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Abstract 

A special moment resisting frame (SMRF) is a type of lateral force resisting system that 

is used to protect structures from extreme seismic events.  This report evaluates the performance 

of a steel SMRF with an emphasis on the lower story elements.  Previous research evaluating the 

performance of a reinforced concrete SMRF concluded that two-dimensional finite element 

analyses (2D-FEA) and three-dimensional finite element analyses (3D-FEA) have varying 

results.  These varying results were so extreme in two instances that a change in design standards 

and codes was deemed necessary.  In order to determine if the same conclusions can be drawn 

when analyzing a steel SMRF, this report used 2D-FEA and 3D-FEA programs to analyze a steel 

SMRF from Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: Design Examples.  

The lower story member forces were gathered from both programs at 28 locations, then the 

percent difference was calculated.  Analysis showed that the beam axial forces varied by more 

than 50 percent and that the beams varied in behavior.  One form of analysis showed that the 

beams were undergoing axial compression while the other showed that the beams were 

experiencing axial tension.  Upon discovering these differences, the beam axial forces were 

further studied by comparing the lower story beam displacements.  The beam elongations 

differed by more than 1000 percent in some locations. These findings affirmed previous research 

by showing a large difference in 2D-FEA and 3D-FEA results.  Though this research proved that 

the two forms of analyses vary greatly, this is only true of the axial forces.  Even then, the 

variances equated to less than a hundredth of an inch.  This variance is minimal in the overall 

scheme of design and it does not warrant a change in design standards, contrary to the reinforced 

concrete SMRF analyzed in previous research.   
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Chapter 1 - Introduction 

Earthquakes have become a common occurrence in parts of the world today.  The 

severity of past earthquakes and the potential severity of future earthquakes has required 

engineers to incorporate building systems capable of withstanding extreme loads and conditions 

caused by seismic activity.  A Special Moment Resisting Frame (SMRF) is a type of lateral force 

resisting system that is often used to protect structures from these extreme events.  Typically, 

these frames are designed and analyzed using two-dimensional finite element analyses (2D-

FEA).  This type of analyses is done with compatible computer programs, and it is very common 

due to the programs’ accessibility and ease of use.  However, recent research proves that three-

dimensional finite element analysis (3D-FEA) outperforms 2D-FEA when analyzing structures 

experiencing extreme loads.  This report evaluates the performance of a steel SMRF described in 

Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: Design Examples using both 

2D-FEA and 3D-FEA software. 

 The basis of this report stems from an article titled Three-Dimensional Non-Linear 

Analyses of Special Reinforced Concrete Moment Frames by Donald Phillippi and Gabrielle 

Liuzza and a thesis titled The Elongation of Beams in Reinforced Concrete Special Moment 

Resisting Frames by Gabrielle Liuzza.  This article discussed research conducted that compared 

a special reinforced concrete moment frame analyzed using 2D-FEA and 3D-FEA.  Ideally 2D-

FEA and 3D-FEA should provide similar results.  Though 3D-FEA often provides more realistic 

data, 2D-FEA is based off of 3D-FEA and is used for the design and analysis of most structures 

today.  The research discussed in the article shows differently.  There were two major differences 

between the 2D-FEA and 3-FEA.  First, the shear force distribution at the end columns when 

using 3D-FEA is approximately double the shear force distribution when analyzing with 2D-
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FEA.  Additionally, 2D-FEA shows that beams stay the same length or get shorter under extreme 

lateral loads while 3D-FEA showed that the concrete beams actually experience elongation.  This 

research shows drastic differences between using 2D-FEA and 3D-FEA when analyzing special 

reinforced concrete moment frames, as seen in Table 1. 

Table 1. Reinforced concrete SMRF 2D-FEA vs. 3D-FEA (Phillippi & Liuzza, 2017). 
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Now, the idea in question is whether or not a difference in 2D-FEA and 3D-FEA exists in 

other structure types.  This report conducts a similar comparison in analyses for a steel special 

moment frame in order to determine variances in 2D-FEA and 3D-FEA for the analysis of steel 

structures.  For this report, a parametric study has been done using a SMRF example from FEMA 
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451, NEHRP Recommended Provisions: Design Examples.  The frame was modeled and 

analyzed in RISA and LS-DYNA.  Axial, shear and moment forces of the members were 

gathered from both programs, and then compared.  Difference in force comparisons eventually 

led to a beam displacement comparison as well.  
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Chapter 2 - Literature Review 

There is a significant difference between designing a lateral force resisting system for 

wind loads and for seismic loads.  When seismic activity occurs, a series of excitations act on a 

structure.  These excitations require a structure to respond inelastically in order to dissipate the 

energy.  For this reason, deformation/ductility demands control the design.  Achieving required 

ductility in a structure is very complex.  This complexity has spurred the implementation of 

special lateral force resisting systems (Rafezy, 2017). 

 2.1 Material Properties of Steel  

The seismic demand for ductility in structures has made steel a prominent building 

material in regions at risk to seismic activity.  Typical steel structures are designed so that the 

load applied to the structure does not exceed the yield strength of the steel.  However, steel 

structures in high seismic areas are designed so that the seismic loading exceeds the yield 

strength.  After steel yields, the structure behaves inelastically.  This inelastic behavior is 

desirable when resisting seismic forces because it allows the structure to dissipate energy present 

from seismic excitation forces.  

Some materials maintain a level of structural integrity after yielding, while others rupture 

quickly after yielding.  This is the difference between ductile and brittle materials.  Ductile 

materials have the ability to absorb energy after yielding, as can be seen in Figure 1.  A materials 

ability to deform and absorb energy determines it ability to perform under the occurrence of 

seismic excitation.   
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Figure 1. Brittle vs. ductile materials (Ashkenazi, 2019). 

 Steel is a ductile building material that actually increases in strength after yielding 

through a process called strain hardening.  Strain hardening is the use of permanent deformation 

to increase the strength of a metal.  Upon strain hardening, steel reaches its ultimate strength.  

This process can be seen in Figure 2.  This process allows steel lateral force resisting systems to 

dissipate seismic energy and still maintain structural integrity for the purpose of life safety.  
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Figure 2. Steel stress vs. strain curve.  

 2.2 Structural Steel Special Moment Resisting Frames  

Structural steel special moment frames often are used as part of the lateral force resisting 

systems in buildings designed to resist seismic loading.  These moment frames have been 

utilized since the 19th century, but they were not added to the building code until later.  The 1988 

Edition of the Uniform Building Code was the first published code to include special steel 

moment frames.  These frames were coined special due to the special design criteria and their 

superior performance.  Initially, the special design criteria applied primarily to the frame 

connections, but more requirements were added as time progressed.  These additional 

requirements included the need for strong-column/weak-beam behavior, the balance between 

panel zone shear strength and beam flexural capacity, section compactness criteria, and lateral 

bracing criteria (Hamburger, 2009). 
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2.2.1 Strong-Column Weak-Beam 

Strong-column weak-beam is a design philosophy utilized to control the failure location 

of a structure.  As the name implies, the weak beams should fail before the strong columns.  This 

is done in order to prevent the collapse of a structure.  If the beams were stronger than the 

columns, a lower level column may fail resulting in the collapse of a structure.  Alternatively, if 

the beams are stronger, then the beams will fail first which only effects a single level.  This 

concept is depicted in Figure 3. 

 

Figure 3. Strong column vs. strong beam (Ye & Qu, 2011). 

As per the AISC Seismic Provisions, to ensure strong-column weak beam design, the 

moment capacity of the columns must be greater than the moment capacity of the beams.  Doing 

so ensures that the beams will fail first in the event of an earthquake. 

2.2.2 Plastic Hinges 

A plastic hinge refers to the deformation of a structural member wherever plastic bending 

occurs.  This mechanism is considered a hinge because it has no capability to resist moment.  In 

other words, plastic hinges permit free rotation.  The development of plastic hinges is inevitable 
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in structures located in high seismic regions, but the location of these plastic hinges can be 

controlled.  The strong-column weak-beam design method is important in dictating the location 

of plastic hinges.  Because the beams are weaker than the columns, failure will occur through 

plastic hinges in the beams.  Furthermore, the location of plastic hinges along a beam can be 

controlled.  Beams and moment connections are designed in order to ensure that plastic hinges 

will occur at the end of each beam but before the moment connection.  The typical location of 

plastic hinges can be seen in Figure 4. 

 

Figure 4. Ductile moment frame plastic hinge location (AISC, 2012). 

 2.2.3 Moment Connections 

Steel special moment resisting frames require the use of moment connections.  Moment 

connections are a joint that allows the transfer of bending moment forces between a column and 

a beam. If a beam has an internal moment then a moment connection should have the ability to 

transmit the load from the moment to the column.  The purpose of this connection is to simulate 
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a completely fixed joint (Liang, 2019).  In other words, moment connections are rigid 

connections in all translation and rotational directions.  Additionally, moment connections are 

important in dictating the failure location of a structure.  The strong-column weak-beam design 

method is in place to permit failure in the beams rather than the columns.  Moment connections 

are similar in the sense that the beam should fail before the connection should. 

The American Institute of Steel Construction (AISC) has published a design standard, 

AISC 358 Prequalified connection for Special and Intermediate Steel Moment Frames for 

Seismic Applications.  The standard presents materials, design, detailing, fabrication and 

inspection requirements for multiple different types of moment connections.  Each connection is 

unique, so the applicability of each connection varies.  

 Reduced Beam Section Moment Connection 

A reduced beam section (RBS) moment connection is a connection in which portions of 

the beam flanged are trimmed in the region beside the actual beam to column connection.  This 

connection ensures the location of yielding in the beam and thus dictates the plastic hinge 

location (Carter, 2010).  An example of this type of connection is illustrated in Figure 5.  

 

Figure 5. Reduced beam section moment connection (NIST, 2016). 



11 

 Extended End Plate Moment Connections 

There are two types of end plate moment connections: bolted unstiffened extended end-

plate (BUEEP) and bolted stiffened extended end-plate (BSEEP).  In this connection the beam is 

welded to an extended end-plate that is then bolted to the column in one of three ways. The three 

differences are illustrated in Figure 6. 

 

Figure 6. Types of extended end plate moment connections (NIST, 2016) 

 Bolted Flange Plate Moment Connection 

This type of connection, also known as a BFP moment connection, uses plates welded to 

column flanges and bolted to beam flanges.  The beam web is connected to the column flange 

using a plate shear connection.  Inelastic rotation that occurs is intended to occur in the beam 

near the end of the flange plates.  Similar to RBS connections, this controls where the plastic 

hinges occur and ensures that the beam fails before the connection does (Carter, 2010).  Different 

examples of this type of connection are illustrated in Figure 6. 
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Figure 7. Bolted flange plate moment connections (NIST, 2016). 

 Welded Unreinforced Flange-Welded Web Moment Connection 

This connection type, also known as a WUF-W moment connection, utilizes welds to 

connect the beam flanges to the column flanges.  The beam web is bolted to a single plate shear 

connection for erection purposes.  Inelastic rotation for this connection is intended to occur in the 

beam adjacent to the column face.  The moment connection maintains integrity due to special 

detailing requirements associated with the welds joining the flanges (Carter, 2010).  This type of 

connection is illustrated in Figure 7. 
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Figure 8. Welded unreinforced flange-welded web moment connection (NIST, 2016). 

 Kaiser Bolted Bracket Moment Connection 

Kaiser Bolted Bracket (KBB) connections use high strength steel brackets that are 

fastened to each beam flange and then bolted to the column.  The connection of the bracket to the 

beam flange can be done by welding or bolting the bracket.  The inelastic rotation in the beam is 

intended to occur at the end of the brackets, much like the BFP connection (Carter, 2010).  An 

example of two KBB connections are illustrated in Figure 8.  
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Figure 9. Kaiser bolted bracket moment connection (NIST, 2016). 

 Other Moment Connection Types 

In addition to the moment connections addressed in the previous sections, there are other 

prequalified connections per AISC 358.  These additional connection types include a bolted 

double tee connection, a welded double tee connection, the ConXtech ConXL connection, 

various end plate connections, and more (NIST, 2016) 

.  For a more detailed explanation of moment connections, please refer to the AISC 358 

standard.  
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Chapter 3 - Research Background 

Before discussing the parametric study, it is important to discuss the research leading up 

to the study.  This chapter will discuss the example utilized for this report and the two programs 

in which the frame performance was analyzed.  The chapter will also address relevant codes and 

regulations. 

 3.1 Example 

This report evaluates the performance of a steel SMRF described in Section 5.2 of the 

FEMA 451, NEHRP Recommended Provisions: Design Examples.  The example is a seven-story 

office building with SMRFs on each perimeter wall.  The north and south perimeter walls have a 

seven-bay frame while the east and west walls have a five-bay frame. The moment frame 

locations can be seen in Figure 5. This report will focus on the five-bay SMRF.  

 

Figure 10. Design example SMRF framing plan (FEMA, 2006). 
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The design example locates the structure in Los Angeles, California.  The location 

experiences frequent seismic activity, so the spectral response parameters are design restrictive.  

In other words, the seismic parameters require that a special lateral force resisting system be 

implemented.  The example location spectral response parameters can be seen in Table 2.  These 

parameters were then used to calculate the seismic forces acting on the frame.  The seismic 

forces utilized in the example were given, and they were later utilized in the 2D-FEA and 3D-

FEA portion of this report in order to conduct an accurate comparison.  

Table 2: Seismic design parameters (FEMA, 2006). 

Site Class D 

SS 1.5 

S1 0.6 

SDS 1.0 

SD1 0.6 

Seismic Design Category D 

Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: Design Examples also 

discusses the gravity loads acting on the building.  Dead loads and live loads were calculated 

considering construction materials and building use.  Those loads were then combined with the 

seismic load parameters to properly select member sizes for the SMRF.  The proper sizes were 

selected and displayed in the design example as shown in Figure 6. 
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Figure 11. Five-bay seven-story SMRF member sizes (FEMA, 2006). 

 This example was chosen for this research because it a component of a widely accepted 

publication. Using a proven publication causes less research error and makes it easier for others 

to continue or add to the research being done. In order to gain a better understanding of the 

design example laid out in Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: 

Design Examples, see Appendix A. 
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 3.2 Two-Dimensional Finite Element Analysis through RISA 

RISA is a 2D-FEA software that was used to analyze the SMRF described in Section 5.2 

of the FEMA 451, NEHRP Recommended Provisions: Design Examples.  Before explaining how 

the program was used to analyze the given frame, it is important to gain a better understanding of 

the program itself.  The following sections provide an overview of this program as well as the 

manner in which it was utilized for this report.  

 3.2.1 RISA Program Overview 

RISA is a common design and analysis program used in the structural engineering 

industry.  RISA has multiple products that work together and the program has the ability to 

analyze all types of building materials.  These properties make the program simple for everyday 

analysis and design.  RISA also has the ability to create three-dimensional models as shown in 

Figure 7, which can then be used to properly analyze a structure.  

 

Figure 12: Diagram of RISA model (RISA, n.d.). 
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 Benefits 

RISA was the first program to introduce a graphical interface that was adept for creating 

both large and small structures.  For this reason, many companies in industry started utilizing 

RISA.  As the program grew in popularity, more components were added, making the program 

even better than before.  RISA now provides the ability to customize the shape properties of 

structural components and elements.  Another notable component of RISA is the program’s user 

interface.  The program is very user friendly and it provides helpful program tutorials; this helps 

expedite the design and analysis process. 

 Drawbacks 

RISA lacks the three-dimensional aspects of structural behavior.  RISA is a three-

dimensional program in the sense that a structure can be modeled in three-dimensions and the 

elements have three-dimensional properties.  However, the program does not take the three-

dimensional movement of a structure into effect. In other words, RISA is not a dynamic analysis 

program. 

 3.2.2 Design Example Analysis 

This research required a 2D-FEA program in order to model and analyze the example in 

Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: Design Examples.  RISA was 

selected as the proper 2D-FEA program for the research. The SMRF was modeled and 

constructed of already made elements in the program using code suggested settings.  The 

material properties in the program include material type, material grade, and section shape.  The 

example SMRF modeled in RISA can be seen in Figure 8. 
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Figure 13. Five-bay seven-story SMRF modeled in RISA. 

 3.3 Three-Dimensional Finite Element Analysis through LS-DYNA 

LS-DYNA is a 3D-FEA software that was used to analyze the SMRF described in 

Section 5.2 of the FEMA 451, NEHRP Recommended Provisions: Design Examples.  Before 

explaining how the program was used to analyze the given frame, it is important to gain a better 

understanding of the program itself.  The following sections provide an overview of this program 

as well as the manner in which it was utilized for this report.  

 3.3.1 LS-DYNA Program Overview 

LS-DYNA is a three-dimensional general purpose FEA program that uses material 

models and integration methods to solve complex three-dimensional problems associated with 

non-linear behavior.  The program has commonly been used in the automobile industry to 
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analyze collision data, but as the program has grown in popularity, structural dynamics have 

been added into the software.  LS-DYNA can create three-dimensional models with the use of a 

grid system, as can be seen in the Figure 9.  

 

Figure 14. Diagram of LS-DYNA model (Seismic analysis in LS-DYNA, 2012) 

  Benefits 

LS-DYNA has the ability to determine the equation of motion for a given structure or 

structural component.  This allows the program to then calculate displacement, velocity, and 

acceleration in terms of time.  According to Livermore Software Technology Corporation 

(LSTC, 2011), “in LS-DYNA, the study area is spatially discretized by 2D or 3D finite elements.  

At each time step, the equations of motion for the considered dynamic system are solved at the 

integration points of each element.  The strain increments are determined based on the calculated 

nodal displacements”.  Thus, making LS-DYNA a highly advanced dynamic analysis program.  



22 

Dynamic analysis is of the upmost importance when designing structures that may reach inelastic 

behavior.  Examples of such behavior may occur when blast loads, fluid loads, impact loads, or 

seismic loads are applied to a structure.  

 Drawbacks 

Using LS-DYNA to design and analyze a structure can be a lengthy process.  Before 

using the program, an alternative program must be utilized to assemble a three-dimensional mesh 

that resembles the specimen being analyzed.  This alternative program must also be used to set 

boundary conditions and establish materials.  Upon completing this process, a data file can be 

imported into LS-DYNA where loads can be applied, and a dynamic simulation can be launched.  

Depending on the type of simulation, the program may require a large amount of time to perform 

the analysis.  This process makes LS-DYNA an impractical design tool, but it can be a useful 

research tool.  

 3.3.2 Design Example Analysis 

In addition to a 2D-FEA program, this research required a 3D-FEA program in order to 

model and analyze the example in Section 5.2 of the FEMA 451, NEHRP Recommended 

Provisions: Design Examples.  LS-DYNA was selected as the proper 3D-FEA program for the 

research.  TrueGrid was used to generate a mesh, set boundary conditions, and establish 

materials.  The TrueGrid data file was then used to model the SMRF in LS-DYNA.  There, loads 

were applied, and a simulation was created.  The example SMRF modeled in LS-DYNA can be 

seen in Figure 10.  The lines on the figure are an indication of the mesh discussed above.  
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Figure 15. Five-bay seven-story SMRF modeled in LS-DYNA. 

 3.4 Governing Regulations 

Governing regulations are in place to ensure the safety, health, and welfare of the 

occupant.  The design example from Section 5.2 of FEMA 451, NEHRP Recommended 

Provisions: Design Examples often refers to the provisions set forth by FEMA 450, NEHRP 

Recommended Provisions for Seismic Regulation of New Buildings and Other Structures.  In 

addition to these provisions, the design example referenced building codes set for by the 

International Code Council (ICC) and the American Institute of Steel Construction (AISC).  

Though newer codes have become available, the design codes used in the example from FEMA 

451, NEHRP Recommended Provisions: Design Examples will be addressed here.  
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 3.4.1 NEHRP Recommended Provisions 

FEMA 450, NEHRP Recommended Provisions for Seismic Regulation of New Buildings 

and Other Structures is a standard that presents criteria for the design and construction of 

structures to resist earthquake ground motions.  The provisions provide minimum design 

requirements in order to improve the capability of structures in the event of an earthquake 

(FEMA, 2004).  

 3.4.2 International Building Code 

The International Building Code establishes minimum regulations for building systems 

using prescriptive and performance related provisions.  The building codes sets forth general 

requirements for structural design, it prescribes the need for special inspections, and it addressed 

requirements in regard to every structural material type (ICC, 2014).  This code also refers to 

other design standards such as the Minimum Design Loads for Buildings and Other Structures, 

ASCE 7.  The ASCE 7 gives more detailed information used to calculate building loads (ASCE, 

2017), The International Building Code refers to other codes and standards such as the AISC 

Steel Construction Manual and Seismic Design Manual. Essentially, this document sets forth the 

initial basis of design and provides information to progress further in design. 

 3.4.3 AISC Steel Construction Manual 

The AISC Steel Construction Manual, 15rd Edition is a standard for the design of 

structural steel buildings.  These regulations on design help with the integrity of a structure.  The 

manual consists of 17 parts that address various topics related to steel building design and 

construction (AISC, 2017).   
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 3.4.4 AISC Seismic Design Manual 

The AISC Seismic Design Manual, 2st Edition is a standard intended to assist designers in 

properly applying AISC standards and provisions in the design of steel lateral force resisting 

systems.  It is intended to be used in conjunction with the AISC Steel Construction Manual. The 

manual consists of 10 parts that address various topics related to the design and construction of 

seismic force resisting systems of structural steel and structural steel acting compositely with 

reinforced concrete (AISC, 2012).  
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Chapter 4 - Parametric Study 

As mentioned, this report evaluates the performance of a steel special moment resisting 

frame described in Section 5.2 of FEMA 451, NEHRP Recommended Provisions: Design 

Examples.  Using RISA and LS-DYNA forces were simulated to act laterally on the frame, then 

the lower story elements of the frame were studied.  The effect of the load applied in LS-DYNA 

is illustrated in Figure 11.   

 

Figure 16. LS-DYNA model displacement animation. 

Since, LS-DYNA solves for an equation of motion, data produced from the program and 

structural mechanics can be used to create basic steel analysis.  The results of this analysis were 

then used for the parametric study. 

 4.1 Time Comparison 

Before collecting any data, the base shears of the two models had to be compared in order 

to determine at what time step LS-DYNA was comparable to RISA.  The shear reactions at each 

of the six columns were taken from RISA.  Next, a force vs. time graph was plotted in LS-

DYNA.  The shear reactions were used in order to determine at what time LS-DYNA showed the 



27 

exact same reaction.  This was done at each of the six columns so that the total base shear in both 

programs would be equivalent.  Last, the average time collected for all six columns was 

calculated.  The results can be seen in Table 3, the average time was 1.87 seconds.  

Table 3. Average time at which base shears of each model is equal. 

 

This was done three different times with three different filters.  The filters get rid of some 

of the noise that appears in the plot, due to the nature of the program. The effect of the different 

filters can be seen in Figure 12.  The n = 9 filter was the most readable while the n = 3 graph was 

closest to reality.  Though the individual time at each column varied per filter, the average time 

for all three cases ended up being 1.87 seconds.   
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Figure 17. Difference in filters of base shear plot. 

 The average time gathered from the different plots was 1.87 seconds, as previously 

mentioned.  This time was then used to gather data throughout the rest of the research.  
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 4.2 Axial Comparison  

After the proper time of base shear equivalency was determined, the base axial forces 

were compared at the same time.  Like the shear forces, the axial forces needed to be the same in 

order to make further comparisons. The initial axial force comparison at 1.87 seconds showed 

that the LS-DYNA axial forces were 337% different than the RISA axial forces, as can be seen 

in Table 4.  

Table 4. RISA vs. LS-DYNA total axial reactions. 

 

 As a response to the difference in axial loads, the dead loads and live loads in RISA were 

increased to result in a 0% difference between axial loads.  The adjusted axial forces can be seen 

in Table 5.  Once the time, shear and axial forces were constant, other components could be 

compared between the two models.  

Table 5. RISA vs LS-DYNA adjusted axial reactions. 
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 4.3 Force vs. Time 

The first comparison done in order to find any major differences between 2D-FEA and 

3D-FEA was a force vs. time comparison.  This comparison was specifically done at the lower 

story level of the frame. Forces were gathered at 28 different locations on the frame.  The first 18 

locations were on column elements and the second 10 locations were on beam elements.  The 

data locations are indicated on Figure 13. 

 

Figure 18. Frame data point locations. 

 After the data points were selected axial, shear and moment forces were collected from 

both RISA and LS-DYNA.  It is important to note that these two programs have different sign 

conventions for compression and tension.  For this reason, some of the forces collected from 

RISA were multiplied by negative one in order to change the sign and have a more accurate 
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comparison.  This was only true of the columns.  The axial forces also showed different signs, 

but in an inconsistent manner.  This is due to a difference in behavior rather than a difference in 

program sign conventions.  When comparing the forces of the two programs the forces were very 

similar for the columns.  When comparing the forces in the beams the shear and moment forces 

seemed comparable while the axial forces proved to be drastically different.  Any values that 

differed by more than 50% were focused on. These items of interest are highlighted in red in 

Table 6. 

Table 6. RISA vs. LS-DYNA member forces. 
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 The difference in signs between axial forces is notable here.  The negative sign implies 

that the beam is in compression while the positive sign shows that the beam is experiencing 

tension.  At the first six beam data points RISA shows that the beam is in compression while LS-

DYNA only shows that the beam is in compression and the first data point.  
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 4.4 Force vs. Displacement  

As a result of the force vs. time comparison, a force vs. displacement comparison was 

done for the beam elements.  If LS-DYNA shows a difference in beam axial forces then it also 

likely shows a difference in beam displacement based on the forces the beam is experiencing.  In 

order to do this comparison, the displacement of each node was gathered from RISA and from 

LS-DYNA.  These displacements where then used to determine the elongation or the shrinkage 

of each lower level beam.  The LS-DYNA results were drastically different as can be seen in 

Table 7. 

Table 7. Beam x-displacement comparison 

 

 RISA showed that that four beams elongated by a maximum of a hundredth of an inch 

while two beams shrank by a maximum of six thousandths of an inch.  On the contrary, LS-

DYNA shows that each beam elongated by a minimum of a hundredth of an inch.  Though a 

difference is shown, it is still very minor in the overall scheme of the beam design.  LS-DYNA is 

showing a greater elongation, but that elongation is still less than one percent of the beam’s 

overall length.  In other words, the effects are negligible and most likely do not need to be 

considered in the design of the beams.   
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Chapter 5 - Conclusion 

The focus of this report was to study variances between 2D-FEA and 3D-FEA when 

analyzing a steel SMRF.  This was done by evaluating member forces at 28 different locations in 

both RISA and LS-DYNA.  In the research done for this report, LS-DYNA showed the same 

results as RISA in nearly all instances.  The only variance that occurred was within the beam 

axial forces.  2D-FEA showed that multiple members were in compression, however, 3D-FEA 

showed than nearly all of the beams were experiencing tension.  LS-DYNA has the ability to 

analyze dynamic behavior, which is likely the reason why it was able to gather different 

behavioral results than what RISA predicted.  

As a result of the difference in axial forces, the beam displacements were investigated.  

LS-DYNA showed much more beam elongation than the RISA analysis showed.  The difference 

in elongation between the two programs was anywhere from 190% different to 1050% different.  

Though these differences in results are very large, they are minimal in the scheme of overall 

beam design.  The largest elongation shown by either program was 0.029 inches.  This 

elongation accounts for less than one percent of the overall beam length.  The effects of the 

elongation are essentially negligible.  Steel beam design is dictated by shear forces, moment 

forces, and deflection.  The difference in axial forces, though large, are still not enough to impact 

design. In other words, the variance in results do not warrant a change to current design codes or 

standards.  

The results of this research do not demand a change in current structural design 

procedures.  This is good news for today’s engineering industry.  This research shows that the 

SMRF’s that have been constructed in years past are structurally sound.  The research also shows 
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that steel SMRF’s currently being designed and constructed will have structural integrity.  

Economically speaking, the results from this research were the desired results for the engineering 

industry.  Designs of the past are still good, and the designs of the future do not have to change. 

As stated before, the research done for this report stemmed from similar research that 

compared a reinforced concrete SMRF with 2D-FEA and 3D-FEA.  That research showed two 

very major differences in analyses that required action to be taken in regard to design codes and 

standards.  The idea in question was whether or not those same large variances would occur 

between 2D-FEA and 3D-FEA when analyzing a steel SMRF.  Though some differences were 

seen, 2D-FEA proved to be much more accurate when analyzing a steel SMRF.  Moving 

forward, updates in 2D-FEA concrete analysis should be the focus.  

This research studied a single steel SMRF experiencing a single load case.  In order to 

gain a better understanding of the results, this research should be done a multitude of times with 

various other examples.  Further research will provide more accuracy and further research will 

provide a better explanation of program variances.  As this subject is researched more, 2D-FEA 

programs can be adjusted in order to more accurately reflect reality, and engineers can utilize 

said programs to design structure with integrity.    
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Appendix A - FEMA 451 

 
Figure 19. Design Example 5.2 from FEMA 451 
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Figure 20. Design Example 5.2 from FEMA 451 
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Figure 21. Design Example 5.2 from FEMA 451 
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Figure 22. Design Example 5.2 from FEMA 451 
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Figure 23. Design Example 5.2 from FEMA 451 
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Figure 24. Design Example 5.2 from FEMA 451 
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Figure 25. Design Example 5.2 from FEMA 451 
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Figure 26. Design Example 5.2 from FEMA 451 
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Figure 27. Design Example 5.2 from FEMA 451 
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Figure 28. Design Example 5.2 from FEMA 451 
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Figure 29. Design Example 5.2 from FEMA 451 
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Figure 30. Design Example 5.2 from FEMA 451 
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Figure 31. Design Example 5.2 from FEMA 451 
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Figure 32. Design Example 5.2 from FEMA 451 
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Figure 33. Design Example 5.2 from FEMA 451 
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Figure 34. Design Example 5.2 from FEMA 451 
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Figure 35. Design Example 5.2 from FEMA 451 
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Figure 36. Design Example 5.2 from FEMA 451 
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Figure 37. Design Example 5.2 from FEMA 451 
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Figure 38. Design Example 5.2 from FEMA 451 
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Figure 39. Design Example 5.2 from FEMA 451 
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Figure 40. Design Example 5.2 from FEMA 451 
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Figure 41. Design Example 5.2 from FEMA 451 
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Figure 42. Design Example 5.2 from FEMA 451 
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Figure 43. Design Example 5.2 from FEMA 451 
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Figure 44. Design Example 5.2 from FEMA 451 



64 

 
Figure 45. Design Example 5.2 from FEMA 451 
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Figure 46. Design Example 5.2 from FEMA 451 
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Figure 47. Design Example 5.2 from FEMA 451 
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Figure 48. Design Example 5.2 from FEMA 451 
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Figure 49. Design Example 5.2 from FEMA 451 
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Figure 50. Design Example 5.2 from FEMA 451 



70 

 
Figure 51. Design Example 5.2 from FEMA 451 
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Figure 52. Design Example 5.2 from FEMA 451 
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Figure 53. Design Example 5.2 from FEMA 451 
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Figure 54. Design Example 5.2 from FEMA 451 
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Figure 55. Design Example 5.2 from FEMA 451 
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Figure 56. Design Example 5.2 from FEMA 451 
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Figure 57. Design Example 5.2 from FEMA 451 
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Figure 58. Design Example 5.2 from FEMA 451 
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Figure 59. Design Example 5.2 from FEMA 451 
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Figure 60. Design Example 5.2 from FEMA 451 
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Figure 61. Design Example 5.2 from FEMA 451 
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Figure 62. Design Example 5.2 from FEMA 451 



82 

 
Figure 63. Design Example 5.2 from FEMA 451 
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Figure 64. Design Example 5.2 from FEMA 451  
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Appendix B - Permission for Use 

 

Figure 65. Permission for use 
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