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Strength properties of kuri (Japanese chestnut, Castanea crenata) timber
- Bending strength, compressive strength parallel to the grain,
tensile strength parallel to the grain, shear strength parallel to the grain,
and compressive strength perpendicular to the grain -

Hirofumi IDO ", Sachiko MIURA ?, Hirofumi NAGAO " and Hideo KATO "

Abstract

Kuri (Japanese chestnut, Castanea crenata) timber is commonly used for the sills of wooden houses. The existing
referenced strength for non-graded timber as determined by the Construction Ministry was based on test results on small
clear specimens. Little strength data exists on timber-sized specimens of hardwood, including kuri, and the validity of existing
referenced strength values, the effects of defects on strength properties, and the relation between characteristic strength values
of bending, compression parallel to the grain, and tension parallel to the grain have yet to be clarified. To clarify these matters,
bending, compression, tension and shear parallel to the grain, and compression perpendicular to the grain were tested using
kuri. The results of these strength tests revealed that the characteristic strength values of bending, compression and shear
parallel to the grain, and compression perpendicular to the grain all exceeded or matched the referenced strength, while that of
tension parallel to the grain fell below the referenced strength. The strength of the timber specimens was also graded visually
relative to bending and tensile strength parallel to the grain, revealing that higher-grade timber tended to have higher average
strength, and that such visual strength grading was effective for hardwood timber. The ratios of strength characteristic values
of bending, compression, and tension parallel to the grain were 1, 0.89, and 0.48, respectively, thus differing from the same
ratios for softwood (at 1, 0.8, and 0.6) as calculated from sugi (Japanese cedar) timber. However, the moisture content of the
tensile specimens used to test testing strength parallel to the grain was less than that under the air-dried condition, hence the
need to verify whether these results were appropriate after understanding the relation between moisture content and tensile
strength parallel to the grain for hardwood timber, including kuri.

Key words :  kuri, Japanese chestnut, bending strength, compressive strength parallel to the grain, tensile strength parallel to
the grain, shear strength parallel to the grain, compressive strength perpendicular to the grain
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tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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2011 4% LR 70 1185 1185 344 598 497 9.88 R
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Table 2 HAUTFRBRODSS R
McC P E. . MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 85 85 85 85 85 85 85
S 15.4 540 10.3 9.61 10.1 32.8 48.8
e/ Ml 14.5 452 7.08 6.62 6.57 12.6 17.5
BRAE 17.6 667 13.4 13.1 13.0 46.3 732
T E (R 7 0.538 38.7 1.29 1.21 1.50 6.24 11.0
EERE (%) 3.50 7.18 12.5 12.6 14.8 19.0 225
G0 MC  GKR, p o RO, E,,  BHEENEIC X BV 2 FREL MOE-app © AT OHIFY > FREL
MOE-true * HLOWNTY > 71REL o, * HITELBIBRIEISTT. MOR & i)
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Table 3 HEZEIX ) T & DT RAERORS R

% MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 14 14 14 14 14 14 14
S 15.4 524 10.8 10.2 10.9 35.8 53.0
e/ IMiE 14.5 480 9.29 8.62 9.11 22.7 343
e KA 16.2 578 13.3 13.1 12.8 46.3 71.9
FEE(R 72 0.464 27.7 1.08 1.08 1.00 6.85 10.4
EEaMRE (%) 3.01 5.29 10.0 10.6 9.16 19.2 19.5
2 MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
ARER IS 37 37 37 37 37 37 37
S 15.4 539 10.4 9.69 10.2 33.2 50.2
/Ml 14.5 454 8.25 8.00 7.53 23.6 31.9
e KA 16.2 602 12.5 11.6 12.6 45.8 73.2
FEE(R 72 0.444 37.9 1.21 1.09 1.26 5.52 10.7
EEMRE (%) 2.89 7.03 11.6 11.2 12.4 16.6 213
3 % MC p E, MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 27 27 27 27 27 27 27
S LAt 15.3 542 10.2 9.46 10.1 31.5 46.5
e/ Ml 14.5 452 7.08 6.62 6.57 19.3 313
Rl 17.1 667 13.4 12.1 13.0 42.1 62.2
TR R 2= 0.599 42.7 1.41 1.21 1.72 5.52 9.50
EEaMRE (%) 391 7.88 13.8 12.8 17.0 17.5 20.4
Kt MC p E. MOE-app MOE-true Oy MOR
(%) (kg/m?) (KN/mm?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI S 7 7 7 7 7 7 7
S 15.7 566 9.27 8.46 8.75 30.2 42.4
e/ Ml 15.3 506 7.87 6.85 6.82 12.6 17.5
e KA 17.6 626 11.1 10.2 10.9 43.6 61.1
FEE(R 72 0.838 36.8 1.16 1.40 1.86 9.60 16.1
EEMRE (%)  5.33 6.49 12.5 16.6 213 31.8 38.0

S MC T EKE, p BB OBIE By HHEINEIC X DY U AR MOE-app 1 R DY > SR
MOE-true © ELOWFY > TREL o, @ BT LLBIBRIEIS ST, MOR & #IUT58E

Table 4 I HEFABRORG R
MC p E E o o

fr-L c C] c
(%) (kg/m3) (KN/mm?) (KN/mm?) (N/mpmz) (N/mm?)

BRI 4K 85 85 85 85 85 85
Sl 15.5 539 10.4 10.0 20.1 323
e/ Ml 14.2 461 5.11 4.95 10.9 19.7
B 16.9 633 13.5 14.0 349 39.3
TR = 0.604 39.0 1.24 1.54 5.50 3.38
EORE (%)  3.89 7.22 11.9 15.4 27.4 10.4

RLT MC D BUKRER p R OB, Eyy  BHRENRIC KBV VR B HEEREY > RE
Oy - MEERELLBISREIST, o, © MR

TR SIS 595 12 % 3 5, 2013]
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Table 5 %5 [5E D il BROAER

MC P E. E, o, o,

(%) (kg/m?) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AR 85 85 85 84 84 84
S 31.9 611 9.72 8.53 18.0 26.2
e/ Mt 21.1 471 7365 6.28 7.12 13.9
eKfE 55.2 776 12.5 113 40.0 42.8
FEYE(R 72 6.97 55.3 1.03 1.04 8.18 6.72
EENRE (%) 219 9.05 10.6 12.2 45.4 25.6

RLE MC B, p BRI OHEE, . HHRENEIC XS Y 2 UG ECHET IR D Y2 TRREL
o, - HED 19RO ELBIRRIZIS ), o, @ #E5 195 D sRg

1 E. o, o OFBEENZNZN LT ODEVDE, IERBEORESICE D IENTE
BnolclzbTH %,

Table 6 HRSARIX I T & DHEs 1R D ilBROKEH

1% MC p E.. E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AR 12 12 12 12 12 12
R fE 30.8 584 10.3 9.14 18.3 27.3
e/ ME 22.9 531 9.12 8.14 7.87 16.8
A 423 643 113 10.2 39.8 40.6
FEHEAR 7 5.47 39.9 0.631 0.651 11.0 7.45
EERE (%) 178 6.83 6.11 7.12 60.2 27.3
28 MC p E. . E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI 37 37 37 37 37 37
S fE 31.6 609 9.90 8.69 18.5 27.1
e/ ME 21.6 471 8.05 6.66 7.12 15.3
BRAE 55.2 738 12.5 11.3 40.0 42.8
TR 7 7.63 56.2 1.08 1.04 8.39 7.10
EERE (%)  24.1 9.22 10.9 12.0 45.4 26.2
30 MC p E. . E, o, o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
AER 2K 24 24 24 23 23 23
S 324 613 9.43 8.29 18.7 25.9
e/ ME 21.2 519 7.90 6.56 8.22 17.6
BRAE 52.6 776 11.4 10.3 34.1 39.2
FEHEAR 7 6.93 59.2 0.887 0.900 7.34 572
EERE (%) 214 9.67 9.41 10.9 39.2 22.1
KL MC p E. . E, oy o,
%)  (kg/md) (KN/mm?) (KN/mm?) (N/mm?) (N/mm?)
BRI 12 12 12 12 12 12
S 32.8 640 9.16 7.91 14.9 22.9
e/ ME 21.1 565 7.65 6.28 7.51 13.9
BRE 42.8 703 11.0 10.6 27.5 32.7
FEHEAR 7 6.83 48.6 1.06 1.25 5.73 6.18
EEREL (%) 208 7.60 11.6 15.8 38.6 27.0

RO MCIEIKER, p BRI ORIE, Ey  BHRENEIC K 2V U REL ECHETIRD Y T REL
o, - HED 19R D ELBIRRIEIST ), 0, @ #E5 155 D sRg
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Table 7 #5015k D FERIC B 5 Fh T & OMEIEEROK L HIG

ik ok WRHEURNC X B kEE R A C O
I RT ORI 55 14 (65%) 19 14 (22%) 11 14 (13%)
1 #% 51K (42%) 4 1K (33%) 31K (25%)
2 itk 22 1 (59%) 10 142 (27%) 51 (14%)
3 % 19 & (79%) 41K (17%) 114 (4%)
K4 9 1K (75%) 1K (8%) 2 1K (17%)
Table 8 A WEERDKE R
MC P o,
(%)  (kg/m’)  (N/mm’)
R 85 85 85
SR 15.3 543 8.63
a) 811 &k IR Ho/ME 14.2 447 427
S ON [} 16.3 660 12.6
5 MMEEE 0385 462 1.42

b) M HERERL I & DRI

o) 4% 5 T DA

Photo 1. #i£5 (4 O ABRIC & 2 HUETEIEDH

3.4 BAMTEER

B AW AR BR D 5 B % Table 8 1IC/39 7, B AR i EF
MEAEI 6.12N/mm* TH 0. BT O MEEHA D AR g
F,=3.0N/mm’ % 2 5L b B> Tz, L LAEDNS,
ISR D A W ELHE SR 1 E . SEMEGR EE (IR I
SERIR D ) X4/5X12X1/1.5 TIHEINTWVS
tEZENBT D (ER 2010, 20132) . EEOE
AWBEEICLER TR D ESMA SN TV S L HERE
N3, £ T, KRBk & RERD ARG R AR 0
Tiro TR O R & LB U7z & D% Table 9 1271
o BB, XEMED FBRMEE ER 2 2R E LTz 75%
EHEKHED 5% FRETH 5, 7V O FREE /1R
EaRME R LTS, 7V 2.0 EfERED 2.4
~27&XDWR/NEholz, TOEHHBEELT, —RMIC
MR &L LGB D O ik Lz K S TR
MTHENY RT Y T IRENTZT ) DKHEE D
B35 600kg/m® TH 27280, Kk THWZZ7 VD
FRBRIF DT 543kg/m® & [RM TENY R T w7 |
DEXDEN T EHNEZENS,

RS MC : BIKE, p L AR DRE, o, L W AWIHRE

3.5 & VA5 BR

B DIABRREROHE R Table 10 1IC79, 8 DIARKER
BT R R ORI T TR D RIZ B 729, 15
SN & FLMESR T L R BRI L T E R, O
fedh, WBZEITIE U 1SO 13910 Dk ER /7 1 T - Ttk i
DGR L L7z & D% Table 111789, XHAT FREAA
MEHEINTVBREDRZOMZ, Gl ENhTVARVE
DI IE IR 53 1 2 8 UAS HEIKUE 75% D 5% R % 5k
Bize HOIAFHIUERE (FHL2EE 2001) EFEED
SAEINTVWS EEZDBNS (KR 2010, 2013b) 728,
TRl & & B TEEICDONTHEE L, ZORE, B
DIAFERFEDNIGE / HUETREE, B D IAHTRED FRRAE
| LR L A DT — X OFPFHNIC A > TED, BT
DY) OFAEFRT 10.8N/mm’ IR U THHLEZBND,

3.6 Bl - KiEEHE - ME5 IR Y OIEERMEDLEE
BT JAS OB R O WM T Tld, R F OB (
it 1988) ZB &I, #T - ML - HE5 3R D s RE
PEfE ( FPRRME) DR ELT1:08:0.6 DEFRHEK
HAENTW3, L LAaMNS, JRERM TIEZ 0BGk
DWW THBVICHAEE N TR, AFRBROFER,
70 O/ - HEERE - MED1EE D TR R PR O AR
29.4N/mm’ : 26.3N/mm” : 14.IN/mm’ = 1 :0.89 : 0.48
ThHoleo AFHMOMEBKR L T 5 L. i
XU T, MEEMEDARE L HET[ROD/INEWVEE R -
Jzo BRIEC OHHIEIAS D TRV, JLZEBM OH
HEREEB ORI, AFZBE L LIBHITIASOD
R EIGERZZAEEEND S 720, SHkMEREIC B
TEARDOMET MR ETH %,

BMKR AT 5512 %3 5, 2013]
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tensile strength parallel to the grain, shear strength parallel to the grain, and compressive strength perpendicular to the grain -

Table 9 SRR AW =X T 7 - Fe M & oD FLig

FéfE AR A B (EBHE ) AR (N/mm?) FEMEGREE N RRAE / S ERR
(kg/m®) TR (N/mm?)  ZEMRHE (%) (N/mm?)

7Y 85 543 6.12 16.4 3.0 2.0
R A 50 519 5.79 13.3 2.4 2.4
B/ X 40 515 5.73 18.8 2.1 2.7
AT 49 477 5.42 15.3 2.1 2.6
A B ND 100 514 5.21 13.9 2.1) 2.5
A 51 414 4.82 13.8 1.8 2.7

SR O HE S (2006), P HIES (2010)

T FMERR T (X TR (2000) “AHf DELUETRET Fe, Ft,Fb Ne U Fs 2B D S5, K 12 4 5 H 31 HERE RS 14525 )
& %o A LISOFMERIEIIAEAE LAWY, BEGREBREEE ¥ X 0 2.1N/mm” &E Lz,

Table 10 8 D IAFFAEROFE R

Mc p Tevp fc,oo fc,oo,y Kc,c)o

(%) (kg/m®)  (N/mm?) (N/mm?)  (N/mm?)  (N/mm?)

R RS 85 85 85 85 85 85

SEAA 15.2 543 6.26 13.3 8.54 4.52
I/ M 14.0 475 4.59 10.3 6.38 2.34
IS FN:} 17.3 654 8.77 19.8 12.7 8.60
IEHE (R 7= 0.582 422 1.02 1.99 1.35 1.22
BEMEEL (%)  3.84 7.78 16.3 15.0 15.8 27.1

RLE MC T EKE, p BB OFEIL, 0., 0 D VIABILBIRILIS I, fig @ & DIAFGRE,

Foony * D VIABERRTIEL, Kooy 8D IABMITE

Table 11 1SO 13910 D D IARHGAERST T TTT - T thiiife & oD Fhiik
TR BRI B CEBME)  1SO FRUC KL DD VIARTRE  FLUEsRAL EEIE TR
(kg/m®) FEME TR AEMRE Nmm?)  REYESRET / HLYESRAT
(N/mm?*)  (N/mm?) (%)

) 85 543 133 9.75 15.0 10.8 1.2 0.9
ViV 15 — 9.28 7.77 8.2 7.8 1.2 1.0
bR 31 500 11.1 6.52 173 7.8 1.4 0.8
AR BN 100 513 9.48 6.51 17.8 (7.8) 1.2 0.8
ZFE D 38 400 8.22 6.37 — 6.0 1.4 1.1
ARV TTO 50 483 9.37 5.03 25.6 6.0 1.6 0.8

K VRS (2005), PEAAK « KAIC (2006), O HHE DS (2010), Y HIH « TR (2005). ?Ido et al. (2007)
T EHERREE IS T LAl (2001) “FPkR AR R CRRE M RIRE 22D B 08, PR 13 4F 6 A 12 HE L35
BERE 1024 51 12K B ANA CNOIMERIEIIEE LR 0D, SRIEEREER 9 X D 7.8N/mm” & GE Lz,

E PR

ANEEFEDITBRFICHEHAEINZ 7V x5 e LT,
FRMIC K B0 - HEEH - WSRO - BAW - D
ANBDZ R I U, BRITOIEHEGREE D 2k,
ROSEDEEMEREIC R THE, SMEREEOHME
BARIC DWW THRRGE L Tz,

Foh LA BR D AE R, W - WEEAE - B AW - DDA
FHOFEERFEM S, FEUERR IS LT L % [T
B o T, Mt 1R O 58 R SRR R 2 N RS T
fF - HE5EE L IOV T, HESEMRK D T LI
A RO IAER, FHRD LIS /R % 1E EiiE DY
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A E < KB EAICH O, ILEBMICBENTE HHSE
WX DR EERNCE TH B b ol iz,
MU - BEERE © MESTIE D IC BT 2 B MER MR o LR
1£1:0.89:048 LD, AFHSRDIEHERMD 1:
0.8:06 & IFHT oM, ZTDD, FMERMEMOLL
i, BUTEHER JAS DR LGB G ZA[EEELDH %
Zehbhroilz,

272U, MET15E 0 iER A D EIKR DG IRREICE L
TWishollzd, 5%, 7V Z3TILTERMICE T
BEKREHGIRE D RE L ORGRENE L ET,
L ORRENZYETHZHDEMRAT 20ENH %,
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AW E L ZEE TR 23 5 Rl EHE R
EOMAEWBEEEE MRS R 0—EE LTiT- 7.
B, RERCHTo> T, (M) EAMOKEEE B 2 e Bl
a2 —0 NHEFRIC S ZTEW .
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