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ABSTRACT: Electronic speckle pattern interferometer (ESPI) is used to measure the micro-displacement of interfacial transition zone (ITZ) 
in cementitious materials under temperature fluctuations. The micro-displacement of ITZ is observed at top, bottom, left and right positions 
near a single aggregate, respectively. The maximum displacement of ITZ occurs at temperature 230°C to 330°C and depends on the observed 
position. Displacements of ITZ experience an inverse change as the applied temperature goes beyond 230°C. Out-of-plane displacement of 
ITZ with respect to the distance from the aggregate shows a more stable development than in-plane displacement at all temperatures. Based 
on ESPI measurements, a criterion to determine the ITZ is also presented. The ITZ at bottom position of an aggregate is about 80μm 
evaluated from in-plane displacement and a slight difference from out-of-plane evaluation. Results indicate that ITZ can be determined by 
out-of-plane evaluation at temperature above 50°C.  
 
 
1. INTRODUCTION 

In microscopic view, cementitious materials can be considered as a 
three-phase composite consisting of binder, aggregates and 
interfacial transition zone (ITZ). Among those, interfacial transition 
zone is considered as the weak point that dominates the strength of 
concrete [1]. Many microscopic measurement techniques have been 
used to investigate the compositions and microscopic structure of 
ITZ, such as scanning electron microscopy (SEM) [2-6], 
backscattered electron images (BSE) [7], environmental scanning 
electron microscopy (ESEM) and optical microscopy (OM) [8-9]. 
Other instruments such as X-ray diffraction test [4,10], mercury 
intrusion porosimetry (MIP) [9,11] and micro-indentation test [5,12] 
were also chosen to investigate the material properties of ITZ. Most 
of them distinguish the realm of ITZ by exploiting image, the porous 
and loose characteristic in ITZ. Some researchers have also 
discussed the microstructural features, stress-strain relation and 
microcracks of ITZ at various temperatures [13-15].  

In this study, we attempt to investigate the micro-displacement 
of ITZ in cementitious materials induced by the temperature from 
30°C to 420°C. The composite specimens consist of cement mortar 
and single sand stone (coarse aggregate). Interfacial transition zone 
lies in between the mortar and the coarse aggregate. The 
displacement in ITZ was measured at the material age of 28 days by 
ESPI (electronic speckle pattern interferometer), a non-contacted 
measurement different from SEM. Determination of interfacial 
transition zone is also presented. 
 
2. EXPERIMENTS 

2.1 Materials 

The mortar used in this study composed of Type I Portland cement 
with w/c=0.35 and 20% quartz sand with the particle size about 0.7-
1.0mm and the specific gravity of 2.65. A 50×50×50mm specimen 
contains mortar matrix and a cylindrical sand stone (aggregate) with 
ψ10×15mm located at the center of the specimen, as shown in Fig.1. 
The specific gravity of the sand stone is 2.74 with absorption of 
1.24%.  

 
Figure 1  Specimen with the size of 50×50×50mm. 

The cast specimens were then cured at room temperature (25°C) 
for 28 days before temperatures applied onto them. In this study, we 
investigate the micro-displacement of the specimens at six kinds of 
temperature degrees- 30°C, 50°C, 130°C, 230°C, 330°C and 420°C, 
respectively. Temperatures were applied by surrounding the 
specimens into a chamber of heater with heating rate of 2°C/min 
starting at room temperature. The investigated area of displacement 
is depicted in Fig.2. 

 
Figure 2  Investigated area (20×20mm). 

 
2.2 ESPI measurements 

The micro-displacement of the specimen was measured by ESPI 
with a wavelength of 532μm and precision of 25nm at various 
temperature degrees mentioned previously. The in-plane and out-of-
plane displacement within the measured plane were both observed, 
where the displacement in x-y plane represents in-plane 
displacement, and in the z-direction is out-of-plane, as shown in 
Fig.1. The displacement of the specimen can be found by calculating 
speckle pattern observed by ESPI shown in Figs.3-4. The image 
converted from ESPI can display the displacement with 10nm per 
contour line. It should be mentioned that in Fig.3 and Fig.4, U-field 
interfere pattern was used to measure the in-plane displacement and 
W-field measures the out-of-plane displacement of the specimens. 

      
Figure 3 U-field interfere pattern.   Figure 4 W-field interfere pattern. 

Our experiments focus on observing the micro-displacement in a 
20×20mm investigated area, particularly in the range of ITZ in 
between mortar matrix and single sand stone aggregate, as marked 
by T (top), B (bottom), L (left) and R (right) in Fig.5. The specific 
investigating positions, for example, at R point are d0 (right on the 



aggregate edge), d1 (10μm away from d0), and sequentially up to d12 
(120μm away from d0), as shown in Fig.6. The corresponding 
observed micro-displacements with respect to each observing 
position are denoted as δ0, δ1, δ2…etc. 

    
Figure 5  Measuring points.   Figure 6  Observing position at R point. 
 
3. RESULTS AND DISCUSSION 

The displacement within ITZ caused by external temperature effects 
will change with respect to six designated temperatures, i.e. at 30°C, 
50°C, 130°C, 230°C, 330°C and 420°C respectively. The 
displacement at each observing position around ITZ is measured by 
ESPI when the configured temperatures are reached. This kind of 
measurement is categorized as non-contact technique and can obtain 
the dynamic displacement of ITZ at various temperatures. 
 
3.1 Displacement of ITZ 

The displacements δ were measured at several discrete points from 
the edge of aggregate (d0) to the anticipated edge of ITZ (d12). The 
in-plane displacements (U-field) caused by temperature at T, B, L 
and R points (Fig.5), are summarized in Figs.7-10, respectively. As 
shown in Fig.7, the in-plane displacements on top of the aggregate 
(T point) decrease at 130°C and 330°C as the distance from the 
interface increases. In Fig.8, the behaviors of displacement over 
230°C show no rational patterns due to dissipation of the bonding 
water within cement gel. The ITZ displacements at 30°C and 50°C 
increase with the temperature, and also slightly with the distance 
from the interface at top, left and right points of the aggregate, 
whereas decrease with the distance at bottom point. The caused ITZ 
displacements at L and R points (Figs.9-10) are very similar, 
especially at 130°C and 230°C the displacements reduce with the 
distance from the interface. 
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Figure 7  U-field displacement at T point. 
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Figure 8  U-field displacement at B point. 
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Figure 9  U-field displacement at L point. 
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Figure 10  U-field displacement at R point. 

 
The W-field (out-of-plane) displacements are shown in Figs.11-

14. It can be observed that the temperature effects on ITZ micro-
displacement are less prominent when the temperature goes beyond 
130°C. Generally, the W-field displacement increases with 
temperature till 330°C at T point (Fig.11) and 230°C at the others 
(Figs.12-14). These trends are then reversed as the temperatures 
continue to increase. It appears that the changes of W-field 
displacement are more stable than of U-field with increasing 
temperatures. This may explain why the mortar (or binder) and the 
aggregate are easy to split each other since the thermal stress (the 
difference of the thermal strain) within ITZ in the radial direction is 
greater than that in the longitudinal direction. The results also 
suggest that the ITZ experiences certain inherent changes of 
material properties when temperature goes beyond 230°C. 
 
3.2 Determination of ITZ 

There are many measurement techniques such as SEM, OM, X-ray 
diffraction, micro-indentation and MIP to determine the range of 
ITZ. However, these methods can only observe an object with sizes 
that require sophisticated manufacturing processes. In addition, it is 
also challenging to maintain the object’s original state of the 
interface when using these measurement techniques. As an 
alternative, we use ESPI technique here to determine the range of 
ITZ. 

It is well recognized that the mechanical properties of ITZ are 
weaker than those of mortar (binder) and aggregates. Thereby, the 
displacement of ITZ is supposed to be sensitive to the applied 
temperatures that would alternate material’s mechanical properties. 
From the results in Figs.7-14, we define a non-unit formula to 
calculate the difference of the displacement per unit distance: 
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The formula would give a constant value beyond ITZ due to 
homogeneous structure and thus can be used as a criterion to 
determine the range of ITZ. 
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Figure 11  W-field displacement at T point. 
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Figure 12  W-field displacement at B point. 
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Figure 13  W-field displacement at L point. 
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Figure 14  W-field displacement at R point. 

  
The ITZ determination results are depicted in Figs.15-18 (in-

plane, U-field) and Figs.19-22 (out-of-plane, W-field), respectively. 
The range of ITZ is shown to be 40μm for the top, left and right 
points of the aggregate (Fig.15, 17-18), and 80μm for the bottom 
point (Fig.16). The calculation result is also supported by previous 
observations showing that the microstructure of ITZ at the bottom of 
aggregate is more porous comparing to other locations of the 
aggregate. We can also observe that the ITZ range of B point can be 
determined at room temperature. However, to more properly 
determine the ITZ of T, L and R points, the temperature should be 
increased to 130°C. 
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Figure 15  Range of ITZ from U-field at T point. 
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Figure 16  Range of ITZ from U-field at B point. 

Distance from the interface , d (μm)

0 20 40 60 80 100 120 140

Δδ
 / 

Δd

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

30℃
50℃
130℃
230℃
330℃
420℃

Aggregate-Left

40μm

 
Figure 17  Range of ITZ from U-field at L point. 
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Figure 18  Range of ITZ from U-field at R point. 

 
Figs.19-22 show the results of out-of-plane ITZ determination 

using W-field displacement. Similar to U-field, the ITZ range 
obtained from W-field is also 40μm at T, L and R points (Fig.19, 
21-22). However, W-field ITZ at B point (Fig.20) appears to be 
60μm, which is less than U-field ITZ (80μm). It can also be 
observed that at 50°C, the W-field ITZ determination for all the four 
points is sufficiently sensitive. 
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Figure 19  Range of ITZ from W-field at T point. 
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Figure 20  Range of ITZ from W-field at B point. 
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Figure 21  Range of ITZ from W-field at L point. 
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Figure 22  Range of ITZ from W-field at R point. 

 
4. CONCLUSION 

The micro-displacements of ITZ are investigated under six degrees 
of temperature (from room temperature to 420°C) using ESPI 
measurement technique. We conclude this study as follows. 

(1) The maximum displacement of ITZ occurs at temperature 
230°C to 330°C depending on the position around the aggregate. 
The temperature effects on both U-field and W-field ITZ 
displacement are similar at bottom, left and right points, but slightly 
different for top point.  

(2) From the displacement observed by ESPI, material properties 
(displacement) of ITZ experience an inverse change at 230°C. 

(3) The W-field ITZ displacements at all observing points are 
more stable to temperature changes than U-field ITZ displacements.  

(4) The determined ITZ range at bottom point of the aggregate is 
80μm for U-field observation, and 60μm for W-field observation, 
respectively. The ITZ ranges at top, left and right points of the 
aggregate are determined as 40μm in this study. 
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