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Abstract

This research aims to investigate the effects of earthquakes on structural buildings,
focusing on understanding the causes of building collapse. The study seeks to identify
the specific locations and reasons for the initial failure of building members, which
subsequently lead to the collapse of the entire structure. The goal is to mitigate or
prevent building collapses during or after earthquakes, thereby minimizing loss of life
and property damage.

Recent events highlight a significant gap in the application and understanding of
earthquake resistant methods in the design, monitoring, and investigation of buildings.
This deficiency has resulted in loss of life and property damage, placing a burden on
the state for repairs and emergency response efforts. It's crucial to address these
shortcomings to ensure better resilience against earthquakes and their associated risks.
This report outlines the process of designing a building according to the BS8110 code,
followed by the application of a performance-based analysis method. Two types of
analyses will be employed: fiber modeling and the Plastic Hinge Approach. Firstly, the
Fiber Modeling Method will be utilized for reinforced columns and shear walls. This
involves categorizing the materials (concrete or reinforcement) into three levels:
Immediate Occupancy (10), Life Safety (LS), and Collapse Prevention (CP). Sections
of columns and walls will be subdivided into smaller parts to study the effects of
movement on them.

Secondly, the Plastic Hinge Approach will be employed for reinforced beam sections.
Beams will be divided into smaller parts based on their geometry, following the
guidelines of the ASCE41-17 code, and analyzed accordingly.

Subsequently, the entire building will undergo nonlinear analysis using two methods:
Push-Over Nonlinear Dynamic Analysis and Nonlinear Time History Analysis. The
pushover dynamic analysis entails applying horizontal displacement gradually until
collapse is reached. The Nonlinear Time History Analysis involves subjecting the
building to simulated seismic events. Finally, a comprehensive review of the results
obtained from these two analytical processes will be presented.

By analyzing the obtained results, the causes of building collapse during earthquakes
will be anticipated, on this research two results obtained from two different analysis are
going to be presented, compared and studied as it is shown in chapter 4. When the case
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of failure is known, and the elements that failure first are known, a redesign of building
to withstand these loads is required. Then the building will gain the ability to withstand
earthquakes for a determined period, which it can be estimate. Furthermore, this report
examines various factors over time, such as horizontal displacement of floors and shear
forces throughout the earthquake event. These analyses provide insights into the
dynamic behavior of the structure during seismic events, aiding in the development of

effective earthquake-resistant strategies.
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Chapter One

Introduction

1.1 Overview

In this project, a six-story reinforced concrete building are going to be
analyzed, design based on British code (BS 8110-1997 for Concrete and
BS 6399 — Part 1 for reinforcements) first as a linear elastic design, then a

nonlinear modeling and design will be followed.

The building is residential building contained of 2 flats at each floor and it
is located at Gaziantep city in turkey to study the catastrophic earthquake
effect happed on turkey and Syria on 6th Feb 2023. Which caused 50,783
deaths, 107,204 injured, 297 missing in Turkey and 8,476 deaths, 14,500

injured in Syria.

The goal of this research is to study the response of buildings to
earthquakes, find out the causes of their collapse and how to reduce the
loss of life and property at the individual level, in addition to the losses of
repair work and the resulting effects at the state level.

Let's take a look at what the The Council on Tall Buildings and Urban
Habitat (CTBUH) newspaper wrote about the devastating earthquake in
Turkey, and the reactions of political leaders in Turkey, which shows that
the risk of building collapse during earthquakes is a significant problem in

addition to an engineering problem.

“Turkish President Pledges to Increase Building Seismic Resilience
The Turkish President has made a promise to rebuild the country’s southern

region that was heavily damaged by an earthquake on 6 February, 2023.



Over 50,000 people died from the 7.7 and 7.6 earthquakes that struck 11
Turkish provinces. A few weeks later, another two earthquakes occurred.
President Erdogan has said he will prepare the city better for future
disasters. Over 13.5 million people have been affected by the earthquakes.
Projections made in 2021 stated that 200,000 buildings in the nation’s
capital stand with a medium to high-level risk of collapsing. An
investigation into an earlier earthquake in 1999 also found that many
buildings in the city did not meet design requirements and were not
earthquake resistant even. They did not meet design requirements and were
not in compliance with regulations. For more information refer to reference
48).

1.2 Background of the study

This report was based on backgrounds, the most important of which were
theoretically based on the principles of static engineering during the design
of the building, and then on studying the effect of movement on the two
components of the structure through knowledge of the dynamic nature or
movement of materials. This was the basic background for the research, as
well as albumin records around the world in general, Records of
earthquakes close to the earthquake studied in this research gave the

research more realism.

Due to the large number of earthquakes recently and the many losses of
life, the need to understand structures during earthquakes has become an

urgent and important necessity.



1.3 Problem statement

The Earthquake’s problems

Earthquake event starts from seismic sources, and an epicenter initiated at
earth level at the same location of hypocenter, the seismic waves starting
from the source reach to the site, this attenuation increase the energy of
those seismic waves as well as modification in frequency quantitate. Once
this wave reaches close to the site, the local soil of the site has role to
amplify or de amplify the ground motions, ultimately it reach to the base
of the structure as it is shown in figure 1.1 below. The process of estimating
this future ground shaking and the actual dynamic shaking of the ground
cannot be exactly estimated, only some peak number in propylitic manner
through prosses called’ probabilistic seismic hazard assessment (PSHA)
can be estimated. Also, by using site responded analysis to know wither
the local soil site condition will amplify or de amplify the seismic waves
before its reach to the soil of the structure, so (future ground shaking can
be represented by peak ground accretion or peak speedread accretionary
spectral accretion values corresponding to different time period of different
properties of structure.

The structure on the other hand is converted to linear/non-linear analyses
model, which is a computer model created for linear/nonlinear analysis is
compromise between a real structure and its mathematical representation,
followed by application of estimated ground shaking to the model, and then
come up with estimation of seismic demands, those demand could be:
Global level responses (which mean story level)

Inter Story responses (Inter story grids)

Component level responses (individual column or beam or any other

component)



The scope of this report will be from structural idealization, analysis and

the final performance assessment.

The Earthquake Problem

Structure |

o
W

Linear/Nonlinear Analysis Model

1=
Characterization of Seismic
‘ Ground Motions

Future ground
shaking

|

Epicenter

Site _ !Ti‘]

Soil Site Response
Ground motion can
be ampilfied by sall

3

Estimation of Linear/Nonlinear
Seismic Demands

+ Global-level Responses

/ : ey tr : ot \- Component-level Responses
_’ =
:-f‘:yocp nusc E) gor Seismic Waves

Figure (1.1): The earthquake problems
Some countries have their own institute to ensure the safety during the
earthquakes. America for example assonate The Federal Emergency
Management Agency (FEMA) employs more than 20,000 people
nationwide, it has 10 regional offices located across the country to make

sure America is equipped to prepare for and respond to disasters. Refer to
reference No. 21.

1.4 Objective of the study.

“To reduce risk of disaster and increase safety, one need to estimate hazard
properly and reduce Vulnerability” [31].

The main goal of the research is to avoid the danger of building collapses
at the time of earthquakes or severe horizontal displacements, and thus
reduce the loss of life and property. The research also has other goals,

which are determining the design goal, or in other words, the design is

4



based on specific levels that depend on the budget or the expected lifespan,
for the building to be constructed, for example, the owner can determine
the time at which the building will collapse from the time of the earthquake,
such as an hour, half an hour, and so on. He can also determine the expected
size of destruction such that the earthquake affected non-structural
elements only. Another goal that the research addresses is to study the
medical nature of the building from a kinetic or dynamic perspective, and

thus know the nature of materials and their response to various forces.

1.5 Research questions.

In this research, the following questions will be answered:

1. The cause of building collapses during earthquakes.

2. How to predict when a building will collapse?

3. How to know which element collapsed first and which caused
successive collapses of other?

4. How to avoid the collapse of the building and limit the destruction to

non-structural elements?



Chapter Two

Literature Review

2.1 Introduction

Some of the important concepts of performance based seismic design and
how to use the nonlinear modeling and analysis to come up with detailed
performance assessment of structures are shown in detail in this section.
The observable part of this report will be applied of nonlinear modeling of
structure by using ETABS 2020.

Starting with the basic of performance based seismic design, reason of
using nonlinear modeling and analysis of structures, then the major
nonlinear modeling approach, which will be used in nonlinear analysis of
structures, then a nonlinear dynamic analysis which mean the nonlinear
responds analysis, the selection of ground motions, the modifications of
ground motions required for dynamic analysis will be discussed, along with
a nonlinear static analysis procedure of pushover analysis and how to
interpolate the result of nonlinear analysis to assist the structural
performance or behavior of the building structure.

By looking at the historical seismic data of all the world, the map in Figure
2.1 shows the location of all major earth quicks in last 67 years, several
observations can be made from this historical seismic data, such that
earthquakes do not occur everywhere, they only occur at certain places on
the world, and those places basically corresponds to the boundary between
two tectonic plates, so some countries which lay on the area close to the
boundary of tectonic plates are most probable to earthquakes that other
country away from these boundary. In Bahrain according to Think hazard
website (Refer to reference No.51), Bahrain’s earthquake hazard classified

as very low, which means there is less than 2% chance of potentially



damaging earthquakes in the next 50 years, while its high-hazard level in
Iraq, a chance of 10% potentially damaging earthquake shaking in the next

50 years.

Think Hazard provides a general view of the hazards, for a given location,
that should be considered in project design and implementation to promote
disaster and climate resilience. The tool highlights the likelihood of
different natural hazards affecting project areas (very low, low, medium
and high), provides guidance on how to reduce the impact of these hazards,
and where to find more information. The hazard levels provided are based
on published hazard data, provided by a range of private, academic and

public organizations. Refer to reference 41.

Figure (2.1): The world’s major earthquakes from 1956-2022, source: mapping
the world's major earthquakes from 19562022 (visualcapitalist.com).

From the Figure 2.2 below its shown that the Arab countries lay between 4

tectonic plates (Eurasian, Arabian, African & Somali pleats).
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Figure (2.2): Map of earth's 16 principal tectonic plates divergent, source: new
maps of global geological provinces and tectonic plates (phys.org).

USGS for example, provide science about the natural hazards that threaten
lives and livelihoods, the water, energy, minerals, and other natural
resources we rely on, the health of our ecosystems and environment, and
the impacts of climate and land-use change. Our scientists develop new
methods and tools to enable timely, relevant, and useful information about
the Earth and its processes. Created by an act of Congress in 1879, the
USGS provides science for a changing world, which reflects and responds
to society’s continuously evolving needs. As the science arm of the
Department of the Interior, the USGS brings an array of earth, water,
biological, and mapping data and expertise to bear in support of decision-
making on environmental, resource, and public safety issues. Refer to
reference No.19.

Also, Earth Scope is a global community of hundreds of employees and
tens of thousands of scientists, scholars, and educators. their goal is to
advance human understanding of the Earth and its physical systems by
democratizing access to geophysical observations and practices. Refer to
reference 22.



2.2 Performance based seismic design of structure.

2.2.1 An Overview of the Performance based seismic design

Process

It is generally goes beyond the code-based design. The code-based design
serves as an input to performance base design. As it’s shown in figure 2.3
below, the first step is analysis and design structure must be done based on
code (a linear elastic model). That gives the initial design (Such as member
section and reinforcement details). From that information members
capacity can be obtained. And then perform and formulate the nonlinear
model (the more realistic Model), that will give a real seismic demand and

the actual damage of the structure. (Refer to reference No.45 and 46).

A 4

Architectural Perform Getting Force -

Drawings code base the deformation curve
design capacity of each as material

analysis and final level or member

and design. design level
Check the result. Result From Perform Specify
nonlinear analysis. || nonlinear the 10,
CP, and LS
If not match with acceptance points.
criteria, change the design and Check th —
repeat the Performance based eck the The design is
result. finish.
assessment.

A\ 4

Figure (2.3): Performance based process diagram.



As it is shown in the figure 2.3 above, structural design starts with
finalizing of architectural drawings. This drawing will be analyzed, and
design Based on code which is on our research is the British court. Once
the analyze and design is finish. That’s mean the cross section and
reinforcement details has been finalized, member capacities are known
(e.g., yield moment, axial moment force). Enables to draw Force -
deformation curve as a material level or as sectional level, with
construction of the force-deformation curve, it can easily detect the safety
of the member since the applied load will not go beyond the linear elastic
slope on the graph, this can be defined as 10 (i.e., immediate occupancy
level). By increasing the force applied and at the capacity increase to the
ultimate point this is considered as LS point. Then at degradation of the
material strength or at the ultimately Failure, this is considered as CB level.
These curves and the criteria 10, LS & CP is considered as an input to the
nonlinear analysis. After performing the nonlinear analysis, results must be
checked whether the results match the given acceptable criteria which have
been set before as 10, LS & CP, otherwise, design must be changed and

repainting the same process are required. (Refer to reference No.42).

2.2.2 Performance based design guidelines

There are some special purpose guidelines for performance-based design,
that should be followed as shown in figure 2.4. They are not building codes,
or something which it should followed legally as part of the conventional
design or part of the legal requirement. They are guidelines and they can

be used as instructions and directions, some are represented in figure 2.5.
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Special Purposes Guidelines from USA

National
Earthquake PEER
Hazards Guidelines
Reduction for Tall
Program Buildings
(NEHRP)

Federal
Emergency
Manageme

nt Agericy
(FEMA) and

Tall
Buildings

Applied
Technology

Initiatives
(TBI)

Council
(ATC)

Figure (2.4): Special purposes guidelines.
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Figure (2.5): Examples of reference seismic design guidelines.

2.2.3 Judgment of Performance Acceptability
Acceptance criteria are indicators of whether the predicted performance is
adequate for

I. Local (component based), Example: Drift ratio, structural

component deformation.
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Ii. Global (overall structure-based) Example: Roof drift, base shear.
For more information regarding Acceptance criteria, refer to reference 29,
PEER/ATC-72-1 (2011): Modeling and Acceptance Criteria for Tall
Buildings, USA Guidelines.

2.2.4 Performance Levels

Define Performance Levels

Operational (O)

Immediate Life Safety (LS) Collapse Prevention
Occupancy (10) (CP)

Figure (2.6): Definition of performance levels.

According to FEMA 356 (2000): Pre-Standard and Commentary for the
/seismic Rehabilitation of Buildings., reference 16:

“Building performance can be described qualitatively in terms of the safety
afforded building occupants during and after the event; the cost and
feasibility of restoring the building to pre-earthquake condition; the length
of time the building is removed from service to effect repairs; and
economic, architectural, or historic impacts on the larger community.
These performance characteristics are directly related to the extent of

damage that would be sustained by the building.”

There are some standard performance levels which are used in the context
of performance-based design approach, as shown in figure 2.5 and they are

defined descriptively in different standards. The four standard performance

12



level are operational(O), Immediate occupancy (10), life safety (LS) and
collapse prevention (CP), which are used in meaningful discussion with the
decision maker or the primary stakeholder. sometime owner requests that
structure is not allowed to have any damage, or it will remain exactly intact.
Immediate occupancy (O) means that it will have some damage, maybe
some minor damage, but it will be able to occupy it immediately after the
earthquake, this will become immediate occurrence actions almost more
than life safety means that there can be some damage, but there will be no
loss of life. Collapse prevention (CP) means that there can be significant
damage, but the structure should not collapse, it should remain standing.
These four performance levels are widely used nowadays to describe
different performances of a structure under different loads. Owner can
request from designer to design a building that has 10% probability of
exceedance in 50 years of earthquake. While at 2% probability in 50 years
of exceedance, which means for a very low probability earthquake, very
rare event, it may allow another performance level. As shown in figure
2.10, this will become the performance object. Definition of a hazard level
and the description of the damage (The performance level), this combined

will become the performance/design objective.

Operational (0) Immediate
Occupancy (10)

0% Damage or Loss 99 %

Figure (2.7): Define performance level for specific hazard level.
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I.  Operational Level (O):
Which mean, negligible structural and nonstructural

damage, so it can be occupied safely during event, the

utilities and facility are available for immediate re-use
(some cleanup required). The loss < 5% of replacement

.. L. Figure (2.8): Operational
value. As it is shown in Figure 2.8 level (O).

ii.  Immediate Occupancy Level (10):
That described negligible structural damage. Occupants

safe during event, only minor nonstructural damage. The

building is safe to occupy but may not function, limited

. : : 0 .
interruption of operations. The losses < 15%. As it is Figure (2.9): Immediate

shown in Figure 2.9 occupancy level (10).

ii.  Life Safety Level (LS):

When the structure significantly damaged. Some injuries

may occur. Extensive nonstructural damage. Building not

safe for re-occupancy until repaired. Losses < 30%. As it

Is shown in Figure 2.10 Figure (2.10): Life
safety level (LS).

iv. Collapse Prevention Level (CP)
Represent the case when Extensive (near complete)
structural and nonstructural damage, and significant

potential for injury but not wide scale loss of life,

extended loss of use. And repair may not be practical. l ]

Loss >> 30%. As it is shown in Figure 2.11. Figure (2.11): Collapse
prevention level (CP).
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We quote from reference No.4. 4. ASCE/SEI 41-13 (2014): Seismic
Rehabilitation of Existing Buildings Guidelines (ASCE/SEI 41-13).

“The committee agreed that the philosophy of permitting existing buildings
to be evaluated, and even upgraded, to a lower hazard should be retained.
There are a number of reasons for this, which are discussed in detail in the
ASCE 41-13 Chapter 2 commentary. They are:

* Permitting buildings recently built to not be immediately rendered
deficient when there are minor changes to the new design standards.

 The increased risk due to the lower hazard is acceptable because of the
presumption that an existing building has a shorter remaining life than a
new building.

* The cost of retrofitting to achieve commensurate performance can be
disproportional to the increased benefit as opposed to doing something to

make the building better by mitigating the most egregious deficiencies”

Once the structural damage classification under the four is decided,
damage can be related to any other loss, for example economic loss,
repair cost and how much repair time will be required in the facility will
be shut down.

As an example, graph or relationship can be drown as hazard measure (or
the loading severity) in Y-axis and the structural displacements (or
deformations) on X-axis and put these performance levels on this curve as
it is shown in figure 2.11, That means these four performance levels can be
related to the demand side of the analysis (the demand and capacity), all
can be related to these four performances. If someone says collapse
prevention of the structure, it should be known clearly that it is somewhere
towards the end of force-deformation behavior or the loading security
versus structural deformation.

Performance-Based Structural Design: What Is It?
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By Naveed Anwar, Vice President for Knowledge Transfer, Asian
Institute of Technology. In reference 33:
“How to link design decisions with performance indicators?

Many of the disciplines use key performance indicators (KPIs) or a
performance-based approach in management, evaluation, and monitoring.
Employees in a company have KPIs that sets expected targets for them. In
some traditional companies, employees only have to spend eight hours in
the office but that is not useful for examining performance, however, what
is useful in determining the output during those eight hours. Similar was
the case for earthquake loading which made seismic structural design the
catalyst for starting performance-based design. When we have earthquake
effects on the structures, we expect the structures to remain standing and

not to be damaged severely but how to ensure that?”

Consequences

P
e
5

>

-3
w

[=2]
=
o

©

o
. |

Figure (2.12): Link the damage to performance levels.

This is the idea, the damage already expected or concluded by the nonlinear

analysis or predicted by the nonlinear model, can be converted to any other
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loss like number of casualties expected during that earthquake as shown in
figure 2.12 above and figure 2.13 below. Models are available to convert
structural analysis results into the expected number of casualties or injuries,
also, convert structure analysis results into downtime or rehabilitation time.
As an example, the rehabilitation cost or the required cost to restore after

an earthquake can be calculated.

Link Performance other Indicators

Operational (O} Immediate Occupancy (10) Life Safety (LS) Collapse Prevention (CP)

Highest

Ref: FEMA 453 B

Figure (2.13): Link performance level to other indicators

Series of video records presented by Dr. Graham Powell explains the

Performance Based Design, applications and software. Reference 32.

Another useful reference is Intonational Seminar and Workshop on
Performance Based Design of Reinforced Concrete Buildings - 27-28
August 2013 - Hosted by the Asian Center for Engineering Computations
and Software (ACECOMYS) in collaboration with AIT Consulting. Refer to

reference 43.
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Chapter Three
Research Methodology

As discussed above, the first step of performance-based analysis is design
the building based on construction code which is in this research is British
code BS8110 as a linear analysis (In the other words Elastic analysis), and
once the member section dimensions are finalize, two analysis to be
applied (fiber hinge analysis and Plastic hinge analysis) making the model
ready to start nonlinear (inelastic) analysis.

Elastic/linear analysis will start by converting the architectural drawings to
DXF file as a base for start ETABS modeling by defining materials,
elements such as beams, columns, slabs, and foundation type, then defining
loads and load combinations. Ending the steps by run, analysis and design
the model. Designing the model means that the sections of building
elements are capable to carry out the load applied withing the elastic
region. Then, the same design will be used for inelastic-plastic -nonlinear

analysis.

3.1 Structural design of multi-story building using
ETABS — British Codes

As discussed in overview of the performance-based design process, the
first step is designing the building as per the architectural drawings based
on Building code, in this research a five-story residential building will be
designed based on British code BS8110 as shown in figure 3.1 below.

Reference No0.9 provide Video Tutorials for ETABS modeling and

analysis.
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3.1.1 Architectural Drawings
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Figure (3.1): Typical floor plan — Architectural drawing
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Figure (3.2): West elevation — Architectural drawing




3.1.2 Perpetration of DXF file
Converting the AUTOCAD file of architectural drawings to DXF file by
converting the beams and columns to a single line, and converting slab and

shear wall to polylines, enabling to be transfer to ETABS.
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Figure (3.3): Original plan
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Figure (3.4): DXF file
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3.1.3 Model the building in ETABS

Molding of the structure in ETABS start by importing the previously
prepared DXF file and defining the materials of concrete and reinforcement
and drawing the structural members as it is shown in figure 3.5 and figure
3.6. For details refer to appendix (1) which detailed the structural

calculation. (Refer to reference No.43 and 44).

[ Plan View - Storyl - Z = 4.1 (m) Line Draw Mode 1 - X

F1

F5

F2

W3

F9

F6 W4 W3

WS

F3

F10

F7

F4

F11

Figure (3.5): Modeling of beam, columns and slabs using ETABS 20
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| 3-D View Line Draw Mode

Figure (3.6):3D view of the building modeling

3.1.4 Structural design of the building

I. Structure design input.

1. Introduction

Proposed six story building at Gaziantep in turkey building consists of 6
typical stories. The conceptual general arrangement for the structural
system consists of solid concrete slabs, RCC columns, RCC beams
supported by isolated footing foundation. (Refer to reference No0.6,7,9 to
13).

2. Purpose of this document

The purpose of the section is to present the loading considered for

modeling.

3. Reference
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3.1 Codes and standards

For the applicable codes and standards for this project reference is made
to:
BS 8110-1997 Structural Use of Concrete
BS 6399 —Part1 Loading for Buildings - Code of Practice for dead and
imposed load
For maire information regarding the specifications and characteristic of
concrete, steel and reinforced concrete, refer to references 4,5,17,24,25,37
and 45.

4. Materials
4.1 Concrete compressive strength in (Mpa):

Concrete compressive strength used depend on elements location as
shown in table 3.1 below. (Refer to reference No.1 for concrete

specifications).

Table (3.1): Concrete grade for different structural elements

Element Grade
Foundation 45
Columns 35
Beams Top & 35
Bottom
Cast in-situ slab 35

4.2 Concrete cover to reinforcement in (mm) are as follows.
Table 3.2 shows concrete cover for each element.
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Table (3.2): Concrete cover for different structural elements

LOCATION e
SUBSTRUCTURE (FACING SOIL OR WATER) - 75
EXPOSED EXTERNAL SURFACES (SUBSTRUCTURE) 50
BEAMS EXPOSED TO WEATHER
UNCLAD (BOTTOM AND SIDE} 40
COLUMNS, SHEAR WALLS EXTERNAL

CONCRETE NOT EXPOSED TO WEATHER:

SOLID SLABS ON GROUND _
ToP 3
BOTTOM 50
SOLID SLABS, ABOVE GROUND FLOOR 30
BEAMS BOTTOM AND SIDE 30
(TGP WITH MIN. 50 FINISHES) 20
COLUMNS, SHEAR WALLS INTERNAL 20

« Concrete compressive strength is taken as 35 N/mm? (fe)
for superstructure and 45N/mm? (f) for substructure.
« Modulus of elasticity for 35 N/mm? = 4800xVfck =28397.183
N/mm?
« Modulus of elasticity for 45 N/mm? = 4800xfck = 32199.38
N/mm?
For more Concrete material research refer to reference 28. 28. Magazine
of Concrete Research, ICE, Edited by: Peter C Hewlett, BSc, PhD, LLD,
CChem, CSci, FRSC, FIM, FICT, FConcSoc, Professor, University of
Dundee, UK
4.3 Reinforcement
All reinforcing bars strength is considered in accordance with BS 4449
HYSD bars fy, = 460N/mm?
Modulus of Elasticity E = 200kN/mm?

For detailed design steps and calculation refer to Appendix (1)

Detailed structural calculation and design represented in appendix (1).
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For reinforcement design calculation and procedure refer to reference
No.3. Arthur H. Nilson, David Darwin, Charles W. Dolan (2005): Design

of Concrete Structures Book, 13" Edition.

Ii.Structural design Report

After applying the assigned load and run the analysis, model must be
design and then checked to come up with final design (i.e., final cross
section and reinforcements ratio for structural elements). Project report can
then be downloaded as shown in figure 3.7, figure 3.8 and figure 3.9. Refer
to Appendix (2) for full structural report obtained after running the analysis
from ETABS.

ETABS

Project Report

Mode P PP Revson 0

Figure (3.7): Structural project report
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Figure (3.8): Structural project report list Figure (3.9): Structure data

For Fundamentals of Tall Building Design refer to reference 42.
Also, more reference is attached (8,11&38), gives more information

regarding designing of Tall Buildings.

Iv.Structural drawings

By using the data of project report, data to be converted to drawings
as it shown in figure 3.10, figure 3.11, figure 3.12 and figure 3.13.
Refer to Appendix (3) for full structural drawings prepared after

modeling, analysis and design based on BS8110 code.

27



I
—_— — >
T o I—=+ T =5 = T - T _ T " T il
T e _.4 |l [ e eus n ¥ | [—y— 2t ]
L Z! i Ll {13 & 2nd LOER)
=l = 51 §1 52 51 51 = — =l

o
L3

LT —n— — xu (L) [F:) —— [Er)3 [*TL] =7 ——| (%75

SLAB REINFORCEMENT SCHEDULE
FULL BTN BARS FULL T0P BARS OL & APFIRTE | wap mackmEse
AR, fr) REMARRS
L1l Bl n T m T
1 51 12200 | THE-a - - - - H
- Tia-ate | hi-am - - e | T e
] Eo]
(RN _I_E o1l
2 o SIDE_FACE_REINFORCEMENT o | | mew | wew | mem | wwm | | w
- L3 L7 oA ) FOft EEAMS DEEPER THAN B30 WM (OVERALLY
AAD FOR EXTERHAL FADSE OF ALL OTPER

TYPICAL RC BEAM FLEVATION (SINGLE SPAN) S W |5 w e
2 =35
/A \TYPICAL SUSPENDED BEAM DETAILS £l =

,/I\\...S.Smn._h

SCHEDULE OF BEAMS |
wem_ | REINFORGCEMENT i
ki Wimm) | D | O e Te qux.m_q o RCH | % w_.aa%mwm a e |
H Py B0 tmnw .,m._.““ Mia .%"M Tenpo | TH-rig : “
[ 200 wo | e | A me | | meen | moa - - r 1
o | wo | GHE s e mE | Wenon | Tera | - - @ﬁ@z.—_zcﬁcm SLAB
M| RS me | I | mewe | mere | - - ——
= 200 o0 ohﬁqmwﬂl..wlw ma | e | Tetse | - - = ﬂmiﬂm ber s
] i 15 _.I-__E .. ;
o | s | e [ FEO[ W] e | T [mow| e | - - .Ia..u.u.u_l__ ey 1 L 0y
o w5 B0 - b a0 T | menon | mel0 | - - —r—— y
#3TI6 +IT18 +TT\6 . [ -ﬁ. _.. » = H
581 3 wo | T8 i me ma | wmwo | mere | - Chstd Saraps i [ H __Lw.nl% - )
BOIES 0. W CASE OF DECRERANCY 0F DWUETER 06 0% BARS AT SLODORT, USH MMCHDMR & W LARSEH BAUDER B, Em 5 ﬁ P, e e
2. 5 A BDMATON. MP & BOTRM MRS WAL BE READ AG 15T LVER + IHD LEVER {op. TTIG+2TIG) AS SHONW M TEE DOREDULE END DETAIL
3 MMIAM LIADROWAL BA: 15 2 M0 THE VAU CLEMR DSTANCE BETNEEW LORCTUOWAL BARS 5 140w __\\mlu/._m_?__u_u... SUPPORTED SLAB .\\m'M/,_U}Z._.__um_,.__mm SLAB

. \_/
£ B \CURTAILMENT OF REINFT. IN CAST—IN—-SITU SLABS {UND)

_/.‘.\\:.EBB.F

Figure (3.10): Structural drawing
28

For bigger size, please refer to Appendix 3.



L

sivd 108 WL

$Twoe=1) ooz-9lL

SN

[EE
.

e

11
| ]

r______L_J

B Eap
AR S )
A A,

=
ek
I

o

o
oo B

A
i

E

IR =
._.i..r.ff...f.:.d.fﬂ._r.uwr.f“ ﬂ.-._f”

e T AR AP Pt

L=4.0m}

EXTRA TOP BARS ||

B

e
"

A
e

¥

[

BOT KESH T 162

TN WESH T

S S U —

Figure (3.11): Foundation design

For bigger size, please refer to Appendix 3.
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Figure (3.13): Column design

For bigger size, please refer to Appendix 2.
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3.2 Fiber hinge approach - material nonlinearity

3.2.1 Application of Fiber Nonlinear Modeling of Materials
using CSI ETABS

In this section fiber modeling approach will be applied for columns and
shear walls. For beams other approach will be used which called plastic
hinge approach and it is explained later in the next chapter.

Refer to reference 23. This document or manual compiles the basic
concepts of inelastic computer modelling and nonlinear analysis of
building structures. It also presents a step-by-step methodology to
construct the nonlinear computer models of RC building structures (for
their detailed performance evaluation) using CSI ETABS 2016.

3.2.2 Fiber Modeling of Reinforced Columns:

After designing the structure based on building codes, (i.e. elastic model
analysis) and all cross-section details is finalized, now it is the time to
convert it to inelastic model using fiber modeling approach, (Refer to

reference No0.41), the steps are described as following:

1. Define material Nonlinearity Stress-Strain Curve:

First Concrete Material

As shown in figure 3.14. Go to Define>Material Properties>select the
concrete material as defined before” Con 35MPA” >Modify>In the
Advance Material properties select “Nonlinear Material Data” as it shown

below.
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General Data

Material Name

Material Type

Directional Symmetry Type
Material Display Colar

Material Motes

Material Weight and Mass
© Specify Weight Density
Weight per Unit Vaolume

Mass per Unit Wolume

Mechanical Property Data
Modulus of Elasticity, E

Poisson's Ratio, U
Coefficient of Thermal Expansion, A
Shear Modulus, G

CondsMPA
Concrete o
|sotropc e

Change...
Modify/Show Notes...

() Specify Mass Density

23 kN /m?
2345 347 kg/m?
26030.75 MPa
0.2

0. 0000095 1/C
10846.15 MPa

Material Mame and Type
Material Name Con35MPA

Material Type Concrete, Isotropic

Acceptance Criteria Strains

Tension Compression
lo om 0.003
LS 0.2 0.006
lcr oos 0015

B Ignore Tension Acceptance Criteria

Parametric Strain Data
Strain at Unconfined Compressive Strength, fic
Utimate Uncorfined Strain Capacity

Final Compression Slope (Multiplier on E)

Miscellaneous Parameters
Hysteresiz Type Concrete ™

Modify/Show Hysteresis Parameters. ..

Drucker-Prager Parameters

Friction Angle 0 deg
Dilatational Angle (] deg
Stress Strain Curve Definition Options
mm./mm
© Parametric Mander w
mm.mm
Convert to User Defined

mm./mm

() User Defined

0.002219
0.005

0.1

Figure (3.14): Define concrete material nonlinearity stress-strain curve
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Three important Input must be provided:
1. The Acceptance criteria strains for every performance level at
tension and compression, enter the performance criteria decided.
2. Stress-Strain Curve parametric shape> select Mander>Convert to
user Define > enter f°¢, E values as shown above.
Accordingly, the program will draw the stress-strain curve as shown
in figure 3.15.

Material Name and Type Frame Section Property
Matenal Name Con35MPA Mone
Material Typs L For Display Puposes Only. Used for
» Mander Confined Curves
380 -
_',‘-,\ Legend
~
=02 | ,’/ 1\\ —e— Unconfined Axial
»
280 4
/ <

— Rt
T 240- | b
a 0.0 ® .
= IH' ~
-

16.0 - | /
g 60 ."r
© 120- | l/
=
@ 8o | "'l

| I
40 - H
/
00—
T
A0 i | ' ' . 0 ) ' '
-160 -DB0 000 O0B0 160 240 2320 400 480 560 G40E-3
Strain
Max: (0 002219, 35) [Uncorfined fwial, Ford 3], Min: (0.000142, -3.68) [Unconfined fxal, Point 8] fio jis jcp
Daone

Figure (3.15): Concrete stress-strain curve

3. Hysteresis Type, as shown in figure 3.16

select concrete> Energy Degrading factor =0.5.

|
e
Matenal Property Con35MPA
it
Parameters
Energy Degradation Factor 0.5
i
M
OK Cancel

Figure (3.16): Concrete energy degrading factor
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Second Steel (Rebar) Material

As shown in figure 3.17. Go to Define>Material Properties>select the
concrete material as defined before” G460” >Modify>In the Advance

Material properties select “Nonlinear Material Data” as it shown below.

General Data
Material Name G460
Material Type Rebar
Directional Symmetry Type Uniaxial

Material Display Colar Change...

Material Motes Maodify./Show Notes. ..

Material VWeight and Mass

0 Specify Weight Density () Specify Mass Density

Weight per Linit Yolume 76.9729 ke MAm?
- 7 i
Mass per Unit Yolume 7843.047 kg/m?
Mechanical Property Data
Modulus of Blasticity, E 195947 98 MPa
Coefficient of Thermal Expansion, A 0.0000117 1/C
Material Mame and Type Mizcellaneous Parameters
Material Name G460 Hysteresis Type Kinematic ~
Material Type Rebar, Uniaxial
Acceptance Criteria Strains
i Ll Stress Strain Curve Definttion Options
Bo oo 0,005 mm,/mm
© Parametiic Simple ~
LS 0.2 0.01 mm./mm
Caonvert to User Defined
CP 0.5 -0.02 mm./mm
(") User Defined
Parametric Strain Data
Strain at Onset of Strain Hardening 0.01
Ultimate Strain Capacity 0.09
Final Slope (Multiplier on E) 0.1

Figure (3.17): Define steel material nonlinearity stress-strain curve
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Three important Input must be provided:

1. The Acceptance Criteria Strains for every performance level at

Tension and compression, enter the performance criteria decided.

2. Stress-Strain Curve parametric shape> select Park>Convert to user

Define > enter parametric stain data as above. As shown in figure

3.18.

Accordingly, the program will draw the stress-strain curve as shown

in figure.

a3 s

Materal Mame and Type

Matenal Name

Material Type

G460

Febar, Uniaxial

Done

el )‘\ Legend
-~

800 1 I’J-"’ \ —a— Axial

450 ‘\
© A
e 150
<
w 0
E -150
-
5 300

450 - \

600 - 9 .

e e
-753—, 1 I | I | (] | 1 I I
-125 100 .75 S0 .25 0 25 S0 75 100 125 E-3
Strain

Max: (0.0, 704) [Adal, Point 3] Min: {-0.09, -704) [Axial, Paint 1] Jio Jis Jcp

Figure (3.18): Steel stress -strain curve

3. Hysteresis Type, select Kinematic.

2. Divination of the material section to fiber sections

- Reinforced Concrete Columns

As shown in figure 3.19. Go to Define>Section Properties>Frame/wall

Nonlinear Hinges>Add New Property>Concrete.

36



Change the Hinge Name to (concrete Fiber Hinge)
Hinge type to (Deformation Controlled Ductile)
Select Fiber (P-M2-M3)

Select (Default from Frame Section)

Hinge length =0.1>Relative length (that is mean it will take the 10% of

each column length and apply it at each columns ends to apply the fiber

hinge)
Defined Hinge Frops Chck to Hinge Property Name
Name Add New Property Column Fider Hing
Column Fiber Hing e
Add Copy of Propeny Hioge Type
v.'oa"};Shm Property.
© ODoformaton Controlied (Ductie)
Delete Property
Fiber PM2.M3
| Show Hinge Detals S —— —
Moddy/Show Hinge Property
] Show Generated Props ettt
Fiber Definition Options Hinge Length
© Default From Frame Section Hinge Length 0.1
() User Defined Relative Length

Figure (3.19): Define column fiber hinge.

Now the program well automatically divides the column section into small

concrete and rebar sections as defined before based on the design cross

rection and reinforcements provided on elastic analysis.

To Assign the defined hinge above, Select the columns > Assign>Frame

>Hinges>as shown in figure 3.20 below.

Frame Hinge Assignment Data

Hinge Property Location Type Reiative Distance  Distance from End
m
Column Fiber Hing v  Relative to clear length v 1
Colurmn Fiber Hing Relative to clear length 0
Colimn Fiber Hi ]

Add

Modity

Delete

Figure (3.20): Assign column fiber hinge
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Add the Column fiber hinges defined before as 0 and 1 Relative distance,
that means the program will assign it at the ends of each column.

Figure 3.21 shows that the program has added the hinges for each column

ends.
a
All Hinge Props Click to:
Name Type Behavior Generated From Add New Property...
CTH1 Fiber P-M2-M3 Deformation Controlled | ves Column Fiber ...
CTH2 Fiber P-M2-M3 Deformation Controlled | “Yes Column Fiber ... Modify/Show Property...
C7H3 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
C7He Fiber P_M2-13 Deformation Controlled | Yes Column Fiber .. focieliperty
CTHS Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
CTHE Fiber P-M2-M3 Deformation Controlled | es Column Fiber ... @ show Hinge Details
CTHT Fiber P-M2-M3 Deformation Controlled | “Yes Column Fiber ... @ Show Generated Props
C7HE Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
CTHS Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
CTH10 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
CTH11 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
CTH12 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...
C15H1 Fiber P-M2-M3 Deformation Controlled | “es Column Fiber ...
C15H2 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ... o
C15H3 Fiber P-M2-M3 Deformation Controlled | Yes Column Fiber ...

Figure (3.21): List of column fiber hinge at each end
To display the fiber divisions of one column section as an example refer to
figure 3.22 to understand how the program has generated the divisions.
Select for example column No. C15, and then hinge No.1 >Go to Show

properties>show fiber>
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Control =
B Overiay Frame Section on Piot
Section C3A[I50mE00 - ’ - 3
>
£
-8 -
[ ] 3
| 2 &
[} Make Al Fibers Gray

Fiber Defintion Data

Fiber Arga Coord3 Coord2 laterial A Siress Strain Curve
cm? mm mm

z 242 -117 | G460 & SSCH
2 2 2-!2. D.G—!GEI il S5C1
3 2 242 17T | G460 M S5C1
el 2 242 7| ces0 m sse1
5 . 2 .2-12. nlcaeu W S5C1
L 2 -242 1l'|'lG-'r'EEI o 55C1
7 2 121 -NT | G460 W 55C1
8 4 ] -7 | G460 i SSCH
L] . 2 .12E. -1IF:GJGU I 85C1
10 z 121 11?.6460 i 55C1

Figure (3.22): Cross section division of fiber
As shown in figure 3.23, the section has been divided into concrete fibers
in gray color (some on them are inside the cover zone, and the other in the
core of section), while the yellow dots represent the rebars. The dots

represent the center of each division sections.

2
MR

Figure (3.23): Fiber hinge section details
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Material Name and Type Frame Section Property
Material Name Con35MPA None R4

Material Type Concrete, Isotropi For Display Puposes Only; Used for
4 == = Mander Confined Curves

Legend

—#— Unconfined Axial

Stress (MPa)

-4'07 I 1 I 1 I I 1 I 1
-160 -080 000 080 160 240 320 400 480 560 G40E-3

Strain
Max: (0.002219, 35) [Unconfined Axial, Point 3]; Min: (-0.000142, -3.68) [Unconfined Axial, Paint 8] l 0 LS CP

Figure (3.24): Acceptance criteria of columns
The Stress-strain Curve shown in figure 3.24 represent the shows the
performance values of the selected columns, any column can be selected,

for example C1> the stress-stain for particular cross section can be
presented as figure 3.25 below.
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Material Mame and Type Frame Section Property
Material Name Con35MPA CH{(350x700)-V ~
Material Type Concrete, lsotropic For Display Puposes Only; Used for
2 Mander Confined Curves
45.0 -
Legend
40.0 - .
—&— Unconfined Axial
5.0 - —a— Confined Axial
o 300-
o
E 25.0 -
—
20,0 -
$ i
© 150-
=
[7)] 10.0 -
5.0 -
0.0 :\J
-5.0 i I I I I I I I I 1
-25 0.0 25 50 75 100 125 150 1175 200 225E3

Strain
Max: (0.002894, 37.13) [Confined Awial, Point 7]; Min: (-0.000142, -3.68) [Unconfined Axial, Point 8] I 10 LS CP

Done

Figure (3.25): Column specific stress-strain curve

3.2.3 Fiber Modeling of Reinforced Concrete Shear Wall
As it has been done for columns, fiber model will be applied for shear
walls. By Selecting show the shear wall only > select all shear
walls>Assign>Shell>Reinforcements for Wall Hinge>From Current
Design (as shown in figure 3.26), then (the program will automatically

divide each wall section to fibers).

- Named Plots [

© From Current Design

() Uniform Rebar Ratio:

() Spedfied Rebar Layout

Close

Figure (3.26): Wall Fiber Hinge
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Figure 3.27 shows the procedure of assigning auto by select >hinges
Assign>Shell> Wall Hinge> select Auto Fiber P-M3 (generated

automatically by the program from the previous step)>Add>Apply.
[

Shel Hinge Assignment Data
Hinge Property
Auto Fiber P-H3 w

Auto Fiber P-It3 :]
Add
Delete
Optons
() Add Specifisd Assigns to Existing Assigns
° Replace Existing Assigns with Spacified Assigns
K Close Apply

Figure (3.27): Assigning wall fiber hinge
From figure 3.27, it can be noticed that the Automatic fiber section have
been assigned to all shear walls. To find out how the program has divide
the walls hinges,
Go to Define>Section Properties>Frame/Wall nonlinear Hinges>Select
any wall for example W6H5> as shown in figure 3.28. It’s clearly shows
at right-hand side the program has divide the wall into concrete and

reinforcement fibers.
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s

@ @ *—> & L] @
Fiber Color Graphic Wall Width Faclor Propertiss
© Same as Material Property Color Scele Factor |1 . Show Properties...

() Make All Fibers Gray

Fiver Definition Data

Fiber Area Coord2 Material Color
o mm
299.2. -825 | Con35MPA
2 | 8985 . 00 | Con3SMPA
3 . 593-5- -300 | Con3SMPa
4 593.5- El-l:unair.'lm
5 593.5. 300 Con3SMPA
6 I £98.5 500 Con3SMP&
7 l 299.2. 825 Con3SMPA
8 1.5 . 750 | G460
g 1.8 - -450 -Gdﬁﬂ
10 . 15- -IEU-GﬁEQ

B Blink Currently Selecled Fiber

Figure (3.28): List and details of all wall hinge created

Beam:

For beams, no automatic option available in ETABS for dividing the cross
section of beam to fibers, as it was done for columns and walls. It can be
applied only be manual divisions of fiber sections which is very long
process, since it’s required to divide each beam into 3 x 3 total 9 concrete
sections and at least 6 fibers for reinforcement depends on their diameters.
Making 15 sections for only one cross section of beam and repeating the
same for other beam that have different dimensions so difficult and long
prosses.

For that reason, another approach will be used for modeling the beams as
nonlinear elements which called the plastic approach and that will be

discussed in the next part of the chapter.
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3.3 Plastic hinge approach - geometric nonlinearity

Moment Rotation Type Plastic Hinge Modeling of RC Beams

In the same model used in demonstration of fiber hinge for columns and
shear wall, defining of plastic -uncoupled concentrated hinge for beams

will be applied. (Refer to reference No.1 to 5 and 8).
Two options are available for applying the same:

1. Manual (by define each beam separately and then assign each hinge
in both ends of each beam.
2. Automatic (by add the reinforcement design of beam, and let the

program calculate the yield moments)
The procedure of each method sing ETABS are illustrated as followings:

1. Manual
As shown in figure 3.29. Go to Define > Section properties >

Frame/Wall Nonlinear Hinges

Define | Draw Select Assign Analyze Display Design Options Tools Help
£ / ’
Li. Material Properties... l 3-d PI3 e|$ ) & E:
i . A =
F‘@ Section Properties v ] #  Frame Sections... |
;;& Spring Properties » | @ Tendon Sections...
L Diaphragms... &® Slab Sections...
: Deck Sections..,
3‘ EL/ Pier Labels... -
: Wall Sections...
UJJ Spandrel Labels... D :
N Reinforcing Bar Sizes...
{ 7% Group Definitions... \\ 9
I .
l@:ﬂ Section Cuts... >\E Link/Support Properties...
SGG Strain Gauges Properties » ‘1}1‘ Frame/Wall Nonlinear Hinges...
a ¢/  Panel Zone...
g Functions b 44
| |

Figure (3.29): Define plastic hinge for beam
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Then concrete fiber hinge must be defined as shown in figure 3.30. Add
new properties> concrete>ok

B Define Frame/Wall Hinge Properties X
&
Defined Hinge Props Click to: \
Name | Add New Property.. |

Column Fiber Hing Add Copy of Property..

Modify/Show Property.

Delete Property

|
(] Show Generated Props

| Show Hinge Details

Figure (3.30): Add new hinge type.

Select Concrete, same as Figure 3.31.

Use Defaults For
() Steel

© Concrete
() User Defined

| 0K ] Cancel

Figure (3.31): Concrete plastic hinge
As shown in figure 3.32. Change the name to “PH1” > select Deformation
controlled (Ductile)>Moment M3
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ne¢ [ winge Prope

m Hinge Property Name ty
PH1
y..
Hinge Type

() Force Controlled (Brittle)
© Deformation Controlled (Ductile)

D
Moment M3 P

Modify/Show Hinge Property...

" OK | Cancel

Figure (3.32): Plastic hinge type as ductile
Same as figure 3.33, select Modify/Show Hinge Property>add the section
moment — rotation values> change the Hysteresis Type to Takeda> enter

the acceptance criteria 10, LS and CP values.
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‘ 3o R \
Displa t Control P
Type
MomentSF  RotstioSF © 1omen: - Rotation
0.2 -0.025 p () Moment - Curvature
02 0015 e
-0.015 = <N
-
| | Load Carrying Capacty Beyond Point €
5 ©Q Drops To Zero
) Is Extrapolatad
8 symmetnc Hysteresss Type and Parameters
Addtional Backbone Curve Points Hysteress Takeda v
() BC - Between Points B a No Parameters Are Required For This
() CO - Between Points 2and D Hysteresis Type
Scalng for Moment and Rotation
7?080"7
8 Use Yieid Moment Moment SF KN-m
[ Use Yiekd Rotation: Rotaion SF 1 :
S e o) Hysteresis Type and Parameters
Acceptance Criteris (Pastic Rotston/SF)
Postive
- mmediate Occupancy 0.003 Hmm Takeda g
[0 Life Safety 0.012
B cotapse Prevention b01s No Parameters Are Required For This
() Show Acceptance Crteri on Pot Hysteresis Type

Figure (3.33): Hinge properties data
For assigning the hinges to the beams, as shown in figure 3.34>select the

beam > Assign>Frame>Hinges.

Assign | Analyze Display Design Options Tools Help

- ” o [ / iy
J. Joint .rg..‘- E;@@-D-ngmwﬂ-}_‘
+ |
[\ Frame 'J f,. Section Property... L:l
1 1
| By Shel » | #, Property Modifiers...
* .
W Link A g:. Releases/Partial Fixity...
-
Te
g Yendon * |F) EndLength Offsets...
- -
e JointLoads * | T¢ Insertion Point...
l&l Frame Loads » }" Local Axes
.
ﬂ;& Shell Loads » . ——
put Stations...
8% Tendon Loads N i
- a Tension/Compression Limits...
sg  Oauge Properties » I TF'
|H*
Ef  Accinn Diar Erere Arrantancs Critaris I

Figure (3.34): Assign beam plastic hinge
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Add the last created plastic hinge (PH1) to a relative distance 0 and 1
(considering both ends of the beam 0 will be assigned at the start of the

beam, end will be assigned at the end)>ok

Figure (3.35): The assigned plastics hinge on the beam

As it is shown in figure 3.35, the PH1 have been assigned to the selected
beam , but the issue of manual assigning of plastic hinge, that required to
enter section moment — rotation values and acceptance criteria 10, LS and
CP values for each beam section that has different reinforcement quantities
or arrangement, which is make is very long procedure, the other procedure
is the Automatic option, and is shown below:

1. Calculate the reinforcement area (mm?) at top and bottom of each

beam section, refer to tabulated data in table 3.3:

Table (3.3): Beam’s reinforcements area calculation

Bottom (MM?) | Top(mm?)
B1 628.3185 628.3185
B2 804.2477 804.2477
B3 804.2477 402.1239
B4 804.2477 804.2477
B5 1256.637 1256.637
B6 1005.31 1005.31
B7 1344.602 1344.602
SB1 1206.372 603.1858
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Select all beam section, same as figure 3.36.

Filter

Select by Frame Property

Clear Filter

Frame Properties

B1(200x600)
B2(200X500)
B3(200x600)
B4(200x700)

B5(200x700)
B6(300x600)

C1(300x500)H
C1(300%500)-V
C1A(300x500)-H
C1A(300x500)-V

Figure (3.36): Beams selection

Assign the hinges same as figure 3.37, by selecting the beam >

Assign>Frame>Hinges
Assign | Analyze Display Design Options Tools Help
K *.  Joint ¢ I" v mEE-®- [ oy 714,
['\. Frame L3 I f‘. Section Property...
D Shell » ?; Property Modifiers...
>
W Link > v Releases/Partial Fixity...
*
g terdon * |F EndLength Offsets...
?_:5; Joint Loads *» | T# Insertion Point...
fm Frame Loads L },-' Local Axes
-
43 Shell Loads o
5 e Output Stations..
2~ Tendon Loads 4
. .&" Tension/Compression Limits...
sg  Oauge Properties *
I.J:' Hinges...
Assign Pier Force Acceptance Critenia.., =

LY

Figure (3.37): Assigning of automatic beam hinge

Add Auto in 0 and 1 >modify the hinge type to “from Table ASCE41-17”

> and select find. As shown in figure 3.38 and figure 3.39 below.
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Existing Assignments
Warning:  Assignments may already exist on some selected line objects

(O Add Specified Assigns To Existing Assigns
© Replace Existing Assigns With Spacified Assigns

Relative Distance  Distance from End

Frame Hinge Assignment Data
Location Type
m

Hinge Property

oz |
Reumve to clear length

[Auto M3
\

Auto v Relative to clear length + 0
\

Add

Modify

Figure (3.38): Frane assignment hinges

Auto Hinge Type
From Tables In ASCE 41-17

Select a Hinge Table

Table 10-7 (Concrete Beams - Fiexure) tem i
Degree of Freedom V Value From
O w2 © Case/Combo Dead
O u -
() user Value
Hysteresis Type Isotropic Modify/Show
Transverse Reinforcing Reinforcing Ratio (p - p') / pbalanced
© From Current Design

B Transverse Reinforcing is Conforming
() User Value {for positive bending)

Deformation Controlled Hinge Load Carrying Capacity

© Drops Load After Point E
(O Is Extrapolated After Point E

Figure (3.39): Hinge data
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As it’s shown in figure 3.40, the program has calculated the yielded
moment of each section My, and automatically have assigned hinges at

each end of the beam sections.

Figure (3.40): Assigned hinges for all building beams

As a summary, the results of fiber hinge analysis and plastic hinge analysis
applied for columns, beams and shear wall dissuaded above is section 3.2
and 3.3 will be shown in every time interval and at any specific time in the
sections below, such as location of the critical points, what are those

conditions in terms of moment, shear, deflections etc.
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Chapter Four
Analysis and Discussion

4.1 Nonlinear Static (Pushover) & Dynamic Analysis
The Pushover analysis as its clear form its name, a procedure of trying to
push the building to a certain displacements gradually to study the building
behavior along the displacements till its reaches to the maximum
displacements and failure/collapse of the building, the steps of pushover
analysis start with defining the models that cause the maximum
displacement in x and y directions by the building Mass Participation, then
defining the gravity nonlinear load, which is the building mass load and by
selection of any node on the building, then study the movement of the
building based on the selected node. Pushover load will apply gradually to
multi steps, the results of the same will be discussed at the end of this
section.

For more information regarding dynamic analysis of structures, refer to
reference No. 2 (Dynamics of Structures: Theory and Applications to
Earthquake Engineering), Reference 12 Earthquake Engineering &
Structural Dynamics, Wiley online library, Edited By: Anil K. Chopra,
Peter Fajfar, Masayoshi Nakashima, Reference 13, Edward L. Wilson
(2000): Three-Dimensional Static and Dynamic Analysis of Structures
Book, Computers & Structures Inc

4.1.1 Pushover analysis procedure

To find out the maximum displacement in x and y direction, let us check
first, the maximum displacement accrues due to the structure mass itself,
as Shown from figure 4.1, steps are as follows:

1. Define the maximum x and y modal direction:
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Do to Display>Show tables>Analysis>Result>Modal

Results>select the following.

=-[_Modal Resuits
. -[“]Modal Periods and Frequencies
Modal Participating Mass Ratios
D Modal Load Participation Ratios

----- [ ]Modal Patticipation Factors

...[ ]Modal Direction Factors

Figure (4.1): Display model result
From figure 4.2 below, it can be noticed that the maximum UX (Mass
Participation) value occur in Modal No.2, similarity modal No.3 is the

maximum in y direction.

a
File Edt Format-Filter-5ot  Select  Options
Units: As Noted Hidden Columns: Mo Sort Hone
Fiter: None
Case Mode Period ux uy
sec
k Modal i 0.824 0.0058 0.3555
| Modal 2 0.674 o.7423| 0.0057 |
| Wodal 3 0.507 2.B99E-0S 0.4305 | |
Medal 4 0.247 0.0012 0.0426
Modal 3 0.173 0.1552 0.0002
Wodal & 0.142 0.0002 0.0556
Wodal T 0.128 0 0005 00438 .
Wodal B 0.089 4 ENE-LS 0.0004
Medal 9 0.077 0.0523 0.0001
Iodal 10 0.054 0l 0.0003
Wodal 1 0.063 4932605 0.0354
Wodal . 12 - 0.052 1.646E-06 - 00001 -

Figure (4.2): Model mass participation
2. Define Nonlinear Gravity load.
Since the weight of the structure play a major role in its behavior during
the earthquake, gravity nonlinear load must be defined as shown in figure
4.3 using the information given in table 4.1.

Define>Load case>add now load case> enter the following.

Table (4.1): Define nonlinear gravity load.
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Name Gravity Nonlinear

Type Nonlinear static

Initial Condition Zero-Start from unstressed state
Dead 1

Live 0.25

Geometric P-Delta

Load Application Full load

Results saved Final State Only

Serers
Losd Case Hame
Load Case Type
Uase Souce Preveus

Aoy Model

il Condeions
© Zers sl Conditions - Sant from Unstrossed Safe

Cortrue from State &t End of Nonbrear Case (Loads ot End of Case ARLE inchuded

Lisacy Spphed

Lead Patien

Onher Parametens
ooyl Lo Came
Seomensc Norirwarty Opton

Load Appleation Full Load Moty /o

Feats Saved Frra State inty Modty Show

Floor Crackng Anolyss | o Cracked Arulyss Modky/Shom

Horires Passeten Defat - berative Evert to-Evert Madty Showm

E

Figure (4.3): Define pushover load case.
Since the main aim of gravity load is to involve the building weight in the
analysis, multi states result is not required. Only final state to be selected,

as shown in figure 4.4.

€ B

Results Saved

QO Final State Only | Muliple States

Cancel

Figure (4.4): Result saved as final stage.
3. Define Load Cases
- At X direction
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As shown in figure 4.5. Add New load Case> Enter the information
in table 4.2.

Table (4.2): Define load cases for pushover

Name Pushover mode 2 - X direction
Type Nonlinear static
Mass Source Mass Source
Initial Condition Continue from state at End of nonlinear
case
Nonlinear Case Gravity Nonlinear
Load type Mode 2
Geometric P-Delta
Load Application | Full load
Results saved Final State Only
General
Load Case Name Pushover_mode 2 - X direction Design.
Load Case Type Nonlinear Static . Notes..
Mass Source Mass Source
Analysis Model Default

Initial Conditions
(O) Zero Initial Conditions - Start from Unstressed State

© Cortinue from State at End of Nonlinear Case (Loads at End of Case ARE Included)

Nonlinear Case Gravity Nonlinear

Loads Applied

Load Type Load Name Scale Factor
Mode v 2 1 Add

Delete

Other Parameters

Modal Load Case Modal

Geometric Nonlfinearity Option P-Detta

Load Appiication Full Load [ Modty/Show... |
Results Saved Final State Only Modify/Show...
Roor Cracking Analysis No Cracked Analysis Modify/Show.
Nonlinear Parameters Defauk - terative Event4o-Event Modify/Show.

Figure (4.5): Load case data
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Refer also to reference No.5, ASCE 7-16 (2017) Guidelines: Minimum
Design Loads and Associated Criteria for Buildings and -Other Structures
(ASCE/SEI 7-16)

Standard 7-22 Minimum Design Loads and Associated Criteria for

Buildings and Other Structures Chapter 1.

“Structural and nonstructural components and their connections designed
with performance-based procedures shall be demonstrated by analysis in
accordance with Section 2.3.5 or by analysis procedures supplemented by
testing to provide a reliability that is generally consistent with the target
reliabilities stipulated in this section. Structural and nonstructural
components subjected to dead, live, environmental, and other loads except
earthquake, tsunami, and loads from extraordinary events shall be based
on the target reliabilities in Tablel.3-1. Structural systems subjected to
earthquake shall be based on the target reliabilities in Table 1.3-2and 1.3-
3.

4. Select control Node:
By selecting any node in the structure, to study its displacement, for
example, the node shown in the figure 4.6 below, that is in story 6, label

17 has unigue Name 93.
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Figure (4.6): Select control node.
Enter the selected node details to “Pushover mode 2 - X direction” as a
Displacement Control, as shown in figure 4.7.
Go to load application > select use monitored displacement and enter the
secreted joint above>U1>Story6>17.

Load Application Control

() Full Load

© Displacement Control

() Quask-Static (run as time history)
Control Displacement

() Use Conjugate Displacement

© Use Wonitored Displacement

Load to a Monitored Displacement Magnitude of 812 mm

Monitored Displacement

© DOFlaint U1 ~ Story8 v 17

Figure (4.7): Load application control as displacement control

In the results saved enter multiple stages as shown in figure 4.8, since

tracking the behavior of the selected node is required.
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Results Saved

() Final State Only © Muttiple States
For Each Stage
Minimum Number of Saved States 10
Maximum Number of Saved States 100

B Save positive Displacement Increments Only

Figure (4.8): Results saved as multiple states.

Similarity, same procedure to be applied for y-direction as shown in

figure 4.9.
- AtY direction

General
Load Case Name Pushover_mode 3 -Y direction Design...
Load Case Type Nonlinear Static v Notes...
Mass Source Mass Source v
Analysis Model Defaut

Initial Conditions

() Zew Initial Conditions - Start from Unstressed State
© Continue from State at End of Nonlinear Case (Loads at End of Case ARE Included)

Nonlinear Case Gravity Nonlinear v
Loads Applied
Load Type Load Name Scale Factor i
Mode 3 v 1 Add
Delete

Other Parameters

Modal Load Case Modal v

Geometric Nonlinearity Option P-Delta v

oniton Gcanert G

Resutts Saved | Multiple: States Modify/Show...

Rloor Cracking Anaiysis | No Cracked Andlysis Modiy/Show...

Nonlinear Parameters | Defautt - herative Eventto-Event Modify/Show...

Figure (4.9): Define load case for y direction.
The only different between x and y direction is in the load application while

entering the data of the control node, select U2 instead of U1,
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corresponding to the y direction and name is as “Pushover mode 3 -y

direction”. As shown in figure 4.10.

Load Application Control

) Full Load

© Displacement Control

() Quasi-Static (run as time history)
Control Displacement

() Use Conjugate Displacement

© Use Monitored Displacement

Load to a Monitored Displacement Magnitude of 812 mm

Monitored Displacement

© DoF/oint u2 . Story® v 17

Figure (4.10): Load application control as displacement control
Now, after defining two Pushover load in x and y direction, Run the

analysis.

TEOTEN TS T Ty = T IR TS TS T RS Ty T

Pushover_mode 2 - X direction Nonlinear Static
Pushover_mode 3 -Y direction ‘ Nonlinear Static

Figure (4.11): Running the x and y pushover load.
Go to Analysis>Set Load Cases to Run> select the last 2 load defined>

Run Now.

4.1.2 Push Over Analysis Results:

I. Base shear Vs Displacements
After running the analysis> go to Display >static push over curve>it will
show a graph between the monitored displacements Vs base shear same
as shown in figure 4.12 and figure 4.13 below. (Monitored displacements
mean the reference or control selected which was story 6, label 17 has

unique Name 93) at x direction and y direction.
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Figure (4.12): Pushover result - base shear vs displacements curve at x direction
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Figure (4.13): Pushover result - base shear vs displacements curve at y direction

The results can be represented in tabular form as it is shown in figure
4.14 and table 4.3.
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Figure (4.14): Display the results as a formatted table.

Table (4.3): Table of base shear vs monitored displacement.

-
guy; (Ml | e 4B BC cD DE SE A0 10LS LSCP 3P Tota
mm kN

N [ o [se8 0 0 lo o 598 0 o 0 588
1 1054 |1216.3882 |587 IE 0 o lo 588 o lo 0 588
2 [1367  |1a33.1746 579 3 0 0 0 508 0 0 0 | 588
3 [183¢ 16634712 577 1 0 0 o 588 [ lo 0 588
la |2723  1ssesg(s® 12 o o o ED o 0 |8
5 2849 | 1906265 |575 1 0 0 0 588 0 0 0 588
6 [3006  [1s593899 |54 14 o [0 la [sse o o 0 | 568
7 [318 [19636773 |57 14 0 [0 o [ 508 0 o 0 [ 588
8 [772  [29719984 437 151 I o lo | 582 6 o 0 5e8
9 [7386  |an4a.7638 428 159 0 [0 o [579 9 0 0 588
10 |203 29823146 | 419 169 0 0 0 |s75 9 lo 0 |88
e |sos1 3807133 418 1 ) [0 o |578 10 lo 0 588
12 [10379  |4581.3088 370 216 2 0 [0 | 556 30 2 0 (568

1 ofs | b b

ii.  Deformation Shape

To display the deformation as a function of time, as shown in figure 4.15.
Go to display>deformed shape>select “Pushover_mode 2 - X direction” >

Steps> Apply.
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d Load Case/Load Combination/Modal Case
© Case () Combo () Mode

n
“»

Pushover_mode 2 - X deectior v Step Number

30 View - Diglacements Puthover, mode 2 - X deaitien) Seap 2/10 [oom) | - X

Figure (4.15): Pushover deformed shape mode 2.

By increasing the streps till reaching to a failure of the member as
represented in red dot in figure 4.16. Detailed information of this member
using graph or table can be displaced as shown in table 4.17 to fine out

the reason of failure at that step (e.g., base shear force, displacements).
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Load Case/Load Combination/Modal Case

O Case () Combo () Mode
Pushover_mode 2 - X dwectior v Step Number v |8 5
- 3+D View - Displacements (Pushover_mode 2 - X direction) Step 8/10 {mm) { v X

Figure (4.16): Pushover deformed shape mode 8.

From figure 4.16 it is noted that at step N0.8, a red node has been
displaced, by going back to the base shear-displacements curve or the
tabulated values to find out what is the roof displacements corresponds to

step No. 8 which is shown table 4.17 below.
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[a 203957 |33413764 436 152 0 0 0 562 3 0 0 588
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7 208625 | 39594733 |427 161 o o ) 579 9 0 0 588
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|4 4 |9 of10 | b b

Figure (4.17): displacements correspond to step No. 8
The Failure have been shown as force deformation shape or by
acceptance criteria. The same can be repeated to any steps and at x and y

directions.

ii.  Hinge Result.
The result of fiber and plastic hinge analysis discussed earlier in chapter

3, can be displaced as following.

By going to display>Hinge Result.

To display the deformation as a function of axial load as shown in figure
4.18.

For example, let us select story 4, column, Fiber hinge at column C1.
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o Fiber Hinge Response - C1HB (Column Fiber Hing)
Fushaver_mods 2 -X 240 -
[
~
Storys 200 -
Frame
Column
€1
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|Mmxc (2. 148925, 205 240374); M (-0.011058, -137 488493)

Figure (4.18): Axial force vs deformation curve for column 1 at story 4

The same can be done for the moment vs rotation for column C1 as

shown in figure 4.19.

e ———————— = —— — - —
L s i e = /[
v Load Case and DOF | Fiber Hinge Response - C1H8 (Column Fiber Hing)
Load Case Pushover_mode 2-X| 2-
Hinge DOF M3
v Hinge ldentsfication b
Story Story4 <
Obpect Type Frame
Frame Type Coumn
Column Labed Cc1
Hinge C1HE (Column Fiber 4 12—
v Hinge Respoase Curve | 24 -
Viible Yes
Line Type Sold
Line Width 3Pixels 36 -
Line Color | TS
v Legend |
Legend Type Nooe

v Current Step Data

Moment M3, kN-m
5

~108 ' ' ' ' ) ' ' ' '
200 175 150 125 100 7S -50 25 00 25 50 £3

Rotation, rad

Hinge
A hinge assigned to the spedified object.

Max: (0.000076, 7 190029); M (0011516, .103.411799)

Figure (4.19): Moment M3 vs rotation for column 1 at story 4
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Stress-stain curve for specific fiber number in the column C1 itself

can be displayed as shown in figure 4.20.

£ Fiber Response - C1H17 (Column_Fibers) - Fiber 13
0.80 -
0.00
080 - /
160 = ;
‘& 240 - (
F- |
320 -
£\ /
3 b
1) -4.00 - \ ?
A\
i {
-4.80 - "s\ f
kY |
|
- A
\\ f)
3\
6,40 - LV
-7.20 4 \ | | | | | 1 ! |
-7.5 -5.0 -25 0.0 25 50 75 10.0 125 150 175E-3

Strain, infin

Figure (4.20): Stress-stain curve for fiber 13 of column C1
The red line represents in curve refer to the input values, while the blue
line represents demand or applied pushover load stress-stain curve as a
result.
Iv.  Story response plot
Other result can be displaced is the story response plot, as it’s shown in

figure 4.21, which is a relationship between displacements and stories.
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Name StoryRespl
~ Show
Display Type Max story displ
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v Display For Story6
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Global ¥ W red
~ Legend
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Max: (26.657104, Storyg); Min: (0.000001, Base)

Figure (4.21): Pushover result-maximum story displacement
v. Combined Response Plot

Which is consider the response of the stories level with respect to

displacements, drift, shear and overturning, as it is shown in figure 4.22.
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Figure (4.22): Combined response plot
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vi. Plots Function (Base reaction vs Steps)

Plot any two results, for example, Base reaction vs Steps as shown in

=3 A -—= T i K == =
Plan View - Story6 - Z... Fiber Hinge Response... | Fiber Hinge Resp Story Res |_ Time History Plot : - X
B&lNE- W % £ /[T
viName L E3
Mame THPlot1 360 7
~ Plot Definition Legejid
Load Case Pushowver-Mode2-% — — PF1, kN
Harizontal Function Sten 20
Vertical Functions 1Ttem: PF1 Y,
~ Response Recovery /
Retovery Extent all ,-"
R 280 - /
~ Legend ,/
Legend Type Integrated 240 - .’"
r’I
= —
200 e
| 2Z :'f
|4 /
| - 180 /
= !
| !
| oo /
120 < )/
/
|
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Step
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Figure (4.23): Pushover result - base reaction vs steps

4.1.3 Pushover analysis for beam - plastic hinge results

After applying the plastic hinge of beams, and run the nonlinear static
(i.e., dynamic analysis), now hinge result of beam can be obtained as
followings:

By pressing Display>deformed Shape> select the load case “Pushover-
model 2-x “which is for x-direction >Apply, as it is shown in figure 4.24 ,
the same will be applied at y direction as it is shown in figure 4.26.

By entering any specific time that needs to know the deformation shape
of the building, displacement will show as figure 4.25 for x direction and
figure 4.27 for y direction below.

68



() Mode

(O Combo

Load Case/Load Combination/Modal Case

.._.._
4k

«{lo

~ | Step Number

Pushover-ModeZ-x

X

Desplacement

69

1

I 3\ (%6 o XX — X

RV

R ARG M WSS

© Automatic
(O User Defined
Contour Options
@ Draw Contours on Objects
Contour Component
Show Contours for
Figure (4.24): deformed shape displacement for x direction

Figure (4.25): 3D view of the shape displacement for x direction
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Figure (4.26): deformed Shape displacement for y direction

Figure (4.27): 3D view of the Shape displacement for y direction
The colors shown in figure 4.27 are either be indicated by Moment-

Rotation values of individual member as shown in figure 4.28 or by

acceptance Criteria as shown in figure 4.29.
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Displacement Control Parameters
Moment/SF Rotation/SF
02 ' -0.025
0.2 0.015
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1.1 | 0.015
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02 0.025
Figure (4.28): Moment-rotation values
Acceptance Criteria (Plastic Rotation/SF)
Positive
- Immediate Occupancy 0.003
Life Safety 0.012
B Coliapse Prevention 0.015

Figure (4.29): Acceptance criteria

Another important result its obtained from plastic hinge analysis, which is
the engine dissipation graph, as it is shown in figure 4.30 at x direction
and figure 4.31 at y direction.

By going to display > cumulative engorge components.

Figure 4.30 shows the amounts of applied force that have been dissipated
by components of the structure.

At x direction
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Figure (4.30): Cumulative energy components due to pushover of x direction.

And at y direction
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Figure (4.31): Cumulative energy components due to pushover of y direction.
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4.1.4 Pushover analysis for column and shear wall- Fiber
hinge results

Same process can be applied to display the fiber hinge results for column
and shear walls. Figure 4.32 below is one example of applying the same
for columns and tabulated in table 4.4.
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Figure (4.32): Base shear vs displacements curve as a result of pushover analysis

Table (4.4): Tabulated data of base shear vs displacements as a result of
pushover analysis

T 1T I

a

G i
Step Mﬂgﬁfd E;;Ee AB BC cD DE SE Al 1015 LSCP  CP Total

mm kl

. [ 0 240 0 0 0 0 240 0 0 0 20
1 3 1933953 | 240 0 0 0 0 240 0 0 0 20
2 10608 | 48684399 150 90 0 0 0 229 1 0 0 20
3 11958 | 5176.4559 136 102 2 0 0 21 18 1 0 20
4 18588 61707724 |93 121 It 0 15 162 55 P2 0 240
5 22216 65074962 |80 115 17 0 28 137 68 35 0 20
6 22812 65919452 |77 116 16 0 3 123 63 a“ 0 20

26151 66536179 |75 115 16 0 u 129 66 45 0 240
8 12 72641019 |54 90 2 0 67 % 53 82 7 20
) 614 72641933 |54 0 2 0 67 £ 53 82 7 20
10 TG 72748861 |54 0 23 0 67 % 53 82 7 240
11 5045 | 72952729 |53 90 2 0 68 % 53 82 7 20
2 5048 | 7299.2907 |52 8 3 0 68 57 53 83 7 20
1 of 19 [
i | 11} 1 s

As a summary of above, the results show that when the building is pushed

over, the first failure happed due to column at first floor in x-direction. The
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applied shear force on the base foundation was 4666 kN and the X
displacements of the selected joint as a reference was 299 mm. at mode 8.
Once the members in known, a detail of load and moments applied can be
studded, which is in the column was as followings:

Applied axial force=-505.325 kN

Shear at x direction = 4.2254 kN

Shear at y direction = 23.2716 kN

Maximum Moment at x direction = +41.4911 kN

Maximum Moment at y direction = +7.3601 kN

that’s means to avoid building failure due to this column collapse, redesign
of this column is required to resist the shear force of 4666 kN and 299 mm
displacement must be carryout. To study the behavior of column (or beam
and shear wall) since it’s the first elements failed, fiber hinge analysis must
be applied to show in detail the reason of collapse, for example, shown the
displacement-shear curve of this particular column, or moment-rotation
curve and stress-strain diagram of this column comparing with its original

stress-strain curve.

Same can be applied to beam or shear wall if the cause of collapse was due
to their failure, as it is quoted from reference 6.

“NONLINEAR STATIC PROCEDURES, the evaluation of seismic
performance requires a structural analysis tool to gauge what happens to a
building, in terms of damage, when subjected to earthquake shaking that
exceeds the elastic capacity of the structural system. Structural analysis
techniques consist fundamentally of a comparison of a demand parameter
with a corresponding capacity parameter for a building. Base shear (total
horizontal force at the lowest level of the building) has been the traditional

parameter that is used for design of buildings. The engineer calculates the
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base shear force demand that would be generated by a given earthquake,
or intensity of ground motion, and compares this to the base shear force
capacity of the building (Figure 3). In conventional design, the earthquake
forces are artificially reduced to keep the design process in the elastic
range. When working in the inelastic range, the generalization of capacity
as a force makes it difficult to characterize the actual damage to specific
parts of the”
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4.2 The Nonlinear Time History Analysis.

In this chapter seven topic are going to discussed as following:

4.2.1 Time History Analysis in Building Code UBC 97

4.2.2 THE RESPONSE SPECTRUM- TARGET SPECTRUM

4.2.3 Ground Motions Selection Criteria.

4.2.4 Selection of Ground Motions from PEER Ground Motion

Database

4.2.5 Modification of Ground Motions to Match the Target Hazard -
Scaling vs. Spectral Matching

4.2.6 Time History Analysis of Buildings Using CSI ETABS

4.2.7 Time History Analysis of Buildings Result.

4.2.1 Time History Analysis in Building Code UBC 97.

The time history analysis as prescribed in different building codes. There
are certain guidelines available for designing of new buildings or reviewing
or performance evaluation of existing building using nonlinear time history
analysis. In this section reviewing of UBC-97 building code and its
requirements for nonlinear time history analysis are going to be discussed.
UBC-97 (Uniform Building Code), the most widely used, has guidelines
for the selection, modification, application of ground motions for nonlinear
time history analysis.

The first guideline is about the number of horizontal ground motions that
should be used for a particular analysis. UBC-97 required not less than
three recordings.

Second, as it’s quoted below (UBC-97: CL. 1631.6), these records shall
have magnitudes, fault distances and source mechanisms that are consistent
with those control the design-basis earthquake or the maximum capable

earthquake at site.

76



Quotation from uniform building code 1997, Volume 2 chapter 16:
“1631.6 Time-history Analysis.

1631.6.1 Time history. Time-history analysis shall be per- formed with
pairs of appropriate horizontal ground-motion time history components
that shall be selected and scaled from not less than three recorded events.
Appropriate time histories shall have magnitudes, fault distances and
source mechanisms that are consistent with those that control the design-
basis earthquake (or maximum capable earthquake). Where three
appropriate recorded ground-motion time-history pairs are not available,
appropriate simulated ground-motion time-history pairs may be used to
make +up the total number required. For each pair of horizontal ground
motion components, the square root of the sum of the squares (SRSS) of the
5 percent-damped site-specific spectrum of the scaled horizontal
component shall be constructed. The motions shall be scaled such that the
average value of the SRSS spectra does not fall below 1.4 times the 5
percent-damped spectrum of the design-basis earthquake for periods from
0.2T second to L.5T seconds. Each pair of time histories shall be applied
simultaneously to the model considering torsional effects.

The parameter of interest shall be calculated for each time history analysis.
If three time-history analyses are performed, then the maximum response
of the parameter of interest shall be used for design. If seven or more time-
history analyses are performed, then the average value of the response

parameter of interest may be used for design. ”

A selection criterion should be developed based on a very comprehensive
study of site properties.
First, the design spectrum shall be constructed for site should be the SRSS

of the two components, it should have a damping ratio of 5%. Because each
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earthquake has two horizontal components, each component will have a
separate spectrum. Accordingly, the target spectrum should be SRSS of
the two spectrums. This will be the design spectrum from building code.
After downloading a particular past ground motion which pass out
selection criteria, that ground motions will not have smooth spectrum, and

will be very rough and irregular spectrum.

The design spectrum and actual spectrum must match. Design spectrum
(representing level of seismic hazard at the site) and the actual spectrum
(representing the past recorded ground motion) should be compatible and
match. The actual record spectrum should be as close as the design
spectrum. If the ground motion has a spectrum resembles very close to the
design spectrum, then this ground motions are now representing a future
expected or future ground motion as it is represented or characterized by
design spectrum. If not, the ground motion shall be scaled (Up or down)
by multiplying it with factor such that the average value of the SRSS
spectrum does not fall below 1.4 times the 5% damped spectrum of the
design spectrum between time period range which is 0.2 T,1.5T. Where T

is the time period of the earthquake.

Each pair of time histories shall be applied simultaneously to the model
considering torsional effects. That achieved by defining two load cases for
both horizontal acceleration at x and y directions, both have effect on the
structure simultaneously as following:

Load Case 1: Acceleration at X direction U1 + Acceleration at y direction
U2

Load Case 2: Acceleration at y direction U2 + Acceleration at y direction
Ul
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It shall be calculated for each time history analysis. If three-time history
analysis are performed, then the maximum response of these three should
be extracted. But if seven or more ground motions were used, then average
of the peak response is carried out.

Time History Analysis: process and advantages, reference No. 49,

” In fact, time history analysis serves as a method used to predict the
dynamic response, considering the actual time-varying loads.

The most demanding aspect lies in developing the time history curve.
Moreover, several variations in ground acceleration records are
necessary. This data can be available for countries with experience in
earthquakes, while nations lacking such experience may need to rely on
curves developed by other countries.

To conduct time history analysis, engineers follow a process which
includes several essential steps:

1 Identifying Dynamic Loads.

2 Creating a Mathematical Model.

3 Choosing Time History Records.

4.  Simulating Structural Response.

5 Assessing Structural Performance.

6 Design Optimization.

Time history analysis offers several advantages:
1.  Realistic Representation.

2 Safety Evaluation:

3. Design Optimization.
4

s

Compliance with Standards and Design Codes.’
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4.2.2 THE RESPONSE SPECTRUM- TARGET SPECTRUM

Before going to database, establish the seismic hazard at site (the response
spectrum) must be done first, that will be used as target hazard level based
on which ground motions needs to be modified. It’s also called the smooth
design spectrum, (spectral acceleration vs time period) as shown in figure
4.33 below.
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Figure (4.33): Target spectrum based on Site’s hazard level.

As mentioned in reference 2 “A. K. Chopra, (1995): Dynamics of
Structures-Theory and Applications to Earthquake Engineering Book,
Prentice Hall, New Jersey.”

“A procedure is presented for construction the design Spectrum for elastic
plastic system for specified activity Factor. This could be achieved by
construction the consent ductility response Spectrum. for many plausible
Grand motion for the site and based on these data the design Spectrum

associated with an exceedance probability could be established.”
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The same can be obtained from two sources.
1. One by performing the site-specific hazard assessment and that
process will give the response spectrum or uniform hazard spectrum.
Its sometimes called the uniform hazard spectrum.
“Performing specific seismic hazard assessment PSHA to obtain the

uniform hazard spectrum of the site.”

2. The second option, by using a particular building codes, that
provides the smooth design spectrum based on site hazard

parameters “the code prescribed spectrum”.

In this research the second option — code prescribed spectrum is going to
be used. Assume that a particular building code is used, that building code
will provides an equation for that design spectrum, and that equation will
use the hazard parameters of the site as an input and construct the spectrum

as an output.

The code used in this research is ASCE7-10 onwards (originally IBC 2012
onwards). (Refer to reference No0.25). The process of the construction of
response spectrum for the site using ASCE7-10 code distributed to steps

as follows:

Step 1: Select the Ss and S;(bedrock level) from the hazard maps.

Step 2: Classify the soil at site, the site classification based on the Vs-30
value, (the shear wave velocity in first 30 meters), or the SPT-N value
(standard penetration test results) or the undrained shear strength S,. Any
of these three parameters can be used to perform the soil classification.

Accordingly, the site can be classified as Sa, Sg, Sc.
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Step 3: Determining F, and F, factors (site correction factors), code
provides tables for calculating the same based on soil class. The soil may
have the capability to amplify or de-amplify ground motions and that
amplification or de amplification will be accounted for using the FA&Fv
parameters. Fa parameter is applied to S;, and F\, parameter is applied to
S1.

F,= Ss)rop (Equation 4. 1)
(Ss)Rock

F,= B)rop (Equation 4.2)
(Sl)Rock

Basically, the bottom soil layer spectrum is the input, and the top surface
spectrum is the output. The difference between these two spectra is telling
how the soil layers have modified the ground motion. The ratio of the Ss
and S; values output over input will give Fa and F, factors.
Step 4: Calculate Sys and Sz (modified parameters to modify the original
Ss and Sy, including the soil effect. (Refer to reference No.24).

Sus =F, Sg (Equation 4. 3)

Sy1=F, S¢1 (Equation 4. 4)
building codes provide tables corresponding to different soil classifications
where values of Fa and Fy factors can be obtained and then multiply it with
Ssand Sy,
Step 5: Calculate Sps and Sp; (Design ground motion parameters)
Now since these Sys and Sy are MCEg level needs to be multiply them

with two by three to bring them to the design level to get Sps and Sp;.
Sps = % Sus (Equation 4.5)
SDI = § SMI (Equation 4. 6)

The factor of 2/3 was originally proposed for California, the engineers
decided to design on two by three of the MCE, but later this idea was

widely accepted and then use globally and now is included in IBC. The
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structures must be designed at a level which is 2/3 of the MCERg level as
Sps and Sp;

Step 6: Determine T, T, and Ts. definitions of T,, T and Ts will be
described later in this section. They are function of Ss and S; and simply
three different time periods at which the spectrum changes its shape.

Step 7: Construct the target spectrum by using the code equations which is
a function of Sps and Sp; calculated already, it also called design response
spectrum of site.

Step 8: Assign an occupancy category or risk category to the structure (I.
I1. 1l and V). Four risk categories in this building code and their
descriptions are available, based on structure’s type.

Step 9: Classify the seismic design category in IBC, categories are (A,
B,C,D,E,F), they are basically classified for different categories. Instead of
the concept of seismic zone in UBC-97, IBC uses the concept of seismic
design category to classify the structures having different levels of seismic
hazard and having different levels of safety provisions.

For example:

Seismic design category A has minimum detailing requirements.

Seismic design category D has substantial detailing requirements.

Based on the seismic hazard level and the risk category assigned, the
seismic design category can be classified.

For more information regarding soil dynamic behavior and characteristic,
refer to reference 36. Soil Dynamics and Earthquake Engineering,
Elsevier, Edited By: loannis Anastasopoulos, M. Hesham EI Naggar,
Dong-Sheng Jeng.
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Figure (4.34): the response spectrum as per UBC-97 building code.
Figure 4.34 shows the code equations for Sg and S;. It starts with 0.4 Sps,
then goes up to 1xSps then it stays constant at Sps level. Then at a particular
time stamp it time period Ts changes to a curve Sp=Sp:/T and then after
another point it again changes the equation to Sp; T1/T?, only Sps and Sp;
are required. These time periods where it changes its equation T, , T, and
Tsis required. The value obviously at one second will be SD1. T, =0.2
Sp1/Sps and Ts = Sp1/Sps.

T, is defined as the point at up to which the spectral acceleration varies
linearly till the plateau.

Ts is the point from which that plateau ends and then the curve part of the
response spectrum starts.

And T is called the long period transition period, and it is a point from
when at when the equation again changes to Spy T/T? . T, is generally 7 or
8 seconds and in IBC and in the ASCE 7-10 there are maps available for
T for different sites shown as a map. After that the curve changes its
degree and then in the denominator T2 will replace T, at this certain point.
This is the procedure to construct the site-specific response spectrum
according to ASCE7-10. Starting with S1 and site classifications and then

84



ending up by constructing the design spectrum. This spectrum represents
the seismic hazard level at the site. Then the past ground motions spectra
should be compatible /match with this spectrum.

To do so, ground motions which have almost consistent magnitude source
to side distance and the faulting mechanism match to site must be selected.
The same must considered as a guideline while selecting the ground

motions from past records. (Refer to reference no. 21-23 and 26-27).

As it is mentioned in TBI (2010): Guidelines for performance-Based
seismic Design of Tall Buildings-PEER. Reference 39:

“Select records for site-response analysis for a site condition that is
generally compatible with the geologic conditions at the bottom of the site
profile being simulated. If bedrock is reasonably shallow and its depth is
known, the profile should extend into rock, and input motions should be
defined for the rock condition. If the site consists of deep soils that cannot
be reasonably simulated in their entirety, then the soil profile should extend
to a firm soil horizon”

4.2.3 Ground Motions Selection Criteria.

As it’s descried at the beginning of the research, our building is located at
Gaziantep city in Turkey, let us study our site location and try to find out
what are the properties on the soil, nature of that city, enables us to select
similar earthquakes that match our site, enables us predicting accurately
and as close as possible to reality the future earthquake.

Some websites provide earthquakes information all around the words such
as Interactive Earthquake Browser in reference No. 18.

As it’s shown in the figure 4.35, Gaziantep is located in south-central of
Turkey and figure 4.36 shows the location of Gaziantep with respect to

tectonic plates border.
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Figure (4.35): Location of Gaziantep at turkey on the map. Source :
https://en.wikipedia.org/wiki/Gaziantep#/map/0
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Figure (4.36): Gaziantep with respect to tectonic plates border

Source : https://en.mogaznews.com/Technology/2110671/Turkey-earthquake-
map-Where-in-Syria-and-Turkey-did-the-quake-hit-trends-now.html

According to geoscience world organization, as its is shown in reference
40

“On 6 February 2023, southeastern Tiirkiye experienced two 7.7 and 7.6
earthquakes. The earthquake sequence caused widespread damage and
tens of thousands of casualties in Turkiye and Syria. We analyze
mainshocks and aftershocks, combining complementary source
characterization techniques, relying on local, regional, and teleseism data.

Back projection analysis and finite source inversion for the mainshocks
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resolve seismic slip, rupture length, and propagation mode along the main
faults, whereas centroid moment tensor inversion for 221 aftershocks
resolves details of the fault network. The first mainshock nucleated on a
splay fault and activated the neighboring East Anatolian fault zone
(EAFZ). It ruptured bilaterally along ~500 km first toward northeast and
later to south-southwest on multiple, previously partly dormant fault
segments. The second mainshock ruptured the east—west-oriented Siirgii-
Misis fault zone (SMFZ), reaching a slip of 7 m. The analysis of aftershocks
with heterogeneous moment tensors retrospectively reconstructs rupture
details. Along the main strand of the EAFZ, they map the geometry of
different segments in unprecedented detail, whereas along the SMFZ they
illuminate the geometry and behavior of large structures for the first time.
Our work sheds light on multiple aspects of rupture evolution and provides
new insights into the devastating earthquake sequence.”

Reference from other journalist shown also in reference 34.

By using R.T. Ministry of interior- department of earthquake website
(AFAD)- https://tadas.afad.gov.tr/list-waveform and study of the past

recorded earthquakes happened in the same city and at same region during
the past 100 years between 1932-2023 that have magnitudes between 6 to
8 Richter scale, to observe the common specifications and characteristics
of earthquakes in this region, 246 records have been fetched, six main

earthquakes have been recorded as shown in table 4.5 and table 4.6.

Table (4.5): Six main earthquakes records at area near our location

Event ID Date
1 551067 20-02-2023 17:04
2 543593 6/2/2023 10:24
3 543431 6/2/2023 1:28
4 457758 24-01-2020 17:55
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27-06-1998 13:55
9/10/1996 13:10

Table (4.6): The specification of the six main earthquakes records at area near

our location
Event . Soil | Vs30 | Avg Avg | Avg Avg )
Magnitude Avg Rjb
ID type | (m/sn) | Sa(0.3s) | Sa(1s) | Sa(3s) | T9I0(s)

1| 551067 | 6.4 A 758 0.40 0.13 0.015 | 41 164.26
2 | 543593 | 7.6 A 758 0.11 0.1 0.38 |45 115.06
3 | 543431 | 6.6 A 758 0.9 0.6 0.15 |30 46.9
4 | 457758 | 6.8 A 758 - - - - 202.95
5] - 6.2 B 421 - - - - 110.89
6| - 6.8 - - - - - - 409.02
Table (4.7): Shows the records of earthquakes between 1923-2023.
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Figure (4.37): View the record of earthquakes occurring near the site of the
building to be studied from 1923 to 2023.

Figure 4.38 shows the magnitude of 20th Feb 2023 earthquakes.
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Figure (4.38): Earthquakes record No. 1 happened on 20th Feb 2023 with
magnitude of 6.4.

Figure 4.39 shows the magnitude of 6th Feb 2023 earthquakes.
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Figure (4.39): Earthquakes record No. 2 happened on 6th Feb 2023 with
magnitude of 7.6.

Figure 4.40 shows the magnitude of 6th Feb 2023 earthquakes.
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Figure (4.40): Earthquakes record No. 3 happened on 6th Feb 2023 with
magnitude of 6.6.

Figure 4.41 shows the earthquakes record No. 4 happened on 24th Jan2020.
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Figure (4.41): Earthquakes record No. 4 happened on 24th Jan2020 with
magnitude of 6.8.

Figure 4.42 shows the earthquakes record No. 5 happened on 27th June 1998.
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Figure (4.42): Earthquakes record No. 5 happened on 27th June 1998 with
magnitude of 6.2.

Figure 4.43 shows the earthquakes record No. 6 happened on 9th Oct
1996.
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Figure (4.43): Earthquakes record No. 6 happened on 9th Oct 1996 with
magnitude of 6.8.
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Figure (4.44): Locations of earthquakes that occurred near the area to be studied.

From the previous records above and figure 4.44, it’s obvious that most
of the earthquakes that occurred near the area where the building is to be
erected, have a magnitude on the Richter scale of six to eight degrees.
Now, by reviewing research done by Turkish engineers under title of
“PRELIMINARY ENGINEERING REPORT ON GROUND MOTION
DATA OF THE FEB. 2023 TURKEY SEISMIC SEQUENCE “refer to
Appendix (4), it can be noticed that pulse type can be considered as strike
slip, and the fault type shown as the finite-fault geometry. As shown in

table 4.7. Types of soil faults are represented in figure 4.45.

Table (4.7): Pulse type of the essential data about four largest magnitudes.

Table 1. Essential data about the four largest magnitude events in the sequence (data from EPOS; see Data and resources).

Date Time Depth [km]

(UTC) Magnitude Long. [°]Lat. [7] Mechanism”
06-02-2023 01:17:36 7.8 or 7.7 37.08 3717 20 Strike-Slip
06-02-2023 01:28:19 6.7 or 6.6 36.81  37.13 40 Strike-Slip
06-02-2023 10:24:49  T750r 7.6 3724 38.11 10 Strike-Slip

20-02-2023 17:04:29 6.3 o0r64 36.16  36.02 10

* For now, based on fault models from literature (Giilerce et al., 2017).
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The procedure of determining the
selection criteria to download proper
and suitable ground motions data for
the site. As mentioned above the
proposed building is located in
Gaziantep in Turkey, from AFAD
ground motion records website

https://tadas.afad.gov.tr/list-

waveform the past information in the
same region can be obtained, by using
this data and then constructing the

uniform hazard spectrum MCE level.

Finally, by applying building code ASCE 7 -10 using ETABS same as

procedure desired above, site target spectrum can be constructed, the

Dip-slip fault

Normal fault Reverse fault

Strike-slip fault

Right-iateral Left-lateral
strike-slip fault strike-slip fault

Figure (4.45): Fault types

following step instruct the procedure. (Refer to reference No.14 to 20).

For more information regarding Seismic Design of Reinforced Concrete
and Masonry Buildings, refer to refence 44 Seismic Design of Reinforced
Concrete and Masonry Buildings book, John Wiley & Sons, NY. and
reference 47 W. F. Chen and C. Scawthorn (2003), Earthquake

Engineering Handbook.

First, defining response spectrum, as shown in figure 4.46.

In ETABS go to Define > Functions > Response spectrum.
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Figure (4.46): Define response spectrum.

As shown in figure 4.47, Select Building code > ASCE 7 -10 (or any codes

used)
Response Specira Choose Function Type to Add
UnfRs ] ASCE7-10
Click to:

| Add New Funclion. ..

Meodfy/Show Spectrum...

OK Cancel

Figure (4.47): Section of response spectrum code
Then, Add New Function> Response Spectrum window will pop up to

enter the site information enables the program to draw the target spectrum
as shown in figure 4.48.
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Figure (4.48): function definition of response spectrum.

From the above discussion regarding selection of site criteria, the following

information in table 4.8 to be used:
Table (4.8): Site criteria

DATA INPUT
Function Name Target Spectrum
Ss & St By user specified
0.2 sec spectral Accel. Ss 0.5
1 sec spectral Accel. S1 0.3
Long period Transition Period 8
Site Class A
Damping Ratio 5% (0.05)

After entering all the values, the model will show as figure 4.49and figure
4.50:
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Figure (4.49): Define target spectrum.

Figure (4.50): Site criteria
Ground motion selection criteria for the earthquake happed recently in

turkey on 6™ Feb 2023 at Gaziantep city are represented in table 4.9.

Table (4.9): Ground motion selection criteria

No. | Selection Criteria Values

1 | Fault Type Strike-Slip

(As shown in engineering report on ground
motion data of the February 2023

turkey seismic sequence)
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Magnitude

6.2-8.0
(Based on previous recorded magnitude in

the same region)

Ris (KM)
(Closest

distance from site to

horizontal

the projection of the

surface rupture)

40-400 km
(Based on previous recorded distance in

the same region)

Riup (Km)
(Closest distance to

rupturing fault plane)

40-400
(Based on previous recorded distance in

the same region)

V53o (m/ S)

600-758 m/s
(Based on common values recorded in the

same region)

D5-95 (sec) 30-50 sec
(Based on previous recorded time in the
same region)

Pulse Any Record

(No specific record is mentioned)

Max No. Records

20
(reasonable no. since the code specify 7 if
calculation of the average value is

required).

These are the selection criteria finalized based on project location.
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4.2.4 Ground motions database

Nonlinear time history procedure is true dynamic analysis, rigorous
dynamic analysis in which the complete equation of motion including the
initial damping terms, is solved for each time step and all the responses are
calculated for each time step. But to perform this analysis, selecting and
then modifying the ground motion records must first be applied, which can
be used as an input for the history time analysis. This section will focus on
that part and the procedure of selection of ground motions and then modify
the downloaded ground motions to start representing the future anticipated
ground motions at project site. Not just by selecting any past record and

using them for the analysis.

There are several international ground motion databases allow to download
the past ground motion records. Some are listed below along with their
links:
The Major International Ground Motion Databases:
1. USGS Earthquake Catalog
https://earthquake.usgs.gov/earthquakes/search/
(Refer to reference No. 46 USGS Earthquake Catalog Ground
Motion Databases).
2. PEER Ground Motion Database

https://ngawest2.berkeley.edu/site

https://peer.berkeley.edu/peer-strong-ground-motion-databases
(Refer to reference No. 30 PEER Ground Motion Database).

3. British Geological Survey Database

http://quakes.bgs.ac.uk/

(Refer to reference No.7, British Geological Survey Database -
Ground Motion Databases).
4, COSMOS Ground Motion Data Center
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http://strongmotioncenter.org/vdc/scripts/default.plx

http://www.cosmos-eq.org/
(Refer to reference No.10, COSMOS Ground Motion Data Center).
5. K-NET and KiK-net, the NIED Strong-motion Seismograph
Network Database https://www.kyoshin.bosai.go.jp/
6. (Refer to reference 27 K-NET and KiK-net, the NIED Strong-

motion Seismograph Network Database ).

The most common used is the USGS Earthquake Catalog, and then the
Pacific Earthquake Engineering Research (PEER), which will be used in
this research. Demonstrating of downloading the past ground motion from
this database will be shown below. Then the British Geological Survey
database, Cosmos Ground Motion Data Center and K-NET and KiK-net,
these are Japanese ground motion database. (Refer to reference No.40),
Another several international organizations which provide the past

recorded data for different earthquakes. (Refer to reference No.29 to 35).

4.2.5 Selection of Ground Motions from PEER Ground

Motion Database

The PEER research program (Pacific Earthquake Engineering Research
Center) aims to provide data, models, and software tools to support a
formalized performance-based earthquake engineering methodology.
Within the broad field of earthquake engineering, PEER's research
currently is focused on four thrusts, these being Building Systems, Bridge
and Transportation Systems, Lifelines Systems, and Information
Technologies in support of the methodology implementation. For more

information refer to reference No. 20.
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The process of selection of ground motions from the Peer Ground Motion
database, Pacific Earthquake Engineering Research link:
https://ngawest2.berkeley.edu/site

https://peer.berkeley.edu/peer-strong-ground-motion-databases

By using the selection criterion as an input, the ground motion files can be
downloaded.
Open the link or PEER website> the home page is shown in figure 4.51

below:

5 hitps//ngawest2 berkeley.adu/site ANty

PEER Ground Motion Database

Pacific Earthquake Engineering Research Center

DocuMENTATION HeLr SusscRrIBE

SIGN_UP OR SIGN_IN

Subscribe to PEER News Alerts

Welcome to the PEER Ground Motion Database

The web-based Pacific Earthquake Enginesring Research Center (PEER) ground motion database provides tools for searching, selecting
and downieading ground maotion data.

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to determing
the scale factors to be wsed in the simulation platform. These scale factors can be found with the record metadata in the download
(Scaling the traces within this tool would only cause confusion with file versioning).

Please note that, due ta copyright issues, a strict limit has been imposed on the number of records that can be downloaded within a
unigue time window. The current limit is set at approximately 200 records every two weeks, 400 every month. Abusive downloads will
result in further restrictions.

The database and web site are periodically updated and expanded. Comments on the features of this web site are gratefully welcome;
please send emails te: peer_centerfiberkeley.edu

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes

The NGA-West? ground motion database includes a very large s=t of ground motions recorded in worldwide shallow
crustal sarthquakes in active tectonic regimes. The database has one of the most comprehensive sets of meta-data,
including differant distance measure, various site characterizations, sarthquake source data, etc, The current version
of the database s similar to the NGA- 5 e, which was used to develop the 2014 NGA-West2 ground
maotion models (GMMs), peerberkel f :

NGA-East -- Central & Eastern North-America

The ohjective of NGA-Eact is to develop a new ground motion characterization (GMC) modet for the Central and
Eastern Morth-American (CENA) region. The GMC model consists in a set of new ground mation models (GMMs) for
median and standard deviation of ground motions (GMs) and their assaciated weights in the logic-trees for use in

Figure (4.51): PEER ground motion database main page

As it’s shown in figure 4.52, Sign in > select West2 >
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https://ngawest2.berkeley.edu/site
https://peer.berkeley.edu/peer-strong-ground-motion-databases

PEER Ground Motion Database

Pacific Earthquake Engineering Research Center

Home DoCUMENTATION HEL® SUBSCRIBE PEER

ZAINAB_KHALED _UOB@HOTMAIL.COM SIGN_oUT

‘Your password was changed successfully, You are now signed in.

Subscribe to PEER News Alerts

Welcome te the PEER Ground Motion Database

The web-based Parific Farthquake Enginesring Research Center (PEER) ground motion dztabase provides bools for searching, selecting
and downloading ground metion data.

&1L downfnaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to determine
the =cale factors to be used in the simulation platform. These scale factors can be found with the record metadata in the download
{Scaling the traces within this tool would only cause confusion with file versioning).

Please note that, due to copyright issues, a strict imit has been imposed on the number of records that can be downloaded within a
unique fme window, The turrent limit is set at approximately 200 records every two weeks, 400 every month. Abusive dewnboads will
result in further restrictions.

The database znd web site are periodically updated and expanded. Comments on the features of this web site are gratefully welcome;
please send emails to: voer_center Eherkeley.edu

NGA-West2 - Shallow Crustal Earthquakes in Active Tectonic Regimes

The NGA-West2 ground mobicn database includes a wery large sst of ground maetions recorded in wordwide shallow
crustal zarthquakes in active bectonic regimes. The dztabase has one of the most comprehensive sets of meta-data,
including differsnt distance measure, various site characterizabions, sarthquake source data, ete. The current version
of the database is similar to the NGA-West? datsbase, which was used to develon the 2004 NGA-West? ground
maotion models [GMMs ). pearberkeiey adu/moawest?

MGA-East - Central & Eastern North-America

The oblective of NGA-East is to develep a new ground motion characterization (GMC] model for the Central and
Eastern North-Amerlcan {CENA) region, The GMC model consists In a set of new ground motton models (GMMs] Tor
median and standard deviation of ground motions {GMs)} and their assodated weights in the logic-trees for us= in
probabilistic seismic hazard analyses (PSHA). pesr berkalev.edy/ ngasast

Disclaimer and Copyright Nolio

Figure (4.52): PEER ground motion selection of region
In Figure 4.53 > select no scaling (since raw earthquake values without any
modification are required, modification will be applied later to match the
site properties)> submit
PEER Ground Motion Database \ .., ... .>

Pacific Earthquake Engineering Research Center

DOCUMENTATION HELP SUBSCRIBE

ZAINAB_KHALED UOB@HOTMAIL.COM SIGN_OuT

Target Spectrum

Salect Spectrum Model

Select models to
generate target [ No S Show/Hide GMM Figures
spectrum

! PEER NGA-West2 Spactrum
User Defined Spectrum ‘
ASCE Code Spectrum

Submit

323 Davis Hall, University of Calfornia. Berkelay, CA 94720-1797 - Phone: (31D) 642-3437 | Fax! (310) 642-1635 | Emall: peer_certeraberkelsy oo

Figure (4.53): Selection of spectrum model.
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Table 4.10 shows the main selection criteria used as an input, as in figure
4.54 to download the ground motions, then the ground motions database

that match our criteria is filtered.

ZAINAB_KHALED_UOB@HOTMAIL.COM SIGN_OUT

New Search

[ Load Sample Input Values ][ Clear Input Values ]

Search

Strike Slip (SS) v

| Stiike Siip (SS) |
40-400
40-400

Controls

Search Records

Figure (4.54): Search parameters

Then> input the below values as it has been determined before.
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Table (4.10): Ground motion selection criteria

No. | Selection Criteria Values
1 | Fault Type Strike-Slip.
(As shown in engineering report on ground
motion data of the February 2023
turkey seismic sequence).
2 Magnitude 6.2 - 8.0.
(Based on previous recorded magnitude in
the same region).
3 | Ri (KM) 40-400 km.
(Closest  horizontal | (Based on previous recorded distance in
distance from site to | the same region).
the projection of the
surface rupture)
4 | Ruyp (Km) 40-400.
(Closest distance to | (Based on previous recorded distance in
rupturing fault plane) | the same region).
5 | Vs3o (M/s) 600-758 m/s.
(Based on common values recorded in the
same region).
6 D5-95 (sec) 30-50 sec
(Based on previous recorded time in the
same region).
7 | Pulse Any Record
(No specific record is mentioned).
8 | Max No. Records 20

102




(reasonable no. since the code specify 7 if
calculation of the average value is

required).

Figure 4.55 display all fault type.

New Search
| Load Sample Input Values | Claar Input Values |

RSN = Record Sequent

Figure (4.55): Fault type
The below figure 4.56 define the Ryypure and Ryg, and figure 4.57 illustrate

the difference between Ryypwre and Ryg. (Refer to reference No.47).

NGA DISTANCE NOTATIONS:
Ry (+ive)
Ry =Rjg (+ive) R5
SURFACE A SURFACE
Rior R SITE SITE
- RUP ZFOR
DiP / -
I RF!UP
WIDTH| FauLT
4 WIDTH
STRIKE SLIP FAULTING REVERSE OR NORMAL FAULTING
(HANGING WALL SITE)

Figure (4.56): Definition of rupture and RJB (Source: On the construction of
Joyner-Boore distance (Rjb) for PESMOS and COSMOS databases).
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Rm;CIosest distance to rupturing fault plane

Rg=Joyner-Boore Distance (Closest horzontal distance from site fo the projection of the surface rupture)

SITE Ris 4
Foot wall Foot wall side
/ R, -~ Faut SITE
- / ! L, ™ Projection of
RJ rupture plane to
BY surface
Projection —
of r:.lpture “’// ( Looking from Top )
plane to hanging IFthe site |s.lncated inside In case of strike-slip fault, R = Closest
surface. wall side that projection, then Ryg=0.

distance to the surface projection of
SoSelsmiC rupture.

Figure (4.57): The difference between rupture and RJB ((Source: On the
construction of Joyner-Boore distance (Rjb) for PESMOS and COSMOS
databases).).

By pressing Search Records> the search result will show as shown in figure
4.58.

A number of twenty ground motions will filter out, that passed the
previously entries criteria. Most of them have a magnitude between 6.2 and

8.0 since the magnitude have been specified between 6-8.
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Results - Metadata

Click heading of the column to ba sertad in ascending order

I Rescale Using Checked Records
Arias

95(_5) Intensity Event Year Station Mag
(m/s)

Result Spectral Record Scale D!
hi»] Ordinate Seq. # REE Factor Te(s)

5-
75(s)

Silent

D, 1 SRSS 891 - 1.0 - 21.5 31.7 0.1 Landers 1992 valley - 7.28 strike sli
Poppet Flat
O Twentynine . .
2 SRSS 897 - 1.0 - 21.6 30,9 0.1 Landers 1992 7.28 strike slif
Palms
b, SRSS 1154 - 1.0 - 19.8 34.0 0.1 Kocaell, 05 Byyrsa sivil 7.51 strike slig
view Turkey
0O Chi-Chi,
- 4 SRSS 2817 - 1.0 = 289 335 0.0 Taiwan- 1999 KAUD38 6.2 strike slip
view
04
O Chi-Chi,
= 3 SR5S 2877 - 1.0 - 19.2 30.3 0.0 Taiwan- 1998 TCU102 6.2 strike sli
04
el Canyon
L] Mayor- L
" 6 SRSS 5896 - 1.0 = 221 36.7 0.0 2010 Vacation 7.2 strike slip
Cucapah,
q Dr&San
Mexico
Joag
El
Mayor- Borrego . 0
D, 7 SR5S 5970 - 1.0 = 16.2 30.8 0.0 4 q z 7.2 strike slip
Cucapah, Springs
Mexico
El San
O - - I Mavor- ____ Bernardino _ _ v
4 >

Download Options

| Download Search Results (metadata+spectra) H Download Time Series Records (metadata+spectra+traces) |

Figure (4.58): Result of ground motions search

As it’s shown in figure 4.59, the blue rectangle “H1 Acc. File name” means
first horizontal component at 0 angle that is for x direction, and the file end
with (00. AT2).

The red rectangle “H2 Acc. File name” represent the second horizontal
component at 90 angle that is for y direction, and the file end with (90.
AT?2), means that two horizontal components are always 90 degrees apart
and then there is a vertical component.

The green rectangle “Vertical Acc. File name” represent the vertical

component at up direction or z direction, and the file end with (up. AT2)
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=d in ascending order

. File Name

LANDERS_SILODO.ATZ2

LANDERS_29P000.AT2

KOCAELI_BSIO90.AT2

CHICHI.O4_KAUDZEN.ATR

CHICHI.04_TCU102N.ATE

SIERRA.MEX_13096360 AT

SIERRA.MEX_BOR32G60.Af2

H2 Acc. File Name

LANDERS_SILOS0.AT2

LANDERS_29P090.AT2

KOCAELI_BSI180.AT2

CHICHI.O4_KAUO3BE.AT

CHICHI.04_TCU102E.AT.

SIERRA.MEX_13096-90.

SIERRA.MEX_BOR-Q0.ATE

a
Vertical Acc. File Name

LANDERS_SIL-UPR.AT2

LANDERS_29P-UP.AT2

KOCAELI_BSI-UP.AT2

CHICHI.O4_KAUO3BV.ATZ

CHICHI.04_TCU102V.ATY

T2 SIERRA.MEX_13096-UP.AT2

SIERRA.MEX_BOR-UP.ATR

Figure (4.59): Three main components of earthquake record.

After downloading these 21ground motions, their spectrum shown in figure
4.60 as gray lines represent the SRSS spectrum of the two horizontal
components. Solid black line refers to average value. The dotted black lines
are one standard deviation plus average and one standard deviation mean -
1 standard deviation based.

It is also showing the variation of selected ground motions in the Spectra.
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Search Results - Response Spectra

Figure (4.60): Response spectra as loglog of downloaded earthquake record
Figure 4.61 shows linear scale of ground motion spectrums. The solid black
line is the average of 21 ground motions while thin gray lines represent the
SRSS of the individual ground motions. the mean plus one standard
deviation and mean -1 standard deviation in the dashes line is also shown
in figure 7.61.
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Search Results - Response Spectra

Unscaled Spectra : All Record SRSS Shows
' ' - Suite Mean (--—-— )

0.40 -

Suite Mean + StDev (- - -)

P suite Mean - StDev (===

Spectra Axes: |Linear W

= Hover over an individual curve to view jts infa.

--Click on an individual curve to view its spectra and time series.
- Window Zoocming is possible only in Linear plot.

- Some casas may have such large variation that the Mean +-
Standard Devistion curves look awkward. Refining the search

psa (g

such cazes,

0.00 2.50 5.00 7.50 10.00
Period (sec)

Figure (4.61): Response spectra as linear of downloaded earthquake record

El San
| - S Mayor- ____ Bernardino _ _

« G b

Download Options

| Download Search Results (metadata+spectra) || Download Time Series Records (metadata+spectrattraces) |

Figure (4.62): Download options

Figure 4.62 shows two options for downloading. One option is
downloading the metadata and spectrum only and the second option is
downloading spectrum with traces. Traces means that the actual files of
ground motion which contain the ground motion data. The second option
will be used, download time series records with metadata which means the
basic information plus the spectra of these ground motions also plus the
acceleration, displacement and velocity time histories. After clicking the
second option, these ground motions will be downloaded as a zip file.

Now Download Time Series Records (Metadata + Spectra + traces)
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ngawest2.berkeley.edu says

You are downloading the UNSCALED, PROCESSED, AS-RECQORDED
(unrotated) displacement, velocity and acceleration trace files. The scale
factors determined using the on-line tool are given in the csv file
accompanying the trace files! The users of the PEER-NGA databases,
flatfiles, models and reports are requested to acknowledge the Pacific
Earthquake Engineering Research Center (PEER) in their work and

publications.

Figure (4.63): Unscaled data option
A message will appear as in figure 4.63 to informs that the downloaded
data are unscaled as recorded displacement, velocity and acceleration trace
files earthquake records.>press OK.
The data will be downloaded as zip files>

After extracting the file> many folders will be shown as figure 4.64.

» ground motion > PEERMGARecords_Unscaled (1)

Name Date modified

Uj _SearchResults 10/1a¢
I RSME31_LANDERS SILDOOAT2 10715
'] RSN8OT_L ANDIERS_SILDOO.DT2 10715/
] RSME91_LANDERS_SILOOONT2 1/
] RSNBI1_LANDERS_SIL090.AT2 10/15¢
; RSMNEZT_LANDERS_SILDS0.DTZ 10415/
] RSMNE01_LANDERS SILDOONT2 10415730
] RSN&%1_LANDERS_SIL-UP.AT2 10/
I RSMNE31_LANDERS SIL-UP.DT2 16/ 15/
| RSNBIT_LANDERS_SIL-UBVT2 10/
] RSMEST_LANDERS_29P000.AT2 10/
' RSNED7_LANDERS_29P000.0T2 1015/
; RSNEST_LANDERS_29P000.NT2 16/
] RSNE07_LANDERS_20P000 AT2 10/15/2
: RSNE57_LANDERS_29P090.072 10/
| RSMEST_LANDERS 29P0S0\T2 10/
| RSMNBET_LANDERS_29P-LIP.ATZ 10/

T e S S T S~
EAEAAsaEEsER AR

RSMNES7_LANDERS 29P-UP.OT2 10/ 4 KB
1 RSNBD7_L ANDERS_29P-LIPAT2 1015/ 8
| RSMN1154_KOCAELI_BSI0N0.AT2 16/ 212
] RSM1154_KDCAELL_BSID00.0T2 1071542 21

: RSMN1154_KOCAEL_BSIFRONT2 10/

| RSM1154_ KDCAEL_BSHBOATZ 10/

| RSN1154_KOCAEL_BSIB0.DTZ
RSM1154 KOCAELl BSIBONT2

1 RSN1154_KOCAELI_BSI-URAT2
] RSM1154 KOCAELl BSI-UP.DT2 10/15

] RSM1154_KDCAELL_BSI-UPVT2 1015/

: RSN2817_CHICHLO_KALN3BEATZ 10/15/2023 2:05 AM

Figure (4.64): Extracted file of downloaded records.
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Figure 4.64 shows the types of folders downloaded. The first excel file
contains spectrum and all metadata for ground motions (e.g., Station name,

event names etc.) as represented in figure 4.65.

A B [4 D E F G H ! J K L M N o P Q R s T v v w X Y z
55 21 skss 6898 - 1- 273 a5 0 'Darfield 2010 "DSZ" 7 strikeslii 20734 20734 63838 005 1 RSNG9E RSNGBSB RSN68IS_DARFIELD_DSZUPATZ

57 | These records were obtained from the NGA-West2 On-Line Ground-Mation Database Tool
58 | These rec AS RECORDED
50 | Filename Extension:

0 AT2 = Acceleration

61 VT2 = velocity

52 D2 =Displacement

63 | The users flatfiles  models and reports are requested to acknowledze the Pacific Earthauake Engineering Research Center (PEER) in their work and publications

65 | - Scaled Spectra used in Search & Scaling —

66 |Period (s ArithmetisArithmetis Arithmetii RSN-891 S RSN-897 S RSN-1154 RSN-2817 RSN-2877 RSN-5896 RSN-5970 RSN-5983 RSN-5987 RSN-6002 RSN-6003 RSN-6022 RSN-6031 RSN-6139 RSN-6149 RSN-6157 RSN-6193 RSN-6197 RSN-6256 RSN-6439 RSN-6898 SRSS psa [g)
7 001 002851 006955 001168 0065 01026 007066 0.00703 002078 001666 004346 001917 004354 005309 001067 003780 001915 001427 001411 000765 000322 0.00521 001718 001716 0.00936
002 002855 006063 00117 006522 010331 007046 0.00705 002082 001683 004257 001924 004411 005362 001081 003737 001954 001425 001396 000773 000318 0.00518 001725 001767 0.00941
0022 002912 007292 001162 0068 011073 007043 000705 002091 001693 004236 0.01926 004436 005373 001083 003744 00196 001437 0014 000775 000318 000519 00173 001781 000346
0025 00294 007391 00117 006968 011237 007052 000705 002113 001698 004363 00193 00447 005395 001097 003755 001979 001461 001405 000779 00032 000521 00174 001807 000944
0020 002966 007367 001194 007397 010915 00706 000706 002117 001719 004495 001934 004516 005431 001104 0.03776 002008 001506 001414 000785 0.00323 000524 001750 0.01845 000941
003 002978 007366 001204 007584 0.10775 007063 0.00707 002119 001727 004554 001336 004579 00545 001106 003782 002015 001536 001415 000787 000323 0.00525 001762 00186 0.00939
0032 003049 007764 001198 007481 011867 007066 000708 002103 001742 004731 00194 004688 005481 001125 003787 002034 001617 001422 000792 000324 000527 001769 001892 00094
0035 0.03056 007582 001232 007612 01131 007071 000708 002111 001757 004798 001948 004815 005487 001187 003793 002076 001742 001436 0008 0.00326 000527 001799 0.01937 0.00937
0036 0.03067 007559 001244 007651 011207 007073 00071 002117 001779 004563 00195 004799 005476 001214 003798 002087 00181 001436 000802 0.00326 000528 001808 0.01937 000937
004 003144 007652 001292 007757 011275 007061 0.00703 002186 001846 00533 001959 00506 00561 001267 003834 002125 002144 001445 0O00E13 00033 0.00537 001838 001966 0.00939
0042 003226 007893 001319 007852 011597 007072 000708 002181 001850 005093 001963 005423 00564 00125 0.03856 002171 002197 001443 000818 000333 000539 001844 002071 00094
0044 003282 008145 001323 007725 012258 007084 00071 002185 001874 0O0SS77 001966 005699 005783 00121 00388 002237 002247 001449 000825 000336 000543 001857 002141 00094
0045 003306 008201 001332 007717 012381 007082 00071 002195 001877 00607 001967 005603 005854 001193 003891 002279 002371 00145 000834 000337 000545 001868 00216 000941
0045 00334 008329 00134 007926 01257 007083 000709 002213 001858 006267 001968 005604 005845 00118 003503 002321 002413 001448 000844 00034 000546 001887 002188 000941
0048 003468 008948 001344 008435 013711 00709 000713 002216 001824 00681 001973 005983 005704 00116 003937 002368 002493 001462 000862 0.00347 000548 001939 002255 000936
005 003616 009608 001398 009155 015056 007096 0.00717 002237 001873 007128 001977 006485 005707 001153 003943 002357 00257 001483 000SE6 000349 000540 00198 002331 0.00933
0055 0.03784 010577 001353 009634 016998 007084 000719 002303 002179 006406 001998 007303 005583 00117 0.04017 002423 002769 001514 000847 0.00366 000549 002020 0026 000959
006 003968 010424 001511 011499 015538 007185 0.00724 002421 002429 007455 002021 007246 005639 001176 004002 002862 00331 001564 000957 000389 000547 00214 003074 0.00958
0065 00446 012428 001601 014331 018293 007196 000722 002496 00267 007486 002035 009162 006378 00126 004036 003131 003195 001662 001431 00041 000538 002032 004203 000992
0067 004544 012535 001647 014485 018324 007220 000718 002468 002729 007612 002044 00959 006445 001292 004068 003298 002888 001644 00166 00043 000542 002084 00488 000993
007 004651 012289 00176 01295 018338 007222 000723 00253 002898 008473 002056 010147 006757 001313 004093 003442 002774 001606 001982 000454 0.00562 002473 005301 0.00976
0075 00495: 01267 001937 013031 018086 007135 000743 002568 003169 010612 002066 011072 006762 001279 004189 003842 002823 001707 002108 0.00508 000586 003018 00772 001
008 005203 014063 00193 013806 02083 007176 000746 002648 00296 011764 002093 010702 007410 001208 004265 00401 002812 001818 001709 000546 0.00617 003341 007757 0.01062
S| 0085 005456 0.15015 001982 01422 023169 007283 000747 002528 003183 011227 002122 010435 008569 001311 004375 008475 002773 001992 001467 00063¢ 000707 003639 0085 001152
o1 009 005606 0.15525 002025 015258 02392 007223 000763 00251 003661 010685 002164 01196 008909 001445 004543 005353 002416 002044 001655 000795 0.00699 003924 006639 0.01165

Figure (4.65): Recorded data of one example of earthquake.
Below the xI file are the trace files in figure 4.64, which are the time history
value files. The selected file in figure 4.66 below shows the ground motion

files for one particular ground motion.
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Name - Date modified Type

_SearchResults 10/15/2023 2:05 AM Microsoft Excel Co... 105 KB
D RSN891_LANDERS_SILOCO.AT2 10/15/2023 2:05 AM AT2 File 42 KB
D RSN891_LANDERS_SIL0C0.DT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN891_LANDERS_SILOCOVT2 10/15/2023 2:05 AM VT2 File 42 KB
D RSN891_LANDERS_SILOS0.AT2 10/15/2023 2:05 AM AT2 File 42 KB
D RSN891_LANDERS_SIL0S0.DT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN891_LANDERS_SILOS0.VT2 10/15/2023 2:05 AM VT2 File 42 KB
D RSN891_LANDERS_SIL-UP.AT2 10/15/2023 2:05 AM AT2 File 42 KB
D RSN891_LANDERS_SIL-UP.DT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN891_LANDERS_SIL-UP VT2 10/15/2023 2:05 AM VT2 File 42 KB
D RSNB97_LANDERS_29P000.AT2 10/15/2023 2:05 AM AT2 File 38KB
D RSNB97_LANDERS_29P000.0T2 10/15/2023 2:05 AM DT2 File 38KB
D RSNB97_LANDERS_29P000.NT2 10/15/2023 2:05 AM VT2 File 38KB
D RSNB97_LANDERS_29P090.AT2 10/15/2023 2:05 AM AT2 File 38KB
D RSNB97_LANDERS_29P090.0T2 10/15/2023 2:05 AM DT2 File 38KB
D RSNB97_LANDERS_29P090.VT2 10/15/2023 2:05 AM VT2 File 38KB
D RSNB97_LANDERS_29P-UP.AT2 10/15/2023 2:05 AM AT2 File 38KB
D RSN897_LANDERS_29P-UP.DT2 10/15/2023 2:05 AM DT2 File 38 KB
D RSN8S7_LANDERS_29P-UP.VT2 10/15/2023 2:05 AM VT2 File 38 KB
D RSN1154_KOCAELI_BSI0S0.AT2 10/15/2023 2:05 AM AT2 File 212 KB
D RSN1154_KOCAELI_BSI090.0T2 10/15/2023 2:05 AM DT2 File 212 KB
D RSN1154_KOCAELI_BSIOS0.VT2 10/15/2023 2:05 AM VT2 File 212 KB
D RSN1154_KOCAELI_BSI180.AT2 10/15/2023 2:05 AM AT2 File 212 KB
D RSN1154_KOCAELI_BSI180.0T2 10/15/2023 2:05 AM DT2 File 212 KB
D RSN1154_KOCAELI_BSI180.VT2 10/15/2023 2:05 AM VT2 File 212 KB
D RSN1154_KOCAELI_BSI-UP.AT2 10/15/2023 2:05 AM AT2 File 212 KB
D RSN1154_KOCAELI_BSI-UP.DT2 10/15/2023 2:05 AM DT2 File 212 KB
D RSN1154_KOCAELI_BSI-UPVT2 10/15/2023 2:05 AM VT2 File 212 KB
D RSN2817_CHICHLO4_KAUD38EAT2 10/15/2023 2:05 AM AT2 File 184 KB

Figure (4.66): The ground motion files for one particular earthquake.

Default format of the name of these peer ground motions start with RSN
number (Record sequence number) as shown in figure 4.67. Each ground

motion has a different RSN number.
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D RSN891_LANDERS_SILOO0.AT2
D R5N891_LANDERS_SILO00.DT2
D RSN891_LANDERS_SILOOONVTZ
D R5N891_LANDERS_SILO90.AT2
D RSN891_LANDERS_SIL090.DT2
D R5N891_LANDERS_SILO90.NVT2
D RSN891_LANDERS_SIL-UP.AT2
D R5N891_LANDERS_SIL-UP.DT2

D RSN891_LANDERS_SIL-UPNTZ

Figure (4.67): RSN number of one earthquake.
Then it is the event name LANDERS Earthquake.
Then the Information about station SILL.
Then the Information about the component whether it is vertical
component (000) or horizontal component (090) or up component (UP).
let's see the first file, which is: RSN891 Landers SIL_000.AT2.
Which means that this is the first horizontal component of its acceleration
data.
Then the second File is dot DT2 which means this is displacement data.
And then there is a VT2 which means Velocity data.
The three first files are basically the acceleration, displacement, and

velocity of the first horizontal component — x direction.

Then the next three files are the acceleration, displacement, and velocity
for the second horizontal component — y direction of this ground motion.
Similarly, the next three files are the vertical component, acceleration,

displacement, and velocity of z -direction.
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Makes each ground motion have a total of nine files. Three acceleration
components: 2 horizontal (x and y) and one vertical (z), three displacement
components and three velocity components and three accelerations. As

shown in figure 4.69.

B9 _SearchResulis I T0/1572023 2:05 AM Microsoft Excel Co.. TO5 KB
D RSN891_LANDERS_SILO0OO.AT2 10/15/2023 2:05 AM AT2 File 42 KB
D RSN891_LANDERS_SILO00.OT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN891_LANDERS_SILO0ONVT2 10/15/2023 2:05 AM VT2 File 42 KB
D RSN&91_LANDERS_SILO90.AT2 10/15/2023 2:05 AM AT2 File 42 KB

Si— P - . R -
D RSN&91_LANDERS_SILO90.DT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN891_LANDERS_SILO9Q.VT2 10/15/2023 2:05 AM VT2 File 42 KB
D RSMN891_LANDERS_SIL-UP.AT2 10/15/2023 2:05 AM AT2 File 42 KB
D RSN891_LANDERS_SIL-UP.CT2 10/15/2023 2:05 AM DT2 File 42 KB
D RSN&91_LANDERS_SIL-UPNVT2 10/15/2023 2:05 AM VT2 File 42 KB

—

D RSN897_LANDERS_29P000.AT2 10/15/2023 2:05 AM ATZ File 28 KB
D RSN897_LANDERS_29P000.DT2 10/15/2023 2:05 AM DT2 File 38 KB
D RSN897_LANDERS_29P000NT2 10/15/2023 2:05 AM VT2 File 38 KB
D RSN897_LANDERS_29P0S0.AT2 10/15/2023 2:05 AM AT2 File 38 KB

Figure (4.68): The overall 9 components of one recorded earthquake.
In this research, two horizontal components (x & y) and the acceleration
files (which mean the files end up with 00-AT2 and 90-AT2) are going to
be used. These two files must be taken out and modified by applying scale

factor.

Starting by opening the first file and try to understand its format.
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E RSNB891_LANDERS_SILO0O X

File  Edit  View &

PEER NGA STRONG MOTION DATABASE RECORD
Landers, 6/28/1992, Silent valley - Poppet Flat, @
ACCELERATION TIME SERIES IN UNITS OF G
NPTS= 2750, DT= .0200 SEC
.5197801E-02 -.2062759E-02 -.2381192E-02 .124268RE-02 -.3027221E-02
.2425524E-02 .8282196E-02 -.3859267E-03 -.4358983E-02 -.1099832E-01
.2909856E-02 .1145773E-01 .2409173E-02 -.7417321E-03 -3615589E-02
+3167526E-02 +6303067E-02 .2509585E-02 -.8871100E-03 . 1737879E-02
-.5366103E-02 +3349718E-02 .6313470E-03 .1033161E-02 -.8253392E-03
.5312065E-03 .3048517E-02 -.3075605E-02 -.5980602E-02 -.4825993E-02
.1256019E-02 .1093296E-01 -3993887E-02 -4212159E-02 -2312916E-02
.4231539E-02 .2263968E-02 -.1004028E-01 -.4042659E-02 .7725106E-02
-.3899830E-03 -.2922607E-@2 -.2330965E-02 -.6222217E-02 .4561@55E-03
-.6368987E-02 -.4359524E-02 -.3098735E-02 +3692499E-02 4198141E-02
.5867633E-03 .6008153E-02 -3189989E-02 -2303710E-02 2547305E-02
.4581073E-02 .7081723E-02 -.3395595E-02 -.6665588E-02 1577696E-02
-.6805059E-02 -.1851168E-@3 .4526410E-02 -.5316169E-03 3688359E-02
.9125043E-02 -.7978150E-02 -.1100227E-01 .1923341E-02 7628776E-02
.5767089E-02 .2594043E-02 -7919919E-02 -.4224256E-02 -3186251E-02
.7351122E-02 .4366420E-02 -1983479E-02 -A160087E-02 -5548659E-02
W4787975E-02 -.1595964E-02 +2629121E-02 -.1527129E-02 1489134E-02
.1294820E-01 -.7572694E-03 -.1697296E-01 -.31017Q6E-02 5577987E-02
.3250394E-02 .2658062E-02 -1211462E-03 -.3921697E-03 5203886E-03
.8882278E-02 .6833573E-02 -2755298E-02 .7922381E-02 -3506396E-02
-.3156208E-02 .1312435E-01 .3313301E-02 -.2538099E-02 .7466407E-02
-.6806103E-02 -.1710849E-@2 .4589028E-02 .1812952E-02 -.8595781E-02
.5694530E-02 +2154745E-02 +3292425E-02 -.2608709E-03 +2520803E-02
.2219538E-02 .1035565E-01 -4029214E-02 -6751189E-02 -4751968E-04
.9181013E-02 .1711969E-@2 -.7656310E-02 -.2284564E-02 -.646@155E-03
-.5069322E-02 .1119502E-01 .1008875E-01 .218930@1E-02 .2767@70E-02
.2286577E-02 .5070119E-02 .1103248E-01 -.4574076E-02 +3927947E-02
-.2684095E-02 -.6357659E-02 .4885261E-02 -.4760395E-02 -.3190127E-02
.7846764E-02 -.3718521E-82 -.1176889E-01 .6663038E-04 -3207767E-02
-.1358263E-02 +3817730E-02 +5001448E-02 +3057849E-02 £2132213E-02
.7668438E-02 +2911647E-02 +5361089E-02 .1052079E-01 .1227@90E-02

Ln1, Col1 100% Windows (CRLF UTF-8

Rt nrat:)

Figure (4.69): Selected file details.
Figure 4.69 shows the ground motion data of the first horizontal component
of the first ground motion.
The first four lines gives information about this earthquake data, as shown

in figure 4.70.

E RSNB891_LANDERS_SILO0O X

File Edit  View

PEER NGA STRONG MOTION DATABASE RECORD

Landers, 6/28/1992, silent valley - Poppet Flat, @

ACCELERATION TIME SERIES IN UNITS OF G

NPTS= 2750, D= .020@ SFC
.5197801E-082 -.2062759E-02 -.2381192E-62 .1242680E-62 -.3027221E-02
.2425524E-@2 .8282196E-0@2 -.3859267E-03 -.4358983E-02 -.1099832E-01
-.2909856E-02 .1145773E-01 .2409173E-02 -.7417321E-03 .3615589E-@2

Figure (4.70): General information about particular earthquake data.

It says that it is Peer NGA strong motion database record from Landers
earthquake occurred on 28/6/1992 at Silent Valley location. The
acceleration time series in units of g (earth gravity 9.81 m/s?), which
required multiplication of units g in working units to convert it into
acceleration values. If the program unit is meter and second, then multiply
all acceleration values with 9.81.
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Number of points are 2750 and delta T is 0.02 seconds, which means all
the listed values are directly acceleration values equally spaced at 0.02
seconds, starting from t=0 then 0.02 then 0.04 a so on. By multiply 2750
with 0.02, to get the total duration of ground motion, which is equal to
2750x0.02= 55 sec, the earthquake lasted for 55 sec.

Whole data can be imported in any program to apply a scale factor or to
perform time history analysis.

As it is shown in figure 4.71, data opened in note file instead of x| sheet.

¢ = -
| RSNE25_LANDERS_PLCO00.ATZ - Notepad = o

File Edt Formst View Help
éPEER MGA STRONG MOTION DATABASE RECORD
Landers, 6/28/1992, Puerta La Cruz, @
o ACCELERATION TIME SERIES IN UMITS OF G
NPTS= 3259, OT= -8200 StC
4 .B418237E-83 .3694691E-03 -.4000305E£-02 -.4848179E-82 .2838688E-02
‘ .3172@54E-82 .9289818E-03 .2674199E-82  .15234S8E-02 -.1699833t-082
| -.4396824E-82 -.1315474£-82 -9743354E-03 .3724156E-82 -3736317E-82
| .ISBi&i&E-eI -.4520800E-02 -.776B527E-02 .1677684E-82  .3211593t-02
{ — 3778549E-82 -.9104055E-82 -.5115548E-82 -.1343451E-83  .1962248f-01
.4564624E-02 -.8026995E-83 -.5008632E-03 -.3087666C-82 -.3102894E-83
! .9421883E-83 .1546662E-03 -.5771516E-092 .3286924£-82 .4894682£-02
| .37596226-82  .4711622E-82  .2306826E-03  .280B143tE-82 -.3743395E-82
| -.1435393E-84  .4996828E-02 -.1BB3496E-03 -.7326966%-02 .2B82763E-23
| -1336760E-82 -.3488776E-02 .S224848E-92 -.8137872E-93 -.5522022E-02
| .B518833E-83 .5138869E-02 -6091475E-082 -1059698E-81 .473574%¢c-82
i -.4171983E-82 -.7820916E-82 -.40@7988E-82 -.2126079E-02 -.98937@3t-83
-.1235761E-82 -.4753B11E-02 -.7281441F-82 -.2462011E-82 .7187119E-82
| .4590131E-02 -.4027918E-82 -.3611826E-02 -.2183893E-82 -.4984881t.82
| -.2013688¢-2 .3818445E-82 .2B819958E-82 -.559@807E-82 -.2353613E-92
1 -6912002E-082  .2291337E-02 -.24B4368E-02 2 .6330208E-02 .6173284E-02
| -.1388590E-82 -.4@51342E-92 -.1410625£-02 .9996332E-82 .8963679E-02
| .3791188E-22 -5758706E-02 -.3671255E€-82 -.1550G88E-01 -.5142836E-02
| .1164998€-81 .7336344E-92 -.3168535E-82 -.3555541E-83 -7367669E-93
.2239169E-82 -.2675249E-02 -.56253467E-92 -.1703385E-82  .483585BE-02
| .2789101E-82 .2534625E-92 -.1448531E-82 -.1436995E-81 -.5881562£-82
| -.8457389E-05 .1342878E-83  .2035933E-83  .2244559€-82 -.3386915£-82
1 -.2463883E-83 .1351899%E-82 .4481256E-93 .3726353E-82 -.2321929E-04
| .3522249E-02  .1696397E-82 .6233057t-03 .7517747:-83 - 9465768E-03
| - 4479997E-82 -.3973016E-02 .6454936£-03 .2953784E-02 .4719855E-92
| -1971346E-82 -.2682963E-02 -.4380471E-92 -.3517418E-02 -.1214387E-02
.1606068E-83  .3964139E-02  .5941872E-82 .3796765E-€2 -.4485689E-82
| .2776734E-@3  .46146685-82  .5127682E-02  .266174BE-84 -.4635847E-82
-.6530832E-82 -.1123126E-01 -.3256940E-82 .B321965£-23 .7468273E-82
.3925770E-82 -.3371352E-82  .3407525£-02 .5778983t-82 -.6689539E-02
-.3182241E-82  .4204997t-92 -.5473B23E-82 -.4239664E-82  .1842555E-82
,1014633E-81  .4954495E-02 -.49232258-02 -.6001154E-82 -.4531784E-@2
-.B637426E-83 .1696419€-82  .9456531E-02 .7681122E-82 .4498643E-83
-.3214013E-02 -.4380929E-02 -.5032748E-82 -.3998504E-92  .8545440E-92
J1937118E-81 -.2724633E-02 -.7839969E-82 -.6358965E-82 -.1431389F-82
~.1287595E-02  .1248090£-82  .2458796E-02  .4891461E-82  .5869607E-02
,6020533E-82 -.1778269E-82 -.156@158E-81 -.113503SE-81  .2554221E-02

ieiCan 100%  Windows (CRLF)  UTFR§

X

PN

-

Figure (4.71): Overview of data form.
4.2.5 Modification of ground motions to match the target
hazard - scaling vs. spectral matching.
Once the ground motions have been downloaded, there are two options to

make them compatible with site seismic hazard, either by scale them or
perform spectral matching.
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1. The ground motion scaling:

Scaling by applying a constant factor to acceleration-time history
and amplifying or de-amplifying it to a level so that it matches the
design spectrum of the site. Although it will not exactly match by
applying a constant factor, because the design spectrum is smooth
spectrum, while the actual spectrum of a ground motion is an
irregular spectrum.

If the target spectrum was lower and the recorded ground motion
have a higher spectrum, then multiplying ground motions records

must be multiplied with scale factor less than one.

The advantage and disadvantage of the ground motion scaling:
Generally, in the rage 0.2 T, to 1.5 T, and it should not be less than
1.3 of the target spectrums. Table 4.11 below illustrate the pros and

cons of ground motion scaling.

Table (4.11): The advantage and disadvantage of the ground motion scaling.

Advantages Disadvantages

eReal Earthquakes (no change | e Requires a lot of time

in frequency content). histories.
eRetains natural variances. e Greater variance (e.g., if the
e Allows to focus response on structural model performs
the period(s) of interest. inadequately, it cannot be
eRelatively easy to perform. sure whether it is due to

poor design of structure or
due to some issue with

ground motions or their

variance).
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2. The spectral matching:

In pervious procedure, modifying the frequency content of ground
motion using multiplication factor, by modifying amplitude of
ground motion only, not by the modifying frequency content. While
in spectral matching both amplitude and frequency content are
modified by add or subtract different wavelengths or different
frequencies from the acceleration time history, such that the
resulting in the final time history have a spectrum which exactly
matches at all time periods with the target spectrum. Also, the actual
shape of the spectrum may look different after modifying the ground
motion, such that it matches at all the points and all the time periods
with the target spectrum. The ground motion doesn't remain a natural

ground motion or past recorded ground motion.

But this procedure cannot be done manually. An algorithm by
computer software must be used. That software sequentially adds or
subtracts wavelets and checks the change in the spectrum is required.

Table 4.12 below illustrate the pros and cons of spectral matching.

Table (4.12): The advantage and disadvantage of spectral matching.

Advantages Disadvantages
¢ Reduce variability in e Can result in unrealistic

response, any flaws in a earthquake ground motions

structure can be clearly (because UHS is smooth

understood from the unrealistic spectrum)

analysis and response. e Some important ground motion
aspects may be lost, e.g.,
directivity effect (pulse). It’s
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important to check and compare
the characteristics of unmatched

and matched time histories.

In this research the Spectral matching using ETABS are going to be used,

the steps are as follows.

Spectral Matching of Ground Motions using CSI ETABS
As it is shown in figure 4.72, go ETABS> define > functions >time history

P0.0.0 - fiber

Define | Draw  Select Assign Analyze Display Design Options Tools

N E Material Properties... #2 (3dpl2el® nd D &‘j
B @, Section Properties 3 IV'W i
1338  Spring Properties »

el Diaphragms...

fies .
| W Pier Labels...

!E_‘,}] Spandrel Labels...

O 2%  Group Definitions...

@ Section Cuts...

sg  otrain Gauges Properties »

:
"ﬁ} Functions 4 I . Response Spectrum...
.{03' Generalized Displacements... s~ Time History... ‘
i 1= L

Figure (4.72): Define of time history function.

From choose function type to Add > From File > Add New Function, as

shown in figure 4.73.
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Functions

Unif TH

RampTH |

Choose Function Type to Add

Sine

Click to:

Add New Function...

Madify/Show Function...

Figure (4.73): Add new function.

Time History Function Name

Function File

File Name

Header Lines to Skip 2
Prefix Chars. Per Line to Skip 0
Number of Points per Line

View File

Function Graph

7.00 -
8.00 -
5.00 -
400 -
3.00 -
2.00 -
1.00 -
0.00 4

0.0 1.0 20 30 40

Browse...

Func1
Values are:
() Time and Function Values

© Values at Equal Intervals of ~ 0.02

Format Type
© Free Format

() Fixed Format

Characters per ftem

Figure (4.74): Details of time history function.

before.

xI sheet in figure 4.71)

Change the Time history Function Name to “Ground motion “in figure
Press browse and select the ground motion file that have been downloaded
Headlines to skip = 4 (In this case because the acceleration values start at
row no. 5 in the xI sheet in figure 4.71).

Prefix Chars. Per Line to skip = 0 (In this case because the acceleration

values start at column no. 1, there is no column in front of the data in the
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Number of points per line= 5 (In this case because the acceleration values
are in 5 columns in the xI sheet in figure 4.71)
Values at equal intervals of = 0.02 (In this case the time spacing is 0.02 s

as it is shown in the downloaded ground motion file figure 4.75)

E RSN891_LANDERS_SILO00 RSN891_LANDERS_SILO0O *

File Edit  View

PEER NGA STRONG MOTION DATABASE RECORD

Landers, 6/28/1992, Silent Valley - Poppet Flat, @
ACCELERATION TIME SERIES IN UNITS OF G

NPTS= 27580, DI= .0200 SEC

.5197801E-02
«2425524E-02
.2909856E-02
+3167526E-02
.5366103E-02
.5312065E-03
.1256019E-02
+4231539E-02
.3899830E-03
.6368987E-02
.5867633E-03
.4581073E-02
.6805059E-02
.9125043E-02
.5767089E-02
«7351122E-02
A4787975E-02
.1294820E-01
+3250394E-02
.8882278E-02
.3156208E-02
.6806103E-02
.5694530E-02
+2219530E-02

-.2062759E-02
.8282196E-82
.1145773E-01
.6303067E-02
»3349718E-02
.3048517E-02
.1993296E-01
+2263968E-02
.2922607E-02
+4359524E-82
.6008153E-02
. 7081723E-02
.1851168E-@3
. 7978150E-02
»2594043E-02
.4366420E-02
.1595964E-02
. 7572694E-03
.2658062E-02
.6833573E-02
.1312435E-01
.1710849E-02
.2154745E-02
.1935565E-01

+2381192E-02
.3859267/E-03
»2409173E-02
+2509585E-02
.6313470E-03
.3075605E-02
»3993887E-02
.1004028E-01
+233@965E-02
.3098735E-02
»3189989E-02
+3395595E-082
.4526410E-02
.1100227E-01
. 7919919E-02
.1983479E-02
+2629121E-02
.1697296E-01
.1211462E-03
«2755298E-02
+3313301E-02
.4589028E-02
+3292425E-02
.4029214E-02

. 1242680E-02
.4358983E-82
JA17321E-83
.8871100E-03
.1933161E-02
.5980602E-02
WA4212159E-82
A4B42659E-02
.6222217E-02
»3692499E-02
.2303710E-02
.6665588E-02
.5316169E-83
.1923341E-82
A4224256E-82
A4A60@B7E-02
.1527129E-02
.3101706E-02
»3921697E-03
. 792238B1E-02
.2538099E-02
.1812952E-02
.2608709E-03
.6751189E-02

«3027221E-02
.1899832E-01
+3615589E-02
.1737879E-02
.8253392E-03
.4825993E-02
+2312916E-02
«7725106E-02
.4561055E-083
.4198141E-02
+2547305E-02
.1577696E-02
.3688359E-02
.7628776E-02
.3186251E-02
.5548659E-02
.1489134E-02
.5577987E-02
.5203886E-03
+3506396E-02
. 7466407E-02
.8595781E-02
.2520803E-02
.4751968E-04

Figure (4.75): The ground motion file.

As shown in figure 4.76, the ground motion no.1 will be as below.
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Time History Function Name

Function File

Fie Name Browse...
|C:\Users\37335\Desktop \theses'ground
motion\PEERNGARecords_Unscaled

Header Lines to Skip 4

Prefix Chara. Per Linz to Skip 0

Number of Poirts per Line 5

Convertto User Defined View File

Function Graph

E-3
800 -
450 -
300 -
150 —
0.0
-15.0 =
-30.0 -
450 |
] 80 12.0

RSN891_LANDERS_SIL0O0D

Values are:

(O Time and Function Values

© Values at Equal Intervals of 002

Fomat Type
O Free Format

() Fixed Fomat
Characters per kem

Figure (4.76): The first-time history function.
Then press >ok.
As shown in figure 4.77. Go to View Response spectrum to see the

imported ground motion spectrum.

E Define Time History Functions X

Functions Choose Function Type to Add

[Ground Motion1 |
RampTH
Unf TH

From File v

Click to:

[ Add New Function...

Madify/Show Function...

Click to:

View Response Spectrum ... )

OK Cancel

Figure (4.77): Added ground motion number 1.
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Responss Speckum Pt Defined Time Hatores Specked Damping Ratica
Tane Hstory Scele Facter 0 Add
57 Ground Matort 1 1 = -
Logebd Demping Rabo  Color
4 Damping 0
——— Damping 0 0
g - | s 003 [
o Damping D 05 005 =
5 i Damping 0 07 0.07
® o 01 o3
e amping 0
g Delete
< o7e-
% | Fesponse Spectum Plot Options Plot Axes Optiors
i
& © Plot sectnm for selected history ot i o
3 O FPencd
s o
7 () Frequency
Harizortal fuew Scale
r | A © Unesr Seals
0.00 5 b : e ! 7 — () Logathmic Scale
000 G650 100 150 200 250 300 350 400 450 500
Perlod, sec Vertscal Ak Scale
Response Spectrum Widering Optons © Lnear Scale
- - ) Logarthmic Scale
Maw (0114815, 1.430684); Min- (10, 0.00163; © Oonat widen () Widen by

oK

Figure (4.78): Ground motion 1 details.
In figure 4.78, the colored line shows the different damping ratios for this
earthquake>ok.
Now, let's spectrally match it with defined target spectrum:
As shown in figure 4.79, choose function type to Add > Match to response

spectrum > Add new function

Functions Choose Function Type to Add
| Ground Motion 1 l Matched to Response Spectrum
RampTH
Unif TH
Click to:
[ Add New Function ... ]

Figure (4.79): Add new function of modified ground motion.
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Time History Function Mams Funcl

Method to Use for Spectral Matching

0 Spectral Matching in Frequency Doman () Spectral Matching in Time Doman

Chogse input Response Spectrum and Reference Time History

Target Response Specium Program Default o 0 Responae Spectrum Acceleration Lings

Reference Acceleration Time History Program Defauk 0 Time History Acceleration Uns

Target/Matched Response Spectrum Reference/Specirally Matched Acceleration Time History

Yl -

Figure (4.80): Modified ground motion details.
In figure 4.80, change the time history function name to “modified ground

motion
In target response spectrum select “Target Spectrum”
In reference acceleration time history select: “Ground motion” as shown in

figure 4.81.

Time History Function Name Modified Ground moton

Method to Use for Spectral Matching

© Speciral Matching in Frequency Domain () Spectral Matching in Time Domain

Choose Input Responss Spectum and Refersnce Tme Hetory

Target Response Spactrum Tamget Spectrum o Resporse Spectrum Acceleration Units g Unis
Reference Acceleration Time History Ground Motion 1 - Time: History Acceleration Linits g Unats
Target/Matched Response Spectrum Reference. Spectrally Malched Acceleration Time Histary

Figure (4.81): Modified ground motion details.

Press > match Time History.
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Time History Function Name Modified Ground motion

Methad to Lise for Spediral Matching

© Speciral Matching in Freguency Domain ) Speciral Matching in Time Domain

Choose Input Response Spectrum and Reference Time History

Tamget Response Spectrum Target Spectrum S i Fesporae Spectum Acceleration Lings g Units
Reference Acceleration Time History Ground Motion 1 o Time Histary Acceleration Unis g Units
Target/Matched Response Spectrum Reference/Spectrally Matched Acceleration Time History

y

b,

.

!

Figure (4.82): The modified ground motion function.
Figure 4.82 shows that the ground motion has been modified. The original
ground motion represents in blue spectrum is very low, while the modified
ground motion has the red spectrum now matching with the target

spectrum.

Similarly on the right-hand side is a comparison of blue and red time
histories, blue is very low compared with red line, which is modified

ground motion which is after spectral match.

Frequency Content of Reference Time Hastory Frequency Cortent of Matched Time History

1E+01 - 1E+0! -

1E-01 —

1E-02 -

183 o , ) i 3 8 5

Figure (4.83): The original and modified ground motions frequency content.

Figure 4.83 represent the frequency content, which means the Fourier

spectrum. The blue line graph is the Fourier spectrum of the original
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ground motion, while red line graph represents frequency content of
Fourier spectrum of modified ground motion.
click OK>

Functions Choose Function Type to Add

Ground Mation 1 Matched to Response Spectrum
RampTH
Unif TH Click to:

|. Add New Function..

Figure (4.84): Ground motion name after modification.
Now, the modified ground motion can be used in the time history analysis.
As it’s shown in figure 4.84, go to Define> load cases>Add new load case
> Time history load case> add as acceleration type> the function will be”

Modified Ground motion” defined above, as shown in figure 4.85 and 4.86.

General
Load Case Name [LCase1 I Design...
Load Case Type/Subtype Time History v | Linear Modal v Notes...
Exclude Objects in this Group Not Applicable
Mass Source | Previous (MsSrel)

Loads Applied

Load Type Load Name Function » Scale Factor 0
Load Pattem | Dead Default Uniform 1 Add
_Ac;:elef.ation fai
[] Advanced

Other Parameters

Modal Load Case Modal

v
Time History Motion Type Transient v
Number of Output Time Steps
Qutput Time Step Size [D sec
Modal Damping Constant at 005 ' Modify/Show...

Figure (4.85): Define of load case for time history analysis.
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General
Load Case Name lLCase‘I Desian...
Load Case Type/Subtype Time History | Linear Modal ~ Notes...
Exclude Objects in this Group Not Applicable
Mass Source brevious {MsSecl)
Loads Applied
Load Type Load Name Function Scale Factor i
Acceleration 7 . U1 Default Uniform 11 Add
otk L
UnifTH
RSN386 LANDERS P [] Advanced
Other Parameters
Modal Load Case Modal 3
Time History Motion Type Transient v
Number of Output Time Steps L1_QD
Qutput Time Step Size !0.1 ’ sec
Modal Damping -tong(am at 0.05 Modify/Show...

Figure (4.86): Load case details and inputs.

4.2.7 Time History Analysis of Buildings Using CSI ETABS

In this section application of dynamic time history analysis of project

building in ETABS program will be discussed by following these steps:

Importing past recorded ground motions Files to ETABS program.
Define Mass Source

Define P-Delta Options

Define Modal Case

Define Load Case for Time History Analysis

o 0k~ w0 Db P

Extracting the Result and responses after the Time history Analysis.

Demonstration dynamic time history analysis start by open the project on
ETABS, and directly introduce the options which will be used in the time
history analysis. The time history analysis solved the governing equation
of motion for multiple degree of freedom systems at each time instant; it's

a true rigorous dynamic analysis. Provide the acceleration Time history as
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an input and the software performs the dynamic analysis by solving the
complete governing equation of motion including the inertial term, the
damping term and the elastic restoring term. All the responses are
calculated as a function of time in this analysis and all displacement, shears,
moments will not be just a single number as a result of this analysis, it will
be a complete history of that response, for example, if earthquake of 40
seconds has been applied, all the responses will have a complete history of
40 seconds, the response is fluctuating with time during the actual
application of earthquake.

The first step after completing the geometry, it is important to make sure
that restraints at the bases joints of each column have already been applied,

boundary conditions must be applied before the analysis.

As shown in figure 4.87 and figure 4.88, go to base plan> select the

joint>Assign> joint> restraints>Apply.

Assign | Analyze Display Design Options Tools Help
Joint ’ “ ) Restraints... “1_1
‘\f Frame 4 ’;} Springs... [

b

(%

Clall . ¥ =

Figure (4.87): Application of restraints for the basis’s joints.

Restraints in Global Directions

Translation X [ Rotation about X

B8 Transiation Y (] Rotation about Y

Translation Z [T} Rotation about Z
Fast Restraints

1 -
L A & o
OK Close | Apply

Figure (4.88): Restrains details.
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Second is define the damping level, which have been done by either as
material level or load case level. In this research the damping is used as,
it’s the common practice.

As it can see in figure 4.89, material level damping can be performed by
going to Define>material properties> select concrete material>material
damping properties> enter the damping ration, mass, and stiffness

coefficients. As shown in figure 4.90.

General Data
Material Name |4c00Psi
Material Type | Cancrete <
Directional Symmetry Type |sotropic b
Matenal Display Color - - Cﬁange...
Material Notes Madify/Show Notes...

Matenal Weight and Mass

(® Specify Weight Density () Specify Mass Density
Weight per Unit Volume 150 lbft3
Mass per Unit Volume 4862 lb-s34t+

Mechanical Property Data

Modulus of Blasticty, E [3604595 5 Ib/in?
Foisson’s Ratio, L ﬁ
Coefficient of Thermal Expansion, A W 1/F
Shear Modulus, G 1502081.88 Ib/in®

Desian Property Data

Maodify/Show Materal Property Design Data. .,

Advanced Materal Property Data

MNonlinear Material Data. .. Materal Damping Properties. .

Time Dependent Properties. .,

Figure (4.89): Adding material damping properties.
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Material Name and Type
Matenal Name | 4000Psi

Material Type ;Conctete. Isotropic

Modal Damping
s Damping Ratio Make Other Damping Similar...

Note: Applies to Response Spectrum and Modal Time History load cases. Also applies to Direct
Integration Time History load cases where Modal Damping has been specified.

Viscous Proportional Damping

Mass Coefficient ':] 1/sec ' Make Other Damping Similar...
Stiffness Coefficient l:] sec

Note: Applies to Direct Integration Time History load cases

Figure (4.90): Material damping properties.
Third, import the ground motions acceleration history for the purpose of
time history analysis same as mentioned above.
As in figure 4.91, go to ETABS> define > functions >time history.

20.0.0 - fiber

Define | Draw  Select Assign  Analyze Display Design Options Tools H
) I’i Matenal Properties... &' | 3d p|2 €2 o 6»8
; E. Section Properties 3 [vm .
H; Spring Properties »
:ue Diaphragmes... — - -

tie : | -
> B e
la i ier Labels,

83 Spandrel Labels...

AWV

'3
'

O E Group Definitions... : -
Pl

Eﬂ Section Cuts..

Strain Gauges Properties b < | e

VALY

iz Functions bi | . Response Spectrum...

A Generalized Displacements... lle-r Time History... |
= Vi

Figure (4.91): Time history function adding.

In figure 4.92, from choose function type to Add > From File > Add New

Function
Functions Choosze Function Typsto Add
Sine
Unif TH
Click to:
Add New Function..
Modify/Show Function...

Figure (4.92): Time history function details.
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Time History Function Name Funcl
Function File Values are:
Fie Name Browse... (") Time and Function Values
0 Values at Equal Intervals of 0.02
e S 2
Header Lines to Skip Foert Tooe
Prefix Chara. Per Line to Skip 0 © Free Format
Number of Poirts per Line 8 () Fied Fomat
View File Characters per kem
Function Graph
T.00 -
8.00 -
500 —
400 -
3.00 -
1.00 -
0.00 o ] | | | [ I (! | | 1
oD 10 20 a0 40 50 80 T0 BD 80 @

Figure (4.93): Time history function inputs.
Change the Time history Function Name to “Ground motion 2, as shown
in figure 4.93. Press Browse and select the ground motion file that have
been downloaded before.
Headlines to skip = 4 (in this case because the acceleration values start at
row no. 5 as it shown in figure 4.94)
Prefix Chars. Per Line to skip = 0 (in this case because the acceleration
values start at column no. 1, there is no column in front of the data)
Number of points per line=5 (in this case because the acceleration values
are in 5 column)

Values at Equal intervals of = 0.02 ('in this case the time spacing is 0.02 s)
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RSN891_LANDERS_SILO0O RSNB891_LANDERS_SILO0O X +

File Edit  View

PEER NGA STRONG MOTION DATABASE RECORD
Landers, 6/28/1992, Silent Vvalley - Poppet Flat, @
ACCELERATION TIME SERIES IN UNITS OF G
NPTS= 2750, DT= .9208 SEC
.51978@1E-02 -.2062759E-02 -.2381192E-02 .1242680E-02 -.3027221E-02
.2425524E-02 .8282196E-02 -.3859267E-03 -.4358983E-02 -.1099832E-01
-.2909856E-02 .1145773E-01 .2409173E-02 -.7417321E-03 .3615589E-02
-.3167526E-02 .6303067E-02 .2509585E-02 .8871100E-03 -.1737879E-02
-.5366103E-02 .3349718E-02 .6313478E-03 .1033161E-02 -.8253392E-03
.5312065E-03 .3048517E-02 .3075605E-092 .5980602E-02 -.4825993E-02
-.1256019E-02 .1893296E-01 .3993887E-02 .4212159E-02 .2312916E-02
.A4231539E-02 .2263968E-02 -.1004028E-01 -.4042659E-02 .7725106E-02
-.3899830E-03 .2922607E-02 .2330965E-02 .6222217E-02 -.45610855E-03
-.6368987E-02 -.4359524E-02 -.3098735E-02 .3692499E-02 -.4198141E-02
.5867633E-03 .6008153E-02 .3189989E-02 .2303710E-02 -.2547305E-02
-.4581073E-02 .7081723E-02 -.3395595E-02 -.6665588E-02 -.1577696E-02
-.6805059E-02 -.1851168E-03 .A526410E-02 -.5316169E-03 -.3688359E-02
.9125043E-02 .7978150E-02 .1100227E-01 .1923341E-02 -.7628770E-02
-.5767089E-02 .2504043E-02 -.7919919E-02 -.4224256E-02 .3186251E-02
.7351122E-02 .4366420E-02 .1983479E-02 .4460087E-02 .5548659E-02
.A787975E-02 -.1595964E-02 .2629121E-02 -.1527129E-02 -.1489134E-02
.1294820E-01 -.7572694E-03 -.1697296E-01 -.3101706E-02 -.5577987E-02
.3250394E-02 .2658062E-02 -.1211462E-03 -.3921097E-03 -.5203886E-03
.8882278E-02 -.6833573E-02 -.2755208E-02 .7922381E-©2 -.3506396E-02
-.3156208E-02 .1312435E-01 .3313301E-02 .2538099E-02 .7466407E-02
-.6806103E-02 -.1710849E-02 .A589028E-02 .1812952E-02 -.8595781E-02
-.5694530E-02 .2154745E-092 .3292425E-92 -.2608709E-03 -.2520803E-02
.2219530E-02 -.1@35565E-01 -.4029214E-02 -.6751189E-02 .A751968E-04

Figure (4.94): Time spacing of earthquake data.

So, the ground motion No.2 will be as shown in figure 4.95 below.

Time History Function Name RSN8S1_LANDERS_SILOOO
Function File Values are:
File Name Browse... (0) Time and Function Values
C:\Users\97335\Desktop \theses \ground
motion\PEERNGARecords_Linscaled O Vaues at Equal Intervalsof  0.02
Header Lines to Skip 4 Fowl Ty
Prefix Chars. Per Line to Skip 0 © Free Fomat
Number of Points per Line s O Fixed Format
Convert to User Defined View File Characters per tem
Function Graph
E-3
80.0 -
450

0.0

"
(=}

o
(<1

i
(=]
[=]

b
wn
L~

b 1 1 ] | [} 1 I | I
0.0 8.0 120 18,0 240 300 380 420 430

on
-
©

Figure (4.95): The ground motion no.2

Then press >ok.
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Repeat the same procedure for all the data downloaded from PEER, in our

case it was 21 records. To simplify the step, same procedure to be done for

all of them, and their names will be as illustrated in table 4.1.

Table (4.13): Total ground motions

Ground motion 1

Ground motion 2

Ground motion 3

Ground motion 4

Ground motion 5

Ground motion 6

Ground motion 7

Ground motion 8

Ground motion 9

Ground motion 10

Ground motion 11

Ground motion 12

Ground motion 13

Ground motion 14

Ground motion 15

Ground motion 16

Ground motion 17

Ground motion 18

Ground motion 19

Ground motion 20

Ground motion 21

After adding all the ground motion recodes as shown in figure 4.96, and
plotted that's the way of importing the file formats. Different file formats
which are downloaded from different ground motion databases, it is
required open them first, understand the format of each record and then fill

the form so that ETABS can correctly import the data.

Functions Choose Function Type to Add
Ground Mation 1 From File
Ground motion 10
Ground motion 11
Ground mation 12 Click to:

Ground motion 13
Ground motion 14
Ground motion 15
Ground motion 16
Ground mation 17
Ground motion 18
Ground motion 19
Ground Motion 2
Ground motion 20
Ground mation 21
Ground motion 3
Ground motion 4
Ground motion 5
Ground motion 6
Ground motion 7

Add New Function..

Modify/Show Function...

Delete Function

Click to:

View Response Spectrum .

OK Cancel

Figure (4.96): Defended all ground motions.

As in figure 4.97, if view response spectrum is selected, and it has been
selected any of the ground motion entered before, the response spectrum

for different damping rations can be displaced.
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Functions Choose Function Type to Add

|Ground Motion 1 From File
Ground motion 10
Ground motion 11

Ground metion 12 Click to:

Ground motion 13

Ground motion 14 Add New Function..
Ground motion 15

Ground mation 16 Madify/Show Function...

Ground metion 17
Ground motion 18
Ground motion 19 Delete Function
Ground Maotion 2
Ground mation 20 _
Click to:

Ground motion 3 f

| Ground motion 4 View Response Spectrum ..
Ground maotion 5
Ground mation &
| Ground motion 7

0K Cancel

Figure (4.97): View response spectrum of ground motion.

Respcase Specinn Plot Defined Time Histoses VR iy ke
£3 Time Hstory Scale Factar g i
= Giround Motion 1 1 | Diampng Patic Color
Legend Ground Metian 2 1 |
i — Damping 9 Ground motion 3 1 0oz
. — Damping 0.02 (Grund matian 4 1 003
E ) —— Damping 0.03 Grownd motion 5 1 008
] ] Damping 0.05 Ground mobian & 1 007
§ l e 0 ' .
4] 4
f i ampig Ground moton § 1
i _ ; r
: | Ground motion 9 1 Delee
< 345
"
ﬁ Flemporis Secim Pt Oyicrs Plot Axes Options
217 =
b -
g © Pict specium far selected history RS
i | O Penod
O Pat sor selected b -
i envelope spactum for sel i () Frequency

() Plot median specinum for sslected histones el A i

M s N () Plctt mean spectrm for sslected histones © Lnea Scale
. o RN e - e ! -
= | i i i 1 i i [ () Logathmic Scals
D00 D50 100 150 200 250 300 350 400 450 500 12! Plok e phs times standar
Period, sec deviation spectrum for selected hstones Vertical Ay Scale
Resparse Spectrum Widening Optians 0 Lnea Scale
™ () Logarthmic Scale
Max: (0239883, 0629877 Min: (10, 0.002917) © Do not widen () Widen by

Figure (4.98): Response spectrum details of ground motion.

Now let's matched the recorded spectrum to our previously defined
spectrum (Target spectrum), makes sure that the ground motion used is the
modified to represent the hazard level at the site. Using spectral matching
described above in which it modifies the ground motion, amplifies it or de
amplifies some of the frequency contents, such that the response spectrum
of the imported ground motion start matching the target response spectrum

of the site.
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Now let's separately match it with defined target spectrum:
From figure 4.99, choose function type then Add > Match to response
spectrum > Add new function.

The same procedure should be repeated 21 times for each record.:

Functions Choose Function Type to Add

Modified GM 1 Matched to Response Spectrum
Modified GM 10

Modified GM 11

Modified GM 12 Click to:

Modified GM 13
Modified GM 14 Add New Function
Modfied GM 15

Modified GM 16
Modified GM 17
Modified GM 18
Modified GM 19 Delete Function
Modified GM 2

Modified GM 20 _

Modified GM 21 Click to:

Modified GM 3

Modified GM 4 View Response Spectrum .
Modified GM 5

Modified GM &

Modified GM 7

Modify/Show Function..

OK Cancel

Figure (4.99): Adding of all modified ground motions.

Change the time history function name to “Modified Ground motion from
lto21*
In target response spectrum select “Target Spectrum”
In reference acceleration time history select: “Ground motion”
Press > match time history.
click OK>
Now and only, the modified ground motions can be used in the time history
analysis.
Before going to load case definition, define of the three following options
are required, as shown in figure 4.100:
1. Mass source
2. P-Delta options
3. and Model cases.
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&7 MassSeurce..,

P& P-Delta Options...

‘}.f_[ Modal Cases,.. I
Lag”

o

Figure (4.100): Mass source, p-delta & modal cases.

1. Mass source

As in figure 4.101, go to Define> Mass Source >Add New Mass Source

Mass Sources

[Er

Click to:

Add New Mass Source..

Add Copy of Mass Source...

Modify/Show Mass Source...

Figure (4.101): Adding of new mass source.

Wass Source Name Mass Source

Wass Source
B Eiement Seif Mass
@ Addtional Mass
| ] Specified Load Patterns.

{_| Adjust Diaphragm Lateral Mass fo Move Mass Centroid by.

Mass Options
@ Include Lateral Mass

|| Include Vertical Mass

’ Lump Latersl Mass at Story Levels

Figure (4.102): Mass source details.

Change the name to “Mass source “and make sure to include element self-

mass as well as additional mass. As shown in figure 4.102

2. P-Delta options

Automation Method

None

© nNon-iterative - Based on Mass
terative - Based on Loads

Figure (4.103): Adding p-delta effect.

Another option must be checked before the load case of time history

analysis is the P-delta option. As it is shown in figure 4. 103.There are three

options available.
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e None, which means that no geometric nonlinearity should be
accounted in the analysis.

e A non-iterative formulation is based on mass.

e lterative is the most time consuming in which selection of the load
patterns should be included to account for P delta effects. Speed
delta should be always included the analysis, because some
structures subjected to very high gravity loads, their response may
be significantly influenced by P delta effects. To save analysis time
then go for non-iterative formulation which is based on simple self-
weight or mass. But if it is required to go for the rigorous option,
iterative based on loads must be selected, then it is required to select
different load cases. All the gravity loads should be included in this
load pattern. It either it is dead load or live load or superimposed
dead load or any other load which occur in the gravity load category
that should be added and then these loads will be used to calculate
P-delta.

Quated from reference No. 2, referring to p delta behavior> A. K. Chopra,
(1995): Dynamics of Structures-Theory and Applications to Earthquake
Engineering Book , Prentice Hall, New Jersey.

“The accuracy of the natural vibration frequency estimated using above
procedure depend entirely on the shape function that is assumed to
approximate the exact model shape. And principle any shape maybe

selected that satisfied displacement boundary condition at the support”

3. Model cases.
In the time history analysis, there are two solution methods. One is the
direct integration. It doesn't involve the use of the mode shapes or modal

properties. It is just simple step-by-step numerical integration, and it
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solves the coupled equation of motion directory, and it gives the
combined dynamic response of the structure.

But there is another option called the modal response history analysis.
It is also time history analysis, but it makes this solution method use the
mode shapes and other modal properties like time periods, natural

frequencies. Figure 4.104 shows the procedure of adding modal cases.

Modal Cases Click to;
Modal Case Name Medal Case Type Add New Case...
Madal Modal - Eigen Add Copy of Case...
qdod'rfy.fShow Caze...

Figure (4.104): Adding modal cases effect.

General

Modal Case Name Modal | Design...
Modal Casze SubType Eigen ~ MNotes...
Exclude Objects in this Group Mot Applicable

Mass Source MsSrc1

P-Delta/Monlinear Stifness

(®) Use Preset P-Delta Settings Noniterative based on mass Modify/Show...

Mate: Monlinear case option for P-Delta does not apply when Preset P-Delta is
noniterative based on mass.

Loads Applied
Advanced Load Data Does NOT Exist [] Advanced

Cther Parameters

Maximum Mumber of Modes I’\}h
Mirimum Mumber of Modes [1—i
Frequency Shift [Center) ﬁ cycfsec
Cutoff Frequency (Radius) |I}—! cyc/sec
Convergence Tolerance Wl

Allow Auto Frequency Shifting

Figure (4.105): Modal cases properties.
Next, as it is shown in figure 4.105, is defining the load cases, the software
treats the ground motion as a time history (i.e., a time variation). It will not
just apply a ground shaking by defining a time history function. A load
case for time history analysis made before, by applying acceleration with

variation of time, as it is defined before as “modified GM”. So, application
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of ground acceleration while defining the load case for time history must
be entered. That's how the ground acceleration is applied. Any other
function can also be assigned to an applied load also. For example, as it is

shown in figure 4.106 and figure 4.107.

Go to Define>load cases>add new case> Time history > Linear Model

PO.0.0 - fiber
Defire | Draw  Select  Assign  Analyze |

b b Material Properties..

e

wl @, Section Properties 3
(8} Spring Properties »
o Diaphrac "

e iaphragms

pet
4y Pier Labels..,
o EU ter Label

i3 Spandrel Labels..

Group Definitions...

Section Cuts

w’ Strain Gauges Properties v
°_|r', Functions »
% Generalized Displacements...

&"  Mass Source...

P&  P-Delta Options...

Ve Load Pattemns...

) Shetl Uniform Load Sefs...

11 Load Cases..

44 Load Combinations..

Figure (4.106): Define load cases.

I = e 1
[ Load Cases x
Load Cases Click to:
Load Case Name Load Case Type Add New Case...
Dead | Linear Static Add Copy of Case .
Lve | Linear Static ) Madify/Show Case
Modal Modal - Eigen =
| v Deleta Case
Block-Dead Linear Static L)
Star-Dead Linear Static Shew Load Case Tree
5
Stair-Live Linear Static ¥
Gravity -Nonlinear Noninear Siatic
Pushover-Mode2x Moniingar Static oK
Pushover-Mode1-Y Neniinear Static
! Cancel
E 1y i i = v %
T i 24 | i [ Ll

Figure (4.107): List of all load cases.
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General

Load Case Mame Monlinear Time history 1-1 Design...

Load Case Type/Subtype Time History ~  Nonlinear Modal (FNA) ~ Notes..

Mass Source Previous (Mass Source)

Analysis Model Default

Initial Conditions

(C) Zero Initial Conditions - Start from Unstressed State

© Continue from State at End of Nonlinear Case (Loads at End of Case ARE Included)

Nonlinear Case w

Loads Applied

Load Type Load Name Function Scale Factor o
Add
() Advanced
Other Parameters
Modal Load Case Modal ~
MNumber of Output Time Steps 2750
Output Time Step Size 1 seC
Modal Damping Constant at 0.05 Modify/Show...
Nonlinear Parameters Diefault Modify/Show...
oK Cancel

Figure (4.108): Time history details.

In figure 4.108, change the load case name to “Time History 1-1”
Because the code required to consider the 2 horizontal component of each
ground motion for x- direction and y — direction, each load case consist of
2 load (U1 stand for x direction and the U2 for y-direction).

Since the horizonal load may change its orientation, each load cases will
be defined as 1-1 and 1-2 (1 for the load case number, while 2 is stand for
the other orientation of load ) same will be performed to the second load
case 2 ( 2-1 and 2-2). Each of them is applied periductular side of the
building.

That means a total number of 20 no. of load cases must be defined.

In the Scale factor enter 9810, since the ground motion data have been
taken as g (gravity load), but our computer model unit for acceleration is
mm/s?, as it can be shown by pressing show unit form> acceleration unit,
refer to figure 4.111 and 4.112) to convert mm/s?to g, multiplication is
required for ground motion by 1000x9.81=9810.
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In the time history motion type select> Transient Number of output time
step=2750 (In the case of 1% ground motion, it will vary from one record
to another depend on the downloaded data, so take this information from
the original earthquake data downloaded before).

Same shall be applicable for output time step size=0.02

In the modal damping, specify it as 0.05 (5%), as it is shown in figure
4.113.

The input to be shown as figure 4.109 making the ground motion horizontal
components as X in U1 and y at U2 as Time history 1-1, then switch the

values making x in U2 and y at U1 as shown in figure 4.110.

Loads Applied
Load Type Load Name Function Scale Factor i
Acceleration U1 Madified GM 1 9810 Add
Acceleration uz Modffied GM 2 9810 Delete
() Advanced

Figure (4.109): Adding time history load case for x direction.

A .

General

Load Case Name Time history 1-2 Design

Figure (4.110): Adding time history load case for y direction.

bbal . U.S. Defaults
Metric S| Defaults
Metric MKS Defaults

\¢

Consistent Units...

Show Units Form...
B P - 7 0%

Figure (4.111): Show default units of the program.
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R
Length Force  Temperature Decimal  Minimum Signficant
i H_l__Lhe_|___ud Lr=lolih oo | Agures Ziir Tolexbicn’
Stiffness
| Transiational Gifiness om kN [ Khim 3 1 SE.06
| Rotational Stffness om kN [ khem/rad 4 1 SE07
TranaRot Coupled St kN N/rad 4 1 SE07
| Trans Stffresn/Length Com kN khmim 3 1 SE06
Rot Siffnesa/Length | kN Kh/rad 4 1 SEA7
| Trans Stffness/frez m kN kN/m/m2 3 1 SE06

2 1 |
3 1
3 1
3 1 |
4 1 |
™ 2 1 [
m 4 1 |
| Welgnt/Volume m ki3 : 1 [
Weight ‘Length2 m kN ikhm2 4 1 | sE07
H " ot e w W T ; i ww
| Lenghs m ms § 1 | seas
|. | Expand Form | o _l |_Edl'|c_!_

Modal Damping Type
© Constant Damping for all Modes

() Interpolated Damping by Period or Frequency
(C) Mass and Stiffness Proportional Damping by Coefficient

Censtant Modal Damping

Constant Damping for all Modes 0.05

Figure (4.113): Modal damping.

After defining all the load cases as shown in figure 4.114 below.
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10 TIME HISTORY 1-1
12 TIME HISTORY 1-2
12 TIME HISTORY 21
10 TIME HISTORY 22
4o TIME HISTORY 31
12 TIME HISTORY 32
40 TIME HISTORY 4-1
U TIME HISTORY 4-2
10 TIME HISTORY 5-1
12 TIME HISTORY 52
10 TIME HISTORY 6-1
10 TIME HISTORY 7-1
4o TIME HISTORY 7-2
12 TIME HISTORY 3-1
12 TIME HISTORY 82
ue TIME HISTORY §-1
12 TIME HISTORY 9-2
1¢ TIME HISTORY 10-1

(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
{Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)
(Linear Modal Histary)
(Linear Modal History)
(Linear Modal History)
(Linear Modal History)

¢ TIME HISTORY 10-2 (Linear Modal History)
1i¢ TIME HISTORY 6-2 (Linear Modal History)

Figure (4.114): List of all time history load cases defined.

Loads 4pphed

Scale F
5310
9310

Load Name Function
U2 ~ | Modiied GM 3
Ui IModified GM 4
U3
R1

R2
R3

Load Type
Acceleration
Acceleration

Cther Parameters

Modal Load Case Modal

Time Heatory Mation Type Transient
MHumber of Cutput Tme Steps .25.{}{.

Output Time Step Size 0.02

Medal Damping

Consiant at 0.05 Modify/

Figure (4.115): Acceleration load Ul & U2 represent X, y directions.

Note that only x and y directions for each load case have considered, but
there are also another forces that may can used in the analysis, for example
as its shown in the figure 4.115 above ( U3 — for z direction , R1 — rotation
at x direction , R2-y direction , R3- at z direction) but in our case since the
seismic load are applied on the structure as a horizontal forces only, taking
into the account in this report the Ul & U2 (X, y directions only).

After defining the load cases, the model can be run for analysis.

As shown in figure 4.116, go to Analyze>Set load case to Run>ok
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h | Analyze | Display Design Options Tools Heip

Check Model... l

Set Active Degrees of Freedom..,

Hi| <F

Set Load Cases To Run... |

&

Advanced SAPFire Options...

s

Advanced Desian and Response Recovery Ootions

Figure (4.116): Set load case to run.

This load cases are set already to run. by clicking run, as shown in figure
4.117, all those load cases which are listed in figure4.117 will be run one
by one. It’s also shown the model load case added before as default case.

Modal properties are calculated first then the other analysis is performed.

Analysis Mondor Options
) Always Show

Show Messapes after Run
() Only if Errors

Click to
Cass Type Status Action Run/Do Not Run Case
Dead Linear Static Fot Run Run ‘
Live Linear Static Fot Run Run
Modal Maodal - Eigen hot Run Run
9 . | Run/Do Not Run Al
Block-Dead Linear Static Not Run Run
B I Delete All Results
Stair-Dead Linear Sistic Kot Run Run
Stair-Live Linear Static ot Run Run
Graviey Siatic Not Run Run Show Load Case Tres...

o Never Show o If Errors or Warnings

() Show After SecoNds () Always Run Now
Diaphragm Centers of Rigidity Automatic Tabular Dutpul After Analysis is Complete

) Calculate Disphragm Centers of Rigidity Modify/Show Automatic Tabular Output Data... o il

No fies specified for avtomatic tabular output

Figure (4.117): Run the load case.
For more information regarding the structural dynamic behavior during
earthquakes, refer to reference
4.2.8 The Results of the NLTHA.
At the end, after running the analysis, some of the result shown as below:
e Deformation shape:
To see the effect of time history load cases in the building, as shown in

figure 4.118, go to Display>deform shape > Time History 1-1 (select any
load cases defined before) >
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Display | Design Options Tools Help

W [[1 Undeformed Shape F4 l_
l‘:_qq Load Assigns »
ih Deformed Shape... F6 |

FIS Force/Stress Diagrams »

Pa Display Performance Check...
Figure (4.118): Display result - Deformation shape

Then, several options are available to display the deformation, shown in
table 4.14.
Table (4.14): Display options for time

Time Specify certain time to display the displacement during
the earthquake.
For example: display the displacement of the building

at sec no. 13 during an earthquake that last for 55 sec.

Absolute Show the maximum displacement that occur in this
Max particular time history load cases.
Min Show the minimum displacement that occur in this

particular time history load cases.

Multi Step | Show the displacement in regular time interval, in this

case the start, end, and time increment must be

specified.

As shown in figure 4.119, many time options for display the result are
available. Multi step as it is shown in figure 4.120, absolute max as in

figure 4.121 and max at is shown in figure 4.122 below.
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Deformed shape

Load Case/Load Combination/Modal Case

© Case () Combo

4

Time history 1-1

Sealing
O Automatic

() User Defined

Cantour Options

BB r Covdiin nn Olbiecda

Figure (4.119): Time options.

l Deformed Shape

O Case

Tene hastory 1-1

Scaing
O Astomatic
7) User Defined

Contour Options

Contour Component

Show Cortours for

Contour Range

Options
8 Wre Shadow
8 Cubic Curve

Anmaton Controls.
Start Time
End Tme

Time Increment

oK

Load Case/Load Combination/Modal Case

@ Draw Contours on Objects

Mrvmum Value for Contour Range 28 mm
Maxamum Value for Contour Range

) 3-D View - Displacernents (Time history 1-1) Step 7/2750 [mm]

Absohute Max
Max

Min

Desplacement UZ

0 sec
S5 sec
1 sec
St o 4472 151 129 4

6 65

Figure (4.120): Display result - Deformation shape at t=0.14s.

145




19,
7 0%
/] \ &s",‘\

\\ 2

Load Case/Load Combination/Modal Case

O Combo

©O Case

v Abschute Max

Teme hustory 1-1

© Automatic

User Defined

Contour Options

8 Draw Contours on Objects

Cortour Component

Drsplacement UZ

Show Contours for

Cortour Range

Minimum Value for Contour Range

Maximum Value for Contour Range

8 Wire Shadow
8 Cubic Curve

Animation Controls

Start Time

55

End Time

Time increment

oK

- Deformation shape at absolute max.

Figure (4.121): Display result

1

3-0 View - Displacements (Time history 1-1) [mm)

f

Load Case/Load Combination/Modal Case

© Case

~ Max

Tene history 1-1

B Draw Contous on Objects

Contour Component

Duplacement UZ

Show Contours for

Contour Range

Mirvmum Value for Contour Range

Maximum Value for Contour Range

B Wirs Shadow
B Cubic Curve

Animaton Controls

sec

Start Time

sec

55

End Time

sec

Time Incrament

(oot )

Figure (4.122): Display result - Deformation shape at time
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0K
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To display the deformation at a particular element such as beam, columns
or shear wall, select that element and right click, a window will display
same as figure 4.123, the displacement in X, y & z direction will appear,

along with the rotation values.

Object ID
Tower and Stroy Label Unique Name
Story6 26 152

Point Displacement and Drift

X Y Z
Translation, mm 52.074 48021 0.734
Rotation, rad 0.000303 0.001128 0.003516
Diift 0.001921 0.000888

Figure (4.123): The deformation at a particular element.
Similarly, by repeating the same procedure for the all-load cases defined
before.
An animation of the deformed shape during the whole earthquake duration
can be displayed, for example at 1% earthquake at our case was 55 seconds
of this ground motion.
As it is shown in figure 4.124, go to file> create a video> Multi-step

Animation.

E ETABS Ultimate 20.0.0 - fiber

File | Edit View Define Draw Select Assign Analyze Display Design Op

L] New Modst.. Ctri+N U Plan View - Storyl - Z = 4.1 (m)
‘. Open.. Ctrl+ 0

© Close Shift+Ctrl<E

M see Ctrl+S

B sevens. Shift+ Ctrl+S

F9  Import »

%9 Export b

- ( [ [
Upload to €5l Cloud...
Create Video... ’ |’?’» Multi-step Animation... |
Print Graphics... Ctri=P 'E'“ Cyclic Animation...

Figure (4.124): Create multi step animation.

g (@) e

Select location to save the project> enter the data tabulated in table 4.15.
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Table (4.15): Multi step animation details.

Load case Time history 1-1
Start time 0
End Time 55s (in the case of time history of 1% load cases, it

depends on the TH data uploaded and its differ

from TH to another)

Frame per | 10

second

AN File Name:

¢ \users\ST 335 deskiopithesesresufivideo -

Load Cass Data
Load Caze Time histary 1-°
Start Time
End Time 55 _ seC

Time Increment 0.1

D=splay Options

B Cubic Curve B ~bsoute Displacements
Magnification Factor 1]
Avi Options
Frames per Second 10
Frame Size {pixels) 61 by T4

Figure (4.125): Multi step animation properties.

Then>ok> as it is shown in figure 4.125 and wait till its proceed as in figure
4,126 and saved.
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Figure (4.126): Multi step animation under processes.
The structure as it’s shown in the video in figure 4.127, vibrated or Shaked
in 2 direction X and Y. since it have already considered the two horizontal
component of each earthquake U1l and U2. This is the deformation of the
structure for the whole duration of earthquake 55 seconds for Time History

load case No. 1.

e i ot £ 41 Papaete Buimes ol &) Far VA o] B a=—]

Figure (4.127): Video created for the run time history analysis.
It is possible also to see the effect of the applied earthquake on the forces
and moment on members as (local level) or as a whole structure (global
level) and create an animation for any response. For example, the shear in
beams, bending moment in column. Video file in that response will be
converted into a video for the whole duration of ground motion.

Let us make, for example, Force on the reactions (Support).
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As it is shown in figure 4.128,

>Support/Spring Reactions

go to display> force/Stress Diagrams

Display | Design

f’é Load Assigns

Options

71 Deformed Shape..

Tools Help

ﬂ. [1 Undeformed Shape F4

Fé

[

Force/5Stress Diagrams

v
Pa Display Performance Check...

Derdnrmance

rhael | lesme Batin Dismes

tep 5/6 [mm]

4 HQ.. Support/Spring Reactions... F7 |]

] - X

3-D View

Soil Pressure..

Figure (4.128): Time history result — Support reactions.

Then, select the time history load case want to be studied, let us say 1-1, as

shown in figure 4.129, select the type of rection want to be displayed,

which is Fz in this case (The vertical force applied to the building Supports)

Load Case/load Combination/Modal Case

O Cae () Comba

Time history 1-1 Time
Plot Type

O Arows

() Tabulated

Display Results for Theee Components

() fx 0 Mx
O & ) My
B ] Mz

) Mode
0.00

i

Figure (4.129): Time history result — vertical support reactions.

Load Case/Load Combination/Modal Case
O Case ) Combo

Time hestoey 1.1 Tme

Piot Type
© Arows

) Tabulated

Display Results for These Components

=)
=1
“

) Fx ) Mx y
O# al K
Br Mz E
Figure (4.130): Vertical support reaction at time = 0.02s.
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O Mx
Owy
O Mz

Load Case/Load Combmnation/Modal Case
Display Results for These Components

O Case
Time history 1-1
Plot Type

© Amows

O Tabulated
O&

Of

85

OK

27:30s.

support reaction at time

Figure (4.131): Vertical

Load Case/Load Combination/Modal Case
(O Combo
v | Tene

O Case
Time history 1-1

Display Resuks for These Components

Plot Type
© Amows
O Tabulated

O mx

("

O My

OF

O M

an

OK

1.00s.

support reaction at time

Figure (4.132): Vertical

Vv Absolute Max w

Load Case/Load Combination/Modal Case
O Combo

O Case

O Mx
0O my
O M

Display Results for These Components

Time hestory 1-1
Plot Type

© Amows

O Tabulated

OF

O&

ar

OK

Figure (4.133): Vertical support reaction at absolute max time.
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Amount of shear force can be displayed in different time internals, as it is
shown in figure 4.131As it’s shown in figure 4.130 at t=0. 02s, figure 4.131
at t=27.30s, figure 4.132 at t=1s and figure 4.133 at t=maximum time.

Vertical forces on the support have changed as shown in table 4.16 as

follows:

Table (4.16): Vertical support reaction at different time intervals.
t=0.02 s Fv=0.15 kN

t=1s Fv=26.33 kKN
t=27.30s middle duration of earthquake | F,= 56.92 kN

T= maximum value of shear calculated | F,= 280.49 kN

Values if Fy at each time interval can be checked by check next to go to
the next value of F,. Similarly, A video of the changes of F, vales can be
created, by going to file> create a video> Multi-step Animation.

Same animation for any response or result can be displaced, for example
shear in beams.

Go to display> force/Stress Diagrams >Support/Spring Reactions. As
shown in figure 4.134 and 4.135.

Display = Design Options Tools Help

M [l Undeformed Shape F4 W-l = ——]
f,_qq Load Assigns >
?‘P Deformed Shape.. 6
|f_!§ Force/5Stress Diagrams » | Q‘_ Support/Spring Reactions.. -
F'a Display Performance Check... ol Bressure

lay Performance Check Usage Ratio Diagram = : = :.
;:t_’f_ Frame/Pier/Spandrel/Link Forces.. F8 [

Energy/Virtual Work Diagram.. Ll
b : Shell Stresses/Forces.., e
L

Covmmislatneg Emaren: Camnnnante

r

Figure (4.134): Time history analysis result — Forces/moments.

As shown in figure 4.135, at time =0.34s, this well be the shear forces at

beams.
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Load Case/Load Combination/Modal Case

O Case _) Combo (O Mode

ar

Time history 1-1 Tme 0.34

Component

Axial Force ) Torsion () Inplane Shear
© Shear 22 ) Moment 22 ) Inplane Moment
) Shear 33 Moment 3-3
Scaling
© Automatic

User Defined

Display Options
@ Fill Diagram

B Show Values at Controlling Stations on Diagram

Include
B Frames L) Pers (L) Spandrels

| Unks

0K Close | Apply

Figure (4.135): Time history analysis result — Shear forces variations for time
history analysis 1-1 at t=0.34s.

A video of the changes of shear moment on the bean can be created by
going to file> create a video> Multi-step Animation. As shown in figure
4.136.

shear at beam

Figure (4.136): Animation of time history analysis result — Shear forces
variations for time history analysis 1-1.

Shear force and bending moments of individual elements can be displayed
at any specific time during the earthquake period, as it’s shown in the figure
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4,137 and figure 4.138 below. By right click the member need to be
studied.

For beam:
A Diagram for Beam 819 at Story Story4 (B6(300x600)) f
F.
Load Case/Load Combination End Offset Location
© Load Case (O Load Combination O Modal Case LEnd | 0.3000 m |
Time history 1-1 v || Time v 034 s JEnd [27125 i %
Length 50125 . m H
Component Display Location ;‘
Major (V2 and M3) v © Show Max () Scroll for Values !
Equivalent Loads |
0.9200 0.0410 0.0182 o.g1eg  0.000 kN/m
Vd 1 | N at27125m
0.7827 0.0013 0.0037 0.7608
Shear V2
0.7827 kN g
I ‘ | ] ] l ‘ at 1.0042m
5
Moment M3
0.9200 kN-m
M 2t 0.3000 m
la
4
i
Deflection (Down +) E
| End Jt 27 End Jt 1g 0003 mm :
at2.3604 m
() Absolute () Relative to Frame Minimum © Relative to Beam Ends (O Relative to Story Minimum
Done ic‘

Figure (4.137): Time history analysis result of beam 19 — Forces, moment,
deflection variations for time history analysis 1-1

And column
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E : ac = imn C7 at Storv Storvs (C1ARIONS0C i
Load Case/Load Combination End Offset Location
O Load Case O Load Combination () Modal Case HEnd  |0.0000 m
Time history 1-1 v | Time v i12.00 = J-End | 27000 m ;
Length | 3.3000 m i
Component Display Location :
Major (V2 and M3) ~ © sShow Max () Scroll for Values :

Equivalent Loads

i
I
5.8081 Bosgy | 0-000iN/m
e at2.7000 m !
|
4 J |
39484 2.9484 |
|
Shear V2 |
|
-3.9464 kN |
at2.7000 m i
f
Moment M2
-5.6061 kN-m
at 0.0000 m ]
— i

Done |

Figure (4.138): Time history analysis result of column7 at story 6 — Forces,
moment, deflection variations for time history analysis 1-1

Similarly, same can be applied for moment at columns and beams as figure
4.1309.
Moment diagram M33 at 0.34secods of the earthquake
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Load Case/Load Combination/Modal Case o
© Case ~) Combo O Mode

Time histoey 1-1 Tme 032 =3

Component
Axial Force Torsion Inplane Shear

_) Shear 2-2 _) Moment 2-2 Inplane Moment

) Shear 33 © Moment 33
Scaling

O Automatic

_) User Defined

Display Options

@ Fil Diagram

B Show Values at Controling Stations on Diagram
Include

8 Frames Piers _] Spandrels

() Links

0K Close | Apply

X

Figure (4.139): Time history analysis result of structure — Moment 3-3 at t=0.34s.

And then creating video records of the changes of moments with time, as
shown in figure 4.140.
In the 3D view as well as in the elevation in figure 4.140.

Figure (4.140): Animation of time history analysis result — Moments 33
variations for time history analysis 1-1.
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Figure (4.141): Elevation view of time history analysis result — Moment 33
variations for time history analysis 1-1.

Now let us see the result of shear wall:
After selecting the shear wall and make them visible only.

Go to Display>Force/stress Diagrams>shall stresses/forces. As shown in
figure 4.142.

ze | Display | Design Options  Tools  Help
vt [1 Undeformed Shape P4 Step 15002750 (K-~ | v X | [T 3-DView Momenti-3Disgram (Tenehiotory 1-1) Step.]
f,_% Load Assgns »
Deformed Shape... 6
[;ﬂi_ ForcesSiress Diagrams » | 8.  Support/Spring Reactions. ¥
68 p’Q Display Performance Check... oil Prevsure.
"
! ; tt  FramePies/SpandrelLink Forces.,  F8
28 2 wal Work Diagram. T —— °
53 % Cumulative Energy Components... : wam e
AL story Response prots =
S9QAE  combined story Response Plots. ey
B
BAPAS  Response Spectrum Curves.. L “J r
£ " Fi2
114 , hasers
<JE
e s 9
W e 17505
. =5
s H > AMNTs
BRI = i > |
.- = 5 | -
7 0 11 8734 | ;
@ | aa
\2 | a

Figure (4.142): Display wall force/stress for shear walls.
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Select the time history load case (here is 1-1) and select the type of force

(here F11 is selected witch mean in plane force). Refer to figure 4.143.

Moment 3-3 Diagram__ (Time histore 1-1) Steo 150002750 M- | = % | | 3D ¥eww  Fesultant F11 Diagram. {Time histary 1-1) Step 17/2750 [khl/m] | - X
Load Case./Load Combinaticn/Madal Case
© Case Combo Mode
T
" 3 M1 i = =
F22 M M2 At
Fiz ™ T M1 —t—
ntour Appees
“orkour Opt Disepk s -
Shew Lines
B Showil Transparancy
Show Vauzs
Contour Values
Min/Mas Range o D kNdm
Cortour Averagng at Nodea By Selected Groups FTups
Ssbng
p
X
oK Case Apply ol
X0 Y14 Z1356m ¢ | 3 | Una,

Figure (4.143): Shear force of time history analysis 1-1 at t=0.34s for shear walls.

And then motion video of the same can be created, as shown in figure

shear wall f11 x 4 w(p 7 rm

4.144.

Figure (4.144): Animation of time history analysis result — Shear forces
variations for time history analysis 1-1.
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Other response is the story response plots which is an important option. As

it is shown in figure 4.145. Here it is shown the story level responses, the

global responses.

Display>Story Response Plots

< 1813388 288
= “"'1 S  7I8 4 & & A 0%
\ J Ml ERAE
AR
ﬂql A 3 T
\ v v
"r—':“;—vn;——r';mﬁ

B
[
B

) S 15002756 (4 * X [ 3D Vew Rewlant F11 Owgram  (Tume hatory 1-1) Step 1272750 (kh/m)

14

¥ (2

) 4
7 RS —T T

T,

: )

I o0 oo o s 50 « SN

Figure (4.145): Display story response plot.

In the story response, many options are available to display the result which

are represented in figure 4.146.

v  Show
R o story displ -
S —— Diaph CMdispl
Lo et Diaph drifts

v Depleyror T
Tem Cher Max story drifts d
Bott .- ,K . Story shears 7
;)may' COblS Overturning moments
Global X Story stiffness
SR — e

Figure (4.146): Display types for story response plot.

There can be an option for maximum story displacement diaphragm, center

of mass displacement, diaphragm, drifts, maximum story drifts, story

shears, overturning moment, and story stiffness. All these are considered

as a global response. But now it can be seen as time history case. As shown
in figure 4.147.

159



gn  Ansiae  Doplay  Desgn  Opbens  looir  Hep 72
| Elevation View - G1 @ XsOm _Momemt31Dagn.. |  SoryRespemse | v X | [ 3D View. Resant£11 Oagram  (Time Retory ). 1. Step 12/2730 INim) | = x |
=l Y- ™ /%%
v Mame E | Maximum Story Displacement
Nare St | T~
v Show | < 2
Daplay Troe Maxowryded | = ——
Case/Cortx Teod “ H >
v Duplay For |
Story Range M Swores |
© Daplay Colors
(ot ¥ |
ot ¥ B ae
v legend
egerd Type None
|
= '
< p ]
A AN &
2
& A 4
2
A A
Beed X
900 912 04 92X O W 072 M 0% ' 1D o
Rame | Displacement, mm |
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| — L TR
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Figure (4.147): Maximum story displacements.
If, for example the story shear needs to be studied, select the time history
load case, and specie a particular time step at which it is needs to see the
story share profile, due to change of base shear at every time interval. As
shown in figures 4.148 and figure 4.149 below, the story shear response at
t=5s and 10s, in X direction represented in blue color and Y direction in

red color.

A - 0 - /(G
“ Mame Srory Shears
tiame o e
~ Show
Desplay Ty Story shears
Case Comba Trme hastory 1-1
st Type e
Tirme (gec) §
- Dusley For Saons
Story Range Al Stores
= Dusplay Cobors
okl X | EX Lyl
Sl ¥ B e
¥ Legend
Legend e Hore
Eaoyd -
Stouy -
St -
Sty | -
Bage 8 T T T T + T T T .
250 200 150 w0 S0 n = 1w s 200 23S0
Time [se<) Force, kN
The time for wiich resits are daplaye.
Max G241 SIH0Y, Base], Wi (260 CHAIRS, Baan

Figure (4.148): Story shear for time history analysis 1-1 at time=>5s.

160



= —
Hame SteryRaspL 3
~ Shaw
Daplay Type Story shears
Case{Combo Time history 11
Chtout Type T
Time (30 ]
= Display For Siary® 4
Story Range. Al Stories
~ Displary Calors
Ghtidl & N e ook
el ¥ B ree
~ Legend
Legend Type hare
Storys -
Slory3 =
Story2 —
Slory? T
Base 4 T T ety T T T ™ 1
9 B 160 249 X0 400 480 S60 G640 T20 80O
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Max. (571 0656453, Baser. Min' (0. Dase)

Figure (4.149): Story shear for time history analysis 1-1 at time=10s.

Similarly, the same for all other story response can be applied.

Another very useful animation which software automatically creates is for
global responses is combines story response plots. As shown in figure
4.150 below.

Go to Display>Combined Story Response plots.

Display | Design Options Teols  Help R
ES [1  Undeformed Shape E e X | [ 3Dview | - x|

£ Load Assigns ’ Ga

F1  Deformed Shape. b

FIS  Force/Stress Diagrams »
Pq  Dupley Pedormance Check

#y Performance Check Usage Ratio Diagram

Energy/Virtual Work Diagram.
N
Cumulative Energy Components. i
Story Response Plots.. =
| Combined Story Resporse Plots... |r‘ 1
P,

Response Spectrum Cunves_

Plot Functions...

R A =x= W

uick Mysteresis
Static Pushover Curve.
Hinge Results..

Save Named Display.

@ ™S

Figure (4.150): Display combined story response plots.
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------

Figure (4.151): Combined story response plots for time history analysis 1-1.

It will display like it is shown in figure 4.151, this kind of an animation.
Where at the bottom will show the earthquake, the original input function,
and at the story responses, which is the story displacement, story drift,
storage shear and story moment fluctuating. The blue line is the figures
represent values of the global responses, and the red and green lines
represent the maximum values which are achieved during the whole
earthquake duration, which is 55 seconds in this case. It can be noticed that
all the responses start from zero and as the earthquake start going close to
the peak values, that when there is a peak shear, there may not be peak in
story moment. The time corresponding to peak story moment can be
different than peak shear and their algebraic science can also be seen
because the actual values are fluctuating between positive and negative.
Sometimes one response is in positive direction, the other response is in
negative direction. Other options are available in this animation can be
used to serve the field of research depend on the performance objective,
such as change its speed, Select other load cases etc.

The response spectrum curve can be obtained. it extracts the acceleration

response, acceleration at a particular joint or node and then creates the

162



response spectrum for that acceleration. the response can be seen of a
particular acceleration signal or acceleration values, at a particular joint or
at a particular node, as a result of the earthquake. plot can be drawn
between peak spectral acceleration or any other response spectrum quantity
and other damping ratio. This is very useful output, sometimes used in the
seismic loss estimation.

As it is shown in figure 4.152, go to display>Response spectrum curves,

and it will draw same as shown in figure 4.153

o 50T MERTTY. |

Figure (4.152): Display response spectrum curves.
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Figure (4.153): Response spectrum curves of story 6 for joint label 1.
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There are many options for plotting functions. Plot any result as a function
of time for any other quantity. A graphical variation of a particular response
as a function of time can be seen and studied in detail. For example, the
roof drift value, roof displacement value or base shear value as a function
of time, it can be plotted it directly, as shown in figure 4.154. Although it
can also extract the values and plot it manually using other programs, but
it can be plotted it directly in ETABS.

Go to display>response spectrum curves

Display | Design Options Tools Help
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1’3 Load Assigns »
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v o
PQ Display Performance Check...

ay Performance Check Usage Ratio Diagram..
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0

Plot Functions... F12 |I
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Figure (4.154): Display plot functions.
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Figure (4.155): Plot functions- Base shear as a function of time.
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Let us consider for example, the base shear value in y direction, is plotted

as a function of time in x direction, under Time History load case 1-1, as it

iIs shown in figure 4.155. It can be plotted any vertical or horizontal

function.

Go to horizontal Function > press the function icon shown in the left-hand

side.

o

I [ |

LLLLLL

Figure (4.156): Add a horizontal Function.

Here any function needs to be studied, can be plotted a function between

each other, as shown in figure 4.156.

Nonlinear Energy by Group
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nput Load

Line Color
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nse Soectrum [ Time Histors Plot
E Piot Functions

[ ETRE [ 22

Joint Displacement

[ Tim|

e FX
ke Force

B shaar X
d

el (Regular)

Figure (4.157): Options to add any horizontal parameter as a function of time.

For example, Joint displacement, select the same icon shown in figure

4.157, then select the story Number= story6. Select the joint number that

needs to be examen or analysis:1. Select direction: Ux mean at x direction.

As shown in figure 4.158.
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Figure (4.158): Details options for horizontal parameter.

Then add it to the selected function and remove the Base F, as shown in

figure 4.159.
LI T T
E Set Vertical Plot Functions
.
Available Functions Selected Functions
'Base FX PF2
[ ok || Cencel |

Figure (4.159): Adding and removing of horizontal axis parameter.

Now the joint displacement of joint No.1 at 6 story level is plotted as a

function of time.
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Finally, numerical values of all the responses can be tabulated in one table
or one report, as it is shown in figure 4.160.

Top show table, got to display>Show table

T Show Tables.. Cirls T

Figure (4.160): Display the result as a tabulated form.

|41 Choose Tables X
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=-[JAnalysis
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+{]Load Cases
= JResutts
4[] Displacements
+-[_]Reactions
+-[_]Modal Results
[:\} [ Structure Resuits
+-[_]Frame Results
+-[_] Shell Results
+1-[_] Energy/Virtual Work
+-[_ ] Design

Figure (4.161): Selection of result to be shown as a table.
As it is shown in figure 4.161, three options can be displayed. First is the
modal which will show the basic inputs, the information and definitions
about the model itself. Second is the analysis option that will display all
the analysis results of load cases that have been defined (load patterns, time
history functions, the results displacements, reactions, model results,
structure results mean the global level results, story level results, Frame

results, shell results etc.). Finally, the third option is design, the tabular
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form of the data will be available, data for different load cases for different

directions can be sorted out and finally copied to Excel and plotted.

o 5 e

Model Display Tables Reports
= Reports

- Summary Report

" Project Report

Figure (4.162): Download the summary and project reports option.

As Shown in figure 4.162, the design reports are as follows:
1. Summary Report — shown in figure 4.163

Figure (4.163): Summary report.
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2. Project report - Shown to figure 4.163.

ETABS

Project Report

Figure (4.164): Project report.

Project report has presented in detail in appendix (2).

As a summary of Nonlinear Time History Analysis results, the first
elements that has been collapsed or failed was the beam at ground floor,
as it is shown in the figure (4.165) below, at step no. 4 , since we have
defined the step that its represent 10sec, that mean after 40 seconds of

earthquake the beam failure has happened, as it is shown in figure (4.166)
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Figure (4.165): beam failure - NLTHA.
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Figure (4.166): Display the result of Nonlinear Time History Analysis as
Deformed Shape.

The applied load at 40s of earthquake in the failed beam was 1.7426kN, as
shown in figure 4.167, the maximum shear force was -8.5kN, and
maximum moment was -5. 4655kN.m, as shown in figures 4.168 and 4.168
respectively.
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Figure (4.167): Applied axial force on failed beam.

GG 8
PHIC L

Figure (4.168): Shear force diagram of failed beam.

4'
|

Figure (4.169): Bending moment diagram of failed beam.

A redesign of this particular beam needs to be redesigned to withstand these
loads and moments.
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Chapter Five
Conclusion and Recommendations

5.1 CONCLUSION AND RECOMMENDATIONS

At the conclusion of this research, one can see that it is possible to predict,
or rather anticipate and monitor, the movement, and dynamics of the
building at any specific time during the earthquake. This means that the
loads or moment applied to any element in the building can be studied and
thus designed so that it can resist falling or failing for a certain period. Or
to a certain degree of collapse or even by a percentage determined by the
owner or the decision maker. Then linking it to any other factors such as
the repair cost of the building after the earthquake, the financial losses
resulting from its occurrence, and so on.

By comparing the results obtained from the two analyses, it became
apparent that the causes of the collapse differed, as the cause of the collapse
in the Push-Over analysis was due to a column at first floor, while in the
Time History analysis it was due to the beam at ground floor. However,
through the analysis, we find that both results are logical and close, as both
results are located in almost the same area, meaning that the elements at
that area must be strengthened or redesigned. The results differ between
the two analyses happed because in the Push-Over analysis, the building is
subjected to gradual forces until the building collapses, without taking into
account the effect of changing forces intensity as in the Time History
analysis.

Given that it is not possible to predict the occurrence of earthquakes with
100 percent accuracy, and it is not possible to apply a real horizontal
movement to test the result on the building. in terms of applying the same

earthquake force to study it, but observing and studying previous records
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of earthquakes, their characteristics, their aftermath, and their effects, made
ones understand more the nature of earthquakes and the buildings’
response to them, including, for example, what was applied in this research,
the safety of site on which the building will be built must be studied first
in terms of the safety of the soil and its distance from the limit of the
tectonic plate, and then recordings of more than seven (7) earthquake
records that correspond to the characteristics of the site to be stabilized are
taken, and the movement of the ground is adjusted to match the expected
movement of the site’s land. All of them helped bring the accuracy of

analysis and design closer to reality.

Based on this study, we recommend the following:

Establish a special building code regarding the design of buildings during
earthquakes, and not just rely on guidelines and instructions, so that it
become mandatory to apply, especially on countries that are frequently
exposed to catastrophic earthquakes, and those near the boundaries of

tectonic plates.

We also recommend developing the current building codes, considering
non-linear analysis, by applying a safety ratio that is calculated in a specific
way depending on the degree of danger of the expected earthquakes, or the

calculation of check is increased to cover the safety during earthquake.
Therefore, it certainly helps the structural engineer to design the building

in a way that preserves the safety of lives first and foremost, and then the
public and private property.
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Appendix (1)
1. Structural design calculations details.
1.1 Basic data

Unit weight of materials
Unit weight of Brick wall = 18 KN/m3
Unit weight of concrete =25 kN/m3

1.2 Load summary.

The following loads have been used to design the sub-structure.
e Dead Loads (DL)
e LiveLoads (LL)
e Super Imposed Dead Load (SIDL)

1.2.1 Dead loads

The dead load compromises of self-weight of the structure and loading due to finishes and
floorings etc, which are permanent in nature. The self-weight of the slabs, beams and
columnsare calculated automatically as per assigned properties in ETABS design program,
while the superimposed dead load of partitions, ceiling, and floor finishes are applied as floor
loads (Area load) to the respective floor slab as SIDL load case. The facade and other solid
wall loads are applied as member loads to the respective members.

The following factors will be used for D.L. (y)

Y(Concrete) = 1.5
Y (Steel) = 1.05

Were,

Y (Concrete) is the strength reduction factor for shear in structures that rely on special moment

resisting frames or special reinforced concrete structural walls to resist earthquake effects.
Gamma (Steel) is the strength reduction factor for shear and torsion.

The following parameters are considered:
Density of Reinforced Concrete =25 kN/m?3

Self-weight of slabs/beams as per actual sizing shall be considered.
Slab Dead Load: As per thickness = 25 x D (D = Thickness of slab in meter)
E.g. for 200mm thick slab, Self-weight=5.0kN/m?



Slab Dead Load
a) Solid Slab 3 -140mm Thick
Self-weight of Solid Slab = 0.14x25= 3.5 kN/m?

b) Solid Slab 2-160mm Thick
Self-weight of Solid Slab = 0.16x25= 4 kN/m?
¢) Solid Slab 3-200mm Thick
Self-weight of Solid Slab = 0.20x25= 5 kN/m?

1.2.2 Live load (LL)

British code BS 6399: Part 1 is used for live load calculations and the live load considered

are as
2 kN/m2

1.2.3 Super imposed dead load (SIDL)

The superimposed dead load of partitions, ceiling, and floor finishes are applied as floor
loads.
(Area load) to the respective floor slab.

Slab Super Imposed Load (SIDL)

With considering walls = 6 kN/m?
Without walls= 2 kN/m?

In ETABS, since we are assigning slab as normal concrete two-way slab of 140, 160mm &
200mm thick, the total dead load will be different from the above value. The factored loading
wouldn't show any difference in values because the factor of safety for both dead and SIDL case
is 1.4. Slab load calculation as per ETABS is given below.



Wall load

Total dead load = 0.14 x 25 = 3.5 KN/m2
=2 kN/m2 Total Load

Wall density is taken as 18 kN/m?®

Live load

= 3.5kN/m2

For 200mm thick walls, wall load is calculated
as follows.
Wall height = Floor height- Beam Depth= 3.3-0.6=2.7m
Total wall load in kN/m =18 X 0.2 X 2.7 =9.72 KN/m approximately 10

KN/m
Similarly,
Table (3.3): Block wall load calculations
Block wall wall Wall | Roundoff to
load thickness height load integer
(KN/m?) (m) (m) (KN/m) Number
Internal
Wall 18 0.2 2.7 9.72 10
external
Wall 18 0.3 2.7 14.58 15
Roof 18 0.3 0.5 27 3
Parapet
i. Stair load:

For staircase,
Dead Load

Live load
(SIDL)
Total load

Stair load is given on the supporting beams as uniformly distributed load. Span
between support is 4.250m.
UDL on supporting beam =9 x 4.250 /2 = 19.125 kN/m

1.3 Basic load cases

=5 kN/m? (for 200mm thick stair)
= 2 kN/m? Floor finish

=2 kN/m?
=9 kN/m?

Dead Load (DEAD)




Live Load (LIVE)
Superimposed Dead load (SIDL)

1.4 Load combinations

SERVICEABILITY LIMIT STATE LOAD COMBINATIONS
1.0 (DL +Wall + Stair) + LOLIVE - (UNFACT)

ULTIMATE LIMIT STATE LOAD COMBINATIONS

1.4 (DL+ Wall + Stair) - (DCON1)
1.4 (DL+ Wall + Stair) +1.6LIVE - (DCON2)
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Structure Data 10/16/2023

1 Structure Data

This chapter provides model geometry information, including items such as story levels, point coordinates, and
element connectivity.

1.1 Story Data
Table 1.1 - Story Definitions

Height Master Similar Splice

Tower Name m Story To Story Color
T Story6 3.3 No None No Cyan
T Story5 3.3 No None No Cyan
T Story4 3.3 No None No Cyan
T Story3 3 No None No Red
T Story2 3.3 No None No Magenta
T Story1 4.1 Yes None No Yellow

ETABS v20.0.0 Page 2 of 52



Loads

2 Loads
This chapter provides loading information as applied to the model.
2.1 Load Patterns

Table 2.1 - Load Pattern Definitions

Is Auto Self
Name Type Weight
Load A
Multiplier

~LLRF Yes Other 0
Block-Dead No Super Dead 0
Dead No Dead 1
Live No Live 0
Stair-Dead No Super Dead 0
Stair-Live No Live 0

2.2 Functions
2.2.1 Response Spectrum Functions

Table 2.2 - Functions - Response Spectrum - ASCE7-10

Name |7°M9d| yajye [SSANST) oo | g | TL | SHe | 0 | v | sDs | spi
sec From sec Class

Target 0  0.106667 User Defined| 0.5 03 8 A 0.8 0.8 0.266667 0.16
Spectrum

Target 012  0.266667

Spectrum

Target 06 0.266667

Spectrum

Target 08 0.2

Spectrum

Target

Spectrum 1 0.16

et 12 0.133333

Spectrum

Target 1.4 0.114286

Spectrum

Target

Spectrum e o

Target 1.8 0.088889

Spectrum

Target 2 0.08

Spectrum

Target 25 | 0.064

Spectrum

Ll 3 0.053333

Spectrum

Target 35 0.045714

Spectrum

VEIEER 4 0.04

Spectrum

ETABS v20.0.0

10/16/2023

Damping
Ratio

0.05
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Loads
Table 2.2 - Functions - Response Spectrum - ASCE7-10 (continued)
Period Ss And S1 TL Site
Name Value Ss S1
sec From sec Class
Target 45 0.035556
Spectrum
Target 5 0.032
Spectrum
Target 55  0.029091
Spectrum
Target 6  0.026667
Spectrum
Target 65 0.024615
Spectrum
Target 7 0.022857
Spectrum
Target 75 0.021333
Spectrum
Target
Spectrum e o2
Target 85 0017716
Spectrum
Target 9 0.015802
Spectrum
Target 9.5 0014183
Spectrum
ULl 10 | 0.0128
Spectrum

Table 2.3 - Functions - Response Spectrum - User Defined

Name Period Value Dam;?mg
sec Ratio
UnifRS 0 1 0.05

UnifRS 1 1

2.3 Load Cases

Table 2.4 - Load Case Definitions - Summary

Name Type

Dead Linear Static

Live Linear Static

Modal Modal - Eigen

Block-Dead Linear Static

Stair-Dead Linear Static

Stair-Live Linear Static
Gravity -Nonlinear Nonlinear Static
Pushover-Mode2-x Nonlinear Static

Pushover-Mode1-Y Nonlinear Static
Time history 1-1 Linear Modal History
Time history 1-2 Linear Modal History
Time history 2-1 Linear Modal History

ETABS v20.0.0

10/16/2023

Damping
Ratio

Page 4 of 52



Loads

ETABS v20.0.0

Name
Time history 2-2
Time history 3-1
Time history 3-2
Time history 4-1
Time history 4-2
Time history 5-1
Time history 5-2
Time history 6-1
Time history 7-1
Time history 7-2
Time history 8-1
Time history 8-2
Time history 9-1
Time history 9-2

Time history 10-1
Time history 10-2
Time history 6-2

Table 2.4 - Load Case Definitions - Summary (continued)

Type
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History
Linear Modal History

10/16/2023

Page 5 of 52



Analysis Results

3 Analysis Results

This chapter provides analysis results.

3.1 Structure Results

Output Case

Dead
Live
Block-Dead
Stair-Dead
Stair-Live

Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y

Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2

ETABS v20.0.0

Case Type

LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Table 3.1 - Base Reactions (Part 1 of 2)

Step
Type

Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min
Max
Min

FX
kN

O O O O o o o

5020.6303
0
3143.7158
0
1978.4967
-2020.3307
2061.9449
-2104.2182
1844.8987
-1907.252
1827.6568
-2127.1826
1587.9074
-1704.1518
1533.8437
-1725.8352
1509.5345
-1283.6001
1733.1924
-1536.3454
2039.1544
-1740.967
1821.7019
-1603.5335
1859.1729
-1802.4153
1643.4214
-1738.5609
1481.2278
-1329.6171
1419.2727
-1604.5479
1261.1964
-1182.2425

FY
kN

o O O o o o

0
438.3706
0
272.4083
0
1113.7423
-1361.4225
1225.8815
-1328.5099
1647.97
-1443.6829
1227.0308
-1640.7824
1429.4851
-1325.4555
1422.501
-1454.0495
1269.1911
-1157.0667
1347.8264
-1441.4994
1142.593
-1182.6637
988.1941
-1051.1947
1130.6187
-1246.8314
1046.045
-1417.7752
1152.4313
-1290.8372
1255.431
-1469.5549
1308.3368
-1479.5705

FZ
kN

9964.3009
2506.8328
7771.15
0
0
10591.0091
10591.0091
10591.0091
10591.0091
10591.0091
10591.0091
2.36E-06
-2.358E-06
2.507E-06
-2.474E-06
2.314E-06
-2.531E-06
2.344E-06
-2.457E-06
2.19E-06
-2.237E-06
1.99E-06
-2.309E-06
1.823E-06
-1.862E-06
1.956E-06
-2.138E-06
2.214E-06
-1.792E-06
2.203E-06
-1.967E-06
2.454E-06
-2.192E-06
1.987E-06
-2.149E-06
1.554E-06
-1.386E-06
1.595E-06
-1.774E-06
1.594E-06
-1.49E-06

MX
kN-m
74401.4019
18068.6978
57597.1623
0
0
78918.5763
78918.5763
78918.5763
73017.1366
78918.5763
75262.7093
19864.5491
-17943.6557
18449.0866
-18194.2067
20995.2603
-23342.222
24152.3976
-17940.8738
18340.5971
-20531.96
18524.5212
-20515.5019
18188.8964
-19019.5146
20661.7229
-19948.9706
16752.4816
-16707.1595
15257.6836
-14576.3263
17573.7113
-17523.7447
18491.0616
-16023.5603
19864.324
-18073.8073
20175.7524
-17496.4131
20333.27
-18017.8367

MY
kN-m
-76898.2436
-17756.2066
-58416.3603
0
0
-81337.2953
-81337.2953
-5644.9086
-81337.2953
-34000.5935
-81337.2953
29248.8463
-28869.8927
31061.9271
-29426.5758
25615.6127
-25998.4921
26085.5857
-30954.0475
25134.8148
-25639.8589
24103.1316
-25459.5892
22317.0925
-21590.2827
24819.5809
-23756.5881
27960.8342
-25336.9078
27361.0846
-24163.5879
26354.5827
-26459.7012
24312.498
-25722.8393
21729.6204
-18971.689
19009.8256
-21061.6386
19587.1951
-18311.6969

10/16/2023

MZ
kN-m

o O O ©o o o

0
-37259.3688
0
-23353.8596
17443.9271
-21734.0732
25512.674
-24675.6733
26092.4623
-21417.3004
19295.578
-22985.3179
19184.3506
-18289.5611
20069.7268
-19109.6453
15501.5073
-17462.0059
22667.6144
-21348.3076
15343.0547
-16105.5735
18290.6758
-16634.3587
17714.8473
-17614.1729
16181.3132
-15250.6463
17138.1269
-17702.3753
20322.7748
-19440.4611
15529.9773
-14334.3929
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Analysis Results 10/16/2023

Table 3.1 - Base Reactions (Part 1 of 2, continued)

Step FX FY FZ MX MY Mz
Type kN kN kN kN-m kN-m kN-m

Time history 9-1 LinModHist Max | 2064.5497 | 1158.3544 | 2.725E-06 | 14984.0891 | 32035.8913 | 32471.7256
Time history 9-1 LinModHist Min 1 -2250.2471 -1102.7866 | -3.067E-06 | -17648.8771 @ -34148.0236 @ -27685.2545
Time history 9-2 LinModHist Max | 2127.2557 | 1374.8216 | 2.614E-06 | 16168.9253 | 30750.9655 | 21415.1203
Time history 9-2 LinModHist Min -2222.3872 -1090.5018 | -2.903E-06 | -19134.1784 @ -32436.3588 @ -17968.8835
Time history 10-1 LinModHist Max 1862.3594 | 1240.1829 | 2.391E-06 | 21079.7738 | 27985.7662 | 16911.6638
Time history 10-1 LinModHist Min | -1592.1761 -1551.8208 -2.152E-06 @ -18962.6806 -24147.0522 -19001.2083
Time history 10-2 | LinModHist Max 1862.3594 | 1240.1829 | 2.391E-06 | 21079.7738 | 27985.7662 | 16911.6638
Time history 10-2 | LinModHist Min  -1592.1761 -1551.8208 -2.152E-06 @ -18962.6806 -24147.0522 -19001.2083
Time history 6-2 LinModHist Max 1745.905 | 1090.9443 | 1.947E-06 | 17193.4515 | 26271.7766 | 19340.2004
Time history 6-2 LinModHist Min  -1643.9137 -1160.3401 | -2.141E-06 @ -16750.1381 | -24152.9906 @ -16005.0416

Output Case Case Type

DConS1 Combination 0 0 24829.6313 | 184797.9897 | -189440.4456 0
DConS2 Combination 0 0 28840.5637 | 213707.9063  -217850.3761 0
Working Compo | Combination 0 0 20242.2837 | 150067.2619 | -153070.8106 0

Table 3.1 - Base Reactions (Part 2 of 2)
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Analysis Results

Table 3.1 - Base Reactions (Part 2 of 2, continued)

3.2 Story Results

Story

Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6

ETABS v20.0.0

Output Case

Dead
Dead
Live
Live
Block-Dead
Block-Dead
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y

Case Type

LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic

Table 3.2 - Story Drifts

Sy Direction

Type

Max
Max
Min
Min
Max
Max
Min
Max

X X < X <X X <X X < X < X < X

Drift

8.9E-05
5.1E-05
3.5E-05
2E-05
2.6E-05
3E-05
9.7E-05
5.6E-05
9.7E-05
5.6E-05
9.7E-05
0.000289
0.007861
9.7E-05

Label

31
35
31
35
35
31
31
35
31
35
31
31
4

31

14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
12.3
14.95

14.95

14.95
14.95

14.95

14.95

8.45

10/16/2023

20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
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Analysis Results

Story

Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6

ETABS v20.0.0

Output Case

Pushover-Mode1-Y

Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1

Table 3.2 - Story Drifts (continued)

Case Type

NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Sy Direction
Type

Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

<X LAIX AL<AXALIAXALIXALIXALIXALIXALIXALIXALIXLCX LX< X <KX X<XX<X XX XX X<X<X<XX

Drift

0.003824
0.00217
0.001188
0.00234
0.001118
0.002178
0.00093
0.00228
0.001044
0.001926
0.000971
0.001965
0.001043
0.002395
0.001133
0.002011
0.000913
0.001915
0.000968
0.001962
0.000941
0.00185
0.001014
0.001963
0.000972
0.001859
0.000885
0.001743
0.001002
0.00175
0.000936
0.00182
0.000956
0.001898
0.000728
0.001886
0.000853
0.00178
0.000771
0.002027
0.000827
0.001953
0.000888
0.00207
0.000964

Label

38
23
33
29
33
29
32
29
33
26
33
26
33
23
29
29
33
26
32
23
32
31
33
23
32
26
26
23
33
4
26
23
35
29
35
29
33
23
29
23
33
23
32
25
32

X

12.3
5.25
14.95

14.95

14.95

14.95

14.95

14.95
5.25

14.95

14.95
5.25
14.95
14.95
14.95
5.25
14.95

5.25
14.95
12.3

5.25
14.95

14.95

14.95
5.25

5.25
14.95
5.25
14.95
5.25
14.95

Y
m
6.65
8.256
8.256
4.05
8.256
14.95
8.25

14.95
8.256

8.25

14.95

4.05

4.05

8.256

4.05

14.95

14.95

8.256

8.45

14.95

14.95

14.95

8.256

8.25

4.05
14.95
4.05

10/16/2023

Z
m

20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
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Analysis Results

Story

Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story5
Story5
Story5

ETABS v20.0.0

Output Case

Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic

Step

Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Direction

X X X <X ALAXALAXALIXALIXALIXALIXALIXALCXALCX<L<X LX< X<LKX<KX< XX XX X<XX<XX-<=<XHX

Drift

0.001898
0.000846
0.001795
0.000807
0.001477
0.001028
0.001624
0.000966
0.001457
0.001042
0.001431
0.000907
0.001446
0.001033
0.001567
0.00091
0.002661
0.000797
0.002701
0.000954
0.002395
0.000982
0.002436
0.000997
0.001933
0.000996
0.002374
0.00106
0.001933
0.000996
0.002374
0.00106
0.001786
0.000986
0.001996
0.00098
0.000102
0.000111
0.000158
0.000142
0.000108
9.9E-05
8E-05
3.9E-05
3.1E-05

Label

23
29
23
33
29
33
29
32
4
33
38
35
29
33
23
35
26
31
26
35
31
35
23
35
23
33
23
33
23
33
23
33
26
33
29
33
31
35
31
35
31
35
29
31
29

5.25

5.25
14.95

14.95

14.95
12.3

14.95
12.3

14.95

14.95
5.25
14.95

14.95

14.95
14.95
14.95
5.25
14.95
5.25
14.95
5.25
14.95
5.25
14.95
5.25
14.95

14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95

o © o o 3 <<

8.25
4.05
8.45
8.25
6.65
14.95

8.25

14.95
14.95

14.95
14.95

14.95

14.95

8.25

8.25

8.25

8.25

14.95

8.25

8.25

14.95

14.95

14.95

10/16/2023

20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
20.3
17
17
17
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Analysis Results

Story

Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5

ETABS v20.0.0

Output Case

Live
Block-Dead
Block-Dead

Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2

Table 3.2 - Story Drifts (continued)

Case Type

LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Sy Direction
Type

Max
Max
Min
Min
Max
Max
Min
Max
Max
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

<X LAIX AL<IXALIAXALIXALIXALIXALIXALIXALIXALIXLCX LX< X <KX X XXX XX XX X< X<xXK<

Drift

1.5E-05
3.2E-05
3.7E-05
8.9E-05
4.3E-05
8.9E-05
4.3E-05
8.9E-05
0.000304
0.0089
8.9E-05
4.3E-05
0.004328
0.002517
0.00144
0.002716
0.001422
0.002483
0.001122
0.002581
0.00124
0.002234
0.00137
0.002246
0.001458
0.002805
0.001615
0.002403
0.001192
0.002217
0.001223
0.002247
0.001137
0.002143
0.001186
0.0023
0.001127
0.00222
0.00124
0.002181
0.001179
0.002047
0.001363
0.002105
0.001336

Label

31
26
35
29
31
29
31
29
35
35
29
31
31
31
31
31
26
31
31
35
31
31
29
35
29
31
26
31
26
35
29
31
29
30
35
31
26
35
29
31
35
35
29
31
29

14.95

14.95

14.95

14.95

14.95
14.95

14.95
14.95
14.95
14.95
14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

10.28

14.95

14.95

14.95

14.95

14.95

14.95

14.95

3 <

14.95
14.95

o O o o o

14.95
14.95

o O O o o o

14.95

o o

14.95

14.95

14.95

14.95
14.95

o O o o

14.95

14.95

14.95

14.95
14.95

10/16/2023

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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Analysis Results

Story

Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5

ETABS v20.0.0

Output Case

Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

Direction

X X X <X ALAXALAXALIXALIXALIXALIXALIXALCXALCX<L<X LX< X<LKX<KX< XX XX X<XX<XX-<=<XHX

Drift

0.002163
0.001125
0.002154
0.001015
0.00202
0.001167
0.002311
0.001044
0.002259
0.001078
0.002577
0.001092
0.002178
0.001231
0.002051
0.001134
0.001698
0.001185
0.001867
0.001133
0.001641
0.001235
0.001676
0.001158
0.001672
0.001227
0.001814
0.001194
0.003182
0.000991
0.003255
0.00109
0.002769
0.0012
0.002797
0.00118
0.002343
0.001208
0.002862
0.001239
0.002343
0.001208
0.002862
0.001239
0.002084

Label

31
29
31
29
31
26
31
26
31
26
35
35
31
29
31
26
31
31
31
35
35
31
35
29
31
31
31
29
35
29
35
31
30
31
31
31
30
26
31
31
30
26
31
31
35

14.95

14.95

14.95

14.95

14.95

14.95
14.95
14.95

14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95
14.95
14.95

14.95

14.95
14.95
10.28
14.95
14.95
14.95
10.28

14.95
14.95
10.28

14.95
14.95
14.95

o o o o o 3 <

14.95

14.95

14.95

14.95
14.95

14.95

14.95
14.95

14.95

o O o o o

14.95

o

14.95

o O O ©o o o

14.95

o o

14.95

14.95

10/16/2023

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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Analysis Results

Story

Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4

ETABS v20.0.0

Output Case

Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Min
Min

Max
Max
Min
Min
Max
Max
Min
Max
Max
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Direction

<X LAIX AL<IXALIAXALIXALIXALIXALIXALIXALCXXLCXX<L<X LX< X<XKX<XKX<X XX XX X<<K<X<xXK<

Drift

0.001176
0.002247
0.00118
9.1E-05
0.000102
0.000142
0.000126
9.7E-05
8.8E-05
6.7E-05
3.3E-05
2.6E-05
1.2E-05
2.9E-05
3.4E-05
7.4E-05
3.6E-05
7.4E-05
3.6E-05
7.4E-05
0.000379
0.009961
7.4E-05
3.6E-05
0.004738
0.002728
0.001791
0.002921
0.0018
0.002695
0.00142
0.002847
0.001381
0.002534
0.001822
0.002379
0.00189
0.003081
0.001913
0.00278
0.001585
0.002392
0.001381
0.002386
0.001383

Label

31
31
31
23
35
23
33
23
33
29
32
29
35
35
31
29
32
29
32
29
33
35
29
32
35
31
26
31
26
31
26
35
35
29
29
35
29
31
26
29
26
35
29
31
26

14.95
14.95
14.95
5.25
14.95
5.25
14.95
5.25
14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95
14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

o o o o 3 =<

14.95

8.25

8.25

4.05

14.95

14.95

4.05

4.05

8.256
14.95

4.05
14.95

14.95

14.95

14.95

14.95
14.95

14.95

14.95

14.95

14.95

14.95

10/16/2023

17
17
17
17
17
17
17
17
17
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
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Analysis Results

Story

Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4

ETABS v20.0.0

Output Case

Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

Direction

X X X <X ALAXALAXALIXALIXALIXALIXALIXALCXALCX<L<X LX< X<LKX<KX< XX XX X<XX<XX-<=<XHX

Drift

0.002302
0.001355
0.002491
0.001406
0.002443
0.001479
0.002542
0.001447
0.002233
0.001778
0.002295
0.001667
0.002338
0.001543
0.00233
0.001341
0.00214
0.001464
0.002457
0.001366
0.002481
0.001459
0.002958
0.001366
0.002311
0.001608
0.002185
0.001577
0.001812
0.001273
0.002
0.001276
0.001895
0.001406
0.002038
0.001417
0.001796
0.001419
0.001933
0.001471
0.003517
0.001282
0.003555
0.001249
0.002971

Label

31
29
31
26
35
29
29
26
29
29
35
29
31
29
31
29
31
26
31
26
35
26
35
29
31
29
31
26
31
35
31
35
35
26
35
26
31
26
31
26
35
29
35
29
29

14.95

14.95

14.95

o O o o o

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

o o o 3 <

14.95
14.95

14.95

o o

14.95

o O O ©o o o

14.95

14.95
14.95
14.95
14.95

o O O o

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95
14.95

14.95

10/16/2023

13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
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Analysis Results

Story

Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3

ETABS v20.0.0

Output Case

Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Max
Max
Min
Min
Max
Max
Min
Max
Max
Min
Max
Max
Min
Min
Max
Max
Min
Min

Direction

Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
X
Y
X
X
Y
X
Y
X
Y
X
Y

Drift

0.00138
0.002974
0.001348
0.002617
0.001487
0.003171
0.001537
0.002617
0.001487
0.003171
0.001537
0.002276

0.00132
0.002388
0.001343

7.7E-05

9.4E-05
0.000118
0.000113
8.1E-05
7.9E-05
5.5E-05
2.8E-05
2.1E-05
1E-05
2.7E-05
3.2E-05
6E-05
3E-05
6E-05
3E-05
6E-05
0.000464
0.010553
6E-05
3E-05
0.004946
0.002714
0.002094
0.002882

0.00203
0.002708
0.001628
0.002867
0.001436

Label

31
31
26
31
26
29
29
31
26
29
29
35
35
31
35
29
31
29
31
29
31
31
35
31
35
26
35
31
35
31
35
31
35
26
31
35
26
23
26
23
27
29
29
26
26

14.95
14.95

14.95

14.95

14.95
14.95
14.95
14.95

14.95

14.95

14.95
14.95
14.95
14.95
14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95
14.95

5.25

5.25

o O O o

© o 3 <

14.95

14.95

14.95

14.95

14.95

14.95

O O O O o o o

14.95

14.95

14.95

14.95

14.95

14.95

14.95
14.95

14.95
14.95

14.95

8.25

14.95
14.95

10/16/2023

13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
13.7
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
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Analysis Results

Story

Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3

ETABS v20.0.0

Output Case

Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

Direction

X X X <X ALAXALAXALIXALIXALIXALIXALIXALCXALCX<L<X LX< X<LKX<KX< XX XX X<XX<XX-<=<XHX

Drift

0.002639
0.002139
0.002393
0.00212
0.003098
0.001966
0.002926
0.001809
0.002373
0.001605
0.002289
0.001611
0.002311
0.001527
0.002462
0.001565
0.002501
0.001725
0.002697
0.001659
0.002284
0.002071
0.002394
0.001865
0.002351
0.00183
0.002341
0.001609
0.002078
0.001611
0.002394
0.001539
0.002582
0.001697
0.003077
0.001557
0.002247
0.001865
0.002127
0.001874
0.001817
0.00131
0.001944
0.001327
0.002064

Label

31
26
26
26
23
29
31
27
26
26
23
26
23
29
23
29
31
26
31
29
31
26
26
26
23
26
23
26
23
29
23
29
26
29
26
29
23
26
23
27
23
27
29
35
26

14.95

5.25

5.25

5.25

14.95

14.95

14.95

5.25

14.95

14.95
14.95
14.95

8.25
14.95
14.95

14.95

o O o o o

14.95

o o

14.95
14.95
14.95

14.95

14.95

o O o o

14.95

14.95

14.95

8.25

8.25

14.95
14.95

10/16/2023

10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
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Analysis Results

Story

Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

ETABS v20.0.0

Output Case

Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic

Step

Type

Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Max
Max
Min
Min
Max
Max

Direction

Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y
X
Y

Drift

0.001569
0.002244
0.001461
0.001759
0.001535
0.001872
0.001524
0.003561
0.001435
0.003478
0.001326
0.002963
0.001469
0.003024
0.001459
0.002631
0.001607
0.003271
0.00179
0.002631
0.001607
0.003271
0.00179
0.002276
0.001366
0.002356
0.001404
6.2E-05
8.4E-05
9.6E-05
0.0001
6.6E-05
7E-05
4.1E-05
2.3E-05
1.6E-05
8E-06
2.5E-05
3.1E-05
4.5E-05
2.5E-05
4.5E-05
2.5E-05
4.5E-05
0.000618

Label

29
26
29
23
26
23
29
26
26
26
26
30
33
23
29
23
27
31
26
23
27
31
26
26
33
23
33
31
35
31
35
31
35
31
35
31
33
26
35
31
35
31
35
31
31

o o
O O O 0o O o o o 3 X
a

o

10.28
14.95
5.25

5.25

14.95

5.25

14.95

14.95
5.25
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95

14.95

14.95
14.95
14.95
14.95

14.95

8.25

14.95

14.95

8.25

8.25

14.95

14.95

14.95

14.95

8.25

14.95

14.95

14.95

14.95

10/16/2023

10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.4
7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4
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Analysis Results

Story

Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

ETABS v20.0.0

Output Case

Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1

Table 3.2 - Story Drifts (continued)

Case Type

NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Sy Direction
Type

Min
Max
Max
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

X X X <X AAXALAXALIXALIXALIXALIXALIXALCXLCX<L<X LX< X<K< XX XX XX X<XXX-<XX

Drift

0.010868
4.5E-05
4.6E-05

0.004903

0.002645

0.002632

0.002609

0.002465
0.00253

0.002018

0.002731

0.001774
0.00275

0.002706

0.002533

0.002525

0.002805

0.002168

0.002926

0.002228

0.002179

0.002106

0.002023

0.002164

0.0023
0.00189

0.002201

0.001944

0.002593

0.002284

0.002816

0.002032

0.002272

0.002593

0.002533

0.002408

0.002075

0.002391

0.002048

0.0022

0.001747

0.001949
0.00202
0.00179

0.002647

Label

34
31
31
25
34
28
31
28
26
28
26
19
30
28
30
28
29
28
30
28
26
28
26
28
30
28
23
28
30
27
30
28
26
28
25
28
29
28
4
28
38
28
29
28
25

8.145
14.95
14.95
5.25
8.145

14.95

o O o o o

10.28

10.28

o O o

10.28

o O o o o

10.28

5.25

10.28

10.28

14.95

14.95
14.95
4.05
0
4.05
14.95
4.05
14.95
11.2625
0
4.05
0
4.05
0
4.05
0
4.05
14.95
4.05
14.95
4.05
0
4.05
0
4.05
0
8.25
0
4.05
14.95
4.05
14.95
4.05
0
4.05
8.45
4.05
6.65
4.05
0
4.05
14.95

10/16/2023

7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
74
7.4
7.4
7.4
7.4
7.4
7.4
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Analysis Results

Story

Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

ETABS v20.0.0

Output Case

Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination

Step

Type

Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Direction

KX XX <X XXX XXX IX XXX XX XX <X <X <X <X <X <X

Drift

0.002168
0.003158
0.002205
0.002193
0.002192
0.002007
0.00243
0.001785
0.001591
0.001762
0.001721
0.002155
0.002012
0.002466
0.001977
0.001639
0.001918
0.00162
0.001847
0.003419
0.001576
0.003231
0.001698
0.002689
0.001474
0.002958
0.001725
0.002496
0.001976
0.003193
0.00211
0.002496
0.001976
0.003193
0.00211
0.002098
0.001633
0.002081
0.001702
4.8E-05
7.5E-05
7.3E-05
8.8E-05
5E-05
6.2E-05

Label

29
25
29
31
28
30
28
23
28
34
28
26
28
26
28
30
28
29
28
26
27
26
28
31
33
23
28
31
28
30
19
31
28
30
19
30
19
34
29
31
35
31
35
31
35

14.95
0
0
4.05
0
4.05
0
4.05
14.95
4.05
14.95
4.05
14.95
4.05
0
4.05
0
4.05
14.95
8.25
14.95
4.05
0
8.25
0
4.05
0
4.05
0
11.2625
0
4.05
0
11.2625
0
11.2625
14.95

14.95

14.95

14.95

10/16/2023

7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
74
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
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Analysis Results

Story

Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1

ETABS v20.0.0

Output Case

Dead
Dead
Live
Live
Block-Dead
Block-Dead
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1

Table 3.2 - Story Drifts (continued)

Case Type

LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Sy Direction
Type

Max
Max
Min
Min
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

KX XX <X XXX XXX IX XXX XX <X <X <X <X <X <X <X <X

Drift

2E-05
1E-05
8E-06
4E-06
1.2E-05
1.2E-05
2.2E-05
1.1E-05
2.2E-05
1.1E-05
0.000713
0.007052
0.001881
2.2E-05
0.000263
0.003474
0.001212
0.003327
0.004941
0.003387
0.00472
0.00275
0.00378
0.002809
0.003531
0.003591
0.005312
0.003931
0.004404
0.003507
0.004178
0.003503
0.004597
0.002987
0.004238
0.00301
0.004352
0.00303
0.003887
0.002772
0.004069
0.003277
0.004638
0.003705
0.003842

Label

29
31
29
31
35
31
29
31
29
31
35
35
26
29
33
35
26
29
26
29
26
29
26
35
26
29
29
29
26
29
29
29
26
29
26
29
26
29
26
35
26
29
29
29
26

14.95

14.95
14.95
14.95

14.95

14.95

14.95
14.95

14.95
14.95

O O O ©o o o o

14.95

O O O O O 0O 0O o o o o o o o o

14.95

o O o o o

o o o o 3 =<

14.95

o O o o o

14.95

14.95

14.95

8.256

14.95

14.95

14.95

14.95

14.95

14.95
14.95

14.95

14.95

14.95

14.95

14.95

14.95
14.95

14.95

10/16/2023
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Analysis Results

Story

Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1

ETABS v20.0.0

Output Case

Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2

Table 3.2 - Story Drifts (continued)

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

Direction

X X X <X ALAXALAXALIXALIXALIXALIXALIXALCXALCX<L<X LX< X<LKX<KX< XX XX X<XX<XX-<=<XHX

Drift

0.003649
0.004966
0.003883
0.005334
0.003387
0.004795
0.003296
0.004692
0.002533
0.003601
0.002718
0.003772
0.003388
0.004246
0.004024
0.004759
0.003054
0.004027
0.00318
0.004791
0.002276
0.002975
0.002343
0.003471
0.00306
0.004193
0.003578
0.004525
0.002972
0.003905
0.00283
0.00419
0.003416
0.002872
0.003348
0.003312
0.002879
0.003522
0.003182
0.003371
0.002892
0.003835
0.003358
0.00386
0.002892

Label

29
26
35
26
29
26
29
26
35
26
35
26
35
26
35
26
29
26
35
26
29
26
35
26
35
26
35
26
29
26
35
26
35
26
35
26
31
29
31
29
35
26
29
26
35

o o 3 X

14.95

o O o o o

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

14.95

3 <

14.95
14.95
14.95

14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95
14.95
14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

14.95
14.95
14.95
14.95
14.95
14.95
14.95

o O o o

14.95
14.95

14.95
14.95

10/16/2023
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Analysis Results

Table 3.2 - Story Drifts (continued)

Story Output Case Case Type .?;:Z Direction  Drift Label
Story1 Time history 10-2 LinModHist Max Y 0.003835 26
Story1 Time history 10-2 | LinModHist Min X 0.003358 29
Story1 Time history 10-2 LinModHist Min Y 0.00386 26
Story1 Time history 6-2 LinModHist Max X 0.002388 29
Story1 Time history 6-2 LinModHist Max Y 0.003169 29
Story1 Time history 6-2 LinModHist Min X 0.002761 35
Story1 Time history 6-2 LinModHist Min Y 0.003424 26
Story1 DConS1 Combination X 2.9E-05 29
Story1 DConS1 Combination Y 3.1E-05 31
Story1 DConS2 Combination X 4.2E-05 29
Story1 DConS2 Combination Y 3.8E-05 31
Story1 Working Compo | Combination X 2.9E-05 29
Story1 Working Compo | Combination Y 2.6E-05 31
Table 3.3 - Story Forces (Part 1 of 2)
Story Location Output Case Case Type .?;:2 kF;\l \I::\l(
Story6 Top Dead LinStatic 1270.3809 0.0705
Story6 Bottom Dead LinStatic 1686.5405 0.0705
Story6 Top Live LinStatic 440.4132 0.0271
Story6 Bottom Live LinStatic 440.4132 0.0271
Story6 Top Block-Dead LinStatic 179.4 -0.0252
Story6 Bottom Block-Dead LinStatic 179.4 -0.0252
Story6 Top Stair-Dead LinStatic 0 0
Story6 Bottom Stair-Dead LinStatic 0 0
Story6 Top Stair-Live LinStatic 0 0
Story6 Bottom Stair-Live LinStatic 0 0
Story6 Top Gravity -Nonlinear NonStatic Max 1380.4842 0.0774
Story6 Bottom Gravity -Nonlinear NonStatic Max 1796.6438 0.0774
Story6 Top Gravity -Nonlinear NonStatic Min 1380.4842 0.0774
Story6 Bottom Gravity -Nonlinear NonStatic Min 1796.6438 0.0774
Story6 Top Pushover-Mode2-x | NonStatic Max 1380.4842 | 1419.6798
Story6 Bottom Pushover-Mode2-x | NonStatic Max 1796.6438 | 1420.0246
Story6 Top Pushover-Mode2-x | NonStatic Min 1380.4842 0.0774
Story6 Bottom Pushover-Mode2-x | NonStatic Min 1796.6438 0.0774
Story6 Top Pushover-Mode1-Y | NonStatic Max 1380.4842 | 885.6356
Story6 Bottom Pushover-Mode1-Y = NonStatic Max 1796.6438 | 885.9287
Story6 Top Pushover-Mode1-Y | NonStatic Min 1380.4841 0.0774
Story6 Bottom Pushover-Mode1-Y = NonStatic Min 1796.6438 0.0774
Story6 Top Time history 1-1 LinModHist Max 0 572.6554
Story6 Bottom Time history 1-1 LinModHist Max 0 572.797
Story6 Top Time history 1-1 LinModHist Min 0 -563.1331
Story6 Bottom Time history 1-1 LinModHist Min 0 -563.2692
Story6 Top Time history 1-2 LinModHist Max 0 600.4078
Story6 Bottom Time history 1-2 LinModHist Max 0 600.5581
ETABS v20.0.0

o o o o o 3 X

14.95

o o

14.95

14.95

14.95

vY
kN

0.0294
0.0294
0.0107
0.0107
0.0293
0.0293
0
0
0
0
0.0322
0.0322
0.0322
0.0322
85.8685
85.8943
0.0322
0.0322
53.9453
53.9609
0.0322
0.0322
383.5117
383.6087
-368.3253
-368.4193
364.6507
364.7425

14.95

14.95

14.95
14.95

o O O ©o o o

T
kN-m
-0.2261
-0.2261
-0.0892
-0.0892
0.4775
0.4775
0
0
0
0
-0.2487
-0.2487
-0.2487
-0.2487
-0.2487
-0.2487
-10501.7177
-10504.1588
-0.2487
-0.2487
-6546.6852
-6549.0727
6232.6195
6234.2889
-5958.5329
-5960.1648
7047.1901
7049.1059

10/16/2023

MX
kN-m
9449.8737
12766.5184
3291.3103
3291.2752
1341.015
1340.9182

0
0
0
0
10272.7013
13589.3367
10272.7013
13589.3367
10273.1536
13589.3367
10272.7013
13306.0514
10272.9769
13589.3367
10272.7013
13411.7416
1.443E-06
1215.7162
-1.55E-06
-1265.8411

1.824E-06
1178.176

Page 22 of 52



Analysis Results

Story Location
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min

P
kN

O O O O O O O O O O O O O O O O O O O O O O O OO OO OO oo oo o o o o oo oo o o o o o o o

VX
kN

-618.4913
-618.6464
544.0352
544.1726
-598.6166
-598.7631
581.5286
581.6703
-609.4679
-609.6191
510.2824
510.4088
-502.7437
-502.8645
482.4051
482.5255
-469.5351
-469.6541
437.9867
438.0963
-528.0253
-528.1583
451.3193
451.4328
-479.3134
-479.4347
474.5106
474.6301
-507.3176
-507.4428
515.5671
515.697
-456.3985
-456.5136
557.8768
558.0158
-489.658
-489.7809
443.8818
443.9934
-470.1774
-470.2956
399.7899
399.8911
-374.0207

vY
kN

-356.9539
-357.0415
386.4186
386.5176
-398.0166
-398.1166
346.8105
346.8944
-490.5112
-490.6332
383.5556
383.6513
-374.786
-374.8788
352.8122
352.9025
-375.5501
-375.6453
347.2148
347.3035
-361.6603
-361.7516
384.8469
384.9434
-367.7858
-367.8787
302.5334
302.6103
-286.277
-286.3497
312.3409
312.4191
-312.2244
-312.3013
398.688
398.788
-332.9972
-333.0817
309.0802
309.1582
-311.7677
-311.8453
363.6429
363.735
-397.4249

T
kN-m
-7063.1546
-7065.0673
6650.4636
6652.2752
-6137.9908
-6139.6536
6503.4398
6505.1233
-6220.9018
-6222.7081
6143.7864
6145.4759
-5937.127
-5938.77
5317.6743
5319.1634
-5681.1582
-5682.6749
5427.9208
5429.4393
-4807.0856
-4808.3853
5414.479
5416.0584
-5039.5584
-5041.0711
5338.0348
5339.4839
-5000.9348
-5002.3022
5315.0626
5316.5683
-4742.2073
-4743.4673
4978.1595
4979.5822
-5990.555
-5992.1039
3991.843
3992.8822
-4174.053
-4175.1704
4730.894
4732.198
-5746.0291

10/16/2023

MX
kN-m
-1.841E-06
-1203.5853
1.655E-06
1313.715
-1.411E-06
-1275.4386
1.178E-06
1619.0059
-1.47E-06
-1144.694
1.365E-06
1237.0358
-1.362E-06
-1265.9822
1.111E-06
1239.5623
-1.29E-06
-1164.5148
1.042E-06
1193.717
-1.085E-06
-1146.0388
1.195E-06
1213.9352
-1.459E-06
-1270.2465
1.154E-06
944.9035
-1.352E-06
-998.56
1.021E-06
1030.5407
-1.184E-06
-1030.928
1.213E-06
1099.1102
-1.121E-06
-1315.9304
1.091E-06
1029.0364
-9.882E-07
-1020.1679
1.172E-06
1311.763
-1.549E-06
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Story Location
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story6 Top
Story6 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Stair-Dead
Stair-Dead
Stair-Live
Stair-Live

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic

Step
Type
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

P
kN

O O O ©O O O O O O O OO0 0O O O o 0O o o o o o o o o o o o o

2029.6932
2612.3168
2734.3543
3316.9779
1890.1941
2306.3537
2913.4031
3329.5628
853.7964
853.7964
1697.75
1697.75
0

0
0
0

VX
kN

-374.1118
406.78
406.8814
-411.9155
-412.0178
398.1432
398.2427
-354.5346
-354.6236
731.5824
731.7674
-707.4889
-707.6666
691.0639
691.234
-645.408
-645.5695
580.918
581.0616
-484.6582
-484.7725
580.918
581.0616
-484.6582
-484.7725
492.8457
492.9692
-443.6118
-443.7254
0.0634
0.0634
0.1067
0.1067
0.0724
0.0724
0.1412
0.1412
0.0543
0.0543
-0.0518
-0.0518

o O O o

vY
kN

-397.5253
351.7871
351.8734
-397.7998
-397.8983
352.6509
352.7373
-395.1256
-395.2234
363.6152
363.7065
-330.3712
-330.4526
387.1023
387.1977
-320.2762
-320.3576
398.8835
398.9835
-437.1802
-437.2891
398.8835
398.9835
-437.1802
-437.2891
312.6899
312.7705
-320.3646
-320.4463
0.0822
0.0822
0.0992
0.0992
0.0694
0.0694
0.0587
0.0587
0.0212
0.0212
0.0605
0.0605
0

0
0
0

T
kN-m
-5747.6826
6406.5209
6408.3355
-5468.9295
-5470.4431
4437.3843
4438.6899
-4784.3369
-4785.7389
7902.4375
7904.7441
-8340.4443
-8342.8172
6596.0084
6597.7383
-5540.9718
-5542.4991
5347.6299
5349.1797
-4957.1413
-4958.583
5347.6299
5349.1797
-4957.1413
-4958.583
5476.1841
5477.6981
-4367.795
-4368.924
0.352
0.352
0.2092
0.2092
0.1622
0.1622
-0.4535
-0.4535
-0.18
-0.18
0.9897
0.9897
0

0
0
0

10/16/2023

MX
kN-m
-1200.2608
9.76E-07
1312.9961
-1.114E-06
-1161.1221
7.99E-07
1304.1695
-9.726E-07
-1163.9731
1.632E-06
1090.4375
-1.434E-06
-1200.1674
1.404E-06
1057.1233
-1.549E-06
-1277.6861
1.419E-06
1442.9785
-1.434E-06
-1316.5758
1.419E-06
1442.9785
-1.434E-06
-1316.5758
1.502E-06
1057.4144
-1.189E-06
-1032.085
15107.2441
19750.4113
20373.3407
25016.4516
14082.199
17398.7118
21676.7651
24993.313
6247.4135
6247.3435
12592.1477
12591.948
0

0
0
0
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Analysis Results

Story Location
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1

Case Type

NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

P
kN

3126.8522
3543.0119
3126.8522
3543.0119
3126.8522
3543.0119
3126.8522
3543.0119
3126.8523
3543.0119
3126.8522
3543.0119
9.463E-07
9.452E-07
-9.073E-07
-9.049E-07
9.954E-07
9.943E-07
-9.375E-07
-9.382E-07
8.177E-07
8.166E-07
-8.379E-07
-8.369E-07
8.353E-07
8.321E-07
-9.805E-07
-9.781E-07
8.16E-07
8.131E-07
-7.968E-07
-7.931E-07
7.979E-07
7.963E-07
-7.885E-07
-7.847E-07
7.216E-07
7.198E-07
-7.537E-07
-7.513E-07
7.737E-07
7.717E-07
-7.959E-07
-7.96E-07
8.208E-07

VX
kN

0.1552
0.1552
0.1552
0.1552
2739.123
2739.5135
0.1552
0.1552
1708.4612
1708.6997
0.1552
0.1552
1072.3133
1072.4218
-1024.8159
-1024.9246
1105.7399
1105.8633
-1123.2049
-1123.3158
1008.2336
1008.3366
-1025.837
-1025.9302
986.2947
986.3968
-1123.6562
-1123.7682
953.8132
9563.9176
-941.1519
-941.2527
918.8202
918.916
-908.9531
-909.0519
832.4128
832.4997
-951.6439
-951.7372
862.153
862.2447
-911.8704
-911.9666
896.0963

vY
kN

0.0643
0.0643
0.0643
0.0643
177.0953
17714177
0.0643
0.0643
111.2657
111.2702
0.0643
0.0643
726.8422
726.9183
-696.0207
-696.0948
667.7547
667.8228
-625.7449
-625.8121
771.3615
771.4493
-743.3688
-743.4497
623.152
623.2208
-930.4692
-930.5667
690.0983
690.1752
-664.7278
-664.7897
696.2792
696.3574
-709.4867
-709.5612
675.4972
675.5716
-692.1337
-692.2071
724.2305
724.3053
-708.3596
-708.4368
584.172

T
kN-m
-0.4992
-0.4992
-0.4992
-0.4992
-0.4992
-0.4992
-20192.0203
-20194.2188
-0.4992
-0.4992
-12588.8207
-12590.8084
11243.8727
11245.0551
-10943.9099
-10945.1128
13055.4723
13056.9402
-13364.4102
-13366.0177
12837.2816
12838.8449
-11585.02
-11586.374
10929.7147
10930.7028
-11865.6021
-11867.0459
11403.8288
11405.1163
-10980.3142
-10981.5542
10275.5546
10276.7634
-10844.6
-10845.8317
10002.683
10003.8273
-9100.0792
-9101.1084
10629.1813
10630.5623
-9465.3577
-9466.5784
9557.2907

10/16/2023

MX
kN-m
23238.6181
26555.1475
23238.6181
26555.1475
23238.6181
26555.1475
22955.1732
25686.7494
23238.6181
26555.1475
23061.0497
26010.7152
1215.7164
3512.776
-1265.8413
-3664.6186
1178.1763
3192.6326
-1203.5856
-3399.1861
1313.7152
3759.0066
-1275.4387
-3821.16
1619.0062
4684.7528
-1144.6944
-3112.2921
1237.036
3430.7995
-1265.9824
-3542.959
1239.5625
3581.0619
-1164.5149
-3462.4394
1193.7171
3477.9499
-1146.0389
-3375.3727
1213.9353
3550.7568
-1270.2467
-3660.4029
944.9036
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Analysis Results

Story Location
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max

P
kN

8.18E-07
-8.075E-07
-8.07E-07
8.709E-07
8.685E-07
-7.672E-07
-7.654E-07
8.452E-07
8.409E-07
-8.276E-07
-8.249E-07
7.645E-07
7.629E-07
-8.018E-07
-7.988E-07
6.905E-07
6.901E-07
-6.078E-07
-6.073E-07
6.219E-07
6.199E-07
-6.292E-07
-6.268E-07
6.485E-07
6.47E-07
-6.015E-07
-6.005E-07
1.082E-06
1.079E-06
-1.089E-06
-1.084E-06
1.014E-06
1.012E-06
-1.017E-06
-1.013E-06
9.222E-07
9.197E-07
-7.701E-07
-7.67E-07
9.222E-07
9.197E-07
-7.701E-07
-7.67E-07
8.6E-07
8.598E-07

VX
kN

896.1922
-876.0973
-876.1764
988.9047
989.0103
-879.6371
-879.7314
1027.4191
1027.5215
-933.1786
-933.2776
854.9692
855.0617
-905.4683
-905.5663
765.9266
766.0114
-675.4521
-675.5185
744.2123
744.2866
-745.5554
-745.6286
755.5433
755.6216
-685.6344
-685.7075
1325.0246
1325.1568
-1305.2505
-1305.3845
1235.333
1235.4531
-1196.7528
-1196.8749
1076.0539
1076.1602
-889.9425
-890.031
1076.0539
1076.1602
-889.9425
-890.031
947.7112
947.812

vY
kN

584.2356
-561.9365
-561.9989

567.681
567.7368
-5641.3757
-541.4339
735.8975
735.9717
-630.6867
-630.7535
593.0888
593.1534
-591.6609
-591.7254
696.2076
696.2828
-750.2282
-750.3065
620.6623
620.7292
-713.7234
-713.7916
632.3852
632.4531
-706.4486
-706.5159
676.2101
676.2789
-581.3394
-581.3931
670.3336
670.3929
-625.1741
-625.2421
732.0152
732.0886
-796.0148
-796.0931
732.0152
732.0886
-796.0148
-796.0931
613.2946
613.3634

T
kN-m
9558.3056
-9061.6865
-9062.6739
10088.6091
10089.8124
-8784.5169
-8785.461
9526.0988
9527.2719
-11127.6444
-11128.8124
7512.1481
7512.9849
-7775.0876
-7775.9368
9135.5316
9136.634
-10865.3872
-10866.6893
11270.1188
11271.3135
-10049.4397
-10050.5657
7885.7983
7886.6799
-8633.9043
-8634.8932
15304.3297
15306.2482
-15165.8422
-15167.5671
12204.534
12205.8622
-9694.7501
-9695.7168
9993.811
9994.9997
-8796.5358
-8797.5606
9993.811
9994.9997
-8796.5358
-8797.5606
10438.7904
10440.0217

10/16/2023

MX
kN-m
2798.686
-998.5601
-2926.4928
1030.541
2779.4308
-1030.9281
-2904.4206
1099.1104
3177.9815
-1315.9307
-3740.7039
1029.0365
2968.7407
-1020.1681
-2969.3867
1311.7632
3787.7201
-1200.2609
-3485.7748
1312.9964
3658.6289
-1161.1224
-3136.902
1304.1698
3626.4193
-1163.9734
-3168.2624
1090.4377
3006.6738
-1200.1676
-3431.8403
1057.1234
3120.3754
-1277.6864
-3489.9423
1442.9788
4070.0318
-1316.576
-3732.4168
1442.9788
4070.0318
-1316.576
-3732.4168
1057.4146
3070.8435
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Analysis Results

Story Location
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story5 Top
Story5 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Stair-Dead
Stair-Dead
Stair-Live
Stair-Live
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2

Case Type

LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Min
Min

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min

P
kN

-7.356E-07
-7.318E-07
6455.6143
7038.2379
7821.6886
8404.3122
5464.9495
5881.1092
4556.4253
4972.585
1267.1796
1267.1796
3216.1
3216.1
0
0
0
0
4873.2202
5289.3799
4873.2202
5289.3799
4873.2203
5289.38
4873.2202
5289.3799
4873.2204
5289.3801
4873.2202
5289.3799
7.168E-07
7.073E-07
-7.773E-07
-7.715E-07
9.307E-07
9.204E-07
-8.79E-07
-8.688E-07
8.149E-07
8.066E-07
-9.096E-07
-9.004E-07
7.582E-07
7.496E-07
-7.452E-07

VX
kN

-855.4197
-855.5141
0.1251
0.1251
0.212
0.212
0.1437
0.1437
0.2017
0.2017
0.0775
0.0775
-0.0758
-0.0758
0
0
0
0
0.2217
0.2217
0.2217
0.2217
3767.2788
3767.5456
0.2217
0.2217
2348.9906
2349.3338
0.2217
0.2217
1441.3442
1441.4311
-1409.5337
-1409.6384
1543.2734
1543.3694
-1439.0234
-1439.1106
1308.6801
1308.744
-1267.0155
-1267.0673
1316.2371
1316.3073
-1500.2276

vY
kN

-610.2761
-610.342
0.167
0.167
0.2009
0.2009
0.1405
0.1405
0.0841
0.0841
0.0303
0.0303
0.0887
0.0887
0
0
0
0
0.0921
0.0921
0.0921
0.0921
261.1244
261.1373
0.0921
0.0921
164.0724
164.0451
0.0921
0.0921
959.5047
959.554
-951.2137
-951.2711
890.7789
890.8282
-867.9729
-868.032
1103.3208
1103.3955
-1023.4545
-1023.5165
868.3768
868.432
-1237.512

T
kN-m
-8341.3301
-8342.355
0.7507
0.7507
0.4627
0.4627
0.3562
0.3562
-0.6431
-0.6431
-0.2563
-0.2563
1.4584
1.4584
0
0
0
0
-0.7081
-0.7081
-0.7081
-0.7081
-0.7081
-0.7081
-27785.1066
-27786.7385
-0.7081
-0.7081
-17317.5304
-17321.0079
14752.0355
14752.8535
-14365.2618
-14366.0284
17566.5971
17567.8365
-18746.6993
-18748.0451
18128.703
18130.0033
-15772.9891
-15774.136
14171.9772
14172.9062
-15841.3898

10/16/2023

MX
kN-m
-1032.0851
-3054.6123
47976.4779
52619.3653
57972.3396
62615.1149
40516.3263
43832.6045
33903.5597
37220.0238
9203.4818
9203.382
23843.1774
23842.8846
0
0
0
0
36204.4288
39520.8667
36204.4288
39520.8667
36204.4288
39520.8667
35335.5706
37788.0432
36204.4288
39520.8667
35659.9798
38435.2375
3512.7762
6651.9297
-3664.6189
-6831.1129
3192.6328
5961.6211
-3399.1863
-6322.6859
3759.0068
7098.0139
-3821.1601
-7462.3134
4684.7531
8768.7129
-3112.2922
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Analysis Results

Story Location
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

P
kN

-7.373E-07
7.198E-07
7.144E-07
-7.395E-07
-7.303E-07
7.984E-07
7.923E-07
-7.646E-07
-7.562E-07
6.54E-07
6.477E-07
-6.02E-07
-5.93E-07
7.251E-07
7.203E-07
-7.292E-07
-7.224E-07
6.052E-07
5.969E-07
-6.048E-07
-5.972E-07
5.88E-07
5.825E-07
-6.419E-07
-6.348E-07
8.582E-07
8.499E-07
-7.168E-07
-7.11E-07
5.921E-07
5.849E-07
-5.909E-07
-5.825E-07
6.057E-07
6.004E-07
-5.937E-07
-5.903E-07
6.436E-07
6.396E-07
-5.976E-07
-5.909E-07
0

0
0
0

VX
kN

-1500.3176
1305.9119
1305.9876

-1272.3576

-1272.4308
1235.5766
1235.6435

-1255.2769

-1255.3535
1120.8897
1120.9515
-1194.353

-1194.4037
1189.2347
1189.3071

-1221.6398

-1221.7061

1287.39
1287.485

-1222.0052

-1222.0814
1352.5475
1352.6272

-1198.0788

-1198.1483
1338.0853
1338.1505

-1283.8968

-1283.9745

1190.957
1191.0328

-1257.1694

-1257.248
1071.08
1071.1494
-913.7304
-913.7879
972.2242
972.2748
-982.155
-982.2091
1009.8509
1009.9049
-933.7077
-933.7608

vY
kN

-1237.5769
981.3885
981.454
-890.2792
-890.3356
983.6991
983.7637
-946.4116
-946.463
936.9605
937.019
-930.9674
-931.0187
977.1932
977.2483
-985.824
-985.8857
808.135
808.1851
-793.4203
-793.4721
738.2563
738.2929
-749.3254
-749.3711
952.7087
952.7545
-845.815
-845.8624
816.8699
816.9198
-848.2153
-848.2779
944.2741
944.3285
-1003.8177
-1003.8732
858.5176
858.5744
-936.1391
-936.1984
871.5061
871.5613
-951.7119
-951.7709

T
kN-m
-15842.3612
15067.7021
15068.5888
-14367.5442
-14368.3574
14329.2989
14330.2542
-14732.5805
-14733.497
12981.5305
12982.2712
-12440.6449
-12441.4431
15061.1008
15062.2835
-13663.8857
-13664.9244
12194.3528
12194.9821
-11541.794
-11542.398
13615.8556
13616.6939
-11421.4243
-11422.0231
13027.1366
13028.0397
-14641.3203
-14642.0882
10381.5284
10382.2385
-10516.4942
-10517.1847
12639.8145
12640.7265
-14415.2567
-14416.123
13947.8247
13948.4522
-13195.5672
-13196.3391
10444.4714
10445.2879
-11000.2019
-11000.7976

10/16/2023

MX
kN-m
-5978.0788
3430.7997
6146.5016
-3542.9592
-6658.8566
3581.0621
6704.354
-3462.4395
-6708.8146
3477.9501
6550.2766
-3375.3728
-6465.6057
3550.757
6796.0439
-3660.403
-6870.5048
2798.686
5415.6937
-2926.4929
-5593.4686
2779.4311
5172.1623
-2904.4208
-5326.0541
3177.9817
5965.5998
-3740.7041
-6877.5335
2968.7408
5668.408
-2969.3868
-5638.1079
3787.7203
7100.2688
-3485.775
-6582.4045
3658.6292
6600.2946
-3136.9022
-5875.4559
3626.4195
6626.7335
-3168.2626
-5981.8139
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Analysis Results

Story Location
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story4 Top
Story4 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Stair-Dead
Stair-Dead
Stair-Live
Stair-Live
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic

Step
Type
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Max
Max
Min
Min
Max
Max
Min
Min
Max

P
kN

9.576E-07
9.456E-07
-9.585E-07
-9.452E-07
7.372E-07
7.285E-07
-9.202E-07
-9.096E-07
6.667E-07
6.593E-07
-7.019E-07
-6.952E-07
6.667E-07
6.593E-07
-7.019E-07
-6.952E-07
5.534E-07
5.461E-07
-7.017E-07
-6.928E-07
10881.5355
11464.159
12909.0229
13491.6465
9039.705
9455.8647
6199.0422
6577.3692
1680.0664
1680.0664
4734.45
4734.45
0

0

0

0
6619.0588
6997.3858
6619.0588
6997.3858
6619.0588
6997.3858
6619.0588

6997.3858
6619.059

VX
kN

1698.697
1698.7781
-1719.8549
-1719.9506
1608.9401
1609.0244
-1596.9834
-1597.0733
1414.6175
1414.6872
-1210.3911
-1210.4687
1414.6175
1414.6872
-1210.3911
-1210.4687
1300.2527
1300.3293
-1183.6092
-1183.6833
0.1762
0.1762
0.3003
0.3003
0.2034
0.2034
0.2507
0.2507
0.0963
0.0963
-0.0962
-0.0962

o O o

0
0.2755
0.2755
0.2755
0.2755

4476.2043
4476.5126
0.2755
0.2755
2790.0724

vY
kN

895.7779
895.8246
-751.8673
-751.9134
915.3596
915.4179
-855.311
-855.3609
950.9635
951.011
-1039.1678
-1039.2199
950.9635
951.011
-1039.1678
-1039.2199
848.9528
849.0055
-839.3627
-839.4147
0.242
0.242
0.2904
0.2904
0.2031
0.2031
0.1051
0.1051
0.0377
0.0377
0.1122
0.1122
0
0
0
0
0.1149
0.1149
0.1149
0.1149
334.0854
334.076
0.1149
0.1149
209.9156

T
kN-m
21313.4527
21314.9729
-20201.8358
-20203.307
16438.9448
16439.9514
-12445.8922
-12446.6316
13214.077
13214.9232
-11657.717
-11658.5198
13214.077
13214.9232
-11657.717
-11658.5198
14245.765
14246.7046
-11584.5235
-11585.3374
1.1415
1.1415
0.7314
0.7314
0.559
0.559
-0.7902
-0.7902
-0.316
-0.316
1.8604
1.8604
0

0

0

0
-0.8705
-0.8705
-0.8705
-0.8705
-0.8705
-0.8705

-33067.2104

-33069.4757
-0.8705

10/16/2023

MX
kN-m
3006.674
5392.9778
-3431.8404
-6388.0301
3120.3756
5936.7326
-3489.9426
-6278.0622
4070.0321
7470.2424
-3732.417
-6870.7198
4070.0321
7470.2424
-3732.417
-6870.7198
3070.8436
5834.0582
-3054.6125
-5854.7555
80845.432
85488.0717
95571.003
100213.4829
66950.219
70266.2904
46127.5781
49142.4827
12156.2162
12156.1032
35094.1141
35093.7776
0
0
0
0
49166.6296
52181.5045
49166.6296
52181.5045
49166.6296
52181.5045
47433.2023
49440.9972
49166.6296
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Analysis Results

Story Location
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y

Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1

Case Type

NonStatic

NonStatic

NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max

P
kN

6997.386
6619.0588
6997.3858

1.24E-06
1.234E-06
-1.207E-06
-1.202E-06
1.307E-06
1.301E-06
-1.212E-06
-1.207E-06
1.096E-06
1.091E-06
-1.073E-06
-1.068E-06
1.127E-06
1.122E-06
-1.306E-06

-1.3E-06
1.099E-06
1.094E-06
-1.083E-06
-1.078E-06
1.053E-06
1.048E-06
-1.083E-06
-1.078E-06
9.623E-07
9.578E-07
-9.908E-07
-9.872E-07
1.035E-06

1.03E-06
-1.024E-06

-1.02E-06

1.12E-06
1.114E-06
-1.055E-06

-1.05E-06

1.16E-06
1.154E-06
-1.025E-06

-1.02E-06
1.148E-06
1.142E-06

VX
kN

2790.5235
0.2755
0.2755

1724.9729

1725.0368

-1744.3893

-1744.4612

1845.23

1845.2942

-1733.1992

-1733.2701

1507.6441

1507.7101

-1503.2903

-1503.3643

1534.9539

1535.0049

-1821.4201

-1821.4946

1508.3375

1508.3817

-1506.0086

-1506.0618

1418.692

1418.7285

-1497.8736

-1497.926

1309.02

1309.0598

-1276.2957

-1276.3111

1444.7699

1444.8271

-1403.8781

-1403.9164

1644.5691

1644.6492

-1484.6237

-1484.6802

1606.6571

1606.7119

-1422.4193

-1422.4679

1540.8027

1540.8683

vY
kN

209.8511
0.1149
0.1149

1068.3231

1068.3441

-1145.039

-1145.0822
1040.0301
1040.0627
-1083.1958
-1083.2463
1366.4544
1366.5126
-1223.6762
-1223.7199
1051.9006
1051.9411
-1429.9126
-1429.9594
1205.5624
1205.6118
-1102.2673
-1102.3162
1203.2925
1203.3409
-1087.1578
-1087.1872

1120.9054

1120.9452

-1074.583

-1074.6128
1160.5594
1160.5997

-1206.8582

-1206.907

974.2154

974.2521

-974.6537

-974.6941

836.4902

836.5102

-898.0418

-898.0744

1050.0349

1050.056

T
kN-m
-0.8705
-20601.816
-20606.8454
16470.7402
16471.1418
-16643.4114
-16644.4167
21381.7097
21382.7824
-22298.2113
-22299.098
22113.1265
22114.0513
-18996.54
-18997.3311
16619.3013
16619.9813
-18918.9158
-18919.9315
17289.2818
17289.8257
-16203.7396
-16204.1718
17221.0278
17221.7012
-17254.9913
-17255.574
14419.2707
14419.6434
-14874.6202
-14875.2189
18618.9712
18619.9225
-17236.8432
-17237.721
13721.0046
13721.4281
-13553.6959
-13554.2395
15975.2852
15975.8249
-13638.1681
-13638.9123
15458.508
15459.1495

10/16/2023

MX
kN-m
52181.5045
48081.0029
50466.0485
6651.9298
10087.1467
-6831.1131
-10036.1311
5961.6212
9048.8987
-6322.686
-9442.8517
7098.0141
10769.1443
-7462.3135
-11561.812
8768.7131
12961.4235
-5978.0789
-9133.8745
6146.5017
9297.9057
-6658.8567
-10275.6586
6704.3542
9965.8958
-6708.8147
-10318.8046
6550.2768
9757.9948
-6465.6059
-9823.5527
6796.044
10386.4278
-6870.505
-10323.8061
5415.6937
8339.1258
-5593.4687
-8516.1999
5172.1624
7859.6686
-5326.0541
-7830.4094
5965.6
8896.7199
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Analysis Results

Story Location
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story3 Top
Story3 Bottom
Story2 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic

Step
Type
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

P
kN

-1.113E-06
-1.107E-06
1.026E-06
1.021E-06
-1.082E-06
-1.077E-06
9.084E-07
9.043E-07
-7.81E-07
-7.775E-07
8.264E-07
8.229E-07
-8.511E-07
-8.471E-07
8.576E-07
8.538E-07
-7.929E-07
-7.893E-07
1.413E-06
1.408E-06
-1.437E-06
-1.432E-06
1.334E-06
1.328E-06
-1.386E-06
-1.379E-06
1.229E-06
1.223E-06
-1.038E-06
-1.033E-06
1.229E-06
1.223E-06
-1.038E-06
-1.033E-06
1.107E-06
1.102E-06
-1.015E-06
-1.01E-06
15306.8891
15836.5469
17994.9953
18524.6531
12613.5586
12991.8856
7804.2317

VX
kN

-1546.635
-1546.6924
1437.3015
1437.3551
-1511.7133
-1511.7689
1291.3623
1291.4109
-1119.1407
-1119.1879
1125.3965
1125.4569
-1228.9555
-1229.024
1157.8565
1157.8876
-1085.4721
-1085.5034
1885.229
1885.2695
-2019.6747
-2019.7463
1837.2147
1837.2897
-1892.8333
-1892.9029
1645.9993
1646.0561
-1440.7724
-1440.8191
1645.9993
1646.0561
-1440.7724
-1440.8191
1542.4994
1542.5507
-1420.4398
-1420.4923
0.2162
0.2162
0.3704
0.3704
0.2508
0.2508
0.289

vY
kN

-1022.6978
-1022.741
961.7825
961.813
-1096.9965
-1097.0546
1087.5455
1087.5766
-1164.6488
-1164.6837
1044.4828
1044.5265
-1168.0457
-1168.101
1068.8731
1068.9194
-1175.2698
-1175.3252
1028.0048
1028.0321
-934.053
-934.0986
1113.8663
1113.9101
-983.4067
-983.4323
1085.0499
1085.079
-1183.5615
-1183.6208
1085.0499
1085.079
-1183.5615
-1183.6208
1000.7435
1000.7758
-1008.1569
-1008.1947
0.3041
0.3041
0.3644
0.3644
0.2549
0.2549
0.1217

T
kN-m
-16595.9491
-16596.357
12621.7342
12622.272
-12817.681
-12818.2703
15130.6605
15131.3096
-16275.1059
-16275.5788
16813.4907
16814.3909
-15939.1411
-15940.0908
12681.8804
12682.5148
-12231.7693
-12232.1323
26207.8821
26209.1735
-24234.0362
-24235.0879
19315.4632
19316.1216
-15179.6402
-15180.2879
15108.0604
15108.5938
-14738.2087
-14739.2609
15108.0604
15108.5938
-14738.2087
-14739.2609
16903.0878
16903.7495
-13899.9226
-13900.5066
1.4983
1.4983
0.9927
0.9927
0.7542
0.7542
-0.8987

10/16/2023

MX
kN-m
-6877.5337
-9981.9393
5668.4082
8769.9504
-5638.108
-8494.5299
7100.269
10580.7994
-6582.4047
-9798.1226
6600.2949
9916.3625
-5875.4561
-8850.092
6626.7336
10076.5478
-5981.8141
-9007.952
5392.9779
7773.9646
-6388.0302
-9466.664
5936.7328
8859.8792
-6278.0623
-9608.494
7470.2426
10992.8179
-6870.7199
-10125.9369
7470.2426
10992.8179
-6870.7199
-10125.9369
5834.0583
8844.1135
-5854.7556
-8851.301
113710.3691
117930.7643
133160.315
137380.5294
93377.9084
96392.3634
58052.7294
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Analysis Results

Story Location
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Dead
Live
Live
Block-Dead
Block-Dead
Stair-Dead
Stair-Dead
Stair-Live
Stair-Live
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2
Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2

Case Type

LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

P
kN

8220.3914
2093.4496
2093.4496
6252.8
6252.8
0
0
0
0
8327.5941
8743.7538
8327.5941
8743.7538
8327.5942
8743.7539
8327.5941
8743.7538
8327.5943
8743.754
8327.5941
8743.7538
1.5623E-06
1.519E-06
-1.443E-06
-1.441E-06
1.626E-06
1.622E-06
-1.565E-06
-1.56E-06
1.284E-06
1.282E-06
-1.283E-06
-1.282E-06
1.31E-06
1.309E-06
-1.682E-06
-1.579E-06
1.289E-06
1.288E-06
-1.252E-06
-1.251E-06
1.267E-06
1.264E-06
-1.251E-06
-1.25E-06

VX
kN

0.289
0.1111
0.1111
-0.1124
-0.1124

0
0
0
0
0.3176
0.3176
0.3176
0.3176
4911.8147
4912.3083
0.3176
0.3176
3060.5019
3061.1361
0.3176
0.3176
1916.0356
1916.0743
-1933.6671
-1933.7051
2019.4819
2019.5168
-1971.0258
-1971.083
1737.7129
1737.7642
-1765.1132
-1765.1702
1722.0039
1722.0518
-2046.1278
-2046.1739
1599.732
1599.7491
-1656.4992
-1656.5315
1518.3738
1518.3931
-1658.3762
-1658.413

vY
kN

0.1217
0.0436
0.0436
0.1299
0.1299
0
0
0
0
0.1331
0.1331
0.1331
0.1331
395.393
395.3341
0.1331
0.1331
248.3397
248.0916
0.1331
0.1331
1127.5493
1127.5606
-1287.7432
-1287.774
1156.5147
1156.5402
-1247.6841
-1247.7193
1556.0041
1556.0443
-1360.0565
-1360.0853
1172.9086
1172.934
-1576.7408
-1576.7781
1361.4721
1361.505
-1243.7647
-1243.8019
1354.0643
1354.0962
-1234.1412
-1234.2133

kN-m
-0.8987
-0.3602
-0.3602
2.1839
2.1839
0
0
0
0
-0.9903
-0.9903
-0.9903
-0.9903
-0.9903
-0.9903
-36375.7379
-36379.3041
-0.9903
-0.9903
-22654.3663
-22663.1356
17144.0645
17144.3254
-19863.0156
-19863.8056
24271.7471
24272.4651
-24214.7455
-24215.2469
24838.2315
24838.8511
-20861.1691
-20861.6297
18386.5922
18387.0802
-21605.457
-21606.1439
18537.5266
18537.8394
-17522.2592
-17522.6253
19221.7972
19222.2632
-18695.4299
-18695.7442

10/16/2023

MX
kN-m
61369.0695
15112.2415
15112.0977
46345.007
46344.5782
0
0
0
0
61830.7858
65147.0882
61830.7858
65147.0882
61830.7858
65147.0882
59088.6812
61087.5226
61830.7858
65147.0882
60115.0405
62609.9027
10087.1469
14336.78
-10036.1313
-13626.8718
9048.8988
13093.2411
-9442.8518
-13251.4503
10769.1444
15257.4062
-11561.8122
-16696.7314
12961.4236
17786.4903
-9133.8746
-13004.5391
9297.9059
13180.9598
-10275.6588
-14768.6029
9965.896
13788.8395
-10318.8047
-14787.3002
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Analysis Results

Story Location
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2
Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max

P
kN

1.149E-06
1.147E-06
-1.144E-06
-1.144E-06
1.25E-06
1.247E-06
-1.282E-06
-1.279E-06
1.36E-06
1.357E-06
-1.326E-06
-1.322E-06
1.39E-06
1.388E-06
-1.223E-06
-1.222E-06
1.331E-06
1.329E-06
-1.322E-06
-1.32E-06
1.25E-06
1.247E-06
-1.28E-06
-1.278E-06
1.148E-06
1.144E-06
-9.711E-07
-9.686E-07
9.676E-07
9.668E-07
-9.95E-07
-9.941E-07
1.025E-06
1.023E-06
-9.635E-07
-9.617E-07
1.655E-06
1.654E-06
-1.641E-06
-1.642E-06
1.5688E-06
1.586E-06
-1.592E-06
-1.5692E-06
1.451E-06

VX
kN

1441.9606
1441.9907
-1282.6386
-1282.6439
1638.8725
1638.9144
-1505.1974
-1505.2184
1911.8337
1911.8906
-1664.5557
-1664.5925
1765.1047
1765.1374
-1560.2851
-1560.3135
1757.4237
1757.4694
-1726.3613
-1726.399
1592.5865
1592.6184
-1676.232
-1676.2666
1432.9609
1432.9904
-1268.2603
-1268.2918
1325.3439
1325.387
-1475.166
-1475.2195
1239.1742
1239.1925
-1166.0404
-1166.0569
2000.1351
2000.1694
-2207.3668
-2207.4078
2057.9598
2058.0046
-2123.9355
-2123.985
1811.7133

vY
kN

1232.5058
1232.5286
-1146.1907
-1146.2043
1292.6794
1292.7072
-1366.1205
-1366.1545
1088.5742
1088.5984
-1110.2095
-1110.2385
914.3302
914.3512
-994.2593
-994.279
1091.4841
1091.5053
-1167.4355
-1167.4665
1034.1394
1034.1535
-1297.1765
-1297.2216
1155.0146
1155.0291
-1260.135
-1260.1549
1182.7468
1182.7782
-1359.7932
-1359.835
1224.2687
1224.3033
-1368.7714
-1368.8137
1109.3371
1109.3562
-1061.599
-1061.6276
1268.0234
1268.0593
-1033.351
-1033.3784
1183.1313

T
kN-m
14929.7276
14929.9037
-16589.8444
-16590.2828
21270.9461
21271.6416
-19935.5897
-19936.2384
14821.091
14821.4558
-15230.2246
-15230.6196
17598.0612
17598.4622
-15705.6396
-15706.1521
17048.4079
17048.8332
-17521.4253
-17521.5974
14728.8977
14729.5088
-14515.5057
-14515.9026
16635.6137
16636.0036
-17245.153
-17245.4556
19197.9846
19198.6089
-18342.2274
-18342.8868
14221.8173
14222.208
-13120.6437
-13120.9864
30245.0705
30246.1207
-26749.1472
-26749.8111
20984.2284
20984.5785
-17164.6694
-17165.0872
16184.1173

10/16/2023

MX
kN-m
9757.995
13535.0004
-9823.5529
-13888.635
10386.428
14861.2915
-10323.8062
-14520.8653
8339.126
12001.2065
-8516.2
-12108.558
7859.6687
11126.744
-7830.4094
-10789.6792
8896.72
12580.6401
-9981.9394
-13436.2196
8769.9506
12896.2985
-8494.53
-11870.1468
10580.7995
14712.5341
-9798.1228
-13510.2257
9916.3626
14306.3901
-8850.0922
-12573.6294
10076.5479
14458.2466
-9007.9522
-12858.4009
7773.9646
10787.9269
-9466.6641
-13091.8767
8859.8794
12201.2145
-9608.4941
-13737.7108
10992.818
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Analysis Results

Story Location
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story2 Top
Story2 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
ETABS v20.0.0

Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo
Dead
Dead
Live
Live
Block-Dead
Block-Dead
Stair-Dead
Stair-Dead
Stair-Live
Stair-Live
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Gravity -Nonlinear
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode2-x
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Pushover-Mode1-Y
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-1
Time history 1-2
Time history 1-2

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
LinStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
NonStatic
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step

Type
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max

P
kN

1.449E-06
-1.239E-06
-1.236E-06
1.451E-06
1.449E-06
-1.239E-06
-1.236E-06
1.392E-06
1.388E-06
-1.216E-06
-1.213E-06
19679.8445
20262.468
23029.3638
23611.9874
16150.4814
16566.641
9447.254
9964.3009
2506.8328
2506.8328
7771.15
7771.15
0
0
0
0
10073.9622
10591.0091
10073.9622
10591.0091
10073.9622
10591.0091
10073.9614
10591.0083
10073.9622
10591.0091
10073.9606
10591.0075
2.36E-06
2.36E-06
-2.357E-06
-2.358E-06
2.506E-06
2.507E-06

VX
kN

1811.7454
-1556.5467
-15656.5724

1811.7133

1811.7454
-1556.5467
-15656.5724

1693.7724

1693.803
-1573.4079
-1573.4406

0.2472
0.2472
0.4249
0.4249
0.2876
0.2876
0.3156
0.3156
0.1212
0.1212
-0.1216
-0.1216

0

0

0

0
0.3468
0.3468
0.3468
0.3468

5096.1845
5097.0311

0.3468
0.3468

3176.4788

3173.1952
0.3468
0.3468

1999.2903
1999.3053
-2036.1902
-2036.2097
2084.5283
2084.5399

vY
kN

1183.153
-1405.7523
-1405.8018
1183.1313
1183.153
-1405.7523
-1405.8018
1075.4048
1075.4195
-1117.0028
-1117.0256
0.3523
0.3523
0.422
0.422
0.2952
0.2952
0.1318
0.1318
0.0472
0.0472
0.1398
0.1398
0
0
0
0
0.1442
0.1442
0.1442
0.1442
440.608
440.3141
0.1442
0.1442
275.9833
274.9175
0.1442
0.1442
1124.8851
1124.8833
-1369.6874
-1369.7033
1226.2696
1226.2831

T
kN-m
16184.4998
-17569.4369
-17570.2217
16184.1173
16184.4998
-17569.4369
-17570.2217
18630.996
18631.4229
-15399.0452
-15399.4245
1.7993
1.7993
1.2229
1.2229
0.925
0.925
-0.9837
-0.9837
-0.3939
-0.3939
2.386
2.386
0

0
0
0
-1.0837
-1.0837
-1.0837
-1.0837
-1.0837
-1.0837
-37852.0789
-37860.7198
-1.0837
-1.0837
-23589.5256
-23576.6165
17611.1018
17611.2413
-21684.9489
-21685.3412

25682.6792
25682.9994

10/16/2023

MX
kN-m
15180.8176
-10125.9369
-14009.4539
10992.818
15180.8176
-10125.9369
-14009.4539
8844.1136
12521.116
-8851.3011
-12392.394
146156.831
150799.1068
170336.4174
174978.4631
119509.9779
122825.7454
70279.3162
74399.576
18068.236
18068.0425
57595.8077
57595.2347
0
0
0
0
74796.3696
78916.5787
74796.3696
78916.5787
74796.3696
78916.5787
70732.7699
73002.4164
74796.3696
78916.5787
72258.8054
75235.4403
14336.7801
19952.5529
-13626.8719
-18041.6465
13093.2413
18553.9244
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Analysis Results

Story Location
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 1-2
Time history 1-2
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-1
Time history 2-2
Time history 2-2
Time history 2-2
Time history 2-2
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-1
Time history 3-2
Time history 3-2
Time history 3-2
Time history 3-2
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-1
Time history 4-2
Time history 4-2
Time history 4-2
Time history 4-2
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-1
Time history 5-2
Time history 5-2
Time history 5-2
Time history 5-2
Time history 6-1
Time history 6-1
Time history 6-1
Time history 6-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-1
Time history 7-2
Time history 7-2
Time history 7-2

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist

Step
Type
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min

P
kN

-2.474E-06
-2.474E-06
2.314E-06
2.314E-06
-2.53E-06
-2.531E-06
2.344E-06
2.344E-06
-2.456E-06
-2.457E-06
2.189E-06
2.19E-06
-2.237E-06
-2.237E-06
1.989E-06
1.99E-06
-2.308E-06
-2.309E-06
1.822E-06
1.823E-06
-1.861E-06
-1.862E-06
1.955E-06
1.956E-06
-2.137E-06
-2.138E-06
2.213E-06
2.214E-06
-1.792E-06
-1.792E-06
2.203E-06
2.203E-06
-1.967E-06
-1.967E-06
2.453E-06
2.454E-06
-2.191E-06
-2.192E-06
1.986E-06
1.987E-06
-2.148E-06
-2.149E-06
1.553E-06
1.5654E-06
-1.386E-06

VX
kN

-2111.6393
-2111.6662
1857.6308
1857.6546
-1908.9178
-1908.946
1838.3386
1838.3614
-2144.5702
-2144.588
1613.5864
1613.5885
-1721.3056
-1721.3186
1552.4504
1552.456
-1742.3964
-1742.4125
1517.4694
1517.4847
-1298.8603
-1298.8665
1739.6635
1739.6827
-1551.453
-1551.4617
2047.0662
2047.0919
-1749.9528
-1749.9681
1835.8559
1835.8693
-1617.6759
-1617.6865
1866.4261
1866.4465
-1812.2137
-1812.2296
1657.8995
1657.9116
-1750.8965
-1750.9104
1496.2156
1496.2275
-1338.8908

vY
kN

-1331.8607
-1331.8766
1659.5357
1659.5554
-1453.6354
-1453.657
1227.0574
1227.0673
-1653.3609
-1653.3747
1439.3055
1439.3201
-1338.9743
-1338.999
1428.1028
1428.1166
-1450.7079
-1450.7508
1276.44
1276.4479
-1172.0758
-1172.0802
1365.4631
1365.4777
-1450.669
-1450.6852
1145.3726
1145.3832
-1189.1027
-1189.1178
995.3876
995.4044
-1051.2844
-1051.3019
1136.6239
1136.6321
-1251.116
-1251.1321
1053.3778
1053.3815
-1424.4568
-1424.4824
1162.9248
1162.926
-1301.7621

T
kN-m
-24965.6379
-24965.8556
26175.8817
26176.164
-21623.9358
-21624.1295
19387.9412
19388.2004
-23016.6647
-23017.0135
19251.6516
19251.9824
-18314.0505
-18314.3125
20169.2912
20169.4936
-19247.5915
-19247.6894
15563.4025
15563.5521
-17542.7461
-17542.99
22713.9169
22714.2667
-21381.1301
-21381.4605
15484.1879
15484.3936
-16149.9912
-16150.1916
18397.6078
18397.7343
-16747.3923
-16747.6256
17845.5349
17845.7407
-17789.1148
-17789.151
16168.9964
16169.321
-15345.2074
-15345.3779
17282.6712
17282.8309
-17882.756

10/16/2023

MX
kN-m
-13251.4504
-18279.2017
15257.4064
21132.4072
-16696.7315
-23500.8957
17786.4904
24320.4496
-13004.5392
-18035.5081
13180.96
18427.7058
-14768.603
-20669.8054
13788.8396
18622.2082
-14787.3004
-20642.5692
13535.0004
18318.1823
-13888.6351
-19122.066
14861.2916
20809.0901
-14520.8654
-20108.1632
12001.2066
16876.5796
-12108.5581
-16804.6221
11126.744
15382.5337
-10789.6793
-14665.9804
12580.6402
17699.7394
-13436.2196
-17631.4698
12896.2987
18640.5204
-11870.1469
-16127.6021
14712.5342
19983.0294
-13510.2257
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Analysis Results

Story Location

Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
Story1 Top
Story1 Bottom
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Table 3.3 - Story Forces (Part 1 of 2, continued)

Output Case

Time history 7-2
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-1
Time history 8-2
Time history 8-2
Time history 8-2
Time history 8-2
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-1
Time history 9-2
Time history 9-2
Time history 9-2
Time history 9-2
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-1
Time history 10-2
Time history 10-2
Time history 10-2
Time history 10-2
Time history 6-2
Time history 6-2
Time history 6-2
Time history 6-2
DConS1
DConS1
DConS2
DConS2
Working Compo
Working Compo

Case Type

LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
LinModHist
Combination
Combination
Combination
Combination
Combination
Combination

Step
Type
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min
Max
Max
Min
Min

P
kN

-1.386E-06
1.594E-06
1.595E-06

-1.774E-06

-1.774E-06
1.593E-06
1.594E-06

-1.489E-06
-1.49E-06
2.725E-06
2.725E-06

-3.066E-06

-3.067E-06
2.613E-06
2.614E-06

-2.902E-06

-2.903E-06

2.39E-06
2.391E-06

-2.151E-06

-2.152E-06

2.39E-06
2.391E-06

-2.151E-06

-2.152E-06
1.946E-06
1.947E-06
-2.14E-06

-2.141E-06

24105.7656

24829.6313

28116.6981

28840.5637

19725.2368

20242.2837

VX
kN

-1338.9038
1425.4216
1425.4411

-1607.9296

-1607.9553
1274.2459
1274.2526

-1195.5577

-1195.5632
2079.2435
2079.2636

-2276.6945

-2276.7089
2149.8042
2149.8204

-2238.5242

-2238.5457
1879.8808
1879.8924

-1610.3038

-1610.3158
1879.8808
1879.8924

-1610.3038

-1610.3158
1760.2142
1760.2261

-1651.2228

-1651.2402

0.2716
0.2716
0.4656
0.4656
0.3152
0.3152

Table 3.3 - Story Forces (Part 2 of 2)

Story

Story6
Story6
Story6
Story6
Story6
Story6

. MY
Location KN-m

Top -9443.0557
Bottom -13215.6542

Top -3267.2797
Bottom -3267.1903

Top -1341.015
Bottom -1341.0982

vY
kN

-1301.7702
1266.1149
1266.1316

-1469.0916

-1469.1127
1320.3336
1320.3527

-1479.1247

-1479.1459
1167.8676
1167.8794

-1120.9861

-1120.9984
1377.1346
1377.1576

-1097.0629

-1097.0755
1246.2803
1246.2925

-1549.4305

-1549.4586
1246.2803
1246.2925

-1549.4305

-1549.4586
1088.9945
1089.0133

-1158.7838

-1158.7912

0.3802
0.3802
0.4557
0.4557
0.3188
0.3188

T
kN-m
-17882.9631
20424.419
20424.7211
-19603.0983
-19603.405
15553.0638
15553.4048
-14281.3882
-14281.6871
32597.103
32597.6708
-27919.0473
-27919.3547
21610.3415
21610.4431
-18077.3997
-18077.5572
17034.7516
17035.0358
-19123.3585
-19123.7554
17034.7516
17035.0358
-19123.3585
-19123.7554
19461.3194
19461.5057
-16121.8319
-16122.0091
1.9633
1.9633
1.333
1.333
1.0084
1.0084

10/16/2023

MX
kN-m
-18160.4345
14306.3902
20298.8421
-12573.6295
-17610.7158
14458.2467
20456.6495
-12858.401
-18137.0256
10787.9269
15099.3424
-13091.8768
-17767.9361
12201.2146
16278.9066
-13737.7109
-19247.4267
15180.8177
21198.3439
-14009.454
-19065.7219
15180.8177
21198.3439
-14009.454
-19065.7219
12521.1161
17266.7535
-12392.3941
-16812.527
179025.1735
184792.735
207934.3511
213701.603
145943.36
150062.8532
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Analysis Results 10/16/2023

Table 3.3 - Story Forces (Part 2 of 2, continued)

. MY
Story Location KN-m
Story6 Top 0
Story6 Bottom 0
Story6 Top 0
Story6 Bottom 0
Story6 Top -10259.8757
Story6 Bottom -14032.4511
Story6 Top -10259.8757
Story6 Bottom -14032.4511
Story6 Top -10259.8757
Story6 Bottom -9349.0399
Story6 Top -10262.4059
Story6 Bottom -14032.4511
Story6 Top -10259.8757
Story6 Bottom -11109.6794
Story6 Top -10260.326
Story6 Bottom -14032.4511
Story6 Top 2.551E-06
Story6 Bottom 1890.1321
Story6 Top -2.264E-06
Story6 Bottom -1858.6952
Story6 Top 2.971E-06
Story6 Bottom 1981.7386
Story6 Top -2.828E-06
Story6 Bottom -2041.4265
Story6 Top 2.476E-06
Story6 Bottom 1795.675
Story6 Top -3.095E-06
Story6 Bottom -1975.818
Story6 Top 3.028E-06
Story6 Bottom 1919.4151
Story6 Top -2.311E-06
Story6 Bottom -2011.6387
Story6 Top 2.408E-06
Story6 Bottom 1684.2616
Story6 Top -2.503E-06
Story6 Bottom -1659.3699
Story6 Top 2.659E-06
Story6 Bottom 1592.2508
Story6 Top -2.336E-06
Story6 Bottom -1549.7761
Story6 Top 1.749E-06
Story6 Bottom 1445.6418
Story6 Top -1.982E-06
Story6 Bottom -1742.8311
Story6 Top 2.228E-06

ETABS v20.0.0 Page 37 of 52



Analysis Results

ETABS v20.0.0

Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6

Location

Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom

MY
kN-m
1489.6498
-2.039E-06
-1582.0506
2.027E-06
1566.1969
-1.823E-06
-1674.4757
1.81E-06
1701.71
-1.744E-06
-1506.4152
1.973E-06
1841.3561
-2.201E-06
-1616.1918
1.841E-06
1465.1009
-1.99E-06
-1551.8936
2.565E-06
1319.5708
-2.133E-06
-1234.506
2.322E-06
1342.6388
-2.449E-06
-1359.5883
2.248E-06
1314.1319
-2.166E-06
-1170.196
2.747E-06
2414.7056
-2.575E-06
-2335.1775
2.758E-06
2280.9552
-2.583E-06
-2130.2681
2.729E-06
1917.404
-2.297E-06
-1599.6705
2.729E-06
1917.404
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story6
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5

Location

Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top

MY
kN-m
-2.297E-06
-1599.6705
1.944E-06
1626.7127
-2.227E-06
-1464.2153
-15097.699
-20379.4533
-20325.3466
-25606.9578
-14051.3505
-17823.9427
-22065.7731
-25838.1381
-6166.1863
-6166.0072
-12756.1672
-12756.3382
0
0
0
0
-23607.319
-27379.6378
-23607.319
-27379.6378
-18925.3729
-13661.4281
-23607.319
-27379.6378
-20684.7971
-18819.9898
-23607.319
-27379.6378
1890.1324
5429.0494
-1858.6957
-5145.6404
1981.739
5575.6653
-2041.4269
-5748.2934
1795.6753
5123.1157
-1975.8185
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5

Location

Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom

MY
kN-m
-5332.2609
1919.4156
5147.325
-2011.639
-5719.9969
1684.2619
4799.6262
-1659.3703
-4738.4874
1592.251
4620.7712
-1549.7762
-4549.5793
1445.642
4192.831
-1742.8315
-4883.501
1489.65
4334.7537
-1582.0508
-4591.4745
1566.1971
4511.4526
-1674.4761
-4562.0947
1701.7102
4965.3712
-1506.4153
-4409.4639
1841.3564
5230.7467
-1616.192
-4692.6244
1465.1011
4280.7955
-1551.8938
-4535.1298
1319.571
3823.4961
-1234.5062
-3457.5838
1342.6391
3795.6922
-1359.5886
-3813.8084
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story5
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4

Location

Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top

MY
kN-m
1314.1321
3807.6294
-1170.1962
-3432.9804
2414.7061
6783.7237
-2335.1779
-6640.1897
2280.9557
6334.7876
-2130.2684
-6074.297
1917.4043
5466.628
-1599.671
-4529.8423
1917.4043
5466.628
-1599.671
-4529.8423
1626.7129
4753.1506
-1464.2154
-4285.8167
-48750.7164
-54032.2669
-58616.6145
-63897.8783
-40988.1266
-44760.4835
-34688.257
-38460.4224
-9065.0032
-9064.7473
-24171.4073
-24171.6574
0
0
0
0
-36954.5057
-40726.6052
-36954.5057
-40726.6052
-23237.1516
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4

Location

Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom

MY
kN-m
-14577.8558
-36954.5057
-40726.6052
-28395.093
-24415.3074
-36954.5057
-40726.6052
5429.0497
10153.774
-5145.6406
-9772.14
5575.6657
10586.6578
-5748.2937
-10481.7803
5123.1161
9441.9281
-5332.2612
-9488.177
5147.3254
9323.5157
-5719.9971
-10639.1841
4799.6265
9064.3352
-4738.4877
-8937.4593
4620.7715
8698.3493
-4549.5795
-8692.1933
4192.8313
7891.9288
-4883.5013
-8824.9999
4334.7539
8257.7723
-4591.4748
-8623.0597
4511.4528
8627.9523
-4562.0951
-8406.0234
4965.3714
9428.9864
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4
Story4

Location

Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top

MY
kN-m
-4409.4641
-8360.8851
5230.747
9645.7413
-4692.6246
-8922.1194
4280.7957
8183.9225
-4535.1299
-8674.3831
3823.4963
7306.6102
-3457.5839
-6400.4119
3795.6925
6986.6776
-3813.8086
-7012.4761
3807.6296
7137.0084
-3432.9806
-6511.7422
6783.7241
12372.26
-6640.1901
-12287.8158
6334.7881
11490.0936
-6074.2973
-11329.2447
5466.6283
10135.048
-4529.8425
-8424.6944
5466.6283
10135.048
-4529.8425
-8424.6944
4753.1508
9043.5924
-4285.8169
-8185.5193
-82403.53
-87684.9118
-96907.535
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Table 3.3 - Story Forces (Part 2 of 2, continued)

. MY
Story Location KN-m
Story4 Bottom | -102188.5075
Story4 Top -67924.6674
Story4 Bottom -71696.8272
Story3 Top -47306.5078
Story3 Bottom -50735.6021
Story3 Top -11957.6902
Story3 Bottom -11957.4012
Story3 Top -35586.7265
Story3 Bottom -35587.0151
Story3 Top 0
Story3 Bottom 0
Story3 Top 0
Story3 Bottom 0
Story3 Top -50295.9263
Story3 Bottom -53724.9461
Story3 Top -50295.9263
Story3 Bottom -53724.9461
Story3 Top -24148.3429
Story3 Bottom -14148.5674
Story3 Top -50295.9263
Story3 Bottom -53724.9461
Story3 Top -33985.2527
Story3 Bottom -29043.4244
Story3 Top -50295.9263
Story3 Bottom -53724.9461
Story3 Top 10153.7742
Story3 Bottom 15145.7601
Story3 Top -9772.1403
Story3 Bottom -14753.5287
Story3 Top 10586.6581
Story3 Bottom 16083.1595
Story3 Top -10481.7806
Story3 Bottom -15195.3769
Story3 Top 9441.9284
Story3 Bottom 13771.767
Story3 Top -9488.1772
Story3 Bottom -13541.4397
Story3 Top 9323.5159
Story3 Bottom 13847.8569
Story3 Top -10639.1843
Story3 Bottom -15875.2492
Story3 Top 9064.3355
Story3 Bottom 13578.2054
Story3 Top -8937.4595

Story3 Bottom -13383.028
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3

Location

Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top

MY
kN-m
8698.3496
12954.5108
-8692.1935
-13185.9364
7891.929
11788.5102
-8825.0002
-12630.6909
8257.7725
12575.4927
-8623.06
-12809.8773
8627.9524
13470.3616
-8406.0236
-12858.748
9428.9866
14231.771
-8360.8853
-12563.8772
9645.7415
14150.2704
-8922.1196
-13553.0921
8183.9227
12470.7346
-8674.3833
-13206.1999
7306.6104
11128.2585
-6400.412
-9637.8197
6986.6777
10264.7184
-7012.4763
-10409.4921
7137.0086
10591.7401
-6511.7424
-9762.1188
12372.2603
17974.8424
-12287.8161
-18163.0823
11490.094
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story3
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2
Story2

Location

Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom

MY
kN-m
16706.5627
-11329.2449
-16923.3617
10135.0482
14982.6805
-8424.6946
-12632.653
10135.0482
14982.6805
-8424.6946
-12632.653
9043.5926
13671.2103
-8185.5195
-12436.2382
-116050.528
-120851.6641
-135182.8323
-139983.506
-94850.9245
-98280.0184
-59585.721
-63357.5984
-14856.3972
-14856.0307
-47002.0842
-47002.4551
0
0
0
0
-63299.814
-67071.5969
-63299.814
-67071.5969
-23723.6276
-11290.7964
-63299.814
-67071.5969
-38618.632
-32291.1662
-63299.814
-67071.5969
15145.7603
21285.0139
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Table 3.3 - Story Forces (Part 2 of 2, continued)

. MY

Story Location KN-m
Story2 Top -14753.5289
Story2 Bottom -20848.6901
Story2 Top 16083.1598
Story2 Bottom 22747.5419
Story2 Top -15195.377
Story2 Bottom -21176.5022
Story2 Top 13771.7672
Story2 Bottom 18632.3307
Story2 Top -13541.4398
Story2 Bottom -18640.8641
Story2 Top 13847.8571
Story2 Bottom 19164.4914
Story2 Top -15875.2494
Story2 Bottom -22499.903
Story2 Top 13578.2056
Story2 Bottom 18801.9599
Story2 Top -13383.0282
Story2 Bottom -18774.0847
Story2 Top 12954.511
Story2 Bottom 17922.1385
Story2 Top -13185.9366
Story2 Bottom -18627.4492
Story2 Top 11788.5103
Story2 Bottom 16457.5291
Story2 Top -12630.6911
Story2 Bottom -16756.3133
Story2 Top 12575.4928
Story2 Bottom 17921.3699
Story2 Top -12809.8775
Story2 Bottom -17705.378
Story2 Top 13470.3618
Story2 Bottom 19775.5157
Story2 Top -12858.7482
Story2 Bottom -18351.8784
Story2 Top 14231.7712
Story2 Bottom 20050.7183
Story2 Top -12563.8773
Story2 Bottom -17712.8927
Story2 Top 14150.2706
Story2 Bottom 19332.858
Story2 Top -13553.0923
Story2 Bottom -19238.4824
Story2 Top 12470.7348
Story2 Bottom 17708.1536
Story2 Top -13206.2001
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Table 3.3 - Story Forces (Part 2 of 2, continued)

. MY

Story Location KN-m
Story2 Bottom -18737.8566
Story2 Top 11128.2587
Story2 Bottom 15801.2372
Story2 Top -9637.8198
Story2 Bottom -13706.7419
Story2 Top 10264.7186
Story2 Bottom 14086.9332
Story2 Top -10409.4923
Story2 Bottom -14792.7295
Story2 Top 10591.7402
Story2 Bottom 14620.4586
Story2 Top -9762.119
Story2 Bottom -13588.1926
Story2 Top 17974.8426
Story2 Bottom 24323.533
Story2 Top -18163.0825
Story2 Bottom -25218.1192
Story2 Top 16706.5629
Story2 Bottom 22751.3699
Story2 Top -16923.3619
Story2 Bottom -23720.9724
Story2 Top 14982.6806
Story2 Bottom 20723.406
Story2 Top -12632.6531
Story2 Bottom -17746.94
Story2 Top 14982.6806
Story2 Bottom 20723.406
Story2 Top -12632.6531
Story2 Bottom -17746.94
Story2 Top 13671.2105
Story2 Bottom 19256.6503
Story2 Top -12436.2384

Story2 Bottom -17613.5858
Story2 Top -149222.9273
Story2 Bottom -154504.075
Story2 Top -172993.1627
Story2 Bottom | -178273.7241
Story2 Top -121444.2024
Story2 Bottom | -125216.0843

Story1 Top -72207.7173
Story1 Bottom -76893.8801
Story1 Top -17755.0267
Story1 Bottom -17754.5296
Story1 Top -58417.5242

Story1 Bottom -58418.0227
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1

Location

Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top

MY
kN-m
0
0
0
0
-76646.4648
-81332.4996
-76646.4648
-81332.4996
-20871.4344
-4670.7939
-76646.4648
-81332.4996
-41866.3493
-33539.272
-76646.4648
-81332.4996
21285.014
29467.363
-20848.6903
-29085.1734
22747.5421
31294.1479
-21176.5024
-29645.5583
18632.3307
25808.388
-18640.8642
-26193.6821
19164.4915
26283.6746
-22499.9032
-31188.1933
18801.9599
25326.2842
-18774.0849
-25831.4828
17922.1385
24287.2045
-18627.4493
-25652.3688
16457.5292
22486.4598
-16756.3132
-21751.8252
17921.3701
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Table 3.3 - Story Forces (Part 2 of 2, continued)

Story

Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1

Location

Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom
Top
Bottom

MY
kN-m
25005.8957
-17705.3781
-23933.2857
19775.5159
28168.5757
-18351.8786
-25526.7376
20050.7184
27567.0401
-17712.8928
-24345.4004
19332.8581
26552.3454
-19238.4825
-26659.2119
17708.1537
24494 .822
-18737.8567
-25916.5803
15801.2374
21891.241
-13706.742
-19112.3977
14086.9332
19148.3449
-14792.7296
-21218.3559
14620.4587
19736.1322
-13588.1927
-18450.6938
24323.533
32273.7869
-25218.1193
-34401.1679
22751.37
30984.3331
-23720.9725
-32682.3865
20723.4061
28201.9719
-17746.9401
-24332.6428
20723.4061
28201.9719
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3.3 Modal Results

Case Mode

Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

ETABS v20.0.0

o N O g b~ WN -

= =
=

Period
sec

0.823
0.675
0.508
0.247
0.173
0.142
0.128
0.089
0.077
0.064
0.063
0.052

Table 3.3 - Story Forces (Part 2 of 2, continued)

Table 3.4 - Modal Periods And Frequencies

Case Mode

Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

0 N OO g b~ W N -

©

10
1"
12

Story

Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1
Story1

sec
0.823
0.675
0.508
0.247
0.173
0.142
0.128
0.089
0.077
0.064
0.063
0.052

. MY
Location KN-m
Top -17746.9401
Bottom -24332.6428
Top 19256.6505
Bottom 26468.64
Top -17613.5859
Bottom -24333.2044
Top -182875.3381
Bottom -189436.664
Top -211283.3808
Bottom | -217843.9113
Top -148380.2682
Bottom | -153066.4324

cyclsec rad/sec

1.
1.
1
4.
5.
7.
7.
11

214 7.6302
483 9.31563
97 12.3804
057 25.4885
778 36.3025

019 44.1023
838 49.2466
221 70.5054

13.02 81.8058
15.591 97.9607
15.765 99.0539
19.301 121.2736

Period Frequency CircFreq Eigenvalue

rad2/sec2
58.2199
86.7748
153.274
649.6661
1317.8717
1945.0098
2425.2294
4971.0051
6692.1883
9596.2987
9811.6789
14707.2742

Table 3.5 - Modal Participating Mass Ratios (Part 1 of 2)

UX

0.0099
0.7422
2.59E-05
0.0011
0.1593
0.0002
0.0005
4.604E-05
0.0523
0
4.868E-05
1.671E-06

Uy

0.3556
0.0057
0.4304
0.0425
0.0002
0.0559
0.0487
0.0004
0.0001
0.0003
0.0354
0.0001

UZ SumUX SumUY SumUZ RX

O O O O O oo o oo o o

0.0099 | 0.3556
0.7521 = 0.3613
0.7521 | 0.7917
0.7533 | 0.8342
0.9126 | 0.8344
0.9128 = 0.8902
0.9133 0.939
0.9133 = 0.9394
0.9656 | 0.9394
0.9656 @ 0.9397
0.9657 | 0.9751
0.9657 @ 0.9752

0.0467
0.0005
0.2095
0.2235
0.0009
0.179
0.1485
0.0042
0.0001
0.0008
0.0937
0.0004

O O O O O oo o oo o o

RY

0.0031
0.2797
0.0001
0.0008
0.4565
0.0005
0.0013
0.0002
0.1357
0
0.0001
6.806E-06

10/16/2023

RZ

0.5697
0.0067
0.3414
0.0131
0.0001
0.0438
0.003
0.0017
4.254E-06
0.001
0.011
0.0001
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Table 3.5 - Modal Participating Mass Ratios (Part 2 of 2)

Case

Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

Case
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal
Modal

Mode SumRX SumRY SumRZ

0.0467
0.0472
0.2566
0.4801
0.481
0.66
0.8086
0.8128
0.8129
0.8137
0.9073
0.9078

0.0031
0.2828
0.2829
0.2837
0.7402
0.7407
0.742
0.7422
0.8778
0.8778
0.878
0.878

0.5697
0.5764
0.9178
0.9308
0.931
0.9748
0.9778
0.9795
0.9795
0.9805
0.9915
0.9916

Table 3.6 - Modal Load Participation Ratios

Case

Modal | Acceleration
Modal = Acceleration
Modal | Acceleration

ItemType

Item

UXx
Uy
uz

Static Dynamic

%
99.98
99.99

0

%
96.57
97.52

0

Table 3.7 - Modal Direction Factors

Mode

0 N OO g B~ WON =

~ N
N ~ o ©

Period
sec

0.823
0.675
0.508
0.247
0.173
0.142
0.128
0.089
0.077
0.064
0.063
0.052

V)4

0.013
0.987

0.003
0.995
0.001
0.002
0.004
0.996
0.001
0.001
0.002

Uy

0.391
0.006
0.616
0.317
0.001
0.685
0.285
0.36
0.003
0.391
0.675
0.431

uz

O O O O O O ©o o o o o o

0.596
0.007
0.384
0.68
0.003
0.315
0.712
0.636
0.001
0.608
0.324
0.567

10/16/2023
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