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Full-scale Test of Uplift Resistance of Trenched Pipes

Gudmund Eiksund15

Department of Civil and Transport Engineering, NTNU, Trondheim, Norway

Hans Langø
GeoPartner Marin AS, Trondheim, Norway

Even Øiseth15

Rambøll, Trondheim, Norway

Trenching is a frequently used method for protection of offshore pipelines against dropped objects and fishery activities.
To provide additional protection the trenches are usually back-filled. The backfill material may be soft, partly remoulded clay
or sand present at the seabed or sand mix and crushed rock installed after pipe lay. Offshore pipelines may experience large
axial forces due to temperature expansion. As a part of the pipeline design, the buckling failure modes must be analysed.
In the buckling analyses, an important parameter is the upheaval resistance from the backfill material. To verify the design
of a trenched offshore pipeline in the Norwegian Trench, a full-scale test was performed by SINTEF and NTNU. The test
program included measurement of uplift resistance in soft clay, sand mix and crushed rock. This paper presents the test
setup, the backfill materials and the measured uplift resistances. The measured resistances are compared with theoretical
models for uplift resistance for different backfill materials. Recommendations are given regarding the uplift resistance pipes
in trenches backfilled with sand mix or crushed rock.

INTRODUCTION

Pipelines used for transportation of hot content will experi-
ence thermal expansion at start-up of production. In many cases
the pipelines are buried in trenches for protection or temperature
insulation. Due to sliding friction between pipe and soil, thermal
expansion will result in increased axial force. If the lateral support
from the soil is insufficient, the axial force increase may result in
global buckling. The buckling may appear downwards, laterally or
upwards depending on the soil support and the pipeline curvature.
According to DNV-F110, uncertain or unknown soil conditions
are a common cause of construction delays and cost escalations
for marine pipeline projects. Soil investigations to determine the
soil conditions both for intact and backfilled soil are required to
perform pipeline buckling analysis.

In addition to the uncertainties in the soil conditions, there are
uncertainties in the soil response at known soil conditions. This
paper presents methods for estimation of the uplift resistance in
different backfill materials and results from a full-scale test of the
uplift resistance for pipes in a trench backfilled with soft clay,
sand mix and crushed rock.

The uplift resistances discussed in this paper include only the
resistances originated from shear stress changes in the soil when
lifting the pipe. The weight and buoyancy of the pipe in soil or
water are not included.

UPLIFT RESISTANCE IN COHESIVE SOILS

At large burial depth the uplift resistance R will be limited
by local failure around the pipe. In cohesive material the local
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resistance can then be expressed as:

R=NcsuD (1)

where

Nc = bearing capacity factor
su = undrained shear strength at the centre of the pipe
D = pipe diameter

Closed form solutions for the lateral resistance for piles with
circular cross-section were derived by Randolph and Houlsby
(1984). They found Nc = 9014 and 11.94 for a smooth and rough
pipe surface, respectively. These results are also applicable for the
uplift resistance of pipes at large burial depth if full tension is
assumed between pipe and soil.

At shallow burial depth the uplift resistance may be reduced
due to a failure mechanism reaching the surface. The burial depth
can be described by the embedment ratio (H/D), as defined in
Fig. 1.

Martin and White (2012) presented results from detailed finite
element analysis of the vertical resistance of pipes in cohesive
soil. The results were presented as a function of the pipe embed-
ment, interface properties between soil and pipe and the weight-

Fig. 1 Embedment definition and failure modes




