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Research paper

Evaluation of the Performance
of the Double-Shear Resistance of Glulam Connections
Using Structural Self-tapping Screws

Min-Chyuan Yeh,"” Yu-LiLin,"” Yun-Wei Sung"
[ Summary ]

Three structural self-tapping screws with diameters of 6~10 mm and lengths of 267~302 mm
were used as fasteners. Four wood species of Japanese cedar, Douglas fir, southern pine, and Kapur
were used for making heterogeneous-grade structural glulam members in the study. Three glulam
members were assembled with structural self-tapping screws as a joint to investigate the double-shear
properties of a connection subjected to a load. Results indicated that the maximum shear capacity of
a connection assembled with Kapur glulam members was 19.9, 54.7, and 48.5%, respectively, higher
than those of Douglas fir, southern pine, and Japanese cedar glulam connections. The maximum
shear capacity of a double-shear connection loaded perpendicular to wood grain was 16.0% higher
than that loaded parallel to the wood grain. In the case of a glulam joint assembled with an aluminum
connector, the maximum shear capacity of a double-shear connection assembled with Kapur glulam
members was 20.1, 31.8, and 34.3%, respectively, higher than those of Douglas fir, southern pine,
and Japanese cedar glulam connections. The maximum shear capacity of a double-shear connection
loaded perpendicular to the wood grain was 19.5% higher than that loaded parallel to the wood grain.
Further, the maximum shear capacity of a double-shear connection assembled with 8-mm structural
self-tapping screws and an aluminum connector was 45.5% higher than that of a wood-wood connec-
tion. The maximum shear capacity of a double-shear connection assembled with 8- and 10-mm diam-
eters of structural self-tapping screws were 46.8 and 92.3%, respectively, higher than those with 6-mm
diameter screws. The tendency for energy dissipation of the connection subjected to a shear load was
similar to that of the maximum shear capacity. The calculated results of the allowable joint strength
for self-tapping screws showed a tendency of underestimation when the allowable shear calculations
for both wood screws and lag screws in the wood-frame structure design code were applied.

Key words: connection, shear capacity, self-tapping screw, Japanese cedar.
Yeh MC, Lin YL, Sung YW. 2018. Evaluation of the performance of the double-shear resistance of
glulam connections using structural self-tapping screws. Taiwan J For Sci 33(2):141-61.
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Table 1. Descriptions of structural self-tapping screw details

Outside Root

Thread

Shank Head

Code Ig;lﬂ)h diameter  diameter length diameter diameter (Pnl;[;g
(mm) (mm) (mm) (mm) (mm)

M6 X300 302 6.04 3.72 78 4.14 11.72 4.86

M8 X300 301 8.11 5.35 109 5.71 14.82 6.07

HW8X270 267 8.05 5.27 86 5.70 14.70 5.63

M10X300 302 9.95 6.11 101 6.94 17.87 5.78

Table 2. Heterogeneous-grade glulam manufactured from 4 wood species and outline of the

test schedule

Glulam Glulam grade Test Connection
type IC SP DF KP direction type
3 layers E85-F255 E95-F270 E120-F330  E120-F330 /! Wood
E85-F255 E105-F300  E105-F300  E120-F330 1 Wood
4 layers E75-F240  E120-F330  E135-F375  E120-F330 / Metal
E75-F240  E120-F330  E135-F375  E120-F330 L Metal

Y'JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur; // or L, load respectively ap-
plied parallel or perpendicular to the grain; Wood, wood-wood connection; Metal, joined with metal
connector.
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Fig. 1. Shearing test of a glulam connection with pressure (P) applied parallel to the grain.
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Fig. 2. Shearing test of a glulam connection with pressure (P) applied perpendicular to the
grain.

400

Fig. 3. Shearing test of a glulam member assembly with an aluminum connector with
pressure (P) applied parallel to the grain.
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Fig. 4. Shearing test of a glulam member assembly with an aluminum connector with

pressure (P) applied perpendicular to the grain.
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Fig. 5. An 8-mm self-tapping screw yielded in bending at 2 plastic hinge points per shear

plane of a Kapur glulam connection.

Fig. 6. Structural self-tapping screw fracture at the plastic hinge location and at a point 2
threads away from the speeding threads.
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Table 3. Shear failure of 6-mm structural self-tapping screws in glulam member connections

Wood species

Parallel to the grain

Perpendicular to the grain

No. of failures % No. of failures %
JC 3 25 4 33
SP 6 50 5 42
DF 7 58 5 42
KP 12 100 12 100
Total 28 58 26 54

Vi, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur.

Table 4. Shear resistance of glulam connections assembled with different self-tapping screws
and various wood species (parallel to the wood grain)

Cod Speci MC Diameter Density Max. shear Yield shear Ultimate shear
R em gom) ) ) )

LXJ6 6 0.52 12,676 1280 6692£513 10,442+798

LXJ8 IC 13.0 8 0.50 21,293+ 1846 11,109 £937 18,430£1176
LXJ10 10 0.51 29,976 +3402 16,358 2275 26,348 +3047
LXP6 6 0.56 11,527 £1119 6364£518 9269 806

LXP8 Sp 12.0 8 0.53 19,492+ 1602 9943 £956 16,653 1045
LXP10 10 0.54 25,078 +2418 14,115+ 1241 22,031+1930
LXD6 6 0.57 13,625+ 1688 7241686 11,018 1248
LXDS8 DF 12.5 8 0.59 24,275+2651 12,399+ 1587 21,309+2927
LXD10 10 0.58 35,0424£2979 18,262+2095 30,817+1576
LXK6 6 0.79 22,922 +2377 10304902 17,425+1529
LXK8 KP 17.5 8 0.77 32,005x£2154 15,282+1413 27,822£1765
LXK10 10 0.78 40,093 =3385 19,801 +2081 34,635+2206

Y JC, Japanese cedar; DF, Douglas fir; SP, Southern pine; KP, Kapur; MC, moisture content.

Table 5. Shear resistance of glulam connections assembled with different self-tapping screws

and various wood species (perpendicular to the wood grain)

. MC Diameter Density Max. shear Yield shear Ultimate shear

Code Species
(%) (mm) (g em”) ™) ™) ™)

LYJ6 6 0.50 18,753 £1208 9154+425 15,485+£853
LYJ8 JC 13.0 8 0.50 23,690+ 1831 12,639+ 1204 20,090+ 1555
LYJ10 10 0.52 25,650+ 1955 14,188 +1102 22,432+1290
LYP6 6 0.55 18,352+ 1696 9093 +842 14,352+£1253
LYP8 SP 12.0 8 0.55 23,392+2125 12,027+1187 19,891+ 1581
LYP10 10 0.55 32,402+3750 16,102+ 1332 25,752+3170
LYD6 6 0.57 22,770+2323 10,663+932 19,064 +2350
LYDS DF 12.5 8 0.56 27,985+3578 13,279+ 1520 24,812+2853
LYDI10 10 0.56 39,147 +2346 20,709+ 1469 33,594 +1981
LYK6 6 0.79 23,650+ 1209 10,801 2506 18,171 =877
LYKS KP 17.5 8 078 35,372+1306 16,668 1191 30,357+1705
LYK10 10 0.77 46,429+2550 23,678 +2210 40,716+2230

Y JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur; MC, moisture content.
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Fig. 7. Structural self-tapping screw fracture at the interface between a glulam member and

the aluminum connector.
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Table 6. Shear resistance of glulam connections assembled with an aluminum connector
using 8-mm self-tapping screws and subjected to different loading directions

. . Max. shear Yield shear Ultimate shear

Code  Species MC  Diameter Dens1iy ™) ™) ™)
(%) (mm) (gem™)
Loaded parallel to the wood grain
LXJ8 IC 13.0 0.53 31,720+ 1904 15,458+ 1471 25,661+1915
LXP8 SP 12.0 0.55 30,512+2711 14,687+ 1151 24,049+ 1986
LXD8 DF 12.5 8 0.58 34,125+2445 14,064 £4496 27,085+ 1540
LXK8 KP 17.5 0.80 41,400£2054 18,150+1133 31,9354+1953
Loaded perpendicular to wood grain

LYJ8 JC 13.0 0.50 35,615+3121 15,734+1939 28,683 +3077
LYP8 SP 12.0 0.56 38,473 +2772 18,870+ 1086 30,521 +2051
LYDS8 DF 12.5 8 0.56 41,366 3736 19,569 1288 32,783 +3264
LYKS KP 17.5 0.80 49,170+2579 23,300+1934 39,569 +2889

Y JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur; MC, moisture content.
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Fig. 8. Comparison of maximum shear capacities loaded parallel to the wood grain for a
double-shear connection among wood species. (JC, Japanese cedar; DF, Douglas fir; SP,
southern pine; KP, Kapur) (n = 36).
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Fig. 9. Comparison of maximum shear capacities loaded perpendicular to the wood grain
for a double-shear connection among wood species. (JC, Japanese cedar; DF, Douglas fir;

SP, southern pine; KP, Kapur) (n = 36).
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Fig. 10. Comparison of maximum shear capacities loaded parallel to the wood grain among
different wood species for a joint assembled with an aluminum connector using a structural self-
tapping screw. (JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur) (n = 12).
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Fig. 11. Comparison of maximum shear capacities loaded perpendicular to the wood grain
among different wood species for a joint assembled with an aluminum connector using a
structural self-tapping screw. (JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP,

Kapur) (n = 12).
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Fig. 12. Comparison of maximum shear capacities parallel to the wood grain for a double-
shear connection assembled with different sizes of structural self-tapping screws.
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Fig. 13. Comparison of maximum shear capacities perpendicular to the wood grain for a
double-shear connection assembled with different sizes of structural self-tapping screws.
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Fig. 14. Load-displacement relationship of Japanese cedar glulam connections assembled
with structural self-tapping screws subjected to double-shear loads (perpendicular to the

wood grain).

Table 7. Structural performance of glulam double-shear connections assembled with

structural self-tapping screws

Parallel to the grain

Perpendicular to the grain

Initial Energy Initial Energy
Code stiffness dissipation Ductility Code stiffness dissipation Ductility

(N'mm™) (N-mm) (N'mm™) (N-mm)
LXJ6 9594112 26,124+1767 2.56+0.24 LXJ6 1288+152 37,149+ 1851 2424029
LXJ8 17524265 46,159+3247 2.861+0.47 LXJ8 15594224 48,088 +4310 2.34+0.25
LXJ8A 22824311 57,228 7009 2.48+0.25 LXJ8A 2287+189 54,496 +7098 2.03+0.21
LXJ10 1970242 62,169+7032 2.214+0.13 LXJ10 1802+180 52,855+2588 2.41+0.33
LXP6 820+ 113 20,853 +3960 2.2240.22 LXP6 1166+ 134 43,931 +4665 2.06+0.29
LXP8 1299+106 39,959+2331 2.354+0.21 LXP8 15544102 60,215+5615 2.35+0.13
LXP8A  2123+187 52,668 +6502 2.294+0.27 LXP8A 28474309 50,945 +5995 2.02+0.14
LXP10 20324230 54,819+3781 2.714+0.33 LXP10 1805+ 145 83,511+4232 2.1240.18
LXD6 11944204 20,795 +7901 2424042 LXD6 14344126 43,931 +4665 1.934+0.28
LXD8 2003 +271 51,283 4+4599 2.87+0.37 LXD8 2026154 60,215+5615 2.44+0.25
LXD8A 25414204 48,740+4173 2.114+0.17 LXD8A  3012+380 50,945 +5995 1.93+0.19
LXD10 2716365 76,799 +5327 2.54+0.20 LXDI10 2838 +280 83,511+4232 2.46+0.24
LXK6 2470+416 25,761 +4316 2.43+0.14 LXK6 21374225 19,295 +3803 2.00+0.45
LXKS8 26021461 69,650 15360 2.80+0.39 LXK8 28354340 73,900 +4834 2.61+0.24
LXK8A  3262+398 53,231+3514 2.14+0.18 LXK8A  3046+451 60,309 +5408 1.70+0.17
LXKI10  3159+535 88,437+5650 2.73+0.35 LXK10 34974490 10,0730+7253 2.56+0.27
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Fig. 15. Comparison of initial stiffness loaded parallel to the wood grain for a double-shear
connection among wood species. (JC, Japanese cedar; DF, Douglas fir; SP, southern pine;
KP, Kapur) (n = 36).
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Fig. 16. Comparison of initial stiffness loaded perpendicular to the wood grain for a double-
shear connection among wood species. (JC, Japanese cedar; DF, Douglas fir; SP, southern
pine; KP, Kapur) (n = 36).
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Fig. 17. Comparison of initial stiffness parallel to the wood grain for a double-shear
connection assembled with different sizes of structural self-tapping screws. (n = 48).
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Fig. 18. Comparison of initial stiffness perpendicular to the wood grain for a double-shear
connection assembled with different sizes of structural self-tapping screws. (n = 48).
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Fig. 19. Comparison of energy dissipation loaded parallel to the wood grain for a double-
shear connection among wood species. (JC, Japanese cedar; DF, Douglas fir; SP, southern

pine; KP, Kapur) (n = 36).
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Fig. 20. Comparison of energy dissipation loaded perpendicular to the wood grain for a
double-shear connection among wood species. (JC, Japanese cedar; DF, Douglas fir; SP,
southern pine; KP, Kapur) (n = 36).
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Fig. 21. Comparison of energy dissipation parallel to the wood grain for a double-shear
connection assembled with different sizes of structural self-tapping screws. (n = 48).
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Fig. 22. Comparison of energy dissipation perpendicular to the wood grain for a double-
shear connection assembled with different sizes of structural self-tapping screws. (n = 48).
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Table 8. Allowable shear of connections calculated based on code equations and
characteristic shear derived from experimental results

Characteristic . Allowable Allowable Character.wtlc
. Diameter shear using
density shear for wood shear for lag .
Code (gem®) (mm) screws Py, (N) screws P; (N) self-tapping
W b screws P, (N)
Loaded parallel to wood grain
LXJ6 0.48 6 808 1051 10,054
LXJ8 0.44 8 1258 1736 17,513
LXJ8A 0.47 8 1426 1861 27,820
LXJ10 0.45 10 2015 2749 23,008
LXP6 0.47 6 803 1047 9280
LXP8 0.46 8 1326 1787 16,212
LXP8A 0.52 8 1663 2027 24,961
LXP10 0.42 10 1769 2557 20,124
LXD6 0.48 6 830 1067 10,168
LXD8 0.52 8 1672 2033 18,845
LXDSA 0.53 8 1741 2079 29,116
LXDI10 0.49 10 2391 3023 28,941
LXK6 0.76 6 1896 1688 18,053
LXKS8 0.73 8 3128 2879 27,593
LXKS8A 0.70 8 2884 2752 37,193
LXK10 0.75 10 5135 4624 33,160
Loaded perpendicular to the wood grain
LXJ6 0.44 6 701 971 16,180
LXJ8 0.46 8 1369 1819 19,940
LXJ8A 0.46 8 1338 1796 29,224
LXJ10 0.47 10 2230 2909 21,646
LXP6 0.50 6 879 1102 14,878
LXP8 0.47 8 1406 1846 18,985
LXP8A 0.49 8 1521 1929 32,797
LXP10 0.49 10 2331 2982 24,723
LXD6 0.50 6 892 1110 18,012
LXD8 0.50 8 1593 1979 20,568
LXDSA 0.51 8 1597 1982 33,715
LXD10 0.51 10 2527 3118 34,342
LXK6 0.76 6 1872 1676 21,173
LXKS8 0.73 8 3088 2858 32,698
LXKS8A 0.68 8 2749 2680 43,887

LXK10 0.72 10 4725 4414 41,206
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