NOVELTIES IN ANALYSIS OF SNOW LOADS ON STRUCTURES IN
SERBIA

HOBUHE Y AHAJTIU3U ONTEPEhREHA CHEFOM HA
KOHCTPYKUWUJE Y CPBUJU
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Summary: SRPS EN 1991-1-3 clearly
defines the parameters for calculating
of snow loads on the roof that were
missing in previous regulations. The
National Annex brings the updated
values of snow load on the ground. The
paper indicates the locations where
they differ by 60 to 113% from the
previously used. Differences in
treatment of the roof slope influence on
the snow load are also presented.
According to the new codes, snow load
on roofs with a slope of up to 37% is
larger, and on the steeper roofs smaller

than according to the previous
regulations.
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1. INTRODUCTION

Despite the widespread belief that
climate change and global warming are
causing a reduction in snow load on the
ground, investigations conducted after
the collapse of roof structures all over
the world in the last 15 years have
shown that in many cases the collapse
is caused by the occurrence of higher
snow loads than the ones according to
which these structures are designed [1].
This is most often a consequence of
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Pe3ume: SRPS EN 1991-1-3 jacHo
nedvHuwe napameTpe 3a npopayvyH
ontepehera CHEromMm Ha KpOB KOju Cy
HeJocCTajann y paHvjum nponucuma.
HaumoHanHu npuor [OHOCK
axypupaHe BpeaHocTu onTepehera
CHErom Ha Tno. Y pagy cy O3HayeHe
rniokaumje Ha Kojuma ce OHe Pasnukyjy u
3a 60 no 113% opf paHuje kopuwheHunx.
lMpukasaHe cy u pasnuke y TpeTMaHy
yTuuaja Harmba kposa Ha ontepehere
cHeroMm. [lpema HOBMM cTaHgapauma
KpoBOBM Harmba o 37° npumajy Behe,
a cTpMmuju mare ontepeherwe CHerom
Hero npema paHuvjum nponucuma.

KrbyuyHe peun: Ontepehera cHerom,
rpaheBuHCKE KOHCTpyKUWje, aHanu3a
nejctaea, Espokog 1, MTIN 2

1. yBO4

Ynpkoc  yBpeXeHOM yBepewy [Ja
KnMMaTcke NpoMeHe W rnoGanHo
3arpeBarbe€  U3a3nBajy  CMarberbe

onTepeherwa CHerom Ha Trno, uctpare
BofjeHe HaKkoH pyllewa KpPOBHUX
KOHCTpyKuMja  wMpom  cBetTa Yy
nocneawux 15 rogMHa nokasane cy ga
je y Benvkom 6pojy cny4ajeBa pyLuere
y3pOKOBaHO  nojaBoM  onTepehewa
cHerom Beher WHTeH3uWTeTa Yy O[HOCY
Ha BpedHOCTVM Npema Kojuma cy oBe
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local climatic conditions, which do not
necessarily follow global trends.
Because of that, the Project Team on
SC1.T5 under Mandate M/515 of the
CEN/TC 250 recommends that the
weather parameters important for
determining the characteristic values of
actions are re-examined at regular time
intervals, no longer than 10 years [2]. In
the Republic of Serbia, as a part of the
activities on the implementation of
Eurocodes for Structures, the National
Annex [3] of Eurocode 1 Part 1-3 [4]
was adopted, which contains also the
map of characteristic snow loads on the
ground with the influence of altitude. By
comparing these values with the values
of snow load according to previous
regulations - Provisional technical
regulations on load for buildings (PTP
2) [5], which were in use for almost 70
years with minor additions, and the
Rulebook on technical codes for load-
bearing structures (P'88) [6], a certain
number of locations with a significant
change in snow load can be observed.
The aim of this paper is to point out the
novelties that, with the introduction of
Eurocodes, occurred in the calculation
of snow load on building structures, as
well as to draw attention to locations in
Serbia where the intensity of this load
has changed significantly compared to
the previous regulations.

Snow load on the ground depends on
geographical and meteorological
conditions [6], while snow load on a
roof is influenced by the properties of
the roof and the building's immediate
environment: the shape of the roof, its
thermal properties, the roughness of its
surface, the amount of heat generated
under the roof, the proximity to
neighboring  buildings and other
obstacles, the surrounding terrain, the
local meteorological climate conditions
(windiness, temperature variations,
precipitation frequency, etc.). All these
parameters are much more detailed
and more concretely defined and taken
into account when calculating the snow
load on the structures according to the

KOHCTpyKuumje npojektoBaHe [1]. OBo je
Hajuewnhe nocneguua noKanHmx
KNUMaTCKMX YCNoBa, KOju He Mopajy
Hy)XHO npatutu rnobanHe TpeHOoBe.
36or Tora MpojektHn TMM SC1.T5 noa
maHgatom M/515 y okeupy CEN/TC
250 npenopydyje Aa ce KnMMmatcku
napameTpu 3HayajHu 3a ogpehuBare
KapakTepUCTUYHMX BPeOQHOCTU AejcTaBa
NpencnuTyjy y NpaBurnHNM BPEMEHCKNM
WHTepBanuma, He ayxum og 10 roguHa
[2]. Y Penybnuun Cpbwujm je, y cknony
AKTUBHOCTU Ha mmnnemeHTaumjm
€BpOKOJOBa 3a KOHCTpyKuuje, uspafheH
HaumonanHu aHekc [3] EBpokoga 1 goeo
1-3 [4], «koju cagpku U KapTy
KapaKTepuCTUYHUX onTtepehena
CHErom Ha TIo ca yTuuajeM HagMopcke
BucuHe. Mopeherem oBUX BpegHOCTU
ca BenvuMHama ontepehera CHerom
npema paHnjum nporimcuma -
[MpuBpeMEHNM TeXHUYKUM nponucuma
3a ontepehewe 3rpaga (MTM 2) [5],
KOju Cy y3 He3HaTHe OonyHe Ounu y
npumeHn rotoeo 70 roguHa, Te
MpaBunHmkom o} TEXHUYKUM
HopmaTMBuMa 3a onTepehera Hocehux
rpaheBuHcknx koHcTpykuwmja (1'88) [6],
Moxe ce youmtn oppeheH 6poj
nokauvja Ha Kojuma je [owrno Ao

3HayvajHe npomeHe onTtepehera
cHeroMm. Linms oBor papa je oa ykaxe Ha
HOBUHE Koje cy, yBoherem

€BPOKOAO0BA, HACTynwume y npopayvyHy
ontepeherwa cHerom Ha rpahesuHcke
KOHCTpYKUMje, Kao 1 Aa CKpeHe Naxky
Ha nokauwje Ha Teputopuju Cpbuje Ha
Kojuma je WHTEH3NTET oBor
ontepeherwa BUTHO M3MeHEeH Yy OOHOCY
Ha paHwje nponwuce.

OnTtepehere CHerom Ha Tno 3aBuCK Of
reorpadyckmx n METEOPOOLLUKNX
ycnosa [6], ook Ha onTepehere CHerom
Ha KpoB yTWYy W CBOjCTBA Camor KpoBa
M HenocpegHe okonuHe: obnuk Kposa,
HEeroBa TOMMOTHA CBOjCTBA, XpanasocT
KPOBHE MOBPLUMHE, KOMM4YMHa TonsmoTe
ucnog kpoea, 6nu3nHa  cycegHux
3rpaga W Opyrux npenpeka, OKOMHM
TepeH, noKarnHm METEOPOSIOLLKN
KnMmaTckM  ycrnosu  (BETPOBMTOCT,
TemnepaTtypHe MNpoOMeHe, y4yecTanocT
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new regulations.

2. PTP 2 AND P’88

According to PTP 2, the intensity of the
snow load on roofs with a slope of up to
20° is 0.75 kN/m? and acts on a
horizontal projection of the roof area.
For roofs with a higher slope, this load
decreases linearly with increasing of
the slope (Fig. 2). For pitched roofs, in
addition to the case with full load of
snow over the entire roof surface, the
case must be considered when there is
a full load of snow on one slope and the
half of it on the other (Fig. 1). PTP 2
requires that in the case of multi-span
roofs and roofs with bays, the
occasional accumulation of snow is
considered, but it does not provide
more detailed instructions for this
calculation. The influence of altitude is
taken into account through the
expression:

s, =0.75+

where A is the altitude in meters. In
areas ‘"without snow", a minimum
substituting load of 0.35 kN/m? should
be applied on the horizontal projection
of roof area.

According to Rulebook P'88, the design
value of snow load on the roof can be
expressed in the form:

S = Pos Ky Ka;

where ki is a coefficient that depends
on the altitude and the possibility of
snow accumulation, while the
coefficient ks introduces the influence of
the slope of the exposed roof plane.
P’88 provides the possibility of reducing
the snow load by a maximum of 40%
due to the simultaneous action of wind,

Pos = 0.75 kN/m2

nagasuHa n Ap.). CBu oBM napameTpu
Cy MHOro pfeTtarbHuje U KOHKpEeTHWje
aeuHMcaHm u ysetm y 063vp npu
npopayyHy onTtepehewa CHerom Ha
KOHCTpyKUuje npema HOBUM
nponucuma.

2. ATN2KMNss

Mpema MTM 2 onTtepeherwe cHerom Ha
kpoBoBe Harba go 20° usHocn 0.75
kN/m® ocHoBe. 3a kposoBe Beher
Harmba oBo onTepeherwe ce NuHeapHo
Ccmatbyje ca nopactom Haruba (cn. 2).
Kon oBoBogHWMX KpoBOBa, nopen nyHor
ontepehewa CHerom nmpeko uene
KPOBHE MOBpLUMHE, Mopa Jda ce
pasmMoTpu U Crny4aj Kaga je Ha jeaHoM
Harnby nyHo ontepeherwe CHerom, a Ha
OpyroMm nonosuHa nyHor ontepehemna
(cn. 1). TTN 2 3axteBa ga ce kopg
TecTtepacTMx WM KpoBOBa Ca yBanama
yame 'y 063Mp M MECTUMWYHO
Haromunaeare CHera, anu He pJaje
petarbHuja ynyTcTBa 3a 0Baj
npopadyH. YTuuaj HagMmopcke BUCUHE
ce y3uma y 063up npeko uspasa:

A-500
400

, @)

roe je A HagMopcKa BUCMHA Y MeTprMa.
Y kpajeBuma ,6e3 cHera“ yauma ce
MUHVMMarHo 3ametwyjyhe onTtepehewe
on 0.35 kN/m? ocHoBe KpoBa.

Mpema MNpaBunHuky M'88 npopauyHcka
BpegHOCT onTepehera CHEroM Ha KpoB
MOXe Ce U3pasnTn y obnuKy:

)

roe je ki koedwmumjeHT koju 3aBuCK of
HagMopcke BuUCMHE UK MoryhHOCTU
Haromunaeaka  CcHera, [OK ce
koecpumumjeHtom ke, yBogu  yTuuaj
Harmba usnoxeHe KpoBHe pasBHW. 188
Oaje MmoryhHOCT cmakbena onTepehena
cHerom 3a Hajpuwe 40%  36or
MCTOBpPEMEHOr AejcTBa BeTpa, kao M
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as well as neglecting the snow load in
the calculation of structures whose
surface is always so warm that the
snow on it melts. This Rulebook
requires the introduction of additional
weight of snow on the lower surfaces
on which it is possible to slide snow
from a higher surface, but does not
provide further instructions for this
calculation.

3aHemapvBaha onrtepeherwa CHerom y
npopayyHy  KOHCTpyKuMja uwuja je
NnoBpLUMHAa CTanHO TOMMKO Tonna ga ce
cHer Ha ko] Tonu. OBaj [MpaBWnHMK
3axTeBa yBohewe [JodaTHe TexXuHe
CHera Ha [OHMM MNOBpLUMHaMa Ha Koje
je moryhe knmusawe cHera ca Heke
BYLUE MOBpLUMHE, anu He fdaje farsa
ynyTCTBa 3a 0Baj NpopayyH.

s | 1 5/2

Cnuka 1 — LLleme ontepehera cHerom Ha ABOBOAHM kpoB npema IMTI1 2
Figure 1 — Snow load schemes on a gable roof according to PTP 2

3. SRPS EN 1991-1-3

According to its National Annex (NA)
[3], SRPS EN 1991-1-3 also applies to
locations at altitudes above 1500 m.
Snow loads are classified as variable,
fixed, static actions [4]. There are no
locations on the territory of Serbia
where the snow load would be treated
as an accidental action, but that
treatment has a snow drift [3].
According to Eurocode [7], the
characteristic value of climatic actions
is a value for which the probability of its
time-varying part being exceeded in the
reference period of one year is 0.02.
For the time-varying part of the snow
load, this is equivalent to a mean return
period of 50 years.

The characteristic value sk of the snow
load on the ground, with the influence
of altitude already taken into account,
can be read from the map of snow
climatic zones of Serbia or from the
Table A.1, which are given in Annex A
to NA [3]. If the conditions at the
location in question are unusual, the
value of s¢ can be obtained from the
Republic Hydrometeorological Service
of Serbia, but this value cannot be less

3. SRPS EN 1991-1-3

lMpema werosom HauuoHanHoM aHekcy
(HA) [3], SRPS EN 1991-1-3 ce
npumMewyje M 3a nokauuje Ha
HagMoOpCcKoj BUCUHM npeko 1500 m.
OnTtepeherwa cHerom ce knacudukyjy
Kao NpOMeHsbUBa, HemnokpeTHa,
ctatnyka gejctea [4]. Ha Teputopuju
Cpbuvje Hema rnokauuja Ha Kojuma je
ontepehewe  CHEroM  MHUMOEHTHO
gejctBo, anmuM  Taj TpeTMaH uma
onTtepehere CHEXHUM HaHocuma [3].
Mpema EBpokoay [7] kapakTepucTuyHa
BpeaHOCT KINMMaTCKMX fhejctasa
npeagcraBrba  BpPeOHOCT 33  KOjY
BepoBaTHoha ga he HeH BPEMEHCKM
NPOMEHILMB €0 OUTKM MpekopayveH y
pedepeHTHOM Mepvody oOf jeaHe
roguHe wusHocn 0.02. 3a BpemeHCku
NPOMeHIbLMB Aeo onTepehera CHerom
OBO oOfroeapa cpeawem MNoBpaTHOM
nepuoay oz 50 roguHa.
KapakTtepuctmniHa BpeOHOCT Sk
onTepehewa cHerom Ha Tno, ca Beh
y3eTMm y 0063up yTuuajem Hagmopcke
BMCMHE, MOXE Ja ce o4uTa ca kapTte
CHEXHUX KnumaTckmx 3oHa Cpbuje unm
u3 Tabene A.1, koje cy gate y npunory
A y HA [3]. Ako cy ycrnosBum Ha

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 38 (2020) |



than given in [3].

The snow load on the roof is
determined according to the following
expressions:

npegMeTHOj  fokauuju  Heyobu4ajeHw,
BEeNMYMHa Sk Ce MoXe [Jo6uTn of
Peny6nunukor XL POMETEOPOSIOLLKOT
3aBofa, anuM oBa BPEdHOCT He MOoXe
O1TN Marba Hero y [3].

OnTtepehere cHerom Ha kpoB ogpehyje
ce npema cnegehum napasunmva:

a) 3a cranHe/noBpemeHe npopadyHcke cuTyauuje/
For the persistent/transient design situations:

S = #4CeCiSk

6) 3a nHuMaeHTHe NpopayvyHcke cuTyauuje y kojuma je
n3y3eTHo onTepehere CHErom MHUMAEHTHO AejcTBo/
For the accidental design situations where exceptional
snow load is the accidental action:

S = #CcCiSags  Sad = CeslSks

Ces =2.0 (NA)

B) 3a nHumnageHTHe npopayvyHcKke cuTyauuje rae je usysertaH
CHEXHMW HaHOC MHUMAEHTHO AejcTBo/
For the accidental design situations where exceptional
snow drift is the accidental action:

S = HSg

m; is the snow load shape coefficient
(Table 1), Ce is the exposure coefficient
(Table 2), C; is the thermal coefficient
(according to NA: Ci=1), saq is the
design value of exceptional snow load
on the ground, and Cegq is the coefficient
for exceptional snow loads.

©)

m; je koeduumjeHT obnuka ontepehera
cHerom (Tabena 1), Ce koedULWjeHT
nsnoxeHoctn (tabena 2), C; TONNOTHN
koedpmumjeHt (npema HA: Ci=1), Sad
npopaJyHcka  BpeOHOCT  W3y3eTHOr
ontepehewa cHeroMm Ha Tno, a Ceg
KoedmumjeHT 3a n3y3eTHa onTepehema
CHerom.

Tabena 1 — KoedmumjeHtn obnvka ontepeherwa cHerom m;
Table 1 - Snow load shape coefficients m;

Yrao Har_V|6a kpoBa/ 0°< a < 30° 30°< a < 60° a>60°
Angle of pitch of roof a

60° —

ma(a) 0.8 (NA) 0.8. (60° ) 0
30°
60° —

ma(a) 0.8 O_S_M 0
30°

ma(a) 0.8+0.8-a/30 1.6 -

The snow load on the roof acts
vertically on the horizontal projection of
the  roof  surface. Two  load
arrangements must be considered in

OnTepeherwe cCHerom Ha KpoB Jernyje
BEpTUKarnHo Ha XOPU3OHTanHy
npojekuujy  nospwwmHe  kpoBa. Y
npopayvyHy ce Mopajy y3etn y obaup
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the analysis: the drifted (Fig. 36 - 2 and
3; 38 - 2 and 3r - lower scheme) and
the undrifted load arrangement (all
other arrangements in Fig. 3). If artificial
snow removal from the roof is planned,
load arrangements must be considered
in which the part of the roof is loaded
with  the most unfavorable load
distribution, while the rest is without
snow load. If there are snowguards or
other obstacles on the roof or when the
lower edge of the roof ends with a
parapet, the snow load shape
coefficient m; cannot be less than 0.8,
regardless of the slope of the roof.

OBe gucnosuuuje ontepehewa: ca
HaHocuma (cn. 36 nog 2w 3; 3Bnog 2 m
3r - powa wema) n 6e3 HaHoca (cBe
octane weme Ha cn. 3). Ako ce
nnaHMpa BeLITaYKO YKNawakwe CHera
ca KpoBa, Mopajy ce pasMoTpuTu
ancnosnumje ontepehera kof Kojux je
aeo KpoBa ontepeheH
HajHENOBOSbHUjUM pacnopegom
ontepehewa, A0OK je ocTanu geo 6es
CHera. AKO Ha KpoBy nocToje
cHerobpaHn unu gpyre npenpeke unu
Kafa ce [oHa MBMLA KpoBa 3aBpLuaBa
napanetoMm, koedmumjeHT  obnuvka
onTepeherwa CHerom m; He Moxe 6uTn
Marwbn o 0.8, HesaBWCHO op yrna
Harnba kposa.

Tabena 2 — BpegHocTu koedmumjeHTa nanoxeHoctn Ce
Table 2 — Values of the exposure coefficient Ce

Tonorpadwja/Topography Ce
Manoxena setpy/Windswept 0.8
Yobwuyajena/Normal 1.0
3aknoneHa/Sheltered 1.2
1,2
p()/p(0°)
1 ~
0,8
0,6
04 - — —nTn2
SRPS EN 1991-1-3/NA
0,2
a [°]
0
0 10 20 30 40 50 60 70

Cnuka 2 — PenatmBHu koeduumjeHT obnuvka y dyHKLmMju Harmba kpoBa
Figure 2 — Relative shape coefficient as a function of roof pitch

Besides the above, SRPS EN 1991-1-3
provides detailed instructions for the
calculation of snow load on roofs
abutting and close to taller construction
works, with undrifted and drifted load
arrangements, taking into account the
sliding of snow from the upper roof and

Mopepn HaBegeHor, SRPS EN 1991-1-3
OOHOCM W JdeTarbHa ynyTcTBa 3a
npopayyH ontepehewa CcHerom Ha
KPOBOBE KOjU ce Hanase y3 objekte
Behe BucuHe, 6es HaHoca ©n ca
HaHocoMm, y3aumajyhu y 063up knusame
CHera ca BWLLer KpoBa M HaBeTpaBahe
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the snow load due to wind (Section
5.3.6 in [4]). Section 6 in [4] provides
detailed instructions for the analysis of
local effects of snow: drifting at
projections and obstructions, snow
overhanging the edge of a roof, and
snow loads on snowguards and other
obstacles.

cHera (Tayka 5.3.6 y [4]). Y ogerbky 6 y
[4] pata cy petarbHa ynyTcTBa 3a
aHanuay nokanHux yTuuaja of cHera:
HaHoca Ha ucnyctuma v npenpekama,
CHera Koju BMCMK Npeko mBumLEe KpoBa, Te
ontepeherwa CHerom Ha cHerobpaHe u
apyre npenpeke.

a) B)
. (a) : poay)  HAa)  opda)  pa)
u(a) a=(a.+a,)/2
o 2 ) et
[ ]
6) r
1 pfa) pa) . 08
2 05ua) (et 2o 0.5, b
3 pa) 0,5p4ct,) 20 o
1 ! = hib V. I A
0,0 10 20 30 40 50 60
. b .

Cnuka 3 — KoedmuujeHTn obnuka ontepehera cHerom Ha jegHoBogHe (a), AsosoaHe (6),

TecTtepacte (B) U unnuHapu4dHe (r) KpoBoBe

Figure 3 — Snow load shape coefficients on monopitch (a), pitched (6), multi-span (8) and

cylindrical (r) roofs

4. COMPARISON OF
REGULATIONS

One of the sources of differences in
show load according to the regulations
compared here are the characteristic
values of snow load on the ground. The
map of characteristic values of snow
load on the ground, as well as Table
A.1 for certain locations [3] contain data
updated based on observations
conducted in the period from 1975 to
2015. For a roof slope not exceeding
20°, the usual topography (C.=1) and
the thermal coefficient Ci=1, taking into
account the altitude of the locations, it

4. NOPEBEWE NPOMAUCA

JegpaH  op  wm3Bopa  pasnuka Yy
ontepehewy cCHeErom npema nponucuma
Koju ce oBae nopege cy
KapakTepUCTUYHE BpeOHOCTH
ontepehewa cHerom Ha Tno. Kapta
KapakTEPUCTUYHMX BpeOHOCTH

onTepehewa CHerom Ha TrO, Kao W
Tabena A.1 3a nojegnHe nokauuje [3]
cagpxe nogaTke axypvpaHe Ha OCHOBY
ocmaTtpara CrnpoBeAeHUX Yy nepuogy
on 1975. po 2015. roguHe. 3a Harnb
KpoBa He Behu of 20°, yobun4ajeHy
Tonorpadujy (Ce=1) ®  TONMOTHU
koedpumumjeHT C=1, yanmajyhun y o63np
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is possible to compare snow loads
according to PTP 2 and SRPS EN
1991-1-3. For several selected
locations, these differences are shown
in Table 3. Compared to the previous
regulations, the largest increase in
snow load, of as much as 113.3%, was
in Bor, while in Sjenica the load
decreased by 23.6%. In Vojvodina and
in most other locations with an altitude
below 500 m, a slight increase in load
of 6.67% is observed. The exceptions
are Brus, Veliko Gradiste, Dimitrovgrad,
ZajecCar, Kladovo, Negotin, Sokobanja
and Cuprija, where the load increased
by 60%. At places with an altitude of
over 500 m, a significant increase
occurred in Bosilegrad (61.3%) and
Kopaonik (69.5%). The locations with
the largest changes in snow load are
marked in Figure 4.

The snow load on the roof with slope up
to 20° as a function of altitude,
determined according to [3] and [5], is
shown in Figure 5 (Ce=1 and C=1).

N HagMOPCKY BMCUHY nokauuja, Mmoryhe
je ynopeautn ontepehewa cHerom
npema IMTM 2 n SRPS EN 1991-1-3. 3a
HeKonuko ogabpaHux nokauuja oBe
pasnuke cy npukasaHe y Tabenu 3. Y
OQHOCY Ha paHuje nponuce Hajsehe
nosehare ontepehera CHErom, of Yak
113.3% je y Bopy, gok je y CjeHnum
ontepehewe cmaweHo 3a 23.6%. Y
BojognHn ©n  Ha BehuHM  gpyrux
nokauuwja ca HagMOPCKOM BUCUMHOM
ucnog 500 m youyaBa ce He3HATHO
nosehawe ontepehewa on 6.67%.
M3ysetak cy Bpyc, Benuko paguiTe,
OumuTpoBrpaa, 3ajevap, Knaposo,
HerotnH, CokobGawa u hynpwuja, kop
kojux je ontepehewe Behe 3a 60%. Y
MecTuMa ca HagMOPCKOM BUCMHOM
npeko 500 m go 3Ha4vajHujer nosBehawa
je powno y Bbocunerpagy (61.3%) wu
KonaoHuky (69.5%). Jlokaumje ca
Hajgehm npomeHama y ontepeheny
CHEroM O3HaueHe cy Ha cnuum 4.
OnTepehere cHerom Ha KpoB Harmba
o 20° y OYHKUMjU HaaMOpPCKEe BUCUHE,
ogpeheHo npema [3] u [5], npukasaHo je
Ha cnvum 5 (Ce=1 1 Ci=1).

Tabena 3 — BpegHoctn ontepehera CHEroM Ha KpoB Harnba go 20° npewma [3] 1 [5]
Table 3 — Snow load on the roof with pitch up to 20° according to [3] and [5]

nTn 2/ SRPS EN 1991-
PTP 2 1-3

Haamopcka S Sk S Ds Ds

Mecto/Town srousal | pwim?) | kwim?) | kN | kN3 | %]
Bararckm 100 0,75 1,0 0,8 005 | 67

Kapnosau
Bauka ManaHka 83 0,75 1,0 0,8 0,05 6,7
Beorpag 132 0,75 1,0 0,8 0,05 6,7
Bop 381 0,75 2,0 1,6 0,85 113,3
Bocunerpaa 696 1,24 2,5 2,0 0,76 61,3
Bpyc 429 0,75 1,5 1,2 0,45 60,0
Benuko Npaguwrte 82 0,75 1,5 1,2 0,45 60,0
Mbunane 508 0,77 1,0 0,8 0,03 3,9
Oumntposrpag 450 0,75 1,5 1,2 0,45 60,0
3ajevap 144 0,75 1,5 1,2 0,45 60,0
3natnbop 1028 2,07 2,5 2,0 -0,07 -3,4
Knaposo 67 0,75 1,5 1,2 0,45 60,0
KonaoHwuk 1710 3,78 8,0 6,4 2,63 69,5
Kocoscka 500 0,75 15 1,2 0,45 | 60,0
MwuTtposuua

HerotuH 42 0,75 1,5 1,2 0,45 60,0
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Huww 202 0,75 1,0 0.8 0,05 6,7

Hosu Cap 84 0,75 1,0 0,8 0,05 6,7

MpuwTtrHa 573 0,93 1,5 1,2 0,27 28,7
CjeHuuya 1038 2,10 2,0 1,6 -0,50 -23,6

Cokobatrba 400 0,75 1,5 1,2 0,45 60,0
Thynpuja 123 0,75 1,5 1,2 0,45 60,0

cmarbere/
decrease

noseharse/
increase

O [

Cnuika 4 — 3oHe Hajeehux pasnuka y ontepehetsy CHErom npema
SRPS EN 1991-1-3/NA y ogHocy Ha MTI1 2
Figure 4 — Zones of the largest differences in snow load according to
SRPS EN 1991-1-3/NAin relation to PTP 2
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Cnuka 5 — YTuuaj Hagmopcke BucuHe A Ha ontepehere CHerom Ha KpoB Harnba oo 20°
Figure 5 — Influence of the altitude A on snow load on the roof with pitch up to 20°
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Cnuka 6 — YTuuaj koecuumjeHta obnuka mi(a) (neso) n nanoxeHoctun Ce (O4eCHO) Ha
ontepehene cHerom Ha kpoB 3a CyboTuuy
Figure 6 — Influence of the shape coefficient mi(a) (left) and the exposure coefficient Ce
(right) on snow load on the roof for Subotica

Figure 2 shows the ratio of the shape
coefficients y(a)/,u(Oo) for a roof with

pitch a and for a flat roof, determined
for different roof pitches. It can be
noticed that the analyzed regulations
give different significance to the
influence of the roof slope on the
calculated value of snow load. For roof
pitches of up to 37°, a higher load is
obtained by calculation according to
the new regulations. However, for

Ha cnvwum 2 je npukasaH opgHoOC
KoedmumjeHaTa obnuka ,u(a)/,u(Oo) 3a

KpoB Harmba a M 3a paBaH KpOB,
ogpeheH 3a pasnuuuTe Harmbe Kposa.
Moxe ce 3anasutm ga aHanuampaHu
nponucu Aajy pasnuunT 3Hayaj yTtuuajy
Harnmba KpoBa Ha NPOPaYyHCKY BPEAHOCT
ontepeherwe cHerom. 3a Harmbe kpoBa
po 37° Behe ontepehewe ce pobuja
npopayvyyHoOM fpema HOBWM Mponucuma.
MehyTtum, 3a kpoBoBe Beher Harnba

90
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steeper roofs, SRPS EN 1991-1-3
gives lower load values, and there is
no sudden drop in load intensity for a
slope a=60°, which occurs when the
PTP 2 is used. These observations, as
well as the Figure 2, apply only to roofs
without snowguards.

Figure 6 on the left shows the
cumulative effect of the characteristic
value of snow load on the ground and
the roof slope on the magnitude of
snow load on the roof, for locations in
Subotica. Here also, it is noted that,
despite slightly higher values of the
characteristic load on the ground and
slightly higher load for a=0°, the new
regulation gives lower snow loads on
the roof for pitches higher than 38°.
Figure 6 on the right shows the
combined influence of the roof pitch
and the topography on snow load for
locations in Subotica.

0 0 20 30 40 50 60 70 80
a°®

--PTP2 —SRPS EN 1991-1-3

90

SRPS EN 1991-1-3 paje Mawe
BpeoHocTn ontepehewa, a Hema HU
Harnor naga WHTeH3uTeTa onTepehekba
3a Harmb6 a=60° Koju ce jaBrba kopf
npumeHe MTI 2. OBa 3anaxarsa ce, kao
W crnvka 2, ogHoce camo Ha KpoBoBe 6e3
cHero6paHa.

Ha cnuum 6 neBo npwkasaH je 36uMpHU
yTULaj] KapakTepUCTUYHE  BpegHOCTU
ontepeherwa CHerom Ha TNo M Harmba
KpoBa Ha BenuumHy onTtepehera
CHErOM Ha KpoB, 3a rnokauuje Yy
Cy6otnum. N oege ce npumehyje aa,
ynpKoc HewTo Behum BpegHOCTMMA
KapakTepuctuyHor ontepeherwa Ha Tno
U HesHaTHO Behem onTepehewy Ha
paBaH KpOB, HOBW NponNuC Aaje Maha
ontepehera CHerom Ha KpoB 3a Harube
Behe op 38°. Crivika 6 AecHO npukasyje
KOMOMHOBaHN  yTUUa] Harmba "
Tonorpaduje Ha onTepehere cHerom 3a
nokauuje y Cybotnum.
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Cnuka 7 — OnTepehere CHErom Ha KpoB Yy pyHKUMju Harnba, 3a Heke nokauuje y Cpbuju
Figure 7 — Snow load on the roof as a function of pitch, for some locations in Serbia
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A comparative presentation of the
design values of snow load on the roof
according to PTP 2 and SRPS EN
1991-1-3 as a function of the roof slope,
for undrifted load arrangements on
monopitch and gable roofs, for several
characteristic locations in Serbia, is
given in Figure 7 (Ce=1 and Ci=1).

5. CONCLUSION

The new standard for the calculation of
snow load on building structures -
SRPS EN 1991-1-3 with the National
Annex, compared to  previous
regulations, provides more detailed
instructions for the calculation of snow
load on the roof with regard to its
thermal properties and the topography
(exposure), but also of the snow drifts
on multi-span and cylindrical roofs, as
well as the load resulting from sliding of
snow from the upper roof of a higher
neighboring building and the drifts due
to wind, and even of the local effects -
drifting at projections and obstructions,
snow overhanging the edge of a roof,
and snow loads on snowguards and
other obstacles. The National Annex [3]
prescribes that loads due to exceptional
snow drifts are treated as accidental
actions, and detailed instructions for its
calculation are given in [4].

Updated values of snow load on the
ground for locations in Serbia,
determined based on recent
measurements - in the period from
1975 to 2015, are given in the National
Annex [3]. The largest differences in
relation to PTP 2 are observed in some
locations of eastern (V. Gradiste,
Kladovo, Bor, Zajecar), southern (Brus,
Kopaonik) and southeastern Serbia
(Dimitrovgrad, Bosilegrad), where there
was an increase in load by 60 to 113%,
and Sjenica, where the load was
reduced by 23.6%.

The influence of the roof slope on the
design values of snow load also differs
according to the previous and present
regulations. For slopes up to 37" higher

YnopeoHu — npukas  MpopayvyHCKMX
BpeoHocTn onTtepehera CHErom Ha
kpoB npema MNTIM 2 n SRPS EN 1991-1-
3 y dpyHKuMjn Harnba, 3a jeqHOBOAHE U
ABoBoAHE KpoBoBe, 6e3 HaHoca, 3a
HEKOJIMKO KapaKTepUCTUYHUX Jokauuja
y Cpbujn, gat je Ha cnuum 7 (Ce=1 1
Ct:l).

5. 3AKIbYYAK

Hosu cTaHgapa 3a npopavyH
ontepeherwa cHerom Ha rpaheBuHcke
KOHCTpyKumnje — SRPS EN 1991-1-3 ca
HaumoHanHuMm aHekcoMm, y nopeherwy
ca paHuvjuMm  nponucuma,  npyxa
JeTarbHuWja ynyTcTBa 3a npopadyH
ontepehewa CHEroMm Ha KpoB C
063VpoOM Ha TOMMOTHWU PEXUM MCNOA
KpoBa M Tonorpadujy (M3NOXeEHOCT),
anu wn ycrnea cTBapaka HaHoca Ha
TecTepacTum n LNMMHOPUYHUM
KpoBOBMMa, Kao 1 onTepehekba koje je
nocreamua Knusaka CHera ca Kposa
BuLLer cycegHor objekTa n HaBejaBama,
Te MoKanHuWX yTuuaja — HaHoca Ha
ucrnyctuMa u npernpekama, cHera Koju
BMUCM Cca wMBMUE KpoBa, Kao U
onTepeherwa CHErom Ha cHerobpaHe n
apyre npenpeke. HaumoHanHu aHekc
[3] nponucyje oa ce M3y3eTHW CHEXHU
HaHoCcKM TpeTupajy Kao WHUMAEHTHO
[ejcTBO, a AeTarbHO ynyTCTBO 3a HEroB
npopadyH garto je y [4].

AxypvipaHe BpegHocTM onTtepehera
CHErom Ha Tno 3a nokauuje y Cpbujn,
ogpeheHe Ha OCHOBY HOBWjUX MepeHa
- y nepwogy og 1975. no 2015. rogvHe,
parte cy y Haunonanwom npurnory [3].
Hajsehe pasnuke y ogHocy Ha MTI 2
yoyaBajy Ce Ha HeksM nokauuwjama
uctouHe (B. MNpaguwTe, Knagoso, bop,
3ajevap), jyxHe (bpyc, KonaoHwk) wn
jyrouctouHe Cpbuje (dumutposrpag,
Bocunerpag), Ha kojuma je gowno Ao
nosehawa ontepehewa 3a 60 go
113%, Te CjeHuue, roe je ontepehetbe
cMamneHo 3a 23.6%.

YTuuaj Harmba kpoBa Ha npopadvyHcke
BpPeAHOCTH onTtepehera CHerom
Takohle ce pasnukyje no crapyum u
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loads are obtained according to the
new regulations. For steeper roofs, the
situation is opposite. The non-logical
sudden (vertical) drop of the design
snow load from 0.35 kN/m” to 0 at a
slope of 60°, that existed in PTP 2, has
been remedied by the new standard, so
that from a slope of 30° to the 60° the
snow load decreases linearly from the
maximum value obtained for flat roofs
to zero.
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