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Experimental study on pull-out capacity of screw connections
for colddformed thin-walled steel structures

DENG Lu'? YANG Yuanliang' LIU Dingrong’ HUANG Yuan'
(1. College of Civil Engineering Hunan University Changsha 410082 China; 2. Key Laboratory for Damage
Diagnosis for Engineering Structures of Hunan Province Hunan University Changsha 410082 China;
3. DR. Home Technology Co. Ltd Beijing 101100 China)

Abstract: In order to investigate the effects of the steel strength the sheet thickness the outer diameter and inner
diameter of screws the thread pitch and the diameter of drill points on the failure mode and pull-out capacity of screw
connections for coldformed thin-walled steels the pull-out tests were carried out on 287 specimens using LQ550 steel
with the thicknesses of 0.8 mm 1.0 mm and 1.2 mm and S350 coldformed steels with the thicknesses of 0.8 mm
1.5 mm and 2. 0 mm in combination with various screw combinations. The experimental results show that the major
failure mode of sheets with a thickness larger than 1.0 mm is thread shear failure and the thread shear failure mode is
more pronounced when the thickness is higher. For ultra-thin sheets with a thickness of 0. 8 mm the screw hole
extrusion is the major failure mode which becomes more significant when the outer diameter of screws is large and the
steel strength is low. The influence of thread pitch on the pull-out capacity is small. The pull-eut capacity increases
with the increase of the outer diameter of screws and decreases with the increase of the inner diameter of screws and
this trend is more notable for ultra-thin sheets. For self-drilling screws the pull-eut capacity should be calculated with
the larger value between the inner diameter and the diameter of the drill point and the pull-out capacity increases with
the decrease of the diameter of the drill point. It is indicated that the formula for the pull-eut capacity of LQ550 high—
strength steel sheets in the Chinese code gives unsafe results especially for ultra-thin sheets with the thickness of
0.8 mm. Finally a new formula for the pull-eut capacity considering the steel strength the sheet thickness the outer
diameter and inner diameter of screws the thread pitch and the diameter of drill points was proposed with higher
applicability and reliability.

Keywords: coldformed thin-walled steel; screw connection; static test; failure mode; pull-out capacity; design
capacity formula
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Fig.1 Dimensions of screw

SD4.2 SD4.2T SD4.8 SD5.5 SD5.5T SD6.3 ST4.2 ST4.8
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Fig.2 Screw fasteners used in tests

1
Table 1 Parameters of screw
d/mm p/mm dy/ dy/
mm mm
SD2.9 2.9 3.02 1.1 1.05 2.06 2.39
SD3.5 3.5 3.44 1.3 1.25 2.54 2.81
SD4.2 4.2 4.19 1.4 1.44 2.85 3.41
SD4.2T 4.2 4.10 0.8 0.78 2.92 3.58
SD4.8 4.8 4.82 1.6 1.62 3.39 3.88
SDS. 5 5.5 5.41 1.8 1.83 3.94 4.72
SD5.5T 5.5 5.46 1.8 1.82 4.28 4.82
SD6. 3 6.3 6.18 1.8 1.81 4.26 5.46
ST4.2 4.2 4.19 1.4 1.42  2.96 0
ST4.8 4.8 4.66 1.6 1.64 3.41 0
2
10.8-SD4.2T4 “L” LQ550
(s” S350 ) ‘0.8”
0.8 mnj “SD”
( “st” ) 4.2”
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2

Table 2 Parameters of specimen and experimental values of pull-out capacity

P,/P,
t/mm d/mm P,/IN

GB AISI( AS) BS EC (6)
10.8-8SD2.9 5 0.784 3.02 E+S 1444.77 1.15 0.98 1.32 1.85 1.11
10.8-8SD3.5 5 0.784 3.44 S+E 1500.71 1.05 0.89 1.21 1.69 1.19
10.8-SD4.2 6 0.784 4.19 S+E 1549.19 0.89 0.76 1.02 1.43 1.08
10.8-SD4.2T 6 0.784 4.10 S 1644.76 0.96 0.82 1.11 1.07 1.16
10.8-SD4.8 6 0.784 4.82 E 1897.57 0.94 0.81 1.09 1.52 1.20
10.8-8D5.5 5 0.784 5.41 E 1744.88 0.77 0.66 0.89 1.25 1.27
10.8-8D5.5T 6 0.784 5.46 S 1038.38 0.46 0.39 0.53 0.74 0.77
10.8-SD6. 3 6 0.784 6.18 E 1708. 65 0.66 0.57 0.77 1.07 1.15
10.8-ST4.2 6 0.784 4.19 E 1872.68 1.07 0.91 1.24 1.73 0.92
10.8-ST4.8 6 0.784 4.66 E 2190.15 1.13 0.99 1.30 1.88 1.12
L1.0-8SD2.9 6 0.984 3.02 S 1934.03 1.18 1.02 1.36 1.94 1.00
L1.0-8D3.5 6 0.984 3.44 S 1923.90 1.03 0.90 1.19 1.69 1.02
L1.0-SD4.2 6 0.984 4.19 S+E 2134.59 0.94 0.82 1.09 1.54 1.00
L1.0-SD4.2T 6 0.984 4.10 S 2204.49 0.99 0.86 1.15 1.13 1.05
L1.0-SD4.8 6 0.984 4.82 E 2 685.33 1.03 0.89 1.19 1.68 1.14
L1.0-8D5.5 5 0.984 5.41 S 1999.17 0.68 0.59 0.79 1.12 0.98
L1.0-8D6.3 5 0.984 6.18 S 1924.05 0.57 0.50 0.66 0.94 0.87
L1.2-8D2.9 6 1.196 3.02 S 2235.80 1.49 1.28 1.72 1.68 1.01
L1.2-8SD3.5 5 1.196 3.44 S 2175.99 1.27 1.10 1.47 2.07 1.01
L1.2-SD4.2 6 1.196 4.19 S 2437.85 1.17 1.01 1.35 1.91 1.00
L1.2-SD4.2T 6 1.196 4.10 S 2548.45 1.25 1.08 1.44 1.41 1.05
L1.2-SD4.8 6 1.196 4.82 E 2 840.48 1.18 1.02 1.37 1.93 1.05
L1.2-SD5.5 6 1.196 5.41 S 2464.72 0.92 0.79 1.06 1.49 1.05
L1.2-8SD5.5T 6 1.196 5.46 S 2157.79 0.79 0.69 0.92 1.30 0.94
L1.2-8D6.3 6 1.196 6.18 S 2430.81 0.79 0.68 0.91 1.29 0.96
L1.2-ST4.2 6 1.196 4.19 E 3052.17 1.46 1.26 1.69 2.39 0.87
L1.2-ST4.8 6 1.196 4.66 E 3475.74 1.50 1.29 1.73 2.44 1.04
S0.8-SD2.9 6 0.792 3.02 E 1039.80 1.47 1.07 1.70 2.03 1.07
S0.8-SD3.5 6 0.792 3.44 E+S 1007.26 1.25 0.91 1.44 1.72 1.06
S0.8-SD4.2 4 0.792 4.19 E+S 1131.01 1.15 0.84 1.33 1.59 1.05
S0.8-SD4. 8 6 0.792 4.82 E 1264.68 1.12 0.82 1.29 1.54 1.06
S0.8-SD5.5 5 0.792 5.41 E 1090.58 0.86 0.63 0.99 1.19 1.06
S0.8-SD6. 3 6 0.792 6.18 E 1248.89 0.86 0.63 1.00 1.19 1.12
S0.8-ST4.2 6 0.792 4.19 E 1234.92 1.26 0.92 1.45 1.73 0.80
S0.8-ST4. 8 6 0.792 4.66 E 1518.32 1.39 1.01 1.61 1.92 1.03
S1.5-8D2.9 6 1.470 3.02 S 2173.16 1.62 1.30 1.87 1.70 0.97
S1.5-SD3.5 4 1.470 3.44 S 1981.29 1.30 1.04 1.50 1.36 0.91
S1.5-SD4.2 6 1.470 4.19 S 2615.37 1.40 1.13 1.62 1.48 1.06
S1.5-8SD4.2T 6 1.470 4.10 S+E 2572.17 1.41 1.14 1.63 1.49 1.05
S1.5-8SD4.8 6 1.470 4.82 E 2 863.07 1.34 1.08 1.54 2.03 1.05
S1.5-8D5.5 6 1.470 5.41 S 2350.24 0.98 0.79 1.13 1.49 0.99
S1.5-8D6.3 4 1.470 6.18 S 2416.79 0.88 0.71 1.02 1.34 0.94
S2.0-8SD2.9 6 1.996 3.02 S 3524.01 1.92 1.31 2.22 1.72 0.96
S2.0-SD3.5 6 1.996 3.44 S 3763.60 1.80 1.23 2.08 1.61 1.05
S2.0-SD4.2 6 1.996 4.19 S 4426.98 1.74 1.19 2.01 1.55 1.09
S2.0-8D4.2T 6 1.996 4.10 S 4288.27 1.72 1.18 1.99 1.54 1.07
S2.0-SD4.38 6 1.996 4.82 E 4693.37 1.60 1.10 1.85 1.43 1.04
S2.0-8D5.5 6 1.996 5.41 S 3936.45 1.20 0.82 1.38 1.07 1.01
S2.0-SD5.5T 6 1.996 5.46 S 3702.01 1.12 0.76 1.29 1.00 0.97
S2.0-SD6.3 6 1.996 6.18 S 3823.40 1.02 0.70 1.17 0.91 0.91

1.15 0.92 1.33 1.54 1.03

0.277 0.244 0.277 0.237 0.092
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Table 3 Material properties of steel sheets 2,
({3 nikid ¢ »
tmm e NMpa f, /MPa E B
o 4
LQ550 10.8 0.8 0.784 709 733
LQ550 L1.0 1.0 0.984 734 747 A
LQ550 L1.2 1.2 1.196 555 567
S350 S0. 8 0.8 0.792 394 477 o
S350 S1.5 1.5 1.470 403 442
S350 S2.0 2.0 1.996 406 524
1.3
AISI 890547
( 3) 200 mm x 200 mm x
150 mm 80 mm
MTS Criterion Model 43
N N ( 8 )

(e) FL1.2-ST4.8-6

4

Fig.4 Typical hole extrusion failure of screw connection
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Fig.3  Test setup
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Fig.5 Typical thread shear failure of screw connection
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1P, N; t,

o 4) o mm 1, 0.9 mm; d
( 6a.6c) mm 3.0 mm <d <8.00 mm; p,
( 6b.6d) . MPa.
5) EN 19934 3: 2006
- 550 MPa
( 6d),
2.3 P [O. 45dt o f s oo/ V2 ( t/s < 1) ()
2.3.1 Y 0.65d1, Sy Y (15 = 1)
1) GB 50018—2002 'F, N: d
mm 3.0 mm < d < 8. 00 mm;
. mm ¢ 4 mm,;
mm;
N, =0.75t.df (1) MPa; y,, 1.25,
'N,, N; d 2.3.2
mm; 7, 2 50 LQ550.8350
mm ¢, 0.9 mm; f ( )
MPa. P,
2) AISI S10046 P, o
: “GB” GB 50018—2002
P, = 0.85tdf, (2) “AISI/ AS” /
‘P, mm, £, B ( ) “BS”
*EC” “ PP,
mm,; d mm 2.03 mm < 4, 50 N /
d<6.35 mm; [, N " :
MPa. P, /P, é 1.15.27.7%
3) AS/NZS 4600: 2018 0.92.24.4% 1.33.27.7% 1.54.23.7% LQ550
P,/P, 1.01.25.72%
N,, = 0.85t,d,f, (3) 0.87.25.9% 1.17.25.7% 1.56.26.5% S350
N, N;t, P.IP, 1.32,
mm ¢, 0.9 mm; d, 22.8% 0.97.21.6% 1.53.22.8% 1.51.19.5% .
mm 3.0 mm <d, <7.0 mm; f 10.8
MPa. 0.91.23.1% 0.78.
4) BS 5950-5: 1998 23.4% 1.05.23.1% 1.42.25.5% .
; 1)
P, =0.65¢; dp, (4)
4
Table 4 Statistics on ratio of test value to design formula of capacity
(50 ) LO550 (27 ) S350 (23 )  0.8mm (10 )
P, /P, 81% P, /P, 81% P, /P, 81% P, /P, 81%
GB 1.15 27.7 1.01 25.7 1.32 22.8 0.91 23.1
AISI / AS 0.92 24.4 0.87 25.9 0.97 21.6 0.78 23.4
BS 1.33 27.7 1.17 25.7 1.53 22.8 1.05 23.1
EC 1.54 23.7 1.56 26.5 1.51 19.5 1.42 25.5
19 — — 1.27 25.7 — — 1.13 23.1
17 0.89 12.9 0.91 14.6 0.87 9.7 0.92 14.9
(6) 1.03 9.2 1.04 10.5 1.01 7.0 1.10 12.7

149



33% 54%

. . 2)
10550

13%
56% . 3)

0.8 mm

9% 2%
42% . 4) S350

32% \53% 51%
. 5)
S350 ;
LQ550

S350 21. 66%
4.28% . 6)
SD2.9.SD3.5

SD5.5.SD6. 3

( 10. 8-8D5. 5.10. 8-SD6. 3)

2.4

o SD4. 2
(4.19.4.10 mm) .

(3.41.3.58 mm)

(1.44.0.78 mm) o

SD4. 2T
(2.85.2.92 mm) .

2.4.1

0.8 mm LQ550.S350

477 MPa
SD2.9 ~SD6.3 2
46%

733 MPa 6
ST4.2.ST4.8

53.7%

2.4.2
8 LQ550.5350 6

150

—=—SD2.9—e—S5D3.5 SD4.2
|—+—SD5.5——SD6.3 ——SD4.2
0 —»—5D4.8——5D4.8

P /KN

450 500 550 600 650 700 750
£/MPa

Fig.7 Effect of steel strength on pull-out capacity

30T=—3p79——5D35 =~ SD42SD43
5 g]—+—SD5.5——SD6.3 e et

2.6+
244
2.2
2.0+
1.84
1.6
1.44

P /KN

038 09 10 11 1.2
f#/mm

(a) LQ5504444

5.0
—=—8D2.9—=—S8D3.5
4.54—+—8D5.5 ——8D6.3

4.0
3.5+
3.04
2.0
1.5
1.04

SD4.2-—»-5SD4.

P/kN

06 08 10 12 14 16 18 20
t#/mm

(b) S350444

8
Fig. 8 Effect of steel sheet thickness on pull-out capacity
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5 1.2 mm

1.5 mm
5
Table 5 Effect of thread pitch on pull-out capacity
i/ SD4.2T SD4.2 (Po=Py)/
mm t/p P, /kN t/p P, kN P, /%
10.8 0.784 1.01 1.64476 0.54 1.54919 -5.8
L1.0 0.984 1.26 2.20449 0.68 2.13459 -3.2
L1.2 1.196 1.53 2.54845 0.83 2.43785 -4.3
S1.5 1.470 1.88 2.57217 1.02 2.61537 1.7
S2.0 1.996 2.56 4.28827 1.39 4.42698 3.2
P, P, SD4.2T.SD4.2
9 6
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Fig.9 Effect of steel sheet thickness to thread pitch
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Fig. 10  Effect of screw outer diameter on pull-out capacity
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Table 6 Effect of drill point diameter 4.51 A .
on pull-out capacity 4.0 o
j P . . 3.51 o«
s2iak
0.8 1.13101 1.23492 6.2  1.26468 1.51832 20.1 25 ~}.\".'. ﬁe:ﬂzf;i :
10.8 1.54919 1.87268 20.9 1.89757 2.19015 15.4 2.0 ,' .
1.2 2.43785 3.05217 25.2 2.84048 3.47574 22.4 1.5 .‘_q"'
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from tests and equation ( 6)
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