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Studies on Mechanical Properties of Skis

Report 1. Mechanical Properties of Itaya
(Acer sp.)-Wood Laminated Skis
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Fig. 1. (1) & (2) Ay. dimension of ski, (3) Section for calculation,
as composite double tapered beam.
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—2 BRoRRELLTOEET —<—H#
Fig. 2. Composite tapered bar for torsion test,

3 o0 y
_ bh [1 192 & 5 Lt hmnﬂ:b] (2.17)

3L ma® b T s T on

Lich o T, Goy & Gox EDLOFEH BN, fAILIOFETEDLRALMED,
Anb, BAMBERRRAHEET S L3 TERy, L, 5000, FOMED
Goy BLO G IR EDT - TORIE, m BEED, BB A2 M, D L TOFDENE
ODROBELIRYRYRDDZENTEDL LT TH B, IbIT, MM HMT 5 Sk
T, ZOEUHEEOSARMEREEY RATE G L&D, G=(Gnp+G.)/2, m=1 L1
WG K207~~~ EUNREYEL D LIt T5 L,

J
(2.16)

[fcapdet(iG.asdz
Goye 0 0
2y T
S A.dx
0
L L (2 18)
S(G&Lpdx+S(GcLudx
G = 20 0
P44 L
Saw: ]
0

S, A A BET A R REhEE, REM S LOEHORER T, A=A+A4, ©

5%,
Lichis T, R or ARMEEK G i,
~_ G 1—
¢ =G la—w+{era-o 58] (2.19)
T ZIiT,
el
T=lhmhilhy, q=GiGr, e=1-2n, i=(1-q atTi=4
IHIT,

1 .., 192 h, br
Iy = EY bh; [1—75— b tanh Thx] (2.20)

ZOEH -, ELEYICIE (2.16) Ra b,
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M, L-M, .
¢ = ==
d CL dx GLT dX;

o, XowBiL

he=hy(1+7xy) =hy Xy, xq=x/L

Li2is T,
_ LM, S“T dX,
! (2.22)

Gr A

M, Sl dX;
Gr ) S J

éf,::?@Qmﬁ@tmh%?%&bt,ﬁﬁ@déh,x*~ﬂ%b1mwm
=20 LA LMD DT, tanh br/2h,=tanh 720996 L7ch, chEr 1l &b\ ChAxAhN

EEXbIgwv, Lichis T, tanhba/2h,=1 L E< &,

L L gs(y 192
T o (1 b |
(2.23)

17 h 1
J—4h,Xp (1- 120 x;)

WE, fo=blhy, Ci=192/fin® & BT,
_ ¢ _ M, { 2+7 G_, G (1=CHa+r)
”"L'"4Ga{2a+n2+1+r*'r In 1—CAL+U} (2.24)
— DO AF—FTETIED 2.2 ROFE3FHIMTH L TELDTNTHIND,

—

NaBCIoEUE LT,
: (2.25)

_¢ _ M, [ 247 Cl]
L =46 20+ T 1+7

5%, ¥12, ZOEHVDO RGO ABBERE G 1L,

M, [ 247 . G
G“450[2a+02+1+7]
2.26)

_ALL[2+T+_Q
T ALY |2 +7r T 1+

BEDHEBFHERD, AF—~%@0ET — —EUMERE R LEd,, EDT
EOBEEE R THROCTERARH LB /- 12D T, Thi2onWTi#gk4 5,

3. o ¥
ORBIC A B, BEAL-FERELCHGORT WS =Y 2+ (Acer
mono) THHEBbhd, 2D 4 Y HOEH 12cm, EXH 24cm, EXH 2m DMK
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PRRGEH 3 » A, ATERLTEHEKR @) % 11% fith s Licd D% 100 H{EE I E
UHL, H8—EEBc i) EX20mm ke, - 0BEKx A L=150cm &
L, hREDHECL Y, AvhRokbi I 2REL, KA IV YV I/ERE %
kdtz,

PL3

E=ger

(kg/cm?)

T, PAMET, 2ke 0O#H% 5 HEAKC DR, ZOME—bABROERTS
Mo, HE PIHTAicbhbak d ko, TXFROPTHECBET 2@ _ ke — £ v+
T, I=bR12 (2 TORIV AR THThEROBRS IVEZ) TH 2,

Z DR 100 BT oW T o v v 7 R0 FEHE ik 116 (#F 84~162)x 10° kg/cm® ¢
b, Z0Y v IREOEHRUTERNSEREBGORTELTEOEBREE L 2%,

4. 5 ik

MR L5, ZoWRCETIEAF —2FOWETE»LEATET — 4~ EPk
BEH & LTHo, BERCOVTHE LCHEC X - C, HEONENEREEL L DOAF
— OBENTHENEILEBRE LD TH D, Lichis T, MBROEBEERIZ I - T
R+ Dledic, BIRMGAF —C b FTOTRTORBICOWTRBRL, ERE L
B EEOE LY TR T, - DO—BEOHEY M-8 2o THBET 5,

¥, (D) BEfRcoWTy v 7@ E#BEL, chic X » T (II) 5 BERM (7=
7)) DEAREYED, FOMTHIERBY TG, FRO E2b ot EE LKL, 2
Fi, DT ay s RHEs RREM S X OCEHeowT D) fiFEER L0 AV) 8/
RIERER A T, YV 7HBE E B I ORANBHERE G 2 Rkoic, it 2 v Hico
WTEBRERE S D OCCEEN YRS B, (V) #515E, #EM MFslvrey
7w AMRBEY T, U EAEBEEOMECT2RBRTH L,

DN, AF~RWAHEFTORKRELT, 7T, BDHET —~—% 20 WT —
—FticovT (VD) fid s ot (VID) By BigRREY, BT —S—HicounT Rk
o (XII, IX) REEx 1T\, B+ 2BEREHEE & EREY LB, Ketll, BS
MLy, 7, SWmEshceonT X) ks X0t XD Ry kBRy, 2Tl T —
SA—pheon TR XII, XIII) Rz, IOHICEET ——HcowT XII) fhig
BERERA (T ote, BEMC, AF—o0nT XV) fidFs Lo XVD B/ RABE1T
eotte ZHBHDRBAKICOVT, REFLHB T LTHEND,

4.1 5MERM (TR v ) OMiESH KU ITREER
BMdoXs3 e M-3MicirEROY v 7E&R EXBEL, 2hic X )5 BEEM (7
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Testing methods ’ ‘Properties Kind of specimens
|P
! T-\ Q = E Lamina
U E,o_;f
L | Me. Sply laminated
LOIB EEx wood block
— LI
o0 8 so 4
e '*El;g%—" 5 Face, 3mm
v @_M{ o 2 o G Core, 20mm
N L=50for face —x == in thickness
IHL=I00f0|’(';0|fe o
\% 4
ﬁ (3)Bendl Eg] % Core
ng
@ Compressuon - OO 4Ev
(1) Tension 1P @) Shear 7 wf%
Vi T o) o) O 3 SL.,SL Double tapered beam
Mf 5 : ' §
VI 6., 6.
Y vo 4._40 —*L—4O _.|._40 1 9'292 3 Double tapered bar
L2 . I6F9 _A T T
i
—_—— :
Vil To 0o 0 3 ,5% .51 OhesOh  Single tapered beam
M @_,L—l——g——"F P
X ‘o0 -|~ 20 +20 4—20 2.8, Single tapered bar
! 5 35-4.64—5
F L= so .
P . .
X E = o.,E,, Composite uniform

L._ L160 foiPdefiection | CepsGp  rectangular beam

L= 80 for strength
Mt 2 2

Xl
~ — L= |go——l
P

‘; Composite double
Xl Q Q Q 6L : aL’dbP tclpeeed beam

Mt o - g § 9k o
Xl —=— 2,723, Composite double
%041140 ‘4“‘40 _’i‘_ 40 _’§ 63-4'64—5 1qpered bar

3
l L=16Q0 ———

m S Composite uniform
» L rectangular bar

o

P
Xt £ o) 2 E’%’O"’P b Composite single
f——L=70— tapered beam

4P

XV —z &, 8,0, Ski,as composite dou-
? Q Q Q 5’ ¥ ble'tapered beam

My & ' L6 6,
xv,\@‘,‘_l_ff;%ﬁ. 2,3,
, 2075+ 4075 + 4075 +4075 4 g,.g,. pleds Composite doy-
| 2 4 _5' &

3 ble tapered bar
| e L=163

(O: dial gage for measuring deflection, w:mirror for angle of twist, unit:cm)

-3 W B N B
Fig. 3. Testing methods.
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By 7) 0K0fGRESEDLSICED, K-1DKRTIoE, Ax-—-kfbdFs
RIECEH, TROZHOBERIFEEAEGYIMSRTLE L, AF—OWEBILIELAL
FRIMOFERC L - TEHBEEIND LELZLRDDT, SEOHBRIKC EDKREVLD
EELLC, W%, FRCEoXREWL0»BIEK 1,23, LEF S 20T, 0o/
&3 7 v » 7 No.0l Tik 61-1-3-2-62, No.02 TiL 63-4-6-5-64, &7t b, No.20 ik
99-58-60-59-100 L7 %, ZD 7 my JITKITAY Vv I/HEOEY B-1TRd, Z 0¥
BCXRFEBEEERNEZA Y, »~ 7 —RIBC X o HEEAL, HMEREMEECLY
12 kg/em?, 60°C Ty 5 BeRIERT L, #FK, LAMUEETHD, Try 7 OEEBD
Bz a2 HolmEa2 g RS, (D @R+ L5 Ay L=180cm & LT, EHROEIIOEE
(V) 3 LOKF (H) e ount, pREPHELFRC L, MFEERBEELTRy, £
RENRDY V7R % Ev XV Eg &L, FHO E»boitEE Er 3 X0 Ep L
Lz, COFERCENT, EviZSoFERD E 0FPEEE L, Ex iRk L -1,
Eu= (X E;L)/I

22T, E L R FFERO 5 BEBM o b BE T A R, TSR N =
KRE~2AVFTHD,

ZORBICIIHFRBER L € M5 RS, AEX500kg LT, B
H20kg L 200kg ¥ Thbiha XM YA ¥ -2 L hPIE L,

4.2 RAMBSIUSHOHITHESKTROBEER

FiEO 7 vy 7 2EKHEM AR L OSBRSS, §igicit No. 01, 02, 07, 08, 14, 15,
18 5 X 0019 @ 8 A&, #Exik No.03, 04, 05, 06, 10, 11, 12, 16, 17 55 L 0820 © 11 A%
Av, ThthrxREEBomERMCHE D, BEE3mm kX020 mm Gt LT
Lz, BEEMBLIUOEMD No. it 7=y 2 No. 0¥ 1,23, &2, #2&21% No.
02-3D X HIC L,

CHBEEM I L OHIC R L TR X R 0 Bl R A T, v v
FREE &I ORABBEGRE G ZRkoic, REACHT 5 il RIERBRE D) CR$ X
S5ICAAY L=150cm &L, 3%F45uMEARC LY, ZHEZCLZALH 1008 O5H#H
%#500g (it lkg) 2 co, WEEAMO [=40cm OREICK W Tlba 6 HHIE L
oo YV IR E KRR L VFTHE IS,

PL}
480, 1

A LT, ERoES 1) LA UbREFRHEHRNC L -7, ] BRI AV)
ZRT X O —MEABEEL, iRy =~ 4 v+ M, 20, EEH T OV CEKXH
L=50cm, &Mz 2Tk L=100cm TR 2|, H A ¢ » 2{HOELY A, Ayr—1oD

E= (kg/cm?)
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FHL X b HIE L1,
Boer— v M %23 A2EUHEAECR) X 0 3BT

0_ SD . 3Mt
LT L, 1922 & 1 nnb
Gh 1’(1'75— B B, 7 ek g >

TEPIND, ZIThRIVbLRFRFRRABEDPEIRIVIETH S,  ORBME
DY B h N ETENTHIEDPI L X,

nrb
o 1

tanh

&R T LD THIFILE U
3M,

GIb (1—0.630 ’,})

9 —

Ll B, Lo T O=9/L b 0 %R,
3M,

am5<1—05my%>
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AFx—-ONFEFHRBACHETIWE (F1®) (RE-Z5 - LH-HH) 119

RIWDOY v 7 FEREOSKRECDT, MEME X O RABRA X K-4Q) Rt EL D
BR LA, Licdi- TR ARIODREROY v 7 FRED/NI VW30, BRI Cik
FORENLDOTHD, REOWE JISZ 2111 X 21121 L b, HERLOIBRE oop,
X o, FY V7 RE E 3 L ORESIRBE 0 TR, HTRBIIFAR Q) @it L
S IIBILEM DL L, A L=50cm & LhRERFHERIC L 0, HTLOREE oo,
R E oo 8L ORY v 7 R7E E, kdte, BRESNORBIANE) AT TRy 7
BABRBHC X 0 77y, #EE (RANRE) © 5 LUKRTMEE R wi % 2RDI,
ChHORBI TR THRABRBE A L € VRIS b vRBB T X 0 17705 e,
4.4 \F-N—HOBTBELEICRD BIERR

BHOIH 10 AK%2 50, H-3(V)IZRT X 5RET — S~y L, $E
RO CVIHMOEICH 20mm, AV L=160cm OF GO I 72mm TH5H,
RIS o UL R EC X b 1kg A% 6 kg % CHEML, wbhi %l
FEPS LABLORR L2 D3 IFTEA YA S5~ DI I HVPE LR, BRIV T
BEEEID LA DlchiEFH LT oy b LTRD L, B EIERBCE-TL, —
Wa bR omMTEHERBC ST AR ACKWTREEL, iRy = — 4 v b M, 5T,
REVID ® 1,2, 380 4nfBrgEx vy P L, Ar—ic kb 1-2,2-3, 34K
A5 X RT DR A 1o, Pos, P BI VU Qs KBEEL, FhEh% L/4=60cm Th
LT, B M, bich DD E 01y, Oos, 034 38X s HRDI, TZTRPE—~ AV}
11 8kgem Z Lz 40kgrem FTH LI, FERC IO TEIERD K L LILEOERK
(2.26) 1 & » T, IO AW RE Gia, Gos, Gay 8LV Gos ZEHE L, £ DFIHE
Gav ERRHC DN T T — A= I8 5 LIATCBIE L ic e AWM RE G L L 7,
4.5 BF-—N—HolIiEsSUBRERRADUICHED HIERR

BIEDOM T — A — kxR T2 5 LcHOET — <~ 8 Ao\ T H-3 (VI & X
CIX)IZFRT X5 i X OR o BRBA 1T - 7o, T RBC KT A8 v L=80cm
LT, hmRERMEIC LD, fobdk L4, L[2 5 X0 3L/4 O 3 A THEIRE b5
FTREL, DBLWEHEL, T HLARE 0y 5 XL ORABEE 00 RO, & ORBILATEC A
NV RIRBE Tl - 7, RO BIERBIC SV CHHITRBRC ST 220 OREWHD
HAOHMBEAEEL, BRI = — 2 v + M, % 16 kg-cm 35 80 kg-cm ¥ THlF, [H
MIX)CRT1,2,38L04 €y LB, MOA Y 2HEL, ThHLRIE
B3, Ozz, O34 35 LT Oss R DT,
4.6 EEEWEHOHRITEEGS KCBERRBRESCCRD BEAR

BEABROBERES V& L, TOSEMEEMC oW THTR XOR)RBRE T
ste. T, MFRIEREE K-3X) @Rt LAY L=160cm & L, HREGFHE
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rbh, 2kg T 10kg & CHERWEL, ARVPROThAF L4 T ALF— VLD
WE L1, ABERBRCR W CRRANCRET LAY L=80cm & L, #FHLOIRE
Top, RIS 0y BIOFY v 7B E kol CORIAIERRI—WEEEL, Bk
IR £~ A Y} M, % 40 kg-em & 21 200 kg-cm ¥ TiF, F sk L=100 cm X
BT DR G ¢ wATE FABEOFETHEL, |IE 0 ZRDI,
4.7 EEWMFT—/N—HOITRIME LCR O BIEHER

Wﬁ@IﬁKx#~@%ﬁK%Lf@,%h%ﬁﬁﬁ??”—f—A&LTWﬁot
DT, FOERBECONTRBEY T T, 4 ACBANITT — S~ o0 Tlid s &
VRO BIMEARBIR TH, Shahe LT $O L THECE S 3mm OREH ¥H#E L,
BElT——#& Lk, chieowt K-3XI xRt o, {4, A-v L=160
cm & UCHIFHMERB A T2V, 4.4 01Ed\ &R, fobd 0 5 X0 iz ZRE
L, FRHBIRE o bRoM, ROBERRL AR XIDRTLS5CL40TH L
B UHBETH eV, RDE O Ohs, O34 XV s BRDE, ZITORIE—-AV L
M; it 16kg-em Z 22 80kg-cm % T& L,
4.8 BEHF—N—E—LOHTHERR

REOTHT — 4~ €~ A B TURMITHEE Lich o 0T, BREFT25L, K3
XD ERT L 5 BT — 2 —E—ak LT, hREFFRERIC L 5 MTHERBRL TR
fedodr Bz, HIVTHLOIRE 0 B I UHES 00 HRDTC,
49 ZF—OHEIFEIES KTROBEER

4.2 FEC LD v v 7 ER E B XORANMERE G #E LR EM s
TOEHEROCT3IBOARAF— 10 K% BfELI, 27, BHE—BA*F—-OEHD
BeyElL, FomMECES 23mm CHEMAET LAREHE REMBEEACLY, =
TV AERRCTEERFL, AFx—oWMcdlbidic, A% —0DKE (L) k1% cm TH
5, chz JISST007 e &3% M-1Q2Q Rt X5, ZoXmrbEABCH - T
250cm B L OEEABLRA UL 70ecm OEYET AL L, A L=L—(250+7.0)=195—
32=163cm & LT, #0rhdic 2kg O58RA%IEK 10kg % Thiz, L/4, L/2 % X U 3L/4
BB AbA YT Lz, BRICKSGTUL LA R LU LA T B lchiEEEL,
b & LTED LI, G, 5kg 4% 30kg £ Co®, L2 kT hlchihzfl
E LT, ZAULEiR JIS kT, 30kg MEIC KT B ichi i fiFEEOFIEIE L LT
WEHERLTHDL, EHIL, ZOAAVERTLZHITHABRELWE LI, i, ZDAAS
VIERWTIRLAREY BT L, bR EFFCAREL LY, XACETHAVvEAT,
BT REETH - 7o, R0 RIERBE K-3XVD) LRt X 918, AF— 2RO
MEBECEEL, MESAOMBICRY £~ 2 v+ M, # 8kg-em Z &1 40kg-cm % TH(F,
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L,2,3%X04iCty PLEEC LD, BIZABCRI A 2PEL, FhrbioE
012, 023, O34 B8 XV 045 R DT,

5.

o

3

51 5MEMM (70 vY) OHTHIE

41 THRARIFHEC L 0 8E L5 BERM (Fry 2) Ko<, F0ER (BHFEO
TV IRE) b CEERBREREY F-1TRT, coRLLAbRD L5 iC 4.1 DFET
AELC7 ey 7 OFRBORER LOKEFAD Y v 7 f % ThEh Er X0 Ex &
L, Thbi KBRE (Ey 5 X0 Ex) & BT HUE, (Ev/Ey) OfED YA 0.93 (FEF 0.88~
1.01), (En/Efw) 1% 094(0.87~1.00) L7z 0, WTFhOEH b KBRETHEME & 3E &KL

F—1 TRy OoBREICHTRIERBRER
Table 1. Construction and flexural rigidity of 5 ply laminated wood block

Modulus of elasticity of Modulus ot elasticity
lamina (103 kg/cm?) of block (103kg/cm?) Specific d
No. Calculated }?nxep;le;ll- —?L %ij‘ gravity Iise
E; ) Ey E, Es =V H or

Tu

E, Ey Eyr Exg

01 11 162 152 162 110 139 122 125 110 090 0.90 0.66 Face
02 110 148 145 146 110 132 118 122 110 092 0.93 0.65 ”
03 110 144 141 144 109 130 117 116 106 0.89 091 0.68 Core
04 109 139 138 138 108 129 115 114 106 0.88 0.92 0.70 »
05 108 138 137 137 108 126 114 115 108 091 0.95 0.62 »”

06 107 136 134 134 106 124 113 113 104 091 0.92 0.68 ”
07 106 133 130 131 105 121 111 113 102 093 0.92 0.67 Face
08 104 129 127 128 104 118 109 108 99 092 091 0.65 ”
09 104 127 126 126 104 — — — — — — — —
10 104 126 124 125 103 116 108 109 99 094 0.92 0.67 Core

11 103 124 123 123 103 115 107 111 99 097 0.89 0.66 ”
12 103 122 122 122 101 114 106 106 106 093 1.00 0.63 ”
13 101 121 121 121 100 113 105 105 103 093 0.98 0.68 ”

14 98 121 120 120 98 111 103 103 97 093 094 0.64 Face
15 98 119 119 119 97 110 102 102 98 093 0.96 0.63 ”
16 9% 119 118 118 9% 109 101 98 94 090 0,93 0.64 Core
17 9% 117 116 117 94 108 100 101 97 093 0.97 0.64 ”
18 92 116 115 116 92 106 97 101 97 095 1.00 0.63 Face
19 90 115 113 115 90 15 95 103 90 098 0.95 0.65 »
20 8 113 111 113 84 101 91 102 79 101 0.87 0.65 Core

Av. 102 128 127 128 101 117 107 108 100 0.93 0.94 0.65

(Remarks) Ey: M.O.E. of vertical laminated beam
Egm: M.O.E. of horizontal laminated beam.
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fekvx b, TIT, EREOHIVPENEADALRLSH, ZhITERICHRC AR
TebABEMERTVLIOEER L THE LD TH %, Tihbb, 7ry 70RM
Fov v IERE L2 AREERE G LK (E/G) Offiic ®-2 0FHfER i\ % & 115/
133=87 L7ch, ZhiZIhE, ZORIERBCIET 2 AWM MchARL

6 E (A 6 10 \2_
S (1)~ o xeax(1gy) - 0082

Lk, ThEAEBCAhIE, FREZHEECEVEL L5,
DT Ry 7 OWE ry (3FEBME 065, #iFH 0.63~0.70 TH - 1o,
5.2 EEAMBICEHOMITAES STIRD B
WEDOHEREL X LDTE-21TRT, T, Y VI/FERECO-TAB L, REMIT
DWTHTE LAERER T, A—7ay 7 Olch CORNE L RMETIZEAENTEY
B 5% LIMICiZv o T, KESREDLOTH =10% LA TH S, FIFHER
B2 REMBIOGHOBE

Table 2. Properties of face and core materials

Block Sawed materials
Kind Block ell\/algtcilgiltt;s, OEfV g;s(glcliltl;, (}é Modulus of rigidity, G
No. _ (10°kg/em?  Number __ (10°kg/em?) (10 kg/em?)

Cal. Exp. Av. Max. Min. Av. Max. Min.

01 139 125 14 133 146 127 11.4 12.8 10.5

02 132 122 14 129 139 120 13.6 15.2 11.0

07 121 113 15 125 132 109 12.0 13.0 11.2

08 118 108 14 111 121 105 131 13.7 124

Face 14 111 103 14 10 116 105 131 152 120
material 15 110 102 14 107 110 104 124 128 119
18 106 110 15 106 112 99 135 14.8 125

19 105 103 15 104 114 94 141 16.2 13.0

All 118 111 115 116 146 94 12.9 16.2 105

03 130 116 4 120 123 118 13.9 155 13.1

04 129 114 4 118 120 115 147 155 14.2

05 126 115 4 116 123 106 11.8 12.2 115

06 121 113 3 119 124 111 155 16.2 149

10 116 109 3 115 119 109 135 13.7 13.3

Core 11 115 111 3 113 113 110 13.8 149 12.9
material 12 114 106 4 113 118 110 139 147 13.2
13 113 105 4 109 113 104 15.2 159 14.7

16 109 98 4 102 104 9% 14.0 146 134

17 108 101 3 106 109 104 154 15.7 15.1

20 101 102 3 103 105 99 128 13.1 125

All 117 108

w
©

112 124 98 14.0 16.2 116
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Ty JOWTOY V7 RBEOBERDOE» D OFEM Er L BT IS Do T 5,
Thbb, REHMTOWCUIHREMC OV TOBFEEN116X105, T vy 7ITOWTOE
EE O 118X 10 kg/em® T, +DHi1 098 L icd, BHC OV TR ER TR, 112X
103 & LT 1I7X10° T, Hix 096 Lic s, Z RN, MEIMOY v 7 HREVIE 2 H)
Bl &b, BERCOWTOREMB»D OHETEFORBELX DLV 2 5,

FRRVERC L 22 AWBUEGRH G OERREHIT OV TLFE 129X10°,  #iH
1056~16.2X10° kg/cm?, HH IO TIE T hE R 140X 10° s L U8 11.5~16.2X 10° kg/cm?
TH Tz

Z DORBFEERIC B TR E/G DX 9 X2 M, 587 #iri,

5.3 EREHKE

B LR LN ER SRBRCO W TOMER B X OHLIERBOBRE Y

F-3FT, ZOBEROTEEILHE 7, 0.66 (HiFE 057~0.73), REME KK« 11.3 (8.2~

F—3 BHOREMES XOCRIIRARSER
Table 3. Results of tests of compression and tension
parallel to grain for core wood

Specific Moisture Compression test Tensile
No Av. ravit content  Fiber stress Max. crushing Modulus of strength
: of gravity “ at P.L. strength elasticity

Tu Gep ge E, gt

(%) (kg/cm?) (kg/cm?) (103 kg/cm?)  (kg/cm?)
03-1 A. D 0.66 13.0 260 440 104 1138
B. C 0.69 126 283 461 122 1408
04-1 A D 0.71 13.2 212 434 90 1212
B. C 0.73 13.3 385 470 124 1615
05-1 A. D 0.57 125 236 . 364 87 1149
B. C 0.66 12.6 246 410 121 1182
06-1 A. D 0.67 12.9 251 400 88 1094
B. C 0.70 12.4 302 445 104 1371
10-2 A. D 0.73 12.8 226 400 82 1070
B. C 0.66 129 297 434 119 1123
11-4 A. D 0.65 10.8 224 392 85 1069
B. C 0.65 109 294 431 98 1280
12-4 A D 0.63 7.3 260 413 93 1208
B. C 0.63 8.7 306 428 96 1207
13-4 A. D 0.64 8.4 236 381 78 1191
B.C 0.64 8.2 257 419 85 1251
Av. 0.66 113 261 420 o 1223

(Remarks) A, B, C and D are shown in figure 2.
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13.3) %, MM GIRE 0., 261 (212~302) kg/cm®, [ X o, 420 (364~470) kg/cm?, 7
YV 7RE E, 98 (78~124)X 10° kg/em?® 35 X U5 [RIR X o, 1223 (1069~1615) kg/cm? T
H%B, T, ¥VIRBIFERED CCHEMC OV THTRBC I 2 B X v ET
By, ¥, EHRIEFREEIORIEHECR T o,:0:=1:29 ThH 5,

DER, EMOEDOEEFAY L=50cm & LTiTl- tliTRBOEREY B-41T
~Y, ZIT, ¥V IR E, OFHEIL 108X10°kg/em® THREBRBOIEH I DR
RREL, FERCOWTOMEIIZIEE . HTE X o, OFHEIL 853 kg/em® T, EHEM
Ko, D20f5L78D, 0010 0,=1:29:20 BEEMICIE1:3:2 LA TIWTHA D, &
i r=oio. & Lick EDORMBOEECET 5B EK

g 3r=1 _ 3x3-1
°T AL T T3

‘O, = 20,

x4 BEHo#TFHERRBRESER
Table 4. Results of bending test for core wood

. . Fiber stress Modulus of Modulus of
No. Specific gravity at P.L. rupture elasticity

Tu Iop gy Ep

(kg/cm?) {kg/cm?) (103 kg/cm?)
03-1 0.65 450 925 121
04-1 0.68 326 917 113
05-1 0.61 405 847 114
06-1 0.66 344 863 104
10-2 0.65 336 762 104
11-4 0.64 366 868 103
12-4 - 0.62 366 809 109
13-4 0.64 321 836 98
Av. 0.65 364 853 108

B5 BHowmBEEDN

Table 5. Results of test of glue-shear strength of core wood

N Glue-shear strength, r (kg/cm2) Percent of wood failure
> Av. Max. Min. Av. Max. Min.
03-1 199 243 174 97 100 85
04-1 168 186 144 60 100 15
05-1 177 207 155 92 100 40
06-1 191 253 164 61 100 0
10-2 188 212 155 74 100 10
11-4 192 219 170 85 100 50
12-4 167 201 135 86 100 55
13-4 189 207 170 88 100 60

All 184 253 135 80 100 0
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E—FT %,

FREENILESCRT I, ey 72 ABRBRCX 5&&&3@3@%&3 184
(HM 135~253) kg/em® TH B, D L 5 ITRIEMEA 135 kg/em? B b, HORBHEEIRO
FHL 80% THHDT, BEEIFELLEATIWTSHAHS, FhELOKHEEA 2 YO
BAMHI EATIWTH A,

54 fF—/N—F—LDITRIM

HREYER6IRT, 2 TE SIVE 3oy v 7EHC, #MFZIEHROY v
7 REA L OFEME E-1 © Ep), BHEIBREMCOVCTOREETH S, 0D\
Fo (EJE,) 1235097 (i 091~1.03) T, 5. 2B~ L 5 EFHAEIT IS » T
Bo ARNVOUAKIVIR2ZETAHbAR0I OMEHEY S OFEER T ERE
E XA, O O TE (EBRE)/(GHEE) D351 1.02 (FEFE 0.93~1.08) 35 X 1 0.99
(092 ~1.04), 87212\~ Tix1.01 (093 ~1.07) %5 X 0098 (092 ~1.05) TH -z, = DO
B, HRDT — =€~ AOMFEMCET 2 BRI FERWCHER S hic b2 5,

5.5 MFr—/1—ERHEHOIRO B

BRE2 Z-TCRT, 22T G i3 BEMT T, | RBRC X 0 R 7o AN N
BB TH D, Fio Oo~0us 3D L=160cm % 4 5 L KEIC ST 5 AR = —
AV B DRV BOERMETH D, Z DI R MK H D8 AWM REC Bk

R—6 F7— - C— 20WITFEH (#H)

Table 6. Deflection of double tapered beam (core material)

No. 03-2 04-2 05-2 06-2 10-3 12-1 13-1 16-1 16-4 20-3 Av.

Modulus of {E (10%kg/em?) 130 126 126 124 116 114 113 109 109 101 117

elasticity E{ » ) 123 115 123 124 117 110 109 103 101 104 113
El/E, 095 091 098 100 100 097 097 094 093 103 0.97
v {Calculated {E (10-3cm/kg) 160 168 163 177 179 174 176 192 189 210 179
w=| from YE (. ) 169 185 167 177 178 181 182 204 204 205 185
~§»§4 Exp. value ( » ) 163 170 163 188 184 181 190 191 201 195 183
o
% | Exp./Cal. from E. 102 101 1.00 1.06 103 1.04 108 100 106 093 1.02
. \Exp./Cal. from E 097 092 098 107 103 1.00 1.04 094 098 095 0.99
« ([ Calculated {E (10-3cm/kg) 204 215 209 226 229 223 225 245 243 269 229
:S from |E,( = ) 216 236 213 225 228 231 233 262 262 261 237
-%”f Exp. value (= ) 208 218 206 236 234 230 241 242 246 250 231
oSN
FY | Exp./Cal. from E. 102 101 099 1.05 102 103 1.07 099 102 093 1.01
. \Exp./Cal. from E; 0.96 092 097 105 1.03 1.00 103 092 094 096 098

(Remarks) E.: M.O.E. calculated from M.O.E. of laminae, E,: M.O.E. observed for core
material, L (span)=160 cm, Av. dimension: k.(=hs)=2.007 cm, ho(=av. of h; and
hs5)=0.722 cm and £=9.685 cm, (See figures 1 and 3).
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Table 7. Results of torsion test for double tapered rectangular bars

No. 03-2 04-2 052 06-2 10-3 12-1 13-1 16-1 16-4 20-3 Av.

Modulus of rigidity .
(108 kg/cm?) Gy 136 147 122 149 135 132 159 138 146 128 139

Exp. value of 01-2 2450 2222 2694 23.06 2541 2697 19.66 2284 2072 27.72 24.00
angl-e of twist 023 581 572 747 528 509 547 453 572 506 628 564
per unit length 03-4 528 566 528 566 741 644 484 566 525 581 573
(10-%rd/cm-kg-cm)

645 2127 2297 2422 2181 2156 2278 18.06 2297 20.88 23.63 2202

! " Gir-2 147 159 131 167 150 116 182 144 167 132 150
Exp. value o '
modulus of rigidi- Ga-3 140 139 99 150 154 136 161 132 156 121 139
ty for specimen { Gs.4 139 139 140 141 104 115 149 142 146 133 135

(108 kg/émz) Ga-s 153 164 131 168 155 146 177 151 162 151 156

Gas. 145 150 125 167 141 128 167 143 158 134 145
Gav./Gy 107 102 103 105 104 097 105 103 108 105 104

(Remarks) Gy: value for uniform rectangular bar.

DEHK (2.26) ¥ AV THET DL Gro~Gis LD, Z DTG Gav. & Gy LHETH
X, (Gav./Go) DFIGMEIL 1.04 (HEHE 097~107) TH Y, WMENILK G52 LhR DL
5, ZOFR, T-—HoRYETIERANIFERC I VMR INITL VR D,
56 HF—N—bt—LDMTRESIUEX

54K L 0°5.5 0RBEILORBK TR, ToOLTRHEHCKREMYEEL, BET
=S e Licled, BT X BT — = — A DMTEHERBRE FICIE o7 — 2
~RBEC LT otce ZOMBHLS. 3 DEBRBEREY RDILDOELEFMLTHL, &
BoOEREY ESCRT., CORCKVTE BIU E 3oy v 7K T, 5.401F
HWERUCEEDOLOTH D, ZOFEDMN (E/E,) 11 FH 0.96, EF 0.90~1.03 ¢, -6
DEEXLFAUL, MEBEXFE-KLTDEVLD, ZOBWBELXZANT, L4, L2k &
O BL/4 St kT Blcbhi & BamA (2.11, 2.12, 2.14) 2 X » TRHE L, Thlhd RERE
CHEL, Z0kbhACBE L To (ERE)/GHEM) X 0 TR Ti, E. 2HWTE
BLiEdy, ¥H1.03 (EFE093~111), E, oiEH\, 099 (0.95~1.05), dz2 I8 \T
1 F N2 1.04(094~1.10) 3 X 0°1.00 (0.96~1.07), 8374 i3> T 106 (097~111) & &
0102 (099~1.04) TH B, 2D L3, WTFhOESHOLEREIFHAEBECLILEST
WHEWZ BN, FHECHCIY vV IRES E, 10 b EL OIEHCOFBRBEN I,
CHIE 2 BEMICOCTORBETH 1D, R THAY, L, KEROVv Ik
BboRBEETHS E. xAVCTLERAERS WBE CH T ebLh o AN TH D
Lz X5,

Frc, BTHOIRE o0, (375 381 (FM 369~389) kg/ecm® T, = hik R-41RTH
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Table 8. Deflection and strength of single tapered beam (core material)
No. 03-1 04-1 05-1 06-1 10-2 11-4 12-4 13-4 Av.
Modulus of {E (13kg/em?) 130 126 126 124 116 115 114 113 121
elasticity E.( » ) 120 120 118 113 119 111 118 111 116
E'/E, 093 095 094 090 102 09 1.03 098 0.96
% [ Calculated { E.(10-3cm/kg) 466 529 505 572 587 559 566 576 545
g E from E.( »” ) 503 559 539 635 576 582 548 585 56.6
'ﬁ: Exp. value ( ” ) 519 552 520 618 545 606 528 613 56.3
‘%E Exp./Cal. from E, 111 104 103 108 093 108 093 1.06 1.03
A Exp./Cal. from E; 103 099 096 097 09 104 09% 105 0.99
5 ( Calculated { E. (10-3cm/kg) 547 615 590 656 676 657 652 668 633
g E from E ” ) 59.0 650 630 728 663 684 632 678 65.7
g’i Exp. value ( ” V601 642 613 718 635 694 621 727 65.6
o
%E Exp./Cal. from E. 110 104 104 108 094 106 09 1.09 1.04
= Exp./Cal. from E} 1.02 099 097 099 09 101 098 1.07 1.00
5 _ ( Calculated { E, (10-3cm/kg) 324 363 344 385 396 382 383 393 371
:O: E from E; »” ) 350 384 367 428 389 398 371 399 38.6
-]
'*3‘", Exp. value ( »” ) 358 385 369 426 384 413 371 436 39.3
LTR
C{g;}j Exp./Cal. from E, 1.10 106 107 111 097 108 097 111 1.06
A Exp./Cal. from E} 1.02 100 101 100 099 104 100 109 1.02
Stress at P.L. g5,  (kg/cm? 391 388 370 398 38 376 369 374 381
M.O.R. ob ( » ) 728 776 739 748 770 751 737 748 750
(Remarks) E.: M.O.E. calculated from M.O.E. of laminae, E.: M.O.E. observed for core

material, Av. dimension: A,(=hs)=1958 cm, A¢{=h;}=0.604 cm and 5=9.611 cm.

—HRHZ oW TOERE O & OO (¥ 364kg/cm?) LIiZEE U TH B, ZhicxtL, M
T 0, 1% 750 (728~776) kg/em? T, ZEWiE O & O DE (F15 853 kg/em?) oy 87% ¢
Hb, ek, T——E—alBWT, BAKBFEAPETDMES LB 2k D&
5 Chy<h) THY, ZOHT — 22— — ADIEHVIIFMEELD, L OPIWFOH
BAbThFo B &5,

5.7 BF—N-ERKEH DR B

BT —S—fext L, SMFEERBICET > Tl It Ry BIERBOEE Y £-9
Z 2T Gy BRBREH oI REBRI L  HIE Lic @ ARG, Gi2~04s

0:73%—;*0

{Xo—1)

%= = IZE X}
i, hz=hoX0; Z():bh(z)/G

doy
dz ~

L1cdio T, he=2hy D& AT oz XK ERD Omax =

=0 PR X0>1 7’.{5& X0:2

PL

162y 5
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Table 9. Results of torsion test for single tapered rectangular bars

No. 03-1 04-1 05-1 06-1 10-2 11-4 12-4 13-4 Awv.

Modulus of rigidity (10%kg/em?) G 131 142 117 154 137 149 147 147 140

; 01-2 39.78 39.00 46.56 43.75 46.94 40.94 4038 4272 4250
Exp. value of angle of

twist per unit length f2-3 17.81 19.72 20.22 1891 21.72 1881 1791 1750 19.08

(10-6 rd/cm-kg-cm) 03-4 803 884 1034 859 888 9.09 950 9.09 9.05

O1-5 447 431 484 428 444 428 428 425 439

G1-2 154 155 150 146 150 148 169 165 162

Exp. value of modulus | Gz-3 130 126 120 134 117 126 134 142 129

of rigidity for specimen ) ¢ | 138 133 106 141 131 125 117 124 127

(103 kg/cm?) G5 137 148 120 153 139 144 138 143 140

Gav. 140 140 124 144 135 136 139 144 138

Gav./Go 107 099 106 093 098 091 095 098 098

(Remarks) Gp: value for uniform rectangular bar.

37— =% L=80cm 5% 445 LERBICOWTHELRIRY E, Gio~Gis itz
DI R HERN (2.26) 1T X - THE LAKFRKBE OB AW HMERIE T Gav. 3L D
BTHd, =0 Gay. & Gy ¥ I T, (Gav./Gy) DELFEE 098, #FE 0.91~1.07 T,
WEMEIL X < —F L, 7~ —MORYENT — X~ GBI 2 LT o BREIF 2o Tl
TE Lo AW R Go ORI E CEHEMN R L 2R T,
5.8 B45HEL—LAOHITRESEIUBE

EEZREHZ >V, FF AV L=160cm & U CHITRIMERR, > &R Rl
KBTIV, OB L=80cm & LT, MTFHERRYTh-7, 20 5h, MIFRRE
BRF L TERLOCRT, 22T, ¥TFEROY v 7RE»LHELEERBE S L O
CHOY Vv IFEB E RIWE, b0 CEThEZhOENE E IO E. hbESHD
BTy v 27 E LU E %

E=(E/L+E.L)I
E = (E; [+ E.L)]

CYoTHE L, 22T LR8I IR ThZThEEN, SHBIU0L2E&0F i
B4 oliE - KE— AV I THD, chHDOERIVE #AWT, PREFHELL S
ARYRROI AR G RFTRL, ERELLET S &, (RRBRE)/GHEME) OELHT#H O
H\FH 103 (FE 1.01~1.06), BEOITH\ 099 (093~1.05) L7 b, & LFS DHEE
o> ThbiaEIETEDE VL 5,

ZDARY L=80cm & LTIl e T BER B O R Cll T v v 7 REuLEs
116X 10°kg/cm?® T, L=160cm OEH - OfE L &< —F L, FElITHAIRE oo i
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Table 10. Deflection and strength of composite uniform beam

No. 03-4 04-4 05-4 10-1 11-2 12-3 13-3 16-3 17-2 20-2 Av.

5 (Caleulated {Ef(103kg/cm2) 139 136 118 118 111 105 106 136 121 106 120

5 |from MOE. |E( » ) 130 126 126 116 115 114 113 109 108 101 116

g |oflamina g, ) 135 131 122 118 115 109 109 124 115 104 118

5 . e g {E}( » ) 131 127 111 108 111 104 106 128 128 108 116

xp. value for) .

2 | sawed material B+ ( » ) 120 117 106 109 110 112 113 98 104 105 109

£ E'{ » ) 126 123 109 108 110 107 109 114 118 107 113

g _

S (Expvaluefor g, ) 13 o131 15 17 110 102 108 119 114 102 115
5 = [ Cateulateds {E (mm/l0kg) 439 451 491 537 488 498 520 468 4.89 537 491
gmé alcwiatediromigy ) 470 483 548 585 508 503 525 507 479 526 513
£ 48 { Exp. value ( » ) 448 456 522 542 514 530 530 4.88 494 548 507
&~ | | Exp/Cal. from £ 102 1.01 1.06 101 105 1.06 1.02 104 101 102 103
8 =~ Ugxp/Cal. from E’ 095 094 095 093 101 105 101 096 1.03 104 0.96
@) (MOE. E (10kg/em?) 144 123 108 114 114 104 109 118 115 100 115
B Stress at P.L. sy (kg/cm?) 493 437 404 409 368 317 395 410 378 393 400
882 IMOR. o (kgfem?) 1087 893 792 852 831 776 852 839 834 804 856

Specific gravity 7y . 069 0.71 0.65 069 068 0.65 0.69 067 0.66 0.66 0.68

(Remarks) Er: M.O.E. of face material, E.: M.O.E. of core material, E: theoretical value
of M.O.E of composite uniform beam, calculated from Er and E., £’: Do from
E; and Ei, Av. dimension: A=2.668cm and $=9.321 cm.
S35 400 (FipH 317 ~493) kg/em?, 5 X o, 856 (776~1087) kg/em?, H: 7 0.68 (0.65~0.71)
THhote &0 sy OER R-ACTRTEMHCOWTOEIVHIEREL, i thi
BERILTTH %,
£-11 HASHEMORY MIERBER

Table 11. Results of torsion test for composite uniform rectangular bars

No. 03-4 04-4 05-4 10-1 11-2 12-3 13-3 16-3 17-2 20-2 Av.

Ga 128 107 131 124 152 132 138 106 115 134 127
G. 155 144 115 133 136 141 151 134 157 13.1 140
Grr 117 11.4 128 125 144 135 126 133 11.8 130 127
G 142 131 121 13.0 141 138 143 129 141 131 134

Modulus of rigidity (108 kg/cm?2)

Exp. value of angle of twist per -
unit length (10-6 rd/cm-kg-cm) 7 1.67 140 160 152 146 148 139 143 134 157 1.49

Exp. value of modulus of rigidity .
(10 kg/cm?) G 145 153 133 14.8 138 13.1 146 145 135 12.8 14.0

GG 102 116 110 1.14 098 095 102 1.13 095 0.98 1.04

(Remarks) G and Gyz: values for face materials, G.: for core, G : apparent value calculated
from Gp, Grz and Go.
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5.9 HAZMEM DR BN

HEA E-1LIRT, 22T GBIV Gr AEEmHTOLTO, G, 3SHIE o
TORAMHEERE TH 5, ZO3FELLEEAMELTORMTORAN LR G &
DOECIDFHE LR,

GiA+ G A, + Gy Ii+G, 1,
24 21

G=

IZTA, A BIV ARThZhEREMY, BHBIOLEONER, I, L X0 Ik
FRERDUMCETANE R E— 4V + TH5, ‘
RORERC L DKM L=100cm 05 TR YK 0 Kb, = s b Bod oAl
B RH G & Reb, Chu G LB I, (G/G) Offiix T4 1.04 (§18 0.95~1.16) & 7c
D,@é%%@ﬂ@@bv%%@%&ﬁﬂ@%ﬂ%%ﬁ%ﬁ#%,ﬁb$ﬁ%%£fﬁ®
BETHEIRIBZENADLRE,
510 #EEEF—N—E—LADHITHES XULHIRE \
BREEPR-1L22F7T, 2 TERIOE 15 9FE BRMED YV 7 RENS

12 HEHET -~ - r0oBTFER
Table 12. Deflection of composite double tapered beam

No. 03-2 04-2 05-2 06-2 10-3 12-1 13-1 16-1 16-4 20-3 Av.
2 [ Caleulated from {Ef (103kg/cm?) 141 141 121 105 121 106 111 110 141 132 123
£ | MOE of laminalE.(  » ) 130 126 126 124 116 114 113 109 109 101 117
= E( » ) 137 136 123 111 119 109 112 110 130 121 121
5 ! Exp. value for {Ef( > ) 133 130 125 107 118 105 109 104 131 127 119
¢ | sawed material {E_i( » ) 123 115 123 124 117 110 109 103 101 104 113
E E( » ) 129 125 124 113 118 107 109 104 121 119 117
o
= EYE 095 093 1.01 1.02 098 098 0.97 094 093 098 0.97
% [ aloulated § {E (mm/l0kg) 466 466 5.12 609 532 589 518 5.67 462 559 528
g 3 alewlated trom j g ) 493 505 509 6.00 541 600 532 603 497 569 545
£ * { Experimental ( » ) 533550 564 648 597 632 646 629 557 574 593
€3 | Exp./Cal. from £ 114 118 110 106 112 1.07 125 111 1.21 1.03 113
A | Exp/Calfrom E’ 108 1.09 111 1.08 1.10 105 121 1.04 112 101 1.09
% [ caleulated £ E (mm/10kg) 619 632 682 811 7.10 7.82 691 754 6.17 7.44 7.04
g ated Irom ) pv () 655 6.86 673 7.98 7.22 7.97 7.09 802 6.63 7.57 7.26
£°° | Experimental (  » ) 708 728 7.49 863 7.90 841 857 838 7.42 7.80 7.90
€3 | Exp/Cal. from E 114 115 110 106 111 108 1.24 111 120 105 112
S UExp.,/Cal. from E’ 1.07 1.06 110 1.07 1.09 1.06 1.21 1.05 112 1.03 1.09
Stress at P.L. g5p (kg/cm?) 473 — - 367 340 — 410 440 — — 399

" (Remarks) Ey: M.O.E. of face material, Ec: M.O.E. of core material, £: Apparent M.O.E.
of composite tapered beam, calculated from Ey and E., Av. dimension: h.{=hy)
=2.651 cm, ho=(=av. of h; and As)=1.353 cm and 5#=9.27 cm.



A% - OPFRETCHTAHE B1H)  (RE 5 5. k) 131

HELREEENT — -~~~ 20 RMTOY vV 7R TH D, 77— —HThbID, 2
DHEIZ 2.2 BIVECARC X o Tk » o, ZOWEDE (B/E) (171 0.97 (&5
093~1.02) T, ZDEHVLIFEHRD Y v 7 RED LERM B oW COENHEATEETH
5T AT, ’

COMPBHER L > CF——E—aD LARIVC L2 Skt blebiiitEL, ©
B 2 EBRME & BT Y, 620 100\ Tid (FERE)/GHE) ot E 2 HE L s
Ly, P 113 #EE 1.06~1.25), E oFH 109 (101~1.21), 672 > CiEFhFh
112(1.05~1.24), 109 (1.08~121) L 7c b, WFhoiEd & ERMEOFHHAIEM I v 14
BERE K-, i, 2% b REVLDLH o7, ZHTRBEOTHE
Birls3b0lELzbh3, 205 kEAEROID ., RBEOHL I OTIELER
HEEOECEBC K2 L3TELEL T L, Z0d EROEXELLLO
THHEELLRD,

Flo, TOE—ARKTHMITHOIRE 05 13739399 kg/cm? TH -7, Zhik 5.8
R EHEEREYY ~ 2T 5EE—-T5, ok, ZORCKT gy ODEIEDE
BV OREMRBR OS2 EL, FEIS 25 L5 12O8TF - - -4 L LTOR
BicgtLicboTh b,

511 WEH/F—/—ETWHEHOIR O RIE
%13 BATT — <~ EHMEH R Y Bt RB LR

Table 13. Results of torsion test for composite double
tapered rectangular bars

No. 03-2 04-2 05-2 06-2 10-3 12-1 13-1 16-1 16-4 20-3 Av.

Gn 120 105 123 162 115 145 13.0 119 146 121 11.7
Modulus of rigidity Ge 136 147 122 149 135 132 159 138 146 128 13.9
(103 kg/cm?) Grs 152 11.0 119 158 11.2 148 123 125 111 154 13.1

G 136 127 122 154 124 139 143 13.0 13.7 133 135

. 612 595 6.08 573 581 570 6.39 598 575 528 586 5.85
Exp. value of angle of twist 023 241 236 247 220 230 244 225 242 247 233 2.37
per unit length
_ fs.2 209 242 211 227 231 236 225 225 205 228 224
(10-6 rd/cm-kg-cm)
) 6.5 491 559 566 552 534 519 519 538 542 563 538

Gip 143 134 141 146 147 130 13.7 143 150 14.1 141
Gz-3 129 13.0 123 144 141 125 139 126 124 131 131
Exp. value of modulus of rigidity § Gs-4 142 125 145 140 139 125 138 135 152 135 138
Gss 158 146 144 154 159 150 154 148 153 149 15.2
Gay. 143 134 138 146 146 133 14.2 138 145 139 140

Gav/G 1.05 1.05 1.14 095 1.18 0.95 0.99 1.06 1.05 1.05 1.04

(Remarks) Gpn and Gp: values for face materials, G,: for core, G: apparent value for
specimen, calculated from Gn, Gy and Go.
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Table 14. Deflection and strength of composite tapered beam
No. 04-2-1 04-2-1I 10-3-1 10-3-1I 12-1-I 12-1-1I 16-1-1 16-1-11 20-3-I 20-3-1I Av.
N Calculated from {Ef (103 kg/cm?) 141 121 106 110 132 122
g | MOE of lamina | g, 126 116 114 109 101 113
'T‘ﬁ E ( » ) 136 119 109 110 121 119
B
E Exp. value for {E} ( »” ) 130 118 105 104 127 117
E] N .
g sawed material | p () 115 117 110 103 104 110
= _
E » ) 125 118 107 104 119 114
o f I E (10-3 cm/10kg) 88.5 88.3 100.8 89.2 107.9 105.1 1068 1024 1042 107.0 100.0
~ Calculated from
Ry l E( » 96.0 98.5 102.3 9.5 110.1 107.2 1139 1089 1057 1084 103.9
3
i Exp. value ( ” ) 95.9 96.4 107.2 97.0 108.8 110.8 1124 100.8 102.2 99.5 103.1
[]
68:: Exp./Cal. from E 1.08 1.09 1.06 1.09 1.01 1.05 1.05 0.98 0.98 0.93 1.03
L
A Exp./Cal. from E’ 1.00 1.01 1.05 1.07 0.98 1.03 0.99 0.93 0.97 0.92 1.00
Stress at P.L. osp (kg/cm?) 457 440 377 330 370 300 368 341 371 397 379
Modulus of rupture o5 (kg/cm?) 960 913 991 897 849 763 937 830 879 905 892
Specific gravity ry 0.71 0.71 0.69 0.68 0.65 0.67 0.67 0.68 0.68 0.68 0.68

(Remarks) Ey: M.O.E. of face material, E,: M.O.E. of core material, E: Apparent M.O.E. of composite tapered beam, calculated
from Ef and E,, E': Do. from E} and E, Av. dimension: hs(=hs)=2.593 cm, hy(=h1)=1452cm and 5=9.264 cm.

eel
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ERYZE-I3CRT, 220G, GeBIVGr i F-1LDXEHVELERUTHY, =
Renb 219K - TEAE T — S —HELTORMTORANBSEER G 2 HE
L, ErRBz Xy, Mo L=160cm % 455 LKBIZ R GTRY H 01..~0,5 %
R, %ﬂBﬁ\‘B%EF’EﬁK%HZ)Eﬁ‘ﬁ@%&&ﬁ%ﬁ%ﬁ Gire~Gys & (2.26) iz X H &t
BL, TOFHE Gay. % G L L1, ZOWEOM (Gav./G) Offix ¥ 1.04, i
095~1.18 C, WEN I HF-TWBHE V2 b, ZDORHENEDFHHEIHE T
HUWIDEBENRIVORERDI S 45 LEREEEoWT, TRZRHEE LWk~
Lo THBELLDTHE, ZOLIRELGT - —HEeo20CTh, ZOBEMEOR
AWM B LR D ROFESEBD TRESL w552 LxBR LK,

512 HARF—N—FP—A0HITREE LUK

HREPR-UUEFET, CCOERIVE 3 R-12LACETHS, - OWEEIS
ARVHRRIZE T HlcbhiERD, ThThyEREL LB TS L, (RBRE)/GHEE) ©
fEx E 2B L T 1.03 (FFE 0.93~1.09), E @B LTIt 1.00(092~107) ¢, \»Th
LEBRMEVFEMBEE IS A- TV DE VLD, THAET — A —E—~2aD& E X hEMNL
T tetetd, BRHELOMES LOTELEBOLOLOEMR UL LT LD EELD
na,

i L BIIRE 04, 11 F 3 379 (EPR 300 ~ 457) kg/em?, 38 X 0, 1L 892 (763 ~ 991) kg/

em? T, B—MOHT —~— - 4 (F-8) KHAITL, 0 EALUT, 0 L 2EKE L,
CHIIEAR X » TF =~ ~HC kT2 BUhA BRIk Tefcd b EL bR D, T oy,
G it LIRESGENE Y — 21DV TOE (FE-10) L BERI L THh B, 7k, HEILTEY
0.68, #if 0.65~0.71 TH - 7=,
5,13 X4 —0fhTRiEs S UHLEAIREE

7, CoRBCHE LAY~ OHETE HE, 7-F SV FRIUEKEY R-15
Crt, YO h~h B I b~b 1 -1tk T MBOEIRICIETHE, 57— —
MeELTOFERIE ha=he, by & hs DF%E by & L, by, by BI UV by DFHH & L L
TH I, Lichis THEDMBIZ ST EE _KRE— 2 v b L X8 LT

I, = bhi/12

LLTRDELOTHD, BEEILFEH152kg ©, EEOAF~1LZOWAEIC ST AF
I, BRCAF—A =y S ERDITBR, ChIVETEL LD, 2kgHIicd, &
oD camber (X7 —F NV FOEWRT, Fhiey P ECAF~F RO L ZORKTE
MThsb, SKRIEREASE (Kett MH-2 &) i2 X b JIE LIETH %,
HMTRBROBREY X-16 18T, 22T, MFLbLZOFERCHCZEBEMBO Y v
7HRBuE, 15 BT HEIEEOW b pNHETOmm TH ST, 5 B7ay 7RG 5
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Table 15. Dimension, weight, camber and moisture content of ski
No. 03-3 04-3 .05-3 06-3 11-1 12-2 13-2 16-2 17-1 20-1 Aw.
h (mm) 920 910 925 940 940 940 940 925 915 950 931
2 g (» )} 17.00 1700 17.05 17.10 17.10 17.10 17.20 17.05 17.00 17.20 17.08
—qé hs=h, (») 2380 2375 23.75 23.45 23.80 2370 23.80 23.80 23.75 23.70 23.73
_-_:é M (») 17.00 16.80 16.75 16.50 16.80 16.80 16.75 16.80 16.80 16.65 16.77
Lol (») 905 89 880 860 88 875 875 880 880 865 880
ho=(h+hs)/2 (») 913 903 903 900 910 908 9.08 903 898 9.08 9.06
b ( ») 8550 8520 8540 8540 8520 8535 85.15 85.50 8525 8540 85.34
by (») 7420 7405 7410 7405 74.00 74.10 73.95 7430 7410 74.25 7411
g by { ») 7005 7000 70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.25 70.03
E by { ») 7000 70.10 70.03 70.00 70.00 70.00 70.00 70.00 70.00 70.05 70.20
bs (») 7645 7640 7650 7640 76.20 76.40 76.35 76.55 76.45 76.65 76.44
b={by+batby)f3 ( » ) TLAL 7136 71.37 71.35 71.33 71.28 7165 7143 7138 7151 7141
Iy=bh{/12 {(cmf) 0453 0.438 0.438 0.433 0.448 0.453 0453 0.436 0.429 0.442 0.442
Weight (kg) 158 158 148 154 150 144 152 153 152 150 1.52
Camber (mm) 100 125 85 90 100 80 90 95 110 95 97
Moisture conten u (%) 152 144 140 140 130 132 137 160 148 130 141
(Remarks) Camber: length between bottom of ski and a flat bed on which it is laid.

#£—16

Table 16.

A% - OMTFER S L CLARE

Deflection and stress at proportional limit of ski

No.

03-3 04-3 05-3 06-3 11-1 12-2 13-2 16-2 17-1 20-1 Av.

l Ef (103 kg/cm?)

Modulus of elasticity l E. {
E (

»

»

)

Cal. (mm/kg)

Deflection at L/4, 5L/4l Exp. (

»

Exp./Cal.
Cal. (mm/kg)

Exp. (

»

Exp./Cal.
Cal. (mm/30 kg)

Deflection at L/2,5z/2

Exp. (

»

Exp./Cal.

Load at P.L. (kg)

Stress at P.L. gsp  (kg/cm?)

)

)

)

152
138
146

116 122
112 1.16
0.96 0.95

150 157
144 149
096 0.95

449 470
43.2 45.2
0.96 0.96

70

146
134
141

60

125 128
133 134
128 130

135 1.37
134 126
099 0.92

1.73 1.76
169 1.62
098 0.92

520 52.8
51.1 494
0.98 0.94

70 60

111
120
115

1.49
141
0.95

191
1.80
0.94

574
54.0
0.94

111
119
114

1.50
1.39
0.92

1.94
1.78
0.92

58.2
54.7
0.94

112 111

118 115 1
115 113 1

145 1.53

142 141 1.

0.98 0.92
191 197

183 180 1.

0.96 092

57.3 59.0
553 b44
0.96 0.92

50 50 50
552 480 559 487 396 399 395 398 482 477 463

50

152 141

14 108
36 128

127 135

19 122

094 091
163 1.73

55 1.58

0.95 0.91

489 520
470 485
0.96 0.93

60 60

129
123
127

1.37
129
0.95

177
1.66
0.94

52.9
50.2
0.95

58

(Remarks) Ey: M.O.E. of face material, calculated from M.O.E. of laminae in the central
70 mm width, M.: M.O.E. of core material, calculated by the same method, E :
Apparent M.O.E. of ski, calculated from Ef and E., L(span)=163 cm.
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PR T70mm F (-1 28) wkiF 5HE L, FOWPCHYTIERDOY v 77505
R L, CoOREMEIUGHCKTAEY Er X0 E, &L, 5 100k~
IVEET — R~ —~ 2L LTORMIDYVI/7HRE E %K, 2hicky LIARBIV
L2z 5T eba v BHR 2.5, 2.6) 10X » THEL, ThPhrERMEE L
Too BMIFEICK T B DT (HERE)/GHEE) % A 5 &, du TETH 094 (HiFE
0.91~0.98), 872 Ti% 095 (0.93~098) C, SHEMEITERBEELBDTL L —FKT5 2 :1NR
whhbd, i, WE30kg x5 drn (XEHEME TFE 529 (B 449~59.0) mm, 5
BT 50.2 (43.2~553) mm TH b, (FEBE)/GHEE) 1% 0.95(0.92~098) ¢, Zhifmd
TIL—H LT3, ZOX5CAF~OlIFRIGIERO Y v 7 RZE>HET 2 Z &
o TBDTEMCHEIRD L2 b, 22T, Wh i ERMESGHEML v LETFH
Tk L4 B8R, h & he ZEEARER IV, B ThTNTHDINK
E Wb TH 5,

CDAF —RBfEE A L=163cm & UTHIE LicihiF HFIR £ Eix 50~70kg,
g 58kg THhot, THREZDAAVDEEXL ADABOLEENR-FDAL —Thh
Sl EOMBCHYTLZ L 2BKR TS, HOIRE o5, (37 463 (HiH 396~559) kg/
em® T, BBRORBERIVETRE I,

5.14 Rt —#HR0 B

£-17T Ax—-oRDAERBRER
Table 17. Results of torsion test for ski

No. 03-3 04-3 05-3 06-3 11-1 12-2 13-2 16-2 17-1 20-1 Av.

Gn 119 152 126 120 163 138 117 139 106 157 133
Modulus of rigidity } Ge 135 155 118 162 128 137 152 139 151 125 140
(103 kg/cm?) Gre 104 104 132 119 1565 151 127 135 118 144 129

G 125 144 123 144 139 140 140 138 135 136 136

Exp. value of angle (72 1445 1506 1491 1433 1488 1510 1672 1528 1504 1356 1483
of twist per umit | 623 491 402 537 350 451 445 448 423 417 470 444

length 34 322 393 377 436 405 451 436 439 390 393 404
(10-6rd/em-kgem) | o - 1592 1595 17.61 1630 1691 1688 17.28 17.00 15.65 17.98 16.75

(Giz 152 149 129 148 142 140 134 143 148 153 144
Exp. value of |Gy 124 152 113 171 134 134 133 142 146 127 138
moduds OB Gy 196 163 172 155 158 143 148 147 165 167 161

(108 kg/em?) Gy-s 156 146 132 172 156 158 155 155 169 152 155
Gav. 167 153 136 161 148 144 142 147 157 150 150

Gay [T 126 106 111 112 106 103 101 107 116 110 1.10

(Remarks) Gn and G : values for face materials, G.: for core, G : apparent value for ski,
calculated from Gy, Gy and G..
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BRx £R-1T 25T, AF—ORMTORABBEMEFRE G 115.11 LR UHETRD
oo MOABRCTE VTR EROFEEFR UL, MTFRBCK TS A v L=163cm ¥ 4 5}
LXK B TR D H O1a~0s5 RS, ThbhbE&RB BT 5 Bt o A KB F
W Gro~Gas EHEL, TOFHMHE Gav. % G LHE L1z, (Gav./G) OfEILF 110 (F
B 1.01~126) Tdhotoo o 2T No.03-3 0 1.26 %, Fo&EE 101~111 X7 h
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Summary

It is well known that the suitability of a ski for a given condition is mainly
dependent upon its static and dynamic mechanical properties. In this paper, the
discussion has been limited to some static properties such as flexural rigidity, bend-
ing strength, torsional rigidity etc. Also the theoretical methods of calculating the
deflection and the maximum fiber stress due to bending moment, and the angle of
twist due to torque for a ski have been proposed and discussed by the tests for
Itaya-wood laminated skis. For the calculations, the ski was treated approximately
as a composite double tapered rectangular bar. i ’

Bending of a ski

The theoretical analysis about the deflection and stresses of tapered wood beams
was already presented by A. C. MAKI and E. W. KUgENzIV. In this paper, their
analysis was applied to a ski and the apparent value (E) of the modulus of elasticity
of the ski was used for calculating the deflection. When the ski is regarded as
a composite double tapered beam as shown in figure 1-(3), it can be seen that
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_rL I
ES dex=50 (E, 1+ E,L),dx 2.1)
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where L is the span and I is the moment of inertia about the neutral axis, and
subscript letters f and ¢ represent face and core materials, respectively.
From equation (2.1)

E=E;(1—%,) 2.2
11— (e+ph)—eb
o= (1—B) ey (2.3)
where,
k=E[E;, ey=1-2t,, ty=t/hy, B= (he—ho)hg (a)

When the ski is supported at the ends with a span, in accordance with JIS S 7007,
as shown in figure 1~2) and loaded by a concentrated load (P) at the mid-span, the
deflection at any point is given by

___PL _(X=1) {L ﬁgﬁ_}]
%= Tk 1,5 [ox- S e+ 0% (2.4
The mid-span deflection 6/, is obtained by
__Pr _ B(2+3p) ]
= Jagr g 1B LA G (2.5)

Also the deflection at L/4 or 3L/4 is

b= FL[1n 25 Slar94m 2.6
/s 3L/4 16E1, 2 4248 (1+87 .
where,
Iozbh3/12, X0=1+2‘on’ x0=x/L, hz=hoXo=h0(1+Zon) (b)

Torsion of a ski

Let us consider the torsional rigidity (GJ) of a composite tapered rectangular
bar as shown in figure 2. Prior to this analysis, considering the rectangular bar
-made from an orthotropic material and taking & >4 and m = 4 G1,/G.= , it is found
that

M, =G.Jo — G,,,J% 2.16)

where M, is the torque, ¢ is the angle of twist and ¢ the angle of twist per unit
length.
In this case, J is given by

bh? 192 & 1 mnrb
J— 3 [1—;;7—1_3 —b—n:l§5‘w—h—5— tanh 2]1 (2 17)

To simplify the problem, using the apparent modulus of rigidity (G) for the bar,
G =(Gay+G.2)/2, and m =1, and considering the composite tapered bar as shwon in
figure 2, it follows that
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L L
g (GfAf>xdx+S G.Apdz )
G —__ 0 0
S A.dx
0
i . (2.18)
| (G Dad+ | (GoL.de
G — 0 0
X L
S Ldx )
0

where A is the area of cross-section and G the modulus of rigidity. Subscript let-
ters f and ¢ represent face and core, respectively. Then

~_ Grfq_ N ]
=G [a-w+{era-0472) 2.19
where
7= (hc—ho)/ho > 4= Gc/Gf > €= 1_2t0 >
oy (et T e
h=01—q) d+7¢—1
Then
_ L oppe[1 192 ha b
L= bhx[l 92 %2 tanh th] (2.20)

In this case, approximately, from equation (2.16) yields

_ M, LM,

dy == == b .
® oI T LT ax (2.21)
in this bar, A,=ho(1+7x,)=heXp and xy=z/L
Then
- LM, S‘“T dX;
Gr h Iz
e e
o GT 1 Jz

In the case of skis, there is the relation of 5/h, =20. Then tanh Zihn— of equa-

br br

tion (2. 20) follows tanh o >tanh 7=0.996. Taking approximately tanh-2T$1, it
follows that

Tz L bk (1—L92- h)

3 br®
192 & (2.23)

Jo = 4L X <1‘Tnfo Xé)

Now, denoting f,=>5b/h, and C,=192/f;=5 it is found that
_ ¢ _ M, [ 247 G G, (1-=C) (1+7)]
b=1 = a1, [2(1+r)2 Tt isaaen (2.29)

In the case of skis, usually, the width & is very larger than the thickness A.
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Then the third term of equation (2.24) is very small in comparison with the others
and it is negligible. Equation (2.24) becomes approximately

v M, [ 247 C, ]

T LT 461,

20+7F T 147 2.25)

Then the apparent modulus of rigidity of the ski can be obtained by

M, [ 2+7 G ]

4L0 [ 20+77 T147T
45,9 | 2(0+7F 147

G—

(2.26)

Method of tests

Tests were made in the course as shown in figure 3 ; first, the moduli of elasticity
of 100 laminae of Itaya (Acer sp.-wood were measured and the arrangement of the
laminae in 5 ply laminated wood block was decided by the moduli. After the test
of the flexural rigidity for the block in vertical and horizontal laminated conditions
was made, the horizontal laminated blocks were sawed vertically to make face and
core materials. The moduli of elasticity and rigidity of the materials were measured.
Also, compression, tension, bending and block shear tests for the core material were
made. Then the bending and torsion tests for double and single tapered bars, com-
posite uniform rectangular bars, composite double and single tapered bars and skis
were made.

The theoretical value of elastic deflection for the specimen was calculated from
the moduli of elasticity of the laminae and also from those of the sawed material.
Then the values were compared with the experimental values. Regarding the tor-
sional rigidity, the apparent modulus of rigidity for the specimen, calculated from
the modulus of rigidity of the material, was compared with the experimental value
obtained by the torsion test.

Results and conclusions

The test results are summarized as follows:

1) The calculated value of the elastic deflection of the tapered beams coincided
approximately with the experimental value; for the skis, especially, the average value
of ratio Exp./Cal. in the mid-span deflection was 0.95, the maximum was 0.98 and
the minimum 0.92. It seems, therefore, that the theoretical calculation of the flexural
rigidity for a ski is possible with sufficient accuracy if the modulus of elasticity of
the material is measured.

2) The average load at the proportional limit in the bending for the skis was
58 kg, the maximum was 70 kg and the minimum 50 kg, and the maximum values of
the fiber stresses calculated from those were 463, 559 and 396 kg/cm?, respectively.

3) Also the calculated value of the apparent modulus of rigidity for the tapered
rectangular bars coincided approximately with the experimental value; for the com-
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posite double tapered bars, the average value of ratio Exp./Cal. was 1.04, the maxi-
mum was 118 and the minimum 0.95, and for the skis, the values were 1.10, 1.26
and 1.01, respectively. In the case of the skis, thus, it is evident that the experi-
mental value is slightly larger than the calculated one. Tt will be seen that the
increase of the apparent torsional rigidity for the ski is caused by its bow which
gives the camber. Considering this fact, it seems that the theoretical design for
the torsional rigidity of a ski is possible with sufficient accuracy.



