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Fig. 1. Regions for unconfined, partially confined, and highly confined concrete in various composite cross sections
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Mix ID Coarse Fine  Cement Water Silica Super  Steel Slump
Aggregates Aggregates fume Plasticizers Fiber
(kg/m?) (%) (%) (mm)
Pattern I 928 823 405 155 45 0.8 0 10
Pattern IT 928 823 405 154 45 1 0.75 12
Pattern Ill 928 823 405 154 45 1.1 125 12
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Table 1.Mix Design
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Specimen ID B xD f, fys fus fyr L S Ve

(mm) (MPa)  (MPa) (MPa)  (MPa) (mm)  (mm) (%)
C-S4F0 150 x 150  55.75 253 371 312 300 40 0
C-S4F0.75 150 x 150  56.85 253 371 312 300 40 0.75
C-S4F1.25 150 X 150  57.76 253 371 312 300 40 1.25
C-S6.5F0 150 x 150 53.12 253 371 312 300 65 0
C-S6.5F0.75 150 x 150 55.18 253 371 312 300 65 0.75
C-S6.5F1.25 150 x 150 56,09 253 371 312 300 65 1.25
C-S13F0 150 X 150 53,63 253 371 312 300 130 0
C-S13F0.75 150 x 150  56.39 253 371 312 300 130 0.75
C-S13F1.25 150 X 150  57.56 253 371 312 300 130 1.25
H-S4F0 150 x 150  54.49 253 371 312 300 40 0
H-S4F0.75 150 x 150  55.96 253 371 312 300 40 0.75
H-S4F1.25 150 X 150 56.43 253 371 312 300 40 1.25
H-S6.5F0 150 x 150  52.69 253 371 312 300 65 0
H-S6.5F0.75 150 x 150 55.90 253 371 312 300 65 0.75
H-S6.5F1.25 150 x 150 56.90 253 371 312 300 65 1.25
H-S13F0 150 X 150  53.12 253 371 312 300 130 0
H-S13F0.75 150 x 150  56.19 253 371 312 300 130 0.75
H-S13F1.25 150 x 150  57.01 253 371 312 300 130 1.25
NOTE:

Fig. 3. test setup
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fc = Concrete compressive cylinder strength f,s = Steel section yield strength
fus = Steel section ultimate strength,

f,r = yield strength of longitudinal reinforcement bars

V¢ = Steel fiber volume percentage

Table 2.Geometric and material properties of test specimens
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Fig. 5. Axial capacity of concrete encased steel composite stub column
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C-S4F0 - - - - -
C-S4F0.75 1.06 1.46 - -
C-S4F1.25 1.61 - 1.93 - -
C-S6.5F0 - 0.71 - 0.90 -
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Table 4. Parameters of SRFC specimens
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C-S4F0 1271 1309 1346 1.059 1.028
C-S4F0.75 1292 1331 1374 1.064 1.032
C-S4F1.25 1309 1349 1396 1.067 1.035
C-S6.5F0 1222 1257 1266 1.036 1.007
C-S6.5F0.75 1261 1298 1309 1.039 1.008
C-S6.5F1.25 1278 1316 1331 1.042 1.011
C-S13F0 1232 1268 1224 0.994 0.966
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Table 3.Comparison of tes results with Codes.
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Fig. 7. Toughness ratio of concrete encased steel composite stub column
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Abstract

Concrete and steel are materials with extensive use in human construction activities. Concrete is a material
with high stiffness which is less expensive than other available construction materials, and steel is a material
with high strength and ductility. Steel-concrete composite structural systems have been utilized in the
construction of high-rise buildings due to their superior structural behavior. Fibrous concrete-encased steel
columns are one of the most important composite structural members in which the axial load is carried by the
steel and concrete at the same time. These columns are attracting the interest of many researchers due to their
excellent structural performance under both static and seismic loading conditions. The steel-concrete
interaction enhances the performance when carrying monotonous and earthquake loading. Reinforcing steel
fibers help control crack propagation and prevent brittle failure in concrete through improving aggregate
interlocking and thus enhance the properties of concrete including the tensile strength and ductility. This paper
aims to investigate the axial capacity of fibrous concrete-encased steel composite stub columns. A total of 36
specimens with different cross-sectional shapes of steel profiles, including H-shaped and C-shaped, were
tested, and axial parameters and compressive behavior were investigated. The variables of the research
included the shape of the steel profile (H-shaped and C-shaped), steel fiber volume ratio (0%, 0.75%, and
1.25%), and the stirrup spacing (40, 65, and 130 mm). The results showed that the loading capacity of fibrous
concrete-encased steel columns was affected by the shape of the steel profile inside. In this regard, the use of
the H-shaped steel profile in the columns led to a higher axial loading capacity than the use of the C-shaped
steel profile, due to greater confinement provided by concrete in columns with this section type (H-shape).
Moreover, the addition of fibers significantly increased the ductility of these columns in comparison with those
without fibers, and also, the addition of fibers increased the axial capacity of the steel-concrete composite
columns by 6%. On the other hand, given the results, it is found that the stirrup spacing had a considerable
effect on the load-carrying capacity of these columns, in that by increasing the stirrup spacing, due to the lower
confinement of the column, the axial load-carrying capacity declined. In this regard, as the stirrup spacing
increased, the decline in this parameter reached up to 11% for the columns with the H-shaped profile and 9%
for the columns with the C-shaped profiles. Furthermore, the results of this study showed that the specimen
with the H-shaped steel sections, 1.25% fibers, and the stirrup spacing of 40 mm generally were the optimal
specimens in terms of the axial load-carrying capacity and ductility in comparison with the other specimens
under study. All the specimens had almost similar damage patterns up to their failure. The difference was that
the specimens containing fibers experienced failure mainly in the form of the crushing of concrete cover and
its breakage from the middle of the column height, due to greater integrity of the concrete structure in these
specimens. However, in the specimens without fibers, a considerable portion of the concrete cover was
completely detached from the column.

Keywords: Composite Steel-Concrete Columns, Confinement, Steel Reinforced Concrete, Axial load-
carrying capacity, Fibrous concrete, Ductility



