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Today, lighter buildings with a smaller share of seismic force are needed in the construction industry. Given the attractiveness of
this construction method for researchers, it led them to conduct more and more accurate experiments to better understand these
structures and, in particular, to study the lateral behavior of these structures.  e aim of this study has been to calculate reliability
index and probability of failure. In addition to this sources of uncertainty in structural system of cold-formed frames with sharp
bracing have been ranked by application of reliability analysis method. To do this, considering sources of seismic and structural
uncertainty such as spectral acceleration, live load, cross-sectional dimension, and modulus elasticity of steel has been selected.
 en reliability analysis methods, FOSM and FORM, have been utilized to estimate the probability of failure based on limit-state
function which is de�ned as relative displacement of �oor to allowed limit. Results show that failure probability following a
decreasing trend up to two story-�oor frames increased up to �ve-�oor frames. As a result of the analysis, it was found that, in the
FOSM method, the reliability index increases with increasing �oors in cold-rolled steel structures. In the FORM method, by
increasing the �oors up to the two-story frame, the reliability index has an ascending trend and up to the �ve-story frame has a
descending trend with a very gentle slope. By increasing the distance, the value of the FOSM method reliability index is di�erent
from the value of this index in the FORMmethod to the extent that, in the Type 5 framework, this di�erence reaches �ve units. e
probabilities of failure in one-story and three-story frames are the highest and the lowest, respectively. Uncertainty in the load
applied to the structure was identi�ed as themost important parameter. e uncertainty in the geometry of themembers decreases
with the increase of classes.

1. Introduction

Performance-based seismic design of cold rolled steel
structures required uncertainities trough reliability methods.
 e structures performed limited experiments against wind
and earthquake loads. On the other hand, the local buckling
behavior, distortion and general control, and study of
structural performance of various forms of thin-walled
pro�les have been investigated. In general, the
fundamental role of probability theory in the analysis of
performance and safety is felt in all branches of engineering.
Leading civil engineers in di�erent countries conduct sta-
tistical studies on the nature and characteristics of materials.
Studies show the existence of uncertainties in the loads and
resistances of the structure, which indicates the uncertainty

in the performance of the structure, and certainly the
analysis of this issue can be done only through probability
theory.  e use of probability theory in the design of cold-
rolled steel structures was developed by examining the
design method based on load factor and capacity, and load
uncertainties and resistance were introduced by using fac-
tors and coe�cients, which in turn gained reliability [1].

From a review of studies in the 1930s, the popularity and
development of chilled steel production in the United States
were hampered by a lack of proper design criteria.  e
various building codes at the time did not regulate the
manufacture of cold steel. It was found that the development
of new design criteria for cold-rolled steel buildings is
necessary, because not only does the performance of thin
members of cold-rolled structures under di�erent loads in
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many respects differ from hot-rolled steel sections, but also
the shapes, sections, joints, and construction methods de-
veloped in the chilled steel structure differ in many ways
from those of heavy steel structures. As a result, the design
criteria for a hot-rolled heavy-duty steel building may not
fully cover the design aspects of a cold-rolled steel building
[2]. Recent research at Cornell University under the su-
pervision of Professor Teoman Pekoz includes the effect of
residual stresses on column strength, maximum column
strength, beam distortion buckling, lattice wall force, effects
of eccentricity loading on edged gutters, flexural strength of
welded roof panels, behavior of compressive components
with longitudinal stiffeners, probabilistic test of member
strength, direct prediction of member strength using nu-
merical methods of elastic stability, late braced columns with
hard-edged wings, and steel members with multiple longi-
tudinal middle stiffeners [2]. In 1990, the Center for Refined
Steel Structures was established at the University of Mis-
souri-Rolla, providing a single solution for research,
teaching, technical services, and professional activity. Since
1975, the ASCE Special Committee on Conducted Members
has reviewed recent research on recruited structures and
reviewed articles [2].

After World War II in the United States and the United
Kingdom, two committees, ASCE and ICE, began research
into the safety of structures considering random variables.
Finally, the best way to obtain safe structures is when these
parameters are examined by probability theory and statistics
from an engineering judgment perspective. Based on the
scientific findings, the ASCE and ICE committees submitted
two reports on the subject. (ese reports led to the devel-
opment of design applications based on reliability [1].
Rahem et al. in 2021 showed that the nonlinear static re-
sponse indicated that the opening area has an influence on
the maximal strength, the ductility, and the initial rigidity of
these frames [3]. Given the knowledge that the use of cold-
rolled frame structures has flourished in recent decades,
research in this area began with tests performed by Tarpy in
1970, the most important of which can be found in ex-
periments performed by McCreless and Tarpy in 1978, after
which other researchers based on these experiments per-
formed tests on walls with structural panels [4]. Probability
studies on the characteristics of cold-rolled sections were
performed in 1998 by Schaffer and Grigoriu in an article
entitled “Probability Investigation of the Final Strength Test
of Cold-Rolled Steel Members.” In this study, three random
variables of thickness, residual stress magnitude, and initial
defect in the mentioned members under net compressive
load and deformability were evaluated by Monte Carlo
reliability method. Finally, this study showed that the results
of reliability analysis in comparison with AISI regulations,
under net bending, are less conservative than net pressure
[5].

2. Materials and Methods

Effective parameters in the analysis and design of structures
such as mass, damping, material properties, and applied
loads can be considered as sources of uncertainty, among

which uncertainties can be divided into two separate
groups [6]. (e first group is inherent uncertainties, which
have a definition equivalent to their name, and the second
group is cognitive uncertainties, which are due to our
insufficient knowledge about them. But this uncertainty
decreases with the advancement of science, while inherent
uncertainty is irreversible [7]. Due to our inability to
predict the loads on the structure during its life and the
strengths of materials and idealization of the structure in
the formation of mathematical models to predict its be-
havior and limitations in numerical methods, the existence
of this uncertainty makes the absolute safety of the
structure impossible. In certain contractual analysis and
design methods, it is assumed that not all parameters
(loads, material strength, etc.) are subject to probabilistic
scattering, and the reliability coefficients provided in
existing regulations and standards are based on practice
and judgment, and it is an experience and may not be
sufficient and economical [12]. Reliability theory is a
branch of general probability theory that has gradually
found its place in the engineering sciences over the last
30 years. (is theory has a logical framework that, by
calculating and analyzing the uncertainties caused by the
statistical nature of engineering problems using mathe-
matical methods, makes it possible to assess the true safety
of a system [13]. Reliability has different meanings that
have been interpreted in different ways and contexts. (e
most commonly accepted definition of reliability is the
probability that a system will perform adequately under
predetermined operating conditions for a specified period
of time. Pinheiro in 2020 revealed that the creation of an
ecological skin in architecture accentuates the dilution of
the presence of interventions in heritage contexts with an
attitude of knowing how to add, involving nature [10].
According to the above definition, reliability is based on the
four principles of probability, intended task, time, and
operating conditions [12].

(e wide variety of methods for idealizing structural
reliability models and the different ways in which these ideal
models can be combined in a given design problem reveal
the need for an appropriate classification that has four floors.
In level-one methods, only one characteristic value of each
uncertain parameter (usually the mean value) is used and the
permissible stress methods are examples of this method [13].
Level-twomethods use two characteristic values of uncertain
parameters (usually mean and variance) plus the effect of
correlation between them (usually covariance). Reliability
index methods are examples of these methods [13]. In
leveling methods, three methods of reliability theory that use
the probability of failure as a scale and require the common
distribution of all uncertain parameters are called level-three
methods [13]. Finally, the reliability theory examines and
analyzes the expectations of the structure with an acceptable
scale under probabilistic conditions and according to the
principles of engineering economics in terms of cost and
usefulness in construction, maintenance, repair, failure
consequences, etc. (is method is suitable for structures that
are of high economic importance and it should be said that
this method is still being developed [13]. Although the above
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classification for reliability methods is not comprehensive, in
this study, the level-three method has been used for prob-
abilistic models.

Abedin et al. in 2020 study about the ultimate tensile
capacity of the improved connection. (eir suggested
connection was compared to the typical RHS connection
presented in the AISC and the similar double angle sections
connected at both legs [11]. Reliability theory of structures in
the design process allows the safety and performance con-
siderations of the structure to be quantified into design
decisions. If previously in the design of structures the
number of members of the structure was considered, now,
with the help of this theory, the interaction of members in
the system of structures can be considered [13]. Finally, in
structural analysis and design, reliability is defined as the
probability that a structure will not exceed any specified limit
(bending, shear, torsion, or deformation criteria) during the
specified base period (structure life). Reliability in terms of
failure probability is defined as follows [12]:

R0 � 1 − pf. (1)

In this section, two important criteria of reliability, safety
index and failure probability, are examined. However, ef-
ficient selection of appropriate approximations at different
stages of reliability analysis is a practical tool for many large-
scale engineering problems [12]. Reliability science has
various methods of probabilistic analysis such as FOSM,
FORM, SORM, and sampling. In this section, only expla-
nations about the second-moment methods will be men-
tioned, because, in the present study, FOSM and FORM
methods, which are the same as the second-order first-
moment method, have been used. (e FORM basis includes
the process of linearizing the limit state function described at
the design point. (e design point is the point on the re-
fractive index that is closest to the origin of the standard-
normal space (see (2) and (3)). As a result of the above
description, the shortest spatial distance between the safety
zone and the failure area is called the reliability index and is
undefined. In FORM, the linear limit state function is
generated by Taylor’s first-order estimation (see (4)). (e
semester is zero until the limit state function is evaluated at
the design point, which is common for gradient normali-
zation and negation.(is negative unit vector is attributed to
the alpha vector (see (5)). To find the design point, the
minimum must be found to continue the path optimization
process [13].
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3. FOSM Method

In the first-order second-moment (FOSM) method, which is
a probabilistic method, the limit state function is expressed
as a first-order polynomial of the Taylor series expansion in
the mean value. If X is assumed to be a random variable, the
approximated limit state function in the mean value is
expressed as follows [12]. According to the second-order
second-moment method, the deviation of the criteria ob-
tained from (6) represents the value of Y sensitivity to each of
the random variables. Using these values, the effects of
different random variables on the output of the function can
be compared. For this purpose, in this study, the derivative
in (7) is obtained by using the finite difference method and
using equation (8).

Y ≈ g0 +
dg

dx
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Δxi � ap × σi. (8)

4. FORM Design Point Optimization

(e design point is found by continuously solving the fol-
lowing optimization problem. Here is the design point or the
closest distance to the failure procedure. (e above state-
ment refers to the fact that the design point is at the shortest
distance from the line-breaking failure procedure to the
point by the tangent line on the surface (see (9) and (10)). For
FORM to function,G (y) must be continuously recognizable.
(e search algorithm to find the FORM design point can be
explained as the optimization problem below. An iterative
algorithm is formulated to find it. Here is the step size and it
is equal to the search direction (see (11)). In the FORM
model, there are both fixed step and Armijo sizes. If the
steady step fails to converge, Armijo can. Search direction is
obtained using the latest method, the iHLRF algorithm. (e
iHLRF algorithm requires a normalized gradient that is
solved analytically (see (12)) [13].
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5. Modeling and Numerical Analysis

Based on the design frameworks of the constructed struc-
tures, 10 types of two-dimensional frame models of this type
of structure were analyzed and designed according to the
existing regulations, which are further explained about the
structural system and the behavior of its members. Several
probabilistic methods are used to estimate the uncertainty of
engineering demand. Among these methods, we can men-
tion Monte Carlo and moment-second-order methods.  e
Monte Carlo simulation method is a relatively accurate
method for estimating uncertainties. However, in modeling
with a large number of parameters, using this method will
not be economical either temporally or computationally,
because one of the challenges of probabilistic evaluations of
the performance of structural systems is their high com-
putational cost compared to dogmatic methods of systems
analysis. On the other hand, the application of the second-
order �rst-moment approximation method, due to its
simplicity and e�ciency, seems to be very e�ective in es-
timating the average and standard deviation of engineering
demand and sensitivity analyzes instead of Monte Carlo
simulation, which is a method with high computational cost.

6. Analysis and Design of Cold-Rolled
Steel Structures

 e use of these buildings as an independent structural
system is often in low-rise mass construction. is structural
system can be combined with other structural systems. All
components of the system are composed of chilled steel
sections.  e sections used in this system are C, U, and Z,
which are usually connected by cold connections. Each wall
consists of a number of general C-shaped components
(masters) at intervals of 40 to 60 cm, which are connected at
the top and bottom to the horizontal components of
U-shaped or C-shaped studs (track or runner).  e struc-
tural roof of these buildings consists of metal beams in which
the distances of the beams are determined according to the
bearing capacity of the member and the dimensions of the
roof covering parts, which can be gypsum-wooden boards or
reinforced concrete slabs.  e beams mainly have sections
with studs or Z-shape.  e vertical components of this
system act as compressive load members under gravity
loads, as the compression members are located in the braced
openings and, in addition to gravity loads, they withstand

the forces caused by lateral wind and earthquake loads.
 ese vertical members in this system are called master
structures.  e connection of the compression members
(masters) to the transverse coils (trucks) is done by an in-
termediate member with gutter sections (runner).  e
compression members are not continuous at the height of
the building and are limited to each �oor and under the roof
of the upper �oor structure. Figures 1 and 2 show all the
members of this type of structure.

7. Cold-Rolled Steel Frame Structural System

 e structural system used in this method shows that, due to
the connections between the compressive members and the
�exural members, under the e�ect of gravity loads, the main
bending members act as universal beams and the com-
pressive members also transfer the loads under pressure and
to the lower �oor. Beams with a speci�c load-bearing surface
transfer gravity loads to the main bending beams [14]. First,
the diagonal bracing of the mounted frames is explained. In

W2

W1

S

Compression Plate

W3

Figure 1: Composite roof cross section.
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Gusset plates
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Figure 2: Cold-rolled steel frame components.

Figure 3: Details of connecting the bracing of diagonal straps to the
middle part in the braced opening.
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this system, the compression members are distributed along
the opening and the diagonal members are connected to
them (Figure 3); as a result, in addition to gravity bearing,
the compression members also participate in withstanding
the lateral forces of wind and earthquake [14].

 e cold-formed steel frames were modeled in SAP2000
program and since it is not possible to design double cooled
sections in this software, all these sections were modeled in
CUFSM �nite element software and their loading was
controlled.  is software calculates and draws a half-
wavelength diagram for thin-walled sections.  is tool is a
vital tool in the latest method of designing thin-walled
sections. Due to the fact that this method considers more
realistic buckling behavior, the sections designed by it are
much more e�cient and lighter than conventional methods.
In addition, the speed of calculations using the �nite strip
method is much higher than conventional methods such as
�nite elements, so the design of sections is done in less time
(Figure 4).

 e main purpose of this study is to consider the un-
certainties of structural analysis and risk analysis in

estimating the response of the structure and to calculate the
e�ect of these uncertainties on the response. Before intro-
ducing the sources of uncertainty used in analyses, Table 1
summarizes the data related to the uncertainties and the
distributions that govern them.

8. Seismic Hazard Curve

In this research, the city of Kerman is considered as a target
area in the process of selecting and scaling earthquakes.
According to studies, Kerman is a region with very high
seismic risk and the probability of occurrence of high-in-
tensity and shallow earthquakes in this region is very high.

CUFSM results half-wavelength = 1500 load factor = 273.4787 mode = 1

CUFSM results half-wavelength = 1500 load factor = 3097.4678 mode = 4

CUFSM results half-wavelength = 1500 load factor = 1150.7763 mode = 2

CUFSM results half-wavelength = 1500 load factor = 6582.7402 mode = 5

CUFSM results half-wavelength = 1500 load factor = 1843.7072 mode = 3

CUFSM results half-wavelength = 1500 load factor = 23282.1232 mode = 6

Figure 4: A number of section buckling modes in CUFSM software.

Table 1: Sources of structural uncertainty.

Sources of uncertainty Random
variable

Distribution
function

Earthquake spectral
acceleration Sa Log-normal

Modulus of elasticity of
steel Ey Log-normal

Live load L.L Normal
Primary defect G Normal
Dimensions A Log-normal
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Figure 5: Seismic hazard curve of single-story cold-rolled steel
structure with a period of 0.325 seconds.
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 erefore, studies have been conducted in relation to the risk
and estimation of the probability of occurrence of di�erent
earthquakes with multiple return periods in this region.
Based on what was stated and the research conducted in the
area, the seismic hazard curve of Kerman for a single-story
steel structure with a belt brace and a period of 0.32 seconds
has been obtained as follows. As a result of statistical cal-
culations performed for a single-story steel structure, the
earthquake acceleration as a random variable follows the

normal log probability distribution function with an average
of 0.79 g and a standard deviation of 0.11 g.  is process has
been performed for all structures used in this study and the
mean values and standard deviation related to the distri-
bution of earthquake acceleration probability for each
structure have been estimated (Figure 5).

 e �rst step in analyzing the reliability and design of
structures is to study the distribution of resistance of
building members in bending, shear, pressure, torsion, and
so forth.  e strength of a structural member may di�er

Function

Reliability or
optimization algorithm

Model 2 Model 1

Models

Parameters

DomainAnalysis

Xrv, Xdv

g, ∇g r1, ∇r1r2, ∇r2

Figure 6: Overview of the analysis method in RT.

Table 2: Results of reliability analysis of the frame of a cold-rolled steel frame by RT program.

FORM FOSM Type
Probability of failure Reliability index Reliability index
0.09 1.28 1.27 I

Table 3: Results of the signi�cance of uncertainties scale in FOSM analysis of type I headed frames.

Uncertainty
Type I

Dimensions Geometry Live load E Spectral acceleration
-0.22 0.22 0.89 −0.22 0.22 FOSM
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Figure 7: FORM analysis convergence diagram for type I frame in
RT program.
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Figure 8: Scale diagram of the signi�cance of type I frame un-
certainties in the FOSM method.
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from the calculated value or the nominal strength for the
member resistances.  emain need in reliability studies is to
collect information about the strength of physical properties
of building materials and their statistical analysis [12].
Structural designers determine the speci�cations of mate-
rials, and manufacturers try to produce materials close to the
speci�ed speci�cations. But if quality control is poor, the
strength of the building members will be less than the as-
sumed values.  is may endanger the safety of the building.
 erefore, in order to provide a design with a reliable level of
reliability, systematic characterization of uncertainties in
material speci�cations and statistical analysis of data be-
comes an important need [12]. E�orts have been made to
investigate the probability modulus of elasticity of steel used
in structural members of chilled steel structures. According
to these studies, which were performed in order to develop
the LRFD method for cold-rolled structures, the mean and
variance for the modulus of elasticity of cold-rolled steel for
log-normal distribution are as follows [1] and the mass curve
probability and the cumulative probability function is given
as random variable [15].

 e RT is a new computer program that is developed to
analyze the reliability by combining probabilities.  is
program can be downloaded online for free.  e purpose of
the program is to perform reliability and optimization an-
alyzes by overlapping several probabilistic models [16]. RT
easily calculates reliability methods such as FOSM, FORM,

and sampling as acceptable. is program can be used in any
�eld and is a tool to simulate and predict the actual per-
formance of the structure. Figure 6 shows the reliability
analysis algorithm in RT [16]. One of the attractive features
of RTsoftware is its linking to other software programs such
as Matlab, OpenSees, ANSYS, Abaqus, and SAP2000. In the
present study, using this feature, the models made in
SAP2000 software are introduced to the RTprogram and the
reliability analysis is performed based on the outputs ob-
tained from it. Also Ullah in 2021 discussed joint shear
deformation and beam rotation for RC beam-column ec-
centric connections [13].

9. Reliability Analysis in Cold-Rolled Steel
Frame Models

9.1. Cold-Rolled Steel Frame (Type I).  e frame of a cold-
rolled steel �oor with a belt brace was subjected to reliability
analyses by FOSM and FORM methods. In this regard, the
results of the analysis are presented in the form of Tables 2
and 3 and Figures 7 and 8.

9.2. Cold-Rolled Two-Story Steel Frame (Type II).  e cold-
rolled two-story steel frame with belt buckle was subjected to
reliability analyses by FOSM and FORM methods. In this
regard, the results of the analysis are presented in Tables 4
and 5 and Figures 9 and 10.

Table 4: Results of reliability analysis of cold-rolled two-story steel frame by RT program.

FORM FOSM Type
Reliability index Reliability index Reliability index
0.08 1.39 1.41 II

Table 5: Results of the signi�cance of uncertainties scale in FOSM analysis of type II headed frames.

Uncertainty
Type II

Dimensions Geometry Live load E Spectral
acceleration

−0.11 0.23 0.93 0.23 0.11 FOSM

0
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0.8

1
1.2
1.4
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Figure 9: Convergence diagram of FORM analysis for type II frame
in RT program.
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Figure 10: Scale diagram of the signi�cance of type II frame
uncertainties in the FOSM method.
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9.3. Cold-Rolled1ree-Story Steel Frame (Type III). (e cold-
rolled three-story steel frame with belt buckle was subjected
to reliability analyses by FOSM and FORM methods. In this
regard, the results of the analysis are presented in Tables 6
and 7 and Figures 11 and 12.

9.4. Cold-Rolled Four-Story Steel Frame (Type IV). (e four-
tiered steel frame with belt buckle was subjected to reliability

analyses by FOSM and FORM methods. In this regard, the
results of the analysis are presented in Tables 8 and 9 and
Figures 13 and 14.

9.5. Cold-Rolled Five-Story Steel Frame (Type V). (e five-
layer rolled steel frame with belt bracing was subjected to
reliability analyses by FOSM and FORM methods. In this
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Figure 11: FORM analysis convergence diagram for type III frame in RT program.
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Figure 12: Scale diagram of the significance of type III frame uncertainties in the FOSM method.

Table 6: Results of reliability analysis of three-story steel frame with RT program.

FORM FOSM Type
Reliability index Reliability index Reliability index
0.001 3.17 3.62 III

Table 7: Results of the significance scale for uncertainties in FOSM analysis of type III headed frames.

Uncertainty
Type III

Dimensions Geometry Live
load E Spectral

acceleration
0.00 0.21 0.94 −0.21 0.11 FOSM
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Figure 13: Convergence diagram of FORM analysis for type IV frame in RT program.
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Figure 14: Scale diagram of the significance of type IV frame uncertainties in the FOSM method.

Table 8: Results of reliability analysis of four-story steel frame with RT program.

FORM FOSM
Type

Reliability index Reliability index Reliability index
0.002 2.90 6.74 IV

Table 9: Results of the scale of significance of uncertainties in FOSM analysis of type IV headed frames.

Uncertainty
Type IV

Dimensions Geometry Live load E Spectral acceleration
0 0.12 0.96 −0.24 0 FOSM

Table 10: Results of reliability analysis of five-layer chilled steel frame by RT program.

FORM FOSM Type
Reliability index Reliability index Reliability index
0.001 3.15 8.83 V

Shock and Vibration 9



3.5

3

2.5

2

1.5D
ist

an
ce

1

0.5

0
0 1 2 3 4 5 6 7

Step Number

Distance from origin
Distance from previous point

Figure 15: Convergence diagram of FORM analysis for type V frame in RT program.
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Figure 16: Scale diagram of the significance of type V frame uncertainties in the FOSM method.
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Figure 17: Comparison of reliability indices of FOSM and FORM
methods in models.
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Figure 18: Possibility of failure in models.

Table 11: Results of the significance scale for uncertainties in FOSM analysis of type V header frames.

Uncertainty
Type V

Dimensions Geometry Live load E Spectral acceleration
-0.12 0 0.81 −0.35 0.46 FOSM
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regard, the results of the analysis are presented in Tables 10
and 11 and Figures 15 and 16.

Figure 17 shows that the confidence index has an upward
trend with increasing index classes. In Figure 18, the
probability of failure as the classes increase increases the
downward trend. Figure 19 shows the participation of un-
certainties in the FOSM method in different types of cold-
rolled steel frames, the most effective of which is the live
load.

10. Conclusion

A more detailed study of the behavior of light steel cold-
rolled frames requires the use of new methods such as
structural reliability analysis and performance-based design
and, as mentioned in the previous sections, the use of these
methods in considering uncertainties in the analysis process,
as well as finding and classifying these sources of uncertainty
in terms of their impact on the response of the structure,
which is obtained through the analysis of the FOSM sig-
nificance index; another requirement is probability-based
analysis. In this research, using the probability-based
method (second-moment), which includes two methods of
reliability analysis of FOSM and FORM, the effect of
structural and seismic parameters on the structural response
has been investigated. Reliability analysis methods have been
examined and, among these, two methods of FOSM and
FORM analysis have been considered. In order to calculate
the parameters in the form of FOSM and FORM probabi-
listic methods, the probabilistic distributions governing the
structural parameters have been obtained by reviewing the
research works. (e five types are modeled in SAP2000 and
CUFSM software and, after introducing these models to RT
software, defining uncertainties in it, and performing long-
term analyses, two reliability indicators, FOSM and FORM
methods, were calculated. (e modulus of elasticity after the
live load is the most important among the assumed un-
certainties and the share of this uncertainty is almost the
same in all frames. Uncertainty in the spectral acceleration of
an earthquake in a five-story frame has the greatest

contribution. (e largest contribution to spectral accelera-
tion occurs in the five-story frame. (e contribution of
uncertainty in cross-sectional dimensions has a decreasing
trend with the increase of frame classes.

Data Availability
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corresponding author (e-mail address: s.zekri@
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