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1 Premessa

Il presente progetto definitivo si riferisce alla realizzazione di un impianto di energia rinnovabile da
fonte solare, a carattere agrivoltaico, nel comune di Bernalda (MT). La Soluzione Minima Tecnica Generale
(STMG) prevede il collegamento in antennaa 36 kV su una futura Stazione Elettrica (SE) dellaRTN a 150/36
kV nel comune di Montescaglioso (MT), come definito nel preventivo di connessione con codice pratica
202202508.

Le opere in progetto sono proposte dalla societa ApolloSolarS.r.l. con sede in Via della Stazione 7,
39100 Bolzano (BZ).

Nello specifico, I'impianto sara costituito da 21450 moduli fotovoltaici suddivisi in 4 sottocampi, in
cui i moduli sono organizzati in stringhe ciascuna da 30 moduli o coppie di stringhe da 15 moduli. La
potenza nominale dell’'impianto & pari a 14.1 MW (lato AC).

Si precisa, inoltre, che I'impiantoin oggetto si caratterizza come un impianto “agrivoltaico”, ovvero
un impianto che permette di preservare |'attivita di coltivazione agricola o pastorale, garantendo una
buona produzione energetica. La progettazione & stata perseguita tenendo conto delle recenti Linee
Guidain materia diimpianti agrivoltaici del Ministero della Transizione Ecologica (Mite) del giugno 2022.

Pertanto, il progetto e perseguito in coerenza con le indicazioni del Piano Nazionale Integrato per
I’Energia e il Clima (PNIEC) e tenendo conto del Piano Nazionale di Ripresa e Resilienza (PNRR, legge 29
luglio 2021, n.108).

v . .
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2 Lista anagrafica dei componenti dell’impianto

| principali componenti dell'impianto fotovoltaico di progetto sono:
= | pannelli fotovoltaici (vedi allegato 4);
= Le strutture metalliche di supporto ed orientazione dei pannelli (vedi allegato 3);
= Le fondazioni delle strutture;
= L’inverter delle caratteristiche tecniche riportate nella scheda tecnica di questo
componente (vedi allegato 2);
= Le cabine elettriche di campo e di interconnessione (vedi allegato 1);
= | cavidotti ed i conduttori elettrici;
= || sistema di monitoraggio e controllo SCADA.
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3 Schede tecniche dei componenti dell’impianto

In dettaglio, I'impianto fotovoltaico € dotato di:
= Numero di strutture: 766 stringhe;
= Numero di cabine di campo: 4;
= Numero di inverter: 49;
= Potenza di picco complessiva: 14.4 MW;
=  Potenza totale immessa in rete: 14.1 MW;
= Numero di pannelli fotovoltaici: 21420.
L'impianto, inoltre, & suddiviso in 4 sottocampi gestiti da inverter di stringa dalla potenza unitaria
pari a 300 kW.
Si allegano, ad integrazione del presente documento, le schede tecniche dei componenti
dell’impianto relative a:
= Cabine di campo;
= |nverter;
= Strutture di supporto;
= Pannelli fotovoltaici.
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Allegato 1: Cabine di campo
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Allegato 2: Inverter
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Max. Efficiency

European Efficiency

Max. Input Voltage

Number of MPP Trackers

Max. Current per MPPT

Max. Short Circuit Current per MPPT
Max. PV Inputs per MPPT

Start Voltage

MPPT Operating Voltage Range

Nominal Input Voltage

Nominal AC Active Power

Max. AC Apparent Power

Max. AC Active Power (cosp=1)
Nominal Output Voltage

Rated AC Grid Frequency
Nominal Output Current

Max. Output Current
Adjustable Power Factor Range

Total Harmonic Distortion

Smart String-Level Disconnector(SSLD)
Anti-islanding Protection

AC Overcurrent Protection

DC Reverse-polarity Protection
PV-array String Fault Monitoring

DC Surge Arrester

AC Surge Arrester

DC Insulation Resistance Detection

AC Grounding Fault Protection
Residual Current Monitoring Unit

Display
USB
MBUS
RS485

Dimensions (W x H x D)
Weight (with mounting plate)
Operating Temperature Range
Cooling Method

Max. Operating Altitude without Derating

Relative Humidity
AC Connector
Protection Degree

Topology

SUN2000-330KTL-H1
Technical Specifications

(Preliminary)
Efficiency
299.0%
>98.8%
Input
1,500 V
6
65 A
115 A
4/5/5/4/5/5
550 V
500 V ~ 1,500 V
1,080 V
Output
300,000 W
330,000 VA
330,000 W
800V, 3W + PE
50 Hz / 60 Hz
216.6 A
2382 A
0.8 LG ..0.8LD
<1%
Protection
Yes
Yes
Yes
Yes
Yes
Type Il
Type Il
Yes
Yes
Yes
Communication
LED Indicators, WLAN + APP
Yes
Yes
Yes
General
1,048 x 732 x 395 mm
<108 kg
-25°C ~ 60 °C
Smart Air Cooling
4,000 m (13,123 ft.)
0 ~ 100%
Waterproof Connector + OT/DT Terminal
P66

Transformerless

SOLAR.HUAWEI.COM
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Allegato 3: Strutture di supporto
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GENERAL DESCRIPTION

BASIC INFORMATION

Project name XXX
Country Italy
Power (MWp) X
GPS Coordinates XXX
Altitude XXX
Type of tracking system Horizontal single axis tracking system with backtracking
Tracking angle #55°
Tracker type 1x30 pv-modules in portrait configuration
Height over ground at maximum tilt angle 300 mm
Photovoltaic panel XXX —dim: 1994mmx1000mm
Module mounting slots interaxis 400 mm
INTRODUCTION

The mechanical structure is composed of a large frame supported by omega piles fixed on the ground by
driving and made of cold formed Q section steel. At the top of the latest some saddles are fixed and hold up
the main beams, horizontal elements with a square tubular section which are the central axis of the
structure.

On the main beams photovoltaic panels are fixed through different kind of module support. These are

secondary cross beams with Q section steel profiles.

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 4 Of 42
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GEOMETRIC SCHEME

For the structural calculation report we have been only considered three main configurations:

e MODELA-> a=0°
e MODELB = a=30°
¢ MODELC - a=55°

These configurations are those that generate the maximum stress in the structure. Below it is shown a
diagram of the geometric dimensions for these configurations

30614
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MODEL A

at max tilt «=0°

‘ 1994 ‘

T F

MODEL B

at max tilt «=30°

MODEL C

at max tilt «=55°

e

1209

\

400
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STANDARD RULES

EUROPEAN CODES

- EUROCODICE 1 — Azioni sulle strutture — Parte 1-4: Azioni in generale — azioni del vento (UNI EN 1991-1-4:2005);

- EUROCODICE 3 —Progettazione delle Strutture in acciaio — Parte 1-1: Regole generali e regole per gli edifici (UNI
EN 1993-1-1:2005);

- EUROCODICE 3 — Progettazione delle Strutture in acciaio — Parte 1-8: Progettazione dei collegamenti (UNI EN
1993-1-8:2005);

ITALIAN CODES

- D.M. 17 gennaio 2018 — Norme Tecniche per le Costruzioni;
- Legge 2/2/74 n. 64 e DDMM 3/3/1975 — Norme tecniche per la costruzione in zone sismiche.
- Costruzioni in acciaio: Istruzioni per il calcolo, I'esecuzione, il collaudo e la manutenzione. (C.N.R. 10011/85);

- Istruzioni per la valutazione delle Azioni sulle Costruzioni. (C.N.R. 10012/85);

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 7 Of 42
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LOAD ANALYSIS

PERMANENT LOAD

Structural permanent loads

Tubolar beam - 120x120

L1=| 7.226
pp1= 81.1
n°= 1
pl.1=| 585.8
Pannel support stand - type Q
L2=| 0.700
pp2= 20.0
n°= 8
p2=| 112.1
KIT's elements for fixing the beam to the pole
pp3= 143
n°= 1
p3=| 143.0
Foundation pile - type Q
L4.1=| 1.500
L4.2= 1.0
pp4= 96
n°= 1
pd=| 95.9
Ptot.=| 351
Photovoltaic Modules
A= 1000
B= 1994
p5=| 226

m - length beaam
N/m - load cross section

(N)

m - length beaam
N/m - load cross section

(N)

N/m - load cross section

(N)

m - preliminary embedment length in to the ground

m - length above the ground
N/m - load cross section

(N)

N

(mm)
(mm)

(N)

Tracker - Preliminary Calculation Report
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WIND LOAD

INTRODUCTION

The wind load calculation is determined in according to D.M. 17 gennaio 2018 — Norme Tecniche per le

Costruzioni.

e Instow position (a = 0°) the main speed wind is v, o = 28 m/s according to NTC2018;

e In working position (a # 0°) the wind speed is v, 9 = 15 m/s. It is calculated as 10 minutes average
wind speed value at tracker height.
Only for the configurations of non-standard angles the pressure coefficents ¢, of the named fluido-dynamic

study — “Aerodynamic performance of a solar tracker panel” by A. Corsini and G. Delibra was used.

BASIC WIND VELOCITY

The basic wind velocity is determined according to the Table 3.3.1 of the D.M. 17 gennaio 2018 — Norme Tecniche
per le Costruzioni.

The value is the characteristic 10 minutes mean wind velocity, irrespective of the wind direction and time of
year, at 10m above ground level in open country terrain with low vegetation such as grass and isolated obstacles
with separations of at least 20 obstacles heights, with a probability of exceeding the designed force not more than
2% in 50 years.

The photovoltaic site is in xxx, in the xxx Department, region 4. It is underline in following figure.

Tab. 3.3.1 -Valori dei parametri vy, ag, K,

Zona Descrizione Vo [m/s] | a [m] k,

Valle d’Aosta, Piemonte, Lombardia, Trentino Alto Adige,

1 Veneto, Friuli Venezia Giulia (con l'eccezione della pro- 25 1000 0,40
vincia di Trieste)

2 Emilia Romagnﬁ 25 750 0,45
Toscana, Marche, Umbria, Lazio, Abruzzo, Molise, Puglia,

3 Campam’a, Basilicata, Calabria (esclusa la provincia di 27 500 0,37
Bacnin oty

4 | Sidlia e provincia di Reggio Calabria 28 500 0,36

. Sardegna (zor}a a 0r1&.*-11te della reffa congiungente Capo o8 — 0.40
Teulada con 1'lsola di Maddalena)

6 Sardegna (zor}a a occ.idente della retta congiungente Capo a8 500 0.36
Teulada con 1'lsola di Maddalena)

7 | Liguria 28 1000 0,54

8 Provinda di Trieste 30 1500 0,50

9 |Isole (con l'eccezione di Sicilia e Sardegna) e mare aperto 31 500 0,32

Therefore the basic wind velocity is v, g = 28 m/s.
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MEAN WIND

The main wind velocity is determined according to the Section 3.3.1 of the D.M. 17 gennaio 2018 — Norme

Tecniche per le Costruzioni, with the following equation:
Vp = Cqa " Vpo
Where:

- Dy is the basic wind speed. The values are the following:
Vpo = 28m/s forthe tracker inclination angle a=+0°;

vpo = 15m/s  forthe tracker inclination angle a#0°;

- g is the altitude coefficientc, = 1

Therefore, the values of main wind velocity based on tracker inclination angle are:

- Uy =CqVpo=1-28=28m/s (a=0°)

- Vp=Cq Vpoo=1-15=15m/s (az0°)

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 10 Of 42
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REFERENCE WIND SPEED

The reference wind speed is determined according to the Section 3.3.2 of the D.M. 17 gennaio 2018 — Norme

Tecniche per le Costruzioni, with the following equation:
Vpr = Cr " Vp
Where:

- vy is the main wind speed. The values are the following:
v, = 28m/s for the tracker inclination angle a=+0°;

v, =15m/s for the tracker inclination angle a#0°;

- ¢, is the return coefficient. It depends on the return period T equals to 25 years, with the following equation:

1 1
¢, =0,75 [1—0,20-In [— In (1 - —)] =0,75 [1—0,20-In [— In (1 - —)] = 0,960
T 25

Therefore, the values of main wind velocity based on tracker inclination angle are:

- Vpr=0Crvp =0,960-28 =269m/s (a=0°)
- Upr=0Cvp, =0960-15=14,4m/s (az0°)

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 11 Of 42
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PEAK VELOCITY PRESSURE

The peak velocity pressure is determined by the following expression according to Section 3.3.6 of the D.M. 17

gennaio 2018 — Norme Tecniche per le Costruzioni:

1 2
qr = E P VUpy
Where:
-p the density air is determinate according to the International Standard 1SO 2533-1975 - "Standard

atmosphere”. It is an atmospheric model of how the pressure, temperature, density, and viscosity

of the Earth's atmosphere changes with altitude. Following the table of the density air values:

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 1 2 Of 42
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ISO 2533:1975/Add.2:1997(E/F/R) ©1S0

Table 1 (continued)
Tableau 1 (suite)
Tabnuua 1 (npogonxere)
Tabla 1 (continuacién)

Values in terms of geometnical altitude. Valeurs en fonction de Valtitude géométrque
JHAVEHMA BEAVYIM B DyHLA FOOMETRIOCKON BuicoTi. Valores en funcidn de la altitud geométrica

h H T ! r p g
m m K c hPa kgm-3 ms-2
M M rfa xrom3 M2
-2 000 -2 001 301.154 28.004 127783 +3 1.47816 +0 98128
-1950 -19%1 300820 2267 127050 14138 0827
~1900 ~1%01 300.504 27.354 1.26339 1.46462 98125
-185% -1 851 300179 2709 1.25622 145789 98124
-1 800 -1 801 299.853 26.703 1.24909 145118 08122
-1 7% -1 7% 299.528 26.378 1.24198 144409 98121
-1 700 -1 700 299208 26063 1239) 1.43783 o819
-14650 -1 680 298878 25728 122787 143019 8117
-1 600 -1 600 208.583 25400 122087 1.42458 98116
-1 550 -1 S50 298.227 »x0Mm 120 14179 9814
-1 500 -1 500 29792 24752 1.20¢696 +3 1.41142 +0 28113
-1450 -1 450 297.577 24427 1200056 1.40487 e81M
-1 400 -1 400 2971.2482 4.2 119317 1.39635 98110
-13%0 -1 350 296.927 2N 1.18633 1.39186 98108
«1300 ~1 300 296.602 23452 117952 1.38538 9.8107
-12%0 -1 2% 26217 2.2 117274 1.37893 08106
-1200 -1200 295951 280 116599 1.3725%0 Q8104
-1150 -1150 295.626 2476 1.15927 1.34610 o8
-1100 -1 100 205.200 2215 115259 1,350 <8100
-1050 -1080 294976 21.826 1.14593 1.35335 9.8099
-1000 -1 000 294465 21.50 113931 «3 1,24702 «0 9.8097
~950 -950 294326 21.176 1.13272 1.32070 9.809¢
~900 ~900 204001 20.851 112616 1331 9.8004
-850 -850 2934676 20526 111963 132814 9.8093
-800 -800 293.351 20200 111313 132190 9809
750 ~750 203,026 19.876 110686 1.31567 9.809%0
-700 ~700 292701 19.551 110023 1.30047 0.8088
650 ~650 22375 19.225 1.09382 1.30330 98087
400 ~&600 292050 18.900 1.08744 12074 0.8085
-850 550 21725 18.575 108110 129101 98083
-500 «500 291.400 18,250 107478 +3 1.28490 +0 9.8062
~450 -450 21075 17.926 1.06849 127881 8080
-400 -200 20750 17.600 1.06224 127274 9.8079
-350 -350 290425 17.276 1.05401 1.26670 9.8077
-300 =300 290100 16.950 1.04981 1.26067 9.8076
-250 -250 209.775 16625 1.04365 1.25467 9.8074
200 ~200 269.450 16.300 1.03751 1.24870 98073
-150 -15 28925 1597% 103120 124274 9507
-100 -100 268,800 15680 1.025%2 1.23680 9.8070
-850 -50 268.475 15326 101927 1.22089 9.8068
0 0 288.150 15.000 1.01325 «3 122800 +0 9.8067
S0 S0 287825 14675 1.00726 121913 9.8065
100 100 287.500 14350 1.00129 1.21328 9.8063
150 150 287.175 14.025 9.95359 +2 1.20746 9.8062
200 200 286850 13.700 9.89453 120165 9.8050
c: 250 280,525, K VLY QL1004 L0580 ﬂﬁ
300 300 286200 13.050 .77727 11901 9.8057
0 285875 T2.725 T TR0 T. 18437 v
400 400 285.550 12.400 246113 117868 9.8054
450 450 285225 12075 9.60349 117295 9.8053
500 500 284.900 11.7%0 954612 42 116727 +0 98051
5850 550 284575 11.425 9.489%04 116162 9.8050
600 &0 284.250 1,100 043223 1.15508 9.8048
650 650 283,925 10.77% Q3750 1.15087 9.8045
700 700 283.600 10451 931944 1.14478 9.8045
750 750 283.276 10126 90.26345 113921 9.8043
800 00 282.95 Q.01 9.20775 101338 90042
850 850 282626 0476 1523 1.12812 9.8040
900 900 282.301 9.151 .09714 112262 9.8009
950 °%0 281976 8.826 9.0422% LIN3 0.8007
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For the altitude above the sea level h=300m result

p=1,190 "‘9/m3
- Vp, isthe reference wind speed. The values are the following:

Vpyr = 269mM/s (a=0°)
Vpyr =144 m/s (az0°)

Therefore, the values of the peak velocity pressure based on tracker inclination angle a are:

-q, = (% p- vglr) = (1- 1,19 - 26,92) =430 N/m? for the tracker inclination angle a:=0°

-q, = G p- vglr) = (l- 1,19 - 14,42) =123 N/m? for the tracker inclination angle a0°
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EXPOSURE FACTOR

The exposure coefficient depends on the structure height z above the terrain and on the exposure category of the

site where the structure is located.

c.(z)=k;e, In(z/z, }[?‘ +¢,In(z/z, }I] perzzz,.

e (z)=el) perz<z__

The site is 17 km far from the coast, the overall roughness class of the intervention can be considered the D, an

area free of obstacles.

Tab. 3.3.111 - Classi di rugositi del terreno

Classe di rugosita del terreno Descrizione

A Aree urbane in cut almeno il 15% della superficie sia coperto da
edifid la cui altezza media superii15m

B AL

c Aree con ostacoli diffusi (alberi, case, muri, recnzioni,....); atee
con rugosita non riconducibile alle classi A, B, D

a) Mare e relativa fascia costiera (entro 2 km dalla costa);

b) Lago (con larghezza massima pari ad almeno 1 km) e relativa
fascia costiera (entro 1 km dalla costa)

¢} Aree prive di ostacoli o con al piti rari ostacoli isolati (aperta
campagna, aeroporti, aree agricole, pascoli, zone paludose o
sabbiose, superfid mnevate o ghiacaate, ....)

L'assegnazione della classe di mugosita non dipende dalla conformazione orografica e topografica del ter-
reno. 51 pud assumere che il sito appartenga alla Classe A o B, purché la costruzione si trovi nell’area rela-
tiva per non meno di 1 km e comunque per non meno di 20 volte l'altezza della costruzione, per tutti i
settori di provenienza del vento ampi almeno 30°. 5i deve assumere che il sito appartenga alla Classe D,
qualora la costruzione sorga nelle ares indicate con le lettere a) o b), oppure entro un raggio di 1 km da
essa vi sia un settore ampio 30°, dove il 90% del terrenc sia del tipe mdicato con la lettera ¢). Laddove
sussistano dubbi sulla scelta della classe di rugosita, si deve assegnare la classe piu sfavorevole (I'azione
del vento & in genere minima in Classe A e massima in Classe D).

ZONE 1,234,5

750m
costa 500m = /
mare N’—B
2 Km 10 Km |30 Km

A | -- v v Y Y Y
B | -- T v v v
i ~ [Cw )] m v v
D ] no | I 1 *x

Categoria Il in zona 1,234
Categoria lll in zona 5

** Categoria lll in zona 2,3,4,5
Categoria IV in zona 1

The parameters for calculating c,, for site with exposure category Ill and having a topographic factor equals to

¢, = 1, are given in the following table:

Tab. 3.3.11 - Parametri per la defimizione del coefficiente di esposizione

Categoria di esposizione del sito K, =g [m] 2w [mi
I 017 0,01 2
il 0ig 0ns A
I 0,20 0,10 5
IV a2z 0,30 8
W 023 0,70 1z
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Therefore the value of the exposure coefficient is:
) z z ) 5 5
ce =kic;In (%) [7 + ¢ In (%)] = 0,201In (ﬁ) [7 +In (ﬁ)] =1,708

In py, o We will use c,(z) = 1 because vj, , = 15m/s is a misured basic wind speed, and so it considers the different

factors related to the terrain.
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DYNAMIC FACTOR
The dynamic factor ¢; was determined by referring to the Eurocode factor c4cg.

The structural factor cscy should take into account the effect on wind actions from the non-simultaneous
occurrence of peak wind pressures on the surface (cg) together with the effect of the vibrations of the structure

due to turbulence (cg4). The structural factor cg,cy may be separated into a size factor (¢g) and a dynamic factor

(cq), based on chapter 6.3.1.

The calculation of the structural factor c4c; was performed through the use of a sheet excels follows below.
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BS EN 1991-1-4:2005+A1:2010
. * . —n° EN 1991-1-4:2005+A1:2010 (E)
Calculation of the structural factor c.*c, - for upwind (a=0
Geometrical and mechanical characteri: a) verlical siruclures such as b parallel oscillator, i.. horizontal ©) pointlike structures
I} = Terrain category buildings etc. siructures such as beams etc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
26.9 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
0.20 force coefficient for the structure (Section 7) }r %
h,
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
. x = mirei - e turbulence intensity
) Oa el i) e “r NOTE Limitations are also given in 1.1 (2)
Lig) =L for ez
where L=06h>z, 2=h fg 27, z=h, fg .
A th bbudonca ackr iy sy b v b e Makomal Aot Th recormmendad valos
fork 18 10
G e crogiachy Sackcr 86 BRMGREG A A3 Figure 6.1 — General shapes of structures covered by the design procedure. The structural
dimensions and the reference height used are also shown.
& 5 tha roughnass length given in Tabie 4.1
6.3.1  Structural factor c,cq
Wind turbolence (1) The detailed procedure for calculating the structural factor ¢,y is given in Expression (6.1). This
procedure can only be used if the conditions given in 6.3.1 (2) apaly.
z|" for 12k z) VB
e s 39.201 Turblent length scale L M AN 61
Uz)=Liz..) for z<z, «
Lt= 300 m where
zt= 200 m z is the reference height for determining the structural factor, see Figure 6.1. For structures.
where Figure 6.1 does not apply z, may be set equal to b, the height of the strueture.
K is the peak factor defined as the ratio of the maximum value of the fluctuating part of the
n-S,zn 68/ (zn) response lo ils standard deviation
S(an)=—: TR 0.0633 non dimensional power spectral density " s th turbulence intenaity definad in 4 4
o, (1+102:f (zn) £ is the backoround factor. allowing for the lack of fUll correlation of (he PrassUra on the siructure
suriace
A i the resonance response factor, atlowing for turbulence in rasonance with the vibration made
T= 0.47 Fundamental period of the structure T B S T SR A IR
n= 2.13 natural frequency of the structure in Hz
wn
n-L(z
[ (zm- P2 s101 T EE ey S et poion By oot
= v (z
(Z) A2k () SRS
= 107 1 g2y B ©m
Calculation of the backaround factor B - procedure 1 - Annex B NOTE S The procedure 1o ba used 1o detorming ko 0 and 12 may be aven it the National Annsx. A
e T Pl o s S
R 1 (2)P Exprossion (6.1) shall oniy bs used If all of the following requirements ara met
B the siruciure corresponds 1o ane of the genaral shapes shown i Fiaure 6.1.
1+09.[2th 0560 background factor oty e mlon-wing vexaton in e fundamental mode i SKRcant and s mods shape hat &
. o D
L(I’) E The contribution to the response from the second of higher alongwind vibration modes is
iy

_ ” "
b= 29.588 (m) length tracker - see fig.6.1 A
h= 1.994 (m) width tracker - see fig.6.1 T
35 T
Calculation of the peak factor Kp 1 -
3| -~
k, 3.433
25
T 600 (sec) is the averaging time for the mean wind velocity
R 0326 is the up-crossing frequent 2 7
T VB2 +R? B ¥ GIFRRERDY 10 100 1000
"Z Fiy B.2 —Peak f:
Rf==—.8(z My )Ry )Ry () 0.013 Resonance response factor gune B2 =Pesk factor
" X n b\l —
2 K, =y 11 e =28 k=3 whichever is larger
JZ2n(-T)
4,6-h where
n f(z,.n,,) 0.725
L(z,) Table F-2 values of of structural damping in the
Tnasmontal mode. 5.
n=8 0 1076 e e el damping.
L(z,) reinforced cancreis buildings .10
Sioot butdings 005
P 1 gony o651 Toined Sirochures GonoTma % siow! 008
™ 2 e Sowecs el T o .
lived vakded ool Shschi whioit eotasnal Viswdl maGton eh
O e -
2.7 0.089 [mo-18 | 00z
b T i:::L“ﬂ:;n with one liner with extemal thermal | Zosnb2d | 0030
[r-2s oo
. P wo18__ | 0020
Calculation |°gan~thm|c decrement of damn q s.:cel S‘chl\ ‘w-m wo or more liners with external [l 0.040
= — herrmal insulation®
0.05 logarithmic decrement of structural damping - Table F.2 woz2s | o028
o phnE) Siee stach s aaal bk e 5070
6, =L m=es 129 logarithmic decrement of of aerodynamic damping Sioel stack wilh internal gunite 0,030
2-n-m, coupled stacks without liner 0015
0 when no special device is used. Soyed sioel shock witrout Sner 04
T woisod 00z
O ot 09 ]‘ Togh rosisiance boS o0
5 S . . . ordinary bolis 0,05
=38, +0, +04 1.338 logaritmic decrement of damping e = =
orers e | Seoaaeses wron creks 008
= . [Finorace 0,10
Structural factor cd*cs Timber brigges 006 012
Brcges: alumicium atoys o0
o M2k L) N 0.842 e e o
T ) (Z—) o - [ porae comes 0.006
[“epil cabies 0020
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Calculation of the structural factor c_*c, - for downwind (a=0°)

Geometrical and mechanical characteri:

BS EN 1991-1-4:2005+A1:2010
EN 1991-1-4:2005+A1:2010 (E)

b) parallel oscillator, i.e. horizontal

a) vertical siruclures such as

©) pointlike structures

I = Terrain category buiidings etc. structures such as beams efc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
26.9 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
0.50 force coefficient for the structure (Section 7) }r %
h.
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
Iv= 0.228 turbulence intensity
e & P NOTE Limitations are also given in 1.1 (2)
ol e T @
Lo, L .
i ’ o 2 =06:h>z, I‘Th‘rg"z__‘ z_:n,fg e
A 15 the wrtuence tactor, The value of & may be givon i the Natonal Annes. Th recammended value

G i e crography facto: as described in 433

' 1ha roughnass lengih, given in Tabie 4.1

Wind turbolence

Figure 6.1 — General shapes of structures covered by the design procedure. The structural
dimensions and the reference height used are also shown.

6.3.4  Structural factor c,cq

(1) The datailed procedure for caleulating the structural factor c,c, is given in Expression (6.1). This
procedure can only be used if the conditions given in 6.3.1 (2} apply.

U=t - £ for  z2z, _1i2kola) J&
7 39.201 Turblent length scale g Tz
Uz)=Liz..) for z<z, o ®1
L= 300 m where
zt= 200 m z is the reference height for determining the structural factor, see Figure 6.1. For structures.
where Figure 6.1 does not apply 2, may be set equal to h, the height of the structure
S.21) 681121 K is the peak factor defined as the ratio of the maximum value of the fluctuating part of the
n-S(an, 81 (2n) response lo its slandard devialion
S(an)=—: - P 0.0633 non dimensional power spectral density & intha tubulance intenaity definad in 4.4
o, (1+102:f (zn) B s the backoround factor, allowira foF the I8ck of full corretalion of the Pressure on the strusture
suriace
A is tha rasonance response facior, allowing far turbulence in resonance with the vibration made
T= 0.47 Fundamental period of the structure T B S T SR A IR
n= 2.13 natural frequency of the structure in Hz
©n
n-L(z
[ (zm- P2 s101 T EE ey S et poion By oot
v, ,(Z
(Z) ez ) TR
= 17t g2 JB7 &
Calculation of the backaround factor B - procedure 1 - Annex B NOTE S The procedure 1o ba used 1o detorming ko 0 and 12 may be aven it the National Annsx. A
O e Pl o s S
) 1 (@)F Exprossion (6.7 shall oniy be used i all of the following requirements are met
B’ = the structure cormesponds 15 one of the genoral shapes shown n Figure 6.1,
1+09.[2th 0560 background factor oty e mlon-wing vexaton in e fundamental mode i SKRcant and s mods shape hat &
. o D
L(I’) E The contribution to the response from the second of higher alongwind vibration modes is
e
_ o %,
b= 29.588 (m) length tracker - see fig.6.1
h= 1.994 (m) width tracker - see fig.6.1 =
s —L e
Calculation of the peak factor Kp 1 -
3| -~
k, 3.303
25
T 600 (sec) is the averaging time for the mean wind velocity
i 3 o
v=n. 0.210 is the up-crossing frequent
V8’ +R? e . freyensy 10 100 1000
"Z Fiy B.2 —Peak f:
Rl=2_.8 (z n, )'Rh(’} ).RI () 0.006 Resonance response factor gune B2 =Pesk factor
s CL\E iy ] b\l
2.0 K, =y 11 e =28 k=3 whichever is larger
v2:In(v-T)
4.6-h where
n f(z,.n,,) 0.725
L(z,) Table F-2 values of of structural damping in the
fundamental mode. &
- 46-b ) 10765 e strustural damping.
b (2,0, .
L(z,) reinforced concrete buidings .10
Steel buidings 505
5 1 _1-e%) 0651 mixed structures concreta + sisel 008
M 2-n, 2 : concrete towers and chimneys 003 .
L uniined welded steel stacks without external thermal insulation 0,012
T4 et ke
M 2.p° WAL [nw<1e | ooz0
b b siest stack wih one lner with exierel thewmal [ oo o500
[Fo-26 oo
. S wo-1s | 0020
Calculation |°gan~thm|c decrement of damn q s.:cel S‘chk ‘w-m wo or more liners with external [l 0.040
T e thermal insulalin *
0.05 logarithmic decrement of structural damping - Table F.2 no-20__| 0025
C pbvi(z) Sieoel stack wilh intermal beick liner 5070
S =t —me 3.22 logarithmic decrement of of aerodynamic damping stoe! stack with internal gunite 0.030
2-n-m, coupled stacks without liner 0015
0 when no special device is used. Soyed sioel shock witrout Sner 04
woided 002
e e stoet torn 9% | hion resistance bonts .03
5 S . . . ordinary bolis 0,05
=3, + 5, + 0, 3.270 logaritmic decrement of damping o o0
[ rostresses without cracks 0.0s
concrete bridges [ 2
*cs eh cracks
Structural factor cd*cs Timber brigges 006012
Briages, aluminium aloys 0.0z
o M2k L) N 0.821 e e o
=T 40T (z—) . s [[poretier cavies 0.008
[“soiral cavies 6020
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BS EN 1991-1-4:2005+A1:2010
EN 1991-1-4:2005+A1:2010 (E)

Calculation of the structural factor c_*c, - for upwind (a=30°)

Geometrical and mechanical characteri: a) verlical siruclures such as b parallel oscillator, i.. horizontal ©) pointlike structures
I = Terrain category buiidings etc. structures such as beams efc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
14.4 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
1.200 force coefficient for the structure (Section 7) }r %
h.
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
Iv= 0.228 turbulence intensity
e & P NOTE Limitations are also given in 1.1 (2)
ol e T r
L)1z for zex
- 2 =06hzz., L=h fg - Z=h fg e
K 1 the nrtulenoe tactor, The value of A may be grven i the Nasonal Amex. The recommended value
fork 810 Figure 6.1 — General shapes of structures covered by the design procedure. The structural
G s e crography factor as doscribed in 433 dimensions and the reference height used are also shown,
 tha roughnass lengih, given n Tabie 4.1 631 Structural factor c,cq
Wind turbolence (1) The detailed procedure for calculating the structural factor ¢,y is given in Expression (6.1). This

procedure can only be used ifthe conditions given in 6.3.1 (2) aply.

. g
Un -ty | £ for  z2z, ch’z’“,’v“’JE
3 39.201 Turblent length scale s ) ©1)
Uer=Liz) for  zez
L= 300 m where
zt= 200 m z is the reference height for determining the structural factor, see Figure 6.1. For structures.

where Figure 6.1 does not apply 2. may be set equal to h, the height of the structure

is the peak factor defined as the ratio of the maximum value of the fluctuating part of the

n-S,zn 68/ (zn) " response to its standard deviation
S(an)=—: TR 0.0427 non dimensional power spectral density " s th turbulence intenaity definad in 4 4
o, (1+102:f (zn) B s tho backaround factor. allowing for he lack of full cormutalion of the prassura on he siructure
R s the resanance reapons fasior, tiowing for tulerncs i FesonanGe with the vibiation mads
T= 0.47 Fundamental period of the structure T B S T SR A IR
n= 2.13 natural frequency of the structure in Hz
©n
n-L(z
r (zny - "-L2) 5790 — B i S i i Bowoioiocn i i
i v,.(z) i
ez G E TR
.- 1 7o d ey JB [
Calculation of the backaround factor B - procedure 1 - Annex B NOTE S The procedure 1o ba used 1o detorming ko 0 and 12 may be aven it the National Annsx. A
O it e et el e
) 1 (@)F Exprossion (6.7 shall oniy be used i all of the following requirements are met
B the Struciure cormesponds o one of the general shapes shown in Figurs 6.1.
1+09.[2th 0560 background factor oty e mlon-wing vexaton in e fundamental mode i SKRcant and s mods shape hat &
. it
L(I’) E The contribution to the response from the second of higher alongwind vibration modes is
s
_ 2 .
b= 29.588 (m) length tracker - see fig.6.1 A
h= 1.994 (m) width tracker - see fig.6.1 T
35 —
Calculation of the peak factor Kp 1 -
3| -~
k, 3.063
25
= 600 (sec) is the averaging time for the mean wind velocity
R 0.098 is the up-crossing frequent 2 7
T VB2 +R? : ¥ GIFRRERDY 10 100 1000
2
Rl=2_.8 (.0, )-R(n,)-Ry(m,) 0.001 Resonance response factor Flaure B2 =Pesk factor
2‘ Sl o Tl F} AR v\
K, =y 11 e =28 k=3 whichever is larger
v2:In(v-T)
h where
n f(z,.n,,) 1.355
L(z,) Table F-2 values of of structural damping in the
funasmental mode. &
- 46-b Hzn.) 20110 e strustural damping.
b (2,0, .
L(z,) reinforced concrete buidings .10
Steel buidings 505
Ro=t 1 1_em) 0480 iead oot G S
T 2-m, concrete towers end chmneys 003
n “niined wekled steol stocks wihout extemel thermal insvieton ooz T
) 2.p,° WA [nw<1e | ooz0
b b sicet stack win one fner with extemal themal [Zoo o 5o
[Fo-26 oo
= — wo-1s | 0020
Calculation |°gan~thm|c decrement of damn q s.:cel S‘chl\ ‘w-m wo or more liners with external [l 0.040
T e thermal insulalin *
0.05 logarithmic decrement of structural damping - Table F.2 mo-z0 | 0025
¢ pbv.(z) Siost stack wih internal brick limar 5070
S =t —me 414 logarithmic decrement of of aerodynamic damping steel stack with interal gunit 0030
2-n-m, coupled stacks without liner 0015
0 when no special device is used. Soyed sioel shock witrout Sner 04
woided o0z
SO0l ctoot ton 2199 [ high resisiance bots 003
5 S . . . ordinary bolis 0,05
=3, + 5, + 0, 4187 logaritmic decrement of damping o o0
— [ rostresses without cracks .04
= . [ oracka 0,10
Structural factor cd*cs Timber brigges 006012
Bridges, aluminium allays 002
o 2k L) VB 0.788 B
5Ca A 5 paratiel cabies 0.008
T T@) =
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BS EN 1991-1-4:2005+A1:2010
EN 1991-1-4:2005+A1:2010 (E)

Calculation of the structural factor c_*c, - for downwind (a=30°)

Geometrical and mechanical characteri: a) verlical siruclures such as b parallel oscillator, i.. horizontal ©) pointlike structures
I} = Terrain category buildings etc. siructures such as beams etc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
14.4 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
o o = e
1.800 force coefficient for the structure (Section 7) } %
h,
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
Iv= 0.228 turbulence intensity
1,(2) L. for 2, o NOTE Limitations are also given in 1.1 (2)
vl e ez
L iz e ze
2,=06hzz, z;.mg»z__‘ (:h,r% T
where:
K 1 the nrtulenoe tactor, The value of A may be grven i the Nasonal Amex. The recommended value
forh Figure 6.1 — General shapes of structures covered by the design procedure. The structural
c 1 D crography fackor a8 descrbed 1 433 dimensions and the reference height used are also shown.
% the roughness length. given in Tabie 4.1 6.3.1  Structural factor c,cq
Wind turbolence (1) The detailed procedure for calculating the structural factor ¢,y is given in Expression (6.1). This
procedure can only be used if the conditions given in 6.3.1 (2) apaly.
U=ty £ for z=z, o,
7 39.201 Turblent length scale s L) ©1)
Le)=Liz) o z<z
L= 300 m where
zt= 200 m z, is the reference height for determining the structural factor, see Figure 6.1. For structures.
where Figure 6.1 does not apply z, may be set equal to b, the height of the strueture.
K is the peak factor defined as the ratio of the maximum value of the fluctuating part of the
nS,zn 68/ (zn) response to its standard deviation
S(en)= — Ty 0.0427 non dimensional power spectral density £ mithe tabulnos intaneity cetined i 4.4
o (1+102:f{zn) £ is the backoround factor. allowing for the lack of fUll correlation of (he prassure on the siructure
suriace
A is tha rasonance response facior, allowing far turbulence in resonance with the vibration made
= 0.47 Fundamental period of the structure SR S ekl s et WS e i e e
b2 &%
n= 2.13 natural frequency of the structure in Hz
wn
n-L(z
[ (zm- P2 579 T B i S i i Bowoioiocn i i
= v.(z
(Z) A2k () SRS
3 = V7l ey B &
Calculation of the backaround factor B - procedure 1 - Annex B NSRRI st st jieen  stiera il e e e i e
s Ly oo Pl o s S
ity 3%
R 1 (2)P Exprossion (6.1) shall oniy bs used If all of the following requirements ara met
B’ — the structure Gorreaponds 1o ane of tha general shapes shown in Figure 6.1,
1+09.[2th 0560 background factor iy i slong-wina veratio in e fndamental mode i signifcant, and tis mods shape hes &
+0,9- o D
L(I’) E The contribulion o the response from the socond of higher alongwind vibration modes is
iy
_ o %,
b= 29.588 (m) length tracker - see fig.6.1 A
h= 1.994 (m) width tracker - see fig.6.1 T
s —
Calculation of the peak factor Kp 1 -
3| =
k, 2.998
25
T 600 (sec) is the averaging time for the mean wind velocity
R 0.080 is the up-crossing frequent 2 7
T VB2 +R? : " R Lreanensy 10 100 1000
"2 Fiy B.2 —Peak f:
Rf==—.8(z My )Ry )Ry () 0.001 Resonance response factor gune B2 =Pesk factor
. ULTY h p \'ly
2 K, = 2n(v T)+ LT or k;= 3 whichever s larger
¥2:In(v )
4.6-h where
n f(z,.n,,) 1.355
L(z,) Table F-2 values of of structural damping in the
fundamental modo, &
46 tructural damping.
= 2 f(z,.n,,) 20.110 Struetural type sructural] dampln,
L(z,) reinforced concrete buidings .10
Sieel buidings 005
Ro=t 1 _(_gn) 0484  sirucures concrete  siee
o 2-m,°
uniined welded steel stacks without external thermal insulation 0012
T 2.p2 0.048 [mo<18__| 0020
b T i:::Lﬂsl:uh with one liner with extemal thermal | Zosnb2d | 0030
[Fb=28[oom
. S w18 | 0020
Calculation logarithmic decrement of damping Shed_piuck S fwa or. more Hinams with; extemal :u hib<24 | 0.040
0.05 logarithmic decrement of structural damping - Table F.2 no-20__| 0025
C pbvi(z) Sieoel stack wilh intermal beick liner 5070
R e 6.21 logarithmic decrement of of aerodynamic demping steel stack with intemal gunite 0030
2-n-m, coupled stacks without liner 0015
0 when no special device is used. e e
Toml e ton 2% [t rosisiancs bons )
5 S . . . ordinary bolts 0,05
=3, + 5, + 0, 6.256 logaritmic decrement of damping o o0
[ Drosiressed winowt cracks 004
concrete bridges oo —
Structural factor cd*cs Timbor brigges 006012
Brigges, aluminium alloys 0.0z
12k 4 (z,) VB 4 e e e SR
o= AT 0.779 i = =
i spiral cables 0.020
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BS EN 1991-1-4:2005+A1:2010
EN 1991-1-4:2005+A1:2010 (E)

Calculation of the structural factor c_*c, - for upwind (a=55°)

1.41 a) vertical struclures such as by parallel oscillator, i.e. horizontal ) pointlike structures
I = Terrain category buiidings etc. structures such as beams efc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
14.4 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
1.410 force coefficient for the structure (Section 7) }r %
h.
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
Iv= 0.228 turbulence intensity
e & P NOTE Limitations are also given in 1.1 (2)
ol e T r
L)1z for zex
- 2 =06hzz., L=h fg - Z=h fg e
A 15 the wrtuence tactor, The value of & may be givon i the Natonal Annes. Th recammended value
fork 810 Figure 6.1 — General shapes of structures covered by the design procedure. The structural
G % e crography facor a8 descrted In 433 dimensions and the reference height used are also shown.
 tha roughnass lengih, given n Tabie 4.1 631 Structural factor c,cq

Wind turbolence (1) The detailed procedure for calculating the structural factor ¢,y is given in Expression (6.1). This

procedure can only be used ifthe conditions given in 6.3.1 (2) aply.

. g
Un -ty | £ for  z2z, ch’z’“,’v“’JE
3 39.201 Turblent length scale s ) ©1)
Uer=Liz) for  zez
L= 300 m where
zt= 200 m z is the reference height for determining the structural factor, see Figure 6.1. For structures.

where Figure 6.1 does not apply 2. may be set equal to h, the height of the structure

is the peak factor defined as the ratio of the maximum value of the fluctuating part of the

n-S,zn 68/ (zn) " response to its standard deviation
S(an)=—: TR 0.0427 non dimensional power spectral density " s th turbulence intenaity definad in 4 4
o, (1+102:f (zn) B s tho backaround factor. allowing for he lack of full cormutalion of the prassura on he siructure
R s the resanance reapons fasior, tiowing for tulerncs i FesonanGe with the vibiation mads
T= 0.47 Fundamental period of the structure T B S T SR A IR
n= 2.13 natural frequency of the structure in Hz
©n
n-L(z
r (zny - "-L2) 5790 — B i S i i Bowoioiocn i i
i v,.(z) i
ez G E TR
.- 1 7o d ey JB [
Calculation of the backaround factor B - procedure 1 - Annex B NOTE S The procedure 1o ba used 1o detorming ko 0 and 12 may be aven it the National Annsx. A
O it e et el e
) 1 (@)F Exprossion (6.7 shall oniy be used i all of the following requirements are met
B the Struciure cormesponds o one of the general shapes shown in Figurs 6.1.
1+09.[2th 0560 background factor oty e mlon-wing vexaton in e fundamental mode i SKRcant and s mods shape hat &
. it
L(I’) E The contribution to the response from the second of higher alongwind vibration modes is
s
_ 2 .
b= 29.588 (m) length tracker - see fig.6.1 A
h= 1.994 (m) width tracker - see fig.6.1 T
35 —
Calculation of the peak factor Kp 1 -
3| -~
k, 3.037
25
= 600 (sec) is the averaging time for the mean wind velocity
R 0.090 is the up-crossing frequent 2 7
T VB2 +R? : ¥ GIFRRERDY 10 100 1000
2
Rl=2_.8 (.0, )-R(n,)-Ry(m,) 0.001 Resonance response factor Flaure B2 =Pesk factor
2‘ Sl o Tl F} AR v\
K, =y 11 e =28 k=3 whichever is larger
v2:In(v-T)
h where
n f(z,.n,,) 1.355
L(z,) Table F-2 values of of structural damping in the
funasmental mode. &
- 46-b Hzn.) 20110 e strustural damping.
b (2,0, .
L(z,) reinforced concrete buidings .10
Steel buidings 505
Ro=t 1 1_em) 0480 iead oot G S
T 2-m, concrete towers end chmneys 003
n “niined wekled steol stocks wihout extemel thermal insvieton ooz T
) 2.p,° WA [nw<1e | ooz0
b b sicet stack win one fner with extemal themal [Zoo o 5o
[Fo-26 oo
= — wo-1s | 0020
Calculation |°gan~thm|c decrement of damn q s.:cel S‘chl\ ‘w-m wo or more liners with external [l 0.040
T e thermal insulalin *
0.05 logarithmic decrement of structural damping - Table F.2 mo-z0 | 0025
¢ pbv.(z) Siost stack wih internal brick limar 5070
S =t —me 4.86 logarithmic decrement of of aerodynamic damping steel stack with interal gunit 0030
2-n-m, coupled stacks without liner 0015
0 when no special device is used. Soyed sioel shock witrout Sner 04
woided o0z
SO0l ctoot ton 2199 [ high resisiance bots 003
5 S . . . ordinary bolis 0,05
=3, + 5, + 0, 4.911 logaritmic decrement of damping o o0
— [ rostresses without cracks .04
= . [ oracka 0,10
Structural factor cd*cs Timber brigges 006012
Bridges, aluminium allays 002
o 2k L) VB 0.785 B
5Ca A 5 paratiel cabies 0.008
T T@) =
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BS EN 1991-1-4:2005+A1:2010
EN 1991-1-4:2005+A1:2010 (E)

Calculation of the structural factor c_*c, - for downwind (0=55°)

Geometrical and mechanical characteri: a) verlical siruclures such as b parallel oscillator, i.. horizontal ©) pointlike structures
I} = Terrain category buildings etc. siructures such as beams etc. such as signboards etc.
1.200 (m) reference height of the structure
0.05 (m)
4 (m)
14.4 (m/s) mean wind velocity b
1.1900 (Kg/m’) air density “d
. . 2 —< |
1.755 force coefficient for the structure (Section 7) } %
h,
Co= 1 orography factor Ty .
Massa del 1° modo 34.56 (Kg) is the equivalent mass per unit length according to EN 1997-1-4 § F.4.
Iv= 0.228 turbulence intensity
iz L. oo 2, - NOTE Limitations are also given in 1.1 (2)
Vo e e “
L iz e ze
2,=06hzz, z‘f.h‘rg"z__‘ (:h,r% T
where:
K 1 the nrtulenoe tactor, The value of A may be grven i the Nasonal Amex. The recommended value
forh Figure 6.1 — General shapes of structures covered by the design procedure. The structural
c 1 D crography fackor a8 descrbed 1 433 dimensions and the reference height used are also shown.
ography
% the roughness length. given in Tabie 4.1 6.3.1  Structural factor c,cq
Wind turbolence (1) The detailed procedure for calculating the structural factor ¢,y is given in Expression (6.1). This
procedure can only be used if the conditions given in 6.3.1 (2) apaly.
U=ty £ for z=z, o,
7 39.201 Turblent length scale s L) ©1)
Le)=Liz) o z<z
L= 300 m where
zt= 200 m z, is the reference height for determining the structural factor, see Figure 6.1. For structures.
where Figure 6.1 does not apply z, may be set equal to b, the height of the strueture.
K is the peak factor defined as the ratio of the maximum value of the fluctuating part of the
nS,zn 68/ (zn) response to its standard deviation
S(en)= — Ty 0.0427 non dimensional power spectral density £ mithe tabulnos intaneity cetined i 4.4
o (1+102:f{zn) £ is the backoround factor. allowing for the lack of fUll correlation of (he prassure on the siructure
suriace
A is tha rasonance response facior, allowing far turbulence in resonance with the vibration made
= 0.47 Fundamental period of the structure SR S ekl s et WS e i e e
b2 &%
n= 2.13 natural frequency of the structure in Hz
wn
n-L(z
[ (zm- P2 579 T B i S i i Bowoioiocn i i
= v.(z
(Z) A2k () SRS
3 = V7l ey B &
Calculation of the backaround factor B - procedure 1 - Annex B NSRRI st st jieen  stiera il e e e i e
s Ly oo Pl o s S
ity 3%
R 1 (2)P Exprossion (6.1) shall oniy bs used If all of the following requirements ara met
B’ — the structure Gorreaponds 1o ane of tha general shapes shown in Figure 6.1,
1+09.[2th 0560 background factor iy i slong-wina veratio in e fndamental mode i signifcant, and tis mods shape hes &
+0, o D
L(I’) E The contribulion o the response from the socond of higher alongwind vibration modes is
iy
_ o %,
b= 29.588 (m) length tracker - see fig.6.1 A
h= 1.994 (m) width tracker - see fig.6.1 T
s —
Calculation of the peak factor Kp 1 -
3| =
k, 3.002
25
T 600 (sec) is the averaging time for the mean wind velocity
R 0.081 is the up-crossing frequent 2 7
T VB2 +R? : " R Lreanensy 10 100 1000
"2 Fiy B.2 —Peak f:
Rf==—.8(z My )Ry )Ry () 0.001 Resonance response factor gune B2 =Pesk factor
. R P ] b\l
2 Ky = fZ 0 T) el or k;= 3 whichever s larger
v2:In(v-T)
4.6-h where
n f(z,.n,,) 1.355
L(z,) Table F-2 values of of structural damping in the
fundamental modo, &
Ly = 46.b fzun.) 0110 st STl damping.
L(z,) reinforced concrete buidings .10
Sieel buidings 005
Ro=t 1 _(_gn) 0484  sirucures concrete  siee
o 2-m,°
uniined welded steel stacks without external thermal insulation 0012
T 2.p2 0.048 [mo<18__| 0020
b T i:::Lﬂsl:uh with one liner with extemal thermal | Zosnb2d | 0030
[Fb=28[oom
. S ni-18__ | 0020
Calculation logarithmic decrement of damping sloc! stack wilh wo or more liners with extemal |26 2e | 0040
0.05 logarithmic decrement of structural damping - Table F.2 no-20__| 0025
C pbvi(z) Sieoel stack wilh intermal beick liner 5070
R e 6.05 logarithmic decrement of of aerodynamic demping steel stack with intemal gunite 0030
: Coupled stacks without liner o015
2:n-m,
0 when no special device is used. e e
eice stool toware2®> | high resistance botts 0.03
5 S . . . ordinary bolts 0,05
=3, + 5, + 0, 6.101 logaritmic decrement of damping o o0
[ Drosiressed winowt cracks 004
concrete bridges o —
*cs jth cracks
Structural factor cd*cs Timbor brigges 006012
Brigges, aluminium alloys 0.0z
o 12k VB4 oo o P e e T
g = et ,{z—) 0.780 o =
= spiral cables 0.020
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FORCE COEFFICIENT

The force coefficients are determined in according to the Eurocode 1, EN1991 — 1 — 1 — 4: 2010, for the
configuration with angle inclination -30°<a<+30°.

For the angle -55°<a<—30°and 30°<a<55°, configurations for which there are no values reported in the
European structural codes, the C,, is determined in according to a fluid dynamic study named “Aerodynamic

performance of a solar tracker panel with a #55° inclination angle w.r.t. the ground”.
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Cob and Cps for Configurations (A) and (B) with angle of inclination -30°<a<30°.

e
o m —~—

————
T —— [ S— o——; 7 « —~
e — B —— e
- 77777777,
e /\ ———— TITIIIIIIIY. £ 777
—_— ————
—— e —dy

TITTITTTIITITI7T I 777777777777 777 777777 “‘__“_"_"_Z/KB\*
A

Empty, free-standing canopy (¢ = 0)

i
FIIITIIIIIIIIII7? TIITIITIITIITI 777
Canopy blocked to the downwind eaves by
stored goods (o = 1)

Figure 7.15 — Airflow over canopy roofs

Table 7.6 — ¢, .t and ¢; values for monopitch canopies

Net Pressure coefficients ¢
Key plan
3 S
w10
'ﬂ'd—-p [ A c
&10
E] i
[—1 a410 d."lOP:]
d
Roof : Overall Force
Blockage ¢ | Coefficients Zone A Zone B | ZoneC
angle a | o |
Maximum all ¢ +02 +05 +138 +11
" Minimum ¢=0 -05 -06 -13 -14
Minimum g = 1 -13 15 -18 -22
Maximum all ¢ +04 +08 +21 +13
5* Minimum ¢=0 0.7 -11 -1.7 -18
Minimum @ =1 -14 -16 -22 -25
Maximum all ¢ +05 +12 +24 +16
I0° Minimum ¢=0 -09 -15 -20 -21
Minimum ¢ = 1 -14 <16 @] -28 -27
Maximum all ¢ +07 +14 *27 +18
15¢ Minimum =0 -11 -18 -24 -25
Minimum @ = 1 -14 -16 -29 -30
Maximum all ¢ +08 17 +29 +21
20 Minimum =0 -13 -2.2 -28 -29
Minimum e = 1 14 16 -29 -30
Maximum all ¢ +10 +20 +31 +23
25° Minimum ¢=0 -16 -26 -32 -32
Moun oz d .14 -1.5 -25 -28
Maximum all ¢ 12 +22 «32 +24
30° Minimum =0 -18 -30 -38 | =36
Minimum =1 | -14 -15 .22 | -27
NOTE + values indicate a net cownwarc acting wind action
- values represent a net upward acting wind action
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Model A, o=0°

Cpn,+0° = +0,20

- Cpn,—0° = _0,50

Model B, a=30°

Cpn,+300 = +1,20

Cpn,_300 - _1,80

Preliminary Structural Calculation Report

upwind

downwind

upwind

downwind

Tracker - Preliminary Calculation Report
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Cob and Cps for Configuration (C) with angle of inclination a=£55°.

The force coefficient for the structur cf for the canopy roofs is given in the report named — “Aerodynamic
performance of a solar tracker panel with a £55° inclination angle w.r.t. the ground” by A. Corsini and G. Delibra

(Dept. of Mechanical and Aerospace Engineering, 'Sapienza', University of Rome, edition 05/01/2017). In the par. 3

are reported the force coefficients named ¢,

+55" arrangement, Figure 3

" ,/'7;0 tracker

ground

Figure 3 - Reference scheme. Black point: axis origin
r

Green point: center of pressure. Yellow point: geometrical center of the tracker.

Cp=1,410 and coordinates of the center of pressure X=0,524m, Y=0,713m respect to point O.

-55" arrangement, Figure 5

|
_&I 1 |k
) g
I'\. .'\.'.
, \
LY
-+ L0 !
wind e i, R o
Eround

Figure 5 = Reference scheme. Black point; oxis origin
Green point: center of pressure, Yellow point: geometricol center af the trocker.

Cp=-1,755 and coordinates of the center of pressure X=0,630m, Y=0,860m respect to point O.
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The application of the wind force Fu=pu-Aref is given from the coordinates of the center of pressure contained in the
par. 3 of the “Aerodynamic performance of a solar tracker panel with a £55° inclination angle w.r.t. the ground” by

A. Corsini and G. Delibra (Dept. of Mechanical and Aerospace Engineering, 'Sapienza', University of Rome):

Model C with a=+55° - upwind Model C with a=-55° - downwind

30| point O

The panel inserted in the fluid dynamic modeling has a length L=2000mm. Therefore, the eccentricity values are:
— a=+55°, direction upwind e =(2000/2 - 885) = 115mm;

— a=-55°, direction downwind e =(2000/2 - 1066) = -66mm;

The panel used has a length L=1960mm, for this reason, the coordinates of the center of pressure are:

Model C, a=+55°, direction upwind

- Cp=+1,410, e =115 (1994/2000) = 115mm;

Model C, a=-55°, direction downwind

- Cp=-1,755, e =-66 - (1994/2000) = -66mm);
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WIND PRESSURE CALCULATION
The wind pressure calculation is determined in according to Section 3.3.4 of the D.M. 17 gennaio 2018 — Norme

Tecniche per le Costruzioni, based on the following expression

Pw,a = qra’'Ce Ca  Cpna

Therefore, the load conditions are:

Model A, o=0°

Pw,+0° = {qr,+0° " Ce

- Pw,—0° = {qr-0°" Ce

Model B, a=30°

Py +30° = qQr430°

Py _30° = qr—30°

Model C, ¢=55°

Py 550 = Qr 4550 °

- Py _s55° = qr 55"

" CsCq " Cpp,+0c = 430-1,708-0,842- 0,20 = 124 N/m? .. (upwind);

" C5Cq * Cpn—0> = —430+1,708-0,821-0,5 = =302 N/m?  (downwind);

CsCq

CsCq

" CsCq

" CsCy

Cpmasoe = 1231+ 0,788 1,20 = 117 N/m?..... (upwind);
Cpm—300 = —123+1-0,779 - 1,8 = —173 N/m? . (downwind);

* Cpn4550 = 123+1-0,785- 1,410 = 137 N/m?... (upwind);

Cpn,—550 = —123-1-0,780- 1,755 = =169 N/m?  (downwind);

Tracker - Preliminary Calculation Report
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SNOW LOAD

The snow load calculation is determined in according to D.M. 17 gennaio 2018 — Norme Tecniche per le

Costruzioni.

CHARACTERISTIC SNOW LOAD VALUE

The characteristic snow load value is determined according to D.M. 17 gennaio 2018 — Norme Tecniche per le

Costruzioni, with the following Picture:

Zana & carco dela neve [N

Bl 1150
2 1,00

The site is located in the Zone 3, at an altitude equals to 300 m.

Tracker - Preliminary Calculation Report Copyright © Convert Italia S.p.A. 30 Of 42




CCONVERT

i Preliminary Structural Calculation Report

Zona IIT

Agrigento, Brindisi, Cagliari, Caltanissetta, Carbonia-Iglesias, Caserta, Catania, Catanzaro, Cosenza, Crotone, Enna, Grosseto, Latina,
Lecce, Livorno, Matera, Medio Campidano, Messina, Napoli, Nuoro, Ogliastra, Olbia-Tempio, Oristano, Palermo, Pisa, Potenza,
Ragusa, Reggio Calabria, Roma, Salerno, Sassari, Siena, Siracusa, Taranto, Terni, Trapani, Vibo Valentia, Viterbo:

gz = 0,60 KN/m? a,=200m
[3.45]

Qe = 0,51 [1 + (a./481)7] KN/m? a,>200m

Therefore, the value is

Qo = 0,5[1 + (a;/481)2] = 0,5[1 + (300/481)2] = 695N /m?
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SNOW LOAD SHAPE COEFFICIENT “u;”

The size factor W is calculated following the indication of Section 3.4.3 of the D.M. 17 gennaio 2018 — Norme

Tecniche per le Costruzioni.

Tab. 3.4.11 - Valori del coefficiente di forma

Coefficiente di forma 0°= o = 30° 307 = < 607 a = bD?
(60 —a)
L 0,8 08— 0.0
K1 30
= Model (A) - a=0° u=0,8;
= Model (B) — a=30° u=0,8;

0,8:(60—a) _ 0,8:(60—55)

= Model (C) — a=55° U= ” ”

=0,13;

The tracker structure cannot be classified as a standard monopitch roof because during a whole day the panels
rotate from -55 ° to + 55 °. For all configurations it is assumed the simplification to use a shape coefficient

equal to the average between the  values reported for  main configuration:

(0,47 - 25°) + (0,8 - 30°)
n= =

3 0,65
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EXPOSURE COEFFICIENT

The exposure coefficient c. should be used for determining the snow load on the roof.

According to the table 3.4.1 of the D.M. 17 gennaio 2018 — Norme Tecniche per le Costruzioni, the value is:

c. =09

Tab, 3.41— Vialori di Ci per diverse classi di esposizione

Topografia Descrizione Cy
Battuta dai Aree pianeggianti non ostruite esposte su tutti i lat, senza costruziond
vent o alberi piti alif
Aree in cui non € presente una significativa rimozione di neve sulla
Normale costruzione prodotta dal vento, a causa del terreno, altre costrurioni o 10
alberi
] Aree in cui la costruzione considerata & sensibilmente pin bassa del
Riparata 1.1

circostante terreno o dreondata da costruziond o alberi pin alt

THERMAL COEFFICIENT

The thermal coefficient c; should be used to account for the reduction of snow loads on the roofs with high

thermal trasmittance.

According to the chapter 3.4.5 of the D.M. 17 gennaio 2018 — Norme Tecniche per le Costruzioni, the value is:

Ct=1

Tracker - Preliminary Calculation Report
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SNOW PRESSURE CALCULATION

The snow pressure calculation is determined in according to the chapter 3.4.1 of the D.M. 17 gennaio 2018 —

Norme Tecniche per le Costruzioni.

Qs,a = Hiq " Ce " Ct " 4sk

Therefore, for the three different configurations the loads are:

Model A, a=0°

- Qeor = Mi*CoCr Sk = 0,65-0,9 695 = 407 N/m?

Model B, a=30°

- gs30° = Wi " Ce Cr Sk =0,65-09 695 = 407 N/m?

Model C, a=55°

- Qysse =i CorCrt Sk = 0,65°0,9 695 = 407 N/m?
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LOAD COMBINATION

The load combinations are determined in according to D.M. 17 gennaio 2018 — Norme Tecniche per le Costruzioni.
ULS - GEO

Yo' Gi+tYer G+ ve P+ v  Qu+ Yoo Yo Quo + Yo Vo3 - Qua + -+- [2.5.1]

Tab. 2.6.1 — Coefficienti parziali per le azioni o per I'effetto delle azioni nelle verifiche SLU

Coefficiente | EQU Al A2

Yr
Favorevoli 0,9 1.0 1,0

Carichi permanenti Gi Yeu
Stavorevoli i | 1.3 1,0
_ Favorevoli 0.8 0,58 0,8

Carichi permanenti non strutturali Go/* Yo
Sfavorevoli 1,5 1,5 1,3
Favorevoli 0,0 0,0 0,0

Arzioni variabili Q) Yo
Stavorevoli 15 1.5 1,3

i1

Nel caso in cui l'intensita dei carichi permanenti non strutturali o di una parte di essi (ad es. cariclit per-
manenti portati) sia ben definita in fase di progetto, per detti carichi o per la parte di essi nota si potranno
adottare gli stessi coefficienti parziali validi per le azioni permanenti.
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G1 G2 w S

n°  |Combination

v (W) 1.00 1.00 1.30

2 (W) 1.00 1.00 1.30

3 |[(Wipe +5) 1.00 1.00 1.30 0.65
s |(S+ W) 1.00 1.00 0.78 1.30
s |[(Wisee) 1.00 1.00 1.30

s |(Wiee) 1.00 1.00 1.30

7 (W+3o° & S) 1.00 1.00 1.30 0.65
s |(S+Wyp) 1.00 1.00 0.78 1.30
o |(Wisse) 1.00 1.00 1.30

0 [(Wass) 1.00 1.00 1.30

1 |[(Wysse +5) 1.00 1.00 1.30 0.65
n |(S+ Wiss) 1.00 1.00 0.78 1.30
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9. FORCES AT BASE OF THE PILES

The calculations were made using an excel spreadsheet follows.

EXTERNAL POLE - node 1 and 5

i Dead permanent | Dead permanent
tilt o n° pannells A (mm) B (mm) e ?mm) structural loads structural loads Pt *Co
calculation length
n° Combi (N/m) Tot. (N)
1 (w+0°) 0 4.5 1000 1994 4613 81 725 725
2 (W-0° ) 0 4.5 1000 1994 4613 81 725 725
3 (WH)' + S) 0 4.5 1000 1994 4613 81 725 725
4 (s + W+0') 0 4.5 1000 1994 4613 81 725 725
S5 (w+30’) 30 4.5 1000 1994 4613 81 725 725
6 (w-so' ) 30 4.5 1000 1994 4613 81 725 725
7 (w+30‘ + s) 30 4.5 1000 1994 4613 81 725 725
8 (s + W+300) 30 4.5 1000 1994 4613 81 725 725
9 (w+55') 55 4.5 1000 1994 4613 81 725 725
10 (W-55° ) 55 4.5 1000 1994 4613 81 725 725
11 (W+55“ + s) 55 4.5 1000 1994 4613 81 725 725
12 (s + w+55') 55 4.5 1000 1994 4613 81 725 725
Dead load
P XC Wind - W cp Cuax*cp*W | Snow load - S
pannells - Ptot,2 foL2 b oo
226 226 619 0.200 161
226 226 603 -0.500 -392
226 226 619 0.200 161 407 264.2738
226 226 619 0.200 97 407 528.5475
226 226 97 1.200 153
226 226 96 -1.800 -225
226 226 97 1.200 151 407 264.2738
226 226 97 1.200 91 407 528.5475
226 226 97 1.410 178
226 226 96 -1.755 -219
226 226 97 1.410 178 407 264.2738
226 226 97 1.410 107 407 528.5475

Tracker - Preliminary Calculation Report
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N (N) T(N) ta
Combination

3184 0 (W+0°) 0
-1777 0 (W-0°) 0
5556 0 (W0° +5) 0
7349 0 (S + W407) 0
2916 679 (W+30°) 30
-5 -1008  |w-30°) 30
5288 679 (W+30° +5) 30
7189 407 (S + W+30°) 30
2655 1307 | wssse) 55
613 -1610 | w.ss0) 55
5027 1307 |wssse+s) 55
7032 784 (S + W+55°) 55

Tracker - Preliminary Calculation Report
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MIDDLE POLE - node 2 and 4

' i ) Dead permanent | Dead permanent

tilt a n° pannells A (mm) B (mm) ) structural loads structural loads Put1*Co
e Car it g calculation length (N/m) Tot. (N)
1 (W+0°) 0 74 1000 1994 7226 81 937 937
2 (W-0° ) 0 7 1000 1994 7226 81 937 937
3! (W'Hr + s) ) 7 1000 1994 7226 81 937 937
B (s i W'I-O', 0 7 1000 1994 7226 81 937 937,
5 (w+30’) 30 7. 1000 1994 7226 81 937 937
6 (w-30' ) 30 7 1000 1994 7226 81 937 937
7 (w+30’ + s) 30 7 1000 1994 7226 81 937 937
s |(S+ W) 30 7 1000 1994 7226 81 937 937
9 (w+55°) 55 7 1000 1994 7226 81 937 937
10 (w-55° ) 55 v 1000 1994 7226 81 937, 937
11 (W+55' + S) 55 7 1000 1994 7226 81 937 937
12 (S + W+55') 55 7 1000 1994 7226 81 937 937

pan[?'leeailti I-OF?:)t, ) Pt Cop Wind - W cp Cuax*cp*W | Snow load - S
226 619 0.200 161
226 603 -0.500 -392
226 619 0.200 161 407 264.2738
226 619 0.200 97 407 528.5475
226 97 1.200 451
226 96 -1.800 =225
226 97 1.200 151 407 264.2738
226 97 1.200 91 407 528.5475
226 97 1.410 178
226 96 E1-/00 =219
226 97, 1.410 178 407 264.2738
226 97 1.410 107 407 528.5475
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N (N) T(N) tilt
Combination
4763 0 - 0
-2955 0 - 0
8451 0 ——— 0
11242 0 —— 0
4345 1056, |y 30
-199 1568 | .30r) 30
8034 1056  |micresy 30
10991 = S MO 30
3940 2088  (msen 55
763 2504 |.s57) 55
7628 -y = 55
10748 Eb. s S P— 55

Tracker - Preliminary Calculation Report
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CENTRAL POLE - node 3

' i ) Dead permanent | Dead permanent

tilt a n° pannells A (mm) B (mm) ) structural loads structural loads Put1*Co
e Car it g calculation length (N/m) Tot. (N)
1 (W+0°) 0 74 1000 1994 7226 81 937 937
2 (W-0° ) 0 7 1000 1994 7226 81 937 937
3! (W'H)’ + s) 0 7/ 1000 1994 7226 81 937 937
B (s i W'I-O', 0 7 1000 1994 7226 81 937 937,
5 (w+30’) 30 7. 1000 1994 7226 81 937 937
6 (w-30' ) 30 7 1000 1994 7226 81 937 937
7 (w+30’ + s) 30 7 1000 1994 7226 81 937 937
s |(S+ W) 30 7 1000 1994 7226 81 937 937
9 (w+55°) 55 7 1000 1994 7226 81 937 937
10 (w-55° ) 55 v 1000 1994 7226 81 937, 937
11 (W+55' + S) 55 7 1000 1994 7226 81 937 937
12 (S + W+55') 55 7 1000 1994 7226 81 937 937

pan[?'leeailti I-OF?:)t, ) Pt Cop Wind - W cp Cuax*cp*W | Snow load - S
226 619 0.200 161
226 603 -0.500 -392
226 619 0.200 161 407 264.2738
226 619 0.200 97 407 528.5475
226 97 1.200 451
226 96 -1.800 =225
226 97 1.200 151 407 264.2738
226 97 1.200 91 407 528.5475
226 97 1.410 178
226 96 E1-/00 =219
226 97, 1.410 178 407 264.2738
226 97 1.410 107 407 528.5475
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N (N) T(N) tlta
Combination

4763 B e o
-2955 S F 0
8451 R g
11242 0 (S + W+0°) 0
4345 1056 | uyusor 30
-199 -1568  |waa0r) 30
8034 1056 |wisors ) %
10991 634 (S + W+30°) 30
3940 2033 (W+55°) 55
763 2504 | s, 55
7628 2033 | iussess "
10748 1220 (S + W+55°) 55
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REGIONE BASILICATA - PROVINCIA DI MATERA - COMUNE DI BERNALDA
PROGETTO DEFINITIVO

Lavori di realizzazione di un parco agro-fotovoltaico denominato "Bernalda 1" con potenza in immissione
paria 14.1 MW integrato con un sistema di accumulo e relative opere di connessione
B.1.a. Piano di manutenzione e gestione dell'impianto - Parte generale

Allegato 4: Pannelli fotovoltaici

APOLLO Solar 1 srl " F4 ingegneria srl 10/10
Viale della Stazione 7, 39100 Bolzano (BZ) www.fdingegneria.it



BiHiKu7
BIFACIAL MONO PERC
640 W~ 670 W

Y .
> CanadianSolar

CS7N-640|645 | 650|655| 660|665 | 670MB-AG

MORE POWER

Module power up to 670 W
Module efficiency up to 21.6 %

Up to 8.9 % lower LCOE
Up to 4.6 % lower system cost

Comprehensive LID / LeTID mitigation
technology, up to 50% lower degradation

Compatible with mainstream trackers,
cost effective product for utility power plant

Better shading tolerance

MORE RELIABLE

40 °C lower hot spot temperature,
greatly reduce module failure rate

N

Minimizes micro-crack impacts

Heavy snow load up to 5400 Pa,
wind load up to 2400 Pa*

* For detailed information, please refer to the Installation Manual.

CSI Solar Co., Ltd.

FRONT BACK

Enhanced Product Warranty on Materials
and Workmanship*

Linear Power Performance Warranty*

i

15t year power degradation no more than 2%
Subsequent annual power degradation no more than 0.45%

*According to the applicable Canadian Solar Limited Warranty Statement.

MANAGEMENT SYSTEM CERTIFICATES*

ISO 9001:2015 / Quality management system
ISO 14001:2015 / Standards for environmental management system
ISO 45001: 2018 / International standards for occupational health & safety

PRODUCT CERTIFICATES*

IEC 61215 /IEC 61730/ CE / INMETRO / MCS / UKCA
CEC listed (US California) / FSEC (US Florida)

UL 61730 /IEC 61701 /IEC 62716 / IEC 60068-2-68
Take-e-way

HEC(CR ©-

CERTIFIED

* The specific certificates applicable to different module types and markets will vary,

and therefore not all of the certifications listed herein will simultaneously apply to the
products you order or use. Please contact your local Canadian Solar sales representative
to confirm the specific certificates available for your Product and applicable in the regions
in which the products will be used.

CSI Solar Co., Ltd. is committed to providing high quality solar
photovoltaic modules, solar energy and battery storage solu-
tions to customers. The company was recognized as the No. 1
module supplier for quality and performance/price ratio in the
IHS Module Customer Insight Survey. Over the past 20 years, it
has successfully delivered over 70 GW of premium-quality solar
modules across the world.

199 Lushan Road, SND, Suzhou, Jiangsu, China, 215129, www.csisolar.com, support@csisolar.com



ENGINEERING DRAWING (mm)
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ELECTRICAL DATA | STC*
Nominal  Opt. Opt. Open Short
Max. OperatingOperating Circuit Circuit Module
Power Voltage Current Voltage CurrentEfficiency
(Pmax) (Vmp) (Imp) (Voc) (Isc)
CS7TN-640MB-AG 640 W 375V  17.07A 446V 1831A 20.6%
o 5% 672W 375V 17.92A 446V 19.23A 21.6%
%‘;?:13,' 10% 704W 375V  1878A 446V 20.14A 22.7%
20% 768W 375V 20.48A 446V 21.97A 24.7%
CS7TN-645MB-AG 645W 377V 17.11A 448V 1835A 20.8%
o 5% 677W 37.7V  17.97A 448V 1927A 21.8%
Bifacial 10% 710w 377V 1884A 448V 20.19A 22.9%
20% 774W 377V 20.53A 44.8V 22.02A 24.9%
CS7N-650MB-AG 650 W 379V 17.16 A 450V 18.39A 20.9%
o 5% 683W 379V 18.03A 450V 19.31A 22.0%
%‘;‘;‘:ﬁ' 10% 715W 379V  18.88A 450V 20.23A 23.0%
20% 780W 37.9V  20.59A 450V 22.07A 25.1%
CS7N-655MB-AG 655W 381V 17.20A 452V 18.43A 21.1%
o 5% 688W 381V 18.06A 452V 19.35A 22.1%
%‘;?:Li' 10% 721W 381V  1893A 452V 2027A 232%
20% 786W  38.1V  20.64A 452V 22.12A 25.3%
CS7TN-660MB-AG 660 W 383V 17.24A 454V 1847A 21.2%
o 5% 693W 383V 18.10A 454V 19.39A 22.3%
Bifacial 10% 726w 383V 1896A 454V 20.32A 23.4%
20% 792W 383V  20.69A 454V 22.16A 25.5%
CS7TN-665MB-AG 665W 385V 17.28A 456V 1851A 21.4%
o 5% 698W 385V 18.14A 456V 19.44A 22.5%
Bifacial 10% 732w 385V 19.02A 456V 20.36A 23.6%
20% 798W 385V 20.74A 456V 2221A 25.7%
CS7TN-670MB-AG 670 W 387V 17.32A 458V 1855A 21.6%
L 5% 704W 387V 1820A 458V 19.48A 22.7%
%‘;?rfﬁ' 10% 737W 387V  19.05A 458V 20.41A 23.7%
20% 804W 387V  20.78A 458V 22.26A 25.9%

* Under Standard Test Conditions (STC) of irradiance of 1000 W/m2, spectrum AM 1.5 and cell

temperature of 25°C.

** Bifacial Gain: The additional gain from the back side compared to the power of the front side at
the standard test condition. It depends on mounting (structure, height, tilt angle etc.) and albedo

of the ground.

ELECTRICAL DATA

Operating Temperature
Max. System Voltage
Module Fire Performance TYPE 29 (UL 61730) or CLASS C (IEC61730)
Max. Series Fuse Rating 35A
Application Classification Class A

Power Tolerance
Power Bifaciality*

* Power Bifaciality = Pmax

Tolerance: + 5%

* The specifications and key features contained in this datasheet may deviate slightly from our actu- :
al products due to the on-going innovation and product enhancement. CSI Solar Co., Ltd. reserves

0~+10W

70 %

rear

/ Pmax,

front!

both Pmax

rear

-40°C ~ +85°C
1500V (IEC/UL) or 1000 V (IEC/UL)

and Pmax

front

are tested under STC, Bifaciality

the right to make necessary adjustment to the information described herein at any time without

further notice.

Please be kindly advised that PV modules should be handled and installed by qualified people who

have professional skills and please carefully read the safety and installation instructions before

using our PV modules.

CS7N-650MB-AG / I-V CURVES

A A
24 24
22 22
20 20
18 18
16 16
14 14
12 12
10 10
8 8
6 6
4 4
2 2
0 VO v

5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50

B 1000 W/m? sec M
B 800 w/m? 25c M
600 W/m? 45°C
| | 400 W/m? 65°c M
200 W/m?
ELECTRICAL DATA | NMOT*
Nominal Opt. Opt. Open Short
Max. Operating Operating Circuit Circuit
Power Voltage Current Voltage Current
(Pmax) (Vmp) (Imp) (Voc) (Isc)
CS7N-640MB-AG 480 W 35.2V 13.64A 422V 1477 A
CS7N-645MB-AG 484 W 353V 13.72A 423V 1480A
CS7N-650MB-AG 487 W 355V 13.74A 425V 14.83A
CS7N-655MB-AG 491 W 35.7V 13.76 A 42.7V 14.86 A
CS7N-660MB-AG 495 W 359V 13.79A 429V 1489A
CS7N-665MB-AG 499 W 36.1V 13.83A 431V 1493A
CS7N-670MB-AG 502 W 36.3V 13.85A 433V 1496 A

* Under Nominal Module Operating Temperature (NMOT), irradiance of 800 W/m?*
spectrum AM 1.5, ambient temperature 20°C, wind speed 1 m/s.

MECHANICAL DATA

Specification Data

Cell Type Mono-crystalline

Cell Arrangement 132[2x (11 x6)]

Dimensions 2384 x1303 x33 mm (93.9x51.3x1.30in)
Weight 37.8 kg (83.3 Ibs)

Front Glass gé%ggmgigt‘:a%trzgngthened glass with anti-
Back Glass 2.0 mm heat strengthened glass

Frame Anodized aluminium alloy

J-Box IP68, 3 bypass diodes

Cable 4.0 mm?2 (IEC), 10 AWG (UL)

Cable Length
(Including Connector)

460 mm (18.1in) (+) / 340 mm (13.4in) (-)
or customized length*

Connector T6 or MC4-EVO2 or MC4-EVO2A
Per Pallet 33 pieces
Per Container (40' HQ) 594 pieces or 462 pieces (only for US)

* For detailed information, please contact your local Canadian Solar sales and technical
representatives.

TEMPERATURE CHARACTERISTICS

Specification Data
Temperature Coefficient (Pmax) -0.34 %/ °C
Temperature Coefficient (Voc) -0.26 % / °C
Temperature Coefficient (Isc) 0.05% /°C
Nominal Module Operating Temperature 41 + 3°C

PARTNER SECTION

CSI Solar Co., Ltd.

199 Lushan Road, SND, Suzhou, Jiangsu, China, 215129, www.csisolar.com, support@csisolar.com

August 2022. All rights reserved, PV Module Product Datasheet V2.5_EN
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