
The Significance of Steel Pipe 
in the Rehabilitation of Pipelines 
and Distribution Systems

Summary: The fact that steel pipes have been used in gas and water distribution systems for more than a 
century has resulted in the emergence of two entirely different perspectives regarding the pipe rehabilitation 
planning. While, on the one hand, steel pipe is indeed used with great success in the rehabilitation of existing 
pipelines, older steel pipelines on the other has since outlived its use and is thus itself in need of rehabilitation. 
Circumstances dictate that any evaluations on old pipes for the purpose of planning rehabilitation projects will 
have to be based on statistical data if there is no measurement system in place to enable constant monitoring. 
This article presents a method of differentiating between the various technological states of development in 
steel piping. We will, in keeping with the second perspective, also examine examples of modern steel pipe 
construction in the trenchless rehabilitation of pipe networks.

By Hans-Jürgen Kocks

1. InTroducTIon
The role that steel pipe has to play in a pipe network is two-
fold when considering the issue of maintenance. The fact 
that steel pipes have been used for over a century in the 
supply of gas and water means not only that it is a suitable 
resource in the rehabilitation of pipe networks, but also that 
it will inevitably itself eventually require rehabilitation. Re-
habilitation, together with repairs, constitutes a fundamen-
tal element of the restoration and thus also maintenance 
of a supply network. We distinguish between pipes or pipe 
networks with and without cathodic protection depend-
ing on the approach taken to maintenance [1].

The development of cathodic protection for steel pip-
ing in the 1950s provided us with a crucial tool for keep-
ing pipes in good condition. Cathodic protection offers 
the opportunity to monitor pipes or pipe networks and to 
precisely establish the location of any defects. As cathod-
ic protection is an anti-corrosive measure in its own right, 
it enables us to plan for the long-term rehabilitation of 
pipes if certain areas might become damaged. Software 
solutions such as WinKKS, which can be used as a plan-
ning tool for maintaining the condition of a pipe network, 
also provide assistance [2].

The use of cathodic protection and welded steel pipes 
has become a particularly well-accepted combination in 
systems for which security and safety are significant is-
sues, such as in the transport of substances that pose a 
risk to groundwater or are inflammable, but also in the 
transport of water and sewage. These advantages are 
most notably applied in the welded steel piplines used to 

distribute gas throughout our towns and cities. Being able 
to record and evaluate measurements regarding the state 
of a pipe network from the surface not only provides the 
means to determine how carefully a network has been 
laid, but also allows us to constantly monitor it while it is 
in operation. External influences along the length of the 
pipeline can be recorded in this way and any resulting 
damage can be repaired. The high level of usage that a 
pipeline can sustain in this way contributes considerably 
to reducing the operating costs of a pipe network. The 
ability to evaluate pipelines to aid in the planning of reha-
bilitation projects is of particular significance today. The 
ability to locate defects and damage allows projects such 
as these to be solely restricted to parts of a pipeline that 
really are in need of rehabilitation [3].

The first documents in Germany published to provide 
assistance in the planning of rehabilitation measures for 
pipelines in the gas and water industries, DVGW advisory 
W 401 and DVGW worksheet G 401, provided a general 
overview of the most fundamental aspects of a more pre-
ventative form of maintenance [4], [5]. Cathodic protec-
tion played only a minor role in these initial publications. 
These two regulatory documents are currently being re-
placed by DVGW worksheet W 402 and advisory W 403, 
and by worksheets G 402 and G 403 for water and gas 
respectively [6], [7], [8], [9]. The collection of data re-
garding damage to and the condition of pipe networks 
and information on maintenance strategies is covered in 
each of the relevant regulatory documents, with infor-
mation provided by measurements taken on cathodic pro-
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tection also being taken into consideration. While data 
from the measurements of cathodic protection is fed di-
rectly into the planning of repair or development projects, 
all forms of pipe networks or pipelines without cathodic 
protection must be evaluated on the basis of statistics 
with regard to the pipe design and expected service life. 
When evaluating damage as part of the standards laid out 
in these worksheets, both the cause of damage and the 
relevant information regarding condition must be record-
ed. This is the only way that the resulting service life can 
also be attributed to a specific pipe design.

The pipe design affected by damage can be deter-
mined from either the existing operating documentation 
or from the in situ analysis. The new factor is the require-
ment to differentiate between different types of corro-
sion damage with regard to the actual cause of the dam-
age when handling pipes made of ferrous materials. 
Whereas any statistics regarding long-term usage were 
rendered useless in the past by "corrosion" simply being 
ticked as the assumed cause of damage, it is now neces-
sary to enquire as to just how the corrosion damage ac-
tually came about. The reason for this is the fact that cor-
rosion damage can have many different causes. For ex-
ample, steel pipes usually had thick coatings applied in the 
last decades. Any corrosion developing in these cases was 
generally the result of damage or a lack of care in laying. 
However, these are causes that say nothing about the 

service life in relation to the design, and thus are also of 
little relevance to statistical records examining service life. 
Table 1 provides an overview of the damage categories 
that must be recorded in future and their significance in 
the planning of rehabilitation. A glance at the table also 

Damage category Consequence for planning

External mechanical and thermal 
influences

Usually localised damages - repair

Seismic activity Usually localised damages – repair 
Sections of network - affects areas with 
pronounced subsidence.

Corrosion and deterioration of materials 
(excluding other categories, usually limited 
to designs with absent or poor anti-corro-
sion protection)

Sections of network - affects areas with 
same pipe design, laid during same period 
of time and under same fundamental 
conditions (ground, stresses,...)

Errors in laying and fitting Sections of network - sections affected 
by systematic errors in laying are those 
that form part of the same laying project.

Material defects Sections of network - with manufacturing 
defects, pipes or pipe designs from a 
specific manufacturer are affected.

Table 1: Overview of the damage categories to be evaluated and the 
consequences for rehabilitation planning
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reveals that each damage category generally reveals the 
possible cause of the corrosion damage. If no categorisa-
tion is carried out during the recording of corrosion dam-
age, it will not be possible to separate damage arising from 
external influences from damage resulting from deterio-
ration. As an example, the previous regulatory documents 
provided service life statistics in the appendices, which 
were intended to provide an initial overview of the ex-
pected timeframes. Concealed within these statistics 
were estimates for situations where real data was imposi-
ble to obtain, particularly with more recent pipe designs. 
It is also noticeable that these statistics cover periods of 
up to 60 years for the expected service life. This large 
timeframe arises from a number of factors related to spe-
cific networks, such as:

  the care taken in laying
  ground conditions
  transport stresses
  activities around the pipeline 
etc.

A lack of care in the record-keeping for the pipe networks 
makes deciding for or against renewing the pipelines or 
restoring/repairing existing ones extremely difficult based 
on statistics such as these. The material-specific service 
life time periods specified in the appendices of the works-
heets are by no means sufficient to act strategically in the 
planning of pipe renewals. [10]. Disadvantages here might 
be that sections of pipeline that are still fully intact would 
be replaced, or that too much time is allowed to lapse be-

fore replacing or restoring pipes, thus resulting in not on-
ly the primary costs for the repairs, but also the secon-
dary costs for remedying subsequent damage. The sys-
tem of data collection required today allows for a consi-
derably more precise evaluation of the situation in the pipe 
networks. Aside from factors specific to a particular net-
work, the steel pipe designs, which are categorised ac-
cording to their time of manufacture, are also of critical 
significance in the generation of service life statistics and 
thus for the evaluation of a steel pipe network. The sec-
tions hereafter provide an overview of the various steel 
pipe designs used in the past and the present and provi-
de a rough framework for carrying out network analyses 
such as these. A further section will introduce the possi-
bilities of using steel pipes in the rehabilitation of a pipe 
network using selected examples.

2. The TechnIcal developmenT of The 
STeel pIpe
2.1 The production of steel pipes 
The story of the steel pipe as it is used in the gas and wa-
ter supply industries begins at the end of the 19th cen-
tury. Seamless or welded steel pipes were used during this 
period, depending on the field in which it was to be used. 
While welded steel piping was primarily used for the ven-
tilation and drainage of mines, the supply of water and the 
disposal of sewage, only the gas and oil industries, for 
whom safety and security were of more concern, made 
use of seamless steel pipes until the 1960s. It was only 
once welding techniques were refined and optimised that 

FIg. 1: Long-seam welded pipe with caulked lead 
joint and double flare as reinforcement

FIg. 2: “Safety rubber ring sleeve” coupling

FIg. 3: Tyton® spigot-and-socket joint

FIg. 4: 
Tyton-Sit® 
spigot-and- 
socket joint

Lead
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the seamless steel pipe was superseded. One of the 
milestones in the development of steel pipe technology 
was the first patent for the manufacture of seamless 
steel pipes issued to the Mannesmann Brothers in 1886. 
The first records of welded steel pipe being manufac-
tured date back to 1845 in the town of Mauel, in the 
Eifel district of Germany. The edges of a steel strip ma-
terial was heated to welding temperature and welded by 
pressing the edges of the bands together. The first steel 
pipes manufactured using arc welding were produced in 
the 1920s. Here, the band edges of the strip metal bent 
towards the pipe were welded by hand or by machine 
with the help of additional material. Even today, pipes 
with large diameters continue to be manufactured using 
a submerged arc welding processes making use of ad-
ditional material. Powder is used during the welding 
process to prevent the electric arc being exposed to ox-
ygen (material by wire electrodes).

Induction welding, which involves the use of a ring in-
ductor to induce the welding current into the endless steel 
strip bent towards the pipe, was used for the first time to 
manufacture steel pipes in the 1950s. The current heats 
the band's edges, which are pressed together at the weld 
spot. The compression process allows band edges to be 
welded together without using additional materials. A 
scraper is used to work off the material developing on the 
inside and outside during the compression process so as 
to achieve the desired pipe wall thickness. This type of 
welding is limited to a nominal size of up to DN 600. It was 
only with the help of induction welding and submerged 
arc welding that it was possible to also weld high-strength 
pipe materials together.

2.2 Joint techniques
When considering techniques used to join steel piping, we 
distinguish between mechanical joints and weld joints. The 
caulked lead joint was the main pipe connection used at 
construction sites until well into the 1930s. A wide vari-
ety of types were used. On seamless pipes, the pilger head 
that develops at the end was used to create the reinforced 
sleeve. On welded pipes, the previously broadened pipe 
end was reinforced with a double flare or with an addi-
tional specially-adapted ring (Figure 1). The relatively low 
permissible axial movements meant that the so-called 
"Schalker" sleeves were used in areas of mine subsidence. 
With this joint, the spigot end is inserted into a longer 
guide section of the socket, enabling it to absorb any con-
siderable axial movements. A cupped caulked lead joint, 
which allows for bending by up to 8°, was also common.

The fitting of the caulked lead joint required a rela-
tively large amount of effort. First, a sealing rope had to 
be caulked into the cone-shaped sleeve using a yarning 
tool and lump hammer. The finish comprised either lead 
wool mortised in or the the remainder of the sleeve open-
ing being filled with liquid lead. Led joint sockets were 

used both in gas and water supply systems. As former 
West Germany urban or long-distance gas supplies 
switched to natural gas around 1970, the sealing ropes 
dried out and many began to leak. Repeated attempts 
were made to counteract this effect using swelling 
agents.

In addition to lead sockets, rubber-sealed socket 
joints were also common back in the 1930s for water 
pipes. The so-called safety rubber ring sleeve (German: 
Sigurmuffe or Sicherheits-Gummi-Ringmuffe) involved 
the placing of an O-ring gasket on the spigot end (Fig-

FIg. 8: Pipe end finish for butt weld 
joints in gas and water pipelines

FIg. 5: Double chamber 
socket (DKM®) spigot-and-
socket joint

FIg. 7: Welding 
Socket joint

FIg. 6: Threaded joint DN 40 to DN 250

Socket ring
Sealing ring Threaded ring
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ure 2) Once prepared in this way, the spigot end could 
then be inserted into the trumpet-shaped widened pipe 
end. This kind of mechanical joint had already become ir-
relevant in the 1970s, however. At the beginning of the 
1980s, the steel spigot-and-socket joint system with the 
Tyton® ring known from cast iron piping was introduced. 
The standard design established by the German stand-
ard DIN 2460 allows the steel spigot-and-socket joint to 
be used for service pressures up to 40 bar [11] (Figure 
3). Tyton-Sit® and double chamber socket (DKM®) joints 
are available as longitudinally force-locking systems. 
These joint types can be used in their standard forms to 
withstand longitudinal forces under an operating pres-
sure of up to 40 bar (Figure 4 and 5). Longitudinally 
force-locked spigot-and-socket systems such as these 
continue to be used today in the trenchless laying of pipe-
lines or renewal of pipes.

Alongside sleeve joints, screw joints were also used in 
the 1950s for smaller nominal sizes of up to DN 500. Two 
designs for nominal sizes from DN 40 to DN 150 and from 
DN 200 to DN 500 were distinguishable here. With small-
er nominal size ranges, the threaded sleeve was fitted by 
inserting the copped end into the wider part of the next 
pipe section. This widened piping was double flared so as 
to provide support for the rubber ring required to seal the 
pipe (Figure 6). During fitting, a sleeve ring placed on the 
narrow end was joined with the threaded ring located 
around the sleeve behind the double flare.

When using threaded joints with larger nominal pipe 
sizes, the double flaring is omitted. During fitting, a ta-
pered rubber ring would be pressed into a widened pipe 
end with the help of a threaded ring. A steel spiral is weld-
ed into the sleeve as a thread. A slide ring between the 
rubber gasket and threaded ring prevented the rubber 

from being stripped during fitting. The weld joints have 
been used as an alternative to the caulked lead joint since 
around the 1920s. Socket structures were initially used 
to this end, to relieve a considerable amount of the stress 
on the weld seam. Figure 7 shows the usual socket weld-
ing design that is still used in the sewage industry today.

Butt welded joints were still considered a safety risk 
at that time. As explained in the Mannesmann Röhren-
werke manual from 1936: [12]:

"The simplest weld joint is the butt weld. Here the 
pipes are, if necessary, calibrated at the ends and tapered 
to an angle suitable for welding. In spite of its great 
strength, this simple butt weld does not provide the re-
quired safety in many applications. For this reason, more 
suitable joints have been developed for such purposes."

The following can be found in the manual from Phö-
nix Rheinstahl dated 1956 [13]:

"Butt welding is a simple joint used for pipes with 
smooth ends and is technically speaking not a sleeve joint. 
Proper implementation requires the pipe ends to be well 
centred; this is thus particularly well-suited to pipes of a 
good firmness, which prevents the pipes from losing their 
roundness. ... The joint is very simple. If welded properly, 
it possesses excellent strength almost comparable to that 
of the full cross section of the pipe itself. Longitudinal 
forces can thus be absorbed by the joint to a large extent." 
In a study by the DVGW regarding the various joints used 
in underground drinking water pipelines, the butt weld 
joint was described in 1978 as follows [14]:

"The use of this joint is preferred for all diameters and 
wall thicknesses and for both round and segment seams. 
Butt welds represent the ideal joint in welding. They are 
relatively easy to create, easy to check and transmit forc-
es with no bending stress." With improvements in welding 

FIg. 9: Submerging 
steel piping in a 
bitumen bath

FIg. 10: Spin 
head used to coat 
the pipes
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technology, optimised welding procedures and stricter tol-
erances with steel pipes, butt weld seams are the preferred 
solution in pipe fitting and are currently the best available 
technique in gas and water supply systems. (Figure 8).

2.3 corrosion protection
2.3.1 lining
While gas pipelines require no interior anti-corrosive ap-
plications, water pipelines made of steel require an anti-
corrosive lining. Bitumen lining is perhaps the oldest form 
of interior anti-corrosion protection used in Germany for 
steel water pipelines. The lining thickness is related to the 
corrosiveness of the medium to be transported. The pipes 
are usually either dipped or coated inside with a thin coat 
of bitumen (Figure 9). This form of corrosion protection 
was selected for types of water that permit the develop-
ment of passive surface layers. For more corrosive water 
types, a rolling process was used to build up dense coat-
ings of blown bitumen with thicknesses of up to 2 mm. 
For particularly corrosive fluids, it was possible to further 
thicken the lining to 4 mm by using a special type of bitu-
men. These coatings have gradually been superseded 
since the mid-1960s by cement mortar lining. Cement 
mortar linings are far superior to organic linings, both in 
terms of their economic and their anti-corrosive proper-
ties for the drinking water and sewage industries. Re-
quirements related to cement mortar linings today are 
defined in the European standard DIN EN 10298 [15].

The use of cement mortar as an anti-corrosive agent 
in water pipelines made of ferrous substances was first 
described in a publication from the French Academy of 
Sciences dated 1836 [16]. Among the various procedures 
considered for the protection of the interiors of pipelines, 
a particularly cost-effective solution was presented in the 

form of a cement mortar lining of at least 2.5 mm thick-
ness, guaranteeing good handling as well as protection 
against corrosion and thus incrustations. It is not unrea-
sonable to assume that this publication was the reason 
why cement mortar linings began to be used in the Unit-
ed States just a few years later. It was documented as ear-
ly as 1845 that pipes coated in cement mortar were laid 
in Jersey City, New Jersey. The regulations of the City of 
Brooklyn of the State of New York dated 1859 mention 
cement mortar linings.

Early procedures for lining pipes presented some ex-
traordinary problems nonetheless. For example, a so-
called "drawing" process was developed to enable cement 
mortar linings to be applied with the help of a mandrel. 
The cement mortar lining thicknesses were subject to 
considerable variations due to poor centring. The spin lin-
ing method still common today was developed around the 
1920s. Here, once the cement mortar has been applied 
to the pipe, it is spun around to achieve a smooth and 
evenly thick coating. Generally speaking, there are two 
methods of pipe lining that we can distinguish between:

The rotational spinning method involves the intro-
duction of an aqueous mortar into the pipe before it is 
spun to spread, seal and smooth it across the circumfer-
ence of the pipe. Excess water is expelled during this 
process. Cement mortar linings applied according to this 
procedure are characterised by a clear layer of fine par-
ticles, which primarily consist of cement. With the spray-
ing method, the first step involves the introduction of 
the mortar to the inside of the pipe. The pipe is then spun 
to even out and compact the mortar. Depending on the 
spin speed and amount of water expelled, it is possible 
to produce linings with a homogenous particle size dis-
tribution (Figure 10).

FIg. 11: Wrapping the pipes 
with woven soaked in bitumen

FIg. 12: The sleeve 
extrusion process
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2.3.2 coatings
As with linings, bitumen was also initially used for coat-
ing steel pipes. The first step towards coating a steel pipe 
was to apply a primer layer, generally by dipping the pipe 
in a bitumen bath. It was then wrapped with woven 
soaked in bitumen to the desired coat thickness (Figure 
11). Until the 1950s, woven of jute waterproofed Card-
board material was used to be soaked in bitumen and 
wrapped round the pipes. Glass woven were used as an 
alternative later. In contrast to cardboard or jute, glass 
woven were considerably more resilient. It also lacked 
the wicking effect with moisture that organic materials 
exhibited. The now-coated steel pipe was then white-
washed or sprinkled with talcum powder to protect it 
against sunlight.

The first polyethylene coatings were produced to-
wards the end of the 1950s using the so-called sintering 
technique [17]. The pipes were first blasted with steel 
granulate to reveal the bare metal. At a surface tempera-
ture of around 300°C, polyethylene powder would trick-
le down onto the rotating pipe, which melted upon con-
tact with the pipe surface to form an even layer. These 
powder coatings had the disadvantage, when compared 
to the later produced extruded coatings, of being less ad-
hesive and more prone to breaking due to poor elasticity. 
Sintered polyethylene is relatively brittle when compared 
to the extruded materials usually used today.

The sleeve and side extrusion processes in common use 
today have been used since the mid 1960s and have since 
completely superseded the sintering technique with regard 
to pipe coating. Initially, a two-layer coating was produced 
consisting of adhesive and polyethylene. High-quality 
three-layer systems began to be used in the mid 1980s. 
These three-layer coatings also have an additional epoxy 
resin based primer. These systems, which have been de-
veloped with practical considerations in mind, achieve a 
higher adhesive strength and allow the polyethylene to be 
cut back easily by heating the pipe ends when cutting pipe 
sections. Low-Density, Medium-Density and High-Den-
sity Polyethylene (LDPE, MDPE and HDPE) are used. HDPE 
for example is applied for higher service temperatures. 
Compared to polyethylene, coatings of polypropylene are 
of little significance in the industry and are used primarily 
for special applications such as trenchless pipe-laying.

The fields of application of the sleeve and side extru-
sion techniques are generally limited to a number of spe-
cific steel pipe dimension ranges. The side extrusion tech-
nique is primarily used with larger pipes. After blasting the 
pipe to a surface preparation grade of Sa 2 1/2 and pre-
heating the pipes to around 200°C, the epoxy resin prim-
er coating is applied as a powder, before adhesive and pol-
yethylene or polypropylene are applied via a side extrud-
er using a pressure roller. When using sleeve extrusion, 
the primer and adhesive are usually applied as a powder 

FIg. 15: Laying a spigot-
and-socket pipeline using 

the pipe drawing technique 

FIg. 13: Cement mortar coating as 
used in the special design for trench-
less pipe laying

FIg. 14: Generations 
of steel pipe according 
to Roscher [21]

mapec© with T-section ribbing and fZm-S

T-Rip
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coating. The last step involves the extrusion of polyeth-
ylene or polypropylene as a seamless sleeve (Figure 12). 
Sleeve extrusion has managed to establish itself primari-
ly in the treating of pipes of nominal sizes up to DN 600. 
The use of appropriate extruder attachments also allows 
profiled coatings to be produced. The requirements for 
polyethylene and polypropylene coatings have been es-
tablished for example in the German standards DIN 30670 
and DIN 30678 respectively [18], [19].

2.3.3 cement mortar coating for 
mechanical protection
Steel pipes with polyethylene or polypropylene coatings 
must be embedded in stone-free material in accordance 
with the technical regulations. The savings possible with 
the use of beddings such as these was the trigger for the 
development of a cement mortar coatings used to pro-
tect the polyethylene coating from mechanical damage. 
Cement mortar coating has advantages from a technical 
standpoint, particularly the mechanical protection provid-
ed during laying and for the event that any digging activ-
ities around the pipeline might be necessary at a later point 
in time. The disadvantages of a sandbed, such as a wider 
working strip for the transport of sand and excavation 
material as well as the feared drainage effect in natural 
reserves and agricultural areas, no longer apply. The eco-
nomic benefits are derived not only from the lack of a 
sandbed, but also from the fact that transport costs for 
sand, excavation and possibly landfill costs arising from 
the soil exchange no longer apply.

The preferred production technique for cement mor-
tar coating today is comparable with the side extrusion 
process used for polyethylene coatings. The mortar, mod-
ified with plastic fibres, is applied to the rotating pipe via 
a flat-film extrusion die. To ensure that the fresh layer of 
mortar on the plastic-coated pipe surface is firm, a poly-
ethylene woven wrapped around at the same time. The 
woven is worked into the surface of the mortar gently 
and, once set, effectively reinforces the mortar. The ce-
ment mortar coating of the steel pipe is produced in ac-
cordance with the German DVGW worksheet GW 340. 
This worksheet describes two designs (FZM-N and FZM-
S) [20]. Design N is used in conventional pipe laying, 
whereas design S is used mainly in trenchless pipe-laying 
(Figure 13). As opposed to the FCM coating used in the 
normal design, the design intended for trenchless pipe 
laying contains a mechanical connection between the 
plastic coating and FCM coating. A T-profile is applied as 
a second layer between coating and the cement mortar 
layer (Figure 13).

2.4. a general summary of the generations 
of steel pipes [21]
It is absolutely necessary to take various generations of 
steel pipe into consideration when evaluating a pipeline 

network, a step which is necessary for the creation a 
maintenance plan geared towards prevention. In view of 
the multiplicity of developments and experiences in the 
application of steel pipes, assigning them to sections of a 
useful and relatively uncomplicated table is difficult. The 
quality of the anti-corrosion agent used contributes con-
siderably to determining the service life of a pipeline made 
of ferrous materials. For this reason, a grid of this type 
should focus on the development of the anti-corrosion 
agent when determining the various generations of steel 
pipe (Figure 14). Pipes made of ferrous materials were 
already being coated and lined to protect them against 
corrosion back in the 19th century. This did not necessar-
ily mean, however, that all pipes laid back then were suf-
ficiently protected against corrosion to meet the needs 
of the intended application based on what we know to-
day. This required knowledge that was yet to be discov-
ered within the field of underground pipelines. It was on-

DN da

[mm]
Wall 
thickness
[mm]

Permissible
tensile force
[kN)

Bend angle/
max. curve 
radius
[°]/[m]

80 97 3.6 30 3/115

100 117.5 3.6 50 3/115

125 143.0 4.0 70 3/115

150 168.1 4.0 100 3/115 

200 219.1 4.5 170 3/115

250 273.0 5.0 260 3/115

300 323.9 6.3 370 3/115

DN da

[mm]
Wall 
thickness
[mm]

Permissible
tensile force
[kN)

Bend angle/
max. curve 
radius
[°]/[m]

80 97 3.6 20 3/115

100 117.5 3.6 29 3/115

125 143.0 4.0 43 3/115

150 168.1 4.0 60 3/115

200 219.1 4.5 102 3/115

250 273.0 5.0 107 3/115

300 323.9 6.3 152 3/115

Table 3: Permissible tensile forces, bend radii and bend angles of 
spigot-and-socket pipes with Tylon Sit®  joint

Table 2: Permissible tensile forces, bend radii and bend angles of 
spigot-and-socket pipes with double chamber socket joint (pipe length 6 m)
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ly in the 1930s that underground pipelines were protect-
ed against corrosion using bitumen coatings as a matter 
of course and that bitumen linings were used specifically 
in the fields of water and sewage transport, Steel pipes 
used up until 1940 thus represent the first generation of 
steel pipes, which were often insufficiently or even some-
times not at all protected against corrosion.

Advances in the production of welded steel pipes, the 
developments of the first sintered polyethylene coatings 
and the introduction of cement mortar lining represent 
significant stages of development in steel pipes used for 
transporting gas and water, especially in the 1960s. The 
acceptance of developments such as these, however, was 
slow. Taking contemporary developments and improve-
ments in the field of corrosion protection into considera-
tion, it was clear that the significance and understanding 
of this topic had grown. Bitumen coatings, which were still 
used in the majority of cases, had improved considerably 
in this time thanks to the switch from woven jute and 
Cardboard to the more resilient glass woven. This renders 
the period between 1940 and 1980 the second genera-
tion of steel pipes.

From around 1980 onwards, high-quality polyethylene 
coatings had fully established themselves as a method of 
preventing corrosion in underground pipeline construction. 

Cement mortar lining was used as standard in steel pipes 
used to transport water and sewage. The period following 
1980 is thus the third and current generation of steel pipes 
as used in the supply of gas and water. Steel pipes laid in 
the eastern part of Germany prior to the fall of the Berlin 
wall is to be classed as first or second generation due to 
the in part insufficient corrosion protection.

3. STeel pIpeS for The rehabIlITaTIon of 
pIpelIneS
3.1 Steel pipe designs
When rehabilitating old pipes, the incorporation of new 
steel pipes in existing pipelines has been common, as the 
laying of new pipes using conventional techniques and 
technology. The advantages of trenchless pipe laying also 
apply to these techniques, such as:

  low damage to the underground due to avoidance of 
subsidence
  rapid pipe laying, as there the time needed to repair the 
surface is reduced.
  residents and road users around the construction area 
are not hindered. Obstructions are kept to a minimum 
due to the smaller size of the pits. There is little noise 
from construction because the use of construction ve-

FIg. 16: Profiled version of 
polyethylene coating

FIg. 17: Principle of the “Hydros” technique

FIg. 18: Starting pit for laying a pipe using the Hydros technique

Spline section ribbing
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hicles can be avoided and the usual construction site 
activities associated with conventional pipe laying are 
no longer necessary.
  short construction times

For steel pipes to be laid using trenchless pipe laying tech-
niques, the tensile forces and bend radii established in re- 
gulatory documents such as the German DVGW work-
sheet GW 321 apply [22], [23].

Depending on the design the maximum tensile forces 
and bend radii specified in Tables 2 and 3 must also be 
observed with spigot-and-socket pipes [16].

The following options are available with regard to the 
rehabilitation of pipelines using steel piping:

  Laying of the new pipe inside an existing one - an "in-
line" steel pipe
  Replacement of an existing pipe, for example by de-
stroying the old pipe and laying the new pipe (e.g. us-
ing pipe bursting) or replacing the old pipe with a new 
one (e.g. using the “Hydros” technique)

As the laying route with these techniques makes use of 
an existing pipeline, dangers from pipelines belonging to 
other providers are usually not to be expected in spite of 
the generally high density of pipelines present under the 
streets. House connections must be located and discon-
nected beforehand. The most common techniques used 
for the rehabilitation of existing pipelines using steel pipes 
will be explained in a number of practical examples. It 
should be noted here, however, that there are many dif-
ferent accepted forms of steel pipe designs that are used 
depending on the technique in question.

3.2 laying techniques
3.2.1 Steel pipe as inliner [24], [25]
When considering the inliner technique, we generally need 
to distinguish between structurally stable and unstable 
systems as used in tube relining. In terms of concept, the 
steel pipe is one of the structurally stable systems and is 
often used under conditions where the old pipeline can no 
longer meet these requirements. The laying of the new 
pipes in an existing pipeline will inevitably require the pipe-
line dimensions to be reduced.

Contrary to many previous expectations, water con-
sumption has dropped over the past few years. There has 
been a downward trend in water consumption per house-
hold as well in the needs of industry over the past few 
years. For this reason, it may be worth considering a re-
duction in the size of the cross-section of older pipelines 
that are to be rehabilitated. The option of laying new pipes 
in existing pipelines seems practically destined for cases 
like these. One example here would be the pipe-laying 
technique used by “Gelsenwasser” since the early 1990s 
[17]. Both welded pipe joints and longitudinally force-
locked spigot-and-socket joints are suitable for this inlin-

er technique. The required pipe dimensions play a funda-
mental role when selecting the joining technique to be 
used. Mechanical joints will inevitably require more space 
than a welded pipe joint. The pits are arranged depending 
on the circumstances around the pipeline. It must be tak-
en into consideration that bends, for example, cannot be 
passed through. In areas of mine subsidence, pipes must 
first and foremost be checked for any warping that may 
have arisen over the course of its service life as a result 
of soil movements. Inspection cameras also allow previ-
ously unknown fixtures to be located that may, under cer-
tain circumstances, prevent the laying of the new pipes.

The existing pipe is cleaned with scrapers and rubber 
pads before laying the new length. The laying of the pipes 
requires the drawing and fitting in the starting pit to be 
well-coordinated. The length is assembled pipe-by-pipe 
in the starting pit. With spigot-and-socket pipes, the ar-
ea around the joint is protected from damage by an ad-
ditional metal sleeve (Figure 15). Depending on the joints 
used, pipe lengths of up to 400 m may be laid. In the case 
of spigot-and-socket pipes, the pipeline is laid on the 
sheet metal sleeving around the joints during the laying 
process. In this case, there are no special requirements 
regarding the coating of the steel pipes. With butt-weld-
ed pipe designs, the pipeline load is spread out over the 
entire surface. Profiled polyethylene coatings are used 
particularly often in these cases (Figure 16). Once laid, the 
remaining hollow space between the old pipe and the new 
pipeline is usually filled with a cement based material.

3.2.2 replacing existing pipelines
It is not feasible in all cases to reduce the cross-sectional 
size of an existing pipe for rehabilitation purposes. In 
trenchless laying, this means either destroying or remov-
ing the existing pipe. Replacing existing pipes generally 
requires the use of structurally stable pipe systems in con-
trast to inliners. Here it is also necessary to check the ex-
isting lines to see whether they are connected to houses 
or have other fittings. Issues such as these must be must 
be remedied beforehand to prevent problems.

pipe bursting [26]
The pipe bursting technique is characterised by the wreck-
age or remains of the old pipe that it leaves behind. The 
new pipe is drawn in by destroying the old pipe in its place. 
It allows pipes with the same diameter or even with larg-
er diameters to be drawn in. In these cases, the soil must 
be suppressed using an expanding head while the old pipe 
has been destroyed. Tools suitable for use with all pipe 
materials can be used to break up the old pipe.

For example, a 405 m length gas pressure pipe made 
of steel measuring DN 100 was replaced with a new with 
polyethylene and cement mortar coated steel pipe in two 
sections in June 2000 in Oberhaeslich, Saxony for Dres-
den-based Gaso. Two lengths of side welded steel pipes 
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measuring approx. 200 m in length were prepared. The 
old steel pipe already in place was cut up, widened and 
the prepared lines drawn in. The old pipe was fitted in four 
steps. Once cut, the old pipe was widened twice. Upon 
widening the pipe a third time, the new steel pipe was 
drawn in simultaneously. The need to widen so often was 
primarily due to the resilient nature of the cut steel pipe. 
The presence of the cut old pipe means that the require-
ments regarding the mechanical stability of the coating 
systems used are stricter. The use of the special cement 
mortar lining technique has been well established in this 
case. In contrast to the lining technique, welding pipe 
joints are preferred.

The “hydros” technique [27]
The “Hydros” technique (a.k.a. the hydraulic pipe drawing 
and split technique) has been used specifically in Berlin for 
more than ten years now. The aim of this technique is to 
replace usually old cast iron pipes with new ones without 
digging trenches. In contrast to pipe bursting, there are no 
remains or wreckage left in the ground. Both welded and 
longitudinally force-locked spigot-and-socket joints have 
proven their worth in the application of this technique.

The technique involves the drawing device in the tar-
get pit being introduced in such a way that it draws the 
old and new pipes in at the same time, allowing a mandrel 
to be used to destroy the old pipe in the process (Figure 
17). This is achieved by feeding the pull rods through the 
old pipe and connecting to the end of the old pipe in the 
starting pit. The new pipe is hooked onto the pull rods. 
The pipe length to be laid is fitted in the starting pit (Fig-
ure 18). This means that the drawing and fitting stages 
must be coordinated during the laying process. The draw-
ing of the old pipe is usually restricted to shorter routes 
and depends fundamentally on the strength of the mate-
rial from which the old pipe is made. Thus, over a total 
drawing length of 60 to 80 m, there are usually several 
smaller pits, each of which is used to destroy partial 
lengths of the old pipe. Welded pipe joints and cement 
mortar coated pipes are also mainly preferred with this 
technique.

4. concludIng remarkS
The pipelines of a supply company represent around 60 to 
80 % of their assets. Based on analyses now available, we 
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Unbeaten in Terms of Quality and Reliability

Salzgitter Mannesmann Line Pipe, with its two pipe mills in Hamm and
Siegen (North Rhine-Westphalia), is an internationally leading manufac-
turer of longitudinally HFI welded steel pipe. This includes cement mortar
lined pipes for drinking water and sewage systems, oil and gas line pipe
for onshore and offshore pipelines, tubes for machinery and plant con-
struction as well as oilfield tubes, pipes for longdistance heating systems
and structural tubes.

Product range for water and wastewater line pipe:
• Outside diameter range from 114.3 mm (4 ½'') to 610.0 mm (24'')
• Wall thickness from 3.2 mm (0.126'') up to 25.4 mm (1'')
• Pipe length up to 18 m (60 ft)
• Spigot & socket, welded and non-permanent (flanges/couplings) joints
• Cement mortar for internal lining
• MAPEC® PE or PP coating, fibre cement mortar (FCM) coating
• Depending on the type of pipe laying a variety of special coatings is 

available: longitudinal ribbing, rough coating, T-profil with FCM-S etc.

Certification to DIN EN ISO 9001:2008, DIN EN ISO 14001:2009 and
OHSAS 18001:2007; approved supplier to all major nationally and inter-
nationally operating utility companies.

Cement mortar
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Adhesive Fibrous cement mortar
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T-profile

Epoxy resin primer
Polyethylene
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would have to assume a renewal rate of 1.5 % in order to 
be able to maintain a consistent standard with regard to 
the supply security and operating safety. Given that the 
supply industry is currently reporting renewal rates of 0.1 
to 0.5 %, the demands on the maintenance of existing 
pipeline networks will inevitably constantly rise.

Steel pipelines with cathodic protection offer not on-
ly the general opportunity to locate defects and carry out 
quality control after laying, but also the opportunity to 
carry out constant monitoring of the pipes and pipeline 
network. If there is no opportunity to implement such a 
condition-based maintenance system, rehabilitation plan-
ning will only be possible using the the more schedule-
based maintenance concept, which also requires service 
life statistics to be generated. How much statistics such 
as these can tell us is considerably dependent on how 
many different applications, laying and operating condi-
tions and types of pipe system can be distinguished from 
the given dataset. The technological stages described 
here and their chronological arrangement are intended to 
provide assistance in this matter.

However, steel piping is not solely a subject of reha-
bilitation but is also used for the trenchless renewal of 

pipelines as it is commonly used today. The flexibility in 
the design of joining techniques, the various coating and 
lining designs and especially the defining mechanical prop-
erties allow trenchless techniques to be used cost-effec-
tively to rehabilitate pipes.

dr. hanS-JÜrgen kockS
Salzgitter Mannesmann Line Pipe 
GmbH, Siegen, Germany
Tel. +49 271 691 170
E-Mail: hans-juergen.kocks@smlp.eu
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