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SNOW LOAD 
 
 
 

 

1. INTRODUCTION 
 

 
Since the last months of 2016, heavy snow in Turkey has caused serious damages. There have been 

many snow load damages occured everywhere especially in the areas in Marmara Sea, Black Sea, 

Mediterranean Sea, South East and Central Anatolia. Even in Ķzmir, snow load cases have been opened.  

 

Accumulated snow made the industrial facility roofs that have generally large surface area collapse. 

Market squares, stadiums, building roofs have been damaged due to the snow weight. Especially the incidents 

occured in public areas caused material damage and causalities. Is it the unpredictable snow that constitutes the 

reason for damaged building and roofs? Did the damages in Ķzmir occur due to the heavy snow? 

 

There were damages in energy transfer lines, solar energy plants and wind energy plants as well as in 

the roofs of the buildings and it was detected that these damages were due to the wrong engineering/ designs. 

When direct and indirect damages caused by heavy snow (e.g. business interruption, profit loss and 

responsibility damages, etc.) are considered, it is not difficult to estimate the seriousness of the issue. This 

showed the importance of Risk Analysis again. Right risk analysis, right insured, right risk, right insurance policy 

é less loss, real claims é  

 

The recent examined claims have clearly detected some existing shortcomings. The first includes not 

following the regulation of Calculation Values of Loads in Designing the Elements in Turkish Standards (TS) 498 

that is considered as the standard in calculating snow load. It was seen that this valuable document published in 

1997 is obsolete due to the effects of global warming and changes in structure technologies. Another important 

issue detected is that TS 498 standards could not be even implemented and there is design errors in the static 

calculation reports and projects. When wrong designs come together with heavy snow and non-ready urgent 

intervention methods, such devastations occur.  
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Another important issue in the calculation of snow load is that precipitation and snow density are 

different from each other as they have different characteristics based on location. The snow load damage in 

Trabzon and the one in Konya are different. In addition to local snow load, wind load on structures, structure 

designs, etc. lead to differences. While snow can melt fast at the coast, it can stay in the interior areas for days.  

 

Nowadays, while we are headed to the last days of winter, although there seems to have less snow, it 

will increasingly continue to snow. Melted snow will cause landslides as it makes the soil soft. In addition, during 

spring, when sudden heavy rains are combined with the snow to be melted, it is envisaged that there will be 

urban floods, landslides, etc. due to a quick rise in the water levels in streams. 

 
2. SNOW 

 

A precipitation type that consists of crystals, 

that is bright, white, solid and generally in 

hexagon shape, snow occurs with the 

sublimation of water vapor under 0ÜC. 

When ice crystals come together, they fall 

to the ground as 1-3 mm flakes. The size, 

shape and density of the flakes depend on 

the temperature. Snow is smaller under 0ÜC 

and bigger in temperatures higher than 0ÜC. 

The color of snow is white only because of 

the reflection of the sunlight. If there are 

pollutants in the atmosphere, the color may 

turn into yellow or red. Snowflakes fall to 

the ground depending on the rate of 

temperature and absolute humid of the air.  

 

In the weather with medium temperature and high absolute humid rate, snow crystals whose 

temperature is close to the melting point turn into almost 1 cm - big flakes resembling cotton pieces by gathering 

in the air easily. This snow is called as ñIt snows in large flakesò. The snow formed in air that is not very cold may 

turn into rain or sleet by easily melting in hot lower air layers. That snow and rain fall to the ground at the same 

time is called as sleet. It is also called as rain mixed with snow. Generally the bigger flakes melt when it hits the 

ground or without falling to the ground.  
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In very humid and unstable weather round snowflakes are formed if the vertical moves are strong. These 

flakes composed of united snow crystals jump when they fall to the ground as they are light. This type of snow is 

called as ñhayseedò or ñbulgurò by people.  

 

In very cold and low absolute humid weather, ice pieces smaller than 1 mm are formed. The snow which 

is bright under sunlight and covers the ground as a thin cloth fall to the ground. This snow type that does not wet 

things falling on it as it does not melt fast and it is called as ñdry snowò. This type of snow that is commonly seen 

in the upper parts of mountains and in the poles is seen in cold winter days in Turkey. If it snows heavily with 

strong wind, snow storm or blizzard occur. Heavy snow may cause snow to slide downwards in mountainous 

areas and steep slopes. When snow accumulated in inclined terrain slides due to the gravity, it causes 

avalanche. The inclined terrains with no vegetation in South East tend to have avalanche. 

 
In Turkey, snow is important in Central Anatolia, South East and high mountains where terrestrial 

climate is seen. From coast to the center and from low to high regions, snow increases. The number of days 

with snow depends on weather conditions from year to year.  

 
 

Areas with snow  
 
     Each year, it snows under 1000 m-altitude from the sea level 
 
     Each year, it snows above 1000 m-altitude from the sea level but it may snow under 1000 m-
altitude from the sea level 
 
     It snows under 1000 m-altitude from the sea level only 
 
     It does not snow 
 
 

 

 



 

5  

 

 

 

In Turkey, Aegean and Mediterranean coasts are regions where there is no snow or it rarely snows. In 

Aegean and Mediterranean coasts snow does not last a day (Ķzmir 0.2; Antalya, Alanya, Anamur, Adana 0.1 

day). In Aegean Region, it rarely snows in Aegean part lowlands where there is sea effect (Manisa 1.3, Aydēn 

0.2 day). In Marmara and Black Sea coasts and in the areas close to these coasts, generally the snowy days in 

December, January and February is 1 to 10 days in average (Edirne 8, ¢orlu 9, Tekirdaĵ 10, ķile 5, Gºztepe 8, 

Yalova 10, ¢anakkale 3, Bursa 8, Zonguldak 10, Samsun 6, Rize 7 days). In South Eastern Anatolia Region 

snowy days are not many (Adēyaman 4, Diyarbakēr 6, Gaziantep 6, Urfa 3, Mardin 7 days).  

 

The number of snowy days increases in the interior parts from Marmara, Aegean, Black Sea and 

Mediterranean coasts. In the West Central Anatolian part in Aegean Region, in upper Sakarya, Konya, Middle 

Halys River, in the interior parts of Black Sea and in the interior high parts of Mediterranean Region, the average 

snow is 10 to 30 days. In these areas, being different from the coastal regions, the number of snowy days 

increase in the first months of spring and in the last months of fall apart from winter (Afyon 15, K¿tahya 19, Bolu 

26, Eskiĸehir 18, Ankara 14, Konya 12, ¢orum 18, Kayseri 20, Nevĸehir 19, Niĵde 18, G¿m¿ĸhane 24, Artvin 

21, Beyĸehir 11, ķarkikaraaĵa­ 11, Hadim 30, Bozkēr 12, Gºksun 27, Tufanbeyli 18 days).  

 

In the northern parts of Central Anatolian Region and Middle and Upper Halys River, the average 

number of snowy days is 30 days (Yozgat 32, Sivas 30 days) and in the mountainous areas higher than 2000 m 

in the same area and in the lowlands and mountains higher than 1500 m in South Anatolian Region, the average 

is more than 30 days (Muĸ 35, Bitlis 33, Van 35 days). In Erzurum ï Kars lowlands the number is 40 to 45 days 

(Erzurum 50, Sarēkamēĸ 57, Kars 45, Ardahan 40, Aĵrē 45 days). 

 

In Turkey, snow first falls on the high mountains and the lowlands in Northeast Anatolia. In these areas, 

first snow differs from year to year,  generally, it 

is mid or late October. In a large part in Central 

Anatolia, the average date of the first snow is 

late November or early December. The last 

snow (rarely) falls on the Mediterranean coasts. 

Snow starts late in Aegean and Mediterranean 

coasts and finishes early. The last date of snow 

in Agean and Mediterranean coasts is February 

1-15 in 200-500 m-foothills. The last date of 

snow in the same areas with higher slopes is 

March 15. The last date of snow in Central 

Anatolia and the lowlands in Northeast Anatolia 

is in mid April. It snows in March too in some 

years. For example, it snowed in Erzurum on 

March 24, 2012.  
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3. REASONS FOR SNOW WEIGHT DAMAGE AND REAGIONAL DIFFERENCES  

As the climate conditions, snow cycle, structure types are different based on regions, there are 

differences in their damage type and damage size.  

With the extreme weather conditions in winter, snow thickness can reach 25 cm in a short period of time. 

In cities, snow storm is divided into 3 for snow removal: 

1. Phase: Snow accumulation or icing under 5 cm 

2. Phase: 5 to 10-cm snow accumulation  

3. Phase: More than 10 cm snow accumulation 

The main factors causing damage and regional differences are as follows:  

¶ Snow pace 

¶ Snow type 

¶ Snow quantity for per m
2
 

¶ Snow duration 

¶ Frequency of Interval Snow  

¶ Duration of Snow Removal 

¶ Temperature and Insulation 

¶ Absolute Humid Rate 

¶ Wind 

¶ Altitude 

¶ Structure Types 

¶ Design Errors 
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The impact of climate change on snow weight has been recently discussed. It is certain that snow is 

denser, heavier and more effective. Temperature rise causes more snow fall for per m
2
 as water evaporates 

more. Because of this reason, the standards used in the structure designs are obsolete. Starting from the late 

2016 and continuing during winter months of 2017 proves this issue. Almost in all news, the snow was referred 

to as the heaviest snow of all years or in recent years. This is an important factor of the increasing damages 

related to snow weight.  

                   

The weight of fresh and non-aqueous snow is 100 kg/m
3 

, the weight of fresh aqueous soft snow is 400 

to 500 kg/m
3
, the weight of firm snow is 300 kg/m

3
 and the weight of ice is 900 to 970 kg/m

3
. To exemplify the 

situation, while snow in Konya where the weather is cold freezes on structures, snow in Trabzon melts the same 

day without freezing. 

 

 

 

The thickest snow ever in 

YƻƴȅŀΩǎ ƘƛǎǘƻǊȅ 

There is 45 and 85 cm-high 

snow in Konya and 

Karaman respectively due 

to the snow continuing for 

a week  

Fresh, non-

aqueous 

and soft 

snow: 100 

kg/m
3 

Fresh aqueous soft 

snow: 400 to 500 

kg/m
3 

Firm snow: 300 

kg/m
3 

Ice: 900 to 970 kg/m
3 

Ice is lighter than water, 

so Icebers floats in water. 

Its 10% can is on and 

90% is under the water 

 

 

Water: 1000 kg/m
3 



 

8  

 

Especially the snow on roofs becomes aqueous and firm and weighs more. With constant snow on the 

dense snow on the ground, snow related damages occur regardless of structure design. Snow duration and 

phases are the factors affecting the process.  

 Another important point is that new snow accumulates on the snow cover on the ground. With new snow 

on the firm snow in the middle layers, the mass weighs significantly more and causes damages. The snow 

occured in Konya and Trabzon exemplify this situation. In Konya snow stayed for a long time and in Trabzon it 

melted in 2 days although it was the heaviest snow of last 60 years in the area. Constant interval precipitations 

in Konya cause damages. It is important to examine not only the data from the dates of a specific snow 

but also the long term meteorology data in order to have an effective examination.  

 

Snow has three main intervals 

Another factor aggravating the effects of snowfall is the wind. The settlements, power transmission lines 

or power plants under the hills are highly affected by the wind. The snow that accumulate on these hills are 

expected to slide down the low areas with the wind. Terracing can be applied to hold the snow on the upper 

parts of the hills as a precaution.  
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Structure designs differ based on the area. For example, while in a village in the hillside of Eastern 

Anatolia Region, more resisting and vertical/straight roofs are built, there is no need for such roofs in 

Mediterranean Region.  

 

Another important factor in snow damage is that users cannot intervene in the process even if they see 

the changes and damages in structures. As a result of this, many private sector and public sectors cannot 

supply outsources such as crane, maintenance company, etc. for damages. The constant move of snow starting 

on the roof cause increased damages and costs.  

How to calculate snow load was written in TS 498-

1997 and snow load is calculated according to this 

calculation. The values given in the regulation are the 

minimum values. Engineers have to increase the values 

given in the regulation based on the importance, location 

and design of the structure. However, that TS 498 ï 1997 is 

disregarded causes errors during design planning. In case of 

an error, the related criteria noted under the regulation 

should be followed.  

Turkish Standard 498 defines CALCULATION 

VALUES TO BE REFERED TO IN DESIGNING THE 

STRUCTURAL ELEMENTS. This regulation published in 

1997 is still in force.  However, it should be updated 

considering the recent climate conditions. The responsible 

engineers should question the validity of the minimum values 

and detect the accurate coefficients and values accordingly. 

 

 

 

 

High slope, less snow 

Low slope, more 

snow 
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3.1. Snow Load Calculation with TS 498 ï 1997  

 

3.1.1. Snow load definition according to TS 498-1997  

 

 Snow is a mobile load type affecting roof and the calculation value is based on: 
 

Å The location of the building (city, district, ...) 

Å The height of the construction location from the sea level 

Å Roof slope (angle-degree rate of roof and landscape. The snow load to be considered in the 

calculations is shown as Pk. Pk is distributed uniformly on the projection area of the roof and it is 

shown as kN/m
2.

 

 

 The snow related part of TS 498-1997 regulation was taken from German DIN 1055-1971 regulation 

and it was adapted to Turkeyôs conditions. For the analysis Gumbel extreme values type I was used. The 

exceeding possibility of the snow load is 5%. 

 

3.1.2. Snow Load Calculation Value: (Pk)  

 

 The load to be taken for snow load calculation value (Pk) depends on the conditions of increased snow. 

Snow load (Pko) is classified under mobile load. The conditions on which this depends are geographical and 

meteorological conditions. Snow load calculation value is taken as 0 for the areas with no snow. In the roofs with 

up to 30Á- slope, the snow load calculation value  (Pk) is considered as equal to snow load value (Pk) and is 

regarded as uniformly distributed load. The snow load calculation value in roofs with an Ŭ-angle slope with 

landscape and where snow slide cannot be prevented is as follows: 

 

Pk    = m Pk 0 

m = 1- 
a - 30 

400
 

 

 

0 ¢ m ¢ 1 

Here; 

Pk:Snow load calculation value (kN/m2)  

Pk 0 : Original snow load (kN/m2)  

m: Decreasing number of snow load 

Ŭ: Slope of roof cover (it is in degrees) 

 

0 
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ü The m value is taken from the below table depending on Ŭ angle 

 

Pk0 value is taken from TS 498-1997 Table 4 depending on the height of the structure from the sea level 

and the number of snow area. In the atypical custom made roofs, snow load calculation value should be 

determined depending on the results of the snow load distribution experiments.   

For the parts different from the defined areas, the values and meteorological calculations in Table 4 

should be referred to depending on the snow duration and height.  

 

 

 

 

 

 

 

TABLE 4 ï Original Snow Load (Pko) Values kN/m2 (*) 

Snow load calculation values are taken as 0 in the areas without snow  

TABLE 4 ï Original Snow Load (Pko) Values kN/m2 (*) 

1000-m values are increased by 10% up to 1500 m,  by 15% in the altitudes more than 1500 m 

The height of the 

region from the sea 

level 

REGIONS 
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3.1.3. Detecting Snow Map and Snow Regions: 

 

 Turkey is divided into four snow regions. The first region is the region with least snow and the fourth region 

is the region with most snow. In the map, there is a table indicating snow region map and snow region number 

of each region.  
 

 

The map to be used in Turkey, snow loads based on regions and height and snow load regions based on city 

and provinces. 

 

 

First Region 

Second Region 

Third Region 

Fourt Region 

ANNEX 11 

ORIGINAL SNOW LOAD REGIONS ACCORDING TO CITIES AND PROVINCES 

CITY/PROVINCE REGION 

NO 

CITY/PROVINCE REGION 

NO 

REGION 

NO 

CITY/PROVINCE 
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For example, the height of Eskiĸehir (the center)  from the sea level is approximately 800 m and the 

height of Kars (the center) from the sea level is approximately 1800 m. In both cities a roof with a slope of 

33 degrees will be built. There is a need to detect the roof snow load. The main values are highlighted in 

the table.   

 

3.1.4. TS 498-1997 sufficiency of snow loads: 
 

 Ahmet Top­u, from the department of Civil Engineering in the faculty Engineering and Architecture in 

Eskiĸehir Osmangazi ¦niversity, analyzed the sufficiency of snow loads according to TS 498-1997 in his study 

called Snow Load and Collapsed Roofs. The snow load values calculated in a study regarding the detection of 

ground snow loads of cities and provinces in Eastern Black Sea were compared with TS 498-1997 values. In 

the graph taken from this study, Pko demonstrates TS 498-1997 Table 4 values and SL50 demonstrates the 

values calculated for the same region. As it is clearly seen, almost in all of the provinces, TS 498-1997  values 

are lower than SL50 values. According to the researchers, ñthe ground snow load map proposed by TS 498 is 

not realistic enough is the reason for thisò. 

 

 

 

Solution: 

City 
Snow 

Region 

Height from 

the Sea 

Level (m) 

Roof snow load 
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 TS 498 first came into force in 1987. As the data in the General Directorate of State Meteorology Affairs 

were starting from 1968, there were not enough data during the preparation of TS 498-1987. The difference 

between the study and TS 498-1997 may be because of this reason.  

 Also, in TS 498-1997, there are these statements: ñé the values in Table 4 should be increased in light 

with meteorological measurements if there is anyò. The regulation wants the project engineers take the up-to-

date measurements into consideration yet does not give clues about how to benefit from the ñmeteorological 

measurementsò. 

 The part about snow load in TS 498-1997 regulation was taken from German DIN 1055-1971 

regulation but the clue in DIN 1055 was not mentioned. According to DIN 1055, snow load can simply be 

detected through: 

Pk0  = 3.2 dzmax        (2.2) 

Here, dzmax n (for example n=30) is the average of annual maximum snow thickness and will be taken from 

the nearest measurement station to the structure to be built. dzmax is in meters, Pko is in kN/m
2 

. The 

calculation value of roof snow load is calculated by taking the correlation as 2.1 by considering the slope of the 

roof.  

The Pk0 = 3.2 dzmax correlation taken from German DIN 1055 regulation includes Gumbel type I scatter, 5% 

possibility and 45% variation coefficient. In this correlation, the rate of the thickness of roof snow to ground 

snow is dr/dg=0.8 and the unit weight of snow is 2.15 kN/m
3
 . dr/dg=1.0 and Pk0  = 4 dzmax            (2.3) will be 

proposed. However, in case that Pko value is smaller than the one in TS498-1997 Table 4, the value in Table 

4 should be used. 
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4. Roofs Collapsing due to Snow Load 

 
There are various problems due to snow and snow storms in many parts of the world every 

year. Snow has its first impact on the roofs that are the biggest gap in buildings. In Turkey, in the 

areas heavy snow hits, there are roof collapses and causalities due to unforeseen accumulation of 

snow load on the roofs. 

 

 The main reason of snow load in many residential areas is snow accumulation. That is why, 

for the research about the snow load on roofs because of precipitations, the snow heights from the 

ground surface are taken as the main input. In addition, snow load on the roofs of the buildings is 

affected by temperature, wind pace and direction, roof slope and the location of the building.  

 

 Snow density is as important as the thickness of snow on the roof of buildings. In other words, 

The weight of snow on the roof is more important than accumulated snow or height of ice. Snow 

density is generally between 50 kg/m3 (fresh snow) and 500 kg/m3 (wet snow). While high snow 

density typically occurs due to high temperature and/or strong winds, low snow density generally 

occurs in cold and windy weather. Snow density increase in time as the snow stays. 
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 The water is almost 0.05%, 0.5%, 0.3% and 90-97% respectively in fresh snow, wet snow, old 

snow and ice. In light with these principles, the design snow loads of roofs are calculated according to 

TS 498/November 1997 in Turkey. In addition to this, snow sometimes gets firm due to the factors like 

falling of fresh snow on the old one staying on the roof, melting during mornings and freezing during 

nights. The snow layer on the roof may become a 1 ton/m3 mass by turning into ñiceò by melting in the 

mornings and freezing in the nights. Therefore, It should not be forgotten that the layer of snow on 

roofs may exceed limit values in TS498 and may form an unforeseen amount of snow-ice load.  

 

Snow Density:  Snow density is very variable, it is not possible to give a value to it. Normal snow 

density is 100-300 kg/m
3
.  Aqueous snow density is 400-500 kg/m

3
. Ice is lighter than water with its 

density of 900-970 kg/m
3
 and it floats. There can be a good comparison as its density becomes 1000 

kg/m
3
 when it is in water form. 

 

Calculation snow density, p,
 
can be found in the correlation of ɟ = 300-

200 e
-1.5 d

. Its unit is kg/m
3

. I has d(m)>0 snow thickness. According to 

this correlation, it is 100ÒɟÒ300 kg/m
3
. Mostly, the average value is ɟ º 

200 kg/m
3
. 

 

Measurement of snow thickness: 

 

Snow thickness is measured in the stations of the General Directorate of Meteorology Affairs and in 

the ground. From 1968 to recent years, the data regarding annual snow thickness can be purchased. 

 

Roof snow thickness: 

 

The snow thickness on the roof and on the ground are not same. The snow thickness on a plain roof 

is similar to the one on ground but it is less due to quaking. The snow thickness on the roof is dr and 

the one on the ground is dg and the formula is: 

  As dg increases, the sum decreases. In practice, this rate is generally taken as 0.8 

as much.  

 

 

 

Less dense layer 
Dense layer 

More dense layer 
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Roof snow load: 

It is the weight of the snow on the roof on a 1-m2 plane. Its unit is kN/m
2 

dir. Theoretically, it is  

 

Pk0  = ɟ d­ g /1000         

Pk0 (kN/m
2
) is snow load, d­ (m) is roof snow 

2 
is gravitation 

acceleration. 1000 constant is used to convert N (Newton) unit to kN. 
 

The calculation is not that easy in practice. p is very variable. The question of ñWhat should 

snow thickness d­ be to make the structure durable?ò makes the calculation complex. 

  As snow is a random natural phenomenon, the value of snow load should be determined in a 

way to ensure durability yet to have a little risk. The snow load calculation value meeting the 

definition and affecting the structure at least once is called as characteristic snow load. Characteristic 

load is an estimated load that has a possibility to be exceeded a little. The possibility is generally 

between 2% and 5%.  

 

  In order to determine the characteristic snow load, 30, 50 and even 100-year old maximum 

ground snow thickness is taken as data and statistical data analysis methods are used. The scatter 

of maximum snow thickness according to years is analyzed with an appropriate statistical scatter 

analysis (like Gauss, Gumbel, Lognormal, Weibull scatter) and characteristic snow height is 

determined. Behind the snow loads given by the regulations, there are always statistical analysis.  

 

4.1. Dispersion of Roof Types and Snow Load in Roof Plan 
 

4.1.1. Roof Types 

 

  Roof is the external cover element that is horizontal, completes the building structurally and 

protects it from external conditions. While forming the upper limit of buildings, the main functions of 

roof elements are as follows: protecting the building from atmospherical conditions and external 

effects, keeping the precipitation waters away, ensuring comfort for internal use by ensuring durability 

against dead loads like roof structure, coating and insulation; against mobile loads like rain, snow and 

traffic and against wind loads. 

  Features depending on climatic regions, the function of buildings, country, geographical and 

cultural features of the region and zoning limitations are the factors affecting the design of roof system 

design. The factors affecting the choice of the roof type are climate, durability, size and shape of 

buildings, coating materials, visual effect, harmony with the environment, cost, and regulations and 

laws.  
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Considering climatic factors to determine the roof slopes is important in terms of increasing the 

physical performance of roofs and decreasing the load on roofs. While determining the slope of the 

roof, the usefulness of lower parts of roofs as well as climatic factors should be taken into 

consideration.  

Roofs are designed as terraced roofs (plain) and inclined roofs based on their structure. In the 

design of inclined roofs in the regions with heavy precipitation, climate conditions of the region 

(precipitation rate and type), type, size and shape of roof coating (small and big size, plain and non-

plain roof), the conditions of using roof gaps, and regulations (for the highest value) are the main 

elements. In addition, the move of humid effect in roof gaps and on the roof are elements to be 

considered in the design process.  

Roof types can be categorized according to their structure, function, construction, coating and  

Roofs are divided into three as timbered, steel and reinforced concrete according to the 

material they are made of. 

Timbered Roofs 

These are the roofs whose truss and inclined surface are made of timber. They are built on 

buildings with timber, stone/brick and reinforced concrete. Roof truss, the skeleton of a roof, should be 

explained as timber material is the material used most in building of roofs. Roof truss is the system 

transferring the loads on the roof to braces. They are built in 2.00-3.00-m intervals. Roof truss are 

named as fixation roof truss and hung roof truss according to their style of transferring load.  

Steel Roofs 

The roofs of the buildings with braces with bigger gaps are made of steel as steel is resistant 

to tension. Steel roof truss are built through blon, rivet and seaming.  

Roofs with reinforced concrete 

These are the roofs made of reinforced concrete and protecting the building against external 

effects. By considering to ensure flow of rain and snow water without congestion, protection from 

temperature effects, durability, aesthetical features, reinforced concrete roofs are used in garages, 

storages, gyms, performance centers, mosques and shopping malls. Roofs with reinforced concrete 

are made in the shape of frame with reinforced concrete, arch or shell.  

The roofs built with 1-2%-inclined reinforced concrete are called as terraced roofs. Terraces 

should be built in a way to protect the building against external effects. It enables rain and snow water 

in the terrace to accumulate in grooves by beveling the roofs and to transfer to surface through rain 

pipes.  
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Roof types are divided into three as fixation roofs, hung roofs and mixed roofs according to 

their holding capacity. 

Fixation Roof Truss 

The roof truss transferring load to narrow gapped external walls, partition walls and reinforced 

concrete discs are called as fixation roof truss. These kinds of roofs are built on bearing walls, beams 

or reinforced concrete claddings. Brace gap should be no more than 4.00 m if the roof is built on 

bearing walls or beams. Fixation roof truss are named according to the arranged bays. In fixation roof 

truss, the intervals of bays should approximately be as follows: 1 bay for 4-6-m truss, 2 bays for 6-8-m 

ones, 3 bays for 8-11-m ones, 4 bays for 11-13-m ones and 5 bays for 13-17-m ones. 

Hung (Suspender) Roof Truss 

The roofs transferring loads to the near braces through truss are called as hung (suspender) 

roofs and the truss used in building such roofs are called as hung (suspender) roof truss. If the gap 

between the external and internal walls are bigger than 4.00 m, these roofs are used. The vertical roof 

element in hung roofs are called as hangers. Hanger size is as follows according to the truss length: 1 

hanger for 4-6-m truss, 2 hangers for 6-9-m truss, 3 hangers for 9-12-m truss.  

Mixed Roof 

In a cold roof defined as air cushion roof, if a part of its construction is fixation and another part 

of it is hung roof, the roof is called as mixed roof.  

As a principle, each bay built under purlins needs to be transferred to a bearing structure or to 

a building wall or to the walls with the help of a hung truss. If the dissolution on the roof is done 

through both fixation and hung systems, the system is a mixed system.  

In the cases where ground areas is not very large and there is no need to use roof surface, 

inclined roofs are more desirable as they keep precipitation off the roofs more easily. Inclined roofs are 

generally built on reinforced concrete, steel or timbered structures. Pouring concrete in an inclined 

direction is a possible yet difficult job. On the other hand, building an inclined roof on a steel or 

timbered structure has advantages in terms of earthquakes and its construction process as it makes 

the weight of the building lighter compared to reinforced concrete.  
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4.1.2. Dispersion of snow load on a roof plan 

 

 

 

 

 

 

 

 

 

     
    Snow can be anywhere on the roof. 

 

 

 

 

 

 

 

 

  

There may not be snow or it does not accumulate on one part of the roof due to wind and/or sun. 
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   Snow load is different on locations on the same roof due to different inclination. 

 Snow cannot stay on very steep (inclined) roof, disperses and slides due to wind. There is no 

snow on the roof. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There may be some snowdrift on the roof. 

 

  Ice load occurs in the eaves. In roofs with large eaves, linear ice load is considered along the edges 

of the eves. Ice unit volume weight is 7 kN/m
3 
(TS498-1997). 
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Considering this information, snow load calculation in roofs are done based on TS 498-1997. 

Also, wind loads should not be disregarded.  

 

All roof damages caused by the recent snow in Konya and its provinces were examined and 

how the theoretical information given in this bulletin in practice is was exemplified. The general 

characteristic of general damages occured in Konya is under examination in this bulletin.  

 The first snow in Konya was on 12/24/2016. The snow continues in intervals and on 

12/26/2016, the heavy snow became effective.  

Snow staying on the roof coatings became aqueous and hard and started to weigh more in 

time. There were roof damages regardless of structure type due to the constant snow on the already-

intensified snow exceeding 50 cm of height from the ground.  

The precipitation time and phases of the snow were effective. The snow accumulated in 

bottoms of parapets, funnels and grooves in industrial structures due to the wind. The snowdrifts 

exceeded 150 cm in the parapets or the intersection points on the roofs due to the effect of wind and 

its own weight and reached 1.5 m. 

It was seen that it caused serious damage in roofs and structures when its center of gravity 

changed. Cohesive risk occured based on collapsing, collapse failure, shrinking and stretching 

according to the structure type.  

Generally, the load on the beams caused collapsing by not being able to hold the changing 

snow load due to the weak purlins. Serious damages occured due to the spin of the pillars and parallel 

slide of them to the roof coating that they are attached to on the same axis  

Another important issue is that the users cannot intervene although they see the damages and 

changes on the buildings. As a result of damages in private and public sector in many places at the 

same time, there could not be any outsourcing such as cranes and maintenance companies, etc. The 

constant movement on the roof caused increasing damages and costs as there was no intervention. 

Businesses were closed to ensure life safety as the environmental conditions made the work 

impossible. The thing they were trying to do with their own sources was to protect themselves and 

ensure security. 

In light with the data examined as an example, the snow load: 

ü The snow was 40 cm on 11/17/1988 when the heaviest snow occured. 

ü The snow thickness in the city center has been 52 cm since 01/03/2016. 

ü Snow exceeding 60 cm in average was detected it was changeable in Konya city center and 

outside the city.  

ü There are differences in the provinces of Konya. The snow thickness in Karaman is 95 cm.  
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If snow load is calculated by taking the snow thickness as 52 cm for an example structure:  

1mį Aqueous Snow : 130 Kg 

9000 mĮ x 0,52  : 4.680 mįsnow 

Total Snow Weight : 608.400 Kg 

 

With this calculation, the snow load that the structure carries is 608.400 KG. It is a case that 

cannot meet any estimation or calculation. In this snow amount, a shortcoming or error based on 

building structure type cannot be considered.  

 

In some damages, that the reason for collapsing seems to be the snow load is not true. The 

collapsed projects have project, construction and maintenance errors. Snow load only triggers 

collapsing.  

 

ü Determining the condition of all the span roofs (sports, exhibition, congress hole, market, 

etc) is required in order to prevent possible disasters. 

 

ü The snow cleaning of the structure types in question should be done beforehand and it 

should be on a regular basis. Snow should definitely be cleaned when it reaches 10-20 cm.  

 

ü The relevant snow load regulation should be updated urgently.  

 

ü Engineers should be aware that these kinds of structures are critical in terms of snow and 

wind and that the regulations propose only the minimum limits. They should avoid delicate 

materials that can be bent easily for material saving, should not make designs requiring 

long construction elements, not rely much on soft wares and should be engineers rather 

than technicians.  

 

Damage density in the regions easily gives an idea about design errors. The effect due to 

snow will be regional / local. Collapsing of a single buildingôs roof while the othersô do not have 

any damages generally means design error. Such practical applications play an important role in 

damage process.  

Methods are being detected about the reasons for damage and its effects based on field 

experiment. For example, images taken with drone in damage assessment show the seriousness of 

the damage and reveal local effects too.  
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Expert support is very important in detecting the reasons and magnitude of damage. Tangible 

proofs based on scientific measurements and results are important for detecting the reasons and 

magnitude of damages and assessing them.  
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Recent heavy snow caused collapsing of many solar energy facilities as well as collapsing of 

roofs in the country. According to the damage frequency, energy transfer lines following solar energy 

facilities, damages in measurement pillars are third in the list. Therefore, Solar Energy Facilities and 

pillar turnovers are examined in the bulletin.  

5. Load Damages in Solar Energy Facilities 

 
  

 
 

 Solar Energy Facilities built almost everywhere in Turkey due to Accelerating Solar Energy 

Investments failed after the first serious winter they faced. Many Solar Energy Systems built in the 

cities like Konya, Kayseri, Kahramanmaraĸ and in many others collapsed due to the weight 

accumulated on the roofs.  

 

 In some facilities functioning with some MW capacity, there were damages reaching the tab level. 

It is not a coincidence to have that much damages regarding snow load recently..! Many design 

errors were detected.  
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The detected defects in design are as follows:  

 

- Errors in Static Projects 

 

- Disregarding TS498 or wind effect in 

addition to snow load 

 

- Insufficiency of TS 498 

 

- Not ensuring optimization in the project 

areas (choosing an area facing heavy snow 

every winter even if it is an abundant area) 

 

- Assembly Errors 

 

- Not following the project 

 

 Many new Solar Energy Facilities in 

Turkey have just face real natural conditions. In the first serious incident, the facilities were 

damaged. The number of recent snow load incidents and their damage magnitude clearly 

shows the issue. Many unpredictable risk factors cause many danger risks to increase. These 

risk factors are wanted to be charged in insurance policies and they are charged in the 

policies..! Therefore, for the facilities to be insured, the risk analysis is very important. 

Otherwise, undertaking million-euro-worth damages including indirect losses such as physical 

damages, business interruption and profit loss is inevitable.  

 

The risk analyses to be done should be assessed by considering the parameters such as 

static projects, geographical conditions, assembly conditions, suitability to the project and 

material quality. By warning the owners about example damages and taking necessary 

precautions, it is possible to minimize damage frequency. 
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6. Energy Pillars, Measurement Pillars and Snow and Ice Load Damages 

 

Snow and ice load cause damages in constructions like pillars on energy transfer lines and 

measurements pillars. Especially snow and ice accumulated on space cage systems due to large 

surface cause the pillars to exceed the design weight. As this issue is not taken into consideration and 

is not given enough importance in static projects, pillars may frequently turnover and cause 

overcoasting. 

 

The pillars in question are generally deployed in lands with high altitude. The climate 

conditions are different compared to the conditions in cities. Snow accumulates and freezes fast on 

the constructions. Therefore, the snow load on similar pillars is known as ice load.  

 

The areas with high humidity and low temperature are ideal for frost. In cases when the humid 

rate of the weather is more than 90%, frost occurs on pillars and their cables due to sudden 

temperature fall. The frost causes load on the cables and surface dynamic effects (e.g. wind) enlarge 

the cables. The load caused by an almost 10-cm-thick ice load to the construction is approximately 21 

times as much. The ice accumulation on pillars and cables towards compression causes pillars to 

overturn.  

 

In addition to snow load, in the article named Wind and Ice Load on Electricity Energy Air 

Transfer Lines by TMMOB (Union of Chambers of Turkish Engineers and Architects) in 2009, it was 

mentioned that ice occurs between -2 and +8 degrees and humid under -10 degrees is less than 90%, 

so ice does not occur, and wind causes the vapor in the air and fog to gather and stick to conductive 

surface.  
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The most important issue to be considered is that the designs should be done by knowing that 

wind measurement pillars, energy transfer lines and wind pillars will already be deployed in areas with 

heavy weather conditions. 

 

The conditions assessed as abnormal for city centers in case of any damage should be 

considered as normal for these areas and damages should be assessed accordingly. The storm pace 

that is taken as 7 cannot be regarded as storm for these areas. The same situation is valid for the 

magnitude of snow weight and ice load in these areas.  

 

7. 2017 Snow Damage Profile and Estimation  

 

Starting form late 2016 and continuing during winter months, heavy snow caused a serious 

snow reserve in the regions with high altitude. It is estimated that, in spring rains and melting snow 

water will flow to stream beds and cause frequent flood and landslide incidents.  

It is estimated that, landslide will be denser especially in Black Sea Region. The main reason 

for that is fast melting snow due to heavy rains. 

The estimated damages in Turkey after heavy snow is as follows: 

 

- Accumulated snow will increase productivity in Hydroelectric Facilities in 2017 spring yet will 

cause landslides and damages in transfer canals. 

 

- Another important factor for hydroelectric facilities is the increase of the amount of precipitation 

that water flow will carry. Company authorities should be warned about this issue so that they can 

ensure crenel cleaning and a constant control of those.  

 

- There might be an increase in urban floods. 

 

- Sudden floods might cause damages in constructions. 

 

- There might be a turnover risk in pillars like measurement pillars, energy transfer lines, etc 

because of landslides. 

Necessary precautions should be taken into consideration in advance by considering the 

effects of heavy snow and climate change and the precautions should be controlled by doing 

risk assessments. 
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As a result: 

 

The recent heavy snow has been very effective in a big part of Turkey, especially in Konya, 

Kayseri, Kahramanmaraĸ and Trabzon. The snow accumulated due to heavy snow in these areas 

caused facility roofs with a large surface area to collapse.  

 

In addition to building roofs, there were damages in energy transfer lines, solar energy 

facilities and wind energy facilities due to snow weight and it was detected that most part of these 

damages are becaue of engineering/ design errors. Direct and indirect damages due to snow were 

serious when we consider the business interruption, profit loss and responsibility damages, etc. This 

case showed the importance of Risk Assessmnet once more. Risk assessment, right insured, right 

risk, right policy, é, low damage, real lossé! 

 

 Recently examined damages detected some existing shortcomings too. The first is about not 

following the TS 498 Regulation of the Calculation Values in Designing Structure Elements. It was 

understood that this valuable document published in 1997 became obsolete due to the 

changes about global warming and structure technologies. Another relevant important issue is 

that TS 498 could not be realized and there are errors in static calculations and project designs. When 

designs with errors combine with heavy snow and non-ready emergency intervention plans, this 

devastation occured. The general issues are as follows: 

 

¶ Wrong production in the application of project errors and right Project applications 

 

¶ Choice of material and faulty workmanship  

 

¶ Hidden defect, defective production 

 

¶ Cheap and low quality materials as a result of cost management in production 

 

¶ Maintenance and audit shortcomings 

 

¶ Aging, corrosion and attrition 
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 It is not a coincidence that there have been that many snow weight damages recently in the Solar 

Energy Facilities..! A big part of Solar Energy Facilities that are recently built in Turkey have just faced 

natural phenomena. In the first serious incident, most of the facilities were damaged. The number of 

snow incidents and the amount of damage have clearly demonstrated this issue. Many risk factors that 

cannot be estimated cause an increase in the danger risk. This risk will be charged to the 

insurance policies by the business owners until engineers and designers are aware of damage, 

i.e until they complete field training after tens of damages..! Therefore,  the importance of Real 

Risk Analysis is of utmost importance for the facilities that are wanted to be insured. Otherwise, 

undertaking millions-of-Euro-damage compensation is inevitable due to indirect losses such as 

business interruption and profit loss. 

 

In these last months of winter, it can be said that snow and its effects will increase. 

Melting snow causes soft soil and triggers landslides. It is estimated that, in spring rains and 

melting snow water will flow to stream beds and cause frequent flood and landslide incidents. 

Necessary precautions should be taken in advance by considering heavy snow and climate 

change and damage frequency should be taken under control through risk assessments.  
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*** This bulletin was prepared based on the information from various resources about the issue and includes our own views 

based on our experience in the domain of claims and risk. 


