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ABSTRACT

	Aims: To evaluate the computational efficiency and accuracy of a seismic record truncation methodology based on Arias Intensity (AI) for optimizing Nonlinear Time-History Analysis (NLTHA) in steel buildings. Specifically, it verifies whether reduced-duration records can predict peak transient demands with precision equivalent to full-duration benchmarks.
Study design: Three-dimensional Finite Element (FE) models of steel buildings were analyzed via NLTHA to capture material inelasticity. Dynamic equations of motion were solved using step-by-step direct integration, employing the Hilber-Hughes-Taylor (HHT) alpha method for numerical convergence.
Place and Duration of Study: Faculty of Engineering (postgraduate division), Universidad Autónoma de Querétaro (UAQ), between June 2024 and November 2025.
Methodology: Six 3D steel moment-resisting frames (ranging from 4 to 12 stories, regular and irregular) were subjected to a suite of 30 major crustal earthquake records. The records were systematically truncated to isolate their strong-motion phases between 5% and upper thresholds of 95%, 85%, and 75% of their total Arias Intensity (D5-95, D5-85, and D5-75). Predictive accuracy was assessed by comparing the results of different parameters for each AI time window against the full-duration benchmark.
Results: For rigid structures (T1 < 1.0 s), aggressive truncation (D5-75) captured peak demands with less than 2% error, reducing computation time by 63% and storage by 70%. Conversely, for flexible high-rise frames (T1 > 2.0 s), a dual behavior was observed: while internal forces and base reactions remained highly accurate (over 94% precision), the D5-75 scenario severely underestimated deformation parameters, reducing peak roof displacements and rotations by up to 20%, and inter-story drifts by 11%.
Conclusion: A universal truncation threshold is unfeasible; optimization accuracy is strictly period and parameter dependent. Aggressive truncation (D5-75) is highly recommended for stiff structures or when assessing only strength demands (internal forces) to maximize efficiency. However, a conservative limit (D5-95) is strictly required for tall, flexible systems to accurately capture displacements and higher-mode effects. Ultimately, the D5-85 window represents a transitional strategy, offering substantial time savings (55%) but requiring caution when evaluating drift-induced damage in flexible frames.
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INTRODUCTION

Nonlinear Time-History Analysis (NLTHA) is the most comprehensive tool for assessing seismic performance; however, its high computational cost has led to efforts to simplify input accelerogram data. Any attempt to optimize or shorten the records must begin with a thorough understanding of how the duration of strong motion influences the structural response.

Historically, the intense phase of an earthquake has been defined using energy-based metrics, with "significant duration" (derived from the accumulation of the Arias Intensity) being the most stable parameter and the one with the greatest physical significance (Bommer & Martínez-Pereira, 1999). Using this concept, the literature has resolved the debate regarding the influence of duration: extensive state-of-the-art reviews (Hancock & Bommer, 2006) and statistical hypothesis tests on single-degree-of-freedom (SDOF) (Iervolino et al., 2006) have unanimously demonstrated that earthquake duration governs hysteretic energy dissipation and fatigue damage, but has a negligible correlation with maximum transient demands, such as displacement and peak ductility (Hou & Qu, 2015).

This insensitivity of peak demands to duration holds true across multiple levels of design seismic intensity (Harati et al., 2019), and has been validated both analytically, by observing that shear forces and bending moments are insensitive to duration at the design level (Fairhurst et al., 2019), and experimentally on physical components subjected to long-duration loading protocols (Ou et al., 2014).

However, the literature clearly establishes the limits of this premise: when structures exhibit severe cyclic degradation and are pushed to states close to collapse, prolonged exposure significantly reduces structural capacity (Bojórquez et al., 2006; Otárola et al., 2023; Raghunandan & Liel, 2013) and increases residual displacement demands (Ruiz-Garcia, 2010). This phenomenon is particularly noticeable in brittle structures such as masonry (Bommer et al., 2004). In the specific case of steel frames, while duration can exacerbate damage in tall buildings (Barbosa et al., 2017) and reduce their median collapse capacity by up to 29% (Chandramohan et al., 2016), recent research shows that this effect is only activated when components enter the descending branch of their post-buckling capacity curve (Bravo-Haro & Elghazouli, 2018). In fact, by rigorously isolating duration using the initial rate of the Arias Intensity (AI), it has been confirmed that maximum inter-story drifts in steel frames are inherently insensitive to earthquake duration (Zengin et al., 2020). This suggests that for design evaluations that seek to estimate maximum transient demands prior to collapse, isolating the intense phase of the record is a theoretically sound strategy.

Based on the behavior described above, various methodologies have been proposed in recent years to shorten seismic records and speed up NLTHA; these can be grouped into three main approaches:

One approach involves isolating critical dynamic features using mathematical transforms. For example, the S-transform has been used to shorten records, reducing computation time by 71% (Arian-Moghaddam et al., 2020), and wavelet-based approaches have been used to isolate velocity pulses in near-field earthquakes (Dimakopoulou et al., 2021). Although effective for preserving frequency content, these methods involve high mathematical complexity that hinders their automation in structural engineering practice; furthermore, approaches such as the Wavelet method are strictly limited to pulse-dominated records (Dimakopoulou et al., 2021).


Other recent methodologies aim to optimize the calculation by directly reducing the number of signal points. Requena-García-Cruz et al. (2025) evaluated downsampling methods to optimize dynamic simulations. Similarly, Reyes et al. (2021) proposed a method that combines the clipping of weak signals with downsampling, achieving a 50% reduction in time with error margins of less than 10%. The main limitation of these approaches is that downsampling inevitably alters the high-frequency components, which are critical for exciting higher modes or capturing local responses. Alternatively, mathematical manipulation of the AI has been explored to induce extreme responses (Hernandez, 2024), but these alterations artificially modify the nature of the original record.

To avoid altering the earthquake frequency, direct truncation of the low-energy "tails" has emerged as the purest method. Li et al. (2022) proposed an approach that truncates the record immediately after the maximum structural displacement occurs. However, this has the severe limitation that it requires prior knowledge of the dynamic response. Therefore, truncation based exclusively on energy thresholds (Arias Intensity) is the most viable. This approach has proven successful when applied to large concrete dams (Jin et al., 2020) and has been validated in 2D models of reinforced concrete frames, where it reduced computational effort while maintaining accuracy in maximum-drift fragility curves (Khaloo et al., 2016).

Despite significant advances in NLTHA optimization, critical limitations persist in the current literature. First, validations of truncation and time-reduction methodologies have overwhelmingly focused on simplified 2D models (Khaloo et al., 2016) or strictly regular and symmetric 3D systems (Reyes et al., 2021). Given that torsional effects induced by spatial irregularities can interact in complex ways with the duration of excitation and the dynamic properties of the structure (Sarieddine & Lin, 2013), the applicability of standard truncation thresholds based on the AI remains an open question for irregular 3D buildings.

Second, a comprehensive review of the literature reveals that the accuracy of truncated records has been measured almost exclusively using global demand parameters, such as roof displacement or maximum inter-story drift (Zengin et al., 2020; Reyes et al., 2021; Li et al., 2022; Khaloo et al., 2016). There is a notable knowledge gap regarding whether energy truncation (e.g., isolating 5–95% or 5–75% of the AI) can preserve critical local demands, such as base reactions and internal shear forces in columns, with the same accuracy.

To directly address these limitations, this study systematically assesses the computational efficiency and predictive accuracy of a truncation approach based on AI thresholds (D5-95, D5-85, D5-75). Unlike earlier research, this work thoroughly validates the method on three-dimensional models of moment-resisting steel frames (Steel MRFs), including both regular and highly irregular configurations, and carefully confirms that the maximum transient demands—both globally (drifts) and locally (internal forces)—remain statistically equivalent to full-duration analyses.

methodology

This section details the computational framework employed to evaluate the efficiency and accuracy of seismic record truncation. First, the design and dynamic properties of six archetypal steel buildings are presented, followed by the nonlinear modeling approach used to capture peak transient responses. Subsequently, the selection and spectral scaling of the ground motion dataset are described. Finally, the Arias Intensity-based truncation procedure and the rigorous analysis protocol used to assess both structural demands and computational time savings are outlined.

Structural Archetypes and Dynamic Properties

To represent the typical building stock in high seismicity zones, six steel moment-resisting frame models were designed in accordance with the Normas Tecnicas Complementarias del Reglamento de Construcciones de la CDMX (Gobierno de la Ciudad de México, 2023a). The archetypes cover three distinct height configurations: 4-story (low-rise), 8-story (mid-rise), and 12-story (high-rise) buildings. For each height, two plan configurations were modeled: a regular symmetric plan and an irregular plan in accordance with the Norma Tecnica para el Diseño por Sismo, NTC-DS-2023 (Gobierno de la Ciudad de México, 2023b). The geometric characteristics, plan, and story configurations of the models are illustrated in Figure 1 and Figure 2. 

[image: ]
[bookmark: _Ref221123825]Figure 1. Plan view configuration of the archetypal models. (a) Regular symmetric layout, and (b) Irregular layout. Dimensions are in meters.

The dynamic properties of the models were determined through modal analysis. As detailed in Table 1, the fundamental periods (T1) range from 0.66 s for the low-rise model to 2.11 s for the high-rise model. The table also lists the centers of mass and stiffness, along with their percentage of torsional eccentricity relative to the transverse dimension of analysis.
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[bookmark: _Ref221123831]Figure 2. Elevation view of the height variations of the regular and irregular models. (a) 4-story, (b) 8-story, and (c) 12-story configuration.

[bookmark: _Ref221122149]Table 1. Geometric and dynamic characteristics of building models.
	Model
	Configuration
	No.
Stories
	Height (m)
	T1 (s)
	es / L

	
	
	
	
	
	x (%)
	y (%)

	I
	Regular
	4
	12.00
	0.67
	2.67
	0.00

	II
	Regular
	8
	24.00
	1.37
	2.67
	0.00

	III
	Regular
	12
	36.00
	2.09
	2.67
	0.00

	IV
	Irregular
	4
	12.00
	0.66
	-2.17
	4.61

	V
	Irregular
	8
	24.00
	1.37
	-2.17
	4.61

	VI
	Irregular
	12
	36.00
	2.11
	-2.17
	4.61


T1 = fundamental period of vibration.
es = eccentricity between the center of mass and center of rigidity.
L = dimension parallel to eccentricity.
es / L= normalized eccentricity.

Material Properties and Structural Sections

The structural models were designed utilizing standard construction materials and typical mid-rise framing sections. The floor system comprises 150 mm-thick solid reinforced concrete slabs with a specified compressive strength (f'c) of 24.5 MPa. Columns consist of square hollow structural sections (HSS 355.6x355.6x15.9 mm) modeled with ASTM A500 Grade B steel (fy = 318 MPa). Primary and secondary beams utilize W460x52 and W310x32.7 profiles, respectively, assigned as ASTM A992 Grade 50 steel (fy = 345 MPa). Standard nominal values for elastic modulus, Poisson’s ratio, and unit weight were assumed for all materials. Beam-column connections were modeled as rigid joints with full compatibility of deformation.

Modeling Case Studies Using SAP2000

Each case study was modeled in SAP2000 (Computers & Structures, 2025), with the structural geometry explicitly defined and rigid diaphragms assigned to each floor level. The nonlinear response of the structural elements was captured using a lumped plasticity approach. Plastic hinges were assigned at the expected yielding locations (ends of beams and columns) based on the backbone curves and acceptance criteria outlined in ASCE 41-17 (American Society of Civil, 2017) and the Norma Técnica Complementaria para Diseño y Construcción de Estructuras de Acero, NTC-DCEA-2023 (Gobierno de la Ciudad de México, 2023c). To capture cyclic behavior under seismic loading, a Kinematic hysteresis model was implemented. Figure 3 shows the 3D views of the regular and irregular 8-story models in SAP2000.
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[bookmark: _Ref221146132]Figure 3. 3D views of building models for case studies: (a) Model II: Regular 8-story building; (b) Model V: Irregular 8-story building
Damping

Energy dissipation was modeled using a Rayleigh damping formulation. A critical damping ratio (ζ) of 5% was assigned to the structural system, anchored to the fundamental period (T1) and the period of the highest vibration mode required to capture at least 90% of the modal mass participation in the direction of analysis. This approach mitigates the artificial overdamping of higher modes, which is particularly crucial for evaluating the dynamic response of irregular, high-rise (12-story) archetypes.

Ground Motion Dataset Selection

To ensure statistical significance and facilitate comparison with prior research on duration effects, the ground-motion dataset was constructed from 30 records retrieved from the PEER NGA-West2 database (Ancheta et al., 2014). The selection focuses on major active shallow crustal earthquakes with Moment Magnitude (Mw) ranging from 6.5 to 7.6 and includes diverse rupture mechanisms (strike-slip, reverse, and reverse-oblique). Table 2 lists the metadata of the selected ground motions.

[bookmark: _Ref221149403]Table 2. Seismological and site parameters of accelerograph records.
	Earthquake
	Station
	Magnitude (Mw)
	Mechanism
	PGA
(cm/s2)
	Rrup
(km)

	Cape Mendocino
	Cape Mendocino
	7.01
	Reverse
	1465.19
	6.96

	Cape Mendocino
	Eureka-Myrtle & West
	7.01
	Reverse
	174.83
	41.97

	Cape Mendocino
	Petrolia
	7.01
	Reverse
	648.99
	8.18

	Chi-Chi_Taiwan
	CHY006
	7.62
	Reverse Oblique
	351.87
	9.76

	Chi-Chi_Taiwan
	CHY034
	7.62
	Reverse Oblique
	293.85
	14.82

	Chi-Chi_Taiwan
	CHY035
	7.62
	Reverse Oblique
	246.05
	12.65

	Imperial Valley-06
	Bonds Corner
	6.53
	Strike-slip
	762.16
	2.66

	Imperial Valley-06
	Calexico Fire Station
	6.53
	Strike-slip
	271.73
	10.45

	Imperial Valley-06
	Calipatria Fire Station
	6.53
	Strike-slip
	126.39
	24.60

	Kern County
	Pasadena-CIT Athenaeum
	7.36
	Reverse
	52.33
	125.59

	Kern County
	Santa Barbara Courthouse
	7.36
	Reverse
	129.59
	82.19

	Kern County
	Taft Lincoln School
	7.36
	Reverse
	176.86
	38.89

	Kobe_Japan
	HIK
	6.90
	Strike-slip
	146.96
	95.72

	Kobe_Japan
	MZH
	6.90
	Strike-slip
	66.95
	70.26

	Kobe_Japan
	Nishi-Akashi
	6.90
	Strike-slip
	474.05
	7.08

	Kocaeli_Turkey
	Arcelik
	7.51
	Strike-slip
	206.09
	13.49

	Kocaeli_Turkey
	Izmit
	7.51
	Strike-slip
	225.80
	7.21

	Kocaeli_Turkey
	Iznik
	7.51
	Strike-slip
	121.80
	30.73

	Landers
	Amboy
	7.28
	Strike-slip
	143.34
	69.21

	Landers
	Arcadia-Arcadia Av
	7.28
	Strike-slip
	27.98
	137.25

	Landers
	Baldwin Park-N Holly
	7.28
	Strike-slip
	34.84
	131.92

	Loma Prieta
	APEEL10-Skyline
	6.93
	Reverse Oblique
	100.91
	41.88

	Loma Prieta
	APEEL2-Redwood City
	6.93
	Reverse Oblique
	269.20
	43.23

	Loma Prieta
	APEEL9-Crystal Springs Res
	6.93
	Reverse Oblique
	112.10
	41.03

	Northridge-01
	Alhambra-Fremont School
	6.69
	Reverse
	99.13
	36.77

	Northridge-01
	Anacapa Island
	6.69
	Reverse
	65.99
	68.93

	Northridge-01
	Arcadia-Arcadia Av
	6.69
	Reverse
	92.31
	39.73

	San Fernando
	2516 Via Tejon PV
	6.61
	Reverse
	40.73
	55.20

	San Fernando
	Anza Post Office
	6.61
	Reverse
	35.57
	173.16

	San Fernando
	Bakersfield-Harvey Aud
	6.61
	Reverse
	7.15
	113.02


PGA = Peak Ground Acceleration.
Rrup = minimum distance from the site of interest to the fault zone.




Ground Motion Processing Method

The core methodology of this study involves modifying ground-motion records to reduce computational time while preserving their damage potential. The method builds upon the standard definition of significant duration but introduces a windowing technique to ensure numerical stability.

Record Scaling

The ground motion suite was scaled to be compatible with a site-specific Uniform Hazard Response Spectrum (UHRS) for a highly seismic zone (Acapulco, Mexico; Soil Type I; 475-year return period). Following the regional design guidelines NTC-DS-2023, an amplitude-scaling procedure was applied uniformly to both horizontal components of each record. The scale factors were optimized to ensure that the mean response spectrum of the scaled suite envelops the target UHRS strictly within the period range of interest [0.1T1, 1.5T1], thereby accurately representing the seismic hazard without altering the records' original frequency content.

Arias Intensity and Duration Metrics

The energy content of the ground motions was quantified using the Arias Intensity (AI), a cumulative energy metric defined by Arias (1970). It is defined as the integral of squared ground acceleration over time, scaled by gravitational acceleration. Mathematically, it is expressed with Eq. (1):

	
	[bookmark: _Ref221214081](1)



where:
· AI = Arias Intensity (cm/s).
· a(t) = ground acceleration time history (cm/s2).
· g = gravitational acceleration (981 cm/s2).
· t = total duration of the seismic record.

The AI measures the total energy transferred by the seismic event to the structure. Unlike peak-based parameters, it considers both the amplitude and duration of shaking, making it more appropriate for energy-demanding structural analyses.

Truncation and Windowing Procedure

To characterize the strong motion phase, this study adopts the widely accepted criterion by Trifunac and Brady (1975). This method defines a significant duration for the AI, isolating the time window during which the normalized cumulative energy increases from 5% to 95% of its final value (denoted as t5% and t95%). Therefore, the significant duration is calculated using Eq. (2):

	
	
	[bookmark: _Ref221215759](2)



First, the significant duration is determined using the normalized AI. While the standard definition (D5-95) bounds the effective shaking between 5% and 95% of the total energy, this methodology proposes a comparative analysis using three truncation levels. In addition to the standard t95% limit, the ground motions are also truncated at t85% and t75%. This yields three processed datasets (D5-95, D5-85, and D5-75), enabling a systematic assessment of the sensitivity of the structural response to the latter portion of the seismic record.

Figure 5 compares an original record with its truncated AI counterpart. As shown, each component has a different AI range, so to determine where records are trimmed, the minimum and maximum values across each record's three components are used. Table 5 displays the original and final durations of the most representative records trimmed using Arias Intensity.

[bookmark: _Ref221218443]Table 3. Effect of truncation for selected representative records.
	Earthquake
	Station
	Original duration (s)
	D5-75
(s)
	D5-85
(s)
	D5-95
(s)
	% Reduction

	
	
	
	
	
	
	D5-75
	D5-85
	D5-95

	Chi-Chi_Taiwan
	CHY034
	197.00
	14.848
	20.828
	35.904
	-92.46
	-89.43
	-81.77

	Imperial Valley-06
	Bonds Corner
	37.81
	6.895
	7.350
	10.475
	-81.76
	-80.56
	-72.30

	Imperial Valley-06
	Calipatria Fire Station
	39.94
	15.855
	20.880
	29.620
	-60.30
	-47.72
	-25.84

	Kobe_Japan
	MZH
	150.00
	17.380
	20.080
	26.380
	-88.41
	-86.61
	-82.41

	Landers
	Arcadia-Arcadia Av
	46.09
	26.900
	30.800
	37.365
	-41.64
	-33.17
	-18.93

	San Fernando
	Bakersfield-Harvey Aud
	40.00
	24.830
	32.975
	36.000
	-37.93
	-17.56
	-10.00
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[bookmark: _Ref221218481]Figure 4. D5-95 significant duration of the earthquake in Kobe, Japan, Station: MZH.

In standard signal processing, abruptly truncating an acceleration record typically results in non-zero boundary conditions for velocity and displacement, which can introduce artificial numerical drifts. However, applying post-truncation baseline corrections or high-pass filtering was intentionally avoided in this study. This strict methodological choice ensures that the frequency content of the isolated strong-motion phase remains entirely unaltered.

Analysis Protocol and Performance Criteria

Nonlinear Time-History Analyses (NLTHA) were conducted using SAP2000. Each of the six structural models was subjected to the suite of 30 ground motion records across four distinct duration scenarios: (1) the Full Duration (D0-100), serving as the benchmark; (2) the truncated duration at 95% energy (D5-95); (3) at 85% (D5-85); and (4) at 75% (D5-75). To rigorously evaluate the implications of record truncation, a comprehensive set of Engineering Demand Parameters (EDPs) and computational metrics was monitored, as listed in Table 6. The assessment focuses on two key aspects:

· Computational Efficiency: Measured by the total analysis runtime and the size of the output database files.
· Global Response: Including peak floor displacements, inter-story drift ratios, peak base reactions, and column internal forces.

[bookmark: _Ref221243400]Table 4. Engineering Demand Parameters (EDPs) used for comparative analysis.
	Category
	Parameter
	Description / Location

	Computational Efficiency
	Analysis Runtime
	Total time required to complete the integration.

	
	Output File Size
	Size of the output database file.

	Global Response
	Peak Floor Displacement
	Measured globally and at the geometric center (GC).

	
	Inter-story Drift Ratio
	Measured globally and at the geometric center (GC).

	
	Base Reactions
	Maximum base shear and overturning Moment.

	
	Column Forces
	Peak forces in key column elements.



results and discussion

This section presents the results obtained after subjecting the six three-dimensional steel models to a set of 30 seismic records using Nonlinear Time-History Analysis (NLTHA). The objective is to quantify the impact of the three energy-truncation scenarios (D5-95, D5-85, and D5-75) by comparing their responses to those generated by full-duration earthquakes.

To provide a rigorous and transparent evaluation, structural accuracy is presented using a dual approach. On the one hand, boxplots are used to illustrate the dispersion and percentage variation in response relative to the uncertainty of the different seismic records. On the other hand, this visualization is complemented by numerical bias (BIAS) tables, which allow quantification of the systematic error introduced by each model according to its level of flexibility.

Computational Efficiency

The practical implementation of Nonlinear Time-History Analysis (NLTHA) is often constrained by computational costs and data management limits. This section quantifies the efficiency gains achieved by the proposed significant duration truncation methods relative to the full-duration baseline (D0-100).

Analysis Runtime, Numerical Stability, and Output File Size

The first step in our research was to evaluate the practical benefits of shortening earthquake durations. We know that running detailed seismic simulations requires many hours of processing time and generates enormous databases. The results of this computational evaluation are presented below: Table 5 shows the average analysis runtimes and file sizes for all the models, Figure 5 and Figure 6 details the total dispersion of the analysis runtime and file size of all the models and seismic records used.

[bookmark: _Ref225394376]Table 5. Average analysis runtime and output file size per AI time window.
	Significant Duration
	Structural Model

	
	Model I
	Model II
	Model III
	Model IV
	Model V
	Model VI

	Analysis Runtime (min)

	D0-100 
	2.66 ±3.26
	5.65 ±6.25
	8.31 ±8.25
	2.49 ±3.13
	4.37 ±5.28
	6.41 ±7.01

	D5-95
	1.38 ±0.78
	2.93 ±1.87
	4.27 ±3.91
	1.12 ±0.61
	2.04 ±0.85
	3.18 ±2.75

	% Difference
	-36.3 ±19.6
	-31.2 ±29.8
	-38.5 ±28.2
	-38.6 ±21.1
	-35.0 ±22.9
	-36.8 ±24.1

	D5-85
	1.12 ±0.72
	2.31 ±1.50
	3.04 ±3.09
	0.90 ±0.56
	1.60 ±0.68
	2.30 ±2.11

	% Difference
	-48.0 ±19.5
	-40.0 ±48.7
	-55.7 ±22.9
	-49.9 ±20.5
	-47.8 ±20.0
	-52.3 ±24.8

	D5-75
	0.95 ±0.67
	1.93 ±1.45
	2.40 ±2.30
	0.74 ±0.46
	1.24 ±0.58
	1.93 ±1.88

	% Difference
	-56.4 ±17.5
	-51.4 ±35.3
	-63.1 ±21.4
	-58.3 ±17.7
	-59.2 ±16.8
	-59.6 ±25.0

	Analysis Output File Size (GB)

	D0-100 
	4.30 ±4.59
	9.54 ±10.84
	14.35 ±16.18
	3.73 ±4.21
	7.41 ±8.36
	11.11 ±12.52

	D5-95
	2.05 ±1.43
	4.08 ±2.85
	6.10 ±4.27
	1.59 ±1.11
	3.15 ±2.20
	4.72 ±3.30

	% Difference
	-46.7 ±20.2
	-41.5 ±43.6
	-48.9 ±20.0
	-49.0 ±20.0
	-49.0 ±20.0
	-49.0 ±20.0

	D5-85
	1.44 ±1.02
	2.86 ±2.04
	4.28 ±3.05
	1.11 ±0.79
	2.21 ±1.57
	3.31 ±2.36

	% Difference
	-61.7 ±18.1
	-58.6 ±27.5
	-62.8 ±18.8
	-62.8 ±18.8
	-62.8 ±18.8
	-62.8 ±18.8

	D5-75
	1.15 ±0.80
	2.28 ±1.60
	3.41 ±2.39
	0.89 ±0.62
	1.76 ±1.24
	2.64 ±1.85

	% Difference
	-69.1 ±15.3
	-66.5 ±22.2
	-69.8 ±15.9
	-69.8 ±15.9
	-69.8 ±15.9
	-69.9 ±15.9
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[bookmark: _Ref225394437]Figure 5. Computation times for the six models across different scenarios.

[image: ]
[bookmark: _Ref225394443]Figure 6. File size generated for each model and scenario.
Examining Figure 5, it is evident that using the full earthquake (100% scenario) not only takes longer but also introduces significant uncertainty. The error bars are very wide, showing that the computer program struggles to stabilize in the final seconds of the earthquake, making the calculation time highly unpredictable. However, truncating the earthquake to 95% nearly eliminates this issue: the execution time decreases by an average of 35%, and the program becomes much more stable. When we reduce the earthquake to 75%, the time savings surpass 60%.

Meanwhile, Figure 6 shows an equally positive impact on storage. Simulating the earthquake at 100% produces extremely large files (up to 14 GB in Model III), which are filled with data from the final phase, when the building is barely moving. As the graph shows, a conservative 95% truncation reduces the file size by nearly half. If we apply the 75% scenario, we achieve impressive savings of nearly 70% in hard drive space consistently across all models.

Global Transient Response

To validate the proposed truncation methodology, the global Engineering Demand Parameters (EDPs) obtained from the truncated records were compared against the full-duration benchmark (D0-100). The accuracy was evaluated in terms of peak floor displacements, inter-story drifts, and base reactions.

Peak Floor Displacement and Diaphragm Rotation

To evaluate whether shearing compromises structural safety, we analyzed horizontal displacements using two complementary approaches. Table 6 details the exact numerical bias (BIAS) introduced by each shear level, allowing us to quantify the systematic error. On the other hand, to understand the dispersion and uncertainty across different seismic records, Figures 7, 8, and 9 present, using boxplots, the percentage reduction in response compared to the full earthquake duration.

[image: ]
[bookmark: _Ref225395615]Figure 7. Maximum roof X-displacement, percentage reduction compared to the entire earthquake duration.

Examining Figures 7, 8, and 9, the 95% scenario brings excellent news. The boxplots are very compact and remain close to a 0% reduction, indicating minimal variability among the different earthquakes. This excellent visual accuracy is corroborated numerically in Table 6, where the BIAS values for this scenario are practically negligible, remaining within safe margins for all models.

[bookmark: _Ref225394932]Table 6. Average roof displacements and diaphragm rotation per AI time window.
	Sig. Dur.
	Structural Model

	
	Model I
	Model II
	Model III
	Model IV
	Model V
	Model VI

	Roof Displacement: X (cm)

	D0-100
	17.17 ±5.36
	30.94 ±8.61
	37.58 ±8.97
	18.10 ±5.14
	32.74 ±8.31
	42.08 ±8.46

	D5-95
	17.16 ±5.32
	30.57 ±8.98
	36.78 ±7.87
	18.09 ±5.13
	32.57 ±8.51
	41.16 ±7.74

	  BIAS
	1.00 ±0.01
	0.98 ±0.06
	0.98 ±0.09
	1.00 ±0.01
	0.99 ±0.04
	0.98 ±0.07

	D5-85
	17.16 ±5.32
	30.36 ±9.04
	35.68 ±7.19
	18.09 ±5.13
	32.32 ±8.60
	39.07 ±7.44

	  BIAS
	1.00 ±0.01
	0.98 ±0.07
	0.96 ±0.13
	1.00 ±0.01
	0.98 ±0.05
	0.93 ±0.13

	D5-75
	17.06 ±5.34
	29.59 ±9.67
	32.88 ±8.88
	18.00 ±5.09
	31.65 ±9.27
	36.27 ±9.75

	  BIAS
	0.99 ±0.03
	0.94 ±0.14
	0.86 ±0.30
	0.99 ±0.02
	0.96 ±0.10
	0.84 ±0.30

	Roof Displacement: Y (cm)

	D0-100
	19.13 ±5.90
	32.79 ±7.80
	41.81 ±11.08
	22.44 ±5.90
	40.61 ±9.24
	51.33 ±12.71

	D5-95
	18.94 ±6.03
	32.78 ±7.80
	40.46 ±11.96
	22.20 ±6.07
	40.65 ±9.19
	49.90 ±13.19

	  BIAS
	0.99 ±0.05
	1.00 ±0.02
	0.96 ±0.12
	0.99 ±0.06
	1.00 ±0.02
	0.97 ±0.10

	D5-85
	18.94 ±6.03
	32.01 ±8.30
	38.69 ±12.85
	22.15 ±6.14
	39.27 ±9.92
	46.22 ±14.09

	  BIAS
	0.99 ±0.05
	0.97 ±0.09
	0.91 ±0.23
	0.98 ±0.08
	0.96 ±0.15
	0.89 ±0.19

	D5-75
	18.88 ±6.09
	31.46 ±8.65
	37.06 ±13.04
	21.91 ±6.23
	38.44 ±10.32
	44.01 ±14.82

	  BIAS
	0.98 ±0.05
	0.95 ±0.11
	0.86 ±0.26
	0.97 ±0.09
	0.93 ±0.16
	0.83 ±0.22

	Diaphragm Rotation: RZ (rad)

	D0-100
	0.28 ±0.09
	0.47 ±0.14
	0.59 ±0.17
	0.59 ±0.15
	1.15 ±0.23
	1.53 ±0.40

	D5-95
	0.28 ±0.09
	0.48 ±0.13
	0.57 ±0.18
	0.59 ±0.15
	1.14 ±0.25
	1.48 ±0.43

	  BIAS
	0.99 ±0.10
	1.02 ±0.10
	0.95 ±0.12
	1.00 ±0.03
	0.99 ±0.06
	0.96 ±0.07

	D5-85
	0.28 ±0.09
	0.46 ±0.13
	0.52 ±0.18
	0.58 ±0.14
	1.07 ±0.28
	1.33 ±0.41

	  BIAS
	0.98 ±0.11
	0.96 ±0.15
	0.86 ±0.25
	0.98 ±0.07
	0.92 ±0.19
	0.86 ±0.16

	D5-75
	0.27 ±0.09
	0.44 ±0.14
	0.49 ±0.20
	0.57 ±0.15
	1.04 ±0.28
	1.25 ±0.43

	  BIAS
	0.96 ±0.12
	0.93 ±0.16
	0.79 ±0.30
	0.97 ±0.09
	0.89 ±0.21
	0.79 ±0.24
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[bookmark: _Ref225395620]Figure 8. Maximum roof Y-displacement, percentage reduction compared to the entire earthquake duration.

However, the 85% scenario acts as a clear warning sign. Although in the previous section we saw that this level cut the calculation time nearly in half, here we observe that accuracy begins to decline in more flexible structures. For example, the rotation for Models III and VI drops to a ratio close to 0.86, meaning we are already losing 14% of the actual response. The box plots for the more flexible structures (Models III and VI) not only show a concerning increase in the percentage reduction but also show the boxes widening significantly.
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[bookmark: _Ref225395623]Figure 9. Maximum diaphragm rotation (RZ), percentage reduction compared to the entire earthquake duration.

The situation becomes truly dangerous when we reach the 75% scenario. Here, the rotation for Model III drops to 0.79. In practical terms, this is a key finding: it indicates that the simulation is "hiding" more than 20% of the rotation and lateral movement the building will actually experience. In contrast, the stiffer buildings (such as Models I and IV) proved to be much less sensitive, maintaining relatively safe proportions even under the most severe conditions cuts.

Interstory Drift Ratio

The total displacement of a building is important, but the actual damage to walls and columns is determined by "floor drift"—that is, how much a floor deforms or tilts relative to the floor directly below it. In our assessment, we identified that Level 2 was the most severely affected by the earthquakes and exhibited the greatest variation. Therefore, we detail the BIAS of these maximum drifts for this critical floor in Table 7, Figure 10 (X-direction) and Figure 11 (Y-direction) shows the overall distribution of inter-story drift for each seismic record. Likewise, to understand how this deformation is distributed from the base to the roof, we present the drift profiles along the entire height in Figure 12 (X-direction) and Figure 13 (Y-direction).
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[bookmark: _Ref225396155]Figure 10. Maximum IDR at Level 2 in the X direction, percentage reduction compared to the entire earthquake duration.
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[bookmark: _Ref225396163]Figure 11. Maximum IDR at Level 2 in the Y direction, percentage reduction compared to the entire earthquake duration.

[bookmark: _Ref225396132]Table 7. Average interstory drift ratio (IDR) per AI time window.
	Sig. Dur.
	Structural Model

	
	Model I
	Model II
	Model III
	Model IV
	Model V
	Model VI

	Interstory Drift Rario: X

	D0-100 
	0.01838 ±0.00598
	0.02026 ±0.00702
	0.01790 ±0.00555
	0.01960 ±0.00569
	0.02182 ±0.00717
	0.02019 ±0.00508

	D5-95
	0.01838 ±0.00598
	0.02015 ±0.00722
	0.01749 ±0.00528
	0.01965 ±0.00567
	0.02162 ±0.00750
	0.01964 ±0.00511

	BIAS
	1.000 ±0.010
	0.992 ±0.052
	0.981 ±0.075
	1.003 ±0.012
	0.985 ±0.076
	0.972 ±0.076

	D5-85
	0.01837 ±0.00599
	0.02000 ±0.00727
	0.01722 ±0.00523
	0.01965 ±0.00568
	0.02142 ±0.00749
	0.01882 ±0.00405

	BIAS
	0.999 ±0.013
	0.983 ±0.061
	0.966 ±0.108
	1.003 ±0.012
	0.976 ±0.087
	0.940 ±0.118

	D5-75
	0.01826 ±0.00602
	0.01987 ±0.00738
	0.01651 ±0.00577
	0.01958 ±0.00571
	0.02132 ±0.00756
	0.01808 ±0.00484

	BIAS
	0.993 ±0.028
	0.974 ±0.086
	0.914 ±0.184
	0.999 ±0.017
	0.970 ±0.099
	0.890 ±0.170

	Interstory Drift Ratio: Y

	D0-100 
	0.02081 ±0.00684
	0.02210 ±0.00576
	0.02111 ±0.00729
	0.02421 ±0.00670
	0.02684 ±0.00655
	0.02571 ±0.00918

	D5-95
	0.02057 ±0.00700
	0.02211 ±0.00574
	0.02095 ±0.00812
	0.02396 ±0.00686
	0.02675 ±0.00659
	0.02543 ±0.01021

	BIAS
	0.985 ±0.065
	1.000 ±0.021
	0.982 ±0.089
	0.987 ±0.058
	0.996 ±0.033
	0.980 ±0.115

	D5-85
	0.02057 ±0.00700
	0.02190 ±0.00568
	0.02065 ±0.00919
	0.02388 ±0.00696
	0.02621 ±0.00659
	0.02448 ±0.00966

	BIAS
	0.985 ±0.065
	0.991 ±0.047
	0.949 ±0.151
	0.982 ±0.085
	0.974 ±0.086
	0.945 ±0.130

	D5-75
	0.02049 ±0.00703
	0.02159 ±0.00587
	0.01971 ±0.00853
	0.02369 ±0.00698
	0.02595 ±0.00673
	0.02395 ±0.00980

	BIAS
	0.980 ±0.068
	0.974 ±0.070
	0.908 ±0.198
	0.974 ±0.089
	0.963 ±0.094
	0.924 ±0.158



As we observed with global displacements, Figures 10 and 11 confirm that the 95% scenario is highly reliable for predicting local damage. At the critical Level 2, the models maintain nearly perfect drift ratios (between 0.97 and 1.0) in both directions (Table 7), ensuring that the simulation is not masking potential damage in the columns on that floor. The 85% scenario again acts as a transition zone, showing slight drops in accuracy. However, the real problem arises in the 75% scenario. For flexible buildings, the drift at Level 2 drops to a concerning 0.89 in Model VI (as seen in the X direction) and to 0.90 in Model III (in the Y direction). Losing more than 10% in the drift calculation is a major red flag, as this parameter is the one used by building codes to determine whether a building is safe or will suffer irreparable damage.
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[bookmark: _Ref225396260]Figure 12. Drift profiles across the height of the models (X-direction).
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[bookmark: _Ref225396269]Figure 13. Drift profiles across the height of the models (Y-direction).
This deficiency becomes visually undeniable when analyzing the profiles in Figures 12 and 13. The 95% and 100% scenario curves align almost perfectly from the base to the roof. In contrast, the 75% curves fail to capture the building’s “buckling” shape; they deviate significantly from the actual behavior at the lower levels. This demonstrates that excessive earthquake clipping not only reduces the maximum values but also completely distorts our understanding of how the structure flexes at its most vulnerable points.

Base Reactions

So far, we have analyzed how the building moves and deforms, but we still need to evaluate a fundamental aspect of structural design: the forces that the building transmits to its foundation. In this section, we analyze the Base Shear (the total horizontal forces attempting to "push" the building from the base, represented as VX and VY) and the Torsional Moment (the lever force attempting to "twist" it, represented as MZ).

To observe how these forces vary when applying our time slices, we present the BIAS relative to the full earthquake in Table 8 and the total dispersion for all analyses in Figure 14 for the X-direction Base Shear, in Figure 15 for the Y-direction Base Shear, and in Figure 16 for the Torsional Moment.

[image: ]
[bookmark: _Ref225396935]Figure 14. Maximum basal shear force in the X direction (VX), percentage reduction relative to the total earthquake duration.

[image: ]
[bookmark: _Ref225396950]Figure 15. Maximum basal shear force in the Y direction (VY), percentage reduction relative to the total earthquake duration.
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[bookmark: _Ref225396955]Figure 16. Maximum torsional moment (MZ), percentage reduction relative to the total earthquake duration.

[bookmark: _Ref225396880]Table 8. Average base reactions per AI time window.
	Sig. Dur.
	Structural Model

	
	Model I
	Model II
	Model III
	Model IV
	Model V
	Model VI

	 Shear: VX (kN)

	D0-100 
	12767.69 ±1882.71
	11205.84 ±1771.99
	9709.18 ±1641.67
	9099.48 ±1444.10
	7921.27 ±1358.70
	7007.43 ±935.57

	D5-95
	12790.13 ±1878.82
	11112.02 ±1852.41
	9658.14 ±1591.95
	9096.04 ±1450.86
	7847.77 ±1427.30
	7014.43 ±974.14

	BIAS
	1.002 ±0.008
	0.990 ±0.032
	0.996 ±0.026
	0.999 ±0.004
	0.989 ±0.051
	1.000 ±0.027

	D5-85
	12790.71 ±1878.37
	11091.14 ±1846.59
	9591.33 ±1635.53
	9100.01 ±1455.82
	7819.52 ±1438.63
	6936.71 ±945.69

	BIAS
	1.002 ±0.008
	0.988 ±0.032
	0.988 ±0.043
	1.000 ±0.005
	0.985 ±0.053
	0.989 ±0.040

	D5-75
	12688.03 ±1980.71
	11001.59 ±1885.13
	9338.31 ±1785.82
	9024.05 ±1531.45
	7773.12 ±1453.97
	6796.02 ±1132.79

	BIAS
	0.992 ±0.032
	0.980 ±0.054
	0.958 ±0.120
	0.990 ±0.033
	0.979 ±0.064
	0.964 ±0.106

	Shear: VY (kN)

	D0-100 
	12324.38 ±2225.44
	10784.69 ±1466.33
	9444.10 ±1910.76
	8596.81 ±1671.28
	7447.84 ±1002.89
	6402.17 ±1462.28

	D5-95
	12290.01 ±2256.56
	10805.74 ±1465.74
	9472.49 ±2070.17
	8541.71 ±1737.59
	7452.88 ±1006.55
	6365.34 ±1492.31

	BIAS
	0.997 ±0.018
	1.002 ±0.012
	1.001 ±0.028
	0.992 ±0.035
	1.001 ±0.011
	0.994 ±0.025

	D5-85
	12291.97 ±2259.04
	10734.25 ±1507.23
	9314.32 ±2244.10
	8542.15 ±1737.60
	7406.97 ±1040.93
	6210.31 ±1525.70

	BIAS
	0.997 ±0.018
	0.995 ±0.029
	0.980 ±0.063
	0.992 ±0.035
	0.994 ±0.031
	0.967 ±0.077

	D5-75
	12272.35 ±2293.12
	10693.58 ±1548.36
	9145.65 ±2258.35
	8470.71 ±1824.50
	7382.00 ±1051.40
	6169.48 ±1556.56

	BIAS
	0.994 ±0.019
	0.990 ±0.035
	0.960 ±0.089
	0.981 ±0.047
	0.990 ±0.036
	0.959 ±0.097

	Torsional Moment: MZ (kN-m)

	D0-100 
	227451.15 ±44668.88
	205072.91 ±37582.73
	177657.26 ±39508.91
	171392.03 ±36160.81
	152872.25 ±26872.63
	128264.87 ±28151.73

	D5-95
	227237.48 ±45666.05
	206133.00 ±35580.10
	176174.38 ±41582.71
	171331.94 ±36623.86
	152381.53 ±26145.35
	127626.73 ±28164.35

	BIAS
	0.998 ±0.021
	1.008 ±0.053
	0.990 ±0.033
	0.998 ±0.013
	0.998 ±0.021
	0.995 ±0.022

	D5-85
	227032.78 ±45607.10
	205980.76 ±35766.78
	174055.50 ±42743.26
	171340.42 ±36634.03
	152340.36 ±26153.59
	125972.20 ±28183.63

	BIAS
	0.997 ±0.022
	1.007 ±0.045
	0.977 ±0.057
	0.998 ±0.013
	0.997 ±0.021
	0.982 ±0.055

	D5-75
	226200.28 ±45595.04
	205047.69 ±35473.20
	170767.20 ±42348.25
	169738.06 ±37201.41
	150652.34 ±25747.02
	122452.92 ±30152.41

	BIAS
	0.993 ±0.025
	1.002 ±0.049
	0.958 ±0.076
	0.988 ±0.034
	0.987 ±0.045
	0.949 ±0.119


When we analyze Table 8, we find a surprisingly robust pattern. As expected, the 95% scenario is once again flawless, maintaining ratios of nearly 1.0 (between 0.989 and 1.008) across all forces and models. This reaffirms that the conservative reduction is completely safe.

The real finding of this section becomes evident when analyzing the more aggressive scenarios (85% and 75%). In the previous section, we saw that reducing the earthquake to 75% destroyed the accuracy of the displacements, hiding up to 20% of the deformation in the flexible models. However, the base reactions remain virtually unchanged.

Even at the extreme 75% level, the X-direction Base Shear (VX) maintains excellent ratios that do not fall below 0.958 (in Model III). The same is true for the Tipping Moment (MZ), where the worst-case scenario recorded is a slight drop to 0.949 in Model VI. In practical terms, this means that while excessive truncation ruins the calculation of displacements, the forces at the foundation maintain over 95% accuracy in all cases.

This difference occurs because the maximum forces at the base are typically generated during the most violent acceleration peaks (which occur in the main phase of the earthquake that we are retaining), while the maximum displacements can build up slowly and appear in the "tail" of the earthquake due to resonance, a phase that we are truncating.

Column Internal Forces

To conclude our structural analysis, we shift our focus from the global to the local level, examining what occurs within individual members. We selected a corner column for this study, as these are typically the most heavily loaded and critical elements, supporting severe combinations of axial load and bending in both directions.

We evaluated the maximum axial compressive force (Min Axial) and the bending moments on its two principal axes (M2 and M3). To observe how these forces vary when applying our time slices, we present the BIAS relative to the full earthquake in Table 9, and the total internal forces dispersions are represented in Figure 17 for the Axial Force, in Figure 18 for the M2 Moment, and in Figure 19 for the M3 Moment.
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[bookmark: _Ref225397513]Figure 17. Maximum axial force (compression), percentage reduction relative to the total earthquake duration.




[bookmark: _Ref225397465]Table 9. Average column internal forces per AI time window.
	Sig. Dur.
	Structural Model

	
	Model I
	Model II
	Model III
	Model IV
	Model V
	Model VI

	Axial: P (kN)

	D0-100 
	1258.69 ±169.16
	2290.88 ±444.91
	3109.11 ±508.62
	957.04 ±172.00
	1809.08 ±321.00
	2492.71 ±303.97

	D5-95
	1269.51 ±156.05
	2303.23 ±405.48
	3070.90 ±515.92
	959.09 ±174.19
	1796.94 ±334.16
	2494.62 ±305.15

	BIAS
	1.010 ±0.074
	1.011 ±0.106
	0.987 ±0.041
	1.002 ±0.006
	0.992 ±0.040
	1.001 ±0.035

	D5-85
	1270.07 ±156.13
	2300.79 ±406.34
	3017.85 ±503.33
	958.34 ±175.33
	1790.16 ±337.98
	2434.49 ±331.71

	BIAS
	1.011 ±0.074
	1.010 ±0.099
	0.970 ±0.064
	1.001 ±0.008
	0.987 ±0.042
	0.974 ±0.092

	D5-75
	1267.55 ±160.67
	2256.09 ±404.58
	2992.39 ±530.31
	957.58 ±174.82
	1761.13 ±348.05
	2362.79 ±391.85

	BIAS
	1.008 ±0.076
	0.990 ±0.127
	0.961 ±0.074
	1.000 ±0.008
	0.970 ±0.081
	0.941 ±0.131

	Bending Moment: M2 (kN-m)

	D0-100 
	929.83 ±179.38
	892.41 ±144.49
	808.94 ±170.11
	1051.77 ±104.10
	1018.53 ±95.49
	947.20 ±144.64

	D5-95
	927.91 ±183.26
	890.67 ±145.01
	807.92 ±175.84
	1046.79 ±105.88
	1018.01 ±99.46
	950.41 ±138.19

	BIAS
	0.997 ±0.013
	0.998 ±0.028
	0.998 ±0.053
	0.995 ±0.021
	0.999 ±0.008
	1.005 ±0.049

	D5-85
	926.95 ±182.18
	887.29 ±151.92
	789.41 ±195.55
	1044.75 ±111.93
	1012.45 ±103.57
	948.57 ±134.37

	BIAS
	0.996 ±0.012
	0.992 ±0.045
	0.968 ±0.077
	0.992 ±0.039
	0.993 ±0.020
	1.003 ±0.049

	D5-75
	922.56 ±190.32
	881.71 ±157.57
	777.33 ±193.98
	1040.33 ±113.32
	1005.62 ±97.67
	942.59 ±149.11

	BIAS
	0.988 ±0.030
	0.984 ±0.052
	0.952 ±0.107
	0.988 ±0.042
	0.987 ±0.029
	0.994 ±0.060

	Bending Moment: M3 (kN-m)

	D0-100 
	1004.84 ±107.01
	948.26 ±137.53
	856.68 ±164.79
	1002.18 ±127.42
	917.41 ±122.21
	898.84 ±118.25

	D5-95
	1003.48 ±107.60
	947.43 ±146.84
	869.55 ±160.73
	1003.98 ±133.75
	893.04 ±137.39
	886.23 ±128.40

	BIAS
	0.999 ±0.007
	0.997 ±0.043
	1.017 ±0.041
	1.001 ±0.019
	0.970 ±0.106
	0.984 ±0.060

	D5-85
	1003.64 ±107.74
	940.62 ±141.56
	861.00 ±172.20
	1004.15 ±134.45
	885.64 ±149.87
	876.89 ±120.80

	BIAS
	0.999 ±0.007
	0.991 ±0.046
	1.005 ±0.067
	1.001 ±0.019
	0.959 ±0.117
	0.974 ±0.066

	D5-75
	1004.10 ±107.82
	927.20 ±144.01
	838.66 ±177.65
	986.10 ±147.65
	880.85 ±149.28
	866.80 ±154.97

	BIAS
	0.999 ±0.007
	0.976 ±0.063
	0.975 ±0.127
	0.981 ±0.056
	0.954 ±0.118
	0.955 ±0.115



Just as we observed with the reactions at the base, the results in Figures 17, 18, and 19 reveal extremely stable behavior under truncation. The 95% scenario shines again with nearly perfect proportions, maintaining axial force and moment ratios between 0.987 and 1.017 for all models (Table 9). This ensures that the column design would not be compromised in any way.

The most interesting results are once again found in the extreme cuts. Although in Section 3.2.2 we found that the 75% scenario compromised the accuracy of lateral displacements and drifts, the internal forces of the columns remain stoic. In the most critical case recorded (Model VI for Axial Force in the 75% scenario), the ratio drops only to 0.941. The bending moments (M2 and M3) remain even more robust, staying above a Ratio of 0.95 in absolutely all models, even under this very aggressive clipping (for example, Model III records 0.952 for M2 and Model V records 0.954 for M3).

This definitively confirms our previous finding: the maximum forces (both global at the base and local in the columns) occur during the peaks of violent earthquake acceleration, which we are indeed retaining in the cuts.
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[bookmark: _Ref225397520]Figure 18. Maximum bending moment M2, percentage reduction relative to the total earthquake duration.
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[bookmark: _Ref225397525]Figure 19. Maximum bending moment M3, percentage reduction relative to the total earthquake duration.

Discussion: Implications for Seismic Assessment

El análisis de los modelos bajo diferentes escenarios de truncamiento sísmico permite contrastar nuestros hallazgos con el estado del arte actual, confirmando premisas históricas, pero también revelando matices críticos para el modelado tridimensional.

Confirmation of the insensitivity of internal forces

Historically, it has been established that earthquake duration has a negligible correlation with peak transient demands. Our results provide analytical support for this premise in the specific case of forces. We observe that even with an extreme 75% truncation, the basal shear forces and axial forces in columns maintain accuracy ratios greater than 94%. This directly corroborates findings in the literature indicating that shear forces and bending moments are insensitive to duration at the design level.





The truncation limit for global deformations

The literature indicates that maximum drifts are generally insensitive to earthquake duration. However, our data highlight the need to set a practical limit to this idea. While the 95% scenario showed nearly perfect displacement accuracy, the more aggressive truncations (85% and 75%) significantly underestimated the drifts, especially in the more flexible structures. This shows that, although isolating the intense phase of the record is a valid approach, overly truncating the energy “tail” weakens the ability to capture the resonance cycles needed to reach the true maximum deformation.

Overcoming methodological limitations

Using direct truncation based on the Arias Intensity (95% scenario), we cut down computation time by about 35% and halved file sizes. This approach was highly effective without changing high-frequency components, as downsampling methods do, or depending on complex mathematical transforms.

Closing the Research Gap

The greatest contribution of this study lies in filling the knowledge gap regarding local demands in irregular 3D buildings. While previous research validated truncation by measuring almost exclusively global parameters, such as roof displacement, in 2D models, our evaluation demonstrates that 95% truncation preserves critical local demands with the same accuracy, including overturning and bending moments (M2 and M3) in corner columns.

Conclusion

This study evaluated the impact of truncating seismic records (based on the Arias Intensity) on computation time and the accuracy of structural response in three-dimensional models. Based on the results obtained from the Nonlinear Dynamic Analysis (NLTHA), the following main conclusions are drawn:

The 95% threshold is optimal: Truncating the seismic records while retaining 95% of the Arias Intensity proved to be the most efficient and safe strategy. This level eliminates the numerical instability characteristic at the end of the records, reduces analysis time by 35% on average, and halves file sizes, all while maintaining near-perfect accuracy (ratios between 0.98 and 1.0) for both global deformations and local loads.

Deformations are extremely sensitive to severe truncation: Using more aggressive truncation levels (such as 85% or 75%) significantly compromises the assessment of structural damage. In the 75% case, the simulation underestimated lateral displacements, diaphragm rotation, and floor drifts by as much as 20%. This loss of accuracy completely changes the deformation profiles along the building’s height, creating an unacceptable risk for design, especially in flexible structures.

Internal forces and base reactions are insensitive to duration: Unlike displacements, parameters such as base shear, overturning moment, and internal forces in columns (axial load and bending moments) showed remarkable resilience to truncation. Even in the extreme 75% scenario, these variables retained more than 94% of their original accuracy, confirming that maximum forces are governed by acceleration peaks and not by the accumulation of energy cycles in the final phase of the earthquake.

Structural flexibility dictates vulnerability to truncation: Rigid buildings experience minimal changes in response to the reduction of the seismic signal. In contrast, structures with longer vibration periods critically depend on the long-duration energy in the "tail" of the earthquake to reach their maximum resonant responses.

Practical recommendation: In structural engineering practice, adopt a truncation at 95% of the Arias Intensity as a safe standard for accelerating Nonlinear Dynamic Analyses of 3D buildings. Higher truncation levels (85% or 75%) should be used only if the sole objective of the analysis is to estimate resistance (forces and moments), and never to evaluate performance based on displacements or drifts.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Artificial Intelligence technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript.

[bookmark: _GoBack]COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.


References

Bommer, J. J., & Martínez-Pereira, A. (1999). The effective duration of earthquake strong motion. Journal of Earthquake Engineering, 3(2), 127-172. https://doi.org/10.1080/13632469909350343 
Hancock, J., & Bommer, J. J. (2006). A state-of-knowledge review of the influence of strong-motion duration on structural damage. Earthquake Spectra, 22(3), 827-845. https://doi.org/10.1193/1.2220576 
Iervolino, I., Manfredi, G., & Cosenza, E. (2006). Ground motion duration effects on nonlinear seismic response. Earthquake Engineering & Structural Dynamics, 35(1), 21-38. https://doi.org/10.1002/eqe.529 
Hou, H., & Qu, B. (2015). Duration effect of spectrally matched ground motions on seismic demands of elastic perfectly plastic sdofs. Engineering Structures, 90, 48-60. https://doi.org/10.1016/j.engstruct.2015.02.013 
Harati, M., Mashayekhi, M., Ashoori Barmchi, M., & Estekanchi, H. (2019). Influence of ground motion duration on the structural response at multiple seismic intensity levels. Numerical Methods in Civil Engineering, 3(4), 10-23. https://doi.org/10.29252/nmce.3.4.10 
Fairhurst, M., Bebamzadeh, A., & Ventura, C. E. (2019). Effect of ground motion duration on reinforced concrete shear wall buildings. Earthquake Spectra, 35(1), 311-331. https://doi.org/10.1193/101117EQS201M 
Ou, Y.-C., Song, J., Wang, P.-H., Adidharma, L., Chang, K.-C., & Lee, G. C. (2014). Ground motion duration effects on hysteretic behavior of reinforced concrete bridge columns. Journal of Structural Engineering, 140(3), 04013065. https://doi.org/10.1061/(ASCE)ST.1943-541X.0000856 
Bojórquez, E., Iervolino, I., Manfredi, G., & Cosenza, E. (2006). Influence of ground motion duration on degrading sdof systems. 
Otárola, K., Gentile, R., Sousa, L., & Galasso, C. (2023). Impact of ground‐motion duration on nonlinear structural performance: Part i: Spectrally equivalent records and inelastic single‐degree‐of‐freedom systems. Earthquake Spectra, 39(2), 829-859. https://doi.org/10.1177/87552930231155502 
Raghunandan, M., & Liel, A. B. (2013). Effect of ground motion duration on earthquake-induced structural collapse. Structural Safety, 41, 119-133. https://doi.org/10.1016/j.strusafe.2012.12.002 
Ruiz-Garcia, J. (2010). On the influence of strong-ground motion duration on residual displacement demands. Earthquakes and Structures, 1(4), 327-344. https://doi.org/10.12989/EAS.2010.1.4.327 
Bommer, J. J., Magenes, G., Hancock, J., & Penazzo, P. (2004). The influence of strong-motion duration on the seismic response of masonry structures. Bulletin of Earthquake Engineering, 2(1), 1-26. https://doi.org/10.1023/B:BEEE.0000038948.95616.bf 
Barbosa, A. R., Ribeiro, F. L. A., & Neves, L. A. C. (2017). Influence of earthquake ground‐motion duration on damage estimation: Application to steel moment resisting frames. Earthquake Engineering & Structural Dynamics, 46(1), 27-49. https://doi.org/10.1002/eqe.2769 
Chandramohan, R., Baker, J. W., & Deierlein, G. G. (2016). Quantifying the influence of ground motion duration on structural collapse capacity using spectrally equivalent records. Earthquake Spectra, 32(2), 927-950. https://doi.org/10.1193/122813eqs298mr2 
Bravo-Haro, M. A., & Elghazouli, A. Y. (2018). Influence of earthquake duration on the response of steel moment frames. Soil Dynamics and Earthquake Engineering, 115, 634-651. https://doi.org/10.1016/j.soildyn.2018.08.027 
Zengin, E., Abrahamson, N. A., & Kunnath, S. (2020). Isolating the effect of ground-motion duration on structural damage and collapse of steel frame buildings. Earthquake Spectra, 36(2), 718-740. https://doi.org/10.1177/8755293019891720 
Arian-Moghaddam, S., Motovali Emami, S. M., & Hosseini, M. (2020). An s-transform-based technique for shortening the strong motion duration of accelerograms for rapid time history analysis. Journal of Seismology and Earthquake Engineering, 22(1), 55-69. https://doi.org/10.48303/jsee.2020.246185 
Dimakopoulou, V., Fragiadakis, M., & Taflampas, I. (2021). An efficient record-truncation scheme for pulse-like records using a wavelet-based approach. 8th International Conference on Computational Methods in Structural Dynamics and Earthquake Engineering Methods in Structural Dynamics and Earthquake Engineering, 
Requena-García-Cruz, M. V., de-Miguel-Rodriguez, J., Romero-Sánchez, E., & Morales-Esteban, A. (2025). Study of ground motion signal reduction for the optimisation of computation time in dynamic nonlinear analysis. Structures, 72, 108291. https://doi.org/10.1016/j.istruc.2025.108291 
Reyes, J. C., Avila, W. A., Kalkan, E., & Sierra, A. (2021). Reducing processing time of nonlinear analysis of symmetric-plan buildings. Journal of Structural Engineering, 147(6), 04021073. https://doi.org/10.1061/(ASCE)ST.1943-541X.0003000 
Hernandez, E. M. (2024). Minimal arias intensity modification of ground motions to achieve extreme structural response. Earthquake Engineering & Structural Dynamics, 53(11), 3427-3438. https://doi.org/10.1002/eqe.4179 
Li, S., He, Y., & Wei, Y. (2022). Truncation method of ground motion records based on the equivalence of structural maximum displacement responses. Journal of Earthquake Engineering, 26(10), 5268-5289. https://doi.org/10.1080/13632469.2020.1868364 
Jin, A.-Y., Pan, J.-W., Wang, J.-T., & Du, X.-L. (2020). A spectrum-based earthquake record truncation method for nonlinear dynamic analysis of arch dams. Soil Dynamics and Earthquake Engineering, 132, 106104. https://doi.org/10.1016/j.soildyn.2020.106104 
Khaloo, A., Nozhati, S., Masoomi, H., & Faghihmaleki, H. (2016). Influence of earthquake record truncation on fragility curves of rc frames with different damage indices. Journal of Building Engineering, 7, 23-30. https://doi.org/10.1016/j.jobe.2016.05.003 
Sarieddine, M., & Lin, L. (2013). Investigation correlations between strong-motion duration and structural damage. Structures Congress 2013, 
Gobierno de la Ciudad de México. (2023a). Normas técnicas complementarias de cdmx (NTC-2023). https://data.consejeria.cdmx.gob.mx/portal_old/uploads/gacetas/b3c4f4ff37241d0a93cc6742a8b0bf2f.pdf
Gobierno de la Ciudad de México. (2023b). Norma técnica complementaria para diseño por sismo (NTC-DS-2023). 
Computers, & Structures, I. (2025). Sap2000. In CSI. https://www.csiamerica.com/products/sap2000
American Society of Civil, E. (2017). Seismic evaluation and retrofit of existing buildings (ASCE/SEI 41-17). https://ascelibrary.org/doi/book/10.1061/9780784414859
Gobierno de la Ciudad de México. (2023c). Norma técnica complementaria para diseño y construcción de estructuras de acero (NTC-DCEA-2023). 
Ancheta, T. D., Darragh, R. B., Stewart, J. P., Seyhan, E., Silva, W. J., Chiou, B. S. J., et al. (2014). Nga‐west2 database. Earthquake Spectra, 30(3), 989-1005. https://doi.org/10.1193/070913EQS197M 
Arias, A. (1970). Measure of earthquake intensity. Seismic Design for Nuclear Power Plants, 438-483. 
Trifunac, M. D., & Brady, A. G. (1975). A study on the duration of strong earthquake ground motion. Bulletin of the Seismological Society of America, 65(3), 581-626. 




image1.emf

image2.emf

image3.jpeg
\ 4~.4~.,4~.,4~.4»4~#

\\ \ATAYATATAT

A X r'a'q \
0\,,,\\4%@%»"‘,..,
| \,\/?%zﬁr

—

i

VA

(a)

tﬁ«waw%wwr
,\5,«5

\/ \Z\vﬁﬁ”ﬂ\




image4.jpeg
;ﬂ.ﬁa ¥

0\
W
|

\\ég%.«..? |
7

VA «/«/ﬂwﬁ/«\

(b)

W)




image5.emf

image6.emf

image7.emf

image8.emf

image9.emf

image10.emf

image11.emf

image12.emf

image13.emf

image14.emf

image15.emf

image16.emf

image17.emf

image18.emf

image19.emf

image20.emf

