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MATERIAL PARAMETERS
1.1 CHEMICAL COMPOSITION & MECHANICAL PROPERTIES
OF AL-6005

Elasticity modulus E=69000
Tensile/compressive/bending strength fy=240 Mpa

ELEMENT (%)
CHEMICAL Mg Si Fe Cu Mn Cr Zn Ti A1
COMPOSITION
0.4-0.6 06-09 <035  <0.10  <0.10  <0.10 | <0.10 | <0.10 | Rem

TENSILE TEST

MECHANICAL Tensile Strength | Non-proportional Elongation Strength Elongation after Break
PROPERTIES (N/mm?) (N/mm?) (%)
2260 2240 28
1.2 CHEMICAL COMPOSITION & MECHANICAL PROPERTIES
OF Q2358
CHEMICAL C Si ELEM'SI':T (%) S P
COMPOSITION 0.16 0.2 0.44 0.025 0.025

TENSILE TEST

MECHANICAL Tensile Strength | Non-proportional Elongation Strength Elongation after Break
PROPERTIES (N/mm?) (N/mm?) (%)
465 235 29.5
1.3 CHEMICAL COMPOSITION & MECHANICAL PROPERTIES
OF SUS304
ELEMENT (%)

CHEMICAL C Si Mn p S ni cr ti Other

COMPOSITION
<=0.08 | <=1.0 | <=2.0 | <=0.5 | <=0.045 8-10.5 | 18-20 | <=0.25

TENSILE TEST
MECHANICAL | Test Thickness Tensile Strength Yield Strength
PROPERTIES (N/mm?)
<=6mm <=700 > =206
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2. DESIGN BASIS & JUDGEMENT STANDARDS
2.1 STANDARD CODE
ASCE 7-22

Minimum Design Loads for Building and Other Structures

2.2 DESIGN CONDITIONS & TECHNICAL PARAMETERS

Solar Panel 90.5 x 43.3 x 1.37 in. (2300 x 1100 x 35 mm)
Layout 1x4x1/1x%x8x1

Tilt Angle 40°

Span 51.2in. (1300 mm)

Exposure category C

Wind Speed 90 mph (40.4 m/s) (3s gust)

Snow Load 0.6 KN/m?

3. BRACKET & CROSS SECTION
3.1 SKETCH OF BRACKET

Front View — 1 x 4 x 1
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Front View — 1 x 8 x 1
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3.2 CROSS SECTIONS OF MEMBERS

EGy ELECTRONICS

MEMBER

CROSS-SECTIONS

PROPERTIES
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4. LOAD CALCULATION
4.1 DEADLOAD

Solar Panel
Weight 30 kg (one panel)
Dead-weight of panel G1=30 x 9.8 x 4

=1176 N
Rail AR55 AL6005-T5
Dead-weight of Rail G2  66.60 N

Dead load = G1+G2= 1243 N

4.2 SNOW LOAD

Snow pressure shall be calculated in the following formula:
The flat roof snow load, py, shall be calculated in Ib/ft? (kN/m?) using the following formula:

Formula: pr=0.7CeCPg

pr= 0.7 Ce x Cux Py Based on ASCE/SE| 7-22 7.3
Flat surface snow load =0.7 x 0.9 x 1.2 x 500 asedon el
Table 7.3-1
= 454 KN/m?
Exposure Factor Ce = 0.9 Based on ASCE/SEI 7-22 7.3 Table 7.3-1
Where: Thermal Factor Ci=1.2 Based on ASCE/SEI 7-22 7.3 Table 7.3-2

Ground snow loads Py = 600 N/m? Based on ASCE/SEI 7-22 7.2 Table 7.2-1

Snow loads acting on a sloping surface shall be assumed to act on the horizontal projection of that

surface. The sloped roof (balanced) snow load, ps, shall be obtained by multiplying the flat roof snow
load, pr, by the roof slope factor, Cs:

Formula: ps=CsP¢
Ps= Cs x Ps
Sloped Snow Load =054 x 378 Based onTASCE/SEI 7-227.4
able 7.4-1
= 245 N/m?
Slope Factor Cs = 0.54
Module area A=2.3 x 1.100 x 4
Where: =10.12 m? Based on ASCE/SEI 7-22 7.4 Table 7.4-1
Fs= ps % A
=2478.83 N
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4.3 WIND LOAD

Wind pressure at height Z point shall be calculated in the following formula:

26.10.2 Velocity Pressure — Velocity pressure, gz, evaluated at height z above ground shall be
calculated by the following equation:

qz = 000256KsztKeV2 (Ib/ftz), V, m|/h
Velocity Pressure 9z = 0.613KKxKeV? (N/m?); V, m/s
g: = 0.613*0.85*1*1 (40.4)? = 850.44 N/m?

Variation coeffic;ient ofl/vind pressure and Based on ASCE/SE| 7-22 Table 26.10-1
height K, = 0.85

Where: Landform coefficient K, = 1 Based on ASCE/SEI 7-22 26.9 Table 26.9-1
Ground Elevation Factor Ke = 1 Based on ASCE/SEI 7-22 26.6 Table 26.6-1
Basic wind velocity V = 40.4 m/s

27.3.2 Open Buildings with Monoslope, Pitched, or Troughed Free Roofs — The net design
pressure for the MWFRS of open buildings with monoslope, pitched, or troughed free roofs in Ibs/ft2
(N/m?), shall be determined by equation:

Formula: p=q.KiGCy
Desian Wind p =0z % Kqgx G xCy Based on ASCE/SEI 7-22 7.4 Table 7.4-1
esign vvin Q2 x Kg x G x C1 = 1640.56 N/m? windard
Pressure
gz ¥ Kg x G x Cnz = 1456.22 N/m? leeward

Wind pressure at Af form center Z point

Gz = 850.44 N/m? Based on ASCE/SEI 7-22 Table 26.10-1

Gust-effect Facto G = 0.85 Based on ASCE/SEI 7-22 26.11.1
Wind load shape coefficient Cn1 = 2.67 Based on ASCE/SEI 7-22 Table 27.3-4
Where:  \vind load shape coefficient Cn2 = 2.37 Based on ASCE/SEI 7-22 Table 27.3-4
Directionality Factor K4 = 0.85 Based on ASCE/SEI 7-22 26.6 Table 26.6-1

Fw-windward = 16602.43 N
Fw-leedard = 14736.99 N
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4.4 LOAD INSPECTION ITEM (ALLOWABLE STRESS DESIGN METHOD)

Loads listed in this section shall be considered to act in the following combinations, which will
produce the most disadvantage in the building, foundation, or structural member being considered.
Effects of one or more loads not acting shall be considered.

D

D+L

D+ (Lor S or R)

D+0.75L+0.75 (L or S or R)

D+ (0.6W or O.7E)

D+0.75L+0.75 (0.6W) +0.75 (L or S or R)
D+0.75L+0.75 (0.7E) +0.75S
0.6D+0.6W

0.6D+0.7E

©COoNOORWN =~

Load Combination

COM1 D+S

COM2 D+0.6*W-windard

COM3 D+0.75 (0.6W-windard) +0.75S
COm4 0.6*D+0.6W-leeward

SYMBOLS DESCRIPTION
Dead load
Live load
Snow load
Wind load
Rain load

Earthquake load

mix s wr|lo

Wind compression load
Wind compression load
Wind uplift load

4.5 STRENGTH CALCULATION BASIS

D= 1242.60 N
Fs= 2478.83 N
Fw-windard= 16602.43 N
Fw-leeward= 14736.99 N
g-D= 0.136 N/mm
g-S= 0.272 N/mm
g-windard= 1.820 N/mm
g-leeward= 1.616 N/mm

5. SAP2000 MODEL
Load pattern: Dead load g-D=0.136 N/mm

Dead load liner density
Dead load liner density
Wind positive load linear density
Wind negative load linear density

PR R |
e T | e
M
L P X
: L T i
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Load pattern: Snow load g-S=0.272 N/m
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6. STRENGTH CALCULATION

6.1 ARS55 RAIL
COM1 D+S bending moment

EGy ELECTRONICS

& Lzt /5‘”7&'\\4/—9%/ -
e
e \32;,/‘/// r
EHRIE () BN inabiRES (o) by
IR |ms v| _ Has O 48T IR o5 v _ Tigs O BT
S8 Major (V2andM3) + Singlevalued lim_ 0.m ®E+E S Minor (V3andM2) v | Singlkevaled v 5| 0.mm ®BrE
0. mm) (0. mm)
T 582 HE
JE 0. 1§ | 0.mm
(1300. mm) (1300, mm}
L - REHE (Em Ny BRI Nmm) FHTE - SR (B0 N EREE )
43224 67 1815745 AHEE (277 3515758 36540.06 AR (35H)
0.32 Nimm 0.27 Nimm
g J I D at433.33 mm c J« / D at 433.33 mm
226.04 1748 A2BEALE 17243 1145& A3BEAE
= BAE
Hh{Ev2 HhiEw
S e
n at0. mm 2t 1300. mm
EHE X
EEEM ZHEm
-43224 67 N-mm -36540.06 N-mm
_F’ at 0. mm U at 1300. mm
M3= 43224 N.mm
M2= 36540 N.mm
M3/Wx+M2Wy=  33.16 Mpa<240 Mpa OK



COM2 D+0.6*W-windard bending moment
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L (8 TTHR AR (5 ) T
IR 008 W-windard v FH:580 O B98T TR 0«06 W-windard v _ figs O BHER
S8 Maor (V2andi3) v | Sigkvaked % | 0.nm ® 84 48 [Mior(3andi2) v | Singkvaked v lsm | 0.m ® EXfE
(0. mm) (0. mm)
Jﬁﬁ 0. mm 1% | 0mm
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CI D at 886.67 mm C 1‘) at 86667 mm
868.73 613.52 A2REAE m,sj 16 BIFENE
e e AR
BhiEwv HOfv
.JA AT A 054N
at 0. mm = at0. mm
N T
TEEwW 45 M2
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mr’ at 0. mm mw— at 0. mm
M3= 181614 N.mm
M2= 17323 N.mm
M3/Wx+M2/Wy=73.26 Mpa<240 Mpa OK
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COM3 D+0.75 (0.6W-windard) +0.75S bending moment

& 2 ,'ﬁ&;@_’—
S —\&“@;—/J T
5 frad == i
e
imabRES (1) TTERN AR () ETEN
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M3= 161174 N.mm
M2= 33296 N.mm
M3/Wx+M2/Wy=73.71 Mpa<240 Mpa OK
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COM4 0.6D+0.6*W-Leeward bending moment
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N B ——— s
e
i e s
PSS
) - e —
inehRER () TTER HREPTRAE () byl
IR 060:06Weeward W H0:580 O BNET TR 060+06Weeward v H5:580 O BHEFR
BE Naor (V2andl) | Siglvabied v I3 ?u mn ; ®BXE S8 Mnor (V3andii2) v | Singkvalied v L ?d mm ) ® 5%
. Mm. . mm,
o pas TSR
1% | omn I | 0.mm
(1300 mm) {1300, mm)
FHTE - REEE (B0 N EHEIE ) ST - IR E (Eh N EREIE k)
139071.7 50816.36 BATE (2750 266433 1570855 AR (37500)
0.9 Nmm 5575602 Nimm
j at 1300. mm g J« 1 D at 43333 mm
5195 AZAEALE 254 4594 RIAAAE
BAE e
BhiEv Hhiaw
at 0. mm = at 1300. mm
s T
SHEEW HIG M
139071.7 N-mm -15708.55 N-mm
' | at 0. mm RS at 1300. mm
M3= 139071 N.mm
M2= 15708 N.mm

M3/Wx+M2/Wy=57.29

Mpa<240 Mpa OK
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6.2 BEAM
COM1 D+S bending moment
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M3/Wx+M2/Wy=44.82 Mpa<240 Mpa OK
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COM2 D+0.6*W-windard bending moment
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COM3 D+0.75 (0.6W-windard) +0.75S bending moment
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COM4 0.6D+0.6*W-Leeward bending moment
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Rl T
TEEW M
460330.19 -mm 1417.08 1k
M3= 460330 N.mm
M2= 1417 N.mm
M3/Wx+M2/Wy=128.26 Mpa<240 Mpa OK
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6.3 COLUMNI
Length: 470 mm

COM1 D+S bending moment

EGy ELECTRONICS

AR () byl iEHAE () b ny:Al|
IR o v - Tmm O BHET IR s v R O %ihEx
S8 Maor(VZandM3) v | Siglevaled v | 0.mm ®EXE S8 Minor (V3andM2) v ||Singlevalied v % | 0.mm ® BXiE
En Lo
e # | oom
(464.8 mm) (4648 mm)
FHTTH, -IREHE (E A N EREIE Nmm) FHHE - REEE (E N ERTIE )
199.92 2535 AHHR (2758]) 187657.2 B (3T
0. Nimm 0. N/mm
QT *ID at464.8 mm [ D at 464.8 mm
0.38 03 A2REAE 41374 ASmAE
EAE BAM
Hhiive HAEV
&t 464.8 mm at 464.8 mm
g ZEH
THEM TR M2
199,92 N-mm -187657.18 Nemm
at 0. mm at 464.5 mm
AR () TR
IR s v _ TEne O RHMET
S8 |AdqlPandT) v ||Sngevaed v I | 0.nm ® BXiE
(0. mm)
194
I | 0.mm
(464.8 mm)
S - RS (FeR N T Nemm)
918 .48 921.08 AR (17500)
—_ < -GE2E03Nmm
e —p  Gt464ETM
58.37 £y B-1A@AE
141 R
#hhiar
921.09M
at 464.8 mm
M3= 200 N.mm
M2= 187657 N.mm
Axial= 921 N
M3/Wx+M2/Wy+Axial/area= 85.67 Mpa<240 Mpa OK
Slenderness Ratio= 35.26 <180 OK
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COM2 D+0.6*W-windard bending moment

EGy ELECTRONICS

REHRE () TRER e () il
IR |D:06W-windard v GI=HEx O B8 F IR D:08%W-windard v HE:193 0 548 T
SE Maor(V2andM3) ~ Sigevalied | 0.mm ®E+E S8 Minor(V3andM2) | Siglevalied % | 0.mm ®BExi
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L7 - REAHE (Em Ny BRI Nmm) FHEE - IREER (o Ny EHTE Nnm)
1528 18037 S (250m) o AT (3 k)
0. Nimm 0. N/mm
CT l j at 464.8 mm I sl j at 454.8 mm
073 073 B2AEAE 246,41 a4t BIREAE
%/m =AM
Hhfaw HABV
73N 24641 N
at 464.8 mm at 464.8 mm
ZiEH ZEH
TR M TR (A M2
188,37 l-mm 11453293 N-mm
== B at 464.8 mm = at 454.8 mm
i (Rl ) T
IR |D:06W-windard v 0 O BHETS
4 |mcal(PendT) v Singlevalied v | 0.mm ® FHE
(0. mm}
. TiEe
I&® | o.mm
(464.8 mm)
A - IRSEE (ER N ERITE Nmm)
1903 66 190628 AR (177060)
— —  -5622E03Nimm
e —p  B14843mm
76.06 w06 EATEME
/1
#ihige
190628
at 464.8 mm
M3= 188 N.mm
M2= 114532 N.mm
Axial= 1906 N
M3/Wx+M2/Wy+Axial/area= 58.66 Mpa<240 Mpa OK
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EGy ELECTRONICS

COM3 D+0.75 (0.6W-windard) +0.75S bending moment

SRR () TR AR (i ) TR
IR |DA07508W-windardp0.755 v Hi 1 O BHEF TR 0:07506W-windard)+0.755 v #49 0 BHes
S8 Mapr(V2andM3) v | Singlevalied v | 0. ®EHE A8 Minor (V3andM2) | Singlevalied % | 0.mm ® B+
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0. Nimm 0. Nimm
g T l j at 464.2 mm 1 D at 464.8 mm
077 077 A2BRALE dgs  HSHEAE
&R BAR
Bhiiv HhEv
&t 464.8 mm at 464.8 mm
T g kel
EE@EM & iE i M2
-230.1 N-mm -21681.2 N-mm
—-“ at 0. mm at 464.8 mm
SmapmS (fud ) SiriEm
TR |D-075(06W-windard)-0753 v #5193 O RPET
S |Adal(PandT) v Singlevaled v I | 0.mm ® HHE
(0. mm}
. Tigi1e4
Ji_ﬁ 0. mm
(464.8 mm)
LM, - [REE (N EREE bmm)
1954 87 1957 49 TS (17700)
—_— P -5.622E-03 Nimm
P —p 4648 mm
90.73 w7 A-THEALE
/IR
#ihie
-1857.49N
at 464.5 mm
M3= 230 N.mm
M2= 21681 N.mm
Axial= 1957 N
M3/Wx+M2/Wy+Axial/area= 18.72 Mpa<240 Mpa OK
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COM4 0.6D+0.6*W-Leeward bending moment

EGy ELECTRONICS

iebS (fuf ) TR TREbRES (fuf ) byl
I8 06D:06W-keward v R O BH8F IR 050-06W-keward v L O BHET
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i 89 S (27570 ) S PTAE (370 )
0. N/mm 0. N/mm
: 1 D at 464.5 mm 1 al 4648 mm
045 E2REAE 111 BE3REAE
=/ e
Bhigv : HhiEv
| at 464.8 mm 1 at 464.8 mm
Zihl g
" THEw sEEw
— = 783 Nerm =i = 20037938 e
= at 464.8 mm at 464.8 mm
smapims (fud ) TirEm
IR 0ED08N-eeward vl B O BIET
s |Aal@andT) | Sngevaved v m | 0.mm ® FHE
(0. mm}
T4
Ji_ﬁ 0.mm
(464.8 mm)
S, - IR (Eh N EIEE Nmm)
1208.99 1207.43 A (1770)
i > -3373E03Nimm
— g E4843mm
3751 @151 BARMALE
AR
: fihie
D -
) st 0. mm
M3= 179 N.mm
M2= 200379 N.mm
Axial= 1208 N
M3/Wx+M2/Wy+Axial/area= 92.53 Mpa<240 Mpa OK
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6.4 COLUMN 2

Length: 353 mm
COM1 D+S bending moment

EGy ELECTRONICS

Slenderness Ratio=

26.49 <180 OK

AR (fd ) SR RS (TE ) FRIAR
IR o v I, O RHEF IR b v g8 OF 1.1 3
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e e
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S (270 SHE% e SEE (35
5 072E-03 Nimm 0. Nimm
T gt 169.51 mm c T J D at 339.02 mm
0.86 086 R2AMAE 0.75 075 BIAEAE
=AE BAE
. HhEw BEhEw
- 086N Q75N
&t 339.02 mm at 339.02 mm
ZaE S8
BiEEM 6 45 M2
72,87 N-mm -295.5 N-mm
_ at 169.51 mm at 0. mm
iR (AR ) TR
IR D5 v : F:363 O BshET
S8 Axal(PandT) v Snglevabed % 0.mm ® g8
(0. mmj
- Tigi34
IR 0mm
(339.02 mm)
FATE, - REHE (ERA N iR Nmm)
481.69 480 87 HHR (15
s e  2AMEBNmM
o —p  81330.02mm
1168 1168 A-TAMAE
/1
fhiae
43169N
at 0. mm
M3= 72 N.mm
M2= 295 N.mm
Axial= 481 N
M3/Wx+M2/Wy+Axial/area= 2.43 Mpa<240 Mpa OK
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COM2 D+0.6*W-windard bending moment

EGy ELECTRONICS
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73.07 1307 AHEAE
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at 0. mm
M3= 72 N.mm
M2= 706 N.mm
Axial= 1853 N
M3/Wx+M2/Wy+Axial/area= 9.08 Mpa<240 Mpa OK
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COM3 D+0.75 (0.6W-windard) 0.75S bending moment

i (R )
IR D:0T505W-windsrd}0755 v HE3
S8 Mapr (V2andW3) v Sigkvalied 55| 0.nm
(0. mm)
.
IR | o
(339.02 1)
FHE - REAE (Ed Ny EHTE Nnm)
U&BT 0.86
=R
Bl

BRIER
O #HhET
® BAfE

SRS (2750 )
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IR (fE ) TR
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§1.67 ¢67 EAAEAE
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#whie
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at 0. mm
M3= 72 N.mm
M2= 359 N.mm
Axial= 1666 N
M3/Wx+M2/Wy+Arial/area= 8.05 Mpa<240 Mpa OK
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COM4 0.6D+0.6*W-Leeward bending moment

iRaHS (uE ) RN ERE (E ) BTEN
IR 06D:06W-eeward v 38 O #8485 IR 06D06W-keward v 363 O BHET
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A (2700 ) i P AR (3 HE)
3.043E.-03 Nimm 0. Nimm
T T at 169.51 mm C f l D at 339.02 mm
052 05 R2REAL 135 has  ASAEAE
m/m e
HAhEw HHEWV
at 339.02 mm at 339.02 mm
TEH Tl
EEEM TR M
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il (fuf ) Lyl il
TR | 06D06W-eeward v FH1:363 O BHET
48 | AEE.dT) v Sngevaled v % | 0. ® ExE
(0. mm)
Fim64
d !ﬁ 0. mm
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1392 48 1392 97 AR (17501
e —» 145403 Nimm
Y PPN 8 R
59.23 5021 A-VARAE
/@
#WhiEe
at 339.02 mm
M3= 43 N.mm
M2= 779 N.mm
Axial= 1392 N
M3/Wx+M2/Wy+Axial/area= 6.92 Mpa<240 Mpa OK
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6.5 SUMMARY
RAIL BEAM COLUMN 1 COLUMN 2
ITEMS Stress | Stress Stress | Slenderness Stress | Slenderness
(Mpa) (Mpa) (Mpa) Ratio (Mpa) Ratio
D+S 33.16 44 82 85.67 2.43
D+0.6 W-yvmdard 73.26 170.36 58.66 3526 9.08 26.49
D+0.75 (0.6W-windard) +0.75s | 73.71 153.42 18.72 8.05
0.6*D+0.6W-leeward 57.29 128.26 92.53 6.92
Allowable Value 240 240 240 180 240 180
Conclusion OK OK OK OK OK OK
7. WIND RESISTANCE CALCULATION OF CONCRETE FOUNDATION
Reaction Force F
Fmax= 1807.32 N <4998 N OK
Faverage= 1487.82 N <4998 N OK
Concrete foundation meets the usage requirements
\ The weight of concrete foundation= | 0.5 x 0.5 x 0.85 x 2400 x 9.8 N = 4998 N
TABLE: JOINT REACTIONS
. F1 F2 F3
Joint Output Case N N N N
4 0.6*D+0.6W-leeward 7.29 -811.73 -387.31 -1168.38
5 0.6*D+0.6W-leeward 2.13 -342.51 -781.07 '
10 0.6*D+0.6W-leeward 1.35 -1256.63 -599.91 1807 31
1 0.6*D+0.6W-leeward -0.94 -431.09 -1207.4 '
16 0.6*D+0.6W-leeward -0.92 -1256.6 -599.89 1807 32
17 0.6*D+0.6W-leeward 0.46 -431.11 -1207.4 '
22 0.6*D+0.6W-leeward -6.92 -811.74 -387.32 -1168.28
23 0.6*D+0.6W-leeward -2.46 -342.61 -780.96 '
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