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/] ABSTRACT /

Friction energy dissipative devices have been increasingly implemented as structural seismic damage protecting systems due to their
excellent seismic energy dissipating capacity and high stiffness. This study develops rotational friction energy dissipative devices and
verifies experimentally their cyclic response. Based on the understanding of the differences between the traditional linear-motion friction
behavior and the rotational friction behavior, the configuration of the frictional surface was determined by investigating the characteristics
of the micro-friction behavior. The friction surface suggested in this paper consists of brake-lining pads and stainless steel sheets and is
normally stressed by high-strength bolts. Based upon these frictional characteristics of the selected interface, the rotational friction energy
dissipative devices were developed. Bolt torque-bearing force tests, rotational friction tests of the suggested friction interfaces were carried
out to identify their frictional behavior. Test results show that the bearing force is almost linearly proportional to the applied bolt torque and
presents stable cyclic response regardless of the experimental parameters selected this testing program. Finally, cyclic tests of the
rotational friction energy dissipative devices were performed to find out their structural characteristics and to confirm their stable cyclic
response. The developed friction energy dissipative devices present very stable cyclic response and meet the requirements for
displacement-dependent energy dissipative devices prescribed in ASCE/SEI 7-10.

Key words: Rotational friction behavior, Energy dissipative devices, Brake-lining pads, Stainless steel sheet, Bolt torque
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Table 1. Normal pressure resulted from bolt-torque

Bolt torque, N'm
150 | 200 | 250 | 300 | 320 | Fun
M16-113mm Bolt pressure, kN
Mean 53.1 67.4 83.0 95.4 99.4 101.8
Stdev 6.1 8.8 9.7 13.8 15.0 4.7
M20-113mm Bolt pressure, kN
Mean 43.3 57.4 72.7 86.7 92.9
Stdev 1.7 2.6 5.0 4.9 5.7
M20-134mm Bolt pressure, kN
Mean 443 60.0 74.2 88.4 92.3 118.6
Stdev 22 4.1 5.2 5.7 9.6 1.4
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Table 2. Properties of rotational friction specimens and test results of friction coefficient test
Bolt Friction pad
Specimens Angle’ Size Torque, |Inner Diameter |Outer Diameter| Fs, kN P, kN L, mm [, mm u
N-m a, mm b, mm
FC16S-1-A60 200 64 9.25 67.4 0.193
FC16S-2-A60 M16 300 64 16.4 95.4 0.242
FC16S-3-A60 Full 64 15 101.8 47 0.208
FC16L-1-A60 200 84 10.65 67.4 0.190
FC16L-2-A60 M16 300 84 14.65 95.4 0.184
FC16L-3-A60 Full 84 16.85 101.8 0.199
e E——— 60 30 259.8
FC20S-1-A60 200 114 6.2 60 0.101
FC20S-2-A60 M20 300 114 8.55 88.4 0.095
FC20S-3-A60 Full 114 22 118.6 0.181
FC20L-1-A60 200 144 8.9 60 o7 0.127
FC20L-2-A60 M20 300 144 12.25 88.4 0.119
FC20L-3-A60 Full 144 224 118.6 0.162
FC16S-1-A90 200 64 9.45 67.4 0.161
FC16S-2-A90 M16 300 64 20.05 954 0.242
FC16S-3-A90 Full 64 15 101.8 47 0.170
FC16L-1-A90 200 84 12.35 67.4 0.180
FC16L-2-A90 M16 300 84 20.5 95.4 0.211
FC16L-3-A90 Full 84 20.3 101.8 0.196
EUUE—— 90 30 2121
FC20S-1-A90 200 114 6.9 60 0.092
FC20S-2-A90 M20 300 114 10.9 88.4 0.098
FC20S-3-A90 Full 114 16.3 118.6 57 0.110
FC20L-1-A90 200 144 7.55 60 0.088
FC20L-2-A90 M20 300 144 16.35 88.4 0.129
FC20L-3-A90 Full 144 322 118.6 0.190

Full: Turn of nut method
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Fig. 7. Results of friction coefficient test of specimens set with angle 90°
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Table 3. Suitability evaluation of rotational friction damper at zero, maximum tensile and at maximum compression displacement

Slip force at (—)maximum | Slip force at (+)maximum

Bolt Friction pad| Slip force at zero disp. disp. disp. Dissipated
energy,
Specimen Inner |Outer| Tensile Comp. Tensile Comp. Tensile Comp. KN - mm
Size T,‘\’qu“e dia. | dia. | load, kN | load, kN | load, kN | load, kN | load, kN | load, kN
m
mm | mm | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min Max Min
358 | 323 |-37.6 |-33.6 | 40.2 | 351 | -45.0 | 424 | 345 | 31.0 | -35.0 | -31.8 | 6497.4 | 5892.6
FR16S-1 [M16| 200 30 64
54% | 49% | 4.8% | 6.4% |12.9% | 1.4% | 51% | 0.9% | 9.5% | 1.6% | 7.4% | 2.5% | 8.6% 1.5%
60.9 | 58.0 | -57.8 | -55.3 | 63.1 | 58.8 | -67.3 | -66.3 | 57.8 | 55.0 | -53.5 | -44.3 |10151.4 | 9424.8
FR16S-2 [M16| 300 30 64
25% | 24% | 2.2% | 2.3% | 4.3% | 2.8% | 0.7% | 0.7% | 2.5% | 2.5% |10.3% | 8.7% | 4.1% | 3.4%
65.1 | 55.8 | -58.1 | -48.0 | 56.3 | 55.5 | -66.5 | -56.0 | 61.0 | 51.0 | -44.5 | -42.5 | 9588.6 | 8610
FR16S-3 [M16| Full 30 64
6.6% | 8.7% | 8.4% [10.4% | 0.7% | 0.7% | 5.6% [11.1% | 8.9% | 8.9% | 4.2% | 0.5% | 4.9% | 5.8%
50.8 | 439 | -46.1 | -37.9 | 51 48 | -54.8 | -47.0 | 50.0 | 42.0 | -36.5 | -34.0 | 8076.6 | 7182
FR16L-1 |M16| 200 30 84
7.0% | 7.5% | 9.9% | 9.5% | 3.2% | 2.8% | 6.0% | 9.1% | 8.7% | 8.7% | 4.3% | 29% | 5.6% | 6.1%
739 | 696 |-819 |-769 | 71.7 | 63 |-95.0|-88.0 | 72.0 | 68.5 | -73.0 | -67.0 {13091.4 | 12033
FR16L-2 |M16| 300 30 84
2.8% | 3.2% | 3.5% | 2.8% | 6.5% | 6.4% | 3.3% | 4.3% | 42% | 0.9% | 4.3% | 4.3% | 45% | 4.0%
759 | 70.2 | -71.1 |-65.27 | 76.8 | 74.4 | -86.0 | -81.5 | 74.0 | 69.2 | -59.4 | -57.5 |12440.4 |11869.2
FR16L-3 |M16| Full 30 84
3.7% | 4.1% | 3.5% | 5.0% | 1.2% | 2.0% | 4.4% | 1.1% | 2.8% | 3.9% | 1.4% | 1.9% | 2.5% | 2.2%
28.8 | 27.0 | -37.0 | -36.0 | 26.7 | 255 | -45.2 | -43.7 | 29.8 | 27.5 | -33.9 | -32.3 | 5695.2 | 5418
FR20S-1 [M20| 200 30 114
49% | 1.9% | 0.2% | 2.7% | 2.7% | 1.9% | 1.6% | 1.8% | 4.6% | 3.5% | 3.4% | 1.5% | 2.9% | 2.1%
51.0 | 48.1 | -47.0 | -446 | 54 47 |-59.0 | -52.5 | 51.0 | 48.0 | -43.5 | -36.0 | 8715 | 7707
FR20S-2 |M20| 300 30 114
33% | 2.5% | 3.0% | 2.4% | 7.8% | 6.2% | 8.9% | 3.1% | 3.0% | 3.0% [10.1% | 8.9% | 7.3% | 5.1%
844 | 790 |-765 |-71.3 | 855 | 78 |-95.0|-83.0 | 85.0 | 77.0 | -67.0 | -55.0 | 13965 | 12306
FR20S-3 [M20| Full 30 114
31% | 3.5% | 3.8% |34% | 4.3% | 49% | 6.7% | 6.7% | 6.0% | 4.0% [10.9% | 89% | 6.7% | 6.0%
353 | 32.8 | 416 | -395 | 35 33 | -51.0|-49.0 | 35.0 | 33.0 | -35.5 | -33.5 | 6468 | 6174
FR20L-1 |M20| 200 30 144
4.3% | 3.0% | 1.5% | 3.6% | 2.9% | 2.9% | 2.0% | 2.0% | 2.9% | 2.9% | 44% | 1.5% | 2.7% | 2.0%
728 | 68. | -65.0 | -60.3 | 74 | 67.3 |-80.0|-72.0 | 74.0 | 67.3 | -57.0 | -52.0 | 11844 |10890.6
FR20L-2 |M20| 300 30 144
34% | 2.6% |3.8% |3.7% | 47% | 4.7% | 53% | 53% | 4.7% | 4.7% | 7.5% | 1.9% | 4.8% 3.7
128.4 | 117.6 |-118.6 |-107.8| 128 | 117 |-145.0|-130.0| 128.0 | 117.0 |-105.0| -99.0 | 21084 | 19530
FR20L-3 |M20| Full 30 144
42% | 4.6% | 51% | 4.4% | 45% | 45% | 55% | 5.5% | 4.5% |4.5% |[2.9% |[2.9% | 3.8% | 3.8%
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Fig. 9. Hysteresis of rotational friction damper
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