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Auoranisi. Y crarTi BU3HauUeHe Micile BUKOPHCTaHHSI TPyOOOeTOHY sk OyiBeJbHUX KOHCTPYKIiii. Posris-
HyTO YOTHPU iCHYIOUi aHAJiTHYHI METOAMKY /ISl BU3HAYEHHS] HECYUOl 3/aTHOCTI TpyOOOETOHHNX KOHCT-
PYKIIiil KPYIJIOro Iepepisy MpH HEeHTPATbHOMY CTHUCKY, sIKi BUKOPUCTOBYIOTbCS B YKpaiHi Ta 32 KOPJOHOM.
[TpoananizoBaHi miAXOAN 0 MUTAHHS PO3PAaXyHKIB TPAHUYHOTO CTHCKAJBHOTO HaBaHTa)XeHHS (Hecydoi
3IATHOCTI), sIKe 3[IaTHE BUTPUMATH TPyOOOGETOHHUN ejieMeHT. Buiseni npuHuunosi BigMinui pucu i mo-
MiGHOCTI, POBIJISTHYTUX METOIAMK, & TAKOK IX HEJOJIKH, 0 BIUIMBAIOTh HA TOUHICTh PE3YJIbTATIB IPU PO3pa-
XyHKaX TOKa3HUKIB MII[HOCTI i cTiffkocTi Tpy6GOOETOHHUX KOHCTPYKIii. Ha KOHKpEeTHOMY TPUKIAL BUKO-
HaHe YrcesTbHE TIOPIBHAHHS Pe3yJIbTaTiB BU3HAYEHHS HECYUoi 3/[aTHOCTI 32 YOTHPMa METOANKAMHU i BU3HA-
YeHa Pi3HUIL, sIKa BapiloeThes (Y BiTHOCHUX oAMHUIAX) y Mexkax 1,08...1,38.

Kimouosi cioBa: Tpy6o6eTOHHI KOHCTPYKIIil, aHAMITHYHI METOAN PO3PAXyHKY, CyMicHa po6oTa, OChOBHIA
CTHCK, MIITHICTh ¥ CTifIKiCTh KOHCTPYKIIiH, 3HIKeHA JKOPCTKICTh, KOHTAKT MiXK MaTepiasamu.

O MOJXOJIAX K PACYETY TPYBOBETOHHBIX KOHCTPYKIIUI1 B
YKPAUHE 1 3A PYBEKOM
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Aunnoramus. B cratbe onpegesieHa 06acTh npuMeHeHUs: TpyOGOOGETOHA B KaueCTBE CTPOUTEIbHBIX KOHCT-
pyKIumii. PaccMOTpeHBI YeThIpe CYIIECTBYIONINX AHATUTHYECKIX METO/IMKH JIJISi ONIPEJIETIEHNs] HeCyIei cro-
COOHOCTU TPYGOOETOHHBIX KOHCTPYKIMI KPYTJIOr0 CEYEHUsI TIPH IIEHTPATbHOM CKaTHH, KOTOPBIE HUCIIOJIb-
3yloTcsl B YKpanHte U 3a pybeskom. I1poaHain3upoBaHbl MOAXOAbI K BOTIPOCY pacyeTa MpeaebHON CiKUMa-
foleil Harpysku (HecyIeil crocobHOCTH), KOTOPYIO CIIOCOOEH BBIIEPIKATh TPyOOOETOHHBIN 21eMeHT. Boize-
JIEHbI IPUHIUIIUANbHBIE OTINYUTEIbHbIE OCOOEHHOCTH U CXOACTBA, PACCMOTPEHHBIX METOIMK, a TaKKe UX
HEJIOCTATKHU, BJUSIONIME HA TOYHOCTH PE3YJIbTATOB TPU pacyeTe TMoKazaTeseil MPOYHOCTH U yCTOMYMBOCTH
Tpy606ETOHHBIX KOHCTPYKITHiL. Ha KOHKpeTHOM TpuMepe BBITIONHEHO YHCJIEHHOE CPABHEHHE Pe3yJIbTaToB
onpesesIeHNsT HeCyIei CocOOHOCTH 0 YeThIPEM METOAMKAM M ONpe/iesieHa Pa3HuIla, KOTOpas BapbUpPyeT-
cs1 (B OTHOCUTENbHBIX efinHMIax) B nipemenax 1,08...1,38.

Kiiouessie cioBa: pr606eTOHHI)Ie KOHCTPYKINH, aHAJIMTUYECKNE METO/Ibl pacdeTa, COBMECTHAA pa60Ta,
0oCeBOe CraTue, IIPOYHOCTb U yCTOf;I‘{I/IBOCTb KOHCprKHHﬁ, TIOHMIKEHHAasA KECTKOCTb, KOHTAKT MEXY
MaTepuajlaMu.
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Abstract. In a paper are determinated an area of using composite tubes as structures. Considered four
existing analytical methods for determination a load capacity of composite tubes with circular cross-section
under axial compression are using in Ukraine and abroad. Analyzed approaches to the questions of a limit
compression load (load capacity) calculation are able to withstand a composite element. Highlighted the
fundamental features and similarities of discussed methods, and also their shortcomings affecting to the
accuracy of the strength and stability computing results for composite tubes. On the particular example
performed a results comparison of determining the load capacity by the four methods and determinated a
difference which is varies (in relative units) within 1,08...1.38.

Keywords: composite tubes, analytical methods of calculation, joint work, axial compression, load
capacity, strength and stability of structures, reduced flexibility, contact between materials.

Introduction

Composite steel and concrete structures (concrete-
filled tubes in particular), as species of composite
elements, taking its origins since the 40-ies of the
last century, already acquired enough popularity
in a building practice worldwide and widely used
as carrying structures for various industry objects,
namely (fig. 1) [1—3,9—11]:

residential and civil buildings (including high-

rise);

— tower structures (supports of overhear trans-
mission power lines (OHPL), antenna supports
of mobile communication, lighting masts, TV
and radio towers, etc.);

— supports of bridges and overpasses;

— structural elements of a cover (beams, arches,
trusses);

— foundations of tower structures.

Nowadays concrete-filled structures can be manu-

factured not only based on circular tubes. As a ba-

sis is possible to use steel polygonal cold-formed
tubes with different number of sides that are already
fully approbated as structures [4—8]. This is a new
and promising modifications allowing extend the
types of the design solutions composite structures

(for example, to create fairly wide range of the

OHPL supports, especially those located in urban

areas) and to increase its aesthetic qualities [9—11].

A quality of its design and manufacturing, cer-
tainly, depend of several aspects (availability or a
adequate normative base, accumulated experience
in creating designs of this structural type, the lev-
el of knowledge of concrete-filled structures un-
der load, qualifications of designer, etc.), each of
which makes a significant contribution to the
smooth functioning of the concrete-filled tubes
structures. Separately necessary highlight the is-
sue of the analytical approach to the determina-
tion of its load capacity, especially when they are
considered as rods working under axial compres-
sion (possibly jointly with a bend), excluding tri-
axial stress state, which in real conditions concrete-
filled structures are testing. This approach may be
using for light tower structures, for single-column
OHPL supports and its foundations, where defin-
ing are vertical loads, causing compression and
volumetric stress state of the composite material
may be neglected (for example, for preliminary
calculations at pre-design stage or checking cal-
culations for comparison with finite-element mod-
eling).

Consequently, necessary to perform an ana-
lyze of features of the approaches set out in the
existing domestic and foreign techniques to de-
termine load capacity the considered structures
and perform a comparison of results obtained on
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Figure 1. Examples of existing composite tubes: a) Saint-Petersburg Plaza; b) residential complex, Moscow; ¢)
apartment house, Dnepropetrovsk, Ukraine; d) railway bridge, Khabarovsk, Russian Federation.

the particular example. It will form the basis for
further research related to the study of the real
work of concrete-filled tubes (as a structural ma-
terial) under load, and also its physical and opera-
tional reliability, which will significantly expand
the range of concrete-filled structures.

Existing methods of calculation the concrete-
filled tubes under axial compression

Nowadays are existing four main analytical meth-
ods which is allowing to determinate the load ca-
pacity of concrete-filled tube elements:

1) the <unified» method proposed by Chinese
scientists Min Yu, Xiaoxiong Zha, Jiangiao Ye,
Yuting Li for calculating the strength and stabili-
ty of concrete-filled tubes of various structural
performance (including the <hollow») (fig. 2) un-
der axial compression [12];

2) the method of Min Yu, Xiaoxiong Zha,
Jianqgiao Ye, Chunyan She for calculating the
strength and stability of concrete-filled tubes with
a circular cross-section [13];

3) the method of L. I. Storozhenko (Poltava
national technical university named of Yuri Kon-
dratyk) for determination of load capacity of cir-
cular concrete-filled tubes under axial and unaxi-

T

al compression (the last stress state in this paper
don’t consider) [1—3]. This method is included to
the relevant standart of Ukraine [6];

4) the method of EN 1994 Eurocode 4 «De-
sign of composite steel and concrete structures»
[15].

In consequence defined features of the above
methods of approach to the determination the load
capacity of concrete-filled structures, at the exam-
ple of circular cross-section tube with concrete
compressive class B20 and steel mark S235, with
the following geometric parameters: diameter
D = 200 mm, height H = 500 mm, wall thickness
of the steel tube t = 3 mm.

In subsections 1.1...1.4 listed the general posi-
tions of calculation the concrete-filled tubes un-
der axial compression according to the above
methods.

The «unified> method of Min Yu, Xiaoxiong
Zha, Jianqgiao Ye, Yuting Li

This method represents two mathematical equa-
tions for calculating the critical compressive forc-
es N, (1) and N, (2), which determine the load
capacity of the structure prior to the point of los-
ing the strength and stability, respectively. Its main

e
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Figure 2. Varieties of the concrete-filled tubes cross-sections.
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feature is applicable not only for structures with cir-
cular cross-section, but also for concrete-filled po-
lygonal tubes (including structures based on square
tubes). According to the considered method of load
capacity for axial compressive strength is defined as
follows (1):

No=@+m)(f, 4, +f.4,), ey

where 5 — a coefficient of strength increase by tube
compression of concrete (fig. 3), depending to
number of sides 7, characteristics of materials, and
also to the <hollows ratio y (in case of design the
<hollow» concrete-filled tubes). When using the
equation (1) for calculating the circular concrete-
filled structures parameter 7 is taken equal to co.
In this case, characteristics f, u f, =/, [16,17], are
considering only for elastic stage of the steel and
concrete work respectively, as members of the com-
posite structure. It remains unclear is it possible
to use the expression (1) for construction work be-
yond the elastic stage, ie when is necessary to use
in the calculation temporary resistance for steel
/,, and for concrete — compressive resistance of
confined concrete by steel shell (tube) /. [20].
The method experimentally confirmed on basis
of the mechanical tests results of square and 8-sided
concrete-filled elements [4].
The load capacity by stability under axial com-
pression is determinating by equation (2):

st :¢31N0’ (2)

where ¢ — the stability factor (the buckling-
coefficient), which is depend of sides number 7

\Non enhanced
zone

Figure 3. The area of increase strength through
the efficient compression of concrete by steel
tube (for polygonal tubes).
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(in case of using circular cross-sections n = ),
characteristics of using materials, and also to
reduced flexibility 4_and to the flexural rigidity
of the total concrete-filled tude section (3):

E, =EI +E]I . (3)

scTse

Method of Min Yu, Xiaoxiong Zha, Jiangiao
Ye, Chunyan She for the circular cross-section
structures

This method in calculation don’t consider num-

ber of sides, respectively, can be using for calcula-

tion only for circular cross-sections. The order of

the using this method is following:

— determination of the yield strength of the con-
crete-filled element /by equation (4):

Qe »(4)
20+0.05¢, + (o.z%-o.os)gmg Q+¢&,)

¥y

Jo=|1+

where @ =—7_ _ ratio between area of the con-
crete corre+anAd the total section area, closed by
steel tube (A +A ). For solid concrete-filled el-
ements the parameter Q =1, for <hollow» struc-
tures (see fig. 2) — Q =1-y (y — <hollow» ratio
of cross-section [13]);

A -
g =td _
ASu . .
structure, which equal to ratio of load capaci-

limiting coefficient for solid

ties of steel and concrete;

f,m f, — the yield strength of steel and the
prism compressive strength of concrete respec-
tively [16,17].

— calculation of the limit load to element (the
load capacity of strength conditions) by equa-
tion (5):

No= 1A )

where A — the cross-section area of concrete-filled
element;

— determination of the stability factor (the buck-
ling coefficient) ¢ by equation (6):

0. :%-[ZZ 10.2567. +1-

24

sc

—2 —2 -—2
—J(A, +0.2581, +1)*-44,
\/( sc ﬂ s¢ ) sc :|’ (6)
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where 4, — the reduced flexibility of concrete-
filled cross-section;

AS
B= y
the total area of concrete-filled section.

— calculation of the limit compression load to the
element (the load capacity of stability condi-

tions) by equation (7):
Nst = ¢scfscA:c * (7)

This method has passed the experimental confir-
mation based on results of mechanical tests series
of «hollow» u «solid» models with circular cross-
sections [13].

— ratio of the steel cross-section area to

The method of L. Storozhenko
(DBN V.2.6-160:2010 «Composite steel and
concrete structures. Main rules»)

As an alternative to foreign methods for determin-
ing load capacity of concrete-filled structures un-
der compression is the Ukrainian method of
L. I. Storozhenko, which allows to determine the
limit load of concrete-filled at the axial compres-
sion. This method can be use only for structures
with the circular cross-section and has expound-
ed in equations (7), (8):

— determining of the concrete resistance in the

circular tube:

R, =0.65-B-(1+16.14,), (®)

where 4, = (D%)2 -1 — the concrete-filled tube
reinforcement coefficient (the main parameter,
which consider ratio between tube thickness
and the outside diameter of the structure);

— determining of the load capacity (the limit
compression load, is able to withstand the com-
posite element):

Nstb = ]/bs : (Rb*Ab + 7/52RyAst) ’ (9)

where y, u y, — coefficients, which are consider-
ing the joint work features of the concrete and
steel tube.
In this method are traced fundamental differenc-
es. For the first, unlike the others, here as a defin-
ing of the load capacity of the concrete-filled ele-
ment is not used calculating resistance of the total
cross-section, and the resistance of the confined
concrete into the steel tube. For the second, for
calculation of the limit compression load are us-

ing not only mechanical characteristics of materi-
als and geometrical characteristics of cross-sec-
tions, but and clarifying coefficients, which is con-
sidering the maim moments, inherent to the joint
work under the load, for two materials with dif-
ferent properties and structure. The method of
L. I. Storozhenko is empirical, i.e. the results ob-
tained from its use are experimentally confirmed.

The method of EN 1994 Eurocode 4 «Design
of composite steel and concrete structures»

The method of Eurocode 4 for calculation the
concrete-fillet elements under axial compression
in relation to other methods is considered one
important distinctive feature the structural load
load capacity primarily depend of its flexibility,
which defines the way of calculating the limit
load to the concrete-filled element. Pre-deter-
mine the numerical values reduced flexibility
section 4 by equation (10), can to calculate the
required value of the limit compressionload N ,,
(which is the main index of the load capacity)
according to conditions, are expounded in (11),

(12):
g [Newwe (10)
Ncr
where N , . — normative compressive resistance

pl,Rk
of the considered cross-section; N_ - the crit-

ical compressive force, determined by Eiler
or Yasinskiy, depend of the element flexibili-
ty [18, 19].

Then:

NP/,Rd:Aa.f:\fd+Ac.f;-d’ if/_7«>0,5 ’ (11)

t
NPI'Rd :n”A“ .f:"d +AL -f;l[(1+77(. Bfi{)’
if 2<0,5. (12)

The numerical comparison of calculation
results of the strength by four methods

In this section mpexcrasiaeno the numerical
comparison the results of determination the load
capacity used a shot concrete-filled model based
on the circular tube (fig. 4), produced by the all
aforementioned methods.
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Concrete B20 {M250)

Steel 5235
t=3mm

Figure 4. A computational model of the circular

concrete-filled element.

The computational model has the following pa-
rameters and materials:

—high H = 500 mm;

— diameter D = 200 mm;

— tube wall thickness t = 3 mm;

— steel mark C235;

— class of concrete B20 (tnark M250).
In table 1 showed the results of calculation for the
short composite model by four methods. In table
2 contains the difference between them, both in
absolute units [kN], and relative (dimensionless).

Conclusions

1) Despite the experimental approbation all with-
out an exception of the considered methods for de-
termining the load capacity of concrete-filled el-

Igor Garanzha

ements under the axial compression results ob-
tained with their using significantly differing
(difference reaches ~ 40 %). The maximum
strength to the calculation model gives the «uni-
fied> Chinese method, the minimal — the meth-
od of L. I. Storozhenko.

2) The common negative feature of foreign
analytical techniques is that from all geometric
characteristics for calculation used only the area
of the cross-section, and ignored the tube wall
thickness t, the outside diameter of the struc-
ture D, and also its ratio ¢ / D, which has a fun-
damentally important effect to the load capaci-
ty.

3) According to the <«unified» method, the
equivalent cross-section by area, regardless of its
geometric shapes and sizes, will have the same
load capacity that is absolutely untrue.

4) Any of the methods do not considers con-
tact (adhesion) between the materials, thereby
probably significantly reduced accuracy of de-
termining the value of the limit load, which is
capable of supporting element.

5) The above methods require further exper-
imental verification, detailed search for reasons
discrepancies in obtained results, also consider-
ing in the calculation all conditions of the joint
work between two materials, which will signifi-
cantly improve the accuracy of calculations, and
possibly to get the only correct method for con-
crete-filled structures.

Table 1. The limit compression load to the computational model

Method ! 1

2

3 4

N, [kH] 1128

980

815 1045

t under the numbers 1...4 are considered the methods in order of its appearance under subsection 1.1...1.4.

Table 2. Comparison of the results for the computational model

A A(1/2) A(1/3)

A(1/4)

A(1-2), xH | A(1-3), kH | A(1-4), kH

Value

1,15 1,38

1,08

147 312 83
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Tapanska Irop MuxaiiioBu4 — K. T. H., JJOIIEHT Kadeapu MeTajJeBUX KOHCTPYKIii Jlon6achKoi HallioHaIbHOI aKa-
nemii 6ymiBHunTBA i apxitekTypu.Haykosi iHTepecu: BUBYEHHsT AiCHOT pOGOTH MeTaleBUX IPaTyacTuX, GaraTor-
PaHHUX JINCTOBUX i TPYGOOGETOHHUX OTOP MOBITPSHUX JiHill esekrponepenasarnst (I11J1). CTBOpeHHS HOBUX KOHCT-
PYKTUBHUX pilleHb onop BJI i3 3acTocyBaHHAM IPOrpeCUBHUX TEXHOJIOTIH 1 MaTepiasiB.
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PEIIEeTYAThIX, MHOTOTPAHHBIX JHCTOBBIX U TPyOOOETOHHBIX OMOP BO3AYUIHBbIX JrHUl aekrporepenaun (BJI). Co-
37laHIe HOBBIX KOHCTPYKTHBHBIX pemeHuit ornop BJI ¢ nmpumMeHeHreM IPOTPeCCHBHBIX TEXHOJOTUH U MaTepHasIOB.
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