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AN EXPERIMENTAL STUDY ON CREEP OF
CONCRETE FILLED STEEL PIPES
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|. INTRODUCTION _

‘Combining the advantages of both concrete and steel,
one of the alternatives to improve the resistance of steel
members to compression load is to use concrete filled
tubular steel members. Avoiding the problem of buckling
of steel members, this alternative would provide smaller
cross section and improve the structural aesthetics.

Researches and investigations on the load carrying
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capacity of composite structures has been widely carried
out, but not much has been done related to their
time-dependent behavior. Creep, although not
compromising the structural strength directly, was found
to be one of the causes of excessive deformation and crack
occurrence, specially in structures involving concrete
under long time compression. Therefore, although the
phenomenon can not be considered relevant to the
Ultimate Limit State, it may turn into an important point

when considering the design for the Serviceability Limit



B No.2 1992

E

State,
time-dependent behavior is important for the stress and

In addition, the prediction of the structural

deformation control during the erection of the structure,
as well as to its maintenance after completion.

2. ANALYTICAL MODEL

To allow an easy application to 2 FEM analysis in
future, one of the most basic viscoelastic models, the
Kelvin model, was adopted. Fig.| shows the analytical
model, consisting of an elastic spring connected in paraliel
to a dash-pot.

7&(t) +Ecs(t) =alt) (1)
where ¢ (f}=stress
¢ (t}=strain

E.=Young's Modulus
n —viscosity coefficient

and the dot (&) indicates derivation in relation to time.
The applied stress o(t) was assumed to vary
exponentially

at)=co fa+t(1—ge Y (2)
where oo is the initially applied stress and 8 and « are

Thus,
introducing Eq. (2) into Eq. (1) and solving the differential

parameters to be evaluated experimentally.
equation, the following is obtained:

(W= lellme Yt Sae = ()

where §—=E./n and 7 is to be evaluated by applying the
least square method to the measured data.

Ec

-+ — b
- OLE E.0
n KELVIN MODEL

Fig. | Analytical Model

3. CREEP TEST AND MEASUREMENT OF THE
DRYING SHRINKAGE
Long-time measurements were carried out on axially
loaded concrete filled steel columns, so as to obtain the
mentioned viscoelastic which

above parameters,

characterize the structural time-dependent behavior.
{a) SPECIMEN

The specimens consisted of 1.0m long concrete filled
steel pipes with an external diameter of 165.2mm. To
account for the influence of the concrete-steel ratio, three
specimen types, having different steel wall thickness
{4.5mm, 5.0mm and 0.0mm), including one of plain
concrete, were considered. Table | shows the specimen
types and their dimensions.

The material type applied in the fabrication of the
specimen was STKA41 for the steel pipe and the concrete
design strength for the 28th day was 300kgf/cm?®(29.4
MPa). Their mechanical properties are presented in
Table 2. Besides these values, to follow the changes in
the material properties, the concrete Young’s modulus
was periodically measured on test pieces kept under the
same environmental condition as that of the column
specimens.

(b} EXPERIMENTAL METHOD

Due to the difficulty in isolating the strain due to the

concrete drying shrinkage from the ones due to creep, the

_experiment was divided into two parts, namely creep test

and drying shrinkage strain measurements, which were
carried out simultaneously.

Creep strain measurement was carried out on
specimens submitted to long time axial load and drying
shrinkage measurement, on specimens without loading,
with the same dimensions and in the same environmental
condition of those undergoing the creep test.

The experiment was carried out in a laboratory where
the temperature is almost constant during the whole year,

Table | Specimen Types
APPLIED EXTERNAL
EXPERIMENT | STRESS |°FECIMEN|THICKNESS| p5avierep |LENGTH
NAME ty (mm) {m)
Uc {mm)
CR-80-0.0 0.0 165.2 1.0
CREEP | 80kgf/cm? |CR-80-4.5 45 165.2 1.0
CR-80~5.0 5.0 165.2 1.0
SH-0-0.0 0.0 165.2 1.0
DRYING
Okgf/em? | SH-0-4.5 45 165.2 1.0
SHRINKAGE
SH~0~5.0 5.0 165.2 1.0

{1kgf/em? =0.098MPa)

Table 2 Mechanical Properiies of Steel and Concrete

MATERIAL com(i;ésf,zan::y)t;m Youw(i'g?/ncnn?%uz_us ngsTslgw

CONCRETE(28days} 283.98 2.32%108 0.169
STEEL{4.5mm) 4268 2.36% 106 0.291
STEEL{5.0mm) 4455 2.32X 106 0.286

(1%gf/cm? = 0.098MPa)
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so as to lzeep the influence of temperature gradient as
small as possible. Creep strain was assumed to be the
values obtained from the loaded specimen subtracted by
the ones obtained from the specimen without any load.
The load, as shown in Fig.2, was applied by
prestressing bars and measured by means of a load cell.
Strain measurements were obtained in the central part of
the column for the concrete, as well as for the steel. The
measurement points are as it is illustrated in Fig.3.

4. RESULTS

After six months measuring both creep and drying
shrinkage data, the process is now showing a tendency to
stabilize, Fig.4 illustrates the time-dependent behavior
for_one .of the_specimens, showing the measured load
variation with time and the approach curve of Eq. (2),
whose parameters were evaluated based on the measured
data. Except for the initial phase, the curve is in good
accordance with the data.

Drying shrinkage strains measured in each type of
speciemen arerepresented int Fig.5. The curves show that
the strain in the concrete filled columns were very small
compared to¢ the strain in the pure concrete columns,
whose surface is free to interact with the environment.
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The time-dependent behavior of the axial strain in the
concrete and in the steel pipe due to creep is shown in
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Fig.B (a) and Fig.8 (b), respectively. These values were
obtained from the measured data, taking the drying
shrinkage into account. The correspondent curves
evaluated according to the analyvtical model is also
illustrated in the figures showing good agreement with the
experimental data.

Based on the experimental data, the viscoelastic
coefficients were evaluated and their values are shown in

Table 3.
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Fig. 6(b) Steel Pipe Axial Strain Due to Creep

Table 3 Evaluated Viscoelastic Parameters
PARAMETER Blday™")
SPECIMEN EMBEDDED GAGE | STRAIN GAGE
2.20x 1072 1.86%107%
2.26%x107* 1.99x 107!

o | aldays )

CR-80-4.5 | 0.890 | 0.0464
CR-80-5.0 | 0.882 | 0.0460

Table 4 Comparison of Creep Coefficients ¢

JAPANESE SPECIFICATION FOR CONCRETE BRIDGES 2.26

CONCRETE COLUMN 2.12~2.84

CONCRETE FILLED STEEL COLUMN 1.44—1.61

5. CREEP COEFFICIENT

The effect of creep is usually considered in practice in
the form of creep coefficient. According to the Japanese
Specifications, the creep coefficient (¢ —1/¢) is defined as
being the ratio between the final strain value { and the
elastic strain e. Thus, for each type of secimen, this
coefficient was evaluated as being the ratio between the
final predicted value obtained by the -calcuiated
time-dependent curve, when time is infinite, and the initial
strain,when t=0. These values and the ones obtained by
the Japanese Specification method are compared in the
table below.

As it can be seen from the above results, the creep
coefficients obtained for the concrete filled steel columns
is smaller than that of the pure concrete columns and
about 0.7 times the ones of the Japanese Specification,
suggesting that the usually used design values are
conservative.

6. CONCLUSIONS AND REMARKS

Comparing the curves obtained by the substitution of
the viscoelastic parameters into Eq.(3), it seems that they
agree well with the measured data, except for the initial
part of the curve. This difference may be partially
attributed to the simplicity of the analytical model and of
the approach function initially adopted for the applied
stress, which are not able to characterize the complicate
accommodation mechanism of the concrete particles in
early ages. Thus, if other terms were added to the initial
assumption, or more sophisticated models were adopted,
the curves would fit better to the measured data.
However, such measures would lead o complicated
elements in the FEM analysis, which would take an
enormous computation time for the analysis. Thus, when
considering its future applicability, the model herein
presented may be considered satisfactory.

Except for the early ages, the time-dependent behavior
seemed to be well evaluated by the present method, in
particular when it comes to the prediction of the final
creep strain, which is what concerns in terms of design,
where creep coefficient is used.

As for the creep coefficient, the present method
suggests us that the values of the current Japanese
Specification are conservative, The evaluated values
being between 1.6 to 1.7, show that in this kind of structure
the influence of creep phenomenon is smaller than in plain
concrete structures. Furthermore, from the drying
shrinkage measurements it was proved that the strain due
to the concrete drying shrinkage can be neglected in the
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design of such structures.
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