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Abstract

One of the challenging problems in mountainous regions is protecting pipelines from impact load due to the rockfall. Rockfall
characteristics and impact loading have studied by many researchers, however there is still a lack of large-scale studies about the
impact of rockfall on steel buried pipes. This study primarily aims to evaluate the response of buried steel pipe under large-scale
impact tests, both with and without geotextile bags filled with granular waste rubber with a specific simple geobag configuration
in a trench over a steel buried pipe. In order to investigate the response of steel buried pipe, rock penetration, impact force during
penetration, circumferential strain and vertical deformation of the pipe were recorded. The results showed that using geobags
increases the time of impact loading. Also, vertical deformation of buried pipe during the impact was affected by geobags.
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1 INTUDUTION

Buried pipeline systems are widely utilized for the
transportation of water, sewage, oil, natural gas, and various
other materials. However, under the influence of various
external forces, buried pipelines can face numerous hazards,
including rupture and breakage, which can lead to major
safety incidents such as oil and gas leaks, fires, and
explosions (Liu et al., 2010; Zhang et al., 2016).
Mountainous regions present particularly challenging
conditions for these lifelines due to the risk posed by high-
impact loading from rockfalls.

Numerous researchers have investigated rockfall
characteristics and impact loading (Bangash, 2009; Ronco
et al.,, 2009; Yuan et al., 2015; Tavakoli Mehrjardi &
Karimi, 2021; Babagiray et al., 2023). A falling rock has the
potential to damage buried pipelines traversing
mountainous slopes and terrains. To accurately determine
the deformation and strain values of buried pipelines
subjected to impact loads in such environments, it is first
necessary to evaluate the magnitude of the load and the
contact area of the rock as it penetrates the ground. More
recently, Tavakoli Mehrjardi and Karimi (2021) examined
the response of buried steel pipelines to impact loads using
finite element numerical modeling and validated empirical
equations related to wvertical deflection, through-wall
bending stress, and penetration depth of the drop weight.

In recent years, materials such as geosynthetics and
recycled automobile tires have gained attention in
geotechnical improvements. The use of tires has several
advantages over other materials. The first benefit is its
environmental aspect, as it promotes the reuse of worn-out
vehicle tires for alternative purposes, reducing their

accumulation in landfills or their incineration. Additionally,
due to the use of recycled materials, project costs are
significantly reduced. Tavakoli Mehrjardi et al. (2012,
2013, 2015) conducted large-scale laboratory experiments
(physical model) to reduce strain in buried pipes and
minimize settlement of trench surfaces under heavy cyclic
loads. Moreover, Ghazavi and Kavandi (2022) investigated
the dynamic properties of sand-rubber crumb mixtures in
both homogeneous and layered conditions with different
volumetric percentages of rubber crumbs under cyclic
triaxial testing. The results revealed that for a fixed rubber
crumb percentage, the layered condition exhibited lower
shear modulus and higher damping ratio compared to the
homogeneous mixture.

This study primarily aims to evaluate the response of
buried steel pipe under large-scale impact tests, both with
and without geotextile bags containing granular waste
rubber with a specific simple geobag configuration in a
trench over a steel buried pipe. The objective was to
investigate pipeline responses, including rock penetration,
impact force during penetration, circumferential strain, and
vertical deformation under the impact of a large spherical
mass.

2 EXPERIMENTAL INVESTIGATION

To establish a well-founded correlation between the
prototype and large-scale models, efforts were made to scale
the geometries of the trench and pipe in a manner that
ensures similar performance between the two models. This
scaling process involved reducing the drop height, burial
depth, diameter, and thickness of the buried pipe. The goal
was to ensure that the ovality of the pipe (defined as the ratio



of vertical pipe deflection to the initial diameter) and the
through-wall bending stress ratio remained consistent
between the prototype and large-scale models. To develop a
comprehensive scaling rule for this problem, both the
dimensional analyses proposed by Tavakoli Mehrjardi and
Karimi (2021) and Tavakoli Mehrjardi et al. (2024). Also,
the required empirical equations for design of steel buried
pipe were recommended by the American Lifelines Alliance
(ALA, 2001).

After considering a specific prototype model and
conducting a series of trial-and-error tests, the relevant
parameters for the large-scale tests, as outlined in Table 1,
were determined. Fig. 1 illustrates the configuration of both
the prototype and large-scale models. It should be noted that
other parameters, such as the diameter and weight of the
falling mass, the width of the trench, and the type of soil
within the trench, were kept consistent between the
prototype and large-scale models. The details of the large-
scale model are provided in the subsequent sections.

Table 1. the values of the crucial parameters for prototype and
large-scale models

falling burial pipe pipe wall

model Pipe height depth diameter thickness
material
(m  (mm)  (mm) (mm)
prototype steel 28 600 400 12
large scale steel 4.5 340 220 6

2.1 Materials properties

A granular soil type was used as the filling material in
the trench. The properties of the soil, classified as SP in the
Unified Soil Classification System, along with the rubber
grains, are provided in Table 2. The tire grains utilized in
these tests were by-products of used car tires, produced by
a local company. Additionally, the grain size distribution of
the soil and rubber grains is shown in Fig 2, respectively.

Table 2. Geotechnical properties of used sand and tire grain
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Fig. 1. Schematic configuration of impact issue for a) large-scale and b) prototype models (Tavakoli Mehrjardi et al. 2024).
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Fig. 2. Grain size distribution of the used sandy soil and rubber
grains

After empirical analysis a woven geotextile with tensile
strength of 100 kN/m was used to prepare geo bags with
dimensions of 0.5x0.6x0.1 and 0.5%0.6x0.05 m in length,
width and height respectively to evaluate the effect of
thickness of geo bag on response of buried pipe. Other
specifications of the geotextile are provided in Table 3.

Table 3. Specifications of the geotextile used in tests

Weight Tensile
Material Texture type (ar /312) strength
g (KN/m)

Polyester Woven 700 100

It should be noted that the pipes selected for both the
prototype and scaled models conform to the specifications
of the oil and natural gas industry, APl 5L (2004). The
geometry and technical properties of the selected pipe for
the large-scale model are provided in Table 4.

Table 4. Technical properties of steel pipe used in tests

. wall
Ie(nLg)th dla(rgt)eter thickness E gy
® (MPa) (kg/cm?)
m - m
3 0.22 0.006 2 x 105 2400

2.2 Testing set-up and program

The large-scale physical modeling, developed at Kharazmi
University, incorporated a free-fall impact apparatus
designed to drop a spherical steel weight of 760 kg with a
diameter of 0.56 m from a maximum height of 4.5 m (the
distance from the center of gravity of the falling mass to the
trench surface), imparting a maximum Kinetic energy of
33.55 kJ. As shown in Fig. 4, the steel pipe was buried in a
trench with dimensions of 4 m (length) x 0.68 m (width) x
0.6 m (height), which was constructed within a large pit
measuring 4 m (length) x 2 m (width) x 2 m (height). The
pipe was placed on a 40 mm thick layer of soil as a bedding
material, and the burial depth (the distance between the
pipe’s crown and the trench surface) was maintained at a
constant 0.34 m. For backfilling, the trench was filled in
three stages with soil of a specific weight to achieve a
relative compaction of 85%. To examine the effects of geo
bag thickness and encapsulation, the bags were placed in
three configurations: one bag with dimensions 0.5 x 0.6 x
0.05 m, one bag with dimensions 0.5 x 0.6 x 0.1 m, and two
bags with dimensions 0.5 x 0.6 x 0.05 m placed on top of
the pipe. The remainder of the trench was then filled with
soil to maintain the pipe’s burial depth at 0.34 m. The tests
were labeled according to the pattern "number of bags - bag
thickness." Table 5 presents the list of tests with their
corresponding short names, which were conducted in this
study.

Table 5. Tests names and conditions

Bag .
Test condition Test name Dimensions Drop height
(m)
(m)
No Bag NB - 45
1B- 0.05 0.5x0.6x0.05 45
With Bag 2B- 0.05 0.5x0.6x0.05 4.5

1B-0.1 0.5x0.6x0.1 4.5
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2.3 Instrumentation

To evaluate the pipe's performance in terms of local
and global buckling, it is necessary to investigate the wall
strains, particularly the circumferential strains (Tavakoli
Mehrjardi et al., 2012, 2013; Moghaddas Tafreshi et al.,
2012). Therefore, two strain gauges were installed to
measure the circumferential strains: one on the crown,
labeled “CC,” and another on the side of the pipe, labeled
“CS.” Additionally, a strain gauge was installed on the
crown in the longitudinal direction, labeled “L,” to record
the longitudinal strain of the pipe. An LVDT was also
employed to measure the diametric strain of the pipe
(vertical deformation divided by the initial pipe diameter).
It is important to note that all strain gauges and the LVDT

were placed at the centerline of the affected area.
Furthermore, a one-dimensional accelerometer was
mounted on top of the falling mass to record the deceleration
of the mass and the impact force generated during the mass's
penetration. Fig. 5 provides an overview of the free-fall
impact apparatus and the instrumentation used for both the
falling mass and the pipe.

It should be noted that the raw accelerometer data were
potentially affected by environmental noise due to the
significant contact force between the falling mass and the
ground, which caused wave reflections. In this study, the
raw acceleration data were filtered using a low-pass
Butterworth algorithm in MATLAB, with the dominant
frequency being extracted via Fourier transformation.



e

(@)
Fig. 5. Testing set-up a) an overview of the free-fall impact apparatus b) instrumentation for the falling mass and the pipe (Tavakoli mehrjardi et

3 RESULTS AND DISCUSSION

In this section, the response of pipe-trench system
including the produced impact force, the pipe’s strain and
ovality during the penetration of the falling mass are
analyzed and discussed.

3.1 Impact force characteristics

Fig. 7 shows the variation of impact force (defined as
the product of the mass of the falling weight and
deceleration) versus time with drop height of 4.5 m for all
tests. As it can be seen, the time span of penetration was
increased with adding geo bags. This can be due to the fact
that the deformability of geo bags including rubber grains is
high because of high porosity due to the large grains of
rubber and high deformability of rubber grain themselves.
Moreover, it can be seen that maximum impact force when
using geo bags is higher than that of when no bag was used.
This stems from the higher deformability of the bags filled
with rubbers and interfering its deformation with the
stiffness of the buried pipe.
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Fig. 7. Impact force- time histories for first drop of 4.5 m height

3.2 Pipe Deflection

Fig. 9 illustrates the circumferential strain observed at
the crown (CC) and springline (CS) of the pipe, as well as
the longitudinal strain (L) during impact from a height of
4.5 m for all tests. Notably, the strain at the pipe crown was
higher than that in the longitudinal direction. This
discrepancy, apart from differences in rigidity, can be
attributed to the fact that in the longitudinal direction, the



confinement is less pronounced compared to the transverse
direction, leading to lower bending stress in the longitudinal
direction (Tavakoli Mehrjardi et al., 2024). It should be
noted that the measured strains exceeded the yield strain of
0.12% for the utilized steel pipe, indicating that the pipe's
material underwent plastic deformation. Based on the
obtained strain values, the through-wall bending stress in
the pipe exceeded the permissible range recommended by

ALA (2001). Therefore, as the next step, the configuration
of the geo bags on the buried pipe should be modified to
reduce pipe deflection and strain.

In addition, Table 7 shows the values for important
parameters, reflecting different aspects of the pipe-trench
response under impact loading.
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Fig. 9. Time histories for a) circumferential strain at crown, b) longitudinal strain and c) circumferential strain at springline of the pipe.

Table 7. Values of variable parameters considered in current experimental study

Drop Height (m) 4.5

Test Name NB 1B- 0.05 1B-0.1 2B- 0.05
Penetration Depth (m) 0.251 0.190 0.184 0.181
Crown Strain 0.0013 0.0018 0.0021 0.0025
Ovality 0.0193 0.024 0.028 0.029
Duration of the Impact (s) 0.0315 0.0433 0.0449 0.0467
Peak deceleration (m/s?) 529.29 583.52 606.63 621.75




4 CONCLUSIONS

This study primarily aims to evaluate the response of
buried steel pipe under large-scale impact tests, both with
and without geotextile bags containing granular waste
rubber with a specific simple geobag configuration in a
trench over a steel buried pipe. During the tests, impact
forces, circumferential strain, and vertical deformation of
the pipe were measured. To establish a reliable connection
between prototype and large-scale models, a comprehensive
scaling rule was applied, ensuring that the responses of both
models converged to similar values. The key findings from
these experimental tests are summarized as follows:

— The time span of penetration and peak impact force

was increased due to presence of geobags.

— The peak impact force, vertical deflection and
strains of pipe in crown, springline and longitudinal
direction was increased by increasing the thickness
of geo bags.

— The strain of pipe crown was larger than that of
longitudinal direction in all conditions.
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