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Tension Bearing Capacity of Key Connections of Standing Seam

Metal Roofing System
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Abstract: In view of the calculation problems of tension bearing capacity on the connection of
fixed support and purlin of standing seam metal roofing, taking the purlin flange thickness,
purlin material, diameter of self-tapping screw and plate thickness of fixed support as the
variables, the tension tests of 92 connection specimens were carried out. Failure phenomena and
failure modes of connections under vertical tensile load were investigated. The tension bearing
capacity calculation formulas of the connection of fixed bearing and purlin were corrected. The
test values of tension bearing capacity were compared with the calculation values of codes at home
and abroad. The results indicate that the tension bearing capacity of the self-tapping screw is
proportional to the purlin flange thickness, purlin material tension strength, diameter of self-
tapping screw and number of screw. When the bottom plate thickness of fixed support is more
than 4 mm, the bearing capacity of screw has little correlation with the bottom plate thickness of

fixed support. There are three failure modes including the self-tapping screws being pulled out,
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the bottom plate of fixed support being bent and self-tapping screws being pulled out, bottom

plate of fixed support being bent and self-tapping screws being broken at nut because of pulling.

The calculated values of tension bearing capacity of connection at home and abroad are smaller

than test values, so the engineering application is safety.

Key words: standing seam metal roof; tension bearing capacity; connection test; self-tapping

screw; failure mode
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Tab.1 Design Parameters of Specimens

| BIREZ | BlK | BETER/ TRET [ 5 S JEE IS
A5 | B/ mm | MR mm Bt/ A | MU/ mm
Al 2.75 Q345 5.5 2 4.3
A2 1. 80 Q345 5.5 2 4.3
A3 2.00 Q345 5.5 2 4.3
A4 2.30 Q345 5.5 2 4.3
Ab 2.50 Q345 5.5 2 4.3
A6 3.00 Q345 5.5 2 4.3
B1 2.75 Q345 5.5 2 4.3
B2 2.75 Q345 4.2 2 4.3
B3 2.75 Q345 4.8 2 4.3
B4 2.75 Q345 6.3 2 4.3
C1 2.75 Q345 5.5 2 4.3
C2 2.75 Q345 5.5 4 4.3
C3 2.75 Q345 5.5 6 4.3
D1 2.75 Q345 5.5 2 4.3
D2 2.75 Q345 5.5 2 4.8
D3 2.75 Q345 5.5 2 5.3
D4 2.75 Q345 5.5 2 5.5
El 2.75 Q235 5.5 2 4.3
E2 1. 80 Q235 5.5 2 4.3
E3 2.00 Q235 5.5 2 4.3
E4 2.30 Q235 5.5 2 4.3
E5 2.50 Q235 5.5 2 4.3
E6 3. 00 Q235 5.5 2 4.3

T v At AR Al B AR R A 5 1
oy IR 75 ) (GB/T 228. 1-—2010) il %
SRR HEAT RIS . 3R 2 WA M T 1y
gk,

F2 MR ER
Tab.2 Test Results of Material Properties of Steel Sheets

MRS | AR/ mm | JRIRERE f/MPa | HURLERE ./ MPa
Q235 2.75 294.3 380.4
Q235 1.80 316.7 415.2
Q235 2.00 311.3 389.1
Q235 2.30 285.5 375.9
Q235 2.50 283.8 368.1
Q235 3.00 296.7 406. 9
Q345 2.75 365.7 470. 6
Q345 1. 80 433.4 531.4
Q345 2.00 424.6 510.3
Q345 2.30 364.2 462. 8
Q345 2.50 371.8 453.4
Q345 3.00 385.7 480. 3
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Tab.3 Calculation Method of Anti-pulling Capacity of

Self-tapping Screws of Codes at Home and Abroad
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Tab. 4 Tension Bearing Capacity of Single Self Tapping Screw

20 A H BURET PGS AN BT BT R R 80 BOHE /KN FAC T AR 5 IR AR A R 8 22/ 4
A
e PohiR#E S | GB 50018— | AS/NZS | BS 5950-5; DD ENV | GB50018— | AS/NZS | BS5950-5; DD ENV
e
i/ kN 2002 4600:2005 1998 1993-1-3:2001 2002 4600:2005 1998 1993-1-3:2001
Al 6.75 4.15 2.35 3.60 2.88 —38. 50 —65.15 —46.70 —57.36
A2 4.19 3.22 1.82 2.79 2.23 —23.12 —56. 43 —33.37 —46.69
A3 4.72 3.50 1.99 3.04 2.43 —25.73 —57.91 —35.63 —48.51
A4 5.02 3. 46 1. 96 2.99 2.40 —31.11 —60. 96 —40. 30 —52.24
A5 6.32 3.83 2.17 3.32 2.66 —39. 30 —65. 60 —47.39 —57.91
A6 7.39 4.77 2.70 4. 14 3.31 —35.43 —63. 41 —44.04 —55.23
B2 4.01 3.17 1. 80 2.75 2.20 —20.93 —55.19 —31.47 —45.18
B3 5.09 3.62 2.05 3. 14 2.51 —28.90 —59. 71 —38. 38 —50. 70
B4 7.07 4.75 2.69 4.12 3.29 —32.79 —61.92 —41.75 —53. 40
D2 6. 35 4.15 2.35 3. 60 2.88 —34.68 —62.99 —43.39 —54.71
D3 6. 40 4.15 2.35 3.60 2.88 —35.16 —63. 26 —43. 81 —55.04
D4 6.33 4.15 2.35 3. 60 2.88 —34. 44 —62.85 —43.18 —54.54
E1l 2.98 2.35 1.33 2.04 1.63 —21.06 —55.27 —31.59 —45.27
E2 3. 46 2.57 1. 46 2.23 1.78 —25.74 —57.92 —35.64 —48.51
E3 4.26 2.71 1.53 2.35 1.88 —36.42 —63.97 —44.89 —55.92
E4 4. 95 2.93 1. 66 2.54 2.03 —40. 93 —66.53 —48. 80 —59.04
E5 5.70 3.34 1. 89 2.89 2.31 —41. 46 —66.83 —49.27 —59.41
E6 6.11 3.67 2.08 3.18 2.55 —39.94 —65.97 —47.95 —58. 36
—31.54 —61.21 —40. 67 —52.54
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Fig.8 Comparison of Test Values of Screw Tension Bearing
Capacity vs Calculation Values of Relevant Norms
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