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Abstract

Purpose. This research presents experimental modeling and numerical analysis on reducing stress and protecting buried
pipelines using three arrangements techniques of expanded polystyrene (EPS) geofoam blocks: embankment, EPS block
embracing the upper part of the pipe and EPS blocks as two posts and a beam.

Methods. An experimental model consisted of steel tank with boundaries dimensions depending on the diameter of the pipe
located at the center of it. The backfill on the pipe was made from sand and embedded EPS blocks with two techniques: EPS
block embracing the upper part of the pipe and EPS blocks form two posts and a beam. Series of experiments were carried out
using static loading on rigid steel plate to measure the pipe deformations and strains, as well as backfill surface displacement.
The numerical analysis was used to simulate the experimental model using the finite element software program PLAXIS-3D.

Findings. The results reveal that the most effective method which prevents stress on the buried flexible pipe was EPS post and
beam system followed by EPS embracing the upper part of the pipe. The results obtained from the numerical analysis and the
experiment demonstrate the same trend. The parametric study shows that EPS post and beam blocks model has higher surface

displacement than embracing the upper part of the pipe model, which is more effective in case of high rigidity of the pipe.
Originality. Reducing stress on buried pipes using different geofoam shapes to find which one is the optimum method.

Practical implications. Two configurations of EPS geofoam blocks — EPS block embracing the upper part of the pipe and
EPS blocks post and beam system - ensure successful stress reduction and protect buried pipes.
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1. Introduction

Underground utilities such as conduits and buried pipe-
lines systems are used for transmitting or distributing urban
commodities. Underground utilities are expected to resist
stresses from dead and live loads on pipes. The buried struc-
tures problems caused by stresses are ring bending, axial
stress, radial deformation and longitudinal bending. These
problems may lead to leaks or breaks in a pipe network [1].
The expanded polystyrene (EPS) geofoam was used as a
lightweight construction material as early as in 1972 for the
roadway project in Norway, while in the USA foam blocks
were first used in 1980s.

Because of such advantages of EPS as its light weight,
low cost, thermal resistance, vibration damping and com-
pressible properties, it has been used in different technolo-
gies in many countries during last decades. Geofoam is also
used to solve many important engineering problems associat-
ed with settlement, bearing capacity of weak layers, and
slope stability [2]-[6]. Kim et al. (2010) [7] presents the
experimental research into the optimal geometry of an EPS
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block which resulted in the vertical pressure decrease by
about 31%-36%. In case of horizontal pressure, reduction
was 37% for double layers of EPS and 5% for a single layer
of EPS, respectively. Thus, the results may be different de-
pending on the width of EPS, while double layers of EPS
provide better solution for reducing the earth load on a pipe.
Ahmed et al. (2013) [8] studied the interaction between the
earth pressure acting on the backfill and the wall of a rigid
PVC pipe subjected to cyclic and static loading conditions.
The results demonstrated that the embedded EPS 15 geofoam
block reduced the earth pressure on the rigid pipe.

Hussein (2015) [9] found that EPS block located over the
pipe brings about a significant reduction in the measured
stress especially, at the crown and invert locations. Bartlett et
al. (2015) [5] illustrated different systems of EPS geofoam
used for protecting buried pipelines through or under road-
way and railway: imperfect ditch, slot-trench cover system
with EPS block, EPS embankment system, and finally post
and beam EPS system. The authors tried to utilize a post and
beam method in a project to protect pipes from moving. They
used two EPS blocks on both sides of the pipe as posts and a
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capping EPS block (beam) was placed on top of the two
posts. The results show that the maximum vertical stress in
the two posts is about 60 kPa, while the maximum vertical
stress in the beam is about 20 kPa, which is acceptable for
stress of EPS 29. Tarek et al. (2018) [10] studies the effect of
four techniques with EPS geofoam on reduction of the earth
pressure on flexible buried pipes using the experimental and
numerical models. The following geofoam techniques were
used: EPS embracing the upper part of the pipe and EPS
forming post and beam with the head void.

The results show that the best two models are EPS block
post and beam and EPS block embracing the upper part of the
pipe part. Abdollahi and Tafreshi (2018) [11] studied the
embedded EPS post and beam model in reinforced and unre-
inforced backfill soil. The results show that a denser EPS
block reduces the beam deflection and soil surface settlement.
The EPS density has no major effect on the beam stress. Bahr
et al. (2019) [12] used experimental model tests to study the
stress reduction techniques of EPS geofoam and deformation
of buried pipes and the soil backfill behavior under static
loading. The most effective low-cost methods with embedded
EPS blocks were with sand. According to Meguid et al.
(2020) [13], their results confirmed that the EPS blocks with-
in the backfill material enhance the response of the shallow
buried pipes subjected to repeated loading. This research
investigates reduction of the stress and deformation of un-
plasticized polyvinyl chloride (UPVC) buried pipes using two
methods of embedded geofoam blocks by performing a series
of experimental model tests under static surface loading. The
experimental results are compared with the finite element
software program PLAXIS-3D of the same model.

2. Materials and methods

2.1. Materials

2.1.1. Sand

Sand used in this research was passed onto sieve No. 4
(4.76 mm). The graph in Figure 1 illustrates the sand particle
distribution by size, while Table 1 shows the properties of
the used sand.
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Figure 1. Distribution of sand particles by size

2.1.2. EPS foam

The properties of EPS 20 geofoam blocks are listed in
Table 1. The direct shear box test of EPS blocks was carried
out according to ASTM 5321 [14], and the unconfined com-
pression test [15], [16] confirmed that the EPS geofoam
satisfies ASTM 6817 [17].
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Table 1. Properties of materials

Property Sand  EPS 20 UF.)VC
pipe
Unit weight (kN/m?) 155 0.197 14
Modulus of elasticity, E (kN/m?) 11000 5000  2x108
Specific gravity, Gs 2.69 - -
Internal friction angle, ¢° 32 9 -
Cohesion, C (kN/m?) 1 22 -
Axial Rigidity, EA (kN/m) - - 4590
Flexural rigidity, EI (kN-m?/m) - - 55
Poisson’s ratio, v 0.30 0.15 0.4

Figures 2 and 3 show the mechanical properties of EPS
geofoam.
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Figure 2. Stress- strain relationship of EPS geofoam blocks
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Figure 3. Shear strength of EPS from Direct Shear Box

2.1.3. Pipe

The UPVC pipe used in the experiments is 110 mm di-
ameter and 600 mm long, with thickness of 4 mm. Specifica-
tion of the UPVC pipe according to the manufacturer is
shown in Table 1.

2.2. Loading frame and steel tank

A steel tank 1380x1000x300 mm wide with 10 mm ple-
xiglass face was fixed with loading frame 1400 mm long x
1200 mm height as shown in Figure 4.

The boundaries of the steel tank were: 2.6 D (D — the pipe
diameter) from the surface level to the pipe crown, and 2.8 D
from the base of the tank to the pipe invert, while the tank
side was at 5.5 D from circumference of the pipe [18]. The
tank has a hole in the front and rear side for the pipe to go
through, and a rubber membrane put at both ends of the pipe
(front and rear sides) to prevent sand leakage during loading.
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Figure 4. The loading frame and steel tank in case of EPS
embankment

A load frame was used to transfer the load from hydraulic
jack to load cell placed above a soft steel plate
500%280x30 mm that transmits the load uniformly to the sand,
EPS geofoam block and finally to the buried pipe. Dial gauges
were put inside the pipe, and electrical strain rosettes were
placed on the outer surface to measure the pipe deformations
and strain. The strain gauges were placed on the crown and
half-length the springline connected to the data logger.

2.3. Methods

2.3.1. Sand model

Three compacted layers of air-dried sand with each layer
thickness of about 100 mm were placed in the tank from the
base to the lower level of the pipe. The UPVC pipe was
placed in the position crossing the tank space through a hole,
and a rubber membrane was inserted around the pipe bonded
with walls by silicon. The sand was poured and compacted
around the pipe from the invert to the crown. The final layer
of sand was added to the completely covered pipe reaching
the height of 310mm above the pipe crown.

2.3.2. EPS block embracing the upper part of the pipe

After filling the tank with a lower layer of sand, a layer of
EPS geofoam block with dimensions 330x165 mm
(3Dx1.5D) was added. The EPS block was tailored as a
curved shape by using cure cylinder from one side to em-
brace the upper pipe directly. After levelling the geofoam
block, compacted sand was used to fill the tank to reach the
height 310 mm over the pipe crown, as shown in Figure 5a.

2.3.3. EPS blocks post and beam

The empty tank was filled with sand bed layer till the lower
level of UPVC pipe; the new pipe was put, two posts from EPS
geofoam with dimensions 150 mm height x 100 mm width
were placed at both sides of the pipe and then an EPS beam
block with dimensions 330x100 mm was put on the foam block
leveled horizontally. The sand was used to fill the tank to reach
the height 300 mm over the pipe crown, as shown in Figure 5b.

2.3.4. EPS blocks embankment

After removing the layer of sand with pipe reaching the
lower level of the steel tank, a bed of sand was prepared from
the base of the model tank to the lower level of the pipe, the
new pipe was inserted and placed over the sand bed, then
geofoam blocks with dimensions of 300x300x100 mm were
arranged as overburden layer with the depth of 300 mm, as
shown in Figure 5c.
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Figure 5. EPS blocks arrangement (a) embracing the upper part
of the pipe; the post and the beam (b); embankment (c)

2.4. Numerical analysis model

The numerical model was used to simulate and verify the
experimental model results using finite element program
PLAXIS-3D. The model identified the plane strain with
15-node elements. The materials were defined as undrained
using elasto-plastic Mohr-Coulomb model. The pipe was
represented by six circular segment elements of a plate. This
simulation predicts surface settlement of the steel plate,
crown and springline deformation. For the purpose of verifi-
cation, the simulation results have been compared with ex-
perimental results, for the case of surface stress 180 kN/m?.

3. Results and discussion

3.1. Experimental results

Figure 6 shows the vertical displacement of steel plate on
the surface, for the case of EPS geofoam models compared
with sand backfill. The results presented in Figure 5 indicate
that the minimum surface displacement occurs in the case of
EPS embracing the upper part of the pipe with 13% reduc-
tion. In the case of EPS blocks’ post and beam arrangement,
the maximum surface displacement exceeds sand displace-
ment by about 6%.
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Figure 6. Surface displacement of backfill models

The data presented in Figure 7 illustrate the pipe
crown displacement curve for the case of different shapes
of EPS blocks.

The crown deformation curves of EPS embracing the up-
per part of the pipe appear after surface stress 71.5 kPa with
linear behavior until maximum surface stress. The vertical
reduction percentages of the pipe are 100, 66, 63 and 55% at
surface stresses 71.5, 107, 143 and 180 kPa, respectively.
The maximum crown deformation is 0.5 mm.
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Figure 7. Crown deformations of UPVC buried pipe in case of
EPS blocks embracing the pipe upper part model

While, in case of EPS 20 post and beam blocks model,
the crown displacement behavior started after surface stress
107 kPa with linear behavior until it reached the value of the
maximum surface stress 180 kPa. Under the surface stresses
71.5 and 180 kPa, the reductions in pipe vertical deformation
due to the use of EPS 20 are about 100 and 95% respectively.
The results of the EPS embankment model indicated that the
crown displacement is proportional to the surface stress, and
this linear relationship gives a reduction in the pipe defor-
mation about 55% corresponding to 180 kPa.

The springline displacement curve of the pipe is con-
firmed in Figure 8, showing that the springline curve of EPS
embracing the upper part of the pipe starts after 71.5 kPa
with linear behavior until the maximum surface displacement
180 kPa, at the maximum stress the springline displacement
being 0.28 mm.
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Figure 8. Springline deformations of UPVC buried pipe in case of
EPS blocks embracing the pipe upper part model

The horizontal reduction percentages of the pipe are 80,
67, 69 and 67% corresponding to surface stresses 71.5, 107,
143 and 180 kPa. On the other hand, the springline dis-
placement of EPS post and beam blocks starts after the sur-
face stress 107 kPa, then it reaches 0.05 mm at the maximum
surface stress 180 kPa with linear behavior, the reductions in
the pipe horizontal deformation are about 100 and 99% under
surface stresses 71.5 and 180 kPa, respectively. Finally, the
springline displacement results of the EPS embankment
model demonstrated that the pipe deformation is linearly
proportional to the surface stress, while the reductions in the
pipe horizontal deformation are about 54 and 67% under
surface stresses 71.5 and 180 kPa, respectively.

The crown and the springline diametric strain of the bur-
ied pipe, for the case of different EPS backfill models com-
pared with sand backfill is confirmed in Figure 9.
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Figure 9. Diametric strain of UPVC buried pipe

The results shown in Figure 9 indicate that the EPS 20
block embracing the upper part of the pipe model ensures the
strain reduction by about 75% at the maximum surface
stress. However, in the case of post and beam blocks the
strain is reduced by about 99%, corresponding to the maxi-
mum surface stress. The crown reduction of EPS embank-
ment is about 67%. On the other hand, the effectiveness of
different EPS models for reducing the springline diametric
strain compared with sand backfill varies. In case of
EPS embracing the upper part of the pipe part model using
EPS 20, the strain is reduced by about 67%. However, with
EPS 20 post and beam blocks arrangement, the springline
strain is reduced by about 99%. The springline strain reduc-
tion of EPS embankment is about 67%.

3.2. Numerical verification results

The results presented in Figure 10 show the pipe crown
deformation of sand backfill experimentally and numerically,
the numerical results being in agreement with the experi-
mental results.
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Figure 10. Vertical deformation of UPVC pipe in the sand model
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The crown curves behave linearly at the surface stress up
to 71.5kPa, and their behavior becomes nonlinear at the
maximum surface stress 180 kPa, the resulting deformation
being about 1.05 and 1.1 mm for the numerical and experi-
mental study, respectively.

Figure 11 illustrated the experimental and numerical re-
sults the pipe springline deformation due to sand backfill, the
numerical results having the same trend as the measured
experimental results.
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Figure 11. Horizontal deformation of UPVC pipe in case of sand
model

The springline numerical result at the maximum surface
stress 180 kPa is about 0.78 mm while the experimental
result is 0.8 mm. These values are lower than maximum
deformations of the flexible pipe.

Figure 12 presents the experimental and numerical crown
deformation results of different EPS block models.
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Figure 12. Crown deformation of UPVC buried pipe

The results show that in case of EPS block post and beam
model, the crown deflection curve of experimental and nu-
merical results starts after 143 kN/m? with linear behaviour
near zero. The crown deformation curves of EPS embracing
the upper part of the pipe model start after the surface stress
reaches 71.5 kPa, then the behavior becomes nonlinear until
the deformation reaches 0.5 mm at the maximum surface
stress 180 kPa, with experimental and numerical results con-
firming the same trend. On the other hand, the EPS em-
bankment deformation is linearly proportional to the surface

stress until it reaches 0.33 mm at 143 kPa, then, at the maxi-
mum surface stress, it is 0.65 mm. The numerical results
illustrate the same behaviour with 12% deviation.

The results shown in Figure 13 reflect the comparison be-
tween numerical and experimental values of springline curves.
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Figure 13. Springline deformation of the UPVC buried pipe

The numerical results obtained for the EPS block embrac-
ing the upper part of the pipe linearly started at the surface
stress of 71.5 kPa, then they became nonlinear, with experi-
mental and numerical curves demonstrating the same behav-
iour with deviations. On the other hand, in case of EPS post
and beam, the linear behavior caused by the surface stress is
observed at the values near to zero. The numerical results in
case of the EPS embankment model agree with experimental
results, describing the same behaviour. The experimental and
the numerical displacement values at the maximum stress of
180 kPa are 0.28 and 0.30 mm of deformation, respectively.
The lower values were obtained in the case of post and beam
model because the embedded EPS beam distributes the stress
to the two posts on both sides of the pipe, and, consequently,
the pipe is not affected by the stress. On the other hand, EPS
embracing the upper part of the pipe absorbed the stress and
transferred it to the both sides as well as the upper part of the
pipe, thus the resulting deformation was more than in the
post and beam model.

Table 2 indicates that the difference between the numeri-
cal and experimental reduction percentages of EPS embrac-
ing the upper part of the pipe at the crown and the springline
deformations is about 0-10%.

Table 2. Deviation of the numerical reduction percentage from the
experimental results in the EPS embracing the upper
part of the pipe model

) Vertical (crown)  Horizontal (springline)
Stress, KNIM® —215™ 143 180 715 143 180
Experimental, % 100 63 55 75 69 65
Numerical, % 100 65 50 80 75 60
Deviation, % 0 3 10 7 9 8

The reduction percentages for both numerical and expe-
rimental studies are nearly the same at low surface stress,
while this compatibility decreases with increase in the sur-
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face displacement. This happens because EPS compresses
and absorbs stress until the allowable limit, then it transfers
the stress to both sides as well as the pipe. According to
Table 3, in the case of embedded EPS post and beam blocks,
the numerical results are 93-100% close to the measured
experimental results. The reduction percentages of both nu-
merical and experimental results are nearly the same.

Table 3. Deviation of the numerical reduction percentage from the
experimental results in the EPS post and beam model

Vertical (crown)  Horizontal (springline)

Stress, KN/m?2

715 143 180 715 143 180
Experimental, % 100 100 99 75 69 65
Numerical, % 100 100 100 80 75 60
Deviation, % 0 0 1 7 9 8

Table 4 indicates that in the EPS embankment model, nu-
merical results are 87-93% close to the measured experimental
results. The reduction percentages of both numerical and exper-
imental studies are nearly the same at low surface stress, while
this compatibility is proportional to the surface displacement.

Table 4. Deviation of the numerical reduction percentage from the
experimental results in EPS embankment model

Vertical (crown)

Stress, kN/m?2 Horizontal (springline)

715 143 180 715 143 180
Experimental, % 60 62 55 57 67 67
Numerical, % 54 56 56 66 72 64
Deviation, % 11 10 12 13 7 7

4. Parametric study

The 3D numerical analysis model is performed by using fi-
nite element software program PLAXIS-3D (Version 2.1). The
model analyzes the effect of two EPS geofoam configurations —
EPS embracing the upper part of the pipe model and EPS post
and beam model — on reducing the stress on the buried pipe
with real scale dimensions. This model considers the steel pipe
(600 mm) and polyvinyl chloride (PVC) pipes of two diameters —
600 mm (24") and 300 mm (12"), in terms of variant parame-
ters: different overburden depths in respect to the pipe diameter
(H/D) and relative density of EPS geofoam, with the maximum
intensity of the live load from the road traffic estimated to be
200 kN/m2. The model identified a plane strain with 15-node
elements. The mate-rials were taken as undrained using elasto-
plastic Mohr-Coulomb model as demonstrated in Figure 14.

(b)

Figure 14. Numerical analysis with the 3D model for (a) post and
beam and (b) block embracing the upper part of the
pipe configurations

59

Table 5 shows the properties of materials.

Table 5. Properties of materials used in the parametric study
PVC pipe PVC pipe Steel pipe

Properties  Sand EPS 20 300mm . 600mm._ 600 mm
Unit
weight 175 0.198 14 14 -
(KN/m?)
E(KN/m? 20000 5000 - - -
Specific
gravity, Gs 2.69 B - - B
Shear D=42° D=9°
parameters C =1 kPa C = 20 kPa B B B
Poisson's = g5 015 037 037 0.3
ratio, v
EA (kN/m) - —  0.986x10°0.864x105 279x10°
El .
(kN-mm) - 1216 3730  13.6x10

4.1. Effect of pipe material

Figure 15 presents the comparison of surface displace-
ment values in terms of relative EPS densities for the cases
of embedded EPS block embracing the upper part of the pipe
and post and beam model with different (H/D).

H/D
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-6
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—*— EPS 20 embraces steel pipe

1 EPS 20 post and beam

Figure 15. Surface displacement of EPS models and relative H/D

The results show that all curves of the surface displace-
ment have maximum deflection at the beginning when H/D
equal 0.5, then the displacements decrease with the increase
of H/D showing nonlinear behavior until reaching the maxi-
mum H/D. In the case of EPS embracing the upper part of
the PVC pipe, the surface displacement has the same trend
and value as that of the sand. The EPS post and beam blocks
model corresponds to the maximum surface displacement for
both PVC and steel pipes.

Figure 16 presents the crown deformation values of both
PVC and steel pipes for the cases of EPS block embracing the
pipe and EPS post and beam configuration with relative H/D.

All crown displacement curves start with high values of
crown displacement which correspond to shallow depth, and
further they reach the minimum level of displacement at the
maximum H/D. The EPS post and beam blocks model elimi-
nates the crown deformation. Figure 17 illustrates the spring-
line deformations of PVVC and steel pipes in terms of differ-
ent EPS block models with relative H/D.

The results show that the springline displacement curves
are inversely proportional to H/D. The EPS post and beam
blocks model eliminates the springline deformations.
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Figure 17. Springline expansion of EPS models and relative H/D

4.2. Effect of pipe diameter

Figure 18 illustrates the surface displacement results of
EPS 20 for the cases of an embedded EPS block embracing
the upper part of the pipe and post and beam models with
pipes of 600 and 300 mm diameter and different overburden
depths. The H/D is calculated for the large diameter pipe
(600 mm).
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Figure 18. Surface displacement in the case of EPS 20 models
with 600 and 300 mm dia pipes

The results show that the maximum surface displacement
corresponds to the shallow depth of 300 mm, then it decreas-
es gradually to the minimum at the depth of 1800 mm. The
EPS embracing model yields good results, while the EPS
post and beam model demostrates a higher surface displace-
ment for both diameters especially at shallow depths without
any effect on the pipe.
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Figure 19 describes the crown deformation occurring due
to different overburden models of EPS 20. The results
showed that the crown displacement curves have maximum
deflection at shallow depth of 300 mm (H/D = 0.3), then the
displacement decreases with the increase in overburden depth
until it reaches 1800 mm (H/D = 3). The small pipe diameter
corresponds to a larger displacement, the EPS embracing
configuration reduces the deformations, while EPS post and
beam pattern prevents the crown deformation for all depths.
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Figure 19. Crown displacement in the case of EPS 20 models with
600 and 300 mm dia pipes

The springline deformation of the PVC pipes of two di-
ameters related to different EPS models and overburden
depths is presented in Figure 20.
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Figure 20. Springline expansion in the case of EPS 20 models
with 600 and 300 mm dia pipes

5. Conclusions

This research focuses on the effect of EPS geofoam in-
stallation on reducing the earth pressure distribution over
buried pipes. Different EPS geofoam backfill techniques
were used: EPS block embracing the upper part of the pipe
and EPS post and beam configuration with head void. These
techniques use EPS geofoam as cover or as a trench backfill
system. A large-scale setup model was designed to set up the
backfill of 300 mm high in a rigid box. The surface stress
was applied onto a steel plate until it reached the PVC pipe
that had horizontal and vertical dial gauges as well as strain
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gauges, the density of EPS geofoam block being 20 kg/m?®.
The research allowed to draw the following conclusions.

The results show that application of EPS 20 Geofoam
helps to reduce the deformations and strains of buried pipes
with percentage depending on EPS block shape. These meth-
ods are also instrumental in protecting buried pipes.

EPS embracing the upper part of the pipe corresponds to
the minimum surface displacement, which is 13% less than
sand displacement. On the other hand, the maximum surface
displacement was observed in the EPS blocks post and beam
model, which exceeds sand displacement by about 6%.

The EPS block embracing the pipe model at 180 kPa has
reduction percentage of about 55% at the crown and 65% at
the springline. This model reduces deformations by com-
pressing and absorbing the stress, and then transferring it to
the earth at both sides and the pipe plate.

The EPS block post and beam pattern with head void
model reduces most of the stress because of the beam absorb-
ing part of the stress and transferring it onto the two posts,
which causes reductions at the crown and the springline by
about 100% at the maximum surface stress.

The numerical percentage of EPS block embracing the
upper part of the pipe model is 50% at the crown. While the
springline reduction is about 60%. On the other hand, the
EPS block post and beam pattern with head void model re-
duces about 100% of the crown and the springline stress.

The numerically predicted percentage of crown and
springline reduction is close to the measured experimental
results by about 13%. The parametric study shows that the
most effective and economical method is EPS block embrac-
ing the upper part of the pipe model in the conditions of large
diameter, high rigidity of the pipe, because this technique can
transfer small amount of stress onto the pipe.

Steel pipe is subjected to lower deformations than PVC
pipe in the case of EPS embracing the upper part of the pipe.

EPS post and beam pattern with shallow depths prevents
the pipe deformations given the surface displacement is high.

The most effective method which reduces stresses over
the buried flexible pipe is an EPS post and beam pattern with
head void model, followed by the EPS block embracing the
upper part of the pipe model. But here we should take into
account that EPS post and beam model is more expensive
than EPS embracing the upper part of the pipe model.
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3axucT miA3eMHUX TPYOONMPOBOIiB 32 10MOMOroI0 0JI0KIB reoniny pizHoi KoHQirypaunii

J. Xaccan

Meta. UncenpHuii aHaii3 Hampy>kKeHb Ta po3poOKa 3aXHUCTy IMiA3eMHHX TPyOOIpoBOAIB 3a xomomoroio miHomomictuponsHux (ITTIC)

OJIOKIB 3 T'€OINHH.

Metoauka. B ekcriepiMeHTa bHINH MO BUKOPHCTOBYBABCS CTAIEBUII KOHTEHHEpP, PO3MIPH SKOTO BiIIOBIIANU AiaMeTpy TpyOH, 1o
3HaXOJUThCS B Horo neHTpi. TpyOy 3acunanm mickoM i po3ramoBysamu [1T1C 61oku 1BOMa criocobaMu: HaBKOJIO BEPXHBOI TPYOH 1y BUTIIS-
I Kapkaca 3 JBOX CTiHOK Ta Gaiku. Y XOJi AEKIbKOX eKCIIEPHUMEHTIB XKOPCTKUI CTaleBHH JIUCT IiZ[aBaBCs CTATHYHOMY HaBAHTa)KECHHIO
JUIsl BUMIpIOBaHHs AedopMalliii i HarpyXeHb TPYOH, a TaKoX 3MIIlICHHS MOBEPXHi 3acunku. ExcriepumeHTansHa Moiens Oyia modymoBaHa B
pe3yJIbTaTi YUCETBFHOr0 aHali3y METOJJ0OM KiHIIEBHX €JIEeMEHTIB 3a Jonomoroto nporpamu PLAXIS-3D.

PesyabTaTn. JlocniukeHHsT mokasano, Mo HaieeKkTHBHIMMKA croci6 3amobiranns nedopmaltii THy4koi miz3eMHOi TpyOu mossirae y
cTBOpeHHI criliko-6anounoi IIIC cucremu i mami ycranoBku IITIC 610kiB HaBKOIO BEepXHBOI TpyOu. Pe3ynbTaTé 4ucesbHOTO aHaNizy Ta
CKCIIEPHMEHTIB CBITYaTh PO OJNHY W Ty X TEHACHII0. [lapaMeTpudHe HOCTIIKEHHS MOKa3aio. Mo B cTiiiko-0anouniit [IIIC moneni Benu-
YHMHA 3MIIIEHHS MTOBEpXHi BHIe, HDX B Mojeni [TIIC mkaparynu HaBKoJIO BepXHBOI TpyOH, 0 HabaraTo eeKTUBHIIIE IS 3aXUCTy TPyOH 3

BHUCOKHM CTYIICHEM )KOpCTKOCTi.
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HaykoBa HoBHM3HA. BusiBiieHO 3HIKEHHsI BeJIMYMHE HaBAHTAXXCHHs Ha mia3eMHi TpyOu 3a paxyHok Bukopuctanss [1IIC GrokiB pizHOl
KOHGIrypail, 110 J03BOJIIIO BU3HAYUTH ONTHUMAIBHUI METO 3aXUCTY TPYO.

IIpakTnyHa 3HAYUMicTb. 3anponoHoBaHo /Ba crocobu 3actocyBaHHs [1I1C GnokiB reominu: criiiko-6anouna IIIIC cucrema Ta ycra-
Hoska IITIC 6710KiB HABKOJIO BEpXHBOI TPYOH. IX KoMObiHaIis 103BONAE 3a6€3MEUNTH 3aXUCT MiA3EMHUX TPYO i 3MEHIIUTH iX AeopMariro.

Knrwuosi cnosa: niozemuni mpyou, I111C 6510k, Hacun, excnepumMeHmanrbHa MoOeb, YUCETbHUL AHAI3

3ammuTa noj3eMHBIX TPYOONPOBOAOB NIPH MOMOIIHU (JIOKOB reoleHbl Pa3INYHOl KOHGUrypanun

M. Xaccan

LeJsb. UncneHHbIH aHATN3 HATPSHKEHUH U pa3padoTKa 3alUThl TOA3EMHBIX TPYOOIIpOBOIOB MPH MOMOIIH NeHonoaucTuponbHbIX (I1T1C)
6JIOKOB 13 I'€OTEHBL

Metoauka. B skcriepuMeHTaIbHOM MOJENN UCIOIB30BAJICS CTAIBHOM KOHTEHHED, pa3Mepbl KOTOPOrO COOTBETCTBOBAIHN AUAMETPY TPY-
Ob1, HaxoxsmIelcs B ero ueHtpe. TpyOy 3aceinanu neckoM u pacmonarany [1IIC 610ku 1Bymst crioco0amu: BOKPYT BEepXHEl TpyObl U B BUIE
KapKaca W3 JIBYX CTOEK M Oalku. B Xole HECKONBKHX SKCIIEPUMEHTOB JKECTKHH CTaJbHOW JIMCT MOABEPTaicsl CTaTUUSCKOW Harpyske Ui
n3MepeHus JedopMaryii ¥ HalupspKeHUH TpyOBI, a Takke CMEIICHHUS TIOBEPXHOCTH 3aCHIIKH. DKCIIepUMEHTAIbHAsT MOZIENb OblIa TOCTPOSHA
B pe3yJIbTaTe YHCICHHOTO aHAJIN3a METOIOM KOHEYHBIX 2JIEMEHTOB ¢ oMoIkio mporpamMmsl PLAXIS-3D.

PesyabTatsl. ccrenoBanne mokasano, 4Tto caMblii 3(QeKTHBHBIN croco0 mpenoTBpamenus nedopMarmy THOKOH MOA3eMHON TPYOBI
COCTOUT B co3aHuM croeyHo-6anoynoii [1I1C cucremsl u 3ateM ycranoBkH I1T1C 610k0B BOKpYT BepxHel TpyObl. Pe3ynbTaTsl 4yncieHHOTO
aHaNM3a M SKCIEPUMEHTOB CBUAETEIBCTBYIOT 00 OJHOHN U TOH ke TeHAeHIMH. [lapaMeTprueckoe ncciIenoBaHue MOKa3ano. YTo B CTOEIHO-
Oanounoii [1I1C mMozenn Benn4rMHA CMEIICHHS MMOBEPXHOCTH BhIIe, 4eM B mozpeid [1IIC ckopaymsl BOKPYT BepXHEH TpyOBI, 4TO Topas3io
3¢ deKTHBHEE IS 3AIUTHI TPYOBI C BEICOKOH CTEMEHBIO JKECTKOCTH.

Hayunas HoBu3HA. BBUBICHO CHIDKEHNE BEJIMYUHBI HATPy3KHU HA TO/3eMHBIE TPYObI 3a cueT ucrnonb3oBanus [II1C 610KkoB pa3ngHOi
KOH(UTYpAIHH, YTO TTO3BOJIMIIO ONPEIEINTh ONTUMAIbHBIA METO 3aIIUTHI TPYO.

IIpakTnyeckas 3HaYHMOCTB. [Ipeuioxxens! aBa crocoda npumenenus [1T1C 6:10koB reoneHsl: croeuHo-6anounas [TIC cucrema u ycra-
HoBka [1T1C 6110k0B BOKpyT BepxHeil TpyObl. 11X KOMOHHAIHS [TO3BOIISIET 00ECTICYUTD 3aIIUTY TTO3EMHBIX TPYO N YMEHBIINTB UX JIehOpMaIIHIO.

Kntroueswie cnosa: noosemuvie mpyowi, I1I1C 610K, HACbINb, IKCHEPUMEHMATbHAS MOOEb, YUCTEHHbIU AHATU3
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