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Effect of Wind Load on Pile Foundation Stability
in Solar Power Facilities on Slopes

oz 9 Woo, Jong-Won
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Abstract

At present, in South Korea, there is a growing concern regarding solar power facilities installed on slopes because
they are prone to damage caused by natural disasters, such as heavy rainfall and typhoons. Each year, these solar power
facilities experience soil erosion due to heavy rainfall and foundation damage or detachment caused by strong wind
loads. Despite these challenges, the interaction between the ground and structures is not adequately considered. Current
analyses primarily focus on the structural stability under external loads; the overall facility site’s stability—excluding
the solar structures—in relation to its surrounding slopes is neglected. Therefore, in this study, we use finite-difference
method analysis to simulate the behavior of the foundation and piles to assess changes in lateral displacement and bending
stress in piles, as well as the safety factor of sloped terrains, in response to various influencing factors, such as pile
diameter, spacing between piles, pile-embedding depth, wind loads, and dry and wet conditions. The analysis results
indicate that pile spacing and wind loads significantly influence lateral displacement and bending stress in piles, whereas
pile-embedding depth strongly influences the safety factor of sloped terrains. Moreover, we found that under certain

conditions, the design criteria in domestic standards may not be met.

2 X

AR ol Aol AAE o A ) ThalA 25 B eiFt 2o Al o o WA
of 9ol o) EAPE fEElo] F|2Re] AL AL, F5Fel o) 7287} o et 5 wsiarel vt Byt

of ole} TF BAZF hEHT QUek AR 9ok 2 Ugelw Aukat TrEC] FEAEGS WS L,
R Bt B FRE A YA BN AGsiol, du] RAo] Yy PEE HoFY FRES AT
APE] HiE QPgA AE AFolch upetA] B Rol Al 2 Gl thaiA W] Fyapasie B3,
AAA L] QPR WRPS FE] Aol At BES) AT WA 4 Gl SR HAS HABHAT.
JHAAE WEY A5, TE Afol9] 717, WE 24 o), B3, A7Isk 71 1A 52 A4 APgsigon,

1 v ¢, olstgtn E&-35ta} AA#}4 (Graduate Student, Dept. of Civil Engg., Inha Univ.)

2 A9, olstgtn E&E35tw} AAl#A (Member, Graduate Student, Dept. of Civil Engg., Inha Univ.)

3 A3)9, elstujsta Alg]olZelg-sty}l w4 (Member, Prof., Dept. of of Civil Engg., Inha Univ., Tel: +82-032-860-7577, Fax: +82-032-873-7560, ksong@inha.ac.kr,
Corresponding author, ILAI#]Z})

R el HE B dske YL 20249 69 30U7HA] 1 W8-S R BuUFAlY] vy nh Ao AR W 3 =wxlol Aste] =duyTh

ol

ol

Copyright © 2023 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

ok=01 ZAKK EHYZ ZHEAIZ2| DI HEA0 OIXls g& 24 47

o



Py usleh B, BA gl 2 G AL S PEsheh BEO) YU Welet YL
DE Afol9] AL FoFol B GFS W AR Uehigron], A9 ehige] A9 BEY 29 ol
2 ofeEe W A0 Uehgth Ea slA ANT 24 UREe Fe AAVIES BEsA Eehs 5o
2 AEs9l

Keywords : Bending stress, Displacement, FOS, Slope with solar power facilities, Wind load

. M &

2T A ALz o4 7150l thH]sr] ffsf tha
T S WA= FAloIth oA = AU
A] 3020 oFA P Tks] APe FASlslL glom,
2030A7HA] Ao A o] W wE Bl S 20%71A],
2| AH 8-S AGWZIA] Hgd of| o)), Al dH]E-
O] 95% o] dF HE WO HlES 38%0llA4] 63%
THA Faske] g WAAE o) ARE BlES Flist
3 QK (Ministry of Trade, Industry and Energy, 2017).
2022\ 69 7| A=) AARAEIE WHAEE 15,220
Nazt AR Elem, 71 5 92270 dlgdle= Al o]
A QIEA S 1, 250l AX|E o]l of2jt A4
Lol A HFE= e S e R Qlsf 2019 ~ 2021
7| ZSARA] B g Al A AL AR 35
o] EAsHRTE AR AL £ A+ 7=
EFE=, e, AR SOl SREA| 42 AdH el
A BS, & AT Y AAAE o7 A S5t
of EAPF AL

K
k|
o
o
I
fr
BN o
:10
[
)
k]
N
P
rf
1
n
I
e
N
N
4

B ZBARAIl Blsl Qb do] Wol FARA] Adetel A
= A=Y A T 22 sl FUAE A4
o] HAst= T Aol FoFsithal Sti(Ministry of
the Interior and Safety, 2023). 7|2 H = AX{7|2(E32
YE &7|2) B A7 g5, 27 1)

2 YA =, Skt g2 F ok dFeR

S R i DU EEERE G
A2 SR SlHAE SR 2golE Shuaop @
o webA] AH7|EE HBEA gpon], 2o Fof
A= 477 wo] A A4l $4af thee

48  e=XBtE8sel=EE  M39A Mi12=

2}A)8Fa1 QTHPark et al., 2020). Lt A A E=H o A]

AT TEL] 222 0.1m, WET}F YE Ao] 7HAL

3m ~ 5m, 9] Zol= B4 1.5m ~ 2mE A9k o

| Btddt= A7 diFol ook ek A

| APl 83 HE w2 g3} of

o AAAE R HEe o] 2EE Agste] &

FE 7L ol A4A R W A 5 dukEQl
Zéo]r/].. o]u}&l 0] EHOHLP A

-~
&
g2

[*]

>
i
oY,
i
[e]
o,
N

)
o

e, 1o
fo

ol

t
r \
ol
of
ook

Ir

f K

%0
AT
fo

=
qu

X
L oox Lo

(HA A = N
4
ot
ol
K=

5
x0,
lo
=
X

= P oy
)is

flo x
>

)
o

S
H o
o e
jm
p
s
iﬂ;ﬂ;
2
30,
N
50 = 7
e
4z
rO
o
rE oY ox

4
o
& o
o
1o
o,
o
a1

= Al dE A A g
PHAETS Saat 202 LhebdThPark et al,, 2020),
dialAl et 2L ATt A

£ L
o &
L

flo

>

ox

=2

G A sl BESEe By

= <l A

of 24E4eh B} Aol & Mol ey T

3l A9k Aol 2ol t Qe Akt

9] g WA e A Owino(2019)%=

A 2 WE| 3 WA, TE 72 F
L

=
7] Sl dear] dde
4

s W% 2hgo] Autael

=

et al(2017)-2 2HEof BRG]
th 7] & A|gto] 2o ¢
it} Jeong and Kim(2020)-2> 100kW Ef =3 2HA A
Aol BiEwe Foteol 7hlise o g o Ay
|22 Eo] Fke wholglom, Lee et al(2020)
AE AR AAF2E| tef FeE RHE
stgo] A om Agolnl, wEo] Ax el
#749) 7h QU5 fat Beks 2970l9) Fanv
7F o 2A A8 ARk

N
flo
=OI:lg‘



2 AFollME BFE e 2]zl tieliA A
Hhp o] oA A oAl

AL =l AREA Q] FHARA] B A4 4
o] Z}zlolet A5 E', AE ez BA45 AABHIT
B gAl =0l AAE Aol el st AR 2
AIS RS WALSE 4= Q)= Ttascal] FLAC2D version 8.0
xR S o] &35 §-8kx} - (Finite Difference Method)
= AREEl e, Foksol 7129 Al miA =
FE 71250 ek wle B8 9 AAA o AA|

4ol P ko Ak,

i
12
R
st

1=}
Hr

B Aol AEE Hjt TR YL Fig 13
et e ) Zims Wl neb A4S 5
7] wjoll o] ¢ A HZ 30° ~ 36°2 7|9 m
E AAHo] A Ele] QtHKim and Kim, 2018). ¥
Lo A= A dulg o g2 o= Zh o] 30°2 A5}
ek, 71z Faol FL 7|29} 2L 7|27} F2
A4 (Lutenegger, 2016), 242 7]29] @4] % s}
o) ULEileye ATk By g A
2 AAEAE 215}tk Column 1, Column 22} Pile
o] FAl= 0.003mo| ™, Z} F2=0] 272 0.0lme}
0.02mE Column 13} Column 2+ AAMTE, Pile> ¢

Column 1

e

Column 2
1.0m

N

Pile

Dm

(a) Overview structure of solar panel

3% ol

B e

, B Table 13} k.

F_&

ogL e o i

o

T+

l'U‘j
A

)
B

.0

B 3 2289 AL 59275 X

ol A AR A o e
AFS Fig. 29} Zth W9 XE(D)S 0.1me} 0.2m,
o] Aol 9] ZHA(Spacing), < #Ol(d)E 1.5m,
, 2.5m, 3.0m, 3.5mE WIF=E sho] gf4S Zg st

k. S} 9 Aole] AL thg Eq. ()] e
Ao} 3.80m A om wiAslAt o714 & 3
g Apolo] 744, L: wjde] Azol, o HYo
2V, b YFALE, ¢ A O] AR GeriT o)

9] et 30°0]0, B uEt B YFLE

2305 At

d= Lxsin(180° —a—b)/sin(b+c)

]

M

A A 9] A B ) A A
NEoE Gom AL Folt Smiz Sk 3

/\W—"J s AR A8 24|35 0] 275}

o] 37} 71291 15°2 AHAMEE 1 : 0272 A5

Table 1. Properties of solar structures (SS275)

Parameter Value
Density (kg/m°) 7,850
Poisson'’s ratio 0.3

Young's modulus (GPa) 205
Yield strength (MPa) 235
3
0.003 m

(b) Shape of Column 1 and Column 2

(c) Shape of pile

Fig. 1. Structure of solar panel
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20 m

Fig. 2. Shape of slope where solar power generation facilities are installed

Table 2. Properties of soil (SM)

Parameter Value
Density (kg/m°) 1,900
Poisson'’s ratio 0.3

Porosity 0.3
Young’s modulus (MPa) 50
Cohesion (kPa) 20
Friction angle (°) 30
USCS SM
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Table 3. Equations of soil—pile interface (Tran et al., 2022)

Parameter Equation
Coupling shear cohesion (N/m) exp
Coupling normal cohesion (N/m)
Coupling shear friction (°) 2/3¢
Coupling normal friction () 70°




Table 4. Properties of soil—pile interface

Parameter
Pile diameter = 0.1 m Value Pile diameter = 0.2 m Value
Coupling shear stiffness (N/m/m) 1.75E+9 Coupling shear stiffness (N/m/m) 1.75E+9
Coupling normal stiffness (N/m/m) 1.75E+9 Coupling normal stiffness (N/m/m) 1.75E+9
Coupling shear cohesion (N/m) 6,283 Coupling shear cohesion (N/m) 12,566
Coupling normal cohesion (N/m) 6,283 Coupling normal cohesion (N/m) 12,566
Coupling shear friction () 20 Coupling shear friction () 20
Coupling normal friction (°) 70 Coupling normal friction () 70
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load condition (Jeong and Kim, 2020)

Wind load condition (4)

‘ Wind load condition (-)

Parameter
Value
Panels area (m?) 3 3
Self weight (kN/m?) 0.2 0.2
Air density (kg/m°) 1.225 1.225
Drag coefficient 1.28 1.28
Wind velocity (m/s) 30 35 40 30 35 40
Fy (N) 1,058.4 1,440.6 1.881.6 1,058.4 1,440.6 1.881.6
F, (N) 529 720 a -529 -720 -941
F, (N) -917 —1,248 -1,630 17 1,248 1,630
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Fig. 7. Effect of each condition on horizontal displacement of the foundation
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Fig. 8. Effect of each condition on bending stress of the foundation
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Fig. 9. Effect of each condition on factor of safety of the foundation
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(c) Correlation between FoS and each value
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