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1. Introduction

Traditional seismic design methods often underestimate
the deformation demands in damaged structural members.
As a result, performance-based seismic design - which
emphasizes "performance" rather than merely "strength" -
has attracted considerable interest. With increasing
building height comes a longer natural period, heightening
the risk of resonance and amplification effects that can
significantly intensify seismic forces.

Recent research classifies earthquakes with a
predominant period exceeding one second as long-period
earthquakes. Since high-rise buildings typically possess
natural periods greater than one second, they are
particularly susceptible to such seismic events. Alongside
amplitude and duration, the period of ground motion is a
key parameter in estimating potential structural damage.

This study presents a novel evaluation of the seismic
performance of a high-rise reinforced concrete building
designed based on prescriptive code requirements,
highlighting concerns about the seismic resilience of such
structures under long-period ground motions.

2. Building Specifications
The case study focuses on an existing 35-story reinforced
concrete high-rise building with an overall height of 212.2
meters. The structural system consists of a dual
configuration comprising reinforced concrete moment-
resisting frames and shear walls. The building was
originally designed in accordance with ACI 318-14 and the
4th Edition of Iran’s Standard 2800.

Key modeling assumptions and material properties are
as follows:
Seismic zone: Located in a region with high seismic
hazard.
Soil type: Classified as Type IlI.

Concrete compressive strength: 35 MPa for all beams,
columns, and shear walls throughout the building.
Reinforcement steel: Grade Alll with a yield strength of
400 MPa.

Floor system: Two-way slab system with each story
modeled as a rigid diaphragm.
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Figl. Typical Floor Plan of the Modeled Structure

3. Modeling and Analysis

The initial analysis and design of the building are carried
out using linear spectral dynamic analysis, which enables
determination of member sizes and properties without the
need for nonlinear modeling at this stage. In tall buildings,
stiffness and strength are typically proportioned to
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implicitly meet the Immediate
performance objectives.

Subsequently, a Demand-to-Capacity Ratio (DCR)
analysis is conducted to verify force and deformation
demands. This step ensures that the structural components
comply with Collapse Prevention (CP) criteria when
subjected to Maximum Considered Earthquake (MCE)
level ground motions in the nonlinear dynamic analysis
phase.

Occupancy (10)

5. Results

The nonlinear dynamic analysis yielded the following key
findings regarding the building's seismic performance:
Interstory Drift: Drift values remained within acceptable
limits for all ground motions, except for the Chichi
earthquake in the Y direction. Compared to short-period
earthquakes, maximum drift increased by approximately
4% in the X direction and 52% in the Y direction under
long-period motions.

Residual Drift: Acceptance criteria for residual drift
were satisfied for all records. However, average residual
drift increased by 9% in the X direction and 33% in the Y
direction for long-period earthquakes.

Material Strains: No exceedance of Collapse
Prevention (CP) strain limits was observed. On average,
concrete compressive strains in shear walls increased by
approximately 83%, while reinforcement tensile strains
increased by 45% under long-period records.

Coupling Beams: Chord rotation of coupling beams
remained within CP performance limits, with an average
increase of 36% under long-period excitations.

Beam Behavior:

Plastic hinge Demand-to-Capacity Ratio (DCR) for
flexure (M3(DC)) remained below 1, indicating CP
compliance, with a 20% increase under long-period
records.

Shear DCR (V2(FC)) for beams exceeded 1, failing CP
criteria, with a 10% increase under long-period motions.
Column Behavior:

Axial-moment interaction DCR (P-M2-M3(DC)) for
column fibers stayed below 1, maintaining CP compliance,
with a 39% increase for long-period earthquakes.

Shear DCR (V2(FC)) for column plastic hinges exceeded
1 under short-period excitations but decreased by 32%
under long-period records.

Coupling Beam DCRs: Moment (M3(DC)) and shear
(V2(DC)) DCRs remained below 1, satisfying CP criteria,
with reductions of 21% and 10%, respectively, for long-
period earthquakes.

Shear Wall Performance:

Axial-moment DCR (P-M3(DC)) for shear wall fibers
and shear DCR (V2(FC)) at wall joints exceeded 1, failing
CP requirements. These values increased by 2% and 13%,
respectively, under long-period ground motions.

6. Conclusion

The findings of this study indicate that the seismic
response of reinforced concrete high-rise buildings with
dual systems becomes significantly more critical under
long-period earthquake ground motions, primarily due to
resonance effects, compared to short-period events.

The evaluated high-rise building, originally designed
based on prescriptive provisions of Iranian codes, does not
fully satisfy several performance acceptance criteria
outlined in TBI 2017. Key deficiencies were observed in
shear demands of beams, columns, and shear walls, as well
as in axial-moment interaction capacities of shear walls.

Although these observations are case-specific, they
underscore the gap between traditional code-based design
approaches and the more stringent expectations of
performance-based seismic design, particularly under
major seismic events as defined by TBI 2017.
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Evaluation of the Seismic Performance of Existing High-rise Buildings with a Special Reinforced
Concrete Frame-core System According to TBI1-2017 Guidelines under Long Period Earthquake
Records

N. A. Nejad H. Pahlavan M. Shamekhi Amiri

Abstract As the height of the building increases, the structural rotation increases and with the rotation time increases,
it can easily cause damage and cause serious damage to the rotating structures. For the important reason of the matter,
it is necessary to make a careful assessment before carrying out such phenomena.An existing reinforced concrete high-
rise building example with a number of floors of 35 floors in a soil area with high relative risk and type 111 with a special
reinforced concrete frame-core system designed in the 4th edition and ACI318-14 is completed in the 3D modeling
software ETABS V21. TBI 2017 guidelines Nonlinear dynamic analysis is performed and the performance acceptance
methods which are in some cases newer indicators compared to ASCE41-17 are implemented. This guideline, which is
specially made for tall buildings, considers a new and strict design for the design of these structures. Criteria that are
not present in the prescriptive regulations such as the Iranian Standard 2800. These include permanent drift control of
the structure and earthquake control at the MCE level.The results show that in the studied structure, machine drift and
permanent drift have increased by 52% and 33%, respectively, in earthquakes with a long period compared to
earthquakes with a short period. Also, the compressive strain of the concrete of the walls and the tensile strain of the
reinforcement of the shear wall have increased by 83% and 45%, respectively, under the same conditions.

Key words High-rise building, Long period earthquakes, Special reinforced concrete core-frame system, Seismic
erformance, ETABS V21 software.
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ETABS V21 Linear Model | ETABS V21 Nonlinear Model
Mode Number Fzgrelg)d Mode Number Fzgreuc))d
1 4.496 1 4.325
2 4.447 2 4.043
3 1.713 3 2.624
4 1.028 4 1.195
5 0.978 5 1.073
6 0.515 6 0.849
7 0.441 7 0.584
8 0.406 8 0.562
9 0.338 9 0.432
10 0.268 10 0.385
11 0.251 11 0.374
12 0.226 12 0.295
13 0.193 13 0.276
14 0.187 14 0.266
15 0.172 15 0.235
16 0.159 16 0.216
17 0.149 17 0.196
18 0.143 18 0.194
19 0.138 19 0.178
20 0.124 20 0.167
21 0.122 21 0.156
22 0.114 22 0.151
23 0.106 23 0.145
24 0.103 24 0.131
25 0.095 25 0.13
26 0.093 26 0.125
27 0.086 27 0.113
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