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DISMOUNTABLE JOINTS OF CONCRETE FILLED TUBULAR
ELEMENTS

Abstract. The stress-strain state and the bearing capacity of the dismountable joints of
concrete filled tubular elements are investigated. The methods of calculation and constructive
solutions of concrete filled tubular elements with joints are analyzed. Five new types of
dismountable joints are proposed. Experimental studies of concrete filled tubular elements
have been carried out. It was determined that the most effective for compression was a joint
with a steel coupling and for bending the most effective was a joint with longitudinal ribs. The
numerical modeling algorithm is presented; results are verified using experimental tests. A
method for constructing N-M boundary dependences for concrete filled tubular structures is
proposed. Bearing capacity diagrams for concrete filled tubular elements and their joints
have been constructed. The costs of the materials needed to perform the joint as the example
of a real construction for similar loads are analyzed.
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[MonTaBcLKHi HallioHATBHWI TeXHiTHMI yHiBepcuTeT iMeri IOpis Konaparioka

PO3’€EMHI CTUKH TPYBOBETOHHHUX EJIEMEHTIB

Anomauyin. J{ocniodceno HanpydiceHo-0eghopmMosanui cman ma Hecysy 30amuicmbo
pO3’EMHUX cmuKié mpy6obemoHHux enemenmis. Ipoananizosani memoou pO3PAxyHKy ma
KOHCMpYKMUGHI pitientss mpybobemonHux eiemenmie 3i CmuKkamu. 3anpononosaro n'ame
HoGux munie¢ po3’emuux cmuxie. Ilposedeno eKCnepUMeHmanbti QOCTIONCEHHA HAUOLbW
NnepeneKmueHux 6apianmié po3’€MHUX CMUKIE mpybobemonnux enemenmis. Bcmanogneno,
Wo Haubinbw egexmusHuM HA CMUCK GUABUSCA CMUK I3 CManesoi my¢gpmoro, npu
sunpobygannsx Ha 32uM HaUGLbWL egeKkmusHum 6y6 cmuk i3 no3006dvucHiMu pebpamu.
IIpedcmagneno anzopumm HUceibHo20 MOOENIOBAHNS, pe3yrbmanm AK02o niomeepoiceni 3a
00NOMO2010 eKcnepumMeHmanbHux 6unpobyéans. 3anponoHo6ano memoo nobyoosu 2paHuiHux
sanexcnocmeti N-M ons mpybobemonnux koncmpykyii. Ilobyoosano Oiazpamu Hecy4or
s0amuocmi 01 mpy6obemonHux eneMenmie ma ix CMuKie. Ilposedenuii mexHiKo-
CKOHOMIYHUII GHANI3 P03 'EMHUX CMUKI6 Ha nNpukiadi peanbHol cnopyou mop2080-
PO38AACANLHO20 YEHMP).

Kniouosi cnosa: Hanpysiceno-0eghopMoBAHUL CMAH, HeCydad 30amHicms, mpy6o6emonHi
enemenmu, po3 €EMHI CMUKU, YUCENbHE MOOETIOBAHHA.

Concrete filled tube today is one of the most effective composite materials used in
construction. Concrete filled tubular constructions are especially relevant as compressed
elements of structures, in particular columns, and are widely used throughout the world.

However, the most important and difficult task for the design of concrete filled tubular
structures is the performing of joints. It is reccommended to arrange them in the zone of zero
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moments and the main load that they perceive is compression. However, often, especially
during mounting, large bending moments occur in the joints. Therefore, the definition of
tensile forces in the elements of the joints from the effect of external loads is a key issue,
which the answer this work gives.

It should also be noted that the use of dismountable joints has a number of significant
advantages over their integral analogues. In particular, the installation of the structure
accelerates and a number of tasks connected with the dismantling of the building are solved.

The paper is devoted to solving the actual scientific and technical problem of
determining the bearing capacity and describing the stress-strain state of concrete-filled
mbular element dismountable joints on the basis of experimental, numerical and theoretical
studies

The important scientific task of studying the stress-strain state and the bearing capacity
of dismountable joints of concrete filled tubular elements is solved in the paper. The studies
carried out in the work give grounds for making such conclusions:

Five new types of dismountable joints of concrete filled tubular elements have been
proposed and investigated, namely: the dismountable joint of concrete filled tubular elements
with a centering plate, the joint with hidden bolts, the joint with steel inserts, the joint with
longitudinal ribs, the joint with a steel coupling and appropriate patents for utility models
have been obtained.

It has been determined that in the case of experimental tests of samples on central and
monaxial compression, the most effective structure of the joint (which had the highest bearing
capacity) was the joint which was made using the steel coupling with bearing capacity of 10-
13% higher than other samples. In the study of samples with dismountable joints in bending
and with eccentricities of more than 0.5D it was determined that samples with longitudinal
ribs are the most effective ones which had more than twice the higher bearing capacity
compared with the samples with steel couplings and flange connections.

' With a purpose to the possible replacement of a part of the experimental tests by
| mumerical studies in this work a detailed step-by-step algorithm for numerical simulation of a
| CFT element with a dismountable joint is presented. The size of finite elements (FEs) and
| their influence on the simulation results were analyzed. The following CE dimensions were
| taken into account: 15 mm for concrete and steel and 3 mm for bolts. Comparison of stresses
in the compressed and stretched zone of the CFT element showed that numerical simulation
has a high accuracy, the mean square deviation and the coefficient of variation of the data
obtained fluctuated within the range of 5-8%, which is permissible and indicates that the
modeling results correspond to the experimental data.

| The non-iterative method of constructing boundary dependences of N-M concrete-filled
| wubular constructions is presented for the boundary state after reaching the boundary of the
pipe-shell flow. Comparison of the results obtained with this technique, with experimental
data showed a stock up to 17% for central compression and 2-4% for bending. The program is
constructed and implemented in the form of an algorithm for constructing a diagram of the
bearing capacity of the CFT section, taking into account the compressed part of the concrete
core which made it possible to determine the tensile forces perceived by the elements of the
joint. N-M diagrams of bearing capacity for concrete filled tubular elements and their joints
{flanged, with longitudinal ribs and steel couplings) are constructed.

The most rational (with conditions of bearing capacity and material consumption)
design of a dismountable joint is proposed, based on the calculation results for the building of
a shopping and entertainment center in Kremenchuk. It turned out to be a dismountable butt
of concrete filled tubular elements with longitudinal ribs, the steel costs were 13% less than
for the coupling joint and by 54% - than for the flange joint with the same bearing capacity.
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