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Research paper

Evaluation of the Performance of the Vertical Withdrawal
Resistance of Structural Self-tapping Screws in Wood
Min-Chyuan Yeh,"” Yu-LiLin,” Yun-Wei Sung"

[ Summary ]

Five structural self-tapping screws with a diameter of 6~12 mm and a length of 200~302 mm
were used to investigate the withdrawal resistance performance in wood species of Japanese cedar,
Douglas fir, southern pine, and Kapur. Based on results of the penetration-through tests, the with-
drawal unit force of a structural self-tapping screw for Kapur was 65.3% higher than that of Japa-
nese cedar. Douglas fir and southern pine showed similar withdrawal resistance values and were
49.6% higher than that of Japanese cedar. The average withdrawal unit force obtained using 10-
and 12-mm structural self-tapping screws was 50.0 and 33.3% higher than that using 6- and 8-mm
self-tapping screws, respectively. Based on the test results of the screw length fully embedded in
wood, the withdrawal capacity of a single structural self-tapping screw in Kapur was 28.8% higher
than that in Japanese cedar. The results obtained from both Douglas fir and southern pine were
close to that of Japanese cedar. The withdrawal capacities of single12- and 10-mm structural self-
tapping screws were 2.42-and 2-times, respectively, that of 6-mm screws. The withdrawal capac-
ity of single 8-mm structural self-tapping screws with a wood-drilling tip was 32.1% higher than
that of screws with a metal-drilling tip. The withdrawal resistance performance of the structural
self-tapping screws in wood was mainly influenced by the wood density, screw diameter, effective
screw length, And type of screw tip.

Key words: self-tapping screw, glulam, withdrawal resistance, Japanese cedar, Kapur.
Yeh MC, Lin YL, Sung YW. 2018. Evaluation of the performance of the vertical withdrawal resis-
tance of structural self-tapping screws in wood. Taiwan J For Sci 33(2):109-23.
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Fig. 1. Structural self-tapping screws
designed for wood-frame construction.
From top to bottom M12 X200 (code: 12),
M10 X302 (code: 10), HW8 X267 (code:
8a), M8 X301 (code: 8), M6 X302 (code: 6).
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Table 1. Details of structural self-tapping screws
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Outside Root Thread Shank Head .
Length . . . . Pitch
Code (mm) diameter diameter length diameter diameter (mm)
(mm) (mm) (mm) (mm) (mm)
6 302 6.04 3.72 78 4.14 11.72 4.86
8 301 8.11 5.35 109 5.71 14.82 6.07
8a 267 8.05 5.27 86 5.70 14.70 5.63
10 302 9.95 6.11 101 6.94 17.87 5.78
12 200 12.06 7.30 101 8.19 20.81 5.95
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Fig. 3. Withdrawal capacity test with a self-tapping screw penetrated its full screwed length.
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Table 2. Withdrawal unit force and withdrawal parameters of structural self-tapping screws

for different diameters and wood species

Nominal Wood species Density (g cm”) Withdrawal unit Withdrawal
diameter (mm) force (N mm’™) parameter(N mm™)
6 0.44+0.01 127.3+7.7% 21.1+1.3
8 0.4340.01 140.9+6.1° 17.440.8
8a e 0.46+0.00 149.0+7.1° 18.5+0.9
10 0.46+0.03 180.1+9.7° 18.1+1.0
12 0.45+0.00 2104454 17.4+0.4
6 0.62+0.02 194.24+20.5¢ 322434
8 0.62+0.02 227.84+15.7¢ 28.1+1.9
8a SP 0.60+0.01 201.4+12.6° 25.0+1.6
10 0.7040.03 357.2+47.3" 35.94+4.8
12 0.6240.03 284.0+£19.4b 23.5+1.6
6 0.6240.03 194.9414.2¢ 323424
8 0.56+0.04 183.74+19.8 227+24
8a DF 0.67+0.08 228.9+38.0™ 28.4+4.7
10 0.714+0.07 253.94+51.0" 25.5+5.1
12 0.61+0.04 290.0+52.5 24.0+4.4
6 0.7740.01 212.84+28.5° 352447
8 0.8040.05 2523496 31.1%+1.2
8a KP 0.84+0.06 257.6+8.0° 32.0+1.0
10 0.83+0.03 307.0+12.3" 309+1.2
12 0.78+0.02 305.0+10.0° 25340.8

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

* Tukey’s HSD, a=0.05,a>b>c>d.
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S8 - fEVKAR ~ BUTER ~ FEBTRAM &
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Table 3. Withdrawal capacity of structural self-tapping screws for different diameters and

wood species

Nominal Wood Density Withdrawal Wlthdrawal . Effective .

diameter species (g cm™) capacity (N) unit force withdrawal unit

(N/mm) force (N/mm)
6 0.53+£0.04 11129.3+1405.7% 142.74+18.0 154.7
8 0.51+£0.01 19578.6+2843.3" 179.6 :26.1 194.1
8a jc! 0.4940.02 12127.44+2160.6° 141.0+25.1 155.6
10 0.5340.03 21967.2+2336.2% 217.5+23.1 241.3
12 0.52%0.03 24372.7+2462.5" 241.3+244 274.0
6 0.5840.01 12135.9+185.3¢ 155.6+24 168.6
8 0.57+0.02 22304.1+1412.3° 204.6+13.0 221.1
8a SP 0.61£0.01 14843.1+518.6° 172.5%£6.0 190.4
10 0.57+£0.02 21940.9+803.7° 217.2%+8.0 241.0
12 0.5610.02 26178.51+1668.8" 259.1£16.5 294.3
6 0.58+0.02 10331.6+1010.5° 132.5+13.0 143.6
8 0.5610.01 17628.0+1017.8° 161.7+£9.3 174.7
8a DF 0.54%0.01 12693.9+829.5¢ 147.6+£9.6 162.8
10 0.59+0.05 20030.2+1576.8° 198.3+15.6 220.0
12 0.67£0.02 28001.8 +812.4° 277.2%8.0 314.8
6 0.78£0.00 12082.0+258.3° 1549+3.3 167.9
8 0.7740.01 25361.94+953.6° 232.7+£8.7 2514
8a KP 0.76 0.01 17974.8 +928.9¢ 209.0£10.8 230.6
10 0.78+0.00 27793.3+1720.6° 2752+17.0 305.3
12 0.78+£0.01 31660.4+754.3" 313.5%+7.5 355.0

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

? Tukey’s HSD, a =0.05,a>b>c>d >e.
[t Table 2775
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Fig. 4. Comparison of withdrawal unit forces of structural self-tapping screws among wood
species. (JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur). (Values
shown are averages of all various diameter groups.)

300
250
200 182.3°

201.2° 209.2°

274.6° 272.4

150 +
100
50

Withdrawal unite force (N mm")

0

8a 10 12
Diameter (mm)

Fig. 5. Comparison of withdrawal unit forces of structural self-tapping screws among
various diameters. (Values shown are averages of 4 wood species groups.)
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Fig. 6. Comparison of withdrawal capacities of structural self-tapping screws among wood
species. (JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur) (Values shown
are averages of all various diameter groups.)
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Table 4. Adjusted withdrawal unit force of structural self-tapping screws based on wood

density and length of the screw tip

, Original Withdrawal Adjusted withdrawal unit force (N mm™)

Species density unit force
G, (g Cm_3) Ay (N mm_l) A, A, Ay

JC 0.516 184.4 (1.142) 139.0 (0.861) 203.9 (1.263) 153.7 (0.952)
SP 0.578 201.8 (0.798) 241.4 (0.955) 223.1(0.882) 266.8 (1.055)
DF 0.588 183.5 (0.797) 213.3(0.926)  203.2(0.882) 2363 (1.026)
KP 0.774 237.1 (0.888) 255.7 (0.958) 262.2 (0.982) 282.9 (1.060)
Average (0.906) (0.925) (1.002) (1.023)

Y A,, withdrawal capacity/penetration depth; A,, A, adjusted for density; A,, A, without the length of
the screw tip; A,, A, adjusted for density.
» Values in parentheses are indexed based on reference values tested from the penetration through the

specimens in Fig. 4.
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Fig. 7. Comparison of withdrawal capacities of structural self-tapping screws among
various diameters. (Values shown are averages of 4 wood species groups.)
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Table 5. Characteristic values of withdrawal unit forces from the penetration test

Nominal diameter (mm) Wood species G, (gcm™) P, (N mm™")
6 0.42 88.43
8 0.42 107.32
8a JIC 0.46 102.41
10 0.40 124.85
12 0.44 160.61
6 0.57 226.04
8 0.58 481.55
8a SP 0.58 292.83
10 0.64 403.40
12 0.56 546.94
6 0.56 138.32
8 0.49 118.18
8a DF 0.51 120.46
10 0.57 117.38
12 0.53 219.61
6 0.76 122.52
8 0.70 179.68
8a KP 0.72 184.53
10 0.76 221.05
12 0.74 241.77

Y JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur.
* G,, characteristic density; P,, , characteristic withdrawal unit force.

Table 6. Regression of characteristic withdrawal unit forces of structural self-tapping
screws based on the wood screw and lag screw estimations

Fastener type Regression estimation Original model basis
Wood screw Eq-1: P,,=50.51 X G Xd R*=0.520 Japanese standard”
Wood screw Eq-2: P, =55.89 XG* X d R* =0.587 American NDS”
Lag screw Eq-3: P, =39.38 X G**Xd R*=0.775 Japanese standard
Lag screw Eq-4: P, =84.22 X G xd"” R*=0.630 American NDS

" Japanese standard: wood screw, P, =38.1 X G~ X d; lag screw, P, = 17.7 X G Xd.
* American National Design Specification (NDS): wood screw, P, = 19.7 X G* X d; lag screw, P,, =

27.8X G x "7,
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Fig. 8. Comparison of experimental and calculated characteristic ultimate withdrawal unit
forces for 8-mm self-tapping screws using Japanese code equations for wood screws and lag
SCrews.

Table 7. Characteristic values of the withdrawal capacity based on a fully embedded screw
length of self-tapping screws

Nominal diameter (mm) Wood species G, (gcm™) P, (N)
6 0.45 7183
8 0.49 11951
8a JC 0.45 7630
10 0.46 13835
12 0.46 16058
6 0.56 9302
8 0.54 19807
8a SP 0.59 12102
10 0.53 16703
12 0.53 22497
6 0.54 8260
8 0.53 9686
8a DF 0.53 9656
10 0.47 16206
12 0.64 23986
6 0.78 9816
8 0.76 21073
8a KP 0.74 14942
10 0.77 19151
12 0.76 25627

Y JC, Japanese cedar; DF, Douglas fir; SP, southern pine; KP, Kapur.
% G,, characteristic density; P,, characteristic withdrawal capacity.
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Fig. 9. Comparison of withdrawal design values of 8-mm self-tapping screws derived from

regressions and calculated from National Design
wood screw and lag screws.

Specification (NDS) code equations for

Table 8. Comparison of characteristic withdrawal capacities between estimated values from

equations and full-penetration test results

1 Effective screw Ratio”
Equation
length? Eq-1/P.” Eq-3/Py Eq-2/Py Eq-4/P
Regression equation With tip 1.298 1.492 1.101 1.266
Without tip 1.178 1.354 0.999 1.150
Code equation With tip 0.979 0.671 1.164 1.254
Without tip 0.889 0.608 1.057 1.139

" Regression equations 1, 2, 3, and 4 from Table 6; Code equations are suggested formulas used in

Japanese and the U S code also shown in Table 6.

? Actual embedded screw length in wood with/without considering the length of the screw tip, which

is accounted for in the 1-screw-diameter length

* Ratio, values calculated from each regression equation / Py.
P, characteristic withdrawal capacity values from Table 7.
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