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Predicting Wood’s Longitudinal Tensile Strength from Earlywood and Latewood
Characteristics in a Single Growth Ring
LI Wei-jun, BAI Ya-shuang”™ , XU Guo-lin

(School of Civil Engineering, Southwest Forestry University, Kunming 650224, China)

[ Abstract] Wood consists of a number of early and latewood alternately, in order to predict the strength of the mechanical properties
of the specimen according to the proportion of early and latewood, a composite material model with early and latewood as the basic
modeling unit was established. Starting from the fine level of wood, the wood is regarded as a composite material ideally bonded by two
kinds of materials with different mechanical properties of early and late wood. Taking Yunnan pine as the research object, the
respective mechanical parameters of early and late wood were obtained respectively, and according to the theory of composite plywood,
the composite material tensile strength model of early and late wood with smooth grain was set up, and the test is utilized to verify the
results. The results show that it is feasible to consider the wood as early and latewood composite material and use the laminate theory to
predict its mechanical properties. The relative errors between the theoretical values of tensile elastic modulus and tensile strength and
the experimental values are within 10% , which is highly reliable, and according to this model, the tensile strength and elastic modulus
can be calculated through the measurement of the volume fraction of the latewood in the material, which will provide a good basis for
the subsequent early and latewood tests and the further study of the early and latewood related models. This model can provide a
reference basis and theoretical foundation for the in-depth study of the subsequent early and late material test and the related model of
early and late material.

[ Keywords ] earlywood and latewood; composite material theory; parallel grain tensile strength; modulus of elasticity
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Fig. 1  Schematic diagram of composite material conversion
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Fig.2  Schematic diagram of the loading of the unit annual rings

Bt BT 5 TR,

L b T T A 5 A AT HE S B
BB}, B A BN o TS KA
HEBIXR, o, = by = 5, Hf, o oy RS
BBV, V.V, S5 b o
PRBLA TR T V R PRI M4 SR, ph T i e
R — B N b MMRTRLCR . o, 0, LT
ETH

(6)

Vg =

MG S PPRHR A . 47 4 5 S0 52 A b4
BT A TR PR o AR BR  BORE L HL 2
PR Z [ 25 B0 0 I WA o) + 0 = 1, AR
AR I A 2 R IRIE B, LB A 0, BRSZ3(5) Fil
A (6) PR LIRS A A0 RS B E 1 3 ik
B PRI B, M Y SR AR T R

E =vE + (1 -v)E; (7)

2 HBEHESER

2.1 B FRHIE

TN R B M AROR B 2 — R
127 I B2 B A R R R B, AR A o
GB/T 1927.2—2021 { Tt/ IMRFE A 4y 1 Sy 24 1k
JEAR G 55 2 WA BURE 5 e A — e R ) 1 it
LRI HEAT ) H) 5 #OR, SR A B JE AR M e,
SeE FAabA vt B 1) Uk Sk RTS8 53, SR 5 el A B
AR T v, ST 1) KR 300 mm x 70 mm x
70 mm AYAZL,

AKE H1 22 B 20 M 2E B, FE R T, B KRR
I AR b F AR BT R R SR AT D R
PR T EIRAR R EOKEE 12% +
1% . M 300 mm x70 mm x70 mm FYA S HifE 3

FRIEHI IR, 43500 S B bE | B b R R B b 45 AL 3
50% £ B L —AFEAE IS

VR A B — el I S R I A 5 R 55
AR R SRR A R AT R — R B T A
M ECE MM AR R B4R 2 R, TR H B T 3D M)
ML, N 3 fes , 20 2 Pk A, ek R & ik
TR AR R SE, AR 4 BR B R R
AL I B — AR AR A T B RS S
IAHIR , S DA A 58 BB AR 2% I TR 2 R F,
FREATREZ], Bp—AR R 5 B

K3 3D RfEzIBLRE 2R

Fig. 3 3D carving machine carving specimen

35 15 50 15 35

26

(a) WRAF TR
35 ; 80 I 35 R
2 4 4
o i A I e

(b) WA R IERL
BAL: mm
K4 X rFEgnRST

Fig. 4 Detailed dimensions of test pieces

P A 2 3, A A s Ao I [ X7 [
B, 25 5 25 s B s 4 4, i B g 1R 22
W EEAE PR iR W LR EE S 5 mm BN Fr, e
3 F A E 6 s,
2.2 REHE

X B A A AT p Pl B, RN 7 A |
SRR R 1SR, N RS e R A
PR IE SR HE T S HO A

I R vh, T >R B N - AR B, H T
24 SV 7R I AN R ME A S it 3 7 1 6 2o 2 v i AR
AL, ELECEBETA0L 5 2 S50 B AR SR BT A4 7E 3
B R S S AL, (7 BRI AR B X LS

ML www. stae. com. cn



2025,25(14)

R A TR WA B AR RIS Ry A R B 5995

o AR BSR4

W22 P 1A G AR R, W 6 T, R
DH5908 Jij A8 R A I 56 1 AR T R4, R &
FEA10 KNI il o v £l B 7 RE IR S8 AL X il
HEATRmMZR, K 7 Wi, iR 1 mm/min,
RN, BUR 1, 30 s A8 F BT SR 4 B g A8
KA T2 S B0, 120 R AR 4k

5 Hp—AERRIRLE
Fig. 5 Single growth ring

1908

K6 lfFREA

Fig. 6 Specimen sample

K7 ke
Fig. 7 Specimen loading

2.3 H#RomEIL

ﬁLﬁEEA AR WA S TR R RE S R,

TESECEEIR 1 frs . 5 BEA i R -
AT ZeanE 8 fE 9 Fros,

x1 ZENRREBEMHRENFSHTEHE
Table 1 Mean values of mechanical parameters of early
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Table 2 Experimental and theoretical values of mechanical
parameters of a single annual cycle
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