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This study examines a 2kW photovoltaic (PV) support structure, highlighting the vulnerability of conventional metal frames
to corrosion and strength degradation in harsh environmental conditions. To overcome these challenges, we propose using
pultruded fiber-reinforced polymer (PFRP) members as an alternative structural material. An optimal design framework is
established to identify efficient PFRP cross-sections. The study aims to determine lightweight cross-sectional dimensions for
box sections (columns and girders) and C-sections (purlins) while maintaining structural safety. We evaluate structural
performance using the allowable stress design (ASD) method, incorporating safety factors recommended by the American
Association of State Highway and Transportation Officials (AASHTO). Finite element analysis (FEA) assesses critical design
constraints, including buckling, material failure, and serviceability deflection limits. From the feasible designs, we select the
lightest cross-sectional configuration that meets all safety requirements. The results demonstrate that PFRP members can
significantly reduce weight while ensuring structural safety, thus validating their potential as an alternative to conventional
metal photovoltaic support structures.
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NOMENCLATURE E [MPa] = Modulus of Elasticity
F.S. Atiow = Safety FACTORs that Must Be Satisfied
Gallowbuckling [MPa] = Allowable Compressive Stress for Buckling during Design as Suggested by AASHTO
Obesign [MPa] = Design Stress F.SBuckling = Safety Factor Governing Buckling Stability
ODesien, buckling [MPa] = Design Buckling Stress H [mm] = Height
Outtimate [MPa] = Ultimate Strength I [mm*] = Area Moment of Inertia
Omax [Mm] = Maximum Deflection K = Effective Length Factor
Olimit [mm] = Limit Deflection L [mm] = Length
D; [mm)] = Discrete Set r [mm)] = Radius of Gyration
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t [mm] = Thickness

v = Poisson’s Ratio

Vo [m/s] = Design Wind Speed

vf = Fiber Volume Fraction

W [mm] = Width

We [kg] = Weight of C-section

Wk [kg] = Weight of Box Section

Xc [mm] = Variables Defining the C-section Dimensions.

Xp [mm] = Variables Defining the Box Section
Dimensions
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Fig. 2 Cross sectional shapes and dimensions of (a) box section for
column, (b) Box section for girder, and (c) C-section for purlin
in 2 kW slab-type solar structures made of SRT275 steel [8]

Table 1 Slab-type solar structure specifications

Item 2 kW slab-type
Number of panels 10
Width [mm] 5,000
Length [mm)] 3,030
Front columns height [mm] 1,500
Rear columns height [mm] 2,655
Columns spacing [mm] 2,000

Table 2 SRT275 member sectional properties

Cross-section property

SRT275 member

Area [mm?] I [mm*]
Iy 1.93 x 10°
Column 1,239 x
Iy, . 1.93 x 10°
Iy 2.4 x10°
Girder 7.277.04 x
v, 54x10°
Iz, 1.03 x 10°
Purlin 1,864.1 oc
v . 2.5%10°
Table 3 Material property of SRT275
Property Value Unit
Density 7,850 kg/m®
Poisson’s ratio 0.3 -
Young’s modulus 2.05E+05 MPa
Yield strength 275 MPa
Tensile strength 410 MPa

Column
— Girder
— Purlin

A

Fig. 3 1-D modeling of solar structure

Table 4 Material property of fiber and resin

Property E6-glass Polyester
Density [g/mm?’] 0.00306 0.00105
Poisson’s ratio 0.22 0.316
Young’s modulus 81 6
Fiber diameter [um] 30 -
Fiber volume fraction 04 -
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Fig. 4 PFRP specimens employed in ASTM D638 and ASTM
D790 testing. (a) Tensile test specimen, (b) Bending test
specimen

Table 5 Fiber axial modulus and strength according to ASTM test

Property Value Standard
) Modulus [GPa] 35.5
Tensile ASTM D638
Strength [MPa] 562
) Modulus [GPa] 24.4
Bending ASTM D790
Strength [MPa] 649
) Modulus [GPa] 222
Compressive ASTM D695
Strength [MPa] 417
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Table 6 Material property of PFRP (v, = 40%) composed of E6-
glass 9 and polyester

Property Value Unit
Density 1.854E-06 kg/mm®
Ex; o 36,017 MPa
Ev, . Bz, 12,055 MPa
Gvz o 4,351 MPa
Gxyy oo Ox74 o0 4,720.4 MPa
VYZ) e 0.38
VXY o VX7 o0 0.27

oA A ZEade] w9k 7%

(ANSYS-Material Designer)2 &-835to] 23t WL #8435}
Fom, olF S3A PFRPO| &4& =&t A4 = 0%

A (Ex,  )7F ASTM 20l oh 1% AwZH35.5 GPa)
3t oF 1.4% Yo 23422 LR Siek(Table 6).

N
‘-_Nl.
12
nz
=

(Dimension Optimization)E 2183} c}.

PFRP efofd stk RA2A] 22 3-89 AZHAZAS
FHoR wel A3k, 7153t vl £ 9 B okl o
3t §80] 9<%t Z3¥ (Box Section)y, F|ofl= w3 A|uj
Az a7} Ql C¥(C-section) THHE A5t 23L& 7]
S Hof] ARgE ], € TS F=e]of ARgEh

7} Tie] gol, F Gl FAE AA W= *414ob_ 2,
A vk gl 2 7ol thigt Aler
oA A FHEE A dHS EESe AS HAdeE 4F
ahaict.

Az wl Az vl et 724 QP4 7 51822
(Allowable Stress Des1gn ASD)o] 7]Wtate] =35+ 2 H[15],
8% Q7 FAES AASHTO (American Association of State
Highway and Transportation Officials)& ZFals|Th. & Ao
A AMESE QP Table 70 g2tk

AAE gL Aol ZJulf AFel wet AAA a6t



March 2026 / 261

Table 7 Safety factor applied according to structural behavior for

allowable stress design (AASHTO)

Property Safety factor
Flexural member, beam 2.5
Compression member, columns 3.0
Shear 3.0
Connections 4.0
Modulus of elasticity 1.0
Shear modulus 1.0
- W e
Yl,(u‘ 7 ‘; Yl,oc
T
ZLuc ZLor
-
(a) (b)

Fig. 5 Cross sectional shapes and dimensions of (a) Box section of
column and girder, and (b) C-section for purlin in 2kW slab-
type solar structures made of PFRP
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Table 8 Design variables according to cross section

Cross section Design variables
Height = Width Thickness

Height Width Thickness

Box section

C-section

Table 9 Design variables range for each cross section

Cross section Variable Discrete set (D;) [mm]
D, = {30, 40, 50, 60, 75, 80, 90,
x=(H=W
Box section 1= ) 100, 125}
Xy =t D,={3,4,5,6,7,8,9, 10}
, =(H,W) Ds={(100,50), (125, 65), (150,75)}
C-section
Xy =t D, = {10, 11, 12, 13, 14, 15}

Table 10 Constraints for optimal member performance

Cross section Member Constraints
. Column Buckling
Box section
Girder ) Material failure
- - Deflection
C-section Purlin
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Fig. 7 FEA Dboundary conditions according to constraints. (a)
Vertical load (DY+SY+WY) conditions to check for
buckling, (b) Load (DY+SY+WX) conditions to check for
deflection and material failure
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Table 11 Applicable design load and direction conditions for finite
element analysis

Load Value [ kKN/m?] Remark
Dead Load (DY) 0.272 Solar module
Snow Load (SY) 0.4
Wind Load (WX) 4.39
- Vo: 45 m/s
Wind Load (WY) 4.39

Column Buckling Results
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Fig. 8 Buckling stability results box section column
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Girder Deflection Results

wt=3mm ®t=4mm ®t=5mm ®wt=6mm ®Wt=7mm ®t=8mm Wt=9mm mt=10mm
18

16

14

[mm]

Unsafet
o [

Safety

Dc_l]ccuon
o & oo

3
—
I
[
I
===
—
| E—
_
I
||
 —

75 125
Hu;,lh Width [mm]

Fig. 9 Deflection results of box section girder

Purlin Deflection Results
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Fig. 10 Deflection results of C-section purlin
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Table 12 Material failure safety factor of each member for tensile,
compressive, bending

Property COD:E f:::ive Bending stress
GUitimate / ODesign 40.76 32
Column F.S.Aliow 3.0 2.5
Remark OK OK
GUitimate/ ODesign 1895.4 11.6
Girder F.S. Atliow 3.0 2.5
Remark OK OK
GUitimate / ODesign 2316.6 69.1
Purlin F.S. Attow 3.0 2.5
Remark OK OK

Table 13 Lightweight PFRP member cross-section derived through
optimal design process

Member HxWxt
Column
- 75 x 75 x 4 mm
Girder
Purlin 100 x 50 x 13 mm
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