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Fig. 1. CLT 733 )L DJEREIR
Layups of the CLT panels
Abbreviations for the type of CLT, refer to Table 1
= ! layer in longitudinal direction
L layer in transverse direction

Table 1. CLTaASAD 1%
Dimensions of CLT specimens

Abbreviated Layup Direction of ~ Thickness Beam Depth Length

name outer layers (mm) (mm) (mm)
3-3-Ma  3-layer 3-ply Major 90 300 6030
3-3-Mi Minor
3-4-Ma  3-layer 4-ply Major 120 300 6030
3-4-Mi Minor
5-5-Ma  S-layer 5-ply Major 150 300 6030
5-5-Mi Minor
5-7-Ma  5-layer 7-ply Major 210 300 6030
5-7-Mi Minor
7-7-Ma  7-layer 7-ply Major 210 300 6030
7-7-Mi Minor

“Major” corresponds to the general direction of the grain, wherein the
outer layer is in longitudinal direction of the CLT.

“Minor” corresponds to the general direction of the grain, wherein the
outer layer is in transverse direction of the CLT.
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5-layer 5-ply CLT in the major strength direction (5-5-Ma)
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5-layer 5-ply CLT in the minor strength direction (5-5-Mi)

Fig. 2. CLT i{BADm AT iR (55 75 1 D)

In-plane bending test of the CLT specimens (Examples of S-layer 5-ply CLT specimens)

Abbreviations for the type of CLT, refer to Table 1

7-layer 7-ply CLT in the major strength direction
(7-7-Ma)

Fig. 3. CLT a5 A DNt ek ER Ok 1 DBl
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S [

-ply CLT in the minor strength direction

5-layer 7
(5-7-Mi)

Examples of in-plane bending test of the CLT specimens

Abbreviations for the type of CLT, refer to Table 1
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Table 2. CLTRASRAD JEMEERAER T & T i NIt U A8 SR D T-E il

Average of non-destructive tests and in-plane bending tests for CLT specimens

Non-destructive Test Bending Test
Type of CLT p (kg/m’) £+ (kN/mm? In-plane Out-of-plane In-plane MC (%)
o (Nmm) - mm?) Gop (/M) o (RN Goy (N Fag ((N/mint) Ees (KN/min’) g, (N/mnr’)
3-3-Ma 417 5.92 5.71 0.828 7.90 0.275 5.34 5.69 23.0 12.0
221 (5.09) (5.35) (3.17) (3.83) (21.70) (4.75) (6.35) 17.3) (5.73)
3-4-Ma 411 452 435 0.818 7.07 0.196 4.08 4.40 16.5 12.0
(1.39) (4.22) (3.53) (5.33) (5.35) (9.93) (4.20) (4.57) (3.61) (2.80)
5-5-Ma 413 4.67 4.65 0.863 6.58 0.250 4.27 4.52 19.8 11.8
(1.98) (4.66) (2.61) (3.91) (6.69) (3.58) (3.02) (3.30) (11.8) (6.82)
5-7-Ma 414 5.74 5.60 0.838 7.13 0.305 523 5.58 21.4 11.8
(2.19) (1.67) (1.94) (3.22) (3.60) (3.91) (2.33) (1.15) (6.37) (2.79)
7-7-Ma 407 433 4.17 0.837 5.63 0.263 3.82 3.95 16.1 11.0
(1.01) (3.92) (3.22) (2.58) (4.60) (2.35) (4.15) 4.91) 9.11) (2.67)
3-3-Mi 416 2.46 242 0.732 - - 2.22 2.32 10.8 12.0
(1.07) (6.54) (4.83) (6.05) (5.19) (7.94) (14.6) (4.89)
3-4-Mi 412 3.39 3.22 0.968 3.01 3.16 13.6 11.3
(1.45) (5.62) (6.74) (11.0) - - (6.54) (6.31) (12.5) (2.22)
5-5-Mi 406 2.69 2.60 0.882 1.55 0.172 242 2.48 11.7 12.0
(1.41) (4.53) (6.58) (16.80) (4.38) (7.00) (5.69) (6.19) (7.31) 2.11)
5-5-Mi 412 2.14 2.15 0.562 0.720 0.250 1.85 1.94 8.60 11.5
(1.17) (6.72) (4.05) 9.12) (3.68) (17.40) (2.47) (3.28) (5.63) (3.35)
7-7-Mi 407 2.92 2.82 0.786 2.01 0.213 2.52 2.61 12.8 11.5
(0.75) (4.58) (5.19) (3.20) (5.65) (11.70) (6.86) (7.77) (9.69) (4.06)

Values in bracket shows the coefficient of variation, in %. Abbreviations for the type of CLT, refer to Table 1.

o density at the test, Ex Young's modulus determined by using the longitudinal vibration method, E.4 true in-plane bending Young's modulus
determined by T. G. H. method, G, in-plane shear modulus determined by T. G. H. method, E¢, true out-of-plane bending Young's modulus
determined by T. G. H. method, G, out-of-plane shear modulus determined by T. G. H. method, E.., apparent bending Young's modulus determined
by static in-plane bending test, Ey.cn true Young's modulus determined by static in-plane bending test, 0 y4 in-plane bending strength, M/C moisture content

determined by using the oven-dry method

|Bulletin of FFPRI, Vol.16, No.4, 2017
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Relationships among Young's moduli measured by the dynamic method and the in-plane bending tests

E Young's modulus determined by using the longitudinal vibration method, E., true in-plane bending Young's modulus
determined by T. G. H. method, E.., apparent bending Young's modulus determined by static in-plane bending test, Eien true
Young's modulus determined by static in-plane bending test
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The numerical values in the graph are ratios of the major strength direction in the crosssection. Abbreviations for the type

of CLT, refer to Table 1.

E.+ apparent bending Young's modulus determined by static in-plane bending test, 0., in-plane bending strength
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Effects of layup and grade of lumber on bending Young’s
modulus and bending strength of sugi (Cryptomeria japonica)
cross laminated timber under in-plane loading

Yasushi HIRAMATSU", Atsushi MIYATAKE", Takashi TAMAKI”, Kenta SHINDO",
Hirofumi IDO”, Hirofumi NAGAO?, Masaki HARADA® and Junko OGISO”

Abstract

Recently, in Japan, cross laminated timber (CLT) has been attracting attention as a structural material. Based
on this, more test data are required on CLT consisting of Japanese wood species. CLT consists of several layers of
lumber that are laminated by the gluing of longitudinal and transverse layers; therefore, their strength properties are
influenced by the load direction, the direction of lumber, the grade of lumber, and layups. In this study, we prepared
CLT specimens (symmetrical composition, 3-layer 3-ply, 3-layer 4-ply, 5-layer 5-ply, 5-layer 7-ply, and 7-layer 7-ply
layups, and the Mx60 strength grade according to the Japanese Agricultural Standard for CLT) consisting of sugi
(Cryptomeria japonica) finger jointed lumber (width 105 mm and thickness 30 mm), and conducted the bending
tests under in-plane loading. The results were as follows: (1) Layers loaded parallel to the grain are mainly effective
for the bending Young's modulus and bending strength of CLT panels under in-plane loading. (2) Bending Young’
s modulus and bending strength of CLT panels under in-plane loading can be estimated from those of lumber and
number of layers loaded parallel to the grain. (3) Bending Young’'s modulus of CLT panels under in-plane loading can
be measured by dynamic testing. (4) Bending Young's modulus and bending strength of CLT panels under in-plane
loading are strongly correlated. (5) Finger joints in lumber in the longitudinal direction on the tension side between
loading points play a significant role in specimen failure.

Key words: cross laminated timber, sugi, in-plane, bending, layup, grade
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