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Effects of testing methods on characteristic properties of compression
perpendicular to the grain of Douglas-fir timber

IDO Hirofumi”, NAGAO Hirofumi” and KATO Hideo"

Abstract

The effects of dimension of test specimens and bearing method on compression perpendicular to the
grain of Douglas-fir (Pseudotsuga menziesii) pithless timber were investigated. Characteristic values as
compression strength (fi.00), yield strength (fi90,) and compression perpendicular to the grain stiffness
(Ke90) were calculated according to proposed ISO. Density, Young's modulus measured by the longitudinal
vibration (Er) and pin penetration by pilodyn were measured and investigated for their relationship on the
properties of compression perpendicular to the grain. The length of specimens and bearing plate position(s)
had the greatest effect. On the other hand, the width of specimens did not affect characteristic value very
much. As for the height of specimens, it did not affect 90 and £: 00y because the length of specimens were
not long enough. Number of bearing plate did not affect fc.00 and feo0y, but as for Koo, top bearing value
was larger than that of top and bottom bearing. Bearing plate length affected fi90 and Kcoo, but as for
feony, effect of bearing plate length did not become clear. The correlation of f:9 and fc00, With the density
were higher than that of E&, so this method has a possibility of estimating both characteristic values. Also,
pin penetration by pilodyn showed a certain correlation with f: 90 and fc0,y.

Key words : Compression perpendicular to the grain, testing condition, bearing method, Douglas fir,
Characteristic value, Pilodyn
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Sampling method of test specimens. (n: number of test specimens)
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Table 1. &7 )L—7 D%
Abstract of each group.
TIN—=T% TIV—T% FRBRIARL ME [ R M IFERR AL E MR EE
Main group name Group name TP No. Length Height Width Bearing plate position Bearing plate length
(mm) (mm) (mm) (mm)
L50-bh10-C 17 500 100 100 Frgt |35 Center, Top 100
L40- bh10-C 18 400 100 100 Frgt |35 Center, Top 100
Group A L30- bh10-C 18 300 100 100 i |6 Center, Top 100
L20- bh10-C 18 200 100 100 e |- Center, Top 100
L10- bh10-C 18 100 100 100 g |- Center, Top 100
L15-bh10-C 25 150 100 100 e b8 Center, Top 100
Groun B.1 L15-bh10-E 25 150 100 100 it L6 Edge, Top 50
up B-
P L15-bh10-CW 50 150 100 100 gt | R Center, Top and bottom 50
L15-bh10-EW 25 150 100 100 #4uii N Edge, Top and bottom 50
L15-b10h5-C 25 150 50 100 e |- Center, Top 50
L15-b10h5-E 25 150 50 100 #i 1- Edge, Top 50
Group B-2 L15-b5h10-C 25 150 100 50 Fpy |6 Center, Top 50
L15-b5h10-E 25 150 100 50 i 56 Edge, Top 50
L15-b10h5-CW 25 150 50 100 1ge |1 Center, Top and bottom 50
L15-b10h3-C 25 150 30 100 Fgt |3 Center, Top 50
L15-b10h3-E 25 150 30 100 #i L8 Edge, Top 50
Group B-3 L15-b3h10-C 25 150 100 30 rhe B3 Center, Top 50
L15-b3h10-E 25 150 100 30 M E# Edge, Top 50
L15-b10h3-CW 25 150 30 100 gt |- Center, Top and bottom 50
Table 2. FMETEHHE THOWZiBRIA 7 I)L—7
Test groups for each test items.
TRt I8 H Test items ME (mm) e (mm) F41E (mm) IERRGESE AR E (mm)
100 (L10- bh10-C)
200 (L20- bh10-C) .
ﬁﬁf‘eg)gth 300 (L30- bh10-C) 100 100 Cfriifff 100
& 400 (L40- bh10-C) > top
500 (L50- bh10-C)
M Height 30 (L15-b10h3-C) g b5
(rhe EEBANE Center, top bearing) 150 50 (L15-b10h5-C) 100 Center t'_' 50
(Fig. 5) 100 (L15-bh10-C) > op
#Hu> Height
30 (L15-b10h3-CW) R R
(¢ﬂi}3§?g§é:?;§r,)top and 150 50 (L15-b10h5-CW) 100 Center, 50
(Fig. 6) g 100 (L15-bh10-CW) top and bottom
A Height 30 (L15-b10h3-E) B i
CbAi - EBANIE Edge, top bearing) 150 50 (L15-b10h5-E) 100 Edee t(”) 50
(Fig. 7) 100 (L15-bh10-E) ge. top
HAiE Width 30 (L15-b3h10-C) g -
(Fh EBSANIE Center, top bearing) 150 100 50 (L15-b5 h10-C) Center tuo 50
(Fig. 8) 100 (L15-bh10-C) »top
FAiE Width 30 (L15-b3 h10-E) o b
CbAi L EBANE Edge, top bearing) 150 100 50 (L15-b5 h10-E) Ed o t” 50
(Fig. 9) 100 (L15-bh10-E) 8¢, top
( ) e B
y . 30 (L15-b10h3-C, L15-b10h3-CW Center, top
ImEERRE N“?;‘i’er fg)bea““g plate 150 50 (L15-b10h5-C, L15-b10h5-CW) 100 ok [ R 50
g 100 (L15-bh10-C, L15-bh10-CW) Center,
top and bottom
BIFEANTE Bearing plate position 30 (L15-b10h3-C, L15- b10h3-E) Cfrﬁ%eﬂ:i)lg
(#821k Height changed) 150 50 (L15- b10h5-C, L15- b10h5-E) 100 i L’ﬁrgp 50
(Fig. 11) 100 (L15-bh10-C, L15-bh10-E) L
Edge, top
3%
IR Bearing plate position 30 (L15-b3 h10-C, L15-b3 h10-E) Cfnyti;ftu(l)g
(FEZ2{t Width changed) 150 100 50 (L15-b5 h10-C, L15-b5 h10-E) Mﬁmj:ﬁﬂp 50
(Fig. 12) 100 (L15-bh10-C, L15-bh10-E) Ed i LT
ge, top
e [
Center, top
(L15-bh10-C)
b 1
Edge, top
A _ N (L15-bh10-E)
IFERATiE Bearing plate position 150 100 100 ke R 50
(Fig. 13) Center,
top and bottom
(L15-bh10-CW)
M bR
Edge,
top and bottom
(L15-bh10-EW)
MEAEE Bearing plate length 150 (L15-bh10-C) 100 100 HHe | 50
(Fig. 14) 200 (L20-bh10-C) Center, top 100
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w~L. (D - Q) IcEEXZRT, BHAEEISOZE
DIS 13910 (2002) BXUZFhEHE L Lz TREME
FRALERETEEE (5 - MM (2003) IR Eh TV
B RS I ARM ORI REREICHE > 2D, ISO BT EF
MEDHD I, EHIEDL AT E FhIEDFRERAD
S EME L EGEL T, Fig. 3 (b)) O EFMET
B2 ZZNFN 2mm, 20mm £33 &A%, Fig. 3
(a) O FESHIETIE Imm. 10mm & U TR U, bk
EOBHE L 7z & T OMEIE, ROBNNECRRE L
Too Af EEZS TR A OO AR 0 1 EEAR I S KR ER D 10
% & 40% D2 M2ZKATRDIEMN, HEMCHEIZS &

BoNTGEISHIF 2P THERD T,

fé,‘)O :Fmax/(bl) .................. (1)
Frooy = Fyl(Bl)-+--rveerveeneenens 2)
Keoo = (AF/AW)/(B) -+ (3)
ZCT.

foso B VIARFRE (N/mm?)

foooy & 8 DIAFERIRE (N/mm?)

Keoo © & 0AHEIME (N/mm®)

Frox © iBRIADIEL T2 L ZOME Fun H 2 WIEME
WOZEIED 20mm  ( EESIIED S E1E 10mm)
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723 L15-b10h3-E D fio0 DM IE. Frax HI7E LLATIC 7 B
T Uzt RE LT W5,

41 MR (RE) OEZ&

M, Mg, mEREZ 100mm & —EIC LT, #
£7% 100mm, 200mm, 300mm, 400mm, 500mm & %
b THR EHMEZITo 2 TOME & SR E
& DRf%R% Fig. 4 1SR, XN TORMEMEIC BN T, %
FEEME O FIIEIEMENEL G5 DICE> TREL X
D, MEH 300mm ~ 400mm FEEDE T EIBZ % LF
EEIZIZE—E LR B ED A SNz, Tukey O HSD
MEDRER, TR TORMEMEICE VT, M ED 300mm,
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Table 3. & 7N —TOHE, HHRINEICK 2V TR € BIAREE B X URHIEE

Density, Eft, pin penetration and characteristic values of each group.

J)V—7 A Group A
27" )b—"7%, Group name HE HHRENEICK D EUTBIARRE 00 o0y K.q

590, ¢,90
HOFEARRAE Bearing plate position Density V> Z7{##(E, Pinpenetration (N/mm2) (N/mm?) (N/mm?)
JNFEREE Bearing plate length (kg/m?) (KN/mm?) (mm)

L50-bh10-C FRERAEL TP No. 17 17 17 17 17 17
thisk |- Center, Top T Ave. 506 13.10 11.8 9.3 7.1 5.7
100mm B AAE Max. 582 18.70 14.8 12.7 11.3 10.9
/Ml Min. 416 7.74 8.5 7.0 5.1 35
FEHER 7% SD 43.14 2.56 1.51 1.61 1.96 1.87
ZHEIRE COV 8.5 19.5 12.8 17.3 27.5 32.6

L40- bh10-C FRBR{AEL TP No. 18 18 18 18 18 18
Fige B Center, Top S Ave. 515 13.46 11.1 9.3 7.9 5.7
100mm I KA Max. 592 18.79 14.5 14.5 14.0 9.9
H/JMHE Min. 442 9.22 8.8 6.1 49 3.0
FEE(R 22 SD 44.59 1.29 1.61 2.16 2.19 1.89

ZHEfRE COV 8.7 17.0 14.6 23.1 27.8 33.1

L30- bh10-C AERIA%L TP No. 18 18 18 18 18 18
thisks |- Center, Top T Ave. 512 13.34 12.0 8.3 72 52
100mm B AAE Max. 597 15.98 17.3 14.8 12.0 9.5
f=/]ME Min. 426 7.55 8.8 4.5 52 2.0
FEHER 7% SD 47.22 1.95 1.95 2.11 1.64 1.64
ZHEIRE COV 9.2 14.6 16.2 25.4 22.7 31.4

L20- bh10-C FRBR{AEL TP No. 18 18 18 18 18 18
tists |- Center, Top T Ave. 510 13.34 12.0 6.8 6.3 44
100mm KAl Max. 620 15.98 17.3 11.2 9.2 9.0
B/JMHE Min. 437 7.55 8.8 4.8 52 1.8
FEE(R 22 SD 44.94 1.95 1.95 1.62 1.20 1.69
ZEIFRE COV 8.8 14.6 16.2 24.0 19.1 38.0

L10-bh10-C FERIA%L TP No. 18 18 18 18 18 18
thists |- Center, Top T Ave. 509 13.46 1.1 3.9 3.9 2.9
100mm B AAH Max. 628 18.79 14.5 6.8 6.6 5.5
f=/]ME Min. 423 9.22 8.8 2.3 2.5 1.0

FEAE(R 22 SD 51.63 2.29 1.61 1.07 1.20 1.31
ZE)RECOV 10.1 17.0 14.6 27.3 30.3 44.6

7 )V—"7"B-1 Group B-1

27 )b—7"% Group name B HHRENEICK D U BIARGEE 00 frooy K. o

BEMR AT E Bearing plate position Density V> 7{#EUE, Pinpenetration (N/mm?) (N/mm?) (N/mm?)
b EAE Bearing plate length (kg/m?) (KN/mm?) (mm)
L15-bh10-C FRER{AEL TP No. 25 22 22 25 25 25
Fhge F%8 Center, Top SEE Ave. 506 12.72 12.6 8.8 7.2 6.2
50mm = AAE Max. 589 16.54 16.4 15.2 114 10.3
/M Min. 409 8.83 10.3 6.7 54 3.7
e 72 SD 46.90 2.10 1.68 1.89 1.71 1.65
ZHEIRE COV 9.3 16.5 13.3 21.5 23.8 26.6
L15-bh10-E FRERIA%L TP No. 25 21 21 25 25 25
W 155 Edge, Top T4 Ave. 509 11.96 11.9 7.1 6.1 4.4
50mm A Max. 5901 14.70 14.9 10.3 9.1 8.8
/) ME Min. 441 8.93 8.3 4.4 4.2 2.1
fEHE R 2= SD 44 .95 1.82 1.52 1.43 1.28 1.57
ZHIRE COV 8.8 15.3 12.7 20.1 21.1 35.8
L15-bh10-CW FRER{AEL TP No. 50 43 43 48 49 49
gt |- R Center, Top and bottom  ~F-4/{if Ave. 507 12.99 12.2 8.4 7.3 4.9
50mm = KAE Max. 603 18.11 16.3 16.2 10.3 9.9
/M Min. 421 7.48 8.5 4.6 5.2 22
FEE(R 72 SD 46.77 2.06 1.79 2.12 1.26 1.48
ZHIRE COV 9.2 15.8 14.6 253 17.3 29.9
L15-bh10-EW FRERAZL TP No. 24 22 22 23 24 24
#i_E R Edge, Top and bottom  ~FH{E Ave. 509 13.49 11.9 5.4 53 3.6
50mm IAAE Max. 598 18.75 15.0 9.4 9.4 7.1
/)ME Min. 421 9.39 8.8 2.5 3.1 1.6
FEAEE 2 SD 46.77 1.94 1.63 1.46 1.36 1.52
ZHIRE COV 9.2 14.4 13.7 27.0 25.5 41.6
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Effects of testing methods on characteristic properties of compression perpendicular to the grain of Douglas-fir timber

27 )V—"7"B-2 Group B-2

355

27 )b — 7% Group name B BHRETEICEK B EATBIAREE fr00 o0y Ko
ho M7 Bearing plate position Density V> Z7{R%( E; Pinpenetration (N/mm?) (N/mm?) (N/mm?)
IEAR E Bearing plate length (kg/m?) (KN/mm?) (mm)
L15-b10h5-C FRER{AEL TP No. 25 22 22 25 25 25
FRo | Center, Top FHfE Ave. 502 12.72 12.6 10.1 8.6 11.7
S0mm R AAE Max. 632 16.54 16.4 14.7 13.4 19.2
S Flat wise i/JME Min. 419 8.83 10.3 7.0 5.6 6.9
FEHE(R 22 SD 46.83 2.10 1.68 2.03 1.87 3.02
ZEIFRE COV 9.3 16.5 13.3 20.1 21.6 25.8
L15-b10h5-E FERIAZL TP No. 24 23 23 18 24 24
#ig EE BEdge, Top SEEfE Ave. 512 13.49 11.9 7.3 6.0 8.2
50mm ROKAE Max. 598 18.75 15.0 12.5 11.0 14.2
gL Flat wise f/)ME Min. 431 9.39 8.8 5.3 4.0 4.7
FEUE(R 7= SD 46.67 1.90 1.60 1.59 1.46 2.24
ZEIFE COV 9.1 14.1 134 21.8 24.4 27.4
L15-b5h10-C AlBRIAEL TP No. 25 22 22 25 25 25
Fho |- Center, Top FHfE Ave. 507 13.63 12.2 8.5 6.8 4.5
50mm RAAE Max. 616 18.11 15.6 11.3 10.1 10.0
MEHEV Edge wise i/IME Min. 433 10.39 9.1 5.1 3.8 2.1
1EHE(R 72 SD 51.51 2.06 1.68 1.84 1.53 1.63
ZHfRE COV 10.2 15.1 13.7 21.8 22.4 35.9
L15-b5h10-E AMERAZC TP No. 25 21 21 24 25 25
i _EE8 Edge, Top SEEE Ave. 497 11.96 11.9 6.0 5.7 3.5
50mm I AfH Max. 611 14.70 14.9 9.4 9.5 8.1
fieflivy Edge wise F/)MiE Min. 418 8.93 8.3 3.9 3.9 1.9
FERE(R 22 SD 49.66 1.82 1.52 1.44 1.61 1.54
ZFE COV 10.0 15.3 12.7 24.0 28.2 43.5
L15-b10h5-CW FRER{AEL TP No. 25 22 22 25 25 25
gt R Center, Top and bottom  ~“F-#4/{if Ave. 503 12.51 12.1 8.0 8.2 9.8
S50mm R AAE Max. 600 16.29 16.3 13.1 13.4 14.3
gL Flat wise /Ml Min. 424 7.48 8.5 5.9 6.0 7.0
FEHE(R 22 SD 50.55 2.01 1.95 1.82 1.82 2.09
ZEIFRECOV 10.0 16.0 16.2 22.8 224 21.3
27 )V—"7"B-3 Group B-3
27 )L—7% Group name B BHRENEICEK D E VT BIARGREE 00 o0y K.
JFERA# Bearing plate position Density V> 7{#%( E; Pinpenetration (N/mm?) (N/mm?) (N/mm?)
hOEARE Bearing plate length (kg/m?3) (KN/mm?) (mm)
L15-510h3-C FBAAR TP No. 25 2 2 25 25 2
FRR |- Center, Top FEIHE Ave. 507 12.72 12.6 8.7 7.9 133
50mm RAAE Max. 621 16.54 16.4 13.9 13.0 21.8
Sy Flat wise I/JME Min. 438 8.83 10.3 6.1 5.3 5.0
R 22 SD 42.69 2.10 1.68 2.01 2.09 4.30
ZEfRE COV 8.4 16.5 13.3 23.1 26.4 324
L15-b10h3-E FRER{AEL TP No. 24 23 23 0 24 24
#hu_EE Bdge, Top TEH(E Ave. 517 13.49 11.9 - 6.5 11.4
50mm KA Max. 662 18.75 15.0 - 9.9 17.3
gL Flat wise /)Ml Min. 420 9.39 8.8 - 4.1 6.7
FEAE(R 2% SD 65.18 1.90 1.60 - 1.46 2.75
ZERE COV 12.6 14.1 13.4 - 22.5 24.2
L15-b3h10-C FERIAZL TP No. 25 22 22 25 25 25
A |- Center, Top SEEfE Ave. 508 13.63 12.2 8.0 6.3 4.4
50mm HRKAE Max. 602 18.11 15.6 11.3 10.1 10.7
ey Edge wise f/)ME Min. 421 10.39 9.1 5.1 3.2 1.6
FEUE(R 722 SD 46.70 2.06 1.68 1.74 1.68 2.23
ZEIFRE COV 9.2 15.1 13.7 21.8 26.8 50.3
L15-b3h10-E FERIAZL TP No. 25 21 21 25 25 25
i 185 Edge, Top Y Ave. 510 11.96 11.9 6.0 55 3.7
50mm = KAHE Max. 610 14.70 14.9 10.3 9.8 6.7
ey Edge wise /)M Min. 421 8.93 8.3 45 3.9 2.3
PR 22 SD 51.87 1.82 1.52 1.45 1.44 1.33
ZEIFREL COV 10.2 15.3 12.7 24.1 26.5 35.6
L15-b10h3-CW FRERIAZL TP No. 25 22 22 25 25 25
gt K Center, Top and bottom -4l Ave. 507 12.51 12.1 8.2 8.6 13.2
50mm FRAAE Max. 600 16.29 16.3 14.4 14.8 23.5
Sy Flat wise I/JME Min. 423 7.48 8.5 5.0 5.5 7.6
R A2 SD 53.73 2.01 1.95 2.18 2.32 3.85
ZERE COV 10.6 16.0 16.2 26.4 27.0 29.1
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M E 7% 150mm,. # V& 100mm, MMERE X %
50mm & — &I LT, MiE%Z 30mm, 50mm, 100mm
EEER T L ZOMIR L SREMEE OBfRZ, R
Lo, A LI N e O N 5 35 RIS Fig. 8-9 IR
T MIEFECH DD 5T TNTOREMICIBNT, #
&A% 30mm. 50mm. 100mm & K& < &> TEFEUH
BIEES LA, DORIIT B B2 H 5, Tukey
@ HSD #E DFEHR., BREKESY THEREANRED LN
feDiE. HR EFINED® D AFHWIEIC BN T, MiE
A 30mm, 50mm DFkER A & 100mm O FLER A D & |
M EEINED D DIAFFRE I T, MiEH 30mm,
50mm DEAERIA & 100mm DFRERIKDR DO HTH O | Al
D4 DODOFMETRAEEA RO NG > Tz, &5 -
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MiEZ 18mm & 30mm & Z (b X & THIED LT Lk
L7z Tl MIBIC X 2087102 IZIHIEIC TR 5%
Mol LTWVW5B, REBROSREMICEIL TE—HIC
FREFREDONTZEDOD, FMf FREMICBET 2 —E
DEMNE R <. MRS D O ARSI RIF T 2T/
TNEEILBNS,
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Fig. 5. MU & SRHEME & OBIfR (W2 b, ME 150mm. #0E 100mm, AIFEHRE S0mm, Hoe EESINE)
Relationship between height and each characteristic value.
(Height: changed, length: 150mm, width: 100mm, bearing plate length: 50mm, center, top bearing)
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Relationship between height and each characteristic value.
(Height: changed, length: 150mm, width: 100mm, bearing plate length: 50mm, center, top and bottom bearing)
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Relationship between height and each characteristic value.
(Height: changed, length: 150mm, width: 100mm, bearing plate length: 50mm, edge, top bearing).
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Relationship between width and each characteristic value.
(Width: changed, length: 150mm, height: 100mm, bearing plate length: 50mm, center, top bearing)
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Relationship between width and each characteristic value.
(Width: changed, length: 150mm, height: 100mm, bearing plate length: 50mm, edge, top bearing)
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TR I 553 %4 5, 2004



Effects of testing methods on characteristic properties of compression perpendicular to the grain of Douglas-fir timber 359

20 20 25

e

[ee]

X : Average X :Average ° X : Average
O:Top O:Top ° O:Top
@ : Top & bottom e @ : Top & bottom 20 l—o0——o— @ :Top & hottom |
15 15 - 1 °
o g ° 8 o g & = ° 3 o
g ® g ° . é ° ° Ei15| o e 8
= 2 = 8 = )
Z 10— 4 % $ : Z1o 8 § : 8 . Z % X g §
< H < % 3 g X ¢
g )l( )f ] $ b'¢ f f % 10
g S 9 °
] ~ p g s 8 °® 8 o

J
oo

L | L | L | L | L | L | L | L | L |
30 50 100 30 50 100 30 50 100

# 0L Height (mm) # 0 Height (mm) #H0L) Height (mm)
Fig. 10. IEAREL & 2R & DB R M2 b, A 150mm, #4118 100mm, JFEAE S0mm, fho B35, hige B RhE)

Relationship between number of bearing plate and each characteristic value.
(Height: changed, length: 150mm, width: 100mm, bearing plate length: 50mm, center, top/top and bottom earing)
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Relationship between bearing plate position and each characteristic value.
(Height: changed, length: 150mm, width: 100mm, bearing plate length: 50mm, center/edge, top bearing)
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Fig. 15. %% & BRHMEfE & DBIfR
Relationship between density and each characteristic value.
[**]: HRKUE 1% CTHREADH D Significant at 1% level of significance
[*]: HEIKHE 5% THEAED D Significant at 5% level of significance
[N.S.]: A EUKHE 5% CTHEZE/ L No significant at 5% level of significance
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Relationship between Efr and each characteristic value.
[N.S.]: HEUKHE 5% THEA 7 L No significant at 5% level of significance
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