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STUDY ON UNIAXIAL COMPRESSION PERFORMANCE OF
PRECAST CIRCULAR SEMI-CONTINUOUS CONCRETE FILLED

STEEL TUBULAR COLUMNS

ABSTRACT

The "14th Five-Year Plan" for the Development of the Construction
Industry proposes to vigorously develop prefabricated buildings, increase
the integrated application of high-performance concrete technology,
improve the prefabricated concrete building structure system suitable for
different building types, and promote green construction methods. This
indicates that prefabricated buildings have a broad and in-depth
application prospect in the future and represent the development direction
of high-quality and environmentally friendly buildings. Due to its high
performance, environmental protection, and ease of prefabricated
construction, the steel tube concrete structure has become a preferred
solution for prefabricated buildings. When using steel tube concrete
structures for construction, ensuring the reliability of structural
connections is particularly critical. This is not only related to the safety
and stability of the building but also an important prerequisite for
achieving efficient and green development goals in prefabricated
buildings.

This article proposes a prefabricated circular semi-continuous steel
tube concrete column based on bolt-outer steel tube connections to

address the connection issues of steel tube concrete structures. This
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column consists of upper and lower steel tube concrete columns precisely
assembled by bolt-outer steel tube connectors. To delve into its bias
performance, this article employs a combination of experimental research
and theoretical analysis. The main research contents and achievements
are summarized as follows:

(1) Experimental research on the bias of 14 prefabricated circular
semi-continuous steel tube concrete column specimens (including 10 bias
specimens and 4 axial compression specimens) was conducted. We
analyzed the strain variation patterns at 16 locations on different
components of the specimens, displacement variation patterns at 3
locations on different components, and the influence of eccentricity (e),
slenderness ratio (1), bolt diameter (d), and outer steel tube thickness (#1)
on the mechanical properties of the specimens. The mechanism of the
influence of these four parameters on the performance of bolt-sleeve
connectors was clarified. Additionally, strain coordination among various
components under ultimate bearing capacity was analyzed, revealing the
load transfer mechanism of the specimens. Experimental results indicate
that the bolt-outer steel tube connection method aids in more effectively
utilizing the hoop effect of the outer sleeve. The failure mode of long
columns (1=64) is bending instability, while that of short columns (1=13)
is strength failure. Excessively thick outer steel tubes can degrade
connector performance and reduce the ultimate bearing capacity of
specimens. Specifically, when #; increases from 5Smm to 8mm, the
ultimate bearing capacity of the specimens decreases by approximately
18.94%. Similarly, excessively large bolt diameters can compromise
connector performance and decrease the final load-bearing capacity. For
instance, increasing d from 12mm to 18mm reduces the ultimate bearing

capacity by about 35.78%. Furthermore, it was observed that the strain
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coordination among various components of both long and short columns
is poor under ultimate bearing capacity. The load transfer primarily
occurs through positive compressive stress, shear stress, and steel
tube-concrete surface friction. The load transfer mechanism is complex
and requires coordination among various components.

(2) Based on the N-M curve calculation methods specified in
Eurocode 4, AISC 360, and GB 50936, we conducted verification
calculations for the bias bearing capacity of 10 bias specimens and
evaluated the applicability and accuracy of these three specifications on
the specimens. The calculation methods prescribed by Eurocode 4, AISC
360, and GB 50936 were found to be conservative. In the prediction
results, the mean ratios of predicted ultimate bearing capacity to
experimental values were 0.731, 0.686, and 0.505, respectively, with
variances of 0.0218, 0.0191, and 0.0060, respectively. By optimizing the
traditional N-M curve calculation method, we propose a new N-M curve
calculation method based on material strength and traversal of the neutral
axis. Using this optimized N-M curve calculation method, we calculated
the cross-sectional bearing capacity of the 10 bias specimens and
evaluated the applicability and accuracy of the optimized N-M curve in
predicting the bearing capacity of the specimens.The optimized N-M
curve accurately predicts the ultimate bearing capacity of short columns,
but there is a significant overestimation error in predicting the ultimate
bearing capacity of long columns. In the prediction results, the mean and
variance of the ratio of the predicted value of ultimate bearing capacity to
the experimental value are 1.275 and 0.1605, respectively.

(3) Using a multi-component coupling system analysis approach, an
in-depth analysis of the ultimate bias bearing capacity of 14 prefabricated

circular semi-continuous concrete-filled steel tubular columns was
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conducted at the component level. The types of components within the
multi-component coupling system were identified, the coupling
relationships between components were revealed, and a simplified
formula for calculating component coupling relationships was established.
Based on the multi-component coupling system analysis method, a
prediction method for the ultimate bias bearing capacity of prefabricated
circular semi-continuous concrete-filled steel tubular columns was
developed, taking into account component size, failure mode, and bearing
capacity. The mean ratio of the predicted bearing capacity Ppre-u to the
measured values P, using this method is 0.970, with a variance of 0.0005.
This confirms the applicability and accuracy of the proposed ultimate
bearing capacity prediction method for prefabricated circular
semi-continuous concrete-filled steel tubular columns.

KEY WORDS: prefabricated concrete-filled steel tubular columns,
eccentric compression, N-M curve, multi-component coupling system,

ultimate bearing capacity
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