm per year in regions around 

Peshterska plateau and Kopaonik, and some mountain peaks in southwestern Serbia have more 

abundant precipitation and over 1000 mm.The appearance of snow cover is characteristic for 

the period from November to March, and sometimes in April and October, while in the 

mountains above 1000 m,snow can occure in other months as well. The highest number of 

days with snow cover is in January, when on average 30 to 40% of the total annual number of 

days with snow cover occurs [3]. 
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Precipitation is considered as all forms of condensed and sublimated water vapor in the air 

that appear in the Earth's area in a liquid or solid state. Snow is a type of precipitation that 

occurs in clouds and then falls to the ground. Snow occurs when the air is saturated with water 

vapor when the air temperature is below 0ºC. Water vapor then sublimes, ie passes directly 

into the solid state[4].  

One of the important segments of understanding the state of the snow cover is the 

knowledge of the heat exchange between the surface of the snow cover and the atmosphere. 

Heat exchange can cause the formation of unstable layers that can later form snow avalanches. 

The heat can leave or enter the snow cover, where one of the important factors is the wind. If 

the air is warmer than the cover, then the surface heat is added to the cover, ie it enters the 

system. Conversely, if the surface of the snow cover is warmer than the air, the heat of the 

snow cover is lost. Hoar occurs when the relatively humid air above the cold snow surface 

becomes supersaturated, and after several natural processes, water vapor condenses on the 

surface of the snow cover. The result is feathered snow crystals from 1 mm to several 

centimeters thick. When a layer consisting of hoar is buried, there is a high probability of 

avalanches. Hoar is usually formed overnight, when the surface of the snow cover cools, and 

the surrounding air becomes supersaturated. Rain can cause the addition of heat to the snow 

cover, but the more important segment is the weight and the effect it causes on the mechanical 

properties of the layer below the surface [5]. 

Temperature inversions are present when the atmospheric temperature rises with altitude. 

Under normal conditions, the temperature decreases with increasing altitude in mountainous 

areas. When the temperature increases with increasing altitude, the cause is most often a 

decrease in the heat of the snow cover due to long-wave radiation, ie cooling. A clear example 

of temperature inversion is the situation when the daily warm air is still present on the 

mountain tops, while the cold, denser air created by the cooling of the snow surface has sunk 

into the depths, ie the valley. Cold air is denser than warm air. This phenomenon is most 

common in nice, apropos clear weather in mountainous parts. The occurrence of temperature 

inversions can lead to erroneous conclusions if temperatures are measured only on mountain 

tops. For that reason, other factors must be taken into account to predict the occurrence of 

avalanches [5]. 

As much as 90% of avalanches occur as a result of new snowfall. Clouds form when the 

air is supersaturated with water vapor, and it consists of water droplets. Droplets are formed 

by condensation around the so-called. condensation cores (salt, grain of dust, earth). These 

particles are extremely small, about 10-6 mm in diameter. When the temperature at which the 

cloud becomes saturated is below 0ºC, then snow crystals form from small ice crystals. Also, 

in order for snow crystals to form, it is necessary to have ice cores, which are rarer than 

condensation ones. These ice cores must have a special molecular structure. Certainly, the 

number of ice cores increases as the air temperature decreases. At temperatures of -10ºC, there 

are as many as 10 active ice cores per cubic centimeter, while at temperatures of -40ºC, the 

droplets freeze themselves, so the existence of cores is not necessary [5]. 

It is very important to understand the mechanism and formation of snow covers, while 

blizzards and snow avalanches are considered as a major natural hazard. They endanger 

human life and infrastructure in mountainous areas across the world [6]. Inclusive, it is 

necessary to consider different preventive measures in order to loosen their destructive power.  
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3. VERNACULAR ARCHITECTURE IN SERBIA 

 

The term vernacular architecture is often understood as local, non-professional 

architectural language, which tightly communicates with specific geographical, historical, and 

cultural contexts. It is commonly associated and mutually interchanged with another term – 

traditional architecture. But those terms are not representing the same phenomena. In a general 

sense, it is possible to accept vernacular architecture as an approach to architecture which 

“implies methods of constructing where locally available materials and traditional experiences 

are used”, but there is also a definition given by Rudolfsky (1987) who characterized 

vernacular architecture as “architecture without an architect” [7]. According to Paul Oliver 

(2006), vernacular architecture can be defined as “the architectural language of the people 

with its ethnic, regional and local dialects: the product of “non-experts” [8]. Such definition 

extends beyond the realm of traditional or folklore architecture in a strictly historical sense. 

There are also contemporary non-traditional forms of vernacular architecture, and they show a 

lot of differences compared to traditional forms of vernacular architecture. During the social, 

political, and economical transition of Serbian society at the end of the twentieth and 

beginning of the twenty-first century, those contemporary forms of vernacular architecture 

defined the appearance of Serbian cities, towns, and villages to a significant extent. It became 

a recognizable language of the suburbs, as well as the rural settlements. Economical and 

political transition in Serbia at the end of the twentieth and the beginning of the twenty-first 

century is marked by two dominant events – Yugoslav wars which caused the significant 

migrations of people from war-affected regions towards the suburbs of major Serbian cities, as 

well as, north Serbian province of Vojvodina because of its specifical historical, social, and 

cultural context, especially compared to other Serbian regions. Another important 

phenomenon is cultural and economical globalization. According to this, it is possible to 

classify Serbian vernacular architecture into two groups – traditional vernacular architecture 

which tightly corresponds to historical, social, and bioclimatic context, and contemporary 

vernacular architecture characterized by the domination of just one dominant universal type, 

which is often not under local traditions and the bioclimatic logic of design and construction. 

Despite using contemporary building technologies, those buildings are often parts of illegal 

settlements and are built without building permissions or participation of architects and 

engineers in design and construction processes, which implies that those buildings represent a 

significant risk of damage caused by many natural and technical factors, including the impacts 

of snow. 

Traditional, non-contemporary vernacular architecture in Serbia can be further divided into 

two main typological groups with borders between them along the Sava and Danube rivers. 

North of it, there is the Autonomous Province of Vojvodina, a topographically flat part of 

Serbia which was part of the Austro-Hungarian Empire until 1918, and south of the Sava and 

Danube rivers there are parts of Serbia which were parts of the Ottoman Empire for an 

extended part of its history. There are many architectural differences between those two types 

of houses, which are the consequence of different geographical, cultural, and historical 

conditions. The architectural layout of the Vojvodina traditional house is longitudinal, which 

response to the settlement layout defined during the Austro-Hungarian period. The flat terrain 

and low elevations (usually, below 80 meters above sea level), as well as the soil composition, 
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defined the spatial organization and the choice of materials. The houses are narrow and 

longitudinal, with all the rooms on one level. Rammed earth (“naboj”) or dried compact earth 

bricks (“čerpić“) are the main traditional building materials. The walls are finished with lime 

mortar and painted with lime. Locally available earth and clay work well in the bioclimatic 

conditions of the Pannonian plain with the big temperature amplitude between summer and 

winter, while the lime regulates humidity. In recent times, many modifications with modern 

materials are made to this type of house, and the capacities of self-regulating temperature and 

humidity are decreased. The roof of the traditional Vojvodina house is the gable roof at the 

slope between 30 and 40 degrees and usually covered by tiles or cane. The gable is made from 

the same material as the walls, or, in some cases, clad by wood. From this, the most basic type 

of traditional Vojvodina house, the other regional types are developed. 

The architectural layout of the traditional Serbian (and Balkan) house found south of the 

Sava and Dunav rivers is different than the one found in Vojvodina. Differences in 

geographical, historical, and economical context are the key factor that leads to those 

typological distinctions. According to construction material and technology, those vernacular 

houses are divided into two main types – log cabins (“brvnare”) and studwork houses 

(“bondručare”). The former is found in mountain regions, especially Kopaonik, Stari Vlah, 

and western Serbia (along the Drina river), while the latter is characteristic for the Morava 

basin and also known as Morava type house. Both types have perpendicular geometry, with 

the hip roof above it. Traditional log cabins of the Balkan region may have two stories: the 

basement, usually made of stone and used as a stable, and the upper floor, made of wood. The 

upper floor is sometimes cantilevered over the ground floor. The loft space is not used for 

dwelling, which is the reason why the roof structure is not developed [9]. Instead, wooden 

rafters are simply laid over the wall plate. The roof is covered by a wood shingle. If it is 

possible, the main façade of those houses is oriented towards the south.  

The Morava-type house is constructed as a studwork house, perpendicular to its layout. 

Unlike the mountain type of traditional house (or the log cabin), room dimensions are not 

strictly limited by construction, which affected the further development of the type. This type 

of house is often extended with the porch, the element not often seen in the mountain type of 

vernacular house. The main structural frame is made of wooden vertical and horizontal 

structural elements, stiffen with wooden diagonals and filled with different local materials – 

wattle with mud (“pletara”), or lattices with mud, clay, and small fragments of stone, or with 

compact dried earth bricks (“čerpić“), the material is also seen in Vojvodina. The faces are 

finished with clay and mud. Unlike Vojvodina type of houses, lime is rarely used, and usually 

only for the paint finishes. This type of vernacular house has a hip roof above it. The roof 

construction is wooden, and the roof is covered with wooden shingles or, more often, U-

profiled roof tiles (“ćeramida“). Similar to log cabins, the loft space is not used for dwelling.  

At the end of the twentieth century, a new type of vernacular architecture emerged and 

defined the suburban landscape. Unlike traditional vernacular house types, where the choice of 

materials, structural system, overall form, and spatial layout arise from geographical, cultural, 

and historical context, the new vernacular architecture is universal and simplified. It is 

possible to find the same type of house in different topologic, bioclimatic, and cultural 

conditions, in the village or in the suburbs of large cities. At the turn of the century, as a 

consequence of large migrations caused by the wars in the region, the regional differences in 

contemporary vernacular architecture vanished. This type of contemporary vernacular house is 
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usually a freestanding type of house with the ground floor and one or two stories above it, 

with a gable roof, usually at 30-degree slope. The main building material is a masonry block, 

together with reinforced concrete for the structural positions. Roof construction is wooden and 

covered with roofing tiles. It is often the case that those houses are inhabited before 

completion of the building which poses a lot of risks. 

4. IMPACTS OF SNOW ON VERNACULAR BUILDINGS 

 

Snow avalanches represent one of the main and most extreme impacts which can harm and 

even destroy architectural structures, especially in the mountain regions. However, even in 

plain terrain, and in the lower amounts of snowfall, snow load can cause significant damage. 

“Snow loads, as well as wind and earthquake impacts are still not possible to calculate 

precisely”[10]. The inappropriate use or maintenance of buildings can also cause problems. 

The objects of vernacular architecture are particularly exposed because of their unprofessional 

nature. Although extreme snow loads and other snow-related problems may cause significant 

structural and non-structural damages on the architectural objects, and even cause collapses, 

those failures are not often reported because they are generally isolated incidents[11]. As 

Soltis noticed, “the snow load failures were generally related to poor design and construction 

practices”, and since the objects of vernacular architecture are often built experientially and 

without any professional supervision of engineers or architects, such objects can be seen as 

particularly endangered[11]. Even the solidly built vernacular objects can be endangered if the 

maintenance of those objects was not done properly. The study on 249 damaged or collapsed 

buildings from the Czech Republic showed that the most frequent errors are not errors in 

design or execution, but errors in use, in particular, incompetent interventions into structures, 

installation of new facilities, and insufficient maintenance[12]. The objects of vernacular 

architecture, both traditional and contemporary, commonly built using experientially proven 

models instead of precise calculations and design, are particularly exposed to those risks. 

The impact of snow on the construction can be direct or indirect. Direct impacts imply 

increased snow loads which may cause significant damages on roof construction, vertical 

(walls, columns) and horizontal (beams, slabs, arches, vaults, domes) structural elements, as 

well as the building as a whole. The indirect impacts of snow are those which are caused by 

melting and icing of snow. Kinds of moisture caused by snow that can damage a building are 

penetrating damp, rising damp and trapped moisture. The snow can also have an impact on the 

ground and may degrade the structural integrity of the foundation of vernacular objects if they 

are not designed and executed properly. Penetrating damp is moisture that penetrates laterally 

from the outside. It can be the consequence of damaged or blocked guttering (usually as a 

consequence of melting and icing), cracks or the porosity in the walls, and leaking roofs. 

Rising damp is caused by capillary action drawing moisture up through porous elements of 

building fabric. Raising damp can cause timber decay. The water trapped inside the building's 

structure act from within and changes its physical state which may result in damage of 

structural and non-structural (such as insulation) fabric.   

In the case of vernacular objects, additional causes of decay are the type and performance 

of the used materials, as well as building technique, inadequate choice of the structural system, 
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and the foundations. The absence of professional engineers or architects in the design and 

building processes, as well as inappropriate maintenance of the building, make vernacular 

objects (both traditional and contemporary ones) more vulnerable to all mentioned impacts. 

Following the above, it is necessary to introduce standards that would protect the originality of 

vernacular objects as an authentic reflection of local culture and building traditions, but also 

improve its technical performance. 

5. THE CONCLUSION 

 

It is crutial to understand the importance of regular anaysis and improvement of building 

techniques, structural systems and used material, in order to whittle down the impact of 

extreme weather conditions, such as large amount of snow and snow avalanches on disparate 

buildings. Serbia is country with a large number of mountains, andvernacular objectslocated in 

different areas which can be affected by various natural hazards. Inclusion of preventive 

measures and consideration of enhancement of technical performances is obligatory in order 

to lessen consequences of natural disasters. Concluding, constant monitoring of the vurneable 

sites and responsible land use planning can perserve the originality of vernacular objects to a 

large extent.  
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