KHIBIZBES 289 G5 14D
AT T T O B S & it R X

N H i
B x

B D N N 39
1. BEflEERRS LOERBER T Lobh s MnA—FMfRal ... 39
1.1 RIS BB .« 39
1.2 B BRI et e 42
2. KRB RO I i T B I TR D RS o e et e et 42
RI 2T S Rty o DU 43
4. BRI 31T B W R BT i DT T T D T e et 45
5. SETEE R O R E B R R oo e 46
5.l R T D ottt 46
L R i =0y~ = S 48
5.8 B T D G o ittt 50
D R B D e o ettt 51
6. A BRI T A EEE L BRI L DHER. oo 53
6.1 FEME, BIEEMICBMRAY B TS LA bR AES (0<Kp<0.8) ......c.ooen. 53
[ N S O N o = 53
612 3 R T et 56
B1.8 T B et 57

6.2 EMEHOZCEMERELETS LA DHEE (1>Kp>0.8... . Ki=1.0) ...... 60
2.1 B (A e e 60
62.2 = T VR (B ottt 61
e B N N - 63
62.4 R T — AR 65
O S 67
7.1 ARMBO BRI DTSR 67
(TS Y- - R 67
71.2 EBRAEE L COMEASIOEADRMBE 67
T T T e A G 67
714 BHORE, £ THER L IO T e 67
T2 BRI - 68
7.3 S. C. Bechtel & C. B. Norris OHERHICOWVT oot 68
T 0 e e 68
o 69
RESUMIE ... i e e e e e e e e e 70

T ABEAM A HRRETESE




— 40 — HERRGWMERE $£715

¥ A B &

AMZBO THFRI] L\ 35 d DR, FHEOLDDF LD, Bz (NURT) LRIV LOEE EMT
IOoTZ B EBHALRT D, LD T, B, [ZOKRMOMTHE (HFHEFRE) .. ..
kglem? TH5H ] LW FHIEL VS D X0 7oV, Fal, dLHFERFOSREGED 12, Z0R
Huip b, R OBMBHE, FREk L Ok v OB CTEIEE L 5> T, IEBITHER & B 7854 Ok
AR L OHITTEBEREY HERITC b L i, 7o, SHLOHEMC A bl 2 KRB O o3
BISSHFRD RENEROARMIC OV TAUT L FF b D LZ V2 W& HH DT, S bie—Kit
LRSEIR b &S THERE A B 2 /e D7c DR Z OWFFEHEDRAETH B, I bic, ERIGITIL, Hi
EHHELY 5 1 ATRE HEEORB R Ziiotic $ ¥, ALK DORTHS X 51T, & ORI,
pigd &b, [F#X] ORWAHBIN LT, EHERFTLHETHTRELLOLED. 0 b, K
DOHFTHERE Y, HEO X Ry EE L LT LHEbVIcit, TR, £ OMRERGERI Lo,
WG ERIER TH 27D, &, TRAMIHEERE] LT LATRAT2ORELY. SDIE,
—BRANC AR B OB I OWTL, [HIBETH 35K, ERSIUERES CHERE] Lt LdT
DHEGHNTH B LT 55 MEDOWECEH L L ~BLATRE L DTV B,
ek, DOFERB I KhHIeoT, MERBEREAMDE, PMEMHERL D, WaLAHEEE
w505, ¥io, MENFFESIFFRSMEER U, ERE-HER JOCERFIHECIERT, Hihd
I EBHER T, IEH I BT Ic o, = 2id, L b OMERC T %,

1. B3I LOCERRBCTH EHORD [H—BlhigE

BEE TEERB oo T RM OB IIE, & X OHEERORR > [IEH—ERIER] OKa L o
RTHED LR ENT, Fig. 1 X Fig. 2 LT riRh200Ficgdbhs X 3icBis
HLL A OB RET D),

1.1 E#gISH—EihiR

G H—FBRNCIE Fig. 1 ©RLEESIC A, B 200HMR b bhs, 1hA, ERIT,
IHLORMEEL S bbb, BEIZOEML L TRIOFECH TRED LATIVESLT,
ALY, ERERSRF OFRIERSICIEL, Lo, EREMIR & OBEETD Sk iohuie & & A CHIMTIEAR

Py ~ a — SIMPUFIED_ STRESS - STRAIN CURVE_ s - SIMPLIFIED_STRESS= STRAIN_CURVE

, ACTUAL STRESS-STRAIN CURVE. ACTUAL STRESS-STRAIN CURVE ™

TYPE : A TYPE : B.

o - . 0 . . e

Fig. 1 Type of strain curve obtained from compression test.
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Fig. 2 Type of stress-strain curve obtained from tensile test.
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Fig. 3 (a) K—e¢ curve for a tensile test.
(b) o;—& curve for a tensile test.
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IO BRI CH D, L0 T, 27, HHEORHOREL L TOMS ¥ I3 BEREOR - &%
HEET B ICDITIIARD X 5 I L TRESF 1o LoDk O FHERIC X > THIT %,
i HEOHTHE ED 5,
i ANy EBEDM Wl BNEEFSTHB L ER, Tht WD, (WDps, (WD..... SEOFRFT
XML TEDRFCH BRI LD,
il CorE, MOWMSIMEMEL L CERRE (00), o KXIT2BERMEDM (), BIlHRERCKT
5 o, DI (@) BIV, BEEREBRC KV TEDBNRD Ko DER XD TE2 il TR bicly,
iv bl MEFRICEDBENDEEUL, kD 7, g, Ko BIO o, T L OTHB W BFBHRE» B,
WinTed bl kL BDRIRET D,
v oIhbeb, ZOHOMFRERKEAEOBENRC X YRS, EREFEZHE ULV,
NGO L%, LT, HERIC L 2Tk i\, B X 0 T#ERg L, ERCIBLDOLE
WL THRL S,

6. HMIFEEFERCETZETEE L ERIEE O LS

BHEDOE ZIOTERITANT, FREFHEOHEGRNELN T 5, i, FHHOBM L, TE
wEE L CREML Skeg/em?® HifF (233 A) &L, ¥ v &L 1000kg/cm? fifFe Lice 72U R
FREERFZERTIC 3\~ T S. C. Bechtel & C. B. Norris O3} Z /DR ERE L D 1 3K q RFHEL,
kil OFRRERD T, SHWLOKICAL, ERE DT TERR R L. Z OBF& OEENHRTL
Wb BREEMIE 5 p.os. 1. RS LCEE L.

6.1 [EfE, SBEEBRICEHMEERET I LHLRDBE (0<K)<0.8)
61.1 FF=vdTH

JLHBEBREERED S 0T, REEERE V2L L, BRAFEFBEEL TSV IHThH . O
ORELFREE R L OBREEHERIC DU Tk Table LIR L Th B K, ¢ 1L [BT) OBRERXHB I D—E
woMcHT 2 BEBEBONMOELEY L2 THbbL T 5, T, il Ru IRBRHESLRREE
BTE2/2b0THY, Ry RERESEHBHEETEHOLDOT, ZOBRETETRTIOHELH
W Tk, RIEDVSB LI, ZOMIL, KRR\ TREEHT THT] OREREL, SR
F=Y e LTUIKWETH D, - OERICHVC bR S MEMTIT

r=2.57; q=3.89; Ky=0.51
Th, BIEELEMEL DYy yR E=80,000kg/cm? TIZIFHZ LA bR 5,

HI RN, ko B RERFE R RSRERCHE ShcTRoRRA T, MHEWE/R: L 3
X3 em?; span=36 cm),

W, Wl=1/12+=0.0833 Tdh%, Table 1 ©'r, q LT Ky »SMHEREALRD D & (it
WD

(_%3_)ﬁhﬁ?3%%;é?o,133; (‘%3‘);wé*iéfsé*°‘0645 Lis
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Table 1. Strength propertles of loﬁdﬁo matsu —-Compresswn wood— i
- T o - SN N . Tension Compression
G. C to G L@ . ssion
Kind of test . Tension (/ to G.) ' ompressionA( It G) ‘ r?i&( // toic)ﬁ ~_ Compression  Shear
Standard ! T
No Kind of property Mark & umt} Aiverage deviation | M +A ) M +A ’ M M
l value (M) (£A) | | |
1 width of annual rings b mm 4.0 + 1.0 3.6 + 1.0 2.3 + 0.9 1.11 1.56
2 Summer wood c 9% 68 + 7 65 + 7 50 + 9 1.05 1.30
3 Moisture content u % 25.0 + 1.5 35.5 + 13.5 42.0 + 7.3 0.70 0.84
4 'Specific gravity, { at test Ru g/cm? 0.68 4+ 0.05 0.77 4+ 0.09 0.75 +0.08 0.88 1.02
5 oven dry Ry g/cm3 0.55 4+ 0.01 0.57 + 0.06 0.53 +0.04 0.97 1.07
6 Modulus of elasticity E kg/cm? 77000 410400 80000 4+ 10500 — — 0.96 —
7 Strength ¢ kg/cm? 900 + 110 350 + 45 90 + 10 2.57 3.89
8 Strain at Max. load 5 cm/cm 0.023 4+0.007 0.0074 40.0026 3.11
9 o /8 E’ kg/cm2 39000 47000 0.83
10 E'|E Ky 0.51 0.59 0.87
11 Volligkeitsgrad v 0.69 0.69 1.00
12 Specimens n 33 36 40 — —
13 Remarks Radial face
Ru=-v‘l;—z ; Ro= 3/;% (Vu: volumz at test; Wu; wzight at test; Wy: weight oven dry)
Table 2. Sirength of wood beams of Todc-matsu Compression weod and comparison of measured and computed bending strength. Center
loading, end support. Depth-span ratio (#/l) =1/122=0.0833. Direction of loading—: Tangential o o
Beam 'V‘Qstgﬁa?f“ Sumn?ier Mo1:tu1;e " Sp. G. © Modulus of elasticity ' Strength Calculated strength \‘T“{ o bs
No. . rings woo conten at test oven dry Compression| bending Compression] bending by Dr. Kon | by Sawada |ose | o e
| bmm ¢ C % u % R, g/cm?® | Ry g/cm® E. kg/cm? | E, kg/cm? o, kg/cm? | o4, kg/cm? o, kg/cm? ops kg/cm? |
1 2.8 62 73 ] 0.72 0.59 83000 75000 395 ‘ 810 | 740 795 \0.910.98
2 3.1 64 23.0 0.73 0.59 92000 86000 425 885 ‘ 800 855 0.900.97
3 4.3 59 23.5 0.64 0.52 78000 69000 355 | 735 665 735 0.911.00
4 3.8 54 24.0 0.67 0.54 83000 76000 : 380 755 710 ! 780 10.94 1.03
5 3.8 69 25.0 0.75 0.60 79000 87000 | 400 800 755 ! 810 iO'94 1.01
6 4.3 56 23.5 0.60 0.48 67000 74000 300 } 645 570 [ 625 |O.88 0.97
7 3.5 62" 24.0 0.68 ; 0.55 92000 73000 355 | 745 670 1 730 10.900.98
8 3.8 46 : 24.0 0.66 ! 0.47 79000 85000 355 ' 725 665 . 740 0.921.02
9 2.3 59 | 24.5 0.70 0.56 92000 84000 375 725 | 705 ; 715 ,0.97 0.99
10 2.5 39 24.0 0.62 0.50 86000 79000 335 730 ‘ 635 695 0.87,0.95
i ‘ 0. 91‘0 99
M 3.4 | &7 24.0 0.68 0.54 83000 78000 | 370 7% 1 8% | 760  10.92]1.01
3r—1 8 ’
= O hs = 2-1 C T
e r+1 T T Gk DR o o) / 1+ r(h/l) Coufra |-
Chfl) )= (D))= =0.133; h/z_rz_ 0.0833

7.5

W

SR e
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Lo T, BARE (63.10) Keteh. ¥, SEEMTIE (51.9) XA IhBZ Eitic b,

F OEFEAE L EBRE L OMEE Table2 wRT LR D ThHB. Ik, BDOROOHITFHEHBREAOTES X
v, ERERBRE (3X3x6cm?) #AREOT, BEBREIT, XET 2 EMmMEM L L,

Table 2 > M 3FE@ERREL, ZOMD ocur, cus 13, 7, ¢, Ky EFEED o, EnBEHIN
TWw5b, fEFRE LT, FEMEEERMELIIELDTIL —HL T 5. oond N 1 ELINOMIEC & &
D, TONEHNTE, EMEALTHETSSE . LrL, WTFhicwd, Ko O EXHR
WAICHFYEE LD LRI ETHLRVTHS S,

SOER, & WMTFRREYFTS 2 L7c<, Table 1 DAHIT X ->T Z OB DR EELRMAR X O HIT IEE
BERDDLRD LS Do

Table 1 X b

r=2.57; ¢=3.89; K¢=0.51; o,.=330kg/cm?
LA RERRE L LT

=1 . 0.083 & ') (— ?*)pl>%>(lL>Pz

p i, O Ti
SHR———BBRBENFRK  FHE— M SRR
_ osx=660kg/cm? ¢4, =720 kg/cm?
PEOND, ZHEEROHTHERE ove LKL THRZ L

ThK-_(.87 Ihs +0.95

The Toe

i h, KERCEWT, ZOMOIFRE, ik, GREEXHESEL S A L0555,

Urit :_mm
Bendin% specimen . e —

—~0= ~liok=-
T ‘ D G AN : N
10 : c P Do F L
' 1 !
T R |
L) (S (SR {
L\\? A Ny N o
U 4 S )
N . < 2N

\ N \\ X
- 500 ; 500 —
T‘ 1200

L ~
Q 30
{
R Bending - 30 30 Compression & Shear
) Tensi
c Tension _23 £ 20 cnsion
N
30
N
v
Bending jj’ Bending
D 10 F
0 £

Fig. 14 Cutting diagram from original static-bending specimen
(bending, temsion, compression, and shear specimzns).
Original static-bending specimen: b=6 cm, h=5cm, span=100 cm, Type of Loading:
Center, end support. Loading direction: tangential. Spzecimen divided: C (Bending—
span=45 cm, Tension—Japanese standard.) D (Bending—span=28cm) E (compression—
3x3x6 cm3, Tension, shear—2x2x3cmd) F (Bending —span=20 cm).
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61.2 IXFF#

HEEFEALUEEREO S 0T, EMRETKRED, Hbic, B 6x5cm?, #E2 120cm O,
BRfkx fEotc. “HMEARET, Mk 6cm, ~YKSFIE S5cm, R/8Y 100 cm DS ERTER 1%
too Tk, WEBMIITEE TH . 20X 5K LTRREY T o0, Fig. 14 WRT X5 s8RED
X YRD X5 IedllikEy Lo

1) A X0 B #HERA AERM. HE, Sk, IHER etc.

i) C Rk BEERSR (BT5) iFEm (v =45cm)

iii) D #5K © FR% (2 =28cm)

iv) E RBRA 1 BIERRG (BT EMER (3X3x6cm?) FylalE (2x2x3cm?)

v) F &&F #irEs (A ~v =20cm)

£k, C & E T, KD DBEEIDHS D2 cbDbd Y, F TlX, &2 YVIARTOM, 11
ERETBAN ez bl 2 foled, WIEZL OMCHERH DD T, T ORBFIISEIREL & L L.
e, WTRORRMTOWTS, TCERT, HE, SARZEOMNBIFOT 5. LTy
R suwTid, JBRE, £ OMSEL b Bl L OBIFER 2 RO TRBRL T\ 5. BRERBRER
V3, RKELD BB S 8 U 2B & O GRS IS T 5 & © & L TR b o7, BRI Sk
L TL, ZhbTRTORTREM AL Lich 0% dh T,

COBETIE, TOMDIENT, TIFHBIVO=Y<YH A oWTh e FEOHEY VTR
L T\5,

Table 3. Strength properties obtained from the wood beams of Mizu-nara
(Tension, compression and shear).

I | i Specific Modulus of strength
3 Width gravity, elasticity ) g ,
Ma;k Beam of Moisture? loven .. .  Compre- ~ “ICompre- _, . 2t | Ze Et
Be(;m No. annual content at test dry {Tension ~ . ° Tenswn. ssion !shear o, T Et
| rings . Ru | Ry ’ Et Ec or | o, | 0T |
. ybmm  u9% glem? glemd kg/em® kg/em? kg/em?  kg/em? kg/em? 7 | g Ky
(¢] 1 ‘ 1.8 53.0 0.91 |, 0.60 | 114000 94000 1195 | 270 | 105 4.402.550.73
4 2 2.9 48.5 0.94  0.63 | 131000 , 122000 1360 | 315 | 120 4.302.700.63
4 3 2.2 50.5 0.92 | 0.61 = 92000 98000 950 295 115 3.202.600.71
4 4 2.0 50.5 | 0.90 | 0.60 ' 105000 & 96000 1120 300 115 3.752.550.66
4 5 3.0 52.0 ! 0.96 | 0.63 | 108000 105000 | 1160 320 115 3.652.750.64
M 2.3 51.0 .0.93 | 0.62 110000 103000 . 1155 300 115 3.8512.650.67
C 1 1.9 51.5 0.91 | 0.60 102000 , 92000 1005 300 110 3.3512.700.73
E 2 3.2, 48.0 | 0.95 | 0.64 | 142000 ' 123000 | 1500 315 120 4.80;2.65;0.63
E 3 . 2.2 52.0 [ 0.92 ,0.61 ' 92000 . 98000 950 310 115 3.05%2.70‘0.7]
cC | 4 1.8 49.5 | 0.87 | 0.58 98000 | 78000 | 920 275 ‘ 105 ‘3.03‘2.650.70
cC | 5 | 3.1 52.0 0.95  0.62 107000 ' 103000 | 1305 315 | 110 4.152.800.56
M ‘ 2.4 50.5 0.92 ' 0.61 @ 108000 95000 1135 | 305 110 3.752.700.67
D 1 1.2 54.5 [ 0.91  0.592 102000 92000 | 1005 | 255 | 105 3.902.45/0.73
4 2 2.7 49.5 0.93 | 0.62 121000 , 130000 1220 305 120 4.002.600.64
4 3 2.2 49.0 0.92  0.62 92000 | 100000 950 315 110 3.002.95‘10.71
4 4 2.2 52.0 0.93  0.61 98000 97000 , 920 | 305 120 3.002.500.70
4 5 2.9 | 52.0 0.97 | 0.64 107000 ' 115000 1305 330 125 3.902.700.56
M 2.2 | 51.5 10.93 | 0.62 | 104000 ' 107000 1080 \ 300 115 13.552.650.67
; | R | 3.702.850.67
Mark of beam b h + [ (span).cm
o . 6 5 100
Cor E 3 3 45
D 3 4 28
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Z O O EBR TS T 5 I E s L ORE R A R Table 3 D k) Tho,

Table 3 Th% &, =0, FEjM, HEL b, KK BEOI X+ IHeELLND, ¥,
¥y rRTY, BERLERE TAERL, JOREORPDOEENTITEIND S DL Bbivd, Wi
BETHARBCENTEADOTW S, ThLORKEX AT, TR ENOMIFRREMND L L ORHELM:
BIOHITRERKEY L LoDy Tabled TH5,

Table 4 G, #%& O 03Tk, C—1, C—4, E—3 3, B PEREAHRBER, % Ofiit,

BEHERBT IR IR L e B, E, SHERTIE, Z ORREWN, BRI IHERK L kB,

P LT EH DX T

EFL 8 ARlT o\ Tk aps (51.10)
ZOfTIx aus (53.10)
SHEDORTIE, TT oox (51.9)

PEAEINDLZ LTl b, FOfREE, FEMIVCTROBALERMBL h 2L, FHLT, cox/one
=0.91, opsa/ope=0.97 LigDT,

LimionT, -oigad Ko OEBNEHOL S Th b,

Table 4. Strength of the wood beams of Mizu-nara and comparison of measured
and computed bending strength.

Depth by span ratio lModulua of rupture in bendlng‘
Beam _—— - oK -
P Tested Calculated —= b
o l ) 9 | — } The The
l 1 /D The - Y Ths
Mark | No. | \ kg/cm? kg/cm? 1 kg/cm? |

[ \ T T
o) 1 0.049 | 0.128 0.077 625 610 645 0.98 1.03
# 21 0.049 | 0.125 0.060 730 710 i 755 0.97 1.03
" 3 0.049 0.177 0.098 705 605 | 650 0.86 0.92
4, 0.049 0.153 0.079 735 645 | 690 0.88 0:94
" 5  0.049 0.148 0.073 800 685 : 735 0.86 0.92
‘ 0.91 0.97
M | | 720 650 ‘ 710 0.90 0.99

|
C 1| 0.064 | 0.149 0.097 ’ 675 620 | 665 | 0.92 0.99
E 2 0.064 ' 0.114 0.055 805 725 755 0.90 0.94
E 3, 0.065 0.181 0.105 710 625 | 670 0.83 0.94
Cc 4 0.065 0.169 0.094 585 575 | 615 0.98 1.05
' 5 C.064 0.125 0.051 770 695 ' 740 0.90 0.96
‘ ‘ ! 0.92 0.98
M 710 660 . 705 0.93 ©.99
D |1 ‘ 0.139 ‘ 0.151 0.086 ‘ 625 560 }I 610 0.90 0.98
" 2 0.138 0.140 0.055 755 675 ' 725 0.89 0.96
7 3] 0.138 0.171 0.097 i 670 630 | 655 0.94 0.98
" 4 0.139 0.197 0.113 700 610 | 655 0.87 0.94
” 5‘ 0-137 | 0.138 0.057 ‘ 775 725 \ 780 0.94 1.01
| 0.91 0.97
M | i 705 635 670 0.90 0.95
. } 0.91 0.97

| ! | i

Moisture condition: Green Type of Loading: Center, end support. . : determined by test.
opi: Computed from Kon's equation (51.9).
ops: Computed from Sawada’s equation (51.10) or (53.10).

61.3 7 F+ #
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oWk Table 51/ T LB D THD, Ik, FilBDI b, 8~10 1AL TH D, Fifgh, HE
ZEBRTFHELTRRERS DI DL D EHE LIRS, MM EIZRTC, fED 7Y > Ay I
WE5ThB. T, Y IR TRBERLEMTAERL, X+ M LR oREOREYARLL
T EES.

TN LOWREN D, ERENIRER S L OB TR R FHEL T, SERE L R Lo
Table 6 Thd. ZOBWETL, EEFELT, oux/c6e=0.90, ¢ps/cs=0.96 T, Ky ¥ EET52
EDOFEHMENHEIN D,

‘Table 5. Strength properties obtained from the wood bzams of Buna
(Tension, compression and shear).

Specific | Modulus of Str;ength o } i

1
Width | ‘ gravity elasticaity Ly
Beam | of |Moisture t test °V€T Tensi Compre-T P Compre-jsh gt Ze iE—i
an'nual | content ‘a es ‘ dry ension ssion ensmni ssion | ear o, T ‘l
Mjrk1 No, [imes Ru | Ry | Et ' Ec ot | e, | T -
Tl bmm u % g/emd g/emd kg/em?  kg/em? kg/em? kg/cm? kg/em2 7 q 'Ky
[ ] 1 | 1.8 | 50.0 |0.72|0.48| 83000 88000 | 945 265 90 |3.5712.950.75
L2 | 1.8 50.5 |0.75|0.50 | 81000 = 85000 | 790 250 90 13.162.780.70
L3 2. 48.0 | 0.72 | 0.49 | 81000 = 86000 | 79C 265, 90 2.982.950.74
4 ! 1.5 1 52.0 10.74|0.48 | 80000 | 89000 | 820 260 90 13.152.900.75
5 i 2.0 | 44.0 10.78 | 0.54 103000 | 99000 | 885 | 270 | 95 (3.282.850.72
0 6 | 2.0 | 43.0 | 0.75{0.51 | 105000 | 102000 | 1040 280 95 13.712.950.78
7 | 2.0 | 51.5 |0.73|0.49 | 73000 | 76000 ' 650 255 85 [2.553.000.73
o8 2.1 47.0 | 0.76 | 0.52 | 114000 | 110000 | 1220 290 95 '4.213.050.78
‘ 9 ! 2.5 46.5 | 0.78 | 054 | 112000 | 112000 | 1080 310 95 13.49/3.26/0.77
[l 10| 2.4 46.0 | 0.74|0.52| 97000 | 94000 | 890 285 90 3.123.170.71
'/ M | 2.0 | 48.0 |0.75|0.51 | 93000 94000 | 910 275 90 3.30{3.00'0.74
| . i \ 1
( 1§ 1.8 49.5 | 0.72|0.48 | 85000 | 82000 | 910 | 260 95 13.502.740.82
l 2 ‘ 1.8 52.0 |o.74 0.49 | 79000 | 81000 | 710 255 90 [2.792.840.75
' 3 1.9 | 48.0 . 0.73]0.50| 83000 | 74000 785 270 90 2.9113.000.73
| 4 ' 1.9  50.0 0.76|0.51| 87000 | 87000 | 865 270 90 3.203.000.76
| 5 P 1.9 | 41.5 |0.7810.55| 102000 95000 | 885 265 95 13.342.790.72
E 6 | 2.0 41.5 | 0.73 | 0.52 | 110000 | 104000 | 960 270 90 3.553.000.82
[l 7] 18 44.5 | 0.69 | 0.48 73000! 83000 | 650 255 90 ‘2.55‘2.84!0.73
[ 8 | 2.3 | 41.5  0.75|0.53 | 109000 | 99000 ' 1035 275 85 3.77,3.240.73
9 | 2.4 | 41.5 :0.76 | 0.54| 123000 119000 = 1290 315 95 4.103.320.74
| 10| 2.3 1 415 \0.72 0.51 | 99000 | 94000 | 910 285 85 ,3.19,3.35/0.68
' M | 2.0 | 45.0 |0.74[0.51| 95000 | 92000 | 900 270 90 \3.30’3.000.75
"o 1.7 | 49.0 0.7310.49 ! 80000 88000 | 980 270 90 (3.633.000.68
2 | 2.0  48.0 | 0.74|0.50| 83000 76000 | 87C 240 95 3.632.530.65
3| 2. \ 46.5 }0.70 0.48 | 78000 | 98000 | 790 280 90 2.8213.110.74
4 1.6 | 46.5 |0.72|0.48 | 73000 | 96000 = 775 280 90 2.7713.110.73
5 . 2.0 44.0 . 0.77 | 0.54 | 103000 85000 / 885 | 275 95 3.222.900.72
D/{| 6 ' 1.9 47.0 | 0.74 | 0.50 | 100000 | 100000 ' 1120 295 95 3.803.100.75
[ 7 1.9 49.5 10.73|0.49 | 73000 | 72000 | 650 250 95 12.602.630.73
| 8, 2.0 49.0 |0.74 | 0.50 | 118000 ' 115000 | 1410 295 105 4.7822.810.82
L9 2 43.5 | 0.77 | 0.54 | 101000 | 115000 | 865 305 100 2.843.050.79
| 10 | 2.5 | 46.0 ;0.74 | 0.54 | 95000 | 101000 870 300 95 2.903.160.73
“ M | 2.0 | 47.0 §0.74 0.51 90000] 95000 | 920 280 95 3.30‘2.9510.73
I i
‘ | ! ! l3.30‘:3.00.0.74
! i 1 L ! I
Mark of beam b + h + [ (span) cm
¢} 6 5 100
E 3 3 45
D 3 4 40
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EHIT, WBLRMALEARY RTERD L5 1T,
FENEN con ( ) KX ons ) X
o) (51.9) (51.10)
E V4 ”
D—3,D—4,D—7,D—9 (51.9) ”
D & bh i ” (53.10)
Table 6. Strength of the wood beams of Buna and comparison of measured andt
computed bending strength.
; Depth by span ratio Modulus of rupture in bending ‘
Beam — e = —— —— — ‘ oo o
s | ) I __)*_
o (ay [y Tee | Cwewa 3EE
l I /p1 I /pa Tre " owk T s !
Mark 'No.i o kg/cm? | kg/cm? , kg/cm? !
1 0.080 0.140 . 0.088 I 555 ‘ 565 595 | 1.02 1.07
2 0.050 ‘ 0.170 ' 0.0% ' 600 510 550 | 0.85 0.92
3 0.0 ! 0171 0.104 640 . 530 565 | 0.83 0.88
4 0.050 ! 0.163 0.102 | 550 530 | 565 0.96 1.03
5 0.050 0.159 0.093 . | 715 560 595 0.78 0.83
o ! 6 0.050 0.134 0.088 605 600 635 0.99 1.05
i 7 | 0.051 0.201 ! 0.120 560 480 520 0.86 0.93
| 81 0.05 0.113 | 0.074 | 720 645 | 675 | 0.90 0.94
9| 0.050 ' 0.130 | 0.084 ‘ 765 655 | 690 | 0.86 0,90
10| 0.050 0.151 | 0.087 I 670 580 | 620 | 0.87 | 0.93
x P ; . { 0.89 | 0.9
/M| 0.050 l| 0.150 | 0.091 | 640 | 570 605 | 0.89 | 0.95
| ! |
(] | 0.065 | 0.154 0.109 ' 575 | 550 ' 575 0.96 | 1.00
21 0.067 | 0.191 0.119 560 495 535 0.88 I 0.96
3 0.067 ! 0.173 0.104 560 535 : 575 0.96 1.03
4 ! 0.067 | 0.155 0.098 605 550 | 590 0.91 0.98
5| 0.066 0.189 0.093 570 550 590 0.97 1.04
E 6 0.065 0.138 0.098 630 570 | 600 | 0.91 0.95
7 0.067 0.212 | 0.127 535 505 ¢ 520 | 0.94 0.97
8 | 0.067 0.120 0.071 675 595 630 0.88 0.93
9| 0.066 0.107 0.066 745 700 ! 35 , 0.94 0.99
10| 0.067 0.139 0.076 695 580 ' 630 | 0.84 0.91
0 | 1 0.92  0.98
‘M| 0,066  0.150 | 0.093 615 | 560 ‘ 595 0.91  0.97
{ | | |
© 1| 0.100 l 0.135 | 0.073 620 ‘ 575 | 600 0.93 | 0.97
| 2 0.100 | GC.160 L 0.081 575 | 510 545 0.89 0.95
.3 0.099 0.173 | 0.106 655 | 545 | 590 0.83 0.90
! l 4 0.099 | 0.176 | 0.105 645 } 540 | 585 | 0.84 0.91
[ 5! 0.099 0.159 ' 0.09% 670 | 565 | 600 | 0.84 0.90
D ) 0.100 0.114 | 0.077 660 1 640 | 660 | 0.97 1.00
i 7 0.099 | 0.224 0.134 | 550 470 510 ‘ 0.86 0.93
] 8| 0.09 | 0.107 0.076 65 | 680 | 685 | 0.9 0.99
9 \ 0.099 0.175 0.118 | 685 | 600 | 635 | 0.88 0.93
[ 10 0.100 0.164 0.099 640 590 635 I 0.92 0.99
| | i 0.89 0.95
M 0.099 0.153 0.091 640 . 580 - 600 0.91 0.94
' ‘ 1 | ; 0.90 0.96
| ]
| | ‘
Moisture condition: Green. Type of loading: Center, end support.
et determinzd by test. opi: Computed from Kon’s equation (51.9).

a2t Computed from Sawada’s equation (51.10) or (53.10).
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6.2 ERRRAIOHKICEEREZET S LHDHBHE (1>K0>0.8
62.1 x=v=vH (A)
L EEFREARED b O C, FEHREREMCHER IR W3 »ELEREL TV 28HM TH %,
HFRBOKRT, FEEITRT, §is# (3 5+75, 77) L@ fAKTH 5,
F OWTREEOEEFRIL Table7 12k Lch, EHEERTNIIH 2.8mm TRL= V=Y & LTULIAWE
ThH, LEIRLOE Y, YV IrRTCIBFRLERETELAL—HLTEY, Ky OETLHFE 0.84 %
RL, ¥y 7ROZML EHTEBTIIEL0 LA THIF LA LMER TV EBbh b, 78, —Bic

OREOSEERIM T, D o—e i\ ink 1.1 © A BeEL, FAWELXTE O LEXOHER
HARACEDT2ERAH D, TORDOREIHRNZI,
Table 7. Strength properties obtained from the wood beam of Yezo-matsu
(Tension, compression and shear)
T R Specific Modulus of o 0
Wldth | gravity elasticity Strength v o, |E
M 1 N T ’_ - « it
Mark fi\c}?:n an.nuail Cgrllsttenieat test! ng; Tension Cg;?(?ge Tension C;\::g:e Sh ar | o, T 3Et
: ring:
Ru | Ro 1 ‘
bmm u % |g/cmd g/em’ Et | Ec o o, | T r | q ' Ky
| ‘ ‘
1 3.2 ! 15.0 0.39 | 0.34 98000 | 107000 990 320 95 3. 10‘3.37;0.86
2 3.5 15.1 0.42 | 0.35 76000 86000 745 335 100 2.223.350.87
o 3 2.1 15.0 0.42 | 0.37 ! 117000 99000 1120 335 100 |3.353.350.86
1 4 2.6 15.0 0.41 | 0.35 | 131000 | 122000 1145 345 100 [3.323.450.77
[ 5 | 2.8 15.0 0.42 | 0.36 | 127000 | 127000 1220 355 100 3.44/3.550.93
M | 2.8 15.0 l‘ 0.42 | 0.35 | 110000 | 108000 1045 340 ' 100 3.103.400.84
‘ i
1 3.1 14.0 0.40 | 0.35 98000 | 104000 990 350 | 100 |2.833.500.86
2 3.6 14.0 0.46 | 0.33 76000 84000 745 370 95 ;2.01;3.90|O.78
E 3 2.2 15.0 | 0.42 0.37 | 115000 | 100000 1070 350 | 100 |3.06/3.500.85
4 2.3 15.0 0.41 | 0.36 | 131000 | 125000 1145 345 | 95 (3.323.63/0.77
5 z.1 15.0 | 0.42 | 0.36 | 127000 | 131000 1220 370 | 105 3.303.520.93
M 2.7 14.5 0.42 | 0.35 | 109000 | 109000 1035 355 | 100 2.903.600.84
’ < B! 2.8 15.0 0.41 | 0.34 98000 | 103000 990 320 90 [3. 10,3.56/0.86
‘ 3 2.3 15.0 0.41 | 0.36 | 118000 | 113000 1170 340 100 3.34/3.400.87
D 4 2.4 15.0 0.40 | 0.35 | 131000 | 115000 1145 340 100 13.37!3.400.77
5 2.2 15.0 0.42 | 0.36 | 127000 | 123000 1220 355 100 13.44‘3.5510.93
M 2.4 15.0 0.41 | 0.35 | 119000 | 114000 1130 340 95 33.303.50’0.86
1 3.2 | 15.4 0.38 | 0.33 §8000 101000 990 295 90 3.36‘3.78‘0.86
2 3.5 15.7 0.41 | 0.36 76000 90000 745 325 | 100 ‘2.29;3.750.75
F 3 1.9 14.1 | 0.41 | 0.36 | 115000 99000 1070 315 | 100 3.403. 15‘0.85
4 2.9 15.4 | 0.39 | 0.33 | 131000 | 121000 | 1145 335 | 105 3.423.190.77
M 2.9 15.0 | 0.40 | 0.35 | 105000 ! 103000 990 320 100 3. ]Oi3.20i0.82
] 3.103.400.84
| o | _' |
Mark of beam b + h -+ [ (span) cm
(6] 6 5 100
E 3 3 45
D 3 4 28
F 3 5 20
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Table 8. Strength of wood beams of Yezo-matsu and comparison of measured and
computed bending streangth.
i Depth by span ratio Modulus of rupture in bending‘ ‘
Beam - - THK1 ThRM
*f‘ (-h.-) (L) 1 (_h_) Tested 1 Calculated U e “ose
Mark 'No ’ l L p I /e The o yK1 oy KA }
: kg/cm? | kg/cm? ' kg/cm?
\ | ' ' i
[ 0.045 0.143 0.594 ! 605 650 650 1.07 1.07
‘i 2 0.049 0.211 0.597 ‘ 575 ‘ 590 680 1.03 1.18
[l 3 0.050 0.132 0.597 600 | 695 680 1.16 1.13
O ' 4 0.049 0.129 0.580 640 | 695 700 1.09 1.09
H 5 0.049 0.121 0.564 655 745 720 1.14 1.10
‘ | 1.10 1.11
‘1 M 0.048 0.147 0.586 ! 615 ‘ 675 690 1.10 ’ 1.12
I
“ 1 0.067 0.153 0.572 625 685 690 1.10 1.10
2 0.065 0.204 0.513 i 575 620 730 1.08 1.27
‘1 3 0.064 0.140 0.572 610 ‘ 705 690 1.16 1.13
E 4 0.063 0.123 0.551 ! 640 715 680 1.12 1.06
5 0.063 0.128 0.569 715 765 730 1.07 1.02
| | 1.11 1.12
‘ | M 0.063 0.150 0.555 \ 635 | 700 720 1.10 1.13
‘1 0.083 0.135 0.562 @ 620 650 660 1.05 | 1.06
s 0.137 0.126 0.589 | 615 695 695 1.13 | 1.13
D! 4 0.132 0.129 0.589 | 680 705 695 1.04 ‘ 1.02
1 .5 0.133 0.121 0.564 705 725 725 1.03 | 1.03
1.06 | 1.06
v M 0.134 0.125 0.581 665 710 700 1.17 ] 1.05
[i 1| 0.224 0.134 0.610 | 545 510 500 0.94 | 0.92
2 0.249 0.210 0.615 | 560 | 540 550 0.96 0.98
F 3 0.248 0.138 0.635 | 495 ! 530 530 1.07 : 1.07
o4 0.247 0.135 0.627 | 505 560 565 .11 | 112
| | 1.2 | 1.02
M 0.247 0.154 0.612 525 535 525 1.02 ‘ 1.00
| ‘ 1.075 ‘ 1.082
I |

Moisture condition: Air dry. Type of loading: center, end support. o,.: determined by test.

our1: Computed from Kon's equation (51.9).

62.2 ==vi (B)

JLiEEAR S IREAEKED S DT, FBHERFELILL DO TH D, = OH OMILRE,

THR M-

V4

Liest, Jggofew, C, D, E X0 F CR Lttt MUEEHEED b 0 b 2 iz
Tl 723.10;¢=5.00 XA bh, D 4H5DLDTE r=3.5 (KEH), r=5.67 (%8H);¢=4.0
BELHLNEG v OfE, ¢ DECSVT, HOEERER L OLESC X 5 BRITERINC L

DONDBEND B

B #& M\ CEPo o i BB 0 &M4-13,
BN . hRERFHE K5I M=2cm, ~Yy x¥r=2cm, A~y =24cm

i B W AEHT

h

l

S S
=—j5-=0.0833

h h
“I_‘<<—I—)P1
PR, T OFEENL, BER (D mErERE L5,

H R RN oon (51.9)

(according to mean valuz of v).

Table 9 TR
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Table 9.
—— e S— S P D S R
Group (“?é’f-cﬁiﬂd?ﬁz“{é‘s‘i")
Properties o Mark- 7 Tensmn Cc;r‘sﬁi%ie‘ shear ';e_nsion
Width of annual rings mm 2.2 2.1 2.1 1.7
Summer wood S % 14.5 12.0 15.5 11.5
Moisture content u % 11.0 12.0 11.5 17.0
Specific gravity Ru g/cm3 | 0.43 0.43 0.42 0.43
Specific gravity, oven dry Ry g/cm? | 0.39 0.39 0.39 0.36
Young’s modulus E kg/cm? — - — | 145000
Strength o kg/cm? 1315 42§ 85 1480
Strain at max load 5 cm/cm — — — | 0.0110
a/d E’ kg/cm? — — — | 135000
E'|E K -— — — 0.93
Volligkeitsgrad |4 - — — 0.53
oeloe 4 3.10 3.
aelT q 5.00
5:/8, m — 3.
Specimens 5 ‘ 5 20 39
Remarks ‘ | Radial

| face

C
(clear, air dry)

Compre
ssion

1.5
13.0
16.5
0.43
0.37
134000
390
0.0033
118000

0.82

0.57
80
35

38

Streng‘tb properties of Yezo-matsu (B) and comparison of B and C, D, E, F.

(clear, air dry) |'(clear, air dry)
"I‘ ension C;);g);e |’I‘en51on ’C;);](frfe
1.3 1.3 1.3 1.2
12.0 12.0 12.0 12.0
14.5 14.5 17.0 17.0
0.41 0.42 0.41 0.43
0.36 0.37 0.35 0.37
144000 | 135000 | 122000 | 123000
1375 395 1235 350
0.0101 | 0.0032 | 0.0103 | 0.0031
136000 | 124000 | 120000 | 113000
0.94 0.92 0.98 0.92
0.53 0.55 0.54 0.54

3.48 3.53

3.20 3.35

35 35 50 30

|

F
(clear, moisture)

E‘:nsmn 'Compra-
_ _ssion
1.7 1.5
12.0 12.0
27.0 28.0
0.44 0.45
0.34 0.35
121000 | 125000
1340 235
0.0132 | 0.0024
102000 | 100000
0.84 0.80
0.54 0.57
567
560
39 | 38

SLLY DEUNEEEY
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S & R & DT Table 10 R L7cH, FOREERNDELDTIL —HLTWH I EH5
bo 103, ZOHMOBMERIL, BENINFITONEISEL D=V =Y TLLALL DI BRT, 20D
FEHMOECAZ 2 E2VEH SN, LS THE (R) 3R AEWL S5 Thh,

‘Table 10. Strength of the wood beams of Yezo-matsu (B) and comparison of
measured and computed bending strength.

Width of ‘ ] | Specific gravity Compre- Modulus of rupture
Beam | annual Sunm(xier | Moisture : L ssive c P
No. rings woo content at test oven dryl strength  Tested alculated The

. [¥e

bmm @ S % u % Ru g/cm3 Ry g/cm3o,. kg/cm2o,.kg/cm? kg/cm?
1 1.8 13.0 13.0 | 0.43 0.38 405 870 ‘ 820 0.94
2 1.7 10.5 13.0 |, 0.43 0.38 415 855 | 840  0.98
3 2.2 7.5 13.0 0.39 0.35 395 765 800 1.05
4 2.1 6.5 13.0 0.41 0.37 420 825 850 1.03
5 2.5 14.0 13.0 . 0.40 0.36 400 770 810 1.05
6 2.2 15.0 13.0 | C.41 0.37 395 840 800 0.95
7 3.0 12.5 ‘ 13.0 | 0.40 0.36 400 815 810  0.99
8 2.5 14.0 13.0 0.39 0.35 385 750 | 780 1.04
9 1.6 14.0 13.0 | 0.42 0.38 400 845 810 0.96
10 1.8 21.0 13.0 | 0.43 0.38 415 860 840 0.98
11 2.3 12.0 13.0 | 0.42 0.38 410 820 830 1.01
12 1.8 . 17.0 3.0 ! 0.42 . 0.38 415 835 ' 840 - 1.01
13 2.2 | 150 | 130 1 0.41 ‘ 0.37 415 810 840 | 1.04
14 1.5 | 17,0 1 13.0 - 0.44 0.39 435 880 880 . 1.00
15 2.9 | 17.0 13.0 0.42 0.38 405 800 820 1.03
16 1.9 11.0 13.0 | 0.40 0.36 400 775 810 1.05
17 2.3 1 15.0 13.0 | 0.41 0.37 410 820 830 ' 1.01
18 ‘ 1.8 22.0 13.0 i 0.50 0.44 | 470 935 950 1.02
19 ‘ 1.9 13.5 13.0 | 0.42 \ 0.38 | 415 840 840 1.80
. ! ; 1.01
M 2.1 14.0 | 13.0 0.42 ' 0.38 410 830 830 1.00

Moisture condition: Air dry. Type of loading: Center, end support. h/l=—112—':.-0.0833.

cross section: 2% 2 cm?2. Direction of loading: Tangential . et determined by test.
oox 2 Computed from Kon’s equation (51.9).

62.3 F F=vH

JCHEFREEREDO S DT, 61.1 O F Fv Y TH L RBEOKRE R L ORBRFEE T,

= DH ONRFRRLEMRIED & O FEARRAKFICRE L TR\ oled, RBREICE VT, 30%
AR DEARRERL TV,

WSLREIC OV Tk, Table 11 Rl E s H T, EIRMENIROVEVFTH D, Lir>THED
EEOF P YDOFEL DIZRRTMHEABNS, DX 5 kSREETE Ki=0.85 459, »o, FE
RIS N U T b OEEFTER L OIS AETAUIR Wi, @fRe LTAD &, LLBEREITE
RCTHEMAAREDEND, ZOHOMTRBREMBIRDLE D TH S,

BEH I %ngg#a%% BT O | 3x3cm? BEW AEHE

(lL)p1<_7—<(lL)e
@ ri, BEREIEIED, Z OBFaOMmI B L), BARL, cux (83.9) ThH5,
FIEAE L ERE & DI Table 12 IR LR L —FLTW5,
InBHHb, $HEEHE, ZOEKEORNELDT, AEICEVTSHTOBGNBERESHE DD L



Table 11. Strength properties

of Todo-matsu.

|
Kind of Test Tension (/ to G) i s .
Compression, (/ to G) (/ to G) |- Ienﬂog _|Cer mpression
— — = e - - e : Shear M Compression|  Shear
. Mark & Average Star)dqrd M A A
Kind of property Unit value M deviation M M
A

1 Width of annual rings mm 3.8 1.3 4.8 0.8 3.3 1.4 0.79 1.45
2 Summer wood S % 20 5 17 3 17 5 1.18 1.00
3 Moisture content u % 26.5 1.1 31.5 2.4 28.0 0.3 0.84 1.12
4 at test Ru g/cm3 0.39 0.02 0.43 0.02 0.42 0.03 0.91 1.02

Specific gravity
5 oven dry | Ry g/cm3 0.31 0.02 0.33 0.01 0.33 0.02 0.94 1.00
6 Modulus of elasticity E kg/cm? 110000 13000 106000 5000 — — 1.04 —
7 Strength o kg/cm? 1160 135 205 8 55 5 5.66 3.73
8 Strain at Max. load 5 cm/cm 0.0118 0.0016 0.0022 0.0002 — — 5.36 —
9 /s E’ kglcm? 98000 93000 — 1.05 —
10 E'|E Ky 0.85 0.88 — 0.97 —
11 Volligkeitsgrad 14 0.54 0.58 — 1.02 —
12 Specimens n 50 50 45 — —
13 Remarks radial face

Moisture condition: High moisture.

SR IR RN

1.5
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Table 12. Streagth of the wood beams of Todo-matsu and comparison of

measured and cnmputed bending strength.

Modulus of rupture ’

Width of | gummer Moisture | Spec1f1c7grr7avilt?77‘ Compre-
Beam = annual  “yoo4 content | ssive Calculated Z*%
No. { rings | at test oven dry  strength . Testeq Calculated =~
| THi
‘ b mm S% | u% ' Ruglcm3 Ry g/cm3 ‘zr,. kg/cm2o . kg/em?  kg/cm? |
I
1 7.6 10 27.0 ‘ 0.41 0.32 180 | 410 ‘ 410 1.00
2 6.1 15 26.5  0.44 0.35 215 475 | 490 1.03
3 6.9 13 27.0 ' 0.43 0.34 205 455 470 1.03
4 6.6 13 26.5 0.43 0.34 215 . 470 490 | 1.04
5 4.7 12 26.5 0.40 0.32 195 , 400 445 1.11
6 5.9 16 26.5 0.41 0.32 200 415 460 1.11
7 5.3 11 26.0 0.46 0.36 200 | 445 460 1.03
8 5.1 17 26.5 0.44 0.35 210 . 455 | 480 1.05
9 5.6 18 26.0 0.42 0.34 205 | 460 ! 470 1.02
10 5.3 13 26.5 0.41 0.33 205 : 480 470 0.98
11 5.5 16 26.5 0.42 0.33 210 465 480 1 1.03
12 5.0 19 26.5 0.42 0.33 200 465 ! 460 0.99
13 4.7 17 26.5 0.41 0.32 200 445 460 1.03
14 5.0 13 26.5 0.39 0.31 200 | 450 ' 460 | 1.02
15 4.9 20 26.5 0.41 0.32 205 ‘ 445 | 470 1.06
16 2.4 20 26.5 0.40 0.32 200 | 430 | 460 1.07
17 2.3 12 26.5 0.41 0.33 200 | 450 | 460 1.02
18 2.2 13 26.0 0.41 0.32 195 445 | 445 1.00
19 2.0 11 25.0 | 0.37 0.30 185 425 425 1.12
20 2.9 13 26.0 0.40 0.32 205 470 470 1 82
1.04
M 4.8 15 . 2.5 . 0.41 . 0.33 200 | 445 460 1.03
i | [ | |
ho—o.083, () —0.067, (1) =0.536, o=t . g=2.200,
l I 'pr I e c h o
1+(—l—/q

Moisture condi: moist. Type of loading: Center, end support. ou.: Determined by test.
oy Computed from Kon’s equation (53.9). Cross section: 3x3cm?,  Span: 36 cm.

ho_ 1
=y =0.0833

MEEhBd, L, R, ), HTHOBALEZ bR L2 LT OREI IS TIEEOXL
EEINLEHUIH S 5,
62.4 R7IL—A¥ (Sitka spruce)

ThIL, 7 2V AMRERFET 05D ¢, C. B. Norris & S. C. Bechtel DT o7-SEEERY 5,
F OWIIREAC X O THEA Y (WL T) & b, Zhuc X o T TEREAEH Lich 0T
HBHo TOHFEDOHICIMOFENTEMTHA I ERIVCATHIFXZ LI LD THD I L DIZD
R LAESNEN TN WD TERTH DA, —IS, WEFFEFEHEOME TR VHEETS LD
FLANE (b y FAEBME—T 7 2 5).WRIL, TOWMET, chETEERORLDLELD
1EZ T, b, BERSH LS HOSE AT L 2THELHRU T, HRAEALTWTNE, Th
RS AR DT oL 2L, 2T, BICE ORI L EEMEE, SHERCL2HEE L O
R RTC L £ Tk, WMEEIC OV T, Table 13 TR LA, THICL DT, HFTEESME
HILh®HDERDE LD,

oy (51.10) oy (54.5)
WIS [T R BB TAR

Beam No. 1, 2,5, 6,9 3, 4,7, 8,10, 11, 12, 13, 14
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Table 13. Strength of Sitka spruce beams and comparison of measured and computed
bending strength?. (Experimental data by S. C. Betchel & C. B. Norris.)
- e D | Ve T
Beam |Ten51le ‘cosr:igge-‘Shearmg ot g, pr Tes- L CHN K
No. strength strength strength &, [ = ‘ loa- | p (1"_\ (_h_ teq | Calculated | I pe 700
ding | 77 I 'p1 l)e ooe | OoN | Tor |
o p.S.i.o, p.s.i.] T p.s.i. ‘ p.s.i| p.s.i p.s.i

1 1 18760 ‘ 5315 1310 3.534.06'Ceﬂter 0.071] O. 1031 0.493| 10060, 11250 1125011 121.12

2 ‘ 15100 , 5115 1250 |2.95/4.09, 7 0.100 0.125l 0.489; 8760 10160 10170‘1 161 16
3 17590 5835 1380 [3.024.23 7 | 0.125 0.117] 0.473| 9900} 11250 11450\1 131.16
4 | 17700 , 5300 1256 [3.344.220 7 0.143 0.105| 0.474f 9360 9800 9920!1.05 1.06

| 17290 | 5390 1300 [3.21]4.15 i1.11§1.12

5 | 17675 6020 1322 [2.944.55 gg;’gt 0.143| 0.225/ 0.879] 11090| 11940 119451.081.08
6 16310 5640 1305 |2.894.320 7 0.200; 0.242; 0.926; 10515 11300 11120;1.07 1.06

7 ‘ 17980 5750 1380 |3.1314.17] 7 0.250] 0.229; 0.959| 10790 10800, 113401.00.1.05
8 ; 17580 5760 1329 |3.05/4.33; 7 0.286] 0.227| 0.924| 10500| 10550 106751.01'1.02
9 14350 = 5237 807 |2.74/6.50; 7 0.143] 0.171| 0.615] 9120] 10100 10105 1.11:1.11
10 ‘ 13942 ‘ 5046 918 |2.76/5.50: 7 0.214] 0.200] 0.727| 9170, 9350 95351.02‘1.04
11 | 14740 4740 817 |3.11 5.80|‘ 4 0.320, 0.166 0.690; 7400| 7450 7370 1.01!1 .00
12 13970 | 47:0 861 2.895.54 7 0.400; 0.185 0.722 6750 682O|1 67801.01‘1.00
13 17850 | 5325 1059‘ 3.355.02 7 0.267| 0.176, 0.797| 9240 9500“ 9575_1.03 1.04
14 15940 | 5170 1146 [3.0814.51| 7 0.267| 0.215 0.887| 9780/ 9620, 96800.980.99
j 16035 5345 1095 3.005.02 1.03‘1.04

‘ 16390 w 5360 1155 |3.054.7 I 1.05:1.06

ve: Determined by test.
con: Computed from S. C. Betchel & C. B. Norris’s equation (10).
Moisture condition: Air dry.

o s computed from Kon's equation(51.10) or (54.5).

Table 14. Comparison of measured and computed bending strenth of wood beams of
rectangular corss section as affected by span-depth ratio.
. Specific
h! . pecil
Wg.flt \Summer"MmStu' gravity ‘ o s
ies ‘ at |oven |0z | o | E' losr ops Specimens
Wood species ‘i?gg:l‘ wood |content | test | dry o, | 7 E 0. cp,, (Beam)
‘ Ry f
‘b mml S % ‘ w % |g/cem3 'g/cm3| ¥ ‘ q | K,
(Pl.cea%%zzz'e‘;;tssuc““ 2.8 12 ‘ 15.0 | 0.41 | 0.35 3.1013.400.841.08 — 18
RR. i
do 2.1 14 115 | 0.43]0.39 3.1o|5.oo —1.01 — 19
Todo-matsu [ :
(Abies meyriana M. etk) ‘ 4.8 15 26.5 0.41 | 0.33 5.66i3.730.85].03 — 20
do
> 2
{Compression wood) ‘ 3.4 57 24.0 0.68 | 0.54 2.57,3.890.51/0.91 0.99‘ 10
Mizu-nara | o
(Quercus crispula B.) 2.3 1 ‘ 51.0 | 0.93 | 0.62 3.702.650.67/0.910.97 15
Buna i | | ;
(Fugus crenata B) 2 \ | 46.5 | 0.740.51 0.303.000.740.900.96 30
Spruce* i 3.05(4.77 —1.08 — 14
i |

* From the experiments by S. C. Bechtel &

C. B. Norris (2)
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T ORGSR, FCRT LI DT, FEBEE X< —FL, 7>, Bechlel & Norris OFFEM L LT L A
¥—HL T35, .

LlE D gl ik RN BE 3 2 F1EE & ERE O A #3435 & Table 14 0 L3/, ABEOM
FRWTLEAR 03, 1EZERb D EE L bR D,

7. % =

7.1 AMBOMFEERGDORE

INETORE &b, HERIGCEPEEANROMIBESRERRD L) T, RO b

F RECHIT Ui iullie B\,
71.1 ¥STEEEE(E

WE, BELTHWLIS LT5RMICOWT, £ OMIREER - ICHET Licb Db nisE—0fiE
Thd., Thd, HMCHLATHIE, KK KSR T HRBOLMHIEE ST TH . £
T, 7 g BIV o0 BTIUT X GEREN, o, OWTE, FTOHERREY L TCHFELS AL TY,
7 BLO g BTS2 EATER ., ThBOM VEELEEHE L > B2, Y%L
DEREREVELTHTHA S,

Tiebb, MOERWIGHE LA DN DERMNELOMT, BERLYRGEN LI, oI, KyREE
L HEELLRERLT, e &b, EHREVWS DL, KEHDL O LOBLARRINLRETSH
Bo LI DTEHEIL, IO OEKEE AT TR ENCSERE 1% 7 Ui biawv LE
BLTW5%, ¥, ZOH4E, ¢ #1850, ROONABIERE «+ ORIETH 2, FEDL AT
SR TREBELIELLNEWE OO, 2em ¥ A7 AL X HENEB LT EINBREDL D LE
Zbhb,

71.2 REBEMHLELTOFERS LIVEIADOHEE

EETHN T2 WIS HHORREFHET, LI, MrebbhwiEy, MEA, LAY 7 -
VAL, ZORDImid/ed UL RREM v B LD EE1DH D,

S, ZOBEOMFEBIC ST, Y ERAHAME TS EE L THES Rl bl
VWERS, ZOEIRIhALOEELMEEO—DL V2B THA S,

71.3 h/l 2oL T

PF LS ARHBOMEN Al B L T—EBtET5OTIXIL, WI<U{)rs or (Blym ThiuL,
Z OURIEH? PSS IRIRIRC X B7ce, BTMEREIL—E L), T ik, 3L, HEESIRK
Eovlediug, Y 27 EEROKRNCEE LTHEARL S D EEL bR D, T, WREOERC S
Th, 2cm LD Scm DAY X7 oOWT, {HEENSH LR TWIRWZ L bOHETTH S,

74 HoRE £ EEPRIEOLT

¥ 75, MOREHFEYRTHERELELRCOTHED L ZATRHTH B, ok, BEICOWTL,
EHHiL, RMFROEIZEAERFCHRIND L5, MM, » > EERMEIROTL B, R
MZOBRT, EEE, %<, ZOMBEORICLOTREL T WRENRDH LD LELLND S
b, ZORY, SEROBELHFEFREDO—OTHS 5,
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7.2 BFEIEER
Kbt O EIBRES, bl X O TRICDL b, WHEMHEER LT, BT HMEREO L%
FTH 23T EME KL, L 2T, BHEE ERMENFERTH LD b o il miEfRE Y, &<
w, [BABMEFEEER L THLESHRIVOTREVHEES . VTR LT, OB X 55k
B AL XET 2 RE R DA 5
7.3 8. C. Bechtel & C. B. Norris 0IEFIzDULT
COHROEMICOWLTL, BRI 2RI, BT, ToERHERARC I oTTFL
na,

4—n 8 2 24 2 2 :
[ o —t,\»_n?'—y] + mz—,(y—;yz)] =¢p=1 .. (a)
I
y= BRI X b (LR O HEEE n=3—m m=30:—=1) gs= SUMTERRE )
Zxr ’ ’ qs G T O SEEBI IS

—DIERIRE o fnne -
ts Eaﬁgﬁﬁ, (‘—Oﬁu@ v b\—})ﬁ_%o>

INLOEEND y OFBOMEIOWT (2) KD ¢=1 MR TREn %L LDBDOTHLH (HEIL
a trial and error process),

2 LT, BEEe n OB EFINE, FRC y DL X E D, That ZOROFEANIHEVES RT
LB, LIHDTC, vy 2bh, OMOWMBEFEREHEI T2 LN TEDLITTHD, Tk, ZOHE&
kL% gs O5pEREETRD T2 RETH OSBRI L BIR T 2 23 EHE A/l W X BIHERIMTD Db
T e,

Lies DT, ZOHEMNTIE, BEKAEOEDHLALA TRV L E, () XD n DfExd LD
FHA, AT DEHETH D & LICBT, S b D2 E S,

t 3T U

KM OERBERIC B\ T, £ OB NIEES A5 7aiiiR Y, BEREHED IRk X O EfERBR R R~
DHEETHIENTED, 3B, ZO&KM,L, BHESEISHSb b Lobhd, Z0X5KcL
T, ERNENDRIRY =Y XIS T DIEGMAR L CHlHTHRBREOHRA L L b0 E, TOEY
HEERERICI LT, Tk, FHEDAVICRETE A OBMRIE 578 O BRI, L OFERAC
BEEPEA E L 1ol T, SHEOREL D —RILSNADDTH D, Z OBFEDHREHFIM OB
FREEE BETIC Lo CTh i 2 b, '

BEOIFFOIERIL, TXC, WM& E i O RERFEIC Lo, fEEF DY % 713 2cm~5cm.
DA THOleH, ZOTEEC X 2 HETLL LD bLRithDT,

7 2 Y HFEEREZEATIC 3\ T S. C. Bechlel 3 X% C. B. Norris WEDFFor- 85T S EA
Db DTHBMN, FOFSLIMEEF & hfl &% A TEE ST BRI, WIROEERER X 07
FEMEE I —~HL T B,
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Minoru Sawapa : Studies on the Mechanics of Wood Beams (Report 1.)
Strength and its affecting factor of wood beams of rectangular cross section

Résumé

The purpose of this report is to validate the theoretical equations derived
as shown in Appendix I.

From these equations we obtain the limiting condition of failure and the
strength in bending of wood beams of rectangular cross section under varying
depth-span ratios.

The bending strength is affected by the conditions of loading and depth-
span ratio of a wood beam.

In 1950, Dr. Kon? introduced the ‘laws of flexural rupture of wood.’ The
equations he developed are based on the distribution of longitudinal and shear
strezses in the beam as shown in figure 4—(b), and covering the relations
between bending failure coefficient and its affecting factor, that is, load and
span-depth ratio. The strength values of wood beams of rectangular cross
section: computed from his equations agree reasonably well in clear soft wood
with the values determined by test (as shown in Table 8, 10, 12 and 13).

In gensral, however, the type of distribution of longitudinal stresses in the
beam are obtained as shown in figure 4—(c) (figure 2—B, 3).

Tae Derivation of the theoretical equations in Appendix I is based on the
simplified longitudinal strees distribution as shown in figure 4—(c). The function
K is obtained from stress-strain curve in tensile test as shown in figure 3. The
minimum value of K is equal to Ky (Ky=¢cw/ern in figure 3).

When K, is equal to 1, the author’s equations agree with Dr. Kon's
equations. In the case of K;,=<0.8, the author’s equations agree better than Dr.
Kon's equations (Table 2, 4 and 6). We thus obtain the type A of stress-strain
curve as shown in figure 2, in the various clear soft woods, and the type B,
generally, in compression wood and various hard woods (high moisture content).

In figure 4—(c), the bending moment M and the maximum shear stress in
the beam are computed from the following equations:

3 _  O+DE ..
M [r+1 {Zr_(r_l)K}g]W Ge i (2.8)
3Q _ 3Q(r+1)
= s = %Re+DL 3D
2b (pr3— 21) / M
4bh\,3r—(r+1)W.
=l LB

where
M =the bending moment
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Y=o0lo.

a.=the tensile strength

g.=the comprescive strength

W =0h%6 the moment of an area

b=width of beam

h=depth of beam

Q =the shear force

/1 and s=the location at which the proportional limit in tension and
compression is reached (figure 4—c).

m=the location at which the maximum shear stress (t...) is reached (figure
4—oc).

The general condition for the absolute maximum shear stress in a beam, in

the plastic region, is obtained from the following equation (figure 4—c).

%(3 3 B PR € X3
r+1W ge M:l
K,=1; Dr. Kon’s equation (in the case of figure 4—(6)).
09 __ @’ e (4D

0z 3We.—M
From these equations, we can obtain the limiting conditions and the banding
strength in wood beams of rectangular cross section under varying span-depth
ratios according to the type of loading;—partial uniform load, end support:;
uniform load, end support ; one point loading, end support and two-point loading,
end support.. ..etc.
To determine the loads that cause failure in wood beams of rectangular
cross section:
i) According to the condition of Joading
ii) According to the limiting condition of failure with respect to the span-
depth ratio and to the independent strength properties (7, g, K, and s.).
where g=o.lt
= the shear strength
iii) to compute the bending strength of wood bsam from the equations
developed in this report.

Strength values of beams determined by tects.

The test materials were Yezo-matsu (Picea jezoensis) at air dry, Todo-
matsu (Abies Myriana) at moist—clear and compression wood—, Mizu-nara
(Quercus cvispula) at moist, and Buna (Fagus crenata) at moist grown in
Japan. The strength and related properties are shown in Table 1, 3, 5, 7, 9
and 11. The static-bending tests were made under varying span-deptn ratios.
Tae type of loading is center loading, end support.
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Comparision of measured and computed bending strength.

The computed strength from the theoretical equations agree well with the
strength determined by test as shown in Table 2, 4, 6, 8, 10, 12 and 13.

The computed strength from Dr. Kon’s equations, using the test results (r,
q, o., hil) by Bechtel and Norris?, agree well with the computed strength from
their theoretical equation and with the bandinz strength determined by the tests.
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Appendix | Derivation of General Equations ]

The longitudinal-stress distribution shown in figure 4—(c) will be assumed.
From the equibrium of longitudina} forces:

~E _i—m
=K 1 e 2D
(in figure 3)
p= 0t AT 22
a. Ma— A
2hr
= - — e (20
(r+1)2r—(r—1)K} @3
2hr(1—-K) 2.4
Mt DZr— DK &0
) 2h(r+K) 9
3= (FED2r— (r—1)K} 70 (2.5)
o 2hK
M= ‘U‘l~21’—(7’—1)K e (26)
s = rz—ll-,llr e (2D
_on 3r _  (r+DHK* 9
M= T - —DKP &8
27 /37—(7+1)—M
K= i (29
M
(r+1)+(7’ 1)\/3;’ (r+1) Wa.
Shear stress distribution in the beam shown in figure 5:
i) Compression side;
E(r+1){27 (r- DK }? o~[y"‘+ ZhK(r 1)
4K (r—1) ‘ (r+1).2r—(r— l)K}
4rh*K* 04
o L ] . - ..(34
T+ — (DK 1 0z CR
where ta—A>y>0
ii) Tension side;
c _ r+Di2r—(r—-1)KH* g.[ 3 2hK (r—1)
! 4K (r—1) ‘ T+ DiZr—G—DK;
4rh*K* 04
T2 (— 1KY 0z -+ (3.6
where A=m>y>0
04 _ 04 (0K _  2mr(r—1) . 0K
0z 0K 0z (r+D{2r—O@—1DKP 0z
oM _Q_QJVI oK
0z 0K 0z
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0K _ _3Q{2r—(r—DK}

0z = 2bhirK(ril)a. e 39)

Thus, the variation of shear stress ¢ is parabolic in from, and the maximum
value of v occurs at tension side when
o=

0z

_ rK(r—1)
(r+1{2r—(r—1)K}

3@
Conea 2b(/43—l”'1>

=0

Yo

_3Q 1 3.10
> Sa e 310)

r—(r—1HK
QU+D a1l
4bh, |3, M )
\/37 (T—H)W:{

Tma e ™=

and

T=

6Q o o
b(/Z:ﬂT)x(q ) (ps—7n) oo .. (313)

where z=the distance measured upward from the bottom of the beam.
The general condition for the absolute maximum shear stress in a beam,

in the plastic region, is obtained as follows:

Then
0Q _ @  A{Zr—r-DKP
0z 2Ws. r+1)K®
2
:—;[T@"v?/a.;ﬁ NUUUTRUEURRR ¢ /)
r+1 °°

The Limiting Condition of Failure and Bending Strength of a Wood Beam

1. Partial uniform load, end support (figure 6) :
From the equation (4. 4) & (3. 11),
1.1 In the case of figure 4—(a);

_dran
Tn= 2+p ] ....(51.5)
Go=2FP . T . ......(51.6)
o h
!
where v, =the shear stress

Ul;:M/W
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a=12a
p=s%al
1. 2 In the case of figure 4—(b):

h
a‘l* g,
Th= . 3 ,a>1l oo o 0 (BT
0 »G
/9(2.9)(‘7 1)
gy 30c L a>1 L .......(518)

1. 3 In the case of figure 4—(c):

=t La>l (51.3)
2 a
.\/p(2+p) o

5y f4P(2+P§ roen a>l . (BLA)
()

3 _  +DKA -
P R PR 'l e ... (5L10)
K,=1; az,m=37_l B P €53 )

r+1 _
The computed strength from these epuations are as shown in figure 7 (a~c)
according to the span-depth ratio.
2. Uniform load, end support (figure 8):
2.1 In the case of figure 4—(a):

al,=~—Tl;l"— e (B2.3)

o
2. 2 In the case of figure 4—(b) :

gy =— 3;”_] e (52.4)
ey

2. 3 In the case of figure 4—(c):
o= *,4th‘z i (B28)
r+Da(y )
oum=(51.10)
Ky=1,; oym=(51.9)

The computed strength from these equations is as shown in figure 9.

;z <("?"‘)ep ———7,(51.10)

h (—;l— >ep ———0,(51.10) or 4,(52.3)
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3. One point loading, end support (figure 10) :
3.1 In the case of figure 4—(a):
2‘ h

UI*——-E ........................A.(SS,I)

l

3. 2 In the case of figure 4—(b):
Go=— 0 ST (532)

l—l—aql

3. 3 In the case of figure 4—(c):

o= [V 18 g (B 1] a1 634
h ot
(r+1) o q( ; )
o 04,=(51.10)
Ky=1; aorm=(51.9)
The computed strength from these equations is as shown in figure 11.

4. Two-point loading, end support (figure 12):
4. 1 In the case of figure 4—(a):

gszi e (BA)
/
4. 2 In the case of figure 4—(b):
o,,:Jﬁn . (545)
1

4. 3 In the case of figure 4—(c):

Cou kY ~
om0 4B (ALY 1] e
r+1)q ( ) 16 [
avm=(51.10)
KU = 1 5 Obm=— (51.9)
The computed strength from these equations is as shown in figure 13.
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Appendix | Sample Computations Using Equations

EXAMPLE 1:

Computation of bending strength of bsam No. 6, table 2. Center loading.
Todo-matsu—compreassion wood
Moisture content=23.5%

Depth-span ratio ({L) is equal to 710-#0.0833.

Data from tests of the beam and minors.
g.=300 kg/cm?.. .. Average for two cutting specimens from the beam ends.
ry=257....Table 1
g=3.89....Table 1
K,=0.51.... »

(5 )p> 7200

The equation of ¢,:=(53.4), a=1
The Kon’s equation a,x=(51.9)
The bending strength by test=a4

then
Ohs=— —— 8*}2 NS [\/ lfi rq’ (7h )“ --1 :| 0.=625(kg/cm®)
Oui= :_L_ll - 0.=570(kg/cm?)
a4 =645 hg/cm?
I =0.88  7"=0.97
gy gn
EXAMPLE 2:

Computation of bending strength of beam No. 0—4, Table 4. Center loading.
Mizu-nara (Japanese oak), clear.
Moisture content=50.5%

Depth-span ratio (—Zh—) is equal to ~2104=.0.05

Data from tests of the beam and minors.
g.=300 kg/cm?. . .. Average for cutting specimens from the beam.
r=3.75....Table 3
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g=2.55....Table 3

Ky=0.66.... *
( {L)pl =0.153
(- 4, =0.079

The equation of ¢,s=(51.10)
The Kon’s equation 6.4 =(51.9)
The bending strength by tect=0,

then
37 _  r+DKy g 2
su=["4 T (D K, }z] 5.~ 690kg/cm
a,,,.—zﬁi’fll . 0,4 645 kg/om?
g ="1735 kg/cm3
I ~0.88 1 =0.94
T ny T b
EXAMPLE 3:

Computation of bending strength of beam No. 8, Table 2. Two-point loading.
Sitka spruce, clear (by Bechtel & Norris).
Moisture condition=air dry

Depth-span ratio (—};—) is equal to 0.286.

From tests of the beam and minors.
g.=5760 p. s. i..... Table 13.
r=3.05....Table 13.
qg=433.... 7

The Kon's equation ¢,x=(54.5)
The Bechtel & Norris’s equation o,v="7.2—(a)
The bending strength by test=o04
then
m.:_—__.13 — + 010675 p.5. .
Th—-a
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2,x=10550 p.
[N 10500 P.

1.

m

i

m

0K =1,02 2"V =1.01

T o (2]

EXAMPLE 4:

Computation of bending strength of bezm No. 5, Table 13. Two-point loading.
Sitka spruce, clear (by Bechtel & Norris).
Moisture condition=air dry
Depth-span ratio is equal to 0.143
From tests of the beam and minors.
g.=6020 p.s.i.....Table 13.

¥=2.94 .......... ”
g=4.55 .......... ”
(l;_)pl:o.z% (Jlt)e=o.877
%—<(% )pl

The Kon’s equation o,x=(51.10)
The Bechtel & Norris’s equation o,y =(7.2—a)
The bending strength by test=o.

then

soe=3""1 5 ~11945p.s. i.
r+1

o,y =11940 p. s. 1.
a,w=11090 p. <. i.
Ok :1.08 gh‘L:l.OS

(] an




