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FOREWORD
This Specification was approved by Mr N W Jackson on 28/10/04 for use throughout Transco.

Transco documents are revised, when necessary, by the issue of new editions. Users should ensure that
they are in possession of the latest edition by referring to the Transco Register of Safety and
Engineering Documents available on TransNet.

Compliance with this Safety and Engineering document does not confer immunity from prosecution for
breach of statutory or other legal obligations.

BRIEF HISTORY

First published as T/SP/GM1 November 2003 EPSG/L00/24 7
Amendment to include longwall
mining subsidence August 2004 EPSG/T04/1132
Editorial update to comply with GRM October 2004

DISCLAIMER

This Safety and Engineering document is provided for'use*by Transco and such of its contractors as are
obliged by the terms and conditions of their contracts'to comply with this document. Where this
document is used by any other party it is the respensibility of that party to ensure that this document is
correctly applied.

MANDATORY AND NON-MANDATORY REQUIREMENTS
In this document:
must: indicates a mandatory requirement.

should: indicates pést'practice and is the preferred option. If an alternative method is used then a
suitable and sufficient risk assessment must be completed to show that the alternative method delivers
the same, or better, level of protection.
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SPECIFICATION FOR

THE PROTECTION OF PIPELINES FROM GROUND
MOVEMENT AND EXTERNAL LOADING. EXTERNAL
LOADING ON STEEL PIPELINES AND BURIED PIPING AT
INSTALLATIONS

INTRODUCTION

This specification is intended to provide requirements to ensure the safe and adequate performance of
steel pipelines and buried piping at installations (pipe, bends & tees) under conditions of external
loading. The sources of environmental loading are typically (but not limited to) soil overburden,
ground settlement including subsidence due to longwall coal mining and traffic. These are considered
alongside internal pressure, temperature and construction loads to ensure integrity and serviceability
under the most adverse combined loading conditions.

The specification should be applied to support:
o the structural design of new pipelines

o the integrity assessment of existing pipelines under any proposed increase in operating loads or
additional external loading

There is no requirement for the retrospective application/of this specification to external loading events
on existing pipelines that pre-date the specification.

The specification may be applied to situations.inyolving temporary or occasional live loading on new
and existing pipelines.

For situations that fail to meet the standard/acceptance requirements of this specification or cannot be
accepted through more rigorous assessment, there may be a need for a pipeline protection slab and
reference should be made to T/SR/CE12.

1. SCOPE

This specification is intended for application to steel pipelines and buried piping at installations
designed and operatedat pressures above 7 bar.

The specification applies to new and existing steel pipelines and to buried piping at above ground
installations. It is applicable to buried piping constructed by trenchless or open-cut methods. The
specification may be used for river and estuary crossings providing the installation depth is sufficient to
eliminate consideration of spanning (due to scour), vessel anchor loads or hydrodynamic loading.

Pipelines containing girth welds with a quality outside the acceptance limits of P2 are excluded and
specialist advice should be sought. For existing pipelines (rather than new build) the edition of P2
relevant to the original design applies.

For pipe, bends and tees at installations, the requirements of this specification are additional to those of
IGE/TD/12. In cases of any conflict over requirements the most onerous should apply.

The document provides advice on methods for the calculation of soil loads on buried pipes and on
elastic analysis of the pipe structural response. Acceptance limits for integrity are presented for a
permissible stress approach based on the principle of yield limited design.
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2. REFERENCES

This specification makes references to the documents listed in Appendix A. Unless otherwise specified,
the latest edition of the documents apply, including all amendments.

3. DEFINITIONS

The requirements and definitions applying to this specification are listed in Appendix B.
4. SPECIFICATION OVERVIEW

4.1 New Build (Design)

For new pipelines and installations the design should consider all environmental loading on the pipe
structure. This may lead to measures to control the loading on the pipe or the pipe may be chosen to
have sufficient resistance to accommodate the loads.

In the case of new pipelines it is common for linepipe and fittings to be ordered on.the basis of pressure
design, minimum handling & transport or location requirements. This inevitably reduces the options
for controlling stress levels when deeper installations are required or when shallower installations will
experience traffic loading or significant temperature increases. The measurés subsequently available to
control integrity are associated with reducing the loading on the pipe ring\or. improving the support
performance of the backfill materials.

The assessment involves a number of calculations for loading andxesponse of the pipeline structure.
Each of the load cases involves acceptance checks.

In some design situations a rigorous structural analysis ¢an be avoided if the design factor, operating
temperature conditions and maximum cover depth are within the limits presented in Table 1.

For a trenchless installation the maximum acceptahle cover depth presented in Table 1 can be increased
by multiplying the Table 1 value by an uplift factor according to Table 2.

In situations involving specialist constructien techniques there should also be formal checks on the
acceptability of proposed temporaryland/or permanent loads on the pipeline structure.

4.2 Existing Pipelines and-lnstallations

For existing pipelines andiinstallations the extent and quality of factual information on ground and
groundwater conditions will influence the decisions on pipe loading and restraint. Uncertainty may
need to be reduced by:site investigation work to determine the pipeline stress state and geotechnical
conditions.

If the cover depth is to be increased then consideration should be given to the possibility of ground
settlement along the pipeline. This ground settlement should be included as an environmental loading
on the pipeline structure.

The integrity and performance assessment follows the same approach as for a new build situation.
5. METHODOLOGY REQUIREMENTS FOR LOADING
5.1 Dead Loading due to Soil Overburden Loading

The calculation of soil overburden loading on the pipe ring should recognise the influence of
construction technique, pipe ring stiffness and backfilling. These factors will dictate whether the soil
load is concentrated onto the pipe ring or reduced by arching onto the sidefill material.
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For trenchless construction the technique embodied in the APl Recommended Practice 1102 is
appropriate. Alternative methods involving the Marston tunnel load equation or a prism loading,
presented in Moser, can also be adopted .

For conventional trenched construction, the methods presented in Young & O’Reilly, NEN3650 or
ATV A127 are considered acceptable.

The Young & O’Reilly work applies Marston load theory to determine soil loading on buried rigid
pipes. The approach identifies a load concentration or load relaxation depending on the specified
construction trench width. A semi-empirical factor, the settlement ratio, is required to influence the
loading calculation. This should be carefully selected according to the pipe bedding stiffness, the pipe
ring stiffness and the sidefill compaction state.

The NEN3650 approach applies simplified equations to approximate the results of Marston load theory
to loads on shallow buried pipes. A semi-empirical parameter, the compaction factor, is required to
account for the influence of ring deflection, pipe support and sidefill condition. Clear guidance is
offered on the appropriate selection of the compaction factor according to ground conditions and
construction backfilling practice. The NEN3650 approach also identifies a transition from loading on
shallow pipes to loading on deep pipes. This is achieved by checking if the soil passive loading using a
‘shallow’ burial algorithm exceeds the passive loading using a ‘deep’ burialalgorithm.

The ATV A127 approach calculates a load distribution on the pipeingsand sidefill according to the
ring and soil stiffness. The soil stiffness is conveniently linked te'ground type and degree of
compaction.

The ATV A127 methodology allows the compaction requirements of the backfill to be determined in a
form suitable for construction control or for checks on\éxisting installations.

The calculation of a soil lateral ‘support’ pressuresshould recognise that any load concentration on the
pipe ring will involve a load reduction over the.pipe sidefill material. The calculation of this load
reduction requires an assumption about the zone of load re-distribution over the pipe. This should be in
accordance with ATV Al127.

Calculations should seek to achieyve.a-95% confidence level for dead loading. This may involve the use
of a contingency factor applied.to'the results of calculations using mean geotechnical parameters from
site studies. Alternatively the geotechnical parameters can be selected at a target confidence level of
95% from available data.

5.2 Live Loading-due to Vechicles or Construction Plant

An appropriate method should be adopted to calculate the transient vertical pressure increase at the
pipe crown due to distributed surface loadings associated with vehicles, trains & rolling stock, and
agricultural or construction plant. An impact factor should be included in the loadings. Guidance on
UK highway and railway loadings (inclusive of impact) can be obtained from BS5400.

For trenchless pipeline installations the predictive technique incorporated within the API
Recommended Practice 1102 can be applied. Alternatively, for trenchless or trenched pipelines the
methods of Boussinesq (also covered in Young & O’Reilly) may be used. Allowance for the load
spreading influence of surface layers may be incorporated as described in NEN3650 and
Braunstorfinger.
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Table 1 — Temperature limits and maximum acceptable cover depth to avoid pipeline structural analysis as part of the design [see conditions at foot of table]

Temperature limits for Temperature limits for
Nominal size Nominal wall Material forged bends - bend spacing > 25.D forged bends — bend spacing < 25.D Maximum cover
(mm) thickness (mm) | grade Min. Design | Range Max. Design | Min. Design | Range Max. Design | depth (m)
(°C) (°C) (°C) (°C) (°C) (°C)
4.8 -1 14 14 4 7 8 8.4
100 6.0 B -2 13 14 3 7 8 125
11.9 -5 15 16 -2 12 13 15.0
5.6 -7 18 17 0 9 10 7.1
150 7.1 X42 -7 16 17 0 9 10 10.0
11.9 -9 15 16 -4 10 11 15.0
6.4 -8 19 18 0 10 11 6.0
200 8.2 X42 -8 18 18 0 10 11 8.3
12.7 -9 15 16 -3 10 11 15.0
6.4 -12 25 21 -3 13 12 5.4
250 8.7 X46 -10 21 20 -2 12 13 7.5
12.7 -9 17 18 -3 11 12 13.2
7.1 X46 -13 26 22 -3 15 13 5.2
300 9.5 -11 22 21 -3 12 13 6.8
12.7 X52 -12 21 22 -5 14 14 11.8
8.7 -17 30 24 -9 19 17 6.3
400 10.3 X52 -15 27 23 -7 16 16 7.2
14.3 -13 23 22 -6 15 16 10.9
9.5 X52 -18 31 25 -8 19 16 6.2
450 11.9 -15 24 23 -6 16 15 7.7
15.9 X60 -16 27 24 -8 18 17 13.1
9.5 X52 -25 39 31 -13 24 20 4.4
600 14.3 19 28 25 -9 16 17 6.1
19.1 X60 -20 26 25 -11 17 17 10.2
11.9 X52 -25 39 31 -23 32 23 4.5
15.9 -25 36 29 -22 30 22 7.1
750 19.1 X60 -22 31 26 -18 27 20 8.3
22.2 -20 28 25 -17 23 20 9.6
900 12.7 X60 -25 51 38 -21 33 26 5.5
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12.7 X60 -25 51 38 -21 33 26 5.5
900 15.9 X65 -25 46 35 -19 30 23 7.2
19.1 X60 -25 35 29 -14 22 20 7.3
254 X65 -24 31 27 -14 20 19 10.3
14.3 X60 -25 53 40 -25 35 29 5.3
1050 17.5 -25 48 36 -23 32 26 6.9
19.1 X65 -25 45 34 -21 29 24 7.3
28.7 -24 32 28 -15 20 20 10.3
15.9 -25 59 50 -25 39 29 6.4
1200 19.1 X65 -25 51 38 -22 33 26 7.0
22.4 -25 46 34 -19 29 23 7.4
254 -25 39 31 =17 26 21 8.3
14.3 -25 75 50 =25 55 40 6.6
1200 15.9 X80 -25 75 50 -25 51 36 8.6
20.6 -25 62 41 -25 40 28 12.3
22.9 -25 57 39 -25 38 27 12.2

Requirements:

(i)
(ii)
(iii)
(iv)
(v)
(vi)

(vii)

Pipe to DAT6 (February 1994) & TS-C4Gas-PIPO (January 2003).

Design factor not exceeding 0.72.
Maximum operating temperature not exceeding 50°C.
Minimum operating temperature not below -25°C.

No settlement or other forms of ground movementy

Forged bends must have a radius of 3D or greater-and the wall thickness or material

grade must be selected to achieve the design‘factor.

‘Live’ loading (including impact assumptions) must not exceed the equivalent of 2 x 60kN point loads at 0.9 metre spacing [typically access roads used by

very light traffic or agricultural plant operating in fields].

(viii)

Pipeline installation by open cut methods.
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Table 2 — Cover depth uplift factors for trenchless installations

External diameter/nominal wall thickness (D/thom) Uplift factor

D/thom <20 2.0
20 < D/tnom > 30 18
30 < D/tnom > 40 Y6
40 < D/thom > 50 1.4
50 < D/tnom > 60 1.3
60 < D/tnom > 70 1.2
70 < D/tnom > 80 1.1

D/tnom > 80 1.0
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5.3 Ground Movement
5.3.1 Settlement

Ground settlement predictions will generally only be warranted for earthworks constructed over
cohesive or organic natural soils. In these cases the settlement should be quantified through
conventional one dimensional consolidation theory or estimated from observational data from relevant
case histories.

The ground settlement assessment should include the profile of movement at the margins of the
earthworks. This zone is important in relation to longitudinal bending effects on the pipeline structure.

The magnitude of settlement should be established at a target confidence level of 95%. This can be
achieved through a contingency factor applied to increase the settlement values calculated using mean
soil parameters. Alternatively the settlement calculation can use soil parameters selected at a 95%
confidence level from laboratory data.

5.3.2 Horizontal Movement

In certain circumstances it may also be appropriate to quantify and include’herizontal ground
movements. This is likely to apply to situations involving slope instability, or adjacent excavation.

5.3.3 Subsidence from Longwall Coal Mining
5.3.3.1 General

Subsidence occurs almost instantaneously at surface when'€eal seams are removed from the underlying
rock strata by longwall mining methods. In addition to\Vertical subsidence which extends beyond the
plan area of the worked panel, horizontal ground extension occurs at the boundary of the subsidence
zone and horizontal compression occurs in the gentre of the subsidence zone. Areas of maximum
tension and compression in subsidence zones can*potentially cause pipeline damage by fracture or
buckling.

5.3.3.2 Notification

The Coal Mining Subsidence ACt'1991 (Section 46), requires the Coal Authority as the licensing body
to notify affected landowners and occupiers (including Statutory Undertakers) of proposals to carry out
underground mining that.isJikely to cause subsidence.

The notifications arg¥provided in the form of key notice maps outlining blocks of the country where
underground mining is proposed. Unless a pre-existing arrangement exists between the Coal Authority
and an affected party, the notice will be within 12 months of operations commencing. There is no
minimum notice period specified.

Transco will generally require a minimum of two years notice in order to investigate the potential
effect of mining subsidence on affected pipelines and as such contact with operators should be made at
the earliest possible stage to establish the nature and scheduling for the extraction activities. Where
underground mining is indicated or suspected, the Network should consult the Coal Authority with
regard to confirming the location of proposed mining in relation to existing or planned pipelines and
for the Operators contact details so that more detailed discussions can take place. The contact address
for the Coal Authority is Director of Mining Information and Services, Coal Authority, Mining Reports
Office, 200 Lichfield Lane, Berry Hill, Mansfield, Nottinghamshire, NG18 4RG.

Preventative works are sometimes required to avoid the pipeline incurring damage. These can be
carried out with the Operators agreement under Coal Mining Subsidence Act 1991 (Section 33). The
precise wording of the Act is that the Operator is only liable for damage sustained and therefore is not
under an obligation to pay the costs for preventative measures. It is generally sufficient to demonstrate
that damage is likely to occur or that pipeline strain changes are recorded for the Operator to agree to

7
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preventative measures. Historically, the Operator has paid 80% of costs where the pipeline installation
pre-dates the intention to mine and 50% of costs for situations where the intention to mine pre-dates the
pipeline installation. Costs incurred should be recovered regardless of whether the proposal is
subsequently altered and mining is discontinued.

The Coal Authority currently send the Section 46 plans of proposed mining to the Land and
Development Section, UK Transmission, NGT House, Warwick Technology Park, Gallows Hill,
Warwick, CV34 6DA who can be consulted for further guidance on any aspect of the notification
process.

5.3.3.3 Assessment

Ground movement predictions generally include empirical or semi-empirical factors for the subsidence
magnitude and distribution and these factors vary with location across the UK (Subsidence Engineers
Handbook, Whittaker and Reddish). Assessment of the pipeline response to the mining requires a series
of ground movement profiles that represent different stages of the longwall face advance in the panel
being extracted. Predictions tend to be more difficult and less reliable in areas with complex near
surface geology, where geological faults are located and where multi-seam working has previously
taken place. Uncertainty over predicted subsidence applies to both the magnitude-and profile at a
particular location and can be reduced by calibration against existing measuréments of ground
movement resulting from longwall extraction in the same area.

The ground movements associated with the mining induced subsidencesshould be established at a target
confidence level of 95%. This can be achieved through a contingency: factor to increase predicted
movements calculated using mean subsidence factors. Alternatively, the calculation of ground
movements can use subsidence factors selected at a target canfidence level of 95%.

Ground movement predictions should be formally reperted showing the basis and value of all
parameters used in the calculations, the analysis methods adopted and the results.

5.3.3.4 Monitoring

Measurements of the pipeline stress state’should be considered in all circumstances where previous
deep mining has been carried out to addreSs uncertainties in the nature and effect of the previous
subsidence. These need to be carrigdhout prior to any structural assessments associated with the new
extraction activities. Excavations:associated with stress measurement work provide an opportunity to
make observations and measurements on the ground conditions for decisions on soil friction and
restraint assumptions.

Where pipelines are eonsidered to lie within the subsidence influence zone, measurements of 3D
ground movements must be undertaken along the pipeline route at a suitable interval and extend into
the unaffected area beyond the influence zone. For the purposes of this specification, the influence
zone is defined as the area where subsidence exceeds 1% of the maximum predicted subsidence for the
panel. The measured movements should be compared to the predictions for the same stage of extraction
to ensure that the trend of measured movements lies within the predicted values.

Consideration should be given to conducting additional assessment based on measured ground
movements if the profile suggests higher stresses or localised stress highs. This may influence the
monitoring requirements.

Direct measurement of the pipeline response to the ground movements by the fitting of strain gauges
should be carried out when the predicted equivalent stress level exceeds 60% SMYS. Measurements of
the pipeline stress state by the Centre Hole Residual Stress Measurement (CHRSM) technique may be
required as datum values prior to fitting strain gauges.

Guidance on pipeline monitoring techniques can be found in T/SP/GM8.
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5.3.3.5 Remedial Action

Techniques employed to reduce pipeline stress arising from ground movement due to coal mining
include uncovering pipeline sections, use of low friction backfill, stress relieving cuts, expansion units
or sliding joints in areas of restricted access, replacement of sections in higher strength pipe or pipeline
re-routeing. Remedial action, particularly uncovering operations, need to be carefully planned on the
basis of monitoring and structural modelling simulations. The uncovering operation needs to be
controlled by monitoring.

54 Temperature

The temperature change from tie-in condition to the operating case must be estimated and included in
the pipeline stress state calculation.

For installations with an unknown tie-in temperature, the most onerous value in the range 5 °C -15°C
should be adopted.

5.5 Internal Pressure

The value of internal pressure varies according to the load case and the circumstances of the
assessment. For new build pipelines or buried piping, the calculations must use the design pressure.
This may be equal to or greater than the maximum operating pressure (MOP). For existing pipelines,
the load calculations involving the pressurised structure require yalues for the maximum operating
pressure (MOP), the maximum incidental pressure (MIP) or the operating pressure depending on the
load case being considered.

5.6 Construction

The possibility of construction induced stress duesto uneven trench bottom conditions should be
included in the assessment. This consideration is\not required for installations constructed by trenchless
methods.

The assessment of construction stress(will'Usually involve a statistical analysis of available stress state
measurement records on similar pipelines in the system network. Alternatively a semi-empirical
assessment can be performed using @ method presented in NEN3650.

In the case of existing pipelings consideration should be given to establishing the current pipeline stress
state using the centre haole residual stress measurement technique.

6. LOAD CASES'TO BE CONSIDERED

6.1 Internal Pressure Case.

This involves a calculation of hoop stress using the design pressure or the MOP. The calculation
involves the use of the Barlow formula:

_bpD
O-hoop o2t

where

is the design pressure or MOP
is the pipe external diameter
is the minimum wall thickness (nominal less mill under tolerance)

HO‘G
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6.2 Normal Operating Case

The normal operating case involves all static and transient loads on the pipeline structure. These
include:

Internal pressure (MIP)
Temperature change from tie-in
Soil overburden load

Ground settlement
Construction movement
Traffic

where MIP is the maximum incidental pressure.
6.3 Occasional Operating Case

The occasional operating case involves both static loads and temporary or occasional vehicle loads.
These include:

Internal pressure (maximum during period of temporary loading)
Temperature change from tie-in

Soil overburden load

Ground settlement

Construction movement

Temporary traffic (e.g. construction plant)

Occasional traffic (e.g. agricultural plant)

6.4 Depressurised Case

The depressurised case involves the external loadsVisted in section 6.2 at zero internal pressure. Any
appropriate adjustment to the operating temperatdre to reflect the removal of internal pressure should
be included.

6.5 Cyclic Load Cases

The cyclic load case will usually.involve an assessment of the maximum principal stress range in the
pipeline due to the application’ofytraffic loading only.

For pipelines subjected to'hoth traffic loading and internal pressure cycles a fatigue assessment will be
required based on the caleulation of cumulative damage.

In some cases a shakedown assessment will be required in order to verify that any local yielding
identified in the operating case will not lead to alternating yield.

6.6 Summary of Load Cases

An overview of the load case requirements of this specification are presented in figure 1.
7. METHODOLOGY REQUIREMENTS FOR STRUCTURAL RESPONSE

7.1 General

With the exception of the hoop stress check presented in section 6.1, all other calculations of internal
forces and stresses within the pipe structure should adopt the nominal wall thickness.

7.2 Ring Response

10
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The minimum requirement is the application of ring statics using distributed loading and support to
determine internal forces and moments. Stresses are then calculated according to the section properties.

The actions on the ring should include the vertical soil overburden loading, the horizontal sidefill
loading, passive soil support due to ring deflection, vertical live loading (if applicable), bedding
support reactions, and any additional transverse loading due to ground settlement and construction
movement.

A calculation of the critical wall buckling stress should be performed according to the method of
Meyerhof and Baikie (also covered in Compston et al).

7.3 Longitudinal Response

The longitudinal response will generally require numerical analysis using a piping stress analysis
program. This will enable the calculation of longitudinal bending stresses due to ground settlement and
differential construction movements. Contributions due the Poisson effect from internal pressure, axial
thrust forces from pressure load at bends and tees and thermal stresses should also be quantified in the
same analysis.

For problems involving straight pipe and where ground movement need not be’considered, the
determination of longitudinal stress can be based on standard equations-assuming longitudinal fixity.

7.4 Combined Response

For situations involving separate calculations for ring and longitudinal response, the circumferential
and longitudinal stresses will be summated at the inner and.outer wall locations at the bottom,
springing and top positions on the ring. This should be‘considered for two possible scenarios of
construction stress; hogging at the point of interest.orx 'sagging.

In the general case the combined response will be handled through a piping stress analysis product
capable of dealing with the combined ring.and.longitudinal response under all load case conditions.

8. PERFORMANCE/ACCEPTANCE'CRITERIA
The stress acceptance requirements of this section incorporate the requirements of IGE/TD/1 Edition 4.
8.1 Stress
8.1.1 Internal Pressure
The hoop stress aceording to the Barlow formula (section 6.1) must meet the following criteria:
Choop < T.5
where

f is the design factor
S is the specified minimum yield strength of the pipe material

8.1.2 Operating, Depressurised & Occasional Load Cases

The maximum equivalent stress for total stress components (membrane & bending) should meet the
criterion:

o, <0.9s
where
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o,  isthe Von Mises equivalent stress { = \/O'CZ +ol-0,.0, +37°}
o, is the circumferential stress

o, is the longitudinal stress

T is the torsional shear stress

S is the specified minimum yield strength of the pipe material

The maximum equivalent stress for membrane components should meet the criterion:

o, <0.8s
where
o,  isthe Von Mises equivalent stress { =y/o + o2 —5,.0, }
oy, is the hoop stress due to internal pressure
o, is the longitudinal axial stress (through-wall component of &)
S is the specified minimum yield strength of the pipe material

For girth welds with a Charpy (full size or equivalent) V-notch impact energy at the minimum design
temperature of less than 40 J average or 30 J single value, the following‘additional requirement on the
longitudinal tensile stress across girth welds will apply:

o, <0.9s

Overstress conditions in the operating and occasional Tead cases should be reviewed for possible
acceptance under a shakedown assessment.

8.1.3 Cyclic Load Cases

The following criteria must be met for transient loading from traffic:

AO- < 35 N/mm?2

where
Ao isthe maximum principal stress range due to traffic loading

The cyclic loading from traffic can be considered acceptable if the calculated vertical transient pressure

__ 64

increase over the pipe diameter is less than MPa, where t is the nominal wall

D

t
nom

thickness.

If a full fatigue assessment is required then the acceptance condition is that the calculated fatigue usage
factor is less than 1.

For local yielding in bends, a shakedown assessment should demonstrate an adequate factor of safety
against alternating yield and yielding should be controlled by restricting the total (elastic & plastic)
tensile strain in the bend to the permissible limit for the material and welds.
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8.2 Over-deflection (Ovality)

The diametral deflection of the pipe cross-section should be limited to 5% of the nominal diameter.

8.3 Stability

A factor of safety of at least 3.0 against buckling of the pipe wall should be demonstrated.

9. BACKFILL REQUIREMENTS FOR COMPLIANCE

The integrity assessment may indicate that a minimum performance is required from the backfill
material that supports the pipe ring. For existing installations, the reliability of an assessment can be
improved by the identification of the type of pipe sidefill material and the determination of the
compaction state by site measurements.

For new installations, any requirement for the control of backfilling in the pipe zone should be
achieved through a specification of material suitability and a method or performance statement for
placement of the material. The objective should be to achieve a minimum compaction level in order to
ensure an acceptable performance. This is likely to involve requirements that’are,additional to P10.

Care should be exercised in the application of APl Recommended Practiee 1102 to trenched
installations. The guidance presumes a high standard of reinstatement‘\(and hence support performance)
as part of the construction practice. The required standard is likely.te be similar to the standard required
for UK highways which is outlined in the Specification for the Reinstatement of Openings in
Highways. The critical importance of providing a backfill of-equivalent performance to that of the
natural ground should be noted.

10. DEALING WITH OUT OF COMPLIANCE PROBLEMS

For problems that cannot be resolved by the assessment methods and acceptance criteria of this
specification, consideration should be given ta_more advanced forms of assessment. Alternatives
include stress categorisation approaches, forexample NEN3650 and BS5500 or strain based methods,
for example NEN3650.

11. REPORTING REQUIREMENTS

Integrity assessments to this'specification should be formally reported and checked. An appraisal to
Transco management procedure T/PM/G/17 is required. The reporting must document the information
and data used, the basis.and value of all parameters used in calculations, the analysis methods adopted
and the results.
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APPENDIX A — REFERENCES
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APPENDIX B - DEFINITIONS

The definitions applying to this specification are given below (see clause3).

B.1 Miscellaneous

adequate
performance

environmental
loading

road

safe

sidefill
springing (or
springline)

traffic

meets all operating requirements in normal service.

loadings associated with the external conditions on the pipeline.

a public highway or private access route for use by vehicles. The term may also
be used to describe a temporary site route for construction vehicles.

failure will not occur in normal service.

soil material placed in contact with the pipe between the’pipe ring top and
bottom positions.

the mid-height position on the pipe cross-section

agricultural plant, construction plant or.any.vehicle using a temporary or
permanent road.
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Problerm
inputs &
constraints

Intemal Soil loads &
pressure supnart
range(s) AR
Temperature Construction
range(s) stress
r
, Mormal traffic e Graund Diccasional Intermal
mavement traffic pressure
6.5 6.4
CYCLIC LOAD DEPRESSURISED
CASE(S) CASE
r
6.2 6.3
MORMAL Temperature OCCASIONAL
OPERATING cEan . # OPERATING =
CABE 4 CASE

Figure 1 Overview of load case assessments
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ENDNOTE
Comments

Comments and queries regarding the technical content of this Safety and Engineering document should
be directed to:

Safety and Engineering
Transco

Brick Kiln Street

Off Coventry Road
Hinckley
Leicestershire

LE10 ONA

Buying documents

Contractors and other users external to Transco should direct their requests fordurtheér copies of
Transco Safety and Engineering documents to the department or group respensible for the initial issue
of their contract documentation.

© Transco plc
This Transco specification is copyright and must not be reproduced in whole or in part by any means
without the approval in writing of Transco plc.
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