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Introduction

« Soll stiffness and ultimate lateral resistance are critical values for pipeline
design

« Existing approximations for ultimate lateral resistance vary significantly and
there are few expressions for the solil stiffness parameters

« This research focusses on the experimental investigation of a soil-pipe
system under horizontal loading

« Monotonic loading was applied onto a pipe changing both burial depth and
solil density to establish the relationship with soil stiffness

« Absolute and relative stiffness values from experimental tests are
compared with data from existing literature

« Results indicate that horizontal loading with shallow burial depths induces
2D displacements, which should be modelled as vectors rather than
horizontal displacements
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Typical SSI modelling of gas pipelines

» Pipeline design based on experimental work by Trautmann and O’Rourke
and others
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Challenges

« Existing literature has limited experimental work that isolates all
parameters and their implications within the problem

« For an application such as natural gas pipelines, where pipes are laid within
very shallow (<2D) backfilled trenches, dilation and low stress conditions
are critical. However design codes generally start with a burial depth of
1.5D

« These experiments therefore aimed to:

 isolate plane-strain behaviour whilst minimising boundary condition
effects

« quantify displacement responses for monotonic loading of a shallow
pipe (burial depth range of 1-5.25D)

« study the failure mechanisms involved and their relationship for
changing burial depth and soil density
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Experimental setup

« Boundaries sufficiently far from pipe to avoid boundary effects
« Tank only 100mm thick to avoid 3D effects
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Experiments undertaken — loose and dense sands

* Boundaries Leighton Buzzard grade B sand, course grained
« Timber bearer and poker vibrator used to compact sand in layers
« Challenging to get large variation of density

Repeats Burial Repeats Burial
density | depth density | depth
(mm) (mm)
3 14.6 150 Test 11 1 15.4 150
1 14.6 135 Test 12 1 15.4 250
3 14.6 130 Test 13 2 15.4 350
3 14.6 100 Test 14 3 15.4 450
4 14.6 525 Test 15 2 15.4 525
2 14.6 250
3 14.6 350
2 14.6 450

* NOTE: The densities achieved were + 0.1KN/m? for the medium-dense state and + 0.3KN/m?3
for the loose.
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Typical video from testing: 1.5D Loose
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Force displacement curves for loose sand
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Dimensionless vertical displacement

Peak forces not reached for more than 3.5D burial depth
Significant vertical displacements of the pipe recorded
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Force displacement curves for dense sand

Dilation effects observable in the denser sand
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Peak forces not reached for more than 3.5D burial depth
Significant vertical displacements of the pipe recorded
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Comparison - Experimental and Theoretical results

V4-14.6KN/m? Experimental

Theoretical

Burial Depth H/D Puitimate y, lower limit y, upper limit Puitimate
(mm) (N/m) (mm) (mm) (N/m)

1 13.7 970 10.5 15.0 725

1.3 17.6 1612 12.6 18.0 943

2.5 32.6* 5092* 21.0 30.0 2211

3.5 39.7* 8201* 28.0 40.0 3756

4.5 38.1* 9162* 35.0 50.0 5388

5.25 9168* 40.3 57.5 6242

V4= 15.4KN/m3 Experimental Theoretical

Burial Depth H/D Yy Pitimate P esidual

(mm) (N/m) (N/m)
1.5 6.4 3192 2377
2.5 17.3 8795 7088+
3.5 26.2* 15160* 14510*
4.5 26.4* 19092* N/A
5.25 38.6* 19180* N/A

Value taken as maximum observed within experiment

* Experimental tests over predicting forces by factor of about 2

- 16TH EUROPEAN CONFERENCE ON
E EIN\RTHQUAKE THESSALONIKI Paper ID: 10850

GINEERING 18 - 21 JUNE 2018

Yu lower Yu upper PuItimate
limit (mm)  limit (mm) (N/m)
6.0 10.0 1566
9.0 15.0 3032
12.0 20.0 4835
15.0 25.0 7184
17.3 28.8 8865
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Dimensionless factors from experimental data

« Displacements comparable to predictions (Trautmann)

« Experimental tests over predicting forces — friction effects down side walls
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Comparison of failure mechanisms between
different burial depths
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PIV mapping of failure surfaces
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Automated analysis of the videos allows clearer analysis of failure surfaces
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Displacement trajectories for loose and dense sand

« Pipe shows significant vertical displacement during testing

« Simple uncoupled horizontal and vertical springs may not be sufficient for
modelling shallow gas pipelines
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Conclusions

« This experimental study focussed on the displacement response of a pipe
under lateral loading for burial depths between 1-5.25D, and the
resistance implications for natural gas pipelines

« The displacement responses are compare well with other experimental
results

« The maximum lateral forces measured were approximately 2x higher than
predicted. Further work needs to be done to quantify frictional interface
forces - particularly at lower burial depths

« The pipe shows significant vertical displacement during testing while
conventional horizontal force-displacement curves only capture one
dimension of the pipe response

* |tis suggested that 2D coupled springs be used to describe such soil-pipe
system responses analytically, to allow capture the vector displacements
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