.
ol

“‘:%T HOKKAIDO UNIVERSITY

<L

Title gogbobooboooboa
Author(s) go,00;,0o0,0ob0;o,0oob;0ob,b0,o0,0b0;0b0,00
Citation J000o0ooooooono,e4(2), 105-112
Issue Date 2007-09
Doc URL http://hdl.handle.net/2115/30300
Type bulletin (article)

File Information

64(2)_105-112.pdf

°

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

ALl R S A64% 25 (2007)

=t 77 E A O R

A ERD R st 8 RS
HR 38 B s K B
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1. 12UBIC

WERRIEALOSE CHIMOBNHME S Lo 7z
BT E N TV DB HT, FETIZ2002ED215 7
Ji, 20044E D185 A, 235 EBEIC L - TE L D
RN BB EDTE LT B o BHIRDJEER; B
DR HexRH 2 5 LT, BATHE R @ATH 0 i 0]
L) BT, IIRRORAK X 0 #BH oo e R A3 Bl
T JEEZ I OVLEEN T EF > T2 E b FEL L),

BAROT AN % 54 % 9 2 T, BHEOREN
DZFRTE, BN LGS 5 0B % &9
7O MNTIR S, BLGR Y& g A BROE—
AV MEPIG EPEERNT L5, TNHDH B,
JRUE D EFAT S R > 7 W RE DU AR B & AL D) Tl T
WDV TIE, MO AT b &0 TEBHHEET,
FEBEN 7 — & BECAR L TV B HURTH %,

20064F 10 H IZALIEER AT D oIt L bl o
THRBOEMM 2 MET BICH2oT, =LTHTT
D5 & B LikBR 24T 9 A %4720 ARIFgECI3 st
LLTO=tT7 ¥ 7 O EMEEZFHET 2 2 &% Hil
12, FEEGHERD HSBPTNRLHOE YD 5] &k 2 3 B
WEHEE LTz F72, MBEZO= LT 7 ¥ 7 ORLR
D & IR & > THIIET 2 HliRICOWVTER L,

2. M EHBRTE
2. 1 #HE K

ALWEER AT ) GRLWR T b e XAk 1 4c~d6 3 %, 7
3~4 THHEOMILTMOER) HEto=t7h v
T D) BMWEEEcm WO H D5 KL 15em Db
D 1ARDF 6 AEfLikA L L7z (Tablel, Fig. 1),
IS OBRAKRIE A EO FEEMICFET 572123 %
250cm DR FE T ORI I ARAFOME STz,
—IBOBARITIAETHRIFS N, WK E T ONM % ik

Table 1. Ages and dimensions of the sample trees.

No. Age H HC BC DB Do

(m)  (m (m (em) (cm)
1 29 11.0 4.4 4.1 31.8  37.3
2 38 11.0 29.0
3 27 9.0 3.5 4.4 15.0  31.7
4 40 14.0 28.0
5 19 12.0 4.0 5.8 28.6  42.7
6 24 15.0 31.8

H: Tree height, Hc: Crown height, Be: Crown breadth, Dg:
Diameter at breast height, Dy: Diameter at tree base

64 2w

HofiEHE b TWz (Fig. 2). #ilAkDH b,
No.1, 3, 5O3ARZFIEELMABNL LT,
(H) EMEEsE (Dp) ©Eh, WEEEAE, #En
& BMETWmETORS, Ho), BLUHER (Bo)
Z%E L7z Table 1 1ZR L7-BHimid5] & B LatBRiz
R 7R o Rl ke, % 728 (D, Do) 13
JAPHREAD S OMFATH %,

Fig. 2. Sample tree (No. 3) planted with support posts.
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2. 2 Bl=EUHER

3AROPARDOBEIT BN R ) ¥ 71
WLz A4Y—%TF#v 1 v F (FBH30kN) THX
U, RRMEZBEZ TR ES YDA LS F THIRA
&A1 7% - 72 (Fig. 3). HkARKombiss (Hy)
32~3m&l, I EHELARA2S 7 ~8m
BEN AT S B B BB ILGAARONICIZ & 5720 W
AN 7 IAXY—OMIZEK Lu— Nt
(50kN #Z¥4) TH L7z, o i X 13 L 1m
I O KTEAL % % S IY NAMFE GLAITEER,
DTP-D-5008) Tl L, Bich o oz (6s)
WA L7z 22T, Moz bEicdh s b
D ENWE U720 T 72, B TR ERL L 720
M & IR I BB T =y al— (g
W, TC-31K) \Z7itsk L7z

AW EBOMITE— R ¥ b Myomay) EUT
OXPLHE ML, 22T, #gofEFhctt- TEL
PREHT LI LI BMNME— 2 Y bOEBIIEHRL
720

Mp-max = Pmax cOSOLHL (1)

ZZT, Prax O, HL1&, THEN, BKMHE,
Gl A s (Fig. 3 M),

0L

0s

Load cell

2. 3 AHOEEHER

No. 3 Zr< 5 RofiAARICOWT, FI&H Lk
BRI Fr560~250cm DAL TEW Y L2z LK%
EOHEM Lz, ThooRMo) b, iz &t
HH A 1 Ao F#60~100cm D ERAL OB B2 X b
20 x 20mm? W [ O K 25/ iRk % 5 ~ 8 fhF D
Art2ofk a2 8L 72,

NS ORERRIG M IREE T JIS-Z21011 L7228
T, HFHEERE, B XA L 72,

2. 4 REE—X> MO

22T AMAOMITE— XY N (Mp) 1%, #
THEROBEAEN$ 20T 2 Z L R ia, M
VRIS % BJES (Mayhead 1973) & JEUE i
LROLEFTOE— X v MRS (HUDE, Hy) OfE
LCRRTET LD TE S,

Mg =—%—chv%4chN (2)
2T, Cp: BMEDOIHDBRE, o ZREE

(1.20kg/m®), v:JA#, Ac = nB. (H — H.) /4o

=t 7 h T TEEOPIIRE (Cp) X854 6
BT D F2 KA K 0 Jaili FE 8% 2 & Mayhead (1973) 2%
HEED o722 S #IC L T0.2~0. 308 E L7z, =

\Load

Hand winch

Hi
b —

A‘\ Data logger

Displacement sensor

Fig. 3. Schematic diagram of pull-down test.
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Fig. 4.

LB Ol Mayhead 2N 4 & L7z 6 BfEo T
PR D /NS 22 o 72 2 B R H30m /s T D HE &
i (RAYA:0.2, R4<Y :0.3) Thb, EIR
b o X9 RS O EE O & W TR0, 552
EOMEAIME SN T VDD, =T HTTDL)RIE
EWTIZZEN LD /AS v (BHED O E B ATE )
bDOEFEZ Tz,

SRR (Ac) WRBHEIRAZAEM e Lz &
Eomdum Onmm) oK FEZmfEE L, Al
w (Hy) daEsEmohoEss & Lz,

3. BREBE
3. 1 #HAOBEELEHORR

No. 3 B EAARNRT, MBS Mo mic A
AR (B & B LRERIC B T o B o4
BO—HAWE L, KRBT LzRETH 72, 72
720, @M LM 5 OIS TE Rdh o7z
(Fig. 4)o ZNUH D 5 RO M EHE L & I K
WD, R IR CR A R R & 2B
19~40FEDIE LD E DB -7 (Tablel),

b #560cm ORI 12 3B W UM 1ENo. 5
ORI LB SN 2> 72 (Fig. 4)s No.
5 1 Z194F2E THEA & FF i H B B DR & 2
e < B & AR, B L ORB~OIEHTT M OE 3B
WEN, HREORVER T ICHEL 222k
DVIBFI ORI 5 72b D LHEEE S 7z,

Cross sections for sample trees at 60-cm-height.

3. 2 REYMAHERFERR

Gl & LRERIC X 2 IR KR oA X No. 1
B L5 HHHE ) THHE L 720 No. 3 I3MRITAHE o8
WEASHIZAIE U 727200, BULE Y i) OFHliiE T & b
5720 TOMWRARTIEARIBO MK R AW B D51
BRI & o TRIEIZ e o 72 2 L DBIED B &2 5] X
e L72RIN e Sh7: (Fig. 4 38),

Fig. 5 K& MMAAROHILE— 2 >~ b (Mg) & H
HoERf (6s) OBRERLz, Bilh Lz2 Kk
DOWAANIZE— X ¥ b — R BILR AT E AR (G
) BEBZTHS, BBt RomKE2me 2, §l
RO RFARDBEITIC & > THER T T RO & K
MO ENAA S 2 AITRAMELZDEL, TO

No. 3
0 L | L | L | L | L
0 0.1 0.2 0.3 0.4 0.5
0 5 (rad)
Fig. 5. Moment-stem angle relationships for the sample trees.
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F o Table 2. Estimated critical wind velocity concerning
60 ;_ « Sample trees uprooting (vy) for the sample trees
T OB SI6 ) o Memwo oo wues®
= E o ) (kNm) (m/s) (m/s)
< 40 --- g 1 54.7 42.9 52.6
- £ R .
e B —f S 3 19.2 30.0 36.7
4 C S
S o0F );{‘}// 5 66.3 35.5 43.5
F . '/,,' Mipax: Maximum moment at tree base, *!Assuming Cp as
E o - 0.3, ** Assuming Cp as 0.2
(0] S N R B
0 10 20 30
Deg (cm) B (Table1) &3] % LikBRTRo 2 ik £ —

Fig. 6. Maximum moment as a function of breast
height diameter.

a: Conifers (Tamate et al. 1965), b: Broad leaved trees
(Tamate et al. 1965), c: Conifers (Kamata 1956), d: Broad
leaved trees (Kamata 1956), e: Conifers (Koizumi et al. 1985),
f: Apple trees (Koizumi et al. 2007)

BOH D BT Z R L7z,

Fig. 6 IR | & B L kBl 1Y Tldd 720
FHEAIC L B, RE DGR L 40l o R e Eia
TR L7z BEAEOFERRE SRS 6 ~24cm D1LIAk
BB OFF, 79, AT 59288 BEHE 1956),
M PE12~22cm DItk O\ETH) OT7IHhY, 7
V, A E, AF, ) RICHT 59 (EFS 1965),
BN o RINELTO Y, TATZYRY, PRY
v, #I<Y (WEEEI3~19cm) DFEE (MRS
1985), B L OGHEE (i) o) > T (lesEeEL7
~27cm) 1ZBI3 %98k (Koizumi ef al. 2007) T&H 5.

HAKRO =7 7 ¥ 7 R T TITHRIED Ok
ZHRSNBELBRETH - 225§, HHEY
T L 2RO KE— 2 ¥ b
X50kNm 2@ 2, Iko 757 2,

b (Mromax) ZHRALT, BRY 25 ST
SR (vy) ZFIM L7z (Table 2), No. 3 3R
D T 7202 7275 MITTHIE L 720 TRARIZ K- 720

UU=4J

FREUE X, No. 1 T43~53m/s, No. 3 T30~
37m/s, No. 5 T36~44m/s &7l S N7z, BRAYRE
W ESEGOT S H LRE2 5RO THWLDT, Z
O i P D JRLE ASFORD [ A% B fot UH 3 AR L B o0 fe B s
HHEEZDTENTE D, JAHDOBIIE TS 5
70, KRR EGE AR R & 2, e REGE (10
PR O e K Ail)  ASBRFEGE D { LR ) ©
BENEDHDLEVZ D,

MR—max (3)
CpornBc (H+ Hc) (H-Hc)

3. 3 ZETHITHORE ERTIRFERRE
PR U 72 AR & U U 72 SR /N RBRAR D A4

¢ D iR O AP E X Table 313R$ &9 12,

PEARH TR 5D E DA SN2, &P

Table 3. Mechanical properties for the small clear specimens in raw condi-

70, X F LT A HGE Y it
L7 O &) ITHERY A
KEDo72DF, 20~304E4 THE
T AE30cm (233 % HERE 70 A K B
ARTEIEL Tniz/zond
Lite v, B2 72 & 2 13404F % 88
A THBDE L 72 & X DMITIEARY]
TdH BN, HHEO LK
O EEE L LT bR ) i
RRMTE DI EAIRIBENT,
itk 3 KizonwT, 222
ELTHESNBB3)RC, BARERD

tion (average for each tree) .

No. Number of ARW  Specific MOE MOR SS
specimens  (mm) gravity (GPa) (MPa) (MPa)

1 6 3.9 0.738 7.8 64.3 9.6

2 5 5.7 0.664 6.9 59.0 10.2

4 5 2.9 0.748 10.7 100.4 9.4

5 8 7.2 0.726 5.8 54.4 10.7

6 5 6.5 0.728 8.9 66.9 10.1
Average 5.4 0.722 7.8 67.3 10.1
CV (%) 34.3 4.6 23.3 26.4 5.0

ARW: Average ring width, MOE: Modulus of elasticity, MOR: Modulus of rup-

ture, SS: Shear strength
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T & & AR S TENEN6TMPa B X UF10MPa
Tho7,

M HIE ORI Fig. 7 124K No. 1 @ 6 1
WZOWTORLZ2E IS, RMEIEL %D IEMER
T35 2 &% <, FEEITHE D sl PEIRZ IR L7z,

20

Load (kN)
>

I . |
0 10 20 30

Mid-span deflection (mm)

Fig. 7. Load-deflection curves in bending test for the
specimens of tree number 1.

BIAR OB O SRR MNP IS I 25T iR S 12
FELEEIEL S, WBOHIFE— X ¥ MIHEET
R E 205, BWEOMY 23 50T, WFIEIEH
BEE D EWECTIRKE 25 2 LA\, 2 T
OM Y IIREEMT — =L ET S L, Fig. 81
No. 1 IZBF EMHEBI AR Lz X512, mARMITFIR
AL E OB (Dy) OL5EOMBREDE ST
WK% LD UNE 1987) #HEEAAKIZDWT, #
F¥60cm & 250cm CTHIE L7z JH B2 5 P L 7248
WMEEOMY R (B) &AVTARIC X 5 THRAHNT

-
o

No. 1
- Wind velocity : 32m/s
Cp:03

b: 0.
Taper rate : 2.46%

Bending stress of stem (MPa)
a

\ \ \ \ | \ \
0O 5

Height above ground level (m)

Fig. 8. Estimated stress distribution for the stem of
tree number 1.

SHHA L %5 S (Hp) 2P Lo
D
HBsz_Tg (4)
WM 2 M EIRET 5 &, Hp DS TGO il
FHHEZBIERITE—A Y b (M may) E6)ET
#Exhb,

1
Mp-max =5 7 (1.5Dw) >MOR (5)

ZZT, MOR : BRI OMITIR S,

RXAGBADE—RXA Y NREEDHE Hy — Hg & L
TRHXE HylZBIFBE—X v bORXITEZ, Al
GRERATEE, 6RO L) IC Hy THRIINEED
LR (vp) ZHITE 2, &2 TMORZIE
L 7248 i 56 & O ¥4 0 67MPa & v 7z,

3 J 3DwSMOR
"B 74| 2CnoBc (Hw — Hy) (H- He)
25;/ 3BDw*MOR ©
44 CpoBc(H-He)

Table 4 1278 L 7= & 9 12 BRFL 3 1E 34 ~ 103m/s
LR SN, No. 3 Z B CHEE Y 1I2RI3 2 B AR
HEKREL Elo720 Tho0RBRERLY, =€7
BT OMTHREZIFFICKRE L, BREICLDA
OB T L, I X 2R IIALE b A
bk e b 2 EPTFRENS,

Table 4. Estimated critical wind velocity concerning
windbreak (vg) for the sample trees.

No. Taper rate H. VB0 3 V0.2

(%) (m) (m/s) (m/s)
1 2.46 4.5 84.4 103.4
3 1.36 3.3 34.0 41.6
5 2.70 6.1 44.0 53.8

H.: Estimated critical height as for windbreak, *1. Assum-
ing Cp as 0.3, *2, Assuming Cp as 0.2

3. 4 ZREICLBRITE—X > POERERIR

R OBIARIL, MWANEA L TR S5
T CTOHEERM, BURY ZPiET 572012, HHEICE S
FRALE E b Do (ERD SEHHBIZL VD
N5 SR O 3N <, RN & 20
HEARZEECHEET A EIETE RV, BENIC
S THARDOREHRALE () 25F 2L b FREND,
DX BEMPED I AENR EDOREDOPITTE— A~ b
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DI T2 F o TV ENFHS N TIE RV Z T T,
Mo bSO R ARFEREAHOCE — X v b oA L
DREFG L TOAPICOVWTREER TR 572
B (Hw) ZRES) (Py) 22 28K%
Hs O S THFEL7206, WgoliyE—x v M
filk Fig. 90X )12k b, 22T, Wizl |
TS KM T TOMBOMIFHINEE —E L ET S
&, BHEDICT 2 LFEORTT (Py), BENIC X
BEMITE—RX b (My), ZCFRIIC L BHITE—
AN Ms), BIOWFEZ GHLEMIGE—RX TV
M) xZEhzh, UTONXTREHETESL, 22T
Ps 3HFHEIBH L 2VWEAORIHEME L, My X
JWENIZE DD DOZIEEICE 5720

Fig. 9. Bending moment diagram for a stem supported
at the height of Hs.

s = %Pw (7)
My = PwHy (8)
Ms =-PsHs (9)
Mg = My + Ms (10)

(AL S, LFRMOBEZF S FICKF LGS
DRIy (Pe) 1, ZFFmESHALELE —HT 2%
B Py EELL, BLEDLS FA5122oN0T Py &
DRELRY, LRSI L AEIERIC
KEL DI NP D, HITBRIXHIT, HH,
THBCORDZHZ LI ENTEY, LfHEHE
Fig. 9 ICBWCTAFIMICEE L, Il L TR

AR YR
FREEOBBH 2 HSTICLIH L L SO
THEBOK DO IREOMMER L EHR LT, Wtk
ERILE— X v b (Mg) OBfR%E/RLAzOH Fig.10
ThHhbo TITTMRIEEHENRVEAE (Ps=0) & 1
&L T#H L7, Fig. 100 F MM FEmm S 1oxhd
BELEORE2.0~5.000 4 BT LS ¥ -5 1%
RL72b D7D, WICE— A v MRICKREE AW &
Wb, 72& 2 I1E, BESm BREOB AR LKL
TS 1mBETEHFTHEE, ZORPAICAS,

0.5
Re] -
B L
4 i /
s O- -2.0 .
I [----3.0 SN
L Qe -
[ [——40 S
L |—5.0 AN
N
. . . . . I . . . .
0'50 50 100

Stiffness of support (%)

Fig.10. Calculated bending moment at tree base as
functions of support stiffness and support height.

Fig. 1025, SCAEORIEEFRA100% 1256,
[Ms > Mwle 25T, MILTIREDE—R Y MIH
BT ENbhb, 7z, SAEOMIERD30%FELL
DN, ThbbH, BROLFEESICBIT5HER
b AR T & 5 T30%L EH R T &L, Wit
E— AV PORKEZIIS0DLTICHATE LT LT
Wz, Lzat-T, i EERCllRE X2 5350
Wits, BgORZIZENEEMETRL T I nESE
ZbNb,

4. & R

(1) HEEOTIE LRBOME, =277 7 OHK
D INZILR DL FEBHC LT 212 RE W &8
Dh o T2 FRFHCAMOIIFTHR I D RENZ L2,
iR 72 E WS, MEOTREIIHLE Y ik
L72b Dbl TPl I N,

(2) BLED 25 &I FTHICE— X ¥ M3 LB
MRICHBI L TREL 2D, BAOEEICE Lo
THRRNIET HZ LIZLBE— X ¥ Mif o
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HEIANED, SER I L - THIER S L e
M2 ¥z, #m210m BECHZ s, 40
DOBGAR DA LT 720 )7 CJaH30m/s o )3
WCHIMTE B EEZ BN D,

(3) HEFHE, WA SN T TORER, T
A VITH I S TR S A LN D B 72
59 M EIAETHZ B, LRRMICBUT 80
DRFEIRZFNIEEEETII RV & DFEORKER
ENTz0 WK T O 2 0 T, L)% 5
EERAT) LM EIET 5 ETEREEEZ ON
%o ZDIZDIHE O THANORE R T P 1E 5
WY DUEDND B,

5| AX#E

HHIE:Z (1956) Z 72 RUSHE3 B AR & ML DFRIEICD
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ANRESR, KK, RHEER (1985) EMARDOHR
DCFITRER, AR il SO, 17
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Summary

We evaluated the wind damage resistance of six Robinia pseudoacacia trees planted on the roadsides of
Sapporo city. Pull-down tests were conducted to measure the uprooting strength. After these tests, the
strength properties of small clear specimens sampled from the felled trees were measured while they were
green to evaluate the windbreak possibility of the stems.

The uprooting strength of the Robinia trees was found to be as large as that of broadleaved trees grown
in forests reported in previous studies. The bending strength of the small clear specimens was 67 MPa in
average. Comparing the critical wind velocities estimated for both uprooting and stem breakage, the failure
mode of wind damage was considered to be uprooting for the sample trees. The estimated critical wind velo-
cities of the sample trees with respect to uprooting failure were 30 to 57 m/s, assuming that the drag coeffi-
cient of the tree crown ranged from 0.2 to 0.3. Robinia trees planted on the roadsides are considered to have
sufficient resistance against stormy winds when their height is maintained at less than 10 m by appropriate
pruning.

Newly planted trees should be supported until a root-soil plate is formed. Simple calculations with re-
spect to the moment distribution for a cantilever beam with a support revealed that a rigid fixation is not re-
quired to reduce the moment at tree base. To avoid injury to the bark, it is important to appropriately con-
sider the supporting and pruning treatments.

Keywords: Robinia pseudoacacia, wind damage, roadside tree, pull-down test, uprooting



