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TABLE 11.2.1 AECOMMENDED DAMPING VALUES

Type and Condition Damping Ratio
Stress Level of Structure (%)
Working stress, Welded steel, prestressed 2-3
no more than about concrete, well-reinforced

% yield point concrete {(only slight cracking)

Reinforced concrete with 3-5
considerable cracking

Bolted and/or riveted steel, 57

wood structures with nailed or
bolted joints

At or just below Welded steel, prestressed 5-7
yield point concrete (without complete
loss 1n prestress)
Prestressed concrete with no 7-10
prestress left
Reinforced concrete 7—10
Bolted and/or riveted steel, 10—15

wood structures with
bolted joints

Wood structures with nailed 1520
joints

Source: N. M. Newmark, and W. J. Hall, Farrthquake Specrra and Design, Earth-
quake Engineering Research Institute, Berkeley, Calif., 1982,
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w 2.528
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1. Central Difference Method

269.21u,,, = p, +406.6u, —237.39u, ,
ui = 5(ui+1 - ui—l)

U, =100(u,, —2u. +u._,)

Time Pi Ui U; U; u (theorical)
0.0 0.0 0.0000 0.0000 0.0000 0.0000
0.1 50.0 0.0000 0.9290 18.5730 0.0323
0.2 86.6 0.1857 3.0110 | 23.0740 0.2254
0.3 100.0 0.6022 4.4650 9.8540 0.6240
0.4 86.6 1.1172 4.3790 | -15.4180 1.0961
0.5 50.0 1.4780 1.5780 | -40.5940 1.4251
0.6 0.0 1.4329 -3.0860 | -52.6930 1.3772
0.7 0.0 0.8609 -6.9810 | -25.2160 0.8683
0.8 0.0 0.0366 -7.823 8.3810 0.1105
0.9 0.0 -0.7038 | -5.6590 | 34.8930 -0.5974
1.0 0.0 -1.0953 -1.0073




2. Constant Acceleration Method

u;,, =u; +0.1u; +0.003U;,
u;,, =u; +0.10,

. 1 : .
U, = 2533 (P, —100u; —13.183u; —0.81831;)

Time Uj Uj Uj pj+1 u (theorical)
0.0 0.0000 0.000 0.00 50.0 0.0000
0.1 0.0600 0.660 19.74 86.6 0.0323
0.2 0.0937 1.974 27.81 100.0 0.2254
0.3 0.4351 4.755 16.32 86.6 0.6240
0.4 0.9923 6.384 -13.01 50.0 1.0961
0.5 1.5660 5.086 -48.47 0.0 1.4251
0.6 1.8320 0.239 -72.63 0.0 1.3772
0.7 1.4930 -7.024 -50.11 0.0 0.8683
0.8 0.5400 | -12.036 -6.19 0.0 0.1105
0.9 -0.6950 | -12.655 43.33 0.0 -0.5974
1.0 -1.7430 -8.322 79.29 -1.0073




3.Average-Acceleration Method

1176.9u,, = p,,, +1076.9u, —104.54, + 2533,

l]i+1 =20 (Ui+1 - ui) - ui
Ui+l =400 (Ui+1 - ui) —-40 ui - Ui
Time Ui Ui Ui pi+1 u (theorical)

0.0 0.0000 0.000 0.000 50.0 0.0000
0.1 0425 0.850 16.9%4 86.6 0.0323
0.2 2245 2.790 21.816 100.0 0.2254
0.3 58561 4.422 10.815 86.6 0.6240
0.4 1.0248 4.374 -11.779 50.0 1.0961
0.5 1.3432 1.994 -35.806 0.0 1.4251
0.6 1.3291 -2.277 -49.613 0.0 1.3772
0.7 0.9073 -6.161 -28.066 0.0 0.8683
0.8 0.2227 -7.530 0.686 0.0 0.1105
0.9 -0.4633 -6.191 26.089 0.0 -0.5974
1.0 -0.9175 -2.893 39.871 -1.0073




4. Linear-Acceleration Method

1715.3u,, = p,., +1615.3u, +158.35, +5.225(i

u,, =30(u;,, —u;)—2u; —0.05U;,
Ui,, =600 (u;,; —u;) —60U; - 20
Time Uj Uj Uj pj+1 u (theorical)

0.0 0.0000 0.000 0.000 50.0 0.0000
0.1 C.0291 0.875 17.490 86.6 0.0323
0.2 6.211S 2.860 22.227 100.0 0.2254
0.3 0.5896 4.449 10.548 86.6 0.6240
0.4 1.0532 4.382 -12.893 50.0 1.0961
0.5 1.3862 1.871 -37.331 0.0 1.4251
0.6 1.3644 -2.530 -50.680 0.0 1.3772
0.7 0.8969 -6.430 -27.328 0.0 0.8683
0.8 0.1678 -7.648 2.981 0.0 0.1105
0.9 -0.5389 -6.055 28.875 0.0 -0.5974
1.0 -0.9785 -2.521 41.789 -1.0073




5.wilson-0 Method (6=1.5)

839.13u,,, = p,,, + 739.13u, +107.69U; +5.305(j
~u,)-40u, - 20,

Ui, = 266.7 (U
=0.6671i,

j+0

j+0

Ui, +0.333U;
U, =u; +0.05(U; +0j,,)
U, =u; +0.1u; +0.0033u; +0.001670;,,

Time uj Uj Uj Pj+6 uj+6 Uj+6 u(theorical)
0.0 0.0000 0.000 0.00 75.0 0.0894 23.837 0.0000
0.1 0.0265 0.795 15.89 104.9 0.3508 22.923 0.0323
0.2 0.1932 2.618 20.58 106.7 0.7634 6.197 0.2254
0.3 0.5419 4,197 10.99 79.9 1.1806 -19.507 0.6240
0.4 0.9827 4.279 -9.34 31.7 1.3934 -42.927 1.0961
0.5 1.3265 2.225 -31.73 -25.0 1.2237 -52.993 1.4251
0.6 1.3668 -1.656 -45.91 0.0 0.7011 -19.467 1.3772
0.7 1.0010 -5.366 -28.28 0.0 0.0143 8.039 0.8683
0.8 0.3634 -6.983 -4.07 0.0 -0.6018 30.041 0.1105
0.9 -0.3174 -6.253 18.67 0.0 -0.9640 40.323 -0.5974
1.0 -0.8252 -3.664 33.11 -1.0073
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