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Influence of circular holes on the 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
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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

T2 ) 22 BT S0, A b LR S R BOR BN D RIS, T EI S5 A py R gk Be 11 SR
WM, AT T LIR30 28 52 FE A IR S DX 3 - R AR FFLIR A 2832 RE F1 22, SRR T FL
TP 25 32 e 1 BARBR TMEtE A Rt (R 38 S8 AR A £ b A FLIR B 54T 25 S B0k {7k e g
R BAR R A Wre bt B h AKX B A s S RSN IR, A LT AR AR W S R A1
AREAG I, H AR TR R ) AR A A A LA A R LI RS2 R, X ML IR AR S A
BT & BA U R0 75 32 Rt s B T AR RN R R BB bk, AR % LI 45 1
B ZE SRR E B “ALIAARES” B D12 WL AR AR .

FLIRR S AR AR T B v, AV 2SI T AR TR AR S LIRS . iR {4
HAEAE O U SR g ED Y, R ZE A BRI T B ARG TAL, PRAAE P A AR IR A T ZE X AR AL
AR A5 7 A N TR LY DB e (g LA s A s LAELHE LA B e g A R 05T 4

ARIEAE R LT B R R A 4, AR AL Ty 2 e i s oG . & LI R SR AR 1 ek
F, ARERBEIRS A B A B R AR AR 28R R A 1, DR I 230 e AL S 6 A 2 1 XSS, 3 e T 28 =
KA HETC A B PG LI X AR AR R 52 . TG W T 3 RS RI LR A (o
ZEIXFNZ LX) XA Juglans mandshurica A F225 BN S 3 A 52, 4R80T T Ak 407 & A0 A% B
5 OKAMOTO %5V B Xy 47 [ L A B & A R I K EE B ) (R LT J TR 5%, 456 52 36 I 3l R B3 (e A
L, KT 3 PR RS FLIR XA AR R 2 BE 1 52 ; DANIELSSON 25060 7| i —Ff 2 40 2 17
Z41% (PFM) W7, 0B T A FLIA IS A AR B2 3 ; BUKSNOWITZ S50 3 ax B 7 HUBE T 5 A Al
A BRI B (FEA) A58 T W AR TTIEVE AT H SR FLIR X T4 T2 R N 71 43 A i 5% ;. PARRACHA
LGSV RIGY T S /N MU AR A 2R A A TR A it BE [l R, SR BIF X T A R LI Jd T %) 1 A% 37 725 A R A
AR GE PR ) B L 25 T O ORS HE R A, X AR R B M BB 32 B LR e (9 B E AT T R
30T o

AWFFEAE LR LRl L SR ALIAAHZS 00 28, IR AR AR R B T3 A U DA
FLIRIXT A 7 2R T R RE A, PRI AR ZRALIR AR 25 ) B T iU o AR ST R R & FLAR TR0 22 21Tk
H5EMBTHEESZKE, IEXPHRAF4eian 2 AR S LIRS RSSO B, DAL
TR S5 R AR [l 25 B9 S5 BT R K -

W ERE

1.1 KRH#FEEL
M AR R g 0 ), BB T 10 R BRI AR (& 1o £ 1 PEIIIEIES % T (P EA
AP R A B, T R B T TIBIE



5 44 B X ) XU BT FLIR XA R ERE 1 A e 3

F1 XRERAMHBERSTEERSSEHFE

Table 1 Names, air dry density and classification characteristics of experimental wood

e b4 PRIk | e A4 P e
(kg-m™) (kgrm™)
1 ®AKOchroma lagopus 150 [ A4 6 KNI Fraxinus mandshuricak 686 [ A
2 {UtPaulownia fargesiiA 280 [ A 7 Bk Juglans nigrak 720 Vet
3 #2AKCunninghamia lanceolata 320 SaRuw N 8  B¥Zelkova schneideriana/X 790 fE A
4 BEFHAPinus sylvestris var. mongolicak 477 A 9 B Dalbergia hupeana’k 923 [ A4
5 FBetula platyphyllak 615 lig - 10 %M Dalbergia melanoxylon/K 1290 v i A
12 Ak

75 P BN G4 v B T I RO SE R AT, EEA T T RP B A LR AR SRR B RE T S PR
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Figure I Experimental beam model
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Table 2 Comparison of fracture moments of P. sylvestris var. mongolica wooden beams with holes at different positions

=N Y 5 R
FLIA A JKr 2475 4 /(N m) 2425 5/ (N - m)
FEA THRBU%  RARR 5 REU%
B R EoME g &K BoME
0.4 h 40 18.9 23.7 13.4 13.2 20 19.3 25.9 9.0 22.1
—0.3h 60 25.8 36.5 17.4 17.7 20 252 36.8 16.7 220
~02h 60 27.4 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 28.0 372 20.0 15.8 40 28.9 35.6 12.1 15.2
0.1h 40 27.3 39.3 159 17.3 40 276 38.8 17.6 17.5
02h 40 25.9 36.9 16.6 20.8 20 26.0 33.0 18.9 15.4
03h 40 25.1 34.6 14.9 17.7 20 26.2 322 19.8 15.8
04 h 40 24.4 32.9 11.6 19.5 20 255 34.2 16.5 20.2

YR N R

x3 ARFLREREFRARHRSEXSLL
Table 3 Comparison of fracture moments of P. sylvestris var. mongolica wooden beams with holes with different diameters

WIS /(N - m)

LI EA LETiNT AR5 BB % P
ME WS i ONI:] /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 40 272 -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 40 235 —4.7 34.0 13.9 21.0 <<0.001
h/3 40 20.5 -1.7 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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)57 5% A % T 28 R 1 s e UL A G5 /0N, IS D 2 PR R A A 2 A W 8 8 AR AR LA X, BRI S LR o7
TARMEFAERAR XS, XA ARERRE I K, F IR T c=—h/5 Rhi, HALE T AR EF
YRR X, EAR A0 T AR AR A Xy

M3 FTLUERH : Y4 o<n/S B, FFLIFFEAIA LW AL T BR N 10%; dkelig KFLIR &
2, WIREE LI AR MR, ARPWIZLS ) T R B3, A S PPAG AN R FL IR AR A W
FERZMA ) 0 2, X3 3 B ET T TR IR R U 20T (one-way ANOVA), #4553 EM . AFFLE
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FRGBIG K, BEE IR GBI ARSI AL, ARBRALIRAHZE R BB o AN R A i i A 2
AL AR 7 28 B0 B R ARLIRE T X 107 A9 AL B AR o T REAT PITASIR], DR AR MG — e s LR AR 28 R B0A 31) de
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Figure 2 Relationship between residual bearing capacity, residual Figure 3 Relationship between the residual bearing capacity, residual
bending stiffness, hole compatibility coefficients and the bending stiffness, hole compatibility coefficients and hole
position of circular holes diameter
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Table 4 Fracture bending moment of wooden beams made of wood with different densities

ol AR AIAAZE
Kbtam o E AL A/ (N m) LS5/ (N m)
(kgrm™) et BRERR R A SR K%
¥  mKRE  HRME ¥ ERE mME
BAR 150 60 6.4 9.4 33 335 60 5.7 11.7 2.4 31.6
A 280 60 18.5 23.8 13.9 23.5 60 18.0 24.4 10.3 15.5
FEAR 320 60 26.4 38.1 16.3 16.3 60 25.8 34.7 12.5 20.3
FEFIAAR 477 60 282 38.7 18.7 15.1 60 27.5 36.8 16.9 15.6
FIHEAR 615 60 373 50.7 18.0 22.9 60 36.0 54.8 19.7 23.7
K HiIA 686 60 432 57.6 29.3 159 60 41.0 58.7 273 12.7
BT 720 40 41.4 573 19.3 17.8 40 39.9 49.4 25.1 19.8
N 790 60 482 55.5 36.0 14.9 60 45.8 58.2 29.9 9.3
WA 923 40 77.0 101.3 253 22.7 40 70.9 94.6 28.4 25.7
SOLHA 1290 40 87.3 107.5 55.5 26.2 40 73.1 113.4 322 15.9
2 b iy S R B AT T S LI AR 2 R 2. HaR 5 4K 12¢
i AT U 4 B0 o B ) SR LR AR 7 R Ak 0.81, MEtE ol —r———

. 5e 3 il B AL AR R BN 0.46, BMRT AR ]
AFLIRAR 2 R A, NS SRR W] 4 R 55 I
v 3 JCALIR G W R T 7 S R, A LR

SR A R 28 5 R KON AR X B 5 5 AR I 4
JE, A LR AR G5 T LR AR 52 22 8] IF AN A7 AR I 22 0.2}
5o IXAHM TS —A™ iy B ST VB P 4 AR S M I 5 0
JIRPRHIT R LI A 1 BRI T AR Pt s T

SB7| S A T S ; LA 23K 34K AETRA: SEMA,
24 r{fggﬁfngﬁiﬁzzﬁﬁ SO CRIBLR: 7 RAVK, S BoAs O FRCR: 10 JLH.

74K/\ )C[%j Y 117 ’/ﬁ\“/\ y AN NN N N N

: 4 REEEAM I E ARG ILAME %%

WSRO R . B Ay ¢ L ERAAAITRAAR GRS A4
,E!g\ H‘ & CT [EU‘IJ- (E] 5), Xd‘ Hﬁﬁﬂ: %TH?L{E Ej %?L(Iﬁj Figure 4 Comparison of pore compatibility coefficients of wood beam
ARG 1T Be A ESIIRTE A, e AT LR A B i 2 with different densities
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B, JUHORALT TR I7 AR SR ETEAE REAS I B B W 24 1 JC AL A A SR MR IHE AR A rpm] DA
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Table 5 Ultimate bending moment and hole compatibility coefficient of the reference material beam

TR R
: : LA
bRV 245 /(N m) AN m) i? i
B it ERER kR sRREn  FR
Wi Rk M Wi Rk M
] 10 244.6 250.1 237.3 1.9 10 191.0 211.7 173.1 6.3 0.81
W3E 20 61.2 65.6 56.3 4.4 20 272 41.7 19.7 20.3 0.46

AT HTE 0T, AT ALIRAT T AR 93 54 M50 . AESEAE Abaqus BcfFei 5h I 37 T 4L
A S5 LR A 45 BTG BERER R 4 5 SOPTE R J) CPS4 M9, LUK i R KK LI 6),
T B BT HA A B B0 LR B T FLAT 5 i S RE RS PRI ACKE 25 0B (2 6), AF 2 Ry
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%
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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 FIRTHEEE AL EREFRAEMYE B
Table 6 Elastic constant data of P. sylvestris var. mongolica used in the finite element simulation model
E;/MPa Ex/MPa E1/MPa G r/MPa G /MPa Grr/MPa VIR Vit VRT
10000 800 400 620 540 70 0.46 0.62 0.73
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[i] , I R B 2% i) S PR P S BOR A FLI AR ) 22 PR B2 A

AT BRITO ELA SR T LA ARSRLIR R 7 B0 g 4 b DXCRERE R A e e, i JefL i AR B e
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