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1. L & I

bAMBRMCRNTE, FORFMBHEREL BRI OhTHIFRENRETTHLE
h, bRAEORBERHHED T, 729307 F THAHA I h 5 WiLson DRER
E=[1—2000(t/RP] (zzict: 7 3 &, R: bAMMOPLBICET 2HMEBLR) 2L,
bABBOFEBTIENEXFHETSLIIRTBELTCNS, —F, 4 F Y ATix HubsoN DRE
X F=[1-15(/R)] & WiLsoN DRERXRDWThHEWHEZA VDI LEIhTWw5, LAl
tﬁ%,:hbmomfm?—ﬂmytmoﬁ%ﬁﬁﬁéo

B @B\ C, ZThOREX WHIERE) OMBEALEML, S5 T4MEK M4 F0RE
B X sbAMMed LT, TOMNIeE JIETHREBCERNRHA YL 2. FFFR
BT, BEHEBOT7 H ==Y IV F=Y et L, B & RAED 4 @HEO R
DV E LETHREEL AN, T2 Th, BHOEHRCIIESE M v Bty
Rufe,

BBAMELTROICHIY, HPE LWV BERFB¥TIAM N IEEEHE
&AL, b OB KRBRICEH N S W BLOREEEM BT B Rl WAL, OXhEH
DEERT D,

2. HHBIUVHRGE

FRAENL, B ERFWNERFEEREDO 7 7= V=Y BIVr K= 28 Th b,
REODHELRFIVRVEOREN Lic, hrxET, 5 40 Ao THiHE 35%x180cm, &
X120cm OFERAE LT, A4 100cm D7 F v b VA XehREFFHEFH R CHTRIERR
BTl Ty v 7RE E%, ¥, RyBERABC X BIMBAERE G 2RDIH, ToORKO
BH VA rhFh o=75kglem? t=6kg/em? & Lz, Bbhlcy v /7 Ectbh, 4
RAIAV—7OY v 7 FROFHERS LOFORHENBIFE LIS X 5K, 104 o% K
RN - TR LI, ZhbOWEBEY Table 1 ©RTA, T~ b, A iXERTHHA
MM OMEITETSH S,

RNT, Thb 06F0FERY Fig. 1l 23T X508 L, bAMRRERROLA M
W5 (Kt Curved portion), % Z Db A MO CEHRFAIRE, MiFe—x v D 1/2
RZFBHE) 7 4 vH—Y ad v T HERTH (X Straight portion) ¥ X OSREM =
vie—ABRRLY, bAERCHWAHEOWTIL, BRER U TORGEICETC
Al LT 20~22 i DM 0.3% 3.5 cm ORI RV, 205 Bk ED T 19 #w v,
4 R CH LrhZh 10 fF, 3140 A0 8 3cm, HE\ 5.8 cm D 19 BERbLA M %
fER Lic, BECRRIEBEEER LAY, EMEY Tkg/em? & LT 4B RMER L, 1,
Fig. le&ibhb Lk, HEEMIbAMBHAON EBEFRACHEIET-T (= F7y FK0)
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Table 1. Properties of test specimens

No. b h E G Tu u Rw
{cm) (cm) (10%kg/cm?) (103 kg/cm?) (%) (mm)

60CT Av. 3.006 5.760 115.5 7.0 0.42 13.4 2.7
Max. 3.010 5.818 149.3 8.0 0.49 14.3 4.0

Min. 3.003 5.718 95.4 6.3 0.39 12.6 1.2

45CT Av. 3.005 5.842 115.2 7.8 0.44 14.1 2.5
Max. 3.007 5.887 155.1 10.8 0.48 14.6 4.2

Min. 3.002 5.775 92.5 6.5 0.40 12.9 1.0

30CT Av. 3.009 5.844 115.5 7.1 0.43 14.0 2.3
Max. 3.012 5.892 153.9 8.3 0.49 14.8 3.8

Min. 3.008 5.772 93.2 6.2 0.40 12.8 1.0

24CT Av. 3.014 5.792 115.1 7.5 0.4 14.0 2.2
Max. 3.067 5.852 143.6 11.7 0.50 14.5 4.0

Min. 2.985 5.665 93.3 6.0 0.38 13.3 1.1

(Notes) &: Width, A: Height, E: Modulus of elasticity, G: Modulus of rigidity, r.: Specific
gravity, #: Moisture content, Ry : Average width of annual rings.

| 690 I 310—~ 35l
Straight
& Curved portion portion l—
sl
Iu“", Control _L
l 1000 N
1200 (mm)

Fig. 1. Dividing method of each member from 208 dimension lumber.

mbh, FR@EM =2 v e - XBERTRCE Y& - T (F1 Py 70 MbRIEH, &
WECBTHBEEN = v e - L OBEOKRE L, BROZRRD, bAMRBGOK R
AT AREZIRETHELOTHB, i, ARRTHVOhA4MEL, HREE-1C
SR, HAMMAGOMERER R B> ¢ 7Bt OBE{RA, ZhXh Ri=200¢ 150¢,
100z 80¢ (R;=60, 45, 30, 24cm) DL D TH 5,

BHEM A RRBABBE ORI + v ¥~ a4 v b LIcH (EME 50 kg/em?, {f F#E
EFIEER C = L BHE = = v v ¥ CH1000), 1AM EOoBEME LY T, BREEHO 7
O A4 MR BOAIERRLS CCHBEARY T - 7o, AlEERR T 40 GoRBECH L, #
150 kg/cm? DI v~ ¥ CHBARCEMR, SIERAROMEY ML, WWE20kg & 160
kg ¥ TRBRAEPROKFEL, bAMEHBEMLS XOHESFEMLLRE Lz, BERBELL
R FHh 1/100, 1/1000, 1/100 mm TH 5,

BERBR TR, 4HES I0FCoZERTOEME, FIRMOMESM CHE LITH,
HEHMBER 71— 7OFHY v IV FERIBITE LD X5 epB Lie, ¥, SIEMRRG
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DT, MELAORABYARLEETHAIC LI VER LY, ERAERRGCIIhES
B Ui, BENOMEHIERBREFBEE L, MEDkg TERPHCELFTHELEY, b
AHEBEMOZIHARELY B2 5E T Lic, 2hbREBAR LORBFEDEMIER
BRI,

R, BEM =2 v e - L ORTRERBRLY TR 1228, Mol L BHEOAE izb
AMHOZTHh g TAL0THY, i, HFE— 4 v I KbAMMOMTE—2x v I
RILT 2R REPHEHR (A2 0cm) X HHEEL, ChirBEHOBRELE L,

3. RRBKUER

4 i3F 40 O MPLRBRS R Table 2 IR, ChbREOEHBELLL, MFEIIC
SMTIC & B EAR M THRA L D RdI b DTb B, AT TIBMNIC X BEMITEHR Lic,

04 = 62] {6¢R3(1+2 cos? ¢) —3R*(BR+4¢S) sin 2¢
+4S(6R +30SR+ 5 sin? go} il {R(Zgo —sin 2¢)+4S sin 90} (1)

don = 0 {GgoR — 4(pR—S) sin? ¢ —(3R +20S) sin 247}

kPR
+ SGA (2¢ —sin 2¢) (2)

on = GIEDI [GRZ{R(COSQD 1)—S(¢p+sin 50)}+{3SR(2R+50S)

_ 3¢R3+Ss} sin 20+ 3RE(3R +40S) sin? go]

P
+ 4kGA {R(l —cos 2¢)+2S sin 250} (3)

T T Oun: MEAEDOEN, dep: bAMKMBOER, on: RBREFRO KFEL, R:
HRwhROMBAE, S: MROERKEORE, ¢: bAMRE ORLAD 1/2(rad), P:
WE, E: vvsRR IE2KREe—2 v, G: SMEIMERR A WEHC X 5ERR
(=6/5), A: MiH®, TH5,

¥lo, BREMEIRRRAK -2 v I 7-a20F L RRTH2HERC I HEVEOE
RETHTIoR, HHERORHEME S BV,

HEFMIXTH5ERELDOHIL, 048, Ocp, 0n DIECFEHT, R=200¢(60cm) T 1.11
(ZE®ERS C. V. 23%), 1.06 (A 4.5%), 1.02 (7 2.0%), Ri=150¢ (45 cm) < 1.14 (A 5.7%),
1.07 (7] 8.9%), 1.03 ([ 6.0%), R:;=100¢ (30 cm) Ti% 1.26 ([§9.2%), 1.19 ([ 12.3%), 1.15
(R 75%), Ri=80¢ (24cm) 139 (J75.1%), 1.26 (F 10.0%), 1.26 (] 3.8%) &ic-tz. Ry
=200¢ (60 cm) F XT'150¢ (45 cm) wOWTCiE, FERME & FHEBEII EBENBEL —RLTW5
2%, Ry=100¢ (30cm) /e & RAMHEN G HIER & F#HT15~26% LEIH, Ri=80¢ (24 cm)
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Table 2. Results of flexural-rigidity test

Displacements (10—3 cm/20 kg) (1)

No. (1) Observed (2) Calculated 2)
0A4B oD om 04B d¢p om 048 dop Om
60CT Av. 46.70 8.26 59.47 42.12 7.81 58.35 1.11 1.06 1.02

Max. 57.00 10.40 72.50 50.19 9.36 69.44 1.15 1.14 1.05
Min. 36.83 6.44 45.84 32.10 5.89 44.57 1.06 0.99 0.99
45CT Av. 40.94 7.21 43.64 35.98 6.72 42.71 1.14 1.07 1.03
Max. 47.00 8.68 50.84 42.74 7.95 50.69 1.24 1.28 1.14
Min. 33.17 5.37 36.34 26.66 4.97 31.83 1.01 0.91 0.91
30CT Av. 38.90 6.76 33.91 31.13 5.72 29.80 1.26 1.19 1.15
Max. 43.71 8.11 39.13 37.00 6.82 35.42 1.44 1.40 1.30
Min. 32.67 5.38 28.09 23.42 4.31 22.42 1.05 0.92 0.98
24CT Av. 39.71 6.90 30.47 28.70 5.44 24.19 1.39 1.26 1.26
Max. 48.34 9.29 36.42 36.57 6.98 30.83 1.51 1.47 1.33
Min. 33.51 5.53 25.55 23.27  4.48 19.44 1.28 1.04 1.18

B EILIRIDBEVIKREL-T, FFHT26~39% SHEEY LMLEREBL, &
® Ri=100¢, 80¢ ® 2 R D d DoTiE, FIERARE TH S CTREORBREAR T B
HEREEREARD LR TR Y, ChBXlBTFREOETE b Licohbamhicu,

wic, HERBERY Table 3wk, FhobAMMOMER, i) REHI HRA
Iz 8T N=Puax, M=Mpex, y=—h/2 L LTE5EZ2bNRD,

1 M M y

o= A<N+ R " Re R+y> (4)
B R, 1+h/2R

k= —1+——~h ln‘_1-h/2R (5)

T A BERE, N:#hh, M: #@iFfe—xvh, R: eohRoBBERE, y: #
BWRENSOERE (MWMIRE, MEZAKES), h: e, «: ) ROBRER Form
factor), TH 5,

Ri=200¢, 150 ¢ DRBRA DT, A FIIMHEE L1 1 & Bk & (Ri=150¢, No. 45C1),
FORETTXCRBAO S EMUHENIC X 5 FHEETH b, Ri=2002 TB1F % £ OFHHE
I OBEMCT S LRBEOFEE, EMER T 677 kg/cm?, 1.097, 5|ERE T 774 kg/em?,
1177, Ri=150¢ TR U< 729 kg/em?, 1192, 788kg/em?, 1162 & 72 b, WIhbd-HoicEL
%R LTz, Ri=200t 2Tk h TRtk THRERIOCBEMCN TS HRIEE D
@, BIEANEHEEY EE o, Ri=150t conTiy, PHHERE CRFIRE‘VEREY L
Btz 0n, McEE T EHT3% B EFIREAEREYTE -, 2 TR5]
EROFEM= v b v — A DRED, FHTE86kg/cm? LB ENBELENr - LHE
BabsboLBbhd, ¥i, EROKFINEBEELE CEMURARE 45C1H wonT
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Table 3. Results of destructive test

No. Prmax M. A. agc g5 oc
(kg) (cm) (kg/cm?)  (kg/cm?) 78
60C Av. 596 17.40 677 622 1.097
Max. 655 17.98 723 736 1.248
Min. 492 17.13 565 571 0.957
60T Av. 929 12.58 T4 656 1.177
Max. 1193 13.35 959 758 1.358
Min. 620 12.04 555 582 0.945
45C Av. 653 17.36 729 615 1.192
Max. 696 18.46 765 674 1.385
Min. 574 16.89 652 530 1.090
45T Av. 912 13.30 788 686 1.162
Max. 1063 13.86 940 820 1.428
Min. 614 12.74 557 572 0.943
30C Av. 486 16.59 537 651 0.859
Max. 562 16.93 637 869 1.105
Min. 446 16.17 467 504 0.538
30T Av. 699 13.88 639 637 1.038
Max. 1004 14.41 885 862 1.618
Min. 387 13.33 373 547 0.673
24C Av. 457 16.29 515 632 0.820
Max. 562 16.49 633 738 0.896
Min. 400 16.01 451 504 0.721
24T Av. 654 13.85 605 649 0.932
Max. 998 14.37 881 707 1.280
Min. 550 12.99 530 573 0.751

(Notes) Pmax: Maximum load, M. A.: Moment arm at Pmax, 0¢: Strength of curved test
specimen, ¢s: Strength of straight beam.

3, BEAORABLZARC I VB LI Teledi, FELLLMEALAD AL ML KT 58
WIS ST b D TRV EBbR S,

R;=100¢, 80t DHBRAFITOWTIL, FHBE R XOCBEMICHT 5 LBEDOERL, R
=100 ¢ D FEfE ! © 537 kg/cm?, 0.859, 3|3RE T 639 kg/cm?, 1.038 & 7c v, FHRE CIERIT
BOLRILN X D ThHH, MR TIIRE, HEEE S ERNREDLRS, S5k Ri=80¢
ik &, EMET515kg/cm?, 0.820 LERAKE L nb & &b RFIBEHITR VTS 605 kg/
cm?, 0932 L BB DS, = OHEMBIC BT 2 BMEEBC VT, iR Lk 5,
RIERBRR TR A TRREABRTCRD DN MM EMEEENR X BB L TS0 L
EBxbhb, ¥, BEBUETIE, R=100t DBEMRBREIS\TC54&Hh 34, R=80t0D
SEREARMBIC R TS BF 2 thic, ERIENCERT 2 LBbhsRRENBEE OB
BEAKAOZE LW oBRENE Uled’, ChORBEDTIBMcE T, MiFe X 55185
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BirivThd I {@dbhlth o, ThbOWRABBR OV, FRRIGT L AFEII8
BHOBEE L BEHRETHHEELLRSLH, 02 #lRCOWTHRAKFEHRIG DY RE
LT&BE, FHT R=100¢ Cit r=30kg/cm?, R;=80t Tr=29kg/em? L/ b, WHEIEH
ELTRENETH D, hied L, FRfThRo IS X3EROBIIRZR I vBbhi
HHROBSIBREE L, Biic op=3M2ARZ X Y RDILBRFIRIGNE cr 2B LTHRB L,
orIFHIR L SIEHT, HROBIIERED 80% 22 Tk h, XRIEHERT S (L&
GRS bT) Bl Ths LM L, ¥, Thd 2HIBROWTUL, FOFHRERL
CBEMHCRT 5 HBEE b, FIREREREY L,

DX, AMRCBCTUIFHBEE L4 MR E L FIERMAERRY FE Y, BH
Hert3 % lBHEI DWW CH Tl Uiz R=150¢ (F#T 3% W) #ER< 3 MR BT, 58
RApEmEEY EEbEEEX S, FOHZ T, FRABERINLFIBHEOFHELEH

% :

S o

1.7 ey

1.0

S S

0.9 i s nt

0.8 \\“ﬂ

0.7 ™
\\Qi

0.6

0 0.002 0004 0006 0008 0010 0012 t/R

Fig. 2. Average ratios of the ultimate strength of curved timbers
to straight beams plotted against the curvature ratio (#/R).

O : Average of compression and tension-type specimens
o : Average of compression-type specimens

(A) WILSON k=[1—2000(¢/R)], (B) HUDSON k’=[1—15(¢/R)},
(C) #’=[1—10(/R)].
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R (t/R) v oL T WiLsoN, Hupson Wi & T 5 & FERc, B 2wToEL bbb
‘Tl oto. BPRI1L Fig. 2 wRdhsy, KhoOMAER, FIERMERC KT 5 PHE
*FbL, AHPERECOWTORDFHETH S, RERIhd Lo, WELLIHTO
WILSON R & DEBRNA E L, BIBRD & { Ri=200¢ 150 ¢ ® 2 iR\ T, HEERIE
ZABohh Wk ThHote, T, BREOBDLRI Ri=100¢t, 802 OEHE, 5IEMHER D
EHET VT, WThIAEREZEE-TH D, ZhHBEHRARK L =[1-10¢/R)] OFAH
W THIEREYB, i, EREORHERRE LEBE L, AHROKFKREIL Hubson
R E=[1-16¢/R)] LR V—B&xR LI, ik, B XrsphAMittes LT, <OEM
HEGOBRERRBE, ER TN ) BRMCHM LT Bkdi, ZOEFEOLOE
R OWTHEERD £/=[1-10@¢/R)] 3+ EHERZ SO LHK I h B,

4. & H O [

BRI EWT, Bt T4MERMEDORES s X+ 7bAMHR LT, ZOMNTE XiE
THRPBCERORA E ML, AFETILEEHERDO7 A=V~ BXVO Fe v
L, B EFE o< RO 4 o HER [R =200 £ (60 cm), 150 £ (45 cm), 100 £ (30 cm),
80¢ (24 cm)] Iw W T & 106, FH40 Db AMMZIFE LT zoiiFiiicts 13T g
WE RS, F o, ARBEORNG, ERFARS VREFC T - THEE L,

BRILUTOIO>REHE LS,

1) BEMCHNTAHER FIEANREELSbRCREEOTEEI, 4#R-Thicky,
T3 WiLsoN, HupsoN WA % LRl - Tk b, BE#ERR Ri=200¢ 150¢ @ 2 fiIR R\ T,
BMEERIADORRVL ) Thote, El, Ri=100¢ 80¢ic it % ME EMEMIZHR X
DHBRLHTH D, =D 2 MEROWCIZEE#RFHE, Hupson KX b HELOB R IeEH#R
k'=[1-10@/R)] DERNTETHH 5,

2) FPHBEMEICOWTE, 4L SR EGRY, FHT8~19% EE .,
BEDOEN -2 OFEMHB OREMICH T 5 HEEO FHITo\WTh, Ri=200¢ 150t © 2 #
BEBWTEZOERIZR DO NRVX 5 Th s, Ri=100¢ 8023t B ERMEMIL,
HupsoN KiciziF—+5&EBRE LRz,

3) Ri=100¢, 80t d 2 @i B\ TiE, BWEEBIE, D T3/, HIFRAIKOET LR
HohB.XIThoT,

X B

1) HAEEEs: AREREHRE . AFS. A%, 197
2) AWK I AFIbAMMOMELEG. LAFEBERFRES, 42-1, 179-190, 1985,
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Summary

In curved glued-laminated timbers, it is known that the ultimate bending strength is
reduced as the ratio of lamination thickness to radius of curvature is increased. In this paper,
the effect of curvature on the strength of curved glued-laminated timbers consisting of softwood
thin laminations was investigated. Similarly to the previous paper, four kinds of curved timbers, -
in which the radii of curvature for each concave surface were 60, 45, 30 and 24 cm, were
made of Akaezomatsu and Todomatsu thin laminations. These curved timbers were about 3
by 5.8 cm in cross-section consisting of nineteen laminations each 0.3 cm thick. The radii of
curvature for the concave surface were represented as 200, 150, 100 and 80¢ (#: lamination
thickness). Half of the curved timbers were destroyed so as to induce tensile stress at the
concave surface (tension-type loading), and the other half destroyed so as to induce compressive
stress at the concave surface (compression-type loading). In calculating the strength of each
curved timber the precise equation for deep curved beams was used and the strength was
compared with that of the straight beam.

The results are summarized as follows ;

1) For the average ratios of the ultimate bending strength of both compression and
tension-type curved timbers to that of straight beams, no reduction might be found at the
curvature ratios (¢/R) of about 0.005 and 0.006 (R;=200 and 150#). At the curvature ratios
of about 0.009 and 0.011 (R; =100 and 80%), the average reduction in strength ratios was found
to be smaller than that given by both WiLson’s and HupsoN’s formulas and WiLsoN’s formula
departed from the test results remarkably. For these curvature ratios a simple formula &/ =
[1—10(¢/R)] might be applicable to the average reduction in strength ratios.

2) For each average strength of compression and tension-type curved timbers, the average
strength of tension-type was greater than that of compression-type at all four curvature tested.
At the curvature ratios of about 0.009 and 0.011 (R; =100 and 80¢), the average reduction in
strength ratios agreed with HupsoN’s formula 2 =[1—15(#/R)].

3) The reduction in stiffness of the curved timbers might be found at the curvature ratios
of about 0.009 and 0.011 (R;=100 and 80¢).



