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Abstract— Beam-column joint assemblage in the moment-

resisting framed structures is a critical seismic element 

because its behavior under severe earthquake motions has a 

significant effect on failure mode, strength and deformation 

capacity of the building structures. In this paper, the 

numerical simulations of beam to CFT (Concrete filled tube) 

high strength joints with external diaphragm are investigated 

using Finite element software ANSYS. The two joint 

typologies beams with reduced beam section (RBS) and 

with cover plates (CP) are studied. To investigate the 

seismic analyses the joints are tested under monotonic and 

cyclic loading. The parametric studies include influence of 

different length of cover plates and the transient analysis of 

RBS joint and CP joints. The joints with cover plate show 

higher seismic resistance than reduced beam section. As the 

length of cover plate increases the strength of joint 

increases. So these joints are suitable in seismic regions. 

Key words: Beam Column Joint, External Diaphragm, 

Cover Plate, Reduced Beam Section, ANSYS 

I. INTRODUCTION 

Steel structures have large ability to dissipate great amounts 

of energy through inelastic cyclic deformations. The beam-

column joint is defined as the portion of the column within 

the depth of the deepest beam that frames into the column 

(ACI 352-02). Structures with tubular sections possess many 

structural and architectural advantages due to their closed 

geometry. They require less protection against corrosion 

than structures made with open sections and advantage is 

that the internal void can be filled with concrete to increase 

the strength. The components of high strength beam column 

joints under study are hot rolled Mild Carbon Steel (MCS) 

beams, cold-formed High Strength Steel (HSS) rectangular 

hollow section columns filled with concrete, and two welded 

joint typologies: with reduced beam section (RBS), and with 

cover plates (CP). The connection solution of beams and 

columns, for both RBS and CP joints, is based on the use of 

stiffening plates welded around the steel tube in the shape of 

an external diaphragm. 

II. PREVIOUS STUDIES 

Different methods have been utilized to study the response 

of structural components. Several efforts have been made to 

improve the seismic design and resistance of steel buildings. 

Nonetheless, permanent damage may still occur in steel 

framed buildings under moderate and strong excitations; this 

permanent structural damage is expected because the design 

of these steel buildings is based on the ductility of steel 

material. To eliminate permanent deformations in steel 

buildings, various new techniques have been proposed and 

investigated by researchers. Several studies have examined 

the applications of composite materials, outer diaphragm or 

interior diaphragm, connection between beam and column, 

as well as isolation and retrofitting devices are a few 

examples of such applications. Researches on steel-concrete 

composite structure are increasing mainly because that steel 

concrete composite structures exhibit excellent seismic 

performance. It is more suitable for application in long span 

bridges or high-rise buildings. Monotonic and cyclic tests 

conducted on two joint typologies: with reduced beam 

section and with cover plates, developed a design procedure 

for welded beam-to-CF-RHS joints (Vulcu et al.). Joint 

models were calibrated, and additional parameters were 

investigated numerically, such as: influence of the concrete 

core, influence of the axial force in the column, response of 

one-way and two-way joints. The diaphragm thickness and 

tube thickness have a significant influence on the joint 

confinement and may lead to different failure mechanisms 

of the connections shown by (Xilin). Two connections, with 

reduced beam section (RBS) versus without RBS moment 

connection tested under cyclic loading and the specimen 

with RBS reached rotation capacity of 0.02 radians without 

damage in the welds. (Swati Ajay & Gaurang, 2014). Ting 

Zhou conducted experimental program involving one 

traditional and three novel through-diaphragm connections 

between concrete-filled rectangular tubular columns and 

steel H-beams. The proposed connection types utilize 

tapered diaphragm or triangular plates at the end of the 

beam to improve the seismic performance of traditional 

through-diaphragm connections. The test results indicate 

that the proposed through-diaphragm connections are able to 

alleviate the stress concentration in the load transfer path 

and exhibit better seismic behavior. Chunyan Quan 

investigated on the structural behavior of replaceable I-

beam-to-CHS column joints with external diaphragm plates 

under cyclic loads. Murty conducted finite element analysis 

of Externally Reinforced Welded I-Beam-to-Box-Column 

Seismic Connection. This connection configuration relieves 

stresses on box-column flanges and helps in force transfer to 

the box-column webs. Tae-Sup Moon, investigated on the 

behaviour of welded CFT column to H-beam connections 

with external stiffeners. Three types of failure modes, 

horizontal stiffeners failure, vertical stiffener failure and 

beam failure, were obtained. The connections reinforced 

with T-stiffeners having 130% of strength to beam flanges 

showed stable hysteretic behavior and good ductility. 

It is clear from the literature review presented 

above that most of the previous works deal with the 

connection between I-beam and box column. Based on the 

literature review presented above the main objective of the 

present study is identified as to develop improved beam-to-

column connection with external diaphragm. The 

performance of RBS and CP joints are studied. 
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III. DETAILS OF COMPONENTS 

Joint Column- S460 

External 

diaphragm  

S460 

Cover 

plates-

S355 

Beam 

RBS 

RHS 

300x300x12.5 

mm 

150x20 mm  

IPE 

400-

S355 

CP 

RHS 

300x300x12.5 

mm 

150x20 mm 
500x20 

mm 

IPE 

400-

S355 

Table 1 Components of joints 

Fig.1 shows the details of the reduced beam 

section:     a= 90 mm, b =260 mm, c =35 mm, R=260 mm 

(radius). The details of column and external diaphragm are 

bcp= 500 mm, bed=150 mm, bc=300 mm and bf=180 mm. 

 
(a)   (b) 

Fig.1 Details of joint specimens (a) RBS joint (b) CP joint 

The section dimensions for IPE400 beam are: 

height 400 mm, flange width 180 mm, web thickness 8.6 

mm, and flange thickness 13.5 mm. Table 1 shows the 

components of high strength joints. 

finite element analysis and modelling 

The finite element method (FEM) is the most 

popular simulation method to predict the physical behavior 

of systems and structures. ANSYS Work Bench 17 is used 

for the finite element modeling and analysis. The elements 

used in modeling are SOLID186 and SOLID187. To model 

the contact, contact elements CONTA174 and TARGE170 

are used. Materials used in the beam column joint are 

 Column - high strength steel (S460) 

 Concrete - C30/37 

 Beam – IPE 400, mild steel (S355) 

 External diaphragm - high strength steel (S460) 

 Cover plate - high strength steel (S460) 

The details of the RBS and CP joints are taken 

from Vulcu et al. The column was supported at both ends 

using pinned connections. The horizontal and vertical 

displacements were blocked by the right support, and only 

the vertical displacements were restrained by the left 

support. The force is applied at the tip of the beam. A 

smooth variation of the displacement from 0 to 350 mm was 

considered as loading. The numerical models calibrated 

based on the joints subjected to monotonic loading were 

further analyzed under cyclic loading. A smooth cyclic 

loading pattern was used, which was characterized by one 

cycle for each of the following amplitudes: 28, 56, 84, 112, 

140 and 168 mm. The material stress-strain relationship for 

each part of the beam-to column joint assemblies was kept 

the same as in Vulcu et al.  

Fig. 2 shows the two types of beam column joints 

modeled in Ansys Work Bench 17. Considering the two 

joint configurations, the advantage of the RBS joint consists 

in simpler fabrication details and lower costs. The 

disadvantage of this configuration consists in lower strength 

and consequently larger deformation demands, as well as 

susceptibility to lateral torsional buckling. The advantage of 

the cover plate joint consists in larger strength and 

consequently lower deformation demands. This improves 

the performance of the structure. 

 

 
Fig. 2: Model of specimens CP and RBS 

The location of the plastic hinge was assumed as 

follows: (1) in the center of the reduced beam section for 

RBS joints and (2) at a distance equal to hbeam/3 from the 

cover plate ending for CP joints. For CP joints, the center of 

the plastic hinge was observed at a distance ranging between 

hbeam/5 and hbeam/4 from cover plate ending. 

IV. TRANSIENT ANALYSIS OF RBS & CP JOINTS 

Transient dynamic analysis (sometimes called time-history 

analysis) is a technique used to determine the dynamic 

response of a structure under the action of any general time-

dependent loads. In transient analysis of beam column joint 

the loading is given at the top of column, p=10kN. The 

acceleration given in Table.2 is applied.  

Tim

e 

(sec

) 

Accelerati

on (m/s2) 

Tim

e 

(sec

) 

Accelerati

on  (m/s2) 

Tim

e 

(sec

) 

Accelerati

on  (m/s2) 

0.00 0.0063 0.12 0.00682 0.22 0.01360 

0.02 0.00364 0.14 0.00277 0.24 0.00727 

0.04 0.00099 0.16 -0.00128 0.26 0.00094 

0.06 0.00428 0.18 0.00368 0.28 0.00420 

0.08 0.00758 0.20 0.00864 0.30 0.00221 

0.10 0.10870     

Table 2 Time history data 

Fig. 3 shows the resulting stress for two type of joints 
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Fig. 3: Equivalent Von-Mises stress for transient analysis of 

RBS joint CP joint 

Type of 

joint 

Equivalent Von-Mises stress for transient 

analysis (N/mm2) 

RBS joint 413.30 

CP joint 389.11 

Table 3: Comparison of transient analysis for RBS           

joint and CP joint 

The dynamic responses of structures are studied. 

Table 3 shows the responses of two joints. In case of RBS 

joint, section weakening concept in the plastic hinge region 

of beam cause to reduction of beam plastic section modulus 

in this region, and force plastic hinge to occur within the 

reduced section. The maximum stress occurs at middle of 

RBS. While in CP joint the maximum stress occurs after the 

ending of cover plates. The stress is more for RBS joint 

compared to CP joints. 

V. INFLUENCE OF DIFFERENT LENGTHS OF CP 

The seismic performance of cover plate beam column joints 

are studied by varying the length of CP. The beam column 

joint is analysed without any cover plate and is taken as the 

control specimen. The different length of cover plate 

considered are 

 Through hbeam/3 length of beam  

 Through full length of  beam 

 Half length of beam from joint 

Fig. 4 shows the model of different length of cover plates  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4: Different length of cover plates(a) Through hbeam/3 

length of beam (b) Half length of beam from joint               

(c) Through full length of  beam (d) control specimen 

Fig.5 and Fig.6. shows the moment rotation curves 

for different length of cover plate under monotonic and 

cyclic loading. 
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Fig. 5: Comparison between different lengths of cover plates 

and control specimen under monotonic loading 

 
Fig. 6: Comparison of moment rotation envelops for 

different lengths of cover plates with control specimen 

under cyclic loading 

For studying the influence of cover plates, the 

cover plate joints are compared with control specimen. From 

figure as the length increases the strength of joint is 

increased. The joints with cover plates have higher strength 

compared to specimen without CP. 

The beam column joints with different lengths of 

cover plates are compared with control specimen (without 

cover plates). In case of CP full length joints, the yielding 

was initiated in the external diaphragm and was followed by 

local deformations of cover plates under compression and 

tension, and yielding of the column web panel. In case of CP 

half length joints, the yielding was initiated in the beam 

flanges and the location of the plastic hinge was occurred at 

a distance equal to hbeam/3 from the cover plate ending for 

CP joints. For CP at hbeam/3 distance, the center of the 

plastic hinge was observed much closer to the ending of 

cover plates, i.e., at a distance ranging between hbeam/5 and 

hbeam/4 from cover plate ending. 

Corresponding to the significant damage 

performance level, all joint configurations evidenced 

rotation capacities larger than the 40 mrad, a common code 

requirement for high-ductility MRF’s- EN 1998-1, and 

therefore the seismic performance of the joints was 

considered acceptable. 

VI. CONCLUSIONS 

All joint components exhibited a reasonable over-strength. 

For both joints ,the plastic deformations occurred in the 

dissipative zone. The intended failure mechanism (i.e., 

development of plastic hinge in the beam) was confirmed by 

numerical investigations. The plastic hinge was located in 

the center of the RBS, respectively at a distance ranging 

between hbeam/5 and hbeam/4 from cover plate ending. 

Large plastic deformations were developed in the dissipative 

zone; joint components were characterized by an elastic 

response and a low contribution to the overall joint rotation. 

All joint configurations evidenced rotation 

capacities larger than the 40 mrad [a common code 

requirement for high-ductility MRF’s- EN 1998-1, and 

therefore the seismic performance of the joints was 

considered acceptable. 

The dynamic responses of structures are studied 

using Transient analysis. In case of RBS joint, the plastic 

hinge is forced to occur within the reduced section. The 

maximum stress occurs at middle of RBS. While in CP joint 

the maximum stress occurs after the ending of cover plates. 

The stress is more for RBS joint compared to CP joints. 

The beam column joints with different lengths of 

cover plates are compared with control specimen. As the 

length of cover plate increases the strength of joint is 

increased. The joints with cover plates have higher strength 

compared to specimen without CP. 
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