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An Experimental Study on the Fatigue Behavior of T-Type Tension Joints
with High Tension Bolt

Lee, Seung Yong', Choi, Jun Hyeok**

'Professor, Dept. of Civil Engineering, Korea National University of Transportation, Chungju, 27469, Korea
“Professor, Dept. of Civil Engineering, Bucheon University, Bucheon, 14642, Korea

Abstract - In this paper, it was performed the fatigue test to examine the effect of cyclic loading for the simple T-joint. Axial force
of bolt by clamping and the change of the force by applied load were measured in the joint. And the bolt force, the failure mode
and the fatigue strength under cyclic loading were investigated. The parameters of the tension joint were set to be the flange
thickness and the diameter of bolt to a different stiffness of the joint in response to the combination. From the fatigue test, failure
mode of tensile joints under cyclic loading could be evaluated using a static ultimate load of the specific failure mode in EC3. The
fatigue strength of the tension joints was considerably higher than the fatigue strength of the EC3(36) that does not consider a
lever action. However, the additional axial force by lever action occurs to an increase in the axial force of the bolt it requires a
careful evaluation of the fatigue strength.
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Fig. 1. Fracture type of tensile joint®
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Table 1. Geometry of Specimens

o8 - Az

. Bolt Elange .Web Clamping Yieding Plastic
Specimen Bolts diameter | thickness | thickness a b force strength of | moment of
d ty w kN) flange flange
(mm) (mm) (mm) (MPa) (kN'm)
TI6M16 M16x70 16 16 10 89 56 106 416 2.7
T16M22 M22x75 22 16 10 89 56 205 416 2.7
T16M30 M30%90 30 16 10 89 56 379 416 2.7
T23M22 M22x90 22 23 14 85 58 205 431 5.7
T23M27 M27%100 27 23 14 85 58 310 431 5.7
T23M30 M30x110 30 23 14 85 58 379 431 5.7
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Fig. 2. Dimensions of specimen (unit : mm)
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Fig. 3. Installation of the test specimen
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Table 2. Ultimate load to the failure mode

Ultimate load (kN)

Bol .

Specimen Bolt ;;na:d Flange Failure
failure e failure mode
failure
'7;/1 T ];3
y2

T16M16 190.8 166.5 236.7 Bolt-flange
T16M22 369.0 284.8 236.7 Flange
T16M30 682.2 492.8 236.7 Flange
T23M22 369.0 329.0 506.7 | Bolt-flange
T23M27 558.0 452.5 506.7 | Bolt-flange
T23M30 682.2 533.7 506.7 Flange
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(b) Bolt-flange failure(T23M22)

Fig. 4. Types of failure to test specimens
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Fig. 5. Fatigue strength curve for theoretical stress range
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Fig. 6. Fatigue strength curve for the mean stress range
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Fig. 7. Fatigue strength curve for the maximum stress range
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Table 3. Fatigue test results
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Applied load | Theoretical stress |Mean stress range of| Maximum stress
Specimen raj}g}e rangeA Zi bolt, AL):I:M rangza :ibolt Numtl())erfa(i)lfu rceycles Note
(kN) (MPa) (MPa) (MPa)

T16M16 166 413 475 604 712,280

T16M22 166 218 475 564 2,000,000 Not failure

T16M30 186 131 285 308 367,050

T23M22 284 374 417 529 19,800

T23M27 295 258 358 405 22,150

T23M30 284 201 323 379 92,950
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Table 4. Maximum bolt force for specimens

. Initial bolt force, | Applied load, 77| Maximum bolt | Yielding force of
Specimen B, (kN) (kN) force, B (kN) | bolt, B, (kN) BB, #B,
T16M16 149 166 155 207 1.04 0.75
T16M22 280 166 293 392 1.05 0.75
T16M30 404 186 436 731 1.08 0.60
T23M22 224 284 402 392 1.79 1.02
T23M27 264 295 462 590 1.75 0.78
T23M30 367 284 518 731 1.41 0.71
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Table 5. Change of bolt force to the number of cycles
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) Maximum bolt force to number of cycles (kN)
Specimen
N=10 100 1,000 10,000 100,000 300,000 500,000

T16M16 243 242 243 242 243 243 243
T16M22 429 429 429 429 429 429 429
T16M30 436 436 439 439 439 439 -
T23M22 405 407 410 411 - - -
T23M27 463 464 469 469 - - -
T23M30 538 538 540 542 - - -
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