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Flexural and Shearing Capacities of
Longitudinally Cracked and Retrofitted Wood
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Abstract: Wood structural members are prone to end-
splitting and cracking along the longitudinal axis, due to
external loading and changes of humidity. Such cracks can
impair the structural integrity and lead to stress concentration
in the vicinity of the crack tips, thereby significantly reduce
the load carrying capacity of the wood members. This paper
bending tests with
longitudinally cracked wood beams. With consideration of the

presents the results of full-scale

variation of specimen quality and the size effect of wood
strength properties, the influence of crack length and position

along the cross-sectional height on the bending resistance of
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the wood beams was identified. The retrofitting effect of self-
tapping screws was also investigated considering different
provisions and spacings. It was found that the longitudinal
cracks within the shear span and at the mid-height of the
cross-section can lead to the biggest decrease (46.2%) of the
bending resistance, and the self-tapping screws are most
efficient (retrofitting ratio of 1.12) while applied to the shear
span and the retrofitting effect may decrease with the

increasing of the screw spacing.

bending
resistance; self-tapping screws; retrofitting efficiency; size
effect
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Tab.1 Material property test results {(Unit; MPa)

Bl 51 BB RERE fro RS ERE 1. JRECHLETSREE f- BREBRERE fiso IR R E.
L1-1 174. 27(40. 01)? 44, 85(2.02) 5. 38(0. 54) 3.70€0. 41) 17 381(2 293)
L1-2 76.81(15.18) 31.62(0. 85) 3.19¢0. 94) 2.11€0. 58) 15 947(866)
L1-3 75.84(8.12) 38, 65(3. 7D 4. 06(0, 63) 1. 83(0. 12> 12 081(1 763)
L1-+4 64. 30(8. 42) 24, 59(1. 43 2.93(0.5) 2.47(0.70) 7 887(2 101)
L1-5 116. 08(13. 87) 32.92(2. 48) 4,73(0. 31) 3.02(0. 22) 13 923(1 871
L2-1 108. 65(16. 78) 30.51(3.32) 6. 71(0. 45) 2. 50€0. 42) 9 563(2 465)
L2-2 86. 95(20.73) 34,94(2. 70 1. 89(0. 32) 1, 92€0. 30> 9 381(1 120)
L2-3 63. 05(16. 41> 33.59(4. 16 4. 26(0,59) 1, 53¢0. 39 13 900(1 957)
L2-4 135.92(15. 95) 35.33(2.12) 3.72(0.3) 1. 49(0. 60) 9 686(1 967)
L2-5 80.92(9. 42) 30, 20(1. 85) 1. 89(0. 32) 2,02(0. 2D 13 685(1 474)
L3-1 103. 79(17. 61D 28, 60(3.05) 3. 35€0. 48> 2.12(0. 04) 10 769(2 186)
L3-2 90, 04(10. 01) 38.03(1.35) 3.790.590 2. 59€0. 44) 11 951(1 629)
L3-3 57.04(3.09) 23.91€0.78) 3.16(0. 39) 2. 74(0. 34) 9 361(1 391)
L34 85.44(6. 1) 26, 84(1. 09 4. 08(0, 44) 2,700, 54) 9 448(1 870)
L3-5 84, 88(14. 98 29,13(1. 43 2. 410, 34> 1, 67€0. 32) 12 583(1 333)
L4-1 57.31(19.9) 27.900. 920 4,73(0. 33) 2. 64(0.59) 6 544(831)
L4-2 101.55(12. 01D 29.20(2.39) 5. 62(0. 23) 3. 94(0. 64) 10 594(2 546)
L4-3 68. 74(4. 42) 37, 15(3. 2D 5.55(0.3) 2,31€0.16) 13 181(2 004)
L4-4 159. 52(35. 92) 45, 05€0. 55 6. 11€0. 35> 1. 53(0. 45) 21 189C1 585)
L4-5 91. 64(0. 56) 42,13(1.47) 3. 0900, 47) 1. 35(0. 07) 13 527(1 321

RL1-1 92.11(22.17) 37.03(0. 86) 5.47(1. 08) 1. 94(0.13) 6 429(1 352)
RL1-2 161. 00(13. 16> 46, 15(9. 2) 5. 35€0. 88> 1. 98(0. 13> 7 646(3 308)
RL1-3 145, 01(76.53) 48,19(1.71) 5. 140, 75) 2. 65(0. 33) 8 625(2 043)
RL2-1 165, 86(29. 68) 41,59(1. 04 3.97(0. 29) 3.49€0.59) 17 092(2 460)
RL2-2 117.72(9.03) 35, 55(1.03) 4. 66(0, 43) 3,70(0. 63> 12 194(2 318)
RL2-3 68. 94(4, 47) 30, 01€2. 79 1. 60(1. 4> 1, 660, 25) 9 460(3 881)
RL3-1 135.55(31.76) 29. 69(1. 66) 4,78(0.9) 2. 34(0. 56) 9 801(597)
RL3-2 92.59(4.51) 42,32(1.32) 3. 5000, 43) 2. 42(0. 60) 14 697(2 139
RL3-3 131. 86(15. 56 54, 17(2. 39 4,130, 74) 2.63(0.58) 18 907(2 658)
g 104. 18(39. 79 35.36(7.3) 4.08(1, 35) 2.34(0. 840 12 010(4 057)
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Tab.2 Specimen configuration of bending test of longitudinally cracked wood beams

REH S 2K a/mm 47 d/mm BEHRK B E = H M
L1 0 0 N/A 5 SEREARGE
L2 2 400 100 N/A 5 WRGEARRIREH
L3 1 200 100 N/A 5 SHTEE K
L4 2 400 50 N/A 5 SrHTEENLRE
RL1 2 400 100 EEHFRED 3 SHE B RERUR
RL2 2 400 100 BEAROQ 3 BOAEES BY B Jon (] MR 22 ] BE S
RL3 1 200 100 BEFRQ 3 HTBRBERR
RL4 2 400 100 BEFRO+O 3 T+ AT BRBEEECR
RL5 2 400 50 BEFRO+O 3 T+ BEE RN Em
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SLRREE R L 18. 0.
2.1 REFHZE

R RIENERE o, BT =B A B (388

TR R ER B DA N B W8 22 (B 4% 6 mm,
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Fig.1 Beam specimens and retrofitting

methods (Unit:mm)
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Fig.2 Loading scheme and data measurements of

longitudinally cracked wood beams

2.2 FEWHER

AR AT, {3 T 25 BT Be i A s i 2D
AR Y0 BT BT B AR b B 7 5 P AT 55 AR 2R
(LB 7R ER J7 5 RIS , 25 BT Be i 8 mi Ask > & 20
58 TR TE B 55 AL WIS TS R ). AT,

W BE AR A BRI e A A BY VIR B i R, T B
BB 22455 W5E I H B 22 2 550 B Atk 3 AR 41 BY
IV 3 AR Ll N 3 ket = T (R A
P RE ).

AP L SEEE AR G & A LA TS B IR (R
3a) : TR B TP AL By (S i O Z hr KRR R A=
T ZPLREIR. BLAh, T ISR B R (A
ARATEARATE /N M 7 B T B KA A i F
e XA K Ae e 5 8 4 T 28 A 0 T V9 25 b Tl
. WL R B PRI B AE K JF ik m
B B AR L. 4 L2(8%8 K 2 400 mm HAV T
R 30O TR &AL B UIRE IR (B 3b) s HAviR 4
PR SRR B AR 32 1 & A= 75 e 3R 5 14
4 L3 PEEN T B, A8 uw i I PN A &
T RS MR , AR 3 B W] BT B il
20 L4(EEK 2 400 mm FLA FHUE 00D 4% b BY 1 )
XN B R B BRSO (B 300, IR A
— BT AR08 R4 R A i IR (&
3d), MR X /N T2 8, H R ¥ 4 (1 3
PXFEEHT AR 22 555837 RH TR
BEINY R
2.3 B/ NTER

FRAETS AP AR 1 =43 A fer 8 P SR A
PR | s v 7 T D0 A A A A K G v ) 3R g AR
BT T A AR A P B AT BB R 2, A
S0 H Y2 B HE IS R X B, DT BT 43 AT N4 A H 3K
VR 2206 B 7 TR A AR TR TE MR RE I R .

ST 43 H 4 G A 4% v b R AR A 58 B R A AR
Ak, 7 52 45 240 A2 B Ak ) A% SR P 7 A8 2 00 By AR
B, B FBY R AE 7., 52 58 3 T R0 L Jg 45 v o m 3¢
R, BRI 45 R B . A FEITHe 8 £ 4
NAS AT R RN, IR TR IR, SRR T 58 8K
P L1 AR PR S A R A L2 BOR A
&5 X OMRMAE RLL BR56 45 58 m LLiE . 48
PSSR BN 4~ 6 B, 2520 (0 BR AR 2,
J1lnzk 3 s,

FHE 4 BT LUE S8k B 10 A 214 B 2R 3R 4R
Pdse ok B 5., B B e 23k ) 0 B8 8 488 K (60 mm, $2
B A/1>>1/60) , HARSE 1R, PR E R K
BIERRAL, ik -4 L2 fett i bl 5, AR %
F1F Bt R R PR A T BT B8 BE 3/ T 60 mm; 1
HEA ML AR 2B E )5, k-8 Ih & #R R
B B AR G, LR R T FIAR PR ey 2 oF 7 6 B
AR B 2 3 5 HE K T Che BR Ay 20 oz 56



532 Rl ¥ k2 2 WE KRB 2B B4 %

a T R

b STTER

c HEHEIR

d i ER
EH3 HoiRdmirERX
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Fig.4 Load-midspan deflections of different beam specimens
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Fig.5 Load-midspan cross section strain distributions of different beam specimens
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Fig.6 Load-principal strains at the crack tip of different beam specimens
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Tab.3 Test results of the bending tests and the vetrofitting ratios
. ek R R R R -
meps R A e emEn BT AMRRER
L1-1 32.53 174. 27 61. 34 0. 95
L1-2 19.18 76. 81 27. 04 1. 26
L1-3 7.50 75. 84 26. 69 20, 51 1. 06 — 25 i R
L1-4 18.18 64. 30 22. 63 21,47
L1-5 21. 89 116. 08 40. 86 0. 97
L2-1 13,15 108. 65 38.25 0.61 £l 22
L2-2 10. 62 86. 95 30. 61 0. 62 5 AR
L2-3 6.75 63. 05 22.19 0. 45 0. 57 — 25 g IR
L2-4 16. 08 135. 92 47. 84 0. 60 B2 BT IR
L25 14,12 80. 92 28. 49 20, 91 BB IR
L3-1 13. 25 103. 79 36. 54 0. 66
L3-2 18. 52 90. 04 31. 69 1.06
L3-3 12.02 57, 04 20. 08 1. 08 0. 94 — 5 AR
L34 18. 83 85. 44 30. 07 1.13
L35 12. 80 84, 88 29. 88 0.77
L4-1 26. 95 57.31 20.17 22,41 T A R BT TR
L4-2 13.19 101. 55 35. 75 0. 66 TRZ SRR
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