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INTRODUCTION
Impacts of rockfall causes a lot of damages to 
infrastructure facilities. The ensuing forces during 
the impact are not known. In our contribution we 
show same examples of impact analyzes on differ-
ent materials. In the last years, many experiments 
have been carried out with different falling bodies 
on ground materials. New instruments were used 
to measure the deceleration during the impact. The 
main goals of the experiments were to determine 
the influence of the falling height and resulting 
impact velocity and the mass of the block on the of 
penetration depth. The results are useful for the 
design of galleries and other constructional mitiga-
tion measures for protection against rockfall. In our 
paper we want to show how the different materials 
and their support structure influence the decelera-
tion process. We compare the measurement results 
of deceleration from four different test configura-
tions. Within the tests we used the same block  
(800 kg) and the same falling height (5 m). 
We analyse the velocity during the impact and 
compared also the penetration paths. The results 
show significant correlations and differences 
between the four different materials and their 
support structure. 

TEST SETUP AND ANALYSIS 
A Block with a weight of 800 kg was dropped from 
a height of 5 m on different cushion and soil 
materials (Fig 1). The following series of free fall 
tests has been executed three times: 
– 40 cm compacted gravel cushion on a   
 concrete slab 
– 120 cm cellular glass cushion on a concrete slab 
– 50 cm of non-compacted soil on top of bedrock 
– 130 cm of compacted soil on top of bedrock

Every test has been recorded by four co-linear 
acceleration sensors. The capacities of the sensors 
were 500 g where g is the acceleration due to 

gravity. The measurement interval was 3 s at a 
sample rate of 2-5 kHz. 
The four sensors showed slightly different values 
because each sensor was measured independently 
and had a slightly different zero point. With a 
calibration of the data, the error could be corrected. 
With the integration of the corrected deceleration 
values we gained the velocity during impact. A 
further integration delivered the dynamic penetra-
tion depth. At the maximum value of the penetra-
tion depth of the deceleration was determined.
Then the deceleration curves for each braking were 
analyzed. This has been normalized in both axes for 
both time after impact and also the deceleration 
value. The braking time was set at 100% as well as 
the maximum value of the deceleration. This 
allows further comparison of each braking event 
and a comparison of four different configurations. 
The analysis of the results are explained and 
compared with a well known formula.

RESULTS 
The maximum value of deceleration was measured 
with the thin, compacted gravel cushion on a con- 
crete slab with (1710 m/s2). In comparison the 
minimum deceleration was measured with the 
cellular glass test (425 m/s2). Also a large difference 
in the penetration depth occurred. With the thin 
cushion we calculated a penetration depth of  
6.7 cm and with the cellular glass a depth of 39 cm. 
In the other two tests the maximum penetration 
was between 720-805 m/s2 and the penetration 
depth between 10.5-11.8 cm (Fig. 2). 

The normalization of deceleration paths with the 
maximum value shows that the tests with the 
compacted materials are almost identical. The 
maximum value of deceleration lies about 10% of 
the braking time. When the deceleration curve of 
the compacted gravel is at the the maximum value 
(10% of the braking time), the curve of the com-
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pacted scree test is at the same normalized time  
still around 60%. The two other curves show the 
maximum value of deceleration near 80% of the 
braking time. There are differences, especially in 
the first 40% of the braking time (Fig. 3).

DISCUSSION 
In all experiments, the time of maximum decelera-
tion occurred during the braking time. For the 
compacted materials in the first 10% of braking 
time. For the other two materials near 80%. The 
dynamic behavior is especially visible in the test 
with the thin layer of gravel. The bearing on the 
concrete slab plays an important role. After a very 
strong impulse in the first phase of the braking time 
the underlying concrete slab is accelerated down-
ward, and the projectile falls into the void. This is 
clearly visible because the deceleration decreases to 
0 before the final stop of the body. In the other 
experiments, the value of the deceleration falls to g 
(acceleration due to gravity) after the braking time.

Figure 1. Test set up with celular glass

Figure 2. Measurements of deceleration Figure 3. Normalisation of deceleration path


