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Mahin: A Pioneer of Pseudodynamic
Testing & Hybrid Simulation

PsrimonvNaMic Trst MeTnop—CURRENT
StaTUus AND FUTURE IDIRECTIONS
By Stephen A. Mahin,' Member, ASCE, Pui-Shum B. Shing,” Associate

ber, ASCE, Christopher R. Thewalt,’ Associate Member, ASCE,
and Robert D. Hanson,' Member, ASCE

ABSTRACT: A major concern in seismic performance testing is whether the load-
ing conditions imposed on a test specimen are representative of those that might
occur during an actual earthquake. An on-line computer-controlled experimental
procedure has been recently developed that appears to combine the simplicity of
quasistatic testing with the realism of shaking table tests. The basis of this so called
pseudodynamic test method is summarized in this paper. Recent research resulls
are examined to identify the method’s capabilities and limitations. Efforts to extend
the applicability of the method are highlighted.

INTRODUCTION

The inelastic cyclic behavior of structures is generally quite sensitive to
the imposed histories of displacement. Thus, selection of loading techniques
and histories is a key part of the planning for any seismic performance test
(Scholl 1984). Shaking tables provide possibly the most realistic means of
simulating seismic effects in the laboratory but the capabilities of available
tables are limited. Alternative quasistatic test methods, while facilitating studies
of large specimens and components, introduce problems in relating observed
response to expected seismic performance. One-line computer control pro-
cedures have been recently suggested as a means for overcoming many of
these difficulties (Takanashi et al. 1975).

These so-called pseudodynamic test methods reproduce seismic effects by
combining quasistatic experimental techniques with numerical simulation
procedures. Nonlinear dynamic analysis software is used during a test to
determine the loading histories to be imposed on the test specimen. To insure
realism in these analyses, computations are based on the currently measured
state of damage in the actual test specimen. Since this software directly ac-
counts for dynamic effects, tests are performed slowly using electro-hy-
draulic actuators of the type commonly used in quasistatic tests. As a result,
study of specimens too large, massive, or strong to be tested on available
shaking tables is possible. The analytical basis of the method permits a par-
ticular earthquake excitation to be considered and by using appropriate nu-
merical formulations pseudodynamic tests can account for geometric nonlin-
earities, three-dimensional and multiple support excitations, and soil-structure
interaction. Similarly, the use of analytical substructuring concepts with
pseudodynamic methods permits seismic response simulation to be extended
to tests of structural subassemblages.

'Prof. of Civ. Engrg., Univ. of California, Berkeley, CA 94720,

*Asst. Prof, of Civ. Engrg., Univ, of Colorado, Boulder, CO 80309.

*Asst. Prof. of Civ. Engrg., Carnegie-Mellon Univ., Pittsburgh, PA 15213,

“Prof. of Civ. Engrg., Univ. of Michigan, Ann Arbor, MI 48109,

Note. Discussion open until January 1, 1990, To extend the closing date one month,
a written request must be filed with the ASCE Manager of Journals. The manuscript
for this paper was submitted for review and possible publication on December 27,
1988. This paper is part of the Journal of Structural Engineering, Vol. 115, No.
8, August, 1989. ©ASCE, ISSN 0733-9445/89,/0008-2113/$1.00 + $.15 per page.

Paper No. 23816.

2113

J. Struct. Eng., 1989, 115(8): 2113-2128

APPENDIX. REFERENCES

Aktan, H, M. (1986). “Pseudodynamic testing of structures.” J. Engrg. Mech., ASCE,
112(2).

Balendra, T., Lam, K.-Y., Liaw, C.-Y., and Lee, S.-L. (1987). “Behavior of ec-
centrically braced frame by pseudodynamic test.” J. Struct. Engrg., ASCE, 113(4).

Beck, J., and Jayakumar, P. (1986). “System identification applied to pseudodynam-
ic test data: A treatment of experimental errors.” Proc., ASCE/EMD Specialty
Conference on Dynamic Response of Structures, Univ. of California, Los Angeles,
Calif.

Dermitzakis, S., and Mahin, S. (1985). “Development of substructuring techniques
for on-line computer controlled seismic performance testing.” UBC/EERC-85/04,
Earthquake Engrg. Res. Ctr., Univ. of California, Berkeley, Calif.

Foutch, D. A., Goel, S, C., and Roeder, C. W. (1987). “Seismic testing of full-
scale steel building—part 1.” J. Struct. Engrg., ASCE, 113(11).

Hanson, R., and McClamrock, N. (1984). “Pseudodynamic test method for inelastic
building response.” Proc., SWCEE, San Francisco, Calif.

Hughes, T., and Liu, W. (1978). “Implicit-explicit finite elements in transient anal-
ysis: Stability theory.” J. ASME, 45.

Mahin, 8. A., and Shing, P. B. (1985). “Pseudodynamic methods for seismic test-
ing.” J. Struct. Engrg., ASCE, 111(7).

Mahin, S., et al. (1985), “Extension of pseudodynamic methods for seismic perfor-
mance evaluation.” Proc., Joint Tech. Meeting, U.S.-Japan Cooperative Earth-
quake Res. Program, Maui, Hawaii.

McClamrock, N, H., Serakos, J., and Hanson, R. D. (1981). “Design and analysis
of the pseudodynamic test method.” Report UMEE 81R3, Dept. of Civ. Engrg.,
Univ. of Michigan, Ann Arbor, Mich.

Roeder, C. W., Foutch, D. A., and Goel, S. C. (1987). “Seismic testing of full-
scale steel building—part 11.” J. Struct. Engrg., ASCE, 113(11).

Scholl, R. ed. (1984). “Experimental research needs for improving earthquake re-
sistant design of buildings.” Workshop Proc., EERIL.

hing, P. B., and Mahin, S. (1983). “Experimental error propagation in pseudo-
dynamic testing.” UBC/EERC-83/12, Earthquake Engrg. Res. Ctr., Univ. of Cal-
ifornia, Berkeley, Calif.

Shing, P. B., Dermitzakis, S., and Mahin, S. (1984). “Evaluation of seismic be-
havior of a braced tubular steel structure by pseudodynamic testing.” J. Energy
Resour. Tech. Trans., ASME, 106.

Shing, P. B., and Mahin, S. (1984). “Pseudodynamic method for seismic perfor-
mance testing: Theory and implementation.” UBC/EERC-84/01, Earthquake Engrg.
Res. Ctr., Univ, of California, Berkeley, Calif.

Shing, P. B., and Mahin, S. A. (1985). “Computational aspects of a seismic per-
gmnani:; test method using on-line computer control.” Earthquake Engrg. Struct.

yn., 13.

Shing, P, B., and Mahin, S. A. (1987). “Cumulative experimental errors in pseu-
dodynamic tests.” Earthquake Engrg. Struct. Dyn., 15(4), 409-424.,

Shing, P. B., and Mahin, S. (1987). “Elimination of spurious higher mode response
in pseudodynamic tests.” Earthquake Engrg. Struct. Dyn., 15(4), 425-445.

Shing, P. B., and Mahin, S. A. (1988). “Rate of loading effects on pseudodynamic
tests.” J. Struct. Engrg., ASCE, 114(11).

Takanashi, K., et al. (1975). “Nonlinear earthquake response analysis of structures
by a computer-actuator on-line system.” Trans., Architectural Institute of Japan,
229, 77-83.

Takanashi, K., and Nakashima, M. (1986). “A state of the art: Japanese activities
on on-line computer test control methods.” J. Inst. of Industrial Sci., Tokyo, Ja-
pan, 32(3).

Takanashi, K., and Nakashima, M. (1987). “Japanese activities on on-line testing.”
J. Engrg. Mech., ASCE, 113(7).

Thewalt, C., Mahin, S., and Dermitzakis, S. (1986). “Advanced on-line computer
control methods for seismic performance testing.” Proc., U.S. Nat, Conference
on Earthquake Engrg., Raleigh, S.C,

Thewalt, C. R., and Mahin, S. A. (1987). “Hybrid solution techniques for gener-
alized pseudodynamic testing.” UBC/EERC-87/09, Earthquake Engrg. Res. Ctr.,
Univ. of California, Berkeley, Calif,

PEER 2009104
NOVEMBER 2000

PACIFIC EARTHQUAKE ENGINEERING
RESEARCH CENTER

Advanced Implementation of Hybrid Simulation

Andreas H. Schellenberg
Stephen A. Mahin
Gregory L. Fenves

University of California, Berkeley

2009

=i

PEER



Agenda (1/2)
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Lunch/ PEER at 21
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» Control Room Overview
» Small Component HS
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