Air Void Analysis of Hardened Concrete without Colour
Enhancement
Gui Li, Marianne Tange Hasholt and Ole Mejlhede Jensen
Department of Civil Engineering, Technical University of Denmark, Lyngby, Denmark
Keywords: Air void analysis, hardened concrete, optical microscopy, shape from focus (SFF),
focused image
1. INTRODUCTION
Air void structure plays a key role in the durability of concrete structures in cold regions. This is
because water in the microstructure can escape into the air voids which, thereby, effectively reduce
the stresses during cyclic freezing and thawing. This protects the concrete structures from
developing frost damage [1-2]. Therefore, to assure the frost resistance of conventional concrete,
it is necessary to quantify its air void structure.
The most widely used methods for measuring the air void parameters in hardened concrete are the
microscopy-based methods described in ASTM C457/457M-16 [3]. The linear-traverse method
determines the air void parameters by analysing the data that include the number of air voids
traversed by a set of regularly spaced lines and the distances traversed through paste and air voids
along these lines. The modified point-count method counts the number of air voids traversed
through the lines as well, but instead of summing the traverse distances, a grid of points is used to
record the frequency of locations in paste and air voids. Both methods can be conducted manually,
but this is time-consuming, tedious and expensive. In addition, the results can be influenced by
operator judgment. To address these drawbacks, the contrast enhanced methods can be used to
identify the air voids by image analysis. Then colour enhancement needs to be done before the
microscopy analysis. This also needs significant efforts for sample preparation. Furthermore, the
quality of surface treatment can influence the accuracy of test results [4].
In the 1990s, Nayar [5] developed a shape from focus method to analyse the texture of different
objects that have a rough surface. An optical microscope is used to get a sequence of images with
different focus planes. Then the focused image and 3D texture of the object surface can be
reconstructed and the depth map can be computed. In the present study, the shape from focus
method is used to obtain the focused image and the depth information of the concrete surface. This
enables automatic identification of the air void structure in hardened concrete, without pretreatment like colour enhancement.
2. THE PRINCIPLE OF A NEW TEST METHOD: SHAPE FROM FOCUS (SFF)
Before introducing the principle of the shape from focus method (SFF), the image formation
process should be kept in mind. As shown in Fig. 1, when the light rays radiated by a point pass
through the lens, they are refracted and converged at a single point. For a thin lens, the relationship
between the focal length of the lens f, the distance from the point to the lens plane o, and the
distance from the image plane to the lens plane i, follow the Gaussian lens law [5]:

1
1
1
+ =
𝑜
𝑖
𝑓

(1)

Figure 1. Principle of the image formation and the shape from focus method.
(Note: The microscope can be moved from top to bottom as well.)
Therefore, for an optical microscope system, when the configuration of the lens plane and the
image plane is fixed, the only focal plane is defined, see Fig .1. It means that only the surface
points that lie on the focal plane (like SA) will be perfectly focused on the image plane. Other points
located outside the focal plane (like SB and SC) will form defocused or blurred areas on the image
plane (SB” and SC”).
Based on this, when an object with a rough surface is placed on a fixed stage, moving the focal
plane away from the stage by moving the microscope allows getting the focused image of each
point located in different positions, as presented in Fig. 1. For each point on the object surface, it
is possible to determine its degree of focus in different image frames by using a focus measure
operator and then record the displacement of the microscope at the position of maximum focus.
After that, the height of the point with respect to the stage d can be calculated by Eq. (2):
𝑑 = 𝑑𝑓 + (𝑛 − 1)𝛥𝑑
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Where df is the distance between the initial position of the focal plane (𝑛 = 1) and the fixed stage,
which can be measured directly, n is the number of steps, and Δd is the displacement of the
microscope at each step. This procedure allows determining of the height of all points with respect
to the stage independently to get the focused image and the depth map of the entire surface. And

it can also be used to calculate the distance between all points and other planes such as the lens
plane.
3. MATERIALS AND METHODS
3.1. Sample preparation
A concrete sample was prepared using Portland cement CEM I 52.5 N, sea sand, and crushed
granite (4-16 mm). Instead of traditional air entraining agents, suspension polymerized
superabsorbent polymers (SAP) was used to create the air void structure in the hardened concrete.
The total w/c was 0.52, and the SAP dosage was 0.4% relative to the mass of cement. The SAP
absorption capacity was 17 g/g. The percentage by volume of sand and coarse aggregate was
approx. 23% and 35%, respectively. The sample was cast in a cylindrical mould (Ø 150 mm × 300
mm) and demoulded after 24 hours. Then the sample was cured in a polythene bag at 20 ± 1 ℃. 14
days after mixing, a 20 ± 1 mm thick specimen was cut from the cylinder perpendicular to the end
surfaces. Finally, the surface of the specimen was ground with successively finer silicon carbide
abrasive papers (grit sizes corresponding to 75, 35, 17.5 and 12.5 μm).
3.2. Image acquisition and preliminary analysis
A Nikon SMZ25 stereo microscope equipped with NIS-Elements software was used. The
specimen was placed on the fixed microscope stage and adjusted, so the test surface was horizontal.
The magnification was 70× (obtained by an objective lens with the magnification of 2× and a zoom
of 35×). After setting the displacement of the microscope (Δd = 10 μm) and the number of steps (n
= 51), the program digitized and stored images at each position.
The NIS-Elements software was used to obtain the preliminary results, see Fig. 2. The software
module is based on the so-called extended depth of focus method (EDF), instead of the shape from
focus method. The principle of EDF is different from that of SFF, but both methods can be used
to obtain the focused image and the depth information of the object surface [6]. As shown in Fig. 2
left, it is impossible, without colour enhancement, to distinguish air voids from aggregates by using
traditional threshold segmentation methods directly. However, due to the difference of depth
between air voids and the rest of the test surface, air voids can be identified from the depth map
presented in Fig. 2 centre via a threshold segmentation method, see Fig. 2 right. Thus, preliminary
results illustrate that it is generally possible to distinguish air voids from aggregates based on the
depth information. However, some air voids are not detected, and this is the topic for further
investigations.

Figure 2. Images obtained by the NIS-Elements software in the microscope system.
Left: Focused image; Centre: Depth map; Right: Binary image.

3.3. Upcoming work
In the near future, the SSF method will be used to process and analyse microscope images. After
image acquisition, a modified Laplacian focus measure operator is used to determine the degree
of focus of each pixel [5]. Based on this, the image frame with the maximum sharpness measure
at each pixel is determined. After that, the focused image and depth map of the concrete surface
can be obtained to enable analysis of the air void structure of hardened concrete.
To test the accuracy and robustness of the SFF method, a comparison between the results obtained
by the SFF method and that of the modified point-count method will be performed. A study will
also be conducted on influencing factors including the brightness and resolution of images, the
number and magnitude of the displacement steps, the smoothness of the specimen surface, etc.
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