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Introduction
This research is to study the material characterization
such as the compressive strength of porous concrete
based on the ratio of air-entrained agent of concrete slab
specimen using the cylinder test, NDT methods such as
Impact Echo (IE) method and nanoindentation technique.
Strength prediction using NDT can be obtained from the
relationship between compressive strength and primary
wave velocity. The impact of air ratio, that has been
created by the mix of air entrained agent of 0 %, 0.15 %,
0.3 %, 0.7 % and 1.5 % by weight, in the stress wave
velocity and the compressive strength has been tested
using cylinder test and nondestructive test. The reduction
range of compressive strength and stress wave velocity
has been decreased after reaching the air ratio of about
4%. This paper is to study that The yield compressive
strength, stiffness of concrete and concrete compressive
strength have also been simulated and analyzed based on
the varying air entrained agents of 0 %, 0.15 %, 0.3 %,
0.7 % and 1.5 %, corresponding air content of 1.25 % ,
3 %, 4.9%, 7.8% and 10 % respectively, using
nanoindentation technique.
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Fig.2 The relationship of compressive wave and compressive strength

The tests measuring air contents have been

Impact echo method

conducted based on varying air entrained ration of 0%,

Impact echo (IE) method uses resonant frequency
obtained from the signal processing of data collected
from the tests using an impact source, one transducer, and
data acquisition system as shown in Fig. 1. The details of
this NDT method can be obtained in the literature (Cho,
Y.S. 2003).

0.15%, 0.3% and 0.7%. The corresponding air contents
came out as 1.25%, 3%, 4.9% and 7.8%. In the case of
1.5% of air entrained agent, the corresponding air content
exceeded 10%.
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Fig. 1 Impact echo method
The correlation between the compressive strength
and compressive wave velocity have been developed as

Fig.3 The relationship of air content and compressive strength

shown in equation (1) using the impact echo test. These
results can be used to predict the compressive strength of

The experimental result shown in Fig. 3 represents

concrete based on the stress wave velocities obtained

the relationship between air-contents and compressive

from the nondestructive tests.

The equation (1) have

strength. The result shows that the compressive strength

been developed using the analysis of nondestructive test

has been decreased as the air contents increase. This

results and numerical analysis as shown in Fig. 2.

seemed to have been caused by increasing the AE-agent,

which could have increased the workability of concrete

fractions. It is obvious that for the same

and compact-ability. As Fig. 3 shows, the slope of
compressive strength graph after the air content of 4% is
smaller than before the air content of 4 % because the
compressive

strength

has

increased

due

to

the

improvement of workability and compact-ability.

nanoindentation
The theoretical analysis of nanoindentation data has
been well developed in the last two decade (Oliver et al
1992, Doermer et al 1986, Cheng et al 1998), and here we
summarize its essential ingredients briefly. Fig. 4a shows
the illustration of typical indentation test on homogenous
bulk materials with a sharp indenter (with angle α ) with
an applied indentation load P. The indentation depth
δ can be continuously recorded during the penetration of
indenter into the materials, and the indentation load –
depth curve undergoing one complete cycle of loading
and unloading is shown in Fig. 4b. If friction and the
finite compliance of the measuring system and the
indenter tip are neglected, the hardness, H , and
indentation modulus, Er , of the indented material are:

(a)

(b)

Fig.4 (a) sharp indentation (b) P-δ curve
penetration depth, the indentation load decreases
with increasing porosity due to the presence of voids.
The porosity (air content) is denoted by f.
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AE Fraction

(2)
H= Pmax /A

(3)

E ,ν and Ei ,ν i are Young’s modulus and Poisson’s
ratio of indented and indenter materials, respectively.
Indentation modulus,

Indentation force (F), N
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Fig.5 The influence of the AE fraction on the indentation
force (F) – indentation depth (h)

Conclusion
Here, the S = dP / dδ is contact stiffness and can be
obtained from the slope of the initial portion of the elastic
unloading curve (Fig. 4(b)); γ is a indenter
geometrically dependent correction factor, and is about 1
for a rigid asymmetric indenter (Hay et al 1999, Chen et
al 2006). The projected contact area A is a function of
contact depth δ c ( δ c = δ + δ p )

A = Boδ c2 + B1δ c + B1δ c1/2 + .....
In this equation, Bo , B1 ,..., Bn are constant
coefficients which can be determined by the curve fit.

Numerical Simulation of Nanoindentation
Fig.5 shows the typical indentation force (F) –
indentation depth (h) curves with different AE

1. Compression wave velocity and compressive strength
have the correlation with
2. Numerical simulation using nanoindentation shows that
prediction of concrete compressive strength, yield
strength and stiffness can be possible.
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