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ST 5121, EHEREOALZLTIRMIILDEL S
JEAMEIZOWTOREREET 2LENDH 5.
WA A U 2R RO B EICH 72> TIE,
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BELERICXBRALEDICE Y BRI BAIL, —
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EL, BHEPEERICL2EEEVLEOELE
KDz KFERGEHEIL, BEWOERROWE
DOFHME L7, EEBGZTHAEOWER % B 2 1R
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N5, Ry 7 Y 27 Image] (Abramoff
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B 2 AFEEOEBEGHEOWED.
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(a) HHH D
BoOIRE (55 = 22.8mm).
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A L7-NH R ZMEL 7.
KiE, (b) HE

£ 1 EBRCTHEHL-AFREOREERK. A X

WHBSETM,  AnlSKCPEIE TR 2R T
No. Ay(m?) Ap(m?)
1 0.0551 0.0534
2 0.0477 0.0457
3 0.0555 0.0568
4 0.0424 0.0345
5 0.0502 0.0529
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OFHHEERD 7. EBCHT LR EIcBy
LOTAREMETFTE— 2 FOMRE RSB
EHoPLOMER LA (K3). ZomE#izH
WC, i@ L7209 AmpOlFE—X Y MIE
L7, MEREZIERT ABOMFE—2X Y M

Gk 85 % 2 5 (2023)
1.5 1
1.0 -
g
Z
=
0.5 -
Obs. (]
M=0.000406¢
R=1.000
0.0 T T T 1
0 1000 2000 3000 4000

€ (ue)

B3 OFhE e EMIFTE—2Y N MOBKR Bl
FHER, B OTaRELSITE— X
YR ERDBODOMEBEREIRT.

ﬁ?mLti%%mﬁﬁ%E%Lrﬁ%%%mﬁ

BIZLT, O AR — V95RO
2wmm®u% oEmATIETHEL S,
SRR TINESS-ABY s & OX: RN AT R i X))
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(m?), UIEZE# (ms- 1) EENETIWRT. 272
L, BHENOBOIERICL Y, HENEMT 52
L CHRERGCHEITRA TS 2 &#ﬂ%hfw
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WO DA & 2 L E R D2 L& iBE S
L EIIHEETH L Z AL, AR WT
1Z, M & =AM ARUE L TR 2 I E G A
(Mayhead, 1973) %, R IR o T 1 3% 52 1 &
(Kitagawa et al., 2015) W5 Z &T, fEEHMN
CHREDS RO ST b, REFZETIE, il
PREN KT T EE D E 2 Ml 572012, TEHE
Pkt e MR IC L S —E L E L THIBL 72
PRI Cpsparic & IS & 2 TE L HFEDOZE
bz ZRE L TR L 722HURE Coaynamic P 2 T
FERML, KRBEKAR - BEI & IZHE M
BB L7, Cpsearic &, X (1) S TEOK
() ©XHicEEND. EBRPORIRNOE M
DEGEUE, WELZZEMEF 25, X (2) 1
LD BRI Cpsparic KO 7.

F
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0.5pA4,U? @

Cpstatic =
Ay \FZJRH O FEESZHMMTH 5. THKPM
BridicEod—EE L, BLIIRLEZESH
O M ARG I E U 72 S BBE o T AR AT Ay
PR Ag e LTHER L. 2ok & p k&R
1COZEFFREE LT 1.291<gm-3 FRHL. —
H. Cpstaric & KT 572012, I X 5 TiE

WHHOW 2 ZRE L, %%%ﬁ*ﬁﬁ@ﬁﬁ £3-2

MAWUDZMHHELTRDZZHIRE Coaynamic .

TioX 3) ZHWTERD.

F
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CDdynamic =
2.3 REICHT 2MAOFRROEORER

T 5 52 TR 28 EGH D BN PRV kA3 5 3K
(Gardiner et al., 2000) 2¥2oWT, TR 4)
VR FRGE & PRI E OB IR—E ST
% (Kitagawa et al., 2015; Bakkers et al., 2022).

Cp = Cpo (U%) 4)
Uy B RO T 565 & L THIREe I
PO B OWA DG E 5 JHGH, Cpo 1ZHH Uy 128

FAPUIRE, ndBEEEENEIURL TS
FEBRTHEON-HEHOKRERARIIBIT 5500
RH Cpsratic & BUGE O BIFRIZH LT, Marquardt-

A FBEEDOYPIRBU AT T H L D 105

Levenberg {EIZHD W CTIERIERFIZ L DX (4)
DR Cpo BL T nz2 KDz, ZDL ED U, I,
W U mE SRS L 0P o Jiad 2 5
FTAHMEMICEDSWTIRE L. £LT, CpB &
CnDEFEFRNINT 5Bz RO 7.

3. R
3.1 EERFEROZEL

X 42, Bz 5, 520 o EE LRSIk
DR %T‘i‘ KTk, R O E R A,
x5, BEBREMICBIT b RELGIHREAD

WA/AE, BRERARW IEIORL. SREE
ABWICBILEEETIL, 3kg D& &2 7.5£1.8

mm, 6kg Tl& 15.142.5mm, 9kg Tl 20.5:4.6 mm
Thh, BEBEAROHMICL)AETELHML
7z, BURICHAHT OWE B OEKFIL, BEEmIC
3, AFF 15 MEHIIL, HEEEAKET284£2.7%
Thol:.

4 X0, JAHEOms™ ! DEFED AJA, DIl
I3, BFEHEARED 3kg BL 6kg OHEITIIE
1.00 THo 7225, BRZLAED 9kg OHAITIZ
1.04 &, BRHEAROWME LHIZ, DTHTH
BT, AJAg &, WTFho BRI AR
BWTH, JAHE Oms™!' & 3ms™! & THFLEL
RN eh oz HE 6ms™! BLEOYEICIE,
JEGE DN AE > T A4y PSR T BB D -
7z, JAGE 15ms~ ' BT 5 A/A, DJEGH#E Oms™! 12
3B WA R, BREEARD 0kg L EIC
033 THY, MORFHA®R LKL TRDKE
Motz T, TOWPEIEFEARE 3kg T
1 0.13, 6kg TiE 0.080, 9kg TlF 0.075 &, &
AR OB X 0 WA wAVNE < 7 2 A
Ho.

3.2 BELRICEK 6&%@%&%1!:

SIE M, FAK6ICE 2 SHE L
%?ﬁqjﬂ*i%@*i?@ﬁ’?fj“ﬂ‘ BRE AR DS
Okg (EEE I=0mm) ®& X121, A EM2S
R, JBESREVE XIFE, EOLHER
SAETHNCEMT 22 & T, TEFPHEIR
VI LB RSN (B 5 EB). 72,
BEDJIm TR AN & 1 JRED quxéﬁ%fﬁﬁ%
N7z, CTOLEORELE LML RYE, A
RS & A2 TR @%ﬁ‘zﬁabﬂiﬁ
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1.2 1 - _ 1.2 _ _
(a) W=0kg [=0.0mm (b) W=3kg I=7.5£1.8mm
1.1 A 1.1
104 ¢ } 1.0 4 ] ‘ 1
S ] w@ ]
T 09 { T 09 k {
0.8 A } 0.8
0.7 - { 0.7 -
0.6 T T T T T ) 0.6 T T T T T |
0 3 6 9 12 15 18 0 3 6 9 12 15 18
U (ms™) U (ms™)
27 (¢) w=6kg I=15.1£2.5mm 12 9(d) W=9kg 1=20.5+4.6mm
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1.0 1 l } l ! 1.0 ‘ ‘ ‘ ‘
=) ) ‘QQ |
% 0.9 ! 3 0.9
0.8 0.8 -
0.7 - 0.7 -
0.6 T T T T T | 0.6 T T T T T 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
U (ms™) U(ms™)
X 4 FEBBEAR WIIBIT5, WERFOREBELGZHE A ST 2 EELGEHT 4 O 4/40, EE UL OB

FR BHLIZ I,
2B B IMERR TR

B L, &fe LMo R~DOZT
LEETRRLN (K6 FE).

R AED 3kg (I=7.1mm) OHFAHITIE,
JE M S BT, MA0EEZE) LI
EEVEL T (K5 k). AR AED
6kg (I=155mm) O¥EITIE, BEY &) EF L
DKM EZIRD L L) ICEFPELTEY, FEFL:
MR E % ) BEEHPHEIEO LR E O KRB RS
ZET 1 DORERWMOESREE L Tz
(K5 TE).
JHE A BN S E7z L EOMERESOBROZEA
X, BRZHAEN Okg DL XIFEHFE TR
Motz ZOLEOBELE PSR ES, K
JAREIZ BT AR T M B L 72K & A
LTBY, JM#Er K& LTD, BRICHELE

RIS R A Z R LT a.

BRI AR 3kg BL U 6kg T,

(a) BRFEHAR 0kg, (b) 3kg (c) 6kg, (d) 9kg

fLizRoNneho7 (K6 MEBIUTER). &

FICEORHEISERLTBY, BTFMICH 5
BRI EFTIIE L T a7z,
3.3 #ﬁ%ﬁ@%ﬁ

. HREBRARICBITS, JAEICHT S

hﬁﬁﬁ@%H%TT MTIE, TERBEEE
JEGELZ & B & LTRD IR E Cosearic
&, B X 2 EEREIEOWD % ZE L5
PRE Cpaynamic © R L72. 3 Cpstatic 122 \WT,
JEGE 3ms™! D& &2, BREEAED 0kg D
Cpstatic P F¥MHEIE 078 &b RE L, REHRA
AT 3kg B LU 6kg DAL 0.69 & HEL,

9kg DHEIE 072 ThHo7:. REZAZOHM
WLV, Cpstatic DR L7zD BN % @A)
Mot T2, WThOREHRARIIBWTD,
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U=0ms"!
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U=3ms"!

5 A2 SR L 7 EBRR OREEDRET OB,
/=7.1mm, (FE) W=6kg, 7=155mm,

JAEDBEM & & BT Cpsparic \EIEA T B A A

Holz JEE 15ms~ BT B EGE 3ms ISR
% Cpsiaric DWAYEIL, RFHEKAED 0kg D& &
12034 THY, AJA DB & LRI, o R
I ABLIRL THRODKREP-7. T, 20
WAREITREMEAR 3kg Tk 0.12, 6kg Tl
0.098, 9kg TiL 0.083 &, RFEIZXARZDHINC X
DA REAVNE L B BEIANED 5 72,

T2 7 &0, Cpseatic & Coaynamic BT 5
&, EGE 9ms ™! LETIE, Cpsaric 1 Coaynamic
IS, REDOHMIIEST, ENbHDE
PRELRDEMIH -7z HEHE 15ms™! DA
D, CDstatic & CDdynamic & @%Gi, ;%%%Q)\Eﬁ)
Okg Tid 0.2, HAifk A= 3kg Tid 0.096, 6kg T
1 0.048, 9kg Tid 0.020 &, R AROIMIC
LD EPRBYT LD D 72, JAE 6ms~! L

TTIE, WITNORFHRARIIBWTY, Cpgatic

(BB R A®m W=0kg, AT /=0mm, (PE) w=3kg,
(fE) JA#E U=0ms™!,

() U=3ms™!, () U=15ms™!, %Z/RT.

Cpaynamic £ DWW LTED, Th b 0Ed =
BRRETH 72, JiE 3ms™! O, B
A 6kg & 9kg BT, Cpgaric & Cpaynamic
IDdREDP oL
3.4 EHABRICESVERAFRHORRK
Kz, X(4) DR 2 PR
DEALDBITRER Z RS, A (4) TIE, EHTIC
BELC, BIARDEIZHT BI85 & L THIRER
P EBSE AR DWW DG E 2 JMHETH B Uy &
WHLENDH L. MELLHMIIOWTIE, K 4
L DHEAE 3ms™! LT THEIZL ST —ELE %o
Twi —J, JUIREIowTE, M7 Eh 4
HMOEBRTHW/ZAEOHMTIX, AHIZL ST
—E L G HEHIIEASN o7z, FHE 3ms!
LU TOJRGEIZ 6§ 2 TR OIR 2 #IEAH]
TH A7, EELZHBOIRS BN LTS 5
ERGEL, AR TIIU,=3ms™ ! ZFRAL,
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U=0ms"!

W=0kg

1=0.0mm

W=3kg
I=7.1mm

W=6kg
I=15.5mm

U=3ms"

Kk 85 % 25 (2023)

U=15ms""!

6 EHLM2OHEL-EBRPOMEORRT OB, TEO LM, B EMzRT. (L) REHEARE w=0
kg, HER /=0mm, (HE) W=3kg, /=7.1mm, (TE) w=6kg, /=155mm, (/) JE# U=0ms',

() U=3ms™!, (H) U=15ms™!, &/RT.
Hraito7z.

XS TRDA, X @) 12BTS Cyy
BELOnOBFETRTIINTHBMRZM 8 121
M8 X0, JaH 3ms™! & X OPIMREI G
% Cpold, BHHFEEHD Omm D& XITHDKEL,
BHEROHIME & HITEP L7oBIHINT 2168
AR SN F7z, JAEITH T 2 PIIRE DR
PICBERT 2R TH S nid, FEED O0mm O
EEICRLANEL, EFRE 10mm PLETIEA
—ETholz. ITRHOMANIESE, WEL
BERIITTS CBLUnZ2HWT, TiOF
WX 2572

Cpo = 0.000871% — 0.0221 + 0.80 (5)

n=—0.88 — 0.25¢ 03¢ (6)

WD 912, Cpy, nB LU Cp DIESE & Tl

xR L2 DERT. FEZSRIIHT S Cp
2 (5) 12kh, nzk (6) ITLhTFWL, &
o % FwCOREISH T 205, 2 (4)
WX D TPREILA M, MHBREr & R
SEHMEEZ (Root Mean Squared Error:RMSE) %
HbETRL7.

R IZRT £ 918, Cpy Tl r=0.60, RMSE=
0.077, n T r=0.88, RMSE=0.057, Cpo T &
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Abstract:

The increased loads acting on a tree due to wet snow accretion and strong winds cause snow damage to

trees, such as stem and branch breakage and uprooting. A structural analysis is employed to predict the initiation of

snow damage due to snow accretion, thereby taking into account the loads caused by snow and wind. However, few

studies have measured wind loads on trees, and the effect of snow accretion on the drag coefficient is unknown. In

this study, wind tunnel testing was conducted to clarify the effect of snow accretion on the drag coefficient of

Japanese cedar, which is a major forestry species in Japan. A model of cedar branches and leaves, made from actual

material, was placed in a wind tunnel, and snow accretion was artificially generated by supplying wet snow into the

wind tunnel while blowing air. The changes in the drag coefficient for different experimental conditions, such as wind

speed and the amount of accreted snow, were measured. The results showed that snow accretion had three types of

effects: (1) increasing the projection area due to the snow itself, (2) reducing drag force, and (3) inhibiting the

decrease in projection area caused by the curvature of the branches and leaves due to wind action. These effects

changed the drag coefficient.

(2022 4E 8 A 3 Ha2AF, 2023 4E 1 H 12 HB, FramiiBR 2023 429 H 15 H)



