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Strength of yellow cypress lumber

- 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", Hirofumi NAGAO" and Hideo KATO"

Abstract

Recently, the use of yellow cypress (Chamaecyparis nootkatensis) has been increasing in constructing the
foundations of a house due to its durability. However, at present, the standard strength requirements of yellow
cypress that is essential for structural design have not been determined, and there is an urgent need to set rectify this.
In this study, various tests were conducted on the strength of yellow cypress lumber and we collected data for use in
determining its standard strength. After conducting tests on the bending strength, the compressive strength parallel to
the grain, the tensile strength parallel to the grain, the shear strength parallel to the grain and the compressive strength
perpendicular to the grain, we have concluded that yellow cypress should be added to the current non-graded lumber
category and included among karamatsu (Japanese larch), hiba (false arborvitae), hinoki (Japanese cypress) and Port
Onford cedar.

Key words : yellow cypress, strength, 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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Table 1. JRESEANAS D FLUEGR T

Standard strength requirements for non-graded lumber

SRR
Standard strength requirements
(N/mm®)
fott
Species e LA fit5 3£ 0 ity AW
Compression  Tension parallel Bending Shear parallel to
parallel to the to the grain the grain

grain

LH SHHED, (HED, NED 222 17.7 28.2 2.4

Akamatsu, Kuromatsu, Douglas fir

MEED, TG, DDE, NV

A . . . .
M Karamatsu, Hiba, Hinoki, Port Onford cedar 20.7 16.2 26.7 2.1
i) e DB RN
Softwood 1A Tsuga, Western hemlock 19.2 14.7 25.2 2.1

LR, ATED, LEED, NcED, T&,
CORNTE, RS IL—2R
v 17.7 135 222 1.8

Momi, Ezomatsu, Todomatsu, Benimatsu, Sugi,
Western red cedar, Spruce

) 1% » LU Kashi 27.0 24.0 38.4 4.2
JE RS

Hardwood e (DL ED, Bx, IR E
1% Kuri, Nara, Buna, Keyaki 21.0 18.0 29.4 3.0

Table 2. BIkf D& O AT D FLHAEGR T

Standard requirements for compressive strength perpendicular to the grain for lumber

RifA SRR
Species Standard strength requirements
(N/mm?)
HHED, {AHED, NVED 9.0

Akamatsu, Kuromatsu, Douglas fir

MHED, Gl TOE, R0
FEEAs : - 7.8
& Karamatsu, Hiba, Hinoki, Port Onford cedar

Softwood S, NVON, BH, ATED. LEED, NCEO.
TE AT E AT NV—A 6o
Tsuga, Western hemlock, Momi, Ezomatsu, Todomatsu, ’
Benimatsu, Sugi, Western red cedar, Spruce
» L Kashi
sk ML Kas 12.0
Hardwood D, &6, Bz, FPE 10.8

Kuri, Nara, Buna, Keyaki

Table 3. %527 )L — T D FLNF OHFE L HHRENEIC X 5V > 7RO E
Average of apparent density and Young’s modulus by longitudinal vibration method in each group
R oE )k MEHRBRE DY > 715
Apparent p Ey
(kg/m®) (kN/mm®)

MY « MEHEAR « &AM - D DATEERA S L—T

Test group of bending strength, compressive strength parallel to the grain, 523 (6.82) 10.3 (15.3)
shear strength parallel to the grain and compressive strength perpendicular
to the grain

it 5% 0 ikBRA 7 )L — T

521 (6.46) 10.3 (15.2)
Test group of tensile strength parallel to the grain

p: B Density, Ey.: HHRBIED Y > 7% % Young’s modulus by longitudinal vibration method.
77 INOEIZZEUREL (%) 7779 Value in the parentheses is coefficient of variance.
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -

€6°S 991 ¢cl 891 LSS Yor 6°Cl1 L
199 14243 8°¢1 S91 S'L 1455 1'91 1L
006 ILS 96l €91 €19 LY €91 69
¥6°S L8Y [ o1 179 LES 91 €9
€6°S S9¢ 991 191 0S9 9ts 6°S1 19
s CLS 091 651 ¥9°9 LIS 8°¢C1 6S
LT9 [494 691 €S £€'9 06t 191 8¢S
Y9 6¢S TLI 4! 6L9 1€ 961 LS
S6°L 0SS 691 IS1 969 €8 91 9¢
9¢'8 1439 791 (4! 'L €05 [ 99
S6°S 6CS 091 14! 1L S0S 791 123
179 €IS €91 124! €09 459 991 0S
S0UBLIEA JO JUSIDIJO0)) 059 861 791 134! 9 6CS 991 (4
WeESZ © AD ‘ureidoy oy [o[jered yiSuans Jeays ZfELIGY/ B ¢ 0 9L'L s €91 8¢l 1459 €08 91 87
1 J Ju0yu00 IMSION SN T DN 86°S 8% [ €el 06°S 0cs L9l 124
006 €9 LT XeN H 1L 81¢ (391 1€l 9¢°¢ 4 I'LT (44
89 STy [t NN FINAE 019 9ty 191 (4! $89 Scs €91 84
6°¢l IL°L 6S°C (%) AD ¥z 19°¢ ELY 861 LTI €L LES 891 (014
999 1489 191 BN F Ef e €58 1439 €91 9C1 019 8Ly €91 6€
001 001 001 "ON d.L ) 08°L Lyy SCl €Cl ¥$9 €IS 8°CI LE
969 114 91 661 6€°L 60S 91 811 €8°L 1449 L91 €€
€0°S Sty 091 861 S6°S L9Y 191 911l 0L (414 91 [43
818 LES 91 L6l 8%'9 0rs 6°Cl S11 €e's 60S 91 LT
6L9 45 91 961 €6°S 1494 91 €Il 79 91¢ 6°Sl1 9T
¥9°¢S oy 191 sol 96°S 9¢y €Sl 111 L9 60S (49! Y4
06°L 194 091 €61 6L'S 0Ly 8°CI 601 8CT'S LTS €91 T
059 148 091 161 L 6SS 091 LOT LT9 1214 €91 4
LO'8 o 991 061 STL ILy 191 01 619 (494 091 1
€0°L 489 6°SI L81 9¢€9 1cs 9°¢l 96 9¢’L 009 6°ST 0T
0¥'8 S€9 Ll €81 L6'S £6S 9°¢l 76 61°'L 6CS 6°Sl 61
0¥'8 9Ts 861 781 $$9 1459 9 €6 8¥'S €IS L'ST 81
¥09 (049 791 181 €69 (49 9l 06 8L9 96t 9°¢lL L1
oL’L 8¢S ¥91 8LI 0¢’L 18 9 98 1L 89¢ 8°CI 91
L 8¢S 6°SlL LLT LTS Sty 091 €8 IL'L 81¢ 8°CI Sl
629 144 191 9LI SL9 86¢ 191 08 L99 (439 991 Y1
109 LOS 991 PLI 0€9 10S S¢Sl 8L 8¢S 86¢ 91 €l
89 1439 991 €L1 6C'L STs 091 LL 808 009 991 cl
£€6'9 L8Y S¢Sl CLI £€e's (454 6°SlL 9L S99 8§29 6'Sl 6
90'8 8IS L'ST 0LT €r's 9SY 6°Gl1 SL LE8 939 091 L
[14] 681 €91 691 €59 961 6°Gl YL 869 L6S 9°¢Gl €
Bl it il e Bl Tt
L - I WEAYR  ohan | hwy R WEAYR o hpy PR

ure3 oy 01 [9[[ered YISUINS JBIYS UO SINSII IS, 5 FEH G/ B */ d[qeL

[Bulletin of FEPRI, Vol.9, No.3, 2010



IDO. H et al

140

LT¢ 0€'9 €L’ 699 L0l 9Ly [ L
€ee 169 6L°6 YL I'11 1S 7Sl IL
€ee 0’9 LT°6 SL9 8L'6 L8Y 091 69
LL'E 189 S0l LI'L o6 145 991 €9
gee 209 81'8 Y79 811 1zs 191 19
19% 0T’L 896 €9°L L1'6 S0S 671 6S
6T 68'S '8 90'9 71l (4 €91 8¢
9'e SEL o €S°L ST 10§ LSl LS
06'¢ 68°'S T8 619 06'6 4 g9l 9¢
we 199 8L°6 6’9 [\ 806 L'S1 SS
0s'C 9¢'¢ 808 'S 901 88 [ ¥S
¥9'C SL'S L8 £€6°'S 8Y'6 LY 791 0s
4% L 001 €L 0°CI 1849 8°CI 6F
8¥'S 0’8 VIl 768 €0l [ 191 34
- - - - (4 60S ¥91 144
65°C 9L’S 01’8 68°S (4] Ly I'L1 [44
243 8¥9 S0°6 £€6'9 €1l ws ¥91 84
vey 96'8 gl €€6 0Cl 88¢ 991 o
99°C 0L9 LTS 869 €01 881 49! 6¢
(34 86'L L6 €7'8 701 els 791 LE
€L'E LS8 el 88 [ SLS 191 €€
1494 89°L 01 S0'8 656 98% 9°¢l 43
e L89 w8 LO'L cll LIS el LT
¢8'C 69'9 71°6 69 16’6 90 (4! 9T
¥6'C 0T’L L8'6 oL 8L'8 [ 8¢l ST
91y 0S’L 66'8 16°L Tl 0€s 9°¢l 144
$9°C 86'S 8L 9 LL'6 €LY S Sl £€C
69°C vI'L 8¢'8 STL Sol 0I¢ 191 1T
G8'S €11 Syl 611 9Tl 16S SSl (114
8Tt 96°L 0llL 8¢'8 9¢°6 ¥9¢S 8¢l 61
SL'T 0’9 1€°8 59 $86 861 st 81
Iy SY'L 901 S8'L ¢8'6 voy 49! L1
€&r'e €S°L S6'6 WL LO'8 oIS 0¢I 91
LL'T 619 £€6'8 €9 L'T1 01S ISl Sl
€L'S €eL Sol 06'L 6’11 8¥S 791 14!
w's 086 8¢l ol 0L'8 [USY LS €l
8L'¢ 'L 701 9L’L 001 oS 791 Cl
£€9°¢ LY'L 06'6 6L°L 8°01 61§ a4 6
1249 S6'8 8¢l Ie6 0L'8 ws L'yl L
16°¢ 'L 8°01 €8°L [ LLS 9°¢l1 €
(N (N () (N (oD PR %)
060y 063y 063 %s1 ) q jusreddy IN -oN 0a1d 3sa.
N =/
MLV @ T O @ VG @ [ UORATE %S e o ol S

urer3 oy 01 rejnorpuadiod YiSuons dArssa1dwiod uo 1S IS, MR E L L () G2 “8 dIqBL

LTRSS 559 % 3 &, 2010]

BT

i

RRPAR



Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Strength of yellow cypress lumber
- Bending strength, compressive strength parallel to the grain, tensile strength parallel to the grain,
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shear strength parallel to the grain, and compressive strength perpendicular to the grain -
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Table 10. WX 7 T LI Fz iy

AIBRAG SR

IDO. H et al

Test results on bending strength by visual grading according to Japanese agricultural standards for sawn lumber

AR IEAS 1T

Hhro

HEIRBIE D

g odhF

Ak 1. o
19 K s Yoo voomm  MTRE s PRI
For bending member 11 %) Apparent p E, Apparent E, N /n:mz) (N/mm?)
1st grade (kg/m®) (kN/mm®) (kN/mm®)
FBRIASL TP No. 8 8 8 8 8 8
S Mean 18.0 512 11.1 9.87 54.4
ZENREL CV (%) 5.54 7.25 17.7 16.8 10.1 424
/) ME Min. 16.0 456 7.89 7.14 47.5 '
e A H Max. 18.9 555 13.2 11.8 61.0
TR 1 - RAMF D BHEBIED Ao - -
24 Ak i XUTRE YV THRM SR o PR
For bending member I1 %) Apparent p Eq, Apparent E N /n:m2) ? (N/mm?)
2nd grade ’ (kg/m’) (kN/mm?) (kN/mm?)
Al BR A% TP No. 34 34 34 34 34 34
SEEE Mean 17.9 520 10.4 9.35 52.1
LRI CV (%) 6.38 6.52 17.6 16.8 17.2 355
/) MiE Min. 15.4 443 5.53 5.10 31.0 ’
I KA Max. 19.9 586 13.8 12.4 72.1
HURRRS G 11 e R0 HHEBRED  HA o ! R
3 4 i s Y oRm vy MR % PRI
For bending member II %) Apparent p Egy Apparent E, N /rrl;mz) (N/mm?)
3rd grade (kg/m®) (kN/mm®) (kKN/mm?®)
FBR{AEL TP No. 42 42 42 42 42 42
“FEfiE Mean 182 523 10.5 9.42 48.7
ZENRECCV (%) 7.61 7.56 18.0 16.8 21.6 204
Ie/IMi Min. 16.4 455 7.02 6.76 24.7 '
I A fiE Max. 22.5 603 15.1 12.8 68.1
FTREHEE 1 P RGO BHEBRED  RAU o ! .
T i s Yoo vosmy  TTRE o S PRI
For bending member 11 %) Apparent p Eg, Apparent E, N /rr:mz) (N/mm?)
out of grade (kg/m®) (KN/mm’) (KN/mm’)
AR AERL TP No. 16 16 16 16 16 16
SFYfE Mean 18.6 522 9.85 8.83 44.0
ZEHFE CV (%) 7.81 6.41 12.5 12.2 28.5 19.2
/) ME Min. 17.1 449 7.84 7.07 22.8 '
e KA Max. 21.9 582 11.9 10.8 64.1

MC : & 7K 3 Moisture content, p . % J& Density, E;, © ft R 815 DV > 7 1% 5 Young's modulus by longitudinal vibration
method, E, : {2 7251 Bending Young's modulus, ¢, : i35 Bending strength, CV : Z5#){%% Coefficient of variance
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Strength of yellow cypress lumber

- 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 -

145
Table 11. #EFFAERRERAS F O
Summary of test results on compressive strength parallel to the grain
Rnigo RSN %D e A e g
Llestz Gi %
A s YYUEE vooke WERRE s PRI
Apparent p E,, E, . pebisiee
() (kg/m’) (KN/mm?) (KN/mm?) (N/m’) (N/m’)
FRBR{A%YL TP No. 100 100 100 99 100 100
T4l Mean 16.9 514 10.3 9.81 28.5
ZEENREL CV (%) 3.99 6.90 16.3 24.6 16.1 204
/)M Min. 15.4 429 6.24 4.88 18.9 '
K AE Max. 18.8 628 15.9 18.5 41.4

MC : &7K#% Moisture content, p : %% Density, Ey, : HHRENEDY > 7425 Young's modulus by longitudinal vibration method, E, : it
Y > 7R EL Compressive Young's modulus, o, © #tH-fiif% Compressive strength parallel to the grain, CV : Z8E{# £ Coefficient of variance

Table 12. #t5 |58 O GBS SO

Summary of test results on tensile strength parallel to the grain

\ CEHET] ot [
whs " N woomn  ROREDRE s
(%) Affgffq?;p (ko;;;lmz) (kNi;mz) (N/mar’) (N/mm’)
AAERIRH TP No. 99 100 100 100 100 100
S Mean 18.4 521 10.3 9.80 34.3
ZETHFAL CV (%) 6.45 6.46 15.2 16.1 32.8
5/IME Min, 15.6 447 6.34 6.16 15.5 77
A Max. 22,0 615 14.6 13.7 69.2

MC : %7K% Moisture content, p : %55 Density, Ey,, : ftiRENEDY > 7 1%E Young's modulus by longitudinal vibration method, E, : {5 [5E D
Y > 7% E Tensile Young's modulus, o, : #¢5 [5E VD 5% Tensile strength parallel to the grain, CV : Z5Hf{%& % Coefficient of variance
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Table 13. HHZHRIX 79 &A1 F 7t 158 D GRS R

Test results on tensile strength parallel to the grain by visual grading according to Japanese agricultural standards for sawn lumber

IDO. H et al

FREREEGAS 1T

R o

HEIRBN LD

i [ O

Ll s n . . o .
1k o s Yoo vorg  ROERYERE S PRI
For bending member I1 %) Apparer}lt P Eq, . ApparentzE[ N /rr;m2) (N/mm?)
Ist grade (kg/m’) (kKN/mm”~) (kKN/mm”)
FBRASL TP No. 12 12 12 12 12 12
FEE# Mean 18.3 524 11.5 11.2 439
ZEEREL CV (%) 8.00 5.86 10.4 10.1 28.2 186
/) ME Min. 16.3 470 9.45 9.34 233 '
I AAH Max. 22.0 570 13.5 12.9 69.2
TR A1 1T o tostz HinFo RSN %D D) ; a 0
248 e s YUoRE vougy  TOMRDEIE e PRI
For bending member 11 %) Apparer}lt P E., . ApparentzEt N /n‘imz) (N/mm?)
2nd grade (kg/m’) (KN/mm”) (KN/mm”)
AER AR TP No. 31 31 31 31 31 31
SEE{E Mean 18.5 517 10.3 10.0 383
ZEBIRE CV (%) 5.22 6.00 15.3 15.6 28.1 183
e/ )M Min, 16.9 475 7.03 6.81 21.1 '
e AiE Max. 21.3 590 13.9 12.9 67.5
FRBKEHA 11 _— R0 HERBITED 313D y R
For bending member II %) Apparer:t p Egqy . ApparentzE‘ N /m‘mz) (N/mm?)
3rd grade (kg/m’) (kKN/mm”) (KN/mm”)
FRER{AZL TP No. 38 39 39 39 39 39
YA Mean 18.3 524 10.1 9.54 30.5
ZEENREL CV (%) 548 7.24 14.6 15.8 28.5 145
He/)ME Min. 16.0 447 7.70 6.69 17.0 )
e KA Max. 20.4 615 14.6 13.7 54.8
FHRRARIE RS 1T PR FFo fitREn %D it 155 D " 0
e ik i YU roopm  ROIRDIEIE s PRI
For bending member I1 %) Apparer}lt P Eg., . ApparentzE‘ N /n;m2) (N/mm?)
out of grade (kg/m’) (kKN/mm~) (kKN/mm~)
BRI TP No. 18 18 18 18 18 18
Tl Mean 18.6 523 9.67 9.14 29.3
ZEIREL CV (%) 9.06 6.11 15.9 16.7 359 8.79
/) MiE Min. 15.6 475 6.34 6.16 15.5 '
I AfH Max. 21.6 575 12.6 12.9 49.8

MC : &7KZ% Moisture content, p : %5 Density, Ey,  HHRENED Y > 7 1%EL Young's modulus by longitudinal vibration method, E, : #t7 [7E O
Y > 7% H Tensile Young's modulus, o, © {7 [3E D 58J% Tensile strength parallel to the grain, CV : ZE8{Z%L Coefficient of variance
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Strength of yellow cypress lumber
- 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 -

Table 14. 1 A WTARERAS 5 O HE

Summary of test results on shear strength parallel to the grain

BFo
ke e & AW 5% TREME
MC e o, 5% lower limit
(%) Apparent p (N/mm”®) (N/mm’)
(kg/m”)
AR A% TP No. 100 100 100 100
S fiE Mean 16.1 514 6.66
ZENREL CV (%) 2.59 7.71 13.9 .
f/]M Min. 15.2 425 4.68 >
B AKAH Max. 17.2 635 9.00

MC : &K% Moisture content, p : i Density, o, : & A Wi & Shear strength

parallel to the grain, CV : ZZH1{##{ Coefficient of variance

Table 15. FERUWG I AUWRABRIC X 2 flfifE & o L

Comparison with other species using the full-scale block shear test

147

B AMIEE o,
Huknieg
=
- IIJ':_‘/' %?ﬁ - Standard
oot N JIH SEYiE 5% FFRAE EEIMFREL strength
pecies can p Mean 5% lower limit Ccv requirements
(kg/m’) (N/mm?) (N/mn1%) (%) (N/mm®)
A A %Y Douglas fir 519 7.62 5.79 13.3 2.4
t /& Hinoki 515 8.74 5.73 18.8 2.1
AN A F Western hemlock 477 7.50 5.42 15.3 2.1
A b\ Yellow cypress 514 6.66 5.21 13.9 -
AF Sugi 414 6.41 4.82 13.8 1.8

p . B Density, o, © & AWHEARE Shear strength parallel to the grain, CV : ZEHf{%& % Coefficient of variance
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Table 16. & O JAF GBS T OO R

Summary of test results on compressive strength perpendicular to the grain

P I=haE) MHREED 5% B O
B il sy 3 : 5% FBEA
MC I YRR V3| 5% lower limit
(%) Apparent p e Ocy-5% (N/mm?)
0 (kg/m®) (kN/mm®) (N/mm?)
AR A% TP No. 100 100 100 99 100
SEYI{E Mean 16.1 513 10.4 7.13
ZZHIREL CV (%) 3.86 7.30 14.2 17.7 47
/M Min. 14.4 436 6.80 432 )
B AKAH Max. 17.6 631 15.1 11.9

MC : & 7K3 Moisture content, p : i Density, Ey, © ftHRENE DY > 7% Young's modulus
by longitudinal vibration method, o¢y.sy, - 5% ZJERFD)E ] Compressive stress perpendicular to the

grain at 5% deflection, CV : Z#{#% Coefficient of variance

Table 17. 18O 8 D jAH SR /T 1S K B fhsfd & o L
Comparison with other species by ISO test method

¥ 0 SATHRIE fro0
D FLuksm s
ot MR TR g oandafd
Soeci ]'i; ? M ~1A A 5% T PRAE Z TR strength
pecies fumber kefm}p Mean 5% lower limit (6% requirements
(kg/m’) (N/mm?) (N/mm?) (%) (N/mm?)
717X Karamatsu 15 - 9.28 7.77 8.2 7.8
&7\ Hiba 31 500 11.1 6.52 17.3 7.8
A B3 Yellow cypress 100 513 9.48 6.51 17.8 -
AT Sugi 38 400 8.22 6.37 - 6.0
A 7] Western hemlock 50 483 9.37 5.03 25.6 6.0

p - Density, f;o0: 8 D IAFEE Compressive strength perpendicular to the grain, CV © Z8#){%%} Coefficient of variance
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