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Abstract: The analysis method of the bearing capacity of concrete-filled steel tubular structures coupled with
dismountable joints is presented (in particular elements with flange joints, and longitudinal ribs joints, and steel
coupling joints). With the help of the above way, the curves of the bearing capacity of the dismountable joints are
plotted. The comparison was made to determine the most optimal joints from presented.
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1. Introduction

Commencing as building constructions around a century ago, concrete-filled tubular structures have lately become
more and more widespread in various fields of construction, including civil construction (Fam, A., Qie, F. S., &
Rizkalla, S., 2004; Hancock, G., Wilkinson, T. J., & Zhao, X. L., 2005 and Hudz, S., et al.,2018). This is explained by
the efficiency grouping of steel and concrete, thanks to that concrete-filled tubular structures have high strength,
durability, reliability, meet high-tech requirements at relatively low material costs (Semko, P., 2018 and Semko, P.,
Skliarenko, S., & Semko, V., 2018). However, the most important and challenging issue in concrete structures
designing is the question of the implementation of joints (Gasii, G. M., 2014). Frequently as mounting of structures
large bending moments occur in the joints. In current work, the method of determination of bending moments, as well
as comparing different designs of dismountable joints of concrete-filled tubular elements for both bearing capacity, and
materials costs are presented (on the example of a real structure of a shopping mall) (Zeghiche, J., & Chaoui, K., 2005;
Gasii, G., Hasii, O., & Zabolotskyi, O., 2017; Tao, Z. et al 2016; Gasii G. M., 2017 and Kolokhov, V., et al., 2018).

2. The Investigation Results

Grounded on the hypothesis of Bernoulli (hypothesis of plane cross sections), particularly, the thesis on the
equality of strains within an element and on its surface, will be defined the characteristics of the stress-strain state of the
sample of the concrete-filled tubular element of 108 mm in diameter and 4 mm in thickness of wall. To do this needs to
follow the steps (Lai, M. H., & Ho, J. C. M., 2016). The concrete element is broken down to 27 identical sections (see
Fig. 1), and their geometric parameters are defined (in particular, the area of the site and the location of the center of
gravity) by the formulas (1-4).
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Fig. 1 - Dividing the concrete-filled tubular element into plots.

The overall area of the first plot is calculated with the following formula:

A 0,51 -(ﬂ-%—sin(a)) (1)
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where o — an angle of an arc of i-th segment, and » — an arc radius of i-th segment.

The area of a steel tube (Fam, Qie & Rizkalla, 2004), for the corresponding i-th segment is calculated with the
following formula:
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The area of the i-th concrete segment is calculated with the following formula:
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Coordinates of the point of gravity are calculated with the following formula:
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As the boundary conditions for both first and last plots (see Table 1), strains were reached corresponding to the
strains of the yield strength of the steel (compression of the first section, and bend of the last). The strain of each i-th
section (see Fig. 1) is calculated with the following formula:

& —€
6‘,-=M+8n )
xn'xl'

Grounded on the values of the strains of each i-th section, the corresponding values of stresses for each of the
sections (separately steel and concrete) are calculated with the following formulas:
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Table 1 - Boundary conditions to plotting N-M diagram.
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Then, needs to find the values of the longitudinal force and the moment in every segment through stresses by the
following formulas:

i=0
O-i,max _Gi,min
O-m,i - O-i - 2 (10)
n
Nm’l- = Zam,i 4 (11)
i=0
n
M= Zo*m’i A y; (12)
i=0

As a consequence of computing the bending moment M and the longitudinal force N, a chart of the bearing
capacity of the concrete-filled tubular column (see Fig. 2) of 108 mm in the diameter and 4 mm in the thickness of a
wall was plotted (sample TB-1). The invented procedure as the program easy for use was automated and presented. To
check the bearing capacity of the concrete-filled tubular sample necessity to match the position of the combination of
external loads with the plotted bearing capacity curve. If the combination of loads does not extend beyond the load-
bearing curve, the ability of the element is secured.
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To complete verification of the curve of the bearing capacity (1) Fig. 2a shows the curve of the bearing capacity of
a steel tube without concrete filling (2), and a curve of the bearing capacity of the concrete-filled tubular element,
where the concrete is reduced to steel with the help of the relation J =f. / f; (3), and the curve where the concrete is
reduced to the steel by the relation 6 = E.., / E; (4). The Fig. 2b shows the comparison of the curve (1), and the curve,
which takes into account the effect of compression of concrete by a steel tube (2) as well as a curve plotted based on
experimental tests of comparable samples (3) (Wang, Z. B., et al. 2017 and Huang, W., et al. 2018).These curves were
studied, it can be concluded that the reserve bearing capacity is 20% is in the case of compression with zero eccentricity
since the effect of compression of concrete by a steel tube, in this case, was not considered.
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Fig. 2 - Comparison of the bearing capacity N-M curve and (a) reduced curves, and (b) experimental curves.

To plot a similar graph of bearing capacity of a jointed element needs to find out the multiplication of the full
longitudinal force for every area placed in the tension zone of the concrete-filled tubular element on the corresponding
distance from the boundary line to the center of the plot (see Figs. 3 and 4). It is essential to consider the total stretching
moment is equal to zero for the load combinations that located at the left of the boundary line 1 (see Fig. 3),
consequently, based on the terms of tension the sizes of the joint members are defined based only on constructive
requirements.
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Fig. 3 - The line of constant eccentricity, which shows the appearance of stretching forces at the joint (1) and the
curve of bearing capacity N-M (2).

To computing the concrete-filled tubular elements on the combinations of external forces placed at the right of the
boundary line 1 (Fig. 3) needs to find out the total stretching torque as the multiplication of the tensile strength in every
section for the corresponding distance (Fig. 4) from the boundary line to the center of this section X(Nyz). The
multiplication value will vary in proportion to the entire line of action of constant eccentricities 1 (see Fig. 3).
Therefore, computing the total stretching torque X(N,z/) for points on the chart of the bearing capacity of N-, it is
essential to consider the fact as during constructing the joint for all combinations of loads the location of which is
offside of curve 2 (see Fig. 3), the bearing capacity of the constructed concrete-filled tubular element is insufficient and
therefore needs to increase the diameter or the wall thickness of the steel tube (Storozhenko, L. 1., 2014; Storozhenko,
L. I, & Hasii, H. M., 2015 and Chen, J., Wang, J., & Li, W., 2017)

The chart to finding out the total stretching torque for the dismountable joints of concrete-filled tubular elements
equipped with longitudinal ribs showed in Figure 4. After definition X(N;-z;) for the final designing of the joint, bolts
and flanges are calculated by the well-known formulas.

The cross-section under the action of the transverse force is calculated by the following formula:
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Bolts are calculated by the following formulas:
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The longitudinal ribs of the joint are calculated by the following formulas:
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Fig. 4 - Dismountable joints with longitudinal ribs.

By means of the above procedure, Fig. 5 shows a chart of the bearing capacity of a joint equipped with longitudinal
ribs, where 1 is a curve of the bearing capacity of the concrete-filled tube of 108 mm in the diameter and 4 mm in the
thickness of a wall. The combinations of external loads N and M that located within the curve 1, satisfy the terms of the
bearing capacity of the tube concrete element; 2 — the curve of bearing capacity of 16 bolts of 12 mm in diameter,
which applied in the connection. The combination of external loads N and M that located above line 2 is permissible
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based on the condition of the bearing capacity of the bolts; 3 — the curve of the bearing capacity of concrete-filled
tubular elements equipped with longitudinal ribs of 200x60%10 mm is similar to curve 1 of the combination of external
loads N and M that is within the curve 1, and satisfies the conditions of bearing capacity.
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Fig. 5 - Chart of bearing capacity of dismountable joint with longitudinal ribs.

Similarly, a chart of bearing capacity for a dismountable flange joint was plotted and shown in figure 6, where 1 is
a curve of the bearing capacity of concrete-filled tubular elements of 108 mm in the diameter and 4 mm in the thickness
of a wall. Combinations of external loads N and M, which are within the curve 1, satisfy the terms of the bearing
capacity of the concrete-filled tubular element; 2 — the curve of bearing capacity of 4 bolts of 12 mm in diameter, which
applied in the connection. The combination of external loads N and M that located above line 2 is permissible based on
the condition of the bearing capacity of the bolts.

1200 N compression, kN

800

400

0

400 ~3

800

1200 18 12 6 0 6 12 18 24

Fig. 6 - Chart of bearing capacity of the dismountable flanged joint.

The stretching force in the bolt is calculated by the following formula:

N, = Z(Nt “Z;)
b 2'Zb2

19)
The bolts are checked in tension and against the cutting by the formulas (14-16).

The thickness of the flange is checked based on the following formulas:

t 6M,
min b Ry 7/C

(20)
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Fig. 7 shows the chart of the bearing capacity of the dismountable joints of the concrete-filled tubular elements
executed with the help of a steel coupling, where curve 1 is similar as for previous joints, the curve of the bearing
capacity of the concrete-filled tubular element of 108 mm in the diameter and 4 mm in the thickness of a wall; curve 2
shows the bearing capacity of a steel coupling of 2.5 mm in thickness and 108 mm in internal diameter. The
combinations of external loads of longitudinal force N and bending moment M, which are above this line, satisfy the
terms of bearing capacity for the given coupling. The tension in the coupling connection is calculated by the formula
proposed by G. Lame:

_ ao'G <R
(D,,—D)-h "

(op) 2)

where G is an external force on the steel coupling which is defined as the ratio of the tensile moment M. up to half
the coupling height # and is calculated by Equation:

M
G=—"2% 23)

0,5h

The section of the element was also tested from the conditions of the transverse force according to Equation:

oy =%SRy (24)
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Fig. 7 - Chart of bearing capacity of dismountable joint with a steel coupling.

The investigation was lead for a real structure of a shopping mall, which includes tube columns of 426 mm in outer
diameter and 8 mm in the thickness of a wall in order to compare and determine the most optimal joint based on
conditions of load-bearing capacity and material costs (Thai, H. T., Uy, B., & Aslani, F., 2017). The comparison was
lead under the same loads, namely, the longitudinal force N=1700 kN and the bending moment =350 kNm. The
bearing capacity and dimensions of joints were found out with the proposed methodology. Table 2 shows the results of
materials consumption for 1 joint for each type of joints (with a flanged joint — Fig. 8, a joint with longitudinal ribs —
Fig. 9 and a coupling connection — Fig. 10) based on conditions of identical bearing capacity. The least cost was found
for a dismountable joint equipped with longitudinal ribs, which suggests that for this building, this option is the most
optimal.
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Table 2 - Cost of steel for the manufacture of 1 joint.

Expenses of Flanged joint  Joint with longitudinal ribs  Joint with steel coupling

materials N SS0kNm =360 km M350 kN

Steel, kg 81,7 37,7 432

Bolts, pc 8024 16016 4012
Weld seams, mm 2670 3470 4040

! L—426—>|

¢ 667 ——»> ¢ 667 ——P

Fig. 8 - Flange joint of concrete-filled tubular elements for the considered combination of loads.

00O

300

9000

¢— 586 ———p ¢—— 586 ————Pp

Fig. 9 - The dismountable joint of concrete-filled tubular elements with longitudinal ribs for the considered
combination of loads.
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Fig. 10 - The dismountable joint of concrete-filled tubular elements with steel coupling for the considered
combination of loads.

3. Conclusion

The paper presents the algorithm for the determination of bearing capacity of concrete-filled tubular elements and
their joints by constructing N—M curves. The method of determining the bearing capacity of the elements of the
dismountable joints is proposed and a comparison was made for the building of the shopping mall, and it was found
that for this case, the construction of the joint with longitudinal ribs is the most optimal.
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