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Introduction

The Seismic Evaluation and Retrofit of Existing Buildings Standard ASCE/SEIl 41-17 is a significant
reference in the field of structural engineering. This standard delineates deficiency-based and
systematic procedures for evaluating and retrofitting existing buildings for seismic resilience, utilizing
performance-based principles. ASCE/SEl 41-17 provides a three-tier process that aligns building
performance levels with seismic hazard levels, integrating targeted structural performance and the
performance of non-structural components.

The standard encompasses analysis procedures, acceptance criteria, and requirements for various
building components and systems, including foundations, steel, concrete, masonry, wood, cold-formed
steel, architectural, mechanical, and electrical components, as well as seismic isolation and energy
dissipation systems. It offers checklists for different building types and seismicity levels to support the
Tier 1 screening process.

The latest edition of ASCE/SEI 41-17 updates and revises previous editions, incorporating significant
revisions on fundamental performance objectives for existing buildings and the evaluation of force-
controlled actions. Notably, it reconfigures the nonlinear dynamic procedure and updates provisions for
steel and concrete columns and unreinforced masonry.

ASCE/SEI 41-17 is essential for structural engineers focusing on enhancing the seismic resilience of
existing buildings and for building code officials reviewing such work. It also holds value for architects,
construction managers, academic researchers, and building owners, providing a comprehensive
framework to address seismic vulnerabilities in existing structures.
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ASCE 41/17 Seismic Definitions

In this section, the steps and definitions for the evaluation of existing buildings within ASCE 41/17 will
be discussed.

Performance Levels

ASCE 41/17 contains four performance levels. These performance levels are the targeted or defined
performance objectives under specific seismic loads. The performance levels are outlined below:

Operational Performance Level (1-A)

According to ASCE 41-17's Operational Level (1-A), the structure does not require any repair measures.
The strength and stiffness properties of the structural elements are maintained without significant
yielding. All systems important for normal operation are functional. Non-structural components, such
as partitions and infills, should not be damaged. (ASCE 2.3.3.1)

Immediate Occupancy Performance Level (1-B)

According to ASCE 41-17, the Immediate Occupancy Condition (1-B) post-earthquake is a condition
where building operations are expected to continue uninterrupted during and after the design
earthquake, with the exception of some minor functions. Structural elements retain their durability and
stiffness properties. A few minor cracks may occur in the structure. (ASCE 2.3.3.2)

Life Safety Performance Level (3-C)

According to ASCE 41-17, Life Safety (3-C) is a condition where moderate damage to the structure is
expected during the design earthquake, but repair may not be economically feasible. Structural
elements retain some residual strength and stiffness. Although non-structural components may be
damaged, partitions, and infill walls do not experience out-of-plane failure. Moderate permanent
displacements are present. (ASCE 2.3.3.3)

Collapse Prevention Performance Level (5-D)

According to ASCE 41-17, Collapse Prevention (5-D) is a condition where significant (generally
irreparable) damage to the structure is expected during the design earthquake, and the structure is
unlikely to survive another earthquake. The structure exhibits a permanently low level of lateral stiffness
and strength, but the vertical elements are still capable of carrying vertical loads. Most non-structural
components have collapsed, and large permanent displacements are present. (ASCE 2.3.3.4)
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Seismic Hazard Levels

The seismic hazard section of ASCE/SEI 41-17 provides comprehensive guidelines for characterizing and
assessing seismic hazards for the seismic evaluation and retrofitting of existing buildings. The primary
objective of seismic hazard assessment is to determine the expected ground motion parameters at a
building site during an earthquake. This information is necessary to design seismic retrofits that enhance
the building's resilience against seismic forces.

BSE-1E (2.4.1.4): Represents a seismic event with a 20% probability of exceedance within 50 years,
corresponding to a return period of 225 years. Used for initial evaluation and retrofit design to achieve
a basic safety level for existing buildings.

BSE-2E (2.4.1.3): Represents a seismic event with a 5% probability of exceedance within 50 years,
corresponding to a return period of 975 years. Intended for more rigorous evaluation and retrofit design
to ensure building safety during more severe earthquakes.

BSE-1N (2.4.1.2): Represents a seismic event with a 10% probability of exceedance within 50 years,
corresponding to a return period of 475 years. Typically used as a criterion for designing new buildings
to a standard safety level.

BSE-2N (2.4.1.1): Represents a seismic event with a 2% probability of exceedance within 50 years,
corresponding to a return period of 2,475 years. Used to design critical infrastructure and facilities to
remain operational during and after a major seismic event.

Significance of Seismic Hazard Levels

Risk Assessment: Helps understand and mitigate seismic risks specific to the location of a building.

Design Guidance: Provides clear criteria to ensure the necessary level of protection based on expected
seismic activity.

Safety Standards: Ensures that buildings are evaluated and retrofitted to meet appropriate safety
standards, reducing the risk of damage and loss of life during an earthquake.

Level of Seismicity

The level of seismicity is defined in four levels (ASCE 41/17 2.5).
Very Low Seismicity: Areas where the probability of significant ground motion is relatively very low.

Low Seismicity: Areas where the probability of significant ground motion is relatively low. Buildings in
these regions require basic measures to ensure safety and prevent collapse.

Moderate Seismicity: Regions where the probability of experiencing significant ground motion is
moderate. Retrofit designs must account for more frequent and stronger seismic events compared to
regions of low seismicity.

High Seismicity: Areas where the probability of experiencing severe ground motion is high. Buildings in
these regions require the strictest retrofit measures to ensure they withstand intense seismic forces
and protect occupants.
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2
SDS = 5 * FaSs (Eq 2-4)

2
Sp1 =3 *FpS; (Eq. 2-5)

Table 2-4. Level of Seismicity Definitions

Level of

Seismicity? Sos S

Very low <0.167 g <0.067 g

Low >0.167 g >0.067 g
<0.33 g <0.133g

Moderate >0.33¢g >0.133 g
<050 g <0.20 g

High >0.50g >0.20 g

Sail Classification

Page - 8

Soil classification is an important component in the seismic evaluation and retrofitting of existing
buildings. It helps understand how local soil conditions can affect seismic waves and ground shaking

during an earthquake.

Soil classification categorizes the soil and rock conditions at a building site to adjust seismic design
parameters. Different soil conditions can amplify or attenuate seismic waves, which influences the

building's seismic response.

The standard classifies sites into different categories based on the average properties of the top 30

meters (100 feet) of the soil profile.

According to ASCE 41/17, soil classes consist of 6 categories; (ASCE 7 20.3-1)

Table 20.3-1 - Site Classification E3
Table 20.3-1: Site Classification
Site Class V. (ft/s) Nor N, S, (Ib/ft?)
A. Hard Rock = 5000 N/A N/A
B. Rock 2500 to 3000 N/A N/A
C. Very dense soil and soft rock 1200 to 2500 =50 = 2000
D. Stiff Soil 600 to 1200 15 to 50 1000 to 2000
E. Soft Clay Soil < 600 <15 < 1000

Any profile with more than 10 ft of soil that has the

following characteristics:

- Plasticity Index PI = 20
- Moisture Content w.,. = 40%
- Undrained Shear Strength §, < 500 Ib/ft?

F. Soils requiring site response analysis
in accordance with Section 21.1

See Section 20.3.1

Note: For SI: 1 ft = 0.3048 m; 1 ft/s = 0.3048 mys; 1 Ib/ft* = 0.0475 kN/m?

Soil classification helper table in ProtaStructure
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Definition of Seismic Parameters
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Short Period Spectral Acceleration, Ss, and 1-sec Period Spectral Acceleration, S1, should be obtained for
hazard levels BSE-2N, BSE-2E, BSE-1N, BSE-1E and entered in ProtaStructure Seismic Parameters Ul.

Parameters

Analysis

Long Period Transition Period, TL: 10

ASCEQ7 [2016] (IBC) Seismic Parameters

Structural Irregularities Settings

Seismic Parameters

Spectrum Angle (%):

Site Class: |A ~ || @

Spectral Accelerations and Soil Factors: a 0.95

Hazard Ss 51 Fa Fv S¥s 5X1 TO Ts e

BSE-2N  1.238 0.500 0.800 0.800 1.030 0.400 0.078 0.388 ’

BSE-2E  1.200 0.425 0.800 0.800 0.980 0.340 0.071 0.354 0.85

BSE-IN 0.863 0.338 0.800 0.800 0.690 0.270 0.078 0.391

BSE-1E  0.625 0.200 0.800 0.800 0.500 0.160 0.064 0.320 0.8
0.75

BSE1M is calculated as 2/3 times BSE2M (MCER). BSE 1N must be used in new
building design. Other hazard levels are intended for performance assessment.

T=0.388 5

ASCEO7 Response Spectrum

ASCEQ7 Seismic parameters Ul in ProtaStructure for seismic hazard definition.

Important Note:

REEIE
*% o

BSE-1N is calculated as 2/3 times BSE-2N (MCER) and editing of spectral acceleration values is not
allowed. BSE-IN must be used in new building design. Other hazard levels in ProtaStructure are
intended for performance assessment. (ASCE41-17 2.4.1.2)

Site response coefficients, F; and F, values are automatically calculated and can be customized if

necessary.

Table 11.4.1 and 11.4.2 - Site Response Coefficients E3
Site Coefficient, Fa
site class Mapped Risk-Targeted Maximum Considered Earthguake (MCE;) Spectral Response
Acceleration Parameter at Short Period, S,
S: £0.25 S5:=0.5 S: =0.75 S5:=1.0 S:=1.25 S = 1.50
SA 0.8 0.8 0.8 0.8 0.8 0.8
5B 0.9 0.9 0.9 0.9 0.9 0.9
5C 1.3 1.3 1.2 1.2 1.2 1.2
5D 1.6 14 1.2 1.1 1.0 1.0
SE 2.4 1.7 1.3 ASCEQO7 11.4.8
SF ASCE 07 11.4.8 (Site-specific response analysis required)
Site Coefficient, Fv
site class Mapped Risk-Targeted Maximum Considered Earthquake (MCEg)
Spectral Response Acceleration Parameter at 1-s Period, S,
S04 8§;=0.2 S;=0.3 S§;=04 S;=0.5 S 20.6
SA 0.8 0.8 0.8 0.8 0.8 0.8
5B 0.2 0.8 0.2 0.8 0.2 0.8
5C 1.5 1.5 1.5 1.5 1.5 1.4
5D 2.4 2.2 2.0 1.5 1.8 1.7
SE 4.2 ASCEO7 11.4.8
SF ASCE 07 11.4.8 Site-specific response analysis required

Helper table in ProtaStructure for site response coefficients, F, and F,
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Obtaining Spectral Acceleration Values, Ss and S;

Values of Ss and S; are specific to the project site and must be obtained from an official seismic hazard
map.

ASCE Hazard Tool (https://ascehazardtool.org) offers an interactive tool for picking Ss and S; values on
a map. You can also use this online tool for generating lateral and vertical acceleration spectra for
different seismic hazard levels and cross check with ProtaStructure.

ASCE HAZARD TOOL

© Enter Structure Information

Q@ entertocaton ®  [J

ADDRESS LAT/LONG FIND ON MAP

Click on Map to select location

© Requested Data Z

B Standard Version © oo Vi

ASCE/SEI 4117 iy

T
v Gy Vs _ Mivaukes  Grand Rapid: ’ F
B-Rock v c T
. S5 REAT hae
: ] 9. '
& 5 v ® UNITED S0 "
¢ STATES .
® Load Typ ¥ =

n Diego Dalla: N 06
% Tucson Esri, HERE, Garmin, FAO, NOAA, USGS, EPA \==~]

The Ul for interactive ASCE Hazard Tool web application.

Definitions of Sxs and Sx1

The short-period spectral acceleration Sxs and and the 1-second period spectral acceleration Sxi
parameters are significant seismic parameters. The equations used for the calculations of these
parameters are:

Sxs = FgSs  (Eq 2-1)

Sx1 = ES; (Eq2-2)

General Horizontal Response Spectrum

The General Horizontal Response Spectrum is an enhanced version of the horizontal spectrum definition
used in ASCE 7 11.4.6.

The spectral response acceleration S, is plotted against the structural period, T, horizontally, using Sxs/B1
and Sx1/Bs instead of Sps and Spy, respectively.

The equation for the value of By is provided below, where [ is the effective viscous damping ratio.

B, = 4/[5.6 — In(1008)] (Eq 2-3)


https://ascehazardtool.org/
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Effective viscous damping ratio can be entered in ProtaStructure using Seismic Parameters > Analysis >
Damping Ratio field.

ASCEOQ7 [2016] (IBC) Seismic Parameters

Parameters Analysis Structural Irregularities Settings

Load Application and Analysis

| Apply Accidental Eccentricity

Accidental Eccentricity: 5.00%:
Damping Ratio: 0.05

Number of Horizontal Modes: 3
Mumber of Vertical Modes: 3

Use user-defined periods in equivalent static analysis

The general horizontal response spectrum graph is provided below:

sa=s,s[(8ir-2)r—2+a4]

Sa=S/8,
$,s/B rag

ot
Sa = SXI/B’T

/Sﬂ =T\5q/8,T9)

LA
-1

~

=~}

Spectral response acceleration, S,

.
"
.
"
#
.
.
.
"
"
"
.

T T> 1.0 T,
Period, T

To=0.2 Sp1/Sps (ASCEQ7-22 11.4.5.2)

Ts = Sp1/Sos (ASCEQ7-22 11.4.5.2)
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ASCE 41-17 Building Assessment

The ASCE 41-17 building assessment stages are as follows:
e Tier 1 Screening - ASCE 41/17 Section 4
o Tier 2 Deficiency-based Evaluation and Retrofit - ASCE 41/17 Section 5
e Tier 3 Systematic Evaluation and Retrofit - ASCE 41/17 Section 6
Important:

Only Tier 3 Assessment is within the scope of ProtaStructure.

Tier 3 Systematic Assessment and Retrofit

The Tier 3 Systematic Assessment and Retrofit process provides a comprehensive and detailed analysis
of a building's seismic performance. This involves the most rigorous evaluation and retrofit design,
ensuring that buildings can meet high performance objectives under seismic loads.

Components of a Tier 3 evaluation are:

Detailed Construction Information: Gathering comprehensive construction information, including
structural and architectural drawings, material properties, and detailed field investigations.

Comprehensive Condition Assessment: Conducting a wide-ranging assessment of the building's current
condition, identifying any existing damages, deterioration, or other issues that may affect seismic
performance.

Advanced Analytical Methods: Utilizing advanced linear and nonlinear analysis methods to accurately
model and evaluate the building's response to seismic forces. Both static (pushover) and dynamic (time-
history) analyses are frequently used.

Performance Objectives: Clearly defined performance objectives that guide the evaluation process,
ranging from Immediate Occupancy to Collapse Prevention. These objectives determine the rigor of the
evaluation and retrofit criteria.

Main Steps of Tier 3 Evaluation

Data Collection and Documentation: Collect detailed information about the building's configuration,
materials, and current conditions. This includes comprehensive architectural and structural plans,
material tests, and field surveys.

Detailed Condition Assessment: Conduct a through inspection to document any existing structural
damage, material deterioration, and other relevant conditions.

Analytical Modeling: Develop a detailed analytical model that accurately represents the building's
structural behavior under seismic loads. Advanced analysis techniques, such as finite element modeling,
can be used to capture complex interactions within the structure.
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Evaluation of Structural Components: Assess each structural component using both linear and nonlinear
procedures to determine its capacity and performance under seismic loading. Identify and quantify
deficiencies that could impair the building's performance.

Retrofit Design: Design retrofit measures to address identified deficiencies. This includes adding new
structural elements, strengthening existing components, and improving connections. Retrofit designs
must be detailed and precise to meet the specified performance objectives.

Verification and Validation: Conduct additional analyses to verify that the retrofitted building meets the
desired performance levels. This may involve iterative cycles of modeling, analysis, and design
adjustments. Validate the retrofit design through peer reviews, sensitivity analyses, and, if necessary,
physical testing of components.

Analysis Procedures and Acceptance Criteria

Before presenting the analysis methods and acceptance criteria, the topics of Knowledge Level and
Performance Objectives must be explained.

Knowledge Level

The Knowledge Factor is used to account for the confidence level in the data and information available
about the existing building. It reflects the completeness and reliability of the information used in the
seismic evaluation and retrofit design process. (ASCE 41/17 6.2.4)

Data Collection

The Knowledge Factor is influenced by the scope and quality of the data collected during the building
evaluation. This includes construction drawings, material properties, and field surveys.

Knowledge Levels

The standard defines different knowledge levels based on the comprehensiveness of the data.

Comprehensive Knowledge Level (KL1): Complete and accurate information is available, including
detailed construction drawings and comprehensive material tests. (10.2.2.4.2)

Usual Knowledge Level (KL2): Partial information is available, supported by field verification and testing.
(10.2.2.5)

Minimum Knowledge Level (KL3): Limited or unreliable information is available, requiring extensive
assumptions and generalizations. (10.2.2.5)
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Determination of Knowledge Level Value

The knowledge level values are obtained from the Table 6-1 Data Collection Requirements in ASCE
41/17.

Table 6-1. Data Collection Requirements

Level of Knowledge

Data Minimum Usual Comprehensive
Performance Life Safety (S-3) or lower Damage Control (S-2) or lower Immediate Occupancy (S-1) or lower
Level
Analysis LSP, LDP All All
Procedures
Testing No tests? Usual testing Comprehensive testing
Drawings Design Field survey Design Field survey Design Field survey
drawings drawings drawings drawings drawings drawings
prepared in prepared in prepared in
absence of absence of absence of
design design design
drawings drawings drawings
Condition Visual Comprehensive Visual Comprehensive Visual Comprehensive
Assessment”
Material From design From default From design From usual From design From
Properties drawings values drawings tests drawings comprehensive
(or documents)® (or documents) (ordocuments)  tests
and tests and tests
Knowledge 0.9% 0.75 1.00 1.00 1.00 1.00

Factor (k)¢

Note: LSP, linear static procedure; LDP, linear dynamic procedure.
a. Except for cases where default material properties not provided in this standard.

b. If sufficient component detailing information is not available from the design drawings, any missing
information must be completed through a comprehensive assessment.

c. In cases where material properties are missing in the design drawings (or documents), default values
with kK =0.75 can be used.

d. For additional material special requirements and limitations, see Sections 9 to 12.
e. If the building meets the benchmarking requirements of Table 3-2, k = 1.0.

f. If inspection or test records are available to validate the design drawings, k = 1.0.
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Determination of Performance Objectives

The performance objectives are provided within Table C2-2 Performance Objectives in ASCE 41/17. The
target performance for the analyses is selected based on these objectives. The selected objectives are
classified as advanced objectives and limited objectives.

Table C2-2. Performance Objectives

Target Building Performance Levels

Operational Immediate Occupancy Life Safety Collapse Prevention
Seismic Performance Performance Performance Performance
Hazard Level Level (1-A) Level (1-B) Level (3-C) Level (5-D)
50%/50 years a b c d
BSE-1E(20%/50 years) e f g h
BSE-2E(5%/50 years) i j k |
BSE-2 N(ASCE 7 MCERg) m n o p

Notes: Each cell in the above matrix represents a discrete Performance Objective.
The Performance Objectives in the matrix above can be used to represent three types of Performance Objectives, as discussed
below, that might be selected for a building that is assigned to Risk Category | or Il, as follows:

Basic Performance Objective for
Existing Buildings (BPOE) gand I

Enhanced Objectives g and either i, j, m, n, o, or p
| and either e or f
g and | plus either a or b
k, m, n, or o alone

Limited Objectives g alone
| alone
c,d e orf

Demand — Capacity Ratio (DCR)

The magnitude and distribution of inelastic demands for existing and added primary elements and
components should be defined by demand-capacity ratios (DCRs). The DCR equation is provided in as
7-16.

DCR = % (Eq 7-16)

CE

e DCRs must be calculated for every action of each primary component (e.g., axial force, moment,
or shear).

e The critical action for a component will be the action with the largest DCR.
e The DCR for this action will be referred to as the critical component DCR.

e The largest DCR for any element on a particular floor will be referred to as the critical element
DCR for that floor.

e |f an element on a particular floor contains multiple components, the component with the
largest calculated DCR will be designated as the critical component for that element on that
floor.
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Linear Procedures

Linear procedures are analytical approaches used to evaluate the seismic performance of existing
buildings under the assumption of linear elastic behavior. These procedures do not consider material
nonlinearities and are suitable for preliminary assessments, regular buildings, or when nonlinear
analysis is not feasible. ASCE/SEl 41-17 outlines two types of linear procedures: the Linear Static
Procedure (LSP) and the Linear Dynamic Procedure (LDP), each with specific modeling, load
combination, and acceptance criteria requirements.

Linear Static Procedure

If the Linear Static Procedure (LSP) is chosen for seismic analysis of the building, seismic forces, the
distribution of these forces according to the building height, and the corresponding internal forces and
system displacements should be determined using a linear elastic static analysis as specified in
ASCE41/17 7.4.1.

Linear Dynamic Procedure

The Linear Dynamic Procedure (LDP) is used for seismic analyses that consider the dynamic response of
buildings. This procedure involves the use of a detailed mathematical model to simulate the behavior
of a building under seismic loads.

LDP includes calculating the dynamic response of a building to seismic ground motions, typically using
modal analysis or response spectrum analysis. (ASCE 41/17 Section 7.4.2.1)

Force-Controlled Actions in Linear Procedures

Force-controlled actions refer to structural responses that are highly dependent on the ability of
components to withstand applied forces without significant deformation. These components are
typically characterized by brittle behavior, meaning they cannot undergo large inelastic deformations
before failure.

Demands: For force-controlled actions, the demand is determined by forces applied to the structural
component, such as axial loads, shear forces, and bending moments.

Capacity: The capacity is the maximum force the component can withstand without failure. This is based
on the material's strength properties and the component's design.

Evaluation: The adequacy of force-controlled components is evaluated by ensuring that the applied
forces do not exceed the component's capacity. The Demand-Capacity Ratio (DCR) equation is provided
below. For details, please refer to the relevant section of ASCE41.

Qe
= Q. + XE (Eq.7-35
Qur =Qg¢ £ .Gy (Eqg )
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Deformation-Controlled Actions in Linear Procedures

Deformation-controlled actions refer to structural responses that are highly dependent on the ability of
components to undergo significant deformations without losing their load-carrying capacity. These
components exhibit ductile behavior, meaning they can undergo large inelastic deformations before
failure.

Demands: For deformation-controlled actions, the demand is determined by deformations or
displacements applied to the structural component, such as displacements, rotations, and drifts.

Capacity: The capacity is the maximum deformation the component can undergo without losing its load-
carrying capability. This is based on the ductility and inelastic deformation properties of the material
and its design.

Evaluation: The adequacy of deformation-controlled components is evaluated by ensuring that the
applied deformations do not exceed the component's deformation capacity. The Demand-Capacity
Ratio (DCR) equation is provided below. For details, please refer to the relevant section of ASCE41.

Qubp = Q¢ + Qg (Eq. 7-34)

Acceptance Criteria for Deformation-Controlled Actions in Linear Procedures

Acceptance criteria for deformation-controlled actions for LSP or LDP in primary and secondary
components are provided by Equation 7-36.

mkQcg > Qup (Eq. 7-36)

m = Component capacity modification factor to account for the expected ductility associated with this
action at the selected Structural Performance Level given in ASCE41 Tables 10-10a, 10-10b, 10-13, 10-
21, 10-22

Qce = Expected strength of a component's deformation-controlled action at the considered deformation
level.

Qup = Expected strength of a component's deformation-controlled action at the considered deformation
level.

K = Knowledge level coefficient

Acceptance Criteria for Force-Controlled Actions in Linear Procedures

Acceptance criteria for force-controlled actions for LSP or LDP in primary and secondary components
are provided by Equation 7-37.

kQc, > Qur (Eq.7-37)
K = Knowledge level coefficient
Q. = Strength of a component's force-controlled action at the considered deformation level.

Qur = Force-controlled action resulting from the combination of gravity loads and earthquake forces.
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Nonlinear Procedures

Nonlinear Procedures are analytical methods used to assess the seismic performance of structures by
directly considering the nonlinear behavior of structural components. ASCE 41-17 outlines two primary
nonlinear procedures: the Nonlinear Static Procedure (NSP) and the Nonlinear Dynamic Procedure
(NDP).

Nonlinear Static Procedure

The Nonlinear Static Procedure (NSP) is a method used to evaluate the performance of structures during
seismic events. The NSP aims to determine the maximum displacement that a structure may experience
under a certain level of seismic hazard. It uses a mathematical model that directly accounts for the
nonlinear response of materials and provides reasonable estimates of the internal forces expected
during seismic events. (ASCE 41/17 7.4.3)

Modeling and General Requirements for NSP

Selection of Control Node: A control node should be selected to represent the overall displacement
demand of the structure. This node is typically located at the roof or a significant point in the structural
system.

Selection of Seismic Force Patterns: Seismic force patterns should be selected to reflect the distribution
of inertial forces. Common patterns include uniform, triangular, and mode shapes derived from
eigenvalue analysis.

Determination of Fundamental Period: The fundamental period of the building should be determined
using appropriate methods. This period is critical for understanding the dynamic characteristics of the
structure and is typically found using modal analysis.

Application of Analysis Method: The method involves the application of monotonically increasing lateral
loads representing the inertial forces in an earthquake until the target displacement is reached. The
relationship between the base shear force and the lateral displacement of the control node should be
established for displacements ranging from 0 to 150% of the target displacement (t).

Inclusion of Gravity Loads

Component Gravity Loads: The model should include gravity loads acting on components to accurately
reflect the combined effects of seismic and gravity forces.

Seismic Force Directions: Seismic forces should be applied in both positive and negative directions. The
maximum seismic effects should be used for analysis.

Force-Deformation Response: The model should be detailed to represent the force-deformation
response along the length of each component. This helps identify locations of nonlinear action and
ensures accurate analysis of the structure's behavior.

Force-Displacement Behavior: The force-displacement behavior of all components should be explicitly
included in the model using full backbone curves. These curves should include strength degradation and
any residual strength.
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Idealized Force-Displacement Curve for NSP

This section explains how to develop an idealized force-displacement curve for the Nonlinear Static
Procedure (NSP). The objective is to convert the complex nonlinear relationship between base shear
and control node displacement into a more manageable form for analysis. (ASCE 41/17 7.4.3.2.4)

Base shear
A
Vd aIlKo
vy /-
X
0.6 Vy \
Actual force-disp
curve
KO
4, Ay Displacement

Target displacement is determined by:
2
St = Gy C1 G, S, et (Eq. 7-28)

Co: Modification factor used to relate the spectral displacement of an equivalent single-degree-of-
freedom (SDOF) system to the roof displacement of the building. This factor adjusts the spectral
displacement to reflect the actual roof displacement of a multi-degree-of-freedom (MDOF) building
system. (ASCE 41/17 Table 7-5)

C; = Modification factor used to relate the expected maximum nonlinear displacements to the
displacements calculated for linear elastic response. This factor accounts for the increase in
displacement due to the nonlinear behavior of building materials. (ASCE41-17 eq. 7-29)

C, = Modification factor representing the effect of pinched hysteretic shape, stiffness degradation, and
strength deterioration on the maximum displacement response. This factor adjusts for hysteresis effects
in material behavior, as well as reductions in stiffness or strength. (ASCE41-17 eq. 7-30)

Te = Effective period. (ASCE41-17 7.4.3.2.5)
Sa: Response spectrum acceleration at the building’s effective fundamental period and damping ratio.

g: Acceleration due to gravity.
T, =T, K— (Eq. 7-27)

Ti: Elastic fundamental period in the relevant direction, determined through eigenvalue analysis.

Ki: Elastic lateral stiffness in the relevant direction, calculated from the idealized Force-Displacement
curve for the Nonlinear Static Procedure (NSP).
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Ke: Effective lateral stiffness in the relevant direction, derived from the idealized Force-Displacement
curve for the Nonlinear Static Procedure (NSP).

Nonlinear Dynamic Procedure

The Nonlinear Dynamic Procedure (NDP) utilizes a mathematical model that explicitly incorporates the
nonlinear load-deformation characteristics of individual building components. This model is subjected
to ground motion acceleration time histories representing seismic shaking to obtain forces and
displacements. The results are directly compared to the specified acceptance criteria. (ASCE 41/17
Section 7.4.4)

The general modeling and analysis requirements for NDP are similar to those of the Nonlinear Static
Procedure (NSP), except that control nodes and target displacements are not considered. Instead, the
analysis directly uses ground motion acceleration data to compute displacements and forces.

Unacceptable Conditions in NDP
Due to (ASCE 41/17 Section 7.5.3.2.1):

Analytical Convergence: The analysis must convergo to a solution. Non-convergence may indicate
potential global instabilitiy or modeling errors.

Deformation Limits: Predicted deformations in deformation-controlled elements must remain valid
modeling ranges.

Force-Controlled Actions: For critical force-controlled actions modeled elastically, the estimated
demands must not exceed the expected capacities.

Gravity Load Capacity: Elements no explicitly modeled must not exceed deformation limits that would
compromise their ability to carry gravity loads.

Acceptance Criteria for Force-Controlled Actions in Nonlinear Procedures

This section defines the acceptance criteria for force-controlled components evaluated using nonlinear
static (NSP) or nonlinear dynamic (NDP) procedures.

Force-controlled components must satisfy the following condition:
Yx(Qur —Qg) + Qg < Q¢ (Eq. 7-38)
Where:
e  Qur: Force-controlled demand obtained from NSP or NDP
e Qg Gravity load demand

e Qg Lower-bound component capacity

y: Load factor (Table 7-8)

x: Demand modifier (based on performance level)
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Table 7-8. Load Factor for Force-Controlled Behaviors

Action Type Y

Critical 1.3
Ordinary 1.0
Noncritical 1.0

The demand modifier reflects the performance objective of the structure. Higher performance levels
require stricter control.

x Demand modifier factor:
1.0 for Collapse Prevention (CP)

1.3 for Life Safety (LS) or Immediate Occupancy (lO)

Acceptance Criteria for Deformation-Controlled Actions in Nonlinear Procedures

In nonlinear procedures, acceptance criteria are determined by calculating the plastic rotation or
deformation capacity of structural components based on design parameters and performance
objectives. These criteria vary depending on whether the component is a column, beam, or structural
wall, and whether its behavior is governed by flexure or shear. The acceptance values for different
performance levels are provided in Tables 10-7, 10-8, 10-9, 10-19, and 10-20 of ASCE 41-17, depending
on the component type and governing behavior.

The elastic limit used in these procedures is typically determined through moment-curvature analysis
of the cross-section, which provides a basis for identifying yield points and evaluating nonlinear
deformation capacity.

The general workflow is:
1. Determine design parameters such as reinforcement ratios, axial load ratio, shear capacity, etc.
2. Selectthe target performance level (Immediate Occupancy, Life Safety, or Collapse Prevention).

3. Use relevant acceptance tables to obtain plastic rotation limits (or other deformation
parameters).

4. Compare calculated demands plastic rotation (e.g., drift, chord rotation) with the limits to
assess compliance.

For reinforced concrete columns without spiral or seismic ties, acceptance criteria depend on:
1. Axial load ratio
2. Transverse & longitudinal reinforcement ratios

3. Shear demand at yielding
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4. Plastic rotation values are obtained from standard acceptance tables. Limits are stricter when
transverse reinforcement is low or poorly anchored.

For reinforced beams, acceptance depends on:

1. Reinforcement ratios (total and compression side)

2. Shear demand and concrete strength

3. Plastic rotation values are taken from corresponding tables based on performance level.
For flexure-controlled walls, acceptance is based on:

1. Plastic rotation capacity derived from reinforcement layout and axial load.

2. Proper confinement of boundary elements increases acceptance limits.
For shear-controlled walls and coupling beam:s:

1. Walls = acceptance is based on inter-story drift

2. Coupling beams - acceptance is based on chord rotation

3. If the axial load exceeds 15% of the gross section capacity, the wall must be treated as force-
controlled.

4. Short coupling beams with continuous reinforcement and strong confinement are permitted to
use higher acceptance limits.
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Application of ASCE 41-17 in ProtaStructure

In this section, a structural model will be created in ProtaStructure and evaluated based on the
performance criteria defined in ASCE 41-17. The initial part of the section will present general
information about the model, including geometry and material properties. Following this, the evaluation
parameters and acceptance criteria for structural components such as columns, beams, and walls will
be discussed in accordance with ASCE 41-17.

The user interface of ProtaStructure for existing building assessments will be utilized to define analysis
parameters and performance objectives. Evaluation results for individual components will be visualized
within the interface. Finally, a sample ProtaStructure report generated from a performance assessment
compliant with ASCE 41-17 will be presented.

Structural Model Properties

In this section, the properties of the structural model created in ProtaStructure will be presented.
The characteristics of the model are provided in the table below.

Structural Model Properties

Number of Stories 3
Storey Height 3x9.8 ft=29.5ft
Direction X Span Length 3x157.5ft=472.4ft
Direction Y Span Length 3x236.2 ft=708.7 ft
Width 15.7in
Column Depth 23.6in
Concrete Material C320
Steel Material SD60
Width 11.8in
Beam Depth 19.7 in
Concrete Material C300
Steel Material SD60
Width 246.1in
Depth 15.7in
Wall Concrete Material C300
@ Steel Material SD60
Longitudinal Web Bar SD60
Horizontal Web Bar SD60
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A three-dimensional view of the model is also shown below.

Existing Reinforcement

The reinforcement details of the identified columns and walls are presented in the table below. Before
any performance assessment, you must define the reinforcement in the RC members. There are two
ways to accomplish this:

1. Defining detailed reinforcements via RC column, shearwall and beam design module

2. Defining reinforcements by estimated approximate ratios

Defining Reinforcements with RC Design Module

You can use the RC design module in ProtaStructure to specify the longitudinal and transverse
reinforcement to each member. You may be using this approach for following different reasons:

1. Performance assessment of an existing building: If the blueprints are available and you know
the exact reinforcements in each member with reasonable site verification.

2. Performance-based design of a new building: You performed a preliminary design and designed
the reinforcements yourself before validating the performance.

Remark:

If you are specifying the detailed reinforcements for an existing building, the design status in the design
modules may indicate a FAILURE with a RED CROSS sign. Do not worry about this and make sure that
you have entered longitudinal and transverse reinforcement as you see in the bluprints. Click OK to exit
the design module WITHOUT trying to redesign any members. If you attempt to redesign the members,
ProtaStructure will attempt to reselect reinforcement which is not what we want.

If you are specifying the detailed reinforcement for performance-based design of a new building, then
you must perform a preliminary design with proper parameters and make ProtaStructure select the
reinforcement for you. In this case you can expect the design status to be SUCCESS with GREEN TICK
sign.
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Information:

Once you define the detailed reinforcement for a particular member, you can copy and paste the
reinforcement information to all similar members.

In this example study, a uniform reinforcement layout was assigned to all column elements to simplify
the evaluation process. This approach aims to demonstrate the application of acceptance criteria
independently of the specific demand on each individual element.

=g v @ -
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Defining Approximate Reinforcement Ratios

In case you don’t have sufficient information on the detailed reinforcements in the members, you can
always use ‘Estimated Reinforcement’ for member groups or individual members. Of course, this
estimation must be backed by the site investigations and/or the design codes that were in effect when
the building was designed.

Defining Approximate Reinforcement for All Members
To specify estimated reinforcement ratio for all members
1. Navigate to Assessment Settings on the Options menu

2. Enable the estimated bar ratios for Walls, Columns and/or beams.
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Defining Approximate Reinforcements for Individual Members
You can also assign approximate reinforcement values to individual members.
1. Select the member and right click to load the contextual menu.

2. The functionalities related to assessment are collected under Assessment and Retrofitting
subcategory.

3. Select the Nonlinear Analysis and Assessment Properties command.

= Set Plane Definition of Members \I/

+= Reset Plane Definition of Members —/\ - T f

[] Select Column Section Anchor Point  » 6 \ S 44 din s Gezhen

1 Update Column End Conditiens 4 ? E
Assessment and Retrofitting 4 . Insert Colurmn Jacket i

2 Assign Isclater fl Retrofit Using CFRP

ﬁ Formwerk Design I Monlinear Analysis and Assessment Properties I

B Member Tables 3 | /

4. Approximate Reinforcement, Corrosion Factor, Rebar Realization Factor and Moment Capacity
Reduction Factor can be entered for the selected member.

5. You must check the approximate reinforcement option and enter the value in order to activate
it for the selected member.

| Monlinear Analysis and Assessment Properties - X
+*| Use Member Spedific Settings For Assessment

~*| Beams {Use Approx. Steel)

Top Bottam
Longitudinal Steel {Support) 0.002 0.002
Etriye: |@8 v 200.0
Steel Corrosion Ratio (%) 0, |w
Rebar Realization Ratio 1.0
Moment Capacity Reduction Factor 1.0
Use 135 Degree Hook (Risky Building Assessment)
Use linear model(Will be exluded from assessment.)
oK Cancel

Important Note

A hierarchical approach is adopted in the building assessment process for the use of estimated
approximate reinforcements.

The approximate reinforcement assigned to individual members have the priority in the assessment
analysis. If no approximate reinforcement is assigned to individual members, then the globally defined
values in the assessment settings for the entire building will be used. If global settings do not specify
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any estimated reinforcement, then the actual detailed reinforcements on the members defined via
design menus will be used.

Priority: Member-specific approximate reinforcement values in the section "Nonlinear Analysis and
Assessment Properties" in the right click menu.

Second Priority: Globally Approximate Reinforcement Ratios in the "Settings > Assessment Settings"

Third Priority: Actual detailed reinforcements defined through design menus directly on the member
itself.

If no actual reinforcement is defined on the member itself, ProtaStructure will automatically use the
default approximate reinforcement in the global settings, even if approximate reinforcement usage is
not requested.

Members such as Retrofit Wall and Column Jackett will never use approximate reinforcement.
Reinforcements on these members must always be entered through design menus.

Flowchart for Estimated and Detailed Reinforcement Usage

The following flowchart demonstrates how ProtaStructure will use Approximate and Detailed
Reinforcements on the members.

YES Approximate NO
Reinforcements
Defined for Individual
Member?

\ 4 \ 4
: Approximate
Approximate VES - - NO
Reinforcement on the einforcements tor the
building defined in
Assessment Settings?

member is used.

A 4

Approximate Actual detailed
Reinforcements for the YES | reinforcement defined on NO
building will be used. the member through
design menus?
A 4 A 4
Actual detailed Approximate
reinforcement on the reinforcement for the
member will be used. building will be used.
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Earthquake Code

ProtaStructure supports a wide range of seismic design codes required for performance-based
evaluations. To perform an analysis in accordance with the ASCE 41-17 standard, follow the steps below:

1. Click on the Settings tab in the main menu.
2. Inthe dialog window, navigate to the Codes section.
3. From the Earthquake Code dropdown, select ASCEO7 [2016] (IBC).

Applying these settings enables the necessary seismic parameters and performance objectives required
for evaluating existing buildings under the ASCE 41-17 framework.
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By completing this step, ProtaStructure is configured to support both the definition of seismic
parameters and the evaluation of existing buildings in accordance with the ASCE 41-17 standard. This
ensures that all relevant settings align with performance-based design principles specified in the
guideline.

Important Note:

To carry out an assessment according to ASCE 41-17, make sure that ASCEQ7 [2016] (IBC) is selected
under the Earthquake Code settings.

Seismic Parameters

In ProtaStructure, seismic parameters are defined under the Loading tab by selecting the Seismic
Parameters section.

The figure below illustrates how to access the seismic parameters interface step by step.
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After clicking the Seismic Parameters button, the interface shown below will appear.

ASCEQ7 [2016] (IBC) Seismic Parameters

Parameters | Analysis | Structural Iregularities | Settings

Seismic Parameters ASCEO7 Response Spectrum
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BSE-1E 0,625 0.200 0300 0500 0500 0,160 0.064 0.320

BSEIN is calculated as 2/3 times BSE2N (MCER). BSE IN must be used in new
buiding design. Other hazard levels are intended for performance assessment.
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In this interface, seismic hazard levels and related earthquake parameters are defined as part of the

existing building assessment process.

Additionally, this section is used to define key inputs such as response spectrum parameters, design

spectral acceleration values (SDS, SD1), and the Site Class of the structure.

Strength Reduction Factors For Column and Shearwall

After calculating the capacity of column and shear wall elements based on their cross-sectional and
material properties, you can apply strength reduction factors to account for required safety margins in

accordance with design principles.

To define these factors in ProtaStructure, follow the steps below:

1. Open the Settings panel.
2. Navigate to the Columns and Shear Walls section.

3. Click on Strength Reduction Factors.

In this interface, you can assign reduction factors for different force components based on the expected

behavior and performance objectives of each element.
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Options

+ 5 Protastracture Envronment = Column Min. Steel Ratio: 0.0 Wall Min. Longitudinal Steel Ratio: 0.0

5 " . W al Limif i c
+ [ ProtaDetails Environment Column Limit Steel Ratio: 00 Wall Limit Longitudinal Steel Ratio: 0.0

- (0=Use code settings) Wall Min. Lateral Web Steel Ratio: 0.0
» "] Project Preferences
Unit and Format
» Hiz Label Use Plain Wall Design

{0=Use code settings)

]| Codes
=H Lateral Loading Moment Capacity Tolerance 0.0%

[] Lateral Drift & Bracing

|8 column & Shearwon | s e i
Design an added safety factor (a positive value yields less
}  Rebars reinforcement and a decreased safety)
}  Detailing
» 7 Beam
» /> Slab
+ AL Foundation
Stairs
Jii{ Retrofit wall
b {7 Steel Settings
» i Composite Member Settings
+ P Analytical Model Settings
b 1fi- Load Editor Settings
4 "H Assessment Settings
General

OpenSess Settings

Strength Reduction Factors | Edit
ASCE41 Settings -

7 Scales

+ () rRebar

» 1 Plan Details.
Help F1 oK Cancel

Options

. Wal Min. Longitudinal Steel Ratio: 0.0
+ [ Protastructure Environment ~ Er T B R 0.0
+ 3 Protabetails Environment e 0o Wall Limit Longitudingl Steel Ratio: 0.0
— {0=Use code settings) Wal M. Laterzl Web Steel Rato: 00
+ = Project Preferences
G4 Unit and Format
» B Label Use Plain Wall Design
|z]) Codes
3 Lateral Loading Moment Capacity Tolerance 0.0%

[ Lateral Drift & Bracing

(0=Use code settings)

4 (j Column & Shearwall
Design For Tensile Control 0.9
}  Rebars
»  Detailing
4 Beam For Compressive Control (Other Reinforced Members) 0.65

For Compressive Control (Members With Spiral Reinforcement) 0.75

Design For Shear and Torsion 0.75
Parameters
Rebar Patterns
}  Steel Bar Selection
»  Curtailment
}  Detail Drawings
¢ Detailing
+ = Slab
+ AL Foundation
Stairs

i Retrofit wall
o Strength Reduction Factors
+ {7 Steel settings

} 4% Composite Member Settings
+ [ Analytical Model Settings

+ 1fi- Load Editor Settings

4B Assessment Settinas.

oK Cancel

Help F1 oK Cancel

Strength Reduction Factors For Beams

After determining the capacity of beam elements based on their cross-sectional geometry and material
properties, you can apply strength reduction factors to adjust the capacities according to the force
components involved.

To configure these factors in ProtaStructure, follow the steps below:
1. Open the Settings panel.
2. Navigate to the Beams section.
3. Click on Strength Reduction Factors.

In this interface, you can assign appropriate strength reduction factors for each force component (such
as bending, shear, and axial force) based on design requirements and performance objectives.
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Options

2]

+ 2 ProtasStructure Environment
+ (3 ProtaDetails Environment

Project Preferences
[=d Unit and Format
v i Label
2] codes
35 Lateral Loading
[ Lateral Drift & Bracing

4[] column & Shearwall

—Support Shear Forc

Suppart's Start Slaﬁon:

Support's End Station

Span's Start Station:

’75upport Shear Foree

—Ignorable Forc

Axial Tension Force:

Beam Minor Axis Bending Moment:
Beam Minor Axis Shear Force:
Beam Torsional Moment:

—Section Effective Depth Calculation
| Center of Gravity of Steel Bars
Center of Gravity of Layers

—Interactive Design

Rebar Patterns
»  Steel Bar Selection
3 Curtailment
» Detail Drawings
¢# Detaiing
b+~ Slab
+ A Foundation
@3 Stairs
il Retrofit wall
b F Steel Settings
} &f Composite Member Settings
» fn Analytical Model Settings
b 4ji- Load Editor Settings

Design
b Rebars Design Lsing Rectangular Section
3 Detaihng
4 (7 Beam I —Span Top Edge Moment
Desian
Parameters ) Use Max. Moment at Mid-span

'@ Use Max. Moment in Middle L/2 Region

Angle Limit for Splitting Beam Axes:

—Batch Mode Design Setting

Don't Re-Select Steel Bars if Deflection Check Limits are
exceeded

Strength Reduction Factors

—Joint Shear Check

Vertical Continuity
Tolerance:

To

Plan Continuity
Tolerance:

N

Distance is measured between near sides of beams.

[ ] Indude cantilever beam rebars in shear calculation.

(Cantiever beams are always excluded from joint confinement
status.)

= Setting: e
Help F1 | | oK ‘ ‘ Cancel
Qptions
2]
Support Shear Forc: Ignorable Fores
N e ProtaStructure Environment ) Support's Start Station: . Axial Tension Force: 11,240 kipf
+ 3 ProtaDetails Environment Beam Minor Axis Bending Moment: | 36.87 fLKpf
Support's End Station: eam Minor Axis Bending Moment: .87 ft.kip
- Beam Minor Axis Shear Force:
» == Project Preferences Support Shear Forc
Unit and Format 2 . _ Beam Torsional Moment: 0.00 ft.kipf
Span's Start Station: _ZH
[ abet = Y
|2 Codes Section Effective Depth Calculation Joint Shear Check
3 Lateral Loading |7 . 7 — |7
[ Lateral Drift & Bracing | Center of Gravity of Steel Bars E_ S
‘ertical Cantinui -
Strength Reducton Factors e
4 [J Column & Shearwall
Design For Tensile Control
> Rebars For G Control (Members With Spiral Reinfo ) 0.75 Plan Continuity
_ or Compressive Control (Members With Spiral Reinforcemen an Continui
»  Detailing e 18.7in
4 g Beam For Compressive Control {Other Reinforced Members)
D
PES'Q” - For Shear and Torsion 0.75  |psured between near sides of beams.
arameters
Rebar Patterns Jver beam rebars in shear calaulation.
» Steel Bar Selection
R Curtailment are always exduded from joint confinement
»  Detail Drawings t
¢# Detaiing
Angle Limit for Spliting Beam Axes:
b > Slab
» Foundation
'& - —Batch Mode Design Setting
& stairs
O Retrofit wall Don't Re-Select Steel Bars if Deflection Check Limits are
} 7 Steel Settings exceeded
» 4 Composite Member Settings
+ B Analytical Model Settings
b ifi~ Load Editor Settings Strength Reduction Factors
=] Settina e

Help F1 || oK H Cancel

Important Note:

The strength reduction factors defined in this section play a critical role in determining the capacities of

structural elements during existing building assessment.
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Existing Building Assessment

This section explains how to perform an existing building assessment step by step within ProtaStructure.
To begin the process, go to the Analysis tab and click on the Existing Building Assessment button. The
figure below illustrates where this option is located in the user interface.

After clicking the button, a new interface will appear where you can perform operations such as creating
or deleting assessment definitions. This interface also includes access to OpenSees settings and existing
building assessment settings. A detailed explanation of the existing building assessment settings will be
provided in the following sections.

Label Status Use the Add Assessment button to create an assessment.

&+ Add Assessment

x Remove Assessment

OpenSees Settings

Existing Buiding Assessment Settings

The Label Status section displays all previously created assessment scenarios. To create a new
assessment, click the Add Assessment button.
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Label Status Use the Add Assessment button to create an assessment.

- Add Assessment
x Remove Assessment

Opensess Settings

Existing Bullding Assessment Settings

After clicking the Add Assessment button, the Assessment Wizard interface will appear.

Assessment Wizard

— O

Assessment Analysis Methods Knowidedge Factor

Linear Elastic Procedure

Knowledge Factor : User Defined
Analysis Parameters setLevel of Knowledge a
Run Analysts Performance Objective
Seismic Hazard Level Immediate Occupancy | Life Safety Collapse Prevention
@ Nonlinear Static Procedure
) ) B5E-1N v

Nonlingar Static Method (ASCE 41/17 7.4.3): Used to calculate the

maximum displacement and internal forces of structures under seismic BSE-1E

events, taking into account the nonlinear behavior of materials. BSE-2E

BSE-2N
Nonlinear Static Multi Mode Procedure
Nonlinear Dynamic Procedure
Hazard Level Descriptions &
Open Seismic Parameters
Open Project Folder
Opensess Settings
< P Next M cancel )
- .7

After launching the Assessment Wizard, the first screen allows the user to define the analysis method,
knowledge factor, and the target performance objective for the assessment.

On the left side of the screen, the navigation panel lists the steps of the assessment process:

e Parameters
e Analysis Parameters

e Run Analysis
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This panel allows users to progress through the assessment workflow in a structured and sequential
manner.

The user must choose one of the analysis methods defined in ASCE 41-17 Chapter 7:

e Linear Elastic Procedure
Evaluates structural response using either static or dynamic linear methods:

o Linear Static Procedure (LSP): Calculates seismic forces and distribution using linear
static analysis.

o Linear Dynamic Procedure (LDP): Calculates dynamic response using modal or
response spectrum analysis.
(ASCE 41-17 §7.4.1 & §7.4.2.1)

Note: The selected method must match the seismic loading type set in the Load Generator.

¢ Nonlinear Static Procedure
Calculates internal forces and displacements under seismic loads by considering material
nonlinearity using a pushover analysis method.
(ASCE 41-17 §7.4.3)

e Nonlinear Static Multi-Mode Procedure
Evaluates structural performance by combining nonlinear pushover analysis with multiple
vibration modes.

¢ Nonlinear Dynamic Procedure
Uses time history analysis to calculate accelerations, displacements, and internal forces in a
nonlinear model.
(ASCE 41-17 §7.4.4)

Important Note:

The Nonlinear Static Multi-Mode Procedure is not a standard analysis method defined in ASCE 41-17.
However, it is available in ProtaStructure as one of the nonlinear analysis methods.

Assessments conducted using this method are still based on the principles of nonlinear evaluation and
are compatible with performance-based assessment workflows.

The Knowledge Factor reflects the level of information available for the structure (e.g., as-built
drawings, material tests, construction quality). This factor directly affects the strength reduction
applied in capacity calculations.

o Defaultvalue: 1.0
e To manually adjust it, check User Defined

e Use the Set Level of Knowledge button to assign a predefined value based on ASCE 41-17
criteria (Minimum, Usual, Comprehensive)

To define the knowledge factor in ProtaStructure, click the Set Level of Knowledge button located in
the Assessment Wizard under the Knowledge Factor section.
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Assessment Wizard

Assessment
Parameters
Analysis Parameters

Run Analysis

—Analysis Method led

() Linear Elastic Procedure

Linear Dynamic Method (ASCE 41/17 7.4.2.1): Calculates the dynamic

Knowledge Factor : 0| [] User Defined

response of a structure to seismic ground motions through modal ana
or response spectrum analysis.

SetLevel of Knowledge

Note: Change the seismic loading method in the *Load Generator” to spedify,
—Performance Objecti

the linear static or dynamic analysis method.

Seismic Hazard Level

lonlinear Static Procedure

| Immediate Occupancy ‘ Life Safety

Collapse Prevention

BSE-IN
Nonlinear Static Method (ASCE 41/17 7.4.3): Used to calaulatg/fhe s E
Set Level of Knowle = m] X
Knowledge Factor
Drawings Condition Assessment Material Properties Knowledge Factor
imum Design Drawings Visual From Design Drawings LE]
Field survey drawings prepared in
Minimum absence of design drawings Comprehensive From Default Values 0.75

o0googd

Usual

Field survey drawings prepared in .
Usual e of deam Comprehensive From Usual Tests 1
Fi D Dr d
Comprehensive Design Drawings Visual rom eSS e 1
Field survey drawings prepared in
Comprehensive absente of design drawings Visual From Comprehensive Tests 1

Open Seismic Parameters
Open Project Folder
Opensess Settings

& Previous

|| > Next H

K cancel

In this section, users must select:

e One Seismic Hazard Level (BSE-1N, BSE-1E, BSE-2E, or BSE-2N)
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e One corresponding Performance Objective (Immediate Occupancy, Life Safety, or Collapse
Prevention)

Tip:

Use the Hazard Level Descriptions button to view details for each hazard level, as described in ASCE 41-

17 Table 2-1.

Assessment Wizard
+ Assessment

o Parameters

Analysis Parameters
Run Analysis

Analysis Progress

Open Seismic Parameters
Open Project Folder

—Analysis Methods
® Linear Elastic Procedure

Linear Dynamic Method (ASCE 41/17 7.4.2.1): Calaates the dynamic
response of a structure to seismic around motions through modal analysis
or response spectrum analysis.

Note: Change the seismic loading method in the Load Generator” to specify
the linear static or dynamic analysis method.

() Nonlinear Static Procedure

Nonlinear Static Multi Mode Procedure

Multimode Pushover Analysis: Itis a method used to evaluate the seismic
performance of structures by considering the effect of more than one
mode. This analysis evaluates modal combination techniques and nniinear
behavior together.

Nerlinear Dynamic Procedure

Nonlinear Dynamic Method (ASCE 41/17 7.4.4): Calculates ground motion
accelerations, displacements and forces using a matt 2l model that

—Knovdedge Factor

Knowledge Factor : [] user Defined

SetLevel of Knawledge

~Performance Objectiv

Seismic Hazard Level

Immediate Occupancy | Life Safety

Collapse Prevention

BSE-IN

Monlinear Static Method (ASCE 41/17 7.4.3): Used to calculate the D D

maximum displacement and internal forces of structures under seismic BSE-1E 1 ] ||

events, taking into account the nonlinear behavior of materials., BSE-2E O O ]
BSE-2N | | O

directly incorperates nonlinear load-deformation properties.

Hazard Level Descriptions ¥

achieve a basic safety level for existing buidings.
designing new buidings.
building safety during more severe earthquakes.

BSE-2N (ASCE 41-17 2.
facilities remain operational during and after major seismic events.

stiffness, with only minar cracks occurring.

Life Safety (ASCE 41-17 2.3.
some strength and stiffness; however, repairs may not be economically feasible.

Collapse Prev
unlikely to withstand another earthquake.

BSE-IN (ASCE 41-17 2.4.1.2) represents an earthquake with a 10% exceedance probability in 50 years (475-year return period). It is typically used as a standard safety criterion for

BSE-1E (ASCE 41-17 2.4. 1.4) represents an earthquake with a 20% exceedance probability in 50 years (225-year return period). Itis used for the initial assessment and retrofit design to

BSE-2E (ASCE 41-17 2.4 1.3) represents an earthquake with a 5% exceedance probability in 50 years (975-year return period). Itis used for rigorous evaluation and retrofitting to ensure
1) represents an earthquake with a 2% exceedance probability in 50 years (2475-year return period). Itis a design riterion to ensure aritical infrastructure and
Immediate Occupancy (ASCE 41-17 2.3.3.2) refers to a condition where the building's operations remain uninterrupted during and after the earthquake. The structure retains its strength and
3) represents a condition where moderate damage oceurs during the earthquake, but the structure continues to ensure life safety. Structural elements retain

(ASCE 41-17 2.3.3.4) refers to a severe and typically ireparable damage level. The structure maintains minimal stiffness and strength to carry vertical loads, but itis

Opensees Settings

€ Previous

[ > s |

M cancel

2
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Nonlinear Static Procedure

After selecting Nonlinear Static Procedure in the Analysis Methods section and clicking the Next button,
the following interface appears for defining analysis parameters.

+° Assessment

v

Analysis Parameters

Run Analysis Target Displacement Calculation Method ASCE 41 - 17

Open Seismic Parameters

Open Project Folder

OpenSees Settings

Pushover Direction: Target Displacement:
: <>
v 4 v

>

]

w| Calculate Target Displacement

Target Percent of Building Height For @ = 4% :
Preliminary Analysis:
Total Mumber of Steps: 250

+| Manually Select Monitored Node

Control Node: | D3-1 ~

<« Previous P> Run Analysis X Cancel

This screen is used to configure the nonlinear static (pushover) analysis based on ASCE 41-17.

Pushover Directions:
Select the directions in which the pushover analysis will be performed (0° +X, 90° +Y, 180° -X,
270° -Y).

Target Displacement Calculation:

Target displacements are automatically calculated as per ASCE 41-17.

The Target Percent of Building Height defines the assumed displacement value for preliminary
analysis (commonly 4%).

Total Number of Steps:
Defines the number of load increments used in the analysis.

Control Node Selection:
The node used to monitor lateral displacement. The pushover curve is generated based on
this node’s movement.

The 3D model view on the right displays the location of the selected control node.

After clicking the Run Analysis button, the interface transitions to the Run Analysis screen, where the
nonlinear analysis process begins and its progress can be monitored. This screen executes the pushover
analysis in the specified directions (0°, 90°, 180°, 270°).

g
)
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| Assessment Wizard
+° Assessment
 Parameters
+” Analysis Parameters
W Parameters

Run Analysis

Assigning Diaphragms. ..

Process Completed,
- Analysis Mode! of the Building is prepared...
- Analysis Data is Ready
- (Elapsed Time: 3. 10 Seconds)

Saving Beams...
Analysis Data is Ready
Building analysis...
- Buiding Analysis Completed Successfully, (Elapsed Time: 0.86 Seconds)
Linear Finite Element Analysis was completed successfully «
Preparing Madel...
Preparing Nodes.
Preparing Sections
Preparing Elements. ..
Preparing Force-Deformation Relationships.
Generating section meshes. ...
Mesh generation complete for all element sections. Elapsed Time: 00:00:00.95
Preparing Force-Deformation Relationships.
Force-Deformation calculations completed successfully, Elapsed Time: 00:00:05.37
Preparing Element Section Properties
Preparing Inelastic Sections
Preparing Inelastic Finite Elements...
Preparing Rigid Diaphragms...
Preparing Masses
Mon-Linear Model was generated successfully v
Preparing Vertical Loads...
Vertical loads for gravity analysis prepared successfully v
Generating OpenSees Input Files
Analysis: 0 Degree—>MNon-Linear Analysis Input was generated successfully v/
Analysis: 90 Degrees-—-=Non-Linear Analysis Input was generated successfully
Analysis: 180 Degrees-->Non-Linear Analysis Input was generated successfully v
Analysis: 270 Degrees—>Non-Linear Analysis Input was generated successfully
OpenSees input files have been prepared
Starting pushover analysis: 0 Degree Time: 10:02:43
Starting pushover analysis: 90 Degrees Time: 10:02:43
Starting pushover analysis: 180 Degrees Time: 10:02:43
Starting pushover analysis: 270 Degrees Time: 10:02:43

Analysis Progress

0Degree

90 Degrees

130 Degrees

270 Degrees

Analysis Running

Analysis Running

Analysis Running

Analysis Running

-5.00%

-5.00%

-5.00%

-5.00%
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“. Please Wait
Conducting nondinear structural analysis

Analyis log section displays a detailed log of the ongoing analysis process, including:

e Preparation of the structural analysis model

e Generation of section and force-deformation relationships

e Mesh creation

e OpenSees input file generation

e launching pushover analysis for each selected direction.

Analysis progress shows real-time progress bars for each selected analysis direction (0°, 90°, 180°, 270°).
It provides a quick overview of the current status and completion percentage of the pushover analysis

in each direction.

At the bottom of the screen, the analysis status is displayed. Users can monitor the overall progress and,

if needed, manually stop the analysis using the STOP button.
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Nonlinear Static Procedure — Pushover Curve Screen

When the user selects Pushover Curve from the left-side navigation panel, the interface displays the
capacity curves (pushover curves) for all selected loading directions.

Label Status 8500
8000
7500
7000
6500
6000
5500

5000

as00

Force (kN)

2000

3500

3000

2500

2000

1500

1000

500

0 E 6 s 2 15 18 2 = 7 30 E 38 E 2 45
Displacement (cm)

OpenSees Settings

ExsungDulding AssessTentSEtGE || e ey Diractions: 0° (+X) 00° (+Y) 180° (-X) 270° (-Y)

Show curves up to target displacement

These curves represent the base shear—displacement relationship and illustrate how the structure
behaves under increasing lateral loads.

e The horizontal axis shows lateral displacement (cm)
e The vertical axis shows base shear force (kN)
e Each curve represents a specific pushover direction:
o Red: 0° (+X)
o Blue: 90° (+Y)
o Green: 180° (—X)
o Magenta: 270° (-Y)

Curves can be toggled individually using the direction buttons at the bottom of the screen. By default,
curves are shown up to the target displacement calculated during the analysis.

Tip:

These graphs allow users to evaluate the global capacity of the structure, identify yielding zones, and
compare the performance of different loading directions.
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Nonlinear Static Procedure — Target Displacement

When the user clicks on Target Displacement from the navigation panel on the left, a graph is displayed
showing the pushover curve, the idealized bilinear curve, and the corresponding target displacement
point for the selected direction.

This graph visually represents the location of the target displacement, which is used as the reference
point for performance evaluation according to ASCE 41-17.

Esisting Buiding dssessment Metheds = X

Labal

Displacement (m)

Target Deplacemnt Pushoves Drection; 0 Degree

Nonlinear Static Multi Mode Procedure

In the Assessment Wizard, the Analysis Methods section allows the user to select the approach for
seismic performance evaluation.

When Nonlinear Static Multi Mode Procedure is selected, it enables the use of multimode pushover
analysis, which considers the combined effects of multiple vibration modes along with material
nonlinearity.

Assessment Wizard - (w] X
Assessment ‘Analysis Methods Knowledge Factor
Linear Elastic Procedure
Knowledge Factor : User Defined
Analysis Parameters SetLevel of Knowledge o
Run Analysis Performance Objective
Seismic Hazard Level Immediate Occupancy Life Safety Colapse Prevention
Nonlingar Static Procedure
BSE-IN
BSE-1E
BSE-2E o
BSE-2N

®) Nonlinear Static Multi Mode Procedure

Multimode Pushover Analysis: Itis a method used to evaluate the seismic
performance of structures by considering the effect of more than one
mode. This analysis evaluates modal combination techniques and nenlinear
behavior together.

Nonlinear Dynamic Procedure

Hazard Level Descriptions ¥

BSE-2E (ASCE 41-17 2.4.1.3) represents an earthquake with a 5% excesdance probability in 50 years (375-year return period). Itis used for rigorous evaluation and retrofitting to ensure
building safety during more severe earthauakes.

Open Seismic Parameters

Lifie Safety (ASCE 41-17 2.3,3.3) represents a condition where moderate damage occurs during the earthquake, but the structure continues to ensure life safity, Structural elements retain

Open Project Folder some strength and stiffness; however, repairs may not be economically feasible.

Opensees Settings

< » Next K cancal
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After selecting Nonlinear Static Multi Mode Procedure in the Assessment Wizard and clicking Next, this
screen appears. It is used to define all necessary parameters for multimodal nonlinear static (pushover)

analysis.

Assessment Wizard

Pushover Direction:

+ Assessment
1 ] 0% (+X)
i | 90o(+Y)
| Analysis Parameters Total Number of Steps:
| Manually Select Monitored Node
Control Node:  D3-1
Run Analysis
v Manually Select Number Of Modes
Mumber of Modes X:
Number of Modes Y:
Mass Cumulative | Mass
Participat. | Mass Participat
D|TE) Ratio, X Partidpation | Ratio, Y
(%) Ratio, X (%) | (%)
1 0.421 49.35 45.35 199
2/0.128 1578 65.12 53.12
i 3 0.118 7.05 72.17 0.15
4/0.106 | 16.58 88.75 24.15
5 0.058 2.52 91.27 0.08
6 0.033 2.80 94.07 14.66
7 0.027 |4.99 95.06 3.57
8/0.018 0.31 99.37 1.90
9/0.015 0.63 100.00 0.38

Open Seismic Parameters

Open Praject Folder

OpenSees Settings

] 180°()
| 270°(Y)
250

5%

5%

Cumulative
Mass
Participati ..
Ratio,Y (%)
1.99

55.12
55.27
79.43
73.51
94.17
97.73
99.64
100.00

€ Previous P Run Analysis x Cancel U

L2

Pushover Directions: Select the directions for which pushover analysis will be conducted:

o 0°(+X)

o 90° (+Y)
e 180°(X)
o 270°(-Y)

Total Number of Steps: Defines how many load increments will be used during the analysis. A higher

number yields a smoother and more detailed capacity curve.

Control Node Selection: The user can manually select a control node to monitor during the analysis.

Typically, a node near the top of the structure is chosen.

Number of Modes Selection: Specify how many vibration modes to include in the analysis for each

direction:

e Number of Modes X

e Number of Modes Y
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Make sure to include enough modes to capture at least 90% of the total dynamic mass.
Mode Table: The table lists modal properties for each mode:

e T(s): Natural period of the mode

e Mass Participation Ratio (%): Contribution of the mode to total mass

e Cumulative Mass Ratio (%): Running total of mass contribution

After defining the necessary parameters for the Nonlinear Static Multi Mode Procedure, clicking the
Run Analysis button initiates the process. The system then transitions to the Analysis Progress screen.

- O
" Assessment 3
| Finite Elements Created. ~ Ana|y5|5 Prog ress
Restricting unused nodes. .. Total Node: 75
v Assigning Diaphragms... 0 Degree, Mode: 01

Process Completed.

- Analysis Model of the Buiing s prepared... | ] Analysis Running - 5.00%
1 o Analysis Parameters - Analysis Dats 5 Reacy r——
- (Elapsed Time: 3.11 Seconds) egrees, Mode:
v Analysis Running - 15.00%
m—— Analysis Data is Ready 130 Degrees, Mode: 01
un Analysis :
Buiding analysi. ..
- Building Analysis Completed Successfully. (Elapsed Time: 0.63 Seconds) . LIEEE RO R

Linear Finite Element Analysis was completed successfully v 270 Degress, Mode: 02
Preparing Madel...

Preparing Nodes - Analysis Running - 20.00%

Preparing Sections...
Preparing Elements. ..
Preparing Force-Deformation Relationships
Generating section meshes. ...
Mesh generation complete for al element sections, Elapsed Time: 00:00:00.534
Preparing Force-Deformation Relationships
Force-Deformation calculations completed successfully. Elapsed Time: 00:00:05.35
Preparing Element Section Properties
Preparing Inelastic Sections
1 Preparing Inelastic Finite Elements...
Preparing Rigid Diaphragms
Preparing Masses...
Non-Linear Model was generated successfully
Preparing Vertical Loads
Vertical loads for gravity analysis prepared successfully
Analysis: 0 Degree, Mode: 01->Non-Linear Analysis Input was generated successfilly
Analysis: 90 Degrees, Mode: 02—>Non-Linear Analysis Input was generated successfully v
Analysis: 180 Degrees, Mode: 01—>Non-Linear Analysis Input was generated successfully
Analysis: 270 Degrees, Mode: 02-->Non-Linear Analysis Input was generated successfuly
Starting pushover analysis: 0 Degree, Mode: 01 Time: 13:37:07
Starting pushaver analysis: 90 Degrees, Mode: 02 Time: 13:37:07
Starting pushover analysis: 180 Degrees, Mode: 01 Time: 13:37:07
Starting pushover analysis: 270 Degrees, Mode: 02 Time: 13:37:07 v

Please Wait
Conducting nordinear structural analysis...

£
< > M sor i

This screen allows the user to track each step of the analysis process in real-time. In multimodal analysis,
it becomes especially useful as it displays progress per direction and per mode.

Analysis Log:

e Displays each operation being performed, such as model generation, element meshing,
material assignments, and nonlinear file preparation.

e FEach step is logged, including confirmation of success and timestamps for the start of each
mode and direction.

Analysis Progress Bar:
e Shows the real-time progress (%) for each selected direction (0°, 90°, 180°, 270°).
e Indicates which mode is currently being analyzed per direction (e.g., Mode 01, Mode 02).

e Helps quickly identify which direction or mode might be slowing down or failing.
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Nonlinear Dynamic Procedure

In the Assessment Wizard, the Analysis Methods section allows the user to select the approach for
seismic performance evaluation.

When Nonlinear Dynamic Procedure is selected, it enables the use of a time history analysis method
that directly incorporates the nonlinear behavior of structural components under real or simulated
ground motion records.

This method allows for highly detailed seismic response evaluation by calculating accelerations,
displacements, and internal forces using a nonlinear time-domain simulation as described in ASCE 41-
17 Section 7.4.4.

_ O
Assessment Analysis Methods Knowledge Factor
Linear Elastic Procedure
Knowledge Factor : User Defined
Analysis Parameters Set Level of Knowledge a
RmATEEs Perfarmance Objective
S Seismic Hazard Level Immediate Occupancy | Life Safety Colizpse Prevention
onlinear Static Procedure
BSE-IN
BSE-1E
BSE-2E v
BSE-2N

Nonlinear Static Multi Mode Procedure

®) Nonlinear Dynamic Procedure

Nonlinear Dynamic Method (ASCE 41/17 7.4.4): Calulates ground motion
accelerations, displacements and forces using a mathematical mods! that
directly incorporates noninear load-deformation properties,

Hazard Level Desariptions ¥

BSE-2E (ASCE 41-17 2.4.1.3) represents an earthquake with a 5% exceedance probability in 50 years (375-year return period). Itis used for rigorous evaluation and retrofitting to ensure
building safety during more severe earthquakes.

Open Seismic Parameters

Lifee Safety (ASCE 41-17 2.3.3.3) represents a condition where moderate damage occurs during the earthquake, but the structure continues to ensure life safety. Structural elements retain
Open Project Folder some strength and stiffness; however, repairs may not be economically fesible.

OpenSees Settings

< > Next K cancel |

After clicking the Next button, the user is directed to the Ground Motion Selection interface, where
earthquake records can be assigned for use in the nonlinear dynamic analysis.

- o
+ Assessment # | X || peee X Set Default GMs *
v Ground Motions X Direction GM Preview X ¥ Direction GM Preview Y
Analysis Parameters
Run Analysis
Open Seismic Parameters
Open Project Folder
Opensees settings
< Frevious > Next X cancel )
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When the Set Default GMs (Ground Motions) button is clicked, the software automatically loads
predefined earthquake records from the system library and assigns them to the X and Y directions for

use in the dynamic analysis.

% || X || Deleteal X

Ground Motioris
GM1_71 Landers_1992
Analysis Parameters
GM2_22_Imperialvalley_1579
GM3_22_Imperialvalley_1579
GM4_73_Landers_1392
i GM5_73_Imperialvalley_1579
Run Analysis
GM6_73_Taiwan_SMART1_1586
GM7_Z3_Northridge_1994
GM8_23 Loma_Pricta_1989
i GM9_74 Landers_1992
GM10_Z4 Landers_1392

GM11_Z4 Tainan_SMART1_1986

X Direction G
71_Landers_1992_ABY090
22_Imperialvalley_1975_HE1
72_ImperialValley_1975_H-8R.
73 Landers_1992_BAK140
73_Imperial_Valey_1979_HE.
Z3_Taiwan_SMART1_1985_4.
Z3_Morthridge_1994_NEE0SO
23_Loma_Prieta_1989_ADL340
24 Landers_1992_CAS270

74 Landers_1992_W70000

24 Taiwan_SMART1_1385_4..

- o
Set Defauit GMs L}

Preview X Preview Y

—‘WWMMMM—— 71_landers_1992_BAK140 v-wWMWw
_MWW 72_Imperialvalley_1975_H-E1 _%Wm
;_.4””‘;. " 721 1973 HC "1‘,.‘,‘

oo 75 Landers 1592 HOS1S)  —seifltemm———
—-QMHWW 23 _Imperial_Valley_1979_H-... w»mm—»«-w
ﬂwﬁwnmmm,.w 23_Taiwan_SMART1_1885_4.. —-AMAMI”WWM——
"“"“'}/WV{"W"W‘VW 73_Northridge_1994_PIC090 W
mew__.__ 23 Loma_Prieta_1989_SIW150 .,,WM,.W
—""“WMWWW"“ 274 Landers_1992_ EUC292 ‘""‘WW
e A A s 24 Landers 1992 WALZS0 i
_MMMMNWW.L Z4_Taiwan_SMART1_1986_4.. ——vwﬂwnm-

¥ Direction GM

Open Seismic Parameters
| Open Project Folder

i Opensees Settings

| & Previous » Next xCantE\ Y
4

7]

Each row in the table represents a pair of ground motions.The acceleration time history records are
automatically mapped to X Direction GM and Y Direction GM fields. The Preview X and Preview Y
columns display waveform previews of the assigned ground motions.

Within the Assessment Wizard > Ground Motion Selection screen, users can manually define and import
custom ground motion records.

| Assessment Wizard - o
+ Assessment X || Delete Al X Set Default GMs +|(L
| v Glpund Motions X Direction GM Previen X ¥ Direction GM Preview Y
cvy_71_Landers_1002 71_Landers_1992_ABY030 ——--QW 71_Landers_1992_BAK140 ——-«wmmum—
Analysis Parameters
M3 22 Tmperialvalley_1573 711 1978 HEL W =R 1973 HEL. oo
GM3 Y2 _ImperialValley_1979 221 1973 HER ‘.‘N‘.*.. 221 _1879_ HC. —*MMNWW
G4 48 Landers 1992 23 Landers 1992 BAK130 | ook o Wb n 23 Landers 1992 HOSIS0  —lipfflntnr—————
) GM5_zY Imperialvalley_1979 23 Imperial_Valey_1973_HE _“WM’W"""""""‘M 23 Impenial_valley_1979_H-. ‘WM..‘«W
Run Analysis

GME_Z3§Taiwan_SMART1_1986 23 _Taiwan_SMART1_1986_4.

%MWMWWW 23 _Taiwan_SMART1_1986_4 —-d«ﬂmﬁw»wvw—
M a 23 Nortfridge 1954 PICOS0  —tpiHilN AR
M 23 Loma_Prita_1599_SIW160 —bippsotbypemcsines |
—""‘W"’WW\'WMW"‘* 24 Landers_1992_FIC292 WW
e RN 23 s 1992 29— e
GM11 74 Takn SWARTI 1565 e 29 Toia1_SMART1 1555 ... el ipHnnn e

GM7_23_Northridge_1994 23 Northridge_1594_NEE0S0

GM3_73 Ldra Pricta_1989 23 Loma_Prieta_1989_ADL340
Gu9_24 Lakders 1002 24 Landers_1992_ CAS270

GM10_74_Lafders_1092 24_Landers_1992_W70000

24 _Taiwan_SMART1_1986_4.

Label: 1
Header Lines to Skip: 0

Delta T (s): 0.005 o8

it [ v 8
T 04

B

D
o 04

3

g

Open Seismic Parameters T
0.2

| Open Project Folder Open Time History Data Fie

| OpenSees Settings Preview Data 0 01 02 03 04 05 0.6 07 08 0.8 1

| Plot Time History Data Time(s)

Cancel

Click the <= Add button to insert a new row. Click on the X Direction GM or Y Direction GM cell of the
new row. This will open the Time History Data input window.
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Open Time History Data File, allows users to upload external acceleration time history files in .txt or
similar formats. Label, define a custom label for the ground motion record. Delta T (s), time step of the
data (e.g., 0.005 s). Unit, select the unit of the data (g, m/s? etc.). Preview, a visual plot of the
acceleration vs. time data will be shown on the right.

This feature provides full flexibility to use real recorded earthquakes or user-defined ground motions
tailored to the specific needs of the analysis.

After completing the Ground Motion Selection step, clicking Next takes the user to the Ground Motion
Scaling screen.

Scaling Parameters

+ Assessment 14
Spectrum Factor:
v 2 To (s):
Analysis Parameters 12 Lower Bound Factor:
Upper Bound Factor:
v 11
v Edit Manually
1
Plotoptions
09 ] Plot Target spectrum
Run Analysis o | Piot Scaled Target Spectrum
1 c 08
S
1 © 07
o
| =
g 06
<
05
Shon Legend
04
03
02
01

Period (5)

Open Seismic Parameters
Scaling

| Gpen Project Folder k Scaling Method [average E

i Openees ettings Scale Ground Motons

Here, the selected ground motions are scaled to match the target spectrum. Users may adjust the
scaling parameters or proceed with the default values.

After completing the Ground Motion Scaling step and clicking Next, the user proceeds to the Parameters
screen. This section displays and allows verification or adjustment of the analysis parameters for each
loaded ground motion record.

As: - D
+ Assessment Recorder time step resolution | One to one (Factor= 1) | 8 Two Way Analysis a
v Analysis Label Selected Tme History Function Scale Factor Total Duration (s) Analysis Delta T (5)
G171 Landers_1352 GM1_71 Landers_1592 569 .93 0.02
P GM2_z2_Imperialvalley_1973 GM2_72 Inperislvaley_1973 569 39.005 0.005
GM3_72_Imperialvalley_1979 GM3_Z2 Imperialvaley_1979 5.69 .52 0.005
v G4 23 Landers_1992 GM4 73 Landers_1992 569 119.99 0.01
v GMS_23_ImperialValley_1573 GMS_73 TmperialValey_1579 5.69 %.91 0.005
GMS_73_Teiwan_SMART1_1985 | GMS_Z3_Taiwan_SMART1_1586 569 4399 0.01
GM7_23_Northridge_1994 GM7_Z3 Northridge_194 569 a7.99 0.01
GM8_23 Loma Prieta_1989 GMB_Z3 Loma Prieta_1989 569 39,945 0.005
Run Analysis GM8_24_Landers_1992 GM_Z4_Landers_1932 5.69 52.38 0.02
GM10_74 Landers_1392 GM10_74 Landers_1952 569 47.54 0.02
1174 Taiwan SMARTL 1985 | GM11_74 Taiwan_SMART! 1386 569 43.99 0.01
Open Seistic Parameters
Open Project Folder
OpenSees Setfings
P Run Anal Cancel |
< Previous e x == 1
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Recorder time step resolution: Defines the time step resolution. One to one (Factor = 1) means the
analysis time step is the same as the time history data. Higher factors reduce analysis time at the

expense of accuracy.

Two Way Analysis: When checked, each record is also analyzed in the orthogonal (90° rotated) direction

by swapping X and Y components.
Scale Factor: Shows the scaling multiplier applied to match the target spectrum.

Analysis At: Indicates the time step used in the structural analysis for each ground motion.

This step is mostly automated, but the user can intervene if necessary before proceeding to the analysis.

After completing the Parameters step, click Run Analysis to initiate the analysis process. This screen

provides real-time feedback during the Nonlinear Time History Analysis execution.

| Assessment Wizard - o x|

i
| Assessment - (Blapsed Time: 3. 14 Secands) ~|| Analysis Progress
| ¥4 Saving Beams. .. GM1_71_Landers_1992_0_Degree “

Analysis Data is Ready

Building analysis. . I < runring - 30.00%

+ Analysis Parameters ~ Buildin :
g Analysis Completed Successfully. (Elapsed Time: 0.60 Seconds)
Linear Finite Element Analysis was completed successfully GM2_22 ImperialValley 13750 Degree
v Preparing Madel... - Analysis Running - 10.00%
Preparing Nodes
¥4 Preparing Sections GM3_22_ImperialValley_1379_0_Degree
v Preparing Elements. . -
Preparing Force-Deformation Relationships - Analysis Runing - 10.00%
) Generating section meshes.... GM4_73 Landers_1992_0_Degree
_ Run Analysis Mesh generation complete for all element sections. Elapsed Time: 00:00:01.17
| Preparing Force-Deformation Relationships . Analysis Running - 5.00%

Force-Deformation calculations completed successfully. Elapsed Time: 00:00:05,74

Preparing Element Section Properties GM5_23_ImperialValley_1975_0_Degree

| Preparing Inelastic Sections... Analysis Running - 0.00%
1 Preparing Inelastic Finite Elements
Preparing Rigid Diaphragms GMB_23,_Taiwan_SMART1_1386_0_Degree
Preparing Masses..
Non-Linear Madel was generated successfully I Analysis Running - 15.00%
Preparing Vertical Loads. . GM7_Z3 Northridge_1994_0_Degree

Vertical loads for gravity analysis prepared successfully
| Analysis Running - 15.00%

OpenSees input files have been prepared GMB_73 Loms_Pricts_1989_0_Degree

Running Time History Analysis: 11/ 11
Starting Time History Analysis: GM1_Z1_Landers_1992_0_Degree Time: 11:23:18 - Analysis Running - 10.00%
Starting Time History Analysis: GM2_22_ImperialValley_1975_0_Degree Time: 11:23:18

Starting Time History Analysis: GM3_Z2_ImperialValley_1575_0_Dearee Time

GM3_74 Landers_1992_0_Degree

Starting Time History Analysis: GM4_23_Landers_1992_0_Degree Time: 11:23:18 [ [pe——
Starting Time History Analysis: GM5_23_ImperialValley 1973 _0_Dearee Time: 11:23:18 Tt
Starting Time History Analysis: GME_Z3_Taiwan_SMART1_1986_0_Degree Ti 2318 GM10_74_L anders_1992_0_Degree

Starting Time History Analysis: GM7_23_Northridge_1994_0_Degree Time: 1
Starting Time History Analysis: GM3_Z3_Loma_Prieta_1989_0_Degres Time:
Starting Time History Analysis: GM3_24_Landers_1992_0_Degree Time: 11:23:19

Starting Time History Analysis: GM10_74 L anders_1992_0_Degree Time: 11:23:19
Starting Time History Analysis: GM11_Z4 Taiwan_SMART1_1986_0_Degree Time: 11:23:19 || | o

LY ysis Running - 35.00%

GM11_74 Taiwan_SMART1_1986_0_Degree

I Please Wait
1 Running Time History Analysis

Analysis Log:

e Displays the progress log, including model setup, load applications, and analysis preparation
steps.

e The starting time of each ground motion analysis is listed.
Analysis Progress:
e Shows a percentage progress bar for each ground motion input.

e Once all records are completed, assessment results will be ready for review.
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Linear Procedure Selection

To define whether to use Linear Static Procedure (LSP) or Linear Dynamic Procedure (LDP) for your
analysis, follow the steps below:

Steps:
1. Goto the Loading tab in the top ribbon.

2. Click on the Load Cases and Combinations icon.

Modeling BIM  Dislay  Views  Heb
B 3 e | H # | &
Searc  Wedad  NonSicurs | patton SabAddvosl | Losdeconpostion | Patieniosdeg  Pant,Une | Themalosd SoowLosd
Puametrs SioreyLosds Componentoade | Wllouds  Lowds (o7 Defrions © and o Loads | | Gokh)  Cacatons
e Losd brares s losts -
Define load cases and combnatons 18] storey: 1 Z
v =
Method 1 (Loadng Generator):
-G Lovang Cencatr botion naton £
2- Select vertical and lateral oadng optons. (Pattern 4
loa,conevuchon sage, s o, Dt and

son)
3-Load cases and combinatons wil be areated
tto seected design and sesme cades.
£ Edit conbination abels and oad case coefcients.
s necessary (optonal)

Methad 2 3
1-Clck Lood Cases’ button and a6 the load cases N
2- Add oad combinatons by didang ‘Add button at

Load Combraton Edtor wirdon

3- 0t combination labels and koad case cosflients:
s necessary

i e
1-Load cases and conbinatons must be defned
before buldng anslyss
2-You can define RC and Steeldesion combinations.
separately
3-Two-Stac

e sesmicload cases are reated
automasically.

4~ Cracked secton load cases can be used for
afferent boad cases

» 0 S62(19.70)
» 0 SE3@.SR)

sesssssscsssssss

3. Inthe pop-up window, press the Load Generator button.

es |

ril Automatic Loading Editor | —
Load Combinati{ o . - 1
[ | use Cracked Sections in All Vertical Load Combinations As Well V.Load Case = 4
ULS_RC [ Generate Combinations for Steel Members H.Load Case =4
ULS_Steel o
515 RC || Add Notional Loads Combinations for Geometric Imperfections

5L5_Steel Motional Load Factors: D

Vertical Load Combinations l Horizontal Load Combinations

ASCED7 [2016] (I8C
EEmslet Create Seismic Combinations not R =)
Equivalent Static Load [v Including Live Loads Ex+, Ex-, Ey+, Ey-
Equivalent Static Load Apply 30% of Other Direction Loading | | Create All Possble Combinations for Symmetic
Moda Resporse Spectrim Results
1 | Modal spectrum Analysis Method [v]

["] Apply Notional Loads to Seismic Combinations

[ "] Notional Loading

[ wind Loading ASCE-7 [2010]

|| Sail Pressure Pressure Direction

Loading
Generator

=
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4. Inthe Automatic Loading Editor window:
o Switch to the Horizontal Load Combinations tab.
o Enable the Seismic Loading checkbox.
o Choose the analysis method from the dropdown menu:
» Equivalent Static Load - This activates LSP.
» Modal Response Spectrum —> This activates LDP.

5. Once the selection is made, click OK to apply the changes.
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This configuration determines which linear analysis method (LSP or LDP) is used for building

performance assessment under ASCE 41-17.

Linear Static Procedure

When the Linear Elastic Procedure option is selected in the Assessment Wizard, the structure is analyzed

using linear elastic assumptions.

This corresponds to the Linear Static Procedure as described in ASCE 41-17 Section 7.4.1.

Assessment Wizard

i Analysis Methods Knowledge Facts
+ Assessment it nowledge Factor

®) Linear Elastic Procedure

Knowledge Factor :

¢ Linear Static Method (ASCE 41/17 7.4.1): Used to determine the
distribution of seismic forces with respect to building height and the

User Defined

corresponding internal forces and displacements using linear elastic Set Level of Knowledge

Analysis Parameters analysis.

Note: Change the seismic loading methed in the "Load Generater” to spedify
Run Analysis the linear static or dynamic analysis method. Performance Objective

Seismic Hazard Level Immediate Occupancy
Nonlinear Static Procedure

BSE-1IN v
BSE-1E
BSE-2E

BSE-2M
Nonlinear Static Multi Mode Procedure

Nonlinear Dynamic Procedure

Life Safety

Hazard Level Descriptions &

Open Seismic Parameters
i Open Project Folder

Fi OpenSees Settings

P Run Analysis

Collapse Prevention

x Cancel

=

4

The Linear Static Procedure is used to determine the distribution of seismic forces based on building
height. Seismic loads and the corresponding internal forces and displacements are calculated using
linear elastic static analysis. All necessary load combinations and analysis parameters are automatically
handled by ProtaStructure. Therefore, no additional setup is required. Simply click Run Analysis to

proceed with the assessment.
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After clicking the Run Analysis button, a log window appears showing all the steps of the analysis
process. This log displays each step from model generation to the completion of the analysis.

Assessment Wizard a x
¥ Assessment Starey: 2 Model Geometry is generated. .. ~
Storey: 3 Model Geometry is generated. .. I
 Parameters Mode! Geometry is generated. .
Building Analysis Data Preparation. m
+ Analysis Parameters - Creating the Finite Elements. .
- Segmentizing Members... Completed
Run Analysis - Finite Elements are created...
- Preparing the Analysis Mode! of the Building...
Analysis Progress Creating Wall Segments. .. Member: 144

Creating the Segments of the Meshed Walls... Member: 144 f 156
Setting bottom restraints. ...
Creating Storey Rigid Diaphragms.
Detecting the Storey Infa for Free Nodes. ., H
Creating Diaphragm Nodes... 5
Calaulating Rigid Beam Properties...
Creating Members. ..
Generating FE Elements of Walls. Member: 6/6 Storey-3
Generating FE Elements. Member 154/156 [Storey 3]
Calculating Nodal Masses. ..
Calulating Diaphragm Masses...
Finite Elements Created,
Restricting unused nodes... Total Node: 75
Assigning Diaphragms...
Pracess Completed.

- Analysis Model of the Buiding is prepared...

- Analysis Data is Ready

- (Elapsed Time: 3.17 Seconds)

Saving Beams. ..
Analysis Data is Ready
Buiding analysis...
- Building Analysis Completed Successfull. (Elapsed Time: 0.38 Seconds)

Post-Analysis Processes...
Generating section meshes....

Mesh generation complete for all element sections. Elapsed Time: 00:00:01.01
Open Seismic Parameters Breparing Force-Deformation Aeiatonships. iv

Open Project Folder ‘

- Please Wait

Preparing Force-Deformation Relationships

OpenSees Settings

Linear Dynamic Procedure

In the Assessment Wizard, under the Analysis Methods section, select Linear Elastic Procedure, and
ensure that the option titled Linear Dynamic Method (ASCE 41/17 7.4.2.1) is activated. To apply this
method correctly, the "Modal Response Spectrum" option must be selected from the Load Generator
interface.Once selected, the user can proceed by clicking Run Analysis.

Assessment Wizard
+ Assessment

¢ Parameters

Analysis Parameters
Run Analysis

Analysis Progress

Open Seismic Parameters
Open Project Folder

OpensSees Settings

- o X u
—Analysis Method: —Knowledge Factor
| ®) Linear Elastic Procedure
Knowledge Factor : [ user Defined
Linear Dynamic Method (ASCE 41/17 7.4.2. 1): Calculates the dynamic
response of a structure to seismic ground motions through modal analysis
or response spectrum analysis. SetLevel of Knowledge | a
Note: Change the seismic loading method in the "Load Generator” to specify
the linear static or dynamic analysis method. [~ Performance Objectiv
Seismic Hazard Level | Immediate Occupancy | Life Safety Collapse Prevention
Monlinear Static Procedure

BSE-1N v

Nonlinear Static Method (ASCE 41, . Jsed to calculate the u u

maximum displacement and internal forces of stuctures under seismic BSE-1E ] ] ]

events, taking into account the nenlinear behavior of materials. BSE-2E O O O
BSE-2M O O O

() Nonlinear Static Multi Mode Procedure

Multimode Pushover Anal Itis a method used to evaluate the seismic
performance of structur y considering the effect of mare than one
mode. This analysis evaluates modal combination techniques and nonlinear
behavior together.

() Nonlinear Dynamic Procedure

Nonlinear Dynamic Method (ASCE 41/17 7.4.4): Caleulates ground motion
accelerations, displacements and forces using a mathematical mode! that

directly incorporates nonlinear load-deformation properties.
Hazard Level Descriptions ¥

BSE-1E (ASCE 41-17 2.4. 1.4) represents an earthquake with a
achieve a basic safety level for existing buildings.

exceedance probability in (225-year return period). Itis used for the initial assessment and retrofit design to

BSE-1N (ASCE 41-17 2.4.1.7) represents an earthquake with a 10% exceedance probability in 50 years (475-year return period). Tt is typically used as a standard safety criterion for
designing new buildings.

BSE-2F (ASCE 41-17 2.
building safety during mo
BSE-2N (ASCE 41-1
fadilities remain operal

represents an earthquake with a 5% exceedance probability in 5
severe earthquakes,

s {375-year return period). Itis used for rigorous evaluation and retrofitting to ensure

1. 1) represents an earthquake with @ 2% exceedance probabilty in 50 years (2475-year return peried). Itis a design ariterion to ensure itical infrastructure and
nal during and after major seismic events.

stiffness, with only minor cracks occurring.

Life Safety (ASCE 41-17
some strength and stiffnes:

represents a condition where moderate damage occurs during the earthquake, but the structure continues to ensure life safety. Structural elements retain
however, repairs may not be economically feasible.

Collapse Prevention (ASCE 41-17 {) refers to a severe and typically irreparable damage level. The structure maintains minimal stiffness and strength to carry vertical loads, butitis
unlikely to withstand another earthquake.

Immediate Occupancy (ASCE 41-17 2.3.3.2) refers to a condition where the building's operations remain uninterrupted during and after the earthquake. The structure retains its strength and

€ Previous | ‘ P Run Analysis ‘ | x Cancel JQ
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This method evaluates the seismic response of a building using modal or response spectrum analysis,
offering a more realistic assessment of elastic behavior under seismic loads.
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After clicking the Run Analysis button, a log window appears showing all the steps of the analysis
process. This log displays each step from model generation to the completion of the analysis.

P

Assessment Wizard

+" Analysis Parameters

Run Analysis

Analysis Progress

PRSI

Storey: 2 Model Geometry is generated...
Storey: 3 Model Geometry is generated...
Model Geometry is generated...

Building Analysis Data Preparation. ..
- Creating the Finite Elements...
- Segmentizing Members... Completed
~Firite Elements are areated.
- Preparing the Analysis Model of the Building.
Creating Wall Segments... Member: 144
Creating the Segments of the Meshed Wals... Member: 144 f 156
Setting bottom restraints..
Creating Storey Rigid Dizphragms...
Detecting the Storey Info for Free Nodes...
Creating Diaphragm Nodes. ..
Calculating Rigid Beam Properties. .
Creating Members. ..
Generating FE Elements of Walls, Member: 6/6 Storey-3
Generating FE Elements. Member 154/156 [Storey 3]
Calculating Nodal Masses...
Calculating Diaphragm Masses. ..
Firite Elements Created.
Restricting unused nodes. . Total Node: 75
Assigning Dizphragms...
Process Completed,
- Anlysis Model of the Building is prepared. ..
- Analysis Data is Ready
- (Elapsed Time: 3,17 Seconds)

Saving Beams...
Analysis Data is Ready
Building analysis..
- Building Analysis Completed Successfully. (Elapsed Time: 0.38 Seconds)

Post-Analysis Processes...
Generating section meshes. ...
Mesh generation complete for al element sections. Elapsed Time: 00:00:01.01

L

Breparing For ce-De formation Reia ionships.

"+ Please Wait

Preparing Force-Deformation Relationships

Assessment Results

After the analysis is successfully completed, the user is directed to the Assessment Results screen,

where the performance of individual structural members is displayed based on the selected evaluation

direction and story level.

Existing Building Assessment Methods X
Label | Status -
Direction: | +X [v]  storey: [lstoreys  [v]
Assessment-1
Storey | DCR Critical Member
< a0
1 11269 186 &
2 1.1015 286 i~
=5 60
3 08395 386 =
2 40
w
SR
=
o T T T T
Label [starey | Hing=Type Action Type Loads IEnd JEnd [ 0.05 0.1 015 02
‘ * Add Assessment ‘ 4 Member Type: Beam 4 Category: Aceeptance Criteria Curvature (rad/m)
‘K a N . ‘ B1 |1 Deformation-Controled | Flexural Force Action Win. Elastic Rotation Limt 0.0 rad 0.0rad
emove Assessmen
B2 |1 Deformation-Controled | Flexural Force Action Win, Total Rotation -5.53e-18rad  -1.85e-32rad [ show Ideaiized Giinear Curve
hj Generate Assessment Report | B3 1 Deformation-Controlled | Flexural Force Action Max, Elastic Rotation Limit 0.0 rad 0.0rad @ IEnd Y 1End
B4 1 Deformation-Controled | Flexural Force Action Max. Total Rotation 119e-18rad | 6.18e-33rad s -
. . J
Results B5 |1 Deformation-Controlled | Flexural Force Action Min. Component Behavior  Fiastic Plastic = -
Assessment Results 87 |1 Deformation-Controled  Flexural Force Action 10 0.0100 rad 0.0100 rad Axial Load :0 kipf
Pushover Curve B 1 Deformation-Controled | Flexural Force Action 1s 0.0250 rad 0.0250 rad
Target Displacement 189 1 Deformation-Controlled Flexural Force Action =3 0.0500 rad 0.0500 rad
Assessment Summary B10 |1 Deformation-Controlled | Flexural Force Action Min. Performance State 10 10
Analysis Logs B11 |1 Deformation-Controlled Flexural Force Action Max. Performance State | 10 0
B12 |1 Deformation-Controlled | Flexural Force Action 4 Category: Demand-Capacity Ratios
813 |1 Deformation-Controlled | Flexural Force Action Axial Force Capacity (NCE) | 501,39 kipf s01.39kipf
B14 |1 Deformation-Controlled | Flexural Force Action Shear Capacity (VCE) 58.18kipf 58.18 kipf
B15 |1 Deformation-Controlled | Flexural Force Action Moment Capacity (MCE) | 127.91ftkipf | 127.91 ftkipf
816 |1 Deformation-Controled | Flexural Force Action DeRn 2.0000 0.0000
B17 |1 Deformation-Controlled | Flexural Force Action DoRYZ 0.1891 01891
B18 |1 Deformation-Controlled | Flexural Force Action DeRY3 2.0000 0.0000
| OpensSees Settings | 19 |1 Deformation-Controled | Flexural Force Action DeAM2Z 2.0000 0.0000
B2 |1 Deformation-Controlled | Flesural Force Action DCRM33 0.3866 0.3866 B
| s L T —— | B2 |1 Deformation-Controled | Fiexural Force Action P ————— Save and Close
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Assessment Definition panel shows the current assessment’s Label and Status:
e Label: The name of the assessment (e.g., Assessment-1). Users can rename it as needed.
e Status: Indicates whether the assessment was completed successfully (v icon shown).
Additionally, this section includes shortcuts to:
e Addanew assessment
e Remove an existing assessment
e Generate a performance report
Story-Level Critical Member Summary panel displays for each selected analysis direction:
e The member with the highest DCR in each story
e The corresponding DCR value and critical member label

This helps identify which story contains the governing element that may limit overall structural
performance.

Member List and Categories table lists all members belonging to the selected story. Each row includes:

e Llabel (e.g., 1B6)

e Story level

e Hinge Type (Deformation-Controlled or Force-Controlled)
e Action Type (e.g., Flexural, Shear, Axial)

e Member Type (Beam, Column, Wall)

Note:

Members with DCR > 1.0 or those that fail to meet the target performance level are higlighted in red.
These are considered inadequate and may require retrofitting.

Detailed Member Evaluation section provides complete assessment results for the selected member:
Category: Acceptance Criteria
e Elastic and total rotation limits (IO, LS, CP)
e Minimum and maximum performance states
e Component behavior (Elastic,Plastic)
Category: Demand—Capacity Ratios
e Capacities: Axial (NCE), Shear (VCE), Moment (MCE)
e Calculated demands and DCR values for each force component
Category: Forces from the Analysis

e Internal force results at I-End and J-End
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Moment—Curvature Plot shows the Moment—Curvature (M—¢) relationship of the selected element.
The user can:

e Enable the idealized bilinear curve

e Switch between I-End and J-End

e Toggle between M22 and M33 moment components

e View either positive or negative direction behavior

Assessment Summary

The Assessment Summary screen provides a comprehensive overview of the evaluation results for all
directions in a clear, tabular format. It summarizes key assessment parameters, element distributions,
and statistical DCR results per direction.

Category: Assessment Parameters
Lists the general configuration used in the analysis:
e Seismic Hazard Level (e.g., BSE-1N)
e Performance Objective (e.g., Immediate Occupancy)
e Analysis Type (e.g., Nonlinear Static Procedure)
e Knowledge Factor used in capacity reduction
Category: Count
Shows the total number and percentage distribution of members by type:
e Total Member Count
e Column Member Count
¢ Beam Member Count
e Wall Member Count
Category: Directional Results
For each pushover direction (+X, +Y, —X, —Y), the following data is reported:
¢ Minimum DCR
e Maximum DCR
e Mean DCR
e Standard Deviation of DCR

Performance classification for each direction is also provided:
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Number of members satisfying Elastic, 10, LS, or CP states

e Count of members classified as Acceptable or Not Acceptable

Analysis Logs

The Analysis Logs section provides a detailed, real-time record of the entire analysis process.

Existing Building Assessment Methods

Label Status

Assessment-1

v

‘ & Add Assessment |
‘ x Remove Assessment |
| ‘ﬁj Generate Assessment Report ‘

| Results

Assessment Results
Pushover Curve
Target Displacement
Assessment Summary

: [ fndhssoss 000

| Opensees Settings

| Existing Buiding Assessment Settings

Started

Beam Loads calaulated. . (apsed Time: 1.28 Seconds)

Buiding model validation is successful...

Center of Mass of storeys are calculated...

Processes prior to Analysis Model Preparations completed., (Hapsed Time: 0,02 Seconds)
Generating Model Geometry. .

Storey: 1Model Geometry is generated. .

Model Geometry is generated...

Storey: 3 Model Geometry is generated...

Model Geometry is generated. ..

Building Analysis Data Preparation...

- Creating the Fiite Elements.

- Segmentizing Members. .. Completed

- Finite Elements are ceated..,

- Preparing the Analysis Model of the Building...
Creating Wall Segments... Member: 144
Creating the Segments of the Meshed Walls
Setting bottom restraints. ..

Creating Storey Rigid Diaphragms. .
Detecting the Storey Info for Free Nodes...
Creating Diaphragm Nodes...

Calculating Rigid Beam Properties. ..
Creating Members...

Generating FE Elements of Wals. Member: /6 Storey-3
Generating FE Elements, Member 154/156 [Storey 3]
Calculating Nodal Masses...

Calculating Diaphragm Masses...

Finite Elements Created.

Reestricting unused nodes. .. Total Node: 75

Assigning Diaphragms. ..

Process Completed.

- Analysis Model of the Bulding is prepared...

-Analysis Data is Ready

- (Flapsed Time: 3.10 Seconds)

Member: 144 / 156

Saving Beams...
Analysis Data is Ready
Building analysis...
~Buiding Analysis Completed Successfully. (Elapsed Time: 0.86 Seconds)
Linear Finite Element Analysis was completed successfully «/
Preparing Model
Preparing Nodes
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Assessment Report

Within the Existing Building Assessment Methods interface, all completed evaluation scenarios are
listed under the Label section. The user can click on the “Generate Assessment Report” button located
in the left panel to open the reporting screen.

The pop-up window provides summary information for each assessment:

Label: Assessment name,Seismic Hazard Level: Selected seismic hazard level (e.g., BSE-1N, BSE-2E),
Performance Objective: Target performance level (IO, LS, CP),Analysis Type: Applied analysis method
(LSP, LDP, NSP, etc.),Knowledge Factor: Applied knowledge factor,The user can select multiple scenarios
and generate a combined report by clicking the Generate Assessment Report button.

Assessment Results
Label Status
Direction: | +X v|  storey: [Alstoreys v
Assessment-1 v
Asseesment-2 v Storey DCR Critical Member
o 80
Assessment-3 v ! L3202| 12 B
Assessment4 v : 0.9951| 2013 2w
3 0.8102 | 3813 =
£ 40
[l
5
=
s | 0
Label [, Gonerate 2 A 3 . o 0 0.05 0.1 0.15 02
* Add Assessment
4 Pt~ Assessment Results Curvature (rad/m)
x Remove Assessment LB; Label Seismic Hazard Level Performance Objective | Analysis Type Knowledge Factor ;nw P
1 v Assessment-1 BSE-IN Immediate Occupancy  Linear Elastic Procedure 1
T4 Generate Assessment Report L End JEnd
154 || Y Assessment2 BSE-E Life safety Nonlingar Statc Procedure 1
s (L BSE-IN Immediate Occupancy  Nonlnear Static Multi Mo... 1 33 M2
Results { =
e || Assessment-4 BSE-IN Immediate Occupancy  Nonlnear Dynamic Proce... 1 B e O egave
Assessment Results 187 Load :0 kinf
Assessment Summary 155
Analysis Logs
yestoa L) Generate Assessment Repart Close
1810 14
111 |1 Deformation-Contralled | Flexural Force Action Wax. Performance State | 10 10 T
B2 |1 Deformation-Controlled | Flexural Force Action 4 Category: Demand-Capacity Ratios
1813 Deformation-Control... | Flexural Force Action Asial Force Capacity (NCE) | 501.39 kipf 50139 kpf
1B14 1 Deformation-Controlled | Flexural Force Action Shear Capadty (VCE) 5. 18kpF 518 keF
1B15 |1 Deformation-Contralled | Flexural Force Action Moment Capacity MCE)  127.91ftkipf | 127,91 ftkipf
1816 1 Deformation-Controlled | Flexural Force Action DeRN 0.0000 0.0000
1817 [1 Deformation-Control... | Flexural Force Action [N Reesys 0.2073 02073
1818 |1 Deformation-Contralled | Flexural Force Action DeRYE 0.0000 0.0000
OpenSees Settings 1819 1 Deformation-Controlled | Flexural Force Action DeRMZ2 2.0000 2.0000
1B20 |1 Deformation-Contralled | Flexural Force Action DerMz3 0.4519 0.4519 B
i il et e 121 |1 Deformaton-Controlled | Fiexural Force Action |||, ¢ateno corcec e ting from the analysis . Save and Close

When generate assesment report button from popup screen. Report will be preparing.

Ex

— st Assessment Resufs
Direction: | +X v|  storey: [alstoreys  [v
Assessment-1 v
Assessment-2 v Starey DCR. Critical Member
Assessment-3 v ! LEEE i 5
Assessment-4 v B 0.9551| 13 % w0
3 0.8102 3813 =
£ 40
o}
5 20
=
0
Label |Storey | Hinge Type Action Type Loads IEnd JEnd 0 .05 0.1 015 02
+ Add Assessment 4 Member Type: Beam ~ || 4 Category: Aceeptance Criteria A Curvature (rad/m)
x T 81 1 Deformation-Controled  Flexural Force Action Min. Elastic Rotation Limit | 0.0 rad 0.0rad
B2 |1 Deformation-Controled  Flexural Force Action Min. Total Rotation 2.06e-18rad  -5.78e-34rad Show Idealized Biinear Curve
183 1 Deformation-Controled | Flexural Force Action Max, Elastic Rotation Limit | 0.0 rad 0.0rad © 1End JEnd
B4 1 Deformation-Controled | Flexural Force Action Max, Total Rotation 1.73e-18 rad 3.85e-34rad
= 15 1 Deformation-Controled  Flexural Force Action Min. Companent Behavior | Plastic Plastic ) M33 1z
B 1 Deformation-Controled | Flexural Force Action Max. Component Behavior | Plastic Plastic ® Positive () Negative
Assessment Results 187 |1 Deformation-Controled  Flexural Force Action 10 0.0100 rad 0.0100 rad Axial Load 10 kipf
Assessment Summary 188 |1 Deformation-Controled | Flexural Force Action s 0.0250 rad 0.0250 rad
Analysis Logs B9 1 Deformation-Controled | Flexural Force Action <3 0.0500 rad 0.0500 rad
B0 1 Deformation-Controled  Flexural Force Action Min, Performance State |10 10 I
18111 Deformation-Controled | Flexural Force Action Max, Performance State | 10 10
1512 1 Deformation-Controled  Flexural Force Action 4 Category: Demand-Capacity Ratios
Pl Feren Copmty 0 [ L BhF | DL
1814 1 Deformation-Controled | Flexural Force Action Shear Capacity (VCE) 53,18 kipf 53,18 kipf
115 |1 Deformation-Controled  Flexural Force Action Moment Capadity MCE) | 127,91 ftkipf | 127,91 ftkipf
1816 |1 Deformation-Controled | Flexural Force Action DCRN 0.0000 0.0000
o lamm
1818 1 Deformation-Controled | Flexural Force Action DCRY3 2.0000 2.0000
OpenSees Settings 1819 1 Deformation-Controled | Flexural Force Action DCRM22. 0.0000 0.0000
120 |1 Deformation-Controlled  Flexural Force Action DORM33 0.4515 0.4515 B
Existing Building Assessment Settings 121 |1 Deformation Controled | Alexural Force Action I e et M ot e [T e " save and Close
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When the "Generate Assessment Report" button is clicked in the Existing Building Assessment Methods

screen,

a comprehensive report is generated by combining all selected assessment scenarios. This

report provides a detailed overview of how the structure performs under different analysis methods.

Assessment-1 Analysis Method: Linear Elastic Procedure - Performance Objective: Inmediate Occupancy -
Seismic Hazard Level: BSE-1N Assessment Report

A t Parameters Value
Seismic Hazard Level BSE-1N
Performance Objective Immediate Occupancy
AnalysisType : Linear Elastic Procedure
Knowledge Factor 1.0
Level of Seismicity : Very Low
Assessment-1 - Direction +X
Assessment-1 Summary Table
Label Value
Minimum - DCR: 0.017
Maximum - DCR: 0.603
Mean - DCR: 0.142
Standard Deviation - DCR: 0.094
A 1 Def ion Controlled Members Summary Table
Story Members Performance State: Acceptabl Performance State: Not Acceptabl
1 Columns : 16 Beams : 25 Walls : 2 43 0
2 Columns : 16 Beams : 25 Walls : 2 43 0
3 Columns : 16 Beams : 25 Walls : 2 43 0
Assessment-1 Force Controlled Members Summary Table
Story Members Performance State: Acceptabl Performance State: Not Acceptabls
1 Columns : 0 Beams : 0 Walls : 0 0 0
2 Columns : 0 Beams : 0 Walls : 0 0 0
3 Columns : 0 Beams : 0 Walls : 0 0 0
A 1 Storey A

[Story [Demand-Capacity Ratios | Critical Member |

[1 |0603 [ 1wt |

Report Content:
e Assessment Parameters

o Selected analysis method (e.g., Linear Elastic Procedure)
o Performance objective (e.g., Immediate Occupancy, Life Safety, etc.)
o Seismic hazard level (e.g., BSE-1N, BSE-2E)
o Knowledge factor level
Summary Table

o Provides statistical values of DCR (Demand-Capacity Ratio) such as minimum,
maximum, mean, and standard deviation

o Helps identify the overall strength performance of the structure
Deformation-Controlled Members Summary

o Displays deformation-controlled elements (e.g., beams and some walls) per story

o Number of members meeting or not meeting the performance criteria is clearly listed
Force-Controlled Members Summary

o Shows the performance of force-controlled elements (typically columns)

o Acceptable vs. unacceptable status per story is displayed

Storey Assessment
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o

o

Presents maximum DCR values and critical members for each story

Helps easily detect the weakest story in terms of performance

o DCR Details (Demand-Capacity Ratios)

o

o

o

Individual DCR values for each element are provided
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Elements with DCR > 1.0 are highlighted and considered to exceed performance limits

DCR components may also be shown to indicate which demand type is governing

e Structural Members & Element Behavior

o

o

Classification of members (columns, beams, walls) based on performance levels such

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

Provides insights into whether members meet their expected behavior

Hinge Properties and Condition Selection

In the ProtaStructure Existing Building Assessment Methods module, users can configure assessment
criteria both globally and on a per-member basis. These settings define how columns, beams, and shear
walls are evaluated according to ASCE 41-17 guidelines.

Global Settings

Accessible via Existing Building Assessment Settings > ASCE41 Settings. These settings include:

e Plastic Hinge Type (Force-Controlled or Deformation-Controlled),

e Column / Beam / Wall Conditions (e.g., controlled by flexure, shear, or inadequate
development),

¢ Reinforcement Conditions (e.g., compliance of transverse reinforcement).

These global definitions apply to all elements unless overridden by member-specific inputs.

Label Status

Assessment-1 v

&+ Add Assessment
x Remove Assessment
L%} Generats Assessment Report

Results

Assessment Results
Assessment Summary
Analysis Logs

OpenSees Settings

” Existing Building Assessment Settings

» 3 ProtaStructure Environment
+ I3 ProtaDetails Environment

} = Project Preferences
3] Unit and Format
btz Label
[ codes
3H Lateral Loading
R Lateral Drift & Bracing

+ (] Column & Shearwall
b ( Beam
» /> Slab
+ A, Foundation
&3 Stairs
ij Retrofit Wall
} ## Steel Settings
» &4 Composite Member Settings
» ffn Analytical Model Settings
+ §fi- Load Editor Settings
47 Assessment Settings
General
Opensees Settings
ASCE41 Settings.

(7 Scales
+ ) Rebar

» £ Plan Details

7T Template Management

‘Wall Assessment Settings-
Plastic Hinge Type:
® Force-Controlied (Brittie)

Deformation-Controlled (Ductie)

Wall Contrel Type-
Wall Controlled by Flexural
®) Wall Controlled by Shear
Wall Conditions:
@) Condition i. Structural wall and wal segments

Condiion i. Structural wall coupling beams

Wall Transverse Reinforcing

] Wall transverse reinfording is conforming.

Column Assessment Settings
Plastic Hinge Type-
@) Force-Controlled (Brittle)
Deformation-Controlled (Ductie)

ColumnConditions

Condition i. Columns not controlled by inadequate
development or splicng along the dear height

‘@) Condition i. Columns contralled by inadequate
development or spiicing along the dear height

Beam Assessment Settings
Plastic Hinge Type:
ForceControlled (Britte)

®) Deformation-Controlled (Ductie)

Beam Conditions:
®) Condition i. Beams controlled by flexure
Condition i. Beams controlled by shear

Condition iii, Beams not controlled by inadequate
development or splidng along the dear span

Condition iv. Beams controled by inadequate
embedment into beam-column joint

o 1 =
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Member-Specific Settings

Right-clicking any member and selecting Assessment and Retrofitting > Nonlinear Analysis and
Assessment Properties opens the custom settings window.

When "Use Member Specific Settings for Assessment" is checked, the user can define hinge behavior
and reinforcement compliance independently for that specific element.

This is useful for capturing local deficiencies, corrosion scenarios, or retrofitted sections.

Nonlinear Analysis and Assessment Properties - X
)

bod  Analysis Result Diagrams
iy

Edit Section/Material A | Use Member Specific Settings For Assessment

22 Edit Materials Beams (Use Approx. Steel)

& Split From Point
B split by Member

=+ Set Plane Definition of Members
= Reset Plane Definition of Members L
4 Set Section Angle to Selected Member Steel Corrosion Ratio (%) 0. [v
it: Pick Beam Section Anchor Edge 3 Rebar Realization Ratio 1.0
i1 Update Beam End Conditions 4 Moment Capacity Reduction Factor 10
= Mark Free End of Cantilever Beam 3

v .
4 Deflection and Crack Check Use 135 Degree Hook (Risky Building Assessment)

Assessment and Retrofitting 4 L Nonlinear Analysis and Assessment Properties Use linear model(Will be exluded from assessment.)

§ Formwork Design a2
o —Plastic Hinge Typ
Member Tabl 3
B Member lables Force-Controlled (Brittle)
25 Update Steel Bars ®) Deformation-Controlled {Ductile)
=% Delete Steel Bars
/ k —Beam Condition:
W

Condition i. Beams controlled by flexure
) Condition i, Beams controlled by shear

Condition ii. Beams not controlled by inadequate
development or splicing along the dear span

Condition iv. Beams controlled by inadequate
embedment into beam-column joint

Beam Transverse Reinforcing
Beam transverse reinforcing is conforming.

ASCE41Parameters A OK Cancel
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
Our top priority is to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at all
times through globalsupport@protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center and our responsive technical support team are available to help
you get the most out of Prota’s technology solutions.

The Prota Team

(2 PROTASEIENTS
(2 PROTAEE
(2 PROTAUEEE
(2 PROTAELY
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