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ABSTRACT

Steel box-shaped columns are suitable structural members for structures with moment frames

in two directions, but plate connections have several construction problems, including

inaccessibility of inside of columns, welding difficulties, etc. ConXL connections are the new

proposed details to reduce these problems. This connection consists of collar flange, collar

corner, and collar web extension. In this paper, the seismic behavior of these types of

connections is investigated using the numerical method. For this purpose, three samples of

ConXL connections without concrete filler, with concrete filler and with concrete filler and

stiffener plates inside the column were studied using Abaqus software. The results

demonstrated that the ductility of the ConXL connection without concrete filler is more than

the two other samples, while the strength of this connection is less than the strengths of the

two other samples. It was observed that utilizing stiffener plate inside the column has no

significant effect on the strength of the connection.

Keywords: ConXL moment connection; collar; concrete filled steel tube (CFT); ductility;

stiffener plate.
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1. INTRODUCTION

Design of beam-column connections is important in steel structures with tube columns.

Box-shaped columns are used as a component of special moment frames of mid-rise and
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high-rise structures in locations with high seismic risk, like American and Asian countries,

and Iran. These tube sections are often in the form of rolled sections such as RHS, HSS, etc.,

or sections constructed from welded plates [1,8].

The significant bending strength and stiffness around each axis has made box-shaped sections

more effective than conventional wide flange sections as beam and column members.

Moreover, high lateral-torsional stiffness and inconsiderable distortion reduce the need to

lateral bracing and prevent the strength loss which is usually caused by column rotation due to

lateral-torsional buckling [2,3,7].

Ductility and high energy loss, due to negligible effects of local buckling and having

post-buckling strength, make the box sections appropriate as column members in earthquake

resistant moment frames. Also, materials are highly used in tube columns while the cost of

painting and maintaining surfaces is low [2].

Despite all the above mentioned advantages, there are limitations due to the box shape of tube

columns such as inaccessibility of columns inside for welding and construction of continuity

plates, difficulties of weld inspection, and high construction costs. On the other hand,

existence of two parallel webs in tube columns leads to different behavior in comparison with

the other wide flange columns [3].

These factors have caused wide investigations around the world in the field of proposing an

appropriate shape and studying the behavior of box columns connections in order to reduce

construction costs and to efficiently transfer loads to columns through the connections.

Different researchers have studied in this field and many schemes have been proposed. One of

these new connections, which is accepted in AISC as a prequalified connection, is ConXL

connection. This connection was first proposed by Robert J. Simmons. The purposes of

proposing this connection include industrialization, eliminating on-site welding, increasing

the safety, simplification and increasing speed of construction in high-rise structures with

box-shaped columns. The connection is proposed based on Simmons theory which makes its

implementation as easy as dragging and dropping connection at the collar [4].
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2. NUMERICAL ANALYSIS OF CONXL CONNECTION SAMPLES

2.1. Configuration and load distribution mechanism

A ConXL moment connection is shown in Figure 1. This connection consists of HSS40×40

square box columns or boxes constructed from plates and column collars (a collar at each

corner of the column). Collars, which are connected to columns by welding bands, are

composed of three components including: Collar Corner Top (CCT), Collar Corner Bottom

(CCB), and Collar Corner Middle (CCM). Wide flange beams have collars at their two ends

naming Collar Flange Top (CFT) and Collar Flange Bottom (CFB). If the beam depth is

greater than 460mm, Collar Web Extension (CWX) is used only at the beam-to-column

connection (Figure 2).

A set of diagonal pre-tensioned high strength bolts (with an angle of 45°) have been used to

connect collar flange top and collar flange bottom to collar corners on four edges of the

column. Thus, a rigid diaphragm is formed around the column [5].

All of top and bottom flange collars are connected to the beam by groove welding with full

penetration. Collar web extensions are connected to beams by corner welding. This welding is

also used to connect collar corners to columns, and collar corners are connected to each other

by groove welding. All these connections have been prepared in factory and pieces are only

assembled at the workplace [5].

Load distribution mechanism in this connection is through transferring forces caused by

bending moments in the beam flange by means of full penetration groove welding to the

collar flanges. In this case, the collar flange transmits compressive force of the beam flanges

to collar corners by means of collar flange curvature and support contact caused by sloped

surfaces of collars. The other collar flange transfers tensile force caused by bending to

pre-tensioned bolts. The collar bolts distribute these forces all over the collars of

perpendicular flanges. Then, these forces pass through the rear collars bolts on the opposite

side of the column and are transferred to all sides of the column which are a combination of

load-bearing contact area and corner welding connecting corner collars to the column.

Moreover, if the column is filled with concrete, a part of these forces is transferred to the filler

concrete in contact with the column wall [5].
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Fig.1. Schematic of the ConXL connection [5]
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Fig.2. Geometry and details of ConXL connection [5]

2.2. Material Properties of ConXL connection samples

The material properties of beams and columns were assumed according to ASTM A36

standard, with the yield stress of 280Mpa and the ultimate stress of 480Mpa. The material

properties of collars were considered based on STM A572 GR50 standard, with the yield

stress of 390Mpa and the ultimate stress of 510Mpa.

High strength bolts were used according to ASTM A574 standard with the yield stress of

1050Mpa, the ultimate stress of 1150Mpa, the ultimate strain of 0.2, Poisson's ratio of 0.3 and

Young's modulus of 2×105Mpa.

Compressive strength of concrete filler used in some of the samples was equal to 24Mpa with

Poisson's ratio of 0.25, Young's modulus of 2×104Mpa, and the ultimate compressive strain of

0.003. The properties of the stiffener plate were assumed based on ASTM A36 standard, with

the yield stress of 280Mpa, the ultimate stress of 480Mpa, the ultimate strain of 0.2, Poisson's

ratio of 0.3, and Young's modulus of 2×105Mpa, as shown in Table (1).
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Table 1. The material properties of the studied samples

Section type Standards Fy(Mpa) Fu(Mpa)

BOX – Column- 40×40×1.25 ASTMA36 280 480

63×23W -Collar web extension ASTMA36 280 480

Collar system set ASTMA36-50GR 390 510

Bolt diameter (3cm) ASTMA574 1050 1150

Stiffener plate ASTMA36 280 480

Table 2. Sizes of the components of ConXL connection of the modeled samples

Length
of piece

(cm)

Flange
breadth
b (cm)

Web
height h

(cm)

Flange
thickness tf

(cm)

Web
thickness
tw (cm)

Section type

30040401.251.25
BOX  -column

40×40×1.25

15022.78460.21.4861.054W63× 23 -Beam

Various dimensions of the collar pieces were modeled

based on the typical maps provided in AISC-358S1-11.
Collar system set

16----
Bolt diameter

(3cm)

37.515-1.2-Stiffener plate

2.3. Samples modeled in ABAQUS

In order to achieve the main purpose of the study, three samples of ConXL connection

including the sample with no concrete filler, ConXL connection with concrete filler, and

ConXL connection with concrete filler and stiffener plate inside the column along the top

flange of the beam were used. Size of all components was according to Table (2) and these

components are shown in Figure 3. In all samples, the four-node solid three-dimensional

elements with three degrees of freedom were used. Mesh of similar samples is demonstrated

in Figure 4. In order to apply contact stress between all pieces and surfaces in contact with
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each other, Surface-to-Surface option has been used with Coulomb friction coefficient of 0.1

in software and the stiffness effect was considered too[6].

Fig.3. Components modeled in the analysis

Fig.4.The mesh used in modeled components

3. LOADING SCHEME

All connections were investigated using dynamic explicit analysis and considering the loading

model shown in Figure 5, in which H is the column length and L is the moment arm imposed

to the connection under loading 1 and 2 as shown in Figure 6 and 7. Loadings were imposed

as force on the end of the moment arm. Loading type 1 was used to obtain the non-linear
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static analysis curves and loading type 2 was used to obtain the hysteresis curves.

Fig.5. Models loading

Fig.6. Loading scheme 1

Fig.7. Loading scheme 2
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4. RESULTS OF NUMERICAL ANALYSIS

All three ConXL connections were imposed to both increasing cyclic and linear loadings, and

then pushover and hysteresis curves were plotted as shown in Figures 9 and 10. According to

the analysis results, all three samples were almost elastic until the displacement of the end of

beam reached to amount of 0.7cm, and they entered into the plastic phase by increasing the

load. In all three samples, the plasticity distribution of the beams increased by loading in top

and bottom flange of the beam and enhanced toward the center of web. In this level, all parts

of the collar and column systems demonstrated almost elastic behavior. By increasing the load,

buckling started in beams and flanges and continued until the end of loading. In this level, the

collar system remained in elastic likewise. In columns stress started from the connection of

collar corners up to the middle of the web on the both sides. By increasing the load, stress

increased in the column, but no buckling occurred at any point (Figure 8).

According to the force-displacement pushover curve of the ConXL connection without

concrete filler (vide Figure 9) it is observed that this connection had almost elastic behavior

up to the load of 65tons and the displacement of the end of beam equal to 0.7cm, and then it

entered into the plastic phase by increasing the load and displacement. The ultimate resistance

of this connection was equal to 87tons in which failure occurred. The ultimate displacement

was equal to 2.73cm. Moreover ductility of the sample was equal to 9.3max 
Y


 .

It was observed from the force-displacement pushover curve of the ConXL connection with

concrete filler (see Figure 9) that this connection remained almost elastic up to the load equal

to amount of 70tons and the beam displacement of 0.76cm, and its behavior non- elastic and

entered into the plastic phase by increasing the force and displacement. The maximum

resistance the mentioned connection was equal to 90tons. The ultimate displacement was

equal to 2.53cm. Also the ductility of the sample was equal to 3.3max 
Y


 .

On the other hand the force-displacement pushover curve of the ConXL connection with

concrete filler and stiffener plate (see Figure 9) showed that this connection had elastic

behavior up to the load and displacement similar to the connection with concrete filler and

equal to 70tons and 0.76cm respectively. The maximum resistance of this connection was
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equal to 92 tons. Moreover the ultimate displacement was equal to 2.38cm. And ductility of

the sample was equal to 13.3max 
Y


 .

(A)
Connection without concrete filler and stiffener plate

(B)
Connection with concrete filler and stiffener plate

(C)
Connection with concrete filler
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(D)

Fig.8. A, B, C) Von Mises stress distribution in the samples; D) Displacement in the

connection with concrete filler

A) Sample without filler concrete
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B) Sample with filler concrete

C) Sample with filler concrete and stiffener plate
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Fig.9. Force-displacement pushover curve of the samples

In the next step, all three ConXL connections were imposed to loading type 2 and hysteresis

curves were plotted as shown in Figure 10. It was observed from these curves that the strength

of ConXL connection without concrete filler is less than the ConXL connection with concrete

filler. Also the strength of ConXL connection with concrete filler and stiffener plate is more

than the other two samples.

On the other hand according to the hysteresis curves, ductility of ConXL connection without

concrete filler is more than the two others. Studying the durability of concrete of all three

samples, it was resulted that the durability of the connection with concrete filler and the

connection with concrete filler and stiffener plate are approximately equal to each other and

less than the durability of the connection without concrete filler.
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A) Sample without filler concrete

B) Sample with filler concrete



T. Moradi Shaghaghi et al. J Fundam Appl Sci. 2017, 9(1), 217-233 231

C) Sample with filler concrete and stiffener plate

Fig.10. The hysteresis curves for the samples

5. CONCLUSION

The results obtained from the present study are listed as follows:

5.1. Ductility

The ductility of all three samples demonstrated that the ductility of ConXL connection

without concrete filler is more than the two other samples, so that the ductility of connection

without concrete filler was about 15% more than the ductility of connection with concrete

filler; and the ductility of the connection with concrete filler was 5% more than the connection
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with concrete filler and stiffener plate.

5.2. Strength

It was observed from curves that the ultimate resistance of the connection with concrete filler

is about 2% more than the connection with concrete filler and stiffener plate. Moreover the

ultimate resistance of the connection with concrete filler was about 10% more than the

connection without concrete filler.

5.3. Buckling

Buckling of the panel zone was not observed in any of the samples. This result indicates that

the collars system act as a stiffener and prevent buckling of the panel at the connections.

5.4. Durability

Durability of the connections with concrete filler and with concrete filler and stiffener plate

are similar. On the other hand, the durability of the connection without concrete filler was

more than the two other samples. This durability reduction leads to less residual strain.

5.5. Adhesion between concrete and steel tube

It was observed from the results of analysis that the concrete in the samples with concrete

filler protruded from the steel tube. However, they were perfectly coplanar before the loading.

This indicates that the slip between the steel tube and the concrete core occurred during

loading cycles.

5.6. Energy absorption

Hysteresis curves obtained from analysis demonstrated that the energy absorption in the

connection without concrete filler is more than the two other samples.
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