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Z DI 32 AR AMOKE EEMHREEC X o THHEMEEE L LTh e bbb [ ERMER
(L3 | I 7e\ T BEEAR L D E L Db DTH D, AMEAFEL DIk, bAEICET AN OKD
BEARS, BEMEE OOREERMTH 500 ZhBIEHTE BN, H4P ofEMch S
fedh, CHDSHERHINTT 5L B LERDANIDTH S,

SHOBKRIBEEEL DL ¥ 0RO L 5 e kfBAR%E 5 5 LZEHEEL 70 U , AKX D X DIIEMN O
ECREEIRM L T2 L ABHC B0 L B s, ChicHlT 55 BITERM LI 2Bk <,
LLAZOHAMEIL LTIBEETH Y, L bEBDOTE, BRCIERTE 2EEEY b, 3ohreT
SREEBDENS ZENTE S, BKEOHMAEIT IS T, TTRETELTIND & OEMIHEI R,
Tl s EEO L LICEAOBICEL TV A, bAETIR, ¥ELOMABEL & Wbitlhulicbi
Vo dbAHA, EEMEIERT 50 b FEREEEM GRS E 2T b a5 Z 2 Tidinl, &
Bt BREH & L TR 2356, ToRFhCRERRER b i, To X5 efEmicion LT
ERBAThI e &b 7nd, Ealh & QIeBlhER A I 7o\ T B IRIE N R EORRIE T H B 12w,
CHhyFEOEN L SENTWichked s Bbh b, ZZiREWT, BIERMERIEL, = OEENHEE
BRRT B L L B HEEYE L CoMERER, X O EERR E T, TOMTTE S 20 E Yok
D, SHROERMBEEHREFC T HRBERDA L Lico KFEEFTE L2 AL 2L b,

ARPFIECTIXEGH B L CENMETH 2 7 v~ Y BEL, ElM & L CoBEMELRITT 5
CErDTEDLLIE, FAGOEMERL, £O0EREMER Lo TKG L CERM OB ZTRD S &
i, EEHERM OIS BT A EMIL, TTRHE L LEEERM OREHELYSE L L, IbiT,
BEEROEE, Ab— 7HE £S5 < OB OW T, TRTPHEROSERIC L > THRIRL 2. L
L, ThboBfEEICOWTHESHO EOSEMELT T, TORMELHIRA LTI LIZLLS
AThb,

BERM S OB, HERBEOXCTULERTE 5 40Tk DT, BEREHENETR
LU HRBPELLBEBIERRAABES S, B/ IEESOWMNY 2T, Fllish, Eshi,
CORAKTEDLNIIR - TEHROBHENR 8 K2 HIEL, TNT oW Tl -, b
B iR e L, TOREBRT L. chb Db 4 REFITBEMFERT~EE, 2o 3&Hi7
~ FREECHE AR €, B L L CORMERRS $ ORERBRE TokOTh b ZOREIHLAETIL
ZUBDTODDTH D, ZL OFE L bl & dic, Zhic X > CBIMERM B RBEME  LTEb
HTT N, THOEEKEL - THEE FHTERZ LANHESN AL HLTIBE TRV, 20z
LRSBEOFBRPIFT A LATED L L b, ThORFNCHET 2 BB OSEHIc—BDBH %
FhiElebiou,

Z ORR ORI EH T % 2 T BER T e b I BER AR INBELI OO LA TEHOEL R
T3,

Teds, ZOWIEIFEAROEN 2L, FIEOBMERMLIEIL, TOMRERRIC\ 5 TOXTHE
%, ThEROXTOWREN L L 222 L afFT 5,

®qH# BbF BRI EE



LR BETAME GF2H  (FERHAWELD — 3 —

BN DECIR F IR
BROMTL, * % — 7 Eillk & OBMERM O EFIMT  ITRgEE
7 h = 7 8 LB OB+ X OB e HEENTIEE

BHRAATR, TEREER, #M3s X OVEERA DR E MBERER WEWESE
2. 8] 8 £ &

2.1. E##EHEoMT
2.1.1. 8, ®REHLUMIT
(a) @ #

A BRI B KT R B EPICER LT h =YLk, KA 1R E, BX 4RO 154 25 &
(R 48.69 F) &AL, WHEMPIRECEIN 4 TOBICIRM LD BIE X 6 5 ORI/ NEl
DL7z.

(b) ¥ 1%

B OFIRCITFIFVIEE O 20 HA D ESMESK L F. BERSELAvGo. B 2 michd,
UEh b BHOA DM ol TRz e 00
7oo 5 1 AR 3 HIFTRIRGIEL ,
Z DHHEEKRIT 50~70%, BEIRGERC
ERKORES T LRI & 7oy, BRE
% D.T. 60°C, W.T.57°C ¥ TELHX

=<3
=3
T

~Temperature

0
d

Relative Humidity

[=
=3

Temperature °C
Moisture content

¥, Fig 2. 1. 27 Y =a2— 2 X W%y M

BArAL 7. EZRREEUIAY 5 B, FEERKR

&M D.T.80°C, W. T. 54°C T 2

Dtz ERFMEKTHI D. T. 80°C, W. . . . . . . . .
T. 76°C D&M TH 3 ﬁfﬁﬁ%(@ﬂf_ﬂi%ﬁ 0 20 40 60T,‘me (83) 100 120 140
W, (R DEKEKE 8.5~10% & L T Fig. 2.1. ®gExrva—

BT LI Drying schedules of red pines (25 c¢m thick)

B 2 I RIRWER AT 10 HRHR Z7cv, BIEIEKERIT 35~50% THh b, (2FH 1AL AEDOAr &
2O TCHEEY TS, ¥4 HETEELKT LI,
(e) HuRomIT
B OMEIR & SERM OBTEBIR O A 2 EE L, HIRL R Eev L, BX 4m, 2m, 1m O
¥, FhEh 10 #, 308 #, 238 ¥k xtco
ELICRIHD A B 7 BRE T ORE 2B B 1o it O s & U O k7ot
i) mEinT
MEOHMA Bt 24in. —H 7L —F— (7.58 »ATCIRER 125 mm, 6,0007. p. m. N 4, &7
Hifg 56°, N 45°) &AL .
FIRBROBROIEE N 17~19 mm THOeDT, FELEVES R 17mm 2L, MEL b 0.4~
0.8 mm DFIHETHMIL 7.
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Table 2.1. #H O NTHE 7 — F = B e e B T B IR DB X
Process-uniformity of laminae
S DSz H bbb L L, FEhr -1k
T LW UM EER SRR T I LIty W
M%‘@ﬁﬁfgf (mm) 14 80~15.50 [106.50~116.50 5 E & AT R,
oA, B 50 113.68 EMIEDH: EDE XL 17.240.2 mm, %/
BRI {22 Cemm) 0.03 0.70 DEND L DB B b St R H T & b
fii iz gvﬂ (%) 0.19 0.61 INEFEL 7,
&ﬁgasﬁu ri@g %(Oints “ 945 945 i) I AT

MRV Y >y~ (9.5, 12in, 19B.W.G
FHDZ 3,600 7. p. m., EHHE 12 m/min)
X, BRAEMOMEES 9 2707k,

- DIsC
H IR IMTHESE S Table 2.1. i2 7L 7= -
- KNIFE 2.1.2 RHZEEML
_W00D To BE CUT
_~_-GRAIN DIRECTION (a) =B 74

FEEDING DIRECTION . . .
RO Y 2 1 v FFREHH BTN
“\ ANGLE BETWEEN KNIFE-

FDGE AND WOD-GRAIN 112 DFRIC 2 B 7 HIMIL #o, (I ES S L O
\ QUIDE FOR FEEDING  PE3EBHSHIT o) L 45 D TdrDtro

L D) R )BTRS £ % 252
7H v %~ (Fig. 2.2.), ¥4 A7 HEE 1m,

bisc Ay P AEER 550 #. p. m., 3P, FEDFH
PROTRUSION OF KNIFE 5&

N

GUIDE FOR FEEDING i) EEBESE KB A D7 H Y 21T HEY
kO 2 B 7 RS RECH: ESFRBLRSTV
Fig. 2.2. ¥4 7% 7D 75 Y x— Kaaidb b & ORMEENIGA, & <ri
View of disc type scarf cutter e AR R B I o HERITA  (Fig.
2.2. KkF5 0), UIIAR XOHEN L Nie OB EET 2 Z 2k Y EFb NS, Zhb iR
BT A ETOPRHERT ML 1458, 70 < YR L T RO SR EEL 7.
W OBHERTA (0) | DAL HNTOM~OTEAZRDIT I T 20°, GIHIK TR ST 90°
(Fig. 1 ©HK T H=30cm, B=20cm),
Bl 1 35%
4T & N & sk | FHEl D IcX L 0.60~0.70 mm, = EFHEI DXL 0.15~0.25 mm. HBU%
F A4 R ZHEICE T 0.60~0.70 mm, PIEIZE\TIE 0.15~0.25 mmo
R TREE E, HE D B ToTHE, P aTEy, 1L DM WTEES %
TR AR AbE . RETELRET, A2 7HHE 0.65 mm LI EDNIVKLOH B D, s
DREP LIS D, 2D 7EDED 202~208 mm OFIFAS D & OEFENIL .
i) MIFEE  BROA D7 K - EFRBEIIROL > THhok
(1) =37 EDEOFEEL 205 mm, ZOELERHZE 1.1 mm,




LA BIT B IE R 28 (ERMRTIERE) — 5 —

2) 2EYBED 55, =B 7HHEHRIBL T < SIEIRET
& BAMERFHRED S D 3.5%, H LIFRUIRGIC L T A A Ttk
FFRREE T 540 3.5% #EU . HEAELS B0 S
Mz EIEIREE & DA% DD Tc. REEIIEERER D R0 DA
ZSPEID IR U7, HERIEDIEIE 0.31 mm.

(8) WMENHEEE 17.2mm L L A D 7 HMELERICANE
H3one, 25 7RO 1:12.1.

@) AH7EIMAEYRT DD SEL 2, <« ORI
LT, BEARTIE 1lom X LRARE 0.5 mm LT, B
FHETIE 20 em @ UrRRE 0.5 mm LUT-

(b) »%-—7H55

EEX oA
i et
LYY s — it 6000 100 : o
[T 1t #l 6002 20 Phot. 2.1. ¥ZERIOBT

(HEKZ 1 eh—n FeETEENLSHED

AR =7 %Y 2 TEHIL i Bl D
PR TmiLEA L (BHEE=35
g/ft*), Phot. 2.1.~2.3. 107 T X5 iC
FEREAE 2 % TS oIt 4 U

Spreading of glue

TR, D EETE, D),
HIZAH— 7HRE SN B0 % Ao T
F ORI R 7.6 mm DILE HiT,
Zhiz 7.8mm DX REFTHIAA X

SRR e
o ;

Z OB DU TSR DRI R

EDSWTEDIADTHD Phot. 2.2. x£;7ﬁ%

T, AW —THEHOIVIEZ DX R Assembling of scarf joints
EHROELTAL 2B8EMRHHNT,
Phot. 2.3. TRL & 5 iCfllERLLIC
L oTThElhivie.

FEfEL L2 vy .0k 92T, T

Z 570 10 kglem® &L, SR (23~
31.5°C) THEEEHINTYLT % ¥ THEREL
7o-

ok, AT — 7RG 832 D EKFK
T — 2 Y AEREFHT (R OERH
R ML, TORTUIREA

Phot. 2.3. Z2A—7Y a1y FRE
16.5%, /] 9.0%, ¥ 13% Th Jigs for scarf joints
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otz

(¢) RH7EELICT 3 DL LT T

3~ 6 DM A D THERE LT s+ L R b — 7HFEL CTERM O 2 v A= Lot b DR 5
IFLGE) B 2din L —F— (i) X hEH R -

TR EFEE 15mm 1EOBI DA 0.5mm =L, EDME 7 mimin CEERORO 2 @FOR
L7es

t EFEOT 1 7~ = 7 IR 1.0~1.5mm (Lin ECBI5 51 7 <=7 DFSEK 21.8) T, >
17 ~— 7 DPIRHIEL Rk e BRIE O BFE & U lo E EFED T s > OMTHER Table 2.1.
ERTERYVTH D, Ikt EFEI B ICBOREL, 7 7 189 LD\ TRE O HIliE s L Ot H
R 1m IO 3m OEICOWT, 7 F 2 (0.05mm #HAHR) A TfFok. Table 2.1. KR
LRIES ORI 7 L — >~ MTORECL b, WORER Y Y€y 7 ODRECL VEES 6D THS

fods, ERAROEANC R B 7SO fitds X OTHEE,  TIERE 0 AMINIC F BRI 10 om DAEEIC s
FRRERREL, A% 7EEBGOH D 1 OB M TA-<Fe3, Table 2.1. & 2EAREDREENL
B, R HTEEESICHOES T bIRA D Dt

2.2. RREmEYFE

BN 2 BT 5 SV ICHRIC IR R ¥ L bW eI 3 BERE, Wbz iud, BNRedE
R A EAICHE L TR S I, BAICHT, I E Do B C DR S KA
DRIUE, FOMBRERIIE b ICHEEMBO Yy 72 (E) tHROES (t) LItk >THRSh
%,

C ORFERIIA B O HIF AR TR BRI L, RAC IO EHobbT o LN TE D,

ZZi,

o=HIFLOIREPIEH, E=Yv 7RE, t =8, t=c THIET 2Ly 13, r=HRER

LAL, & ORTIEZ OMFLEEPENCTHEM2 DS L LT, Lo ARERC &7 5 Mk
HOED L IHIEL W5 233 5,

7eiil,  Ri=fiFHAREC ST 5 MEEE (n)  op=HIFHRARIGHE
Fie, SORUMEDIAT FINNOrRN & Raravi HitZ ok 5 e LR CIIER _LEFEIIC Hisre
WTWEDHEWCRESNEL T 500k, ILRBEWVROFHERE 22T L 5 mBEisd Lo, hiss
BXrlLtnws,
R.=2R,— Rz
s=2Ra—To (2.3)

Ro=ZEHRLE Ro=PHESOBAMELE R = TR
W%, Re=mRs; R=nR;, &8 &, EXnb,

n=_m"_
2m-—1

%56;



SEEAIC BT AW (B 28D (EEOMRTZERD -7 —

L7cs2T, 0.5<m<1<n 75% BIFR 2% Table 2.2. #ROF/NMBLE (v F)
. Minimum Bending Radii in Inches
b, Re % Re & R OHWRETLDT t =thickness of lamina R =bending radious

WBZ kA B, feFEL, E&\WcikTable  Thickness Douglas fir [Yellgw pine  Oak

of Lamina : oo -

2.2.0 OEX D IREL DR ST T Cineh) ) R HR| R tR | R | tR
60 . o ! o V V

. 1/ 4 31 1/124 25 1/100 18 1[72

White oak: R.=116t—6 5/16 41 1/131 31 1/ 99 24 1/77

3/ 8 51 ¢ 1/136° 37+ 1/ 99 30| 1/80

Douglas-fir: Ry=126t+10 (2.9 7/16 63 1/144 43 1/ 98 36 | 1/82

. 1/ 2 74 1/148 50! 1/100 43| 1/86
African mahogany: R;=124=t+10 5/ 8 98 1/157 83 1/101 58 ' 1/93
rrEL, (2.4) Kk 1~1/4 (n) Obu 3/ 4 125 1/167 78 1/104 731 1/97
) 13/16 137 - 1/169, 82 1/101 79 1/97
RTERNCEDLNE DT H 5, s, 1 176 , 1/176 100 1/100 95| 1/95
) 1'/4 230 | 1/184 125 1/100 120 | 1/96

West Coast Lumbermen’s Association F&fF 12 290 1/193 150 1/100 145 1/97
15/s 325 1/200 164 ., 1/101° 160 1/99

©® Douglasfir 12593 % BUHEAREE TIL t/R, 2 410 1/205 200 1/100 190 | 1/95

<1/125 L BDT 5,
LaL, ZhbhDBESMEBLEDZHHIETCE OB OV TEBICW AW HHlIRE L 2 TRBR
LifEENb 2 bhiedDTHOT, PR—RECLELVELD S
¥, L@ofl7 T R 8XO Re #FERANCL LD TW5BH, DI, RIMEBRIESLC D
ravbhn B bbb, R OETEBRIRTEELSDTHS, RE¥inhb, MFOREEICHE-
WM TIZ, 7V — 7 EEAESC S 52D Re OEOHTBICIIFERIN /s M40 X pH#EAS D, FEEME
NZL BN HTH D,
DL S EBEOHIFRERS D b b Bk hic, HERAEO-RNAYE EOEEYRGTHEET S
FEE & Dl
Thebb, ERCRT S e (Eor=0./E; “BAILGIERE™) LBERL L OBEHL r(r=0//0.)
DEBERNSFHENC L L DOLNDHFITRIT S (e =0/E) L DRMFEY LT, kiR
REFIE LI L FOWEH Y A FLRELZ GRED,
E = €0 Bl e (2.5)
eiiL,
E.=t/2ps
=RNRERMRER p. DL EXORE t BT A A1 E
Eo=%p0=0./E

=HRAIHIEREE (REED (o.=HEHEE; E=¥v 7{FRE0

&=l E= B Bt v ORAIPIERIE (r0=2 Lot r=aifors oi=BlREE)

b,

Q

3r—1 -

Ep="F—— = B -

r+1

w
i
|

-
~
(s
(o2
N/

o]
]
+
[

DR & & DL,

8‘=8"V/3r_1
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t
Pg=—""
T2,

= (2.8)

2&,9
Ligh, & BIUTrIMBELHECISDTHEEREOME L 5L AbNENLY, R—0OHELHEHD
OB TR, ZORMNZEMELER /s BB IRKBERISTERINBZ LT b,
FEHg R o B i E
Z ORBICH L 2 FOBHIAR 2 H ) D & ol mEMAR (BKED X 2T DM EORME 3 2 7o
foo FORBEE D ORHBRADOTIL Fig. 2.3. LT LBV THD., Fi, ZORRCHNER

2.2.1.

39 5 j bR BERE JESE 1R [EisE
3 (cny o
L ; B (20°C; 75%) fiifd D 10ton
a T v C ! S
S 0 1 B 7 o 2 7 KB RIS T
18 4 8BS LAMINA
= J1% 2,000kg WEI D% 7o b D
| 5 ] LBES] 1,000 kg H o wy b
4¢F T a7 BRREET, IR Efgcskit
£ .
t=18 P LEREONZEILT X T mir-
_3 2 2 B
% - gg i_s 5 3"]:7'5“"; 20 —‘I' 7 — ror-extensometer iz ko7,
' ¢ st EHEN
Table 2.3. i = I
%!_ " !P/z 2.3. EREKRBO
Fig. 2.3. HiMh B ISERBEDIE SEIEE A DD Fths, DFF
Strength specimens cutting diagram from a BHINEERNCIL T =Y e LT
lamina and bending test method
T =tension specimen (JIS Z 2112) HHEOLD LB bR A,
C =compression specimen (1.8X2.0X5) e o
S =shear specimen (1.8X2.0X3) 2 DFAETIL, FOEWM
B =bending specimen (two-point loading) 0.40~0.60 D & DAEEEK
BS=bending specimen (scarf joint test)
Table 2.3. {HEHIK
Basic properties of the test materials
_ ‘ : - 1 - e
T.W. u R. | E, E. o T ‘ T Eot
No. |
% glem® | 10°kglem? 10%kg/cm?®  kglcm? kglcm?® kglem? at[E:
[ | ;
01 ' 14.2 0.57 ! 117 ‘ 107 ’ 1019 426 107 ’ 0.0087
0z 13.2 0.54 I 116 122 | 1243 439 107 0.0107
03 15.9 i 0.54 100 107 i 1117 384 106 0.0112
04 13.1 ! 0.55 l 103 I 115 ’ 1071 401 ' 110 0.0104
05 14.2 ‘ 0.48 93 95 766 341 | 100 0.0082
06 15.1 0.49 123 121 ! 1250 399 ¢ 100 0.0102
07 13.6 | 0.52 87 ) 926 350 106 0.0106
08 13.9 0.45 7 76 803 312 87 0.0105
09 13.8 0.59 11z 105 969 379 110 0.0095
10 16.4 0.55 122 ! 105 1109 368 103 0.0091
11 14.0 0.55 95 ‘ 123 1073 419 118 0.0113
12 14.1 0.58 127 | 121 1217 448 114 0.0096
A 14.3 | 0.53 103 107 1031 384 106 0.0100
+4% 6.8 l 7.6 14.8 | 13.1 14.8 | 10.3 7.1 9.4

T.W.=Test wood; u=moisture content; R,=Sp.G. at test; E;=Young’s modulus in

strength; 7=Shearing strength; b=Width of annual rings;

s=Width of summer-wood;



EORMIC BT B B

D1 83% L&, 0.39 L TDE D (0.37 AT
3B T 7o) 14y 6%, 0.61 N kD
L (0.69 Ll Eixd bbbt uiow) 348
11% & 70> T5b. (EHEIHR O« v 158/
DLTIE, —FERL Ao X <, Uk
HECTORMORERMEEA > 22 bt s .
RNREMERE () ORE
TEICOXRHBEND (2.8) NEHACCE
L t-b oA Table 2.4. K LDTETH 5.

2.2.2.

THEEANTIE Ps=t/28,0 ITXDThErdbh
BH, Eo IO T OfEII AT L b £10% D
RZYFZERQHIIN, LD T, Py D
BELY 10% BEL Iz Py 2VES W ECIREe
RER LB TH S,

e, EM RIMBMA R 200n%Y L E

CE 280 (ROHMTFETD

Table 2.4. {FHHEER ORI HRRE
Minimum safe bending radii for curved
laminates
- T
T.W. & r — | ps Py
No. 3r -1
o [E {aefoc|” T+1 t/28,0{1.1P5]
! | l |
01 !0.0040 2.391 1.350| 139 153"
02 lo.0036 2.83 | 1.398 | 149 164
03 lo.0036 2.91 | 1.405| 148, 163
04  10.0035( 2.67 | 1.383| 155 171
05  10.0036| 2.25 | 1.331 | 157 ' 173
06  0.0033 3.13 1.435] 159 175
07 0.0039 2.65 : 1.380 ' 139 | 153
08  0.0041f 2.57 & 1.371 | 134 | 147
09 0.0036! 2.56 | 1.370 | 152 167
10 !0.0035‘[ 3.01 | 1.415 152 167
11 0.0034] 2.56 | 1.370 { 161 | 177
12 10.0037' 272} 1.388 | 146 16l
A 0.0037 2.69 | 1.385 | 149 164 ]
+4% ' 6.2]9.0 ; i |
| ‘ b
t=1.5¢m; P.=round numbers of p.’

P¢'=Minimum safe bending radii

ZBRED D Z b ITNTHMEH EFICL S 7 b 2o,

om
160
170
170
180
180
180
160
150
170
170
180
17C

170

I, P OEEIT 170 em LT DT ED, (J A DEIKRIZDOWLTIL 150~180 cm DB\ FEIC AT

VATHBEIEND, SOMBEREKELTIE 180cm % & 50NBHRLTHD 2\ 5 #E@icliot. L

T IADT, TOT B =Y OR/NREMEREIRE t=1.5cm DO TIEF 180 cm & HET L1z Tk,

t/e. D E LTI 1/120 &\ 5 Z 2i2is b,

DEIZ, ZoWERIEOREEE LD DHLDDORBE R I eD.

2.2.3.

DML (FH=)

(laminas-Akamatsu)

FERSWMELEOH/RELYIGH (initial stress) oitwE

| | .

[ € T | 4 , Specimens bl s Pa

f I I

Doal/Be 0 eidfee 1 T T 77!777(:777 ‘i mim 1 mm_ %

| | ! |

| 0.0040 | 2.39 3.98 22 20 41 0 2.1 | 0.6 3z

| 0.0036 1 2.83 4.10 37 62 69 | 2.0 | 0.6 31

' 0.0036 ' 2.91 ' 3.62 50 95 83 | 2.3 . 0.6 27

' 0.0035 | 2.67 | 3.65 37 80 77 1.9 0.6 31

. 0.0036 , 2.25 , 3.4l 23 43 ! 43 2.1 1 0.4 23

., 0.0033 | 3.13 1 3.99 45 83 | 81 ' 1.8 " .5 | 27
0.0029 | 2.65 i 3.30 33 65 67 | L9 | 0.6 | 31
0.0041 ' 2.57 ' 3.59 88 105 181 | 2.5 0.5 | 21

. 0.0036 | 2.56 3.45 36 73 69 2.4 | 0.8 34

| 0.0035 5.0l 3.57 25 52 46 3.2 | 0.7 27

©0.0034 | 2.56 . 3.55 18 59 29 L5 0.5 32
0.0057 ' 2.72 . 3.93 32 60 51 1.7 | 0.6 | a3

! ! | |
'1 0.0037 | 2.89 ‘ 3.68 (448) (787) ‘ (837) 2.2 0.6 ﬁ28
; 6.2 I 9.0 .6 18.2 | 16.7 13.9

.7 |
| .

tension; E,=Young's modulus in compression; o;=Tensile strength; ¢.=Compressive

¢,=Percentage of summerwood in the cross-section of specimens.
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Phot. 2.4.1. #HrRRDEEL Phot. 2.4.2. HRIEFTE
Deflection at the center part of specimen Dead weight at the end

Phot. 2.4. Jg/ &K I ERYERER
Test method for minimum safe bending radii

Phot. 2.4. (2 DREMEE L LD LI, KRBT 2 » 785 (1/12) 2 LRIy 7m O F 3
Thd.

DHIT, BHERMHICHEARHED T 1 FDOLHCONT 2 OREL R I IsDlc FOfHIL, 189 4
DRBETHI 10 DDA, WU D LW flid & o BEC Lo THIAL 7232, T TGO 7o RiEE
TFEMELED 5 52 LAELMC DT,

17, FOWIEAHDHERBCOWTIE, RRCLOTHLEHBILNTES.

Table 2.5. EHHERMICHIT S

Strength and related properties of each lamination in

| | | ‘

. b S Py u R s | E; | Eu Thp
_ _mm mm_ % % glem' _kglem* |\ O'kglem® 10 kglem® _kglem®
‘ 1

1 2.8 0.6 26 14.5 0.54 355 105 | 145 435
2 1.3 0.5 33 1.0 0.58 43¢ | 154 138 534
3 2.0 0.5 30 14.5 0.53 | 425 144 l 130 479
4 1.8 0.6 31 14.0 0.56 ' 450 | 146 131 515
5 1.8 0.5 30 12.5 0.50 414 137 | 116 449
6 2.5 0.6 24 14.0 0.52 373 9% 9 . 29
7 2.6 0.8 27 13.5 0.52 340 ' 106 | 98 400
8 1.9 0.4 25 14.0 0.39 242 82 | 73 266
9 1.2 0.3 29 16.0 0.56 375 | 145 | 129 439
1o ' 2.0 0.6 31 13.5 0.55 43¢ | 143 135 | 487
11 1.4 | 0.4 32 14.0 0.54 363 | 114 125 390
12 1.8 , 0.6 33 13.5 0.55 | 383 116 | 108 404
13 2.7 0.8 32 15.0 0.58 | 388 | 126 | 113 430
A | 20 0.6 | 29 14.0  0.54 383 124 118 425
+a% 25.4 | 245 | 10.2 | 5.8 8.8 " 18.2 17.9

g 13.6[ 16.8

b=width of annual rings; S=width of summerwood; ¢,=percentage of summerwood in
E=Young’s modulus; ¢sp=bending stress at P.L.; opr=bending stress at failed point
perature; H=relative humidity; suffix;



ERMCBIT AR (2 ERMRED — 11 —

cro=E&po*E

B - (2.9
2

Po
IS, cho=HIGAT Po=dhTc A bhHERE t=HIRE E=YYIHREK
7ok x1E, t=1.5cm; E=100,000 kg/em*; Po=180 cm 751X, cuo=417 kglem® LichbiFThS,
7R, MRLEORTBRAMD BEET 0w X b LD BIEHVITIE, FHRERCHET 5 HFRERHY
L, MA LTI E DBERIL S LHDI LA TES,
WE, [FEOY LTSS o L OBRAEBN L X T L, o/ly=9¢ L LT, FPEOMEKLRE po ikt
BT AEEY yo THE (W RERERXHLBLTW3),

Tho= P V0 ot et et e e (2.10)
LB
2.3. EHERMOWIEER Xside
o e
X FICRIT X 2T H & DI O SEEEH T O &, cod
Tk AR L 7 R SRR o 2 B E RIS L2 ;
7 A & b HTMERE L 2 O EIIR O E R R IR F L i
tre ZHIZEDT, TEZME VRELAMELBIEZ LSS 2
I EHROMA AR S Dt Th B . H 2
B R ORI T O Z e ik 5 BHR O RS 2Bl ‘3
D B IR A L ITRRSNE DR 13 & Lic (Fig. 2.4.). | = <ide
2.3.1. BHERMEERT 3RROME *'» 13 o
B0 T T 1c L 20 BIER ©o HES i B
. N Fig. 2.4. SingEaht o Wil
Table 2.5. iIcLaL 7. Cross-section of test glued
o3, = O HEELTHIR 13K D FHEE T F OB ER M D 3 laminated curved wood
M TR RS BT D 1 BT
the cross-section of glued laminated curved wood
| oor L0 i LEE A &p | &r & Lo T |
kglem® | kglem®! ouplon | ourlos | owplEr | our/Er . as/EL } kglem* minl ~°C %
| ' | ! |
|
i 833 887 0.49 ) 0.94 0.0030 | 0.0057 0.0061 | 127 | 28 ) 76
| 755 875 0.61 ! 0.86 0.0039 0.0055 0.0063 135 \ 28 ' 79
{ 741 835 0.57 | 0.89 0.0037 0.0057 0.0064 | 142 i 26 ‘ 76
748 884 i 0.58 | 0.85 0.0039 0.0057 0.0067 ! 127 30 78
674 681 1 0.66 0.99 0.0039 0.0058 0.0059 | 121 | 28 1 80
| 505 596 | 0.49 i 0.85 0.0032 0.0056 0.0066 104 | 25 l 85
! 504 674 | 0.59 0.75 0.0041 0.0051 0.0069 126 ‘ 26 79
% 402 485 | 0.55 . 0.83 0.0036 0.0055 0.0066 | 94 i 25 i 84
| 595 836 ° 0.53 0.71 |, 0.0034 0.0046 0.0065 130 25 i 76
| 791 816 | 0.60 | 0.97 | 0.0036 0.0059 0.0060 | 165 30 ! 74
’ 586 698 | 0.56 1 0.84 , 0.0031 0.0047 0.0056 139 ! 27 76
f 630 762 0.53 0.83 | 0.0037 0.0058 0.0071 | 122 ! 29 | 78
{ 688 772 0.56 | 0.89 0.0038 0.0051 0.0068 | 145 ‘ 26 77
i 650 754 0.56 0.86 0.0036 0.0055 . 0.0064 ; 137 ‘ 28 78
i 19.1 15.5 8.2 : 9

.S 9.1 7.9 6.5 | 13.9 6.7 4.0
| | |

cross-section; u=moisture content; R.,.=specific gravity at test; ¢, =compressive strength;
of the outermost compression side; o,=bending strength; L.=loading speed; T =tem-
L=span; [=distance between two point loads
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Table 2.5.

S P u | R o, E; Er | o

mm % % | glem® | kglem® |10%kg/cm? 103kg/cm3{ kglcm®

| 1.1 0.3 s | 12 ) 0.53 ' 382 123 112 ' 459
2 2.7 0.9 31 . 13.0 | 0.57 | 403 127 118 451
3 1.7 0.6 28 . 13.5 | 0.57 | 456 153 134 | 489
4 3.6 0.8 21 | 14.5 | 0.4 L 266 99 89 304
5 1.8 0.6 24 | 185 | 0.49 | 322 77 77 | 305
6 1.8 0.4 22 15.0 0.46 : 284 | 110 101 359
7 2.2 0.8 37 13.0 ' 0.55 . 347 | 109 | 9 364
8 3.4 0.5 15 15.0 = 0.44 | 264 81 | 72 285
9 2.0 0.6 31 | 15.5 0.58 . 408 | 145 . 132 [ 429
2.1 0.6 28 | 15.0 0.53 | 340 100 ! 90 305

1.8 0.6 34 | 15.5 | 0.57 | 404 132 122 509

1.6 0.4 24 14.0 0.47 | 350 1s I 105 0 385

1.9 0.5 27 | 145 0.53 | 418 142 | 127 482

! i

.1 0.8 28 | 14.5 0.52 | 357 116 ¢ 105 394

.4 27.7 226 | 7.0 | 9.6 | 167 21.3 l 19.6 | 20.1

S bq ' u l R.. [t E, | E. Thp
mm % | % | glem® | kglcm® [10°kg[em®10°kg/cm® kglem®

|

1 1.3 0.5 34 13.5 ' 0.56 328 162 142 529
2 2.5 0.7 25 | 1500 0.53 374 115 105 = 387
3 1.1 0.4 30 | 15.5 0.59 379 | 138 124 454
4 1.8 0.5 28 ' 14.0 | 0.50 326 | % 90 358
5 2.6 0.8 | 25 150 0.57 356 113 | 112 | 414
6 3.2 0.9 26 i5.0 0.55 333 79 76 365
7 3.0 0.8 27 | 15.5 0.49 350 108 99 355
8 2.2 0.5 26 | 14.0 0.44 271 95 84 299
9 2.8 0.8 27 16.0 0.56 400 129 114 417
10 3.1 0.6 19 | 15.0 0.48 305 | 118 100 352
1 2.3 0.8 3¢ 15.5 0.59 329 116 | 105 430
12 2.2 0.6 28 14.5 0.49 355 122 109 408
13 1.8 0.6 28 14.0 0.58 360 128 ' 116 = 409
2.3 0.6 27 ' 15.0 ! 0.53 351 17 ’ 105 399

27.7 26.0 13.9 | 5.0 | 8.8 9.7 ‘ 17.9 17.1 12.8

|
S ' ¢ | u | R, oo | E/ . Er ' o
mm % | % glem® | kglem® |10°kg/cm*10°kg[cm® kglcm®
| 1 y

2.1 0.4 | 22 | 16,0 0.54 391 | 146 128 449

2.0 0.5 | 26 | 14.0 . 0.55 32 | 12 11 421

1.3 0.4 } 32 12.5 0.51 395 115 106 391

2.2 0.7 30 | 14.5 0.53 364 | 119 109 411

2.3 0.6 | 25 | 1385 0.6 340 | 103 | 94 381

2.3 0.4 22 14.5 0.49 348 | 127 116 417

3.4 0.7 19 | 14.0 0.51 290 85 | 76 298

3.9 0.5 | 21 | 13.5 c.42 . 258 64 62 | 233

2.7 0.6 | 36 12.5 c.50 = 398 109 103, 406

2.8 0.6 ] 23 | 15.0 0.46 322 121 1 109 407

1.4 0.4 ‘ 28 | 14.5 0.55 384 ‘ 110 \ 103 ! 387

2.2 0.6 25 16.0 0.52 547 | 123 112 373

1.4 0.4 | 28 | 13.5 0.50 356 | 110 101 402

2.3 0.6 ) 2 | 145  0.50 352 | 112 102 393

1.8 22.7 ] 17.4 \ 7.7 7.4 10.9 . 17.9 17.2 | 14.4

|
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(Continued)
i Thf 3 ! ! Yr } &p Ef &p Ly I T H
| kglem® ! kg/cm‘ ‘ 0'])77/0‘]) | onrlon | cun/EL ' onr/Er  on/EL 'kg/t‘m'“’ min. | ~°C . %
| | i ;
|6 | 780 0.59 0.83 | 0.0041 0.0058‘ 0.0070 183 81 7S
695 811 0.56 0.86 ; 0.0038 @ 0.0059 | 0.0069 121 | 32 72
703 819 ! 0.60 0.86 | 0.0037 ; 0.0052 l 0.0061 . 143 | 31 \‘ 86
466 | 546 | 0.56 0.85 = 0.0034 } 0.0052 | 0.0061 | 102 | 26 83
545 | 599 | 0.51 | 0.91 . 0.0040 | 0.0071 ! 0.0078 125 25 86
| 521 | 654 | 0.55 | 0.80 0.0036 | 0.0052 | 0.0065 119 27 | 75
| 561 | 712 | 0.51 | 0.79 | 0.0037 0.0057 0.0072 . 116 24 : 85
| 439 | 520 | 0.55 | 0.84 | 0.0040 0.0061 | 0.0072 113 28 | 84
I 622 | 769 | 0.56 I 0.8l 0.0033 0.0047 | 0.0058 136 26 71
' 536 | 653 | 0.47 ! 0.82 0.0034 0.0060 | 0.0073 104 | 25 83
729 845 i 0.60 % 0.86 0.0042 0.0060 ' 0.0069 - 135 I 25 81
. 571 , 726 @ 0.53 | 0.79 0.0037 , 0.0054 0.0069 121 ! 24 | 85
;. 619 | 816 I 0.59 | 0.76 0.0038 . 0.0059 , 0.0054 133 25 | 84
' 588 l 712 ¢ 0.55 | 0.83 0.0037 = 0.0057 | 0.0068 . 123 } 26 81
1 14.8 14.7 | 6.9 | 4.6 7.4 10.0 7.1 | 9.6 | 11.0 6.5
. . |
any an | Yr Yr gp Er Ep Loy ‘ T H
kglem® kglem® | ouplon | ovrlon  owplEi owrlEL | ow/Er |kglem® min] ~°C | %
| | % !
i 690 902 0.59 ! 0.76 0.0037 0.0049 0.0064 | 126 | 26 78
| 575 709 0.55 i 0.81 0.0037 0.0055 0.0067 107 ‘ 27 74
565 | 720 0.63 i 0.78 0.0037 | 0.0046 0.0058 128 25 75
531 | 634 0.57 | 0.84 0.0040 0.0059 0.0070 | 116 ! 25 85
617 | 708 0.58 | 0.87 0.0037 0.0055 0.0063 113 i 23 87
478 | 576 0.63 | 0.83 0.0048 | 0.0063 © 0.0076 127 28 74
551 | 680 | 0.52 1 0.81 | 0.0036 ' 0.0056 | 0.0059 ! 109 25 85
456, 558 | 0.54 | 0.82  0.0036 0.0054  0.0066 | 97 27 79
| 640 | 744 0.56 | 0.86 0,0037 0.0056 0.0065 | 132 23 86
533 649 0.54 | 0.82 0.0035 0.0053 | 0.0065 122 25 82
i 668 750 0.57 0.89 0.0041 0.0064 0.0071 105 26 81
! 609 708 0.58 | 0.86 0.0037 0.0056 0.0065 | 136 26 78
; 668 752 0.54 | 0.89 0.0035 0.0058 0.0065 | 105 27 82
H ! 1 |
| 593 . 699 0.57 ' 0.83 0.0038 : 0.0056  0.0066 ! 117 26 80
12.4 11.9 5.7 4.6 8.8 8.4 6.4 | 10.6 5.7 5.5
|
Tof o vr YL & & & ] T ’ H
i_leg/cm“’}kg/clng " ouplos | avrlos | onplEr  our/Er | ou/EL kg/cwr min) ~°C . %
| 622 | 800 | 0.56 | o0.78 © 0.0035  0.0049 | 0.0063 ! 120 24 85
620 714 } 0.59 | 0.87 |, 0.0038 0.0056 | 0.0064 ] 134 24 83
! 574 719 0.54 0.80 0.0037 © 0.0054 1 0.0068 ! 115 29 74
641 743 : 0.55 ' 0.86 0.0040 ' 0.0059 0.0068 | 129 26 76
. 563 666 i 0.57 ! 0.85 0.0041 0.0060 ' 0.0071 115 26 83
| 575 717 | 0.58 | 0.80  0.0036 . 0.0050  0.0062 | 119 25 82
447 565 ! 0.53 i 0.79 0.0039 0.0059 - 0.0074 \) 111 27 77
395 454 ! 0.51 0.87 0.0038 0.0064 0.0073 | 112 24 82
560 679 | 0.60 0.83 0.0039 0.0054 0.0066 136 28 79
570 697 | 0.58 ! 0.82 0.0037 0.0052 : 0.0064 - 122 24 86
560 752 : 0.51 ! 0.74 0.0038 0.0054 0.0073 i 126 31 72
534 661 | 0.56 0.81 0.0033 0.0048 0.0059 | 132 25 81
| 573 842 | 0.48 0.68 0.0040 0.0057  0.0083 " 129 \‘ 27 81
| i ‘
| 5% 68 | 0.5 . 0.81  0.0088 0.0055 0.0088 123 | 2 80
11.8 13.8 i 6.2 . 6.4 5.6 ' 8.2 9.1 6.7 | 8.1 5.1




PRERBIBITIERE 55 1095

Table 2.5.
Pq ’ u j Ru. oe E; l E. | Top
% | % | glem® | kglem® |10%kg/cm®10%kg/cm® kglem®
2.4 0.7 24 } 14.0 | 0.5¢ | 385 ; 136 l 121 458
2.5 0.7 32 14.5 | 0.58 409 170 | 115 | 407
3.1 0.8 29 16.5 0.54 362 107 |, 100 = 413
1.6 0.5 35 15.0 0.57 359 118 ' 108 375
3.5 0.9 30 15.5 ©  0.56 346 108 | 100 ' 351
2.9 0.4 18 | 13.5 0.40 297 106 85 | 317
2.4 0.7 28 13.0 | 0.52 404 130 118 } 444
3.4 0.9 26 | 14.0 | 0.54 | 346 128 90 376
2.3 0.4 23 ’ 16.0 0.56 | 39 133 \ 119 | 438
3.2 0.5 20 14.5 0.46 300 84 | 78 327
2.2 0.7 31 15.0 0.57 |, 355 134 | 121 | 438
2.8 0.4 21 15.0 0.50 . 352 107 101 | 378
1.4 0.4 30 | 14.5 | 0.58 | 476 143 | 131 | 516
2.6 0.6 27+ 14.5 ' 0.53 ' 368 125 } 106 403
23.8 30.7 18.4 6.6 9.5 | 12.6 16.7 ! 14.4 ‘ 13.8
i |
b Pe . u R. o ' E, + Er | oo
mm % %  glem®  kglem® 10°kg[em*10°kg[cm® kglem®
| 1 ‘
1 1.6 0.5 31 13.5 0.54 39 ’ 133 [ 120 . 456
2 1.1 0.4 3¢ | 13.0 0.5 402 | 145 | 129 502
3 1.7 0.5 29 14.5 | 0.83 , 31 = 103 | 97 | 403
4 3.2 0.8 24 14.0 | 0.44 296 | 107 ’ 100 | 323
5 1.5 0.5 33 14.0 | 0.5¢ 444 | 137 | 122 | 473
6 2.9 0.8 27 14.5 0.54 354 103 97 395
7 1.5 0.5 20 | 130 o4z 96 | 8 82 | 308
8 1.9 0.5 26 | 13.5 0.56 374 145 | 130 | 456
9 1.0 0.3 26 | 14.0 | 0.50 403 132 118 420
2.3 0.7 28 14.5 | 0.52 346 112 | 100 452
1.3 0.4 26 16.5 ' 0.51 359 122 109 | 399
1.9 0.6 a1 | 15,0 0.6l ¢ 364 | 108 |97 391
2.1 0.8 24 | 17.0 i 0.6l 516179 | 16l | 533
-8 0.8 28 | 145 0.58 879 | 125 ' 13 | 424
.9 27.2 11.1 l 8.1 8.8 | 14.9 18.8 17.7 | 14.8
! i
S Pa u R ; (s E, [ EL ‘ Toup
mm % | % ' glem? ‘ kglem® 10°kg/cm®10°kg/cm? kglcm?®
1 2.1 0.8 37 ' 13.0 0.62 398 112 “ 105 408
2 1.3 0.3 28 | 13.0 0.48 346 1290 | 116 | 386
3 3.6 1.0 28 15.5 0.58 410 141 126 450
4 2.5 0.5 21 | 145 | 0.46 312 105 | 97 I 374
5 1.4 0.4 29 15.5 | 0.54 358 141 123 416
6 2.9 0.6 2 | 15.0 ' o0.48 310 98 ‘ 90 362
7 2.3 0.7 30 | 13.0 0.54 458 133 119 | 424
8 2.6 0.5 25 12.5 0.56 336 101 9% . 385
9 4.3 1.5 37 | 17.0 0.57 386 148 141 | 408
2.4 0.5 19 15.0 0.40 273 77 o1 307
2.9 1.0 34 14.5 0.60 | 384 67 | 106 380
1.5 0.6 3 13.0 0.57 . 485 144 141 | 604
2.1 0.9 40 13.0 0.63 423 122 114 |, 452
| i
2.5 0.7 30 14.5 | 0.54 , 375 116 112 ! . 412
3.1 44.4 21.3 9.4 ; 12.1 ; 15.6 21.6 15.5 i 16.3
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(Continued)
Suf | O Tp } l Er &y Ly T | H
_kglem® kglem®| auploy | 0'I>f/0’b 1 crrm/EL onr/EBr 1\ on/Er lkglem® minl ~°C %
. T ’ i | !
688 791 ‘ 0.58 0.87 ] 0.0038 0.0057 ? 0.0065 134 { 26 ' 81
651 761 0.54 0.86 0.0035 0.0057 0.0066 103 ! 27 79
615 717 0.57 0.86 l 0.0041 0.0062 0.0072 - 177 ’ 26 ! 82
585 693 0.54 0.85 |, 0.0035 0.0054 @ 0.0064 91 , 28 78
566 696 0.50 0.81 ! 0.0035° 0.0057 ' 0.0070 96 ‘ 27 | 77
460 567 0.56 0.81 | 0.0037 0.0054 0.0067 127 l 25 ! 83
694 780 0.57 0.89 ! 0.0038 0.0059 0.0066 128 27 81
(572) + 617 0.61 0.93 | 0.0042 0.0064 0.0069 121 27 ‘ 75
571 700 0.63 0.82 ~ 0.0037 ! 0.0048 0.0059 133 ‘ 25 76
488 579 0.56 0.84 | 0.0042 ! 0.0063 0.0074 126 ' 25 l 74
685 | 791 0.55 0.87  0.0036 ! 0.0057 0.0065 122 E 27 79
571 | 700 0.54 0.82 | 0.0037 0.0057 0.0069 . 124 | 26 85
738 | 829 0.62 0.89 ! 0.0039 0.0056 . 0.0063 & 147 ‘ 32 i 70
606 | 709 0.57 0.86 | 0.0038  0.0057 0.0067 : 125 ’ o1 | T8
13.2 l 11.1 6.2 4.0 6.4 7.1 5.7 | 17.0 i 6.6 & 4.5
{
I | !
1 b o Tp ; rr &p & & | T i H
| kglem® kglem® | ouplon  onrlen | owplBr  ourlEr | ou/Er kglem® min. ~°C | %
| 1 ' | !
685 ! 837 0.55 0.82 0.0038 = 0.0057 0.0070 122 } 25 f 83
757 ' 877 0.57 0.86 0.0039  0.0059  0.0068 128 31 | 75
602 5 701 0.57 0.86 0.0042 =~ 0.0062 0.0072 133 ‘ 26 76
481 | 588 0.55 0.82 0.0032 I 0.0048 0.0059 101 | 27 81
757 ' 831 0.57 0.91 0.0037 0.0060 0.0065 148 | 32 68
573 685 0.58 0.84 0.0041 @ 0.0059 0.0071 111 27 79
! 487 578 0.53 0.84 0.0038 0.0059 '+ 0.0071 ! 123 27 71
658 746 0.61 0.88 0.0035 '+ 0.0051 0.0057 136 25 79
645 768 0.55 0.84 ! 0.0036 ! 0.0055 0.0065 128 24 85
556 689 0.66 0.81 0.0045i 0.0056 0.0069 101 25 81
. 566 752 0.53 ! 0.75 | 0.0037 ' 0.0052 0.0069 113 23 88
I 630 699 0.56 | 0.90 ) 0.0040 0.0065 0.0072 108 24 79
€ 857 . 1002 0.53 0.86 ’ 0.0033 E 0.0053 0.0062 , 134 24 85
I N 1
635 750 0.57 0.85 . 0.0038 ! 0.0057 ~ 0.0067 : 122 | 26 79
6.2 14.9 6.1 4.7 9.1 1 8.0 7.0 1.3 | o100 | 6.9
i . \ i
B T - = 1‘ —
cur | b Yy | vr } Ep &y & ) L. | T | H
kglem®! kglem®| ouplon | ouvrlon | ouplEr  ourlEL . ou/Er  kglem® min. ~°C %
671 810 0.50 0.83 t 0.0039 0.0064 0.0077 135 ! 31 ? 71
l 491 684 0.56 0.72 | 0.0033 0.0042 * 0.0059 135 | 25 79
X 676 726 0.62 0.93 ~ 0.0036 ' 0.0054 0.0058 | 140 f 25 75
542 659 0.57 0.82 ' 0.0039 ' 0.0056 ; 0.0068 | 121 | 26 76
560 685 0.61 0.82 0.0034 , 0.0046 0.0056 117 . 25 79
498 618 0.59 0.81 , 0.0040 | 0.0055 0.0069 | 110 25 81
685 801 0.53 |, 0.86 i 0.0036 . 0.0058 0.0067 128 24 86
556 679 0.57 + 0.82 0.0040 ' 0.0058 0.0071 ! 110 27 78
594 785 0.52 0.76 | 0.0029 0.0042 0.0056 | 113 23 86
450 562 0.55 0.80 , 0.0034 0.0049 0.0062 ' 105 25 83
' 580 733 0.52 0.79 ' 0.0036 @ 0.0055 0.0059 i 100 i 25 82
. 868 984 0.61 0.88 0.0043 = 0.0062 0.0070 143 32 71
731 870 0.52 '+ 0.84 i 0.0040 i 0.0064 0.0076 ; 113 30 80
i i |
608 i 738 0.56 , 0.82 | 0.0037 0.0054 ' 0.0066 ' 121 26 79
14.6 6.8 * 6.1 9.8 13.4 10.4 i 11.2 10.5 5.3

18.2
]
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Table 2.5.
w b | s 9a | u | R o | E E. oop
o L omm | omm 9% | 9% ! glem®  kglem® |10°kg/emA10*kg/cm® kglem®

| | | | | |
1 | 2.4 | 0.7 s |10 | 0.2 406 | 154 | 136 475
2 | 18| o 30 15.0 | 0.54 363 | 117 107 403
3, 2.3 | 0.7 21 13.0 | 0.51 345 ¢ 109 97 ] 363
4 0 1.9 0.4 22 | 145 | 04 336 118 105 1 361
S 0.7 36 13.5 0.58 428 144 131 498
6 | 2.2 0.5 24 | 14.0 | 0.47 461 117 89 ' 339
7 | 2.6 0.5 21 15.0 . 0.45 289 94 87 | 320
8 I 20 0.7 31 | 14.0 0.58 32 123 113 | 406
9 2.4 0.9 37 | 165 0.52 396 131 120 | 436
10 2.6 0.6 26 | 14.0 0.47 342 , 104 97 389
11 1.2 0.4 3 ' 16.5 | 0.57 375 151 135 | 475
12 | 2.6 0.8 33 | 14.0 | 0.59 . 395 132 118 | 401
13 | 1.4 0.4 29 | 14.5 | 0.5 395 133 124 ; 466

i

A i 2.2 | 0.6 29 14.0 0.53 376 125 112 ‘( 410
+4% | 20.5 | 26.2 17.9 8.2 10.0 11.5 13.8 13.7 | 13.7

L] o [

Table 2.6. Ep & Ep’ OMi%
Comparisons of Ep and Ep’

_ L IR I o B

Lo I l 1 v li v ooow oW i X

T [ R R - [ R R

| |
Ex 2¢ 1oz s 108 112 119 115 | 121 106
Ep’ 118 | 105 | 105 | 102 [ 106 113 ” 112 115 111
r 1 |
Eg'/Ez | 0.95 | 0.93 t 0.93  0.94  0.95 = 0.95 | 0.97 | 0.95 1.05

7E13_=Y0L;ng7’simodulus from e;(1.3.3) (IO“kTg/cm")
Ep' = 7 (mean value) C 7 )
WHEARBT 22 L 3h < FCHEENFETH 20, YV 7 BT 5IENL ilBE L O 3
S & & T Table 2.6. O X 5i2/e>T, BunwikwWw—FTrZ L2bnb, 2T, &
DRMTIE, L RODIEHVENITRT,  OBEMARMEEEE B & & Ui, eil, Bl
ERAH ORI B L ik, RFE O G Y v VR T 5 Z it i,

Table 2.7. SilitEokbr ORI & T 5

Initial stresses (o4,) and bending strength (o)) in the
| [ REE - T T -

I | Tho ! aThn '.‘rl_ru N Tho | an g,_"i_-" Tho ap Tho. Vi Tbo | ah | Tho

" kglem® "_kg/cwfﬁj_’:_; kg/cm2I kglem®* 90 " - kglem® kglem® 0| | kglem®  kglem® T

] | ! ' | i |

1) 551 887 0.62 1 531 780 0.68 1! 583 902 l0.65| 1 516 800 0.65
2. 483 | 875 0.55| 2 570 811 10.70‘ 2 475 709 )0.67 2 476 714 | 0.67
3 se6 © 835 0,683 482 | 819 0.59 3 467 720 10.65/ 3| 503 719 1 0.70
4! 435 | 884 10.49! 4 388 | 546 |0.71 4 367 634 10.58| 4 400 743 '0.54
5 440 . 681 0.65 5| 383 | 599 [0.64 S5 107 708 10.58] 5 381 666 ! 0.57
6 315 596 0.53| 6 314 = 654 0.481 6 347 576 I0-6O‘ 6 351 717 ;0.49
7, 363 674 0.54] 7 365 712 0.51 7 394 680 '0.58| 7 376 565 | 0.67
8 320 485 (0.66 8 264 | 520 [0.51.8 313 558 [0.56| 8 291 454 10,64
9, 468 | 836 0.56 9 523 769 '0.68 9 492 744 0.66| 9 483 679 . 0.71
10 472 . 816 0.58|10 361 653 10.5510 422 649 ‘0.65 10 393 697  0.56
11, 548 | 698 0.7811 570 | 845 10.6711 53¢ 750 (0.71111] 558 | 752 ,0.74
120 480 , 762 0'63512I 450 | 726 '0.62 12, 435 708 10.61|12 465 661 |0.70
13I 528 ! 772 0.6813] 576 I 816 i0.71 13 559 752 0.74|I3 623 842 10.74

. C . .
A 459 754 0.61A) 444 | f 0.64
" i

712 ;0.62.A 446 | 699 [0.B3[Al 447 = 693
I ;

|
i
i
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(Continued)

o ouf ap Ty Y5 Ep Ef &y Lo | T H

kglem® kglem® ' owplow  onrlon | acup/Er  ons[EL ' os/Er  kglem® min. _ ~°C %
706 820 [ 0.58 ‘ 0.86 0.0035 0.0052 0.0060 115 24 83
666 l 753 0.53 \ 0.88 0.0038 0.0062 0.0070 115 26 75
' 543 ' 665 0.55 0.82 0.0037 0.0056 0.0059 128 26 84
| 545 642 | 0.56 0.85 0.0034 0.0052 0.0061 126 24 90
| 722 ' 888 0.56 0.81 0.0038 - 0.0055 0.0068 128 29 79
497 . 608 | 0.56 0.82 0.0038 0.0056 0.0068 123 25 82
426 545 0.59 0.78 0.0037 0.0049 0.0063 108 26 85
1 587 ‘ 738 0.55 0.80 | 0.0036 0.0052 ‘ 0.0065 ) 109 29 75
672 759 | 0.57 0.89 | 0.0036 0.0056 0.0063 103 26 80
i 579 634 0.61 0.91 0.0040 . 0.0060 0.0065 124 25 83
: 603 747 | 0.64 0.81 0.0035 ' 0.0045 0.0055 123 26 70
‘ 651 | 742 | 0.54 0.88 0.0034 0.0055 0.0053 106 29 74
705 | 819 0.57 0.86 0.0037 0.0057 0.0066 123 31 73
808 ' 720 ' 0.57  0.84  0.0087 0.0054 0.0084 119 27 79
" 13.6 ‘ 13.1 5.0 4.6 4.7 8.0 6.3 7.2 7.9 7.0

Wi, ZOARINKEREITOY Y 7 Z Y Er 235,

Eele=2 Enln o (2.11D)

el
I =M EEEM DI 2 RE—~ 2 v b
E,=HEBEHFROMEHREY B L L, ZhE WAMlicm->TESEATOTaFHOR DO ¥ v 7R E
OIS, FREROWE 2 kv — 2 v+ & L 2T,
L=I1{12(n-1)*+1}
=l
L30T, ZOnOfFik, XU DIHEHEE T XD 1~13 OBIRETICH L Co¥0lfsr o2
LT B
R ORERFE = n
1 & 13 ... 7
FEHRORIES (op0) & HUTHE (00)

each lamination of the glued laminated curved wood.

N ! ! 1 B - | -
: |
L on by o or ona Tbo o N e

v, The ‘ ! Tho ! |
\ kglcm?® ' kglem® | 7b | kglem® | kglem® ' b | ‘ kglem® | kg/cimi\_""’ | kglem? | kglem® b
, : o ‘ Lo i P
| l‘ 528 791 0.67 li 570 837 0.68; 1. 553 810 ‘0.68; 1 556 820 0.68
2 438 | 761 '0.58 2‘ 539 ’ 877 ‘0.621 2 431 | 684 0.63; 2 524 753 |0.70
3 480 717 ‘0.67 3 441 ! 701 0.63‘ 3 489 ; 726 0.67| 3 493 665 |0.74
4 421 693 0.61 4 381 588 0.65 4 360 ! 659 0.55 4 411 642 0.64
.5 440 | 696 iO.éS 5! 467 831 0.561 5' 507 ! 685 0.74, 5 471 | 888 10.53
‘ [§) 307 1 567 |0.54] 6, 343 E 685 0.50 6 347 | 618 0.56! 6 355 608 |0.58
17 375 780 0.48 7, 373 578 0.65 7' 383 801 0.48: 7 405 545 10.74
8 321 | 617 (0.52 8 541 746 0.73] Si 345 679 0.51 8 356 738 |0.48
9 470 | 700 10.67) 9 585 768 0.76] 9 452 i 785 0.581 9 467 759 |0.62
110 351 579 10.61!10 323 | 689 10.47’101 396 562 0.70/10 385 634 |0.61
1 553 ‘ 791 0.70,11 561 . 752 0.75‘\1 1; 550 ! 733 0.75]11 530 747 10.71
’12 448 ‘ 700 ‘0.64 12 455 ‘ 699 “0'65|12i 412 | 984 0.42]12 464 742 |0.63
‘13‘ 620 829 \0.75 13| 569 1002 10.57;131 677 | 870 ‘0.78 13 613 1 819 10.75
i i ‘ i w |
A 442 e DA 3 70 083 Al asa |78 0.624 tet 720 0.65
C | i ! ! |
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FREEFBRIGIFTEIRS 4 109+

2 & 12 oL 6
3 & 11 ... 5
4 & 10 ...l 4
5 & 9 3
6 & 8 ... 2

T 1

Er In=T{E: +13(Es +E) +49(E;+E.)

+109(Ei+Eu)+193(E; +Ei)
+301(E2+Ei2) +433(E.+Eu)}

= bt:}
12

I

b =#iRiRE (EERH DI t =HHIE

2.3.2. EHMERM OB MAPRMELSFEHEN (o)

(2.10) K& A CTHIA PRI N2 b A BERO RGN Table 2.7. DX 5w FHENS.-
IOFRPLbBHE 5L, PEHERKIMFES on &L OIEEIL 8 KOMAIENRAMICBIL Thk L% 0.63
(0.61~0.65) T\ EEAbLNhDEITH5S.

2L, Zhigdh < F CEERZ ST 5B TH o T, EEEREO MT L EET 2icoh T
LEWRIENOBINES DL FEZ DR BOT, BEINCAKT L LTREBT 5 02< bickdn
LW TR BIRG, ZOZ LIRDWTIE, RRMHERSERC Lo TRET R ENDH D . Liaio
TEDORL, MIHOLML L TO—EOHRY S BT ERCI LTS EFThcw,

2.4. HEMI

Phot. 2.5.
WEEMHRC 25y 7
Screw clamp used for

laminating

ERM OB W TRLFERC LIEEORETH D, 20D
Wik, STRMEALET e Yiciow L TE, METRET SRS, T
I LIEERIOEE, BEEMTAN-OWEL ENHHDOT, TFIhb
T 2 FHHBRE TV, ShbO&M% % LoD biTE DR
AR L 1o,

2.4.1. #FCEYT 3 FERR
(a) GO

Z DA I Ao B BT b DRI HIV - B RERR U oA
DHENDL 2 BARE, ZOEOTEIFEEF 15 mm, 1§ 100 mm T,
i« HEIN I EDREDINS D 2 B, T KA ERERIC
IOTHRE - FXH - BEIDI 7L~ 7T, BIH 150 mm i
819, 20°C, 65% DIEE - EREO i 1 EHE EEEL T, E&k*Ke
12~13% KHBELIc, ZhbDRarhd, RpekT 44281, *
NENEERSLIOARAORAL bDE O, hbrEE TR
sl

Z DRI RN R T HEREH & FI\ T 2 ~ 3O REM & PREL L 72
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A5, TOEFTHAN LRI R RORT D Lic 2N EN B HEE - KL EORL L DB
Atie

ok, BEEIECE TR, WIRESERY C -0 —, PR » TRB UBESEROREL, BAE (S
7, WEEMAD), RN, LR o2 TL, EfEET Phot. 2.5 WRTRT 7 Iy 712k D
A2 vy FISTEDYTREL 2o

(b)) BEEHDEEE R bR

T h = VRIS REOTREEEREL, EENO Y=Y F v FICEBEYEL, PEEES I THES
BHBHOT, TPHEATNEEERLBET 5 & & big, TOEETERRL, A L1 OEFRUIEA T
IAREBLATRELRWC L 3 FHINLOTI T LT TFHERRE T2

ERM AR LT, sy —, REMIR, vy 2 -l BL0 7 = - A BR
AR L DL ELZBNRBDT, AL OWTRIME TR

D BB L cHEREH

(1) BEAY ri— PEMLETHE B 8y € 1y AMEEH (JIS-K6803) T, RKOEATKAYM
ZESEHLCHRRic LT bEEE L 2.

BEAY rr— (K 100
[ K 250

©2) FWEBIEHSTEN WEESETYE (B #=a—w 7 ¥ 5120 2FEAL, BHMLTY = 10%
KGR R BRI L T 10% EERML THERL o REEH OFEMIAERRISTER S No. 67 i©
RLTH5B,

@B vy —affEEER HEAZ A er—n FEETE B ®B7F 14— 7 = 6000 8LV
#6002 L c. REEEHR ORI HERRBIIERSE No. 101 IKRLTH %,

@) 7=/ —ABfEEFEH] SPA 38 &\ EFCHEANCTE I, MIERCRIBEHEBI LA LML
THETE LI 2B TH D, ez, BR-2F14F (Bp) PA51l, HRFAfekw—nF
B)7 714+ —7=y 5023 %y, AUBERCETIOTHS. AT, SERC L CBLE 10%
ML, OERICESL T b+ — 7 LY & &, B SR EFRIORE, Eoc: EiT,
STl ORI % B 0 Iz BRI EE 7o 7.

i) BEREMRER IR Otk & AR OPIEEE

HEREVERER MY, KSR TRIGERE MR L B MAMRIR L e X s T, B Sh b R

XL 150 mm THHHY, Zhd 25 L TR Thaiisg ks, BsmAtEiucdil 1o,
(1) o HakEng A

HEE  ASTMD805—52 el %7 v v ZBIFRENC X b, = OSEMIHARBIEHES 1015°
137 HIRRL Th 5D THT

FIEEE PRSI, DIBEEE DD L RTRIRISTRIC X B Tk LA, TR RIS Z DM
B EBCMRICD b, BFIEER L - 70 X5 RN EOH SO TUIERERT I 20
HEINTVBY, F1, - OBIERRET ASTM IR s T TELPELTE Y, Bk
I % 1900 4R350 & O IERIMER M A OEMAEE L ASTMD 805-52 12 X % #UAREE & OBFEM:%
TR 72HEY BEELFET D LT, Thb BT &5\, WS o HEEEr K
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DEEHELI.

Bl ... S ORB T T B < VIR O HEEIL 0.40~0.65 DEPIC IO TWBDT, Rk T
BEAZ LIS, B AR ALEEOERAFZHO AL S ICoLdle, LA L, WS HRUHEEMTY
MR RDOMEEIZ & L S\ CBIACIES D ENDH DT, oS OEDILEE (b 5 EHERA OB
TztenT 3, TibhBMELR), MR (E5%) R ColigEEEo AR HET S Z LIXFENT
e\, BIEOREIS T L ABEEE L LT, ROKBERETRLER L i hulileb s,

RERDEMER . ... & OREAEF MR HIET S ki, X DEENAREETSLD Z 203 F T,
TTRAETTFLR TS EHEN R A2 BF & LT, & 2 TROKEIEIR 75% L EAEERT LN
Vo AR R B A

(2) HREMAM

#EE  ASTMD 110153 T 2 DT, L OFEMIHRIIEIRSEH 101 5 138 HIKREL TH
BOTHTH, HK - FIROLES 3 EEDEL, RBME ORI ET HBERARE L 1o

HIFEHRE 72V BETRLTIDO ASTMD 1101—53 2VERER AL & 7o 5 ¥ TIZ bl XS ©
SRR RS, EHRRS L OCRERR L r OB FIT b LSV, 2 TIREEER 10% KT
PEEMART L HET Do £ & Lk,

i) R

BERE A IF L BRSO KIS Table 2.8. IKRL7ce ZOREANITHOMEILAEC LOTE LDTAH
5 e Table 2.9. DZE it Bo

TN ORI D, RFEBIRIBIT 212wk, 7 =7 — A BHIET S RMBRER Tl ERE RIF & 1
Bran s, EENEELACIRS, FEER L Tho TR bt blioyw. ZhucizwL, %
AV, LYy — AR SIS TR EEEEELY D OTW S0 L RBD bR,

bHHA, CIRZBREDHRI LEERZDOSODT 1~ Y HEFEC I WT 5B S 2 IET D
RT&EIS, REXRE 757 - BRcd, BERETRACILA S OFRE T EEESEMEY L b
BHHIENTEBLLEELZLNS,

HEDHERN DI I LA v HEBL T IO TH 5, ZORMTIESHBERM 2, PREER
AT IBIRIBOT, T2 TRV AT —AfilEaRET 52 i Lz,

B, LAY 2 —AREIEHIED ST h = VRIS LT RO T SRR oWT, RO X
SIHEEE T LT\ 5,

VYAY 7 — ABIRFRDEICIE, T A= YRR E TR ARG L BTEA b0 Db B D L E
2 TCEDBREE RS,

REROEE R VT,

1) vvary

2) vYiA¥ 7 —alBEHA

8) TH=YMHOBRRSTH DT =T

@ vya¥ys—aligr 7 e =Ty BEORAWE LB T A 2 —MCER LI b D

(5) HIRE @) DBEEHEL LY 7 —ABIROBLEED 40°C 12k\ T, 24 BB, T
2 AR b O
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Table 2.8. HHEREH DOBRE K1 & B RS £

Glulng condxtlons and results on gluxng faculty tests (for selectmg glues)

LYY ) — Tm ) —

1]} y S o
_— ol ‘Zﬁji O mEME o B W s
T 'Casein glue Urea resin Resorcinol | Phenol
e S g i ‘ resin |  resin
BB 0.5140.06 = ' = | =
5 0 Specific gravity (44 #D ) Gl [& &
K,E o *F =20 i
:}'Eg.‘:l KGrainE H=12% o i G
252 T V=108 | ! ) L
*&SE E! é\]k% Equivalent &E 5) 12~13 A ! A Bl
O~ Moisture — - s -
content i _ - _
. | M. meter (%) e B -
| pEERORE ‘Dry temp. (°C) | 20 31.0 27.0 25.0
| Temp at the - -
. é’.‘ ime of gluing Wet temp. (°C) 25.0 25.0 25.0 22.0
€ ! ~
= 5 4 & 1
K Spread of glue (g/ft) P 3l 32 (- _22 o 3
S e O - ~ -
4;]\; Assembly time (closed) (min) = 2713 18~21 9~21 - 56~79
) E & E A
e Gluing pressure (kg/cm*) J - o o ! 9
O o o S
, HERL om0 ane
| ot & 4 i ‘1]?] 328 Room temp. setting ‘%;ggug : V%‘;ggg
Curing condition \Zhr. D=31° C{D’——.Zé“C Thre U ook
o i | W=25"C|W=22°C T, e
| CT
. Shear strength (kglem?) - 91#14 i ] 80+ 17 791E?71 63+ 16
@ N 93 74 % 92
w 3 Wood failure (%) (15~100) (20~100) ~(80~100) . (50~100)
oo & k=% . S -
825 Moicture chntent (25 | 14:0%1.0 12.840.9  12.6%1.4
(I T D S
T E % Number of testing ‘ 44 o 44 ) A4 | 44
&S 8 S —— .
.@.‘3 T SR ’Dry temp &(9) 23.0 18.0 | 25.0 24.0
?FJ} ED Temp - o ;7
= 5 Wet temp.( c) 21.5 15.0 220 | 220
ﬁ?o; ) g % R 0.2 . 66
g 8| Percent. of delam. (% ~(0~3) | (13~100)
ﬂgg} ) e 5. E — — 0.5140.07 | 0.51:0.07
'S ‘xn_‘&; [: - o
o Es | f a ok # { .
o %-‘ 2§Zf,’lt§ | Moisture — — i 13.4% 1.1 11.840.6
. |  content ) a4 ‘
CIN T _ - a2 =

Numter of testing ) :
*F =#{H Flat grain H = 8 Half vertical grain V =#FH Vertical grain

i

Table 2.9. FHFEHNC X % Mg
Effect of each glues on wood failure and strength ratio
# il AIPIEAESE () W (%)

L o H A
Glues Wood failure Strengthv ratio

ALY I — '
Casein glue 98 100
R OFE B R
Urea resin 73 88
LYY ) =L
Resorcinor 100 100
— e
7 = 7 — ISR 93 69

Phenol resin
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120 .
Resorcinol formaldehyde resin
adhesive plyophen NO. 6000 120 -
nor Resorcinol formaldehyde resin
1o adhesive plyophen NO.6000
100~ Resarcin Cota, O mixed CeoH3o 02 ( 5%)
100 -
90
90+
80—
80|~ mixed CooHa0 02
ok ( (20%)
Abietic acid 0F N\
Ca0H30 02 \
X 60— ok \
‘ akF N\
N\
A\
50 \
/ 50 \
\,
a0 N
40 -
0 s
20 20+
[Un 0 nuixed. CoHo 02 (50%) S\
| [ | | | | 1 | 1 1 | I 1 | | |
220 230 20 250 260 210 280 290 "¢ 220 230 240 250 260 20 280 290
Wave- length Wave - length

A. vy, LAy s —aliEkLI O
7 Ty B D SRR
Spectal infra-violett curve of resorcin,
resorcinol formaldehyde resin adhesive

and abietic acid
( o= Absorbance )
\ (Gram in 1/) X cell coefficient
Fig. 2.5. MBI

B. vy s — Bk L ORBIISCT ©=F
v 18 6% ,20% ,50%6 URINL T D SE SRR st
Spectal infra-violett curve of resorcinol
formaldehyde resin adhesive and its
contained 5, 20 and 50% of abietic acid

Spectal infra-violett curve

(6) TiiC 4) DIRAEWH140° CiC R\ T, 3HEHIMEMELE, 74 2 — AR L Dl ¥ D 0.1g/1

IR DERSMER LR 2 T TR Tk L Fig. 2.5. Lk hThb,

KDDL L TeDTe,

T DERSMFER I DIRAED 5

© 7Tvv=FrEBOWNEAARE 242 me fHLEICH B0, LAY 2 — BT v = F v iER 5

~50% WML TH, TOWE 242 mp CEIRIHEAABHLRT, vy s —afiffofikt vilbh
e ZOELBTERFUEEDO 2BREAD L ZA, LY AY ) —ABEAME LD EES: bR D,
@ Fig.2.5.B. T L icr V> — A BiRic T €= 7y Bh 5% IRIML 72 b O DAL, BIH A
IFRRF SR OTANE L, BENEEFCTbh TV 210 Bbh 5,

@ REC R  FEIGOWIMHRRA —FL T B DiE, LYy Ay 2 — sk L U7 =7 EEA
T I AGRCHERTEIET 52 LR LTW5 L Bbh s,

DL 5 IR HEET DOk, Powers? 7= — B 5L Vv sy liEk oKD L 5 KFIE
ELTWDE, 727 —APTA2—0ITE=FyYEEARML OIS EX, @ k52 BHEE L C
WHIEEBELLILLDTH D,
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CHs COOH

N
el
AN e+ 108 -4 Son
l |‘/ HO CH: CH:0H
VAR
CHs
T v =T TE) =N F T AT
Abietic acid Phenol di-alcohol

CH; COOH H.

AANA_ L AAAN
Q00 0oy
| /CI’Is HaC\ I lCHa

¢ HC—
Necu, Hic”

CH; COOH
N

Bige 7= 7 — 1 2 0IHEEY
Rosin-phenol condensate

(c) vy — il AEEETHE L &4 5
LM S TR BB /e 2 R0 2 L oik, BFE, HEERRE, FEREED, ELffho 4 B3
ELXbNBZOT, hbhFERcoOLTHEBRL .
BRI E M D BGERENIE, F 22— v — A% {000 ERIHD AT Ly 20— % ffi i

Phot. 2.6. {2 BEEAI DI M L 7-kAE
Glue squeezed out from glue line
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Table 2.10. E{MEBI O MERER B
Gluing conditions and results on gluing faculty tests of laminated wood
(for investigating spread of glue)

% £ | i
Spread of glue\ ‘ : | I Singl
T ( /ft) 10 l 15 20 | 30 i 40 1r31§e
[ ‘ [ S R I o
o B 5E % JE o47ioos = - = = =
%‘S o Specific gravity (o #) | JEJ ‘ A i ) | A I
T 0 O
%Eé‘ A Grain HY W & G| G "
BSE g okw F WO, B, R I & A
$EE Moisture rduivalent Lo ‘
— \
© content 7kﬁ;fet<é1?) 8.741.0 88:1:10}86:&10 [ 9-0%1.2 | 9.0£1.2 8.9%1.3
ﬁ??ﬁ@h% Pryeme 0 W | R W W i
w,LTemp. at t e Y - - ) o
w8 'time of gluing' Wetotemp | 16.0 | 5| : [& ‘ IEi] { [&] [/
&+ o0 B L ® ,
-~ I e r a— -
3 # & I ‘ [
{(K'g} Assembly time (closed) ! 30 | 20 " 23 | 20 ' 19 | 21
mzn i
%l’@:c H %% 33 7 0 ; 10 ] o 10 10 10
S'Gluing pressure (kg/cm‘) - | i i
3‘5 o 0 D=w0C ! |
[ (- W=36°C | \ - - - -
Curing condition 4hy JEE o i ! I G ! g
17hr. } ] I N I S
| il (kglem®)
g | “Shear strength 96+8 ) 98+8 ' 87:1:8 | 8849 { 939 | 75413
= ORIBEEErR (%) 93 90 92
a&g Wood failure (65*~100)‘(8OFV100)‘(6O*~IOO)‘(4Oﬂv199)L£6§:jIOO) (75~100)
w'! (274
Olor b & K = 0) [ ‘ \ |
g:gggﬂ Moisture content | !1-9%0-8 12. 0%0.9, 11.940.8 11.9%¢1.0) 12. 50, 9\ 12.3%0.9
S| W o K 12 7 } 12 | 2 | 12 12
=B Numter of testing \ I l 1
i u (U R -
féi@t% ﬁijfg}\];f% | Dr}z t(‘f)mp 25.0 ] 25.0 | 25.0 | 27.0 | 27,0 | 285
=] I3z - - | ) - - -
W5 Temp. { Weé tce)mp 20.0 ’ 20.0 | 20.0 l 23.5 i‘ 23.5 \ 23.0
u Ed T s 2 B B T T - - B B - - I 7
ol HOBE X (%) |
-‘,mg g}_{ Percqgt jf dela;mi, 1,0,0 ’7 0.1 ‘ 0,1,0 ’ 1,0,0 ’ 0,0,2 1 0,0,1
ol g . I & |0.41,0.48, 10.41,0.51,0.41,0.49,'0.43,0.48, 0.44,0.50,
Mg ﬁ@ﬁg Sp.” lo.so (0-49 O 51}0 50 .50 lo.st o5
8 g Specific E'Zkz(o ) |
mﬁg g Moisture |12, 12, 12 11, 12 (11, 11, 1211, 13, 1211, 12, 1211, 11, 13
o Ty | Moot | T T B 3
o W= b l i ‘
R Number of testing 3 - 7_772 o L 7? o |7 - 3 J 3 3

*H =;B4F Half vertical grain

THZ LKL eDT, BHEOEMILA L D/NIHEL 5 5 RATH DOk, BNEOTMY & Ry
FTRES LMD R LDLRDADIE, Rk fTol, ik, BAFRIHEEEMNE L, FEEMN LDk
REER D ST\, BERELM: & P55 ksS4 Phot 2.6. 38 Table 2.10. &R L7,

CORRE S D Ly RIBUHER L KR, TXUAE b THEFRIFCERMERRL TV 5%,
SEHEE NS DO LD X NRb b, L LRAINICS S & FIHEMNIC 3T, 10~40g/R* ol
TIIEEEHRE EOMEEIIIE L A BB BRI, LIeaoT, LYy A ) —aieEsHIcl, MEd k
WIEEOHN A AT 556, IMHESERSENIGRRIC R T, JNEEN T LERENN B ST
BITERBMREC L o\ L 2L I e Dt

Gi) MR M OEMERACHIBRO L 005 <, KRBk T HEXR 6 m, BiE
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#) 10 emX 20 cm OBHTLRTH B DT, 2 v T lERch i) ORHEZ BT Z L FRIND. L
Fe o THERERSIM DS MR S TSR L 6, ZoHFRAL S50 CHBEL Tis{ LELWD
1D T, RORE fTo72,

HEREEERT & LT, 0%, 20 4%, 40 47, 60 R X UF 804D 5 K% & b, FER 25°C, ¥k 21°C D
TR ERSE AN TR, BEERS L O DoBEM A2 T T 25°C IR Lo Tl EHEMER LT
NTZOENICTTY, BHCEERZ B LR L Co b eh Th ERLo FrEmf B @ L ¢ 10
kglem® JES X CTHML fco Zhb OB LA L PGERAME ALY Table 2.11. KRL1, ZhiE
r¥ 5L Table 2.12. DTl D,

FIER R 043 ~60 T, TRTOBEEEHLHTRFTH S, 80 Hik\TiL, 3ED
B, 1HERTRRRTH O,

Table 2.11. HERRFRHIBIEEE SRR R
Gluing conditions and results on gluing faculty tests of laminated wood
(for investigating assembly time)

- HEREREITR) | . | 1 }
— Assembly time 0 20 40 } 60 | 80
—_ [ - ‘ - ! ! !
' ? o WOk & 0.484£0.03 o | = | .
ﬁs‘g o _ Specific gravity l HCE-N " & A i " ! &
HES N - H 1 ‘ h . B
=11 * !
%Qj.g =4 Grain | H & i ’ i | &l
55 ¥ o\ (%) a " = = -
%SE 5‘ & Kk & | Equivalent |12~ Bl A } Rl om
— [Moist t t - B i
©~|Molsture conten 7%%1“(6’:) 9.6:£0.5 | 9.40.5 | 9.30.5 | 9.7:£0.5 | 9.3:£0.5
wl wEnoRE | Dry temp (°C) \ 240 R R [
& B Temp. at the tlme‘ - ‘ :
€L ofgluing  Wettemp. CO| 20 R | R | ® G
€T ow g omam o, P
E glft? ‘ |
5}@8‘ Spread of glue - 23 T_ﬁ 22_ ‘ 24 1 2 | 24
e JE #F HE H (kglem®) [ i
gg'g\ 7 Cluing pressure 7 o 10 | 10 \ 10 o
b D=43°C ‘
S T A S saCh T R
l Curing condition ! WG%?, c " | A | G i "
T 8 i A1 (kglem®) ' | *
| Shear strength 9748 _ 94£9 | 10012 ‘, 98%14  92£10
o AU e BT R (%) 9 97 98 | 97 83
a'Eg Wood failure B (8o~1oo>i (90~100) (95~100) (85~100) (60~95)
n 35 /
Oler = = 7K (%) \
N :ﬁg Moistore content | 12.640.7 12.540.7 12.240.5 12.7£0.5 12.5£0.8
S o2 E %K o
& 5“ ; ~ Number of testing 12 - 712 1277 | 12 - 12
&y © ‘ ‘ | ) : i
w =k o o N ! | !
%’n%wﬁﬁ fﬁtﬁiﬁj\'ﬂ%&ﬁmlgz Dry temp. « C>, 22.5 220 | 220 | 220 | 22.0
=] . !
w5 emp Wet temp. (°C)  20.5 19.5 19.5 ‘ 19.5 |, 19.5
e — - I e
2 #®ooOBE X (%)
s ﬁxf&" Percent. of delam. B 1,0,1 0,0,0 , 0,0,1 l ?’O’O ' 7,14,3
we. 8 B 0.45,0.47,0.46,0.47,0.45,0.47,|0.46,0.48,0.46,0.47,
ﬁ?’iﬁ.ﬁ' B0 T §‘_$p.( 7TO .50 0.5 0.54  |0.54 0.5
173 & S t Zk 00
oy pecific gravity  S\ioisture = 11, 12, 1213, 12, 1112, 12, 1113, 12, 1113, 12, 12
ﬁﬁ\ - content ' \ o
2 M S # | \ \
A Number of testing 3 3 3 3 3

*H =384F Half vertical grain
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Table 2.12. HEFERHIC X % JEiKE

Effect of assembly time on wood failure and strength ratio

e wowe o AMRERHEREC Byl

|
Assembly time Wood failure I Strength ratio

B (min) R R ¢ B R €2 R
[}
0 100 100
20 100 97
40 100 103
60 100 101

80 75 95
YN L HERRIE T O 47 DA A S = U 7. '

Shear strength, based on assembly time ( minute.

Ll ED#iEA 5%, SEE 25°C 103\ T, 047~60 5 OHERFHIIRZFABANICH B4, 8045
B e, ORMRENRSOTL B e b, R, EESENEEOREAREVLOT, £
ﬁﬂ%@bf@f"?ﬁ“zé’&) LRHIETH B3, &R 30°C £ 2 HEFL LY, BEREAEKRBHILC
; ; BE, (ERROBEEHTEREY 25°C fAIcffo X 5 FEL, U
FitER S 60 FLIPNCHEDL RS X S IcfEdds il v &
wHIDT.

(i) JEMFEES  SEH OBEREIERI Kkl w K L ko %
TIZFYTRRHL, EAFECIE r 2 vy TRV BA—RRIC
RS2 Ty FEE O BRI, Ibic, TOFANRIEC
LOT, Ml hDFEL2&ENHDLELLNS, LnDT, ¥
7+, B o BESCH T 5 RS 2 5 7 70 HicowT, |
FHIETIOREEEA B L T Az, T75d>h, Phot. 2.7, 1RT XS
IR 2SR B fedic, Bt 5ton D2y FLysray 2 —
Z—F L, A8 1800 kg-cm D FZ vy FERHWT, FRE
200, 400 ¥ L OF 600 kg-cm ICKHET B A Z KD, HEHOWE
LOX R ML, FOEL Table 2.13. IZRLA. Shrkkb

Phot. 2.7.
2 5y FENER R & RSN D e D ILFEHICIE B DWW T B 2 2 25w b D

P test 1 s = . e 2 2 pape
ressure fest on SCrew CAMP w125y 70 51 L oMEERNE 150 cmP~250 om? FEETH

Table 2.13. %< 75y 7FERHAORE (A 2vy FERRGIEE
Distributions of pressure operated with screw clamps
(at the time of using a torquew rentch)

FoLZ Ly FDHER ‘ |
Measuring with the torquew| ‘

) rentch (kg-cm) : 200 400 ’ 600
i(ﬁ‘ffl‘““-jj | | !
clamping pressure I | |
2 ) il Ckg) : -
Average | 783 1635 2365
B M = (k) ) ‘
Standard devnaftxon ‘| 121 ) 196 278
£ L 4R B (%) | s " "

Coefficient of variation
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6%7"5:

o L2 T, 10 kglem® THEFRL T & 5EE

BT BgE GE 28D (EEnHUIEED

7ok Z2WE 10 kglem® OEEFERER 2 BIECHIET 58812,
1.5~2.5ton X7ch, ZOHPHTOIE S D& L Table 2.13. ® &3 b B{LEREKTH 15%

173y 7t h OBHFFIDW

HHT il

IZIT#) 8.5~11.5 kglem® FEEDERE ML TWDH I LIS

D, 73072 DFKE, B/MER LIUE, EB0XEBIRIIE LV, TDkd, b LESE

AN OBEBMHREC LU B L EHET B LDTHB L THIE, HbA LD 2Ty 7 ok oy
MWEBLCEE, H277v 7RNIET D A 72 TRERMZ % L5 & 5 Iet@ M ERTR L Liciug

BRI ke D, ThD ORIRIEMT D oI BEREFERET) & BERETERE & O BRI DL TR D X5 Tt
a7 o TRz,

FES%Mf2 1T, 2.5, 5.0, 10.0, 15.0 B LT 20.0kg/em® © 5 &ffx L b, +HChREINIRL
23y TEBACC, Thih, REEANZ ML oo BEERMS L OBREHRER AR A Table 2.14. 1R

Table 2.14. [EREN B OEEERER R
Gluing conditions and resutls on gluing faculty tests of laminated wood
(for investigating gluing pressure)

COERREES f \ o ‘ o
Gluing pressure (kg/cm®) 2.5 5.0 10.0 | 15.0 20.0
- - - I 1
e W e B it =B  0.54740.01 = = e
ﬂﬁ‘s 2 Specific gravity ‘ (15 #0 rp] | R I " &
=Y m o N o T T o - T T T Il o T o T
g.g = x grain " *H - 15*2 " & i ! | "
1 -‘: (=} - - H g 7/ ‘7 7 - B o N N I - .
g2 ¥ &\ (%) — - R
®EE & Jk K | Equivalent Rt E‘J ’Ej l Fﬂ G
S = /Moisture content ket (%) o { o
) ‘ M. meter ‘94i09 97109 96i09 93i09‘96t09
o TEEWOE Dry temp. (°C)  23.0 23.0  23.0 { 2.0 | 2.0
4 2 Temp. at the time : : - - e
5 of gluing Wet temp. ("C)  16.5 | 16.5 . 16.5 | 165 | 16.5
G B K = Gy T - T T
5 . 2 (g/fth)
ﬂ@s ™ Spread of glue 29 35 27 25 23
~ b0 OB W W (min) L, S
wh Assembly time (closed) o2z = 2 B B
5 W % - D==40"C, D=40"C, D=40"C, ' D=40"C, D=40"C,
| Curing condition W=35C W=35"C W=35C W=35°C W=35'C
o o E o o ~ 20hr. 20h¥. ~ 20hv. 20hv.  20hv.
| 3 W A (kglem®)
 “Shear strength 10410 100%9 1009 | 10411 98+10
B KB ik Wt R (%) 96 98 98 | 9 9
ﬂé&eg‘ ~_ Wood failure (60~100) (75~100) (85~100) (90~100)" (55~100)
o A 5
Olos by =@ KK (¢
\F:vgg Moisture Content 12.6£0.8 12.840.8 12.640.7 12.440.7 12.740.7
&2'“‘1 ‘—_c‘ - HU % @ Z& - - ) - —
= [Z] 1 o . -
P S‘E&x} Number of testing 20 S 2, «© 20
‘g%gV’ Dry tem V(d? 245 205 %5 05 2005
B B BEEER DT temp LR ks 200 05 SR
::‘ Temp. i ) ‘
w5 1 Wet temp. ('C)  20.0 18.0 18.0 19.0 } 19.5
% o OB ® (%) 0.2 0 0.6 ” 0.6
#,@g!éﬁ!” Percent. of delam. . (o~1) (0~0) (O~1) (o~1) (o~1)
ﬁguug ) kapEI 054i004054ioo2o54ioozosstooﬁ 0.54:£0.02
av_gsrﬁ‘.g&\}:{@l‘bﬁ Ezk.i ’ - } — —
[5) =} ecific gr t
w2 PP the gravity BHCE (% ’126&05126i05126i05122i0J128i04
g“’A ~ content | I e
A BN & #® ! | l
A ~_ Number of testing 5 > i 5 ! S 5

*H =;BHF Half vertical grain
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Table 2.15. JEHiH I X % LEikE

Effect of gluing pressure on wood failure and strength ratio

Moo M

Gluing pressure M Wood failure ! Strength ratio
Ckglem® | G )
2.5 95 I 104
5.0 100 | 100
10.0 100 ‘ 100
15.0 100 X 104
20.0 90 i 98

Lics & OfEHD BRI KO M@ R SRR L OBIT I OMEIL(ES 10 kg/em® % ILEIC LT)
%RwH e Table 2.15. DL THH, FHFEDL TLVWTHOENTIEEFEHLOTRIFTH O,

B DR L, INRFICEEI S N A, ML, 2.5kg/em®~20.0 kglem® OF]
BTk, WTRAEEE b TRFRS LWL, LaL, BROENRM ¥ EMT 5 & Zicix, T
kD7 7y 7HEDKEE L, 77y TS &3 oI ES & FEREET LR\ DT, BEOR
LuEBLT, 5kglem*~156 kglem® BEDTINLIFR LT RETHD L LML, FA 7 vy FOHREY
FTRTH 10 kglem® BRI

(iv) Bb&M BB AIEIEEGE AL, BH B NI TR e b 442 B8 a7
bo ZOFFET HEIERRERI VTR, HiR (20~30°C) fou L HfdE (30~100°C) DAt
BRE LT 5, HEE MO BE T b FRRTIEREEE O N o CEBTRBI L2 (e L e 2 g TR o 1)
HEAMIBC L, FoEEERE LD X VHEERTHEREO NS ER S, Fh, ¢ EELT, HRHE
{LiEREE Al &« U TR S oo 2E8E R o i & iR A 8 U ie b huE -+ e B MR A iR T & e
BRI LD 5.

SCIMBETHL VY s - A EERERNTE R LEORRC BT 525, L0 L RBEsb T
B VEMIC LT B L VY 2 — L IR R OB R AR RET L TR,

SO BE TR S\ CTRIRD 2\ AT 23854, M 2 3RETL 7eat b Hv i RUC L 5
HIRELEL 40~50°C R TH Do & ORETHIUIFTEORKETHM AL AT — sv 7V UBHE T 52 LI
EoTEELIR DA, 60°C LI/ 3 & B OEEHEY) b THEMIC /L 50T, IMEOREEY
40°C ik 2%, TR EOMBEYHHEERBL, KD 4 FADOWTHRIRL %,

A. K8, BER 25°C, BIRBIER 652 OSEMICHA ETHELTHD, 27y 7% if&T 5,

B. Eits, REM 40°C, HREERN 70% OSPRICANEH ¥ CHIEMLEL ML Trb 27y 7
HIREERT 5o

C. FEFEE, BIEK 40°C, BIRWIER 70% OSEPIC AR, £ 3BENEL, Zo%BH 2 CHET
BB LThb 25y 72T 5,

D. hhifR, HUER 40°C, BIRIIER 702 DEPUC AL, 3EHIMEAL BICU b 7 5y 7% R
BT 5,

T DY EFOEELME X OBERRFSEY Table 2.16. iR L7,

T DD D ARIMBBIE O HBIHIEC A L L EG R (%) 3 L ORMAAC I T BBIMEEE H DR
b (%) %R B L Table 2.17. DLk HTH Y, HEERIG-THLEEEbOTRIFTH DR,
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Table 2.16. W{bLAMBIOHEE R R
Gluing conditions and results on gluing faculty tests
(for mvestlgatmg curmg COndlthn)

L&A )
] Curing condition *A C D
R W M B 0.4740.02 = o
S Specific gravity s ¥ Ei B Elﬁ ) ___EJ_ B
KoE * H R = 4th
ﬁg:“ Grain ' V= 4 Gl & a
ég B H=10% - o
B o1 (%) - -
8EE & ko= Equivalen/t 12~13 Gl " &
©" Moisture content ok 43 (% ' o o B
i M. meter - - -
@ EEROEE ‘ Dry temp. ( C) 26.0 29.5 27.0 27.0
%9 Temp. at the time — - - - - -
{%fé of gluing - Wet temp. ( c> 25.5 25.0 24.0 24.0
I , s - e
T8 # £ g (g/tH
%@o ~ Spread of glue 24 35 - 251 - ) =
ot B0 omin) 13 25 19 21
#51  Assembly time (closed) 2 7 i
o E & FE 51 (kglem® 9 9 9 9
o Gluing pressure s
| B W 5 (kglem® ‘ ! |
o ™ Shear sirength %5k 1081:{17; - 958 j 9548
Loel K I TR B R (%) | 92 ‘ 97 ‘ 95
gii_'iéﬁ - 7Wpiod failure - (70~100) (8o~1oo) (50~1oo) (80~100) _
(2} A 3gF /
8. & kB (%) |
S::f&é; Moisture content | 12.840.7  11.6%0.7 77712.727:t0.67‘ 7@.7#0.7»‘
NSl wmoow M K
s SE‘—",_S Number of testing 18 18 - 718 . 187
S lyn © 2 i )
g,g:;«%m SRR Dry temp. (°C) 7 27.0 26.5 32.0 ) 732.0 ]
=1 [ Temp. ‘ o I
3 Wet temp. (°C) 24.5 22.0 28.0 | 28.0
- B HooB K (9% 14 0.8 0.6 | 1.
'...\ﬂggs‘ Percent. of delam. (0~5  (0~3)  (©~2 = (0~6)
8l 8 oo E 0.4840.02 0.4840.02 0.4840.02 | 0.4840.02
7l & AmEoRE - 7 - -y -
Qg & Specific gravity T:’:7k$ (/o) ! |
mﬁg Molsture conent 13.240.1  13.240.7  13.1£0.3 | 13.240.4
g i I ’ o . o
R Number of testing ? ? ! ° o °

A= Clampmg over mght at the condition (Dry temp 25° C, R.H. 65%)
B=Clamping over night at the condition (Dry temp. 40°C, R. H. 70%)
C =Clamping over night at room temp. after heating at the condition (Dry temp. 40°C,

R. H. 70%)
D=Clamping for three hour at the condition (Dry temp. 40°C, R.H. 70%)

#**p =fFfH Flat grain, V=HEH Vertical grain, H =;8fF Half vertical grain

Table 2.17. W{b4&MHC X 5 IEHEE

Fffect of curing condition on wood failure and strength ratlo

**ﬁilﬂi‘llﬁf%"?\@ i w e .
% fr " 7 R | Strength ratio
Curing condition | Wood faxlure
T @ i RO
A 94 100
B 100 105
C ) 94 100
D ]

| 100 100
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ShBHhb A B, C, D OBRERMFD I, UCFHRTH [ RT R EHEEMRENEL D = L 2D
IZTIgDte. LIeh DT, SEMOMEET RS O T8y USFNMESD MBS 25°C LITF T & S8 ER{LA
TS 2E51C, #4107 —-ZoUOHi&M% S S CTERBLT, BOWEAAA 2 5= 2oL 7,

D EDOHRC S & 5&, WilENREL BRI L T4 % L Table 2.18. =2 Th5b-

Table 2.18. Vv YA Y 7 —AfHED 7 B~ Vi i\ 5 [EHRES & M-
Standard gluing conditions of Akamatsu laminated wood glued with resorcinol resin

& fF | HERGEIN ERESD

Spread of Assembly Gluing i 1t &
glue time at "C pressure Curing conditions
7 ] (glftH (min.)  (kglem®) o
|
SEEASE RN 351 2 FFAHI | HIE YL
Allowable range at the time of |  10~40 0~60 2.5~20.0 m

laboratory tests Room temp. setting

| i
TEUEREE S - - . RIRBL
Standard gluing conditions | 20~30 i 0~60 5.0~15.0 Room temp. setting
| |

Wo 2.4.2. SHERMOES

- i
i = (a) BEIsERHOR - +
L |
g = 3 - ~ B

1987 O 10com, X 20
|— 2897 em (7 3 #5813 ¥, Fo
D

FARE Fig. 2.6. @ doe <,

5274 o R T 180em T,
(BfT cm)
voeeso FOMHHITRA L TR D, *

Fig. 2.6. S8 ORIK & ik

” \\I#}? 4T TRA T 315
Form and dimensions of test glued laminated curved DILBRHS O SR L IR 13203

specimen 110° THh %, Iots, Bl oy
ZH S fedic, T OMERIC TR ENFTEMB MRS 2 K, 55 3 K55I Lo, Fig. 2.13. 05

FTHRRD & oA BHEREE L1,
(b) HisEph Witk

i Z DRI REED 5 bk QiIcip i v
DOFFRIC L DIZDWTORTE LT
(1) FRHofH

108°
,r"\'-r"l‘v\

=

)

w

=

A 4y l
Phot. 2.8. ZERUH HIZRHkE S .
Equipments used for manufacturing curved Fig. 2.7. HBEOFRRAE

laminated beams Setting of jig
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JERUMEE ORI Shtcr — iz, Ta<
Y 4 TE AR FICTEEL, 20 kic Phot.2.
8. DX 5 ICHIR L W d 37 BB R R
ERREFIEI SIS b X 5, HERO THhil
EO 0 wHEREL T Fig. 2.7, iSRRI CBEOR
e R aeIan

(i) Fi 5

BERZ BN L IEREER, ZhbrElcii b
DOTHM I BTN E 2 ~3WToAHiIC L @§£t;9'7s}é%£aﬁbézﬁ&/
TiT2fe ZOHA, Phot.2.9.125RT & 5 7ik%  Method for pulling the laminations to the

B L OIS L C 35 0 U b BRI shape of the jig
BIREIRIED L Th L 2 5y 7iIc & D IEROESA R
w2 TG BICERE ¥ 1.

(i) 27y 7RI07 5y 7l

BEEIEMNC (i Lic 7 5 v 703 BRRBFESE 101
F,p. 1B RRETRT I TTHE. hbR
Phot. 2.10. ® k3 VEMFRI L WH R EEL, E
FENC 3 7" R A & IR RN A TS 46
Licle SEMEDORBBL b L 7 Ly T2, v , .
S 15 R s DB N e oM
REBBIREL AL THV . wrentch

BRERD 7 5 v 7k, FRRRO SR X
L OBIMTATCL, 1275y 70503 2EmA
ARG O 1/2 & L TENSHOBE v 1o B
o

(iv) AR .

VIR s < BRI ) BN

#AFF5 &L, Phot. 2.11. i RmTIHERD < Pipe heater for laminated assemblies

=

LT R BT LIS T AR, FIeTHEEL, b — % — 0o ARFID A F — 3o 73 1 7%
FL TS OWLEZTET 22 L L L. ek IEARORERIL, Bty ARTEIRO ~ v b 27
Ho Lz BEL Tfrotk,

(c) S illitenth o

(i) e

U 1B K 3 X OY B A oo e i3 L. j ]
T, FHEROBRICX 2fch, OB/ OEERE 100" 150%™ 15001 100
BHFS PE T B F b KOBTE R T 7 Fig. 2.8. 5 3 70O&KA5ETE

Measuring points of moisture content of

a. FEEROMINGIKEK -2y 2GKEKEH% each laminae
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PSR BRI T 5E

AL, &5 31 7 o\C Fig. 2.8.

Temperature CC)

b . EEERFOREN

£

w
&

B
»

TR SRR SR U W |

I A
X

#5109 5

WRTREOERREREL 72

ME PRRERRORIEEARIEL 7.

0——0 A KB MED O I
b——a B R
Xoeox Ol ARER O B

1 ] 1 1 1 1 1 1 1 1 1

8 9

0 n

13 14 5 16 17

B 19 20 2 22

Time (h)

Fig. 2.9.

FYy AANRE L F

Temperature at @, ®, © within canvus

23

,\50 i Innermost temp.
P
w0k Outlayer temp.
_.:a’ Dry temp.
@ Wet temp.
E‘ao —
» ==
1 1 1 il 1 1 1 1 L I’ 1 1 1 L ) 1 1 1 1 ]
001 2 3 4 5 6 7 8 9 10 1 2 13 14 15 16 17 18 19 2 2
Time (h)
Fig. 2.10. E6 OHFB(LAA (No. V)

Curing condition of glued laminated wood (No. V)

Table 2.19.

SOk IR OERE N 411

c. BffE  BAFHERR
gL, B2 2Ro
7 2 AR owT, K2
Z—w =L DOPHEZDTH
b, 7 3+ OBEERERTEE
B 1 Ko
&5 3 FEOWT, BRI
OEEELMBIEL, W
HEY D oENE L FH L
o

d. SRR EEAE
fIBR L v, BECHTRE
T # B % ToRRZ A
EL o

e. FEMIEA
— BT RS 2 5 7 hH
», BEDF s FuBBiciz
IFEEL b, RRgo 7
Sy rERBRREL, ThEh
ZEEWAMilicm->T, 75y

2T,

AR —F

Gluing conditions of curved laminated beams

R A KR (%)

Moisture content before

gluing
EEmoORE (CC

Temp. in gluing room

BRESOMIRRE (%)

Relative humidity in gluing l

room

B (gl |

Rate of spread

# W OB R (min) {

Assembly time

E # OE A (kg/cm)|

Gluing pressure

m o W b & }

Curing condition

|

11iﬂ12¢213ij12ij1212
\

| 22.5

47

10

i | | |

{
! \
i | |
20.5119.0 | 17.5 | 17.5
| \ | [ I

iw t% '%f 9
| | |
| 28 27 — 1(18) |
| [ | t |
r ? ‘ !
15 20 3 17
i |
10 ' 10 10 10|

\

\
|
|
|

20.0

88

(40)

15

10

A
7W7 R E“ib Remarks
‘ AR
1242 10+2 1242 Numbar of
‘ ‘ | measuring
| 19.5 ] 20.0
| !
\ 58 ‘} 91 |
\ { |
b2 18 [
|
|
|11 17 1
| |
; 0 10
|
|
?
|
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7 LI 10 kglem® DEFHEAN MBS L 512, A2 vy FiC X BFEAFEA TR,

f.BMERA:  EHERH OBFE OB IC 13 TR & (RE e b YT BIREAHK 20 BEED 2 7
Ta2-AwRAL, BEVEEBORERRES 410°CITET 5 X 5 CBEL . BEOHSIIETS
iy 2 2y 2y BEN R RE L TFot.

Fio, 1EERM ORI, ERRSOMRRSL L OFAORERRIEL 22, £0 14l% Fig. 2.9. i©
RUTC: o, BYLEMAED 1% Fig. 2.10. WWRLA. ¥io, SERMOEERMGS —$5L T Table
2.19. IZRL I,

i) whdrh

27y TRPHDT, BMERMEBEND L DX T L FRRETFRRL 500 ETH D, &
DIRFRGED | 0BT s +OEX, Wik, FEN, EENBROGKRENMEL>TRRL LD LE
Zbhb. ZORBTIE Fig. 2.11. 125/ T a, b, ¢ OBEIPMBERLHGCCIEL, AXictbh o
EHEL, IbIC,

log tan—‘;—=log r—log(S—a)

eiEL,

o= MRHHHLOERLIA () S=L@+bro) em) 1= /E-E-DS=0) (o)
S

B OMEC BT A HRpEE (Fig. 2.12. 2R % (2.15) X»0FHEL, ZhOOETFOEYR
KbLT.

r =360m
2mo

fefil, v =fHBMEOMMBERE (em)  m=RMESHIMIED 1/2(cm) 0=180"—«
I hbofEH %A Table 2.20. iTRT.

&
° ¢
.
& TN
/
Fig. 2.11. X4hd & ofllsE Fig. 2.12. «a, 1, 08 OR%
Measuring of amount of spring back Symbols of «, r and 9

Table 2.20. ekt 7 5 v 7BEREOITRL LD

Spring back of curved laminated wood after release from the jig

. g |

‘R ¢ mo W v VI woowVm

ig \ ! i
o _ - e
BRI (om176 | 178 180 179 179 180 178 | 178 | 179
Radius of 1 : ‘ ‘ ‘ i
curvature | % 100 | 101 102 101 © 101 i 102 101 101 101

|
"o {“ {108.5

I .
109.3 ‘ 109.9 } 109.5 l 109.5 | 109.8 109.0 109.0 1 109.4
I

| !

101 101 | 101 101 | 101 101 101 101
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(d) #RImOHEE
BHIBOMMEEIC OV T, FEOFENELDLI, TDVE—F WL OnAZFTLhS, ZOR
EATL, BB O HMEEREE 75 PN L s> TIERETREY T TR T, ToNER—&RIH
HEEIHL AW, CORBRTITFoLFERT LEUTO LR TH S,

(i) BEEMEOVY 74y 7tk
LT OB AN LS T A L, BERBEZ T OO T, RAR ) DT 74y RLD
DX Zhux&EL, 0% ¥ ORETERESICREY CRIEZ 2L TN B DT, EFICHELEDT, Fv K
R =R RO, S0, HHA LSty Fy s UENEERE R 1 X T E T oW T
Te PR At -

COE, EEINDEC Yy X —UHAFT5 IS, FTREOT#60 X - R—T I P F Ly 7
Lo KICHHE ORIA L $150 ~ — < — THE X LR T2
LV EERWHLADT, ok 3icEMLE

(1) 2 KEEE

2 REEERMECRBlGC Fig. 2.13. iTRT X 5icif
R IMTE A 45 mm OFIBHE # % BE75 L 7 (Phot.
2.12.).

13z Primary 13 Laminations
2:x Secondary 3 .
3z Thirdry 30 .

Fig. 2.13. 2RI XU 3 ROFEE Phot. 2.12. HHZE D 2 KEREEE
Secondary and thirdry laminating Secondary fortified laminating
Table 2.21. HIEEEEORMA:
gluing conditions of secondary laminating
! 2 K & |3 g
- I i v
R DOEARK  GkFH { 9.240.7 | 11.7+1.7 = 8.8+0.9
Moisture content of strips (M. meter) | (9pt.) (9 pt.) (35 pt.)
B E B o R %) | ‘
. . ry temp. ! 18.5 17.0 | 14.0
Temp. at the time of gluing g4 tomn’ 14.5 14.0 | 10.5
I
% f & (glft) ! ‘
Spread of glue 29 } 25 38
|
e B T Cmin) | |
Assembly time 2 1 31 ‘ 95
fE i JE J) Chglem?) 10~20 | 10~20 10~20

Gluing pressure ‘
e & M |1 e R | R
Curing conditions Intermediate temp. setting do.
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o

¥

9 - : Phot. 2.14. 7 U — 3 — i CRMEHE LT ORI
Phot. 2.13. [ D 3 KEHEESE View of planing operation on the side
Thirdry fortified laminating surface of laminated wood with planer

DL EFOEREFIHIFTNT 1 KBFECHEL Table 2.21. DEEHTHS.

(iii) 3 KHErEIRIE

2 R¥ER LT O Fic, S5 30 TEE 450 mm OFERE fTof. 0L XOEER
{3 Phot. 2.13. WK/RT LR DT, EERMIITART, 1 KB L2 KL Table 2.21. D& %
h 7ot .

(e) MhEERH O MIEH: LT T

ERM PRI T B 2D T : +OMImAEERL 7o, 24in 7v—+— (Wild) ZEHLUEL EF 2T
>tz (Phot. 2.14. BHR),

FEBEEITRDO LBV TH S

1) %9 3.5 m/min, 1EDY|HL 0.5~1.5mm, FEEIHIEZ 100 mm,

2) BRI D T — 7 AR FT TEEIHC S 1 2 O ERPLEAE, MlIck DR D 3
AEFE LI O D BEIIICEL I & #X, HO—HFehick 2%hE 5 2nd S KERLANBR %
A RSREL Ui,

Table 2.22. SEgH O HITHRERE
Process-uniformity of laminated woods

B : H R

mu%};f;ﬁnﬂgiﬁﬁlfﬁ 98.65~ 101,60 194.25~196.75 89.7~90.2
T Af‘ﬁ;]e' & 100.12 195.36 90.0
1= g’ggﬁﬂ %2 +0.39 +£0.42 +0.67
R 0.59 0.5 %
m o= %K 158 149 oézg

Measuring points
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3) HERDED v — L B I OMMXESETE LT DRIL, B

/ R IAEEINIA S & 755 & 5 FREL fee
BIGIE OERM OMTHEEE L Table 2.22. Dk HThHS. Zh
/ b ok, EilH 0ROy Ets 9 S O\ Fig. 2.
I l 4. 2k 2 EE () % Loig (B) & Th Tho Ml &b,
~

F o AMED HAEY 2 F 2 (0.05mm FiAx) kLo AR (0.5°
L) 1Tk h fFore B LU R ORFE X7V —F — MT.0RE

l\H
X b, HOREIRELLTESIMEFORBCILIEERZLNOTH
Fig. 2.14. Bo

3. BEhERMHERERER

3.1. EEMHRERR
3.1.1. RBFZE

PR L 2o R R oo V., VI, VIR X OIS
L, ZhEh Fig. 3.1. I/RLICMEND
7w v 7Bl & BEETHAMERRT L & &
D, TTIT 2.4.1. (i) TORLHFKIT I DTHE

LA & 2L 7.
Mg wte AE RE AN 3.1.2. HBBER
1 il | FH] = h 5 O REREE A Table 3.1. %5 X 0% Phot.
Fig. 3.1. HBF-ERIRAEE 3.1.+3.2. (Plate 1) ICRL7e, = hb DR

Cutting diagram of test specimens

2 ONTE R U F R TARBIEER L 590 (EkHt

Table 3.1. 4EkH B OEERE R A AL T

Gluing properties of curved laminated beams

Number of beams l ; |

B v Vi . Vi il
5 B A (kglemd ) " ' 9+
7 Shear sirength 107416 1074 16 109415 -10?@5 B
o oKWk K (%) 93 92 | 94 91
o K __Wood failure o (50~100)  (35~100) | (50~100) . (50~100)
- = 53 0/ :
& P & 7K r (%)
Ry ®§  Moisture content H13.5:l:0.8 13.540.7  12.84+0.7 12.8%9.?_
"D w W= MmO
"Ec B Number of testing 48 48 ‘ 48 48
9. O I - '
= 5 Ry SR Dry temp. (°C) 11.0 13.0 | 15.0 15.0
45 Temp. ] :
#2 P Wet temp. (°C)  10.0 12.0 13.0 | 12.0
Yo g & (o -
=8 = OB X (%
.,*%S,‘wﬁ"% Percent. of delam. 0, 1 0, 0 0, 1 Lo
u : __? N —— — - o - “'_‘7 - = - - o R - R—
EE4:87 . e SPE 0.56, 0.56 | 0.53, 0.55 ' 0.54, 0.54 0.56, 0.55
oy el HBMFOWE - o '
C"EﬁﬁHVSﬁeéﬁ}j gravity aAKE (%) ;
\"\8 Moisture 13.6, 13.1 13.6, 13.6 ' 13.4, 13.1 ] 13.2, 13.1

content
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Table 3.2. v — aiZ X % ikl
Wood failure and strength ratio of each beams

5 AR B 187 7 88 1 B
Number Wood failure Strength ratio
NCHOR RN
¥'—2 Beam V 96 100
” M % 100
7 it 96 102
7 il 85 102

VERRELrI5) L&NESTHL Table 3.2. 2L TH Y, HEERIIGFRE 1% K D4 7L,
PEEMHMATNLE LD TEF TH ok, L oTI I THGIEERIHLT o~ YHHCH L T4 7e & o
ThHO b WS T ENTELS .

FlZ2 v TR EVTCE EDIRRS & DICOLTREGED & 5, T HRICIHRT EF1E i,
HERNERIMCE BN EBERD L2 LT L. CoRBCETL, FREROSELS, I
L EDRLYEDOFT, hl & OBEOMEKNL L 5 LAETINIC A S &5 BB RER T o7, F ok
Ak Table 2.20. \SRLICe B YT, PRELIGNEhof LienoT, SEEEREL LT, £hug
EEBEERT ML e XY,

3.2. EREEMHAERRR

RE SN AE BRI OVT, e ERBERER & R $s 13 2B X oviis 4 L S ~<7e,
ek, BE L L CE R O I AR A0 & 2 L2y Ok X I B 2 B o T
LREL 7o

3.2.1. HR®HE

ZA B3 Fig. 3.2-a, Phot. 3.3. (Plate 2) iZL»T X 5ic, MWMLZIFEH L LTKERHD TR
WIREE TR 27, KR lp
i Fig. 3.2-b, Phot. 3.4.

T
(Plate 3) & 5 i i ,/[—\ ¢
[€) ® d
FFAT7 e =VFLLTI1 Z///¢ '\\\\ D
FHrREEE 7 ey R & 2
¥ [ Q
Lo 1\\\

X, Wb RS

=

[Eeietelen
L
MELRTVD 52, O % I3

5604 KA IRIT — F
U AL T B ALEMN D,
BT DWW TIRRR N
L BAED LA LB, i
(X Table 3.3. O kL 9 7ok

Fig. 3.2-a PR
R 2 & T, Rt Method of bending test
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P THEHAL 72 2 KISt & iz ou s Tt L OB T Ol
D HELBALYZ, TOWThh—FOHBRTHER LD,
WE, BiElh=B;ER=C L L, b, Mo
TRHLBIc D\ Tt Fig. 2.13. iR Lic & 5 I Hily 3 #lsng
Licd D% “SHIER”, 052X bic 3EELmLLD
~ d D% DR LS LICT B,
L Tets,  RIERBYCIEA L £ JLBIRY /s AT0C 5 MOk L
). (BFCERRD i 2oy, BERBROES -7 L d 3
M DR L D DHICTEHIT oD L b,
¥z, Table 3.3. DB ELCOD L ORI, S b
Hikk OMRISNE DES cm BETHLHLIcdbDTH S,
B U 7o BB LIRS DFFE S 100 £on (20 ton) REJIR
MIRIER EMET, Fd Sub-capacity 20fon % 2~10ton i
Bl #az Tohotc,
7 (1) BB
& Fig. 3.2-a % X 0% Fig. 3.2-b OB x, v ico\TF
Big. 3.2-b KRB NENTTEH A & T AOBL HEELE, h LEEFRO
Method of end thrust test FEAKFLEEL WSS LI T 5, Toks, EETRBARDERISIC RS
LT Dial gage (107%cm) Z H\CHIE L 7%, B ERD X\ 32 (107em) & HV T,
(2) F'Y —ic X HWHEAES A ONIE
ZHIFEEE K. K. #lo DS6-R WEElELE e G (68 F, 5l 281, FY -
DUk S4 (F—v& 60mm; g 0.5mm; 120Q) T, FipHOBEFEBFLEL T~V Y i (Plate 4;
Phot. 3.5.)c D~V ¥ rfiiEid Fig. 3.3. DLk HThb,
7eds, ZOWBIHBHECEECHRAIO vy 1FEEL, THROHHE (Radial strain) LTk
Tehhlc b DTH Do

Table 3.3. #ErofEdF
Test-planning (elastic and strength)

L.C.B. . _ Test -- e
No. 1 2 3 4 5 6
I B650 — Three-hinged arch test — (C460 — B460*
i Beso = 7 } Breakdown
i} B650 — »
i\ Be50 — 7 — C460 — B460*
v B650 — B600 — BS600 — BS460 — BD460 — CD460*
Vi | Besx — B600 — BSe00 — BS460 — CS460*
W ' Beoo — B460 — C460%
il B600 — B460 — C460%
X B320 — (C320*

*Strength test B =Bending test C =End-thrust test
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3.2.2. EHEIERM oM FBIMEC

™M 5(4) 5(3
¥ A Outside Inzide e 7(2)

a 27
yh

C OBUISEUA I I RO S —=—"

oM LR feD T\ B, F2 T, o 2 0

40

BT Bl SRR E L, £ = o

37

RUBRES X ORI B OISR S S —— ¢
UTebICTERTHBHL 5 5 LK :
ET UL,

T4 o i B9 % iR,

6
y":DSineri(_ .. 3.D ;” E Quiside Inside
¥ 10, Bk, é‘ p Qutside Inside Oul‘side Inside
. WX . [ ———
=0= .. . I 3
1 a sin L (3.2) :
WE, V=20 =k —; p=iiR j — Y l — ' —— l
9
M E=Yo 785 1 =Wm2 Ke v :
— AV R M=AADE— Ay =T
RERDTEEE F 7R RO KEE; A Fig. 3.3. A bvv 77—l
.. N . i Location of strain gages
=P BR D IRV & o bk kiR O HEIH B
ET DY, DEDFHIMNBRNIT 5.
_EL{Trayy
v=" So(dx?) AX e (3.3)
A= ECAI=A0) i (3.4)
fot2 L, IE R, Bl idkeabh
_1((ayy
Ao Zj(dx AX oo (3.5)
I CES DN,
A= 230 L= Jax (3.6)
fetil, TEPHRERER, EFIRRR, chbic, =xaAaF-we L,
dV =4I & B4 =+ L ¥ — o
= 30‘; cda=dd-PHdAT  ©ovieriniiiei 3.7

P =R Bhic i 1T HIEEEE 0 R EBEEL L O OHE
T =fBRiC do 1T DRE L EHEEE LD 5 HWE
Z 2T, (2.2.7) KX - AETHENC I W T, KA & HEETE & A ARSI Lcid bk — iR
WK LHLELDTHD, LEn>T, KRGO S, BRATIIEUE 1HOXTHY, Tk
TIRIAE 2 ORI D, DEIC, (3.7) Rk by, BlEFXOEHanEDLNL.

L, ds= 9 .da; dr=22 .4a
oa oa
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WE, BERIRCEWT, FRICEDK 1 DOFELDLIEICO E CADKEPIZ L D TETHECREL
T, FO=FRAF WO HEIC T 5~ R LTRER bicx b,

Elz*

V=L

a-da=P~sin£L9da+T- —27%(a+D)da .............. (3.8)

2PL? sin-C- T ¢ +TDr°L?
I ) O i L o (3.9)
ZORMTIE, c=L/2 THBHNb,

ZPL’+TD7L‘2L-
BT i = oo terriete e (3.10)
i, BTk, T=0,
_ 2PL? 11
- SPPTTOTSTOUVRR P VR (3.11)
1o, KRBT, P =0,
TDL*? .
e Y VRTETOPRTRPTPR SRR (3.12)
Ll EDgEX A T, Bz 2Kl LOEEEY L LD &,
(1) BRBCIT HEX
A) KFHE=d.=r=Ax
6;={( 2x ) Lg; ngiﬁ} AXLr e (3.13)
_ PL® (. PL® .
AXbu-Tﬁ;;(D EI”‘) .......................... (3.14)
AX1,~={L~—iSin—ﬂ—}‘AXL,~
L T L
.................. (3.15)
x=—-(L-D) #fA
B) HEEEE=06y =4y
3y=AyDr sin—”fx— .............................. (3.16)
2PL’
AYDr= L (3.17)
Ayar=Ayp,esin—= mly
Lo (3.18)
iEL, 2b=L-1; x=1
(2) KRBT BT 58K
A) FBEEEE=0,=A=A4X
(2% \_1g,27x .
B,c—{(l L ) Fsin T }AxL, ...................... (3.19)
_ PD*n*L(2EIn*—PL?)
AX L, 4(EI=*—PLD* L (3.20)

72i2L, TP THRELZICED



FRANCET B R 280 (SEEUMBFSERD — 41 —

_J__J_-EL}—.
AX[I-—{ L po sin L AX Ly
.................... (3.21)
x=;@—0 rLT
B) k¥EE=5,=ay
3y=Ayp,sin F]ji ............................ (3.22)
- PDL* _
AY DI = o pr e (3.23)
AYar= AyD,.osinElL
Lo (3.24)
(2lu =L- l)
Ayar’ =Ayor(1 —sin ﬂ:ﬁf’ ) ........................ (3.24a)

3.2.3. HERB (HRLWATLHFROMITE— 2y P2 5115 EH\V) CHFIRBHELREKX
#iFE— A2 FostE
(1) BHEFC I\ T T 5 RITC & BRAH VI I O EH
WE, o =l O i BREEHRE
oo = FORHIN O SEE i IR K
t =H#ily 1 iDEX
n = [AEEK
P =B bt o> Bl rh S VMR SR BB o i SR
LLT,
00 =(1=@)0b oeeiee e (3.25)
I, el eofliEEHbbT.
D 72V BRI AFXTHERHL T BEMEDOF I
2, EEREERAT O T SRR O BRI X o T E DRI S 7e 2 DN RIEDOKR E JiC & B KR E
FLHLICERRTH S,

CTic, P EBHIBTE RSB O lK b

t
=p4+ °
+2(1‘l D

ZOED LT DAL, BRIVHEL LT — 2ARETH D L AbhBE & CGLHk1ID
10~20 H, 49~52 F), M LM EIC L 2BEEX 2L AL 0T 2 &, B LOHEOHEC YT 51
RAMELDL TN Z LI ERBIFBRS. ‘

L7eniD T, ThbOREERERNTEITEET S L2, TORBMELH#HET S 2 TR LDTE
RN DTHDEEbbNLD,

i) BT 5 120K QRED
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R EE T 5 DO HIEN T OB DOERKILHUTHELE (0.0 D 1/2 1CEET 2 F TIRIWHIE=0 T,
F DM, TOBWWORENAT 512 LIcai > TERBEIZ BRI R L, 20, B/ PHEOBROWE
DT DR O TR EEL TEBE=1 785,

C ORI E 7 BT, MM L O TIRMER R 5 RETH D Z &, WHTLEL HE
2 Eoe D 1/2 T TEHMBIONHMMENZ LA L L ZicbhicnThH S &F 2l s, Ibig, Z
DZFEHR Z 2 THHDOMKBIEZERRY & Al LicDik, BXHLEILDED & D LKA K & /e
Brisbbibd, TOHENKET ERRETHHEEZ I LICLDLDTHY, TS D00, —IEH)
EORARKMAD S D THE 2 K%, L REEERC S IS8, RIENcL 2y 1027y
— 7EE 2 RN R OERENTREIND DT, 15 hERRET 2L L T 5,

LIAHT, ZORBCLIOTEMEDH LKL b0 L,

¢=~L{L<t)_1}
2—B L&u- \7
_ B o1
=9 g @y-1n

)

4

= ( r +1)2_2(n—1)5m~.

y=po/P; ro=FIC T 2y 1 FED oo LT D & EDOHIKS
U =u,foe; o =B RIE ; oo= ) IRIL ; Eoe=0l/E
DEIL, TomEIC L AL o DOFRME LT,
FF, WK OB B & RAHCOUV TR AVE TIC DRI AEEN D,
THh=<YDOKEM; t=1.5cm; n=13; P.=189.75cm; P=180.75cm; P.=214 cm; &€,,=0.0037;

Table 3.4. ZRIRCIIT S
Comparisons of observed and calculated

Vertical deflection Ay (per load P=100kg)

T.L. - : , e —— e

No. ~ Ayp | Ayp, : Ayp ’ AYa | Ayar | Aye Ay’ 'AYzl'r | Aaye’
C107%em | 107%em | AYDr [ 10-em [ 10%em | AVar | 10em | 107%em | AV’
! } | [ | | ( |

1-B650 | 406 390 | 1.04 | 141 | 137 | 1.03 | ! '

IT-B650 | 428 | 432 | 0.99 | 148 | 151 0.98

TII-B 650 420 | 430 . 0.98 145 | 150 | 0.97 |

IV-B 650 [ 442 450 | 0.98 | 153 | 157 | 0.97

V-B650 | 438 432 1.01 | 143 ' 151 | 0.95

VI-B630 | 363 | 370 | 0.98 140 | 137 1.02 | !

V-B600 344 340 | 1.0l 126 138 | 0.91 | |

VI-B 600 | 30 | 320 | 1.03 | 124 129 | 0.9

VI-B600 | 334 | 33 | 0.99 | 126 | 135 | 0.93 | :

Wll- B 600 | 329 318 | 1.03 | 127 | 128 | 0.9 |

T-B 460 141 | 189 101 92 90 | 1.02 50 | 46 | 1.09

V-B 460 151 | 158 | 0.96 | 100 103 1 0.97 53 | 52 | Loz

V- B 460 146 | 150 [ 0.97 ‘ 89 92 0.97 |

Vll- B 460 146 | 142 | 1.03 9 88 | 1.09 '

IX~B 320 71 77 ‘ 0.92 | 44 40 | 1.10 } \ |

Mean | 0.99 | 0.99 ! ' 1.06

+4% | 3.2 5.2 | |

AYar= Aym(l - sin-”if ) 3 L= 1 (L-1); Ay, = Aynr(l - Sin%) Y =-§ (L -1y
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r=2.7; .

(3.26) X2 b @2:0.125

3.27) X»H a=0.154
5 %o

(2) TREHTES L ORI £ — 2y FOFRAEE ZOEHVTWEIC IO TKEENREL, e
=AY FRLEWICKE L I8 0 TP L 23, TORE &KW & 0 BER ¥ CEENTH 5 L RETHE,
KR IO TR ER R T A 2 LN TE S, 7ok, TOBER, - ORRMETIXYREEREHEH
THIELRDN, ThEERLTEZDLDIZELRIELDTHD. L, ZDEFNBIIERRBRO
L5l YITEBIMOREIESL VDL FHIN D LD LT 5,

Par=as'W/y

7ot L,

Por =TSR OF 544 : W=IWTERE; v =D+ayp.; oo’ =1 —ade, CEFEHITREERE
D=TCE D KE; Ay p-= BEERTE O BAIC O T % K
ELC,

1
Py,=- —— R PN 3.29
= (3.29)

n’-W“L’EIn'-"
Teds, OISV, BRHMFE—- 2y F OFEHEAYTEHORZCHE LT LB,
M'm r= Pﬂ[/' X D

.............................. (3.30)
3.2.4. BRBRER
(a) [HiMain
BEOSANY & 5B o Mg
deflections in bending tests

| Horizontal deflection ax (per load P=100kg)
S R S - .
‘ AX], AX 7, _Axy, AXy AXy, AXy Axy’ J AX/, axy’
| ) ) ) i ‘ ==L
L 107%em | 107%em | AX4r i 10lem 107%m_ | A% 10%em | 107%cm | A%

504 | 522 | 0.97 158 122 129 1 ‘

540 | 577 0.94 176 134 1.31 | |

532 573 | 0.93 172 134 1.28

550 | 600 | 0.92 . 170 139 1.22 ‘ |

sa4 | 576 | 0.95 156 135 1.15 :

464 490 | 0.95 140 124 1.13 ‘
| 418 42 0.95 144 127 1.13 |
I 406 18 | 0.97 148 | 120 . 1.23 |
| 406 438 l 0.93 140 126 | 1.11
402 114 0.97 156 120 . 1.30 ’

157 162 | o097 95 I o2 1.03 36 35 1.03
L 170 186 0.91 100 106 | 0.94 37 35 1.06
| 164 175 | 0.94 | 100 | 99 | L0l

166 166 1.00 104 | 95  1.09
| 72 77 ‘ 0.94 34 32 “ 1.06

i
0.95 b o1as |

?‘ 2.4

e
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Table 3.5. KRR BEEDOEAIME & 518 E o g
Comparlsons of observed and calculated deflections in end thrust tests
I Horlzontal deﬂectlon Ay (per load P—IOOkg)
T.L. | B —— _ —— = =
No. ! Ayn  AYs “ AYI).s | AYDr l AyDp ‘ _Ays | AYDs| AYa | AYVar ‘ AYa ‘ Aya' Aya'r  Aya’
10-%cm 10-*em 107 em 10~Yem AYDr  AYDr AYDr [10-3cm10-%cm, ¢ AYar ' 1107%m 10 5 em AY"’
i i ; ‘ ' ;
I1-C460 190 | ’ 192 [P 0.99 | 79 | 84 lo.94\ 134 138 | 0.97
W-C460 207 | 220 ‘094 85 9 | 0.89 | 143 158 | 0.91
VI-C460 201 | 205 ‘ 203 ) 207 | 0.97 | 0.99 ‘ 0.98 | 93 | 90 ) 1.03
VI-C460 205 204 | 204 | 196  1.05 ' 1.04 | 1.04 ' 94 86 | 1.09 |
IX-C320 88 ‘ 9% 0.93 6l | 54 ‘ 1.1 }
‘ | | | |
Mean 0.98 1.02  1.01 ! (1.02 0.94
+4% | EXN ‘ ‘ ‘8.8 w
Vertlcal deﬂectlon Ax (per load P—IOOkg)
T.L. - - S T
|
No. AX] AXjs | AXLs AXLs AXg !MAx, ‘Ax;s . Axg \sz, _Axy ‘ Cax)axy, ax)
107%cm;10-2cm| 10" 3cm\lo cml AXLr iAxL’ AXLr JIO cmwlO Sem) AXer 10 "em.10” 1cm\ ax;’ -
| [ ‘ \ 1 o
I-C460 225 | ‘ 206 1.09‘ ‘ 117 9% 1.22] 40 36 | .11
W-C460 222 ’ 237 0.941 125} 10 | 1,141 45 | 4l | 1.10
VI-C460, 222 | 210 | 216 + 222 | 1.00 | 0.95 0.97 | 124 | 103 | 1.20
WI-C460 228 = 220 | 224 211 | 1.08 | 1.0t 1.06| 127 98  1.30
X~C320, 86 | 86 | 1.00 ‘ 33 27 | 1.22 \
Mean | 1.02 | 0.99 | 1.02 | 1.22 1.11
+a% | 5.5 L4l !
. R N I P R e
Table 3.6. HiFE— 2> k 100 kgm ¥ ) OEECIs 1T 5 52K & SFE4E
Observed and calculated deflection per 100 kgm bendmg moment
T.L. Aya ‘ AYar Aya AX; AXy, AXy ‘ C/B
NO‘ Ayd)‘ A;(lr .777 a o h
10-%cm  107%cm - C1073%cm . 10 %cm 7'__Ay" AYar AXe | AX
j : :
T-B6sO 107 | 104 | 1.03 20 9 129 | ’ | |
IM-B650 112 | 114 | 0.98 133 102 | 1.30 | |
M~-B650. 110 | 114 | 0.97 130 102 | 1.28 i |
Iv-B650 116 119 | 0.97 129 105 1.23 % ‘
V-B650 108 114 ; 0.95 118 102 1.16 |
@ |lv(-B630 109 107 j 1.02 109 o7 | 1.12 |
g | V-B6oo 103 113 | 0.91 118 104 1.14
§ | VI-Beoo 102 106 = 0.96 121 99 | 1.2z
& ) w-Beoo 103 | 111 | 0.93 | 115 | 103 | 1.12 1
© | VI-B600 104 | 105 ' 0.99 128 99 1 1.29 !
2| 1-B460 99 97 1.02 102 | 99  1.03
& ||\v-B4eo 107 \ 10 | 0.97 107 | 114 | 0.94 | ‘
VI-B460 95 | 99 ' 0.9 107 | 106 | 1.01 | |
VI- B460‘ 103 ’ 94 | 1.10 112, 102 | 1.10 \ ’
[ .
‘ 106 108 | 0.98 118 | 102 1.16 1.21 + 1.21 1.19 1.14
EA% 47 | 5.6 ‘ 4.7 7.9 | 4.6 | 9.5 ‘ \
2 (T-Ca60 126 123 | 1.03 ' 133 | 109 .22 . 1.27 1.27 1.30 1.10
2| v-c460 139 141 | 0.99 142 | 125 1.14 1,30 1.28 | 1.33 1.10
=) W-Ca60 123 | 133 | 0.92 141 ¢+ 117 . 1.21 1.30 | 1.34 | 1.32 1.10
< | MI-C460 126 ' 125 1.01 144 } | 130 | 1.22 | 1.33 ‘ 1.29 | 1.09
S |
= M 128 131 0.98 | 140 | 16 | 1.2 1.7 | 1.30 ' 1.31 1.10
i . I o
. m') 1 { L 1. 71:12}
AVar=AYDr H ==(L—-12); p={—2— = z . ,
Yar=AYD (1 L 2( I2) AXy i T sin 5 AX/

M=Mean value;

B =Bending test;

C =End-thrust test
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(i) BBk LoRBicsid 28 SEESERH O BRBC 3513 5 R REHRTE P=100kg
M) DIEE IS X UKD ENANE & 38 #% Table 3.4. 12, F#, R HI 2EEOEAIME & 5845
% Table 3.5. [T M-

K, FFELELIVCDOHBLDRRMMOLRCHETHEOTHY, [, 4, I/, & ZrhZhidih
PR D 2—7 HME 3—6 AHOEEHO LTS T, IRErObsL0NHEMTH S,

ZOFEET CERAE)/GIEM) nETLhA2E 5, DR LCEEME LS 2 L —FKL T
Wae 7ok, 2—TEM U, d) © ax 2, RREAEOFAKE S TTW5H, ThiAIBC ST 5
MO LIFTSEFRTWBED bbb s ZOXMEIZDW\T Phot. 3.1., 3.2.(Plate D X 5 7l
SR LD T 2IVD (460) RBERDZ T b DIFRIEZ 2 & 7 & THIMEIC I Z Aot icdic, i h
HBOFELELbDEALNS. LivL, %4, ZOHE RBRED) ik 3 ERE RS X
DRI TCABRS TV B X 5 TH 5

feds, E— Ay b 100 kgm MhEEL L TLSH LI DA Table 3.6. THa. iut, 2--7H
CRFTHEEZHLHL TS,

FoBEH ORR | KEICOWTOEE, KEETHHOT, BREADESV L ERBROEH L & Tik
R ), WE 460 cm O OTIE (BHBOE) =1.3 BRHOE) LAbhb, ThIEXL, HME
DAL OTIFHL T, GERRED =1.2 BRABED LieoT\5,

¥z, BHMTE, ZOWMBOKNCILT, BLAYRSELEXZLHLTWBI b, T IICH,
o 8 KDORBFHIRIMED S H T, BIFRED LD THE L HFT 5 LN TEBL I TH B,

(1) BREE X ORI T 2R O v 1 B0 & ST (Radial stress)

RO H\ i, BHERTIX 100 kg ZIAT 1,000 kg =T, KRBT 200 kg AT, 2,000
kg ECHELYML, SWMEHCHETLEMEOEY — COHARAE L o HIC X 2THERMROIIDH
WX BRI T 100 kg FRTRIER B 2 7eofn, KT 200 kg AR DOIHLNTBHEIN TV S,

FR LW Bk X OREDBHTE, T7bb, M, 5(4), 6(3), 7(2) kit By 1B i% Fig.3.
4., Fig. 3.5. ®a kX Fig. 3.6. ® a, bicL®T, roiEdhuvd v 1 BOEMINTITHERENT
H57, BRROMERE TSI 5MADERAITIE, PORHAEL VWD AbNI D, ks, il
DOAE & OB LT bz DEBHEICFET 22 243 b h s,

SHHRDIEH\ A Fig. 3.5. ® b, ¢, d, e 33X Fig. 3.6. ® ¢, d KL ®»L. SHREDO LY
AFELHBLIAEIME L4 0HTH S, EOEULEMEOIID - & RERIITIFERTITH 5%,
FRSTER O R R R TR OO EREI , R TIX LR R BEIT 2 ERL LH LT\ B,

D#ERDIEH\ % Fig. 3.6. D e, f KLHLI, ZOESHVCORMKITH T 1KDOLTH D, M
BMOEY ABOEUE M HEOXTHBL ST E VA, TOESHMIELHTHERTHS, Tihb
B, BHATE Y A FENR IS BH52 #FF (M-3 5L M-36 DR Hbbh, hORESETD
W (M~46) ITiXEHDTRELBIRENEL T B, RHEHEOTH% A2 T bHAMEE LdTEES
DRz ohbbhTwb, 05 5% 3AYOMMIEE b >BHMER © Efl EX0GETH 2
MEID, FlZD X BREGHELCDIEDANFHIEHEC L OTET IO ED LI Abh b,
SEWRAMLBEL TRHTREZ AL THA S . LiICh <, FELIC KT %5 EREN 7B S
DEENTO—HEEDTWBL 53R B b5, M-13 725 M—46 1IC\ iz BHIDORFEREED & o B TH
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LA BT aRE (GF 280 (BEEMWIEED — 55 —

B Ac L @BEEDOLN Ar LDk Ar/Ac (3TFE 1000 kg TH 1.34 7eD>T\3%25, TIMOFER
FERICEL WEREmRET AL (M-20 & M-30 LD FTTHY, B OEHEEERICEL WS
REFERLB A (M—~45 Orfik) ¥TTH 5,

R DIE S\, ATEIOAZEE M-3 (HIEIZ 52T 3 EFMBOERICY { K L2 ThR2 v
ABIEHELIZLAEL 0 L7eDT B, ks, HHERXEMRTH Y, By 1 ENRROMIETEXE
ZLHLTW5,

F7, Ar/Ac DEITHE 2000 kg 123\ CiE# 0.95 Th B, BHEME 5050 kg T 0.89 &
DT\ 5,

SF¥R, HRMcRF 5 M, 5(4), 6(3), 7(2) OWENETOEMRE LPIEEOThETh oKL
BL, Ar/Ac DfEZXH LB L Table 3.7. DL 51D,

L A WBMERB O S i, 1313 1.05 TH DA, BRBROESH VO M HEICOWToH, Bl
Ak AN OB AE T 5 L, HiE 0.87 THHORKL, H#HL 0.73 L), B b3
& HATEN B RIS BBIT 5 & L abhh B (Fig. 3. 4.),

SHIRTIL, Ar/Ac DEIXEDIEH\TH 1.2, BTk 0.65, DRETIX, T 1.73, ££T0.54 &

Table 3.7. BRFEMR » EMEEROL

Ratios of tension strain area to compression strain area

. |
Compression area

i
T.L. ‘! Tension area
No. R G s s Ar/Ac
M |59 |63 | 7(2) Total M |5(4) | 6(3) | 7(2) [Total
‘ i : | \ : ; : ‘
1 B 650 4375 5053 4300 J 3188 | 16916 6704/ 4917 | 4059 | 3088 8768 11

I B 650 5223 5298 4534 | 3291 ' 18346 6313 5453 ' 4216 | 2631 | 18613  1.02
M B 650 5645 4533 . 4500 ' 2797 | 17475 7013 2357 | 4417 & 3340 | 17127,  0.98
W B 650 5349 4767 4054 | 2854 | 17024 7421 5694 | 4589 | 3710 | 21414 1.26
V B 650 5726 5378 | 4011 2940 18055 6105 5013 | 4225 | 3090 | 18433  1.02
vV B 600 4266 4816 | 3714 ' 2756 | 15552 6178| 3984 ‘ 3749 | 2449 | 16360  1.05
VI B 630 3653 4725 ; 3563 2498 | 14439, 5809 3945 | 3699 | 2444 . 15897|  1.10
VI B 600 3334/ 4706 } 3579 ' 2554 | 14173 5882 3779 3485 | 2740 | 15886  1.21
Vi B 600 5185 4736 4007 = 2884 = 16812 5769 4952 ' 3322 | 2406 ' 16449  0.98
Vi B 460 3334/ 3168 | 2632 | 1390 | 10524/ 4488 3080 1763 | 771} 10102  0.96
Wi B 600 4658 4433 | 3496 2417 | 15004 5596, 4836 | 3869 | 2440 | 16741 1.12
Ml B 460 2695/ 3068 | 2201 | 1045 | 9009 4625 3231 . 1906 | 833 | 10595  1.18
Vi C 460 9764 9004 | 6808 | 3790 ' 29366! 9356' 6842 | 6596 | 3464 | 262581  0.89
ML C 460 9950 9714 | 7464 | 3798 | 30926 8450 7090 | 5316 | 2228 | 28079 0.75
Vv BS 600 3521| 4441 | 2320 2708 | 12990 3926/ 3402 | 3295 | 2897 13520{ 1.04
V BS 460 2015 2664 1409 | 1244 | 7332 3210 2219 | 1896 | 1054 | 8379 1.14
VI BS 600 3210 3831 2411 2719 | 12171 5295 3918 | 3451 | 2586 | 15250,  1.25
VI BS 460 2281 2691 | 1304 1118 | 7394 3824 2646 | 2082 | 1094 | 9646 1.3l
VI CS 460 - 9185 7768 ‘ 6697 | 3526 | 27176 6455‘. 6029 | 3164 | 2000 | 17648  0.65

| ‘ | 1
V BD 460 1964 899 | 1378 | 1080 4321 2624 1892 | 1867 | 1072 ; 7455  1.73
Vv CD 460 5781| 6372 | 7102 | 4292 | 23547, 5474 2050 | 2873 | 2250 | 12647  0.54

‘ : i ‘ i ‘
V CD 460% 9087, ! . 8126, i | 0.89
VI CS 460* | 23990 | 13650 : [ 0.57
i C  460% 13919 i 11505‘1 i a i 0.83
i C  460* | 25130 ‘ ! 16150, ! ! 0.62
V CD 460%* | 5780 ‘ 5474 : { 0.95
VI CS 460%* 9185 6455 | i 0.70
W C  460%F | 9764 ‘ ‘ ‘ 9356 ! , 0.96
Il C 460%* 9950 ‘ ‘ .‘ 8450I i l 0.85

| | ) |

* Strain area at station M in ultimate strength tests
*k ” 2000 kg load
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Table 3.8. ZHBCIsIT BMHMEITS L BEOBIR
Fiber stress-strain relation in bending tests
Posxtlon. Estimated fiber stress | Estimated fiber | Observed fiber e
‘ per load strain per load strain per load Kr==:Le
N | = IOOkg | P=100kg = 100kg &z
T.L.) fM—13 5— M 5—13 [6X 13 M —13]5—13 l6—13 _13} 13 6=13
No. | kglem® kg/cm~ i kg/cm?‘ X 107° 61X 10" X 109X 10-% X 10-° l
[ [ !
I -B650 20.7 16.6 | 12.9 | 167 134 104 138 100 73 1.21)! 1.34 11.42
IT-B 650 20.7 16.7 12.9 | 184 148 114 138 110 82 1.33] 1.34 1.39
T-B650 20.8 16.7 1 12.9 ‘ 184 148 114 150 92 102 1.22 1.60 ‘1.12
IV-B 650 20.6 16.6 | 12.9 | 191 154 109 148 | 122 92 1.29! 1.26 |1.19
V-B650 20.7 16.6 ‘ 12.9 184 149 115 140 - 108 86 1.32 1.37 '1.34
VI-B 630 20.1 16.0 ' 12.3 | 168 135 103 1121 75 75 1.50 1.79 '1.37
- V=B600 19.1 15.0 |, 12.3 170 134 101 l 142 94 76 1.20; 1.43 '1.32
VI-B 600 19.1 15.1 11.3 161 127 95 122 79 70 1.31' 1.60 {1.36
VI-B 600 19.3 15.2 11.4 | 168 131 99 116 94 78 1.44 1.39 1.27
Vil-B 600 18.9 15.2 11.4 159 126 94 134 116 76 1.19/ 1.08 ;1.24
- VI-B 460 14.7 10,7 6.9 128 93 60 , 100 .63 45 1.28/ 1.47 |1.32
ViI- B 460 14.7 10.6 6.9 121 i 88 57 . 120 74 41 l.Olk 1.19 i1.38
Mean ; j 1.28 1.41 |1.31
+a% | ' t 13.2 1 6.5 9.5
! i

DO TW5e 2FD, TOL5 HBOEHIIRRRTIEIREOERLKE {, R TIIERED
EEIRE WERARA SRS, _

DER, BHBick s M, 5(4), 6(3) OFMEMEKC D&, FE 100 kg SV D&y 1IES oL
(kglem®) %58 L, Table2.6. DEE Yy 7% Esg=Er #HWT, SHIZET5 &y 175 €2.(107%)

RHEL, ShEEF DX 5EMME 2. GEEMOE) : M erofers =Kz %% L5 Table
3.8. DI D,
Thebhb,
gE'LL—i_SLe_KL Ers=1.33 €Ls

Lih, EY —YiL BBAIBILRPEINERY LD LTV B,

LOAD V8600 LOAD VBS 600
Kq K 7IM
D1 e 6 M2 5 el ' 6 Mis Ms 5M2
1000
800
800
600 1 6001
400 4001
2001 2001
™/ 7 & & 5 o T 5 3
coMp TENS comp TENS.
STRAIN (X 1074) STRAIN (X 104)
a-1 a—-2
a-1 VB600 a—2 VBS600 a-3 VBS460 a-4 VBD460 a-5 VCD 460

b-1 VIBS 460 b-2 VICS 460

Fig. 3.7. WEEDOSL

Distribution of radial strains
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(28 (G BFsEED

LOAD VBS 460 LOAD| VBD 460
(K3) 7{MMsM3 6 M2 5 (Kg) TIM 6 S5MaMeMaMe M MaMs MoMs
10001 10001 %
8004 8001
6001 6001
4001 4004
200 200
0 A Ly T T T T
0 2 4 0 0 2 4 6 8
COMP- TENS. coMP TENS.
STRAIN (X 1074) STRAIN (X 107}
a-3 a—4
LOAD | VCD 460
(Ks) Mg
sp00] M3 M Me
2800 1
2400 1
20001
1600 1
1200 1
800
400 1
0 — .
25 20 15 10 TENSS
COMR STRAIN (x104)
a-5
LOAD VI BS 460
(K?) Ma M32| M3 M2 4
10004
8004
600
400
200
/%W ® 1 & & 4 7 0 27 4 &

COMP STRAIN (X 104) TENS

b-1
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LOAD
(Kg)
4400

40004
36001
32004
2800+

2400
20004

1600+
1200+
800
4007

Me

HERREUIERE

VICS 460
M3

Ma M

5109 %

40

35

30

25

CoMP

20

STRAIN (x 10™4)

b-2

5 10 5

0

5

TENS.

B X ORRBIC 13 B HEED
&% Fig. 3.7. ©RL® LI,
BEIE T8 L OBERRBROE D
WEBIR 2 e b (R EW AT BT
BO T £— 2y M & S5 iED
VD, KRB SVt R B
(HRA BRI BHRDE— 2y
R 5 IFEHVY), UL, 2 0%
AT M BIEME CRRE
R 2 VALEEY 51, TOME
HIET O Ms OFEZERESET 51T
HVBEL, Tk 2B D bidE]
RETHO>THIHELHMT 51c>
hT, ZOEEBAL TP L B
Zbhb, M: T Table 3.9. i
Abh sk < KE e REET D
AP

WE, fE 100 kg Xt 5 M, 5(4), 6(3) OFRWMHRIE BT 2HEIES ore ZFFEL, ZOE
LEY DI BHHE ers HOHHMOTYY 7B Ere THEREL Table3.9. KL DLz M: D &ps
1B LDy FEEIIELS TRBEIITHEIARZ . 5D ers DB DL DI, 6D eps He

b roteby 7 EE L W ETEHERZ LDL T 5.

R L CTRRBICRIT D ore BEO Ere BTV 7R Ere b LORFCLD L.

Table 3.9.

Zoks L ORI BT SIS & BoBHR

Radial stress-strain relation in bending and end thrust tests

‘Estimated radial

Observed radial

PosmonI stress per load strain per load Esnm%gguﬁgmg S ERs =K’
| P=100kg P=100kg T
ORe o i’?} Ere [_7 . -~
K _
TN(% M. 5 6 M. 5 6 ><11Vcl)§ X 1(5)" x 183 E M-: 5 6
o | kglem?® kglem®| kglem® X 1079 X 1075 X 10°% kg/cm® kg/em®| kg/cm®) |
]

[ |
I B650 0.53 | 0.43 | 0.33| 241 84 | 54 ! 2.2 5.1 6.1 ! 1.75 | 0.84 | 0.74
1II B650 0.53 | 0.43| 0.33 30 78 | 39 ’ 18.0 | 5.5 8.510.22 | 0.77 | 0.48
T B650 0.53 | 0.43| 0.33| 122 122 68 | 4.4/| 3.5 4.9 ] 0.83 | 1.33 | 0.67
IV B650 0.53 | 0.43 | 0.33 77 1 100 I 50 | 6.9! 4.3 6.6 | 0.52 ; 0.80 | 0.54
V B650 0.53 | 0.43 | 0.33 49| 112 56 | 10.7] 3.8 | 5.90.35 . 1.04 | 0.65
VI B630 0.52 | 0.41] 0.32 61| 120 44 | 8.4! 3.4 | 7.110.55 1.60! 0.59
V B600 0.49 | 0.39 | 0.29 48 94 | 46 | 10.2| 4.1 6.2 10.34 ' 1.00 | 0.61
VI B600 0.49 | 0.39y 0.29 57| 106 39 8.6 | 3.7 7.510.47 | 1.24 | 0.56
VI B600 0.49 | 0.39 ] 0.29| 32| 76| 24 15.6 | 5.1 12.5 | 0.28 | 0.81 ] 0.31
Vil B600 0.49 | 0.39, 0.29, 35| 76| 46 | 14.1 5.1 6.4 0.26 ] 0.66 | 0.61
VI B460 0.38 | 0.27 | 0.18] — 48, 14 | — | 5.7 | 13.0 —10.75 | 0.31
Vil B 460 0.38 | 0.27 | 0.18 13 54, 29 2.8 5.1 6.0 | 0.11 | 0.73 | 0.71

' |
VI C460 0.36% 0.33% 0.27% go* 71* 21% 4.5%  4.7% | 12,7%

W Gago | 0.3+ 0.33*= 0.27% 108¥  73% 45* 3.5% 4.5% 5.9+ (0-52),(0.97)1(0.57)

*: Compression

( ): Mean of K’
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LIAHT, ZOMBMICHWIT 2= YDRERD Yy VBRI EFREEIL T WO T o REN
TERY, XFRL L DBEREEDT D= Y DEFROYY riZib3 5L, (EHHFHATH 13,000
kglem®; WHFHETH 6,700 kglem®, b & 45° % 7cT5BIESF TR 1,200 kglem® ThoteZ L
LHEET 2L, BIERLRBMETH 2L 5 Cbkbbhd (ER7T =YDy A HADY Y 7 RHIIK
133,000 kg/cm®),

Ik, BEEIERK”

R

O Re
M=%— 2y b; 1 =i EX 190cm; b=10cm; H=19.5cm;
Z=6cm (M: X Ms, Mi ¥ COJHEE
TEHEN DT, Ms, M1 IZEFBHEERL M: DEDH 0.60 FRE L H DL b5,

T, ERROESH VG ORFEOMT - 2y NIRRTV THI b5,

M=—4{y+rdﬁzfﬁ)

Krft, ¥ =FEPICX T 2HIADE cm; 1'=88.2cm; L=405cm; X:=51.5cm; X6=99.5cm
EBWTEIH IR, 5RIV6DYNLLDLNT WD T, EMEENLIHHITEWTR
Eh, IR OMITIERE NIV ERBNADT, 5, 6 DL M: DEDH 0.94 L 0.76 T &

L IR, -
Table 3.10. HERBIC T 2HEHE
L2 L, SBilliFie Table 3.10. ic LT Observed radial strains in end thrust tests

EINLOFIHEE NI h Z e DT B
ﬂﬁ‘ﬁ— £ % TI\i'O]:“ M; M. M, 5 6
¥Io, Ers & E1s DIE endfer:=K oOfFx
Mz, 5, 6 &2\ ThrdbE, Ti# Table
3.9. DX AR DOT VB, M., 5 Titdieh

Ers | 71.0 | 80.0 6.0 71.0{21.0
VI C460 y|ratio| 0.89 1.00, 0.08 | 0.89 |0.26
Ers | 3.04 | 4.48/ 35.9 | 4.69 |12.7

Ers | 51.0 | 108.0] 39.0 | 73.0 45.0
W C460 ¢|ratio | 0.47 1.00, 0.36 | 0.68 |0.42
Ers + 4.33| 3.32 5.52 | 4.52 |5.93

|

SEL TV DAY, 6 TIRIERNEEL TV A X
SIAITbh, LTOHEIXR 0.57 LigDOTL
Do LIehoT, BEIEHE €y 1571 OFf
WOEDOMEERS DL LS,

K’ Egr
TRe = —7— u

= 0lLe
Kr Ero

(b) MR

(i) BERRECHIIWEFREORMELHEMB oEby, PRI L 2EMESe ©owTik
Wik ol (EREIROSHEM 2 b b Lo b o) ZHVGTEHA LA, Thbe—#EL T Table3.11.
ZLad,

CEOMFABEHLTOND L, EEIEEMED 80~90% X752 T\ 5%, I ORBHIZ L <1ImeR
WHU DLW BER S HOCEEM L ORI S E 0 ST b Lk 23, il DFTH
ETORERDO HENHABIEBRCHEL TW5 2 L3S E LN, ZOHRKRITELLHERLED
b,

F7o, FORMME LML OHETIE, TOEbWE, TAYARILIBL0L, ERNELFR



— 60 — PRERBRIEVIERE 55 1095

Table 3.11. RHBNC KT 2 HBATE L BRI

®— 2y b OEHE & FHEME 40000 VI-C460
Observed and computed maximum load and
maximum bending moment in end thrust .
tests
TNOL !Vl[ lm C460’I[ C460/TI-C460 3000
- T T T ‘i T T
E |103kg/cm 115 + 121 @ 113 113 (Ka)
W em 633 | 634 | 637 | 635 .
I cmt 6171 6189 | 6215 | 6208
L cm | 405 405 | 405 | 405 2000
D . cm | 88.2 | 88.2 88.2 | 88.2
oy | kglem* | 738 | 720 1 699 : 711
om . kglem* | 646 | 630 | 612 | 622
o | kglem®* | 624 | 609 | 591 601
M kgm | 4670 | 4570 | 4350 ' 4415
M, kgm 4090 | 4000 | 3810 3860
M. | kgm 3950 | 3860 | 3680 | 3730 1000
P kg 3250 | 3600 |
P, kg 4175 4100 | 3920 | 3970
P kg 4045 | 3970 | 3790 | 3850
P/P, 0.78 | 0.88 | I
P/P. ©0.80 | 0.91 | |
M’ | kgm 3000 | 3335 |
M/’ kgm . 3915 3825 | i 0
M’ /kgm ' 3780 ) 3700 | | 0 200 400 600 800 1000 1200
M'/My/ 0.77 | 0.87 | ! -2
M//M.’ 0.79 | 0.90 | § (i0sem)

M7 kgm 2865 | 3175 | Fig. 3.8. HERIRIC IV DT E—HEHHR
11:/[41,; I;gz ' gggg ] ggég gggg 2288 Load-deflection curves in end-thrust
) M///Mé’:// . 0.78 { 0.88 | test of test specimen VlI-C 460

M”/My” 0.80 | 0.91 | |
L | o o . B ) .
oi=Measured strength in bending LBFEKRDIZ LA Ebvdo BT Lienio
on=Computed redused Strength=<zp,><0.875) T, ZOIEH\OENEL, MEOHE L LT
a=0.125
Coa= 7 =5 X0.846 E2zbNRBEME H L, XOLKATRZT DD

P =Observed load ; Py=Computed lo(aad I?ylcsai? MRS X SEMAHN0%TL 2255 L0

(2.2.29); P;=Computed (¢=0.154); M=o,w; &HEFIH B, Zhid, HL T, BENH

11\)’111(5‘:3‘:‘3’%1;’[;—{/1’;”1Pj\(‘l'yf}:(y]?;gf”&,,f“l;; e LoD THDT, EL L FEND

M.”=P,D; My”=P,D WBOZTHhHBEMb LWL, FhuX, ©0
D KT ED 10% % Z 2 THeDhd Litiae TRBDZ LT DWTIISEEIT 2085 5,

b, 3HHIT — FIHSLTREH Vs, EOFERMOT — Fbt L7 51 L MICDWT, F Dk
=2y bREET Ao, RROPCFHEL»EMLTHSD. chickbs, $L, HEhFOMHmD
REFEOL LR ebrv e ThiE, ZOFHEINBREKE— 2¥ MX 3,300~3,500 kgm & 518
IhD, ERE D5 BERIFOED X LI H IOV THER T HUE 3,300~3,400 kgm T X Lic b
FCha. Lok, TOMLBEALRELELZLRS W 2 3,200 kgm THELTW5Z L o2#E 2
L, FHEOWMIL 3,200~3,400 kgm £ 5 Z LI B, Bhb, FEMIC 3,300kgm # THL T,
ZHODFRIEN £100 kgm HBHEDEEZ BT LIt Lz,

sk, ME—HEEMBROM L LT Fig. 3.8. Iz VIl Ofigir LadL TR,

() RRARCHFIWAFEOHEMEERAE orbuvid, BETOHMREZR 2 25RO
E-AY FERMICEERDHCDN, BRI ECREHOEEY Y v hmsdbhs, Lin
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Table 3.12. FERBC BT 2HRKRMF ®— 2 F OSERANE & FFEME O Mk

Comparisons of observed and computed maximum bending moment in
static bending test

TL.{ E o w1 L M | Py M| e | M
Now o-tkglem? kglem* | em' | em'  em | kgm | ke | kgm |kglem*i M
| | | | : i |
1-Baeo| 124 754 | 638 | 6232 | 373 | 4810 . 5000 | 4660 730 | 0.97
| i | | | ‘
IV-B460, 108 693 ' 639 | 6245 | 373 } 4430 L 4380 1 4085 640 | 0.92
‘ | : i o

E =Young’s modulus of the test material (laminae)

o, =Bending strength

apo=0bserved bending strength of the glued laminated arch

W =Section modulus; I =Moment of inertia; I =Span; M=ocpw; Piy=Observed
maximum load; M(=1/4 P3-L

DTE O FIHMERERREO & & LRBIC L. o
KL, w3 ETH7L, 3L, BHlIMESERRC
Compression failures 73t %1% & DEWFIGHE Hic
Z 7SI B A I EER Y LTI Th B, 4000
ZRIEZDWTIL, SEOERITRENIC F2o1zn k.
SED&MTIR, Table3.12. KL LXK L
AEZBREMBH L, FLOREKEIHOTLTF
RS A TR E DT LIRAELWE 5 Th o, W
i%tbalvo7—+@§MﬁmxH6ﬂG¥%(%)
(x) LFEEEE (V) LTHEE OH#E% Fig. 3.9. itl
BwF. S (3—6) @ x k oyl ik, EFXLS
D b DI & TEE & T X —FL - HEREGE &
DTWBT EDT B

(c) HEBRSHoBmihROMAICEFEoD

F=lEB L oRER

Tz D7z 2 ORI DV TFDOFEL - Lo D
oDz D E DOIHF TR A I Z 7eofe,

D 9, S oRIEYRR ) LTrbEl ‘
ROWR (S) wREEZL, R R TR

i) SHEt 24 (V, V) 3%, 14 (VD (3% $ (102 em)
FIREAS D 0 RIS B CRBERBC X i |18 5.8 RIS ETE - SR
L, of test specimen IV-B 460

) oo 1K (V) (2 SEHMM & L CORBIMERRE, X518 2 ROFM®E (D) 2Nz <, ZE
AR, EAIMERRE ~C, R L > T Lo,

iv) ZORFICOWTIE, SFHEOESL VR 1L LT, HlEOsH 2 & XOMEEL IR L o2 LIZHBED
LEDThHB,

(c. 1) MMk XiETEE %, ToMMECH2L 588y, A—0E—- 2y PR

2000

10001 ;




Table 3.13. ST & DEFRICISIT DI OHEM
Increasing of bending rigidity in the laminated
timber having the additional member S or D

MRARIBIT e R

Bending (B) End-thrust (C)
AX ] AYD 7A;1: l AyD A
per ) A, ( per A
P=100kg/ | P=100kg -
3o/ds | 1.59 1.62\ 1.61 | 1.63 | 1.51 | 1.57 [1.59
|
80/0p | 2.38 | 2.66 ’ 2.52 | 2.41 | 2.21 | 2.31 |2.42
| i |

A:, A:=Mean value; A=(A,+A:)/2

do=Deflection of the laminated arch having no
additional member

ds=Deflection of the laminated arch having
the additional member S.

dp=Deflection of the laminated arch having
the additional member D.

Table 3.14. KBV &1 5 S Hsi & DG
B 2B E OSRHIE & WM L LTD
T E OB
Observed maximum load of the arch having
additional member S or D and computed
maximum load of the arch having no

T.L.

I
N | VI-CS460 | V—C D460
_ S _
| | |
E | 10°kg[cm?| 119 ; 112
w cm? 638 i 638
I em' | 6234 | 6239
L cm | 405 405
D cm 88.2 88.2
o kglem® ] 750 ‘ 709
amn | kglem® 656 620
an: | kglem® | 634 | 600
M. | kgm 4185 : 3955
M. | kgm 4045 ! 3830
P, kg 4285 | 4050
P. | kg 4160 ‘ 3940
P, | 0.88P 3770 | 3565
P. | 0.91P: 3785 3585
Py | kg 4800 5050
Px/P, 1.27 1.42
Pu/P, ! 1.27 ! 1.41

'Py=Max. load observed.
The other: see Table 2.2.5.

hak 515)60

B I b OUEFAE%S Phot. 3.5, 3.7 (Plate 5~7) iz L L 748,

2L AR rDdbhilgh ot

#5109 %

DEZI L D>TH DL, do= ZEHTEIH O,
d5=S MM AIE & Lk DEE, dp=D Al
BIRELIHOEE TR ERbLLHT DL
LT Table 3.13. DX 55

Tibb, SHERO L O TEKI 60%, D FiA
D HDOTH 140% T EEHEH DL O X DiE
WlEE Lot trAA, T OMMEL, FE
Licz bic X Bl 2 ke~ 2v + (1) OF
KAEMFL T BHDOTIEL WERRTO IR 212
bR, I, BHMEROHZ LSO
T, T OV OB & TR EOME &
EERL CHBr X I

ek, SHEMTIX, ZoMoeEicHicDT
#7 3.5em [EOWRERE L LTk Y23 &
ELL, %7, D fRTIRAEDOHFIEKTH
Tem JEDUM AL DO L FICELL B,

(c. 2) KRB BT HHHEMEIC S LIET
¥E vV (DR LV (SHHD D24
DT E O 2R Lo THEY L
12D THBHA, MERRO & E0 X 512, Hi
Mokt OMEBERE 35 & L2 EEE IR TE R
[PAFN

L7em>T, Table 3.7. ® Vl Dfs5ExXS
# L LT ST & MHC 351 B AT E O fff
EaER I, & FRERA O BHERE O 52
[R5l s A Rl [ By P

ZDfEHEx Table 3.14. L »T ERHT
Hoo

SHZ LB E, STHHBOEH-THR 27%,
DM T4 40% DTHEHEOMAL A Z ¥

BERE IG5 TR S TR
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4. 3 HET —FEERR

C ORI I\ CREE U 2B OIRAF & L T OMEREBEE, 3.2, kORI e TEWHLH LD
DT, ZOBHERM O 4K (1, I, W, W) 2EThEh 2K 2f(0 3EH T — AT,
S BB E LR R M T Oflls X O BEEREL L 7.

4.1. BRFZ

Z ORI AT AR e Fig. 4.1. 75 0UC Phot. 4.1. (Plate 8) i LT &k DV Thb.

AT U oI EERTE 3,000 kg (AfAL — bR =32.5kg/m?; BHE=7.5kg/m*; 7—F=7.0
kg/m®; v A RFT ERH=15.0 kg/m® #REEL TAHF62.0 kg/m® L LicDOT, BE1ERYH OFHEX
149 kg=150 kg, FFEIEEHEIL 3,000 kg L703) % F —F+ 2y MFEBHAFRX (&= 29—
v )y X~ IO X oTilx, ALY 5 mMEL YR,

KEHEIEFELEEL L OT, FORITEGEL 560 kg (BH 60 m/sec OBFEITHAT )
THoHA, Bk LB RO RS DIMRATE 2,000 kg RHERT L eNTER,

Ik T D& & B ORIERBREEFE LG Z R B edic, 21 oAy B L4171 -2
ZCHlEL (Phot. 4.1.7.) HERHCK W TRMCIEA Ll £~ 2 v FRHEELIC.

4.2. HBRER*
4.2.1. BIMEBIERRER

BEBEC S 5 FE —Eilgus Fig. 4.2. Orkh T, HEBOLELMIFEEN 1.8em LicDT
Wb, FRKEREIC ST A1 E —EEiERL Fig. 4.3.~4.6. © Xk b TIRANKIHE 1,950 kg i
W BERAIKIFAERNLFT 24.9cm T, WEIFRKE—-2v FOMFECEL2MARBEL LTELTV2
(Phot. 4.2.),

4.2.2. M oBEHOEELIZBMFE—AT |

Ih OE (x0) OSERMED S, EERE 1,000 kg bic b OFEEE, (5 EOIEELRR) & Ak &
L, 2[EEHRE 3,000 kg O L EOWEEELY x0 LLTH LD, BHRBOMELDHESNS 100
kgm OFE— 2y 24 ) OFERE A%,y LLEEME 3,000 kg G T HEIBH oM 2~ 2y
N M, XBFERRCLCKERE 1,950 kg (2D & &, B7— FOBEEMNH 1 25 ERME £
72) ERIET DT € - 2 FRFH L. ZTO#EL Table 4.1. K L»T EEHTHA:

Table 4.1. 3EHI7 — FHERPC I 2 OMF £ - 2 b

Bending moment of each member in the structur at test of the three
hinged wooden arch

T.L ! Vertical load V =23000kg ' Horizontal load H=1950kg . M
No. AX (o Xiw A% M. AXyp Xin A%y, 0 My M.+ M;
F107%em 107%cm 107%em kgm0l %m | 107%em | 107%cm . kgm | kgm
c { I 155 | 465 133 ! 350 ! 171 3335 120+ —2780 . — 2430
v 165 | 495 142 348 167 | 3255 129 . —2520 —2172
T { I 170 | 510 | 140 . 364 192 ' 3750 140 | 2680 3044
mr 155 465 140 332 208 4055 140 2895 3207

C =Compression side; T =Tension side; M =Bending moment; aA%X,;=Unit deflection per
100 kgm moment; Axs.=Unit deflection per 1,000 kg load V; Ax;,=Unit deflection per
100 kg load H; x;=Total deflection.

* failed at first.

* 2 0 BB O AN T H AR A R N ER A B T RRDOTFETH .
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TR LBE, BEYECLT —FEM I Tk 3,227 kgm OfiFE—- 2y F b, XLHET
FALU 7 3,300 kgm I X < —FL T\ 5,

7%, Fig. 4.3.~4.6. C&KEH OHE ¥ COME
ERAERE LD LbDLEL LR,

B (x2) HERZ2D e WIhd 227 D IE

p6mm VM7 -0-7°

o RN $6nm '747—[1]'-7' = .
= -
— e w— eSS

¢ 9imm
fr i

Fig. 4.1-1 SEREEEIIER

Side view of testing apparatus
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Tr; & [Ty ; W+ Jegl & ¥
MIT 3, - 4-9 B® Sk AL 1A @ 92000 s
70- 75 75 75 CBI4r{: -70v7 | 2 C ﬂl]ilf At )j}‘;(léil‘ll}‘”
— ] U T7--0-T . #=30m - -9 |88 Sr. |
r , i e
” . \ vrx |
~ #6m T Ny
7] -t o7
Za w =" i :
B84 Y = Al b\
-~ " . . Nnv 0.72){ N\ A c LD FJ,
. - 930y Wy N [
: — — — =/ - E‘O 1 l'I-LD (x\ ) o i o1
/ £ 55w x
4N [~ 7 3mn fv-0-7' 2k §]
T 0
[ a T K I
S IF 175
p-¢=3 S9N
$9m74Y-0-T 2K
— —
N N
15
| :7 —
i T I | O |
£l E’.IO | -

7
B

Front view of testing apparatus

Fig. 4.1-2 2

i

LR

C. B.=chain block

T.M.=tension meter

L. D.=loop dynamometer

F. J.=first jack

AR

M) (28 e £

— c9 —
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2000 2000
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_g xI
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Fig. 4.3. Fig. 4.4.
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\ 20004 .
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Fig. 4.5. Fig. 4.6.
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KERFELNYV. B-5-4
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5. i + [0

PLED ST & Bl 8Epit O it ds L OMEBERBR O Hd, RO L 5 ichr T 82 LM TE S,

1. HREOHIEL 2 SN TH T =Y HITIEL Yy 2 —ARSB LU D €4 v 71 — 3EmETh
BT EREGHIL .

2. THIYMCEETHTe=Forirr iy 7 —aiiig s oI EEEANERET B - L 0V
SR A~ 7 b L DRED HHEE IR S -

3. BEEICHT A PR S L TIREL 2B AE, ML ERES, BULAMRLT, 5 s
13 BOxHRE L CHEONR 10em, X 200m, B3R 6m, %K 1.8m OB HERMAERL, 0%
HREEMERERX PRI DA R L 2 —HL 20T, ERFMNRROTIHHEEA LA SWTHEE %
Zte (FeBEEMABE SV CRBHETHS)-

4. TERD L) JZEbdTOR2, BEREICY ) ERT5LENLD.

5. Z OB s 2 RIERIEO L & T, BUBHEROMBEMRE S, WIS ORI X iR 2
MR T Do LOTEBRES LA 2 0.
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6. AB—T7IEFOLHIC, Z OBERM ORIECHERNEKB IN S Z ikinwd D L Bbhd.

7. ZOERMOFEOHIKTIL, LI THMOM . ELTORMEEALLL Th, EHNRRET
FoOMMEAEET A LN TES.

8. ST — FHEEHMOMETIE, COMME L BENE L2 VELKHEBTHZ LOREBL
kg &

IRBO I END, FERAREEC TR, TOMMELHELHETE T2 L8, 3LALNTED
2IMDIDTH BN, ZOERMHEEEHVAZ LItk 2T, EbDHTHA VR EELE DI MNT
EBb0rBbhd. TOT Lk, Dl LS AMEREERM L L THAT 228 ), BRREELD
D, ZORMOIERDOERMFEEDO TR INL, 120FEBL Y5 52 LeHEETHIOTHS.

Lil, ZOBEMENM ORERMCL Th, SHAE AT 2-H0MENERC L Th, ERHHE
TIRERORIETHZ DT, ThSDOEREEDTNERb . ThESERT 50 bhbho &l
THhdHo
KA S L BB X DTSRI L it il bis v L Bbh A MES 2 REITFIEL Tk <.
1. HEEMCHERTHEEYEEL, ChbiileWwWT RSO, & <o, BTG L 444
DFR, HRCGU I-HEEH OBE L T OEAkORE.

2. B/EREHFLEROM BN RS OB L T OEMEOERER (RIS T—E RN
WE LI, TOEEY S HHE TERTRETHD),

3. B TR SRR ORI & BRIk X o8 S Mg BT 2 ERR MR o
(ZHIZDWTHEIRIZE T H B KL 7T, TOERERETL A hidieb i),

4. 2L, BN OB R 2 RIS OB O\ T OFRITEHES
5. BB THHROMIn h R IeBHMERMIC HoTE, FOHSEEHOMENT & KR DOB R
WHUBLWES MY L OB L OIS VWRERETH S,

6. JFORHEAR DIBEESEMIX AR &, R OG- X DM ORISR 5 b i g L FHIS
HREFEND DT &

7. B2V~ FREOWRE, TOEELLOIMT IV -TREL 2 VIARZ Y - FRETH .

8. HERMIHEMOBEARM: LIEAHELRTIL, TOEFENRL L OB L.

9. k< IEHAERA DI rRAEIC I 3 BRI % & 2 & BRI X ORIE OHINR & 525
FCHET 52 &,

6. 5 3

Z OHFIREE R A & R E L CHRISHIMRER R, BEEDITERT & B A ARG S OERM /N E
Baophod Lic, ZhEfvic 2 8o 38H 7 — G L LT ol L oBERBr >, Shb
BT 2 BRR R L T, SBICKT 2EERMFIHOR LB LE ) 51 ToebDTH S,

BHERACIZT < YR A, B2 DR, Fig, MToTRE~, vYrs s - A BIREEA
I CEBHEERS U TR L e, < ORTFMSEMR L ol R AR R, FOERLDIIRD LE
DCThb

1. THISYMIZREAEAV A - vV Ay 7 —ABREMBEYS CTH Ol ZoRBMTIL, RIESh
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Research in Laminated Wood Report IT
On the fabrication and properties in respect to its strength and
adhesion of curved laminated wood

The Laminated Wood Research Group

This study was conducted for the purpose of obtaining experimental data of the
mechanical properties of curved laminated wood which is the most useful among the
materials used in housebuilding, and also that of the mechanical test of the three hinge
construction using curved laminated wood, in cooperation with the Buibding Research
Institute.

The investigation is deemed necessary, as basic data available for designing the
arch-construction using curved laminated wood has not yet been obtained, since only a
few arch-constructions using curved laminated woods have so far been built.

The curved laminated woods used in the mechanical test were made in the pilot
plant of the Wood Technology Division of this station, cooperating with members of
several laboratories charged with each of the processes of manufacturing the laminated
wood, after some preliminary experiment for the purpose of selecting the adhesive to
be used, and finding out the adequate conditions for gluing.

The outline of this study is roughly described in the following.
Species used

Akamatsu (Pinus densiflova S. et Z.)was used, because this is the most suitable
species as the material for building houses in our country, and further, we have the
problem of resin trouble to be solved, in order to develop the technique of fabricating

laminated wood of Akamatsu.
Preparation of lumber for laminating

The standing trees of Akamatsu in the pine forest in Ibaragi prefecture were selected
in preparation for this study, and the logs of the standing trees selected were transported
to our laboratory and sawn into mostly flat boards (c¢m in thicknes, em in width). These
boards were dried to the moisture content of 8.5~10% in the kiln as in the schedule
shown in Fig. 2. 1. and surfaced by a planer. The accuracy of the thickness and width
of the boards is given in Table 2. 1.

In order to prepare the lamina for laminating wood of 6 m long, most of the boards
were plain scarf-cut at the end of them in the shape of 1: 12 by means of the machine
shown in Fig. 2. 2 and glued at the scarf-cut end using the jigs shown in Fig. 2. 3,
after striking a dowel into the center of scarf-cut part to prevent slipping, as shown in
Fig. 2. 2.

Minimum safe bending radius of each lamina

The minimum safe bending radius to which the dry, clear, straight grained, scarf-
jointed lamina can be bent without injury was calculated from the equation. The limit
of safe bending radius in this lamina was about 1,800 mm, and this was confirmed with
the tests of bending for each lamina using the test method as shown in Fig. 2. 4. The

minimum safe bending radius obtained in this test and the basic properties of the
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boards used are given in Table 2. 2 and 2. 3 respectively.
Preliminary experiments for adhesion

1) Selection of adhesive Akamatsu species is likely to cause resin trouble at adhe-
sioning, because of the large amount of natural resin it contains. Experiments were
carried out for selecting the adhesion suitable for Akamatsu. The adhesions used in
the experiment were casein, urea-formaldehyde resin, phenol-formaldehyde resin and
resorcinol-formaldehyde resin, and the results obtained are given in Table 2. 8. This
shows that casein-glue joints and resorcinol-formaldehyde resin joints are excellent, while
the others are poor. In this case, resorcinol-formaldehyde resins were selected for
fabrication of the curved laminated woods with the intention of keeping the laminated
wood made here in exposure test as long as possible. It was thought that the suitability
of resorcinol resin for Akamatsu is most likely due to the fact that the abietic acid
contained in Akamatsu combines chemically to resorcinol-formaldehde resin adhesive as
shown in Fig. 2. 5.

2)Conditions for adhesion by resorcinol resin Various tests were conducted in the
laboratory to determine the best conditions in the factors affecting the adhesion faculty,
such as rate of spreading, assembly time, clamping pressure and curing process. The
results obtained are shown in Table 2. 8~2.16. From these results, the adequate condi-
tions for gluing operation were selected as shown in Table 2. 17.

Fabrication of curved laminated woods

The normal form and the dimension of the curved laminated wood fabricated are
shown in Fig. 2, 6. Eight curved laminated woods of the normal form which is the
uniform cross section were fabricated using the equipments shown in Photo. 2. 5, 2. 8
and 2. 11. On two of these laminated woods were glued the additional members, after
finishing the rigidity test within the elastic range, as shown in Fig. 2. 12 (which were
called addition S) for the purpose of obtaining the experimental data on the effect of
the additional members on the strength properties. One of them was tested on the
strength properties and destroyed, the other was glued to the other additional members
shown in Fig. 2. 13, after finishing the rigidity test (call addition D).

While the fabricating operations were performed, the following items were measured
and recorded. These are, a) moisture content of each lamination, b) rate of spreading,
c)assembly time, d) clamping pressure with a torque wrench, e) curing time and tempera-
ture and f) dry and wet bulb temperature at the time of adhesion. A sample of the
details recorded are shown in Table 2. 18.

The curved laminated woods are likely to spring back after being taken out from
the jigs to which the lamination lay-out were clamped at the time of adhesion. The
amount of spring-back was measured and the results obtained are shown in Table 2.19.
From this result, it was found that the amount of spring-back was not so large as to be
considered.

Tests of adhesion quality of curved laminated woods

The adhesion qualities of the laminated wood were tested by the dry block shear
test....initial property of adhesion....and delamination test, the test pieces being cut
from the edges of both sides of the wood. The dry block shear test was performed by
ASTM D-805-53 and the delamination test by ASTM D-1101-55, which are the same
methods as reported). Table 3. 1, Photo. 3. 1 and 3. 2 show these results,
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From these results, it was recognized that the quality of adhesion of the curved
laminated woods fabricated here was excellent.

Strength tests of curved laminated wood

The tests on the strength properties of the curved laminated wood were carried out
in as far as possible the same conditions. The tests were ‘transverse test’ and ‘endthrust
test’ as shown in Fig. 3. 2, Phot. 3. 3 and 3. 4.

In the case of transverse tests, the vertical deflections at the measuring points of
a test member were computed by the equations (3.16) and (3.17), and the horizontal
deflections by the equations (3.13) and (3.14).

In the endthrust tests, the vertical deflections of a test member were computed by the
equations(3.19)and (3.20), and the horizontal deflections by the equations (3.22)and (3.23).

These computations were based on the assumption that the deflection curve could
be represented as a sine curve as in the equation (3.1) and (3.2).

The agreement, in this case, between the computed and the observed deflection was
satisfactory, as shown in Table 3. 4 to 3. 6.

The radial stresses at the center or the other points of test members were observed
by the electric strain-meter as shown in Fig. 3. 3 and Phot. 3. 5. The strain-distribution

curves are represented as in Fig. 3.4 to 3.7, Fig. 3.8 and 3.9 show the load-deflection
curves of both transverse and endthrust tests of the curved laminated wood.

In the strength tests, the effect of initial stress in curved portions of the test mem-
bers does not appear as to be clear, but in the endthrust test the strength was con-

siderably affected by the curvature.
The curvature factor in this case was assumed to be represented as in the equation

(3.27), but the equation has not yet been compared with experimental results.

In the transverse test, the curvature effect was not so great.

The strength and rigidity tests of the curved laminated members, having the
additional member S or D, were carried out. The test results were obtained as in
Table 3.13 and 3.14.

The effect of these additional members in the bending rigidity appears to be con-
siderably great, but in the strength it appears to be not so.

Structural test of the two three-hinged arches

For structural tests the two three-hinged arches were constructed of the four curved
members which were experimented on for the bending rigidity above-mentioned. The
structural test methods and equipments used are shown in Fig. 4.1 and Phot. 4.1. The
vertical deflection was measured loading the vertical weights until the load reached
3,000 kg, and also the horizontal deflection was measured loading the horizontal weights
under the veritical weight load of 3,000 kg. This testing construction is planned so as
to be destroyed at horizontal load of 2,000 kg.

The load-deflection curves obtained at the various points of this construction are
shown in Fig. 4.3~4.8. Table 4.1 shows the bending moment used in the members.

The vertical and horizontal deflections in various points of the test arches were
calculated in application of the results obttained at the rigidity tests of the curved
laminated members. The agreement between the calculated and observed deflection
was satisfactory.

Finally, the three-hinged arch construction was destroyed at the horizontal weight
of 1,950 kg. This observed strength agreed quite well with the calculated values using
the curved member’s results. Phot. 4.2 shows an aspect of the failure destroyed by
structural test,
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