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Research paper

Investigation of the Shear Resistance Performance
of Cross-Laminated Timber Connections with Self-Tapping
Screw Applications

Min-Chyuan Yeh,"” Yu-Li Lin,"” Tai-Hsiang Yen,” Hsiu-Luan Lin"
[ Summary ]

The effects of connection types and nailing angles on the shear resistance performance of
cross-laminated timber (CLT) connections using self-tapping screws were investigated in the study.
The 5-layer- and 5-ply-CLT connections with heterogeneous-grade construction were made us-
ing Cryptomeria japonica plantation timber, and were also mixed with southern pine (Pinus spp.).
Results showed that the maximum shear capacity, yield shear load, and initial stiffness of a CLT
surface spline connection were 16, 13, and 22%, respectively, of a CLT butt connection. The maxi-
mum shear capacity, yield shear load, and initial stiffness of a CLT half-lap connection were 63,
64, and 38%, respectively, of a CLT butt connection. As to effects of nailing approaches, the maxi-
mum shear capacity of connections fastened with self-tapping screws at angles of either 90° or 45°
were 40% of that with double angles of a 30°~45° approach. The yield shear loads obtained from
both 90° and 45° nailing approaches were 30 and 47%, respectively, of that with double angles of
the 30°~45° approach. Values of initial stiffness were 11 and 35%, respectively, of that with double
angles of the 30°~45° approach. Improvement in the shear resistance was found in a butt connec-
tion fastened with self-tapping screws when southern pine laminae were used for outer layers of
the CLT. CLT connections fastened with self-tapping screws were classified based on the obtained
ductility. The connection assembled with a surface spline was classified into the high-ductility cat-
egory, the CLT butt connection was in the moderate-ductility category, and the CLT half-lap con-
nection was in the low-ductility category.

Key words: cross-laminated timber, self-tapping screw, connection, shear resistance.
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Fig. 1. Self-tapping screws designed for wood-frame construction (from top to bottom

MS8.0 X140, M8.0 X200, M8.0 X 280).
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Table 1. Experimental design of cross-laminated timber (CLT) connections

Type of connection Type of CLT Penetration angle of STSs Type of STS"
Crvpt o . 90° A8 mm 140 mm
' . ryptomeria japonica 450 28 mm 140 mm
Surface spline connection
i Ci . 90° A8 mm 140 mm
nus spp. - C. japonica
e S = S Jap 45° @8 mm 140 mm
. . 90° @8 mm 140 mm
C. japonica
. 45° A8 mm 200 mm
Half-lap connection
90° 08 mm 140 mm
Pinus spp. - C. japonica
’ 45° 98 mm 200 mm
. C. japonica 30° and 45° 9?8 mm 280 mm
Butt connection ) )
Pinus spp. - C. japonica 30° and 45° 8 mm 280 mm

" STSs, self-tapping screws.
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Fig. 2. Surface spline connections of cross-laminated timber (CLT) with self-tapping screws

with vertical and 45° installations.
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Fig. 3. Half-lap connections of cross-laminated timber (CLT) with self-tapping screws with

vertical and 45° installations.

100,100

CLT . CLT

CLT)

440

unit: mm

TSIV A0 YOI SOLIA T4 o005 000000500 /477

. 440 \ 440

THAIL0 TAA000 DL05002. 5500, 077 /7045 IL00. 5000556, A0 000 A A
Lyl SN L ¢

GHLI L SIS AL ZALI20, L0007 10 %, 000 TH 0004 0000705 7040 240 /000 Z00 000 200000 0004055

G LA SIS IS

L S —
T 700 G 2
< 7 N N N |

e “VAV.
(=] 284802508 // AN
w

440 |
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double installation nailing.
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Table 2. Percentage of failure types of self-tapping screw in cross-laminated timber (CLT)

surface spline connections during shear tests

. Cryptomeria japonica CLT Mixed CLT
Failure type
90° nailing 45° nailing 90° nailing 45° nailing
Screw head indentation 100% 25% 100% 50%
Screw head withdrawal 0 100% 0 100%
CLT separation 100% 100% 100% 100%
Yield mode I 40% 31% 23% 6%
Yield mode IIIs 50% 69% 77% 94%
Screw broken (piece) 0 17 0 30%
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Table 3. Percentage of failure types of self-tapping screws in cross-laminated timber (CLT)

half-lap connection during shear tests

. Cryptomeria japonica CLT Mixed CLT
Failure type
90° nailing 45° nailing 90° nailing 45° nailing
Screw head indentation 100% 50% 50% 25%
CLT separation 75% 100% 100% 100%
Split at 3rd parallel layer 100% 0 100% 0
Split at 2nd/4th cross layer 0 25% 0 0
Yield mode I 10% 52% 21% 63%
Yield mode IV 89% 29% 79% 25%

Fig. 6. Wood block was pushed out by the
self-tapping screw when the 3rd parallel
layer split at the half-lap connection.
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Fig. 7. Screw heads indenting the cross-
laminated timber (CLT) surface, and CLT
panels having separated from the CLT
butt connection.
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Table 4. Percentage of failure types of self-tapping screws in cross-laminated timber (CLT)
butt connections during shear tests

) Cryptomeria japonica CLT Mixed CLT
Failure type
Double angle nailing Double angle nailing
Screw head indentation 100% 100%
CLT separation 100% 100%
Split at 2nd/4th cross layer 50% 100%
Yield mode I 92% 96%
Yield mode IV 8% 4%
30
—JJ-S-90-1 —1]J-S-90-2
25 —1J-$-90-3 —1J-S-90-4
Z 20| —JJ-S-45-1 ——]J-S-45-2
= —JJ-S-45-3 —1]J-S-45-4
<
S 15
8
210
95}
5
0 T ‘

0 20 40 60 80 100 120 140
Displacement (mm)
Fig. 8. Shear load-displacement relationship of Cryptomeria japonica cross-laminated timber
(CLT) surface spline connection fastened with self-tapping screws in 90° and 45° nailing
approaches. (JJ, C. japonica CLT; S, surface spline connection; 90/45, penetration angle).

801
70 ]

60

Z

S 50

2

S 401

5

8 30

» — JJ-H-90-1 —JJ-H-90-2
20 — JJ-H-90-3 —JJ-H-90-4
10- — JJ-H-45-1 —JJ-H-45-2
. — JJ-H-45-3 —JJ-H-45-4
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Fig. 9. Shear load-displacement relationship of Cryptomeria japonica cross-laminated
timber (CLT) half-lap connection fastened with self-tapping screws with 90° and 45° nailing
approaches. (JJ, C. japonica CLT; H, half-lap connection; 90/45, penetration angle).
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Table 5. Properties of shear resistance in cross-laminated timber (CLT) surface spline
connections with 90° and 45° nailing approaches
P.." P, 3, 3, D
(kN) (kN) (mm) (mm)  (mm) (kN mm’l) (kN mm) :
117-S-90 Max 24.45 11.34 6.72 53.94 12.41 2.55 1016.72 0.40 6.43
Min 22.31 10.47 4.17 4551 7.57 1.56 760.07 0.29 3.67
Avg 23.01 10.79 5.31 49.05 9.76 2.11 875.84 0.33 5.25
SD 0.98 0.38 1.23 3.54 2.34 0.46 105.78 0.05 1.23
JJ-S-45 Max 13.51 8.84 7.85 125.27 9.61 4.05 1167.48 0.24 33.64
Min 9.49 4.97 1.24 72.33 2.15 0.97 1229.30 0.12 12.06
Avg 11.30 6.66 4.30 104.50 5.34 2.58 937.66 0.19 20.86
SD 2.12 1.86 3.53 28.25 3.77 1.68 287.95 0.05 11.33
PJ-S-90 Max 20.23 10.05 5.66 62.18 9.72 2.25 1000.62 0.34 7.20
Min 19.38 9.26 4.27 38.82 7.53 1.78 563.72 0.27 4.79
Avg 19.77 9.67 4.85 51.40 8.50 2.01 801.74 0.30 6.08
SD 0.41 0.33 0.59 9.60 0.93 0.20 180.05 0.03 1.21
PJ-S-45 Max 15.17 8.14 6.90 132.55 8.07 3.47 1211.82 0.18 30.95
Min 8.90 5.18 1.49 67.32 2.17 1.08 499.36 0.13 15.56
Avg 11.69 7.16 5.25 108.77 6.01 1.77 910.11 0.16 20.39
SD 2.59 1.35 2.52 29.25 2.62 1.13 307.53 0.02 7.15
"P, .., maximum shear capacity at failure; P, yield shear load; 3

3, K U

v

Type n

yield displacement; §,, ultimate displacement

y u

at 0.8 P,,.; 0,, ultimate yield displacement; K, initial stiffness; U, energy dissipation; D, structural characteris-
tic factor; p, ductility factor.

277, Cryptomeria japonica CLT; PJ, Pinus-C. japonica CLT; S, surface spline. Max, maximum; Min, minimum,
Avg, average; SD, standard deviation.
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Table 6. Properties of shear resistance in cross-laminated timber (CLT) half-lap connections
with 90° and 45° nailing approaches

p.."

max

P

)

)

u

)

v

K

U

Type g Y 1 D, u
(kN) (kN) (mm) (mm) (mm) (kNmm') (kN mm)
JJ’-H-90  Max 6396  31.05 9.07 54.02 1648 4.14 2447.80 0.46 3.46
Min 56.06  27.10 6.90 4478  13.34 3.30 1995.80 0.41 2.84
Avg 59.02  29.13 7.94 48.61 15.01 3.70 2264.51 043 3.25
SD 3.54 2.01 0.97 3.97 1.53 0.40 219.34 0.02 0.28
JJ-H-45 Max 73.53  90.81 4.50 15.64 5.81 16.47 796.89 0.78 4.49
Min 61.94 38.96 2.79 7.21 3.48 11.84 33991 0.35 1.33
Avg 68.60  61.49 3.60 10.47 4.75 14.28 517.68 0.58 2.39
SD 507 23.73 0.74 3.94 1.06 1.90 218.51 0.17 1.42
PJ-H-90 Max 60.11  36.82  12.57 49.53  19.58 3.81 2094.34 0.52 3.76
Min 51.38 24.76 6.81 4333  13.19 293 1987.99 0.39 2.35
Avg 57.34  30.66 8.86 4579 1554 3.54 2053.68 0.45 3.02
SD 4.02 4,94 2.54 2.71 2.79 0.42 46.16 0.05 0.58
PJ-H-45 Max 76.60  64.97 391 7.96 473 19.94 439.94 0.72 1.95
Min 6390 44.80 2.39 5.75 3.41 16.04 238.64 0.59 1.46
Avg 70.72  51.20 2.92 6.82 391 17.75 338.25 0.64 1.76
SD 5.44 9.27 0.71 0.92 0.58 1.77 82.39 0.06 0.23

VP .., maximum shear capacity at failure; Py, yield shear load; 3,, yield displacement; 6,, ultimate displacement

at 0.8 P_..; d,, ultimate yield displacement; K, initial stiffness; U, energy dissipation; D, structural characteris-

tic factor; i, ductility factor.

2 JI, Cryptomeria japonica CLT; PJ, Pinus-C. japonica CLT; H, half-lap connection. Max, maximum; Min,

minimum; Avg, average; SD, standard deviation.

Shear load (kN)

120
100 |
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60 ’
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0 5 10 15 20 25 30
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35

Fig. 10. Shear load-displacement relationship of butt connection assembled using self-tapping
screws for Cryptomeria japonica cross-laminated timber (CLT) and mixed-species CLT. (JJ, C.
Jjaponica CLT; PJ, mixed-species CLT; B, butt connection; 30, double penetration angle of 30°

and 45°).
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Table 7. Properties of shear resistance in cross-laminated timber (CLT) butt connections
P, P, 3, 3, 3, K
Type . D, n

(kN) (kN) (mm)  (mm) (mm) (KNmm™) (kN mm)

JJ2)-B-30  Max 98.72  91.13 341 29.25 3.64 27.07 2121.24 0.36 9.06
Min 84.15  59.59 2.20 13.24 3.08 22.23 976.56 0.24 4.29
Avg 90.81  71.82 2.89 19.38 3.30 24.46 1411.64 0.32 5.88
SD 6.74  13.62 0.53 6.96 0.24 2.03 500.08 0.05 2.15

PJ-B-30 Max 111.79  70.40 3.58 17.59 3.97 28.93 1426.00 0.65 5.67
Min 111.07  54.56 2.14 6.66 3.10 25.27 507.30 0.31 1.70
Avg 11134  62.13 2.70 10.63 3.64 27.72 850.54 0.50 3.05
SD 0.31 6.48 0.64 5.17 0.39 1.68 432.39 0.15 1.84

1 . . .
) P,... maximum shear capacity at failure; P

¥

yield shear load; 8,, yield displacement; 3,, ultimate displacement

at 0.8 P_..; d,, ultimate yield displacement; K, initial stiffness; U, energy dissipation; D, structural characteris-
tic factor; p, ductility factor.
11, Cryptomeria japonica CLT; PJ, Pinus-C. japonica CLT; B, butt connection. Max, maximum; Min, mini-

mum; Avg, average; SD, standard deviation.
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Fig. 11. Comparison of maximum shear
capacities among cross-laminated timber
(CLT) connections fastened with self-tapping
screws. (Tukey’s HSD, a = 0.05,a > b > c).
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Fig. 12. Comparison of yield shear loads
among cross-laminated timber (CLT)
connections fastened with self-tapping
screws. (Tukey’s HSD, a = 0.05,a > b > ¢).

30+

~ 26.09°
‘5254

g

AZéZOA

M

2151

= b

é:s 10 9.82

E

Z 37 2.12¢

T T
Spline Half-lap Butt

Fig. 13. Comparison of the initial stiffness
among cross-laminated timber (CLT)
connections fastened with self-tapping
screws. (Tukey’s HSD, a = 0.05, a > b > ¢).
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