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BS 4508 : Part 3 : 1977

British Standard Specification for

Thermally insulated underground piping systems

Part 3. General requirements for cased systems without air gap

1. Scope

This Part of BS 4508 specifies general requirements for the
construction and installation of pipe-in-pipe systems with
an insulated service or product pipe enclosed in a pressure-
tight casing. The system is suitable for conveying fluids at a
temperature above 3 °C.

Clause 9 recognizes the increasing use of fibre reinforced
composite {(FRC) service and product pipes, and the
requirements specified therein will be kept under review
pending future experience.

Appendix F contains information on pipe-in-pipe flexible
systems, experience in the use of which is limited.

Specific testing and inspection requirements, necessary for
independent system certification, are specified in Part 4
of this British Standard.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of Parts 3 and 4 of BS 4508 the following
definitions apply.

3.1 duct. A space provided for the distribution of services.

3.2 ground water. Static or flowing water occurring
naturally in the ground,

3.3 holiday. A hole or flaw in the continuity of a
protective coating that will cause a breakdown of the
coating.

3.4 pipe-in-pipe. A pipe assembly consisting of an insulated
service or product pipe or pipes enclosed in a pressure-tight
casing of suitable material. The assembly does not
incorporate an air gap between the insulation and the outer
casing

3.6 piping complex. A network or grid of pipes serving
process plant piping within refineries, factories and
treatment plant, short connections between adjacent plant
and distribution, long transmission and service mains for
district and group heating schemes all of which are
characterized by numerous branch connections,

3.6 piping system. An arrangement of pipes that may
consist of pipelines, piping complexes or both.

3.7 pipelines. A line of pipes of considerable length; it may
have branch lines, but these would not normally be
numerous.

NOTE. Pipelines are divided, by definition in the Pipelines Act,

1962, into two categories: local pipelines {under 10 miles in length)
and cross-country pipelines (over 10 miles in length).

3.8 surface water. Water from the ground surface, from
paved areas and from roofs,

3.9 monitoring system. A system for detecting the presence
and location of water in the insulation.

3.10 access chamber. A pressure-tight underground
chamber for access to valves and other fittings.

3.11 casing. The outer pressure-tight coverihg of the
insulation system.

3.12 service or product pipe. The pipe carrying the service
or product fluid.

3.13 bulkheads. Barriers to prevent the passage of water
through the insulating material, normally located at the
ends of each length of pipe.

3.14 the user. The person or body responsible for the
operation and maintenance of a system.

3.15 independent inspecting authority. An authority
employed by the user and/or vendor to test and inspect a
pipe-in-pipe system.

3.16 type tests. Tests made by the manufacturer on a new
or modified design of system to determine whether the
new system will be suitable for use.

3.17 production inspections and tests. [nspections and
tests made by the manufacturer to provide quality control
at the works or on site.

3.18 field inspections and tests. Inspections and tests made
by the manufacturer and by the independent inspection
authority during the installation of the system for the
purpose of ensuring that the system is correctly installed.

3.19 heat tests. Tests made by the manufacturer and by
the independent inspecting authority to ensure that the
system is in.compliance with the piping system design
requirements,

3.20 routine service inspections and tests. Inspections and
tests made by the user or by his appointed service
contractor to check that no substantial change in system
performance has occurred, especially with regard to losses,
substantial increments of which could be due to a fault in
the piping system.

3.21 vendor. The body that takes undivided responsibility
for the functional design of the system, and for the supply,
installation and testing of the piping system.
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4. Information to be supplied by the user

A schedule shall be supplied by the user, including the
following information where appropriate (see also
appendix AJ: '

(a) the maximum fluid temperature;

(b) the type of fluid;

(c) the intended use of the system, including details of
the required modes of operation, e.g. continuous
throughout the year, intermittent (seasonal), varying
operating temperatures, etc.

(d) amortization period;

{e) system layout, including any provision for future
extensions;

(f) depth of burial;

{g) soil conditions (see appendix E);

NOTE. It is recommended that the user has independent soil
tests and surveys made of the routes of the intended piping
systems and that he collects all available local information
concerning site conditions, Thorough information is essential
concerning soil characteristics, including friction and densities
when dry and when the soil water content is at its maximum.

(h) exceptional ground loading on the system;

(I} minimum designed temperature at terminations for
required throughput,

The user shall be responsible for furnishing any additional
information that may be requested necessary for the design
and installation of the system.

5. Information to be supplied by the vendor

The vendor shall provide a piping system specification. (See
appendix B.)

6. Undivided responsibility

The vendor shall accept undivided responsibility for the
satisfactory installation of the system and any sub-
contractor he appoints shall be under his control. He shali
also accept responsibility for providing the information for
the associated civil works to be carried out and for ensuring
that it is effected in accordance with the requirements of
the system.

7. General requirements

7.1 General. Installation should be in accordance with
CP 2010 and CP 30009,

7.2 Piping system. The piping system as a whole shall
comply, as appropriate, with the specific requirements
specified in Part 4 of this British Standard.

7.3 Service or product pipe. The service or product pipe,
together with its fittings, shall comply with the specific
requirements specified in Part 4 of this British Standard,
and also with the following general requirements.

(a) Materials shall comply with the requirements of
British Standards or equivalent national or internationat
standards that are acceptable to the user.

For steel, recommended standards include BS 1387,

BS 3601, BS 3602, BS 3603, BS 3604, BS 3605 and
I1SO 65.
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For copper, the appropriate standard is BS 2871.

Fibre reinforced composite {FRC) materials shall
comply with the requirements specified in 9.1 and 9.2,

{b) Materials shall be chemically compatible with the
fluid specified throughout the fluid temperature range.

(c) Materials shall be able to withstand physically the
fluid at its maximum temperature.

(d} The assembly shall be able to withstand the shear,
compression and tensile stresses due to contraction and
expansion,

{e) The service pipe shall be protected by a coating from
external corrosion where protection is not inherent in
the insulation, Any service pipe coating shall be
chemically compatible with the adjacent insulation
throughout the temperature range of the service pipe
fluid.
{f) The service pipe shall remain pressure-tight under all
test and operational design conditions.
7.4 Insulation. Insulation shall comply with the specific
requirements specified in Part 4 of this British Standard and
also with the following general requirements,

{a} It shall be able to withstand physically a temperature
equivalent to the maximum fluid temperature.
{b) In a pipe-in-pipe section it shall be able to withstand
mechanically any shear forces generated by the
maximum longitudinal and transverse expansion and
contraction stresses of the service pipe, assuming that
the casing and the outer surfaces of insulation do not
move.
(c) It shall have a specified minimum resistance to
absorption and adsorption of cold water.
(d) The vendor shall specify the degree to which the
assembly is immune to chemical and biological attack
from the service pipe fluid and from the ground water.
{e) The insulation thickness required shall be calculated
as shown in 7.4.1 to 7.4.4 to satisfy the casing material
temperature limitatiori or product temperature
limitation™,
7.4.1 General. Detailed calculations shall be made as
follows. The rate of heat foss Q {in W/m) of a buried pipe
is given by:

_0W 08
Q—Tﬁ’s ol
where

Ry is the thermal resistance of the insulation (in m K/W),
given by:
In (1+ 2t/d,)}
= —_—— N /4
27Tk1 ( )
R is the thermal resistance of the soil (in m K/W), given
by:
In (4h/d,)
E emrre—— « . 3
R 2nk, (3)
Of the thermal resistances between the fluid in the pipe and
the air above ground, all except that of the insulation and
of the soil can be ignored, The meaning of the symbols is as
follows.

Ry

*In the prefabrication of systems the width of the annular space is fixed by the dimensions of the standard components: The Mments
shown in 7.4.1 to 7.4.4 should therefore be made to determine that the minimum required insulation thickness is ns - lia:

2

AT EEEHREe L,



http://www.avadocuments.com/doc/bs-4508-3-1977
http://www.avadocuments.com/doc/bs-4508-3-1977

Q is the rate of heat loss (in W/m)

0, is the fluid temperature (in °C)

0, s the air temperature (in °C)

dy s the outside diameter of the service pipe (in m)
t is the insulation thickness (in m)

d; - is the outside diameter of the casing (in m)

h is the depth of burial of pipe centre line {in m)
{assumed fo be greater than 2d,)

ki is the thermal conductivity of the insulation (in
W/{m K))

ks is the thermal conductivity of the soil (in
W/(m K)) {see appendix A of BS 4508 : Part 4 :
1977)

In is the natural log
The temperature 0 at the casing is given by:

0w—0 _ Ry

Ow - oa Rl + Rs
7.4.2 No special requirements. In the absence of special
requirements, such as a {imitation on the temperature of
the casing material or a limitation on a change in product
temperature, the economic optimum insulation thickness
is found as follows. Set down the installed cost for a
number of different insulation thicknesses, together with
the annual charges {interest on capital and repayment) for
each thickness. Using equations (1}, (2) and (3) determine
the rate of heat loss for each thickness of insulation, and -
the annual cost of this loss. The annual costs of capital
charges and heat loss should now be added together, and it
will usually be found that there is one value of t for which
this sum is a minimum.
NOTE. Special consideration should be given to any part of the
system where heat losses might be relatively higher, and the
calculations should be adjusted accordingly; where necessary,

additiona! insulation should be applied. These modifications apply
equally to subsequent cases.

.. (4)

7.4.3 Casing material temperature limitation. One of the
functions of the insulation is to ensure that the maximum
allowable casing temperature is not exceeded at any point.
This could occur if the service pipe were eccentric in
relation to the casing by more than an acceptable amount.
The manufacturer shali calculate the permissible eccentri-
city and shall control his process accordingly. He first
calculates the minimum insulation thickness ¢ that is
necessary to protect the casing, assuming concentric .
construction, as shown, and then ensures that the minimum
insulation thickness, resulting from eccentricity, is never
less than't. This guarantees the safety of the casing, with a
margin of safety.

t is given by:
- 0y, —0) dik,y nﬂf_’_)
(@ -—ﬁa) 2ks (dl)
assuming that t € d,, which will be the case here,

t

To find a safe value of ¢, the highest Iikely values of 0, 0,
and A should be chosen, and stated by the manufacturer,
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7.4.4 Product temperature change limitation. When the
temperature change of the fluid is required to be less than
a specified value for a given distance, for example if the
water is available at a temperature 04 at the initial point
and may not be cooler than @, at the final point,

L
R1+Rs='——"él——6_— ) ..n.(5)
Z1" “a :
MCIn((iz—Oa)
where

L is the given length (in m)
M is the minimum mass flow down the pipe (in kg/s)

¢ is the specific heat capacity of water 4170 (in
J/{kg K})

In is the natural log

R, depends only on the nature of the soil and the depth of
burial, and can be found from equation (3), so that
equation (5) gives the required value of A, from which
the required insulation thickness t can be found using
equation (2).

7.5 Casing, service pipe, joints and fittihgs

7.5.1 The casing, service pipe, joints and fittings shall
comply with the specific requirements specified in Part 4
of this British Standard and also with the following general
requirements.

{a) Materials shall comply with the requirements of
British Standards or equivalent national or international
standards that are acceptable to the user.

For steel, recomimiended standards include BS 1387,
BS 3601, BS 3602, BS 3603, BS 3604, BS 3605 and
ISO 65.

For copper, the appropriate standard is BS 2871, with
heavy duty fittings. Brazing materials shall comply with
the requirements of BS 1845. Soft solders shall not be
used.

Fibre reinforced composite (FRC) materials shall
comply with the requirements specified in 9.1 and 9.2.
(b) Materials shall be chemically compatible with the
fluid specified throughout the fluid temperature ranges.

{c} Materials shall be able to withstand physically the
fluid at its maximum temperature.

(d) The assembly shall be able to withstand the shear,
compression and tensile stresses due to contraction and
expansion.
(e} The service pipe shall remain pressure-tight under all
test and operational design conditions.
7.5.2 In addition to that which is mandatory in
appendix B, the vendor shall, on request, supply informa-
tion regarding the minimum pressure at which failure of
closure joints on casings or butkheads occurs at operating
temperatures.

See figures 1 and 2 for details of typical field closure joints
and other fittings.

Documents

Ol : £



http://www.avadocuments.com/doc/bs-4508-3-1977
http://www.avadocuments.com/doc/bs-4508-3-1977

BSI BSxu4508
BS 4508 : Part 3 : 1977

7.6 Pipe-in-pipe assembly. The pipe-in-pipe assembly shall
comply with the specific requirements specified in Part 4
of this British Standard and also with the following general
requirements.

(a) It shall support the weight of the service or product
pipe and its contents. Compliance with this requirements is
established by determining the concentricity of the pipe-in-
pipe under conditions of maximum operating temperature.

To ensure that the service or product pipe(s) remain(s} in
position, devices shall be provided (unless the design of
the system makes them unnecessary) for locating them
correctly within the casing. Such devices may serve also
to help support external loads on the pipe-in-pipe and in
all cases shall have the minimum practicable thermal
transmittance,

Correct location of the service pipe shall be maintained
by ensuring that the dimensions of the annular space do
not vary by more than % 10 % throughout the system.

(b) It shall be able to withstand the thermal contraction
and expansion stresses expected (see also appendix C}.

{c) It shall be able to withstand the loading effect of a

1 m soil coverage. Figure 4 depicts typical trench details.
(See appendix D for information on the strength of pipe-
in-pipe in the ground and on deflection in a length of
bare pipe.)

{d) It shall be able to withstand the ingress of water
from the soil under expected hydrostatic pressures with
a minimum of 2 m hydrostatic head pressure.

{e) *It shall be able to withstand anti-flotation and/or
transient vehicular loading (see also 5.2.5 in BS 4508 :
Part 4 : 1977).

(f) It shall withstand the maximum specified service
temperatures and cyclic variations (see also 5.2.5 in
BS 4508 : Part 4 : 1977).

{g) It shall withstand the environmental and handling
conditions encountered during transport to the site,
during instailation and during service.

7.7 Bulkheads. Bulkheads may be installed to resist the
travel of contaminants through the annulus between the
service or product pipe and the casing. These contaminants
can be introduced either from the outside through a
damaged or defective casing or from fluid leaking from the
service or product pipe.

If bulkheads are fitted at either side of a service pipe joint,
the casing joint should fail before the bulkheads fail.

The extent to which bulkheads are used should be based on
an econornic evaluation of their cost, but, in any case,
consideration should be given to the fitting of bulkheads
where the permeability of insulation is greater than

0.5 metres per annum.

Economic evaluation should be considered in relation to:

(a) the cost of replacement of the section of the
insulated pipeline between the bulkheads;
(b} the consequent financial, health or social cost of any

interruption to the service provided by the piping
system.

Because they are attached both to the service or product
pipe and to the casing, bulkheads shall be designed to avoid

*This requirement will be respecified, later, when a transient vehicle loading test is available,

4
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over-stressing the casing (see 7.5), the service or product
pipe (see 7.3} or the bulkhead itself, which could result
from the pressure of contaminants within the annular space
or from differential movement between the service or
product pipe and the casing.

7.8 Encapsulated valves. Consideration should be given to
the use of valves fully built into the pre-insulated mains
system, which would eliminate the necessity for access
chambers (see figure 3).

7.8.1 The valve units used in such an assembly shall:

{a) be of the “full bore’ type, without pockets that could
collect foreign bodies and thus prevent operation;

(b) be of an accepted type and pattern, without
mechanical joints;

(c) be fitted with at least duplicate gland seals;
(d) be suitable for the proposed working environment.

7.8.2 The valve assembly shall be capable of operation
from ground level when installed. The insulation and casing
of the assembly should be so constructed that there is no
possibility of any service fluid leaking from a gland coming
into contact with the insulation. It is recommended that
the assembly should be so anchored that no damage is
caused to the valve or operating spindle extensions by
movements.

7.9 Terminations. Where the termination is less than
600 mm above ground or above possible flood level, a
pressure-tight closure able to withstand a 2 m head of
water shall be.fitted. This shall apply also to temporary
terminations.

Figures b and 6 show typical dwelling entries and their
terminations.

7.10 Control of thermal stresses. Anchors, prestressing or
other techniques shall be used to keep expansion, contrac-
tion and shear stresses below the yield stresses in the service
pipe, insulation casing and joint. Figure 7 shows detail of a
typical anchor.

In systems where such provision comprises weights or
anchors that are attached to the service or product pipe and
that pass through the insulation and the casing, sealing is
required to ensure that the system remains pressure-tight in
compliance with the requirements of 7.6(d).

If devices requiring inspection are used to take account of
thermal stresses and to compensate for dimensional
changes, they shall only be installed in access chambers.

7.11 Prevention of flotation. In high water table and
underwater conditions, means shall be provided to prevent
flotation of the system, taking into account the require-
ments specified in 7.10.

7.12 Access chambers. To meet the safety aspects of
design, operation and maintenance, access chambers shall
comply with statutory requirements and with those of the
authorities responsible for site installation.

7.12.1 Access chambers shall be provided for assemblies

or items requiring installation, operation and maintenance
facilities, e.g. valves, expansion bellows, drainage and
venting of the service or product pipe, measurements,
controls or monitoring, heat transformers, pumps, connec-
tions, etc. Figure 8 gives details of a typical access chamber.
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