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Embedment Strength Perpendicular to Wood Grain
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Abstract: Three kinds of 290 embedment perpendicular to wood grain specimens were designed, and the effects of the
test methods, determination methods, loaded edge distance, specimen size and bolt diameter on the embedment strength
were analyzed. The test results were compared with the calculation results by relevant technical specifications. The results
show that the test methods and calculation methods for the measurement of embedment strength perpendicalar to wood
grain in the current specifications have certain limitations. Based on the embedment strength obtained from the standard
test method proposed in this paper, the average ratio between calculated results and the test results of yield bearing
capacity of bolted connections with steel plates of timber simply supported beams loaded perpendicular to grain is 0.92.
Key words : perpendicular to wood grain; embedment strength; half-hole specimen; full-hole specimen;

bending specimen; test method
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Table 1 Density and moisture content of woods
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Dahurian larch Chinese fir European spruce
Index
ow/ oo/ ow/ oo/ ow/ oo/
) ) W/ ) N w/Y ‘ 5 w/?
(kgrm %) (kg'm %) /" (kg'm *)  (kg'm ) 1 (kg'm %) (kg'm ) I
Average value 641.0 610.0 12.4 369.0 343.0 11.7 436.0 426.0 11.7
Coefficient of variation/ % 11.3 11.1 4.4 10.7 11.4 2.7 7.1 8.9 3.0
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Table 2 Design parameters of HHS

b h / 1 h, . b h l d h,
Specimen Wood ! / / @/ / n | Specimen Wood / / / / o/ n
mm mm mm mm mm mm mm mm mm mm

HHS1 Dahurian larch 24 48 128 12 48 5 HHS4 Dahurian larch 24 60 192 12 60 5
HHS2 Dahurian larch 24 48 192 12 48 5 HHS5 Dahurian larch 24 72 128 12 72 6
HHS3 Dahurian larch 24 60 128 12 60 5 HHS6 Dahurian larch 24 72 192 12 72 5
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Table 3 Design parameters of FHS
Specimen Wood bro W v /bt n | Specimen Wood b/ W i /bt n
mm mm mm mm mm mm mm mm mm mm
FHS1  Dahurian larch 24 72128 12 48 10 FHS16 Dahurian larch 16 64 128 8 32 5
FHS2  Dahurian larch 24 72192 12 48 10 FHS17 Dahurian larch 16 64 192 8 32 5
FHS3  Dahurian larch 24 72 256 12 48 5 FHS18 Dahurian larch 16 56 128 8 40 5
FHS4 Dahurian larch 24 96 128 12 60 5 FHS19 Dahurian larch 16 56 192 8 40 7
FHS5 Dahurian larch 24 96 192 12 60 5 FHS20 Dahurian larch 16 64 128 8 40 5
FHS6 Dahurian larch 24 96 256 12 60 5 FHS21 Dahurian larch 16 64 192 8 40 5
FHS7 Dahurian larch 24 96 128 12 72 5 FHS22 Dahurian larch 16 96 320 8 40 5
FHS8 Dahurian larch 24 96 192 12 72 5 FHS23 Dahurian larch 16 96 320 8 48 5
FHS9  Dahurian larch 24 96 256 12 72 5 FHS24 Dahurian larch 20 120 400 10 50 5
FHS10  Dahurian larch 24 144 640 12 48 5 FHS25 Dahurian larch 20 120 400 10 70 5
FHS11  Dahurian larch 24 144 640 12 60 5 FHS26  European spruce 24 72 128 12 48 8
FHS12  Dahurian larch 24 144 640 12 72 5 FHS27  European spruce 16 56 128 8 32 8
FHS13  Dahurian larch 24 144 640 12 84 5 FHS28 Chinese fir 24 72 128 12 48 9
FHS14  Dahurian larch 16 56 128 8 32 5 FHS29 Chinese fir 16 56 128 8 32 10
FHS15  Dahurian larch 16 56 192 8 32 5
*4 FTTEHREGMEITSH

Table 4 Design parameters of BS

b/ h/ l/ d/ h./

mm mm mm mm mm

Specimen Wood

b/ h/ U/ d/ h/

n || Specimen Wood n

BS1 Dahurian larch 24 144 640 12 48
BS2 Dahurian larch 24 144 640 12 60
BS3 Dahurian larch 24 144 640 12 72
BS4 Dahurian larch 24 144 640 12 84
BS5 Dahurian larch 24 144 640 12 108
BS6 Dahurian larch 24 144 640 12 120
BS7 Dahurian larch 16 80 320 8 24
BS8 Dahurian larch 16 80 320 8 32
BS9 Dahurian larch 16 80 320 8 40

BS10 Dahurian larch 16 80 320 8 48
BS11 Dahurian larch 16 80 320 8 56
BS12 Dahurian larch 16 80 320 8 64
BS13 Dahurian larch 16 96 360 8 48
Dahurian larch 16 96 360 8

BS15 Dahurian larch 24 80 256 12 60
BS16 Dahurian larch 24 80 320 12 60
BS17 Dahurian larch 24 80 480 12 60
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Fig.1 Sketch of test setup and layout o
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Fig.3 Typical failure patterns of specimens
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Table 5 Test results of embedment strength perpendicular to grain of specimens

A A T e
HHS1 10.98 12.9 12.78 11.8 18. 81 8.3 18.94 7.9 1.16 1.71 1.72
HHS2 12.19 15.8 14.52 14.1 19. 83 16.5 22.56 14.8 1.19 1.63 1.85
HHS3 9.85 20.6 15.98 20.1 22.47 21.4 24.97 19.2 1.62 2.28 2.54
HHS4 11.40 22.6 17.56 20.4 28.35 24.3 32.87 21.4 1.54 2.49 2.88
HHS5 14. 39 19.1 21.47 28.0 31.39 19.7 31.81 19.6 1.49 2.18 2.21
HHS6 16. 33 18.6 23. 80 19.2 33.10 24.1 40. 82 25.1 1.46 2.03 2.50
FHS1 10. 26 10.9 16. 04 19.6 22.04 22.1 22.63 21.6 1.56 2.15 2.21
FHS2 11.08 25.8 16. 25 27.3 23.52 19.5 25.59 18.7 1.47 2.12 2.31
FHS3 14.10 39.6 18. 88 31.6 25.20 14.7 30.01 6.3 1.34 1.79 2.13
FHS4 11.62 1.7 16.58 3.2 24.23 11.2 25.56 10.0 1.43 2.09 2.20
FHSS5 12.69 3.8 18. 69 6.1 27.15 7.1 31.49 13.5 1.47 2. 14 2.48
FHS6 11.76 7.3 16.13 14.6 26.71 13.3 34.11 17.5 1.37 2.27 2.90
FHS7 11.98 4.8 16.48 9.7 24.25 10.5 27.09 16.8 1.38 2.02 2.26
FHSS8 12.41 7.3 16. 44 3.7 25.12 7.6 30. 67 6.1 1.32 2.02 2.47
FHS9 14. 21 10.7 20.43 21.6 29.40 23.5 33.16 14.0 1.44 2.07 2.33
FHS10 15.87 13.1 20.59 23.7 28.74 28.2 40.11 26.3 1. 30 1.81 2.53
FHS11 15.33 10. 4 23.20 12.5 33.32 10.0 42.71 15.1 1.51 2.17 2.79
FHS12 15.48 6.9 19.74 14.3 29.99 17.3 39.09 19.3 1.28 1.94 2.53
FHS13 15.61 12.8 18. 37 13.1 26.26 9.2 35.28 17.0 1.18 1.68 2.26
FHS14 9.79 4.1 15.61 4.3 25.27 12.2 25.43 11.5 1.59 2.58 2.60
FHS15 11.52 2.6 14. 54 3.6 25.70 .3 28.31 9.7 1.26 2.23 2.46
FHS16 8.95 3.7 12.53 9.2 21.44 4 22.69 5.4 1.40 2.40 2.54
FHS17 9.72 5.5 14.99 10. 2 28.31 22.9 29.14 23.9 1.54 2.91 3.00
FHS18 11.21 5.6 16.19 14.0 26.05 15.2 26.69 10.8 1.44 2.32 2.38
FHS19 12. 88 13.9 17. 64 21.8 31.02 20.6 34.02 19.3 1.37 2.41 2.64
FHS20 10.75 1.3 14. 38 2.1 25.13 11.5 25.13 11.5 1.34 2.34 2.34
FHS21 10. 83 1.1 15.03 3.2 27.89 5.4 30. 04 5.6 1.39 2.58 2.77
FHS22 19. 60 6.4 24.82 11.8 36. 94 20.0 51.91 17.0 1.27 1.88 2.65
FHS23 19. 89 7.7 25.88 3.3 40.02 7.5 53.80 12.2 1.30 2.01 2.70
FHS24 19.03 6.1 26.95 10.2 40.72 9.1 52.58 9.0 1.42 2. 14 2.76
FHS25 17.29 13.9 26. 88 7.9 42.31 5.8 54.08 4.5 1.55 2.45 3.13
FHS26 5.24 6.8 10.01 15.1 14.61 13.7 14.73 14.1 1.91 2.79 2.81
FHS27 5.65 2.1 9.55 7.4 17. 28 9.8 17.42 10.5 1.69 3. 06 3.08
FHS28 3.73 2.3 6.63 7.4 9.68 9.1 10. 81 13.9 1.78 2.60 2.90
FHS29 6.02 10.8 9.98 9.8 16.42 13.1 17.42 15.7 1.66 2.73 2.89

BS1 12. 24 6.2 13.89 16.5 20. 39 6.2 20. 39 6.2 1.13 1.67 1.67
BS2 11.49 2.9 18.19 19.3 20. 58 14.3 22.46 19.5 1.58 1.79 1.95
BS3 13.98 5.6 17.44 19.9 28.55 18.8 29.67 15.5 1.25 2.04 2.12
BS4 13.90 7.4 14.72 15.0 35.29 17.6 35.51 10.1 1.06 2.54 2.55
BS5 16. 37 2.8 17. 84 5.8 29.28 14.3 33.10 22.2 1.09 1.79 2.02
BS6 13.16 4.0 19.05 12.9 35.09 5.5 38.39 15.4 1.45 2.67 2.92
BS8 13.91 12.7 18. 29 4.4 24.25 27.5 24.25 27.5 1.32 1.74 1.74
BS9 11.50 14.4 16.42 1.5 25.72 15.6 25.78 15.4 1.43 2.24 2.24
BS10 13.51 6.1 19. 20 18.0 26. 30 25.9 27.55 22.3 1.42 1.95 2.04
BS11 15.70 9.0 20. 24 8.0 27.87 11.4 30. 37 16.7 1.29 1.78 1.93
BS12 15.96 13.3 20. 49 22.9 33.26 13.6 33.64 13.0 1.28 2.08 2.11
BS13 13.99 9.2 20. 26 17.1 28.41 11.3 29.02 10.7 1.45 2.03 2.07
BS14 15.01 9.4 20.91 13.3 32.18 17.9 34.97 14.3 1.39 2. 14 2.33
BS15 11.27 4.9 14.55 7.8 20.82 10.5 22.11 8.2 1.29 1.85 1.96
BS16 12.05 8.1 17.44 13.9 24.03 11.2 25.40 7.7 1.45 1.99 2.11
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Table 6 Comparison results of test method of embedment strength perpendicular to the wood grain
Test result/kN Comparison between calculation result and test result
Specimen
F, F, Fin/Fsy,  Fios/Fsy Flos/Fsy Fics/Fo Fies/Fo,  F/F,  Fi/F,, Fi /F, Fi/F,
BS1 3.85 5.87 1.32 1.53 2.24 1.45 1.48 1.93 1.26 1.38 1.47
BS2 5.14 6.47 0.99 1.15 1.67 1.32 1.35 1.75 0.94 1.26 1.33
BS3 4.92 8.54 1.04 1.20 1.75 1.00 1.02 1.32 0.99 0.95 1.01
BS4 4.17 10.23 1.22 1.41 2.06 0.83 0. 85 1.11 1.16 0.79 0.84
BS5 5.11 9.53 1.00 1.15 1.68 0.89 0.91 1.19 0.95 0.85 0.90
BS6 5.44 11.06 0.94 1.08 1.58 0.77 0.79 1.02 0.89 0.73 0.78
BS8 2.25 3.10 1.44 2.08 1.59 1.36 2.18 1.10 1.59 1.64
BS9 2.05 3.30 1.58 2.29 1.49 1.28 2.05 1.08 1.13 1.17
BS10 2.41 3.53 1.35 1.94 1. 40 1.19 1.92 1.18 1.07 1.10
BS11 2.57 3.89 1.26 1.82 1.27 1.08 1.74 1.01 1.00 1.03
BS12 2.62 4.31 1.24 1.79 1.14 0.98 1.57 0.94 0.90 0.93
BS13 2.53 3.71 1.28 1.85 1.33 1.13 1.82 0.92 0.82 0. 84
BS14 2.65 4.48 1.22 1.77 1.10 0.94 1.51 0.96 0.95 0.98
BS15 4.16 6.37 1.22 1.42 2.07 1.34 1.37 1.78 0.91 0.79 0.81
BS16 4.90 7.32 1.04 1.20 1.76 1.16 1.19 1.55 1.17 1.28 1.35
BS17 4.29 6.45 1.19 1.37 2.01 1.32 1.35 1.76 0.99 1.11 1.18
Average 1.11 1.32 1.91 1.27 1.19 1.72 1.03 1.05 1.11
Coefficient of 12,10 1100 10.90  26.70  23.30  27.70  10.90 22,90  23.10

variation/ %
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Table 7 Test values and calculated values of embedment strength perpendicular to the wood grain
Test value/MPa Calculated value/MPa
GB 50005—2017
d/mm  HHSI-HHS6 FHS10-FHS13 and FHS22-FHS23 BS1-BS6 and BS8-BS12 EN 1995-1-1—2004

and NDS—2018

S5 S5 Je.5mm S Jeos% Je.5mm Seu S5 Je smm

12 17.69 20.48 29.58 39. 30 16. 86 28.2 29.92 29. 89 30. 23

8 25.35 38.48 52. 86 18.93 27.48 28.32 36. 60 32.90
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Table 8 Comparison results of bearing capacity of bolted connections with steel plates for timber simply supported beam

Test value Calculated value/kN Comparison result
Serial b/mm h/mm [,/mm h/mm e
¢ Coefficient of
FS//kN L 0 F F(}IS F.\II)S F/FS‘)/‘ F(;IK/FB% F.\II)S/Fﬁ)/é
variation/ %
S1 38 150 1200 45 7.09 12.0 7.32 8.07 9.34 1.03 1.14 1.32
S2 38 150 1200 60 7.66 24.3 7.32 8.07 9.34 0.96 1.05 1.22
S3 38 150 1200 75 8.03 11.4 7.32 8.07 9.34 0.91 1.00 1.16
S4 38 150 1200 90 8.08 11.9 7.32 8.07 9.34 0.91 1.00 1.16
S5 38 150 1200 105 7.98 15.4 7.32 8.07 9.34 0.92 1.01 1.17
S6 38 150 1200 120 8.39 12.9 7.32 8.07 9.34 0.87 0.96 1.11
S7 38 150 900 75 7.97 16.7 7.32 8.07 9.34 0.92 1.01 1.17
S8 38 150 750 75 8.50 22.6 7.32 8.07 9.34  0.86 0.95 1.10
S9 38 150 450 75 7.96 20.3 7.32 8.07 9.34 0.92 1.01 1.17
Average 0.92 1.01 1.17
Coefficient of variation/ % 5.40 5.40 5.40
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