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Effect of density on porosity and physical-mechanical properties of high-

performance scrimbers

WEI Jinguang', WEI Yanan', BAO Minzhen', ZHANG Yahui', YU Yanglun', LI Changgui’>, YU Wenji'

(1. Key Laboratory of Wood Science and Technology of State Forestry Administration, Research Institute of Wood
Industry, Chinese Academy of Forestry, Beijing 100091, China; 2. Shandong Academy of Forestry, Ji’nan 250014,
Shandong, China)

Abstract: For value-added utilization with fast-growing wood of Pinus radiata as well as promotion of added
value of the products, outdoor scrimbers with varying densities were prepared with P. radiata as the raw materi-
al via the manufacturing technology of high-performance reconstituted wood. Then, effect of density on porosity,
water resistance, and mechanical strength of the obtained scrimbers was determined. Results showed that the
porosity of air-dry logs was 68.00%. Also, scrimber porosity decreased as density increased and the minimum
was 2.11%. Both water resistance and mechanical strength were trengthened with an increase in density. When
the density increased from 0.80 to 1.39 g-cm™, thickness swelling rate (TSR) decreased 21.55% and water ab-
sorption rate (WAR) decreased 76.88%; whereas, modulus of rupture (MOR) increased 116.47% and horizon-
tal shear strength (HSS ) increased 86.29%. It suggested that the density of P. radiata scrimbers had a big
impact on porosity and physical-mechanical properties. [Ch, 6 fig. 1 tab. 16 ref. ]

Key words: wood science and technology; scrimber; density; porosity; physical-mechanical properties; Pinus
radiata
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Wik, FRBFmHE T, SESBACFTE N, SO ARMAT OIS RER A SRR 4R
I 5 B 7 Ml A 3R Bt T B A i A o e PR REEE 2 AR L AR ARORAE O JRORE R B AR AT
HFEABATE 5 Ty AR I 40 i AR S T B P AR AR IR T A AR AR BN L B, 5
JEAR . MR GG , oA RARSUREEH . MR AT IE | PERE AT H S R ai, R OUAT L B 7 il B
A RBOER . W B, SPEREE A AR HE SR CAEM W Populus, 1M Paulownia, WA Salix Fikk
W Eucalyptus 55 HAR 5 B R A4 LIS, 77 ol BERIAE SO ST . Mot . KRB ARG (AR B AF
@ S B BT i R T i, B LRI R AR O SR, R R MR RE LA HE B
il 8 TR R AR, FFRTE T3 A b FLBR AR | KPR g 2 s B AR R, O R R R (ELAE
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1 M5 &*

1.1 REHH5ESE

BORE: FEETRS, W E BT, KR 30~60 cm; BREERIIE (PF)RE, MW E b5 KR TAEA A, [E
K& 47.49%, 61 37 Pars (25 °C), pH 10.22, /K¥#A5% 11.02, s 1.90 g-keg™, 755 M <<10.00
g kg™,

TR W& T RESEAEDIIL, L, PUENL, & A EBESPAL, TREI =LA,
1.2 KA =E
1.2.1 A& L2 BEAKRY B E GG TR RS TR HE >R ER A 5 EH
WMokt . E8 T O AN RATGRMBEIIL, BV RER 6 mm, FHLH 12 H
LA B B Y] A RN A . YR TEE AR AE 1~3 mm AR, QRIKST
P SOKE AR B TR KR 8%, ARG MR R B IR 45 5, B B R [ 1 O 10% 1) PF i
g IR 5T 2 ming, P A R4 b R B [ R AR R I T (13.020.5) %, Fe o [ SR BT 2 5% 7K 3 8%~
10% . I . BMIFIL Ty 0 P47 38 T B T4 4 b, BA% 4 450 mm x 160 mm x 12 mm, it
0.80, 1.00, 1.20 Fl 1.40 g-em™ % 4 PMHFEKF, @M KA “HE-SH” BB T2, $REs
FUII (145 C M ENBE T, IR 2HEEE2M G . FIERE N 145 °C, A 1.0 min mm™,
PRI 25 min, Q. HRFBHFM 3 H, SKRERAE 1% .
122 FE53LMmEWHNE S GB/T 176572013 A1k A K b 1 A 1 Al BEAL 1 A8 128 56 75 vk ) 5 21 20
KIFEMB R, R 6 A - RS, ZRBOEME . R Accupy1330 %1 BL%% B 4 [ st (S0 5E AR b 1
SERE R . MHET, BRI K, i 60~80 B, &ACREEGIE T% A . Uismais i, 1k
6 - FEf T, TR 5K, FURBCPIE, fLBRR(P)HE S Gk kit 5, P=(1-V 4/V ,)x100%=
(1-p 4lp 5)x100% . FHorr, Vs, p o535 A0 H 26 %55 25 S AR BB BE (SE TR ), Vo, p 220 AR
TE H SRR T MR RBURN 2 B (R ) o
1.2.3  akopmX AR R ITEA AR AN I, £ GBIT 303642013 2047 itk ) o % 5
2T AR A I KA T v o Se R RO (100 = 2) CH K& 4 h, F7E(63 = 3) CRyTHR4f T
#4720 h, FJEHA (100 + 2) Ci/K H k228 4 h, B EFEE IR TR A 10 ming W5 0K 58 B2 1 ik
F(WSR) |\ WK R FE 2 K3 (TSR) A K 32 (WAR) o #5500 H BUK/E 6 4> -#E a4 RGP
124 AdaemX 2 GB/T 17657-2013C A A Ko i 1 A & A AL P 8 150 75 1) U 3l A iy Bt 25
PERE. ARSI 200 mm x 24 mm x 10 mm (KxFEx)E), CHFHREFRE 150 mm, JIZHEE 5 min-mm™,
0 S R B (MOR) FI B PE RS & (MOE ) . 218 GB/T 20241-2006( B J2 R Y, I 2 314 4 7K OF- 35 1) 3
JE(HSS ) iR SF 2 60 mm x 24 mm x 10 mm (K xFExJEE ), LHEMRER 10 mm, B 40 mm, iz
HEA 30 mm, FENE, MBS R S min-mm™, LI HBOL 6 A~ -FES T, S5 REBOFHIE.

2 HREH

21 EAARMEZEESIEE
R 1 AT RS RS SR A I SE R BE O 1.50 geem™, 453 B 20 M0 BE 197 34 8 L (1,52 g-em™) 17
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AT LR 90 TR B M IR RS R 1 EARMEAANENEE. TREEMILBE

Wesh, FEWEEE M 0.80 g-cm‘3 Wahng 1.01 g-cm‘3, Table 1  Substantial density, apparent density and porosity of radiata

SEJRBEE PR 1.39 g-ecm™; RMEE KT 1.01 pine scrimbers

grem™ B, SCRREHE R 142 grom™, Ehpy O RWEE/(gen)  SREE(grem™) LB
o o V) 0.48(0.03) 1.50(0.02) 68.00

KT RN 048 grem™, JLIHLER Y 68.00%,

55} F By Pinus sylvestris var. mongolica ff) (%) — EAAK 0.80(0.02) 1.48(0.02) 45.95

67.16% ) 431 " i 4 T A 119 2 0L 2 5 LOLRO L9002 o
0.80. 1.01. 1.20 1 1.39 g-cm™ B . %} 1 1 7L B 1.20(0.03) 1.42(0.03) 15.49
1.39(0.02) 1.42(0.01) 2.11

Z o0k 45.95% , 29.37% , 15.49% Fil 2.11% ; T R
H5EMILBRM L, 20 F T 32.43%,
56.81%, 77.22%F1 96.90%

ANFEFRMEE T, AR P EBFL R & A AS R RE B B A8 Ak o 76 B AR AR I A& v, A 40 i
JE4R, Wi Z A, TS BRI, 8 RS AN AR A i SRl s R R I A e,
SRAME DL A G AL, S BOROM S R B R, SR TR BN 1.48 grem” R 1.39 grem™, YR %
JEE— LK, TR PR A WAL 32 FE i M B S 7, (045 55 BT 25 FE 3 I AR BRAE 1.42 g-em™, ARSFIAR
T 1) 52 J5 % 88 ST ST S A0 O B 1 5 B, X DA 68.00% 1 FL R R JL T4 30 VR T 40 i I il 25 Bt . i E 4 K 1Y
25 R B A0 M A, 3B B BUNRE D) R B A Aok AR v R AR R SRR FE AR AR B e R L BR AN I 22 e 4R
INBR A LT 4 2 ) LR B/ o T DA 0L % FE 0, 0 A R A T BE SR, SR R A T R
LRAEIAR, ALBRR I Z P

AN, FLBSRS RN A S MR, W) y=-72.988x+103.42(R°=0.999 5), My
FALBRE, x R
22 ZEWNEAKRMKECENZME

B & 1~3 mI %0 Bl % B p 3, AR WSR, TSR Fil WAR 5y 2ji/Mia# . %k 0.80
grem™ B, WSR, TSR fil WAR 435I 4.92%, 31.51%F1 81.82%,, i 2455 B4 2 1.39 g-em™ B}, = #44
FRAT 9N 3.81%, 24.72%F1 18.94% , [l L FFE T 22.56%, 21.55%F1 76.88% ., 3] & 20 AR F 1 R ~F 2
PRI 7 [ 285 R e DR T 0 A e
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Figure 1  Effect of density on the width Figure 2 Effect of density on the Figure 3 Effect of density on the

swelling rate thickness swelling rate water absorption rate
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23 EEMNBAARNFMEENT N

WK 4~6 iR . B EEAE 0.80~1.39 g-em™ Ju [ Y, Fd AL HZH A MOR, MOE 1 HSS | Jifi % fL Bl %
MREARTTREAC, M25 )k 1.39 g-em™ B, X fFH9 MOR, MOE 1 HSS 4y & ik 178.72 MPa, 18.71 GPa
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X AT R ARG 2R, SR AR A R B, M 0.80 g-em” B, BT
il 55 41 A ) MOR 1 HSS . 4351l i5 2] GB/T 20241-2006 54 2 FURE ) v 25 ¥ FH B p 2% FRUbE 5 55 9% 180E Al
65V-55H ({Z3k , MOE ik 5] 120E A ER

250 24 L30r
< - a
S 200 520- {_ Z25F
= 216 ‘E %201
2150— % 5
< =12 15+
2100 LE =
= g8 s0f
B 07 = 6 i;: 51
0 01— ool | ,
0.80 1.01 1.20 1.39 0.80 1.01 120 1.39 0.80 101 1.20 1.39
p/Age+m”) pAgem") p/Age+m”)

B4 BRABERASYH  BS BASEREEOY B0 HAMAKT T LG Y%
Figure 4  Effect of density on the modulus of  Figure 5 Effect of density on the modulus Figure 6 Effect of density on the horizontal

rupture of elasticity shear strength
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