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ABSTRACT

Estimation of load strength of confined concrete tube elements is characterized with peculiar
features. Their concrete core and steel shell are in the state of spatial stress condition which in the course of
loading varies both quantitatively and qualitatively. Thus, analytical description of determining correlations
and process of redistribution of loads between the components of this system is somewhat difficult. The
proposed procedure of calculation of load-bearing capacity of eccentrically confined composite structure,
concrete filled tube column, is based on non-linear strain model. It takes into account spatial stress-strain state
and collaboration of concrete core and steel shell. Practical implementation of this model is carried out by
iterative calculation involving non-elastic strain of material and variation of coefficients of transversal strains of
concrete and steel with increase in stresses. It is proposed to perform this calculation in two stages. At the first
stage the diagrams of strain of concrete core and steel shell are plotted for axial direction of columns on the
basis of calculations. At first the coordinates of parametric points of the required diagrams are determined,
then the relative strain--stress data array is established. At the second stage, on the basis of known
dependences of non-linear strain model, the load-bearing capacity of eccentrically confined column is
calculated. Practical implementation of the proposed calculation procedure is aided by specially developed
software. Comparisons of theoretical and experimental values of breaking loads for 110 centrally confined and 72
eccentrically confined column specimens evidence that the proposed procedure enables reliable estimation of their
stress-strain state at any level of loading. The procedure can be applied for confined concrete tube columns
manufactured by various technologies on the basis of concretes of various strength and types.

Keywords: confined concrete tube columns, load-bearing capacity, spatial stress state, non-linear strain
model.
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INTRODUCTION
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Confined concrete tube column consists of steel shell filled with concrete. Determination of load-
bearing capacity of confined concrete tube elements can be considered as complicated problem of estimation
of load strength of composite structure. The main difficulty is the necessity to consider for spatial stress-strain
state and collaboration of concrete core and steel shell [1-5].

Taking into account peculiar features of stress-strain state of concrete core--steel shell system, which
in the course of loading of confined concrete tube element, depending on the ratio of coefficients of
transversal strains of concrete v, and steel v, varies both qualitatively and quantitatively (Fig. 1), the
analytical description of major correlations and redistribution of loads between the components of this system
encounters certain difficulties. Herewith, the issue criterion corresponding to achievement of extreme limit
state of confined concrete tube columns is important up till now [6].

Our studies [7] evidence that achievement of maximum compressing force in the course of gradually
applied load should be considered as a criterion of loss of load-bearing capacity of confined concrete tube
columns. Taking into account the pattern of reinforcing of such columns, it is recommended to perform this
calculation by means of non-linear strain model [8].
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Fig. 1. Stress state if steel shell and concrete core of confined concrete tube column of circular transversal cross section
at various loading stages of: a) at u,> uy,; b) at U< vy

EXPERIMENTAL

One of the major advantages of non-linear strain model is unified systematic approach to
determination of load-bearing capacity and stress-strain state of confined short and flexible confined concrete
tube elements at all stages of their operation under centrally and eccentrically applied short- and long-term
loads. Practical implementation of this model is carried out by iterative calculation accounting for non-elastic
strains of materials and variation of coefficients of transversal strains of concrete and steel upon increase in
stress level.

The calculated dependences in the applied model are based on determining correlations between
stresses and strains for concrete and steel. For calculations of conventional reinforced concrete structures,
where concrete and steel reinforcement collaborate under uniaxial compression or tension, the strain
diagrams of these materials are usually approved according to valid regulations of designing. While processing
experimental data it is possible to apply diagrams obtained by experimental results of regular concrete prisms
tested for axial compression and steel specimens tested for axial tension.

For confined concrete tube columns the diagrams of strain of concrete core and steel shell
collaborating under spatial stress state are unknown prior to calculations. This circumstance hinders
application of the strain model. In this relation it is proposed to perform calculations of load-bearing capacity
of confined concrete tube elements in two stages.

At the first stage the strain diagrams of concrete core and steel shell are plotted for axial direction of
columns by calculations. This is aided with calculation of strength of normal cross section of short (with

flexibility of effective cross section A <12) centrally confined concrete tube column. For instance, in order to

exclude the influence of flexibility of column of circular cross section with the diameter d their calculated
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length is set equal to I, =(3+4)d . The remaining geometrical and design parameters of the considered
column are set similar to initial data of the current task.

The most important problem upon plotting of strain diagrams of concrete core and steel shell is the
determination of coordinates of their parametric points. For confined concrete core it is recommended to
apply curvilinear strain diagram (Fig. 2). In this case the major parametric point is the diagram vertex.

Maximum stress of axial direction o, corresponds to its strength at three-axial compression Ry3, and the

respective relative strain is denoted as &y .
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Fig. 2. Diagrams of concrete strain: 1 - concrete work at uniaxial compression; 2 —the same at three-axial compression.

For spatially stressed steel shell the Il'yushin hypothesis of single curve is applied [9]. Herewith, the
relation between intensity of current stresses and intensity of relative strain is considered as the Prandtl
diagram.

In the course of calculation of strength of normal cross section of the column a portion of steel shell in
axial direction can be extended. Aiming at simplification of calculations this portion (with negligible error of
strength reserve) can be considered as performing axial tension. The strain diagram for extended area of steel

is also considered as two-linear with maximum stresses equal to yield point oy.

At the second stage, using known dependences of non-linear strain model, given, for instance, in
Regulations SP 63.13330.2012, the load-bearing capacity of eccentrically compressed column is calculated.

RESULTS AND DISCUSSION

Determination of coordinates of diagram vertexes of material strain is a sufficiently complicated
problem. Preliminary analysis revealed that the decisive influence on these coordinates is exerted by
constantly increasing with loading lateral pressure of steel shell on concrete core. The value of this pressure is
unknown. Thus, at first approximate values of the required coordinates are calculated, which are subsequently
specified by means of successive approximations.

Let us consider the solution of this problem form centrally confined concrete tube columns of circular
transversal cross section.

Comprehensive analysis of published data in [10] evidences that numerous researchers, aiming at
determination of strength of spatially stressed concrete core Rp3 upon uniform lateral confinement by

stresses |0y, | <|oy,|, apply widely known equation:
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Rb3:Rb +ko—bl‘l (1)

where Rb is the concrete strength upon axial confinement; 0}, is the lateral pressure on concrete by steel

shell; K is the coefficient of lateral pressure.

The value of coefficient k in this equation is considered to be constant (while determining the
dependences in EN 1994-1-1:2004 Eurocod 4 this coefficient was set equal to 4.1; A. A. Gvozdev considered k
= 4.0). At present it has been proven [11] that the value of K varies and mainly depends on the level of lateral
confinement M=oy, /Ry3 and type of concrete.

We discovered [12] that for concrete core of confined concrete tube columns the coefficient kK varies
in sufficiently wide range (from 2.5 to 7). Since prior to concrete failure the lateral pressure o}, can achieve
15+20 MPa and higher, even minor inaccuracies in determination of k can lead to significant errors in
determination of concrete strength Rp3 and load-bearing capacity of a designed element.

Frequently applied Mander equation [13] in this case cannot be applied, since it is based on known
Oy - However, for confined concrete tube elements the lateral pressure on concrete core in ultimate state

depends of geometrical and engineering variables of designed structure.

In order to solve this problem let us assume theoretically proven statement [14] for determination of

the coefficient of lateral pressure K for neatly all stone materials by relative level of their lateral confinement
M =0y /Ry

_ l-a—-am ) 2)
b+(f-b)m

where a, b are the coefficients of material determined experimentally, herewith, a = 0.5b; f is the
parameter determining the strength surface pattern in the vicinity of all-round compression (for dense
concrete the strength surface is discontinued and set equal to f =1).

The use of Eq. (2) makes it possible to consider for the dependence of strength of spatially
compressed concrete not only on lateral pressure but also on structural peculiarities of concrete itself, which is
important for obtaining of more reliable solutions. Analysis of this equation demonstrates that at high levels of
lateral confinement (at M —1) the coefficient of lateral pressure kK —1. In such cases the concrete failure
according to the Coulomb law will be of shear pattern. With the aforementioned coefficients k = 2.5+7 the
failure of spatially confined concrete results from combinations of breakage and shear, which agrees with
experimental results [15].

Substituting Eq. (2) into Eq. (1) and after some transformations we obtain as follows:

— — 2 —
Ryy =Ry 14| 0250+ 724 [@=2) Lo |, (3)
4 4 b

where o is the relative value of lateral pressure of steel shell on concrete core in ultimate state

o =0y /R, .

In loaded confined concrete tube column the lateral pressure influences significantly not only on the
strength of concrete core but also on the stress of axial direction in steel shell o, . In ultimate stage of

centrally confined column we express this stress also by o . We apply the Hencky--Mises plasticity condition
for this aim.
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Since in practice the columns are usually fabricated of thin-wall tubes (with the ratio of wall thickness
6 to diameter of cross section 5/d <0,025), the steel shell of centrally confined concrete tube structure can be

approximately considered as operating under the conditions of compression--tension plane stress state. For
such stressed state the following equation is obtained from the yield condition:

opy =02 —0,7502%, ~050,,, (4)

where Oy is the yield point of steel of external shell; 0, is the stress of tangential direction of steel shell in

ultimate state (see Fig. 1,b).

Thickness-averaged tangential stresses in steel shell for thin-wall tubes can be sufficiently accurately expressed
by lateral pressure using the following equation:

A
oo = —200, ——, (5)
AP

where A and A, are the surface areas of cross sections of concrete core and steel shell, respectively.

Then, let us apply the structural coefficient of tube confined concrete p, calculated as follows:

A
p:O-y P_ (6)
R,A

Taking into account Egs. (4)+(6) the stress in steel shell Op; can be determined as follows:

A’ A’ A
o= |p’RZ—-3c2 " -0, —. (7)
pz \p b ; br As br Ap

Using lateral pressure o the equation for determination of O is written as follows:
72 J—
O = Rb(\/pz -3o —O'JA. (8)
Ap

The strength of short centrally confined concrete tube column can be determined as the sum of forces
acting on concrete core N, and steel shell N, as follows:

N=N,+N,. (9)

Longitudinal force acting on concrete with accounting for Eq. (3) will be as follows:

_ _ 2
N, = Ry Al 1+ 0,255+U;2+ [Hj +Z | (10)

Longitudinal compressing force acting on steel shell with accounting for Eq. (8) is as follows:
_2 p—
N, = RbA(\/pz -30 —o-j. (11)

Then the ultimate load is determined by the following equation:
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N = o,zstA(\/(E —2f +160/b — (0 —2)+ 4y p? — 35" j (12)

It should be noted that at fixed values of geometrical and engineering parameters of columns (
Rb,ay, A, Ap ,b) the cumulative longitudinal force acting on concrete and steel in normal cross section depends

only on relative lateral pressure o . Maximum longitudinal force corresponds to the condition:
—=0. (13)
After determination of derivative of Eq. (12) we obtain the following equation:

b(5_—2)+8 _ 120 1l-o (14)
Vbybe-2)? +160 2 357

Solving numerically Eq. (14) we obtain the expression for determination of relative lateral pressure of
steel shell on concrete core in ultimate state of the column:

o =0,48e(210) 508 (15)

With known o using Egs. (3) and (8) we determine the required stresses in concrete core and steel
shell.

The initial equation for calculation of relative strain of compression of concrete core &g in the vertex
of strain diagram is as follows:

€hoo = m (16)

where V)3 is the coefficient of concrete elasticity in the vertex of strain diagram; E, is the initial elasticity

modulus.

Using Egs. (1), (3) and interrelation between ultimate relative strains and strength of uniaxial confined

concrete we transform Eq. (16) as follows:
Vou Ros
€poo = Epo — R (17)
Vbs My

where & is the ultimate value of relative strain of concrete at axial compression; vy, is the coefficient of
elasticity in the vertex of diagram of uniaxial confined concrete.

In the mechanics of reinforced concrete the ratio of coefficients of elasticity in the vertices of diagrams

of uniaxial and spatial confined concrete is defined in reverse proportion with respect to the ratio of respective
stresses:

n
R
Vbu :[ b3j . (18)
Vb3 Ry

In [16] the first approximation is as follows n~1. With such assumption Eq. (17) acquires the form
proposed in EN 1992-1-1. Eurocode 2: Design of Concrete Structures. However, statistic analysis of numerous
experimental data obtained in our studies of confined concrete tube columns and those of Japanese
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researchers [15] demonstrated that the ratio v, /v,; is mainly determined by the structural coefficient of tube
confined concrete and can be determined by the following expression:

v
DU 105,05, (19)
"b3

Taking this into account, the relative compressive strain of concrete core &g in the vertex of diagram

Oy, — &, for confined concrete tube column of circular cross section can be calculated as follows:

R
00 = £nolL+ O,5p0‘5)%. (20)
b

According to Regulations SP 63.13330.2012 the value of &3 under short term axial compression can
be set equal to 2%e. irrespectively of the concrete grade. For more accurate calculations using the strain model
of reinforced concrete and applying curvilinear diagram o, —¢&, the regulations propose to determine &y by

empirical equation depending on the grade upon compression B and initial elasticity modulus of concrete. As
applied to heavy concrete, this equation is as follows:

, _ B 1+0.75B/60+0/B (21)
" E, 0.12+B/60+0.2/B

However, comparison of calculation results according to the proposed equation with the data given in
EN 1992-1-1. Eurocode 2 evidences the existence of significant discrepancies between them. Statistic
processing revealed that the variation coefficient of error vector is 9.2%, and the maximum deviation reaches
21%.

Aiming at better agreement with the European norms, the following equation is proposed:
£ = (1.2+0.16./8)/1000, (22)

Comparison of the calculation results according to Eq. (22) with the data of European norms
demonstrates [17] that the variation coefficient of error vector in this case was 1.2%, and the maximum
deviation - 2%.

The ultimate relative strain of steel shell contraction in confined area with accounting for
compatibility of strain with concrete is set to &py = €pgg - The ultimate relative strain of steel shell in extended

areaisset to &,, =0.025.

Therefore, in order to determine the coordinates of required parametric points of strain diagrams of
concrete core op,—&, and steel shell o,,~&,,the theoretical relations have been obtained.

It is not required to plot descending segment of the strain diagram of concrete core (see Fig. 2). At
relative strains &,, = 0.0012+0.0016 (which is significantly lower than &g ) the steel shell transfers into yield

condition. In this condition any further increase in load leads to increase in the stresses o,,and decrease in the
stresses o, thus, in the load N,. That is, upon axial compression the ultimate deformability of specimen
cannot exceed &ppp. Upon eccentric compression, even with reinforcing of the core with high-tensile
reinforcement, the strains of extreme compressed fiber of normal cross section of confined concrete tube

column are not usually higher than &}y . As a consequence of increased deformability of concrete (the practical

range of relative strains of concrete is &5y = 0.004+0.008). In this regard the descending branch of strain can
be conventionally replaced with horizontal segment.
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The first stage of calculation of load-bearing capacity

Practical implementation of the first stage is in incremental increase Ae, =Ag;, of relative axial strains

of contraction of steel shell and concrete core of the column. At each step the required parameters of the
strain diagrams are calculated by combined solution of the set of equations which present physical
interrelations between stresses and strains in the form of the generalized Hooke's law. Physical non-linearity is
accounted for by the use of variable coefficients of elasticity of concrete and steel. The essential aspect of the
proposed procedures is also accounting for the variable coefficients of transversal strain of materials.
Herewith, concrete is considered as transversally isotropic material, and steel shell as isotropic one.

The interrelation between strains and stresses for any point of external steel shell is expressed by the
set of equations:

€ 1 1 -vy, -y O

Epe :?x v, 1 vy |xq0p, . (23)
posp | _

Epr vy —v, 1 Opr

In Eq. (23) 0p,0p00, are the normal (major) stresses in axial, tangential and radial directions;
Enépnépr are the relative strains of steel shell along the respective directions; E;, is the initial elasticity
modulus of steel; v, is the elasticity coefficient of steel; v, is the coefficient of transversal strain of tube steel.

On the basis of experimental data (direction of the Chernov-Liiders lines on the surface of steel tube)
the stresses and strains in this case are considered as acting along the main sites, that is, tangential stresses
and shear strains are zero.

With bilinear strain diagram in the elastic stage the elasticity coefficient Vv, =1, and in the plastic

stage it is calculated as follows:

Vp=—. (24)

In the proposed procedure of non-linear calculation, aiming at elimination of simultaneous use of two
iterations, it is recommended to account for non-elastic properties of steel by means of one variable

parameter: the elasticity coefficient v, on the basis of which the coefficient of transversal strain v, is

determined.

It is assumed that the coefficient of transversal strain v, varies proportionally to the elasticity

p

coefficient: from initial v (in elastic stage) up to ultimate value Upy at vV, =V, (at the end of yield plateau).

Preliminary calculations according to [18] demonstrated that U, can be set equal to 0.48 with the accuracy,

sufficient for practical calculations. Then, the equation for determination of v, can be written as follows:
Vo=V

v, =0.48—(0.48- v, V"i

(25)
po — Vpu

The values of v determined by Eq. (25) are in good agreement with the coefficients of transversal

strains calculated by Regulations SNiP 2.05.06-85%*, as well as with the data in [19].

The set of equations describing the interrelation between stresses and strains for any point of
transversally isotropic concrete core in elastic and elastic-plastic stages is as follows:
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& 1 vit —20, Vit O
{ bz}:_>< bz o . zr b|71 X{ bz}l (26)
Ebr Eb [~vavei (Vor —OnVii) Obr

where E, is the initial elasticity modulus of concrete.

The value of E, for practical calculations can be readily calculated according to one of the proposed below
equations [16]:

- at known concrete grade B

E, - 55.25- 122, 27)
B
- at known actual (prism) strength of concrete Ry, MPa
E, =56 - E (28)

R

Equations (27), (28) make it possible to determine the value of initial elasticity modulus of concrete in GPa
for concrete grades from B12.5 to B100.

Non-elastic properties of spatially confined concrete core are considered by the use of variable
elasticity coefficients V,; (J=2,1,i) and transversal strain U,., Uy, of concrete in Eq. (26). Herewith, the
elasticity coefficient with the index j=i is determined as a function of stress intensity and strain intensity in
concrete.

Since the increase in the stresses O}, and oy, upon loading occurs not proportionally (complex

mode of loading), the elasticity coefficients for different directions are different. In order to calculate them it is
possible to apply any known equations providing for sufficient accuracy of estimation of stress-strain state of
structure, for instance, proposed in [20].

In order to determine current values of the coefficients of transversal strains v, (j = zr) the
following equation is proposed:

0,5

Vhi — Vi

Ujr = Vjny _(Ujru _Ub) I = , (29)
Voj ~ Vbiu

where U, =0.18+0.25 is the Poisson coefficient for concrete (if accurate data are unavailable it is
recommended to assume U, =0,2); Ujy, is the ultimate value of coefficient of transversal deformation v,

determined according to the recommendations in [21].

The convergence of Vj,, calculated by Eg. (29), with the experimental data in [22], [23] is

satisfactory.

On the basis of solution of the sets of equations (23) and (26), equations of strain compatibility of
concrete and steel in axial and transversal directions, with accounting for conditions of element equilibrium we
obtain the equation for determination of lateral pressure at each step of increments of relative axial strains:

V2
[Up _ﬁruzr jgbz

Vi
Ky + Ky

O-bl’ = ’ (30)

where K, and Ky are calculated as follows:
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0,50
Ky=—> [uptg—lj—[gﬁﬂ; (31)
VoEsp 0 0
2
Kb: ﬁr 2Uzrvbz 'H)rr_ﬂ} (32)
VoiBo | Wi Vbr

where the coefficient f, is the ratio of external diameter of steel tube to the internal one.

With known oy, on the basis of solution of Egs. (23) and (26) the stresses oy,,0, are calculated and

respective strain diagrams are plotted. The calculation is carried out until the stress oy, achieves preliminary

determined strength of concrete Ry, at relative lateral pressure calculated by Eq. (15).

Then, the correspondence of the last value of relative strain g, to preliminary calculated stain in the
vertex of concrete deformation diagram ¢y, . is verified. If misalignment is higher than the pre-set value

“%z _8b00‘ >A, , the value of &, is adjusted and all calculations are repeated.

The second stage of calculation

At the second stage the column load-bearing capacity is determined. The calculation flowchart of
normal cross section of eccentrically confined concrete tube element is illustrated in Fig. 3.

Transfer from the strain diagram in concrete, steel shell and rod reinforcement (if any) to generalized
internal forces is performed using the procedure of numerical integration of stresses over normal cross
section. This is aided by conventional subdivision of normal cross section into minor segments with the surface

areas of concrete A, steelshell Apk , and rod reinforcement Asj .

The origin of coordinates should be preferentially positioned into the geometrical center of
transversal cross section of steel shell. Upon bending of the column in two planes it is recommended to split
the cross section in polar coordinates.

The strain diagram is assumed corresponding to the Bernoulli hypothesis. Depending on the values of
respective strains, using the calculation results of the previous stage, the stresses are determined in each
segment of concrete core and steel shell. Then, in the limits of each segment the stresses are assumed to by
uniformly distributed (averaged).

steel shell |

concrete

Fig. 3. Flowchart of calculation of normal cross section of confined concrete tube structure.
The essence of calculations is reduced to plotting of strain diagram of normal cross section

corresponding to the stage of ultimate equilibrium of the calculated element. Such diagram is plotted as
follows.
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Sufficiently low value of relative strain of uniform structure compression is set. Then, the relative
strain diagram is step-by-step transformed from the rectangular shape to the required trapezium shape
conforming the equilibrium condition of eccentrically confined element. Corresponding longitudinal force is
determined. Them, the strain is incrementally increased from the side of the most confined fiber and the
overall procedure is repeated. Breaking load corresponds to the maximum value of thus determined
longitudinal forces.

CONCLUSIONS

The developed procedure of calculation of load-bearing capacity of eccentrically confined composute
structure, confined concrete tube column, is based on non-linear strain model, it takes into account spatial stress-
strain state and collaboration of concrete core and steel shell. It enables reliable estimation of stress-strain state
of columns at any level of loading, which is advantageous for practical designing. The procedure can be applied
for confined concrete tube columns, manufactured by various technologies on the basis of concretes of various
strength and types.

In order to implement the proposed procedure a dedicated software was developed, on the basis of which
theoretical breaking loads N, were calculated for confined concrete tube elements previously tested for central and
eccentric compression. The initial data for calculations were taken from published materials of the most well-known
USSR and Russian scientific schools in the field of study of confined concrete tube columns guided by L. I.
Storozhenko [22] , I. G. Lyudkovskii, [20], V. I. Rimshin, and A. L. Krishan [21-29], experiments by Japanese
researchers [28], as well as own tests by A. L. Krishan [29].

With the illustrative purposes and reliability of comparison of theory and practice the confined concrete
tube elements were selected with various geometric and engineering parameters:

e  outer diameter of external steel shell from 93 mm to 1020 mm;
e wall thickness of external steel shell from 0.8 mm to 13.3 mm;
e vield point of shell steel from 240 MPa to 440 MPa;

e concrete prism strength from 11.7 MPa to 104 MPa;

e relative eccentricities pf compressing load from 0 to 1.

Theoretical and experimental values of braking loads were compared for 110 centrally confined and 72
eccentrically confined column specimens. The results evidence their satisfactory agreement: for centrally confined
specimens the highest discrepancies were +17...-9% at the coefficient of variation of error vector V; = 0.04; for

eccentrically confined specimens the highest discrepancies were +18..-14% at V; =0.08. The calculations

according to the most accurate procedure of European nom (EN 1994-1-1) give maximum discrepancies +42...-
19% at axial compression V5 = 0.13and at eccentric compression the maximum discrepancies are significantly

higher.

The advantages of the proposed procedure are obvious.

REFERENCES
[1] Nesvetaev G.V. and Rezvan |.V. Estimation of strength of tube confined concrete // Fundamental
Sciences. —2011. — No. 12. — pp. 580-583.
[2] Alacali S.N., Akbas B., Dorana B. Prediction of lateral confinement coefficient in reinforced columns
using neural network simulation, Journal Applied Soft Computing. —2010. —Ne 11. — P. 2645-2655.
[3] Kurbatov V. L. and Rimshin V. I. Guidebook of Civil Engineer. Ed. by V. I. Rimshin, Moscow, 2012.
(4] Naeej M., Bali M., Naeej M.R. and Amir J.V. Prediction of Lateral Confinement Coefficient in

Reinforced Concrete Columns using M5’ Machine Learning Method, Journal of Civil Engineering. —
2013.-Ne 17(7). — P. 1714-1719.

May - June 2016 RJPBCS 7(3) Page No. 2528



(5]

(6]
(7]
(8]

(9]

(10]
(11]
(12]
(13]
(14]
(15]
(16]
(17]

(18]

(19]
[20]
[21]
[22]

(23]

[24]
[25]
(26]
(27]

(28]

[29]

ISSN: 0975-8585

Masoudnia R., Amiri S., WanBadaruzzaman W.H. An Analytical model of short steel box columns with
concrete in-fill (part 1) // Australian Journal of Basic and Applied Sciences.— 2011. — Ne 5. — P. 1715-
1721.

Krishan A. L., Zaikin A. I., and Koopfer M. S. Determination of breaking load of confined concrete tube
elements // Concrete and Reinforced Concrete.— 2008. — No. 2.— pp. 22-25.

Rimshin V.1., Larionov E.A., and Erofeyev V.T., et al. Vibrocreep of concrete with a nonuniform stress
state. Life Science Journal. 2014. V. No. 11. pp. 278-280.

Erofeev V.T., Bogatov A.D., Bogatova S.N., Smirnov V.F., Rimshin V.l., Kurbatov V.L.Bioresistant
building composites on the basis of glass wastesBiosciences Biotechnology Research Asia. 2015. V.
12. No. 1. pp. 661-669.

Krishan A. L. and Zaikin A. I. Calculation of strength of concrete tube columns // Concrete and
Reinforced Concrete.— 2011. — No. 3.— pp.17-19.

N. I. Karpenko, S. N. Karpenko, and A. N .Petrov, et al.,, Model of Incremental Strain of Reinforced
Concrete and Calculation of Wall Beams and Bending Plates with Cracks. (PetrGU Publishing House,
Petrozavodsk, 2013).

II'yushin A. A. Plasticity. (Gostekhizdat, Moscow 1948).

Fattah A.M. Behaviour of concrete columns under various confinement effects: A dissertation doctor
of philosophy. — Kanzas, USA: Kanzas State University. - 2012. — 399 p.

Karpenko N. I. General Model of Reinforced Concrete Mechanics. (Stroiizdat, Moscow, 1996).

Krishan A.L., Troshkina E.A. Estimation of carrying capacity of eccentrically compressed concrete-filled
steel tube columns// Electronic magazine “Advances of Environmental Biology”. Vol. 8, Ne 6, May
2014. - P. 1974-1977 http:// www.aensiweb.com/aeb online.html.

Mander J.B., Priestley M.J.N., Park R. Theoretical stress-strain model for confined concrete,
Journal of Structural Engineering, ASCE, 1988. -114 (8). -P.1804-1826.

Kurbatov V. L., Rimshin V. I., and Shumilova E. Yu. Guidebook of Field Engineer (Belgorod, 2013).
Krishan A. L., Sabirov R. R., and Surovtsov M. M. Confined Concrete Tube Columns of Circular,
Annular and Square Coress Section: Monograph. (Publishing House of Magnitogorsk State technical
University, Magnitogorsk 2014).

Nishiyama I., Morino S., Sakino K., Nakahara H. Summary of Research on Concrete-Filled Structural
Steel Tube Column System Carried Out Under The US-JAPAN Cooperative Research Program on
Composite and Hybrid Structures. — Japan. — 2002. - 176 p.

Antoshkin V. D., Erofeev V. T., and Travush V. I., et al., The problem optimization triangular geometric
line field Modern Applied Science. 2015. V. 9. No. 3. pp. 46-50.

Stavrov G. N. and Kataev V. A. Determination of coefficient of transversal strains in concrete under
dynamic and static loads // Concrete and Reinforced Concrete. — 1989. — No. 7. — pp. 30— 31.

Kurbatov V. L. and Rimshin V. I. Designing and Major Construction. Education Guidance, in 2 parts /
(Mineralnye Vody, 2014) Part 1.

Mailyan L. R. and Ivashchenko E. I. Calculation of Reinforced Concrete Elements on the Basis of Real
Diagrams of Material Strain. (RGSU, Rostov-on-Don, 2006).

Telichenko V. I. and Rimshin V. I. Critical technologies in construction. - Vestnik of Department of
Construction Sciences, Russian Academy of Architecture and Construction Sciences. 1998. No. 4. pp.
16-18.

Storozhenko, L.I., Ermolenko, D.A., Lapenko, O. |. 2010: Concrete filled steel tube, Poltava: TOV ACMI:
306 p.

Liudkovskii I. G., Fonov V. M., and Makaricheva N. V. Investigations into confined concrete tube
elements reinforced longitudinally // Concrete and Reinforced Concrete. — 1980. - No. 7. — pp. 17-19.
Kurbatov V. L., Rimshin V. I., and Shumilova E. Yu. Construction Technical Assessment (Mineralnye
Vody, 2015).

Krishan A., Rimshin V., Erofeev V., and Kurbatov V., et al. The energy integrity resistance to the
destruction of the long-term strength concrete (2015) Prosedia Engineering, 117 (1), pp. 211-217.

Yu T., Teng J.G. Behavior of hybrid FRP-concrete-steel double-skin tubular columns with a square
outer tube and a circular inner tube subjected to axial compression // Journal of Composites for
Construction. —2013.—Vol. 17. - P. 271-279.

Krishan A. L., Rimshin V I., and Astaf'eva M. A., et al., Determination of Strain Characteristics of
Concrete // Natural and Technical Sciences, 2014. No. 9-10 (77).- pp. 367-369.

May - June 2016 RJPBCS 7(3) Page No. 2529


http://www.aensiweb.com/aeb%20online.html

