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Influence of circular holes on bearing capacity of wooden beams

LIU Hongchao, HU Xiaoyi

(College of Optical, Mechanical and Electrical Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang,
China)

Abstract: [Objective] This study aims to examine the influence of circular holes of different positions and
sizes on the load-bearing capacity of wooden beams, explore the mechanical mechanism by which wooden
beams have a certain tolerance for hole damage, and inspire the design of materials with high hole tolerance or
lightweight structures. [Method] The mechanical concept of hole compatibility was proposed, and the
calculation formula for hole compatibility coefficient was provided. By conducting bending and fracture
experiments on wooden beams, the fracture bending moment values of wooden beams with holes of different
positions and diameters were measured, corresponding relationship curves were drawn, and the hole
compatibility coefficient of wooden beams was calculated. By conducting simulation analysis and fracture
morphology analysis on representative wooden beams, the mechanism of their hole compatibility mechanical
properties was clarified. [Result] The impact of holes below the neutral layer on the load-bearing capacity of

wooden beams was greater than that of holes located above the neutral layer. When the diameter of the hole was

Wk HH#H . 2025-07-23; &I H#H: 2025-12-08

REeWH . EEARBEIL T R H (32171700)

YE# TR/ X UE# (ORCID: 0009-0007-1740-2152), M HE AR J3 22 ¥EfRE 505 HAF 5T . E-mail: 2024612021017@stu.
zafu.edu.cn, JAISVEH . H1UE%E (ORCID: 0009-0004-8443-5673), EI##Z, -1, MFHAM KRS 2=0F
9% . E-mail: jimhxy08@zafu.edu.cn


mailto:2024612021017@stu.zafu.edu.cn
mailto:2024612021017@stu.zafu.edu.cn
mailto:jimhxy08@zafu.edu.cn
https://zlxb.zafu.edu.cn
https://doi.org/10.11833/j.issn.2095-0756.20250389
https://doi.org/10.11833/j.issn.2095-0756.20250389
https://doi.org/10.11833/j.issn.2095-0756.20250389

55 43 B4 3 4] XU BT FLIR XA R ERE 1 A e 641

less than 1/5 of the beam height, the bearing capacity of the wooden beam did not exceed 10%. Except for
wooden beams with extremely high and low densities, the compatibility coefficient of most wooden beams was
close to 1.0, which was higher than that of plastic metal aluminum beams and brittle acrylic beams. Finite
element analysis showed that the stress distribution below the hole was more uniform than that above the hole,
and the fracture morphology analysis revealed that the fracture surface below the hole was smoother.
[Conclusion] When the diameter of the hole is smaller than the critical value, the overall bearing capacity of
the wooden beam decreases slightly. When such holes are located in the stretching area of the wooden beam, the
bearing capacity of the wood fibers in the lower area of the hole is more evenly exerted, and the wooden beam
exhibits a mechanical phenomenon of hole compatibility as a whole. Wooden beams have better hole
compatibility mechanical properties than plastic metal aluminum beams and brittle acrylic beams. The
mechanical mechanism of hole compatibility can inspire the design of new fiber-reinforced composite materials,
lightweight load-bearing structures with holes, and micro porous structural materials. [Ch, 6 fig. 6 tab. 25 ref.]

Key words: wood beam; circular hole; bearing capacity; hole compatibility; lightweight

H T2 IRl 0, M 0 FLIR 2 R BON T By IS, DA S5 A8 1 B AR 2 RE M SR,
ASFIRA R T FLIR S 7 i 25 52 R B AT B SR DXl e A bt T LR A 28 32 B 0 25, S A b T LR 3
Pt 22 RE 7 AR TR T HEPEADRE,  (E38 38 98 PR A RS 14 b B LI B 4545 25 T B R 2k g 0 W i R R
AR RN AYfridt et B T ARW o s S SMEEIR AR TR A Y BRI s 7R A
P, AT A R ) R ) AR A A A EAA AR R AL 2 32 R R X AL IR AR A B T F
BEA R0 2 R B TR MR T R R M AE W A R, AR 5% T LA 5 43 i 25 52
TR RO “ALIARZS " ) 1 HLRMEAS R A SR

FLIR P50 FE AR A rh BAT P, FEVF 20 ISR T AR5 ZEARM 2 5 LR e . AR 14
HAEAE HORU O B EN Y, PR G AR  E D FR B AR AT ALY, R T A B A 1 i 7 B AR M R AL
ARG B A M IR ELME DL BE 48 (U i B A ES Hhais A5 i FLAE X DA R 6 [ AR 46

AREAVE A L E B R R A, AFFEALIR X 2 M Be i 2 i B G E 2 . 3 fL IR S 7 i 1k A it
B, ARERE IR AT 24 AT AR S AR R AR 0, DR I 5 2 e A 0L S T A I 2 ) XU, ol e T SR
KA BETCA R 20 LR X AR AR R, RFE SN a8 T 3 MR RIR LR AL E (Pt
Z R X FEZ LX) XM Juglans mandshurica A 5225 fh N A8 43 A B2, EBRF T A M7 B 0 T RS AR
5 OKAMOTO S5 &t Xif s A7 8 £L A% e G AR B2 0 7K 5 e g In) U Jié 1T F 5T, 45 6 S5 o T 3 N A5 (A
U, BT 3 PR T A FLIIR XA B AR 7R 268 ) 9 520 ; DANIELSSON S50 1] FH —Fofr 5 T4k 3 iy
Z47% (PFM) WJ7%E, 0B T A FLIA A s A AR 23 B 5 BUKSNOWITZ 2507 3 2o 7 HBRE T 96 AR Al
A FRITE (FEA) BIFFE T A AT IEAE BT 0% 8 SR LA XT3 T3 A4 0 1 0 A (5% ;. PARRACHA
UV BIEGE T N MO A AR K A R I R A BE (IR, L R BIF X T A R LI Ji] T %) 1 A 37 748 AL R A
AR GE Pl 0 RS R 25t T BOMAE TER R , ROR B R R e A2 B LR S e A LR R AT TR Y
I3

AT LR AR b, SR FLIRARZS 0 S, R4 LR ARZS REG T A U DLTAR
FLIR XS ARG RGeS semn , IR ARLLIRA S 122 BB I L o ABFSERE R & LA R 1Y 2 2 PEAG
S5EMBTHEES ZAKYE, HEXPHRLF4E g 2 AR LR RS (iit, UL
EERT Ak p S A U Fg v A SN =

LA

1.1 AR#FiEE
MR F 2 B AR B e A U, 6 BT 10 A B RRIERI AR & 1) £ 1 PEIIIEIES % T EA
AP R A B, T I SR A T TEIE .



642 WroIL R R K A R 2026 4E 6 F 20 H

F1 ZRERAMPIRME STEERSERHE

Table 1 Tree names, air dry density and classification characteristics of experimental woods

L KRR, PRI e | e AL, PR e
(kg-m™) (kg*m™)
1 ¥ A Ochroma lagopus 150 [ A4 6 /KM Fraxinus mandshurica 686 [ Ak
2 ik Paulownia fargesii 280 FE b 7 MYIkJuglans nigra 720 Wbt
3 F2K Cunninghamia lanceolata 320 L) 8  B&Zelkova schneideriana 790 [ A
4 FaF#5Pinus sylvestris var. mongolica 477 EFnAF 9 #MWDalbergia hupeana 03 Wbt
5 Fi#EBetula platyphylla 615 el 10  £tDalbergia melanoxylon 1290 [# At
1.2 Ak
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F2 AELAMEETFRAKRREHRSIEITLE (p=21/15)

Table 2 Comparison of fracture moments of P. sylvestris var. mongolica wooden beams with holes at different positions (p=24/15)

=g DU e 25 it n 2
LI IHr 425 40/(N - m) I 5475 4 /(N - m)
FEA BREB PR 5 FR AU %
g &K BoME WEH K BvME

—0.4h 40 18.9 23.7 13.4 13.2 20 19.3 25.9 9.0 22.1
-0.3h 60 258 36.5 17.4 17.7 20 252 36.8 16.7 22.0
—0.2h 60 274 36.8 16.9 16.0 40 27.9 35.6 21.1 15.8
—0.1h 60 27.7 35.9 20.2 13.7 40 28.0 40.6 14.4 21.9
0 60 28.0 37.2 20.0 15.8 40 28.9 35.6 12.1 152
0.1h 40 27.3 39.3 15.9 173 40 27.6 38.8 17.6 17.5
0.2h 40 25.9 36.9 16.6 20.8 20 26.0 33.0 18.9 15.4
0.3h 40 25.1 34.6 149 17.7 20 26.2 322 19.8 15.8
0.4h 40 24.4 32.9 11.6 19.5 20 255 342 16.5 20.2
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Table 3 Comparison of fracture moments of P. sylvestris var. mongolica wooden beams with holes with different diameters
W 254 /(N - m)

fLiA B2 A AR5 BB % P
el ElIcR S R H/ME

0 60 28.2 0 38.7 18.7 15.1

h/15 40 27.7 -0.5 35.7 15.1 16.2 0.999
h/10 40 27.5 -0.7 39.6 13.7 15.4 0.998
2h/15 60 274 -0.8 36.8 16.9 16.0 0.995
hl6 40 27.2 -1.0 335 14.1 15.8 0.980
h/5 60 26.1 -2.1 35.0 17.6 14.9 0.650
4h/15 40 23.5 -4.7 34.0 13.9 21.0 <<0.001
h/3 40 20.5 =77 30.2 11.6 22.1 <0.001
2h/5 40 17.5 —-10.7 26.1 11.1 19.9 <<0.001
hi2 20 9.3 —18.9 11.5 39 23.7 <<0.001
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Figure 2 Relationship between residual bearing capacity, residual
bending stiffness, hole compatibility coefficients and the

position of circular holes
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Table 4 Fracture bending moment of wooden beams made of wood with different densities

JEi AL AR AL
Abtaps o FA AN - ) A5 5N m)
(kgrm™) - ppcqt ERERN  WAR A R %
¥ mKE sME ¥  mKRE  BME
B 150 60 6.4 9.4 33 33.5 60 5.7 117 2.4 31.6
AR 280 60 185 23.8 13.9 23.5 60 18.0 24.4 103 15.5
(2N 320 60 26.4 38.1 163 163 60 25.8 347 125 20.3
FFRAAR 477 60 28.2 38.7 18.7 15.1 60 27.5 36.8 16.9 15.6
FIHEA 615 60 37.3 50.7 18.0 229 60 36.0 54.8 19.7 23.7
KA 686 60 432 57.6 29.3 159 60 41.0 58.7 273 12.7
BREA 720 40 41.4 57.3 19.3 17.8 40 39.9 49.4 25.1 19.8
B 790 60 482 55.5 36.0 149 60 45.8 58.2 29.9 9.3
HRA 923 40 77.0 101.3 253 227 40 70.9 94.6 28.4 25.7
SRR 1290 40 87.3 107.5 55.5 26.2 40 73.1 113.4 32.2 15.9
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Table 5 Ultimate bending moment and hole compatibility coefficient of the reference material beam

Tl HR
A A LA
bR 2445 H/(N- m), 2445 H/(N- m), i,
B ARRMG R BRFRe T
Wl Rkf RME Wl Rkf RME
SRR 10 244.6 250.1 237.3 1.9 10 191.0 211.7 173.1 6.3 0.81
Wit 20 61.2 65.6 56.3 4.4 20 27.2 41.7 19.7 20.3 0.46

WA RICOT R, TWEFE LR X T AR 73 A R0 . ASBTFEAE Abaqus BAFH 73 IS T4 AL
ARG 5 T LR A B A BRI EURERL CR D 4 719 si-F- I ) CPS4 Hiot, BARRIR RT K s ULIA 6),
IS BB T AR A S R B R B T A A ) SRR AR B B (3R 6), X 2 PR
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Figure 5 Surface and internal morphology of pine beams with and Figure 6  Finite element simulation results of tensile stress zones in
without holes after fracture wooden beams with and without hole
®6 HIRTHEEE AL ERIEFRAEMSEE BEE
Table 6 Elastic constant data of P. sylvestris var. mongolica used in the finite element simulation model
Er/MPa Er/MPa E1/MPa GLr/MPa GLr/MPa Gr1/MPa VIR ViT VRT
10000 800 400 620 540 70 0.46 0.62 0.73
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