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BUTORBEEFETREVICB VUL, $HESDLABBERMOMEERICEIL T, NERko%
W (7 3F) ORBICHT ZHFEER LRE (5 3+E) t L oBR%E, R=100¢ T3
IOBEL T2, IBRETII R>125¢t L N T Wi, BEF ENERR, EXEENE N
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B, FFERETLIICH22Y, BT L V72700 2 A RE R SRR AM I T35 M 3
BEA, ZoHUICUREREL L TERCHIINLBARNSH I THREZLEICHL, O
LV EHMOBEERT B,
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BRI > ThAMBRT 28, SBCiZiFIBhrRET 2, ZoMiFEhi3, HiR
DX THREE LIGRPLOEBICE > THERE Y, EXEVITE, TRERIGEWIZY, K
RRETDHIENIIKRELS LS, WE, R=100 ¢ RETHET 280, BEICET 2BRAKOE
WOMTIG S o D&%, Ml %2 CE—MIERICERT 2 IR0 H & R % 6
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o THITONZMIRDE NG % E2ICEBRAT 2 LDTIR TV, mMED [R—%EK] &
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T2, vy o hrEs Lo EME, M HiiFeE— A2, I BROME 2KkE— 4>
Fo Ry D RAROPITEIC BT B HIEELE,  HARETH Y, @QRFIC t/R,=t/R=1/100, %
728§ B AMRICE T B BT > 7R E=110X 10°kg/cm?* 2R 5 &, BkihiT
JETIZ B T Onax=550kg/cm?* L RE I N B, 22T, AMDOEHMERER S 0.%, 0.=
& cE=0.0037T E ik VHEL THB LD, 6.=407Tkg/cm? %), bAMBREORBEE cnax
=550 kg/cm?i%, ZOHEFEMH 0.=407Tkg/cm?Z K& EHS Z L2k b, 2k, #E TR~
e, BHambdr o QMERDBIRDEERBENBEERIEEICE, ZoReLticlL T8
MRz NBRTHS, FBE, COR=100t EXETTIEEES N HERDLAMERMObA
HERENBZ T I Ficid, YT EE-> TRWIY, BHRLEGRERIBDLNE, 20T kT,
BOELEHRHECNENHEEARICBYT, WTFRLAM 22 2B LEBDH LN\
HOIRRBENTHERT S, LW HiBMEIBLLICFETILNLEbLNS,

3. BEs L UEREE

3.1 EAHE

ERMENZ, LHERERERFTERERENT AV = YB LU F=V o JAS 204 #4T
B, HRLZIFREDL DRI L 2. 2% FTES 110 cm (CSEMTL 221%, 22> 100
cm, FEICL AP REFHE (5 kg TLI225kg 2T) I2E0, BIROKE » A 7EEK
E 2keiz, ZhLFERA» S, £X 110cm, 189 ~10cm, B X 10, 15, 20, 25, 30 mm N
WEBEEIICDE 104K, 350 RIERL 7225, FARD E I & ) &7 N—TDFE)Y > 7 FREH
IZEL 25 L5128z, 2, FFRICBW THRKEZ 10~30 mm D& & L 7290,
FREZLPICINE TOERY L L, ZOHBEANT I TP ERAINTWEIEE2EELR
2HTHb, Kic, ERJ I LT LN BRICDONT, 222 100 cm, A$R1C & 5 REH
MEHRICLY), ENFNDOY L THRE E 2 KD, 20K, WMEIZ 10mmED L D Ti0.2
kg ZXi21.2kg 2T, 15 20mmENLNTIZ 1 kg &6 kg T, $£7225 30mmE
2oV 2 kg JTEIC10kg FTENENMZ 2 ZNICEVBOLNI E, 2T, #%idd
5L ZHDMFEE R HWIRE t 1005 & % 5% (Lk, R=100¢t %R, Lid) KE
THMELFHEL, TNFNOBREICHL T, RBBOFELHEE L2282 L2, &R
STEORBEROME R, b E ki Table 11277,
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Table 1. Properties of test specimens

No. b ¢ E, r “ Rw
(mm) (mm) (10°kg/cm?) (%) (mm)

10 Av. 95.44 10.14 111.5 0.44 11.4 3.1
Max. 99.80 10.30 132.9 0.47 12.9 3.6
Min. 90.33 10.00 95.9 0.38 10.1 2.3

15 Av. 95.92 15.08 113.1 0.44 11.7 3.4
Max. 99.05 15.20 134.3 0.49 12.1 4.5
Min. 91.00 15.00 93.1 0.40 11.1 2.7

20 Av. 96.23 20.17 112.8 0.43 11.6 3.5
Max. 98.95 20.25 133.2 0.46 12.9 5.3
Min. 91.45 20.00 90.0 0.38 11.1 2.0

25 Av. 96.42 25.13 109.9 0.44 11.9 3.2
Max. 99.00 25.20 132.3 0.47 12.5 3.8
Min. 91.00 25.00 95.7 0.40 11.4 2.9

30 Awv. 95.42 30.11 109.4 0.43 11.8 4.0
Max. 99.95 30.20 136.2 0.47 12.5 6.8
Min. 91.50 30.05 94.8 0.38 10.8 2.4

(Notes) b: Width, ¢: Board thickness, E,: Modulus of elsticity, 7 : Specific gravity, »: Moisture
content, Rw : Average width of annual rings.
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Fig.1. Testing method and bending moment
diagram.
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Fig. 2. Relationship between radius of
curvature (R) and relative de-
flection(d).

HHITRBET U > 72%% AV 3 RADBET 10mm BN DDA I cm(a=25cm) & L,
Mz F~NT100cm (@=30cm) & L7z, Fig 1niiFeE— 2> FEr L0822 52, T
EaMoife— 2> Mi—FL%) (M=Pa/2), ZOWBDBROME*—H L Rt %
HiF, MESMTHEBIZE—-MERE L CHlid b, 202e, RROHERXM 30 cm TRIE
SNHMENEA 6 &, BRDEMEEICHITL2HMEBRER LoMICIE, Fig.2ilcR&NsE5 %
BifRsd ), It VEBOENBEAICHNT 2 Z0ROMERES, F2licERoMERER
XY 3 FORDOENEALD, BHICKDOLND, Thbb, R=100t DEFRIC BT 51
AE Gi00:l3, B)RT £=1.0, 1.5, 2.0, 2.5, 3.0cm * L TENFND R 3K, T 2@R
KRATBZZ LI ->TEZLNSD, R 2 KRHHEE, EROBIRE ¢t DmBIIERL 2. =
no DN BEAESL Table 2 10R Y, RPOBAMEISET 5 T, 30 cm KEOMEMEA &K
E1/100mm DF A4 ey —2ic kD BIEL L5 K2R 38, IfENBAEICEL 2
#, 17MEORBLERFL, BRAE, SBEOEREICE T EHERENEFEL BB 72,

Table 2. Values of the relative deflection &0,

¢ (mm) 10 15 20 25 30

S100¢ (mm) 11.31 7.52 5.63 4.50 3.75

(Note) ¢: Board thickness.
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B, ZOBROMEER XA, BRE 10, 15 20, 25, 30mm LT, FRFN 2.5 5,

10, 20, 25kg & L, BN ME—BARR L ) WHRMHES L CHFIREL 2K, Zhs
5 HITHOIRE 65, WHBMEBELERBIUYY JREE *ERTH L L LIS, R=100¢
NEWEEDITIES] G002 KDz, 72, BBBMOBRBEFRE L, ABER L £ 1:8M% L

ZBEWTRIEL 72,
R=100¢ (3)
8=R—-/R*-15" @
3.3 SRR

KB FHEL, R=100t nEHRBELERTH B4, 2% (40+24a) cmizHOWTiL, &
ENRKENIOmMmENLNT60cm (a=10cm), 15mmENLNHT80cm (¢=20cm) & L
2LETRT100cm (@=30cm) & L7z, /2, FHEEIAZ 10, 15 20, 25, 30 mm 7
iR EIC LT, #RFN10, 10, 12.5, 20, 25kg & L, B CHNEAZRIET B 2 &
ok, BITFHBIRE o5 v 7R E, BIFHRE 0vB L OBBRMEREE R, 2 kD7, &
B, RBREICIITRTCRBEEN b -2/, RBRiCHkEL, #08, WEARAN 30om X7
HEEARER Y, KELXELICBWTENTA YL r—U2aLy FL, ZNEEBHEKE
ICBESZLIREY, BBEEL2ERICANTERREZITR - 72

BB T, XAMAOIFRERLY, REZcan nHBKE 2 bo—nubr e L TR
D, 25, 30mm BN LNDIZOWTIE, BERRICEBITAEHRMOEZHI L T 20 mm Bict k-
Fize TNHIZDWT, X% 28cm, HREPHEARIC L 2 HITBRBERBR 1T, 2>}
D—NVHOMITES 02 KD, b, MEE A, HEL, 15 20mm icHl, EnFh
10, 20, 25kg & L 7=,

4, BRBIUER

4.1 R=100t nEFEEE

R % Table 3i2, FLEMEBICOWTELNLRENLHE—BARN %, Figs.3
~TRENEFITRT,

INLNME—RABECHLREINS L5, FRRICBIT A5 50K RBEKIZ T~
T, R=100 t DEFRER TIIBEICHITHARELZ KE (B2 TB), 52BN 2THRNRE
IS BV CTEMEBIBRR AR b iz, 2 DEMBBIRROE U 2Rk, #RE 10, 15, 20,
25, 30mm NH& 10{Ric>WT, £hFNn3, 5, 7, 6, 64KTH-72, R=100t NEFRE
DIBEN G00eld, BFICREND L D ICKE I N—TDFEHT 472~529 kg/cm?, BFEHT 504
kg/cm?* D@L N EWIENETH ), WINL Z0MIFHRBARE 6,,% F¥ T 101~139 kg/
cm?, FHHET 24~41 %L LBl T3, 2D, REZ2EUCESEOHRICHE VT,
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Table 3. Results of bending test up to the relative deflection &g,
No E Re Opp Oio0t G100t Ores. O'res,
(10°kg/cm?) t (kg/cm?)  (kg/cm?) Gup (mm) (mm)
10 Av. 102.6 152 344 472 1.38 7.2 5.3
Max. 125.3 184 449 581 1.60 12.0 9.5
Min. 81.6 133 292 395 1.24 3.0 2.0
15 Av. 109.2 154 358 497 1.41 5.3 3.8
Max. 132.0 199 484 609 1.78 7.5 6.0
Min. 88.9 125 275 423 1.18 2.0 1.0
20 Av. 112.2 133 428 529 1.24 3.3 2.5
Max. 132.6 146 531 618 1.34 4.5 4.0
Min. 88.4 119 355 431 1.14 2.0 1.0
25 Av. 109.2 152 365 502 1.39 3.4 2.9
Max. 137.5 171 490 621 1.54 5.0 4.5
Min. 93.8 129 308 443 1.20 2.0 1.5
30 Av. 110.8 147 385 520 1.36 2.0 1.9
Max. 136.9 177 517 639 1.58 3.0 3.0
Min. 100.0 130 296 467 1.23 1.0 1.0
(Notes) E : Modulus of elasticity, R,: Radius of curvature at proportional limit, #: Board thick-
ness, oyp: Stress at proportional limit, oigo:: Stress at deformation of R=100f, Ores:
Residual deflection measured immediately after unloading, &Y. : Residual deflection
measured after a week.
P
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Fig. 7. Load-deflection diagram (¢=30mm).
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SISRAIDBENTIC L 2 WEROMITEEOBELE LN EBbN 2,

FBUIRRHMER A R, & ARE ¢ & DMz iZ, B2 3 ) BIUE L CILIZER R 2 ED 5
NBEITHY, R/tIZOWTEH133~154, RFHT 147 DBEHBL NIz, 72, =0
Rp/t Iz 2 Tid, —~RRREIC & 5MENRE, SREEMICEERIBD LN h -1,
TN, K2 WBIRERTEAT 2 LV I8B% & 2% 518, MEXHEEE RN L0
BIfRIZ, R/t2150 %4 bt RZ150¢ L ¥RETHH 5, % B DHEIZ, BHEIC L LI-EOL
Bb—HTE2LNTH5,

72, B2EHTHRIRDFH > 7R EH LFH L 72 R=100 ¢t ERROMTIEHER, Ty
T550kg/cm? Th - 7275, BB L 72 & 5 iIC KBRS IRBFY T, #1%2 THS 504 kg/cm? T
Hol, T, FHTRBAIHECKHAT S L) BERERICE ST VS5, EBEIZIE
BHFTHARELEI T30, HMEING I VECHETHENBRARICELTL 2
YT ENELEATH B,

ZcE, Table 3 NEREFEA Gres. BLU Otes. 12, WTFNLHE 110cm icd 2 PREE
NBUEMETH 5,

4.2 @RISR
¥R % Table 412 F. %8, (2 Bending test NIHICTRL 2 BITHE 0,2, 2> } o

Table 4. Results of destructive test

(1) Destructive test (2) Bending test /@
fa (10’@@’) _IiL Iib (kg%:ﬁ) <kg7:1nz) (lo’g/uv) (kg7bcpm=) (ngm’) —}é" _Z,,;L Z—:
10 Av. 115.6 93 55 556 739 102.6 344 872 1.13 1.63 0.85
Max. 134.5 121 62 623 878 125.3 449 1059 1.23 2.10 0.92
Min. 98.5 86 46 476 645 81.6 292 757 1.07 1.33 0.70
15 Av. 109.2 107 47 485 684 109.2 358 823 1.00 1.37 0.83
Max. 130.6 125 65 591 800 132.0 484 927 1.02 1.62 0.96
Min, 89.9 97 k1 393 517 88.9 275 711 0.98 1.15 0.65
20 Av. 109.0 100 52 518 681 112.2 428 853 0.97 1.22 0.80
Max. 127.2 114 73 603 765 132.6 531 921 1.01 1.41 0.88
Min. 85.1 90 36 446 5% 88.4 355 701 0.93 1.13 0.73
25 Av. 106.1 115 51 434 679 109.2 365 820 0.97 1.19 0.83
Max. 125.9 131 66 605 792 137.5 490 951 1.03 1.36 0.93
Min. 91.4 101 40 369 579 93.8 308 706 0.92 1.07 0.69
30 Av. 106.2 107 47 471 674 110.8 385 805 0.96 1.23 0.84
Max. 129.8 116 53 594 808 136.9 517 900 0.98 1.36 0.96
Min. 93.8 101 37 395 476 100.0 296 676 0.93 1.13 0.63

(Notes) E: Modulus of elasticity, ¢: Board thickness, Rj: Radius of curvature at proportional
limit, R, : Radius of curvature at rupture, o,,: Stress at proportioal limit, g, : Modulus of
rupture.
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—NWHOMITHRE TH 5,

AR L F—REH R/t IZ2DWTAS E, FHT98~115 £ %, Wi { 100 Rk

DENEETR LT, 2NZ ki, —EHEE2 R=10t xR L s THiF2Z it Y, ER
BAENC T - MEERE TR L2 RTLINTH S, INEERRERTHMITENE
(BT HCAIRREE) 2 BWTHEL TA 5 &, 10mm FERRTIZFEHT63%, KT 15mm &
DHNT 31 %, ficOVWTIRWTND 20 %A%, ERBIMULZ Lk d, LerLids,
Ik S ICESRIMRU: KE, BT E ol W TIZFERT 15~20 %K T AR 5L iz,
% 72, BRRR O MEEE RN R/t I DWW Tid, TN LRIz S 0 BIRL CIITEMR L
HEIBOLND L5 THY, FHMEICH L EHT 47~55, FHT 50 DHEH/L N,
IO R/tEICOWT L —TRREC L 2REOHER, SHRMNEMICHRERIBHLNT, iR
R BHEREE L AT L DBIfRIY, R=50t BRE L FES N5, ZDBASMEICIE, HHARESL
B2 5 EHMESHNOBIRNOERII BT L LR TH D, 22 TIIHEAMADTR
REC—BLEKEHC L0 L RL 72,

RS ENCBL T3, RE20, 25 BE U0 mm DL D TIFANEMETL T3
ELBbisd, ZTHIZOWTIBHLLTIZ VW,

% B, ARBRICE T2 EHERRORE L 2 B0 MITERESIC OV TIZ, Hoeic

BTz,

5. #& L]

S5HEENBHE (5 I +E) (¢1=10, 15, 20, 25, 30mm)icxtL, BATOEEEH A BE
B MEENEICRENTWS R2100t (T4b b R=100 ¢ %) DRI SICOWT, 72, H
IEZHEREE L HRE L ORRIC OV TERIRE 2 M2 245, BRIEILUTOLHIIEHZN
%,

1) A 50D HBRKIZTRT, BUTONERRETH 2 R=100 t DEHEICIIBEICHIT
HWHBELZAECBZTEY, B¥N 27TRIZB VW TERBEIERIZDH LN,

2) HHIRBHERLR R, & ARME ¢ & ORI, REICIZ S 3 ) BIR X Iz R EE A
FHLNBLITHN, WwTd R=150t MiEOHIEE R L 720 TN & H 5, K% HHFIR
ENTERAT2EVIMNER2 L4 61F, BECHBRER L HRE L BRI R2150¢ & ¥
NRETHH I,

3) —E, % R=100¢t &R L b TMIFLZ Lick ), BEBARBICE VT, AT
ICZIT-HERRE TOERBOMUDIERD &z, #ic, BIFRSIITHT15~20 BIETL
1255, YT SEEDETICOWTIIHLATII ko, T2, BIROBMERIL, wWiho
WEICBWTHLFERTIZT R=50¢ THL 7,
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Summary

In the current criterion for manufacturing softwood curved glued-laminated timbers, the
relationship between the radius of curvature R and board thickness (lamination thickness) ¢ is
prescribed as R=100 £ In this criterion the relationship R =100 ¢, in which the boards are bent
to the most severe curvature, is adopted practically because of the reduction of labor in the process
of laminating. There are indications, however, that this permitted radius of curvature is too
sharp.

In this paper, the problems of this relationship R =100 ¢ and the proper relationship between
the radius of curvature and board thickness were experimentally investigated using Akaezomatsu
and Todomatsu boards. They were 9~10cm wide and 110 cm long and their thicknesses were 10,
15, 20, 25 and 30mm.

The results are summarized as follows ;

1) All the fifty boards tested went over the proportional limits by 24~39% on the average at
the deformation of R=100 ¢ and the compression failures occurred in the greater part of them (27/
50).

2) Between the radii of curvature at proportional limits and the board thicknesses the similar
relationship might be recognized, and the relationship between them was shown as R=150 ¢ in
any board thickness. Therefore the proper relationship between the radius of curvature and the
board thickness should be R=150 ¢ from the standpoint of using the materials within the pro-
portional limit.

3) The extension of the linear region in load-deflection diagram was recognized in the
destructive test and the linear region reached to the load level subjected in the previous bending
test. In contrast with this, modulus of rupture was reduced by 15~20% on the average. The
boards were broken at the radius of curvature-board thickness relationship R=50¢ in any
thickness.



