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Mechanical properties of compressed LVL fabricated using
alcohol— and water—soluble phenolic resin

Kinsaku NAKATA
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To develop compressed wood fasteners for timber construction, compressed LVL were
produced with alcohol-soluble and water-soluble phenolic resin in a factory, and the basic
properties of those were examined. The results were as follows :

(1) The bending properties of the parallel-laminated compressed LVL to use as joining
pins and the crossband-laminated compressed LVL to use as joining plates increased
with increasing density of woody part. The shear properties of the parallel-laminated
compressed LVL and the compressive properties of the crossband-laminated compressed
LVL increased with increasing apparent density. The strength of the edge-wise load
was higher than that of the flat-wise load.

(2) The compressed LVL made with water-soluble resin showed brittle behavior, but the
compressed LVL made with alcohol-soluble resin showed ductile behavior.

(3) In case of the same weight percent gain of the resin, the dimensional stability of the
compressed LVL made with alcohol-soluble resin lowered than that of the compressed

LVL made with water-soluble resin. When I did not use glue, the delamination of the
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crossband layers occurred if the weight percent gain was low, but the delamination

rate lowered by applying glue to the crossband layers.

(4) The compressed LVL made with alcohol-soluble resin which applied glue to crossband

layers with low weight percent gain of the resin was suitable as a joining pin and

a joining plate when I put mechanical properties and adhesive properties together.

1. ¥E

AREE D HE I — RNV ST 2 HiR A
EFMEF YT EYORDbDIT, 7=/ —VEEEESE
PR 7o 2 FHBRERREES L c@{LLVLE KA ©
vERAHICHERT A EEER LI, JOES
HETE, BRMO2 ) » MTESRABEA L 72RET,
Bk & AR OB S 1 2T > THA Y Y 2 /HAT
LT EMTEL D, BHETOMI: & BEARESIER
BV,

INFETIC, KEMEY 2/ - VBl EHVCTERET
SALLVLOBLE 2170, SR OMEHREE B L 72,
T DR, BALLVLOMESREEE OIS & bic
BRS B0, BilEOE&ERMBARSIEE I TEERED
BIAED oLV E &SI IC BT 355D 2
oY, # o, BELVLO SRR © 5 0 F — 3%
BEOWINCHIG L 72Tl B EMo s h s F%ETH
BV, TIT, BUERRICRAT AEEEERT AL, E
EORKMIZLIEETH 570, M{LLVLO ik
W OBERINCESEAETS 5,

SLLVLO & 5 S bR @M 0BG i 3KiEt 7 =
7 —IVEHIEDS OV SN B T EMB VA, T — VETE
HObDI>VWTEBETENT WS, H MEERLE L
7zCompreg Tld. 7V 2 — VE[EEEAE %2 F V72 Comp
reglIKIBEEEIELX M Wbl ik 2 &, v v 7%
BEoliRus 3E%E, gANMRE LHEMs B TE
0. HEfERES &ETELERNE - TWBY, £, T
a — VA RS & B PR R K A R % 7
bo kb, FlikME LERERS SENTE Y, BKEA
KEWY, 2L, To — VEEREIE A 2 E b
U lig i n,

FEETIE, 7 - VTFBRET7 =/ — VEEE O
TAFMOBLLVLE®E L. KiEHE7 = / — Vil
Ao TEE L2 bLVL & OB A b L, B
B D FA2 K5 & & SICEEAMENE L 72k p3iE
5N BEELRHIC O WTHRE L7,

2. EE

2.1 #EHH

2 ¥ (Cryptomeria japonica D. Don) FLKM»SHES
NEE3mo o -5 ) —HigEHWT, vy oy FTL
EHREH T BV THRILLVLEEE Uiz, Tub b,
IKIEHEB LT V3~ VEEEO 7 = 7 — VAW
THHRICSRMME L2, BREFTEORERE L. &
E135~140°CTHDIZE OF1/3% THM L 7co FEEH
Fid, RIS~ 2 DNEITRIE & 201/ ER
i 7 O U 7 R0~ 20 OB RHEE & U oo SPATHRE
[BEBILLVLEA LB LW TEAE v E LTHL, BEX
BEEEARE LTHVYWE b0 TH B,

BLESM R, BIRRE., BRFEL L OEERIOEE
EL, KBHEBIC T va - VEEED 7 = 7 — Vg
EROTEE L 22 bLVL (DR, Kigts L0 70
a—a[EE b LVLE KT ,) o4 abE s LU
BERILICRT, KEHBILLVLOWLGE £ UWMG
g4 7 TR EROEBUT, 7 ov 3 — VAlEEE{LLVL
DAMG S A 7 TCREREORRKIT, 7 =/ — VEilgE
EHHZEAR200g/ of THITEN U, BERIIER%
DOHROHBEER I LT, LD HEE Y
13g/ai &2 B X HICHEL 20

:cv\@mmmw@in1w57ljmwm%@
Bl & CHE RO EES & 0 KEHEEOEE (L)
NARHEEEE LIS ) o2 ToRc Lk,

_(p-pp)x100
20 =100+ WPG
_ Sxax0.6
pp—_’h—’“

(Y N

o ¢ By o

or ! BEEHROEIES % ELLVLOARE ©H - 72 /M.
BEHI OB 1460% & L,

WPG . Billg D BRI (9%)

S BEER OB E(200g/ nf)

a  BEEBEOH., WLGBLUWMGY 1 7 TlkIEE
B—1.AMG 7 1 7 TIREREH X2

B ELVLOE X



FRBHE O N36 (2007

2.2 BIELVLOBESER
2.2.1  BOEER

SEATRBRELVL & b BE20mm, £ X 320mm D AUkE %
TERIL . 2/ 280mm PR BT B TR EERE 1T - 720
Fo, ERXBEEMILVLEDES R ZOFEFILTHE
20mm, £ = 320mn D HER A/ L T BB B RER
BT tce RBEARIG. BEAHICES CEEVWHRED
BLOREBHRENCEST @HEWHRED & L, BB o
BaHENE. FITRE C e m, BASRE T I3k
JilEds & O & BRI (BERAED & L, BUERIK
B3 6k E Ui, 7oLy SBATHEHRILLVLOAMG ¥
47, EREEB(LLVLOALB L UAMG 4 1 7 Ok
HeAga < B AR 15K & L,
2.2.2 [EHiER

BEAREEMALLVLEL 0 EX 132 O F $12 L CIE20mm,
E & 40m O ERF 2 F8 U TR 21T » 7o WEH
i3 WA B & O & B GEEEAED &L
too ARBRMAELIE 6 K& Lo
2.2.3  frEh R

=1 s&ELVLO&ESEE Table 1

BEAREBRLVLE D EX 2o % i L TE20mm,
£ &300mm D iR % E8 U < dh BB 2 1T - oo
WEABEG. BEAEICES CHEVWARD X OREE
FENCET (BHEVARED & Lo, BB 6 k&L
726 '

T, EENGEBRE QIR L UE X h920m T
H 5, BALLVLOBES R LIRLALLS IS D
TEERE LD, KR OSSIC L EEERI RS
oI TS & D BN = % V¥ — %R 7210,

w20
a=-—x—

bh K
JA RN

WA
2.2.4 HAWEER

HAWRB I, @BBETHY TR(LLVLEH O &
ABTHEREAE 3 2 € AWERBAS & B4 21K
B & JE U CIRIOM ISR A L 7oL LVL O € A Wit RE
FHET 2 HAMBBRWET » 7o, $AMBEBSIE.
TICRT & 5 ICE R 20mm X B & 6Tm O FiTRE AL

Production conditions of compressed LVL.

7 =/ — Vg g8 SO WPG &iEHi: HeaE FiTRiRE ERSGIE
Phenolic resin Type Impregnate Adhesive Parallel Crosshanded
method laminates laminates
Ply-Thickness Ply-Thickness
(52
%) (%) (Crossband layer)
IR H: WLG 15 17 Rtz Hb 21ply-21mm 17@) ply-1Tmm
Water-soluble Soaking Yes
’ WM 15 38 mE L 21ply-21mm 18(4)ply-1Tmm
Decompression  No
” WMG 156 41 BE HY 21ply-21mm 17(4)ply-1Tmm
Decompression Yes
ToAd - VEEE AL 13 30 BUE 7L 20ply-21mm 20(5) ply-21mn
Alcohol-soluble Decompression  No
’ AMG 17 41 BT B EOA  20ply-21mm 19(4)ply-21mm
Decompression  Crossband
% AM 26 59  WEE L 17ply-21mm 14(3)ply-17mm
Decompression No
o AH 52 92 T L 13ply-21am 102) ply-17mm
Decompression  No

WPG : EEBISINE Weight percent gain, 7 = / — ViRIEEE S OAM OKHERICH T 51k Ratio of solid
weight of phenolic resin to air-dried weight of wood SO : BHIEE  Solution concentration
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Fig. 3 Bending properties of parallel-laminated compressed LVL.

O Fa—aEE: (REHERE) Alcohol-soluble resin (Air-dried density of woody part). & @ K& CREHE
EF) Water-soluble resin (Air-dried density of woody part). @ : 7a—ialight (B0 E) Alcohol-soluble
resin (Apparent air-dried density)s A : K&k (BAOERE) Water-soluble resin (Apparent air-dried density).
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Refer to Table 1
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Fig.4 Shearing properties of parallel-laminated compressed LVL.

O, &, &, A X3 2 Refer to Fig.3
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&2 mibLVLOMRE Table 2 Mechanical properties of compressed LVL.

AR HH L<Xivd IKiE AR R 7 ov a3 — VE AT
Water-soluble resin Alcohol-soluble resin
Species Item Unit WLG WM WMG AL AMG AM AH
WPG % 17 38 41 30 41 59 92
SETRE®R{LLVL o g/cn 1.20 1.23 1.32 1.27 1.31 1.30 1.20
Parallel-laminated 0o g/t 0.93 0.89 0.86 0.98 0.90 0.82 0.63
compressed LVL E -Le  kN/mi 24.7 23.9 20.5 24.2 26.4 20.8 17.3
E LT kN/mi 23.8 23.4 20.0 23.1 26.0 20.9 17.1
0 y-Le N/mi 211.5 224.7 186.6 261.5 264.4 204.7 176.4
0 -Lf N /mi 226.0 243.6 194.0 274.1 255.7 239.8 190.5
K-Se kN/mm 33.5 42.6 44.4 43.3 48.3 4.7 31.9
K-Sf kN /mm 24.7 3b.2 34.9 33.9 37.7 35.5 23.4
K-We kN/mm 17.2 18.3 18.0 21.0 14.8 13.9 15.3
K-Wt kN/mn 13.5 16.5 16.8 19.4 14.1 13.5 12.2
o -Se kN 52.5 56.9 59.6 60.8 66.9 61.3 50.6
oSt kN 36.4 42.2 44.2 44.2 47.7 46.8 38.8
o-We kN 24.5 25.8 26.3 29.6 24.5 23.0 23.6
o-Wf kN 18.3 18.5 194 22.4 18.9 18.7 19.2
ESHE®LLVL o g/cl 1.20 1.30 1.35 1.30 1.29 1.27 1.29
Crossbanded- 00 g/cnt 0.93 0.94 0.89 1.00 0.88 0.80 0.67
laminated E Le  kN/mb 19.5 21.5 17.2 20.6 20.7 17.2 12.6
compressed LVL E -Lf kN /md 18.5 22.4 18.2 20.0 20.4 19.0 14.4
E -Te  kN/mi 9.1 104 9.9 10.9 10.6 8.8 7.5
E T kN/md 8.0 8.6 8.9 9.5 9.2 7.5 5.9
o-Le N/ mi 144.8 145.4 115.3 195.3 188.9 148.6 128.1
o,-Lf N/mit 168.1 187.5 156.0 208.2 189.6 198.0 1511
o,-"Te  N/wi 56.1 51.3 54.1 81.7 73.2 58.5 38.0
o,-Tf N /mid 57.0 45.1 44.5 64.3 59.5 534 - 519
oL N/md 129.8 157.7 149.4 145.0 149.6 133.9 132.1
o-T N/mi 85.9 114.0 121.8 109.2 110.2 102.3 110.7
a-e J/cnt 2.1 1.6 1.6 2.9 4.3 2.8 2.2
a-f J/ert 3.6 2.7 2.4 7.3 7.5 6.8 5.3

WLG. WM. WMG. AL. AMG. AM, AH: £ 1% Refer to Table 1

WPG : BRI Weight percent gain. o : B2 O%EE Apparent air-dried density.

0o REEHE Alr-dried density of woody part. E » ! ¥ ¥ 7% Modulus of elasticity.

oy HIF#E Modulus of ruptures K : X0 {&% Slip modulus. o.: TAWME Shear strength.

0. [FHEME  Compressive strength. o @ BPEHIF8E S Impact strength, L : ##5 7 Parallel to the grain,
T @ @ik & Ezs A (A1) Perpendicular to the grain (Tangential direction),

e . HHEWATE  edge-wise load. f @ E{HWAHRE  flat-wise load. S I HAWEES Shearing test S.

W B AWEEW  Shearing test W.

(7B BERAEEII 6 &, 722Uy HhsEBc B U 2 PITRIEOAMG Y 1 7 E BB O AL XUAMG ¥ 4 7 TIE164,
AWERER T2 34k Sample number is six for each specimen, but fifteen at parallel-laminated AMG type and
crossbhand-laminated AL and AMG type in bending tests, three at all in shearing tests.
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Fig.b Bending properties of crossbanded-!aminated compressed LVL

O. 2. &, A X328 Refer to Fig.3
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#3 BEXBEEIELVLOEZEMEE  Table 3 Adhesive properties of Crossband-laminated compressed LVL.
HH UL Ex IR R T ob 3 - VE R
Item Treatment  Thickness Water-soluble resin Alcohol-soluble resin
WLG WM WMG AL AMG AM AH
WPG % 17 38 41 30 4 59 92
MC % 9.0 7.4 9.3 6.8 5.3 6.5 1.7
WA S Smm % 9.7 6.0 2.7 5.1 6.4 5.5 2.9
WA S 20mm % 6.5 3.4 1.7 2.1 2.6 1.9 2.2
WA B Smm % 21.6 12.4 5.9 15.2 15.9 14.8 5.5
WA B 20mm % 21.3 10.0 3.6 10.1 12.0 10.2 4.6
WA B Tomm X 75mm % 11.3 3.5 0.6 14 2.7 4.3 4.0
TS S Smm % 3.6 3.0 1.3 5.1 4.8 3.5 2.5
TS S 20mm % 2.8 1.4 0.3 1.9 2.3 1.1 1.7
TS B Smm % 17.8 9.4 5.3 17.3 15.7 14.2 6.7
TS B 20mm % 16.0 7.3 2.5 12.3 12.9 12.2 4.8
TS B 76mm X 75mm % 12.3 4.6 1.6 5.3 5.6 9.7 6.5
WC S Smm % -7.4 -5.6 -7.1 -4.6 -4.0 -4.9 -5.1
WC S 20mm % -6.2 -4.3 -5.0 -3.1 -3.0 -4.0 -3.4
WC B Smm % -8.2 -1.2 -8.2 -5.6 -6.8 -9.0 -5.1
WC B 20mm % -6.7 -5.0 -5.8 -4.0 -4.2 -5.8 -5.1
WC B T5mm X 75mm % -3.8 -2.1 -2.5 -1.9 -1.3 -2.8 -1.7
TC S S5mm % -4.1 -2.3 -3.4 -1.8 -1.2 -2.3 -2.4
TC S 20mm % -3.3 -1.7 -1.9 -0.2 -0.6 -1.4 -0.9
TC B bmm % 2.1 -1.2 -2.2 3.6 1.8 0.1 -1.7
TC B 20mm % 2.2 -0.2 -1.1 4.0 2.9 1.6 -0.3
TC B Thmm X 7T5mm % 2.2 1.1 0.5 2.2 1.6 3.3 1.8
DR AL % 1.1 9.9 8.5 11.3 4.9 5.3 4.7
DR SL % 7.6 24.4 33.9 41.8 18.9 18.3 19.7

WLG., WM. WMG. AL. AMG. AM. AH : & 1&E Refer to Table 1
WPG : EHEHSINER  Weight percent gain. MC : &7/K# Moisture content. WA :

Wok#  Water absorptions TS :

JE&JER®E  Thickness swelling, WC : #12HBOEEZE(L Weight change after drying. TC : #B%0E Lk

Thickness change after drying. DR @ & < HER
AL 28 Al layer. SL: [E—/&@ Same layer
()

resin indicate ratio of aleohol solution.

7V a3 — VARG OB D EKRIE T v o — VEIE O EERERT,

Delamination rate, S &% % Soaking. B : &l Boilling.

Moisture content of alcohol-soluble

HEMAEZ4E  Sample number is four for each specimen.
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