23287

MODELLING FLEXURAL BEHAVIOR OF PRECAST REINFORCED CONCRETE PILES

FEM
Flexural behavior

PRC piles

1. Introduction

Damages to prestressed concrete piles during the 1995
Hyougoken-Nanbu earthquake? has led to investigations over
their ultimate behavior. This paper uses data from experiments on
precast reinforced concrete (PRC) pile specimens?. The purpose
is to investigate flexural behavior of those piles through a finite
element model, focusing on the moment and displacement
capacity under various axial load ratios. The ultimate limit strain
of concrete is also evaluated.
2. Finite element model

The two tested PRC piles were hollow, prestressed high-
CI10and C12 D?. They were
identical, except for different axial load ratios of n=0and 7n=

strength concrete piles :

0.22, respectively. Both specimens were modelled with line
elements using fiber-type section discretization in OpenSees®
software.
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Fig. 1: PRC pile specimens in experiment and analysis: (a) FEM
geometry, loading and boundary conditions, (b) fiber section of
the elements, (c) location of displacement gauges to compute
curvature (d) strain gauges on concrete and (e) strain gauges on

prestressing tendons

Figure 1.a shows geometry, loading and boundary conditions of

the model. The elements used are displacement-based beam-
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column elements. Each displacement based element consist of 5
integration points, using the fiber section of Figure 1.b and Gauss-
Lobatto integration method. The fiber section consist of 32
concrete fibers in the circumferential direction and 6 in the radial
direction, resulting in 192 fibers. Prestressing tendons and mild
reinforcement are modelled with 16 fibers. Second order P-A
effects are considered in the solution using the geometric
transformation.

3. Material models

Material properties in reference?

are used. Both prestressed
tendons and mild reinforcements are modelled using SteelMPF¥
model from OpenSees library (cf. figure 2.a), while the concrete
is modelled with Concrete04”, with degraded

unloading/reloading stiffness according to the work of Karsan-

linear

Jirsa® and tensile strength with exponential decay « =0.05 (cf.
figure 2.b). Parameters has been determined® from cylinder tests
and splitting test for concrete, and tensile test for steel.
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Fig. 2 Material models during cyclic loading in Opensees: (a)
SteeIMPF and (b) Concrete04.

4. Analysis results

The vertical deflection of the mid-span (node 5) was controlled
during the cyclic loading in experiment and analysis by
incrementing the vertical displacement with loads applied at
nodes 4 and 6. Moment, stress-strain and curvature in the mid-
span section of the model are recorded at the right-end section of
element 4. Moment in the mid-span during the experiment is
calculated as the sum of the first order moment from applied
lateral load, and the second order moment from recorded
deformations and applied axial load. Curvature is obtained from
the displacement gauge readings along the mid-span section (see
figure 1.d).

Comparisons between experimental and analytical results are
provided in figure 3.a and 4.a. A good agreement in the general

behavior is observed. In terms of moment, the numerical model
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Fig3 Specimen C 1 0 7
strain in prestressing tendons, (c) moment-strain in concrete.

= 0 : comparison between numerical and experimental results : (a) moment-curvature, (b) moment-
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= 0.22 : comparison between numerical and experimental results :

(a) moment-curvature, (b)

moment-strain in prestressing tendons, (¢) moment-strain in concrete.

slightly underestimates the moment capacity, with discrepancies
in the range of -10 to -20 kN.m, which represent -10 % of the
moment capacity at 7 =0, and -6 % at 71 =0.22.

The strain gauges readings of the prestressing tendons (cf.
figure 1.e) up to the first yield are compared with the model in
figure 3.b and 4.b. In these figures, the model is in agreement with
the experiment, by assuming a perfect bond between prestressed
tendons and concrete. The strain gauges readings of the surface
concrete (cf. figure 1.d) up to the first crack are compared with
the model in figure 3.c and 4.c. These figures show a good
agreement between numerical model and experiment. Beyond the
first plastic deformations, the accuracy of both concrete and steel
model cannot be assessed from experiment because the strain
gauges did not function.

5. Ultimate limit strain of concrete

The ultimate strain of concrete in the analysis is defined at the
ultimate curvature observed in the experiment. According to the
analysis, failure of C_I 0 (7= 0) occurred before reaching the
peak strain ¢ ,; of the concrete cylinder test, at a strain ¢ o, =
2920 u (0.97 € 1) while failure of C 12 O (5= 022)
occurred after reaching the peak strain ¢ ,, of the concrete
cylinder test at a strain ¢ ., =3299 u (1.04 ¢ ,»). Discrepancies
of these results needs to be investigated with additional

specimens.

6. Conclusions

The model is able to accurately predict the pile’s response in
term of hysteresis degradation and material deformation, while its
moment capacity predictions are slightly conservative.

Additional specimens will be modelled with higher axial load
ratio, and tensile axial load. The results will be compared with the
predictions using AIJ guideline’s concrete models, in order to
evaluate their safety and accuracy. Furthermore, the influence of
other parameters such as pile diameter, thickness, and concrete
strength will also be evaluated using this modelling approach.
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