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Strength properties of the yellow cypress for small clear specimens
- Bending strength, compressive strength parallel to the grain,
shear strength parallel to the grain, and compressive
strength perpendicular to the grain -

Hirofumi IDOY", Hirofumi NAGAQO" and Hideo KATO"

Abstract

Recently, the yellow cypress (Chamaecyparis nootkatensis) has been increasingly used in constructing
the foundations of homes due to its durability. However, at present, the standard strength requirements of
yellow cypress, which are essential for structural design, remain unconfirmed and this must be urgently
rectified. In the previous paper, we performed strength tests of bending, compression parallel to the grain,
tension parallel to the grain, shear parallel to the grain and compression perpendicular to the grain. We
concluded that the yellow cypress should be classed in the species group of “karamatsu, hiba, hinoki
and beihi” if it were added to the present standard strength requirements for non-graded timber, whereas
the present standard strength requirements for non-graded timber are supposed to be derived from the
characteristic strength value of small clear specimens. In this study, we performed various strength tests
using small clear specimens taken from the timber of the yellow cypress we used in the previous paper,
and inspected the consistency of the standard strength requirements from the perspective of small clear
specimens. The tested strength was compared with the characteristic strength value of the small clear
specimens, and we concluded that yellow cypress should be classed in the species group of “karamatsu,
hiba, hinoki and beihi” of the present standard strength requirements for non-graded timber as well as the
result of the full-scale timber test.

Key words : yellow cypress, small clear specimen, bending strength, compressive strength parallel to the grain,
shear strength parallel to the grain, compressive strength perpendicular to the grain
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WHE. BEEYORG T Z5E. ELEENEED
DVIIBIEREC L ICED T RUERE Z V5, TAE, it
IR EOEVSFEN S, (EFOLHEEL LTI
I\ (Chamaecyparis nootkatensis) DRIADER L TV 3,
UL, ANA e NGB TGRS AS AT R A L e
BENREINTELT, ZOREHEIRDLNTH
%, FESIEER (HES, 2010) IZBWNT, XA N
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ABDERREIT o Te TOFER, XA LABRHIE O
M OBREHCENT B35A. (e ED, U, U
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2.1 fHEH

B TR LIz K 21, MEA 4000mm, Wi ~JiE N
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S (NHIRE ) L. ATHZIRL7ZZEDZMIBA LT, i
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FElFORIRIDNEETH > Tz7z8b, FHEETRIEIENE Lk
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2.2 i FEtER

R TR O FEKIMTIRERAD 5> B, JERHEIR S H
TFET 2 BRI DWW T, AIREZA[R D JIS Z 2101 ( HA
RIS, 2009) O AT RABRICHE > T2 R SNl B A 72
PR U 720 el BROK O EREUE AT 1d . SRARGABRK (Wi~
1% 105mm X 105mm) OARMIC BT 2 HhM. B R O
2T E Uleo AR D B R 72 R /NG B A D R Y
fii& 7% Fig. 1 1<Rd, atBiASERE 25mm (R /1) X
25mm (T J51f] ) X 400mm (L 7517 ) & Uz, i RRERIC
FNL B, TRTOMEBRMAKIH U THHRENEIC K Y > 7
BEEBRIE LTz, JIS Z 2101 it > T, A% 350mm
THRERRTEIC X 2 TR ZTT > 7z, MAIKidRK
AKED 1tf DAV o ARG ( ARaBR S
) ZH Wz, Eio. BRI RIS A (RAIER
WrZeATE, CDP-50) Z#%iE L T, 7—&ZaH— (HEH
ARrZE S, TDS-601) Z/T L CTHiE L & BITIIRED

ZEfi 72 JE Uz,

2.3 AR ER

FRERAL T 1% Dl U IR U INERBR R D FEREER 72 A 5 |
AJREZR PR D JIS Z 2101 DHMEE fi st BRI 5t o Tz R s/
BRI 2RI L 7oo BRBRARST 11T 25mm (R 5 ) X
25mm (T /5/m ) X 75mm (L /517 ) & L7z, ImABEN
5tf DA )Vt 7 read B (RGBSR R ) 2 H
W, JIS Z 2101 i - THEEAMERBR 21T o 720 F 72
WA EH ORI — P ED 20mm DO BT —
Y (R HIERIZEAT S, PFL-20-11) ZRSfF L., 7—%&
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EBITMARED VT HZRE LTz,
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FRERAL T 1% D R U IR U INERBR AR D FERIEER 73 I 5
ATHEZR IR © JIS Z 2101 O+ AWiakBRIC HE - 72 R 5/
BRI R U Tzo 1 (RO PR S NRBR A D 5,
AT DVAE H T 35 & UVAR B i D 2 T EE O 5B R 72 PR Y
Lo 37bb. SO SR & 8 DBk Az 5
e, 1 ROFKIERAD 5 IR 4 (RO AWIHER 5/
B A 2 BRI L T2 B AW OO ~]3£1E 25mm X 25mm &
Utz IRARD St DA )Lt G HERBE = F VT,
JIS Z 2101 I it » TR AWTRRER Z 175 72,

2.5 & D AHA SR
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DT, —HREEAMICT A8k E L, 5z
BRI d 2Bk & Uiz, ¥, aBRIREREIC
BRLU T, SBREISEWERER AN, BRI %55k
PRT 12 1k (13%). #7719 2 3Bk T 10 1k
(11%) &> Tze WAEEMD StF DAt > X Heal Bk
ZHWT, JIS Z 2101 IZHE> TH D AHABRZ1T - oo
MEMR DGR AT ( REGAIZRWZLATE, CDP-50) %
WEL, 7—2uH— (HEHEEZERTE, TDS-601)
ZNALUTHEE & BITIREDOZEN ZHE Lz,

LHREER
3.1 MRk
Hh R BR D F% SR % Table 1 1C/R9, Table 1 IR L 72
Rt Rz 1 0D B BRAA & BEM D BABRIKIC B B X T O
fEIE. HEIKUEISBICHB N CEHHEICEEZ I A -
feo T2 L. BRI DB & & Bl D FABR AL 105mm
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Strength properties of the yellow cypress for small clear specimens - Bending strength, compressive strength parallel to the grain,
shear strength parallel to the grain, and compressive strength perpendicular to the grain -

Specimen on the bark side

Specimen on the pith side

105mm
AL
Bark side 1t KR R G BR A
25mm
—p
25mm
105mm
25mm
25mm BRBIEER (A
kil
v Pith side

Fig.1. #SM@OAROMED 5 R 7z R s/ NGB R O BRHU
Collecting places of the small clear specimens from
the view on the cross section of timber

Table 1. HIFFABRDAE R Results of bending tests

MC o £ By O bp Oy
®  (kg/m®) N/mm?) &N/mm*) (N/mm? (N/mm?)
EECLN 7N n 136 136 136 136 136 136
All specimens Mean 11.6 505 11.6 10.5 44.7 86.2
Min. 10.5 420 4.33 3.87 23.0 60.1
Max. 12.5 633 16.6 15.0 62.2 117
S.D. 0.449 42.0 2.23 1.88 7.10 10.6
C.V.(%)  3.87 8.30 19.2 17.9 15.9 12.3
18§ B AU B BR A n 68 68 68 68 68 68
Specimens on the bark side Mean 11.6 503 11.7 10.7 44.7 86.6
Min. 10.6 420 4.33 3.87 23.0 60.1
Max. 12.5 633 16.6 15.0 62.2 117
S.D. 0.448 43.2 2.40 2.02 7.96 11.8
C.V.(%)  3.87 8.58 20.5 18.9 17.8 13.6
GRS n 68 68 68 68 68 68
Specimens on the pith side Mean 11.6 508 11.4 10.4 44.6 85.8
Min. 10.5 421 4.62 4.13 29.5 61.6
Max. 12.5 623 15.5 13.7 57.0 109
S.D. 0.452 40.9 2.04 1.74 6.18 9.40
CV.%  3.90 8.06 17.9 16.7 13.8 11.0

n: aBA{A%X Number of specimens, S.D.: #2#E{Fi# Standard deviation, C.V.: Z#j{%%( Coefficient of
variation, MC: % 7K3 Moisture content, p: 525 & Density, Eg: HHRENE DY > 7 1% Young' s
modulus by longitudinal vibration method, E,.,,: HMF DTV > 7 {%%4 Apparent Young' s modulus
in static bending, oy,: #HF FEFIRRE S /7 Bending stress at the proportional limit, o,: #1758/ Bending

strength
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X 105mm A OB 0 S EREX L 72 728D, Wad AR o
BT OB HHNE <. EDHBEDNNE D > For]
HEMELEZ SN S,

2R B A 0 il UF i R o) - 4l 86.2N/mm” 7 W T
TG OFUETREE & DL 217> 7z, Table 2 IC 5%
WA DRAERE D BEEOEMET— 2 Lixo T, ER
FUNRBRRIC K B EvEE il (RERHEITZE S, 1988)
BT, SEMEREHITHMTHLEEZAONS, K
FERIC X 013 5 NIl oR e O 2 KGS HLALIC #:
W9 3 & .880kgf/em’ & 75 %, T O, SHEER T BEDI B
MED, KAED, NVED] ORFEREDHAEREET
H % 800kgf/cm® % E[A] - 7z,

I, ERFERK & TR A & Fl— O AL 5 R
By U 72 2R 5/ N BR IR IS DD T BRI DR X 5y
T LB (RARBIRDMEE / RSN DR
&) ZRI U, SRR DOERK /7 TR OHAR
EEMRAE ) (EEMOKPER |, 2007) O FREREH T OHK
EWMX NS Too FERMBADRRICE T 55X 77
W9 B8R, FEREABRIA D fif B RIS B 2 FHRIX
I HT BB L2 Z ZF N Table 3, Table 4 IC/R9,
FER ORI ERL O D OFHBRERE DRV ED
D, ERICBIZERX B L OHELABICBT 2K
XA LT, BBOREEMNME T 2 DICHE> THRE

LBIE TS 2 T ebholc, SEHRICRD 59 2albiik
THRZ &, ®EHIEZ0.59 &0, MERM (s
M) ICHT BT O5RER 045 XD ERED ST

3.2 Mt F ik ok

eI M ek BR O A5 % Table 5189, MEEHMEY > 7 1%
B WEERME L BIRR IS ). MEERETREE IS DWW T, KR
DA ERIA & BEM DA BR A & D FIMEIC G, A EKYE
95% IC BV THBA X G o Tz BUTOMEMRAM D
HERRFE DI T — 2 & I o RE O MR & . A
FRBRIADIEIME & 2 LG U oo AGRBROD 23 BR A D -1
fili 45.7N/mm’ % KGS HA7Ic Z#19 % & 466kgf/cm’ &
A, TOMEE. HEMIH HhED, {AFD. N
WED | OREEHETRE 450kgt/cm® 759 LlHl > Tz,

R, FRRA L . RGBT & Rl — DBk » 5
PREY U 72 SR SNk BRI DWW T, SR AR Uz,
LHRBATHRS & MELOTFEHEIZ 0.63 L&D, K
A (M ERGER ) IS B BT R OMEEL 0.62 &
FIFFRRETH - T,

3.3 B AMRER
B AWERER DAL A Table 6 1IC/73, & AMREICD
W, REHE mERER IR, AR E R ERR, A8 D FRBR A

Table 2. i F#E D FLHEGR & {H Characteristic strength value of the small clear specimens ( Hifi7 unit: kgf/cm®)

o FE THEITE A o Hiy T B AW EE
Species Compressive Bending Shear strength
strength parallel strength parallel to the
to the grain grain
HNPED KAHED, NNED
I 450 800 90
Akamatsu, Kuromatsu, Douglas fir
MHED, L, DD E, RN
I Karamatsu, Hiba, Hinoki, Port 425 750 80
Onford cedar
SHIER DM, NN
111 400 700 80
Softwood Tsuga, Western hemlock
b, ZEED, EEED, RTED,
TE ANNTE AT R
IV Momi, Yezomatsu, Todomatsu, 350 650 70
Benimatsu, Sugi, Western red cedar,
Spruce
Nl
o 550 1100 160
JRTE RS Kashi
Hardwood SUREASSNSN A b Rl
11 430 850 110

Kuri, Nara, Buna, Keyaki
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Table 3. EIGABRIAD R RICE T 2 FEWMX NI 2B (F2REABRK / MR 0 INGER A )
Strength ratio (full-scale specimens / small clear specimens) of full-scale specimens in full-length by
visual grading according to the Japanese agricultural standards for sawn lumber

FERFRBR AR D 5% BRI 50 FE SR FE
Visual grade of Number of (I AR s N R (A A8 R A1) (0 R s/ INe B AR BE )
full-scale specimens specimens Strength ratio Strength ratio
(EIA %) (bark side of small clear (pith side of small clear
specimens) specimens)
1k 1st 7 (10) 0. 62 0. 67
2 #% 2nd 25 (38) 0. 62 0.62
3% 3rd 25 (38) 0. 56 0.57
#Ah Out of grade 11 (16) 0. 54 0.51
AFBRIK ALl specimens 68 (100) 0.58 0. 59

Table 4. SERAERIK D7 RIS 1 B FRIX SRS 2 AL LE ( SERRAER (A / SR s/ Nk )
Strength ratio (full-scale specimens / small clear specimens) of full-scale specimens in loading span by
visual grading according to the Japanese agricultural standards for sawn lumber

FERFAIBR A D E R PR
Visual grade of Number of
full-scale specimens specimens

(I ()

(R /N BR A B ARD)

(bark side of small clear

5L b oL b
(€N LN L)
Strength ratio Strength ratio

(pith side of small clear

specimens) specimens)
1k 1st 21 (31) 0.58 0. 62
2 #% 2nd 27 (40) 0. 60 0.61
3#% 3rd 17 (25) 0.57 0. 54
¥4k Out of grade 3 (4 0.50 0. 45
2FABRIK All specimens 68 (100) 0.58 0.59

BN ORBRA DT X TOMAEDLRICH LT, HEIK
HE95% ICB W T FEMHICHERE IR B> T, BUTOM
LR D FLHERR I DKL T — 2 L 7% o T KRR RE O FL e
SRR L AGBRIAD I E & 2 b U e, AR D
LB A O F 14l 10.8N/mm* & KGS HALICZ T %
& 110kgflem® & 75 %, T OfEIX, SHEM IR THNE
D, K AED, RVED] OFAWHRE 90kgf/cm® 7% |
[Fl> Tz, BARHREICH U TR, BENKE TR
ERIFTH, BEICBONTE, IXNTOHIGDLETF
EICEA Z R R o T, DS (1982) . #E L AE
H & A WiR g & ORI o = -19.3 + 252R, /R LT
W3, TTTC. g BHEHmEEAWEE, R ELETH
%o TORIT, AHEHE HRERIAD LLE O VEE 0.496 %2
AT % &, 1= 106kgflem® & 72 0 ARGk D1
fili 110kgf/em’ ICIZIFES LTzo

A B K UMHRICBO T, WIS AWRRIC K S
BN SR 5 NTRIEHIE 0.64 TH o Tze TOMH

|Bulletin of FFPRI, Vol.10, No.3, 2011

2. KRB & O — OB A& S BRE L 72 R
RUNRBRIAZ O TW I RIS AW 217 o 7o, e
DGR (HES , 20060) EHEE LU, 722U, BRI
AR R D BRI O AT RIS T 5475 %0 £ Db
R BEIZ AFN 0.85, XA UH 080, NA VA
M0.79 THO . NA CNOGRE LI At I LT/
Eholz,

3.4 & D IAFBR

B DIAHERERDHKEH %2 Table 7 ICRT . & DA LB
FREZIS 1. A EIKHE 95% 1B W T, EREFTmmA o0
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o7z, ED 5% ® DIARBIEIR, A RIKAE 95% 1B
WCL AT IAAN ) O YA RERR T 1A A0 ) O P fiE &
DERED o, BOARBEL, T, KL, TA
WroR g & 13572 0 . BT OMSERA O FAEGREE O FLE T
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WBRENTWVERY, 7L, BITOH D ARFEMERE
&, R INRBRIRIC K o T B N ERBIRR EE IS 1 O
Bz 15 LTthr EZ5NS (ER, 2010),
SR D D AFHOFAERIE ([E 12284 , 2001) % Table
8IC/NT s ARRBRICIT 5. PRI & BEARIT Mhn
712 D8 0ARLLBIBR IS S O fE X 5.75N/mm® T
O, INZ 15U THENET INICPUEHAT S &
8.63N/mm* £ 75 %, TOfllX. [MhHED, CIE, UDE,
NN OBFERED®D D AR DO FMERE 7.8N/mm’ % |
mo, X0 LMD IHhED, <AED, RVED] D
R FERE D FHESRE 9. ON/mm” 13 Rlal - 7z,

4. FL®
NA b N2 BT OEFRM OFAERZITENT 5 &
RUE L. A e NBR A S ERE U 72 1R Nl A
ZHWT, RisERRziTo7, JBonesmEz, B

IDO, H. et al.

1T OISR AT 0D FEHETRIE DI T — 2 & I o TR s/
FBRIAIC K B S fEAE O FL MR E & Ll U 75581, Al
. MEERE. BANEER THEhED, {AFED, X
EDO| OBBEHHYTH o7z, DOIAREEE HhEF
D, Ui, UDE, XNVWU ) OMEREYTH oz, &
SRR TTHIYS I A RREREE B R o Te Y, REeMNTHIKT LT
HHUERE /NS WBITERICRIZ 22 B EZ D &, XA
EoNE, R GNGRBRIRIC BT, HAABROER &
k. THhEED, OlE, COE, XV BRI E
DELTENHEYTHDLEZOND,

e
AWF7eiE, BELEE ER 22 F£E ROXH - KD
WA B RERE KRG ENEBEEOREINMRILE B
S MESRE] O—EE L TITo Tz,

Table 5. HtIEATAAER D45 Results of compressive tests parallel to the grain

MC 0 £, o o,
o) (kg/m®)  (kN/mm®) (N/mm? (N/mm?)
BRI n 179 179 179 179 179
All specimens Mean 12.2 500 11.5 31.5 45.7
Min. 11.1 410 4.80 12.0 26.5
Max. 13.1 689 17.2 52.6 63.0
S.D. 0.337 46.0 2.42 7.18 5.80
C.V.%)  2.75 9.19 21.1 22.8 12.7
1ot B R A n 90 90 90 90 90
Specimens on the bark side Mean 12.2 495 11.8 32.0 46.0
Min. 11.2 411 4.91 12.0 26.5
Max. 13.1 623 17.2 52.6 63.0
S.D. 0.353 42.5 2.46 7.13 6.33
C.V.(%) 2.89 8.59 20.9 22.3 13.8
B AR A n 89 89 89 89 89
Specimens on the pith side Mean 12.3 504 11.1 31.0 45.5
Min. 11.1 410 4.80 15.6 33.0
Max. 13.0 689 15.7 50.3 59.1
S.D. 0.318 49.0 2.34 7.24 5.23
C.V.(%)  2.59 9.72 21.0 23.4 11.5

n: 74 5% A% Number of spec1mens S.D.: FHE g 22 Standard deviation, C.V.: Z &%

Coefficient of variation, MC: & 7K 3 Moisture content, p: X iz %%

‘& Density, E.: #t T

fi v > 7' % % Compressive Young' s modulus parallel to the grain, o, # JT #fi Lt 5l IR
J& i 71 Compressive stress parallel to the grain at the proportional limit, o,: # I #ii 5 &

Compressive strength parallel to the grain
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Table 6. ¥ AWEAERD#E R Results of shear tests parallel to the grain

MC 0 T
O (kg/m®) (N/mm?
HE H T SIS n 166 166 166
Radial surface All specimens Mean 12.3 496 10.7
Min. 11.5 404 5.79
Max. 13.2 635 17.5
S.D. 0.374 43.4 1.94
C.V.(%)  3.04 8.75 18.2
1ot R AR A n 86 86 86
Specimens on the bark side Mean 12.3 493 10.5
Min. 11.5 407 6.98
Max. 13.1 621 15.5
S.D. 0.391 42.0 1.74
C.V.(%)  3.18 8.51 16.5
e AR A n 80 80 80
Specimens on the pith side Mean 12.4 499 10.8
Min. 11.5 404 5.79
Max. 13.2 635 17.5
S.D. 0.351 44.7 2.12
C.V.(6)  2.83 8.96 19.6
B H i SR TS n 177 177 177
Tangential surface  All specimens Mean 12.2 497 10.8
Min. 11.3 399 7.41
Max. 13.1 663 15.8
S.D. 0.356 44.9 1.72
C.V.(%)  2.90 9.03 15.9
18 BB IR A n 89 89 89
Specimens on the bark side Mean 12.2 493 10.7
Min. 11.3 408 7.41
Max. 13.1 625 15.6
S.D. 0.366 42.5 1.69
C.V.(%)  2.99 8.61 15.8
TS n 88 88 88
Specimens on the pith side Mean 12.3 501 11.0
Min. 11.3 399 7.97
Max. 13.0 663 15.8
S.D. 0.344 46.9 1.73
C.V.()  2.81 9.36 15.7

n: # BR K £ Number of specimens, S.D.: #E%E {2 Standard deviation, C.V.: 28 8l {4k
Coefficient of variation, MC: & 7K#* Moisture content, p: <25 & Density, v ¥ A WiiR &
Shear strength parallel to the grain

|Bulletin of FFPRI, Vol.10, No.3, 2011
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Table 7. 8 D IAHFABERDFE R Results of compressive tests perpendicular to the grain

MC 0 2 O o5
% (kg/m*) (N/mm?) (N/mm?)
FEEITAINS n 90 90 90 90
Loading in the radial direction Mean 12.4 501 5.84 11.1
Min. 11.4 409 3.58 5.98
Max. 13.5 644 14.3 24.3
S.D. 0.452 45.4 1.60 2.67
C.V.(%)  3.66 9.06 27.4 24.0
R IT 1R n 90 90 89 90
Loading in the tangential direction Mean 12.4 500 5.66 10.3
Min. 11.2 405 2.94 5.06
Max. 13.5 624 12.7 20.9
S.D. 0.431 44.6 1.93 2.61
C.V.(%)  3.48 8.92 34.0 25.3

n: FBR{AZEL Number of specimens, S.D.: #24E{f 2 Standard deviation, C.V.: Z#{%
#4 Coefficient of variation, MC: & /K# Moisture content, p: X425 & Density, o,,: &
D AF L BIRR EEJS 1 Compressive stress parallel to the grain at the proportional limit,
Oosne: AED 5% 8 D IAFHEE Compressive strength when compressed to 5% of side
length

Table 8. &H4 D& b IA A D FEAEGR
Standard requirements for compressive strength perpendicular to the grain for lumber

FEEGR L
fi -
Standard strength requirements
Species )
(N/mm?®)
HrED, < AED, YNED
9.0
Akamatsu, Kuromatsu, Douglas fir
MHED, WME, ODOXF, XD -
$tiEM  Karamatsu, Hiba, Hinoki, Port Onford cedar '
Softwood D23, _XWon, LA, 2 EFFED, L EFED,
NRIZED, TE, AN TE, AT L—R 6o
Tsuga, Western hemlock, Momi, Yezomatsu, Todomatsu '
Benimatsu, Sugi, Western red cedar, Spruce
»L
o 12.0
JRIEMT  Kashi
Hardwood < V. 725, &7, IJOX
10. 8
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Strength properties of the yellow cypress for small clear specimens - Bending strength, compressive strength parallel to the grain,
shear strength parallel to the grain, and compressive strength perpendicular to the grain - 181
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