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ABSTRACT

A STUDY ON NEW TURKISH GROUND SNOW LOAD MAP AND SNOW
DAMAGE PREVENTION RECOMMENDATIONS FOR SOLAR POWER
PLANTS

Temel, Ozlem
Master of Science, Civil Engineering
Supervisor : Prof. Dr. Ahmet Tiirer

January 2020, 91 pages

Renewable energy sources have become an environment friendly alternative to fossil
fuels. As a renewable source, solar energy becomes widespread under favor of
decreasing costs in Photovoltaic (PV) cell production. Similar to the growth trend in
the world, total production capacity of installed Solar Power Plants (SPP) have
recently reached over 5 GW in Turkey. In a typical SPP, PV modules are mounted
on steel supporting structures with a site-specific inclination angle. In the last years,
damage of many PV mounting structures due to snow load has shown that
characteristic ground snow load proposed in design load code TS 498 is not suitable
for SPP and does not sufficiently represent regional variance of snow climate. In the
present study, snow load values with 50-year mean return interval are obtained using
ECMWEF- ERA 5 global climate model snow data and a new ground snow load map
for Turkey is proposed. Proposed map is validated by meteorological observations
and compared with TS 498 snow load values on ground. Some design
recommendations are made for PV supporting structures at SPP based on commonly

observed snow damage patterns.

Keywords: Solar Power Plant, Snow Load Map, Photovoltaic Panel
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YENI TURKIYE ZEMIN KAR YUKU HARITASI UZERINE BIR
CALISMA VE GUNES ENERJISI SANTRALLERINDE KAR HASARININ
ONLENMESINE iLISKIN ONERILER

Temel, Ozlem
Yiiksek Lisans, insaat Miihendisligi
Tez Yoneticisi: Prof. Dr. Ahmet Tiirer

Ocak 2020, 91 sayfa

Yenilenebilir enerji kaynaklari, fosil yakitlara ¢evre dostu bir alternatif haline
gelmistir. Yenilebilir bir enerji kaynagi olan giines enerjisi, diisen fotovoltaik panel
maliyetleri sayesinde diinya genelinde yaygin olarak kullanilmaya baslanmistir.
Diinyadaki egilime paralel olarak, Tiirkiye’deki giines enerjisi santrallerinin (GES)
iiretim kapasitesi 5 GW’a ulagsmustir. Tipik bir GES’de, PV paneller sahaya 6zgii bir
egime sahip c¢elik tastyici yapilara monte edilmektedir. Gegtigimiz yillarda panel
tastyic1 yapilarda meydana gelen kar yiikii hasarlari, tasarim yiikii kodu olan TS
498’in GES’ler i¢in uygun olmadig1 ve dnerilen kar yiiklerinin, bolgesel farkliliklar
yeterince temsil edemedigini gostermistir. Bu ¢alismada, 50 yil ortalama tekerriir
periyoduna sahip kar yiikii degerleri ECMWEF’in ERA 5 kiiresel iklim veri seti kar
verileri kullanilarak hesaplanmig ve Tiirkiye i¢in yeni bir zemin kar yiikii haritasi
onerilmistir. Onerilen harita, meteorolojik olciimlerle kiyaslanarak dogrulmasi
yapilmis ve TS 498’de Onerilen zemin kar yiikii degerleri ile karsilagtirilmistir.
GES’lerde kullanilan PV panel tasiyici yapilarda siklikla goriilen kar hasarlarina

iligkin tavsiyelerde bulunulmustur.

Anahtar Kelimeler: Glines Enerjisi Santrali, Kar Yiikii Haritasi, Fotovoltaik Panel
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CHAPTER 1

INTRODUCTION

1.1 Background

In recent years, renewable and environment-friendly sources of energy have been
used widely in the world due to increased environmental concerns related with global
warming. Moreover, developing countries with increasing energy demand and
limited energy sources (natural gas, petroleum etc.) are in search of alternatives to

fossil fuel based energy sources to lower energy related costs.

Main renewable energy sources are wind energy, hydropower, geothermal energy,
solar energy, and biomass energy. Among different kind of renewable energy
sources, solar energy investments boosted around the world thanks to decrease in PV
panel prices. According to International Renewable Energy Agency (IRENA)
(2019), price of Photovoltaic (PV) panels decreased by 80% since 2009 while wind

turbine prices decreased almost 30-40%.

As stated by Ministry of Foreign Affairs (2019), Turkey’s energy demand has been
increasing with an annual growth rate of 5.5% since 2002, which is the fastest growth
rate among OECD member countries and energy consumed in Turkey is highly
dependent on import energy sources. Thus, a new energy strategy has been
developed by Turkey in order to reduce dependency on import energy sources based
on fossil fuels and increase contribution of renewable energy in total electricity
production. In this perspective, Turkey became a founding member of IRENA in
2009 and a renewable energy support mechanism was established in 2011 in order
to encourage investments on renewable energy sector. Following this advances, solar

energy systems have become the most widely accepted renewable energy type in



Turkey (Uyan, 2017). Figure 1 shows rapid growth of installed solar power capacity

in Turkey in recent years.
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Figure 1- Installed Capacity Trend of Solar Energy in Turkey (retrieved from
https://www.irena.org/solar)

In a photovoltaic solar power plant, PV panels convert solar energy into electricity.
PV arrays, composed of interconnected PV panels, are mounted on a structure which
keep them in correct position to optimize electricity production and provide a
structural support. Typically fixed angle arrays are used since they require lower
initial and maintenance costs than arrays in which one or two axis sun tracking
system is used. Mounting structure constitutes almost 10% of initial investment
however more importantly it carries PV panels, which constitute about 50-60% of

investment.

Electricity produced by PV panels depends on amount of solar irradiance. According

to solar resource map in Figure 2, southern regions have a higher solar energy



production potential compared to Marmara and Black Sea regions. Therefore, most
of solar power plants in Turkey are located in southern regions. In addition to amount
of solar irradiance of candidate site, there are many parameters considered by
investors in feasibility stage such as availability of site regarding agricultural
activities and land prices. Some investors prefer foothills of mountains and sloped
areas where agricultural activity is limited and land prices are favorable compared to
areas located in plains. This preference leads to snow related problems in solar power

plants due to high correlation between snow load and altitude.
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Figure 2- Solar Resource Map of Turkey (retrieved from https:/solargis.com/maps-and-gis-data)

Following 2015, when solar power plant constructions had just to become
widespread (Figure 1), snow damage has begun to been observed in many recently
built solar power plants in Turkey. According to report prepared by insurance
company, Ekol Loss Adjusting (2018), in 2016-2017 winter season, many steel PV
mounting structures, especially in Konya, Kayseri, Kahramanmaras cities of Turkey,
heavily damaged or collapsed due to weight of accumulated snow (Figure 3). Some

of the reported reasons of damage related with snow were summarized as follows:



Ground snow load observed at the site were greater than snow load value
given in TS498.

Snow load regions defined in TS498 were not correctly selected in snow load
calculations and statement about increase in snow load for altitudes above
1000 m was disregarded.

TS 498 covers loads on building like structures and is not suitable for Solar
Power Plants (SPP) supporting structures.

Damaged plants were sited in foothills of mountainous regions where snow
transportation from hills by wind and accumulation on ground between and
over SPP were observed. However, simple structures in the same area with
flat roofs had drastically lower amount of snow thickness accumulated on
their roofs.

Geometric shape of PV arrays acted as snow trapping blockage and led to

heavy snow accumulation between PV arrays.



Figure 3- Damaged PV Mounting Structures, Ekol Loss Adjusting (2018)

Steel PV mounting structures in solar power plants are lightweight steel structures
with lower dead load compared to conventional building type structures. Lightweight
structures with high snow load to dead load ratio are vulnerable to snow related
failures (Holicky & Sykora, 2009). Thus, determination of snow loads accurately
becomes more important for lightweight structures and leads to questioning ground

snow load values provided by design standards.

In addition to accurate determination of ground snow load, determination of amount
of snow transported by wind is very important to approximate snow load acting on

structures in reality. Structures or structural parts standing on the way of wind create



aerodynamic shade regions for windblown snow and snow drift occurs. Amount of
drifting snow depends on snow flux which is limited by amount of driftable snow
and wind (O’Rourke & Wikoff , 2014). Snowdrift between PV panel arrays is very
similar phenomenon to snow accumulation created by a snow fence. Snow fences
are long and fixed standing structures generally made from aluminum or steel and
placed perpendicular to prevailing wind direction to control snow drift and prevent
drifting across a highway (ADOT, 2014) (Figure 4). Snow fences reduce wind speed
and wind force on the snow surface leading snow particles originally located in a
fetch distance and then carried by wind to slow down and come to rest. While some
of the particles accumulated on the windward side of the fence, most of snow
particles deposit on downwind side of the fence (Tabler & Associates, 1991) (Figure
5).

Snow fences reduce drifting, increase visibility for drivers

Travelers through the Rockies and much of the interior West will face blowing and drifting snow today.
Danger todrivers will be reduced in areas where properly built and located snow fences are installed.

1 Wind is forced to go around 2 Suspended snow
and through the snow fence, particies ouras
losing speed and energy. s wind speed

Ideally the fence should be
et back from the shoulder a distance
35 tims the height of the fence. Placing
the fence oo close 1o the roadway can
make drifring problems worse.

Figure 4- Usage of snow fences to prevent snow drifting accross a highway (adopted from
https://clearroads.org/december-2017/)
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Figure 5- Snow transport along fetch distance and snow deposition behind snow fence (adopted
from (Tabler & Associates, 1991))

In the light of aforementioned information, it is clear that number of solar power
plants in Turkey will increase due to both increasing energy need and high solar
energy potential available. Financial losses related with damage or collapse of solar
power plants due to snow loads will increase unless a more realistic snow load is

considered in structural design.

1.2 Objectives and Scope

The primary aim of this study to improve accuracy of snow load calculations for
solar power plants. For this purpose, ground snow load values provided by TS498
are questioned and a new map is proposed using snow data between 1979-2018 taken
from ERAS climate reanalysis provided by European Centre for Medium-Range
Weather Forecasts (ECMWF). Proposed map is then validated by comparing
mapped values with snow loads calculated using observation of meteorological
stations belong to Turkish State Meteorological Service (TSMS). In addition, a
comparison with current snow map in TS498 and national annex of TS EN 1991-1-

3 is performed.



Secondly, recommendations are given to prevent snow damage in solar power plants
regarding calculation of snow loads acting on PV mounting structures. Since there
is no specific standard or guideline on calculation of snow loads acting on PV
mounting structures of solar power plants in literature, recommendations made are
constituted by making inference from standards or guidelines belong to similar

structures.



CHAPTER 2

LITERATURE REVIEW

2.1 Ground Snow Loads in Turkish Provisions

Characteristic value of snow on the ground at the relevant site, s is defined as “snow
load on the ground based on an annual probability of exceedance of 0.02, excluding

exceptional snow loads” in TS EN 1991-1-3.

In Turkey, TS 498 (Design Loads for Buildings) is an active standard for design
loads which was prepared based on BSI Code of Basic Data for the Design of
Building, DIN 1055 and DIN 18196. However, TS 498 may need recent revisions
since it was accepted as a standard in 1987 and revised in 1997 by Turkish
Standardization Institute (TSE). In 2007, EN 1991-1-3 (Eurocode 1 - Actions on
structures - Part 1-3: General actions -Snow loads) was translated in Turkish and

adopted as a valid standard by TSE and named as TS EN 1991-1-3.

EN 1991-1-3 gives guidance to determine the values of loads due to snow to be used
for the structural design of buildings and civil engineering works. Some parameters
which are called as Nationally Determined Parameters are left open to national
choice and reference is given to National Annex. In National Annex of TS EN 1991-
1-3, snow map of Turkey and table providing characteristic ground snow load values

sk taken directly from TS 498 are provided.

According to valid regulation in Turkey, “Principles on Design, Calculation, and
Construction of Steel Structures” (Celik Yapilarin Tasarim, Hesap ve Yapimina Dair

Esaslar) (2018); in structural design of steel structures, characteristic load values



should be determined in accordance with TS498 and snow loads provisions in TS

EN 1991-1-3 should be taken into consideration.

2.2 Determination of Ground Snow Load

Ground snow load is defined as the weight of snow on the ground surface in IBC
(2012). In general, ground snow load values are determined using data collected by
meteorological stations. Snow water equivalent and snow depth measurements are
primary data needed when calculating snow load values. Snow water equivalent
measurements can be used directly to calculate snow load value however snow depth
measurements have to be converted into snow load after taking into account snow
density. Snow density depends on many climatic factors and varies among different
geographical regions thus there is no single mathematical expression used for snow
density calculation in literature. Unfortunately, many meteorological stations in

Turkey, as in the world, measure only snow depth data.

Length of annual maximum records is very important for reliability of statistical
analysis. According to German investigation based on 94-years snow depth record,
ground snow load design values derived from measurements of 30 consecutive
winters were yet influenced by exceptional years in the data. Thus it is suggested to
use a record length of 40 to 50 years to determine ground snow load values with 50-

year Mean Recurrence Interval (MRI) (Sanpaolesi, 1996).

In this study, snow parameters provided by ERAS climate reanalysis is used instead
of records of meteorological stations since it provides data from 1979 to present.
Detailed description of ERAS data and methodologies of conventional snow depth

and snow water equivalent measurement are provided in the following sections.

10



2.2.1 Measurement of Snow Depth and Snow Water Equivalent

In Turkey, Turkish State Meteorological Service (TSMS) and General Directorate of
State Hydraulic Works (DSI) collect snow data. Physical properties of snow such as
snow depth, snow water equivalent and snow density are observed and archived. In

this study, data belong to TSMS archives is used for comparison purposes.

Snow depth is defined as total depth of snow (including any ice) on the ground at the
normal observation time. The snow depth includes new snow that has fallen
combined with snow already on the ground. It is measured once per day at scheduled
time of observation with a measuring stick if there is snow on the ground. Several
readings are made and average of these measurement is recorded as snow depth value
at measurement location (Snow Measurement Guidelines for National Weather

Service Surface Observing Programs, 2013).

Snow water equivalent is defined as the water content of new and old snow on the
ground measured by taking a core sample. Core sample is taken from the total snow
on the ground which is new snow that has fallen within 24 hours in addition to old
snow already on the ground. After sampling, sample snow is melted and amount of
water obtained is measured (Snow Measurement Guidelines for National Weather

Service Surface Observing Programs, 2013).

As stated in previous section, most climatic stations in Turkey measure snow depth;
on the contrary there are few stations measuring snow water equivalent. Thus, a
conversion from snow depth to snow water equivalent is needed in order to calculate

snow load.

2.2.2 Snow Depth-Snow Water Equivalent Conversion

Various models have been used for conversion of snow depth to snow water
equivalent. Since snow load can be directly calculated using snow water equivalent,

it is important to determine snow water equivalent accurately.

11



SWE = d& (1)

Pw

where SWE is snow water equivalent in m, d is snow depth in m, p, is snow density

in kg/m’, and p,, is density of water in kg/m? which is approximately (1000 kg/m?).

Snow density is a complex parameter. It is generally assumed with rule of thumb
10:1 (an assumed snow density of 100 kg/m?®); however, snow density depends on
in-cloud (crystal form and size), sub-cloud (sublimation and melting processes), and
surface processes (structure of snowpack and degree of compaction regarding wind
etc.) and it can vary from 3:1 to 100:1 (Roebber, Bruening, Schultz, & Cortinas Jr.,
2003).

2.2.3 Probability Distribution Functions

Since occurrence of snowfalls, the duration and intensity of snow loads have a
random nature; investigations of snow should be undertaken on a stochastic basis
(Sanpaolesi, 1996). According to the design philosophy of Eurocodes, the European
Snow Map represents only extreme values of snow load, namely values with return

period of 50 years (Sanpaolesi, 1996).

Selection of Probability Distribution Function (PDF) used for modeling distribution
of annual maximum time series of snow load data depends mainly on climate and
geographical conditions at meteorological station location. (Ellingwood & Redfield,
1983). Thus, there are various types of PDFs proposed to be suitable for modeling

annual maximum ground snow load for different regions.

Ellingwood & Redfield (1983) suggest that the Lognormal distribution fits the
observed values of the annual maximum snow load better than any other extreme
value distribution for most of evaluated weather stations in US and ASCE/SEI 7-10

was developed based on lognormal distribution.

In scientific research program carried out in order to obtain European Ground Snow

Load Map; Extreme value distribution Type I for maximum (Gumbel), Extreme

12



value distribution Type II for maximum, Weibull (extreme value distribution Type
III for minima), Lognormal distribution, and Normal distribution were considered as

candidates for best fitting distributions (Sanpaolesi, 1996).

DeBock, Liel, Harris, Ellingwood, & Torrents (2017) developed a new approach to
determine design ground snow loads based on uniform risk or reliability instead of
uniform hazard (constant return period) approach in which design loads have 2%
annual probability of exceedance for all locations and which is used in many
standards including ASCE Standard 7-10. In that study, it was stated that despite
high importance of tail portion for return periods of 100-1000, it is also very
important even with 50-year return periods since tail portion of data directly affects
design value. It was also noted that, for especially short historical records, best fitting
probability distribution for extremes of the data can be different than the distribution
which gives best fit in overall. Thus a ‘tail-fitting’ approach was applied by fitting a
Lognormal distribution to top 33% portion of the data ensuring that at least 10 data
points are used considering 30 years of record which was the minimum record length
used in their study. Ground snow loads predicted by Lognormal tail fitting was
compared with Lognormal distribution fitted to overall data. It was obtained that
Lognormal distribution fitted to all data set diverges from largest recordings and
underpredicts the ground snow load. Moreover; tail-fitted Normal, Lognormal,
Gamma, Log-gamma probability models are compared with Extreme Value Type-II
which was the best fitting distribution among distributions fitted to entire data set.
Results showed that there were only a 6% range in predictions of 50-year ground

snow load values obtained using five different models.

Since 2-parameter Lognormal distribution is used in this study, detailed explanation
of Normal Distribution, which is basis for Lognormal Distribution, and Lognormal
Distribution are provided in the following section. Reasons for this choice is
explained in Chapter 3. In addition, probability plot concept is also explained since
it is a commonly used visualization technique to assess goodness of fit of a candidate
distribution and also enables determining location and scale parameters of

distribution.
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2.2.3.1 Normal Distribution

A continuous random variable X is said to have a normal distribution if the

probability distribution function of X can be expressed as:

(51,0) = e 3 3
X;U,0) = e 20 -0 <X < 2
Al V2no
F(x; u, 0) f ) /—1 5t
X;U,0) = e 20 X 3
H —wV2no )

with shape parameter p and location parameters ¢, which are mean and standard

deviation of X.
2.2.3.2 Standard Normal Distribution

A normal distribution with p=0 and o=1 is called the standard normal distribution.
A random variable having a standard normal distribution is called a standard normal

variable and is denoted by Z. Probability distribution function of Z is expressed as:

1 -z
f(Z;O;l) :EQT —0 <X <o (4)
Cumulative distribution function of Z is;
zZ 1 _Zz
F(Z; 0:1) = f _,% ez dy )

Cumulative distribution function of nonstandard normal distribution can be
expressed by using a standardized variable. If X has a normal distribution with mean

p and standard deviation o, then standardization is obtained by:

X —
Z = s

(6)
o

Thus cumulative probability distribution of a nonstandard variable X can be

calculated as:
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X—y)

F(x;,u,a)z@(— (7
o

2.2.3.3 Lognormal Distribution

A nonnegative random variable X is said to have a lognormal distribution if the
random variable has a normal distribution. Probability distribution function and

cumulative probability distribution function of lognormal distribution is expressed

as:
( ) 1 —[In(x)—ul? o
X;U,0) = e 202 (%)
fwme) =
In(x) —
F(x;u,0) =@ <%> ©)

where shape and location parameters p and ¢ are mean and standard deviation of

In(X).
2.2.3.4 Lognormal Probability Plot

A probability plot is graphical tool used to assess goodness of fit of a candidate
distribution and also to determine its parameters. Special axes which are scaled for
selected distribution are used in probability plots and rank ordered observations are
plotted against their cumulative frequency (Montgomery & Runger, 2018).
Construction of Lognormal probability plot is summarized by Burstmaster & Hull

(1997) as follows:

e observations are sorted from smallest to largest as x4, x,,..., X, where x; is
the minimum and x;,, is the maximum of data.

e sorted observations are transformed by taking logarithm such as
Inxq, Inx,,..., Inx,.

e n empirical cumulative probability, p;, p,,..., Pn, are determined using

plotting position formula which has a general form given in equation (12)
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and where i is order of data point and a value changes depending on chosen
distribution. For Lognormal distribution; Blom (a=0.375), Gringorten
(a=0.44), and Weibull (a=0) plotting positions are recommended (Mehdi &
Mehdi, 2011).

i—a

_— 10
n+1-—2a (19)

e 7 (pi), inverse cumulative distribution function ®~1(p;), is calculated for
each data point.

e Inxy, Inx,,...,Inx, values are plotted against d 1(p),
P~ (P2),-.., PTH(pn)-

e parameters of Lognormal distribution can be interpreted by fitting a least
squares regression line to obtained plot. Reciprocal of the slope of the fitted
line gives estimated standard deviation and location of x-intercept gives

mean value of Lognormal distribution.

2.24 Sources of Uncertainty in Ground Snow Loads

There are two main sources of uncertainty in determined ground snow loads. First
one is measurement uncertainty and the other is statistical uncertainty related with
selected probability distribution function and determination of its parameters
(Rozsas & Sykora, 2016). Probabilistic models are typically fitted to measurement
data without considering their uncertainty however; uncertainty range can reach 50%
of the measured snow depth (Rozsas & Sykora, 2016). Even in automated systems,
measurement errors for solid precipitation can range from 20% to 50% due to
undercatch in windy weather (Rasmussen, et al., 2012). World Meteorological
Organization suggests that solid precipitation should be adjusted for wetting loss,
evaporation loss, and wind induced undercatch and wind speed is found to be the
most important environmental contributing factor to the systematic

undermeasurement of solid precipitation (Goodison, Louie, & Yang, 1998).
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Statistical uncertainty arises from the selection of distribution function and the
identification of unknown parameters of distribution function (Rézsas & Sykora,
2015). Rozsas & Sykora (2015) investigated statistical uncertainty using snow data
from Carpathian region. In this study, 2- parameter Lognormal, 3-parameter
Lognormal, Gumbel, Generalized Extreme Value distributions; and generalized
method of moments, maximum likelihood, and Bayesian parameter selection
approaches are used to calculate point estimates with 50, 100, 300, and 1000 year
return periods. It was found that uncertainty increases with increasing return period
however even for 50-year return period which has lowest uncertainty, point estimate
calculated using Gumbel distribution with maximum likelihood parameter
estimation method is 1.4 larger than point estimate calculated using 2-parameter
Lognormal distribution with Bayesian parameter estimation. Thus it was concluded
that uncertainty in probabilistic calculations can lead to underestimation of loads
which is extremely important especially if limited number of observations is

available.

2.3 Development of European Snow Load Provisions

European Snow Loads Research Program was carried out in 1996-1999 under the
contracts to the European Commission DG III-D3. The main scope of the program
was improving scientific knowledge on snow loads and determination of snow loads
on buildings by producing a sound common scientific basis which could be accepted

by all European countries involved in the drafting of Eurocodes.

In that work, practice in eighteen European countries at that time such as type of data
recorded, statistical methods being used were reviewed and a new methodology
suitable for all countries was developed. Tremendous effort was made to unify
different approaches of countries and there were many problems encountered such
as different historic record lengths and periods, need for checking huge data for

errors, gathering data from different intuitions in same country.
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In the Final Report-1, Sanpaolesi (1996), prepared as a product of studies of research
program, it is stated that most countries measure snow depth however only a few
countries (Germany, Finland, Switzerland, partially UK) measure snow water
equivalent. Moreover, in countries where snow water equivalent is measured,
number of stations measuring snow water equivalent and their geographical
locations provided insufficient data in order to determine snow load values
throughout the countries of interest. Thus, snow depth measurements were converted
to snow water equivalent using snow density. It was observed that each European
country use its own snow density formula for conversion such as a fixed value for
the mean density of snow, density as a function of snow depth, density as a function
of the place of observation, density as a function of time. In the subject research
program, for some countries density model already being used was used and for some
new models were elaborated. Snow density models used in research program are

shown in Table 1.
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Table 1- Snow Density Models Used by European Countries adopted from Sanpaolesi (1996)

No. | CEN member Density (kg'm’}
Austria 250-300 alamde less than 1504 m above the sea level
50 alomde greater than 1500 m above sea level
2 |Belgium 150
3 | Denmark Canadian snow pack model of LeafBrnk,
2000 - for namirally packed snmow
4 | Finland Direct measurements of water equivalent, = 230
5 |France 150
G | (Germany Snow load factor of Gemman Meteorological Office (DWDY)

D=150.81+ 12082 h— 8100 b + 50007 k' — 20,652 &*
forh=153m

=270 forhk=153m
T | Greece 125
& |Ireland 154.82
9 [Iceland The ressarch group has cooverted depths o snow loads oo the basis of a

relation between snow depths and densites varying berween 400 and 300
kg/m' indicated in a report from the Icelandic Mateorological Institate.

10 [ Iealy For low aldmde: 250

For high altriede dme-dependent model is used:

215-315 initial density waloe

315 mean density value in the constant peniod of the winter
315- 315 increasing density valae at the melting perod

11 | Luxembourz 150

12 [Metherlands 100

13 | Worway 225-325  for maznnmm depth ecoumng in Decamber wo May

14 | Pormugal no data Spanish data assumed

15 | Spain Durng the peried of maximuwm snow load:

100 = 504 - for altitude from 1500 to 2000 m

104 = 279 - for altitede from 1000 m to 1500 m

100 = 204 - for altimede from 800 m o 1000 m

1§ | Sweden Different values for different pans of country:

230 - for Morrland to Dalsland (Intemal, pantly moantsinos)
280 - fior Gitaland's coast, Gotland and Oland (islands)
24} - for remaining parts of Sweden

17 | Switzerland 100 - for the new-fallen snow

204} - for snow after s-e{l.'era] hours or days since snovarfall
304} - average value at maximum snow bead

351} - old snow (after weeks or months since snowfall)
404 - wet snow

18 [UE 1546.82

Characteristic snow load was defined as snow load which as a probably of
exceedance of 0.02 within any one year and this corresponds to a MRI of 50 years.
After obtaining record of ground snow loads using snow density models proposed
for each country, next step was determining characteristic snow loads at station
locations. It was considered that annual maximum of each year of observation
belongs to an underlying extreme value distribution and using best fitting
distribution, characteristic snow load value can be calculated. However, length of
records was generally insufficient to confidently estimate 50 year MRI snow loads

by using extreme value statistics. Thus, in most of the cases, records covering a
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minimum total number of winters of 40-50 years were used and it was stated that

records less than 20 years are not sufficient to estimate 50 year MRI snow loads.

It is said that characteristic value of snow load is very sensitive to choice of
probability distribution fitted to annual maximum snow load data and best fitting
probability distribution function primarily depends on climatic and geographical
conditions at the meteorological station. After investigation of performance of
different probability distribution functions, it was decided to use Gumbel (extreme
value distribution Type-I) for whole Europe despite the fact that in some regions

such as Germany and Switzerland best fitting distribution deviates from Gumbel.

In some countries especially ones located in coastal and southern Europe,
“individual event” and “mixed distribution” approaches were proposed to take into
account probability of no-snow years. There were also some countries which has
exceptional snow loads, belong to infrequent snowfalls leading significantly greater
snow load, that did not fit well with the remainder of the data set. For this case, if
ratio of largest load value to the characteristic load determined without the inclusion

of that value is greater than 1.5 then the largest load was defined as an ‘exceptional

load’.

After obtaining characteristic snow load values at each station location, a snow load
map was constituted. Instead of setting up a map which gives characteristic values
directly, defining areas in which a given altitude function would be applied was
preferred since such a map would have to be very detailed in mountainous parts of

Europe and would follow topographical pattern.

In the mapping process, firstly, major climatic regions in Europe were identified
taking into account a combination of reasons and factors such as physical boundaries.
It was assumed that the snow loads observed within the same climatic region are due
to similar meteorological conditions. Ten climatic regions determined are shown in
Figure 6. Secondly for each region, best fitting altitude function was found using all
data points in the subject region. Although in some regions, there were no clear

correlation between snow load and altitude such as Iceland and Norway, in most of
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climatic regions there were good correlation. Comparing correlation coefficients
obtained for different functions in each region, one parabolic (11) and one linear (12)
function are selected. However, it is stated that selected parabolic or linear function
represents average increase of snow load with altitude. Thus, varying the first
parameter ‘a’ and keeping parameter ‘b’ constant in a region, best fitting function
was replaced by several curves which represent relationship for different zones
defined in each region as shown in Figure 7. Average function of upper and bound
functions was determined as zone function acknowledging approximately half of the

stations would have a snow load larger than value given by the function.

A\ 2
Sk = a[1+(z> ] (11)

= +A 12
se=aty (12)

where A is altitude above sea level (m), a (kN/m?) and b (m) are parameters of the
function and sk (kN/m?) is characteristic snow load.

Climatic Regions
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Figure 6- Ten Climatic Regions in Europe adopted from Sanpaolesi (1996)

21



25 — / r ;
mems] /) /. / D]
4 p; 7. ,'/ L] /
20 i P s C R 7
- J( 5
il i
eyl E ; A L P [ T4
%‘ Aomg o u s =
s 4 / i
= 157 & 2 . ¥
é 4 ,{', - " .-'/. -
o b ,.-"I J.r. /., M { ™ S
s L | " w7 | Average
1 - fi - o Fu ,_,I_'jn,
3 - - . . uIcnoen
o Y ot ','.:’: a - Zone 1
W & 1T
s
s ] - ‘_‘_H__-'—""_H.
0 T T T T T T T T T T
a 500 1000 1300 2000 2500
Altitude (m)

Figure 7- Example for Zoning-Alpine Region adopted from Sanpaolesi (1996)

In order to obtain zone maps, a values were interpolated by inverse distance
weighting to a regular grid. Then, (@yqx — Qmin)/NZ was used for contouring
where amax and amin are maximum and minimum ‘a’ parameters in the region and NZ
is number of zones. As a result, for a specific zone Z where altitude-snow load

relationship shows parabolic relationship, snow load was represented as follows:

_ ) 2
s = <amin + [Z — 0.5] * W) [1+ (g) ] (13)

At the present time, due to increased number roof failures in Europe, there are studies
on snow load provisions of Eurocode regarding effect of global warming. According
to technical report “Towards new European Snow Load Map” (Croce, et al., Towards
New European Snow Load Map, 2016), second generation of Eurocodes is expected

by 2020 and although no new maps taking into consideration effects of climate
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change is planned, actions related with climate change is planned be involved in
design rules. In the Final Report of Project Team on SC1.T5 “Climate change”
(2017), it was concluded that science of climate change needs improvement to be
used in quantification of extreme values thus it was recommended that weather
parameters important for determination of characteristic values should be re-

examined at regular intervals not exceeding 10 years.

2.4  Previous Studies on Ground Snow Loads in Turkey

Ozgen (2007) constituted a ground snow load map by using snow data belong to
Turkish State Meteorological Service (TSMS). In this study, meteorological stations
are divided into two and stations measuring snow water equivalent and snow depth
together are named as first order stations whereas stations measuring only snow
depth are named as second order stations. Data belong to 64 first order stations and
36 second order stations with minimum 30 years of data except 17 second order
stations with minimum 15 years of data were used in statistical analysis. When data
obtained from stations were deeply investigated, it was observed that there were
many missing data in many stations. In order to obtain a complete dataset, correlation
between stations were determined and station showing best correlation with station
having incomplete data was used to complete missing data. After obtaining complete
dataset of each station, Lognormal, Gumbel, and Weibull probability distribution
functions were fitted to annual maximum data series of each station. Best fitting
distribution was selected using probability plot correlation coefficient test in order
to determine 50 year MRI ground snow load values at station locations. For second
order stations, since snow load values could not be determined using snow depth
values directly, relationship between 50 year MRI ground snow load values and 50
year MRI snow depth values obtained by a regression analysis in first order stations
were used. After obtaining ground snow load values at station locations, data
normalization technique was applied and normalized values are regionalized using

inverse distance weighting spatial interpolation method. Obtained ground snow load
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map was compared with ground snow load values given by TS498 and it was
concluded that for 52% of city center in Turkey TS 498 values were higher than
values in proposed map, for 14% values were similar and for 34% TS498 values

were much lower than values in proposed map.

Durmaz & Daloglu (2014) evaluated design ground snow load values in Turkish
Standards by comparing their results obtained by statistical analysis of snow data
belong to 92 climatic stations of TSMS measuring snow depth (second order
stations) and 60 stations measuring snow water equivalents (first order stations).
Using minimum 30 years of data best fitting probability distribution was selected
among Gumbel, Lognormal, and Weibull distributions by using probability plot
correlation coefficient test. 50-year MRI ground snow loads were calculated from
first order stations and 50-year MRI snow depth values were calculated for second
order stations. Results were compared with TS 498 values and it was concluded that
TS 498 recommends uneconomical ground snow load values for 71.7% of city
centers with almost no snowfall or city centers with no severe snowfall occurrences.
For 28.3% of city centers which are mainly located in regions with severe winter
conditions, TS 498 ground snow loads were found to be unsafe. It was also concluded
that for some places ratio between calculated ground snow load and TS 498 value
was larger than 2.24 which is larger than safety factor for steel structures, 1.67, in

TS 648 (Turkish Standard used in design of steel structures).

2.5 Snow Loads Acting on PV Arrays

In general, PV panels are mounted on rooftops, ground or facades of structures to
produce electricity. In solar power plants, ground-mounted systems are used and PV

panel arrays are mounted on frames attached to ground.

In many building codes, roof snow loads are estimated by multiplying ground snow
load sk with certain coefficients considering geometry, exposure, and thermal

properties of the roof. Although there are few provisions related to snow loads acting
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on roofs with PV panels on top, there is no specification providing guidance for
ground mounted PV arrays. Recommendations and specifications related with snow
loads acting on PV panels are focused on design of roof and snow accumulation on
different parts of the roof due to installation of PV panels. For example, International
Building Code (IBC) and International Residential Code (IRC) have specific
sections for design and construction of roofs with PV panels and IBC (2015) states
in section 1607.12.5.2-Photovoltaic Panels or Modules that “where applicable, snow

drift loads created by photovoltaic panels or modules shall be included”.

O’Rourke & Isyumov (2016) published recommendations on snow load provisions
of ASCE 7-10 named as “Snow Loads on Solar-Paneled Roofs” which was based on
limited case stories, laboratory studies, design criteria, and engineering judgement.
In that document, balanced, sliding, and drift snow load cases defined in ASCE 7-10
were described for roofs with solar panels on top. However, snow load on PV array
itself was not the subject of the document thus recommendation provided were

focused on effect of existence of solar panels to snow loads acting on the roof.

EN 1991-1-3 provides guidance for structural design of buildings and snow loads
acting on roofs with PV arrays are not covered in current version. Thus, snow loads
acting on mounting structures are performed considering the structure itself as an
inclined roof in practice. Among roof types provided in EN 1991-1-3, mounting

structure of PV panels can be considered as a multi-span roof.

In EN 1991-1-3 two load arrangements are defined as undrifted and drifted snow on
roofs and two design situations are defined as persistent/transient and accidental
design situations. There are also exceptional conditions defined as exceptional falls
and exceptional drift. Design situations and load arrangements to be used in different
locations are tabulated in Annex A of EN 1991-1-3. Undrifted roof snow load is
uniformly distributed on the roof and only affected by the shape of the roof. Whereas,
drifted snow load is a result of distribution of snow due to change in location of snow

on the roof caused by other actions such as wind. For roofs in which sliding snow is
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prevented such as roofs with parapets, minimum snow load shape coefficient, y;, is

limited to 0.8.

For a normal case with no exceptional falls or drift, under persistent/transient design
situation undrifted and drifted roof snow loads are defined in EN 1991-1-3 as

follows:

s = u;CoCrSy (6]
where;
s is roof snow load

Ui is the snow load shape coefficient (differs for drifted and undrifted load

arrangements)

C. is the exposure coefficient

C; is the thermal coefficient

Sk is the characteristic value of snow load on the ground

During the ongoing review studies of Eurocode, a model was proposed by Formichi
(2019) about snow load distribution on flat roofs with PV arrays to be used in new
version of EN 1991-1-3. In this model, for PV arrays having a row spacing less than
two times the height of solar panels, an increased shape coefficient, u,, is suggested
in order to represent snow drift caused by solar panels. The model suggested by
Formichi is summarized by Grammou, Pertermann, & Puthli, 2019 (2019) as

follows:

>

be=1<y—<4

where;

Uy increased shape coefficient for length [; according to Figure 8
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L Panel-covered roof length including gaps according to Figure 8

lg Drift length at the borders to length [; with [ = 2h/C,

b distance or gap between two rows of panels in meters
h height of solar panels in meters
C, exposure coefficient, with 0.8 < C. < 1.2

Y equivalent density by weight in kN/m?3

Sk characteristic snow load on the ground in kN/m?

A A4 =

Figure 8- Shape Coefficient and Drift Length for Flat Roofs with PV Panels suggested by Formichi
(2019)
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CHAPTER 3

CONSTRUCTION OF PROPOSED GROUND SNOW LOAD MAP

3.1 ERA 5 Reanalysis Data

For last two decades, numerical weather prediction (NWP) models have provided
invaluable achievements in the fields of climate research and weather forecast. The
advances in computer technology make current atmospheric predictions more
accurate and high resolution. The state of the art NWP models are used in climate
research as well as operational weather forecast by several national or international
research institutes like European Centre for Medium-Range Weather Forecast
(ECMWF), National Centers for Environmental Prediction (NCEP), and National
Aeronautics and Space Administration (NASA). The operational models are run
typically 6/12 hours cycles which simulate future state of atmosphere and land
surface up to several days or months by using the current state. On the other hand,
reanalyzes dataset are obtained via data assimilation techniques which combining

historical observation and model state.

After ERA-Interim where ERA refers to ECMWF Reanalysis, the fifth version
reanalysis dataset named as ERAS is released to public access. It is developed by
Copernicus Climate Change Service which is an implantation of ECMWF and
carried out with 4D-Var data assimilation procedure in ECMWE’s Earth System
Model IFS-CY41R2. The model consists of 137 hybrid sigma and pressure (model)
levels up to upper mesosphere (0.01 hPa). The output of model has a 0.25° resolution
(approximately 31 km at mid-latitudes) and hourly temporal resolution (IFS

DOCUMENTATION — Cy41r2, 2016).

As the most recent release of reanalyzes, ERAS has already called attention of
various researchers in terms of its accuracy on various meteorological parameters

(Dieter, Elizabeth, & Claire , 2019), (Jaume , Lloreng , Veronica Torralba, Albert ,
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& Francisco, 2019), (Clement , et al., 2018). Moreover, the latest global wind and
solar resource maps have been carried out by using ERAS dataset in dynamical
downscaling procedure. Xiaoyong et al. (2019) compared different reanalysis
datasets and concluded that ERAS gives better results in terms of precipitation

products.

3.2 Obtaining Annual Maximum Time Series for Era-5 Data

In order to constitute a ground snow load map snow depth or snow water equivalent
measurements with at least 30 years of snow data are needed. This data is provided
by historical data archive of meteorological stations. However, due to
aforementioned problems in Section 2.1, instead of using station data ERAS climate

reanalysis data which is latest climate reanalysis produced by ECMWF is used.

First of all, ERAS climate reanalysis data, “ERAS hourly data on single levels from
1979 to present”, is downloaded using ECMWF WebAPI. Since data is provided
with global horizontal coverage, storage requirement is high and downloading
process takes too long. To overcome this issue, location of Turkey is selected as
geographic lat/long degrees using a Pyton script (Figure 9). Moreover, snow depth
(sd) and snow density (rsn) variables are selected among various snow related
variables provided. Data for all months and days between 1979 and 2018 at 07.00
UTC (Coordinated Universal Time) is downloaded in NetCDF format for the region

in which Turkey is located.

Unit of the sd variable is meters of water equivalent thus it is actually snow water
equivalent. Unit of rsn variable is kg/m? which is unit of snow density. By using this
variables snow depth in meters can be obtained and be used for comparison with

climate station data.

Finally, netCDF files are processed using MATLAB software and annual maxima
time series (1979-2018) for snow depth and snow water equivalent belong to each

grid point are obtained.
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Figure 9- Grid points covering Turkey

3.3 Obtaining Annual Maximum Time Series for Climate Station Data

Daily measured parameters related with snow such as existing snow depth (cm),
maximum snow depth (cm), snow water equivalent (mm) are obtained from 795
meteorological stations of TSMS measuring snow data are used for validation
purpose. It is seen that for some time interval both existing snow depth and maximum
snow depth parameters were measured however for some time interval only one of
two parameters was measured. There is also discrepancy between two parameters
such as daily existing snow depth being larger than daily maximum snow depth. To
avoid losing valuable data and to obtain a daily snow depth time series with
maximum number of available data, maximum of two parameters is selected as daily
snow depth measurement. Afterwards, number of years of data available in
concurrent time period with ERA 5 data, data after 1979, is calculated for each
station. Stations having minimum 10 years of non-zero data of either maximum snow
depth or snow water equivalent in concurrent time period are selected for first-step
comparison purposes. Minimum 10 years of non-zero measurement in common time
interval is available in 247 stations for snow depth and in 99 stations for water

equivalent measurement.
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For the first-step comparison, it is decided to compare annual maxima of snow depth
and snow water equivalent measurements with annual maxima time series of ERAS
data belong to nearest grid point to subject station. Comparison of daily
measurements with ERAS5 snow data is not performed since snow measurements
exist for only snowy days (no data for days with no snow or when snow depth is too
small to measure) and it is observed that in many stations there were missing daily
measurements. Moreover, annual maximum of data is needed for snow load

calculations instead of daily maximum.

In order to compare measurements with ERAS data, nearest grid point to each station
is calculated using station and grid point coordinates. In cases where nearest grid
point lies in the sea, the second nearest grid is chosen as nearest. Before making a
comparison, TSMS data and ERA 5 data is plotted together for each station to have
a general understanding about consistency of two datasets. For some stations, it is
observed that general trend of two datasets are matching very well but it is apparent
that there are missing data in TSMS dataset. In addition, for some stations, there were
some TSMS data points violating general trend of data such as data points with very
high values as can be seen in Figure 10 and Figure 11. This type of error seems to be
caused by mistyping while transferring hand records kept on papers to digital media.
After detecting erroneous data manually by eye for each station and removing from
TSMS dataset; annual maximum data series belong to snow depth and snow water

equivalent measurement are obtained.
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Figure 10- Station Data (Ankara-Esenboga) Compared to ERA-5 Data (without error correction)
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Figure 11- Station Data (Ankara-Esenboga) Compared to ERA-5 Data (with error correction)
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34 Comparison of Annual Maximum Time Series of ERAS Data and

Station Data

Annual maximum time series of snow depth and snow water equivalent parameters
belong to TSMS measurements and ERA 5 are compared in order to have confidence
on representativeness of ERA 5 snow products over Turkey. As stated by Tetzner,
Thomas & Allen (2019), normalized bias (NBIAS), normalized mean absolute error
(NMAE), and normalized root-mean-square error (NRMSE) are performance
indicators used in reanalysis evaluation and Pearson’s linear correlation (R) can be
used to test statistical relationship between observed and reanalysis monthly mean
values. In this study, instead of monthly means, annual maximum values are used to

evaluate performance of ERA 5 reanalysis NBIAS, NMAE, NRMSE are calculated

as follows:
N . .
NBIAS = lz XERA 5(1) — Xmeasurement (l) "
N i= Ymax
=1
N . '
NMAE = lz Xgra 5 (1) — Xmeasurement (1) s
N4 Ymax

=1

NRMSE = (16)

N ] . 2
(xERA 5(1) - xmeasurement@)) ]
=1

ymax

=~

i

where Xgg4 5 is annual maximum of each year of reanalysis, X, eqsurement 15 annual
maximum of each year TSMS measurements, V;,,, 1S maximum of annual maximum
time series of TSMS measurements. Results of comparison is tabulated in Table A.
1 and Table A. 2 in Appendix where ‘n’ is number of comparable years. Figure 12
and Figure 13 show correlation between measured Snow Water Equivalent (SWE)

and Snow Depth (SD) at station locations with nearest grid point.
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Figure 12- Correlation between measured SWE at station locations and nearest grid point
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Figure 13- Correlation between measured SD at station locations and nearest grid point

According to performance indicators calculated for snow water equivalent data and
sorting results according to R values (only statistically significant R values used, p
< 0.05), ERAS5 shows best performance for station located in Corum (n=29,
NBIAS=0.07, NMAE=0.09, NRMSE=0.11, R=0.92) as can be seen in Figure 14 and
worst performance for station located in Tunceli (n=35, NBIAS=0.12, NMAE=0.24,



NRMSE=0.27, R=0.34) as can be seen in Figure 15. For 37 stations out of 99 stations
where minimum 10 years of mutual time interval exists, there were no statistically

significant correlation between ERAS data and station measurements (p>0.05).
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Figure 14- Annual Maximum SWE Time Series of Corum Station (Station No=17084) and Model
Data (R=0.92)
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Figure 15- Annual Maximum SWE Time Series of Tunceli Station (Station No=17165) and Model
Data (R=0.34)

36



According to performance indicators calculated for snow depth data and sorting
results according to R values, ERAS shows best performance for station located in
Sivas (n=40, NBIAS=0.005, NMAE=0.024, NRMSE=0.046, R=0.98) and worst
performance for station located in Sivas-Kangal (n=35, NBIAS=0.005,
NMAE=0.19, NRMSE=0.25, R=0.35) as shown in Figure 16 and Figure 17. For 32
stations out of 247 stations where minimum 10 years of mutual time interval exists,
there were no significant correlation between ERAS data and station measurements

(p>0.05).
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Figure 16- Annual Maximum SD Time Series of Sivas Station (Station No=17090) and Model Data
(R=0.98)
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Figure 17- Annual Maximum SD Time Series of Sivas-Kangal Station (Station No=17762) and
Model Data (R=0.35)

Obtained results show that correlation between ERAS data and station measurements
are higher for snow depth parameter (mean R=0.65) compared to snow water
equivalent (mean R=0.62). For 46 of 62 stations (%74) having minimum 10 years of
both snow depth and snow water equivalent measurements in concurrent time and
having a statistically significant correlation for both parameters, correlation is higher
for snow depth parameter. There are two stations (Van and Kars) having a correlation

greater than 0.7 for snow depth parameter but shows no statistically significant
correlation for snow water equivalent. Moreover, when only stations located in city

centers and airports are considered, a higher correlation for both snow depth

(R=0.71) and snow water equivalent (R=0.63) is observed.

In general low correlation between model and measurements is observed in eastern

part of Black Sea Region, Eastern Anatolia Region and parts of Mediterranean
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Region closer to Taurus Mountains. Possible reasons for this can be effect of
elevation difference between closest grid point and station location or poor

performance of ERAS model in mountainous regions.

3.5 Determination of Ground Snow Loads at Grid Points

Firstly, annual maximum time series belong to snow water equivalent data (sd
variable of ERA 5, given in meters of water equivalent) is converted to snow load.
In order to construct a ground snow load map, characteristic snow load with 50-year
MRI at grid points have to be determined using 40 years of annual maximum snow
load data obtained in each grid point. Various probability distribution functions are

proposed to simulate distribution of snow load as mentioned in Chapter 2.

Return period calculations require extrapolation of observed values since required
return period generally exceeds observation interval. Thus, for calculation of snow
loads with 50-year MRI using snow data records (with record length less than 50
years for most cases), it is important to approximate the behavior of the rare loads
located in tail part of a probability distribution precisely. Tail is the portion of the
probability distribution which is away from mean and there is no exact definition of
tail indicating where it starts. Similar to DeBock, Liel, Harris, Ellingwood, &
Torrents (2017), in this study tail fitting approach is used together with Lognormal

distribution. Details of the method used is provided in Section 2.2.3.

An example of determination of ground snow load in a grid point using Lognormal
tail fitting approach is explained in details. In this example, nearest grid point
(Latitude=39.5, Longitude=30) to Kiitahya station (Latitude=39.4171, Longitude=
29.9891) is used. Firstly, annual maximum ground snow data belong to 40 years
from 1979 to 2018, X1 to x40, are sorted in ascending order and ranked starting from
1 to 40. Natural logarithm of x; is calculated since they will be used in Lognormal
probability plot. Then, empirical cumulative probability of each data point is

calculated using equation (10) and a=0.375 as suggested by (Mehdi & Mehdi, 2011).
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Finally, inverse cumulative distribution function, z; = ®~1(p;), is calculated for
each pi;. To obtain Lognormal probability plot, In(x;) values are plotted against

corresponding z; values (Figure 18). Calculated values are given in Table 2.

Table 2- Determination of Lognormal Probability Plot

Rank Xi In(xi) pi Z;
1 0.019 -3.970 0.016 -2.156
2 0.059 -2.824 0.040 -1.746
3 0.099 -2.312 0.065 -1.512
4 0.119 -2.128 0.090 -1.340
5 0.128 -2.058 0.115 -1.201
6 0.128 -2.058 0.140 -1.081
7 0.129 -2.048 0.165 -0.976
8 0.131 -2.031 0.189 -0.880
9 0.135 -2.001 0.214 -0.792
10 0.135 -2.000 0.239 -0.709
11 0.154 -1.870 0.264 -0.631
12 0.176 -1.736 0.289 -0.557
13 0.206 -1.581 0.314 -0.485
14 0.228 -1.479 0.339 -0.417
15 0.230 -1.471 0.363 -0.350
16 0.271 -1.307 0.388 -0.284
17 0.275 -1.292 0413 -0.220
18 0.276 -1.287 0.438 -0.156
19 0.286 -1.252 0.463 -0.094
20 0.290 -1.237 0.488 -0.031
21 0.300 -1.206 0.512 0.031
22 0.313 -1.162 0.537 0.094
23 0.332 -1.103 0.562 0.156
24 0.332 -1.103 0.587 0.220
25 0.356 -1.033 0.612 0.284
26 0.361 -1.020 0.637 0.350
27 0.367 -1.003 0.661 0.417
28 0.374 -0.984 0.686 0.485
29 0.393 -0.934 0.711 0.557
30 0.396 -0.926 0.736 0.631
31 0.397 -0.924 0.761 0.709
32 0.404 -0.905 0.786 0.792
33 0.448 -0.804 0.811 0.880
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34 0.450 -0.798 0.835 0.976
35 0.543 -0.611 0.860 1.081
36 0.600 -0.510 0.885 1.201
37 0.634 -0.455 0.910 1.340
38 0.635 -0.453 0.935 1.512
39 0.843 -0.171 0.960 1.746
40 0.854 -0.158 0.984 2.156

After plotting rank-ordered data to probability plot, tail-fitting approach is used by
fitting a least-squares-regression line to top 33% of data points (largest 13 values).
Reciprocal of the slope of the fitted line (R?= 0.95), 0.6026, is standard deviation
and x-intercept, -1.3162, is mean of the tail-fitted Lognormal distribution. Whereas,
thick solid blue line in Figure 18 represents fitted line to tail portion, dashed blue
line shows Lognormal fit to all data for comparison purpose. It is apparent that tail-
fitted distribution does not fit well for low load values however it fits well for larger

loads well with RZ= 0.95.

Using tail-fitted Lognormal distribution with shape and location parameters p=-
1.3162 and 0=0.6026, ground snow load with 50-year MRI (0.02 probability of
exceedance in on year) is calculated by equating inverse of cumulative distribution
function of Lognormal distribution to 0.98. As a result, 50-year MRI ground snow
load is calculated as 0.9243 kN/m?.
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Figure 18- Lognormal Tail-Fit vs Lognormal Fit to All Data

For grid points with no annual maximum greater than 5 mm (approximately 0.05
kN/m?), snow load is assumed as zero. Those grids generally lie in the sea. The
procedure shown on example given above is used for all grid points and ground snow
load values are determined using Lognormal tail-fitting approach. Mean of the
correlation coefficients of fitted lines is found as 0.93. Ground snow loads obtained

at grid points can be seen in Figure 19.
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Figure 19- Ground Snow Values at Grid Points
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Although 50 years is generally accepted mean recurrence interval for design snow
loads in many codes and standards as well as EN-1991-1-3, it results in a probability
of exceedance of 33% during the expected working life of 20 years for solar power
plants. Moreover, for structures designed for an expected working life of 50 years,
this probability increases to 64%. Since lightweight structures and roofs are
vulnerable to snow loads compared to conventional building type of structures with
lower snow load to dead load ratio, mean recurrence interval of 50 years for snow
loads may results in unsafe design for lightweight structures and large span
structures. For this reason, higher MRI is recommended for lightweight structures,
for example in Chinese load code for the design of building structures (GB-50009
2012) 100-year return period value is recommended for design of lightweight

structures.

In this study, a probability of exceedance of 10% over the design working life is
chosen for both solar power plants with approximately 20 years of design working
life and for conventional buildings with 50 years of working life. This results in a
190-year MRI and 475-year MRI design snow load respectively. Thus, ground snow
loads with 190-year MRI and 475-year MRI are also calculated for grid points.
Contour maps are constructed for snow loads with different MRI by interpolating
grid point snow loads using co-kriging interpolation method and grid altitude is used
as a covariate. Contour maps are shown in Figure 20, Figure 21, and Figure 22. Ratio
of snow loads at grid points to 50-year MRI snow loads results in mean 1.44 for

snow loads with 190-year MRI and 1.86 for snow loads with 475-year MRI.
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Figure 20- Ground Snow Load Contour Map for 50-year MRI
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Figure 21- Ground Snow Load Contour Map for 190-year MRI
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Figure 22- Ground Snow Load Contour Map for 475-year MRI

Standard deviation and coefficient of variation of 50-year MRI ground snow loads
at grid points are calculated and mapped as shown in Figure 23 and Figure 24. Figure
23 shows that standard deviation of annual maximum snow loads are higher in
regions with higher snow loads such as Eastern Black Sea Region, Eastern Anatolia
Region and regions around Taurus Mountains. On the other hand, Figure 24 shows
that coefficient of variation is smaller for those regions and higher coefficient of
variation in regions located in sea side is probably due to irregular snowfall pattern

observed in such places.
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Figure 23- Standard Deviation of 50 Year MRI Snow Load Values
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Figure 24- Coefficient of Variation for 50 Year MRI Snow Load Values
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3.6 Determination of Ground Snow Loads at TSMS Stations

Ground snow loads at TSMS stations are determined in order to evaluate
performance of ERAS snow data. Similar to method used while calculating ground
snow loads at grid points, Lognormal tail-fitting is used for TSMS stations. However,
in order to calculate 50-year MRI snow loads, at least 30 years of snow data is needed
according to studies in literature. There are 45 TSMS stations having more than 30
years of snow water equivalent data. For this comparison, instead of using data
belong to concurrent time interval, all available observations are used. Snow water
equivalent data is used for calculation of ground snow loads since they can be
directly used without conversion using snow density needed for snow depth
measurements. Since snow density cannot be calculated using a closed-formed
formula, using snow depth data would bring additional uncertainty and effect results

of comparison.

3.7 Downscaling of Gridded Snow Load Values

Since ERAS5 data has 0.25° lat-lon grid resolution (approximately 31 km) a
downscaling strategy is needed to obtain snow load values more precisely. In this
study, similar to process used during development of Eurocode Snow Load Maps,
altitude dependency of snow load is used for downscaling. Altitude function, in
equation (11), provided in Snow Maps of many European countries, where a
parabolic type of relationship ( Central East, Alpine Region, Mediterranean Region,
Iberian Peninsula, Greece) is found between altitude and snow load, is used for

Turkey.

Firstly, land elevation data with 1 arc second (30m) resolution belong to Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital
Elevation Model Version 3 (GDEM 003) is used to find altitude of grid points. Grid
points which stays in Turkey’s borders are selected. Then, altitude is plotted against

snow load and curve in the form of equation (11) is fitted. Best fitting curve shown
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in Figure 25 results in b value equal to 1186. Using same b value for all grid points
and snow load values calculated in previous section, parameter a for each grid point

is calculated using equation (11).

Snow Load (kN/m2)
[*%] =

[ 5]

0 500 1000 1500 2000 2500 3000 3500
Altitude (m)

Figure 25- Best Fitting Altitude Function (a=0.6748, b=1186, R?>=0.46)

Using this equation, altitude dependency of snow load at grid points are eliminated
thus parameter a represents snow load at sea level. Thereby, variation of snow load
represented by parameter a among close grid points depend on other parameters
leading local variations in snow load such as air temperature, solar radiation and
wind exposure (Izumi, Nakamura, & Sacks, 1997). Since the effect of those factors
are not easy to determine, assuming closer points show similar properties, Inverse
Distance Weighing (IDW) interpolation method is used as a statistical downscaling
method to determine parameter a at station locations. In IDW method, unknown
values are calculated using weighted average of known values and weight given to
each known point is inversely proportional to square of distance between known

point and unknown point. Arcgis/Spatial Analyst tool box is used for IDW with
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search radius of 12 nearest grid points and an output cell size of 0.001. Interpolated

values are extracted for station locations from output raster.

3.8 Comparison of Ground Snow Loads

50-year MRI ground snow load values calculated at station locations are compared
with loads calculated at nearest grid point and loads calculated using interpolated
parameter a and equation (11). Results of the comparison is tabulated in Table A. 3
in Appendix. According to comparison of snow loads at station location with nearest
grid point, for 26 of 45 stations snow loads calculated at nearest grid point are larger
than snow loads calculated at station with mean percent error of 54.9%. For the rest,
grid point values are less than station values with mean percent error of 28.6%. When
snow loads at station location are compared with interpolated snow load values, for
21 of 45 stations interpolated snow loads are larger than snow loads calculated at
station location with mean percent error of 44.43%. For the rest, grid point values
are less than station values with mean percent error of 28.5%. Moreover, after
interpolation for 26 stations absolute percent error decreased by mean 21% whereas
for 19 stations absolute percent error increased by mean 11%. This results show that
overestimation tendency of the model is higher. Moreover, it is seen that
interpolation of snow load values to station points improves accuracy more for
locations where ground snow loads are overestimated. In general, poorer results are
obtained at regions with complex terrain such as Ardahan , Giimiishane, and Giresun
cities. This result is similar to results obtained by comparing annual maximum time

series of grid points and station locations.

3.9 Mapping of Ground Snow Loads

Ground snow loads calculated at station locations need to be generalized to obtain
snow load values in other locations. A regionalization procedure is needed to arrive

at a geographic representation of results covering whole country.
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Ground snow load value is influenced by many factors such as orography, presence
of large lakes, distance to sea (macroscale effects); slope and contour of terrain,
canopy, and crop density (mesoscale effects); surface roughness, presence of
obstructions (microscale effects). All those parameters have to be considered when
making a snow load map. However, it has been shown that altitude, air temperature,
solar radiation, and wind exposure are very important parameters for local snow load

variation (Izumi, Nakamura, & Sacks, 1997).

Since ERAS data has 0.25° lat-lon grid resolution (approximately 31 km) a
downscaling strategy is needed to obtain a high resolution map which represents
local snow load variation. In order to construct a high resolution map, downscaling
method shown in Section 3.7 is used and resolution is chosen as 0.001° lat-lon grid
resolution (approximately 125 m). Parameter ‘a’ obtained in ERAS grid points are
interpolated using IDW interpolation method with search radius of 12 nearest grid
points and an output cell size of 0.001. Thus a map representing variation of ‘a’
parameter is obtained as shown in Figure 26 . Then, ground snow load values are
calculated using obtained ‘a’ parameter map and ASTER altitude data by substituting

in equation (11) and ground snow load map is obtained as shown in Figure 27.

Parameter 'a' (kN/m2)
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Figure 26- Mapped Values of Parameter ‘a’
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Figure 27- Mapped Values of Ground Snow Load and Overlapped Figures
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3.10 Comparison of Proposed Map with TS498 Ground Snow Values

In TS 498 and National Annex of TS EN 1991-1-3, characteristic ground snow loads
of Turkey presented by a map with 4 regions and a table showing load values as
shown in Figure 28 and Table 3. In fact, in EN 1991-1-3 it is stated that provisions
provided does not apply for sites with altitude above 1500m however it is also stated
that treatment of snow loads for altitudes above 1500m can be provided in National
Annex. However, in Turkish National Annex, it is stated that values provided for
1000 m should be increased 10% for sites with altitude above 1000m and 15% for

sites with altitude above 1500m.

Ground snow load values taken from proposed map are compared with snow loads
provided in Turkish provisions and snow loads obtained in 45 TSMS stations
previously. TSMS stations used in comparison and snow loads calculated at station
locations based on observations are shown in Figure 29. Tabulated results of
comparison are provided in Table A. 4. In Figure 30, snow loads at TSMS stations
are plotted against values taken from proposed map and TS498. Also a reference line
is provided for comparison purpose by plotting loads at station locations against
themselves. Then, a trend line is fitted for both proposed values and TS498 values.
Correlation between observed values and proposed values (R=0.58) are higher than
correlation between observed values and TS498 values (R=0.40). For 24 station
locations, TS498 values are lower than observed with mean percent error of 33% and
for 21 stations TS498 values are higher than observed with mean percent error of

51%.

Mean altitude of 45 TSMS stations used in comparison is 1038m. When
overestimation and underestimation tendency of TS498 is investigated, it is seen that
mean altitude of overestimated station locations is 923 m whereas mean altitude of
underestimated station locations is 1138 m. This results show that TS498 gives
unsafe snow load values for higher altitudes. On the other hand, overestimation of
TS498 is probably due to minimum snow load value, 0.75kN/m?, defined in TS498

for all regions.
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Figure 28- Ground Snow Load Map of Turkey in TS EN 1991-1-3

Table 3- Characteristic Ground Snow Loads kN/m? in TS EN 1991-1-3

Altitude Snow Regions

(m) 1 | 11 v
<200 0.75 0.75 0.75 0.75
300 0.75 0.75 0.75 0.80
400 0.75 0.75 0.75 0.80
500 0.75 0.75 0.75 0.85
600 0.75 0.75 0.80 0.90
700 0.75 0.75 0.85 0.95
800 0.80 0.85 1.25 1.40
900 0.80 0.95 1.30 1.50
1000 0.80 1.05 1.35 1.60

S1000 | bt o om0

* Snow load should be taken as zero for places with no snowfall
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Figure 29- TSMS Stations Used in Comparison Shown on Turkey Map
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Figure 30- Comparison of Ground Snow Loads of TSMS Stations with Proposed Mapped Values
(Model) and Values in Turkish Provisions (TS498)
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When proposed map is compared with TS498, proposed map gives safer loads for
18 of 24 station locations where TS498 gives unsafe snow load values. Those stations
are generally located at Black Sea and East Anatolian Regions. Conversely, there are
12 station locations mostly located in Central Anatolian Region where TS498 gives

safer results than proposed map.

In addition to comparison made, in which results are verified using snow load values
at TSMS stations, a comparison is made for 81 city centers in Turkey. Snow loads
are taken from proposed map by using coordinates for city centers and from TS498
snow map. Tabulated results are shown in Table A. 5. According to obtained results,
in 46 city centers snow loads provided in TS498 are higher than proposed values
with maximum 86%, minimum %1, and mean 37% difference. On the other hand,
for 32 city centers, TS498 snow loads are lower than proposed values with maximum
227%, minimum %38, and mean 67% difference. Difference is also represented in
Figure 31. Shades of green in the figure shows city centers where TS498 provides
higher snow loads whereas shades of red shows the opposite. It is observed from the
figure that proposed snow loads are higher than provided by TS498 for city centers
with higher altitude (mean altitude of places shown in shades of red is 905 m whereas
mean altitude of places shown in shades of green is 621). This results are similar to
results obtained in previous comparison validated using snow loads calculated at
TSMS stations. Moreover, in other studies on Turkish snow loads conducted by
Ozgen (2007) and Durmaz & Daloglu (2014) similar results were found. According
to these studies, TS498 snow load values were found unsafe for about 30% of city
centers which are mostly located in Eastern Black Sea, Eastern Anatolia, and coastal
parts of Black Sea Regions. In addition, for 71.7% of city centers (43 out of 60)
evaluated in study of Durmaz & Daloglu (2014), mostly located in Aegean,
Marmara, and Central Anatolian Regions, TS498 snow loads were found

uneconomical.
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Figure 31- Percent Difference between TS498 Values and Proposed Values for City Centers

3.11 Change Trend in Snow Loads

Change trend in snow loads over the 40 years with available ERA-5 data (1979-
2018) is calculated for each grid point. In order to determine the trend, best fitting
line to annual maximums of 40 years of data is determined using least square
regression. Slope of the fitted line gives the change in snow load in one year for the
grid point analyzed. Slope of the fitted line is multiplied by 40 in order to obtain
change trend in annual maximum snow load over the course of 40 years. Obtained
values are shown in Figure 32. Negative values on the map indicates a decrease trend
in snow loads conversely a positive value means an increase trend in snow loads in
40 years. As can be seen from the figure, in general a decrease trend is observed in
regions with higher snow loads and an increase trend is observed for regions with
lower snow loads. However, there are regions showing a different trend from places

in close proximity.

Decrease trend in snow loads is expected in general as a result of increase in mean
temperature due to global warming. However, climate change has many aspects and
its effect differs from region to region depending on orographic conditions which
can cause a decrease in average snow height over larger regions but an increase in

height of local snowfalls. (Croce, et al., 2018).
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Figure 32- Change Trend in Annual Maximum Snow Load Over the Course of 40 years (1979-
2018)
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CHAPTER 4

RECOMMENDATIONS ON PREVENTION OF SNOW DAMAGE
OBSERVED IN SOLAR POWER PLANTS

4.1 Typical PV Mounting Structures Used in Turkey

PV arrays are mounted on frames which serve as a structural support and keep panels
in optimum tilt angle. In Turkey, PV panel mounting structures in solar power plants
are generally constructed with aluminum or cold-formed steel profiles. Frame is
constituted by one or two columns, one beam, and purlins carrying PV panels.
Typical view of a fixed angle PV mounting structure with two columns is shown in
Figure 33. Columns are generally driven into soil by man-power or Hydraulic Pile-
Driving Machine. Driven columns are preferred since it is a low-cost solution and
can quickly be implemented compared to reinforced concrete foundations.
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Figure 33- Typical View of PV Mounting Structures
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4.2  Observed Snow Damage in Solar Power Plants

Snow damage was observed in mountainous regions of Konya, Kayseri, and
Kahramanmarag cities. Possible reasons of damage were reported as lack of
representativeness of ground snow loads provided in TS498 for locations where

snow damage occurred and errors made in structural design and assembly stages

Ekol Loss Adjusting (2018) .

When structural design reports of damaged PV mounting structures are investigated,
for most cases it is seen that snow load regions defined in TS498 were not properly
selected considering location of the structure. In addition, for some cases ground
snow load on plant location were higher than proposed by TS498. Ground snow load
is highly correlated with altitude. Damaged sites are located in higher altitudes
compared to city centers of site locations. According to results obtained in this study
and similar studies in literature, snow loads provided by TS498 were found to be
lower than actual for city centers in higher altitudes and locations where location

considered has a higher altitude than average altitude of the city.

Moreover, geometry of PV mounting structures allows snow drift due to a similar
behavior observed in snow fences. PV arrays located in foothills of mountains
constitute an aerodynamic shade region for windblown snow. Since the amount of
drifting snow depends on amount of driftable snow and wind, wind blowing from
mountain top carries snow particles towards the mounting structures and creates the
suitable condition for snow drift. Snow drift between successive rows of PV arrays
can be seen in Figure 34, Figure 35, and Figure 36. In addition, Figure 34 shows that
snow depth on the panels are much higher than snow on obstruction marked in red
circle. In structural design reports of damaged structures, it is observed that effect of

snow drift was not considered in snow load calculations of damaged structures.
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Figure 34- Snow Accumulation on PV Panels-1

Figure 36- Snow Accumulation on PV Panels-3
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Inspection on damaged structures revealed that main beams of structural system of
mounting structures were deformed due to lateral torsional buckling as can be seen
in Figure 37 and Figure 38. Lateral torsional buckling is a buckling phenomenon
resulting in both lateral displacement and twisting and it is observed in sections with
unrestrained compression flange. In a typical PV mounting structure main beams are
cold-formed thin-walled channel sections which have low torsional rigidity and open
configuration. In addition, load application point and the shear center of the section
does not coincide since loads carried by purlins are transferred to main beam along
center of gravity of the section rather than its shear center. These properties of
channel sections increase tendency of lateral torsional buckling. When structural
design reports are examined, it is seen that effect of torsion acting on main beams
due to eccentric loading was not taken into consideration in design calculations.
Damaged beams are modeled using SAP2000 software and lateral torsional buckling

is observed in modelled structure as shown Figure 39 as expected.

Figure 37- Damaged Main Beam-1
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Figure 38- Damaged Main Beam-2

Figure 39- Buckling of Main Beam under Dead Load+Snow Load
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In addition to errors made in structural design stage, several errors made in assembly
stage caused damage in PV mounting structures. Some of the errors observed can be

summarized as follows:

e Using unsymmetrical sections such as C channels where load is not acting at
the shear center.

e Diagonal members to beam connections and beam to column connection
being highly eccentric causing additional rotational effects on structural
members.

e Failure to check bearing load capacity of connections.

e Not using profile thicknesses or dimensions determined in structural analysis
stage

e Using screws instead of bolts in connections

e Using driven columns instead of concrete foundations without fully
considering soil properties in the field and insufficient depth penetration to
soil.

e Not considering additional snow because of heights above 1000m and 1500m

e Not considering snow accumulation because of wind and panels being too
close to the ground.

e Various workmanship mistakes.

4.3 Recommendations

Considering reasons of snow damage mentioned in previous section,
recommendations are given on ground snow loads, snow load shape coefficients, and

structural system regarding lateral torsional buckling.

Determination ground snow loads requires data collection for at least 30 years in
order to confidently determine 50-year MRI snow loads. Thus, there are two options
to determine snow loads. One option is using snow loads provided by TS498 and the

other option is to calculate snow loads using measurements of nearest meteorological
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station if available. However, as mentioned previously snow loads provided by
TS498 may not represent the site characteristics and structural geometrical properties
especially if site elevation is higher than 1000 m and site has a concave up geological
formation suitable for snow accumulation by wind. In addition, even if there is an
available station close to plant location, many meteorological stations measure snow
depth instead of snow water equivalent which can be converted into snow load
directly. Another problem about meteorological measurements are “missing data”,
“relocation of station”, and various uncertainties in the measurement of snow
parameters. Thus, snow map provided in this study may be used in places where

proposed values are higher than given by TS498.

Effect of snow drift is taken into consideration in snow load calculations in design
codes. In TS EN 1991-1-3, two load arrangements are defined for undrifted and
drifted snow and snow load shape coefficients are given for the two load
arrangements depending on shape of the roof. There is no provision in TS EN 1991-
1-3 providing guidance for snow loads acting on PV mounting structures in solar
power plants. However, PV mounting structures can be interpreted as a multi-span
roof and drifting load case defined in provisions can be used to determine snow load
shape coefficients. In addition, model proposed by Formichi (2019) for about snow
load distribution on flat roofs with PV arrays can be interpreted for PV mounting

structures.

Since lateral torsional buckling is observed in sections with unrestrained
compression flange, restraining compression flange of channel beams with braces

will prevent lateral torsional buckling.

Shear and torsion related shear in open channels are often times not correctly
calculated by the designers. A direct calculation from SAP2000 or similar software
is taken directly without questioning. Professional engineers that are experienced in

SPP design would be preferred for the design.
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CHAPTER S

CONCLUSIONS AND FUTURE WORK

In this study, a new ground snow load map is proposed for Turkey based on ERAS
Climate Reanalysis data and recommendations are made in order to prevent snow
damage in solar power plants (SPP). Focus is given on examination of ground snow
loads since it is important to approximate snow loads accurately for safe design of
especially lightweight structures and roofs. Additional recommendations are
extended for Mean Recurrence Interval (MRI), load distribution, connections, and
section selection of structural members. Main findings and conclusions of this study

are as follows:

e Snow loads provided in TS498 are unsafe for city centers with high altitude
generally located in Eastern Black Sea and Eastern Anatolia Regions. In
addition, in many locations with altitude above 1500 m, %15 increase in
snow loads proposed in TS498 results in a maximum 1.84 kKN/m? snow load,
which is smaller than the actual increase caused by increasing altitude as
obtained in this study. On the other hand, minimum snow load defined for all
regions, 0.75kN/m2 results in uneconomical results for many cities, which
are generally located in south and southwestern Turkey.

e Snow loads derived from proposed map in this study shows a better
correlation than TS498 when comparison is made by using TSMS stations,
which has minimum 30 years of snow water equivalent. It is seen that
proposed loads are lower compared to TS498 generally in places with
moderate climate conditions and where snow load is found as 0.75kN/m?
using current snow load map. However, proposed snow loads values better

represent snow load variations in higher altitudes when compared with the
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current snow load map in use. Although much better than current map, the
proposed snow load map still has some shortcomings: these are, a) relatively
low performance in places with complex terrain and b) wind induced snow
accumulation has to be considered separately. Although loads obtained using
proposed map shows better correlation with observations as compared to
TS498, values are still not as close as wanted. Possible reason of this
drawback can be insufficiency of grid resolution of ERAS data
(approximately 31 km) and interpolation. Determining snow loads in places
with complex terrain where altitude has ups and downs requires higher
resolution to detect changes in snow load. As a result, it is recommended to
use TS498 for places where proposed map gives lower loads to be on the safe
side and for the opposite case, if there is no available/sufficient
meteorological measurement, proposed map can be used.

For structures vulnerable to snow loads due to higher snow load to dead load
ratio compared to conventional building type structures, 50-year MRI design
snow loads may result in unsafe design. The probability of failure (PoF) is
obtained as 33% for structures with 20-year service life and 64% PoF for
structures with 50-year design working life. In order to achieve the common
10% PoF, snow load MRI of 190 years need to be considered for 20 years of
service life and 475 year MRI need to be considered for 50 years of service
life. The current snow load map with 50-year MRI, annual probability of
exceedance of 0.02, must be scaled with 1.44 for snow loads with 190-year
MRI and 1.86 for snow loads with 475-year MRI.

There is a decrease trend over 40 years (1979-2018) in ground snow loads
for many locations in Turkey. This observation is probably due to the
increase in mean temperature by climate change; however, it is also possible
to observe an increase in snow height due to local orographic characteristics.
Location with relatively small amounts of snow load showed an increasing

trend over the course of last 40 years; increase trend primarily in Aegean
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region and central Anatolia, highest increase trend being in Sivas. Largest
descending trend is in Bingol and Artvin.

e Largest Coefficient of Variation (COV) in snow load based on 50-year MRI
is obtained at the Marmara, Aegean, and Mediterranean coastal zones
including Hatay and Syrian border all the way to Sirnak. The warm climate
associated with these regions cause unpredictable snow precipitation causing
larger COV; however, relatively small median. Standard deviation is much
smaller in magnitude at the regions of large COV and doesn’t impose a large
threat. Largest standard deviation is seen in eastern Blacksea region, eastern
Anatolia, and Taurus mountains higher elevations.

e As aresult of literature review made as a part of this study, no provision or
recommendation is found regarding snow load shape coefficients to be used
in design of PV mounting structures. All of studies and provisions on snow
loads on PV panels are focused on effect of existence of rooftop PV arrays
on snow accumulation and distribution on roofs. Thus, recommendations are
made by making inference with similar structures. For PV arrays having a
row spacing less than two times the height of solar panels, the snow may be
considered as completely filling the solar panels up to the highest point of
solar panels. Any snow underneath the panels are ignored and not considered
to load carrying mechanism.

e When damaged structures are observed, it is seen that there are errors made
in structural design, workmanship, connections, and cross section thickness
selection stages. Usage of braces between main beams in order to prevent
lateral torsional buckling is recommended and problematic issues related
with assembly stages are mentioned. Connections between the PV panels and

structural load carrying members should be stable and not get lose over time.

For future investigations, the following studies may be conducted on the subject of

this thesis:
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Since climate reanalysis data is published with better atmospheric models
and higher resolutions day by day, using a higher resolution data available at
time of investigation can lead to overcome some of the drawbacks of current
proposed map.

Dynamic downscaling methodologies with use of Weather Research and
Forecast (WRF) models, in which physical principles are used, may be used
instead of statistical downscaling methods (as IDW interpolation method
used in this study).

An online database of snow load using GPS coordinates will be prepared as
a part of this thesis.

It is seen that there is a need for studies on snow relocation and built-up

observed in solar power plants in order to find snow load shape coefficients.
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APPENDICES

A. COMPARISON TABLES

Table A. 1- Comparison of SWE Annual Maxima Time Series of ERAS5 and TSMS Stations

Station City Station Name n | NBIAS | NMAE | NRMSE R p

No value
9015 Ankara T‘?ﬁ’,ﬁﬁi‘éb 16 | 0070 | 0255 0322 | 0222 | 0408
9019 Mus ALPARSLAN 17| 0937 | 0937 1009 | 0200 | 0442
9028 Konya KONYATOPSU | 14 | 0272 | 0320 0547 | -0.096 | 0.744
17022 Zonguldak ZONGULDAK 28| 0081 | 0171 0210 | 0740 | 0.000
17026 Sinop SINOP 18| 019 | 0231 029 | 0627 | 0.005
17030 Samsun SAMSUNBOLGE | 16 | 0297 | 0329 0411 | 0641 | 0.007
17033 Ordu ORDU 25| 0204 | 0300 0379 | 0337 | 0.09
17034 Giresun GIRESUN 32| 1508 | 1508 1567 | 0077 | 0677
17037 Trabzon TRABZONBOLGE | 19 | 0424 | 0524 0647 | 0.144 | 0557
17040 Rize RIZE 21| 0516 | 0561 0676 | 0222 | 0334
17042 Artvin HOPA 2 | 1.000 | 1.000 1068 | 0099 | 0631
17045 Artvin ARTVIN 34| 0712 | 0712 0814 | 0474 | 0.005
17046 Ardahan ARDAHAN 39| 1177 | 1180 1397 | 0211 | 0197
17050 Edirne EDIRNE 28| 0002 | 0.119 0.148 | 0.895 | 0.000
17054 Tekirdag CORLU 25 | 0300 | 0391 0536 | 0478 | 0.016
17062 istanbul KADIKOY RIHTIM | 13 | -0.196 | 0.207 0266 | 0.605 | 0.028
17069 Sakarya SAKARYA 28| 0184 | 0234 0288 | 0557 | 0.002
17070 Bolu BOLU 33| 0220 | 0234 0377 | 0423 | 0014
17074 Kastamonu KASTAMONU 35| 0518 | 0529 0695 | 0452 | 0.006
17080 Cankirt CANKIRI 25| 0030 | 0152 0213 | 0626 | 0.001
17084 Corum CORUM 29 | 0066 | 0092 0111 | 0915 | 0.000
17085 Amasya AMASYA 2| 0203 | 0331 0442 | 0557 | 0.007
17086 Tokat TOKAT 28| 0528 | 0528 0639 | 0361 | 0.059
17088 Giimiishane GUMUSHANE 34| 0984 | 0984 1040 | 0381 | 0.026
17089 Bayburt BAYBURT 39 | 0541 | 0544 0631 | 0314 | 0051
17090 Sivas SIVAS 37| 0033 | 0092 0124 | 0888 | 0.000
17094 Erzincan ERZINCAN 29 | 2274 | 227 2373 | 0164 | 0394
17096 Erzurum Hi%{?ﬁrw 28| 0826 | 0826 0958 | 0178 | 0.364
17097 Kars KARS 39| 0733 | 0745 0882 | 0223 | 0173
17099 Agni AGRI 35| 0062 | 0112 0190 | 0593 | 0.000
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17100 Tadir IGDIR 14| 0275 | 0285 0316 | 0829 | 0.000
17116 Bursa BURSA 21| 0213 | 0222 029 | 0878 | 0.000
17120 Bilecik BILECIK 29 | 0087 | 0.120 0182 | 0679 | 0.000
17130 Ankara ANKARABOLGE | 27 | o112 | 0192 0270 | 0527 | 0.005
17140 Yozgat YOZGAT 37| 0000 | 0132 0203 | 0534 | 0.001
17155 Kiitahya KUTAHYA 35| o104 | o118 0139 | 0909 | 0.000
17160 Kirgehir KIRSEHIR 25 | 0134 | 0.150 0184 | 0843 | 0.000
17162 Sivas GEMEREK 31| 0494 | 049 0595 | 0752 | 0.000
17165 Tunceli TUNCELI 35| 0017 | 0235 0267 | 0338 | 0.047
17172 Van VAN BOLGE 38| 0219 | 0244 0316 | 0461 | 0.004
17188 Usak USAK 24| 0304 | 0330 0373 | 0854 | 0.000
17190 | Afyonkarahisar | “F YOI\];%?%%HEAR 35| 0039 | o0.164 0220 | 0827 | 0.000
17192 Aksaray AKSARAY 32| 0107 | 0178 0217 | 0527 | 0.002
17193 Nevsehir NEVSEHIR 39 | 0061 | 0127 0194 | 0545 | 0.000
17196 Kayseri KAYSERIBOLGE | 33 | 0361 | 0375 0475 | 0513 | 0.002
17199 Malatya MALATYA u | 12713 | 1213 1353 | 0352 | 0.091
17201 Elaig ELAZIGBOLGE | 31 | 0277 | 0284 0406 | 0453 | 0011
17203 Bingsl BINGOL 37| 0282 | 0319 0369 | 0404 | 0.013
17205 Bitlis TATVAN 38| 0103 | 0176 0234 | 0351 | 0.031
17210 Siirt SIRT 27| 0542 | 0542 0765 | 0.69 | 0.000
17238 Burdur BURDUR 14 | 0001 | 0.179 0219 | 0454 | 0.103
17239 Konya AKSEHIR 35 | 0006 | 0.157 0202 | 0488 | 0.003
17240 Isparta ISPARTA 27 | 0001 | o128 0.186 | 0488 | 0.010
17244 Konya AR 21| 0364 | 0364 0437 | 0644 | 0.002
17246 Karaman KARAMAN 27 | 0015 | 0177 0239 | 0676 | 0.000
17250 Nigde NiGDE 35| 1137 | 1140 1384 | 0253 | 0.142
17255 Kahramanmaras | KAHRAMANMARAS | 13 0.203 0.335 0.374 0.083 0.789
17265 Adiyaman ADIYAMAN 13| 0053 | 0135 0186 | 0786 | 0.001
17280 Diyarbakir giﬁ/i?ﬂﬁi% 19| 0209 | 0245 033 | 0491 | 0033
17285 Hakkari HAKKARI 39 | 0527 | o538 0583 | 0010 | 0951
17606 Kastamonu KASTA%?{I?U/ BOZK | s | 0128 | 0192 0269 | 0257 | 0215
17628 Rize RIZE/PAZAR 10| 1oe2 | 104 1073 | 0504 | 0137
17632 Edirne iPSALA 14| 0144 | 0.156 0245 | 0797 | 0.001
17666 Erzurum iSPIR 14| 2617 | 2617 2729 | 0117 | 0.689
17680 Ankara BEYPAZARI 2 | 0081 | o162 0240 | 0208 | 0354
17690 Erzuram HORASAN 25| 0203 | 0312 0389 | 0729 | 0.000
17692 Kars SARIKAMIS 32| 0056 | 0171 0211 | 0630 | 0.000
17700 Balikesir DURSUNBEY 21| 0057 | 0147 0171 | 0713 | 0.000
17716 Sivas ZARA 2 | 0920 | 0.920 1018 | 0385 | 0.052
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17718 Erzincan TERCAN 24 0.939 0.939 1.025 0.457 0.025
17720 Agrn DOGUBEYAZIT 26 0.214 0.254 0.307 0.381 0.055
17726 Eskisehir SIVRIHISAR 29 -0.048 0.144 0.178 0.720 0.000
17728 Ankara POLATLI 11 -0.003 0.242 0.331 0.324 0.331
17734 Sivas DIVRIGI 26 1.346 1.346 1.484 0.024 0.908
17740 Erzurum HINIS 26 -0.031 0.174 0.226 0.769 0.000
17750 Kiitahya GEDIzZ 16 0.662 0.662 0.793 0.133 0.624
17752 Afyonkarahisar EMIRDAG 23 0.090 0.149 0.184 0.777 0.000
17760 Yozgat BOGAZLIYAN 20 0.197 0.232 0.270 0.630 0.003
17762 Sivas KANGAL 18 0.345 0.356 0.496 0.375 0.125
17764 Malatya ARAPGIR 28 -0.142 0.178 0.235 0.647 0.000
17776 Bingol SOLHAN 26 0.571 0.571 0.621 0.579 0.002
17784 Van ERCIS 30 -0.031 0.160 0.227 0.497 0.005
17786 Van MURADIYE VAN 11 0.116 0.280 0.378 -0.012 0.971
17786 Van MURADIYE VAN 11 0.116 0.280 0.378 -0.012 0.971
17802 Kayseri KAYSERis/fINARBA 21 0.622 0.622 0.731 0.453 0.039
17804 Elaz1g KEBAN 12 0.502 0.556 0.612 0.342 0.276
17810 Bitlis AHLAT 22 -0.102 0.108 0.205 0.530 0.011
17812 Van OZALP 27 0.064 0.199 0.266 0.377 0.052
17826 Isparta SENIRKENT 12 0.100 0.204 0.235 0.674 0.016
17837 Kayseri TOMARZA 25 0.280 0.336 0.510 0.282 0.172
17847 Diyarbakir ERGANI 23 0.033 0.121 0.153 0.824 0.000
17866 Kahramanmaras GOKSUN 31 0.433 0.438 0.499 0.498 0.004
17870 Kahramanmarag ELBISTAN 27 0.985 0.985 1.206 0.167 0.405
17880 Van BASKALE 33 0.065 0.130 0.163 0.658 0.000
17882 Isparta EGIRDIR 17 -0.089 0.186 0.243 0.594 0.012
17906 Nigde ULUKISLA 32 1.215 1.216 1.431 0.237 0.192
17920 Hakkari YUKSEKOVA 29 0.262 0.285 0.323 0.403 0.030
17928 Konya HADIM 28 0.583 0.588 0.703 0.660 0.000
17952 Antalya ELMALI 15 1912 1.912 2212 0.331 0.229
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Table A. 2- Comparison of Snow Depth Annual Maxima Time Series of ERAS and TSMS Stations

Station City Station Name n | NBIAS | NMAE | NRMSE R P

No value
3012 Bolu SERIFYUK-ALADAG | 15 | -0433 | 0433 0447 | 0754 | 0.001
3018 Tokat TOKATTOP.SU | 19 | 0464 | 0464 0537 | 0603 | 0.006
9013 Zonguldak BAKLABOSTAN | 10 | 0279 | 0279 0354 | 0648 | 0.043
9014 Ankara BALA DUC 14 | w0019 | 0167 0206 | 0610 | 0.021
9015 Ankara T%I;ﬁi‘gij 2| 0060 | 0.19 0249 | 0660 | 0.001
9016 Ankara CAMKORU 18 | 0181 | 0203 0261 | 0708 | 0.001
9017 Bolu BAKACAK 2| 0387 | 0387 | 0427 | 0449 | 0.036
9019 Mus ALPARSLAN 19| 0348 | 0349 0405 | 0577 | 0.010
9023 Konya GOZLU DUC 18 | -0057 | 0134 0.168 | 0.740 | 0.000
9025 Konya ALTINOVADUC | 16 | -0.084 | 0.145 0211 | 0554 | 0.026
9027 Eskigehir ESKISEHIR TOPSU | 16 | 0.164 | 0.181 0260 | 0707 | 0.002
9028 Konya KONYATOPSU | 19 | 0037 | 0.146 0228 | 0464 | 0.045
9035 Konya KONUKLAR 13 | -0005 | 0.146 0207 | 0565 | 0.044
17015 Diizce AKCAKOCA 33| 0088 | 0214 0265 | 0274 | 0122
17020 Bartin BARTIN 38 | 0063 | 0.136 0173 | 0843 | 0.000
17022 Zonguldak ZONGULDAK 39 | 0010 | 0.105 0.136 | 0831 | 0.000
17024 Kastamonu INEBOLU 38| 0165 | 0212 0261 | 0355 | 0.02
17026 Sinop SINOP 31| 0015 | 0138 0175 | 0626 | 0.000
17030 Sameun SAMSUNBOLGE | 35 | 0091 | 0234 0280 | 0.535 | 0.001

SAMSUN
17031 Samsun CARSAMBA 18 | -0054 | 0.103 0202 | 0724 | 0.001
HAVALIMANI

17033 Ordu ORDU 36 | 0034 | 0206 0260 | 0328 | 0.051
17034 Giresun GIRESUN 36 | 0784 | 0784 0820 | 0432 | 0.008
17037 Trabzon TRABZON BOLGE | 27 | 0232 | 0.303 0378 | 0324 | 0.099
17038 Trabzon Hgsﬁfﬁifm 18 | 0067 | 0223 0280 | 0.98 | 0432
17040 Rize RIZE 36 | 0333 | 0427 0494 | 0199 | 0.246
17042 Artvin HOPA 37| 0748 | 0748 0790 | 0208 | 0217
17045 Artvin ARTVIN 39 | 0418 | 0423 0485 | 0477 | 0.002
17046 Ardahan ARDAHAN 40 | 0384 | 0399 0475 | 0359 | 0.023
17050 Edirne EDIRNE 39 | 0034 | 0072 0106 | 0947 | 0.000
17052 Kirklareli KIRKLARELI 31| 0255 | 0293 0384 | 0569 | 0.001
17054 Tekirdag CORLU 33| 0110 | 0194 0274 | 0529 | 0.002
17056 Tekirdag TEKIRDAG 38 | 0091 | 0.106 0.18 | 0883 | 0.000
17059 istanbul SARIYEiﬁggAKOY' 32| 0019 | 0098 0174 | 0509 | 0.003
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ISTANBUL

17060 fstanbul ATATURK 15| -0236 | 0262 0310 | 0598 | 0.018
HAVALIMANI
17061 fstanbul SARIYER 37| 0158 | o6 0248 | 0587 | 0.000
17062 fstanbul KADIKOY RIHTIM | 29 | -0241 | 0243 0331 | 0613 | 0.000
17066 Kocaeli KOCAELI 35 | -0.004 | 0.127 0172 | 0674 | 0.000
17067 Kocacli GOLCUK 13| 0145 | 0176 0210 | 0821 | 0.001
KOCAELI CENGiz
17068 Kocacli TOPEL 10| <0105 | 0260 | 0318 | 0627 | 0.052
HAVALIMANI
17069 Sakarya SAKARYA 39 | 0002 | 0.144 019 | 0678 | 0.000
17070 Bolu BOLU 40 | 0003 | 0132 0196 | 0.543 | 0.000
17072 Diizce DUZCE 39 | 0016 | 0192 0249 | 039 | 0.012
17074 Kastamonu KASTAMONU 40 | 0426 | 0438 0558 | 0663 | 0.000
17078 Karabiik KARABUK 19| 0515 | 0540 0642 | 0335 | 0.161
17080 Cankirt CANKIRI 37| o010 | 0126 0167 | 0772 | 0.000
17083 Amasya MERZIFON 35 | 0218 | 0276 0368 | 0502 | 0.002
17084 Corum CORUM 40 | 0013 | o064 | 0093 | 0935 | 0.000
17085 Amasya AMASYA 40 | 0063 | 0124 | o169 | 0748 | 0.000
17086 Tokat TOKAT 40 | 0387 | 0387 0468 | 0598 | 0.000
17088 Giimiishane GUMUSHANE 40 | 0823 | 0823 0861 | 0639 | 0.000
17089 Bayburt BAYBURT 40 | 0346 | 0347 0404 | 0523 | 0.001
17090 Sivas SIVAS 40 | 0005 | 0024 0.046 | 0982 | 0.000
17092 Erzincan Hi@fﬁiﬁm 19| 0691 | 0691 0729 | 0487 | 0.034
17094 Erzincan ERZINCAN 40 | o721 | 0727 0769 | 0272 | 0.09
17095 Erzurum ERZURUM BOLGE | 10 | 0097 | 0.152 0201 | 069 | 0.026
17096 Erzurum ALY 40 | 0272 | 0272 0319 | 0606 | 0.000
17097 Kars KARS 40 | 0264 | 0271 0310 | 0712 | 0.000
17098 Kars Kﬁiﬁ}iﬁﬁfﬁm 19| 0155 | 0159 0170 | 0959 | 0.000
17099 Agn AGRI 40 | 0113 | 0121 0165 | 0726 | 0.000
17100 Tadir IGDIR 39 | 0240 | 0201 0414 | 0446 | 0.004
17110 Canakkale GOKCEADA 27 | 0235 | 0241 0313 | 0729 | 0.000
17111 Canakkale BOZCAADA 10| 0233 | 0263 0335 | 0626 | 0.053
17112 Canakkale CANAKKALE 33| 0037 | 0079 0129 | 0813 | 0.000
17114 Balikesir BANDIRMA 27| 0199 | 0262 0406 | 0610 | 0.001
17115 Balikesir NS 15| -0043 | 0064 | 0141 | 0890 | 0.000
17116 Bursa BURSA 34| 0013 | 0.061 0082 | 0924 | 0.000
17118 Bursa BU&E@ZEﬂii?m 13| 0179 | 0269 0403 | 0426 | 0.147
17119 Yalova YALOVA 30 | o102 | 0187 0267 | 0467 | 0.009
17120 Bilecik BILECIK 40 | 0081 | 0126 0169 | 0.585 | 0.000
17123 Eskigehir E;?gfgﬁ?@fﬁ? 23| 0239 | 0246 0301 | 0809 | 0.000
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ESKISEHIR

17124 Eskischir EER . [ 21| 0o | ooss 0102 | 0972 | 0.000
17126 Eskigehir ESKISEHIR BOLGE | 11 | -0.022 | 0139 | 019 | 0782 | 0.004
17127 Ankara ANI;‘:‘&:LI.‘HGJX{;IED 11| 0071 | o1s6 | 0201 | 0828 | 0.002
ANKARA
17128 Ankara ESENBOGA 39| 0009 | 0057 | 0078 | 0949 | 0.000
HAVALIMANI
17129 Ankara a2 | oaia | 0ad0 | 0200 | 0854 | 0.000
17130 Ankara ANKARA BOLGE | 38 | -0.008 | 0.122 0.155 | 0834 | 0.000
17135 Kirikkale KIRIKKALE 38 | 0003 | o.101 0.145 | 0814 | 0.000
17140 Yozgat YOZGAT 40 | -0145 | 0145 0206 | 0.689 | 0.000
17150 Balikesir Hi@ffﬁxl 19| 0081 | 0136 | 0171 | 0899 | 0.000
17155 Kiitahya KUTAHYA 40 | 0041 | 0081 0.110 | 0918 | 0.000
17160 Kirgehir KIRSEHIR 39| 0055 | 0107 | 0123 | 0868 | 0.000
17162 Sivas GEMEREK 38| 0219 | 0231 0298 | 0790 | 0.000
17165 Tunceli TUNCELI 40| o114 | 0198 0229 | 0560 | 0.000
17170 Van VAgAlffgwl\i%EN 19| 0081 | 0135 0.164 | 0842 | 0.000
17172 Van VAN BOLGE 40 | 0049 | 0094 | 0145 | 0587 | 0.000
17175 Balikesir AYVALIK 10| 0166 | 0184 | 0240 | 0879 | 0.001
17180 fzmir DIKILI 10| 0392 | 0487 0683 | 0370 | 0293
17184 Manisa AKHISAR 16 | 0207 | 0253 0355 | 0530 | 0.035
17186 Manisa MANISA 16 | 0104 | 0217 | 0285 | 0719 | 0.002
17188 Usak USAK 36| 0062 | 0077 | o101 | 0937 | 0.000
17189 | Afyonkarahisar | AT ;2@12’25\?&51“ 10| 0031 | 0122 0208 | 0811 | 0.004
17190 | Afyonkarahisar | “F YO%%’?E‘EHBAR 38 | -0056 | 0078 0118 | 0915 | 0.000
17191 Konya CIHANBEYLI 40 | 0209 | 0221 0287 | 0662 | 0.000
17192 Aksaray AKSARAY 40 | 0037 | o121 0.153 | 0707 | 0.000
17193 Nevschir NEVSEHIR 40 | 0147 | 0152 | 0187 | 0776 | 0.000
17195 Kayseri KAJ :ﬁiﬁﬁ\hﬂ 19| 0296 | 0309 0388 | 068 | 0.001
17196 Kayseri KAYSERIBOLGE | 40 | 0.160 | 0.192 0270 | 0672 | 0.000
17199 Malatya MALATYA 40| 079 | 0794 | 0874 | 0292 | 0.068
17200 Malatya MALATYAIRIAC 113 | o | 0201 0256 | 0718 | 0.006
17201 Elang ELAZIGBOLGE |39 | 0117 | 0.147 0224 | 0703 | 0.000
17202 Elazig " Af,i‘iﬁfAM 17 | 0034 | 0058 0.081 0944 | 0.000
17203 Bingdl BINGOL 40 | 0206 | 0227 0269 | 0532 | 0.000
17204 Mus MUS 40 | 0177 | 0206 | 0248 | 0674 | 0.000
17205 Bitlis TATVAN 38| 0053 | 0142 0.194 | 0612 | 0.000
17210 Siirt SIRT 36 | 0237 | 0248 0385 | 0.607 | 0.000
17234 Aydim AYDIN 10| 0018 | 0286 | 0366 | 0593 | 0.071
17237 Denizli DENIZLi 31| 0092 | 0107 | 0144 | 0861 | 0.000
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17238 Burdur BURDUR 38| -000s | 0100 | 0170 | o561 | 0.000
17239 Konya AKSEHIR 40 | <0131 | 0174 | 0223 | 0619 | 0.000
17240 Tsparta ISPARTA 40 | 0084 | 0.163 0246 | 0.647 | 0.000
17242 Konya BEYSEHIR 40 | 0031 | 0148 | 0225 | 0549 | 0.000
17244 Konya A NA 40| oos2 | 0093 0129 | 0895 | 0.000
17246 Karaman KARAMAN 40 | 0054 | 0069 | 0102 | 0875 | 0.000
17248 Konya EREGLI 40 | 0025 | 0087 | 0134 | 0816 | 0.000
17250 Nigde NiGDE 40 | 0479 | 0496 | o601 | 0434 | 0.005
17255 | Kahramanmaras | KAHRAMANMARAS | 28 | 0077 | 0167 | 0234 | 0585 | 0.001
17260 Gaziantep H‘i‘iﬁ‘g}f& 15| -0074 | 0074 | 0131 | 0940 | 0.000
17261 Gaziantep GAZIANTEP 37| 0085 | 0127 | 0173 | 0720 | 0.000
17262 Kilis KILiS 24 | 0030 | 0.10s 0155 | 0675 | 0.000
17265 Adiyaman ADIYAMAN 31| 0141 | 0170 | 0223 | 0575 | 0.001
17270 Sanlurfa SANLIURFA 23| 0103 | o142 | 0199 | 0733 | 0.000
17275 Mardin MARDIN 36 | -0.104 | 0.125 0176 | 0565 | 0.000
17280 Diyarbakir g{iﬁ,‘:ﬁﬁﬁﬁ 35| 0072 | oanl 0175 | 0856 | 0.000
17282 Batman BATMAN 30 | 0234 | 0317 | 0443 | 0393 | 0.0n2
17285 Hakkari HAKKARI 40 | 0156 | 0228 | 0250 | 0286 | 0.074
17292 Mugla MUGLA 23| 0060 | 0131 0.183 | 0766 | 0.000
17372 Hatay ANTAKYA 13| 018 | 0230 | 0312 | 0688 | 0.009
17602 Bartin AMASRA 32| 0131 | o181 0221 | 0787 | 0.000
17604 Kastamonu CiDE 14| 0639 | 0654 | 0728 | 0638 | 0014
17606 Kastamonu KASTA%?{I\TIU/ BOZK | 331 o048 | 0136 | 0180 | 039 | 0022
17608 Edire UZUNKOPRU 32| 0109 | o116 | 0173 | 0828 | 0.000
17610 istanbul SILE 30 | -0083 | 0.6l 0231 | 0432 | 0017
17618 Kastamonu DEVREKANI 32| 0020 | o158 | 0197 | 0581 | 0.000
17622 Samsun BAFRA 31| <0161 | 0211 0200 | 0413 | 0.021
17624 Ordu UNYE 33| 0359 | 0463 0547 | 0313 | 0.077
17626 Trabzon AKCAABAT 30 | 0426 | 0494 | 0591 | 0379 | 0.039
17628 Rize RIZE/PAZAR 2| 1027 | 1027 1066 | 0394 | 0.025
17631 Kirklareli LUL%%%&GAZ 27| 0064 | 009 | 0130 | 0874 | 0.000
17632 Edime PSALA 31| <0106 | 0126 | 088 | 0836 | 0000
17634 Tekirdag MALKARA 31| -0107 | 0125 0.184 | 0779 | 0.000
17636 istanbul FLORYA 33 0157 | 0179 | 0241 | 0511 | 0.002
17646 Cankir CERKES 32| 0302 | 0364 | 0448 | 0437 | 0012
17648 Cankir ILGAZ 33| 0481 | 0492 | 0580 | 0632 | 0.000
17650 Kastamonu TOSYA 33| 0279 | 0295 0387 | 0472 | 0.006
17652 Corum OSMANCIK 12| 0228 | 028 | 0248 | 0938 | 0.000
17656 Kars ARPACAY 32| 0179 | 0238 | 0301 | 0446 | 0.010
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17658 Yalova CINARCIK 21 0.224 0.351 0.472 0.429 0.052
17662 Sakarya GEYVE 32 0.040 0.205 0.261 0.351 0.049
17664 Ankara KIZILCAHAMAM 34 0.170 0.199 0.286 0.514 0.002
17666 Erzurum ISPIR 35 0.947 0.947 0.969 0.632 0.000
17668 Erzurum OLTU 35 0.750 0.750 0.809 0.552 0.001
17674 Balikesir BALIKESIR/GONEN | 30 0.059 0.204 0.293 0.567 0.001
17676 Bursa ULUDAG 39 -0.513 0.515 0.558 0.240 0.141
17678 Bursa YENISEHIR 18 -0.010 0.124 0.157 0.857 0.000
17679 Ankara NALLIHAN 12 0.183 0.296 0.374 0.176 0.585
17680 Ankara BEYPAZARI 34 0.071 0.137 0.191 0.394 0.021
17681 Tokat ZILE 35 0.023 0.127 0.164 0.660 0.000
17682 Giresun SEBINKARAHISAR 35 0.506 0.506 0.553 0.687 0.000
17683 Tokat TURHAL 15 0.045 0.147 0.205 0.674 0.006
17684 Sivas SUSEHRI 32 0.476 0.476 0.517 0.625 0.000
17688 Erzurum TORTUM 35 0.491 0.491 0.542 0.557 0.001
17690 Erzurum HORASAN 35 0.160 0.207 0.266 0.432 0.010
17692 Kars SARIKAMIS 35 0.009 0.142 0.179 0.607 0.000
17695 Bursa KELES 34 0.021 0.154 0.197 0.543 0.001
17700 Balikesir DURSUNBEY 34 0.013 0.144 0.186 0.581 0.000
17702 Bilecik BOZUYUK 34 -0.179 0.209 0.261 0.603 0.000
17704 Kiitahya TAVSANLI 34 0.026 0.211 0.264 0.475 0.005
17712 Yozgat SORGUN 19 0.190 0.202 0.246 0.840 0.000
17716 Sivas ZARA 35 0.689 0.689 0.736 0.649 0.000
17718 Erzincan TERCAN 35 0.552 0.552 0.611 0.567 0.000
17720 Agn DOGUBEYAZIT 33 0.345 0.350 0.429 0.637 0.000
17726 Eskisehir SIVRIHISAR 34 -0.099 0.158 0.202 0.638 0.000
17728 Ankara POLATLI 34 -0.052 0.132 0.171 0.646 0.000
17730 Kirikkale KESKIN 32 -0.102 0.167 0.209 0.674 0.000
17732 Kirsehir CICEKDAGI 33 -0.018 0.145 0.181 0.630 0.000
17734 Sivas DIVRIGI 35 0.985 0.985 1.068 0.397 0.018
17736 Tunceli MAZGIRT 33 -0.055 0.132 0.184 0.638 0.000
17740 Erzurum HINIS 35 0.008 0.150 0.188 0.611 0.000
17746 Manisa DEMIRCI 21 -0.014 0.226 0.316 0.252 0.270
17748 Kiitahya SIMAV 34 -0.134 0.192 0.255 0.516 0.002
17750 Kiitahya GEDIZ 31 0.301 0311 0.386 0.542 0.002
17752 Afyonkarahisar EMIRDAG 33 0.019 0.110 0.138 0.855 0.000
17754 Konya KULU 35 -0.121 0.126 0.185 0.818 0.000
17756 Kirsehir KAMAN 34 -0.261 0.273 0.333 0.566 0.000
17760 Yozgat BOGAZLIYAN 35 0.122 0.179 0.227 0.747 0.000
17762 Sivas KANGAL 35 0.005 0.187 0.245 0.345 0.043
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17764 Malatya ARAPGIR 34 -0.143 0.208 0.251 0.604 0.000
17766 Elazig AGIN 33 0.484 0.498 0.566 0.378 0.030
17768 Tunceli CEMISGEZEK 34 0.561 0.561 0.632 0.390 0.023
17774 Elazig KARAKOCAN 33 1.167 1.174 1.320 0.287 0.105
17776 Bingdl SOLHAN 35 0.503 0.503 0.549 0.609 0.000
17778 Mus VARTO 29 0.318 0.328 0.396 0.535 0.003
17780 Mus MALAZGIRT 35 -0.160 0.186 0.227 0.755 0.000
17784 Van ERCIS 35 0.014 0.132 0.164 0.548 0.001
17786 Van MURADIYE VAN 35 -0.034 0.125 0.157 0.706 0.000
17786 Van MURADIYE VAN 35 -0.034 0.125 0.157 0.706 0.000
17792 Manisa SALIHLI 16 0.003 0.145 0.202 0.768 0.001
17793 Afyonkarahisar CAY 11 -0.136 0.219 0.282 0.459 0.155
17796 Afyonkarahisar BOLVADIN 33 0.033 0.119 0.171 0.741 0.000
17798 Konya YUNAK 29 -0.165 0.195 0.247 0.392 0.035
17802 Kayseri KAYSERis/fINARBA 33 0.347 0.351 0.409 0.613 0.000
17804 Elazig KEBAN 33 0.294 0.333 0.432 0.449 0.009
17806 Elazig PALU 34 0.671 0.671 0.836 0.442 0.009
17808 Bingol GENC 35 0.297 0.305 0.378 0.537 0.001
17810 Bitlis AHLAT 35 -0.075 0.114 0.170 0.524 0.001
17812 Van OZALP 35 0.037 0.121 0.165 0.518 0.001
17824 Denizli GUNEY 27 -0.060 0.184 0.232 0.621 0.001
17826 Isparta SENIRKENT 31 -0.007 0.127 0.164 0.669 0.000
17828 Isparta YALVAC 29 0.066 0.186 0.248 0.404 0.030
17832 Konya ILGIN 35 0.031 0.135 0.187 0.524 0.001
17833 Nevsehir AVANOS 17 0.155 0.218 0.255 0.741 0.001
17835 Nevsehir URGUP 35 -0.052 0.128 0.165 0.680 0.000
17836 Kayseri DEVELI 35 0.389 0.425 0.517 0.483 0.003
17837 Kayseri TOMARZA 33 0.128 0.206 0.293 0.449 0.009
17840 Kayseri SARIZ 34 0.290 0.298 0.344 0.671 0.000
17842 Malatya DARANDE/BALABA 24 0.366 0.428 0.561 0.279 0.187
17843 Elaz1g BASKIL 26 | 0.168 0.248 0.353 0379 | 0.056
17844 Elazig SIVRICE 35 | -0.040 0.158 0.235 0.451 0.007
17846 Elazig MADEN 34 -0.023 0.127 0.181 0.494 0.003
17847 Diyarbakir ERGANI 34 0.137 0.198 0.263 0.537 0.001
17852 Van GEVAS 32 0.220 0.286 0.346 0.322 0.073
17862 Afyonkarahisar DINAR 33 0.111 0.204 0.255 0.458 0.007
17864 Isparta ULUBORLU 23 0.079 0.248 0.327 0.358 0.094
17866 Kahramanmarag GOKSUN 36 0.432 0.443 0.495 0.596 0.000
17868 Kahramanmarag AFSIN 28 0.120 0.193 0.267 0.635 0.000
17870 Kahramanmarag ELBISTAN 35 0.418 0.456 0.572 0.170 0.330
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17871 Adiyaman GOLBASI 15 0.072 0.143 0.168 0.905 0.000
17872 Malatya DOGANSEHIR 21 0.664 0.664 0.766 0.242 0.290
17874 Diyarbakir CERMIK 31 0.402 0.457 0.564 0.352 0.052
17880 Van BASKALE 35 0.079 0.144 0.184 0.656 0.000
17882 Isparta EGIRDIR 27 0.100 0.187 0.226 0.680 0.000
17890 Denizli ACIPAYAM 33 -0.009 0.100 0.121 0.861 0.000
17892 Burdur TEFENNI 33 0.043 0.171 0.230 0.322 0.068
17898 Konya SEYDISEHIR 35 -0.076 0.206 0.281 0.348 0.041
17900 Konya CUMRA 34 -0.030 0.136 0.179 0.613 0.000
17902 Konya KARAPINAR 35 -0.051 0.122 0.158 0.770 0.000
17906 Nigde ULUKISLA 35 0.570 0.590 0.672 0.275 0.109
17910 Adiyaman KAHTA 14 0.158 0.172 0.217 0.819 0.000
17912 Sanlurfa SIVEREK 31 0.167 0.204 0.260 0.799 0.000
17914 Sanliurfa HILVAN 11 -0.077 0.125 0.222 0.719 0.013
17920 Hakkari YUKSEKOVA 36 0.101 0.155 0.184 0.500 0.002
17926 Antalya KORKUTELI 32 0.141 0.188 0.257 0.428 0.015
17928 Konya HADIM 35 0.168 0.183 0.225 0.689 0.000
17934 Adana POZANTI 10 1.437 1.437 1.556 0.655 0.040
17952 Antalya ELMALI 33 1.314 1314 1.497 0.462 0.007
17964 Gaziantep ISLAHIYE 19 0.004 0.170 0.209 0.489 0.033
17966 Sanlurfa BIRECIK 14 0.146 0.258 0.368 0.509 0.063
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Table A. 3- Comparison of Ground Snow Loads

kN/m? Error %
Station No City Station Name SLg SL¢ At SLjn¢ SL¢ SLjne
9019 Mus ALPARSLAN | 288 | 384 | 164 | 348 | 33% | 21%
17022 Zonguldak ZONGULDAK | 131 | 118 | 097 | 099 | -10% | -24%
17033 Ordu ORDU 095 | 073 | 097 | 097 | -23% | 2%
17034 Giresun GIRESUN 103 | 239 | 138 | 138 | 131% | 33%
17045 Artvin ARTVIN 332 | 456 | 238 | 301 | 37% | -9%
17046 Ardahan ARDAHAN 132 | 309 | 087 | 293 | 142% | 122%
17050 Edirne EDIRNE 092 | 061 | 061 | 061 | -34% | -34%
17054 Tekirdag CORLU 036 | 053 | 051 | 052 | 49% | 46%
17069 Sakarya SAKARYA 068 | 077 | 070 | 070 | 13% | 2%
17070 Bolu BOLU 100 | 137 | o081 | 113 | 37% | 13%
17074 Kastamonu KASTAMONU | 076 | 1,83 | 112 | 164 | 141% | 115%
17080 Canlart CANKIRI 099 | 066 | 051 | 071 | -33% | 28%
17084 Corum CORUM 070 | 066 | 040 | 057 | 6% | -19%
17086 Tokat TOKAT 086 | 1,54 | 076 | 097 | 80% | 13%
17088 Giimiishane GUMUSHANE | 147 | 3,63 | 139 | 286 | 148% | 95%
17089 Bayburt BAYBURT 1,70 | 295 | 091 | 253 | 74% | 49%
17090 Sivas SIVAS 162 | 134 | 060 | 132 | -17% | -18%
17096 Erzurum Hif\{,ﬁlﬁl\t{%\” 1,62 | 306 | 090 | 288 | 95% | 78%
17097 Kars KARS 162 | 251 | 063 | 205 | 55% | 27%
17099 Agn AGRI 486 | 2,09 | 067 | 195 | 57% | -60%
17116 Bursa BURSA 073 | 092 | 090 | 091 | 26% | 24%
17130 Ankara Aé\’&REA 043 | 050 | 033 | 052 | 17% | 20%
17140 Yozgat YOZGAT 169 | 095 | 046 | 101 | 44% | -a0%
17155 Kiitahya KUTAHYA 077 | 092 | 048 | 080 | 20% | 3%
17160 Kirgehir KIRSEHIR 089 | 059 | 020 | 050 | -33% | -44%
17162 Sivas GEMEREK 098 | 140 | 065 | 130 | 43% | 33%
17165 Tunceli TUNCELI 208 | 159 | 121 | 203 | 47% | 32%
17172 Van VANBOLGE | 187 | 135 | 044 | 131 | 28% | -30%
17190 Afyonkarahisar A};i?f\;%%%m 076 | 094 | 043 | 075 | 25% | -1%
17192 Aksaray AKSARAY 059 | 052 | 020 | 049 | -12% | -17%
17193 Nevschir NEVSEHIR L6 | 073 | 034 | o071 | 37% | 30%
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KAYSERI

1 0, 0,
17196 Kayseri BOLGE 064 | 136 | 067 | 124 | 112% | 93%
17201 Elazig ELAZIGBOLGE | 0,66 | 090 | 0,68 | 1,15 | 37% | 75%
17203 Bingdl BINGOL 430 | 430 | 168 | 322 | 0% | -25%
17205 Bitlis TATVAN 437 | 3,03 | 089 | 263 | -28% | 40%
17239 Konya AKSEHIR 088 | 096 | 045 | 076 | 10% | -13%
17240 Isparta ISPARTA 1,01 | 071 | 032 | 054 | -30% | -46%
KONYA ) )
17244 Konya HAVALIMANT | 065 | 098 | 052 | 090 | 50% | 39%
17285 Hakkari HAKKARI 524 | 503 | 133 | 415 | 4% | 21%
KASTAMONU/B . ,
17606 Kastamonu OZKURT 264 | 320 | 126 | 128 | 21% | -52%
17692 Kars SARIKAMIS 285 | 290 | 064 | 266 | 2% | 7%
17726 Eskigehir SIVRIHISAR | 0,59 | 055 | 030 | 054 | 6% | -8%
17784 Van ERCi$ 241 | 094 | 042 | 126 | -61% | -48%
17866 Kahramanmaras GOKSUN 294 | 390 | 168 | 384 | 33% | 31%
17880 Van BASKALE 389 | 257 | 058 | 2,74 | -34% | -30%
where;
SLst  : Snow load at station location
SLg : Snow load at nearest grid point
alnt : Interpolated parameter ‘a’
SLmt : Interpolated snow load to station location
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Table A. 4- Comparison of Proposed Map with TS498

Ground Snow Load (kN/m2) Percent Error (%) ‘Weighted Error
St;t'ilon Station Name Proposed
Station TS498 Proposed TS498 Proposed TS498
Map

17192 AKSARAY 0,59 0,49 0,8 -17% 35% -0,10 0,21
17160 KIRSEHIR 0,89 0,5 0,88 -44% -1% -0,39 -0,01
17130 ANKARA BOLGE 0,43 0,52 1,16 20% 168% 0,09 0,72
17054 CORLU 0,36 0,52 0,75 46% 109% 0,17 0,39
17726 SIVRIHISAR 0,59 0,54 1,16 -8% 96% -0,05 0,57
17240 ISPARTA 1,01 0,54 1,05 -46% 4% -0,46 0,04
17084 CORUM 0,7 0,57 0,95 -19% 36% -0,13 0,25
17050 EDIRNE 0,92 0,61 0,75 -34% -18% -0,31 -0,17
17069 SAKARYA 0,68 0,7 0,75 2% 10% 0,01 0,07
17080 CANKIRI 0,99 0,71 1,25 -28% 26% -0,28 0,26
17193 NEVSEHIR 1,16 0,71 0,88 -39% -24% -0,45 -0,28
17190 | AFYONKARAHISAR BOLGE 0,76 0,75 1,49 -1% 97% -0,01 0,74
17239 AKSEHIR 0,88 0,76 1,05 -13% 20% -0,11 0,18
17155 KUTAHYA 0,77 0,8 1,35 3% 75% 0,02 0,58
17244 KONYA HAVALIMANI 0,65 0,9 1,05 39% 61% 0,25 0,40
17116 BURSA 0,73 091 0,75 24% 2% 0,18 0,01
17086 TOKAT 0,86 0,97 0,85 13% -1% 0,11 -0,01
17033 ORDU 0,95 0,97 0,75 2% -21% 0,02 -0,20
17022 ZONGULDAK 1,31 0,99 0,75 -24% -43% -0,31 -0,56
17140 YOZGAT 1,69 1,01 1,49 -40% -12% -0,68 -0,20
17070 BOLU 1 1,13 1,25 13% 25% 0,13 0,25
17201 ELAZIG BOLGE 0,66 1,15 1,35 75% 105% 0,50 0,69
17196 KAYSERI BOLGE 0,64 1,24 0,88 93% 37% 0,60 0,24
17784 ERCIS 241 1,26 1,84 -48% -24% -1,16 -0,58
17606 KASTAMONU/BOZKURT 2,64 1,28 0,75 -52% -712% -1,37 -1,90
17162 GEMEREK 0,98 1,3 1,49 33% 52% 0,32 0,51
17172 VAN BOLGE 1,87 1,31 1,84 -30% 2% -0,56 -0,04
17090 SIVAS 1,62 1,32 1,49 -18% -8% -0,29 -0,13
17034 GIRESUN 1,03 1,38 0,75 33% -27% 0,34 -0,28
17074 KASTAMONU 0,76 1,64 1,25 115% 65% 0,87 0,49
17099 AGRI 4,86 1,95 1,84 -60% -62% -2,92 -3,01
17165 TUNCELI 2,98 2,03 1,6 -32% -46% -0,95 -1,37
17097 KARS 1,62 2,05 1,84 27% 13% 0,44 0,21
17089 BAYBURT 1,7 2,53 1,55 49% -8% 0,83 -0,14
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17205 TATVAN 4,37 2,63 1,84 -40% -58% -1,75 22,53
17692 SARIKAMIS 2,85 2,66 1,84 -7% -35% -0,20 -1,00
17880 BASKALE 3,89 2,74 1,84 -30% -53% -1,17 -2,06
17088 GUMUSHANE 1,47 2,86 1,49 95% 1% 1,40 0,01
17096 ERZURUM HAVALIMANI 1,62 2,88 1,55 78% -4% 1,26 -0,06
17046 ARDAHAN 1,32 2,93 1,84 122% 39% 1,61 0,51
17045 ARTVIN 3,32 3,01 0,95 -9% -71% -0,30 -2,36
17203 BINGOL 43 3,22 1,76 -25% -59% -1,08 -2,54
9019 ALPARSLAN 2,88 3,48 1,76 21% -39% 0,60 -1,12
17866 GOKSUN 2,94 3,84 1,49 31% -49% 091 -1,44
17285 HAKKARI 5,24 4,15 1,84 -21% -65% -1,10 -3,41

Average 1,69 1,57 1,29 6% 6% -0,12 -0,40

Weighted Avg. Error % -7,21% -23,80%
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Table A. 5- Comparison of Proposed Snow Load Values with TS498

Proposed
No il Latitude | Longitude Alg::;de i’:}‘;‘g Region Sn:vs\/4194gad D.,iAf) .
(kKN/m2) (KN/m2)
1 ADANA 37 35,321333 17 0,10 1 0,75 86%
2 ADIYAMAN 37,764751 | 38,278561 676 0,93 1 0,75 -24%
3 AFYONKARAHISAR | 38,750714 | 30,556692 1011 0,74 111 1,485 50%
4 AGRI 39,626922 | 43,021596 1658 1,76 v 1,84 4%
5 AKSARAY 38,36869 34,03698 971 0,50 I 0,8 38%
6 AMASYA 40,64991 35,83532 455 0,58 111 0,75 22%
7 ANKARA 39,92077 32,85411 855 0,50 I 0,95 48%
8 ANTALYA 36,88414 30,70563 26 0,27 I 0,75 63%
9 ARDAHAN 41,110481 | 42,702171 1809 2,92 v 1,84 -59%
10 ARTVIN 41,18277 | 41,818292 615 3,00 v 0,95 -216%
11 AYDIN 37,856041 | 27,841631 158 0,18 1 0,75 77%
12 BALIKESIR 39,648369 | 27,88261 153 0,66 I 0,75 13%
13 BARTIN 41,581051 | 32,460979 496 1,27 111 0,75 -69%
14 BATMAN 37,881168 | 41,13509 572 0,64 I 0,75 15%
15 BAYBURT 40,255169 | 40,22488 1557 2,49 111 1,5525 -60%
16 BILECIK 40,056656 | 30,066524 615 0,73 111 0,85 14%
17 BINGOL 39,062635 | 40,76961 1446 3,18 v 1,76 -80%
18 BITLIS 38,393799 | 42,12318 1495 2,66 v 1,76 -51%
19 BOLU 40,575977 | 31,578809 1469 1,73 111 1,485 -17%
20 BURDUR 37,461267 | 30,066524 1006 0,35 I 1,155 69%
21 BURSA 40,266864 | 29,063448 84 0,85 v 0,75 -13%
22 CANAKKALE 40,155312 | 26,41416 11 0,65 1 0,75 14%
23 CANKIRI 40,601343 | 33,613421 741 0,69 111 1,25 45%
24 CORUM 40,550556 | 34,955556 819 0,59 1 0,95 37%
25 DENIZLI 37,77652 29,08639 397 0,32 I 0,75 57%
26 DiYARBAKIR 37,91441 | 40,230629 667 0,60 I 0,75 20%
27 DUZCE 40,843849 | 31,15654 156 0,81 111 0,75 -8%
28 EDIRNE 41,681808 | 26,562269 55 0,61 111 0,75 19%
29 ELAZIG 38,680969 | 39,226398 1096 1,07 111 1,485 28%
30 ERZINCAN 39,75 39,5 1200 3,78 111 1,485 -154%
31 ERZURUM 39,9 41,27 1938 3,12 111 1,5525 -101%
32 ESKISEHIR 39,776667 | 30,520556 805 0,74 I 0,95 22%
33 GAZIANTEP 37,06622 37,38332 861 0,49 111 1,3 62%
34 GIRESUN 40,912811 | 38,38953 81 1,39 v 0,75 -86%
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35 GUMUSHANE 40,438588 | 39,508556 1219 2,77 11 1,485 -87%
36 HAKKARI 37,583333 | 43,733333 1852 4,39 v 1,84 -139%
37 HATAY 36,401849 | 36,34981 65 0,14 I 0,75 81%
38 IGDIR 39,887984 | 44,004836 859 0,80 11 0,95 15%
39 ISPARTA 37,764771 | 30,556561 1054 0,58 11 1,155 50%
40 ISTANBUL 41,00527 | 28,97696 47 0,38 11 0,75 50%
41 izZMiR 38,41885 | 27,12872 6 0,13 I 0,75 83%
42 | KAHRAMANMARAS | 37,585831 | 36,937149 640 1,06 11 0,85 24%
43 KARABUK 41,2061 32,62035 312 0,82 111 0,75 9%
44 KARAMAN 37,17593 | 33,228748 1039 1,14 11 1,155 1%
45 KARS 40,616667 43,1 1817 2,12 % 1,84 -15%
46 KASTAMONU 41,38871 | 33,78273 784 1,64 I 1,25 31%
47 KAYSERI 38,73122 | 35,478729 1042 1,32 I 0,88 -50%
48 KIRIKKALE 39,846821 | 33,515251 749 0,56 Il 0,85 34%
49 KIRKLARELI 41,733333 | 27,216667 203 0,62 11 0,75 17%
50 KIRSEHIR 39,14249 | 34,17091 1023 0,51 I 0,88 42%
51 KIiLiS 36,718399 | 37,12122 662 0,41 11 0,75 45%
52 KOCAELI 40,85327 | 29,88152 461 0,83 Il 0,75 -10%
53 KONYA 37,866667 | 32,483333 1032 0,94 11 1,155 19%
54 KUTAHYA 39,416667 | 29,983333 987 0,81 11 1,35 40%
55 MALATYA 38,35519 | 3830946 945 1,14 11 1,35 16%
56 MANISA 38,619099 | 27,428921 53 0,20 I 0,75 73%
57 MARDIN 37,321163 | 40,724477 941 0,72 11 1,05 31%
58 MERSIN 36,8 34,633333 6 0,88 I 0,75 -17%
59 MUGLA 37,215278 | 28,363611 651 0,33 I 0,75 57%
60 MUS 38,946189 | 41,753893 2081 5,08 11 1,5525 227%
61 NEVSEHIR 38,69394 | 34,685651 1073 0,64 I 0,88 27%
62 NiGDE 37,966667 | 34,683333 1211 1,33 Il 1,155 -15%
63 ORDU 40,983879 | 37,876411 20 0,95 11 0,75 27%
64 OSMANIYE 37,213026 | 36,176261 218 0,17 11 0,75 78%
65 RIZE 41,02005 | 40,523449 49 2,23 v 0,75 -197%
66 SAKARYA 40,693997 | 30,435763 45 0,70 11 0,75 7%
67 SAMSUN 41,292782 | 36,33128 12 0,64 11 0,75 15%
68 SIiRT 37,933333 41,95 955 1,82 I 1,05 -73%
69 SiNOP 42,02314 | 35,153069 6 0,71 111 0,75 5%
70 SIVAS 39,747662 | 37,017879 1279 1,32 11 1,485 11%
71 SANLIURFA 37,159149 | 38,796909 505 0,38 I 0,75 49%
72 SIRNAK 37,418748 | 42,491834 1185 2,45 v 1,76 -39%
73 TEKIRDAG 40,983333 | 27,516667 33 0,40 I 0,75 47%
74 TOKAT 40,316667 36,55 637 1,00 11 0,85 -18%
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75 TRABZON 41,00145 39,7178 35 1,45 v 0,75 -93%
76 TUNCELI 39,307355 | 39,438778 1516 3,89 v 1,84 -111%
77 USAK 38,682301 | 29,40819 923 0,55 II 1,05 48%
78 VAN 38,48914 43,40889 1747 1,20 v 1,84 35%
79 YALOVA 40,65 29,266667 11 0,74 I 0,75 1%
80 YOZGAT 39,818081 | 34,81469 1333 1,04 1T 1,485 30%
81 ZONGULDAK 41,456409 | 31,798731 138 1,01 11 0,75 -34%
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