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Abstract: To promote the use of fast-growing wood in structural engineered wood products, 7.5 mm
thick radiata pine (Pinus radiata) veneers were, according to their dynamic modulus of elasticity,
classified according to their dynamic modulus of elasticity into two grades: grade A (>9 GPa) and grade B
(4~9 GPa). Fifteenl5-layer cross-laminated thick veneer (CLTV) panels were fabricated using three lay-
up configurations: Structure I, with two longitudinal outer layers and alternating single longitudinal and
transverse layers in the core; Structure II, with alternating two-layer groups oriented longitudinally and
transversely; and Structure III, with continuously alternating single longitudinal and transverse layers.
After hygrothermal stress relief, the veneers were longitudinally joined using four-sided tongue-and-
groove mechanically interlocking joints and then cold-pressed bonded to produce full-scale CLTV panels
measuring 12 000 mm (length) x 3 250 mm (width) x 105 mm (thickness). The effects of lay-up
configuration on flexural properties and veneer grade on flexural properties and axial compressive
strength were investigated. The basic physical properties, soak-delamination resistance, and
formaldehyde emission of the optimized CLTV panels were also evaluated. It was found that bBoth layup
configuration and veneer grade significantly affected the flexural properties of CLTV (P<0.05).
CLTV-A-I, consisting of two longitudinal outer layers on each face and alternating single longitudinal
and transverse layers in the core, exhibited superior flexural properties, with . Itsthe modulus of rupture
(MOR) and modulus of elasticity (MOE) beingwere 40.38 MPa and 7.71 GPa, respectively, both of which
were significantly higher than those of CLTV-A-II and CLTV-A-III (P<0.05). With the same layup
configuration, the MOR and MOE of group A-I were 74% and 40% higher, respectively, than those of
CLTV-B-I, whereas their axial compressive strengths did not differ significantly, with values of
25.91 MPa and 25.27 MPa, respectively (P>0.05). All flexural specimens exhibited brittle failure, with
cracks initiating on the tensile side at the bottom of the midspan. CLTV-A-I showed a more localized
crack propagation path and less interlayer separation, whereas more pronounced delamination and tearing
were observed in CLTV-A-II, CLTV-A-III, and CLTV-B-I. Under axial compression, both CLTV-A-I and
CLTV-B-I specimens exhibited predominantly progressive localized crushing, accompanied by surface
cracking and minor interlayer damage, without through-thickness fracture. The an average air-dry density
and moisture content of CLTV-A-I were 0.439 g/cm® and 11%, respectively. Its a total and maximum
delamination percentages were 1.5% and 15.5%, respectively, which were both meeting the
soak-delamination performance requirements specified in GB/T 26899—2022 “Structural Glued
Laminated Timber” , and its formaldehyde emission of was 0.014 mg/m?, which was below the E.-class
limit specified in GB/T 39600—2021 “Classification of Formaldehyde Emission from Wood-based
Panels and Their Products” . Within the scope of this study, maintaining continuous longitudinal outer
layers, optimizing the alternation of longitudinal and transverse core layers, and using higher-grade thick
veneers could improved the flexural properties and structural integrity of large-scale CLTV.
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compressive properties
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Fig. 1 Process flowchart of manufacturing cross-laminated thick veneer (CLTV)
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Fig. 3 Flexural properties of CLTV with different layup configurations
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Fig. 4 Photographs and illustrations of the flexural failure modes of CLTV

2.2 FAREEZON CLTV P8 il ) 470 M RE 1R 5w

KSR TAE, B AL B WA S g AR X
CLTV 125 Fh ) bi P RE 2 m . [l Say Sb3R
B, CLTV-A-IiX {4 MOR I MOE Lt CLTV-B-14>
T 74% F140% (P<<0.05), 2B HMREZN AR
SPCLTV B itk e R B & 2m. A. B
H 98T SR8 A EEA Z R, BRE T
RE 22 S 2% B HE A% 346 28 B0 A A1 5 W ) 2 e IR
AR 2 e A T A 252 ot 9 R 0, TE R AR SR 1

AR, 2% J2 0 B A 25 i A1 2 ) o ik 3 R T
HMOE JiZJZ 0 (JUAT At ) &8 Fp ik Al 1) B
1, FLBEIZEE BT 07 B3R 3 e A AR
ENASHERCR = T B AR, 4 H A BT B kAl
BOm IR E I, AT A A R il AR AR AR
DURR, IXFIRERE LS [ i1 MOE B mift J5 A .

Hi & 4 AT, AR S 2 AR i) 9% CLTV 1UFEAE
i it Ay A T 2 2R i TR ) 52 7S R R R AL
CLTV-B-TR PFRIREIA 15 S & A T 85 b T 202 4l



A B IR AR R SRR SR N i AR R B 1 32 2 H A it A 17) 6 M RE 1Y S 0 65
a 60 b 50
| 7.71 MOR
— CLTV-A-I v 40.38 L g
50 1 .
| —crrvee1 | = 40 gt -I\;I(S);E
S 40 4 s S0 L6 o
S ol S 301 23.16 5
g S0 2 L4 &
i 1 S 201 Q
220 s % =
10_- 10 7 =
0 — T T T T T T T 0 L0
00 o1 02 /25/&3 04 05 SR CLTV-B.I
ALZR R
¢ 300 d 30
150 ][— CLTV-AT v B 2221 o2l
| e GLTVEB 3 =
Z 200 = 20
& 1501 ¥
i 100 45 10 1
] =
50 - #®
0 1 1 1 1 1 1 1 1 0 1
0 2 4 6 8 101214 16 18 CLTV-A-l  CLTV-B-
A7 #/mm A

5 FAREERFHRERRERZEEMIZHEREMMERTUERRE

Fig. 5 Load-deformation responses and mechanical properties of CLTV under flexural and axial compressive loading
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Fig. 6 Front and side views, and schematic illustrations of the failure modes of CLTV under axial compressive loading
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