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ABSTRACT: In steel structures, the connections in the joints are idealized as either rigid or pinned. However, in reality 

the rigid connections have some degree of flexibility, whereas pinned connections have some stiffness. Connection 

stiffness has a considerable effect on forces developed in the frame members, lateral displacements of joints, base 

shear as well as the behavior of the structure during seismic events. This paper aims in determining the effects of the 

semi-rigid behavior of the beam-column connection in the response of the frame structure. The moment-rotation 

relationship serves as the measure of semi-rigidity of the connections. Zero-length link elements in SAP2000 has been 

used to model the moment-rotation relationship of different connections in steel structures. Based on this moment 

rotation relationship, the moment resisting frame is modelled considering rigid connections as well as semi-rigid 

connections. Response parameters like lateral displacements and bending moments are compared for both the rigid as 

well as different types of semi-rigid connections. The effects on seismic-performance of the frame due to presence of 

semi rigid connections have been studied .The semi-rigidity of the connection was found to increase lateral 

displacements as well as mid-span moment and decreases the end moment as compared to rigid connections whereas, 

the seismic performance of the structure was increased with reduction in rigidity of the connections. 
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I. INTRODUCTION  

Steel frames usually consists of beams and columns joined together by the means of connections. According 

to the conventional practice of analysis and design of steel and composite frames, beam-column connections are 

assumed to be either as “pinned” or as fully “rigid”. Although the pinned or fixed assumption simplifies the analysis 

and design, however, experimental studies in the field of beam-column connection in steel structure reveal that the 

behavior of bolted connections falls between ideal pinned and rigid conditions, and can be categorized as semi rigid 

steel connections. The degree of connection rigidity depends on so many factors like connection material, connection 

parameters and type of moment resisting connection etc. Connections provide flexibility for rigid connections and 

provide rigidity in case of ideal pinned end conditions. The accurate estimation of connection restraint is necessary as 

overestimation results in higher lateral displacements and underestimation results in undermining the forces 

developed in the structure. It is to be noted that considerable rigidity can be attained through the use of welded 

connections. But, considering the history of brittle fracture of welded connections, it is no longer a recommended 

practice in seismic regions. Thus, it is more realistic to consider all connections as semi rigid [1]. 
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The type of connections used in the structure depends on the type of frame used. Moment frames refer to frames 

which have rigid or moment connections between structural elements. These types of frames are used when lateral 

bracing is unfeasible or undesirable. Moment frames are generally more flexible under lateral loads.  In contrast to 

moment frames, braced frames have some type of bracing between structural elements. These types of frames only 

require pinned connections as the bracing elements provide the necessary lateral stability. In the design process, 

braced frames, which usually have pinned connections, are designed with regard to strength requirements, and   

unbraced frames, which rely on moment connections, are designed with regard to stability and deformation limits. 

Eight types of connections with different moment-rotation are considered in this study. As moment connections are 

more suitable for low-rise structures as they do not require any lateral bracings, so only moment resisting frames are 

considered under the scope of this research [3]. The eight types of semi-rigid connections considered in this study are: 

1. Single Web Angle Connection  (SWAC) 

2. Double Web Angle Connection (DWAC) 

3. Top and Seat Angle Connection (TSAC) 

4. Top and Seat Angle with Double Web Angle Connection (TSAC + DWAC) 

5. Header Plate Connection (HPC) 

6. End Plate Connection (EPC) 

7. End Plate Connection with stiffeners (EPC + stiffeners) 

8. T-stub Connection 

 

The concept of semi-rigid connections has been around for several years. Design standards all around the 

world have incorporated the introduction to semi-rigid connections in steel structures. A lot of researches has been 

conducted in the concept of semi-rigid connections. Frye M.J and Morris. G. A (1975) outlined a method for expressing 

the moment rotation characteristics of all connections in non-dimensional form [4]. Kishi and Chen (1990) studied the 

moment-rotation relationships of steel beam-column connections with angles [5]. Leigh Manson (2005) in his thesis 

provided basic insights to moment distribution method for analysis of frames with semi rigid connections and SAP2000 

modelling of semi-rigid connections considering partial fixity assignments. M Bandyopadhyay et.al (2014) studied the 

effects of connection nonlinearity, material nonlinearity and geometric nonlinearity for frames with semi-rigid 

connections and found that the frame behavior is mostly affected by the connection non-linearity [6]. 
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II. OBJECTIVES 

The research objectives are: 
1. To investigate and compare the effects of semi-rigid connections on overall frame response. 
2. To determine the seismic performance of the structure considering different types of semi-rigid 

connections. 
 

III. METHODS AND MATERIALS 

The moment-rotation parameters are generated using Frye-Morris polynomial equations. In Frye-Morris 

model, for different connection size parameters, the non-dimensional functions are used to generate the force-

deformation characteristics for the various connections. Frye-Morris have derived the following polynomial model for 

the moment curvature relationship of semi-rigid connections: 

M = C1 (K1) + C2 (K2)3 + C3 (K3)5 

Where, M = moment at the joint, in kN-m 

K = standardization parameter which depend on the connection type and geometry. 

Cl, C2, C3 = curve fitting constants. 
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Figure 2 shows the moment-rotation relationship for eight types of semi-rigid connections considered in this study. 

These curves are generated using the Frye-Morris polynomial model. It shows that among the eight semi-rigid 

connections considered, SWAC is the most flexible connection whereas EP with stiffeners is the most rigid one. 

Experimental data of moment-rotation relationship of these connections under consideration justify the results 

obtained from Frye-Morris polynomial model, except that experiments mostly show that T-stub connection to be the 

most rigid among these eight connections followed only be EP with stiffeners, whereas in this case, the polynomial 

model shows that EP with stiffeners has higher rigidity than T-stub connection. The reason for this is that the Frye-

Morris polynomial model is highly dependent on connection parameters like gauge distance, thickness of connecting 

angles, length of connecting angles, diameter of bolt etc. and even a small change in value of connection parameters 

may lead to significant changes in moment-rotation values of the connection. This is to say that the results obtained in 

our study are only as accurate as the Frye-Morris polynomial model itself. 

 

A Finite element based software SAP2000 has been used for the analysis of semi rigid connections in steel structure. A 

zero length link element was used to incorporate the effects of semi-rigid connections.  Moment-rotation relationship 

obtained from Frye-Morris polynomial model was used as input data for link elements. The link element used in the 

study is of multi-linear elastic type. All the directional properties in the link elements are set to zero except in R3 

direction to account for the in-plane rotational deformation of the connections [7]. The general input parameters for 

the frame model considered in this study is given in table 1. 
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IV. RESULTS AND DISCUSSIONS 

 
 

 
 

The mid span moment decreases with the reduction in connection restraint and end span moment increases with 

increase in connection restraint as shown in figure 5. Moreover, as the connection restraint reduces, the lateral 

displacements of the joints also increases. The absolute maximum moment is 60 kN-m and 44.5 kN-m in case of 

SWAC and rigid connection respectively. The absolute maximum moment in case of EPC, EP + stiffeners and T-stub 

connection is 34.5 kN-m, 36.5 kN-m, 33 kN-m respectively. The value of mid-span moment and end-span moment are 



American Journal of Sciences and Engineering Research iarjournals.com 

 

49 www.iarjournals.com 

 

more or less equal for the three connections, EPC (both with and without stiffeners) and T-stub connections. This 

redistribution of bending-moments can be beneficial as the frames now can be designed for lesser maximum 

moments than that for rigid connections and other flexible connections. From figure 6, it can be seen that the lateral 

displacements increase drastically with decrease in connection rigidity. As the maximum lateral displacements for 

rigid connection is 27mm, it is 83 mm for SWAC and 57mm for DWAC. This means that the limit state of serviceability 

becomes more prominent and governs the design as the rigidity of the connection decreases. The EP, EP with 

stiffeners and T-stub connection has the maximum lateral displacements of 37mm, 31mm and 34mm respectively, 

which is close to that of rigid connection and is quite less when compared to more flexible connections considered in 

this study. Considering both criteria of redistribution of bending moments and limiting the lateral displacements, the 

EP, EP with stiffeners and T-stub connections are more viable options as beam-column connections in moment-

resisting frames. 

 

V. PUSHOVER ANALYSIS 

The pushover analysis of the frames considering semi-rigid connection was carried out to determine the 

performance of the frame. For conducting pushover analysis, plastic hinges of M3 type were assigned for the beam 

elements and hinges of P-M3 type was used for the column elements as per FEMA-356 guidelines [8]. A target 

displacement of 400mm was assigned the top joint of the structure and the performance points of the frame 

structure were obtained as per capacity spectrum method mentioned in ATC-40 [9]. 
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From the pushover curves for different types of connections, it is evident that the base shear of the structure 

decreases with decrease in connection rigidity. The decrease in base shear means that the structure is being 

subjected to lesser magnitude of earthquake force, thus enhancing the response of the structure during the 

earthquake. 

 
 

The performance point with respect to Base shear and Lateral displacements have been presented in the table above. 

Moreover, the spectral displacements and spectral accelerations corresponding to the performance point of the 

frame has been presented. The base shear is found to decrease with decrease in stiffness of the connections whereas 

the lateral displacements increase with the decrease in connection stiffness. The spectral acceleration was found to 

decrease from rigid connection to the single web angle connection whereas the spectral displacements was found to 

increase. The decrease in value of spectral acceleration with increasing spectral displacements accounts for the 

energy dissipation characteristics of the semi rigid-connections which enhances the overall ductility of the structure. 

 

VI. CONCLUSION 

The effects of semi-rigid connections in the steel frame structure has been studied by modelling the semi-

rigid connections in SAP2000 using link elements. Following conclusions can be drawn from this research: 

1. The mid span moment increases and end moment decreases, whereas horizontal displacement decrease 

in connection rigidity of semi-rigid connections. The redistribution of moments in EPC, EPC with stiffeners 
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and T-stub connection yields nearly equal mid-span and end-span moments with lateral displacements 

around 30% more than that of rigid connections, thus are suitable as moment connections in moment 

resisting frames. 

2. The ductility of the structures increases with decrease in rigidity of the connections and thus, enhances the 

seismic performance of the structure. 
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