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DX BT BTG A DOFEEE IR VIREIN D b0 L HifrEn s, Lica>T, EFHELBIR, Bk
EBITIRAR S, BTISS cw LB AREEL T LATIAEFARIIRVEDLELBNS,
Tichb, BRI X AT HEORAEHY, cw=0cn & LTHREL, BIEAKEHESRZETD
LORBHOTIL, CORRAD 1 XL, Z OREA DBIREM Ko 1o X 5T ou 2BSETRIZ LU,
i) p>2t 04
DA, Tnar (X A FHBCEET DD, Tmac-4 BEEHETIUIEI Ve Tihbb, cnw=01.7) X
FHicx B po OEx m=(31.15) XD 0, LRALT, ou &b LdIUL,

- =__?2;£‘T .................. el (51.1)
OeR 1
(2 ()
22t on=ow 20T (), Bb b,
h _ 20 .8 T _0¢B _0O¢R
(T)p ’mﬁqjujo’el FRL, qa=TE =T (51.2)
| Ta=A H ORI
PR, (), 2 BHERS HER R T B 1B DAY R —— RIS ORRETH DT,

Ss(), — RBEERAREE - LCRET 5

BARIE cw=(31.7) =X
i) p<2 Ois
ZOBEIL, BEPEARSIBIS L B HICHEET 5. Leht 2T Twae- 3 RORORE Y ZHT
B2, ERE, ta St X OHECEGCEER IO A e B bk OB OBIBIEE HNECEE
T, T OSEFETEIIS S e RERTHZ LB, Tinbb cu=(1.7) XD po DX ™ap
=(81.16) KD 63 ILKALT o1 Hh DL,

0’1)12——2%——‘92 .............................. (51.3)
mhqn(l—)
cp1=0pg & BT (IL>[) BRD Do

R —_ 208, -3 _0eB
(+ )p lE by Rl qp=TE (51.4)
=B H OBHRE
DriT, ZOHEE: LT,
h h . B .
I_§<I_)p - BARIT 0w=01.7) X
Fic, A, B WM OSEFRBEISH e XicowTi,

O_“:_Zo',./g

T T tEL, qG=‘17"% .................. (51.5)
””“’“(T)

Te=Ta EIBIEEE S (ra<Tp 25D



RKMBICEET A9 GE28) GRED — 97 —

20 R

(=)=l \

cofE, L, 5S40 cphur, GLO<KGLY) pieh, (o), 2 LT (514) KakE

fshs. g, 2<% gy oz, (1) =616 s s,
2 3

i) p=2¢ DL

OB, BAYITSS A, AL B L OBEEICET 52 ik b b, (- ),=(516) &

ﬁﬁﬁ%@&&b-{Lg¢$)pmxmf,mﬁﬁMEMﬁﬁiE¢acammac
51.2 BEMSSBIRFREICS & O BREORREN
o po = PEMIREE DT 5
cra=RMHRENT, BEPEASINE 2T ST T B MR OTIERERC 2 L CHET 58 0
TS

L+, cpe=0nz ThHbH,

DO, FEEISINCEEL T, Mg Wi e OERAHEY LLXTHRD L,

D Z-=ETN Thiug, B B HONEEARRICRESS oo ST 5.

cpe=(21.5) K& H7zd ro % (A THI\V) (21.15) RIfCAL, Bo, Be, B b &3, FThi
(21.16) KIZBH LT, o h LB L,

a,.;=f—22”il—— B (51.7)
1
mhg. ()
ZZT one=0pe &BNT,
h _ 20’,-n . )
(7 )= ot (51.8)
T, HEFEHEIC BT HBMER R & A 2 B aciy, BT,
h\_ 2008 )
(F)om et e e (51.9)
FIRRMAITIE,
. h — 20¢8 . N,
(7_>e_%h?a: a( Bt i e e (51 10)
LlE3oo (—;L)J DIBLT, BEPEVLORZOPEDOL LD HEREHL 15,
i) o< Y7L b, EREO A, B WHEREBAT, A BOBREA2, XU TRIESS

Oed ‘lébfl%ﬁo The 0i}7:3‘i’c*$) bhINb,
_{1-0=ae -t} {1-( ==t } ~3{1-Q-e? =t 13 . | = (51.11)

Tve= e eo—1)—(1—e)(po—to)? }
¥, (li)g o TiE, MEABCLToOED S 2 < RdbID,



— 98 — HREERBRISTTEHs BB

(_éL)fn;h'“;‘; P By . .(51.12)
(lL)ezmhzzjzikm;; B (51.13)
(_f_>e=mhf1g P Bl (51.14)
. L350 <—;L>e T, BADL DR DBED
Kb BIRFEMTH B o
Tr¥s, ({‘—)e LY (-j’—) , ETOMIBHOL
L —IC R L2 73235, o RiXpBEL TH
Lt e ie B 0T, EHPRMD D Z OXHD o 22
{ERHERHE R LTE IV EED I,
5.2 EMERMOHEDOBAE
52.1 SBMEEEERRHAIC S & O ¢ MEEEMOR
o , , R
! : cun=BIEEM A FHCIBMESR Db B e DB
% s R Fish
Fig. 9 ouw—Ko relation. o= BIEMA NS & 5 & BIEEHEE A
o LI e X OMFES
G- AL o1 =B ERMISE w3\ TS
s F1%38 ERHES N LT
e I, 7o OB B I
e T 5% T, BEAEAS
! RO Wi 25 D5 TR B
L I NS DB iE L TS
Loy, B DS
| oua=B [ RSN 1515 38
oL 1 WEENCET 5 % T,
° (B (e (e 1 T PR AT 5 15

Fig. 10 Bending strength of a glued laminated wood beam = " _
£ 7 BT iy~
as affected by depth-span ratios, AT R OBIEEREIC

(in the case of three laminations). 2L RT3 84 ot
IPwil
L3t
T =0 110 00 b2 7o B BRI FEET Do

R
[N (e

41— gg+ne0)2{ K2(r' +1)2+3r(r' + Kp)(1—Ky) }
n(+1){ 2 —Ko(r' —1) }2

T b0 =[3 (- +ne®) — ] s .5 (42.32)



AHZEET B0 B2 GRED — 99 —

— 2 T 7 h \2 )
Tp= 8a ¢°+n¢°)n [3v/1+§r’m?(-h——> q*a - 7“7_1 ]‘T"B - (82.1)
(,r+1)nzm2< lh )JIIZA 4 l (1= ¢o+neo)?
- oy _ 41—y +npe)? 5
b0 = 1—op? P)— = e g e .
T50 [3 (1—@g*+npp®) w(r +1) ] 0B (32.5)
o= (L= g+ 10" F L - (52.2)
1+m(1—¢o+n00)q. (—;—)

2, (), S IESEE 2R, cum=cn L ECTRD SRS SO

(’ ;l‘“>pl=E'ﬁil’ﬁg€1EE%'@» cp=0p2 ERBVTKDONDLD, ZOHE, o, oo BILY e

F—RIBWTHRP S (—FT5).

h _ 41— gy +ney) o
(), = g utnen) S gy e, (52.3)

! An/ iy memedd¥ T
i,
R e
3%,
<';1—)1> - 1 AL 1) I e (52.4)
1 ome g {30+ DA - e +neet) —4(1— @o+ne)? }

52.2 GHMEEDIMATEIAIC D & O ¢ MIFIREORRRM
7o e =R EERI IS0
oos=MMERRIEN T,  ISTEPIRARTIBIS A5 E D5 TR 5 HTROBIBREEC 2E L ChbE T 5354 Dl
FIEH
LTI, ope=0aes ik,

7] &

N 7 ©—A o
1) =Y 2 s
) e — h b

BT AERARBIFIS SIS T B B IS, (22.10) X&)

o p3=—2C S B, (52.5)
1)

_U{l-gl+epl } {1-got+epy} —3{1—9p+epy }2] |

o= —eotepn ) —3{1l-gitep 1 (52.6
7 (= (-e)(2= p0)en) 7eh (52.6)
c1a=0pe ERNT (—lh—)e kb B L,
h _ 26,@@_ .
(_l__)e_ T s By (52.7)

Fio, L CEREAME Btk OBFET T OBIEEEE 2 A M ODIEEREE X 0 270 D B & EiX,

’_l) - 20 .g 2
(e m e e B (52.8)

fetEl B. (% (22.10) KT X %,

tozon (), 05 pepsusnt cn s RARMEL 5.



-—100 — MEERBRB IS £71 5

s n —A
I .

ZOHEL, BRI A M2 B M X i BB ET S L ETH D,

@z,
_{1-pi+ep® } {1-po+epo} —3{1-pP+ee?}?2] |
e CCor=1)— (1= ) o) Cod vennns (52.9)
Oy F i, oz KOWTULTT & RIS
23\ DWEE DD, OB, &
6bo0) \(;r\.)
ol X KBS DU T,
bo :
: N h _Az_a'ull R
: (“;‘;) N (T>2_ mhqA * Ohe Po
l AN
i 0 e (52.10)
Ghe (22.3) ! - N .
| \\f R A, B ST OBIRIS
t o
| DN TUE,
l| h __20’,.]; .
. \ ( 1 )e_ mhqe « ope A
0 e (52.11)
¢ (8, By Rle i

rich, ZOWHEDS BLT/HI

Fig. 11 Bendi t th of lued laminated d bea o
ig ending strength of a glued laminated wool m i, b BIERALCH B
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G =[ERERt + 7 (B) +2¥ (4

Cs, Gz iz C1 LR URER

Dy=ERERM + 2 (B) +H# 2+ (A) +BERRM»Z (B)

D;, E1 13 Da kR URGRE

bA1, bA2, bA3 13T XTAFH, bB X+ 5H
ZDHDOFE L, TXT, gD OTH S,

Table 1. Strength properties of laminated wood beams. (By Dr. Monrr & AsaxoUD)

G ‘! Cs l C3 D, | D; ’ E;
E. | 68500 - 71800 70600 ' 71800 7600 | 68500
Er | 96300 96300 96300 | 96300 96300 96300
e 239 247 244 247 244 239
con 408 408 408 408 408 408
coa | 727 729 725 729 725 727
o | 1176 1170 ‘ 1170 1170 1170 1170
*r 4 \ (70) 70) (70) 0 (70) 79)
*r g - Qe (40)  (140)  (140) (140) (140)
e 0.711 0.746 0.733 0.746 0.733 0.711
n | o.586 0.606 0.598 0.606 0.598 | 0.586
r | 2.7 2.87 2.87 2.87 2.87 ' 2.87
¥ | 3.04 2.95 2.97 2.95 2.97 ‘ 3.04
Ky (C.80) (0.80) (0.80) (0.70) (0.70) | (0.70)
g, (5.83) (5.83) (5.83) (5.8%) (5.83) | (5.89)
*qp I (2,92 (2.92) (2.92) (2.92) (2.92) ‘ (2.92)
*q0 . (5.83) (5.83) (5.83)  (5.83) (5.83) . (5.83)

Eéi’oztng’s modulus '(w7zp'r_e:ssive test);i «r,.=compressiive strength; o =tensile strength;

o~ o g ¢
r=shear stvength; e=Ea . _0ea . ,_0eB . i _Tei g (See Report (1)); qu=
Ep 0eR 0B Oea

Teli . _0¢B . 0. — . 7. —
el o gp=2¢8 s qu= "F (+,5=74); A=Sugi; B=Nara.
TR TAB

* Assum:d value. C=Test beam; Compression side (B)+Tension side (A), D & E=Test
beam ; compression side (B)+ (A) +tension side (B).

Table 2. Construction of test beams.

e C G Dy | D } Er
| 4 4 4 4 4 4
)v 3.5 | 3 3 3 s | 3
e | 0.875 | o7s0 | o750 | 0.750 0.75 | 0.750
t | o] | 0 . o] \ 1 1 ; 0.5
t ‘ 0 : 0 ] 0 i 0.250 0.250  0.125
b | 2 2 2 2 2 2
p 0.790 | 0.554 | 0.554 ! 0.562 = 0.563 |  0.609
wle | o024 | o082 | o086 | 0812 0816 | 0.824
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Table 2 TV BRAEGHE (EXBR) OMEHRETRT. vo=e/h; to=t/h T, p=(¢—1)/(h—1)
Thbo.
F o, MOMWEHZMC O, FERED »&RB I i,
LI EDFBERE AT, Z OEH B OBIREAM S X O BIRREE KD Th D,
6.1 BEMIC i) B ROMEEME
WIEDFEXEZHNT, A, ¢ 5L B K2 L Table 3 DX 51C/B, 77iL, Table2 X
nle>p THHEMD, ZO&KEXAGIFIEROLRVGDII5 FTH,

Table 3. Computed values of A, ¢, ¢ & B at elastic limit in the laminated beams.

! G ! C: G | Ds ] Dy E
A 2.085 | 2.03 | 2126 | 2.000 l 2.000 | 2.055
o 0.521 | 0.528 0.532 | 0.500 | 0.500 " osie
o 0.394 0.429 0.417 0.484 | 0.483 ‘ 0.458
Bo 2.150 2.178 2.138 3.678 ! 4.141 4.145
8. 7.577 5.012 |  4.820 5.6 | 5.163 5.090
8: — — | — 5063 | s.163 8.110

ro=Alh;  go=¢lh; ¢o=o¢lh; <p=2{h3—q:3+e¢3}—S{h;—¢p2+e¢2},\(at beam C)
p=2{m—1-e)(¢*—t)} —3{ h2—(1—e)(¢2~2) } A (at beam D & E),

_ k23— p3tep? A _ 12— (1—e)(p2—12) y
A= SCh—ptes )(at bevm C); A U SCEDICEDY (at beam D & E).

Bo, B.=(22.9) at beam C; By, Be, Be=(21.15) at beam D & E.
Table 3 iwAbhz L 512, EORTETh, ZORNTEOMZER, #OLlhe EhdTIEEL, »
o, RLEHEC T LT B,
6.2 EMI (51T B ROMESYE
O, FIED X 51T, KD 2 ODRHNS LDBND,
62.1 BIERMAIAREHMI TR NN EREEIEL L&
Table 4 7Y X 5 iSWiE&MA2 2 B,
Table 4. Computed values of A, p, & 0 at Fig. 4 & Fig. 5.

(the outside stress of tension side=tensile strength).

| | 1 T
| C | Co ‘ Cs | Do ‘ D3 | Ey
| — e
A 622 | 1760 | 1.761 1.340 | 1.335 1.445
‘ |
Ao 0.406 | 0.440 0.440 0.335 0.334 0.361
# 2055 | 2.355 | 2.354 1.719 1.714 1.861
| ! |
o 0.539 | 0.589 ‘1 0.59 | 0.4%0 L 0.429 0.5
w2t — { \ - -ozm —0.286 +0.861
01 - \ - l - ‘ — — 1.891
02 — ! I — 1.622 1.697 —
03 —_ il — | 1.822 | 1.828 ’ 74

at beam C: no=(32.1); mo=(32.4), at beam D & E: ro=(3L.2) ; po= (31.6) ; 61= (31.15) ;
92= (31.16) ; 03= (31.17).

ok, ZOBE, n—-2t OfEipS, D: 3L Dy Ti3fa, E1 TIRIEE D TWBh b, FTORABIE
ISHDIET BAEENE, D: & Dy TRBEERM BoOFIzh Y, E1 ik AN (B b2 %55,
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LictioT, ZOH4E& De & D3 IZD0TL, 62 & 63 BNENThgn &ge LDHELTHOHLIEIND
L E,WTFRARE VDI 0C, B BIBIE DI 2 7I8EME B B 4, T ok A% & B L OBEFR
CEWTE SN EED T IE b\ ZHUL ge=0en/tap ThHhOT, Tap=A & B $ L OB
EENTH DD, Died &b, ZOBEOMEABIEIL T, ris=ra A LRBAHEARKE,
FEZ, ThE rap=t4 LEELTHE L. ¥/, ERLORMND, ZoBMSEEC, SR

HRTRAERD T, CROOROBHIMMAIF L Lic, LIANSTEET 3RARE (), 2,

ZDBENDEH LI DTH B,
62.2 BIEREICEMSEIERL/I-BE

BEEMBMEEIC I oTh LD DN BHERN Ko »t, ZOBETHTHE,»D, FkofEc L oT
BT D X OBLA R

Table 5 12, ZHEFNDMFESRELZFR LI, LK, FFHIOVLTUR Ko=0.7 13, IRLT/IE
FTERWEDLELZ ONBDT (FF - BEMKOFOREHR (77) DERER»BHEEL T O
L33 %) ki, By @ p Y 0.36cm iwdhie b, BERRMIES £ CHEL T, HROVWbh5 X5
CHES D (u=0) DL TEZ bhll,

Table 5. Computed values A, p, & ps at Fig. 6 & Fig. 7. (plastic limit)

a1 Db D, | E
A borazz L e02 | 1.600 1.116 1.110 1.194
x» | 0388 | 0400 | 0.400 0.279 0.278 0.299
s l 1.858 l 2.032 | 2.033 1.336 | 1.333 1.436
a0 0.465 0.508 |  0.508 0.334 0.333 0.359
w | 0.29% 0.321 } 0.320 0.336 |  0.333 } 0.360
w0 | 0.074 0.080 |  0.080 0.084 |  0.083 0.090

at beam C: no=(42.3) ; pa=(42.4) ; u1=(42.4).
at beam D & E: A= (41.3); w1= (41.1); pa=(41.1) Ao=A/h; pa=mps/h; pro=pi/h.

6.3 WHESRME
I HDOBOMF LML, Tableb Rt X510, NYRST RV (WD) 2 X>THhbhb
B,

o8, BEDD, FHFEDFoLTEHE bA (ZF), bB (+3) oW THEECHMTF TR\,

Table 6. Limiting conditions of failure of the laminated beams as

affected by the depth-span ratios.

v i

k(A (N Typeof | Position | , |

7 1 (‘T“)b \ (T) \ Failure of T, | | 8
Cy | 0.083 0.136 0.221 Teasion A — Bo
Cs ‘ 0.083 | 0.134 0.207 ” A — Bo
Cs 0.083 0.135 0.205 " A — Bo
Dy | o0.083 0.089 0.326 " B 0s By
D3 \ 0.083 0.089 0.316 ” B 05 Bo
E, 0.083 = 0.095 0.376 " A 6 Bo
bA; I 0.083 | 0.144 0.536 ” — — —
bA; 0.083 0. 144 0.567 " — — —
bA; | 0.083 0.145 0.574 ” — — —
bB | 0.083 0.155 | 0.538 " — — —
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Table 6 &3\ T,

(- ),= wBiests i & TR ORRRD - T B,

dric, P <(li)p T b, BIERHAR T 5.

(), = PHAESABTISTIR & VARSI & DIRRA O~ Th %o

PRI, -jt>(w 7_)8 T ¥, PMESRBIMIAR Y T D,

FIa, CORCHETISE, RHOBITAT {1_<(1L)p THoT, WG EAY

B riied, k2L, Zhik, 7a=70kg/cm? L{EELTW5DT, 74 HPILOREETHHh
i, BITERR BT A TREM L H AT Th b, £, THIBEERHE L2 D XU E OH4AK
BWTHBEL %, fEHE U T, i (FFHCHEL Thi VREXRLS L &) £5D0b 0T LHRIE
OEBTPRYT 3 LanFhERDRL. LrL, BHENTEH > TOERMEET, HOREMR
BOEHOT, WENEFRILSh, Zhictb>TBImREDS ERT% X5 i L5 uith g
BRITEFIX A 2 L1335 FTH 7RV,
6.4 BHIFREER{EE

LI EO&A» S, ZhboROMFRERE, KD bhs, Tiih, Table? KEZTEHDT, L0
FIBE L R L O DL, I —HL T B. 2, csn=HEEE Ko I Lo TR HAHT
BHEGRRL on=Ko % 1 L RIS & QU HRIREG one= WMEREMRT IS A OFEME; oo =isliT
Kb b ISR (B - RERIC X B) 5 oo=RUERBRTRD BRI 3% WOIREIS S cu-»
=THECORD A FEA D b OB I ERETH 5,

58, BEOIDIT, BHRIZ OV TOHT IS D Table 8 122 Tk iz,

CoT WFROBEL, A MRS OORIEN, B EoTE DICTTI D S L AR DD
NhHe RO 23K (Al As) KL THEDLATHOT, Bk, FHLMESAKLZERE L b
NBNR, ERFERYZRD L, B BHRE BITUT LA ETEN .

Table Comparison of measured and computed bending strength.

! T boo } Tho ' Toe : oy | T \ _Thoo_ | G0 | Two-M  The

kq/cm2 I kg/ cm2 kg/cm? | kg/cm? | kg/cm? Lo b b Te
C1 . 590 557 337 | 620 1 371 ! 0.95 | 0.90 ' 0.90 0.91
Cs 655 ' 615 368 ‘ 689 | 431 1 0.95 0.89 0.91 0.85
Cs 650 | 612 368 669 410 | 0.97 0.91 | 0.90 0.89
. 0,96 0.90 | 0.90 = 0.88
D, 757 720 395 795 514 : 0.95 0.91 ’ 0.92 | 0.77
D3 755 716 394 771 458 0.98 0.93 \ 0.96 0.86
E; ' 743 697 386 722 403 ' 1.03 0.97 0.97 0.96
; | ‘ 0.9 | 0.94 | 0.95 0.88
: l \ ‘ 0.97 | 0.92 | 0.93 0.87

where, apoo = Computed strength f rom equatzon (42.3)—at beam C; (41.5)—at beam D & E.
o w9 = Computed strvength from equation: (32.5)— at C. (31.7)—at D & E.
= Computed stress from equation; (22.3)—at C; (21.5)—at D & E.
o po— = Computed strength by Dr. Mori & Asano.
op=bending strength, tested (by Dr. Mori & Asano).
o =bending stress at proportional limit, tested (by Dr. Mori & Asano).
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L AP, BT THEGRECIIENTE bA: T Table 8. Comparison of measured and computed
bernding strength. (A=Sugi; B=Nara
W bA1, bA; LT 10% FEEAE . Zh g strength ( )

|

Upie, TEEEIERC o e | gt

i, kLrie, ERRERTERSZS TH kglem? | kgfems | o0 -
Do EEDHEETIL, A HOMTEEIZDL S bA; 481 462 1.04 ‘ 1.02
bA- 491 523 0.94 0.93

MLKRTHBRETIR LA EES, bAs 486 493 0.99 0.98
bB 802 873 0.92 0.91

LIEDFERYBELT, I IICDOTElHE 1 0.7 | 0.9

DIEMFEIREHROLE L IFREOHEAE RS 5L D LHEEEN S,
7. # =

B ROV TUL, X OBIBIAD RAZRRNCHER S W T e, 3907T, EREFOLE:
HEERTHTETH D, BEILZ &1k, RlHBROEEREH, M BROMEE ORILREIC 8% g
THEIPDETH B, Eio, BAMFBEREICOWVTL, BEEICEVTh, 132A L OREMAM
FEETHA 5 . BHREOBE LAE SIEREAME K &b Ld TR, R, B 5lIks X Ol
BMEL, EfY Y VLT L oT, [EECRM R b o RO IHER, o, CRWELHEET
BLEMTEDLLTThHD, FOMBRES L F7e, IR0l THRET D2 EMTELS .

IR BML T B eoic, b T, ZEERMZL LTRG e, ik, T oliakoriiss,
B+A+B r L THoT, B BIV A 2, ELICHEMOR TRk AT T Ebicw
DTHbo

L2L, ZOBEE, *OREETCHTAIMIEENIMECTCHST, L, Thr b EF 0N
BMEEX VRN LS Rk X1, COBTCHEEY ET A ERAS D IDIC, RO LDE-2Y
MK B TIPSR S O 5T, SETE BB L b 0B e 0, MECh Ldbhd:
5, FROLOFER X O CHERETE A FHTS 2L WHETH B, SR, COBHSIREXETD L b
naR, Pl L ThIREMTHOT, GERISHEELZADRVDTHD,

U HA, BEOHEHETE, SR, A3 7EFREEOT520, ZOFHFITIEib JimhtEdH
L, THUTRES BIEHERE I 21T X o TR RMHI R RHIEL T % o

DI R, HOEEZUENE L BEREREY L STV B DT, BHROBEMK [HEIV] BRI
L rEERT, TR DORFEEEE LTE 9HTF T %, BEC—ESNTRERVC LIX, O
ComS nle DZEThB, PCbDRLL 3, b L, e>n Thiug, Fig. 1 © () WK, MK
HEHATEOSEMIIC S bbh T L bt b Th b & IAT, BENINE CRIFOk
HEROSEE GEEM==Y~<Y, F =Y, 2F; KE@=:xr7, 75, ¥¥*, <hvS, ¥7F
RE, ~L=l, ~v ¥, WV, =&THYT, ~VFY, THX, 2%, 7€) &, WE
DOYFRE L DEHELChI L 25, HHRED T Y FuEE LT Fig. 12 KRT L5 /e, JEfERE:
FESEMMERR L OEAMERIHEEIND L5 Th b Thbb, IS RIDERAT, EMHE oo &7
vrR E. ORI,

ce=w'E.
TABRAEL D ENTED, b, THEREH OIERE, LER, EHOEN, KEBST
B, BxOBEROEISE D 2T, 2¥OERRTIVOTL B L5 TBbitd,



— 106 — HERBRLIERYE £ 15

0e=0.002E,

' i) SHEERIKEEH I X ONRBERI T
¢.=0.003 . E.
¢
Ko i) [RIEBKE
0 0 =w Ec. ¢.=0.004 « E.
o Hardwood. :,».47 . .
Y Sotwosd. g drg LhA, Fig. 12 KEBRTRLA X
a . » meist
51, T O 3RDOFEEHRFERR DL
BMEBNEEL TS, Tihbb, o
sl oWTERER £0.0005 DOFiHHIC
FEALIXVDTL BL5THb,
Mrhie, ZoBRERDS D EeTh
X, k0320 5ENIKRTUL,
) e=n xExbhd Z i s oTkin
300_ o, / s -
BREEREE TeD. E, LD, FR.
e EETITOERO X 512, MO
S B L KR O AR TR, ol =
// /“,/'/ /,// » Velue of o107 0.003; w'p=0.004 2750 b (A="
S L7 Soft wood _*jg_rdw_ogdv_i
R N e A Jo2s— 030 -035/035— a0 — 5| Z¥; B=73),
' jors—0z0_azs|ozs a30-035]
/f’,//,/” Aiairdry, M- moist Ted —ypy
a8 | . ) o TeB
00 50,000 100,0C0 150,000 200,000 Ec “f},{'mz E
_E’_’:iL =e
Fig. 12 o.—E. relations. (¢.=compressive strength; i
E,.=Young’s modulus in compression). L1LTC,
Ted

JZ_»Z E,.A — Lulrl =0003_ 75<1
e Ten w'p 0.004 -0-

E.p

Ligh, LT AT, ZhUL, Table2 T 2L~=.0.8 LD Tk D, KE—FHTHLDeE2bRD. L

123D T, MROEBOHHK TIX, %3 Fig. 1~ (o) B35 & @ LM L s hud e gl
Thohe 8k LDEPELT, OBEL L VDRI LRZ ENSITICHOBHELILHIESS &
BULw—SsnicDThb,

t ¥ U

5 1 8 COXIARRBOMIFIC S\ T DI & B ORAT » E 2 b 3 FHERHBEOBE E Tk
BELThIont, MY, AKCHWTHEHLS 5L 5185, &I, ©ORADIF SRS (3HER
BEFER L T5) o, HRlYS X OBBEHEAID NEOERM L & L —HLTWD. T,
RREE TS D2, YMHBESHOBHLAEETH D, ZOHETIE, F& L THERWHFER CES Y
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BT BH, DEFOHETIL, ERWEE, » < CHERBAGO®RE Y & VW EELTW B,
WERICE L, AEOARBINT RIS B IC RS\ TIE, RO, e, n, 7, ¢ BRI Ky
EDREANTAIRET BRI AL ETH D Z EEBA LAV EEH S,

o Bk

1) & B BREEAS  AREHOM AR X 5BESHM RO GE1H) , BEENTEITER
28 100 %, 17 25 (1950).

2) & 8= AHolFBBEINCE T BRLRFSHLCE %55 0F 25 (1950).

3) S. C. Bechtel & C. B. Norris: Strength of wood beams of rectangular cross section as
aftfected by span-depth ratio. F. P. L. of U. S. A. R 1910 (1952).

4) RE 1R RHZECEET 2019 (B8 13 HERBTHR OWIERM & i Basirs, BEmEEn
BifESHRE % 71 5, IE 29 (1954).
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Minoru Sawapas : Studies on the Mechanics of wood beams (Report 2.)
Strength of glued laminated wood beams of rectangular cross section,
consisting of two kinds of wood.

Résumé

The purpose of this report is to validate the theoretical equations derived
in Appendix [, for designing glued laminated wood beams of rectangular cross
cection, consisting of two kinds of wood under various depth-span ratios. The
deriving method of these equations is about equal to it of the wood beams of
the report (1)%.

The typical construction of a glued laminated wood bzam’s cross section is
as shown in figure 1. The type and development of distribution of bending
stresses in the beam are assumed as shown in figure 1~7. The strength of the
outside member B (the face laminations) are higher than the central member
A. (the core lamination).

The theoretical equations can be based on these stress-curves, which is
determined by the following nine constants depending on the material :

1. o.s (the compressive strength of the member B)

2. e=FE4.E; (E.: the modulus of elasticity of the member A in the
compression test; Ep: the modulus of elasticity of the member B in the
same test).

3. n=0u4locn (0.4: the compressive strength of the membar A)

r=o,5/o.p (o:5: the tensile strength of the member B)

5. #'=0.4/0ca (g:a: the tensile strength of the member A)

6. qa=o0ep/ta (ta: the shear strength of the member A)

7. gs=o.5/ts (vi: the shear strength of the member B)

8. ge=qan=o0cslte (ta=ta5: the shear strength in the glue lines)

9. Ky=EyE (Ey=0:/0:; o.: the tensile strength; ¢.: the maximum strain in
the tensile test; E: the modulus of elasticity in the tensile test)

where, generally; e<1; n<1.

And thus, the computed banding strength by the author’s equations agree
well with the measured strength obtained by Dr. T. Mori and I. Asano? as
shown in table 7.

In tne case, however, to designe the crosssectional area of a glued laminated
wood beam, it is necessary to determine experimentally in various ways the
conditions regarding the stress concentration in the positions of scarf-joint, time
effect at loading, scale effect according to various defects of wood, and etc.
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Appendix I Derivation of General Equations,
1. Bending stresses in the elastic region.

In the elastic region of deformation the banding stresses are distributed in
the cross sections according to the straight-line law (as shown in figure 2 and 3)

1.1 In a glued laminated beam consisting of three laminations. (as shown
in figure 2.)

From the condition of equilibrium :

—apo 1=0—e)(e®—t") o
l=Alh= B () (ot b7 (21.2)

(/70:(0/}1; tn:t,/h
while the bending stress ¢’,. becomes:
r A{_:f‘l-{li—(l‘—'e)((ﬂu - toi)} 1—(1 e)(‘ﬂo—tn)} 3f1“(1 e) (¢o* —t’ )}j
w

7= 1—(1-e) (g~ 1)
..................................................................... (21.4)
wnere; M=bznding moment W=0Ah%6 b=width of beam
h=depth of beam.
when ¢',. is equal to the bznding stress at elastic limit o, bzcomes:
o= 4 1—-0—e) (p*—t?®) H1-0—e)(@y—t) t—=3{1— (1—e) (ps*—t,) }*) G
1— (1—e) (go—to) (2—@u—1ty)
...................................................................... (21.5)
Using the stress distribution in figure 3, we obtain the following equations:
=9, .
" 2b ~ hoe
2 el + (1—e)(2ho—t)ty
2
- ;b%), ........................................ (21.13)
T, 1 maximum shear stress in the core lamination A. @: shear iorca.
znd
Te—AB=TeG = 3Q 1
2b hoa
21 —¢0) A+ey—240)
= _231% .................................. (21.12)
Te—an . chear stress in the glue line of compression side
Sran == h}ﬁo .................. 21.14)
22—ty
Ti—an5: shear stress in the glue line of tension side
BU h¢)
2{er+(1—e) (2/1..—tu)tu}‘
B.= ,m—Mﬁ TR e (21.15)

h(/)n

Be= 22—t
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pr=2{1—1—e) (gs*—t,") }--3{1--1—e) (p* =D }hu ....

1.2 In a glued laminated beam consisting of two laminations.

in figure 3).
From ¢t (the face lamination’s thickness) =0, we obtain:

o= 1'—(Pu +€(Pu

m --------------------
O = M _ 41— +ep H1—po+epnt—=3{1—p)* +egﬂnz}
W eil—p?+ep)?}
the bending stress at elastic limit:
_ _edy
Ope= 1 m [/

do=2{1—@*+epy?}—3{ 1— @y +epy? } A
And, the shear stresses becomz:

— 3Q — = . = —3Q
Ton = ————Zbﬁu Te—AB=Teq ZbBa ............
where
— h(/)n . — h¢u
BU 2eky Bc 28(2]0*@))(00

2. Bending stress in the plastic region (1)

As the force in creaseg, the yield point is first reached in the outermost
compression fiber, -and the beam begins to yield in the face lamination of the

compression side. This is represented as shown in figure 4 and 5.

2.1 In a glued laminated beam consisting of three laminations. (as shown

in figure 4).

From the condition of equilibrimn'

h 2{e(1 ¢.)+ngou)+(1 e)ntU}
7R
//()-_ﬁ"
, . M _ _ Atoyosn® | oen
o= [3@ 20020+ P | e

ay=e(1—@y*+np?) + (1—e)nt)? ro=e(l—@o+np)+A—e)nt
Taking
01=0:8,

we obtain from the first two equations:

= - dtorops’ 1. gen
o= [Sau 270(/1)+2t.))+ =) (r—Ey)? ]

_B [ (-e)t? A2
/13—74—[ T/ 1+(1 e)iv g:l ...............

A=er+n=er(l+w) B=(1~<ﬂo+n¢u)—(1—e)rto
And, the shear stresses becoms:
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04 Oy, 84"
_ _mrgep (Op 02 | 5, 0z ) 0z ' 0z, ..,
TR 0z 0z (y 2%u o1 WP 5 (D }
0z 0z 0z 0z
O Y = o (31.8)
02
. _ m:dn Jﬁ,’i__a_x-[ o 7__637 _ R R A
gl o g T R e Ul SR DICEON:
"0z 0z |
81
4o 0z ) u A-e)(A—D)} |
(Ou _ 04" (o ‘
k‘ 0z 0z J
01 8 . 0
_ Mo |0 8)][ _9 0z, oz az‘ _ ol 310
207 0z 0z LY 0 gu an NI g, gy TR GLY
"0z 0z 0z 62
0ly<a—t
02 01
neagn [Op 024 [ o 0z o aio 0z —Al]
S geumdy 0z 0z VTP au an VTRYTHRIE G e R
L 0z 0z 0z 0z |
A—t<Y<A (31.10)

where, 7.4 : shear stress in the core lamination of the comprescion side
T:4: shear stress in the core lamination of the tension side.

T:5: shear stress in the face lamination of the tension side.

633 —Q-— boer TU[ 1—_At’A—e) (m—to) ]Q//_J

3e {1 —A—e)(m—1t)?
oy o
0z 0
oy _ —3eQ
O o pf 1 OO0 ) L
' i’ —A—e) (—1t)*}F
¥%L:*A 11--@o+np)) — n'/‘jf 6”
z

To

Since the maximum shear stress is clearly in the curve c.. or 7.5

. 04
0T _ 0ten _ 0z

oy ay O y":ﬁ(‘“_/‘)

0z 0z
where, ¥,: the distence measured upward, from the bottom of the beam to
the position of 7.

I p<li—t:

o
0z

o :,ér(,/~x)-»(z—t) <0

0z oz
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p>2t or  m>24
the 7, is in the curve t,4.

i) /A)>2tu M

s = 08
m 4 be)l (31 1[_)
_l,, 3 _ - . 4t02(1—3)(ﬂu—tu)ﬂu ...... 1o
e temrd e)t”}[ I a—d-e <ﬂu—zu>3}2] |
i) /’4)<2102
- 3Q
TmB = Zbﬁg
..(31.16)

02 = hem~+A—e)ty\{ m*— A —e) (g1 F—4ty (1—e) (—t) )
B Cem* + (1 —e)ty*)* ‘

iii) m=2¢4:
Twmd=TmB
7, is in the glue line of the tension side.
iv) the shear stress in the glue line of the tension side te=rt.p genarally

becomes :
N |
T 2b0, 3
g, G = (1= 0) (o t)* Pty A=) (—tm) 77 (8L.17)

dets(p—1to) o J
2.2 In a glued laminated beam consisting of two laminations (as shown
in figure 5).
From £{=0; e=1;

_ {2 —@u+nen) —nm
qo= 2=t Pt 2.1
, 2(1—(Pu+n(Pl)) (3 )
o' w={30 =@ +np)?) =2 —@y+ne) o}t * Geneeniennan.. 32.3)
_ . oy 4d— ot ne)*l
Op = ‘3(1 @+ nes™) a4 Ol e (32.5)
In this case, the 7, is clearly in the curve 7.;
o = 30
T A 2b//.
0Q _ 3Q"
0z b(h—o+ne)p - ocn
= — QZ
3Wa(,/;(1—<,002+ %qﬁng) —M
31— o+ npe) — M
_ - Wo‘.,;; _ yz
= 2(1=—go+ngs) » T
d = 3QA—guitme) (32.8)

bh[S(L-@f+n¢&)——
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3. Bending stress in the plastic region (2).

This case is represented in figure 6 and 7. In the case, the plastic part is
not only on the compression side, but on the tension side.

3.1 In a glued laminated beam consisting of three laminations (as shown
in figure 6)

m=0—-K)2
me=QAreEdd (41.1)
n
a): e
er
SH=0
rie(1+wK)*— A—K)*\ ' —2{K(h—¢+np) —(1—e)rt }A—(1—e)rt*=0
where, K=F'|E, <1
E':lflli/@ﬁ

0p=a certain strain beyond o:s/E.
o N agtn
0p-max_>0p >”Ei

1—e>0; 1-K>0
1= Kh—o+np)—(1—eyrt [ 1+\/_1

= B(h—o+ne)- ? 4 A—o)r'te(l+oK)'— (1K) };'J
re(l+wK)*—(1—K)*} {K(h—g+np)—(1—e)rt )
........................................................................ (41.3)
o won= [2(11—{28?7@-1-3 ! A—@n*+npy™) — *(1—1'?ﬂ — Ir{ fe(1+wK)*— (—K)3}ln3J- B
... .. .................................................................... (41.4)
the bending strength o, becomes:
taking, K———-Ku
| 2(1—-e)rts? [1_ 4 o (1—=e)rt™\
thm—[ Kok +3{ (1—@y+neo®) K, i
— 5 {et +wK.))2—(1—Ko)3}llu“]a.:1; .................... (41.5)
0
g/lg )2
_ __ Noen _mgaz B
T ta = Ty Qs OA (41.10)
L0z 0z ;
o \*
- —_ Yoen (;32 ) o .
i X, O T (41.11)
0z 0z
I T E A
Yo = —aluz o 61 - J251 T = Tm—t A
{0z 0z

y!)>l_t Tm=Tm—tB
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3.2 In a glued laminated beam consisting of two laminations (as shown
in figure 7).
t=0; w=1/7
then,
— 27" (1—py+npy) . 2
Ay n(r'—!—l){Zr’—K(r'—l) RREERCREERL R R (42.1)

J'mm=|: 3 (A—@i*+npe™) — K’ ‘l< K

- (1~K)3} A Ja,,,; (42.2)

K=K,; the banding strength o

becomes :
oz.u')—[ 3 (1= +ney® )—7{~— :[(l—l— Ky ) — (1~ Ko)d] An? ] s deB
— —pal ™ 4(1—@u+ne:s) 2{[{”3(? +1)Z—I;31”(1’/+K)) (].—I{u)je
[3 A=eo+ner) n(r D2 — Ko (' —1) }2 ]”””
.................................................................. (42.3)
Distribution of the shear stresses:
02 J@/u 404 041
neoen (O [ 0z 19z 0z !
Ted = Dn— 1) 02 82 i Y42 vj@u N l(/; ADy— -————J op I (pa— A)? ]
T8z 0z L0z 0z /
0y ta— 2 e e (42.6)
0 Iz T 04
—__Moes _ 0py 04 _ 0z 0z 0z, .
A )T 0z 0z r[ 2 (Ops _ 02 \<”" Dy {6#2 ol (2= 1)
U9z 0zl 0z 0z )
0 YA e e 42.7)
0%
61'1.4 0. _ 0 _
oy =05 = O 04 (=)
6z 0z

6/13 A
_ noen ( 0z )
2 [0z _ 04

| 0z 0z '
S ()
2b (13— 1)
Q'+ (42.10)
4b(h— +ngp)\/ 3r'—0'+D) W]-Mo'alz
29 o~ QL (42.11)
2 s T Voo M]
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4. Limiting condition of failure and modulus of rupture in
bending of a glued laminated beam.
In the case of simply supported beam bent by single load. (figure 8).

4.1. The limiting condition (IL)p and bending strength. ( figure 10 &

11)
(li) p : at this point, the bending strenzth according to shear is equal to

the bending strength according to tension failure.
41.1. In the case of three laminations.

The position of failure is equal to z=a;

Mz=Ma-= we . a

)
Qa-Ma _W:
a )
taking a:-wl—A
’ 2m
_2m _ mbh ¢ h \
Qa= I Ma—f3 { ) 'y
i) p>2t
<,,h*> ~ 200 | oen
LJp mhega ow (51.2)
ghp= (316)
il) p<2t
<; h ) ~_20s | gcr
L /p mheqs  ow L (51.4)
= (31.6)
iii) For the shear failure in the glue line:
( h) 2065 . OeB!
!l Jp mh-qs Th0 (51.6)
[ (31 .6)
And then, we take the minimum (v—l—)‘b.
41.2 In the case of two laminations. (as shown in figure 11).
<_/2_> = B 4A—potneo) |
U )py me qi3n(r +1)A—g+ ﬂwug)—‘i(l—‘/’U’*'”W)z}‘l‘ ...... (52.4)
= (32.5)
(L) _ 4d—go+ne) | 3r ' _A B !
I /ps Ay p 1 memeqa N g v ‘

' |
ooy A=t ) KR +1)7 437 (r' + Ky) (Ky—1) b (52.3)

Ay=3 (1—s*+ngv?) A I KD B |
T pon = (42-3) ‘
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4.2 The limiting condition (_;L)e and bending strength (figure 10 &
11)
( —lh_)e . at this point, the bending strenzth according to shear failure is

equal to the bending stress at elastic limit.
42.1 1In the case of three laminations.
H "= o—4i .
e

=z,
For the 7,.:
(L) _ 2By, gen
e mhqa onel (51.8)
54 =(21.5) |
For the 7¢:

at the compression side:

(b, e
/ e 7nhCJr; Tpe i

...................... (51.9)
o4e=(21.5) j
at the tension side:
(JL‘) — 2B, den
I'Je mhge  owe (51.10)
ogpe=(21.5)
ii) -ivé%%:
at the middle portion:
(%ﬁ) 2B, s |
e  mhqgs oo (512.11)
1 —f.3 — f — —
41— (1—e) (ot )e:'éq;..(—llf—)gf’ eé()q}_%t)l% A=e)lel=tD¥ ;| (51.12)
at the compression side:
. OcR
(1), ‘quf i (51.13)
o= (51.11) |
at the tension side:
(, h_) ~ 2B, oor
I'Je mhge one) L (51.14)
ase=(51.11)

And then, we take the minimum (— ?—) ¢ These relations are represented

as shown in figure 10.
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42.2 In the case of two laminations.

I
e

h—2
For the .. :
( hg) ~ 2By oen
I Ve mhga oue L (52.7)
ane=(22.4) ‘
For the 7¢:
( n ) _ 2B, g
I Je mhqe owe L. (52.8)
au.=(22.4)
And then, we take tae lower value (ZL) c.
.. n —
i) - g%:j :
For the .. :
<_,.h,,> -:.2[:}(_’_. . Oen |
I /e wmhqg. o4 :
- Hl—g*+epi* {1—ou+epy t—3{1—oi eyt | Gon -+ (62.9)~(52.10)
e{ 2po—1)—(1—e)p,*}
For the z¢:
( ,’L) — 2B oen)
LJe mhgs ane L (52.11)
as.=(52.9)
And then, we take the lower (li) c. These relations are represented as

shown in figure 11.
Appendix ]| Sample Computations Using Equation.

Tae comparison of mz2asured and computed bzanding strength is represented
as shown in Table 7.

Conditions of Dr. T. Mori & 1. Asano’s experiment? :

Type of loading: center, simply supported. (m=1).

- . k1
Depth-span ratio: ;T 12 =0.083

Cross section of a beam: width 6=2cm; depth 2=4cm, Moisture condition
of the test

beams: air dry.

core lamination: Sugi (Cryptomeria japonica D. Dox)

Face laminations: Mizu-nara (Japanese oak) (Quercus cvispula Bruyx)
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Example 1.
Computation of bending strength of the glued laminated beam consisting of
there laminations. Beam mark: Ei.
Constant strength figures (Table 1).
oo =408 kg/cm?

e=0.711

n=0.586

r=2.87
K,=0.70 assumed
q14=5.83=¢q¢ "
q=2.92 ”

In this experiment, K, and t are not definite.
¢=3cm: t=05cm

p=9"% —0.609, n=1861
n—2t=0.861>0
(-1 )p =0eos
(1) =037
Tne beam, therefore, may be failed by the tension failure.
Then,
o= (41.5) =743 kg/cm®.
o= (31.6) =697 kg/cm®.
o= (21.5) =386 kg/cm*.
In this

the measured strength figures:
o, =722 kg/cm?

the measured bending stress at elastic limit:
g.=403 kg/cm?.

And then, the comparison of measured and computed bending stress becomes:

i 1,03
ap ’

g ny =0 97
an )
Tre=0.96

¢

Example 2.
Computation of bending strength of the glued laminated beam consisting of
two laminations. Beam mark: C, .
constant strength figures (Table 1).
0.3 =408 kg/cm*
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e=0.733

n=0.598

r' =297

g.=5.83 assumed.
K,=0.80 ”
qr=2.92 ”
46=q. 7

¢=3cm; ¢=0; p=o.554<eL=0.816.

(‘Zh“)p =0.135>li

() =0.205
The type of failure in this beam may be ‘tension failure’.

Therefore ;

awy= (42.3) =650 kg/cm?

aw= (32.5) =612 kg/cm?

a,.=(22.4) =368 kg/cm?
In this.

the measured strength figures:
g, =669 kg/cm?

the measured bending stress at elastic limit:
g.=410 kg/cm?.

And then, the comparison of measured and computed bending stress beccmes :

7i0_0.97
an )

I =0.91
ay )
Ihe (.89

3

LITERATURE CITED

1. T. Mori & I. Asano: Study on the glued beams composed of any kind of wood. Japanese
Building Research Institute Report No. 100. 1950.

2. T. Kon: On laws of flexural rupture of wood 1950.

3. S. C. Bechtel & C. B. Norris: Strength of weod teams of rectangular cross section as
affected by span-depth ratio F. P. L. of U. S. A. R1910 1952.

4. M. Sawada: Studies on the wocd beams (1) Bulletin of the Gov. F. E. Station No. 71
1954.



