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Tensile creep characteristics of compression wood and normal wood under
different temperatures and loads
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Abstract: [Objective] This research was carried to explore the difference in tensile creep behavior between
compression wood (CW) and normal wood (NW) from masson pine (Pinus massoniana) under different
temperature and load levels, aiming to provide the data reference and theoretical basis for high value-added
utilization of plantation wood. [Method] The tissue sections of earlywood (EW) between CW and NW
were used as research objects, and the microfiber angle (MFA) and tensile stress-strain curve were
characterized by X-ray diffraction and dynamic mechanical analyzer, respectively. Dynamic mechanical
analyzer was also used to determine tensile creep for CW and NW specimens in the temperature range of 50
to 170 °C and at three stress levels. [Result] Compared with NW, the basic density, MFA, tensile strain,
creep compliance and creep strain at stable stage of CW were larger, while the tensile stress and modulus of
elasticity were smaller. The instantaneous strain of CW or NW specimens was slightly higher than

instantaneous recovery strain. The instantaneous strain, instantaneous recovery strain, 60 min creep strain,
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and 30 min creep recovery of CW and NW specimens increased with increasing temperature and stress level,

respectively. Furthermore, the creep strain at stable stage increased with increasing temperature, while its

response to load level was not obvious. In the temperature range from 50 to 170 C, the increase of
instantaneous strain caused by per unit stress for CW and NW was 0.063%—0.076% and 0.016%—0.020%,
respectively. And the increase of creep strain in 60 min caused by per unit stress for CW and NW was
0.078%-0.095% and 0.019%—0.028%, respectively. [Conclusion] Compared with NW, per unit stress

shows obvious influence on the increase of tensile instantaneous strain and viscoelastic deformation, and

CW with larger MFA has less ability to resist external deformation. The increasing temperature intensifies

the effect of per unit stress on instantaneous strain and tensile viscoelastic deformation for NW and CW

specimens.

Key words: tensile strain; creep; loads; stresses; viscoelasticity; masson pine; compression wood

MR NS AR, A0 B BE 2 P (1) A8 T 32 22
B T AHER TR KT ) AR TR, 4
5 Matrix 2R 4E 2 MR 22D 2 (8] 1 B V)i # 48
2B, DL R HE T AR 4R T 1) B AR TR . R A
i B P A8 T I o [1) SE K T S8 T 38 R, BT 7 A S W
AR I G o ARG AR 2 5 MR A T i BOAC BT TR A A
i R AR A — A BRI . DRI, BF
FUARM FLAR I AZHF P, SR NN RAH hr A 7 22 4
Jig, BT A v B AR 4 i 8 2 2% A LAl
PR o
TERLARAR FE ik R H, A0 B BE 2 A 11 S5 B 2 2K
SERW, FLRE 2 AR A 22 £y 2 5 A ) 2 e R
72—Vl RoszykPEEWE Fi 1 Tl 2F 22 iy 0 WO 705 £
(Pinus sylvestris )P HIGEAZ 5200, 25 5K 0. e 22
FATE 10° ~ 18° 2 [H], BUFE I A ik A2 A8 % 5 T 4 22
A A LG TEAHOG; T AF 22 M T 189/, Fufif
IR AR AR TR N . 5 IEE KA b, B R B
o 22 K0 A M BE UL A4 RS B AREAIOR R R
B ERHIE . MR AR ORI AT 22 £ T 3 4F
feRmyrTHKETMAEREN, BHFes
Matrix 2 [A] [ BI ) A2 TR, a3 11 38 BB He A7 7
e 2 P AR BRI i IR AR TR A, R R AR AR R
Jo3 2% I HEA 3 1) M LG R BN B, R R R
JRER S5 1 fhim R B R 4% e, BRI 2 1 DTk
L 18] I 25 Tt 1 288 PR 38 o v K
BRAM B 5 M 22 e, PR RIRIR L L Bt
KN B IR B IKP FIRZS 55 2 3035 2 52 W R b i
UEARAT o B W R T v, AR 4 R EE iz B))
HIUAr TR RE R, o TRER AP R EOE RS, 41 (A
VEFH 739855, 1845 73 18] ()32 7)) 5. 76 2% [R] 5 Bl 3 0K,
%7 W 32 T g A 0 A% T 48 1 1, oG A AR T B 4 OK .
Engelund £5"WF 5 7 AR EZ/KF- (104 25 FT 40 C)
'~ =2 (Picea abies) W R AR IFE AL e 11, 45 LKW iR
JE 7K P55 i T 3 A 72 T (1) 5 W 5K, T X6F A fif i A

T TUF-Toiem o XS R VR 5 R I R 1E 5 )R
FEIKET, ¥ (Eucalyptus spp.) 1L (g A8 A7 1
Wit A5 it o s 288 PR 3G D0 T 3G K, A BT B T
i A ith 2 I B N AR o B . AU H R, A
PLZH 27K TR FEAS [R5 BE BRRE 5 7K~ 36 B A AN [R] il
2F 22 f11 1R B AR TE 55 AR ARG AR AT A 1D 52 e A
(EECEGSER

I A (Pinus massoniana) &% [ 5 #f 1 [X ) 3=
BOM R R, R KA AR ST &
TEIE AR, B A FMR S, 1M AR R A
Wbt (8] FEPRAN B 2, B 228 . thAh, SRS
A AE R AN IE B A e o EE 23 i 66% A1 79912
ST, AHETT LS A N R R 5 IR R B 2 21
VIR BT R, 25 SR AE A R B2 AN B 77 7K
SRR IEARAT A, LA S R AA R A BN A
o 25CR) FH 8 A S At R R 4

1 M5 %

1.1 # #

20 FAEG R, RE T TR EEE
i 2 KA (0 R, FEEEUL 2 B 2 7 A4
R B e AR, AR L0 0.58 glem’; 1E
WAL B A — L IE AR T s B, B FELN
0.32 g/em’ . F|H#05 AU) A HL(Leica RM2235) 15
JR~F RN 35 mmCHh[A]) x 6 mm(5Z[\]) x 50 pm (42 (7))
(R TEHE AR, B T AN 2 ], R E
THH P05 HIT s, HE R EAT R EA
1, M 2T EKEL RN 0.7%. 2T X T
Je BERIAET 22 f R A 7 22 (0 4
1.2 MA£/B/NE

FIF X T8 (D8 Advance) 73 iR M &
K5 IEHARBEM AT 22 /. IR AT, A R 40K
50 pm JE R RE Sl 17 P AT T IR £ T [ R 2R AR
N E. EESHE:20=22.14°, H [k 40 kV, i



140 b mw # kK % R

40 mA, FAPHEGE E 1.0°, WFEE R M RE VU 00 ~
360°. 7 Origin #C5F X 5 2 W i 5 75 b 28 3k
17X = A, SR 0.6T v i+ SR FE i et 22
o WREEEHCON 34, S RECTFIIME.
1.3 RIfRL SRz 3T f 2 E

KNS 12 HAX (DMA 2980) M58 Hi 18 /)—
MAS 2R, TH5K 14 0.01 N, Ii##E % 1 N/min, il
WE RN 18 N, FRAF B A 1E 5 A R A 1)
s E . WAEE R HON 3 A, S RBCTIME.
1.4 HHEETSEGNE

KBNS 775 3 A G 72 R oz A 05 A2, e
Je FLif R e kR Sk 2 (M S BE N 17 mm, S HL (1)
R J1HE R 50 Neeme 7 1k 1R 78 45 A28 P i 7
HrRAEFLE, BN 0.01 N FITIEK F7 . ARHE il v o fof
3 REAR PR 2 S, B R A PR 0 A 0 K . 7 4B
4358 3+ 6 F1 9 MPa, B JEAIRAE 2 5l i % 8 CW-
3. CW-6 Al CW-9; 1E & 7K (1)U A2 W 32 87 77 48 43 7l
9124 15 A1 18 MPa, IE ¥ AFE 73 7l diy 4 8 NW-
12, NW-15 Fl NW-18. . J7 i jinist [&] 24 60 min, B
I 5 RS TE] 2 30 mine 78 %36 30 °C I, A28
M LIRS B 42 o) D0 0 P 1 s e A, 2 R R A
T 180°C B, AR I H ZR PR AR 17 AT, Rk, A
RIS IEBEIREEVE A 50 ~ 170 ¢, WE 7 AME 2
I8 JE 7K SF- (504 70 904 110+ 130+ 150 F1 170 °C) F M
JEAR S 5 ARRFE () h ARG A AT 4

2 HERE M

21 T

I e AR EL A (R T AT 22 47 905 B D 34.50° ~ 35.87°,
BIE N 35.34°; 1E R BM 1 Tl 4F 22 Y LR
16.96° ~ 21.08°, ¥JME N 19.81°C1& 1), w40, M JEAR
B 22/ KT IEH K, 2983 1.78 5,
22 ffRAEEeE

I s A 55 T A ) A R A e M A A 43 )
1 164 1 2 680 MPa; 4 iN#k 25 K /) 18 N I}, /&
ARG IEH AR RIS IE 5358 15.97 F119.38 MPa;
NEAE 725N 1.47% F100.65% (3% 1) . 7[R £ 4 /F
T, BTSN/ T IEE AR, 1 H A AR TR
RTIEFEARM, 5IEHARME, NEAE KBt

9 46

40
S35 =01
=
E!
= 301
e}
=)
2
S 25
=
& 8
3 20¢ .
%
% o

15¢

I FEARAA IEH AR
Earlywood of CW Earlywood of NW

BT I RAA R AR (CWOFIIE # A (NWD R AR
AT L2 AR - IE S
Fig. 1 Boxplots of microfibril angle of earlywood between compression
wood (CW) and normal wood (NW) from masson pine
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Tab. 1 Tensile mechanical parameters of earlywood between CW and NW from masson pine

- L fH 5 V% & Tensile elastic modulus . /7 Stress MAF Strain
12
Specimen BTN Yl Yife o
Mean value/MPa CV/% Mean value/MPa CV/% Mean value/% CVi%
N EABA1 Earlywood of CW 1164 10.98 15.97 0.30 1.47 14.65
1E# A BA41 Earlywood of NW 2 680 19.38 1.66 0.65 7.53
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Fig.2 Tensile creep curves of earlywood between CW and NW at different temperature levels
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Fig. 6 Tensile creep parameters of EW between CW and NW at different stress levels in the temperature range of 70 to 170 °C
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