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THE AIM -TO UNDERSTAND THE CHANGES
OF ULTRASOUND-WAVE SPEED (US) AND
ACOUSTIC EMISSION (AE) AS A RESULT
OF SOIL LOADING/UNLOADING. 



LOCATION: DUNE SAND FROM
THE ASHDOD BEACH (SOUTHERN
ISRAEL) WAS SELECTED FOR THE
EXPERIMENTS. 



SAND TYPE: THE SAND IS CATEGORIZED AS “SP” BASED ON THE
UNIFIED SOIL CLASSIFICATION SYSTEM (USCS).

0
10
20
30
40
50
60
70
80
90

100

0,01 0,1 1 10

% passing
Grain size, 

%
 p

as
si

ng
 (c

um
ul

at
iv

e)



THE EXPERIMENTS WERE CARRIED OUT USING
FOUR TYPES OF DRY SAMPLES AS FOLLOWS: 
- NATURAL DUNE SAND
AND
ITS THREE EXTRACTED FRACTIONS: 
- 2.36-0.6MM, 
- 0.6-0.3MM, 
- 0.3-0.075 MM. 

THE AVERAGE VALUE OF BEGINNING DENSITY
FOR ALL SAMPLES WAS 1.67±0.03 GR/CM3. 



THE EXPERIMENTAL SYSTEM USING AN
OEDOMETER INSTRUMENT (THE MATEST INC.)



FOR THE EXPERIMENTS THE SAMPLES WERE PREPARED IN
THE FIBERGLASS LOAD CELL (BLUE RING IN FIGURE) WITH
AN INTERNAL DIAMETER OF 51.6 MM AND HEIGHT OF 31.5 
MM. 

LOAD CELL



The load increment was 5 kg. 
The maximal load applied to the samples was 30 kg 
that corresponds to the maximal applied stress 
level – 143.5 kPa. 
At each increment of loading the final deformation 
value was measured using a displacement gauge

LOADING PROCEDURE



Two ultrasonic sensors were located at both ends of the soil 
samples.
US sensors were connected to the pulse generator (TG5011A) 
and the digital oscilloscope (GDS1054B), respectively. 
The Open Wave software was used for the data recording to a 
PC. The US wave speed was measured using the first arrivals 
method.

US HARD/SOFTWARE



The AE sensor located at the fixed bottom end of the load cell 
was connected to the “Micro SHM” monitoring system 
(Mistras/Physical Acoustic Inc.). 

The “AE win” for Micro SHM software was used for data 
recording to the PC. 

AE HARD/SOFTWARE



The AE measurements were performed continuously at each 
loading stage from the moment of load application (US generator 
in switched off position) till cessation of AE hits.
Just after the AE cessation, the record of AE was stopped and the 
US generator was switched on for US measurements. 
After the completion of US measurements the US generator was 
switched off again and the procedure of sample loading with 
simultaneous AE measurements was repeated.

US VS. AE MEASUREMENT
PROCEDURE



Left: The changes of relative US wave speed vs. strain variation for four used soil samples. 

Right: The changes of relative US wave speed vs. applied stress variation for four used soil samples.

“Dnatural”, “D0.6-2.36”, “D0.3-0.6” and D0.075-0.3 in the (b) and (c) figures’ key to symbols stand for natural dune 
sand, fractions 0.6-2.36 mm, 0.3-0.6 mm and 0.075-0.3 mm, respectively

'L' and 'UL' keys mean the loading (full line) and unloading (dashed line) branches, respectively.

THE RESULTS OF US MEASUREMENTS



The experimental results show
-- that the increase of stress level causes the
rise of p-wave speed in the range of 480-640 m/s
for all studied samples.
-- the difference between the values of the US
wave speed during loading and unloading
(dashed lines) the samples: the maximal
difference is for the coarsest fraction, the
difference for the natural dune sample is also
essential, the difference in US wave speed
values between loading and unloading
branches for two fine fractions is insignificant.

THE RESULTS OF US MEASUREMENTS

It can be seen a significant difference
between the changes in the US speed
during sample loading and unloading
(dashed lines).
The values of the US wave speed gradually
increase with increasing strain and
sharply drops when the strain decrease
(unloading branch).



Left: The normalized strain value (calculated as the ratio of the value of strain at loading increment to the 
maximum strain value) vs. AE hits number per loading (full circles) /unloading (empty circles) increment 
stage. 

Right: The normalized stress value (calculated as the ratio of the value of stress at loading increment to the 
maximum stress) vs. AE hits number per loading (full circles) /unloading (empty circles) increment stage. 

“AEnatural”, “AE0.6-2.36”, “AE0.3-0.6” and AE0.075-0.3 in the figures’ key to symbols stand for natural dune sand, 
fractions 0.6-2.36 mm, 0.3-0.6 mm and 0.075-0.3 mm, respectively

'L' and 'UL' keys mean the loading (full line) and unloading (dashed line) branches, respectively.

THE RESULTS OF AE MEASUREMENTS



Analysis of both figures portrays that an essential increase of the number of AE hits 
(AE events) begins at the range 0.65-0.7 of maximum normalized stress/strain level. 
Maximum measured values of AE hits were measured at the range 0.8-1 of maximum 
relative stress/strain. These two observations concern the loading branch of the 
samples (full circles). 
During the samples unloading (empty circles) only single AE hits were recorded. 
Summarizing, the analysis of AE behavior indicates gradual increase of the AE 
activity with increase of stress and strain levels for all studied samples, while a 
minor AE activity during all soil types unloading is observed.

THE RESULTS OF AE MEASUREMENTS



CONCLUSIONS:

ONE CAN SEE THE DIFFERENCE IN THE
BEHAVIOR OF THE TWO STUDIED PHENOMENA
– US WAVE SPEED AND AE:

IN THE STRESS INCREASE BRANCH: GRADUAL
INCREASE IN US-WAVE SPEED AND SHARP
EXCITATION OF AE ACTIVITY.

IN THE STRESS RELAXATION BRANCH: ABRUPT
DECREASE IN US -WAVE SPEED AND MINOR
EXCITATION OF AE SIGNALS.
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