Characterising the influence of ground motion duration on structural strength
and deformation capacity
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Background and Motivation Effect of Duration on Collapse Capacity: Role of Model Parameters
» Recent studies have demonstrated the effect of earthquake ground 1 Remtorced Concrete Column Reinforced Concrete Frame
motion duration on structural collapse capacity. This effect is not Cace 1- Short Duration set R ———
explicitly considered in the design process. 09F |—Case1- LongDuration set 09F |—Case1-Long Duration set
> The effect of duration is more accurately captured by employing 08k 08
realistic, deteriorating structural models capable of simulating |
behaviour of structures at large nonlinear deformations by 071 © 0.7
incorporating in-cycle and cyclic deterioration of strength and s | =
stiffness of structural components as well as destabilising P-A S 06 S 0.6
effects. 30_5 . ”go 5
Objectives 5047 504
2 2
» Characterise the influence of duration/cyclic demands on A 0.37 2 0.3
structural collapse and deformation capacity. 0ok 05
» Devise methods to consider the effect of duration/cyclic demands
in seismic design. 017 0.1
. . 0 1 1 | 1 ] 1 ] 0 | 1 | 1 ' 1 1 1 J
Examples of long and short duration ground motions 0.5 1.0 15 20 30 40 0 1.0 2.0 3.0 40 50 10.0
S (1.20'5, 5%) () S (0.53's,5%)(g)
Long Duration record from 2011 Tohoku (Myy 9.0) Median Collapse Capacity (g)
Dss..c =535
o e Model Incorporates Reinforced Concrete Column Reinforced Concrete Frame
Case No.| Deterioration | P-A effects Short Duration (SD) | Long Duration (LD) | Decrease | Short Duration (SD)| Long Duration (LD) | Decrease
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DSe e =45 » The effect of duration on Median Collapse Capacity is mainly observed when features of cyclic deterioration are incorporated in the model,
@ g as 25 % and 48 % lower values are recorded for the two models under long duration set. P-A effects do not seem to have a significant impact
on the observed effects of duration for the considered cases.
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~ Reinforced concrete (RC) column previously tested by PEER and » Long duration ground motions can cause structures to collapse at much smaller drift demands. The median Peak Drift Ratio (PDR) values
NEES at UC San Diego is modelled as an SDOF system in recorded at the onset of collapse are 30 % and 49 % smaller for the two considered cases under the long duration set. This indicates towards
OpenSees. (PR 2010b) lower "dynamic" deformation capacity of structures under long duration records and underlines the importance of consideration of "duration”
» Defined as a linear elastic element connected to the base through in seismic design guidelines..
a zero-length plastic hinge, following the Modified
Ibarra-Medina-Krawinkler (IMK) peak-oriented model. Role of Cycllc Deterioration (C D) and P-A effects
Fundamental period: 1.20 s.
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Beam Hinge S, (1.20's, 5%) at collapse (g) Without P- AEffects S, (0.53s,5%) at collapse (g) Without Deterioration
= Column Hinge > For the two considered cases, P-A effects seem to have a uniform impact on the structure, irrespective of the record duration. This can be
attributed to better re-centering capability of the hysteretic model employed and less susceptibility of the considered low-rise structures to
- < Joint Panel ratcheting collapse.
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457 6.1 m) » The impact of cyclic and in-cycle deterioration is observed to be significantly larger under longer durations, due to large hysteretic energy
( ) < > dissipation. This is found to be the main phenomenon causing the effect of duration on structural collapse capacity for the present cases.
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» Both models are capable of capturing different modes of strength Conclusions and Future Work

and stiffness deterioration as well as geometric nonlinearities to > Duration indeed has a significant impact on the collapse capacity of structures, causing collapse at lower intensities due to large hysteretic
carry out large displacement analyses. energy dissipation and cyclic deterioration. This effect observed is higher for the two-story frame than for the bridge column and needs
further investigation to understand the reasons behind it.
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