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ABSTRACT

In recent years, numerous environmental problems associated with the excessive use of fossil fuel are taking place. For an alternative
energy resource, the importance of renewable energy and the demands of facilities to generate renewable energy are continuously
rising. To satisfy such demands, a large number of photovoltaic energy generation structures are constructed and planned with large
scale. However, because these facility zones are mostly constructed on land, some troubles are occurred such as rising of construction
cost due to the cost of land use, environmental devastation, etc. To solve such problems, the floating type photovoltaic energy
generation system using FRP members have been developed in Korea. FRP members are recently available in civil engineering
applications due to many advantages such as high strength, corrosion resistance, light weight, etc. and they are suitable to fabricate the
floating structures because of their material properties. In this study, the analytical and experimental investigations to evaluate the
structural performance of floating PV generation structure and SMC FRP vertical member which is used to fabricate the structure were
conducted. The static and dynamic performances of floating PV generation structure are evaluated through the FE analysis and the
experiment, respectively. Moreover, the structural safety evaluation and buckling analysis of SMC FRP vertical compression member
are also conducted by the FE analysis, and the structural behavior of SMC FRP member under compression and pullout is investigated
by the experiments. From this study, it was found that the structural system composed of pultruded FRP and SMC FRP members are
safe enough to resist externally applied loads.
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Fig. 3. FE Analysis Model of

Table 1. Material Properties of FRP Members

Floating PV Generation Structure

Material Elastic Modulus Tensile Strength Shear Strength Poisson’s Ratio Unit Weight
(GPa) (MPa) (MPa) (v, mm/mm) (G, kN/m?)
Pultruded FRP 33.28 402.58 79.20 0.25 18.42
SMC FRP 1433 72.36 34.47 0.25 18.42

Table 2. Allowable Stress (AASHTO, 2001)

Material Tensile Stress Compressive Stress Shear Stress Flexural Stress
(MPa) (MPa) (MPa) (MPa)
Pultruded FRP 201.29 134.19 26.40 161.03
SMC FRP 36.18 24.12 11.49 28.94
Safety Factor 2.0 3.0 3.0 2.5
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Table 3. Applied Load
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Load Case Magnitude Remark
Wind Load 4.39kN/m? Design wind speed: 45m/s
Snow Load 0.40kN/m?
Crowd Load 4.90kN/m?
Solar Module 254.97N/EA Size: 1,966mmx1,000mmx50mm
Floating System 0.69kN/m?
Self Weight
Foothold 0.12kN/m? FRP Grating
Inverter 1.96 kN

Table 4. FE Analysis Results of Floating PV Generation Structure

Material Tensile Stress Compressive Stress Shear Stress Flexural Stress

Maximum Stress (A, MPa) 1.32 1.79 12.60 25.86
Pultruded Allowable Stress (B, MPa) 201.29 134.19 26.40 161.03
FRP (A)(B) (%) 0.66 1.33 47.73 16.06

Remark OK OK OK OK

Maximum Stress (A, MPa) 0.00 1.52 0.36 2.51

Allowable Stress (B, A/Pa) 36.18 24.12 11.49 28.94

SMC FRP
(A)/(B) (%) 0.00 6.30 3.13 8.67
Remark OK OK OK OK
4
4
4 4
4 4
/ @ ’
/ 2 /
4 ¢
4 ¢
q
4
(a) PFRP (Shear) (b) SMC FRP (Flexural)

Fig. 4. Location of Maximum Stress
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Fig. 5. Dynamic Test Specimen of Floating PV Generation Structure
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Fig. 6. Locations of Torque Release and Displacement Measurement
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Fig. 8. Hysteresis Curve In the Range of 0 to 1,000 Cycles
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Fig. 10. Hysteresis Curve in the Range of 100,000 to 101,000 Cycles

Table 5. Measurement Results of Torque Release

Elee] AU oF 14Nm = Vi) webq wksE
o] ASHE F AARe] FYETE S TS sk
9= Zlo= Vehgrk A8 5] 7t ko] EYE L Table

501 LreRRgIck

2 20
15 15
10 10
s 5 s 5
2 4
A & 3
10 10
15 15
20 20
-4 5 gr=mE =g T 2 B 4 E 4
Displacement (8, nim) Displacement (8, mum)
(a) DOF 1 (b) DOF 2

Fig. 11. Hysteresis Curve in the Range of 500,000 to 501,000 Cycles
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Fig. 12. Hysteresis Curve in the Range of 1,000,000 to 1,001,000 Cycles
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Fig. 13. Hysteresis Curve In the Range of 1,999,000 to 2,000,000 Cycles

Location . Torque Release (/Vim)
. Time of Measurement -
(Refer to Fig. 5) 1 2 3 4 5 Average | Difference (%)

Before 20 20 19 20 21 20.0

A 7.0
After 19 18 19 17 19 18.6

B Before 20 20 20 20 20 20.0 0
After 19 20 20 20 20 19.8 ’
Before 20 19 20 20 21 20.0

C 5.0
After 19 18 19 19 20 19.0
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3. SMC FRP #&I1{
3.1 §sieAsHM

SMC FRP $3)7l= glofdmge] Askhe 23S 45ds
< B3 Adshs 93k gtk 71E H(Choi et al, 2013)0l =
Fig. 149 Yepd SMC FRP 2 A1E Al ¢kttt T=gk Ze¢)
QAF ARS Y FR2A SR TREe] feka s
22 SMC FRP F2j7je] Fej] EA4S 8] whadshr] Z3b|
whze]] TAAE o183 7RI feka AsiilS el vl Qlck

o] ATrollM= FA S Sl8l Fig. 14¢] vyeRd SMC
FRP S5 7iadste] Witk o 2 A2ksk SMC FRP $-371E
Fig. 159} 2] A|ekslsit) &3k Fig. 3ol VERA faka s
F2HE] k& SMC FRP F271e] FA1e) thgh Qb ds AEs]
QNgk feka ialilS Felaialon, Bl Ao s 2hE-
She F3ksoll Uik sk O Al digh elegmEe] Fuy

O

Y

Fig. 14. Vertical Member Made by SMC Process (Choi et al., 2013)

Fig. 15. Modified SMC FRP Vertical Member

Fig. 16. FE Analysis Model of SMC FRP Vertical Member
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(@) Inplane

(b) Shear

Fig. 17. Stress Distribution of SMC FRP Vertical Member
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Table 6. Static Analysis Results of SMC FRP Vertical Member

Stress Inplane Shear
Maximum Stress (A, AMPa) 43.69 16.41
Material Strength (B, /Pa) 72.36 3447

(A)(B) (%) 60.38 47.61

Table 7. Buckling Analysis Results of SMC FRP Vertical Member

Member | Buckling .
Load Case Load (EN) | Load (kM) Buckling Mode  |Remark
Load @ 18.86 19.59 Global Buckling OK
Global Buckling
Load @ 142 17.98 (Torsional Buckling) OK

(b) Load @

Fig. 18. Buckling Mode Shape of SMC FRP Vertical Member

= A, sk OF @ g FEres AR
(Global buckling)= WEPsto ™, 53] 8l5 @of] tigh Fe=hi=e
o Yol 3lde] ¥sh= WS- F= (Torsional buckling) 2
LiEpsitt w23k, el kel Avke gk B
7 vpEpstT Wb SMC FRP =27 478 772 BleRe
A F2E Uelx HEePdds FRekl e A0 veRitt
SMC FRP =29 2 s d3}e} b= a2 8 7= Table
6, 79 27t VeploH, HERes sk ©, @9l tisle] Fig.
189 YRl

3.2 Qi 3 o 4

o] AFXE SMC FRP F37)e] 24 71%5-g 37lsl]
SJate] Falee] Aektel whe o Bl U AHS BTk
IR FHA| daFAere] BEAE S wkegal] 4
3 WA FRP B9} ddsislon], sk 7)ot 92
3le] SMC FRP s=2Aile] 57158 #43  Ql=s 7-d815)
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(b) Compression Test

Fig. 19. SMC FRP Vertical Member Specimens
o w7k ARAE S ) Hed g ARl

3
Ak 2 AgAle] W Fig. 199 ERIK:

B12E 300kN §32] AFAolE}E SMC FRP S2j2)e] 4
o Sapgro 2 Bo] AhEES Axjste] MelAlopAo s
Smm/mine] &= AT £H A 353} Aele
SFalolel2 Alofste ZFElel Ao Ad, 715 Al
sk

ARz, 7t AAle] k) S Fig. 200 ehigick Qe
A% 7} AR PERP FA1e] 7B Ujol H70] ol
Lolggo 2 shlsiglon], shIslEe oF 21.80kNO 2 ekt
o S8 A1 A3 SMC FRP 52 AAlze] skl
3 719 Fig. 20(b)] “AV3 “BRe] Afololx] Fe]
wbgele] ssiglon lslas 65,54k N0 2 ehith wet



(@) Pullout Test

(b) Compression Test

Fig. 20. Failure Mode of SMC FRP Vertical Member
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Fig. 21. Load-Displacement Relationship

Table 8. Buckling Analysis Results of SMC FRP Vertical Member A F3Ee A S BE A2 FAIE(18.86k V) HTE I =T
ok Ol=7}l=1 of = Ao ) 7} N& o
Test Failure Load | Member Load of ©® | Remark OF 1164, Y54 = <F 3.484) & Flo = vEith 7t A3
(@, kV) | FEM(@, kN) B39 AL Fig. 2190 UeRHRloM, A3 dak= §5kQ 45
Pullout Test 21.89 17.57 1.25 OK A1 Axle) v)alste] Table 89 AE]skHTh
Compression | s 54 18.86 348 | OK
Test
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