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Fig.1 Cross-Section of column with concrete-filled
double-skin steel tubes (CFDST)
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Fig. 2 Cross-Section of column with concrete-filled
double-layer steel tubes (CFDLT)
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Tablel Mechanical properties of materials
a) Steel tubes
Categories | fy (MPa) & (%) Es (GPa) ou (MPa) & (%) Diameter-to-thickness ratio (d/t)
#190.7%6 389 0.174 223 457 41.1 31.8
$#89.1x3.2 394 0.198 199 450 34.1 2738
Note : fy = yield strength of steel, & = yield strain of steel, Es = modulus of elasticity, ou = ultimate
strength, & = ultimate strain, d = diameter of steel tube, t = thickness of steel tube
b) Concrete
os (MPa) & (%) Ec (GPa)
59.4 0.230 404
Note : o = compressive strength of concrete cylinder,
& = the strain corresponding to peak stress,
Ec = initial tangent stiffness
Table2  Column specimens
Specimens 70=0.5 Outer steel tube Inner steel tube ps (%)
15-CFDLT #89.1x3.2 filling with concrete (solid section) 15.2
N/(Aso'fyot AsifyitAc: oB) $190.7x6 - -
15-CFDST #89.1x3.2 with hollow section 18.7
Note : 7o = axial force ratio, N = axial load on column,  Aso = area of outer steel tube, Asi = area of inner steel tube,

fyo = yield strength of outer steel tube, fyi =

cross-section,
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a) 15-CFDLT b) 15-CFDST

oB = compressive strength of concrete cylinder,

yield strength of inner steel tube, Ac = area of concrete in

ps = steel ratio

All dimensions in mm.

#190.7%6

c) Section 1-1

d) Section 2-2

Fig. 3 Details of specimens
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Fig. 4 Details of test setup
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Fig. 5 Measured Q-R and &-R relationships
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where, D is the diameter of outer steel tube (or the diameter of column), Y is the distance between the neutral axis and
axis of symmetry, fyo is the yield strength of outer steel tube, fyi is the yield strength of inner steel tube, os is the

compressive strength of concrete cylinder.

Neutral axis

Axis of symmetry

Outer steel tube Inner steel tube Concrete
a) 15-CFDLT
f Axis of symmetr

Neutral axis % yo Y y
-f yi \ -O'B
\ = N\
" \
B . [N SRR = (S G < R
_fyi
Outer steel tube Inner steel tube Concrete

b) 15-CFDST
Fig. 6 Assumption of stress blocks for ultimate moment
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Fig. 7 Photographs of specimens after tests
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Fig.9 Concrete compressive pre-peak and post-peak
response
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where, fy is the yield strength, f, is the ultimate strength,
g is the strain at yield strength, &  is the strain at
ultimate strength, Eo is the initial elastic tangent, b is the
strain-hardening ratio (ratio between post-yield tangent
and initial elastic tangent). In this study, the values of f,
fu, &, &', Eo are based on the results of tensile test.
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Fig. 11 Comparison of experimental result and
numerical result (15-CFDLT)
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Fig. 12 Comparison of numerical results
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