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Abstract— In developing India, use of steel for high-rise 

buildings is increasing day by day. Since we are doing 

earthquake resistant design but not considering the effect of 

fire loading in performance of building. Understanding the 

behavior of steel moment resisting frames with reduced 

beam section (RBS) under fire loading is critical since many 

recent events have demonstrated the vulnerability of steel 

frames to such hazard. In the past few decades, there has 

been significant progress in structural fire safety analysis 

and design. However, such analysis relies on simplified 

methods and experimental data related to structural 

components, not of the complete systems. There has been 

very limited attention given on fire safety evaluation at the 

system level. This paper presents a review of the available 

experimental and numerical studies on behavior of structural 

system with RBS connection under fire, current approaches 

and identifies the research needs and usefulness of RBS 

connection against connection without RBS for Indian 

profiles. 
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I. INTRODUCTION  

Seismic loading is one of the most important load 

considered while designing the structure. For the 

improvement of structure there is increase in materials and 

technologies. One of the common system is used in 

designing structures are steel moment resisting frames. In 

1994, Northridge earthquake was the turning point in the 

design of the seismic steel structures and connection design. 

Post-Northridge earthquakes made modifications in the 

design, concepts, code provisions and quality of the 

structure. In 1992, Reduced Beam Section (RBS) was 

introduced which was also known as Dog Bone connection. 

This connection increased the ductility for seismic forces 

and decreased the stress concentration in the connection of 

beam with column. In RBS, the plastic hinge is generated 

where the flange is reduced in the beam and web is kept 

unchanged in the reduced section. They have local problems 

like lateral-torsional buckling, formation of fragile cracks 

before yielding in the section, constructional and installation 

problems especially in circular cut of common RBS 

connection. Figure 1 shows the ordinary reduced beam 

section in the connection of beam to column joint. 

 
Fig. 1: Reduced Beam Section Connection Detail 

In the RBS connections, the length and location of 

the beam flange reduction are designed according to the 

procedure outlined in the FEMA-350 and shown in figure 2. 

 
Fig. 2: Details of RBS cut 

There has been considerable interest in the effects 

of fire on building structures over the few several years, 

motivated to some degree by the attack on, and subsequent 

collapse of the World Trade Centre (WTC) towers. The 

collapse of the WTC towers showed that a greater 

understanding of how structures behave in fire is necessary. 

Various methodologies and tools have been 

developed to study the interaction between fires and 

structural elements. At elevated temperatures the strength 

and stiffness of steel weakens, and the ability of the 

connections to withstand force during a fire directly affects 

the redistributed forces from the beams to other structural 

members. 

II. LITERATURE REVIEW 

1) Ju Chen, Ben Young And Brian Uy (2006) [1]:An 

experimental program has been carried out to investigate the 

mechanical properties of both high strength steel and mild 

steel at elevated temperatures. The high strength steel 

BISPLATE 80 approximately equivalent to ASTM A 514, 

EN 10137-2 Grade S690Q, and JIS G 3128 and the mild 

steel XLERPLATE Grade 350 approximately equivalent to 

ASTM 573-450 were tested using steady and transient state 

test methods. The yield strengths, elastic moduli, and 

thermal elongation obtained from the tests were compared 

with the American, Australian, British, and European 

predictions. The tensile testing machine used in this study 

was an MTS 810 Universal testing machine of 100 kN 

capacity. The heating device used was an MTS Model 653 

high temperature furnace with a maximum temperature of 

1,400° C, as shown in Fig. 3. The furnace was controlled by 

an MTS model 409.83 temperature controller. An MTS 

Model 632.53F-11 axial extensometer was used to measure 

the strain of the central region of the coupon specimens. The 

test devices are detailed in Chen and Young (2004). The 

reduction factors of yield strength and elastic modulus of 

high strength steel and mild steel are quite similar for the 

temperatures ranging from 22 to 540° C, but this is not the 

case for temperatures greater than 540° C. 
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Fig. 3: Testing Device 

2) M. Sarraj, I.W. Burgess, J.B. Davison & R.J. Plank 

(2007) [2]: Simple fin plate beam – to - column connections 

is being investigated under catenary tension from highly 

deflected beams in fire. A highly detailed three-dimensional 

(3-D) fnite element (FE) model has been created using the 

ABAQUS software. The Connection model has been 

analysed through the elastic and plastic ranges upto failure. 

Bolt Shear and bending, and plate and web bearing have 

been observed as failure modes. 

Richard [8] reported data from several tests was 

chosen for comparison with the FE Model analyses. The 

Plates in the lap joint specimen were of two different 

thicknesses, 9.525 and 12.7 mm. Both Plates were of ASTM 

A36 Steel of yield stress 250 N/mm
2
 and ultimate stress 400 

N/mm
2
. The Bolt was of ASTM A325 Steel of 19 mm 

diameter, installed in oversized holes of 20.6 mm diameter. 

A 3-D finite element model was created for the lap joint 

using the material properties specified above. Comparison 

Of the FE Results with the experimental load – deflection 

curve Shows good agreement, with the same general 

behavior and maximum difference of 6%.  

The proposed FE model may be used as benchmark 

to verify the accuracy of similar shear connection model 

incorporating contact elements, along with geometric and 

material non – linearity. 

3) Aldina Santiago, Luios Simoes da Silva, Paulo Vila 

Real,  Milan Veljkovic (2008) [3]: This paper presents a 

numerical parametric study of a structural system consisting 

of an exposed steel beam restrained between a pair of fire 

protected steel columns. The structural sub-frame is 

modeled using 3D shell elements, thereby taking into 

account the effect of the local failure modes, and the 

realistic behavior of the sub-frame exposed to natural fire. 

The numerical model accounts for the initial geometrical 

imperfections, nonlinear temperature gradient over the 

cross-section, geometrical and material nonlinearity and 

temperature dependent material properties. 

Finite Element software – LUSAS and a fire 

dedicated software – SAFIR, are compared. The influence 

of following variables: beam span/depth ratio, lateral 

restraint, gradient temperature within the cross-section and 

mechanical load are considered. In short span beams, low 

bending and axial deformations are observed and large 

compressive deformations in the web and bottom flange are 

developed. The presence of lateral restraints delays the 

temperature at which the catenary action is achieved. At 

elevated temperatures, the lateral displacement is negligible, 

and a torsional failure mode is evidenced until the end of the 

fire. 

The effect of the mechanical loading on the 

distribution of strains is similar to the effect of the beam 

span: maximum strains spread up in the cross-section as the 

mechanical loading increase. However, the high equivalent 

strains observed on the upper zone of the cross-section of 

short beams occurred because of the shear buckling of the 

beam web due to high compression in the beam, while the 

high values on the higher load factor cases result from the 

high tensile forces due to the large bending deformations. 

4) Chen-Hung Lee, Yaw-Jeng Chiou, Hsin-Yang Chung, 

Chien-Jung Chen (2011) [4]: Due to the complexity of 

realistic fire scenarios, this paper first focused on a standard 

furnace experiment with fuel and ventilation control 

systems, instead of a compartmental fire. Two strategies 

were used to establish fire–structure interfaces. First, wall 

temperatures were obtained directly from the results of the 

Fire Dynamics Simulator (FDS) simulation and used as the 

boundary conditions for thermal analysis of the solid 

structure. This was done by assigning the temperatures from 

FDS to the boundary of the exposed surface of the solid 

structural members based on the same location and heated 

directionality. Second, transient thermal analysis in the FE 

model was performed by transferring the time-dependent 

temperature profiles, which had been derived from the FDS, 

predicted wall temperatures on the boundaries, to ABAQUS. 

Furthermore, two cases were used to analyze the 

dog-bone moment connection (DMC) and ductile seismic 

moment connection (DSMC) when subjected to fire. flanges 

were narrower and the heat transfer was quicker, the 

temperatures on the reduced beam sections were higher than 

those before cutting the beam. Even for the sections of the 

beams that had been cut the stiffness reduced 9-10% at room 

temperature, and the behavior of the DMC and DSMC of the 

beam deflection and rotation in the connection approached 

that of the behavior of unreduced beam sections (UMC) in 

fires. The reduced beam-to-column moment connection 

could withstand a fire of similar intensity compared to that 

of UMC. 

5) M. Yahyai & B. Hasanpour Ghamsari (2012) [5]: The 

behavior of a specific kind of continuous beam to column 

connection at elevated temperatures is studied In 

Earthquake-resistant steel structures connection, two beams 

pass next to the column faces without interruption and are 

connected to the column flanges by vertical plates. The 

coupled temperature displacement finite element analysis 

and four experimental tests were carried out on Continuous 

beam to column connections. In all of the tests, the 

connections connect an 800mm height column of profile 

IPE300 to two 3600mm beams of profile IPE120. Details of 

the specimens are shown in Fig. 4. 

 
Fig. 4: Details of tested connection 

The loading process consists of two steps. First, the 

specimens were loaded to reach a predetermined load level. 

Then the fire was started in the furnace while a constant load 

was applied to the specimens. Temperature of furnace is 
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increased according to the curves provided by ASTME 119 

(2003) and ISO 834 (2002). 

The finite element model was used to estimate 

lateral deflections of the beam subjected to an initial 

constant concentrated force applied downward at the free 

end of the beam section. Due to their reliable performance, 

eight-nodded reduced integration brick elements are used. 

To obtain acceptable results, at least three elements should 

be used through the plate width. Friction between the 

contact surfaces at the connection is modeled using the 

classical Coulomb model, where the friction coefficient was 

set 0.1. 

Moment-rotation-temperature curve shows that as 

temperature rises the flexural strength of connections 

decreases, becoming negligible when temperature exceeds 

700°C. At elevated temperatures of around 400°C, where 

the steel enters its inelastic zone, the change in thickness 

does not have significant effects on flexural stiffness or 

moment capacity. 

6) Kulkarni Swati Ajay, Vesmawala Gaurang (2012) [6]: 

Reduced beam section (RBS) is one of the several 

connection types, which is economical and popular for use 

in new steel moment frame structures in seismic zone. To 

form RBS connection, some portion of the beam flanges at a 

short distance from column face is purposefully trimmed so 

that the yielding and plastic  hinge  occurs  within  this  area  

of  flanges. Use of RBS connection is found advantageous 

due to: a) the shear force in the panel zone is reduced; b) the 

force demand in column continuity  plates  i.e. stiffness  are  

reduced;  and  c) strong-column  –  weak-beam requirement 

is satisfied. Although, radius  cut  RBS  is  qualified  by  

ANSI/AISC,  FEMA  codes, various  flange  cut  shapes  

like  constant,  tapered,  radius  cut, drilled holes are 

possible to reduce the cross sectional area of beam  flanges.  

The  purpose  of  this  study  is  to  understand behaviour  of  

RBS  beam-to-column  moment  connections  for various  

flange  cut  geometries.  This  document  represents 

nonlinear  finite  element  analysis  of  the  connection  

models performed  using  the  computer  program,  

ANSYS/Multiphysics. 

7) Mehrdad Memari, Hussam Mahmoud (2014) [7]: In 

this paper, Author numerically evaluates the global response 

and local behavior of low- medium- and high rise steel 

moment resisting frames (MRFs) with RBS connections 

under a series of single bay fire exposures, which take place 

at different spans and floor levels.  

Local behavior in the spans subjected to fire 

including the developed axial force and mid-span deflection 

in the beams, as well as the von Mises stress at the most 

reduced portion of the left and right RBS connections. 

Finally, axial force–bending moment interaction at some 

selected columns is assessed. Single bay fire exposure 

results in observable local effects on the surrounding beam, 

columns, and RBS connections due to large axial force and 

mid-span deflection in the heated beams, yielding in the 

RBS connections subjected to fire loading, and buckling in 

the columns exposed directly to fire. The global stability of 

low-, medium-, and high-rise steel moment resisting frames 

with RBS connection is not affected by single bay fire 

exposure, when active fire protection system works well 

until firefighters arrive. 

III. RESEARCH NEEDS 

From present review, it can be noted that under the same fire 

conditions the fire resistance of a complete structure is 

different from that calculated based on individual structural 

members. Factors such as connections, continuity, load 

intensity, interaction between members, tensile membrane 

action of floor slabs, and fire loading type have a great 

influence on the local and overall stability of a structure in 

fire. 

Current design guidelines and provisions of steel 

structures do not contain sufficient information to evaluate 

the response of steel structures under realistic fire events. In 

India Hot rolled I beam sections having yield stress 250 

MPa are most commonly available and used for steel 

structures in India. As RBS connection is studied and used 

widely in US, Japan and Europe, however its study is quite 

limited with respect to Indian profiles. Hence there is need 

to investigate the RBS connection with Indian profile and 

their response under earthquake as well as fire loading. 

IV. CONCLUSION 

The authors concluded with their own experimental data and 

analytical data. The following gives few of the conclusion 

related to reduced beam section (RBS). 

Over a wide range of frame heights and 

configurations, the average reduction in stiffness for 50% 

and 40% flange reduction was on the order 6%–7% and 

4%–5% as compared to case without RBS. 

Residual tension axial force remains in the beams 

at the end of fire loading. The heated beams in the exterior 

bays experienced smaller axial force in comparison with the 

interior heated beams at the same floor level. 

At elevated temperature there is so much variation 

in mechanical properties of material (mild steel & high 

strength steel) such as Elastic modulus, Yield and Ultimate 

strength. Hence reduction factor must be consider to 

simulate the effect of fire loading. 

Beam span/depth ratio, lateral restraint, gradient 

temperature within the cross-section and mechanical load 

are drastically affect the response of steel structure system 

when subjected to fire. 

RBS design would require further reduction of the 

beam flanges for shorter beam span or larger beam depth 

due to steep moment gradient, the effect of RBS on story 

drift for such frame design situation should be larger. 
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