WARELEREL 6 192

R N FRAMDBAR

FAE BT, BREN R
Al FIA*, R EEBEH

Development of Round-Wood Snow Rake

NAKATANI, Hiroshi*', HASEGAWA, Masuo*!
IsHIDA, Kazuto*? and IIJIMA Yasuo*!

In order to utilize Sugi thinning wood, we developped wooden supporting structure in
the starting zone of avalanches. Before designing the structure, we tested the bending
performance of Sugi logs from Toyama, and determined the allowable stress of Sugi logs
graded by annual ring number, in order to insure the reliability of structure.

The wooden supporting structure was designed for the following conditions; 40° slope
and 3m snow-depth. Generally, steel supporting structure is of snow bridge type with
installation spacing, but the wooden supporting structure we designed is a round-wood
snow rake with continuous arrangement. With this design, we attempted to reduce snow
load and used light base suited to temporary structure. To resist withdrawal load by
snow, the light base was constructed with base log and additional steel angle, and a log of
rake was fastened to a base log. We verified experimentally the withdrawal resistance of
light base.

After logs were cut and treated with cooper naphthenate as preservative, round-wood
snow rake were constructed with crane.

The construction cost of round-wood snow rake was 60% of that of steel snow bridge.
Most of the cost was spent in the site of construction, it seems that from the economical
point of view, the introduction of such snow rake is more acceptable in a mountain village.
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Snow load and structure of round-wood snow rake.

A 7OTFRMOEHEEH S~ F 7y 79IRE
NTw2, [AROHES &5, ARRTITEF I,
ok, SRICKEMMEIC LI E, S5
MR Z & Zopt s RIS HT R AT 5 226128
e E LK o 7Y — b EERELAENC U Y,
MRS & B ALY & v 5 MR a2
NTZ%hwv, £2C, LHEICHEEML, A4 A%
THLEN TV AHEMEEGEY 2 52 s & Lz, L
T, Bk > F 7y 2l Ciliit2iEH 2 2 &
LT 5,

1) HEfE

o ARES L OMESE— 2/12Rd. B
LR TR ACER A TH Y, BR4T0madtlh
ERITH B, MRS E (H) (2 3m, #HiifAg
JiE (Fo) 13407 T B, #Hiftn1®EHALESZ (1m),
G EE (Fe), XAENME (Fo) Fi3GHEETHE
S R TH B, WEWEAOEE 4 5T
TS5 4 PR (N), 7)) —7HFE (K) 24tk
FHOMMMEIC BT AN EE A, 774
FIREN=2.4, 72 —7FEK=0.82L L7
M~ E MR EOAERI S & Tk &
S THl &R ENL2BMEE L HhFHERE 0T
WMThdA/—TY) ALHEDPLL TV,
FHEEE (Wotasm 1mL )ik, kXTHELLN
b, TEELr=0.4L75L,



42

FHII EAT L ME (Sy)

2 2
SN=r-H7-K~N=°'4X3 ><20.82><2.4

=3.54 tf/m

P 1 T M (Sq)

=N "tan Fo S"=2.4(-)'ti?15(40) "3.54
=0.71 tf/m

T WERTY M Ve=0.4r=0.16¢75¢&

__1-2V,
AT a-va
R /=7 X (BtHHEG) GizoWTid,
Ds=H - cos (F,)=2.30
G=r-Ds*-tan (Fg)/2=0.283 (tf/m)
FEPATHS Gyv=G - sin (F,) =0.18
FHAEEK S Go=G - cos (F,)=0.21

FMAFEE R/ —7) XLHENEN (R) 23KH 2

&

Ry=Sy+GN=3.72
Rq=Sq+G¢=0.92
2=RN2+RQz
R=3.83 tf/m
Ll b,

RiZ, ZoEhEMEICEELHE (P) & FT4H

#f(Q iznFsk
Fe=tan™' (Rq/Ry)=13.9%5%

P =Rcos (Fe—F;)=3.83
Q=Rsin (Fe—Fy)=—0.07

& (Be) THRL UMEYLITHRIS 22 ) OFfR, K

EEM»EZ LN 5,

WHEICEELLEE p=P/Bi=1.61 tf/m
T REE q=Q/Bx=-0.03 tf/m
WE OB 2 TR T2, £8, IHoE

BHEDEFHC I W BE# Fv, BT/ <—n @i

BREEN] JMEOFE, X 52T — (fign

T/ 4) 123 HEEN2%AH Y DHINEE % %

BL s b2, 72, M4 Mg RET

5728, MEEBMTLHICLB5RIVME (B

il WEEN 24 #Hiomikicing 3 LE8rs

5,

I, BREE CIIECARII R B HGE, BT

WHTIZ W ) BREE AR L 2B/ <—Ho B Aok 1

S

=0.405

ILETHHEEZLNTWS, Tibh, KAM
HREEICHE SR~ ORTEAIRAL 20, BB
EHERNT ) BRMAIBETL T3 b0, B
DIEEIC & ) T <— 3B AMTRIELL Lo A5
RT3, Znfze, ~—EFHICEEL THEID
FHEIAHFINTW 3,

HERE T, MTERMETHINRILAR~DHE %
WMmMEEsLizBbiiv, ReELERL T
—~OFH (WBEX1.3), & CTINHE % &k
HEICBWAZ L L, kB, REBHEIIHTE
HRENCERET A L L LTERL &\,

2) HiEmE

HEEH AT 2 MEME L BRI 2 L

HEIcEAAR p=2.09 tf/ m
n o EATHE q=-—0.04 tf/m
& m # | p,=0.52 tf/m
Eh 5,
@ HMAKNRH
HEMALKOHR%40em e 5 &, K1 EIChb
b ¥ i
W0=2.09%0.4=0.836 tf m
ELICMMEEE L CTHBED 1./ 4 £ THOEWSIC
W1=0.52%0.4=0.208 tf m
Mb 3, HENMER{LA 2HEMD MR+
—HNXEEEZHE, MIFE— 22 F 5AIZE—-
3nkiichs, HMilFe—r22 b — 73 bk
AEH L UHBNES D 2 SicBNn s, IKEENM

NICEERL THRHICEL 2HIFIEHZ2 20 2 S TR
BECHET 3L, HLEE»L, XAfiAEETn
BEREalL8SemE Ao Tz, ZOKRBTHMITFE—~ 2
IIM1, M2 £h®£h0.302, 0.362tf-m& 7% 5,

HARNKOEEL MYemE T 5 &, FHOILKICIE
Imd2) 1l EOKNHHBEALNDZ Ehb,
M1, M2 TiiARIILLE2ATENERN,
15, 16emeFEz 505, ZhtVHTFEhEHET
3, BRIEHIZEBARETH,

ocmax =91kgf /o
&%, REAXIK2SHOMEHERAOMEEE
JIBE (94kef /o) LLTF &4 %, 72, Hithicsits
AKRDEEIL, B2 1T 1emILA Tt 14em# & 16em sk
WOBHEICH D &6, HBAKIIKEDLE-
TWaEEZ LN,



BT 6 "92

W1
[ LT T[T ] [wo
I i IRMiﬁﬁ*)
RA(SshH33) ,//T\\\\~\
M2
100 G.L L a ‘
L:338 (84 : cm)

BE-3 #Hikodiye—2> F 34
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diameter depth length withdrawal
of logs of tip load
cm cm cm kgf kgf/cm
10.6 100 17 591.0 5.91
11.8 100 16 199.5 2.060
13.7 42 0 111.0 2.64
FTEA
14.9 42 20 169.0 4.02
driven
R 15.8 45 0 118.5 2.63
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16.0 60 22 254.0 4.23
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19.2 98 30 541.5 5.55
A
20.0 90 25 383.5 4.26
backfilled
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Material cost of round-wood snow rake

2] £ ¥ i i} i &
material quantity unit cost value
H K logs
MEHR rake l4cmg 3.8m 107
i stud 18cmg 3.0m 3
E13: tie 20cng  3.8m 1
Bk arm 18cmé  3.8m 19
v brace 14cmg  3.0m 0.3#
A it 1.32m? 31,000 40,920
£ %% metal
#4%% metal fastener 3 2,000 6,000
Rt bolt M19, 450 om 10” 520 5,200
g washer M20,t=3.2 20 22.3 446
A7) a— 16mm¢ 90mm 127 210 2,520
lag screw 16mn¢ 150mm 4an 310 1,240
12un¢ 300mm 107 120 1,200
J 1358 washer M1i12,t=2.3 10 4.5 45
M16,t=3.2 4an 10 40
BB wire 84 (d=4mm) 2.13kg 85 181
PN 2t 16,872M
B5EEH|  preservative 9¢ 1,333 12,000
a»71Y—1} concrete 0.16m?* 12,760 2,041
T 70 steel angle 9 318 2,862

35 74,6951
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Direct construction cost of steel snow bridge and round-wood snow rake.

Uiz - 1)

SHMHM (5 m) AR (3.8m)
steel snow bridge round-wood snow rake
I8 44 FHRHIE R8¢ HEHR
works material works material
cost cost cost cost
#l 3 fabrication 335,000 290,000 140,000 75,000
3> 79—} concrete 111,000 63,000
L ¥  forms 23,000
HEY, MRL 17,000 22,000
cutting, backfilling
& it sum 486,000 353,000 162,000 75,000
AR Hoe 73% 46%
percentage of material cost
Ims ) LA 69,500" 42,700 (61%)

works cost,” 1 m

Y BRSO H B2 mE ML TRES Tme L

Length of steel snow bridge : 7Tm (added installation spacing)
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