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An understanding of the curing process for fresh 
cement-based materials is essential for material 
research, quality control, and the practical planning 
and implementation of construction projects. In 
order to describe the material properties, the ultra-
sonic pulse velocity (vP), the first amplitude of the 
longitudinal wave and the transmitted frequency 
content can be used. Immediately after mixing, 
cement-based materials show a significant damping 
effect on ultrasonic waves together with low pulse 
velocity. During the course of the curing process, 
the ultrasonic pulse velocities and signal amplitudes 
increase continuously. The ultrasonic pulse velocity 
depends on the used cements, admixtures and addi-
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Characterization of Cement-Based
Materials with Laser-Ultrasonics

Laser Ultrasonics is a scanning, acoustic method for non-contact, non-destructive evalua-

tion of materials. This article describes its application to cement-based materials during 

setting and hardening. The ultrasonic excitation is created by a small amount of ablation 

produced by a short-pulsed Nd:YAG-laser, and the detection on the reverse side of the 

sample is carried out interferometrically by a laser vibrometer. By matching the appropri-

ate pulsed laser beam parameters to the material under study, a reproducible sound exci-

tation was achieved. This allows the interferometric measurement of the ultrasonic pulse 

velocity, vP , as well as the velocity amplitudes of the compressive wave.

tives but also on the water/cement (w/c) ratio, grain 
distribution and air pore content. Since objects can 
be non-destructively investigated without contact 
and at a standoff distance of several meters, laser-
ultrasonic inspection is a preferred technique for a 
number of specific applications. Pulsed lasers permit 
a contactless excitation of longitudinal, shear and 
surface waves directly on the exposed surfaces. The 
resulting velocity amplitudes are measured without 
contact by means of a laser vibrometer using the 
Doppler effect and heterodyne detection. In the 
following paragraphs, the principles of laser-induced 
excitation and interferometric detection of ultraso-
nic waves are described with respect to the specific 
experimental setup that permits the investigation of 
cement pastes and mortars.
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The cement paste with a lower w/c ratio shows a significantly 
stronger increase in velocity. In contrast, increasing the amount 
of water will lead to a delayed and much smaller increase. In 
Fig. 5, the development of the first amplitude of the longitudi-
nal wave is shown as the surface displacement on the detection 
side. The cement paste with a lower w/c ratio shows an earlier 
and steeper increase when compared to the one with the hig-
her w/c ratio. This parameter allows a continuous evaluation of 

The principle hardware configuration is shown in Fig. 1. For 
laser ultrasonic generation, a Q-switched, solid-state Nd:YAG-
laser with a fundamental wavelength of 1064 nm is used (Fig. 
2). To characterize the excited ultrasonic waves, a scanning 
laser vibrometer is deployed which uses a heterodyne inter-
ferometer to detect the acoustic displacements. A sample 
mold with transparent walls was specifically developed for this 
application to allow laser-induced excitation and detection of 
through-transmission ultrasonic waves in setting and harde-
ning mixtures (Fig. 3).Two measuring grids consisting of 27 
measuring points for excitation and detection were created 
and aligned opposite to each other. The data acquisition and 
evaluation was managed by an algorithm implemented in 
LabVIEW. This algorith mallows the automatic detection of the 
compressive wave onset and further signal parameters such as 
the first amplitude of the longitudinal wave and the signal-to-
noise ratio. 

Continuous investigations on cement-based materials during 
the hydration process have been carried out. Further more, 
the local distribution of the ultrasonic pulse velocity, vP, have 
been determined at definite times after mixing. Various cement 
pastes and mortars were investigated. Regarding the cement 
pastes, two different w/c ratios were applied. The mortar 

samples had  various grain size distributions and various PCE-
based superplasticizer content. In Fig. 4 the development of 
the ultrasonic pulse velocity is shown for two cement pastes 
under variation of the w/c ratio. A measuring point in the cen-
ter of the specimens was chosen. The laser ultrasonic measu-
ring sensitivity is sufficient for a through transmission of these 
stronglyabsorbing systems. In the course of the curing, both 
experimental mixtures show an increase in the ultrasonic pulse 

Experimental Setup

Experimental Investigations and Results 

Fig. 2: Laboratory setup: Excitation laser withscanner (right, 
background); positioning stage with sample (center); Scan-
ning LaserVibrometer (left, foreground).

Fig. 4: Ultrasonic pulse velocity vs. hydration time for cement 
pastes with different w/c ratios.

Fig. 1: Laser ultrasonic inspection setup and configuration.

Fig. 3: Testing mold for laser-based ultrasonic evaluation: 
front view with excitation laser spot (left); schematic view 
(center); back view with vibrometer laser (right).
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hydration kinetics. As the microstructure continues to develop, 
the influence of shrinkage processes on the coupling conditions 
becomes clear.

In Fig. 6, the distribution of the ultrasonic pulse velocity of a 
cement paste with a w/cratio of 0.31 at varying points of time 
after the beginning of the hydration is shown. At every point in 
time, similar sound velocities were determined over the whole 
specimen. Therefore, it can be assumed that there are no diffe-
rences in the hydration progress or in the mixture composition 
and that the specimen is homogeneous (Fig. 7, right). The 
comparison of the ultrasonic pulse velocities with time allows 
an evaluation of the hydration kinetics. The distribution of the 
ultrasonic pulse velocity of a mortar sample at 5 h and 24 h 
after mixing is shown in Fig. 8. Over the test piece’s height the-
re are significant differences in the ultrasonic pulse velocities. 
In the bottom part of the specimen higher sound velocities are 
reached which can be explained by a higher aggregate con-
tent. This is due to insufficient mortar sedimentation stability. 
Before stiffening, a settling of the coarse components of the 
aggregate takes place and an enrichment of fine mortar in the 
upper part. This is confirmed by the visual examination (Fig. 7, 
left). Thus, by means of the laser-based ultrasonic transmission 
method, a non-destructive evaluation of local structure diffe-
rences vertical to the through-transmission direction can be 
achieved.

Fig. 5: Evolution of longitudinal wave first amplitude for 
cement pastes with different w/c ratios.

Local Distribution of Elastic Parameters

Fig. 6: Distribution of ultrasonic pulse velocity over a cement 
paste sample. The narrow distribution in velocity across the 
sample at any given point in time indicates that the sample is 
homogenous.

Fig. 7: Mortar M1 with sedimentation phenomena (left) and 
homogeneous mortar M2 (right) with the heights of the mea-
suring points.

Fig. 8: Spatial distribution of ultrasonic pulse velocity in a 
mortar sample. The trend from lower velocities at the top of 
the sample to higher velocities at the bottom indicates an 
inhomogeneous sample. 



Te
ch

ni
ca

l s
p

ec
ifi

ca
tio

ns
 a

re
 s

ub
je

ct
 t

o 
ch

an
ge

 w
ith

ou
t 

no
tic

e.
 O

M
_A

N
_V

IB
-G

-1
1_

20
08

_1
1_

E

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Polytec GmbH 
Polytec-Platz 1-7 
76337 Waldbronn  
Tel. + 49 (0) 7243 604-0 
Fax + 49 (0) 7243 69944 
info@polytec.de 

Polytec GmbH 
Vertriebs- und  
Beratungsbüro Berlin 
Schwarzschildstraße 1 
12489 Berlin  
Tel. + 49 (0) 30 6392-5140 
Fax + 49 (0) 30 6392-5141 

 

Polytec GmbH (Germany) 
Polytec-Platz 1-7 
76337 Waldbronn   
Tel.	+ 49 (0) 7243 604-0 
Fax	+ 49 (0) 7243 69944 
info@polytec.de

Polytec France S.A.S. 
32 rue Delizy 
93694 Pantin Cedex 
Tel.	+ 33 (0) 1 48 10 39 30 
Fax	+ 33 (0) 1 48 10 09 66 
info@polytec.fr

Polytec Ltd. 
(Great Britain) 
Lambda House, Batford Mill 
Harpenden, Herts AL5 5BZ 
Tel.	+ 44 (0)1582 711670 
Fax	+ 44 (0)1582 712084 
info@polytec-ltd.co.uk

Polytec Japan 
Hakusan High Tech Park 
1-18-2 Hakusan, Midori-ku 
Yokohama-shi, 226-0006 
Kanagawa-ken 
Tel.	+81(0) 45 938-4960 
Fax	+81(0) 45 938-4961 
info@polytec.co.jp

Polytec, Inc. (USA)  
North American Headquarters 
1342 Bell Avenue, Suite 3-A 
Tustin, CA 92780 
Tel.	+1 714 850 1835 
Fax	+1 714 850 1831 
info@polytec.com

Midwest Office 
3915 Research Park Dr. 
Suite A-12 
Ann Arbor, MI 48108 
Tel.	+1 734 662 4900 
Fax	+1 734 662 4451

East Coast Office 
25 South Street, Suite A 
Hopkinton, MA 01748 
Tel.	+1 508 544 1224 
Fax	+1 508 544 1225

Advancing Measurements by Light             						              www.polytec.com

Source: InFocus – Optical Measurement Solutions – Issue 2/2008 – ISSN 1864-9203. 

We wish to thank Prof. Dr.-Ing. habil. Jochen Stark, Dr.-Ing. Wolfgang Erfurt and Dipl.-Ing. René 
Tatarin, F.A. Finger-Institute for Building Materials Science at Bauhaus-University Weimar. 

For more information about Polytec Vibrometers please contact your local Polytec sales engineer or 
visit our website. 

Summary and Outlook

The experimental results using laser ultrasonic 
inspection on cement pastes and mortars show that 
ultrasonic through-transmission can be used for a 
non-destructive, contactless investigation of setting 
and hardening of building materials. In order to 
describe the evolution of the material properties, the 
time-dependent and local changes of the ultrasound 
parameters can be used. The ultrasonic pulse velo-
city and the velocity amplitude of the longitudinal 
wave allow a continuous evaluation of the hydra-
tion kinetics. Using the ultrasonic pulse velocity, it 
is possible to show local variations of the mixture 
composition of the investigated cement pastes and 

mortars vertical to the transmission direction. This 
can be used to evaluate the sedimentation stability 
of such mixtures.The experimental setup described 
here enables detection of vibration velocity only in 
the out-of-plane direction. Further investigations 
using a 3-D Scanning Vibrometer which measures 
the complete displacement vector (out-of-plane 
as well as in-plane) have revealed that the velocity 
of propagation of transverse vibration compon-
ents (shear waves) can be simultaneously acquired 
during the hydration. This is an interesting approach 
that allows for a more comprehensive assessment 
of the evolution of the material’s elastic parameters 
including Young‘s modulus and Poisson’s ratio. 


