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Abstract

Due to manual installation of joints, the connection of the single pipe segments is one major influence for the performance of the
whole network system. For granting joint quality, minimum requirements have to be proven in a standardized European test.
Recommendations for the improvement of the test procedure are given. Furthermore expected operational loads in modern district
heating networks are discussed. Since flexible operation of combined heat and power plants is necessary due to peak loads from
feeding in of renewable energy sources, a different load spectrum is expected for the district heating network in the future. Possible
amendments for the testing may be derived and a first step for understanding the load spectrum of joints in modern district heating
networks is discussed.
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1. Introduction

For reliable modern district heating (DH) networks, sustainable solutions for their construction is needed. The joint
technology is a key factor for quality and serviceability.

Due to manual installation of the joints, the connection of the single pipe segments is one major influence for the
performance of the whole network system. For granting supply to the customer and low heat losses in the system, high
requirements are necessary for the quality of joints [1]. Since there are several joint systems on the market, quality
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testing in a sand box was established and standardized in the European Standard EN 489 [2]. The boundary conditions
for the tests were chosen close to the estimated operational load for district heating pipes during a lifetime of 30 years.
However, a longer lifetime for the pipe system was suggested according to investigations of other authors [3]. On the
other hand, the future load spectrum for pipe systems is assumed to imply more repeated temperature loads and an
overall lower temperature level. These reverse acting effects are not well understood today. An accurate life-cycle-
analysis seems to be difficult for the district heating networks and their joints because of unsolved uncertainties. The
meaning of the results according to EN 489 should be reviewed.

Nomenclature

Cu uniformity index
D: relative density
e void ratio

Due to manual installation of the joints, the connection of the single pipe segments is one major influence for the
performance of the whole network system. For granting supply to the customer and low heat losses in the system, high
requirements are necessary for the quality of joints [1]. Since there are several joint systems on the market, quality
testing in a sand box was established and standardized in the European Standard EN 489 [2]. The boundary conditions
for the tests were chosen close to the estimated operational load for district heating pipes during a lifetime of 30 years.
However, a longer lifetime for the pipe system was suggested according to investigations of other authors [3]. On the
other hand, the future load spectrum for pipe systems is assumed to imply more repeated temperature loads and an
overall lower temperature level. These reverse acting effects are not well understood today. An accurate life-cycle-
analysis seems to be difficult for the district heating networks and their joints because of unsolved uncertainties. The
meaning of the results according to EN 489 should be reviewed.

2. Sandbox testing according to EN 489
2.1. Testing methodology
The testing methodology for joints according to EN 489 was introduced in terms of a maximum load test. A sand

box test was selected to represent in situ trench conditions and a load spectrum for an estimated lifetime of 30 years
was chosen. For the joint system the following general requirements are defined according to EN 489 [2]:

e Resistance against axial forces due to axial displacement of the test specimen;
e Resistance against radial forces and bending moment (not tested in the sand box);
e Resistance against temperature influence and temperature changes;
e Water tightness.
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Fig. 1. Scheme of the sand box according to [2], cross section (left), top view (right).
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Water tightness is tested only when the sand box test is passed. A scheme of the minimum geometry of the sand box
is given in Fig. 1. In this sand box a district heating pipe with minimum length of 2500 mm including the joint is installed
in dry sand. The moisture content of the sand must be lower than 0.5 % and a grain distribution curve within the
boundaries shown in Fig. 2 has to be granted. In Europe the determination of the grain-size distribution curve is
standardized according to EN 933-1 [4]. The sand body is covered optionally by a rigid plate with additional loads that
represent an overburden pressure at the pipe axis. The following test parameters have to be met:

Temperature of the medium pipe of 120 °C;
Overburden height, real or simulated, of 18 kN/m?;
Cyclic displacement of 75 mm,;

Displacement rate 10 mm/min forward;
Displacement rate 50 mm/min backward.
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Fig. 2. Range of the allowed grain distribution curve according to [2].

3. Preparation of sand specimens for sand box tests

The methodology of the preparation of sand specimens for sand box installation is not explained in EN 489.
However, the preparation methodology of sand specimens has the main influence on the results and several installation
methods were investigated by different authors [5—11]. Each sand test specimen has to be prepared individually.

3.1. State of compactness

The state of compactness is an important index property for stiffness and firmness of reconstituted sand specimens.
Sands are cohesionless soils with coarse grains in the diameter size range of 0.06 mm to 2 mm [4]. The state of
compactness is expressed for cohesionless soils by the relative density D; according to Equation 1.

D, = Smx "¢ 100 [%] (1)
emax - emin
The preparation of repeatable relative densities in sand specimens is a major challenge in geotechnical testing
according to Butterfield and Andrawes [5]. Nevertheless the control of the relative density is very important to avoid
significant deviation in test results.
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3.2. Preparation methods

The common objectives for preparation methods are homogenous soil samples and repeatable density. Two general
preparation methodologies are known [7]. The required density is achieved either during the installation process or
after. Methods that imply compaction for the required density after the sand installation are tamping, moist tamping
and vibration. Specimens produced with these kind of methods tend to be less uniform and should be used only for
dense specimens [7]. If tamping is used, grain fracture may occur and the grain distribution curve is changed [6].
Furthermore tamping often leads to deviating density with the depth. Because of this, and due to the memory effect
of sands, pouring methods for sand preparation are recommended in literature [5—11]. The equipment for pouring and
testing must be calibrated together with the used sand. The sand particles fall by gravity from the height of drop on
the surface of the sand specimen. With pouring equipment repeatable dry specimen may be produced as well as water
saturated specimen. Water saturated sand specimens are not considered in this article.

For air pluviated sand specimens density is controlled by the height of drop and the mass rate of pouring. The mass
rate is the mass of sand poured per time unit. For a given sand and volume to be filled, the height of fall and mass rate
of pouring appeared to have opposite effects [7]. For constant mass rate the density of a specimen increases with
increasing height of drop until an ultimate height of drop is reached. Then density can only be increased by lowering
the mass rate.

The influence of the mass rate on the density was investigated by Cresswell et al [8]. Density of the soil specimen
seemed to depend on the movement of the single particle during the pouring, where the minimum kinetic energy for
the position and the impact from other particles at deposition seemed to be the two most influencing factors. Just
above the deposited sand layer, a thin layer, 3 to 4 grains thick, of actively moving grains called “the energetic layer”
was observed. The movements are mainly within the horizontal plane. Above the energetic layer, a saltation zone of
up to 20 mm of bouncing grains ejected from the energetic layer or rebounding falling grains was visually identified.
The pouring method may thus be explained according to Fig. 3.
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Fig. 3. Particle movement according to [8].

Additional factors influencing the density during pouring are the “viscosity of the fluid” (here it is a mixture of air,
sand and powder), the dissipation of kinetic energy by friction between the particles and boundary walls according to
Lo Presti et al. [6]. Different pouring methods can be found in the literature as for example direct pouring from a tube,
sand rain, sand curtain and others [9-12].

4. Near future load spectrum

A growing share of renewable energy can be noted in European energy markets. Because of this, flexible operation
of combined heat and power plants is necessary [13]. For the connected district heating network this means future
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additional temperature changes in the system, which is a higher requirement for the network. On the other hand heat
losses may be reduced by a lower temperature of the heat carrier [14]. Thus future district heating network may be
operated at a lower temperature level. A lower temperature level implies a lower load for the network and its
components. These reverse acting effects are not well understood today.

Today the structural analysis for district heating components of the network is regulated in great parts according to
EN 13941 [15]. According to this standard, the ultimate limit states A1 and A2 for one severe action and few actions,
respectively. B1 and B2 indicate low cycle fatigue and high cycle fatigue and have to be respected. Furthermore limit
states C and D are defined. Repeated loading in the system has to be respected in the fatigue analysis. For a suggested
lifetime of a district heating network of 30 years an estimated number of cycles for the temperature load was
accumulated. In Table 1 the estimated equivalent action cycles for state of the art district heating pipes are shown
according to EN 13941.

Table 1. Equivalent action cycles according to EN13941 [15].

Equivalent full load action cycles in 30

Pipe type years according to EN13941
Major pipelines 100

Main pipelines 250

House service connections 1000

For the equivalent action cycles according to Table 1, only the safety against low cycle fatigue B1 is to be verified.
For conventional district heating pipes, the limit state B2, high cycle fatigue, is only of importance in the case of large
diameter pipe, small soil cover and heavy traffic actions or pipes above ground subject to vibration, e.g. from wind.
Then EN13941 refers to Eurocode 3 (EN 1993 [16]), Structural Use of Steel, for high cycle fatigue analysis, which is
relevant, for example, for solar thermal pipes with more than N = 10* cycles.

Nevertheless a longer lifetime than 30 years for district heating pipes is expected in the district heating sector [3],
which also means higher cyclic loading. Furthermore the numbers of Table 1 only give a general characteristic for
district heating networks. Due to individual operation parameters and individual network conditions, the equivalent
action cycles are expected to be different at every element in the network.

This leads to the evidence that accurate life-cycle-analysis seems to be difficult for future district heating networks
because only rough estimated load spectra are available.

5. Results

The review of test methods for geotechnical investigation leads to several results. For accurate and comparable test
results homogenous and reproducible soil specimens with such density are necessary. The preparation of reproducible
specimen is demanding and should be defined as accurate as possible. However, in the European Standard EN 489
the preparation method for the sand specimens is not fixed or explained. Because of this it is strongly recommended
to define the preparation method and the required density for the soil [17]. Since dense compaction is typical for in
situ trench backfill, dense sand specimen for the test should be requested. Dense to very dense compaction is
represented by a relative density D; in the range of 70 % to 100 %, which is still a wide range. For adequate
comparability of results, a limited bandwidth of D,=80 — 85 % is proposed here.

Additional difficulties are expected for the making of sand specimens with repeatable properties, which surround
structural elements. Because of the interaction between rigid bodies and the sand during installation less compacted
areas are to be awaited close to these bodies. Using pouring methods, some sand rain shadow might occur behind the
structural element to be tested. Convincing results by pouring methods thus may be costly and difficult to achieve
with an economic perspective. On the other hand reproducibility of soil interaction tests is very important for the
credibility.

The analysis of near future load spectra for district heating networks and its components shows that changes are to
be expected. Increased cyclic loading and decreasing temperature loads are assumed for future district heating
networks. The consequences of these changes in the load spectrum are not well understood today. This notified
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background gives reason to review the testing parameters of the sand box test according to EN 489. Suggested points
of discussion are:

e Temperature of the medium pipe below 120 °C;
Definition of the installation method and specification of the required density for the sand specimen;

¢ In situ conditions of the backfill may not be covered by a moisture content below 0.5 % and a maximum grain
diameter of 4 mm;

e Operating conditions may not be represented by a maximum cyclic displacement of 75 mm and the
displacement rates 10 mm/min forward, displacement rate 50 mm/min backwards;

e Increased expectation for the duration of serviceability of components (more than 30 years).

6. Conclusion

Since the joint technology is a key factor for the performance of district heating networks future developments in
the energy sector should also be respected in the elaboration and adaption of EN 489. Furthermore existing scientific
evidence for the installation of sand specimen should be taken into account to increase credibility of the results. On
the other hand only economic testing makes an efficient quality assurance possible. It is recommended to take these
aspects into account and find a balance.
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