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ABSTRACT 

This paper presents experimental and numerical studies on the effect of static loading conditions obtained from 

adjacent foundations on buried pipes. A number of laboratory tests were conducted using a small-scale physical model, in 

which a PVC pipe was installed in a well-graded sandy soil and subjected to different loads. The numerical analysis was 

implemented using a finite element simulation. Different variables were examined in the experimental and numerical 

investigations including: the lateral distance between the pipe and the loading area (X), the soil cover above the pipe (H), 

the pipe diameter (D), the modulus of backfill soil (E), and the applied footing pressure (P). The results indicate that the 

lateral displacement strongly depends on the depth ratio of the pipe (X/H). The pipe’s displacement decreases by 

increasing its depth ratio. The results also show that a higher modulus of backfill soil yields a large soil restraint on the 

pipe, resulting in trivial lateral movements. Additionally, the results demonstrate that increasing both pipe diameter and 

footing pressure increases pipe displacements. Displacement charts were developed based on finite element results. The 

charts provide a quick and reliable method to estimate the lateral displacement of pipes based on several input parameters. 

 
Keywords: soil modulus, lateral displacement, depth ratio, buried pipes, horizontal loads. 

 

BACKGROUND 

Underground pipelines are a network of 

infrastructure that supplies various utilities across growing 

cities. The network of pipelines in sanitary sewer systems 

transports wastewater between urban areas and treatment 

plants. The buried pipelines are subject to drastic loading 

conditions induced by earthquakes, landslides, traffic 

loads, and excessive weight of adjacent structures. These 

loading conditions can cause large ground displacements 

leading to service disruptions and failures in piping 

systems Morgenstern and Rajani, 1993; Brucchi et al. 
1995; O´Rourke and Liu, 1999, Basim et al., 2017. 

The mode of failures in buried pipes is often 

defined as a function of the pipe’s orientation with respect 

to the direction of induced soil loads. As shown in Figure-

1, the soil loads can act in four different directions: [1] 

vertical-upward, [2] vertical-downward, [3] horizontal-

lateral, and [4] longitudinal-axial Karimian, 2006. 

 

 
 

Figure-1. Mode of pipe failures under various loading conditions. 
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The existence of one or a combination of these 

loading modes results in bending, shear, compression, or 

tension stresses on given pipeline sections. These stresses 

cause a potential dysfunction in the integrity of piping 

systems due to pull-out, buckling, or fracture failures at 

pipe joints Meis et al., 2003.  

Many studies have investigated the mode of 

failures in buried pipelines that occur in different 

circumstances. Casamichele et al., 2004, studied the 

buried pipes’ response when they were subjected to lateral 

soil forces induced by unstable slopes. The displacement 

between the buried pipes and the surrounding soils was 

modelled using the discrete element approach in the form 

of an incremental analysis. The results of the numerical 

analysis indicated that the magnitude of lateral pipe 

displacement depends mainly on the amount of landslide 

(i.e., soil movement), and it increases toward the center of 

the unstable portion of the slope. Sakanoue, 2008, 

evaluated the soil-pipe interaction under lateral ground 

displacement. The study was undertaken on a 10 cm 

circular pipe installed in a laboratory testing compartment 

that was placed on a shaking table. The pipe was installed 

at a depth of 60 cm and backfilled with [1] loose sand and 

[2] dense sand. During the test, the pipe was dragged 150 

cm in the lateral direction at a displacement rate of 1 

cm/sec and the corresponding load was recorded. The 

load-displacement curve illustrated that load 

measurements in dense soil decrease after the maximum 

prescribed lateral displacement, whereas the load remains 

constant as the lateral displacement increases in loose 

sand. A numerical analysis was also performed using the 

distinct element method to simulate the laboratory soil-

pipe interaction. The results showed a good agreement 

between experimental and numerical load-displacement 

data.  

Ko and Kumano, 2010, carried out an 

experimental study to investigate the effect of cyclic 

loadings on buried pipelines. A laboratory chamber with 

the dimensions (width: 98, length: 40, and height: 45) cm 

was utilized. The chamber was filled with a 20 cm base 

layer on which a 14 cm diameter PVC pipe was placed and 

backfilled with 25 cm of fine sand. A 50 kPa cyclic stress 

was applied 100 times on the surface using a 92 cm 

loading plate. The results indicated that pipe deformation 

increases with a decrease in the density of backfill sand. In 

loose sand, lateral pipe displacements are small compared 

to those measured in the vertical direction due to low 

radial confinement of the soil. The results also showed that 

lateral stresses applied on the pipe increases gradually 

with an increasing number of loading cycles.  
The effect of seismic loads induced by 

earthquakes on buried concrete pipelines was studied by 

Abbasinerki, 2016. A reinforced concrete pipe and the soil 

surrounding it was simulated using a two-dimensional 

finite element model. In the finite element modelling, 

various parameters were considered including: soil 

stiffness, depth of burial, watertable, and non-uniform 

thickness of bedrock. These parameters were evaluated 

under low- and high-frequency excitations. The results 

showed that earthquake excitations can produce 

intolerable soil stresses and displacements resulting in 

pipeline failures. In high-frequency excitations, the results 

indicated that the thick soil layer with a low stiffness has a 

notable effect on pipe bending. In low-frequency 

excitations, the results indicated that the non-uniform 

thickness of the bedrock and a dense soil cover (i.e., high 

stiffness) have a significant effect on the pipe’s response.  

Another analytical study, based on work by Liu et al., 

2017, computes lateral displacements of buried pipelines. 

The study applied the principles of beams on the elastic 

foundation theory to derive the deflection curve of the 

pipes. The finite element method was also performed to 

verify the pipe’s response determined from the analytical 

solution. The lateral pipe displacements that were 

calculated using deflection equations derived from the 

elastic foundation theory compare well with those 

predicted from finite element analysis. The results 

indicated that the maximum difference between calculated 

and predicted data was less than 3 percent.   

 

RESEARCH OBJECTIVE 

The objective of this research is to investigate 

lateral displacements of buried pipes that are subject to 

lateral loading induced by the weight of neighboring 

structures. The influence of several factors - including 

depth of the pipe, diameter of the pipe, horizontal distance 

between the load and the pipe, modulus of backfill soil,and 

loading conditions - on the pipe displacement were 

studied. The study involved creating a physical model to 

evaluate actual lateral displacements followed by 

comparing experimental results with results obtained from 

simulating buried pipes using finite element analyses. 

 

EXPERIMENTAL INVESTIGATION 
 

Physical model 

A steel box with the dimensions 1250 × 1250 × 

600 mm was employed to perform the experimental work. 

The width of the box satisfies the minimum requirements 

of ASTM D2321-18, which specify that the minimum 

width of the trench should be greater than or equal to 1.25 

of a buried pipe’s diameter. A testing PVC pipe that was 

110 mm in diameter was used and installed at different 

depths ranging from 300 to500 mm, measured from the 

top of the steel container. The length of the pipe was 

selected to be 1000 mm, which is less than the length of 

the steel box to prevent contact between the pipe and the 

tank walls. Plastic caps were utilized to close the pipe’s 

ends to prevent the surrounding soil from entering the 

testing pipe. To accurately capture the lateral pipe’s 

response, three Linear Variable Transducer Displacements 

(LVDTs) were attached on the side of the pipe. The 

LVDTs were connected to a computer with a data-logger 

to monitor and record the lateral pipe’s displacements. 

Figure-2 displays the experimental testing setup. The pipe 

was backfilled with a sandy soil with the physical 

properties summarized in Table-1.  
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Table-1. Physical properties of backfill soil. 
 

Properties Value Testing standards 

Specific gravity (Gs) 2.64 ASTM D 854 

D10 (mm) 0.16 

ASTM D 422 and 

ASTM D 2487 

D30 (mm) 0.23 

D60 (mm) 0.38 

Coefficient of uniformity (Cu) 2.37 

Coefficient of curvature (Cc) 0.87 

Soil classification (USCS) SP 

Maximum dry unit weight (kN/m
3
) 18.82 ASTM D 4253 

Minimum dry unit weight (kN/m
3
) 15.32 ASTM D 4254 

Maximum void ratio 0.63 
/ 

Minimum void ratio 0.38 

Angle of internal friction (at Dr =30%) 32º 
ASTM D 3080 

Angle of internal friction (at Dr =60%) 38º 

 

 
 

The soil was placed in 100 mm layers; each layer 

was tamped down to the predetermined depth (100 mm) to 

achieve a desired relative density equal to 70%. After the 

final soil layer completion, a sharp edge ruler was utilized 

to make the surface as flat as possible. A steel plate with 

200 × 200 mm dimensions and 30 mm thickness was 

placed on top of the surface. A constant vertical static load 

equal to 1 kN was applied to the steel plate to simulate the 

weight of neighboring structures. The horizontal distance 

between the edge of the loading plate and the edge of the 

pipe varied from 300 to 500 mm. Figure-3 shows a 

schematic illustration of the experimental testing setup. 

 

Figure-2. Experimental testing setup. 
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Figure-3. Schematic illustration of the experimental testing setup. 
 

RESULTS OF EXPERIMENTAL TESTS 

A total of 10 experimental models were carried 

out to evaluate lateral displacements of buried pipes 

subjected to indirect horizontal loads. The tests were 

conducted on the PVC pipe embedded in a well-graded 

sand with a relative density of 70%. The PVC pipe was 

placed at a depth ratio[X H⁄ ] ranging from 1 to 2, in which 

X represents the horizontal distance measured from the 

edge of the loading steel plate and H represents the burial 

depth of the pipe. Two burial depths were considered in 

the testing models: 200 and 300mm. At each burial depth, 

five horizontal distances were investigated: 30, 35, 40, 45 

and 50 cm. The results indicated that the lateral pipe 

displacement depends strongly on the depth ratio. The 

displacements decrease when increasing the depth ratio of 

the pipe. Table-2 summarizes the experimental results of 

the average lateral pipe displacement.  
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Table-2. Summary of experimental testing results. 
 

Horizontal distance 
X (cm) 

Depth ratio 
(X/H) 

Lateral displacement 
(mm) 

 At depth: 20 cm 

30 1.50 0.38 

35 1.75 0.14 

40 2.00 0.12 

45 2.25 0.08 

50 2.50 0.02 

 At depth: 30 cm 

30 1.00 0.32 

35 1.17 0.08 

40 1.33 0.03 

45 1.50 0.02 

50 1.67 0.01 

 

The data of lateral displacement versus depth 

ratio are illustrated in Figure-4. Figure-4 shows that the 

displacements varied noticeably as a function of the depth 

ratio. It can be also noticed that the burial depth (H) is 

more influential on the pipe’s displacements than the 

horizontal distance (X). The data listed in Table-1 exhibit 

that maximum displacement increases from 0.32 mm to 

0.38 mm when decreasing the burial depth from 30 to 20 

cm. A regression model was also established with a non-

linear relationship between the displacement and the depth 

ratio. The model shows a strong correlation between the 

dependent and independent variables, as shown in Figure-

4. 

 

 
 

Figure-4. Relationship between lateral displacement and depth ratio of the pipe. 
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THEORETICAL INVESTIGATION 
 

Analytical model 
A 3-dimensional finite element model was 

developed using the finite element software, PLAXIS  3D. 

The software has the capability of modelling both large- 

and small-scale problems, and it has various soil models 

that can accurately capture different non-linear soil 

behaviors. In this work, the soil properties were presented 

using a hardening soil model (HS). The HS is an advanced 

model that involves the stress-strain dependence as a 

function of stiffness due to plasticizing of the material. A 

non-associated flow rule is adopted when related to 

frictional hardening and an associated flow rule is 

assumed for the cap hardening. Suraraka et al., 2012; 

Brinkgreve, 2002; Schanz, 1999, provided a detailed 

discussion about the formulation and verification of the 

HS model. The hardening is presented due to an increase 

in stiffness caused by the nonlinear elastic behavior of the 

soils. As illustrated in Figure-5, the nonlinear soil behavior 

is modelled using three parameters: deviator loading 

modulus (E50), unloading-reloading modulus (Eur), and 

oedometer loading modulus (Eoed). The moduli (E50 and 

Eur) are determined from the triaxial stress-strain data, 

while the modulus (Eoed) is obtained from the one-

dimensional oedometer curve. Table-3 summarizes typical 

soil properties used in the finite element simulation. These 

properties were either determined from laboratory tests or 

computed using conventional empirical formulas.  

 

 
 

Figure-5. Typical moduli of the hardening soil model (Obrzued, 2010).

Table-3. Soil properties used in FE simulation. 
 

Parameters Value Unit 

Unit Weight Above Phreatic Level γunsat. 17 kN/m
3
 

Unit Weight Below Phreatic Level γsat. 20 kN/m
3
 

Secant Triaxial Modulus E50 
7500 

kPa 
15000 

Unloading-Reloading Modulus Eur 
22000 

kPa 
40000 

Tangent Oedometer Modulus Eoed 
7500 

kPa 
15000 

Power for Stress Level Dependency of Stiffness m 1 / 

Cohesion Coefficient ćref 0.5 kPa 
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Angle of Internal Friction ϕ́ 34 Degree 

Dilatancy Angle ψ 4 Degree 

Poisson’s Ratio ύur 0.2 / 

Coefficient of Lateral Earth Pressure ko 0.44 / 

Over-Consolidation Ratio OCR 1 / 

Pre-overburden Pressure POP 0 / 

Drainage Type Drained Condition / 

 

A plate element, which is used to model thin 

structural members in finite element simulation, was 

utilized to represent the PVC pipe buried in the soil, while 

the loading plate was modelled as a linear elastic element. 

The plates are composed of 6-node triangular plate 

elements with six degrees of freedom per node: three 

translational degrees of freedom (ux, uyanduz) and three 

rotational degrees of freedom (Øx, ØyandØz). The plate 

elements are based on Mindlin's plate theory, whichis used 

to calculate deflections due to bending and shear stresses 

Bathe, 1982. The input used in simulating the PVC and the 

loading plate are listed in Table-4.  

After defining geometry and boundary 

conditions, a finite element mesh automatic generation 

was carried out. Figure-6 depicts the general finite element 

mesh of the model, which has the following dimensions: 

width 30 m, length 30 m, and depth 10 m. 

 

Table-4. Parameters of PVC and loading plate. 
 

Parameters PVC 
Loading 

plate 

Unit Weight,γ (kN m3⁄ ) 13 24 

Modulus of Elasticity, E (kN m2⁄ ) 
2.7 × 10

6
 2.4 × 10

8
 

Thickness, t (𝑚𝑚) 1.4 3.0 

Poisson’s Ratio, υ 0.38 0.20 

 

 

 
 

Figure-6. Finite element mesh of the model. 
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RESULTS OF NUMERICAL SIMULATION 
A total of 300 finite element models were 

analyzed to investigate the influence of five parameters on 

the lateral pipe displacement. These parameters include: 

[1] soil modulus, E; [2] pipe’s diameter, D; [3] vertical 

applied pressure, P; [4] horizontal distance between the 

pipe and the loading area, X; and [5] depth of the pipe, H. 

Figure-7 illustrates the magnitude of the finite element 

parameters studied in the numerical analysis.  

 

 
 

Figure-7. Flow chart of finite element parameters. 
 

The stability of buried pipes depends on the 

stiffness of the embedment zone of the pipe. Therefore, 

two soil moduli were selected to represent the nature of 

the backfill soil. At a constant vertical load, the results 

revealed that the lateral displacement of the pipe was 

reduced as the soil modulus increased. When the soil 

modulus increased from 7500 to 15000 kPa, the maximum 

lateral displacement decreased about 47% for the pipe’s 

diameters 1000, 700, and 500 mm. To check the 

importance of the pipe’s size on its lateral movement, 

three pipe diameters were considered. The selected 

diameters were 500, 700, and 1000 mm. The finite 

element analyses showed that the lateral pipe’s 

displacement decreased when the pipe’s diameter was 

decreased. The numerical results indicated that the 

maximum lateral displacement lessened by 7.5% and 

8.0%, when the pipe’s diameter was reduced from 1000 to 

700 mm and from 1000 to 500 mm, respectively.  

Three different static stresses were applied to 

investigate the effect of external loadings from 

neighboring structures on lateral displacement of buried 

pipes. The applied loads were 50, 60, and 75 kPa. The 

finite element results revealed that the lateral pipe 

displacement is dependent on the magnitude of the applied 

load. The results showed that the pipe displacement 

increased with increasing induced vertical stress. The 

maximum lateral displacements were 6.329, 4.905, and 

4.027 mm for the stress conditions 75, 60, and 50 kPa, 

respectively. 

The horizontal distance between the location of 

the surcharged load and the pipe was also investigated. 

Three horizontal distances (5, 4, and 3 m) were evaluated. 

The results indicated that the lateral pressure distributed 

through the soil and acting on a pipe increased with 

increasing horizontal distance from the edge of the 

surcharged area to the pipe’s wall. For a 500 mm pipe 

diameter, the maximum lateral pipe displacement 

increased 35% and 77% when the horizontal distance 

decreased from 5 to 4 m and from 5 to 3 m, respectively.  

The burial depth, which represents the vertical 

distance from the ground surface to the pipe crown, was 

taken into consideration through studying three depths (5, 

4, and 3 m). The finite element results displayed that 

increasing burial depth increases soil confinement strength 

surrounding the pipe and thus decreases the lateral pipe 

displacements. The results showed that increasing the 

burial depth from 3 to 4 m reduces the lateral pipe 

movement by about 24%, while increasing the burial depth 

from 3 to 5 m reduces the pipe displacement by about 
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44%. Table-5 through 7 summarize the results of pipe displacements obtained from finite element analyses.  

 

Table-5. Results of lateral pipe displacements with 500 mm diameter. 
 

Elastic modulus of a soil surrounding the pipe = 7500 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

3.674 3.993 3.947 50 

4.478 4.866 4.824 60 

5.787 6.271 6.218 75 

4 

2.653 3.006 3.028 50 

3.242 3.663 3.690 60 

4.209 4.725 4.755 75 

5 

1.878 2.185 2.241 50 

2.305 2.665 2.726 60 

3.014 3.443 3.514 75 

Elastic Modulus of a soil surrounding the pipe = 15000 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

1.994 2.120 2.174 50 

2.455 2.609 2.664 60 

3.168 3.363 3.389 75 

4 

1.452 1.600 1.674 50 

1.796 1.973 2.055 60 

2.326 2.551 2.610 75 

5 

1.032 1.169 1.245 50 

1.283 1.445 1.527 60 

1.673 1.867 1.939 75 

 

 

Table-6. Results of lateral pipe displacements with 700 mm diameter. 
 

Elastic modulus of a soil surrounding the pipe = 7500 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

3.149 4.026 3.946 50 

3.848 4.904 4.823 60 

5.872 6.327 6.216 75 

4 

2.668 2.982 2.984 50 

3.267 3.641 3.639 60 

4.252 4.707 4.699 75 

5 

1.887 2.163 2.194 50 

2.317 2.643 2.678 60 

3.035 3.424 3.457 75 

Table-6. Continued. 
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Elastic modulus of a soil surrounding the pipe = 15000 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

1.702 2.111 2.153 50 

2.110 2.610 2.651 60 

2.739 3.379 3.378 75 

4 

1.397 1.579 1.456 50 

1.799 1.953 1.920 60 

2.344 2.535 2.49 75 

5 

0.981 1.154 1.149 50 

1.284 1.431 1.421 60 

1.684 1.857 1.841 75 

 

Table-7. Results of lateral pipe displacements with 1000 mm diameter. 
 

Elastic modulus of a soil surrounding the pipe = 7500 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

3.667 3.917 3.778 50 

4.48 4.784 4.629 60 

5.824 6.195 5.98 75 

4 

2.595 2.772 2.845 50 

3.184 3.4 3.481 60 

4.158 4.424 4.517 75 

5 

1.814 2.067 2.057 50 

2.231 2.528 2.529 60 

2.928 3.285 3.276 75 

Elastic modulus of a soil surrounding the pipe = 15000 kPa 

Displacement (mm) 

H (m) 
3 4 5 P (kPa) 

X (m) 

3 

1.937 2.027 1.947 50 

2.412 2.519 2.411 60 

3.147 3.279 3.142 75 

4 

1.397 1.471 1.456 50 

1.743 1.835 1.811 60 

2.288 2.396 2.363 75 

5 

0.981 1.097 1.077 50 

1.234 1.368 1.34 60 

1.630 1.787 1.576 75 

 

A statistical analysis was conducted to formulate 

mathematical equations for lateral displacement of pipes 

subjected to indirect horizontal forces. The data of finite 

element analyses were collected and fitted using a power 
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model. Three variables were utilized as independent 

parameters in each model. These parameters are: [1] ratio 

of soil modulus to vertical applied pressure(E P⁄ ), [2] ratio 

of horizontal distance to burial depth of the pipe (X H⁄ ), 

and [3] pipe’s diameter (D). For each pipe diameter, six 

models were developed for predicting lateral pipe 

displacement. The significance of nonlinear correlation of 

the power models were examined using the coefficient of 

determination (i.e., R-squared). Based on the results of 

regression analyses, three independent variables showed a 

good agreement with the dependent variable (i.e., lateral 

pipe displacement). Table-8 summarizes the statistical 

coefficient of each model.  

 

Table-8. Summary of statistical models. 
 𝐃𝐢𝐬𝐩𝐥𝐚𝐜𝐞𝐦𝐞𝐧𝐭𝐋𝐚𝐭𝐞𝐫𝐚𝐥 = 𝐚 (𝐗𝐇)𝐛

 

[𝑬𝑷] 
Diameter = 500 mm Diameter = 700 mm Diameter = 1000 mm 

a b R
2
 a b R

2
 a b R

2
 

100 5.939 -1.277 0.99 5.986 -1.279 0.99 5.978 -1.348 0.99 

125 3.569 -1.172 0.99 3.535 -1.181 0.99 3.408 -1.244 0.99 

150 2.307 -1.102 0.99 2.254 -1.108 0.98 2.120 -1.184 0.98 

200 3.255 -1.251 0.99 2.957 -0.990 0.90 3.230 -1.289 0.99 

250 1.925 -1.151 0.98 1.909 -1.171 0.99 1.827 -1.189 0.99 

300 1.281 -1.082 0.98 1.515 -1.212 0.99 1.103 -1.196 0.97 

 

The relationships between the pipe displacement 

and the independent variables were developed, as shown 

in Figure-8 through 10. For intermediate values, 

interpolation can be employed to predict the lateral 

displacement. Figure-8 through 10 illustrate that the lateral 

displacement decreases with increases in the ratio of 

horizontal to vertical distance (X H⁄ ) at a constant ratio of 

soil modulus to applied pressure(E P⁄ ).  

 

 
a) Results based on soil modulus of 7500 kPa 
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b) Results based on soil modulus of 15000 kPa 

 

Figure-8. Models of lateral pipe displacement - diameter 500 mm. 
 

 
a) Results based on soil modulus of 7500 kPa 
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b) Results based on soil modulus of 15000 KPa 

 

Figure-9. Models of lateral pipe displacement - Diameter 700 mm. 
 

 
a) Results based on soil modulus of 7500 kPa 
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b) Results based on soil modulus of 15000 KPa 

 

Figure-10. Models of lateral pipe displacement - Diameter 700 mm. 
 

Although there was a significant variation 

between lateral displacements obtained from finite 

element analyses and those determined from experimental 

tests, the trends of regression models obtained from the 

physical and theoretical data are comparable (i.e., power 

model), in which displacements decrease with increases in 

the depth ratio.  

 

CONCLUSIONS 
 This research discusses an experimental and 

analytical study to determine lateral movements of sewer 

pipeline systems subjected to indirect horizontal loads 

obtained from excessive weights of neighboring structures. 

The analytical work was implemented through finite 

element modelling, in which different parameters were 

examined, while the experimental work was conducted 

through performing 10 laboratory loading tests in a small-

scale physical model. Based on the results of the 

experimental and theoretical work, the following 

conclusions were derived: 
 It was found that the lateral displacement strongly 

depends on the depth ratio (X/H) of a buried pipe; as 

the depth ratio increases, the lateral displacements 

decrease. 

 The results showed that the burial depth of a pipe (H) 

is more influential on pipe displacement than the 

horizontal distance between the center of the loaded 

area and the pipe (X). The pipe displacement 

decreases with increases in its depth of embedment.  

 The correlation models developed, which were based 

on the finite element results,have similar trends to 

those determined based on the experimental testing 

results. 

 The modulus of backfill soils has a considerable effect 

on buried pipe movements. The high stiffness of 

backfill soil minifies the influence of the structural 

surface loads on the pipes, and thus reduces lateral 

pipe movements. 

 The pipe size (i.e., pipe’s diameter) has animpact on 

its stability. The results concluded that increasing a 

pipe’s diameter diminishes the soil restraint, thus 

increasing lateral pipe movements. 

 The results indicated that the lateral pipe 

displacements are substantially dependent on the 

magnitude of the surface loadings. The pipe 

displacement and deformation increase with increases 

in the induced vertical stresses. 

REFERENCES 

 

Abbasiverki R. 2016. Analysis of Underground Concrete 

Pipelines Subjected to Seismic High-frequency Loads. 

M.Sc. Thesis, KTH Royal Institute of Technology, 

Stockholm, Sweden. 

 

0,0

2,0

4,0

6,0

8,0

10,0

0,5 0,6 0,7 0,8 0,9 1,0

D
is

p
la

ce
m

en
t 

(m
m

) 

X/H 

E/P= 200

E/P= 250

E/P= 300

Diameter = 1000 mm 



                                VOL. 14, NO. 1, JANUARY 2019                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                          15 

American Society of Testing and Materials, (ASTM). 

2018. Standard Practice for Underground Installation of 

Thermoplastic Pipe for Sewers and Other Gravity-Flow 

Applications. ASTM D2321-18, West Conshohocken, 

Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2017. Standard Practice for Classification of Soils for 

Engineering Purposes (Unified Soil Classification 

System). ASTM D2484 -17, West Conshohocken, 

Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2016a. Standard Test Methods for Maximum Index 

Density and Unit Weight of Soils Using a Vibratory 

Table.ASTM D 4253-16, West Conshohocken, 

Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2016b. Standard Test Methods for Minimum Index 

Density and Unit Weight of Soils and Calculation of 

Relative Density. ASTM D 4254-16West Conshohocken, 

Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2014. Standard Test Methods for Specific Gravity of Soil 

Solids by Water Pycnometer. ASTM D 854 -14 West 

Conshohocken, Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2011. Standard Test Method for Direct Shear Test of Soils 

Under Consolidated Drained Conditions. ASTM D 3080-

11, West Conshohocken, Pennsylvania, USA. 

 

American Society of Testing and Materials, (ASTM). 

2007. Standard Test Method for Particle-Size Analysis of 

Soils. ASTM D 422-63, West Conshohocken, 

Pennsylvania, USA. 

 

Bathe K. 1982. Finite element procedures in engineering 
analysis. Prentice-Hall, Englewood Cliffs, NJ. 

 

Brinkgreve R.B.J. 2002. PLAXIS Finite Element Code for 

Soil and Rock Analysis-version 8. Balkema, Rotterdam. 

 

Bruschi R., Spinazze M., Tomassini D., Cuscuna S. and 

Venzi S. 1995. Failure Modes for Pipelines in Landslide 

Areas. Proceedings of the 14
th

 International Conference on 

Offshore Mechanics and Arctic Engineering, ASME. Vol. 

V. 
 

Casamichele P., Maugeri M. and Motta E. 2004. Non-

Linear Analysis of Soil-Pipeline Interaction in Unstable 

Slopes.13
th

 World Conference on Earthquake Engineering 

Vancouver, B.C., Canada, Paper No. 3161. 

 

K. N. Basim, Mohammed Abbas Aljumaili and Abbas H 

Ali. 2017. Behavior of Glass Fiber Reinforced Pipe 

Contracted in Clay Soil: (Case Study: Al-Hindi District 

Sewage Network). ARPN Journal of Engineering and 

Applied Sciences. 12(9): 2751-2754. 

 

Karimian S. A. 2006. Response of Buried Steel Pipelines 

Subjected to Longitudinal and Transverse Movement. PhD 

Dissertation, University of British Columbia. 

 

Ko D. H. and Kuwano R. 2010. Model Tests on Behaviour 

of Buried Pipes in a Large Soil Chamber under Cyclic 

Loading. Physical Modelling in Geotechnics - Springman, 

Laue & Seward (Eds), (ISBN 978-0-415-59288-8), 625-

631. 

 

Liu Y., Zhang Z. and Liu S. 2017. Research on Analysis 

Method for Lateral Displacement of Buried Pipeline. IOP 

Conference Series: Earth and Environmental Science. 

59(2017): 012056, 1-5. 

 

Meis R. D., Maragakis E. M. and Siddharthan R. 2003. 

Behavior of Underground Piping Joints Due to Static and 

Dynamic Loading. Technical Report MCEER-03-0006, 

University of Nevada, Reno. 

 

Morgenstern N. and Rajani B. 1993. Pipelines and 

Laterally Loaded Piles in Elastoplastic Medium. Journal of 

Geotechnical Engineering. 119(9): 1431-1448. 

 

Obrzud R. 2010. On the use of the Hardening Soil Small 

Strain model in geotechnical practice. Numerics in 

Geotechnics and Structures. p. 16. 

 

O'Rourke M. J. and Liu X. 1999. Response of Buried 

Pipelines Subject to Earthquake Effects. Multidisciplinary 

Center for Earthquake Engineering Research, Buffalo, 

NY. 

 

Sakanoue T. 2008. Study on Soil-Pipeline Interaction due 

to Large Ground Deformation. The 14
th

World Conference 

on Earthquake Engineering Beijing, China. 

 

Schanz T., Vermeer P.A. and Bonnier P.G.1999. The 

hardening soil model: formulation and verification. 

Beyond 2000 in Computational Geotechnics. Balkema, 

Rotterdam. 

 

Surarak C., Likitlersuang S., Wanatowski D., 

Balasubramaniam A., Oh, E. and Guan H. 2012. Stiffness 

and strength parameters for hardening soil model of soft 

and stiff Bangkok clays. Soils and Foundations. 52(4): 

682-697. 


