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.. area ol cross section of chord memben
li.: breadih of chord member (= breadth of spaced beam)
('pa, Cop: Ixed end moment of member PQ

F.: modulus of elast icity of chord member.
ET: observed flexural rigidity
([ 1) caleulated flexural rigidity based on composite-heam model
D) es ealewlated flexural rigidity by FEM
Fon: modulus of elasticity of member ["f_L'!
(L1 )p: calculated Hexural rigidity based on Tsujii’s theory,
lig Ag: stiflness of diagonal member (refer to Equation (4.66))
It : modulus of elasticity
Cury Grure modulus of shearing elasticity
hi: distance between center of gravity of each chord member (refer to figs. 4.1 and
1.7 )
et height of chord membe
iy height of spacer-block.
(: peometrical moment of inertia of spaced beam.
l.: peometrical moment of inertia of chord member.
lpq: geometrical moment of inertia of member PQ
r: stiffness ratio of vertical member (refer to Equation (4.86))
Ky standard stiffness ratio
Apg: stiffness ratio of member PQ.
fApg: relative stiffness of member PQ.
[: span lenoth.
Ly: distance from center-span to center-span side ol spacer-block (refer to Fie. 4.1).
Ly: distance from center-span to supporting-pomnt side of spacer-block (refer to

|
Fig. 4.1).

L1 distance from center -Span to center-span side of i-th spacer-block (refer to Fig.

—
L

Lao¢ distance from center-span to supporting-point side of i-th spacer-hlock (refer ta

Fig. 4.7).

111




JIHLI
l; length ot spacer-block (refter to Fig. 4.1).
li: length of i-th spacer-block (refer to Fig. 4.7)

Vi end moment of vertical member (sum of each end moment ).

Mpoy. Mop: end moment of member PGQ).

k-

” b bending moment i case of |H""["f|.“-'.'-’n |:l['f”l'llllllin:i ol cantilever mocde | rejer 1o

f',ij'.]H? 1011 (4.1))

1I||

Iy

bending moment in case of shearing deformation of cantilever model (refer to
Foquation (4.10) )
number of spacer-block in 1/2 span.
vV axial force of diagonal member (refer to Fig. 4.2)
Vi: axial force of i-th diaconal member (refer to Fie, 4.8).
pl: position of spacer-block (refer to Fig. 4.1)
il position ol i-th spacer-block (refer to Fie. 4.7).
(): shearing force (refer to Fig. 4.18).
Hpg: rotation angle of member PQ).
s: slip between chord members (refer to Fie. 4.18)
i moisture content.
W load.
Ws: observed failure load
(Wilo: caleulated failure load based on composite-beam model.
[ Wp)r: caleulated failure load based on Tsujii’s theorv.
Wi: lower limit of load in proportional region.
Wi: upper limit of load in proportional region.
Z: section modulus of spaced beam (refer to Equation (4.31
Zet section modulus of chord member.
0: observed deflection of loading point (center-span deflection
01. 02: displacement of neutral surface at the disance L; or Ly from center-span due 1o

bending deformation of cantilever model

|'II T ul"l'i:f-_ Ir‘l'ﬂ Ty -I'HI -|I.-: [‘I.j.b.[]‘!q_l.{"“']]]‘:]” {'i_' 'I:_]-i[l 1{”._'” i.]] rl'li:- {i-”-'-.[-l i'.']| I.J'! ]ill_' o .-[‘n\_:

OAx by OBy by OCr b 0Dz displacement of pin joint in the direction of the & axis due to

bending deformation of cantilever model.




e s UCirgs Dhpws displacement of pin jomt o the direction of th av i e 1o
hearine deformation ol cantilever model
Ofin - Oy 0oy dl placement ol pin jomnt i the divection of the ¢ axi
Aar s 'xi-;,J-, £ a-lys Clhy-h- QISplacemnernl (31 I joint 1n the ] ire 1ot ol the v axis due To
bendine deformation of cantileve: maociel
0 Ofg.s. O 34 displacement of pin joint in the direction of the y axis due to
I "".IJ A ik Jah I if-5 ]

sheal L {15 delormation ol cantilever model
(o e deftection of loading point due to bendineg deformation of cantilever modél
(0 )p: deflection of loading point due to bending deformation of rigid [rame model
(&) caleulated deflection of loading point based on composite-beam model
(0)p: calculated deflection of loading point by FEM
01: observed deflection of loading point lcenter-span deflection) at load W
(05 ) defiection of loading point due to shearing deformation of cantilever model.
(05 )p: deflection of loading point due to shearing deformation of rigid frame model
(0)p: caleulated deflection of loading point based on Tsujii's theos
oy observed deflection of loading point [ecenter-span deflection) at load W
=1 strain parallel to axis of member
strain perpendicular to axis of membe
=q0 strain at an angle of 45° to axis of member,
(: -angle between chord member and diagonal member (refer to Fio, 4.2)
f/1. P2t slope at the disance Ly or Ls from center- span due to bendine deformation of
cantilever model
#;: angle between chord member and i-th diagonal member (refer 1o Fie, 4 8
U, 0! rotation angle of node P or node ()
ML L MLms a: Poisson's ratio,

o specilic eravity

i |

abserved bending stress
(0 -l:'f'!l[li.l'.'.'__ .“:;1|l'||'_llr'|'| L'I-f. I_'j!”;'r‘i ””;“”:H-l

N E |'!|E-'[H]J||',1 _--;1|I:r_'“',;-, al |':F'|.1-.'E'"‘I |||--|.:_|h{| 'Pj :‘.*-j.:i:l.lll.qi ll.lf'il.'ll ||'.:|."-I:'|; 011 fll:ll:_ll.l_-:|l' Il' 1] ||.:4I||I'|

«h)c: hending stress at lower edge of spaced beam in case of bending deformation of

spaced beam (based on composite-beam model)

| i ' i . "
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maximum bendine
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shearing strength ol chord-spacer-block connection

=TT LT1E SEress at
!:!llii{':i.

shearine stress at

maximum shearing

'

r stress based on Tsujii’s theory (maximum of (7;)+

n chord-spacer-block connection based on Tsuiii's theory

1 chord-spacer-block connection based on composite-beam
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L lerment division model | e elerment method (FaM |

[telations between loacds and center -5l deflections ' =
helations between flexural rimdities and lenet hs of spacer-block A
Relations between [ailure loads and leneths of PAce hiloek &
Relation |n-|'~h|'|-:| |u.|-:!- Al .--!i||-. 20
Relations between tensile stresses and !ri":l_'_'l1|l.=. 0l :--Eri:f':'|-||!nl"n; 27
Bending stress distributions A : : 28
Shearing stress distributions, - - - - . - - a0
Substitution of --[}.-il'lftl heam [o r'||r:a;r[|_=i|r- heam model (in case of one
spacer-block) : - i : 35
|1r-<'|||r||::|.--ull|1a|| of force at each pin Jomt (in case of one spacer-block 36
Bending moments caused by forees acting parallel to axis of chord mem

ber (in case of one sSpacer block). ; ' 8 . 37
|.’1i"3’|-u'|”§1|4'll‘. s of each I:'ill i'*ilﬂ with |"-I-a;ri.':!l'.‘_ deformation of cantileve

mocdel (in case of one spacer-block) : 39
ohearing forces acting perpendicular to axis of chord member (in case

of one spacer-block) AU RCIRTI e - i)
[.l]i:-"'wlllilﬂ“-'lllt'il|.“- ol each [ﬂ.:a joint with she i=ti|i_!.' deformation of cantilever

model (in case of one spacer-block) |2
substitution of spaced beam for composite-beam model (in case o
spacer-blocks), -« ¢ Lo - - : G
Decomposiotion of force at each pin joint (in case of 1 spacer-hlocks i
shearing forces acting perpendicular to axis of chord member (in case

ol n spacer-blocks) ol el i = : - %
Displacements of each pin joint with shearing deformation of cantilever

model (in case of 1 -C['I-.!||'1'|-|:!ut ks 1%
i'gl'lllilli!]].'j LNIOITIENni s |'1'L|,]:'1I'l;|, |'l'-,' .";-:'r-L-;- ACLIIe |r.;.".:|||1-! TG 'l ':ZI|"I:'|'|II!'T1 [T1EIT

ber (in case of 1 spacer-blocks). | ., (3}




[y 1 = (3] ||.-1I|.|
.13 Bending moment diagraim in case of shearing deformation of spaced

heams {in case of spacel hlocks) - - 1
.14 Cautilever model assumed as the subjeet to the investieation (i(i
.15 Element division model for finite element method (FEM) : (i)
116 Shearing force distributions, - - -+~ - - - . 7l
.17 Bending stress distributions, - - -+ - - - - : T3
.18 Shearing deformation model of chord-spacer-block connection. - - T4
.19 Force balance in model for chord-spacer-block connection. SR Th
1.20 Shearing deformation of model for chord-spacer-block connection 77
.21 Bending test specimens ( A-series). s e e b 810
1.22 Bending test specimens (B-series). - . : - 51
.23 Bending test specimens (C-series). SO R2
.24 Method of bendine test : SRR . X0
.25 Relations between loads and center span deflections. : NG
£206 Relations between fexural rigidities and positions of spacer-block (A

and B-series), - - - -+ - Fomoe e - 84
.27 Relations between flexural rigidities and material nse volumes (C-series) 91
.28 Relations between failure loads and positions of spacer-block (A and

13-5eries) L IR TP - 4 o . Ya
t.249 Relations between failure loads and material use volumes {C-series) G0
.30 Shearing test specimens = ot : : o7
L.adl Method of shearing test S R : - 08
.32 Relations between seharing forces and slip displacements. (4
L.d3 Substitution of spaced beam for rigid frame model in Tsujii’s theory (in

case ol n spacer-blocks), » « - - -+ . . JUCRC T 102
Ldd Substitution of spaced beam for rigid frame model in Tsujii’s theory (in

case of one spacer-block). - : - 104
.35 Shearing deformation model of chord-spacer-block connection ir ['sujii

theory. - - : : : : 107
4.36 Element division model for finite element method (FEM). : 114
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and observed one EJ

Bending stress at lower edge of A2-type specimen

Bending stress at lower edge of Ad-type specimern

Position of maximum bending stress (o, )c of each specimen in A and
B-series

Expectation of failure mode of spaced beam specimen

Bending stress at lower edge of CA-type specimen

Shearing stress at chord-spacer-block connection of C2-type specimen.

shearing stress at chord-spacer-block connection of C3-tvpe specimen

Fosition of maximum shearing stress (1, )o of each specimen in (-series.

-

Expectation of failure mode of spaced beam specimen.
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ol Proverti i the wood material {1}
i ll-l.!'__'|| Inl'a'-_ill (] Spacel black ;:||ri met hiod o COnnecLion i 2ach spaced
bheam specimen. - - - - - - |12
3.0 ‘Hi|||||||-'- values for the caleulations bazed on 7 1 s theor 163
3.4 lotal I;'.:Infnw :1|'I:‘:-i|l':-. and elements ol I|||':~;,|"|'|]|!l..’l.- 1] .'":.'i'.'_"-'!":w-!.i
analyses. - : ' 16
L1 List ol parameters in calenlation based on assumptions 6T

.2 Clomparisons between axial force of diasonal member caleulated by FEM

and one calculated based on assumptions. - 70
1.3 Properties of the wood material : - - ik

I .. e 1 |
L4 Length, number and position of spacer-block in each spaced beam spec

IITTEer - . e L e o : - <4
1o Observed flexural rigidity £7. - -+ - - - - . SO Lo %8
1.6 Observed failure load Wy. - - -« - . =1 : )2
4.7 Results of shearing test for chord-spacer-block connection : 1 ()0
1.8 Total number of nodes and elements of the element division model. | 15
1.9 Properties of the wood material, - - : | 163
L10 Sample values for the calculations based on composite-beam model, 117

1] Ualenlated flexural rigidities (E1 o, (Ew, (Elg and observed one ]

(A and B-series), - - - - - . R N I ST : 1 14
L. 12 Comparisons between calculated flexural rigidities (£, (21 (1),

and observed one £ (A and B-series), - - - - - - . : [ 2()
.13 Caleulated Hexural rigidities (E ¢, (E@)y. (El)g and observed one £

(C-series). } Taa iy A A S T ¥ b A 123
L 14 Comparisons between calculated Rexural rieidities (E L), (£] bps ()

and observed one E1 (-8eries). - - - . 124
L.15 Calculated failure loads (Wi)e, (Wit and observed one Wi (A and B-

Hf.f'!'jl'.'";! . Iw m . s = 'L | — - ]‘I'_l

L1606 Comparisons between calculated failure loads | Wilo, (Wil and ob

served one Wy (A and B-series), - « - - - . : e 143

117 Caleulated failure loads (Wrla, (Wit and observed one Wy (C-series) L 406
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Table 3.1. Properties of the wood material

S-series T-serjes

Members i L . [ L I

Iy 1 i 't ) ’ i
0 ket /mm= 0 kef/mm*

Upper chord Aveg, 0.49 B 6 1150 U.4% 12.9 1330

5. D, 0.036 1,28 23.2 0.031 0.613 16.8

Spacer-block Ave. (.51 11.4 1340 .47 11.] 1 200)

5 B 0.032 .72 64.5 0.025 ().84G1 6.41

Lower chord Ave, (.47 ) 1010 LD 11.3 1430

= D 0.042 1.24 21.0 (.03% 1.000 20.0

Notes: p: specific gravity, u: moisture content. £y : modulus of elasticityv, Ave.: aver-

age, 5. ). standard deviation

10)
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Table 3.2. Length, height of spacer-block and method of connection in each spaced beam

specimen,

Specimen lg s Methods of connection
series mim  mim
‘_a":'ﬂ-'l 88

360 88

150 88 Metal-plate connector
550 88
S-5eries G50 Fate!
250 139
300 139

150 139 Metal-plate connectol
Hol 139
G50 139

B |

[-series TG-type 450 5 Resorcinol resin adhesive

e
X

TM-type 450

Metal-plate connecton

Note: Metal-plate connector is “"GNB80-4x9" by Gang-Nail Australia lne.
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4400 mm

= §50x10° kgf-mm

181x 10" kef-mm

181%10” kgf-mm

I ]

06.9x 10" kef-mn
3
0.165

0,330

= {).494

i“ﬁ kgf

47.8% 10% mm*

These values are used for ca

lculations in case of
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sample values for the calculations based on Tsujii's theory

(450 mm, &8 mm)
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Fig. 3.3, Element division model for finite element method (FEM

Notes: This element division madel is used for caleula 1on in case of (L.

fig ) = (450 1,

4

so mm), lotal number of nodes 15 2998, total number of elements is 2805

L&




lTable 3.4, Total number of

analyses,

ls

ImIm

fl. mm

58 139

nodes and elements of the specimens for finite element

Nodes Elements Nodes FElements

2718 2497 2952 2707
2858 2651 3176 2945

2008 2805 3400 3183

J138 2959 1 2421

J278 alla 3848 3654

1Y




MNotes

Load (kgf)

ly:

2000 b (L, hs)=(650, 139)

1500  (ls, ho) = (250, 139)

LO00

[ TG-type
000

: / Iy . o
(L, hs)=(250, 88) | / (L, hs) = (450, 88)

S-series T-series
[] - I- 1 I i

i i L I i 1 i | i l
U 20 40 60 80 0 20 40 GO 80

Center-span deflection (mm)

Relations between loads and center-span deflections
length of spacer-block (mm), hg: height of spacer-block {mm)

20
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Fig. 3.5. Relations between flexural rigidities and lengths of spacer-block.
Legend: —@—: observed flexural rigidities of S-series (hs = 88 mm), —O—: observed fex-
ural rigidities of S-series (e = 139 mm), ¥: observed flexural rigidities of TG-

type (hs = 88 mm), V: observed flexural rigidities of TM-type (hs = 88 mm).

: observed flexural rigidity + one standard deviation, ——: calculated flexu-
ral rigidities based on Tsujii’s theory of S-series (hy = 88 mm), —>-: calculated
fiexural rigidities based on Tsujii's theory of S-series (hs = 139 mm). —A—: cal-

o

culated flexural rigidities by FEM of S-series (he = 88 mm), —/—: calculated

Hexural rigidities by FEM of S-series (hs = 139 mm).

Note: Each observed flexural rigidity is average of 3 values.
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Fig. 3.6. Relations between failure loads and lengths of spacer-block

—@—: observed failure loads of S-series | g = 88 mm), -~ observed failure
loads of S-series (hs = 139 mm), ¥: observed failure loads of Ttype (R =
88 mm), V: observed failure loads of TM-type (hs = 88 mm), ': observed
failure load + one standard deviation, —€—: calculated failure loads based on
T'sujii’s theory of S-series (hy = 88 mm), —C—: calculated failure loads based

on Tsujii’s theory of S-series (he = 139 mm)

Each observed failure load is average of 3 values
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Legend: —@—: observed tensile stresses (he = 88 mm), < —: observed tensile stresses

(hs = 139 mm), observed tensile stress = one standard deviation. —€—
calculated tensile stresses based on Tsujii's theory (hs = 88 mm), —<—: calcu-

lated tensile stresses based on Tsuju's theorv (he = 139 mm), —A—: calculated

tensile stresses by FEM (he = 88 mm). =4~ calculated tensile stresses by

FEM (hs = 139 mm)

T N 3 g P = o |+ Er ] - : i = - ] oy - . .
Notes: Each observed tensile stress is averare of 3 values, Concentreted load is 500 kef,
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Fig. 3.9. Bending stress distributions

Legend: —_—: spaced beam (observed values), —/—: spaced beam (calculated values

by FEM), —&—: layered beam (calculated values by FEM)
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Fig. 3.10. Shearing stress distributions
Legend: —(_—: spaced beam (observed values), —/\—: spaced beam (calculated values

by FEM), —A&—: layered beam (calculated values by FEM)
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