INFLUENCE OF MOTION DURATION ON
INELASTIC STRUCTURAL RESPONSE

K. Meskouris (I)

SUMMARY

Shear beam models of a 5- and 10-story high moment resisting frame were
subjected to 12 artifical accelerograms matching the same NEWMARK/HALL design
spectrum. Model parameters varied were spring hysteretic laws and target
ductilities. Maximum and cumulative ductilities as well as energy-based
damage indicators were computed and correlated with the ARIAS intensities of
the motions.

INTRODUCTION

Seismic design methods which explicitly comsider inelastic structural
behavior are of great practical importance for construction in high seismi-
city areas. Some parameters of the ground motion, such as duration and the
time variability of its frequency content, which cannot be readily considered
in the standard response spectrum-modal analysis approach, acquire special
significance when the structure responds inelastically. In this paper,
results of an investigation on the influence of motion duration on the in-
elastic response of tall buildings are reported.

SCOPE OF THE INVESTIGATION

Three plane, moment resisting frames (3, 5 and 10 stories high) were
designed for target ductilities of 2 and 4 by means of the NEWMARK/HALL in—
elastic spectrum approach. Both point hinge member models and shear beam
models were utilized, the former, however, on a limited scale, due to their
expensive use. Herein, only shear beam model results for the 5- and 10-story
frames are presented.

The following tables summarize the shear beam model properties, that is,
story masses, spring stiffnesses and ultimate elastic spring elongations:

Story 1 2 3 4 5 6 7 8 9 10

kg [kN/m] 18300 17600 16900 16200 15500 14800 14100 13400 12700 12000

m; [kg) 50000 | 50000 | 50000 | 50000 | 50000 | 50000 | 50000 | 50000 | 50000 | 45000
Xerfeml 3.76 3.7 3.62 3.52 3.40 .23 3.00 2.70 2.26 1.44
u=2
*erfem 1.88 1.85 1.81 1.77 1.70 1.62 1.51 1.36 1.14 0.75
u=4

(I) Dr.-Ing. Privatdozent, Lehrstuhl KIB 3, Ruhr-Universitit Bochum,
W. Germany
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Story 1 2 3 4 5

ki [kN/m} 13305 14098 10496 10496 8431

m; [ka] 55000 | 55000 | 55000 | 55000 | 50000
X, [cm]

el 4.52 | 3.76 4.32 | 3.44 | 2.72
u=2

Xg1 Lem]

€ 2.27 | 1.88 | 2.18 | 1.72 1.41
u=4

Story stiffnesses were computed by the expression

-1
k‘=ﬁ£ 2_.. + ! + 1 ‘
1 2 J J J
hi s R,0 R,u
4
13 1R,o 1R,u

. . . .
Herein, E is Young's modulus, hi stands for story height, JS, JR,o and JR,u

are moments of inertia of columns and girders in the upper and lower story,
and ls, 1R denote column and girder lengths. The ultimate elastic spring

elongations were evaluated as RMS values of the relative story displacements
corresponding to the inelastic response spectra.

Two different hysteretic laws were utilized for the nonlinear story
springs, namely, the elastoplastic idealization of Fig. 1a and an origin-
oriented, UMEMURA-type law (Fig. 1b). In both cases, the models are comple-
tely defined by their elastic stiffnesses and their maximum elastic displace-
ments X1+ In comparison to the elastoplastic law, the origin-oriented model

exhibits marked stiffness degradation and dissipates significantly less work.

Based on the NEWMARK/HALL design spectrum for 0.33g ground acceleration
and 2% damping, twelve artificial motions were generated with nominal dura-
tions of 6, 8, 12, ... 28s. Their ARIAS intensities, defined as the definite
time integrals of squared acceleration over the entire motion duration, were
utilized as characteristic motion duration parameters, since they are directly
connected with the energy content of the accelerograms. The following table
lists the ARIAS intensities Io of the twelve motions:

Motion 6 8 10 12 14 16 18 20 22 24 26 28
[sec}
'O
2 3 11.96 | 13.76 | 17.55 | 18.69 | 19.88 | 20.82 | 23.09 | 24.29 | 25.66 | 27.28 | 28.29 | 29.33
m /s 1
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Time histories of relevant response parameters were calculated by Direct
Integration (NEWMARK 3-v method).A stiffness proportional modal damping of
2% for the ground mode was assumed in all cases. Following damage indicators
were evaluated:
a) Maximum ductility demands of the story springs, defined as ratios of
maximum elastoplastic deformation to ultimate elastic deformation x
b) Cumulative ductility demands, defined as sums of the absolute value$
of plastic deformation normalized by x ..
c) Number N of plastic excursionms. el
d) Maxima of the total seismic work absorbed by the building (seismic in-
put energy). The total seismic work equals the sum of kinetic energy,
elastically stored energy, energy dissipated by viscous damping, and,
finally, hysteretically dissipated energy.
e) Total energy dissipated by hysteretic action.

RESULTS

Tables in the Appendix summarize the results obtained, with energy
quantities expressed in [kNm]. These values were correlated with the ARIAS
intensities of the motions, furnishing the correlation coefficients given in
the last column. To aid visualization, Figs. 2 and 3 depict mean values plus/
minus one standard deviation of both maximum and cumulative ductilities for
all cases considered.

Results show considerable variation in ductility demands and energy in-—
dicators with motion duration; however, no all-encompassing rule can be stated
at the moment. Maximum ductility demands determine the risk of sudden failure,
whereas cumulative ductilities characterize the risk of failure through gra-
dual strengthdegradation.Their dependence on motion duration in the nonlinear
range underlines the importance of including in the design process analysis
methods that explicitly consider this parameter, e.g. time history calculationms.

Force Force

Displ. Dispt.

a) b}

Fig. 1: Nonlinear spring laws
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5 -story frame; Target ductility 2. elastoplastic model

Nominal
duration | 6 | 8 110112 {14 |16 |18 |20]22]22]26]28] ¢
:n":rg'";’“‘ 231.9] 235.2 § 281.1|259.2 | 266.5 | 323.2 | 380.¢ | 415.9 [436.0 | 485.7 [468.3 [482.6 | 0.%
Hzi:f;s'p 114.0] 126.8 | 149.2| 139.3 | 133.9 | 136.6{ 188.5 | 213.2 [232.3 | 231.9 {227.6 [z24.9] 0.52
ﬂmax 1.70} 1.6t 1,63} 1.30 1.31 1.25¢ t.43 1.46 § 1.47 144} 1.3 1.48 { -0.41
1| Mcum| o.9sf 109} 1.23) 082} o.66} 0.67] 146 | .00 z.23 | 2.60] z.65 | 2.68] 0.75
N 1 5 5 5 H 7 1] 12 2 1 " 12 | 0.%
Mmax | 2.0t 190 | s88| 165 | 1.46| tas| 1.6 | vas| 154 | 1.69] 157 | 149073
2{Meum} 1.1} 1.97 ] 2.32) 2.06 | 1.94] tot| 2.99| 2.85{ 345 | z.es | 2.69 | 2.45] 0.7
N 4 5 7 3 6 7 10 "win 1l oo " josm
Mmax | t.81] 1.57| 1.80] 1.98 | 2.0 | 1.95] 2.07| 2.06{ z.05 | 1.0 1.80 { 178037
3| Heum| 18] ras| 2.38| 2.64 | 261 2.53] 2.64 | 2.76) 2.78 | 249 248 | 2.42] 066
N 5 4 8 [ H 3 8 3 10 10} w0 z | oss
Mmax | ts2| 1as| 1s1] ts| 182 1.90| 202 2.05) 2.08| 2.05] 2.02 | 1.98] 0.3
L Heum] o.9¢| 1.0 | 1.08] 108 | 1.4 1.38] 2.23] 2.42f 2.52 | 251 2.60 | 268 0.53
N 3 3 5 5 5 5 9 9 e s ? 1 | 035
Umax | 1.3s) 1.8 | 162 11| tes| t7zf a7 ] 1.93f 16| 196f 193 f 193] 00
S{Mcum| o.48| 0.39| o.63) o.81 | ros| 1.09) 160 172 180 | 202|198 | 199] 097
N ] 3 5 4 4 a 8 ] 8 8 8 s | o8
5 - story frame; Target ductility 4 ; elastoplastic model
Nomiost | 6 | 8 |10 |12 |1 |1 |8 |20]22]2]26]28]0
Mox.inputf (o; o 11g7.2 | 256.1 |239.9 | 254.8 [2m0.9 |312.7 | 333.8 [361.1 |386.5 [3s0.6 [401.0 | 0.99
energy
Hyst.dissinl o, 5 1 13g.6 | 176.1 {167.0 | 173.0 [ro3.1 |228.2 | 2625 [es8.3 | 269.4 or17 2749 | 0.99
energy
HMmax| s65] ¢.29 | 4.40] 466 | 5.38 | 5.98 | 6.97 | 7.8} 7.35 | 7.46 7,39 | 7.37 Jo.:2
1| Mcum] 6.00] 6.73 | 7.98 ] 7.39 | 8.52 |10.38 {1346 | 14.64 J15.85 | 17.45 17.51 |17.64 } 0.%
N 7 10 13w w |1 15 15 | 16 1 | 16 |oo
Hmax| 347 2.83 | 3.03] 428 | s.o7 {496 | 468 | 4.80] a8 | 443|429 | 4.28 ] 0.64
2| Mcum| s.67| 6.8 | 7.55| 7.72 | 7.82 | 8.67 |t0.68 | 11.51 fr1.98 115t [11.29 110.90 | 0.9¢
N s 9 s I3 IR H 15 w | v v 17 | o0
Hmax | 3.36 | 3.38 | 3.33] 340 | 376 { 3.7 | 2.87 | 2.83] 2.77 | 2.68 | 2.71 | 2.68 |-0.73
3| Mcum| 3.8 | 6.08 | 7.90| 7,02 | 6.03 | 6.07 | 6.06 | 6.40 ] 6.99 | 6.48 | 6.61 | 6.99 | 0.49
N 3 7 nit e 13} 15 Wi |9 19 | 0.0
Hemax | 3.78| d.22 | a.2af 38t | 377 [ 3.89 | 3.78 | 3.67 ] 3.67 | 3.50 | 3.45 | 341 }0.79
4| Hcum] 3.5 6.86 | 9.97 | 9.00 | 9.30 |r0.00 [10.31 [ 10.70 {11.18 [12.37 13.23 1357 | 0.55
N [ 9 "nios 12 | 13 15 | 1 o | 2 23 | o
Mmax | 266 2.77 | 27| 288 | 307 3.7 | 297 | 294 f 2.2 | 2.2 | 2.7 | 273} 0.09
S| Heum] 250 ] 3.59 | s.21 | s8¢ | 705|731 | 7.73 | 810 827 | 838|865 | 883 { 0.3
N ‘ 1 n| o 1z |, 18 8] ® 2| 2% | 0.9
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S - story frame; Target ductility 2; origin-oriented model

Nominl 1 6 |8 |10 |12 |1 |16 |18 20|22 |24 |26 [28] 0
Maxinputt o o 1 195.6 |201.4 | 230.7 |268.7 | 305.0 [375.0 |391.9 | 204.0 |405.0 |401.5 [365.0 | 0.92
energy :
sthtéf;sysin a1.2) 3s.9) aa ] s27) a7 | a9.2 707 | 73.8 ) 76.7 | 73.9 | 66.3 | S3.4 | 0.77
Hmox| 189 | r.69f tez | 127 | t.ia | 1.36 | 2.8 | 2.92 | 3.08 | 2.37 | 2.00 | 1.57 | 0.0
1| Meum | o.os | o.69] 059 | o.25| 013 | 0.35 | 180 | t.es | 199 | 132 | 1.0 057 | 0.39
N s 2 | 2 2 3 3 (s 5 s | s 5 5 0.7¢
Hmox | 2.a1 | 2.a7| 252 | 1.73] vs2 | 162 | 2.6 | 278 | 2.87 | 2.69 | 216 | 1.86 | 0.08
2{ Meum| 1.37| 1.03] 148 | 0.73 | 050 | 061 | .61 | 173 | 182 | vz | 1.15 0.82 | 0.0
N s 3| 3 {3 1 |s 5 s |7 6 | & |os2
HMmax | 200 | 196 | 179 | 28] 2.95 | 309 [ 279 [ 274 | 275|258 | 280 | 285 | 067
3| Mcum} o.n | o.0a] 026 | 158 ] 185 | 109 [ 176 | 168 | 10| 152 | 1r9 iy | 068
N [ 313 ‘ [ e |4 [ v | s s | s |ors
Hmax| 1.0 | 17| 109 | 2.7 | 309 | 208 j 2.2t | 222 | 2.13) 343 | 3.4 | 2.99 | 0.73
4| Mcum| 026 | 0.15] 0.08 | 165 198 | 1ea |1 | rro | rozf 222 | 223 ] res | 02
N 2 2 |2 1 5 s | . « |y 7 7 | 0w
Mmax | var | 1.25] 118 | 1es] 203 | 2osf o | e | rre|2as | 2r 222 | o
S{Mcum| 0.37 | o.25| 0.16 | 0.60 | 0.96 | 1.09 {066 | 0.65 | 0.65] 1.6 | 1.08 | 1,10 | 0.7
N 3 2 | 2 4 5 s |2 2 2 | @ o | o |oa
5-story frame; Target ductility 4 ; origin-oriented model
boranon | 618 J10 ] 12 |1 |16 )18 |20]22]26 |26 28] ¢
:;':th‘" 158.3 | 10.7 J163.2 | 147.8 | 150.2 | 182.3 J2a1.1 | 253.3 Joas.6 |262.8 | 253.8 [aas.0 | .89
Hﬁ'e'f:;‘i"' a9.afa78 | are| a29f 4190 | a2 3.2 | sa1|se7 |s2.2 | 515451 | 0.3
HMmax ] 6.50 | 6.82 | 7.7 | s.95| 5.99 | 6.18] 8.60-| 9.05 | 915 | 864 | 8.46 [ 8.3¢ | 0.70
1| Meum] 553|564 | 5.8 | .85 4.5 | a.99] 7.56 | 8.00 | 807 | 7.48 | 7.26 [ 7.27 | 0.72
N 4 ] ] 4 3 3 5 4 ] ] 5 ] 0.29
Hmax ] s.36 | 6.09 | 613 | sa| 483 | 407|527 | 515 | 5.20 | 500 | 5.72 ] 5.80 | 0.3
2| Heum] s.29| a.96 | s.o2 | a67| 3.79 | 300|423 | w10 [ars | a.ar | a6 | 079 | -0.35
N 3 |3 3 2 | 2 1] oa 2 | 1 2 |2 |08
Hemax | o76 [ 70 0.3 | a.07] 3.06 [ 300 | 301 | 354 fass [ 3.0 | 333 ] 3.06 [ -0.98
3| Heum| 363|359 | .27 | 2.97) 277 | 2.38 2.7 | 251 | 250 | 243 | 2.27 | 2.05 | -0.:4
N IR E 3 3|3 « |3 1 | 3 3 |3 |-o0s
Hmax | 3.00 [ 3.60 | 3.41 | 2.88] 3.7 | w03 | as0 | 455 asa | a5 | 3.80 | 3.56 | 0.6
4| Mcum| 28 | 260 | 2.28 | 1.78| 2.63 | 2.96 | 3.30 | 3.46 | 351 | 3.02 | 2.69 | 2.50 | 0.36
N 3 |3 3 3 |3 o | a 3 |3 3 « |3 | oz
Hmax | 177 {153 | 153} 280 ) 060 | 515 | 499 | 507 | 505 | 439 | 208 | 3.88 | 0o
S{HMcum| 075 [o.as | o.a3 | 168} 3.48 | 3.90 | 3.67 | 3.66 | dio0 | 3.27 | 2.99 | 2.72 | 072
N 1|2 2 s |3 s |4 s e ] a 3 3 0.43

762






