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ABSTRACT: This paper presents preliminary results of an experimental study of buried pipelines subjected
to vehicular surface loading in centrifuge. The tests were run at 13g with pipeline seated at 0.5D, 1.5D and
3.0D (D is the pipe diameter), soil relative density of 23%, 50% and 70% were considered. The pipe deformations measure due to surface loading were carried out by means strain gauges attached to the surface.

1 INTRODUCTION

Table 1. Kb e Kz parameters (dimensionless)

The buried pipeline design based on standard API
RP 1102 takes into account the Spangler equation
(Spangler, 1941) to calculate the circumferential
stress, and Iowa equation to calculate the horizontal
pipe deflection. These equations consider the Boussinesq theory to estimate the surface load transmitted
through the ground to the crown of the pipe.
Spangler equation (Eq. 1) defines circumferential
tension in the pipe due to vertical load on the top of
the duct that considers the landfill and the surface
loads (Eq. 1).

σ=

6 K b Wvert Ep t p rp
Ep t 3p +24 K z Pp rp3

(1)

In Equation (1), subscript “p” indicates the parameters that belongs to the prototype; σ is the circunferential bending stress at pipe bottom; Wvert is
the vertical load due to both fill and surface loads
including an impact factor (lb/in); Ep is the pipe
modulus of elasticity (psi); tp is the pipe wall thickness (inches) and rp is the mean pipe radius (inches).
The terms Kb and Kz are bending moment and deflection parameters respectively (based on theory of
elasticity solutions for elastic ring bending) which
depend on the bending angle as shown in Table 1.
Both terms are dimensionless.
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Usually the deflection angle used is 30º, consequently, Kb= 0,235 e Kz = 0,108. Accordingly Spangler (1964), this equation is limited to pipes laid in
open ditches that are backfilled poorly compacted.
The pipe deflection ( ∆X ), Figure 1, due to vertical load, that defines the pipe ovalty is estimated by
the Iowa Formula (Eq. 2).

Figure 1. Pipe deformation due to surface load

K z [ DL Wvert ] rp3
∆X =
Ep I p + 0, 061Ep' rp3

(2)

where DL is the deflection factor, Ip is the moment
of inertia of the cross section of the pipe wall per
unit length (I = t3/12, in3) and Ep’ the modulus of
soil reaction (psi).
Take into account that the deflection is very
small, usually the horizontal deflection can be considered equal to the vertical deflection.
The equation 3 (Spangler and Hennessy, 1946) is
used to compute the vertical load at the pipe for a
surface point load.

W
(3)
L
where Ct is a wheel coefficient of load, W is the
wheel load including the impact factor and L is the
effective length of pipe. Most references to this
equation use an effective length of 3,0ft. Considering the surface rectangular footprint, the pipe load is
computer by equation 4.

Figure 2. Strain Gauge Rosette position attached to pipe.
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Figure 3. Overall view of the model

3 SCALE
(4)

where D is the pipe diameter and A is the area of
the footprint.The load Coeficient Ct is tabulated for
different trench geometries, i.e., based on the ratios
of D/2H and L/2H.
2 METODOLOGY
To evaluate the effects of surface load and formulations employed in buried pipeline designs, centrifuge
tests at 13g were conducted for three different soil
densities, dense sand (Dr = 70%), medium (Dr =
50%) and loose sand (Dr = 23%). The pipes were installed at 0.5D, 1.5D and 3.0D depth. The pipe deformation was measured by means strain gauges attached to the pipe surface at 4 positions, at the
crown, at 90 °, 180 ° (the base) and 2700 (Figure 2).
Figure 3 shows the pattern of tests. The vehicle
model is pulled toward the pipe while the data of
pipe deformation were recorded. The distance between the pipe and vehicle were recorded using a
wire displacement transducer.
It is expected that the opposite rosettes 1-3 and 24 record deformations with the same signal. Figure 4
shows the result expected. As the vehicle is far from
the pipe the deformation shows a vertical ovality
while horizontal ovality is observed when the vehicle reaches a position right above the pipe (Figure
5).

In order to keep the physical similitude between
model and protoype, the thickness of the model must
obey the following relationship.

EmI m =

Ep I p
N3

(6)

where Em is the elastic modulus of the model, Im is
the Inertial moment of the model, Ep is the elastic
modulus of the prototype, Ip is the inertial moment of
the prototype, N is the scale. Equation 7 shows the
relationship between the thickness of model and the
prototype pipe.
tm =

tp

3

N

Ep
Em

(7)

So, as the model is made of alloy, the thickness of
pipe model according to Equation (7) is 0,059”
(1,51mm) which corresponds to a prototype of pipe
of 0,807 (20,5 mm), made by steel.
Equation 8 indicates that the force applied in
the model should be 13,16lb (5,97kgf) at 13g to corresponding to the 2204,62lb (1000kgf) in prototype.

Fm =

Fp
N²

(8)

where Fm is the force in the model and Fp is a corresponding force in the prototype.

4 RESULTS
Typical results of tests are presented in Figure 4. It
shows, as expected, that the deformation in three
directions of rosettes increase as the vehicle get
closer to the pipe. Two strain peaks can be observed:
the maximum positive value of strain (Rosettes 1
and 3) and maximum negative strain (Rosettes 2 and
4) indicating that the ovality changes from vertical
to horizontal main axis (Fig 4). The maximum
negative strain (Rosettes 1 and 3) and the maximum
posite strain (Rossetes 2 and 4) take place when the
vehicle is right above the pipe. The transverse straingauge (2) shows the major stensile strains. Figure 5
shows the reference strains considere herein. As the
vehicle is approaching the pipe the vertical ovality is
dominant while when the vehicle is above the pipe
the main ovality axis is horizontal.

(a) Rosette 1

(b) Rosette2

(c) Rosette 3

(d) Rosette4
Figure 4 – Typical result of recorded data from strain
gauges.

Figure 5. Pipe ovality (a) vehicle is at the left side of
pipe; (b) vehicle is above the pipe.

All results are shown in Tables 1, 2 and 3.
The results lead to the following observations: the
strains are very small even to the shallow buried
pipes and loose sand; as deeper as the pipe less is the
strain; and as looser as the sand model greater are
the strains.
Figure 6, 7, 8 and 9 show the influence of pipe
depth for each relative density (23%, 50% and 70%).
These figures shows that large strains are recorded
for shallower pipes. The results suggest that for H/D
greather than 1,5 the strains differences are very
small.

Table 1–Strain Gauge´sdeformationsat Dr 70%

Figure 6 Rosette 1 - H/D x Strain of Transverse Strains
Gauge

Table 2 - Strain Gauge´s deformations at Dr 50%

Figure 7 Rosette 2 - H/D x Strain of Transverse Strains
Gauge

Table 3 –Strain Gauge´s deformations Dr 23%

Figure 8 Rosette3 - H/D x Strain of Transverse Strains
Gauge
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Figure 9 Rosette 4 - H/D x Strain of Transverse Strains
Gauge

5 CONCLUSIONS
The results presented here are part of a testing
program designed to assess strains in pipes when
they are subjected to surface load. The strain gauges
shows that the deformations are very small and also
point out how the pipe deforms when the load is
approaching and on the top of it.
It is interesting to notice that the strain changes
from tensile to compressive in the crown as the
vehicle load is approaching to the vertical axys of
the pipe, indicating a reversibility of load
transmission.
The strain recorded to the shallow buried pipe
was rather small compared to analytical solutions,
but somewhat greater than deeper pipes. For loose
sand the magnitude of strain observed was greater
than that of dense sand, indicating that, for shallow
pipes, the soil density plays certain influence on the
load transmission, which is not captured by elastic
theories.
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