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Summary: Detailed analysis of wind
induced loads on buildings facade is
presented according to current SRPS
EN 1991-1-4 and old SRPS U.C7.110
standards. After determining wind
induced loads, aluminium vertical
mullions of structural fagcade are
designed according to SRPS EN 1999-
1-1, for wind loads according to
Eurocode, and according to ECCS-T2
for loads according to old standard.
Bearing and serviceability limit capacity
utilization are compared, as well as wind
loads od buildings fagade.
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1. INTRODUCTION

Current SRPS EN 1991-1-4 [1] and old
SRPS U.C7.110 [2] standards present
significantly different calculation
procedures of wind induced loads on
structures [3]. In the wind load analysis
of buildings, the greatest difference is
present for those buildings that have a
greater height than base dimensions.
Considering the previous statement, a
building with a ground floor + a
mezzanine + nine floors is chosen.
Approximate base dimensions of the
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Pe3sume: [peactaBrbeH je petarbaH
npopadvyH yTuuaja BeTpa Ha dacagy
3rpage npema Baxehem SRPS EN
1991-1-4 n crapom SRPS U.C7.110

cTtaHgapay. HakoH oppeheHor
ontepehewa BeTpa, anyMUHWUjyMCKn
BEPTMKANHW  HOCayu  CTpyKTyparnHe

dacage cy AOMMEH3MOHMCaHW npema
SRPS EN 1999-1-1 3a pgejctBa BeTpa
npema Espokogy n npema ECCS-T2 3a
JejctBa npemMa CTapom cTaHgapay.
YnopeheHa je nckopuwheHocT
HOCMBOCTU M yNOTpebIrbMBOCTU, Kao
JejcTBa BeTpa Ha pacagy 3rpage.

Krby4He peum: anymmnHujyMcku Hocauu,
yTMuaj BeTpa, ynopegHa aHanusa,
CTpyKTypanHa dacaga

1.yBoa

Baxehn SRPS EN 1991-1-4 [1] u cTapu
SRPS U.C7.110 [2] cTanpapa
NPOMNWCYyjy 3Ha4ajHO pasnuynT NOCTynak
npopadyHa yTtuuaja BeTpa Ha objekar
[3]. Y srpapapcTBy je Hajseha pasnuka
npucyTHa MpuW MpopavyHy BUCOKUX
3rpaga kopg Kojux je BucuHa objekTa
Beha o AvmMeH3nja y ocHosu. Mimajyhu
y BMAY NpeTxodHo, usabpaH je objekat
cnpaTHOCTU Npu3emMrbe + Me3aHuH + 9
cnpatoBa. [lpubnwkHe  guMeH3swvje
o6jekTa y ocHoBu cy 38,70 x 38,25 m, a
Heroea BucuHa je 42,55 m.
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object are 38,70 m x 38,25 m, while its
height is 42,55 m.

The building has a structural fagade. It
consists of vertical (columns) and
horizontal (beams) aluminium mullions
on which glass panels are mounted. The
maximum distance between two beams
is 1,40 m, whereas other spans are 0,50
m. The column span is 1.20 m. A column
height in the ground floor is 3,60 m.
Because of a longer span in the ground
floor, horizontal bracing is provided by
the project. It is a middle support for the
columns, on 3,20 m from a ground floor
plate. The height of other floor columns
is 3,30 m. The spans are adopted
considering [4].

Disposition of the aluminium mullions on
the floors is shown in Figure 1.

ObGjekat je 06noOXeH CTPyKTypanHoM
dacagom. CTpykTypanHy cacaay YnHe
BepTMKanHu (CTyboBM) N XOPU3OHTamNHU
(purne) anyMmHUjymMCKn HOCa4mn Ha Koje
ce nocTaBrbajy CTakNeHn naHenw.
Makcumannu pasmak purnv je 1,40 m, a
octanu pactepu cy 0,50 m. Pactep
cty6oBa je 1,20 m. Bucuna crtybosa y
npudemrby je 3,60 m. 36or Benuke
cnpaTtHe BUCUHE Npu3emMrba, NpojekToM
je npeasvheH xopu3oHTanaH cnper, Koju
je mehyocnoHau cty6oBa, Ha 3,20 m o
nnovye npusemrba. BucuHa cTy6osa
cnpatoBa je 3,30 m. Pactepu cy
ycBojeHu umajyhu y suay [4].
[ucnosuumja anyMuMHWjyMCKMX Hocada
dacage cnpatoBa je npukasaHa Ha
cnuum 1.

400, 45

140
330

445, 50

120

—

Cnuka 1 - Qucnosuumja anymmnHujyMckux Hocava dacage
Figure 1 — Disposition of aluminum fagade mullions

In order to show a difference in methods
of calculations, and not adopted a wind
speed, a location with the same
aforementioned wind speeds by both
standards is chosen. Pristina is chosen
as the location.

Section 3 presents a design of the
aluminum vertical mullion of the
structural facade of the last floor
according to Eurocode 9 [5], [6], [7], [8],
and ECCS-T2 [9]. ECCS-T2
recommendations are the first
international document dealing with
aluminum structures. It is published in

[a 6u npn nopehemwy yTuuaja BeTpa oo
ugpaxaja gowna cama MeToda
nmpopayyHa, a He ycBojeHa 6p3uHa
BeTpa, nsabpaHa je nokauuja kKoja no
oba npaBwnHMKa MMa WCTy NPEeTXO4HO
cnomeHyTy Op3nHy BeTpa. YcBojeHa
nokaumja objexra je MNpuwTrHa.

Y nornaBmby 3. npukasaHo @ je
OVIMEH3VOHNCaHe anyMUHWjyMCKor
BEPTMKaNHOr Hocaya CTpyKTypanHe
dacage nocnegwer cnpata npema
Espokogay 9 [5], [6], [7], [8], ka0 n npema
ECCS-T2 [9]. MNpenopyke ECCS-T2 cy
NPBW MHTEPHALMOHANHN AOKYMEHT KOju
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1978 by European Convention for
Constructional  Steelwork  (ECCS).
Eurocode 9, as well as Eurocode 3 are
based on the research from ECCS.

2. ANALYSIS OF WIND LOADS

2.1. Analysis of wind loads according
to SRPS EN 1991-1-4

The first part of the wind load calculation,
which follows, is determining the peak
velocity pressure.

FUNDAMENTAL VALUE OF THE
BASIC WIND VELOCITY
Acc. to SRPS EN 1991-1-4 tab. A.1:
for Pristina
Vpo = 23 m/s

DIRECTIONAL FACTOR
Acc. to SRPS EN 1991-1-4 sec. 2.4
Cair = 1,0

SEASONAL FACTOR:
Acc. to SRPS EN 1991-1-4 sec. 2.4

Cseason = 1,0

BASIC WIND VELOCITY
Acc. to SRPS EN 1991-1-4 tab. A.1:
for Pristina
vy, =23 m/s

TERRAIN CATEGORY
Acc. to SRPS EN 1991-1-4 tab. 4.1
IV terrain category

Roughness length
zo=1,0m

Minimum obstacle height
Zmin = 10,0 m

Maximum obstacle height
Zmax = 200 m

Referent obstacle height
Zg; = 0,05m

ce 6GaBn Hocehum anyMUHWjyMCKUM
KoHcTpyKumjama. OH je objaerbeH 1978.
rogvHe of ctpaHe EBponcke komucuje
3a JenuyHe KoHcTpykumje (ECCS).
EBpokog 9, kao n EBpokog 3, 6asupajy
ce Ha uctpaxmsamwmnma ECCS-a.

2. AHAIIU3A YTULAJA BETPA

2.1. AHanusa ytuuaja npema SRPS
EN 1991-1-4

MpBM Oeo npopadvyHa yTuuaja BeTpa,
koju crnegn, 6aBu ce oppehuBarem
yAapHor nputucka BeTpa.

SYHOAMEHTANHA BPEOHOCT
OCHOBHE BEP3VNHE BETPA
Mpema SRPS EN 1991-1-4 1a6. A.1:
3a MpuwTnHy

Vpo = 23 m/s

KOEOULUMJIEHT MPABLA
Mpema SRPS EN 1991-1-4 1au. 2.4
Cair = 1v0

KOE®PUNLIMJEHT CE3OHCKOI
OENOBAHA:
Mpema SRPS EN 1991-1-4 Tau. 2.4

Cseason = 1,0

OCHOBHA BP3MHA BETPA
Mpema SRPS EN 1991-1-4 1ab. A.1:
3a MpuwtnHy
vy, =23 m/s

KATEIOPUJA TEPEHA
Mpema SRPS EN 1991-1-4 1a6. 4.1
IV kaTeropuja TepeHa

[yxvHa xpanaBocTtu
zp=1,0m

MuHumanHa BncuHa npenpeka
Zmin = 10,0 m

MakcumanHa BucuHa npenpeka
Zmax = 200 m

PedepeHTHa BucHHa npenpeka
Zoy = 0,05 m
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TERRAIN FACTOR

0,07
Zy
ky = 0,19 x <Z—> =023

0,11

TOPOGRAPHY FACTOR
Acc. to SRPS EN 1991-1-4 sec. 4.3.1
co(2) =10

TURBULENCE FACTOR
Acc. to SRPS EN 1991-1-4 sec. 4.4
k=10

AIR DENSITY
Acc. to SRPS EN 1991-1-4 sec. 4.5
p =1,225kg/m3

Considering that the buildings height is
greater that its base dimensions, a
different reference height is adopted for
load calculation. Eurocode, in the case
where b < h < 2b, defines that, for the
part of a building that is up to the height
of the base dimension that s
perpendicular to the wind, the reference
height of that base dimension is to be
adopted. For the rest of the building, the
reference height is equal to the real
objects height (Figure 2).

KOE®ULIMJEHT TEPEHA
0,07
Zy
ky = 0,19 x (Z—) =0,23

0,11

KOE®PULIMJEHT TOMOIrPAGUNJIE
Mpema SRPS EN 1991-1-4 Tau. 4.3.1
co(2) =1,0

KOE®ULIMJEHT TYPBYNEHLMJE
Mpema SRPS EN 1991-1-4 tay. 4.4
k; =10

NYCTUHA BA3OYXA
Mpema SRPS EN 1991-1-4 1au. 4.5
p =1,225kg/m3

C o63upom fa je BucuHa objekta Beha
Of, HEeroBux [AMMeH3nja y OCHOBM,
ycBajajy ce pasnuuunte pedepeHTHe
BMCMHE 3a npopadyH onTepehemsa.
EBpokoa 3a cnyyaj kaga je b < h < 2b
nponwcyje na ce 3a aeo objexTa, Koju ce
Hanasu Ha BUCWHW jefHaKoj ANMEH3NjU
ynpaBHOj Ha [ejcTBO BeTpa, YCBOjU
pecdbepeHTHa BWUCMHA jedHaKa  TOj
avmveHsunju. 3a octatak objekta ce 3a
pecdepeHTHy BUCWMHY YyCBaja CTBapHa
BMCMHa objekTa (Crnivka 2).

& z,=h gu(z)=g,(h) o

1 »
[ FED g N
-
L]
L]
1 -

Cnuka 2 — YcBajatbe pedepeHTHe BUCHHE 3a NpopayyH yaapHor nputucka setpa [1]
Figure 2 — Adoption of referent height for calculation of peak velocity pressure [1]

Other  parameters  required  for
determination of peak velocity pressure
are dependent on the reference height.
For that reason, they are shown
tabularly for clarity (Table 1).

Octanu napameTpy noTpebHn 3a
oapehvBake ygapHoOr nputucka BeTpa
3aBuce of pedepeHTHe BUCUHE. W3 Tor
pasnora cy npukasaHu TabenapHo
36or npernegHocTn (Tabena 1).
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ROUGHNESS FACTOR
for Zmin < Z < Zimax

C(2) =k, X In (z%)

MEAN WIND VELOCITY
U (2) = ¢r(2) X ¢o(2) X vp

TURBULENCE INTENSITY
for zmin < 2 < Zmax

K;
Iy(2) = z
CO(Z)XIH(a)

PEAK VELOCITY PRESSURE
1
0@ = [1+7 X Iy (D] x5 X p X vip(2)

KOE®PNLIMJEHT XPATMABOCTH

3a Zmin < Z < Zpax

C(2) =k, X In (%)

CPE[HA BP3VHA BETPA
Um(2) = ¢(2) X ¢o(2) X vy

TYPBYJNEHUNJA BETPA
33 Zmin < Z < Zmax

K;
Iy(2) = z
CO(Z)XIH(Z)

YIOAPHU NMPUTUCAK BETPA
1
0@ = [1+7 Xy (D] x5 X p X v;,(2)

Tabena 1 — NpopayyH yaapHor nputucka BeTpa
Table 1 — Calculation of peak velocity pressure

hower hupper vm(2) ) ()
eTtaxalfloor (m] [m] ¢ (2) [ms] 1,(2) kN/m?]
npusemroe/
ground floor *0,00 +4,00
MesaHM_H/ +4,00 +8,00
mezzanine
1. cnpat/floor +8,00 +11,70
2. cnpar/floor +11,70 +15,40 33,90 0,81 18,63 0,284 0,635
3. cnpar/floor +15,40 +19,10
4. cnpart/floor +19,10 +22,80
5. cnpar/floor +22,80 +26,50
6. cnpar/floor +26,50 +30,20
7. cnpar/floor +30,20 +33,90
8. cnpar/floor +33,90 +38,00
9. cnpar/floor +38,00 +42,55 42,55 0,86 19,78 0,267 0,688

In order to get a wind pressure on the
surfaces from the peak velocity
pressure, it is necessary to determine
coefficients of internal and external
pressures. The coefficients of the
interior pressure depend on the layout of
facade openings. If their layout is
unknown, then c,; = +0,2 can be taken
for the state of an overpressure in the
building. For the state of the negative
pressure, c,; = —0,3 can be adopted.

The coefficient of the external pressure
considers possibility of the wind acting
under any angle in reference to the wall

[a 6u ce og yaapHor npuTucka ogpeamo
nputucak Ha noepwmHe objekTa,
notpebHo je ogpeavTn koeduLmjeHTe
YHYTpallHkEer U crnorballker npuTucka.
KoedumumjeHTn yHyTpawmer nputucka
3aBuMcCe O0f pacnopega oTBopa Ha
dacagn. AKO je HUXOB pacnopen
HernosHaTt, 3a CTawe HaTnpuTucKa Yy
06jeKTy MoXe ce YCBOjUTH cp; = +0,2, a
3a cTarbe NoTnpuTuUcKa cp; = —0,3.

KoedwuumjeHTn cnorbawmer nputucka
y3uMajy y 063np MOryRHoCT genosana

BETpa nNoa YrmoM y OAHOcy Ha
NOBPLIMHY 3uda, kao W MojaBy
TypOyneHuuje oko wuBuUA 06jekTa.
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surface, as well as the effect of
turbulence around buildings edges.

The coefficients of the external pressure
for the considered building are listed in
Table 2.

Wind pressures on the surfaces of the
building are listed in Table 3. They are
calculated according to the expression:

w = (Cpe - Cpi) X Qp(Z)

KoeduumjeHT cnorbaluwer nputucka
3a pa3maTtpaHu objekaT HaBedeHu Cy y
Tabenn 2.
Mputncak BeTpa Ha noBpLUMHE objekTa
npukasaH je y Tabenu 3, a ogpefyje ce
npema m3pasy:

w = (cpe — Cpi) X 4 (2)

Tabena 2 — KoeumuujeHTu cnorballuter Nputmucka
Table 2 — Coefficients of external pressure

A B C D E
-1,2 -0,8 -0,5 0,8 -0,505
-1,2 -0,8 -0,5 0,8 -0,504

Tabena 3 — MpuTucak Ha noBpLuKHe y kN/m?
Table 3 — Pressure on surfaces in kN/m?

HyTpaLLHK npuTucak/

g );nFt)ernal preF')ssure z[m] A B c D E
HaTnpuTncak/ 33,90 | -0,889 | -0,635 | -0,444 | 0,381 | -0,448
overpressure 4255 | -0,963 | -0,688 -0,482 | 0,413 | -0,485
notnputucak/ 33,90 | -0,571 | -0,318 | -0,127 | 0,698 | -0,130

negative pressure 4255 | -0,619 | -0,344 | -0,138 | 0,757 | -0,140

2.2. Analysis of wind loads according
to SRPS U.C7.110, SRPS U.C7.111
and SRPS U.C7.112

Determination of the peak velocity
pressure and the pressure on the
surfaces require a classification of the
structure.

A detailed procedure of the classification
is presented.

FUNDAMENTAL VALUE OF THE
BASIC WIND VELOCITY
ani,so,m =23m/s

ALTITUDE
h=573m
AIR DENSITY
p=1,225- = 1,153 kg/m3

8000

TIME INTERVAL AVERAGING
FACTOR

2.2. AHanusa ytuuaja npema SRPS
U.C7.110, SRPS U.C7.111 mn SRPS
U.C7.112

OppehvBatbe ygapHoOr nputucka U
nmputuMCka Ha MOBpLUMHE  3axTeBa
Knacudukaumjy KOHCTpYyKUMje.
MpukasaH je petarbaH nocTynak
Knacvdumkaumje.

OYHOAMEHTAITHA BP3VHA BETPA
Vrﬁ,SO,lO =23m/s

HAOMOPCKA BUCUHA
h=573m
'YCTUHA BA3OYXA
_ _ — 3
p=1225 8000 1,153 kg/m

®AKTOP BPEMEHCKOT MHTEPBANA
OCPE[HABAHA
K.=1
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RETURN PERIOD FACTOR
T = 50 years
KT =1

BASIC WIND VELOCITY
Umr10 = V{‘;,so,m X K¢ X Kr =23 m/s

BASIC WIND PRESSURE

1
Gmr,10 = 5 X Vmr,10 X P X 1073
qm,T,10 = 0,305 kn/mz

TOPOGRAPHY FACTOR
S, =1

TERRAIN ROUGHNESS CLASS
urban zone — C
a=041;b=0,5a=0,22

TERRAIN EXPOSURE FACTOR
VA [
K, = \/5(1—0) =0,972

MEAN AERODYNAMIC WIND
PRESSURE
Um7,z = Amr,10 X SZ X K7

Gmr.s = 0,289 kN/m?

RELATIVE STRUCTURES
OSCILATION ATTENUATION
{=0,015

WIND TURBULENCE INTENSITY FOR

hi2
I —f(w)x— 0,243
z = b z - )

STRUCTURES SLENDERNESS
CRITERION
b/h =0,910

SPECTRAL ENERGY FACTOR
§=0,024

WIND SPEED SPATIAL CORELATION
COEFFICIENT
B =10,750

1. MODE OF FREE OSCILLATION
n, = 1,624 Hz

GAKTOP NOBPATHOI MEPNOOA
T = 50 years
KT =1

OCHOBHA MNMPOJEKTHA BP3NHA
BETPA

_ B _
VUmT,10 = Ymso10 X K¢ X K =23 m/s

OCHOBHW NMPUTUCAK BETPA
1

Gmr,10 = 5 X Vmr,10 X P X 1073
dmr,10 = 0,305 kn/mz

®AKTOP TOMOIrPAGUJE TEPEHA
s, =1

KNACA XPAMABOCTU TEPEHA
ypbaHa 3oHa — C
a=041;b=0,5a=022

®AKTOP EKCMO3ULIMIE TEPEHA
VA 24
K, = \/3(1—0) = 0,972

OCPEOHEHN AEPOOVNHAMWNYKA
MPUTUCAK BETPA
Am7z = Qmra0 X SZ X K7

Gmr.s = 0,289 kN/m?

PENATUBHO MPUMYLLEHE
OCLIMNOBAHA OBJEKTA
{=0015

WNHTEH3UTET TYPBYJIEHLUWNJE
BETPA 3A h/2

I —\F(lo)m—0243
Z7\b\z) 7

KPUTEPUJYM BUTKOCTW OBJEKTA
b/h = 0,910

®AKTOP CMNEKTPAINHE EHEPIMJE
§=10,024

KOE®PNUMJIEHT MPOCTOPHE
KOPEJTALUMJE BP3VHE BETPA
B =10,750

®PEKBEHLMJA CIIOBOAHUX
OCLMMALJA 1. TOHA
n, = 1,624 Hz

| BBOPHUK PAOJOBA TPABEBMHCKOI ®AKYITETA 42 (2022) |



REDUCED WIND SPEED
Q@ =0,105m/s

STRUCTURES STIFFNESS
(R/B)?> =0,062<0,5
— Structure is stiff.

MEAN WIND SPEED
Vyrh = Vmr10 X Sz X Ky
Vmrn = 22,37 m/s

REFERENT STRUCTURES HEIGHT
h=4255m>15m
— Big stiff structure.

COVERING HEIGHT
he = 42,55m < 100 m
— Small stiff structure.

STRUCTURES HEIGHT
h=4255m>15m
— Big stiff structure.

TERRAIN TOPOGRAPHY
S,=1<1
— Small stiff structure.

STRUCTURES PEAK EXPECTED
DEFLECTION

U=-==17,02cm
250

STRUCTURES SLENDERNESS
h/b=110< 4
— Small stiff structure.

STRUCTURE IS:
Big stiff structure.

BUT BECAUSE OF:
(R/B)? =0,062<0,5
— Big stiff structure.

Similar to calculation according to
Eurocode, it is necessary to adopt
different reference heights for assessing
aerodynamical (which is equivalent to
the peak velocity pressure according to
Eurocode) wind pressure (Figure 3). For
the first 10 m of the structure, that
referent height is adopted. For the rest
of the building, the referent heights are

PEOYKOBAHA BP3NHA BETPA
Q@ =0,105m/s

KPYTOCT KOHCTPYKUNJE
(R/B)? =0,062 < 0,5
— KoHcTpykuyja je kpyTa.

OCPE[OHEHA BP3VHA BETPA
Uy, T,h = Vmr,10 X Sz X K,
Vmrn = 22,37 m/s

PE®EPEHTHA BUCVHA OBJEKTA
h=4255m>15m
— Benuka kpyTa KOHCTpyKuuja.

BWCWHA OBJIOTE
hg =42,55m <100 m
— Mana kpyTa KOHCTpyKLMja.

BNCNHA OBJEKTA
h=4255m>15m
— Benuka kpyTa KOHCTpyKUuuja.

TOIMOIPA®NJIA TEPEHA
S,=1<1
— Mana kpyTa KOHCTpyKUuja.

OYEKMBAHW YTB BPXA OBJEKTA

U=-==17,02cm
250

BWTKOCT OBJEKTA
h/b=110<4
— Mana KkpyTa KOHCTpyKLMja.

KOHCTPYKUWNJA JE:
Benuka kpyTa KOHCTpyKUuja.

MEBYTUM, NOWTO JE:
(R/B)? =0,062<0,5
— Benwka kpyTa KOHCTpyKuUuja.

CnMyHO ka0 My npopayvyHy no
EBpokogy, notpebHo je ycBojutu
pasnuuute pedepeHTHe BUCKMHE 3a
npopavyH aepoanHaMunykor (xojn
ogroeapa yAapHOM  MPUTUCKY MO
EBpokogy) npuTncka Betpa (Cnvka 3).

3a npeux 10 m objekTa ycBaja ce Ta
pedepeHTHa BuCMHA. 3a ocTaTak
obGjekta, pedepeHTHe BUCKMHE Ce
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chosen so that they are equal to the
upper level of the considered floor. The
results of the aerodynamical pressure
are listed in Table 4.

The standard defines different punching
coefficients q. They are different for the
primary and secondary structure. The
facade is the secondary structure, so the
proceeding calculation will be performed
only for it.

yCBajajy Tako Aa oAroeapajy ropwoj
KOTW eTaxe 3a Kojy ce pagu npopadvyH
yoapHor npuTtucka. PesynTtatu
npopayyHa aepoguHamuyKkor nputucka
cy npvikasaHu y Tabenu 4.

CraHpgapaoMm ce geduHuULLy pasnuymTu
yAapHu koeduLmjeHTH g, Koju 3aBuce of
TOra fja nu ce NpopayyH pagu 3a rnasHy
UNn cekyHOapHy KOHCTpyKuujy. ®acapa
je cekyHpapHa KOHCTpykumja, na he
Jarbu npopayyH 6utn paheH camo 3a
Y.

—

>————=
[ [
3
Raspode I |
pritiska W — -
r R
Y e S
Velar ‘F
}
|
N |
—1

TITITITIT]

l

Raspodela
pritiska W

L

il

— -

| o ]

Cnuka 3 — Pacnopep cnorbaluter nputucka Ha 3mgose 3rpage [5]
Figure 3 — Layout of external pressure on buildings wall surfaces [5]

An analysis of the local wind effects on
the structure is significantly more
complex than in Eurocode. It is
necessary to perform independent
calculations for different angles, in
reference to the structure, in which the
wind can affectit. In order to consider all
cases, the angles with mutual difference
of 15° are taken.

If it is assumed that openings on the
facade are approximately equally
distributed, for all cases off wind load,
the coefficients of the internal pressure
can be taken equal to %0,20. The
coefficients of external load are listed in
Table 5.

AHanmsa nokanHux yTuuaja BeTpa Ha
objekaT 3Ha4ajHo je cnoXeHuja y ogHOCY
Ha EBpokoa. [MoTtpebHo je nocebHo
ypaguTu MpopadyHe nputucka Ha
MOBPLUMHE Y 3aBMCHOCTW OA yrra nopj
KojuM BeTap Aenyje Ha objekat. [a 6u
ce obyxBaTunM CBY Cry4yajeBu, y3aumajy
ce yrnoBu ca MeflycoBHOM pasnukom of,
15°.

AKO ce npeTnocTtasu ga Cy OTBOpY Ha
dacagu NPUONKHO jeaHako
pacnopeheHu, 3a cBe criyyajese ejcTea
BeTpa ce KoedUUMjeHTU YHyTpalluwer
nputucka mMory y3eTun ca BpegHolhy of
+0,20. KoedumumjeHT  cnorbawwer
npuTucka cy npukasanu y Tabenwu 5.
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Tabena 4 — lNpopayyH aepoanHaMn4KOr NpUTUCKa BeTpa
Table 4 — Calculation of aerodynamical wind pressure

eTtaxalfloor hiower [M] | hupper [M] q Iz G: [kc|]\§l]/-|f—'f?2]
npusemree/ 0,00 +4,00 0,334 3,0 0,46
ground floor
me3arivk/ +4,00 +8,00 0,334 3,0 0,46
mezzanine
1. cnpat/floor +8,00 +11,70 0,322 2,93 0,48
2. cnpat/floor +11,70 +15,40 0,303 2,82 0,52
3. cnpart/floor +15,40 +19,10 4 0,289 2,74 0,55
4. cnpart/floor +19,10 +22,80 0,278 2,67 0,59
5. cnpat/floor +22,80 +26,50 0,269 2,61 0,61
6. cnpart/floor +26,50 +30,20 0,262 2,57 0,64
7. cnpat/floor +30,20 +33,90 0,255 2,53 0,66
8. cnpart/floor +33,90 +38,00 0,249 2,49 0,68
9. cnpat/floor +38,00 +42,55 0,243 2,46 0,71
Tabena 5 — KoeduumjeHTn cnorbalusber nputucka
Table 5 — Coefficients of external pressure
B9 A B C D
0 0,90 -0,50 -0,60 -0,60
15 0,80 -0,50 -0,70 -0,50
45 0,50 -0,50 0,50 -0,50
The identical procedure is employed, as Ha wugeHTM4aH HauvH, kao wu

in previous case, to determine the
pressure on the surfaces:
w = (Cpe - Cpi) X g,z

Taking into account the wind loads at the
angles, in reference to a perpendicular
line to the structures surface, of 0°, 15°
and 45° as well as a possibility of the
internal overpressure and the negative
pressure, we get the pressures that are
listed in tables 6, 7, 8,9, 10 and 11.

npeTxo4HOM npopadyHy, ogpehyje ce
npuTUCak Ha NOBPLUUHE:

w = (Cpe - Cpi) X g,z
Y3umareM y 003up gejctea BeTpa npu
yrnoBMMa y OAHOCY Ha HopMmany Ha
nospLumHy objekta oa 0°, 15° n 45°, kao
n MoryhHOCTM nojaBe HaTnpuTucka W
NoTNpUTUCKa Y YHYTPaLLHOCTK 0bjekTa,
nobwvjajy ce yTuuajm Koju cy npukasaHu y
Tabenama 6,7, 8,9, 10 n 11.

Tabena 6 — MNMpuTtucak Ha noBpKHe 3a B = 0° 3a HaTNpUTUCaAK Y 06jekTy
Table 6 — Pressure on surfaces for 3 = 0° for internal overpressure

etaxalfloor Niower [M] hupper [M] A B C D
npusemrLe/ +0,00 +4,00 0,32 032 | -037 -0,37
ground floor
Me3akivH/ +4,00 +8,00 0,32 032 | -037 -0,37
mezzanine
1. cnpart/floor +8,00 +11,70 0,34 -0,34 -0,38 -0,38
2. cnpat/floor +11,70 +15,40 0,36 -0,36 -0,42 -0,42
3. cnpart/floor +15,40 +19,10 0,39 -0,39 -0,44 -0,44
4. cnpar/floor +19,10 +22,80 0,41 -0,41 -0,47 -0,47
5. cnpat/floor +22,80 +26,50 0,43 -0,43 -0,49 -0,49
6. cnpat/floor +26,50 +30,20 0,45 -0,45 -0,51 -0,51
7. cnpat/floor +30,20 +33,90 0,46 -0,46 -0,53 -0,53
8. cnpat/floor +33,90 +38,00 0,48 -0,48 -0,55 -0,55
9. cnpat/floor +38,00 +42,55 0,50 -0,50 -0,57 -0,57
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Tabena 7 — MNpuTtucak Ha nospLunHe 3a 3 = 0° 3a noTNpUTUCaK Y 06jekTy
Table 7 — Pressure on surfaces for § = 0° for internal negative pressure

etaxalfloor Niower [m] hupper [m] A B C D
npu3emLe/ +0,00 +4,00 0,51 014 | -0,18 -0,18
ground floor
mesaHuH/ +4,00 +8,00 0,51 014 | -0,18 -0,18
mezzanine
1. cnpar/floor +8,00 +11,70 0,53 -0,14 -0,19 -0,19
2. cnpat/floor +11,70 +15,40 0,57 -0,16 -0,21 -0,21
3. cnpart/floor +15,40 +19,10 0,61 -0,17 -0,22 -0,22
4. cnpart/floor +19,10 +22,80 0,65 -0,18 -0,24 -0,24
5. cnpart/floor +22,80 +26,50 0,67 -0,18 -0,24 -0,24
6. cnpar/floor +26,50 +30,20 0,70 -0,19 -0,26 -0,26
7. cnpar/floor +30,20 +33,90 0,73 -0,20 -0,26 -0,26
8. cnpart/floor +33,90 +38,00 0,75 -0,20 -0,27 -0,27
9. cnpart/floor +38,00 +42,55 0,78 -0,21 -0,28 -0,28

Tabena 8 — MNpuTtucak Ha noBpLUnHe 3a B = 15° 3a HaTNpUTUCaK Y 06jekTy
Table 8 — Pressure on surfaces for § = 15° for internal overpressure

etaxalfloor iower [m] hupper [m] A B C D
npusemsbe/ +0,00 +4,00 0,28 032 | -041 | -0,32
ground floor
Me3aHmH/ +4,00 +8,00 0,28 032 | -041 -0,32
mezzanine
1. cnpar/floor +8,00 +11,70 0,29 -0,34 -0,43 -0,34
2. cnpart/floor +11,70 +15,40 0,31 -0,36 -0,47 -0,36
3. cnpart/floor +15,40 +19,10 0,33 -0,39 -0,50 -0,39
4. cnpar/floor +19,10 +22,80 0,35 -0,41 -0,53 -0,41
5. cnpar/floor +22,80 +26,50 0,37 -0,43 -0,55 -0,43
6. cnpat/floor +26,50 +30,20 0,38 -0,45 -0,58 -0,45
7. cnpar/floor +30,20 +33,90 0,40 -0,46 -0,59 -0,46
8. cnpart/floor +33,90 +38,00 0,41 -0,48 -0,61 -0,48
9. cnpat/floor +38,00 +42,55 0,43 -0,50 -0,64 -0,50

Tabena 9 — NpuTtucak Ha noBpLuMHe 3a 3 = 15° 3a NnoTnpuTKCak y objekTy
Table 9 — Pressure on surfaces for 8 = 15° for internal negative pressure

eTaxalfloor Niower [M] hupper [M] A B C D
npusemrbe/ +0,00 +4,00 0,46 014 | -0,23 -0,14
ground floor
Me3aHyH/ +4,00 +8,00 0,46 014 | 023 | -014
mezzanine
1. cnpar/floor +8,00 +11,70 0,48 -0,14 -0,24 -0,14
2. cnpat/floor +11,70 +15,40 0,52 -0,16 -0,26 -0,16
3. cnpat/floor +15,40 +19,10 0,55 -0,17 -0,28 -0,17
4. cnpart/floor +19,10 +22,80 0,59 -0,18 -0,30 -0,18
5. cnpar/floor +22,80 +26,50 0,61 -0,18 -0,31 -0,18
6. cnpat/floor +26,50 +30,20 0,64 -0,19 -0,32 -0,19
7. cnpart/floor +30,20 +33,90 0,66 -0,20 -0,33 -0,20
8. cnpat/floor +33,90 +38,00 0,68 -0,20 -0,34 -0,20
9. cnpar/floor +38,00 +42,55 0,71 -0,21 -0,36 -0,21
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Tabena 10 — MNMpuTucak Ha noBpLUMHE 3a B = 45° 3a HaTNpUTUCaK Y 06jeKkTy
Table 10 — Pressure on surfaces for B = 45° for internal overpressure

eTaxa/floor Niower [M] hupper [M] A B C D
npusemrbe/ +0,00 +4,00 0,14 032 | 0,14 -0,32
ground floor
Me3aHyH/ +4,00 +8,00 0,14 -0,32 0,14 -0,32
mezzanine
1. cnpar/floor +8,00 +11,70 0,14 -0,34 0,14 -0,34
2. cnpart/floor +11,70 +15,40 0,16 -0,36 0,16 -0,36
3. cnpat/floor +15,40 +19,10 0,17 -0,39 0,17 -0,39
4. cnpart/floor +19,10 +22,80 0,18 -0,41 0,18 -0,41
5. cnpat/floor +22,80 +26,50 0,18 -0,43 0,18 -0,43
6. cnpat/floor +26,50 +30,20 0,19 -0,45 0,19 -0,45
7. cnpart/floor +30,20 +33,90 0,20 -0,46 0,20 -0,46
8. cnpart/floor +33,90 +38,00 0,20 -0,48 0,20 -0,48
9. cnpart/floor +38,00 +42,55 0,21 -0,50 0,21 -0,50

Tabena 11 — NpuTtucak Ha NoBpLUMHe 3a 3 = 45° 3a noTnpuTMcak y 06jekTy
Table 11 — Pressure on surfaces for 8 = 45° for internal negative pressure

eTaxalfloor Niower [M] Nupper [M] A B C D
npu3emLe/ +0,00 +4,00 0,32 014 | 032 -0,14
ground floor
MesaHuH/ +4,00 +8,00 0,32 014 | 032 -0,14
mezzanine
1. cnpar/floor +8,00 +11,70 0,34 -0,14 0,34 -0,14
2. cnpart/floor +11,70 +15,40 0,36 -0,16 0,36 -0,16
3. cnpat/floor +15,40 +19,10 0,39 -0,17 0,39 -0,17
4. cnpart/floor +19,10 +22,80 0,41 -0,18 0,41 -0,18
5. cnpart/floor +22,80 +26,50 0,43 -0,18 0,43 -0,18
6. cnpat/floor +26,50 +30,20 0,45 -0,19 0,45 -0,19
7. cnpar/floor +30,20 +33,90 0,46 -0,20 0,46 -0,20
8. cnpar/floor +33,90 +38,00 0,48 -0,20 0,48 -0,20
9. cnpart/floor +38,00 +42,55 0,50 -0,21 0,50 -0,21

2.3. Comparison of calculated loads

The loads calculated according to
Eurocode, on the side of the building that
is directly affected, are, for the state of
the internal overpressure, in-between
0,38 and 0,41 kN/m?. According to the
old standard, the calculated loads are in-
between 0,14 and 0,50 KN/m2.

The state of the internal negative
pressure, according to Eurocode, gives
the pressures from 0,70 to 0,76 kN/m2.
The old standard gives the pressures in-
between 0,14 and 0,78 kN/mZ2.

The pressures on the rear side of the
building are, according to Eurocode,
from -0,45 to -0,48 kN/mZfor the state of
the internal overpressure, and according
to the old standard from -0,32 to -0,50

2.3. Nopehere AobujeHnx yTuuaja

Mpema EBpokopy ce gobujajy nputmncum
Ha CTpaHW 3rpage Ha Kojy AMPEKTHO
Jenyje BeTap, Koju cy, 3a HaTNpPUTUCaK y
oGjekty, y pacnoHy og 0,38 mo 0,41
kN/m?2. MNpema cTapoMm NpaBUHUKY ce
nobwvjajy nputucum y rpaHnuama og 0,14
no 0,50 kN/m2. Crawe notnpuTucka y
objexty, npema EBpokogy, pnaje
nputucke oa 0,70 go 0,76 kN/m2. Ctapu
cTaHfapa [aje NpuTucke y rpaHvuama
on 0,14 po 0,78 kKN/m2.

MpuTncumM Ha 3aaH0j CTpaHu 3rpaje cy,
npema Espokogy, og -0,45 po -0,48
kKN/m? sa HaTnpuTMcak y obGjekTy, a
npema ctapom npasunHuky, og -0,32 go
-0,50 kN/mZ2. 3a notnputucak y objekTy
ce, npema EBpokogy, n[obujajy
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kN/m2. For the internal negative

pressure, according to Eurocode, the

pressures are from -0,13 to -0,14 kN/m?,
and according to the old standard from -

0,14 to -0,21 kN/m?,

Eurocode, for the buildings sides, for the

state of the internal overpressure, gives

the pressures from -0,44 to -0,96 kKN/m?,

and the old standard from +0,21 to -0,64

kN/m2. For the internal negative

pressure, Eurocode gives the pressures
from -0,13 to -0,62 kN/m?, and the old
standard from +0,50 to -0,36 kN/m?.

Based on the previous comparison,

following can be stated:

- the pressures in edge zones, in
which a turbulence occurs, are
significantly greater according to
Eurocode, and

- the pressures outside of the edge
zones are approximately equal
according to both standards.

3. DESIGN OF ALUMINUM MULLION

The calculation is conducted with
maximum wind loads in order to show
the difference in the standards. From
those calculations, the aluminum
mullions are adopted.

The design, in the case of a real project
would be conducted with the wind loads
outside of the edge zones. From those
calculations, the aluminum mullions
would be adopted. For the mullions in
the edge zones, the same mullion would
be adopted, but with an internal steel
reinforcing profile.

The aluminum mullions from Raynaers
company are adopted in the design.
They are manufactured from the alloy
EN AW — 6060 T66 (class A), with the
characteristics:

fo = 150 MPa
f. = 195 MPa
E =70 GPa
G = 27 MPa
kN
Y = 27 E

nputucum og -0,13 go -0,14 kN/m?, a

npema ctapom og -0,14 go -0,21 kN/m?,

EBpokoa 3a 6o4yHe cTpaHe objekTa, 3a

cTawe HaTnputucka y objekty, aaje

nputucke oa -0,44 no -0,96 kN/m?, a

ctapyn npasunHuk og +0,21 go -0,64

kN/m2. 3a notnputucak y objekTty ce,

npema Espokogy, Aobwjajy nputncum oa,

-0,13 go -0,62 kN/m?, a no crtapom of

+0,50 go -0,36 kKN/mZ.

Ha ocHoBy npetxogHor nopehema,

yTBphyje ce cneaehe:

- MpUTUCUM y 30HaMa OKO MBuUa, Y
Kojuma ponasu po TypbyneHuuje
BeTpa, 3HayajHo cy Behu no
EBpokogy u

- MNpUTUCUM BaH WBWYHUX 30HA CY
npubnuxHW nNo oba npaBunHKKa.

3. AUMEH3NOHUCAHKE
ANTYMUHUJYMCKOI'r HOCAYA

MpopayyH je ypaheH ca makcMmanHum
ontepehewmma BeTpa, Ada 6u ce
npukasana pasnukay ctaHgapguma. Ha
OCHOBY rera cy yCBOjeHU
anyM1HWjyMCKM HOCauu.

Y npojekty cTtBapHor objekta 6u ce
npopadyH paguo ca ontepeherwem BaH
MBUYHWNX 30HA W Ha Taj HAYMH YCBOjUNU
Hocaun. 3a nBuYHe 30He 6u ce ycBojuo
HOCay WCTOr npeceka ca YenuyHuMm
ojayakeM Koje ce nocTaB/ba YHyTap
Hera.

AnNyMUHMjyMCKN HOcaum npoussohaya
Raynaers cy ycBojeHn 3a mpopadyH.
OHnun cy npounsseaeHn og nerype EN AW

- 6060 T66 (kmaca A) ca
KapakTepucTukama:
fo =150 MPa
fu = 195 MPa
E =70 GPa
G =27 MPa
kN
Y = 27 E
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3.1. Design according to Eurocode

Assumed mullions cross section:
RAYNAERS CW50 h =167,5 mm

Cross sections can be more complex.
The effect of the cross sectional shape
on its bearing capacity is analyzed in
[12].

In order to simplify the calculation, the
equivalent section is adopted. For a
more precise analysis, it is needed to
perform more complex calculations as in
[13], [24], [15], [16], and [17]. Since a
bending moment is dominant, the
equivalent cross section should possess
a similar moment of inertia. The cross
sections wall thickness is varied for the
wall with channels for glass panels
mounting. An iterative procedure is
presented in Table 12.

3.1. AnmMeH3nOHUCaHEe NpemMa
EBpokoay

lMpeTnocTaeba ce npodun:
RAYNAERS CW50 h =167.5 mm

lMpeceun mory ga umajy u crioxeHuje
obnuke. YTuuaj obnuka npeceka Ha
HEroBy HOCMBOCT je aHanuaunpaH y [12].
Pagu nojeaHocTaBrbewa npopadyHa,
ycBaja ce 3amemwyjyhu npodun. 3a
TayHuje aHanu3e je noTpebHo paguTn
CNOXeHMWjU npopayyH, kao y [13], [14]
[15], [16] n [17]. MowTO je AOMMHaHTaH
yTuuaj caBujarwa, 3amemryjyhu npodun
Tpeba Aa vMa LWTO CAWYHWjU MOMEHT
nHepuwje. Bapupana je gebrenHa 3upa
npoduna Ha Kojoj ce Hanase kaHanuue
3a MocTaBrbake CTaKMeHuX naHena.
WUtepatnBHM noctynak oppefuBara
3aMemnyjyher npeceka je npukasaH y
Tabenn 12.

Tabena 12 — OgpehuBarbe 3amerbyjyher npeceka
Table 12 — Calculation of equivalent cross section

t [mm]

ly [cm*]

10,0

543,82

9,0

519,68

8,0

494,50

By comparing the real moment of inertia
and the moment of inertia of the
equivalent cross section, it is obvious
that the equivalent cross section is
appropriate.

I, = 494,50 cm* = I, .oy = 500,67 cm*

Figure 4 shows the real and equivalent
cross section that is assumed.

Load analysis

weight of facade................... 0,40 kN/m?
selfweight.....................not considered
wind (suction).....................0,96 kKN/m?

YnopehuBawem CTBapHOr MOMEHTa
uHepuvje M MOMEeHTa  uHepuuje
3amemnyjyher npeceka, Buan ce ga je
3amenyjyhu npecek ogrosapajyhu.

I, = 494,50 cm* = I, ..oy = 500,67 cm*

Ha cnuuu 4 cy npukasaHu cTBapHU U

3amemyjyhu nonpeYyHun npecek
npeTnocTaBrbEHOr npoduna.

AHanusa ontepehera

TexuHa dacage.................... 0,40 kN/m?
COMCTBEHA TEXMHa.......... 3aHemapyje ce
BeTap (CUCaHe).................... 0,96 kN/m?
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Cnuika 4 — CTBapHu 1 3ameryjyhy nonpeyHn npecek
Figure 4 — Real and equivalent cross section

Load combination
Gpap = 1,35 X 0,40 = 0,54 kN/m?
Gean = 1,5 X 0,96 = 1,44 kN/m?
qrp = 1,0 X 0,96 = 0,96 kN/m?

Internal forces
Ngg = 1,20 X 3,30 x 0,54 = 2,14 kN

1,20 x 3,30 x 1,44
g = ————— ' — 285kN
2
1,20 x 1,44 x 3,302
Ed = 8

= 2,35kNm

Class of cross section according to
SRPS EN 1999-1-1 sec. 5.4.3. and
5.4.4.

A thinner wall is compressed. A neutral
axis is located in web. Cross sections
are A class without welds.

KombuHaumje ontepeheta
qgav = 1,35 % 0,40 = 0,54 kN/m?
Gean = 1,5 X 0,96 = 1,44 kN/m?
Qi = 1,0 X 0,96 = 0,96 kKN/m?

MpeceyHe cune
Ngg = 1,20 X 3,30 X 0,54 = 2,14 kN

1,20 x 3,30 x 1,44
g = ——————— = 2,85 kN
2
1,20 x 1,44 x 3,302
Ed = 8

= 2,35 kNm

Knaca npeceka npema SRPS EN 1999-
1-171a4.5.4.3.15.4.4.

MputucHyta je  Tamwa HOXWMUa.
HeyTpanHa nvHuja ce Hanasu y peopy.
Mpeceum cy knace A 6e3 Baposa.
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b _ 50-2x2,5 _ _
ﬁflange =t 26 =9,78< 11e =

11 x 1,29 = 14,19

e= B0 220~ 1,29
fo 150

Flanges are 1. class.

b 160—-8-4,6
= -= X —
Bweb n t 0,61 25

22¢ = 22 x 1,29 = 28.38
{0,70 +030y, —1<yp<1
T] =

= 3597 >

0,80 =

o Pp<-—1
0,70 + 0,30 x (—0.31) = 0,61
_ _Ngg  Mgg_ _ 214  235x10°
=T 1, © 7T T1392 a9as0

8.95x 1071 = —0.59 =
cm

- __ Nga 4 MEdZ __ 2 2,35x10%
2 A I, 13,92 494,50

7,05 x 1071 = 0,18 -~
cme

_og, _ 018
¥ = o1 —059 031
Webs are 4. class.

Cross section is 4. class.

Effective cross section per SRPS EN

1999-1-1 sec. 5.4.5.
Buer - 3% — 27,88

£ 1,2
10 24 _ 10 24

Peweb = Fuep — (Bw_eb)z = 2788 2788
€ €

0,32

teff,web =0,32%x2,5=08mm

Ieff,y = 395,93 Cm4

Aeff = 8,66 Cm2

Control of ultimate limit state
Bending per SRPS EN 1999-1-1 sec.
5.6.2.

Mgq = 2,35 kNm < M, pq = Le0ouel _

5 . Ym1
150%103x0,80%X55,25X10™
= 6,03 kNm
11
eff
a;, =——=10,80
3u ’?Vel ’
494,50
W, =—% ==—""-=5525cm3
Zmax 8,95
Ym1 =11

Shear per SRPS EN 1999-1-1 sec.
5.6.4.

Via = 2,85kN < Vg = ’;“f” =

M1

150x103x2,05x10™*
1,1

= 27,95kN

Bros = b _ 50-2x25
noz ¢ 46

1,29 = 14,19

e= 20 20 2 1,29
fo 150

Hoxwuue cy knace 1.

=978<11le =11 X%

b 160-8-4,6
= - = X —
B‘reb n t 0,61 25

22¢ = 22 x 1,29 = 28.38
{0,70 +030y, —1<yp<1
TI =

= 3597 >

0,80 =

Ty’ P <-1
0,70 + 0,30 x (—0.31) = 0,61
oy = _Npg _ Mpa, _ _ 212 _ 2,35%102
A Iy 13,92 494,50
8.95x 101 = —0.59 %
cme
g, = —Ned y Mpa ) _ 214 2,35x102
A Iy 13,92 ' 494,50

7,05 % 1071 = 0,18 -
cme

_ o, _ 018
Y= o, —059 031
Pebpa cy knace 4.

Mpecek je knace 4.

EdektnBHm npecek npema SRPS EN
1999-1-1 Tay. 5.4.5.

Brev _ 3597 _ 77,88
& 1,29

_ 10 24 _ 1o 24
Pereb = Frgp — (@)2 T 2788 27,882
€ &
0,32
teff,reb = 0,32 X 2,5 = 0,8 mm
Ieff,y = 395,93 cm*
Aeff = 8,66 sz

KoHTpona HocuBocTH
CaBujane npema SRPS EN 1999-1-1
Tay. 5.6.2.

Mgq = 2,35 kNm < M, py = Lesulel _

5 o YMm1
150%103x0,80X55,25X10™
= 6,03 KNm
11
eff
a3, =——=10,80
3u I;Vel ’
494,50
W, =% ==—""-=5525cm3
Zimax 8,95
ym1 =11

Cmuuane npema SRPS EN 1999-1-1
Tay. 5.6.4.

Via = 2,85kN < Vg = ‘;”f” =

M1

150x103x2,05x10™%
1,1

= 27,95kN
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A, = X}08D(t,); — (1 -
Phaz)dz(t)) =2 % 0,8 % 16,0 x 0,08 =
2,05 cm?

Phaz = 1 (without welds)

Bending and shear interaction per

SRPS EN 1999-1-1 sec. 5.6.5.

Ve = 285 _ 010 < 0,50 -

Vera 27,95

There is no need to consider it.
Bending with normal force SRPS EN

1999-1-1 sec. 5.9.
( Nga )wc + i(My,Ed>1'02
KyWxNRq wo \My ra
2,14 08 1 /235\L02
(1x1x118,09) + I(s,ﬁ) -
0,43 < 1,00
Ngg = 2,14 kN
My gq = 2,35 kNm
Y. = 0,8 (for RHS)
Wy = wo = 1 (without welds)
ky = 1,0 (buckling is not relevant)
Aerrfo _ 8,66X107*x150x10°
NRd = = 1 =
Ym1 ,

118,09 kN
My pa = 6,03 kKNm

Control od serviceability limit state with
effective cross section
_ 5 ql* _ 5 0,963x3,30* _
f= 384 Ely;; | 384 70X10°x395,93x10°8
L 3300 _

5,37 mm < =—=—=—=
’ fallowed 500 500

6,6 mm

The previous calculation is performed
for the cross section with weaker
characteristics RAYNAERS CW50 h =
146,5mm. It does not satisfy a
serviceability limit state, that is it has too
big deformations, so the assumed cross
section is appropriate.

3.2. Design according to old
standards

Assumed mullions cross section:
RAYNAERS CW50 h = 146,5 mm

Calculation of the equivalent cross
section is presented in Table 13. Figure
5 shows the real and equivalent cross
section. The equivalent cross section is

A, = X7 (0.8D(ty); — (1 -
Phaz)dz(Ew)) = 2 X 0,8 X 16,0 X 0,08 =
2,05 cm?

Praz = 1 (HeMa BapoBa)

MHTepakumja caBujawa 1 cmulama
npema SRPS EN 1999-1-1 ta¢. 5.6.5.
Ve _ 285 _ 0,10 < 0,50 -

Vera 27,95

Huje je noTpe6HO y3uMaTu y 063up.
CaBwjare ca HopMarnHoMm CUioM
npema SRPS EN 1999-1-1 tac. 5.9.

()" 2 e
i on
i , ,35\™
(1><1><118,09) +I(6,§) =
0,43 <1,00
Ngg = 2,14 kN
My gq = 2,35 kNm
Y. = 0,8 (3a cagayvacTe npeceke)
Wy = wy = 1 (HemMa BapoBa)
Ky = 1.0 (Huje Mepo/jaBaH yTHIaj,
M3BHjamba)

_ Aerrfo _ 8,66X107*x150x10°
Npq = = =
YMm1 1,1
118,09 kN

My pq = 6,03 kKNm

KoHTpona gedopmaumija ca
e(EeKTUBHUM NPECEKOM
5 qgl* _ 5 0,963x3,30*
f= 384 El,;; | 384 70X10°x395,93x10°8
L _ 3300

5,37 mm < fdop = 500~ 00 = 6,6 mm

MpeTtxogHn npopayyH je ypaheH u 3a
npocpun  cnabujux  kapakTepucTuka
RAYNAERS CW50 h = 146,5 mm. OH
He 3a4oBOrbaBa [PaHWYHO CTame
ynotpebrenBoct, Tj. uma npesBenuke
nedopmaumje, na je ycsojeHn npodoun
oprosapajyhu.

3.2. AumMeH3MOHUCaHE npema
CTapuM npasBuUsiHULMMA

lMpeTnocTaerba ce npodun:
RAYNAERS CW50 h = 146,5 mm

OppehuBane 3ameryjyher npeceka je
npukasaHo y Tabenu 13. Ha Cnvum 5 cy
npvkasaHu CTapHM W 3amemnyjyhu
nonpeyHun npecekx. Mpecek je
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appropriate because the moments of

inertia are approximate.
I, = 297,52 cm* = I 1oqy = 297,49 cm*

oprosapajyhu jep cy MOMEHTU uHepumje
NpMBNNXHN.
I, = 297,52 cm* = I, &, = 297,49 cm*

Tabena 13 — OgpehuBarbe 3amerbyjyher npeceka
Table 13 — Calculation of equivalent cross section

ly [cm*]

304,14

297,52

t [mm]
10,0
9,5
20
o
=
12 [P
2ol o2 |F

T
Cap
9
13.5

5DA Z

(]
Lt
|
1

89.7

3
140.8

8.5

9.9

Cnuka 5 — CTBapHu 1 3ameryjyhy nonpeyHn npecek
Figure 5 — Real and equivalent cross section

Load analysis

weight of facade................... 0,40 kN/m?
selfweight.........cccovveeiiiiennne. neglected
wind (Pressure)........ccoceeeeen. 0,78 kN/m?

Load combinations
deap = 1,35 % 0,40 = 0,54 kN/m?

qean = 1,5 % 0,78 = 1,17 kN/m?
qrn = 1,0 X 0,78 = 0,78 kN/m?

AHanusa ontepehena

TexuHa dacage.................... 0,40 kN/m?
COMNCTBEHA TEXMHA.......... 3aHemapyje ce

BeTap (MPUTUCAK).................. 0,78 kN/m?

KombuHaLmje ontepehena
deap = 1,35 % 0,40 = 0,54 kN/m?

qgan = 1,5 % 0,78 = 1,17 kN/m?
qrn = 1,0 X 0,78 = 0,78 kN/m?
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Internal forces

Ngg = 1,20 x 3,30 X 0,54 = 2,14 kN

1,20%3,30%1,17
Vgq = 222 = 232 kN
1,20%1,17X3, 302

Mg, =
Ed = 8

=191 kNm

Yield strength
_ Jo _ 15
fd_YM1_10_15 cm?
Control of ultimate limit state
bending with normal force per ECCS-
T2 recommendations

o = Ne My _ 214

17 Amer Wymer 11 53

1,91x102
———— =35, 54- < fa= 15
297,52/8,92

o = —Ne _&_ _a

2 Amer Wymer 11,53

1,91x102
v—— —351 >fd——15—
297,52/5,18

Global buckling is not relevant.

Local buckling control of flange in
compression per ECCS-T2
recommendations

Aeq—m——15

[E f7oooo
Aop =T ™ =T X |7 = 67,83

= ﬁ_ 72
'1_102 P =0,11< 1, =

0,22 (curve "a")

Slenderness is under the limit, so a

detailed analysis is not necessary.

50 2X2, 2

Local buckling control of part of the web

[NpeceyHe cune
Ngg = 1,20 x 3,30 X 0,54 = 2,14 kN
VEd — 120><3230><1 ,17 — 2'32 kN
1,20%1,17X3, 302

Mg, =
Ed = 8

=1,91kNm

[paHuLa pa3snayYyexa

foz 15
fa =m=10_15 cm2
KoHTpona HocnBocTu
MpuTtucak n caeujare npema
npenopykalvla ECCS-T2

go= Ne _ My _ 214
17 Aer Wymer 11 1153
1,91x10?
———— =05, 54- < fa= 15
297,52/8,92 fa=
g, = — e _& —_ 2
2 Amer Wymer 11,53
1,91x102
— = -3, 51 > = —15 —
297,52/5,18 fa=

YTuuaj n3sujamsa ce He aHanM3Mpa Jep
HWje MepoaaBaH.

KoHTpona nsbovyaBara NpUTUCHYTE
HOXWLE npelvla npenopykama ECCS-T2

leq—m——15 50— 2><22_72
70000

AOZ—HJ; ”X’150 = 67,83

T=2a=72 _011<7, =

Ao 67,83
0,22 (kpuBa "a")
ButkocT je ucnopg rpaHudHe, na Huje
noTpebHo pagntu netarbHuju
npopavyH.

KoHTpona usboyaBara NpUTUCHYTOr

in compression according to ECCS-T2
recommendations

b 131,3-2,2
Aeq —m —04—5 T=26,4
Aeq _ 264 264 _
/1_102 a5 = 039> 7 =

0,22 (curve "a")
a = 0,159 (curve "a")
B = 0,083 (curve "a"and 1 < 1.1)

y = 1.1 (curve "a")
v = 0.966 (curve "a")

gena pebpa npema npenopykama
ECCS-T2

b 131,3-2,2
Aeq —m —045 T=26,4
Aeq _ 264 264 _
/1_/102 a5 =039>7 =

n_mw

0,22 (kpuBa "a")

a = 0,159 (kpuBa "a")

£ = 0,083 (kpuBa"a"ul< 1.1)
y = 1,1 (xkpuBa "a")

v = 0,966 (kpuBa "a")
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N== 1+a/12—702+12<1—

(-0 2-%) -

2
J(Ha/z‘z—zzu‘z) —42 | =

0,92
ol¢ = Nfpz =092 15 = 13,8- >
|lo,| = 3,51

cm?

Local buckling will not occur.

Control od serviceability limit state
f= 5 ql* _ 5  081x0,963x3,30*
T 384 EI  38470x10°x297,52x1078
L 3300 _

78 mm < ===
5: 8 fallowed 500 500

6,6 mm

Serviceability limit state utilization is very
high. That says that the assumed cross
section is appropriate because the cross
section with weaker characteristics
would not satisfy that condition.

3.3. Comparison of design results

Serviceability limit state is relevant
according to both standards. The
difference in the standards for aluminum
construction design for the serviceability
condition is present because Eurocode
checks it with the effective cross section
and ECCS-T2 with the real one. The
loads calculated according to the old
standards are 81% of the loads
according to Eurocode. Latter is
manifested in possibility of adopting a
Cross section with weaker
characteristics in design by the old
standard.

An ultimate limit state control is done
with different approaches by the two
standards, but they prescribe the same
checks. Both standards analyze the
possibility of local buckling of slender
cross-sectional elements.

N== 1+a/12—702+12<1—
28y 7" zz_roz)-

2
J<1+a /,TZ—Z2+,TZ> —42 | =

0,92

ol¢ = Nfp, =092 15 = 13,8- >
kN

|0'2| = 3,51@

Hema onacHocTu o nsboyaBamsa.

KoHTpona gedopmaumja
f= 5 ql* _ 5  081x0,963x3,30*
T 384 EI | 38470x10°x297,52X1078
L _ 3300

5,78 mm < fdop = 500 s00 = 6,6 mm

MckopuwheHoCT  rpaHu4HOr  CcTama
ynoTpebrbMBOCTM je focTa Bucoka. To
roBopu Aa je npetnocTtaBrbeHn npodun
ogrosapajyhmn jep npocun cnabujux
KapakTepucTvka He 61 ncnywasao OBaj
KpuUTEpUjyM.

3.3. Nopehemne pesyntaTa
AMMEH3MOoHUCaba

Mpu oba npopavyHa je 6Mo mepopaBaH
KpuTEpUjym rpaHnyHor cTama
ynoTpebrbmBoCTyU. Pasnuka y
CcTaHfapavMa 3a [OUMEH3VOHWCaHe
anyMUHUjyMCKMX KOHCTpyKUMja ce 3a
KpuTepujym ynoTpebromBocTu orneaa y
ToMe WTOo ce npema EBpokogy npoBepa
pagu ca edeKTMBHUM MpecekoMm, a
npema ECCS-T2 ca cTBapHum. YTuuaju
no CTapoOM TMpaBWUITHUKY 3a [JejCcTBO
BETpa M3HOCe y pa3maTtpaHoOM cnyyajy
81% op ymuaja no EBpokoay.
MpeTxogHO ce  MCNorbWNo  Kpos
MoryRHOCT Aa ce 3a yTuuaje no ctapom
NPaBUITHWKY MOXe YCBOjUTM npocpun
cnabujux kapakTepucTuka.

paHN4yHO CTake HOCUBOCTU, HA HELUTO
Apyraumju  HauvH, CcrnpoBOAW  WUCTe
nposepe. O6a craHgapga pasmaTpajy
MoryhHOCT nojaBe M3boyaBama BUTKUX
enemeHara npeceka.
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4. CONCLUSION

The comparative analysis showed that
the loads on most surfaces is similar.
The difference exists in the local effects
around the buildings edges. Eurocode
prescribes their more comprehensive
analysis and gives the greater loads for
those surfaces.

ECCS-T2 standard prescribes
deformation control with the real cross-
sectional characteristics, while

Eurocode 9 with effective ones. This
difference is present in analysis of the
cross sections with the slender
elements. Latter makes Eurocode the
standard which, besides greater wind
loads, additionally requires mullions with
greater bearing capacity.
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