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NOMENCLATURE

GEOMETRY
A
= cross sectional wall area per unit length of pipe

B
= breadth of the trench

d
= ring deflection 
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D, 
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= pipe diameter
H 
= burial depth (the distance between ground surface and pipe center)
h
= height of water table
L
= length of tank or pipe section
r
= radius of curvature of the pipe (tank) cylinder
R
= radius of a bend in the pipe
t
= thickness of the wall
x
= horizontal coordinate axis
y
= vertical coordinate axis
z
= longitudinal axis (with exceptions)
ß
= angle of soil shear plane
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= model scale
t 
= pipe wall thickness
y 
= lateral relative pipe displacement
FORCES, PRESSURES AND STRESSES
p 
= mean effective stress
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= a reference pressure of 1 
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= the ultimate soil load on a unit length of pipe
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P
= external pressure on pipe, vacuum in pipe
P1 
= internal pressure

Q
= concentrated force
QU
= maximum uplift force per unit length (KN/m)

W
= surface wheel load
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= unit weight of soil 

σ
= direct (normal) stress, ring compression stress
τ
= shearing stress
N 
= dimensionless force
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= model scale factor in centrifuge modeling
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= the maximum dimensionless force, or horizontal bearing capacity factor 
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PROPERTIES OF MATERIALS
c
= cohesion of soil
S
= allowable stress (strength) of material
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= relative density of sand
E 
= elastic modulus
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= the maximum void ratio of sand
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= the minimum void ratio of sand
G 
= shear modulus
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= shear modulus of soil at p =100 
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= specific gravity of soil
g 
= earth gravity
γ 
= unit weight of soil
n 
= poisson’s ratio
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= friction angle of soil
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= friction angle of soil at critical state
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= mobilized friction angle of soil
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= dilation angle of soil
ABBREVIATIONS
ACPA 
= American Concrete Pipe Association
ASME = American Society for Mechanical Engineers
FEA 
= Finite Element Analysis
FEM 
= Finite Element Method

ABSTACT

The buried pipes are an important medium for transporting the fluids. On average, pipelines transport over 500 ton-miles of product per gallon of fuel, ships 250 ton-miles, rails 125 ton-miles, trucks 10 ton-miles, and aircraft even less then 10 ton-miles per gallon of fuel. 
The gravity system requires no fuel for pumping. Most of these are buried pipelines. These buried pipelines are less hazardous, and hence environment friendly than other media of transportation. They produce less pollution, eliminate losses of material due to evaporation, and generally reduce loss and damage to the products that are transporting. 
The analysis of buried pipes is so complicated because of interaction of pipe and soil each with vastly different properties.
This presentation includes the study of dimensional effect, model effect and combined effect called scale-effect when a model (pipe-soil) subjected to lateral loads. For studying dimensional effect, pipes of diameter ranging from 25mm to 1000mm running through dense and loose sands have been considered. For studying model effect, burial depth, burial depth ratio (H/D), and soil-properties have been considered. In order to avoid confusion, the effect of pipe-diameter is called the size-effect, the effect of model-scale is called the model-effect, and their combination is called scale-effect. The influence of burial depth H has been referred as burial depth effect.
A detailed analysis, and study of scale-effect on pipe-soil interaction through FEM (Finite Element Method) using software ANSYS 9.0 has been performed. In order to do this, a mesh has been created for predefined model and its properties. A lateral load (20
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) has been applied on created mesh, dimensionless force parameter
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 has been studied and discovered observations have been presented in this thesis.
Dimensionless force parameter
[image: image48.wmf]h
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increases with burial depth ratio H/D for dense sand and loose sand. For dense sand, the maximum dimensionless force
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 decreases with the increase of pipe-diameter. However, it has been found that the non-uniqueness in the relation of the 
[image: image50.wmf]h
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vs H/D. This non uniqueness is induced by a combination of the effect of pipe size, model scale and burial depth H. This has been detailed through graphs and discussed in detail.

Model effects have been studied by proportionally varying the linear dimension of the physical model without changing soil-properties. The model scale, 
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is defined in terms of a reference pipe-diameter of 
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 = 0.33m. The scale-effects are investigated by changing H and D proportionally at H/D = 2.85. A large maximum dimensionless force
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is obtained at very small relative pipe-displacement for a small-scale model. More specifically
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decreases when
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increases.
In addition to the above, effects of soil-properties, soil-dilatancy and strain-hardening properties and their combined effects on evaluation of 
[image: image56.wmf]h

N

have been studied.

This presentation concludes that care must be taken when evaluating ultimate lateral load, Pult and extrapolating the results of laboratory small-scale model tests to full-scale in-situ-structures since a small-scale physical model has a high dimensionless force. The difference in
[image: image57.wmf]h

N

 may be attributed to the effect of stress level associated with model scale.
Soil-dilatancy has been found to have a significant effect on pipe-response; it increases the ultimate soil-force, particularly for deep-buried pipes in dense sands with pressure dependent properties. Furthermore, pipe–soil interactions are very sensitive to the pressure-dependent characteristics of the soil. The maximum dimensionless force transferred to a shallow–buried pipe is much greater when the pressure dependency of soil-friction angle is considered.
Based on the above study, a unique relation of the maximum dimensionless force
[image: image58.wmf]h

N

, pipe diameter D, and burial depth ratio H/D which was established in current pipeline design guidelines after taking into account the scale and burial depth effects must be respected. Details of the observations for these have been presented in this work.
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