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ABSTRACT: The transportation of gas through pipes is of utmost importance for any modern society.  The 
network of pipelines in large cities or industrial plants are subjected to accidental damages and vandalism ac-
tions and the consequences of leakage or explosions of such pipes can be very serious, commonly implicating 
losses of human lives and significant material damages. One common type of damage to a buried pipe is that 
caused by an excavating or perforating tool, and serious consequences of such events have been reported in
the literature. This paper investigates the use of geosynthetics to protect buried pipes against damages caused
by excavating tools. To assess the influence of the presence of the geosynthetic protective layer, model scale
tests were performed on an instrumented steel pipe buried in dense sand. A wedge like tool was forced to 
penetrate in the sand mass and the effects of such penetration on the pipe behaviour were assessed. Geosyn-
thetics were installed at different locations in the sand mass to protect the pipe under different arrangements. 
The results obtained showed that the presence of the geosynthetic protective layer in the soil caused a signifi-
cant increase on the force required for tool penetration and reductions on the pipe strains in comparison to the 
situation without the protective layer. The results obtained show the potential for the use of geosynthetics as
protective layers for buried pressurised. 
 
 
1  INTRODUCTION 

Nowadays the need to keep up with the development 
of urban, industrial and even rural areas, has de-
manded the construction of wide networks, with 
several tracks of underground buried pipes in those 
areas. The products transported by these pipelines 
range from water and sewage to more dangerous 
materials, like gas. In those areas, the occurrence of 
accidents involving these structures is not rare. One 
of the main causes of accidents is the unawareness 
of existence of these buried pipes. A research devel-
oped in Europe revealed that the most common 
causes of the accidents with buried pipes that trans-
ported petroleum products and crude oil, involved 
excavation machines and agricultural equipments. In 
69% of the cases, neither the operator of the ma-
chine had knowledge of the existence of the pipe, 
nor the gas or oil company operator had of the con-
struction works taking place (CONCAWE 2002). 
Most of the accidents with pipelines are originated 
from damages caused by impacts of excavating tools 
(CONCAWE 2002, NTSB 1999, 2000, 2004 and 
2007, Tupa and Palmeira 2007). These accidents, 
especially the ones that involve pressurized pipes, 

usually lead to explosions or fires and bring serious 
consequences to the environment and the society, 
usually involving fatal victims. 

In order to contribute with solutions that lessen 
the consequences of this accident type, Tupa and 
Palmeira (2007) showed the efficiency of the use of 
geosynthetics to minimize the effects of explosions 
of buried pipe. Also with that same objective, the 
present work studied the use the geosynthetics as a 
protective layer, avoiding or minimizing damages in 
buried pipes caused by impacts from the action of 
excavating tools. To assess the influence of the pres-
ence of the geosynthetic protective layer, model 
scale tests were carried out using an instrumented 
steel pipe buried in dense sand. 

2 EQUIPMENT AND METHODOLOGY 

Tests were conducted in a rigid steel box (800mm 
long, 500mm wide and 600mm high), shown in Fig-
ure 1. The box frontal face was made of acrylic. In 
this box, the sand mass was prepared using the sand 
rain technique to obtain a dense and uniform soil 
mass. The soil used in the tests was an uniform me-
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dium sand, with particle diameters ranging from 
0.5mm to 2.2mm and coefficient of uniformity of 
2.30.  

An instrumented steel pipe (75mm in diameter 
and 1.5mm thick) was buried in the dense sand. 

The penetrating object was simulated by a rigid 
steel plate 100mm high and 20mm thick and with a 
length approximately equal to the rigid box width, 
yielding to plane strain testing conditions. The pene-
trating plate was driven in the soil by the action of a 
hydraulic cylinder, which reacted against a reaction 
frame. The load applied by the cylinder and the dis-
placement of the tool were measured by a load cell 
and by displacement transducers, respectively. Fig-
ure 1 presents schematically the test setup. 

 

 
Figure 1. Scheme of the model tests. 

 
The pipe was instrumented with electric strain-

gauges installed at different locations along the pipe 
perimeter. The strain-gauges allowed the measure-
ment of strains in the pipe during the penetration of 
the plate into the soil.  

In order to assess the total pressure increments 
caused by the penetrating plate during the tests, total 
pressure cells were installed at different locations in 
the soil mass around the pipe. 

A woven geotextile and a geogrid were used to 
reinforce the soil mass. The woven geotextile is a 
polyester material, with 550 kN/m tensile stiffness. 
The geogrid was also manufactured with polyester, 
with 20mm wide square apertures and a tensile stiff-
ness equal to 200 kN/m. Three types of reinforce-
ment arrangements were employed: (i) horizontal 
layer; (ii) inverted U; and (iii) enveloped. These ar-
rangements are shown in Figure 2. A horizontal rein-
forcement layer was installed above the pipe in the 
first and simplest arrangement. Tests with the hori-
zontal reinforcement layer at depths (zr) of 35.5mm 
(half the pipe diameter D) and 75mm (pipe diameter 
D) were carried out to assess the influence of the 
depth of installation of the reinforcement. In the tests 
with reinforcement layer at depth (zr) of 35.5mm 

only the geogrid was used. An inverted “U” ar-
rangement was also employed aiming to increase the 
anchorage of the extremities of the geosynthetic 
layer. The third arrangement was as a layer envelop-
ing completely the pipe (Fig. 2). 

Additional information on the test equipment and 
methodology are reported by Andrade (2009) and 
Palmeira and Andrade (2009). 

 
 

Figure 2. Reinforcement arrangements tested. 

3 RESULTS AND ANALYSES 

3.1 Influence of the presence of the reinforcement on 
the resistance against object penetration 
One of the objectives of this study was to evaluate 
the increase on the resistance against plate penetra-
tion in the sand mass. 

Figures 3(a) to (c) show the results of load (P) 
applied to the penetrating plate against the distance 
(d) between the top of the buried pipe and the plate 
tip for tests with and without the presence of a geo-
synthetic reinforcement layer at a depth equal to the 
pipe diameter (75mm). In Figure 3(a), the results of 
the test with a geogrid reinforcement layer installed 
at a depth zr = 37.5mm (D/2 in Fig. 2) are also pre-
sented. In Figure 3 the codes RP and RP* stand for 
the conditions where the depth of the upper horizon-
tal part of the reinforcement layers is D and D/2 re-
spectively. 

Figure 3(a) shows the results of the tests using a 
horizontal geosynthetic layer. For zr = 75mm (D in 
Fig. 2), no significant differences between the results 
with and without reinforcement are noticed from the 
beginning of the test (d = 150 mm) until the moment 
that the plate tip was approximately 100 mm from 
the pipe (d = 100 mm). After that, the smaller the 
distance between the plate and the reinforcement the 
greater the force needed for the penetration of the 
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plate in the soil mass in comparison to the situation 
without the reinforcement layer. At the end of the 
tests, it was observed that the load level required for 
plate penetration in reinforced tests was approxi-
mately 2.5 times higher than those values in the un-
reinforced tests. For the test with a geogrid rein-
forcement layer installed at a depth zr = 37.5mm 
(D/2) the influence of the reinforcement is noted ear-
lier in the test, when the distance between plate tip 
and reinforcement layer reaches 18mm, but at the 
end of the test the results are similar for both situa-
tions (zr = D or D/2). 

Figure 3(b) shows the results of the tests with the 
inverted U arrangement. For this arrangement it can 
be observed that, at the end of the tests, the force re-
quired for plate penetration in the reinforced ground 
was up to 5.5 times greater than that for the unrein-
forced ground, depending on the reinforcement type 
considered. The performance of the geogrid layer 
was slightly better than that of the geotextile during 
most of the test, but the final perforating load of the 
former was slightly lower, with a sudden drop on the 
value of d and with a regaining of strength at the 
later stages of the test, immediately after the plate tip 
has reached the upper horizontal part of the rein-
forcement layer (RP, in Fig. 3b). 

The results obtained in the tests with the enve-
loped arrangement are represented in the Figure 
3(c).  This arrangement was the one that presented 
the best performance. In this case, the final load at 
maximum penetration for the reinforced cases was 
up to 9.3 times greater than that of the unreinforced 
soil mass. The benefits of the use of the geogrid 
where smaller than that of the geotextile, due to the 
possibility of passage of sand grains through the 
geogrid apertures, which influenced the mobilisation 
of bearing forces at the grid transverse members. 

3.2  Influence of the presence of the reinforcement 
on the strains in the pipe   
Figure 4 presents the maximum strains suffered by 
the buried pipe, at points where the strain-gauges 
were installed (along the external perimeter), for a 
plate load equal to the value reached at the end of 
the test without reinforcement. The convention for 
strain signs is that compressive strains are negative 
and tensile strains are positive. 

In most of the cases, the largest pipe strains oc-
curred in the test without reinforcement, mainly at 
the pipe crest and bottom. 

In addition, despite the plate load for the enve-
loped arrangement test having been 9.3 times greater 
than that of the unreinforced case, it was observed 
that the strains in the pipe for the enveloped ar-
rangement were still smaller than those measured in 
the unreinforced test (Palmeira and Andrade 2009). 

(a) Horizontal layer 
 

 

(b) Inverted U 
 

 

(c) Enveloped 
 
Figure 3. Vertical plate load versus plate distance to the pipe. 
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(a) Horizontal layer 
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(b) Inverted U 

 
(c) Enveloped 

 
Figure 4. Distributions of pipe strains along the pipe perimeter 
for a plate load equal to the maximum value obtained in the un-
reinforced test. 

4   CONCLUSIONS 

Based on the results obtained in the testing program, 
it is possible to draw the following conclusions: 

 
• In all the tests, the presence of the geosyn-

thetic increased the load necessary for the 

penetration of the plate in the sand mass. The 
enveloped arrangement was the one that pre-
sented the largest resistance against plate 
penetration, particularly for the test with the 
geotextile; 

• The presence of the reinforcement also re-
duced the strains in the pipe, particularly for 
the envelope arrangement; 

• In the field, the need for larger loads for the 
penetration of a excavation tool provides bet-
ter protection to the pipe. In addition, the 
possible exhumation of the reinforcement 
layer after tool extraction may help an unad-
vised machine operator to realize the exis-
tence of a buried piping at the site. 
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