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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 06-0.9 <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
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MEMBER

CROSS-SECTIONS

PROPERTIES

Rail

4 |273. 971035286453

Ip (114460, 573763371

Tx (52085, 1502447548
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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=0.7CeC+Pg

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 C;=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 * Kq*x 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.

©CoNoOORWN =

D

D+L

D+ (L or 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

Load Combination

COoM1
COM2
COM3
COM4

D+S

D+0.6*W-windard

D+0.75 (0.6W-windard) +0.75S
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

W STRE
-—‘v | q—ilvl"




Load pattern: Snow load q-S=0.272 N/m
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L

Load pattern:

RS = o = __‘I—_ 1_
[TIIR S s { [
5 - ""_'_"_'____I_ __\;qr__ _‘I__
ffﬂ_ﬁ"" | . i

—T1TTT8
2.{1 J 113

Load pattern: Windload-leeward g-leeward=1.616 N/mm
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6. STRENGTH CALCULATION

6.1 AR55 RAIL
COM1 D+S bending moment

P o s -;S;..—
{;"V —
5 —
e S, e—
J”"f - ==
e
g S
EHRIE (i) BTN imabfREs (o) by
IR [ps VR 0 #9EF IR 0s v __ sEs 0 #9EF
S8 Major (V2andM3) + Siglevalued i ?ﬁmm] ®EHE S Minor (V3andM2) v | Singlevalied v Iim ?Umm) ®EriE
] . mm
I 0. I | 0
(1300. mm) (1300, mm}
L - REHE (Em Ny BRI Nmm) FHTE - AR (B N EREE )
43224 67 18157.45 AHEE (277 35157.58 3654006 AR (5)
0.32 Nimm 0.27 Nimm
C J D at 433.33 mm g D at433.33 mm
226.04 11?.43 B2AEAE 72 L 1145& A3BEAE
= BAE
Hh{Ev2 HhiEw
S e
. at0. mm 2t 1300 mm
EHE X
EEEM EHEm
-43224 67 N-mm -36540.06 N-mm
w at0. mm T at 1300. mm

M3= 43224 N.mm
M2= 36540 N.mm
M3/Wx+M2/Wy= 33.16 Mpa<240 Mpa OK



COM2 D+0.6*W-windard bending moment
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i .
g e .
'.-?)3’ = —=
" '_3';",'4.:'-— TR
P —
imabRES () FTEN AR () EREN
IR 006 W-windard v Fi:580 O BugT TR 0«06 W-winderd v _ figs O RHER
G# Najor (V2andl3) | Singkvalied v % | .o ® BXE & Minor (V3and2) v |Singl valued v | 0.mm OF-$.4'
(0. mm) (0. mm)
1§ | 0.mm 1% | 0mm
{1300. mm) {1300. mm)
FHE - REEE (B0 N BB ) ST, - PR (EA N EREE Nmm)
1816147 67727 56 BATRE (27306 173232 343083 AR (37500)
1.2 Nimm 9.208E-02 Nimm
CI D at 886,67 mm C 1) at 88667 mm
868.73 613.52 A2REAE m,sj f16  BIFENE
=AmE AR
Bhigwv Hhfv
..-.-A SR ‘ 054N
at 0. mm = at 0. mm
R kel T
EEEW IR M
18161467 Nemm 173232 l-mm
er 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

10
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COM3 D+0.75 (0.6W-windard) +0.75S bending moment

o
=
e
.73*.‘723__ ——— j" =
imabRES (fuf ) FTEN AR () EREN
TR DA07506W-windard)+0.755 v F50 O BPET TR |D07508W-windard)+0.755 v Figs0 O BHER
S Majpr(VZandM3) v | Singevalied v I | 0.mm ®EriE S8 Minor (V3andM2) v | Single valued m | 0.mm ®ExiE
(0. mm) (0. mm)
Timse TG 58
I | 0mm I | o
(1300. mm} (1300. mm}
ST - R (B N BT N ST - E (Eh N EREE Nonm)
161174, §1281.93 BATRE (27306 33295.45 23675.77 AR (376
1.09 Nimm 0.22 Nimm
c1‘ D at 0. mm CT D at 0. mm
782.09 618.41 A2RRAE 152.48 117.63 AIHANE
=R BM
Bhigw Bhiiv
g P
at 0. mm at 0. mm
g T
EEEW ZhEM
-161174.04 N-mm -33296.45 N-mm
w at0. mm ) o at0.mm
M3= 161174 N.mm
M2= 33296 N.mm
M3/Wx+M2/Wy=73.71 Mpa<240 Mpa OK

11



COM4 0.6D+0.6*W-Leeward bending moment
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e
" o2 =
e e
R B < Bl
et e
e —____-.ﬁt’fﬁ..
inahRER () TTEN iah RS (fF ) TERER
IR 060D+06W-keward v 0580 O BHET TR |06D:06W-leeward v H5:580 O BHET
S8 Maor (V2andi3) v | Siglevaked % | 0.nm ® 8 8 Mnor(v3and2) v |Singk vaed v % | 0.m ® 5%
(0. mm) (0. mm)
T 56 Tig 58
1% | .mm I | omm
(1300. mm) {1300. rom)
FHEE - REER (B Ny EREE V) - REEE (Esh N ERBIE )
139071.7 50816.36 BT (2756 ) 266433 15708 55 AR (37500)
0.9 Nimm 5 525E.02 Nimm
l j at 1300. mm g! 1) at 43333 mm
5195 AZAEALE 254 4594 RIAAAE
2R =R
Bhigwv HhfEw
at 0. mm at 1300. mm
TR TR
EEEM 5 45 {f M2
133071.7 N-mm -15708.55 N-mm
r’ | at 0. mm s at 1300. mm
M3= 139071 N.mm
M2= 15708 N.mm
M3/Wx+M2/Wy=57.29 Mpa<240 Mpa OK

12
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6.2 BEAM
COM1 D+S bending moment

#
&
\ e
IRERREE () TTEN s (UE ) TR
IR s v e O B48T IR D5 v e O RET
A Majr (V2andM3) v | Single valued v Iim ?u i ®BriE S8 Minor (V3andM2) v | Single valied lin ?U o ®BLE
. mm . mm
ﬁlﬁﬁg# %ﬁﬁé#
I | om I 0.mm
(464.59 mm) (464.58 mm)
ST - R (B N ERTE Nemm) FATE - A (EA N EFTE Nonm)
160562.2 1605941 AR (2756 ) 849.6 659.37 HAAR (35
6.859E-03 Nimm 0. N'mm
C ix T D at 232.29 mm ( 's l § at 464.59 mm
153 166 H2AMAE 327 321 BI3AEAE
=R 2R
Hhigw Bhigv
) 166N 327N
at 464.58 mm at 464.59 mm
g ZiEl
TEEW THEEW
-160594.13 N-mm -859.6 N-mm
at 454.58 mm T— T i at 0. mm
M3= 160594 N.mm
M2= 859 N.mm
M3/Wx+M2/Wy=44.82 Mpa<240 Mpa OK

13



COM2 D+0.6*W-windard bending moment
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P
2 4 \-\ 5 o
i DN / . W5,
b o
" (2N
53 i, "
% & \ \\\ q \.’\._ .\
N b8 % 5
b3
imabiRES () byl AR () vl
IR 0+06W-windard v . Ei=RE O B#ET IR |0+06W-windard v - Tig 195 O B8
A% Waor (V2andh3) v|[Singevabed v % | 0.nm ®BkiE S8 | Minor(ViandM2) v |Single valued v % | 0.0m ®EXlE
(0. mm) (0. mm)
Jifﬁ”a 0.mm Jﬁ#if__ 0.mm
(464.53 mm) (464.59 mm)
FHE - REEE (B0 N BB ) FATTH, -IREHE (Eh N ERSIE k)
597207, 611945, BATRE (2731) 1010.09 1215.73 AT (37500)
6.859E-03 Nimm 0. Wimm
C [ A D at0. mm 1) at 464.59 mm
13_32 A2RMAE 479 E3AEAE
=AM m=AR
Bhigwv Hhfv
at 454.58 mm at 454.59 mm
R i
EREM TR M
-6511845.22 N-mm - -1215.73 N-mm
at 464.53 mm ?" at 464.59 mm
M3= 611945 N.mm
M2= 1215 N.mm
M3/Wx+M2/Wy=170.36 Mpa<240 Mpa OK

14
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COM3 D+0.75 (0.6W-windard) +0.75S bending moment

%
.w”.’_‘; e o
T P
: o 22 N
=N | i
b L8 sl
N : esf‘ 3
5 i N /
P i
IRERE (f2E) byl eI (E ) T
TR 00750 8W-windard)+0.755 v 5195 0 BaEn TR |D+075(08W-windard)+0.755 v g% O BHET
S8 Major (V2andM3) v | Singlevalued lim ?ﬁm“) ® BXiE 8 |Minor (V3and M2) v | Single valued v ke ?d““”) OF 54"
. mm, . M,
P g T
i E_ﬁ 0.mm 1 E#if__ 0.mm
(464.53 mm) (464.59 mm)
FHE - IREER (o N EHTE Nnm) FHEE - REAE (Esh Ny ERTE Nmm)
2 3
540440 551505, AT (273k) 260.95 530.M1 AHER (75
6.859E-03 Nimm 0. Wimm
C [ D at 23229 mm 1 D at 464 59 mm
15_41 A-2AEAE 17 ®3AEAE
=R =R
HhiEwv Bhiw
at 454.58 mm at 454.59 mm
gkl T
. EREM . TR M
-551505.23 N-mm _— o i | -530.71 N-mm
at 464.53 mm —-—' at 464.59 mm

M3= 551505 N.mm
M2= 530 N.mm
M3/Wx+M2/Wy=153.42 Mpa<240 Mpa OK

15



COM4 0.6D+0.6*W-Leeward bending moment
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364 Tigi 364
1% | 0 8| o
(464.58 mm) (464.59 mm)
ST - REE (S N TS ) EATE-REHE (Emh N ERTHE lm)
447281, 460330. AREsR) 1337.54 1417.05 AR (150)
4.122E-03 Nimm 0. Wimm
J ? at232.29 mm C T j at 464.59 mm
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ZHE ZhE
TEEw 8 45 i M2
450330.19 N-mm 1417.05 N-mm
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 () by imEHAE () b ony Al
IR o v _ vEm O BHET IR s v L O %ihET
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— «—  -SE2E03Nmm
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#hhiar
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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
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IR |D:06W-windard v 193 O BHEE IR 008 W-windard v g9 O BHEF
S8 | Major(V2andM3) v Siglevalied v ¥ | 0.mm OF:%4:] S8 Minor (V3andM2) v | Singlevaluied ~ % | 0.mm ® B+
(0. mm) (0. mm)
194 Er=HE
I&  0mm Jig | 0.mm
(464.8 mm) (464.8 mm)
L7 - RERHE (Em Ny EHTE Nmm) FHEE - IREER (S Ny EHTE Nnm)
152.8 18837 ABER (2776 1148329 AR ()
0. Nimm 0. N/mm
CT l j at 464.8 mm I l j at 464.8 mm
073 073 EZAEALE 246.41 aup41  ASHEAE
=M =
HhfEw HABV
073N 24B4N
at 464.8 mm at 464.8 mm
5] ZEY
BEEM IR M
188.37 omm 114532.93 o
— at 464.8 mm e at 454.8 mm
i (hid ) T
TR |D:06W-windard v 103 O RH$HET
4 |mcal(PendT) v Singlevaled v I | 0.mm ® FHE
(0. mm}
. o194
I | o.mm
(464.8 mm)
A - IRSEE (£ N EhRIRE Nmm)
1903 66 190628 AR (177060)
" ¢ -5622E-03NMm
& —p  B14843mm
76.06 w06 EATEME
/0=
#hige
190628 N
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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COM3 D+0.75 (0.6W-windard) +0.75S bending moment
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‘e —p 4648 mm
90.73 €7 AHEALE
AR
#ihie
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at 454.5 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
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411
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&t 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
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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

Slenderness Ratio=

26.49 <180 OK
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COM2 D+0.6*W-windard bending moment

EGy ELECTRONICS
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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

22



EGy ELECTRONICS

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