Journal of Korean Society of Steel Construction

Vol.27, No.1, pp.53-61, February, 2015

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI http://dx.doi.org/10.7781/kjoss,2015,27.1.053

An Experimental Study on the Static Load Capacity of T-Type
Tension Joints with High Tension Bolt
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Abstract - The tension type joint is a mechanically very efficient connection method, as it directly uses the load capacity of base
metal or high tension bolt, the reduction of the number of drilling hole and fastening and the fatigue resistance. It is applied to the
joint of girder and cross beam, horizontal joints of towers, beam to column joints, the secondary member joints of deck floor
ends, and brackets. In this paper, static load tests for the T-type tension joint were conducted to investigate the structural behavior
of the joint. The parameters were bolt diameter, flange thickness, and the reduction of clamping force of the joint. The failure
modes and load capacity of joints and the effects of flange thickness, bolt diameter and clamping force were investigated.
Keywords - High tension bolt, Tension type joint, T joint, Static load capacity
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Fig. 1. Example of tensile joints for bridge
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® Plastic/Ultimate stress

Fg. 3. T-Stub failure modes; (a) Flange plastic mechnism, (b)
Combined bolt/flange mechanism, (c) Bolt mechanism
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Table 1. Geometry of specimens
Bolt Web Flange
Soec Bolt diameter | thickness | tthickness a b p 5
pecimens olts d, ¢ t (mm) (mm) (mm)
(mm) (mm) (mm)
T16-M16-1 M16x70 16 10 16 53.0 92.0 100 0.84
T16-M16-2 M16x70 16 10 16 53.0 92.0 100 0.84
T16-M22-1 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M22-2 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M22-LT-1 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M27-1 M27x85 27 10 16 58.5 86.5 100 0.73
T16-M30-1 M30x90 30 10 16 60.0 85.0 100 0.7
T23-M16-1 M16x%80 16 14 23 53.0 90.0 100 0.84
T23-M16-2 M16x80 16 14 23 53.0 90.0 100 0.84
T23-M22-1 M22x90 22 14 23 56.0 87.0 100 0.78
T23-M27-1 M27x100 27 14 23 58.5 84.5 100 0.73
T23-M30-1 M30x110 30 14 23 60.0 83.0 100 0.7
T28-M16-1 M16x90 16 16 28 53.0 89.0 100 0.84
T28-M22-1 M22x100 22 16 28 56.0 86.0 100 0.78
T28-M22-LT-1 M22x100 22 16 28 56.0 86.0 100 0.78
T28-M27-1 M27x110 27 16 28 58.5 83.5 100 0.73
T28-M30-1 M30x115 30 16 28 60.0 82.0 100 0.70
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Fig. 5. Installation for the test
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Table 2. Mechanical properties of bolts and clamping force
Diameter Nominal Design Obj e<.:t Coefficient | Clamping Yielding Tensile
Specimens of area of | Clamping | Clamping of Torque Force Force
bolt bolt Force Force of bolt of bolt
mm) | et | N | gy | T N gy
T16-M16-1 16 201 106 117 0.133 249 211.7 223.5
T16-M16-2 16 201 106 117 0.133 249 211.7 223.5
T16-M22-1 22 380 205 225 0.135 668 392.2 416.5
T16-M22-2 22 380 205 225 0.135 668 392.2 416.5
T16-M22-LT-1 22 380 205 135 0.135 401 392.2 416.5
T16-M27-1 27 572 310 341 0.140 1,289 600.6 646.9
T16-M30-1 30 708 379 417 0.131 1,639 715.8 768.9
T23-M16-1 16 201 106 117 0.166 311 211.7 223.5
T23-M16-2 16 201 106 117 0.166 311 211.7 223.5
T23-M22-1 22 380 205 225 0.134 663 392.2 416.5
T23-M27-1 27 572 310 341 0.140 1,289 600.6 646.5
T23-M30-1 30 708 379 417 0.135 1,689 715.8 768.9
T28-M16-1 16 201 106 117 0.166 311 211.7 223.5
T28-M22-1 22 380 205 225 0.136 673 392.2 416.5
T28-M22-LT-1 22 380 205 135 0.136 404 3922 416.5
T28-M27-1 27 572 310 341 0.140 1,289 600.6 646.5
T28-M30-1 30 708 379 417 0.134 1,676 715.8 768.9
56 @ TzstE =57 A7 AlE(ED A1343) 20159 29
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Fig. 6. Fracture types of specimens
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Table 3. Results of the test and prediction of load capacity
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Experiment Prediction
Max - C g . . .
Specimens Load Max. Yielding Y1§1d1ng Tensile Te.nsﬂe T 7, 73 Capacity
kN) Displ. Load Displ. Load Displ. | Eq.(1) | Eq.2) | Eq.(3) (kN) A/B
A) (mm) | (kN) | (mm) | (kN) | (mm) | (kN) (kN) (kN) ®)
T16-M16-1 134.5 27.22 101.45 541 102.3 5.67 60.2 184.1 223.5 60.2 2.23
T16-M16-2 109.1 - 97.8 3.06 98.65 3.07 60.2 184.1 2235 60.2 1.81
T16-M22-1 149.6 14.54 135.1 9.52 140 9.8 60.2 342.4 416.5 60.2 2.49
T16-M22-2 160.0 - 140.6 3.28 141.7 3.29 60.2 342.4 416.5 60.2 2.66
T16-M22-LT-1| 146.3 - 135.4 7.78 136.45 8.06 60.2 342.4 416.5 60.2 2.43
T16-M27-1 219.4 34 192.7 342 193.4 34 60.2 542.8 646.9 60.2 3.65
T16-M30-1 222.2 3.51 218.7 3.51 219.8 3.52 60.2 657.1 768.9 60.2 3.69
T23-M16-1 157.5 3.36 156.3 3.82 157.45 3.36 127.1 209.1 223.5 127.1 1.24
T23-M16-2 152.3 5.36 146.7 5.54 148.9 5.5 127.1 209.1 223.5 127.1 1.20
T23-M22-1 276.4 4.46 230.75 1.34 232.6 1.2 127.2 369.7 416.5 127.2 2.17
T23-M27-1 339.0 6.49 272.6 2.21 275.15 2.07 127.3 572.8 646.9 127.3 2.66
T23-M30-1 336.6 3.47 303.7 1.62 306.15 1.81 127.3 688.7 768.9 127.3 2.64
T28-M16-1 146.2 0.29 146.15 0.29 146.15 0.29 190.5 231.7 223.5 190.5 0.77
T28-M22-1 285.9 1.48 284.95 1.64 284.3 1.82 190.7 3934 416.5 190.7 1.50
T28-M22-LT-1| 287.6 3.06 281.6 2.21 281.85 2.33 190.7 393.4 416.5 190.7 1.51
T28-M27-1 375.7 3.51 356 5.12 358.65 5.39 190.9 597.9 646.9 190.9 1.97
T28-M30-1 382.0 5.52 378.45 4.82 381.25 5.13 191.0 714.6 768.9 191.0 2.00
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