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Abstract 
 
Non-destructive methods can be used for quality control during the production of civil 
engineering infrastructures such as pavements, bridges, tunnels, and piles. Three 
examples are presented here where relatively simple seismic measurements are used for 
quality control of pavements, stabilized soil, and the backfill material in segmental 
lining tunnels. Results show great potential for improved efficiency in quality control 
during the production of civil engineering infrastructures. 
 
 
1.  Introduction 
 
The production of new and rehabilitation of old infrastructure are associated with large 
costs and risks over the complete life cycle of the structures. Quality control is often still 
based on very coarse and slow destructive spot testing like core drilling. The 
development of improved non-destructive methods and equipment, opens up new 
possibilities for large scale quality assurance and continuous measurements during the 
production of civil engineering structures. These methods can be used as tools during 
the production providing direct feedback about material properties improving the 
production procedures and final quality of infrastructure systems. 
 
2. Seismic testing of pavements and stabilized soil 
 
Seismic surface wave testing can provide valuable data for material characterization of 
pavement layer properties and stabilized soil. The thickness and stiffness of the top 
layer in a pavement construction can be evaluated in a simple manner based on Lamb 
wave propagation in a free plate [1]. A method based on full-wavefield inversion has 
been developed for the evaluation of deeper embedded layers [2]. 
 
It has been shown that a directional microphone can be used as an air-coupled sensor to 
pick up the out-of-plane motion created by supersonic surface waves propagating over a 
concrete surface [3]. In recent years this approach has been studied further focused on 
air-coupled non-destructive characterization of concrete and pavements [4,5]. Figure 1a 
shows an example where a 48-channel array of microphones is mounted behind a 
vehicle for non-contact surface wave measurements on pavements. A small steel ball in 
a thin rope is bouncing on the pavement surface acting as the seismic source while 
driving [6]. Results in Figure 1b shows an example of seismic data recorded while 
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driving in 30 km/h. The faster air coupled leaky surface wave is visible just above the 
slower direct acoustic wave propagating in the air only. 
 

  
(a) (b) 

Figure 1. (a) Microphone array attached behind car and (b) resulting seismic data while driving in 
30 km/h.  
 
This type of non-contact measurements using audio microphones as receivers opens up 
the possibility for faster and more economically pavement testing in the future. 
 
3. Seismic testing of tunnel liner backfill 
 
Tunnel Boring Machines (TBM) are now used in many cities for the production of new 
tunnels built with segmental concrete tunnel liner elements. To secure the structural 
stability of the tunnel the backfill should support the lining by filling the annulus 
volume between the tunnel lining and the rock wall. There is a need for efficient quality 
control of the status of the backfill behind segmental linings (filling grade and stiffness), 
typically used with a TBM. Destructive and time consuming proof drilling through the 
water tight lining is still used in many cases. 
 
To address this problem, a new non-destructive technique, Impact Echo Q-factor, for 
quality control of the status of the backfill was developed at the Hallandsås tunnel in 
Sweden [7]. The method is an extension of the Impact Echo method with a modified 
data analysis and data collection procedure [8]. The quality factor (Q) of a damped 
oscillation is a measure of the trapped energy to the energy dissipated per cycle. This 
makes Q a sensitive probe of energy losses. Q can be calculated in frequency domain 
from peak frequency and the width of the resonant peak where the amplitude is 0.707 
(half-power bandwidth method) of the peak amplitude. The calculated Q-factor can be 
directly related to the quality of the backfill as illustrated in Figure 2.  
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(a) (b) 

Figure 2. Schematic example of (a) good quality backfill with a low Q factor and (b) poor backfill 
with a higher Q-factor.  
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