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Abstract — The agricultural photovoltaic support structure was designed based on the Load and Resistance Factor Design
(LRFD) method. To identify the governing design load, fourteen load combinations including dead, snow, and wind loads were
established, and linear elastic analysis was performed. The results showed that when wind dominant load combinations were
applied, axial forces and bending moments increased simultaneously, resulting in the maximum axial-flexural interaction ratio.
Eigenvalue buckling analysis indicated that bracing members experienced the first buckling mode, followed by columns. The
minimum eigenvalue of 8.94 was obtained under wind-dominant loading. These results suggest that the structural stability of the
agrivoltaic support structure is governed by wind load, while the strength condition of individual members plays a more
dominant role in structural safety evaluation than buckling behavior.
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Fig. 2. APV module structure shape and member
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Fig. 3. Roof slope coefficient (KDS 41 12 00)
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Fig. 4. Load status by roof slope angle (KDS 41 12 00)

Table 1. Net Pressure Coefficients for a roof slope of 20°

Load B=0" B =180"

status Cyvw Cyvir Cvw Gy
A -1.20 -1.47 1.57 1.77
B -2.10 -0.17 2.07 0.73
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Table 2. Load combination

Case Load combination

LCBI1 14D

LCB2 1.2D+0.55

LCB3 1.2D+1.65+0.5 WYA(+)

LCB4 1.2 D+1.65+0.5 WYA(-)

LCB5 1.2D+1.65+0.5 WYB(+)

LCB6 1.2D+1.65+0.5 WYB(-)

LCB7 1.2 D+0.5 S+ WYA(+)

LCBS 1.2.D+0.5 5+ WYA(-)

LCB9 1.2D+0.5 S+ WYB(+)

LCB10 1.2D+0.5 5+ WYB(-)

LCBI11 0.9 D+ WYA(+)

LCBI12 0.9 D+ WYA(-)

LCBI13 0.9 D+ WYB(+)

LCB14 0.9 D+ WYB(-)
Ay 55 24 AE3tAct £ A7o] A8H %
A 2 Table 13} 2.
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AE5=E dAs)Y FASHEAE 7|2 st g2
Aoz TS0, F5EY AN A482AL U

@3] Table 22} o] & 147HA] &2 A|Z-3}sto] 12 st
Xt} Table 204 D= 515, S= Hots, W=y
WFor Agshs Fots= AuRtth (He ¥4
(8)°] 180°, ()= TFZH(B)°] 0°d WO TF= 9Ju
Shoh ESE 49} B= KDS 41 12 00(A2E A5
9] EHHA LY &G GAF B F &= 9 F
st JE (7L Wheltt. o] skF A Hl= Sl wEt o
g A4S 2Hgshe Y=Y 17 & 450l
™, Table 13} o] 247y & =AU A5 283ttt

—_—

2.3 FA FEAA

Eﬁ%ﬂ%%@ﬂ%%éﬂ%m%E%%%ﬂ%
WA vl et A

ol

ol 2
ooy
%l e
rlo rot
of ot
oY
o O_>i'..
Y 3
B
B oo
ETT
£ 8
2
Y
E N
2
r;‘ T:
wo o
ot >,
=

A 8L
o N
N Ho

o 2
v
=)
filo
>
o
_?l',
pas)
o
e

W,

E
2
N

N, HN

-0,
=
g
»n

o %
ol w
H1
fr S o
O
ille
i)
.
i)
iih)
o
ot
4 d
o)
O

230 F=m7d7Eot] =g A8 A5 T(F A204%) 20261 109

ot o] bt A g o Hiet Ao A | gt T A
o 2 gt}

SHH FERAVIHI(4 = 090): P, = F 4, ®)
FEETH ERIAVIE (4, =0.75): £, = FL4, (€

B3 (10)

F
when ﬁé 4.71 £ or—~< 2.25
G K F,

F, =0.877F, (11)
KL [E F,
when —=> 4.71 [—= or—<>2.25
7 F,
71X, K= FEFFZAolAS, LS FAQ Zol, E=

]
A, Fe 3E53YS e e 24323

2
w2 f="C 2 A o714 & geaxp
KL

(KL/V)
Zolth. oi, 4R =

sy w3, v4%H4%
%&iQW%ﬂ04M§n

< 2007} S EE sofof
35Fe 1857 9sto]
E3}ofof gt o]7]4
5712 et o gto]

L40/E/F, & 23ste 3% HA24= A Al a5

AT (M) DA FEALEAE), ZHZ
FRAZAE A A8 SRH=T Y HALH S
Azro g A sttt thH o] 2ok (Compact Section)



g
,
g
i)
_vg
% p
oy
Uigl:
o
1
jsz
U]
oZ:
i
\1
o
L Hi1
_a
Lo
1
o

¢M,OF &X*o}tﬁ /\3&7*5( ) ©

23} fo] BAlo] 283Hs ol ST H 4 vl
e raeulol whof o g3t o] QS AE e
otk

¢P, 9 oM, $M,,
hi Fu > 0.2
when ¢Pn = U.
L +(M“’”+M‘y)<10 13
20P, @M, M,  — 7 (13)
h P,
when 2 < 0.2
oA7|M P28 UERE, ¢, = AAUYSHE, M=
28873 %, oM, = AADHRETOlL, 22 y= 22 E
BHE 2§ e oju]git.

SEELR-ERE

F5 71A19] ARt AP B7HE Es] Ao iy &=
doj g nE 371(7}§xﬁl§xéo])~ 12.5%12.5%4.788
mo| ™, Fig. 29} o] & 67}A] F72] FA|7} A= AU
o} @9 37]+= Table 39 Zrow o W& Zhfp
(Box) FEHE At&otth ®HFG midel 7=
2,465%1,134 mm, 57|= 30 mmo|H, Fig. 549 L&

1.750 m:

3.000 m

12.500 m
3.000 m

1.750 n€  3.000 m

3.125@4 =12.500 m
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Table 3. APV module section size for each member

Member
Column

Shape - size (mm)

Box-300x300%x6

Slanted post Box-40x40%2.3
Post Box-125x125x%5

Support Box-125x125%3.2
Girder Box-200x200x9
Brace Box-100x100%6
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(a) Full-scale Modeling
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Fig. 6. Structural analysis modeling of APV system
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Fig. 7. Wind load on the solar panels
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Fig. 8. Linear elastic analysis results (LCB7)

Table 4. Linear elastic analysis results under load combination

. . Bending moment Bending moment
Load Displacement (mm) Axial force (kN) (Y-axis) (kN-m) (Z-axis) (kN-m)
case Max Max Min Max Min Max Min
(Ratio to Min (Ratio to (Ratio to (Ratio to (Ratio to (Ratio to (Ratio to
LCB7) LCB7) LCB7) LCB7) LCB7) LCB7) LCB7)
61.6 -85.0 31.5 -31.5 40.7 -42.4
0,
LCBI 29.6(37.1%) 0 (32.3%) (32.4%) (41.1%) (41.1%) (33.3%) (31.3%)
57.9 -80.0 29.6 -29.6 38.3 -39.9
0,
LCB2 27.935.0%) 0 (30.4%) (30.5%) (38.6%) (38.6%) (31.3%) (29.4%)
135.6 -186.8 58.7 -58.7 87.7 -85.0
0,
LCB3 >8.8(73.7%) 0 (71.1%) (71.2%) (76.5%) (76.5%) (71.7%) (62.7%)
46.5 -64.3 16.5 -16.5 43.1 -30.6
0
LCB4 16.6(20.8%) 0 (24.4%) (24.5%) (21.5%) (21.5%) (35.2%) (22.6%)
125.2 -172.4 54.9 -54.9 80.8 -76.2
0
LCBS 54.9(68.8%) 0 (65.7%) (65.7%) (71.6%) (71.6%) (66.1%) (56.2%)
49.6 -68.7 19.3 -19.3 41.5 -33.5
(V)
LCB6 18.8(23.6%) 0 (26.0%) (26.2%) (25.2%) (25.2%) (33.9%) (24.7%)
190.7 -262.3 76.7 -76.7 122.3 -135.6
0,
LCB7 79-8(100%) 0 (100%) (100%) (100%) (100%) (100%) (100%)
67.2 -49.1 19.5 -14.9 71.3 -40.6
V)
LCBS 23.5(294%) 0 (35.2%) (18.7%) (25.4%) (19.4%) (58.3%) (29.9%)
169.9 -233.6 69.1 -69.1 108.4 -117.6
0
LCBY 71.8(90.0%) 0 (89.1%) (89.1%) (90.1%) (90.1%) (88.6%) (86.7%)
47.4 -34.8 15.7 -14.2 59.9 -33.3
0,
LCBIO 18.0(22.6%) 0 (24.9%) (13.3%) (20.5%) (18.5%) (49.0%) (24.6%)
172.3 -237.0 67.4 -67.4 110.2 -127.8
0,
LCBI1 71.3(89.3%) 0 (90.4%) (90.4%) (87.9%) (87.9%) (90.1%) (94.2%)
91.6 -66.8 243 -17.4 72.2 -42.7
0,
LCBI2 | 28.5(35.7%) 0 (48.0%) (25.5%) (31.7%) (22.7%) (59.0%) (31.5%)
151.5 -208.3 59.8 -59.8 96.3 -109.9
0,
LCBI3 63.4(79.4%) 0 (79.4%) (79.4%) (78.0%) (78.0%) (78.7%) (81.0%)
69.4 -50.5 19.3 -11.7 60.8 -35.4
0,
LCBI4 | 21.8(27.3%) 0 (36.4%) (19.3%) (25.2%) (15.3%) (49.7%) (26.1%)
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Table 5. Max safety check results based on linear elastic analysis for each structural member

; Axial Bending moment . . . )

Mormber AX](EE I\t;())rce strength | (kN-m) A Bendm‘g strength re‘atlo Shear.strength raflo COM ?3:;211;?

ratio Y-axis Z-axis Y-axis Z-axis Y-axis Z-axis

Column 91.5 0.062 1.2 134.6 0.009 0.954 0.227 0.002 0.993 LCB7
Slanted post|  20.5 0.248 0.7 0.01 0.611 0.008 0.001 0.100 0.799 LCB7
Post 8.2 0.014 22.6 32 0.844 0.121 0.056 0.682 0.972 LCB7
Support 7.4 0.024 11.6 3.6 0.737 0.225 0.023 0.063 0.974 LCB7
Girder 1.4 0.001 42.4 62.5 0.348 0.512 0.171 0.040 0.861 LCB7
Brace 146.6 0.409 5.8 2.5 0.128 0.345 0.011 0.024 0.830 LCB7
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Table 6. Minimum Eigenvalue under each load combination

Load Minimum eigenvalue
combination Single member Multi members
buckled buckled

LCB1 19.42 29.88
LCB2 20.13 30.87
LCB3 8.06 12.79
LCB4 41.65 4775
LCBS 8.61 13.93
LCB6 40.93 45.94
LCB7 5.75 8.94

LCBS 19.85 342

LCBY 6.33 10.12
LCBI10 33.77 4327
LCBI11 6.35 9.79

LCBI12 14.90 2979
LCBI3 7.07 11.23
LCB14 21.59 36.45

(b) Mode 29
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Fig. 9. Buckling mode shape under LCB7
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