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Introduction 

 

There is broad consensus regarding the technology chosen for broadband expansion – fibre 

optic cables, which allow not only higher bit rates to be achieved, but also a reduction in 

the number of active components.  

When it comes to the installation technique however, a number of methods is available. 

When planning an expansion project, it is always important to consider all of the 

installation techniques available. Outlining and evaluating the installation techniques both 

form part of this study. Since installation techniques may be dependent on the surface, the 

different surface types are also outlined in brief in the following pages. 

In addition, the most common materials in fibre optic expansion are analysed, with a 

particular focus on the use of the empty duct system, which offers sustainable and scalable 

expansion. 

The evaluation is performed on the basis of established quality criteria known as Key 

Performance Indicators (KPIs).  
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1. Surfaces 
 

The surface structure encountered during a planned expansion project may determine the 

optimum installation techniques. The most frequently encountered surfaces are briefly 

outlined below. 

 

1.1. Asphalt 
 

Roads are frequently constructed from 

asphalt, which is a mixture of aggregates 

and bitumen. The thickness and position 

of the various layers (base course, bonding 

layer and top layer) determine factors 

including the load-bearing capacity of the 

overall structure. Asphalt is extremely 

durable and suitable for almost all types of 

road. When compared to concrete road 

surfaces, it can be finished quickly and 

easily, including selectively. This is of 

particular economic and time-saving 

advantage in new construction, repair and 

reinstatement. 

In the event of excess use by HGVs and tractor-trailer combinations, these high loads can 

lead to heavy wear, especially along the near-side lane of dual carriageways and 

motorways. In that case, it is highly recommended that a concrete carriageway be 

constructed with higher load-bearing capacity. Other weaknesses include an intolerance to 

high temperatures and solvents.  

 

1.2. Concrete 
 

Concrete surfaces are easy to distinguish from 

asphalt surfaces by their lighter colour. The high 

durability of concrete means it is typically used 

for HGV lanes and parking areas. In contrast to 

asphalt, concrete does not exhibit any 

particular sensitivity to temperature or 

solvents, which means that it tends to be 

favoured over other materials in certain 

locations. It is, however, more time-consuming 

when it comes to laying and reinstatement, 

with temporal and financial outlay that exceed 

those of asphalt. The decision between asphalt 

and concrete is also determined by local availability or noise abatement issues. 

Figure 1: Asphalt road 
Source: Adams Consult GmbH & Co. KG 

Figure 2: Motorway with a concrete surface 
Source: Wikipedia 
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1.3. Paving 
 

Paving is used throughout Europe 

for the surfacing of footpaths and 

cycle paths. Paving stones consist 

of materials including natural 

stone, concrete and brick, and are 

available in different formats. 

Paving is only suited to road 

construction in certain 

circumstances, as its durability is 

low and the economic advantage 

over asphalt begins to slip away 

when constructing larger areas. 

For footpaths and cycle paths, 

however, paving is particularly 

suitable owing to the lower loads exerted upon it and the lack of demand placed on the 

substructure. 

Special paving occupies a sub-category, where higher quality materials in different formats 

may sometimes be used. In this case, the complexity of underground engineering works is 

increased when compared to normal paving, not least because reinstatement of the surface 

needs to be carried out in precisely the same manner. 

 

1.4. Hydraulically-bound base layer 
 

This is an economical form of road construction that does 

not destroy the natural appearance and that is 

particularly suited to high traffic volume situations.  

Construction can be carried out quickly and offers the 

benefit of immediate use once complete. In the UK, for 

example, this method is used for road reinstatement. 

It involves a mineral aggregate, typically of crushed rock, 

grit and sand, and a hydraulic binding agent, usually 

cement, to produce the hydraulically-bound base layer. 

This technique may be more energy-efficient than 

asphalt, as it is a cold process. Many aggregate types may 

be encountered. In the UK, hydraulically-bound 

techniques are used mostly for reinstatement. However, it is relatively quick, as little 

compaction is required. 

 

 

 

 

 

Figure 4: Compacting a hydraulically-bound base 
layer 
Source: www.beton.org 

Figure 3: Paved footpath and parking bays 
Source: Adams Consult GmbH & Co. KG 
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1.5. Simple, unmetalled surface (pasture, berm) 
 

This is typically a largely natural surface, 

possibly used for agricultural purposes. It is in 

these areas that underground engineering 

projects are usually the cheapest to carry out. 

 

 

 

 

1.6. High-quality, unmetalled surface (grass, decorative areas, gravel, 

sand) 
 

Similar to simple, unmetalled surfaces, but 

the reinstatement of this surface type 

typically incurs additional costs. 

 

 

 

 

 

 

 

1.7. Increased tree stock (avenue) 
 

Surfaces with an increased tree stock, such as 

forests or streets planted with trees along either 

side (avenues), may present unique challenges to 

underground engineering works. Traditional 

underground engineering works with open trenches 

are time-consuming and costly; horizontal 

directional drilling is thus the preferred solution. 

Streetwork regulations in the UK prohibit the 

cutting of any tree roots of diameter > 25 mm. 

Figure 5: Pasture 
Source: Wikipedia 

Figure 6: Gravel path and grass surface 
Source: Wikipedia 

Figure 7: Road planted with trees on either side 
Source: Wikipedia 
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1.8. Special construction projects 
 

In addition to the traditional surfaces outlined above, the crossing of certain structures can 

greatly increase the complexity of an expansion project. A not insignificant factor is the 

local authority approval process, which may take many months to complete. In the UK, 

single-lane carriageways may not be closed unless circumstances are highly exceptional. 

 

 Crossing bodies of water 

Crossing a body of water as part of cable installation may involve a trench or a river. A 

minor detour to the route of the works is often the most economical and time-saving 

approach, provided that this helps to avoid crossing the body of water. If this cannot be 

done, a specialist company needs to be commissioned, with expertise in either HDD or 

barge operations, and in weighting the microduct assembly, subduct etc. to counteract the 

product’s natural buoyancy. Soil surveys are often a part of what can be a protracted 

approval process. 

 

 

 

 

 

 

 

 

 

 

 Crossing motorways and railways 

In view of the demands placed on the substructure due to the high loads involved, the 

approval process is often time-consuming and expensive. Favouring a minor detour to 

avoid crossing a motorway or railway may be expedient in helping save time and money. 

Horizontal directional boring and thrust boring (impact mole) are common methods used. 

If motorways or railway bridges need to be crossed, experience has shown that open-type 

construction is often the best approach. Due to its short-run cost-benefits, overhead is also 

common in some European countries for crossing lanes. However due to several negative 

aspects like vandalism, weather damage or traffic accidents, the latter is not a 

recommended method, and therefore is not highlighted in this paper. 

Figure 8: Schematic diagram of routing crossing a body of water using horizontal directional boring 
Source: BMVI 
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2. Installation techniques 
 

Different installation techniques are available for fibre optic expansion. These techniques 

are explained below, together with their benefits and drawbacks 

 

2.1 Open trench 
 

Open-trench construction involves digging a trench up to 1.25 m deep. The cables are 

typically laid at a depth of 0.6 - 0.8 m. if a deeper trench is needed or recommended owing 

to local conditions, a slope from the edge of the trench or trench shoring is needed 

according to many national regulations. Open trench is the method that has been used for 

the longest period of time, and is most widespread, for subterranean cable and duct laying. 

Fundamentally, it is a method that can be employed in any scenario – the type of trench 

construction can always be varied as needed. Construction tools such as excavators and 

milling machines are used for construction, or simple manual digging. Once the cable has 

been laid, the trench is backfilled and compacted in layers. The surface is then reinstated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benefits 

 
Long service life 
 
Typically no restrictions on nominal size, 
profile type or raw material 
 
High availability of ducts and 
components with defined material 
properties 

Drawbacks 

 
Lengthy construction times:  
approximately 50 metres per day per 
excavator 
 
Major adverse effects on the 
surroundings (e.g. dirt, noise pollution, 
traffic flows) 
 
High material and  
labour outlay 
 
Damage to intact surfaces 
 
Risk to adjacent outdoor facilities 
increases the risk of additional costs due 
to damage (e.g. vegetation) 
 
Some disposal of excavated material may 
be required 
 
Overall high cost outlay 
€ 70 to 130 per metre! 
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2.2. Open trench with minimal laying depth 
 

Open trenches with minimal laying depth are constructed in the same way as open 

trenches, but have a depth of just 0.2 - 0.6 m. In the UK, the minimum footway depth is 0.2 

m. 

Before 2016, this method was reserved for the alternative laying techniques of mini-

trenching and micro-trenching. In that year, the restriction in Article 68, Section 2 of the 

Telecommunications Act (Germany) was lifted, allowing cable laying at reduced depth using 

other methods. The main benefit over traditional open trenches is the reduced 

construction time. The reduced volume of excavated material in turn reduces the time 

required for backfilling and compaction, allowing for a daily output of up to several 

hundred metres. 

 

 

 

 

 

 

 

 

 

 

Benefits 

Long service life 
 
Reduced cost outlay over open trenches 
 
Faster construction time over open 
trenches 
e.g. up to 3 km per day in the verge 

Drawbacks 

 
Increased risk of potential cable damage 
due to minimal laying depth and 
associated documentation requirement 
 
Overall higher cost outlay despite 
reduction in costs 
€ 60 to 100 per metre 
 
Damage to intact surfaces 
 
Risk to adjacent outdoor facilities 
increases the risk of additional costs due 
to damage (e.g. vegetation) 
 
Some disposal of excavated material may 
be required 
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2.3. Slot cut 
 

The alternative method of trenching involves milling a 

narrow slot in roads, footpaths and cycle paths with the 

aid of machinery. After excavation, the slot is closed up 

again promptly, with a filling compound, coloured the 

same as the existing surface. The width of the slot 

determines the name given to the trenching method. 

Attention: There may be different depth requirements by 

country or local authority. 

Nano-trenching / nano slot: 2 - 8 cm 

Micro-trenching / micro-slot: 8 - 12 cm 

Mini-trenching / mini-slot: 12 - 20 cm 

Macro-trenching / macro-slot: 20 - 30 cm 

Owing to the reduced width, only direct-bury microducts 

are used with this method. In non-asphalted surfaces, a 

width of up to 60 cm at a depth of up to 200 cm may be 

possible. Trenching is similarly possible in paved surfaces, but results in long-term damage 

to the paving, while the filling compound does not have the same properties in terms of 

durability and sensitivity to temperature. 

The slot cut method allows for cost-effective and rapid route creation. The method allows 

for daily outputs of 250 to 600 m, with a jointing chamber required roughly every 600 to 

800 m for blow-in of the fibre optic cables. Distances of up to 3 km per day have also been 

reported. 

In accordance with the information leaflet entitled ‘Information for the application of the 

trenching method for the laying of fibre optic cables in traffic areas in asphalt construction’ 

published by the German Research Institute for Research in Streetworks and Traffic, the 

condition of the road, footpath or cycle path should dictate the route. This helps to 

minimise the subsequent costs of reinstatement. 

Reinstatement work also runs the risk of incalculable consequential costs. Research by the 

University of Applied Science Biberach, indicates approximately a 50 % damage ratio. The 

benefit of economic efficiency may be lost by the need for reinstatement work at a later 

stage.

Figure 9: Mini-trenching / mini-slot cut 
Source: www.breitbandbuero.de 
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2.4. Horizontal directional drilling (HDD) 
 

With horizontal directional drilling, a dirigible drill is driven between two pits. Horizontal 

directional drilling is frequently used when crossing obstacles such as bodies of water, 

motorways, avenues (for tree protection) and railway lines. It is also suitable for cable 

laying in footpaths and cycle paths and where circumstances complicate or prevent open 

construction. 

 

Figure 10: Pilot bore with tracking 
Source: BFT GmbH 

 

 

The effect of rotation, lifting and pushing movements and liquefaction allow propulsion in a 

variety of ground conditions. The loosening of the soil is supported by a bentonite boring 

fluid (drilling suspension) and the cuttings are flushed out of the channel. After the pilot 

bore, the bore channel is expanded and pressed by means of retraction with an expansion 

head. This helps to create a stable bore channel. 

Benefits 

 
Saves on construction costs 
€ 40 to 80 per metre 
 
High daily output (250 to 600 m) 
 
Less impact on traffic and local residents 
thanks to short construction times 

Drawbacks 

 
Elevated risk of potential damage to the 
laid microduct infrastructure due to 
minimal laying depth  
 
Partially unsuitable for composite paved 
surfaces and damaged asphalt surfaces 
 
Practical restrictions / additional outlay 
for domestic connections 
(e.g. requirement for a toby box) 
 
Level changes to the roadway due to soil 
movement or the effects of traffic load, 
as well as the possibility of frost or 
compaction damage 
 
Replacement or relaying of cables 
required as part of structural 
maintenance to the road surfacing 
if the cable is in the upper structure of 
the asphalt 
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The method saves costs, effort and time and lessens the impact on local residents and road 

users. Small HDD equipment can achieve depths of up to 10 m, while larger HDD equipment 

with boring lengths of up to 2 km can achieve depths of 300 m and more. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5. Thrust boring (impact mole) 
 

A pneumatically-driven mole is driven 

through the soil with the aid of 

compressed-air. A subduct, or microduct 

or microduct (bundle) is then pulled 

through the bore channel. The method 

is usually used for thrust boring over 

distances of approx. 15 - 20 m, although 

distances of more than 100 m are, 

theoretically, possible. As the method is 

non-steerable in contrast to horizontal 

directional boring, it is not 

recommended when covering greater 

distances. In the event of impact with an 

obstacle, the thrust bore needs to be 

realigned. The method is best suited to 

short crossings over streets and for the 

creation of domestic connections. 

Benefits 

 
Can be used in many types of soil  
 
Lower material usage, short construction 
time 
 
Lower impact on traffic areas 
 
Reduced damage to surfaces 
 
Minimal outlay for restoration of surfaces 
 
High practicality when connecting 
FTTB/FTTH domestic connections 
 
Fewer construction materials; cables laid 
without trenches have a longer service life 
 
Inexpensive, especially in fixed surfaces 
 
approx. € 50 per metre 
 

Drawbacks 

 
Entry and exit angles may require 
dismantling of sections 
 
Knowledge of existing infrastructure 
required to avoid damage 
 
When used at lower depths of <20 - 
30 cm, displacement may lead to 
elevation of the surface and  
deformation (e.g. raised kerbstones) 
 
In some cases, the drilling suspension 
may leak through the surfaces, especially 
at minimal depth and in loose, non-
binding soils (blow-outs) 

Figure 11: Emerging mole 
Source: Wikipedia 
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2.6. Moleplough 
 

Where moleploughing can be used, it is the most cost-effective installation method, with a 

high daily output. It is used in soft, non-rocky soils. A duct or cable laying plough is attached 

to a tractor which draws the soil while at the same time laying a flexible empty duct 

(coincident laying of warning tape and tracer wire possible). External diameters of up to 

250 mm at maximum depths of 2 m can be achieved. Owing to their flexibility and storage 

on drums, microduct bundles are particularly suitable for the moleplough method. The 

average daily output is approx. 2,000 m up to a maximum of 5,000 m. 

 

 

Benefits 

 
Minimal outlay, fast 
 
Small construction sites 
 
Short construction times 

Drawbacks 

 
Suitable primarily for the creation of 
domestic connections 
 
Knowledge of existing infrastructure 
required to avoid damage 
 
Alignment only, no steering possible 
 
Useful for short distances of approx. 15 - 
20 m 
 
Risk of surface elevation at depths of 20 - 
30 cm 
 
Cannot be used in all types of soil  
 
Expensive in many countries 
 
Up to € 100 per metre 
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Figure 12: Moleplough 
Source: gabo Systemtechnik GmbH 

 

 

 

 

 

 

 

 

 

 

 

Benefits 

 
Very high output (up to 5 km per day) 
 
GPS measurement during laying 
(elimination of additional surveying costs) 
Duct channel bedding with sand filling 
possible 
 
Cost-effective 
 
€ 8 to 10 per metre 
 
Immediate restoration of the route 
 
Minimal impact on traffic 
 
Multiple laying of empty ducts possible 

Drawbacks 

 
Cannot be used on metalled surfaces 
 
Risk of permanent damage to existing 
infrastructure 
 
Accurate knowledge of local conditions 
needed 
 
No discretionary bedding of empty ducts 
possible 
 
Damage to duct possible when ploughing 
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2.7. Suitability of installation techniques by surface type 
 

Table 1: Suitability of installation techniques 1/2 

Scenario Open trench Open trench with 
minimal laying 

depth 

Slot cut 

Asphalt X X X 

Concrete X X X 

Paving X X (X) 

Hydraulically-bound 
base layer 

X X  

Unmetalled surfaces X X  

Increased tree stock 
(avenue) 

X X  

Crossing bodies of 
water 

   

Crossing motorways 
and railways 

   

 

Table 2: Suitability of installation techniques 2/2 

Scenario Horizontal 
directional drilling 

Thrust boring 
(impact mole) 

Moleploughing 

Asphalt X X  

Concrete X X  

Paving X X  

Hydraulically-
bound base layer 

X X  

Unmetalled 
surfaces 

X X X 

Increased tree 
stock (avenue) 

X X  

Crossing bodies of 
water 

X   

Crossing 
motorways and 
railways 

X X  
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2.8. Key Performance Indicators (KPIs): installation techniques 
 

In comparing installation techniques, each method is evaluated on the basis of Key 

Performance Indicators (KPIs). 

Each KPI is evaluated using the same scale: 

High 

Medium to high 

Medium 

Low to medium 

Low 

 

Where high is the best evaluation in each category. 

 

The Key Performance Indicators are: 

 

 Economic efficiency 

 

-  Expected economic efficiency of the installation technique  

 

 Daily output 

 

-  Expected construction distance per working day 

 

 Reliability 

 

- Probability of damage to the substructure and surface 

- Probability of damage to other utilities 

- Probability of future after-effects  

 

 Ease of servicing 

 

- Complexity in the event of future work to the constructed section 
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2.9. Evaluation of installation techniques based on KPIs 
 

Table 3: Evaluation of installation techniques 1/2 

Laying technique Economic efficiency Daily output 

Open trench Low Low 

Open trench with minimal 
laying depth 

Low to medium Low to medium 

Slot cut Medium Medium to high 

Horizontal directional drilling Medium Medium 

Thrust boring (impact mole) Low to medium Low to medium 

Moleploughing High High 

 

Table 4: Evaluation of installation techniques 2/2 

Laying technique Reliability Ease of servicing 

Open trench High Medium to high 

Open trench with minimal 
laying depth 

Medium to high Medium to high 

Slot cut Low to medium Low to medium 

Horizontal directional drilling Medium Low to medium 

Thrust boring (impact mole) Low to medium Low to medium 

Moleploughing Medium Medium 

 

Despite these evaluations, an analysis of the circumstances must be carried out for each 

measure. All installation techniques must be taken into consideration; it is thus not possible 

to provide a generalised recommendation. 
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3. Material concepts 
 

A brief description and analysis of the material concepts follows. 

The dimensions of the empty ducts are depicted as follows: 

Number x External diameter in mm x Wall thickness in mm. 

Example:  

24 x 7 mm x 1.5 mm (see Figure 13) 

This refers to a bundle of 24 microducts, each with an external diameter of 7 mm and a wall 

thickness of 1.5 mm. (The typical UK convention would be “24 x 7/4 mm”, where the digit 

after the oblique mark refers to the inside diameter of the microduct.) 

 

3.1. Microducts 
 

Fibre optic expansion by means of microducts is currently the most favoured option among 

typical network operators and is prescribed by, inter alia, the German federal funding 

programme ‘Funding for the support of broadband expansion in the Federal Republic of 

Germany’. In the UK, such public funding is via the BDUK programme of DCMS. 

Microducts typically have a small diameter of 7 - 20 mm and are of high physical flexibility 

and ruggedness. They are used for the installation of fibre optic cables (usually compact 

“minicables”), where they are blown, pushed or pulled in. Microducts can be installed 

individually or in bundles, where they are blown or pulled into empty HDPE subducts, 

buried directly (when with wall thickness of 2 mm) or pulled into existing main PVC ducts of 

larger diameters. Pulling into existing cable ducts has the advantage of being able to 

establish additional, independent cable paths without needing new “civils”. The individual 

ducts allow for precise classification and assignment and the capacity of fibre optics can be 

increased as there is no ‘spaghetti complexity’. This is the reason why, even though a 

multitude of cables has a theoretical capacity, that capacity cannot be utilised – as the 

cables have a tendency to congest the ducts. 

Figure 13: Microduct bundles 
Source: gabo Systemtechnik GmbH 
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In general, blow-in lengths of up to 2 km are possible. The blow-in speed of fibre optic 

cables can often exceed 70 m/min. The blowing in of microducts into HDPE ducts is typically 

carried out at speeds of up to 55 m/min. The blow-in process between the distribution 

point and the end customer can then also be carried out from the customer side using 

compact compressors. This helps to ensure that even when microducts or splitters are 

incorrectly bundled, the fibre reaches the correct distribution point. 

Manufacture from high-density polyethylene (HDPE) means that microducts have a long 

service life of more than 50 years. They can be used with all the common excavation 

techniques previously described. When laid in open trenches (of a minimum of 25 cm), a 

level, compacted sand bed is required above and below the microduct. In rocky soils, this 

bed should be at least 5 cm top & bottom. Differences in gradient should be avoided as 

they can have a negative impact on the blow-in length. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Drawbacks 

 
Potentially no shared use with other 
utilities 

Benefits 

 
Flexible allocation and separation possible 
with separated ducts 
 
With phased allocation: 

- High scalability 
- High level of future security 
- Minimal follow-on investment 

 
Quick and convenient replacement of 
damaged cables 
 
Quick and convenient blow-in process (up 
to 70 m/min) 
 
In rural areas, fewer intermediate jointing 
chambers required thanks to long blow-in 
lengths of up to 2 km 
 
Blow-in into HDPE subducts possible: 

- Increased fibre optic capacity in 
HDPE subducts with concurrent 
minimisation of jamming risk 

 
Buriable (when >= 2 mm wall thickness) 
 
Lower trench widths/alternative laying 
methods possible thanks to diameters < 32 
mm 
 
Lower bending radii possible thanks to 
high flexibility 
 
Water-tight and gas-tight 
 
Reduced storage and transport costs 
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3.2. Cable ducts 
 

The installation of fibre optic routes using main ducts into which the fibre optic cables were 

then pulled was the method most commonly used before the introduction of microducts. 

The method is still commonly used, for example, in the UK. 

General features of cable ducts: 

- External diameters of 32 - 350 mm  

- Direct burying possible 

- Straight lengths, coiled bundles or drums, depending on material 

Cable ducts are offered in a range of material designs. 

 

3.2.1. Cable ducts made from PVC (polyvinylchloride) 
 

PVC main ducts from 53 mm to 150 mm are inflexible and are supplied and finished as 

straight lengths of e.g. 3-6 m. Consequently, open trenches are always used. Fibre optic 

cables or microducts cannot be blown into PVC cable ducts, pulling by rope being the 

conventional technique.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benefits 

 
Inexpensive material (partially recycled) 
 
Multiple intermediate jointing chambers 
required due to short pull-in lengths 
 
Duct may also be used for other utilities 

Drawbacks 

 
Blow-in not possible; only pull-in up to 
200 m 
 

Blow-in possible only with HDPE 
subducts or microducts 
 
Rigid, straight lengths (without usage of 
additional bend systems) 
 
Suitable for open trench method only 
 
Wide trenches required  
 
Ageing and settling processes may limit 
retrofitting with cables and micro-ducts 



20 

 

________________________________________________________________________________ 
Adams Consult GmbH & Co. KG 

3.2.2. Subducts made from HDPE – high-density polyethylene 
 

These subducts (typ. 20 – 63 mm) were often used for empty-duct structures in fibre optic 

expansion. They are more flexible and easier to store, transport and use than PVC cable 

ducts. Internally grooved HDPE subducts also offer the option of blowing in larger fibre 

optic cables and microducts, with blow-in lengths reducing with each additional duct. Later 

blow-in into allocated HDPE subducts also brings with it the risk of jamming. The following 

table shows empirical values for allocated ducts using the example of a HDPE 50. 

Table 5: Empirical values, blow-in into HDPE 50 
Source: Telekom ZTV-TKNetz 40 

Ø of the existing 
cable  
in mm  

Ø of the cable to be 
blown in  
in mm  

Max. number of 
SNR10 to be blown 
in  

Route lengths to be 
achieved  
in m  

Allocation ratio  

12   5 300 to 600 
42%, no risk of 
jamming  

12  -  3  1,000   

14  -  5  200 to 400   

14  -  3  600 to 800   

14  -  2  1,000   

16  -  3  200 to 300  
33%, no risk of 
jamming  

16  - 2 600 to 800  

16  -  1  800   

18  -  3  100 to 200  
38%, incipient risk of 
jamming  

18  -  2  200 to 300   

18  -  1  700   

12  12  -  1,000   

14  12  - 800  

16  12  - 600  

18  12  - 400  

 

In an SNR10 (Speednet duct with 10 mm external diameter and 1.0 mm wall thickness) 

specified in the table, fibre optic cables with up to 96 fibres can be blown in, although the 

number is typically up to 72 fibres. 

 

 

 

 

 

 

 

 

Benefits 

 
Usually more flexible than PVC (depending 
on wall thickness) 
 
Supplied as a coiled bundle 
 
Can also be used with boring and thrust 
boring 
 
If internally grooved, offers the option of 
blow-in of fibre optic cables and 
microducts 

Drawbacks 
 
Maximum blow-in capability of cables 
and microducts limited 
 
Risk of jamming 
 
Wide trenches required 
 

Cannot be used with slot cut 

 
Ageing and settling processes may limit 
retrofitting with cables and microducts 
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3.3. Direct bury cables 
 

Direct bury cables are laid directly into the ground without empty ducts. Consequently, 

they are more vulnerable to faults. Due to a lack of options for subsequent expansion, they 

cannot be scaled and offer little in terms of future security. These drawbacks mean that 

buriable cables are not recommended and consequently, will not be discussed further. 

 

 

 

 

 

 

 

3.4. Areas of application for empty ducts 
 

Owing to the range of capacities required, different dimensions are common in different 

network levels. 

 

3.4.1. Backbone connections 
 

Supra-regional connection of networks in meshed form or at least in ring structure for 

redundancy/fail safety 

In Germany, the following are often used: (other countries may vary, e.g. UK) 

- Direct bury microduct bundles: 

- 3 x 20 mm x 2.5 mm (overall external diameter: 42 mm)  

- 3 x 16 mm x 2.0 mm (overall external diameter: 34 mm)  

 

- 6 x 20 mm x 2.5 mm (overall external diameter: 62 mm)  

- 7 x 16 mm x 2.0 mm (overall external diameter: 50 mm)  

 

Capacity per duct: 

20 mm: 144 - 288 fibres 

16 mm: 72 - 196 fibres 

 

- Bundle of HDPE subducts: 

- 3 x 40 mm x 3.7 mm 

- 3 x 50 mm x 4.6 mm 

- 3 x 63 mm x 5.8 mm 

- 110 mm or 125 mm for road, railway and bridge crossings with subsequent pull-in 

of multiple-allocation duct. 

Benefits 

 
Convenient 

Drawbacks 
 
Often low operational reliability 
 
Difficult to replace (underground 
engineering works) 
 
Retrofitting not possible 
 
Prone to rodent damage 
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In the event that a bundle of three subducts is insufficient on account of the very 

high capacities required, up to six cable ducts may be useful. 

 

For long blow-in lengths, allocation with microducts or microduct bundles is 

recommended. 

 

 Where there is an existing empty duct structure of HDPE 40 or 50 subducts, blow-in 

of individual ducts of type 10 mm x 1.0 mm is recommended. In unallocated ducts, 

up to 7 individual ducts can be blown in. 

 Capacity per duct: 

 10 mm x 1.0 mm: up to 96 fibres 

 

3.4.2. Backhaul connections 
 

Transport connection between distributed and central network nodes, typically between 

access networks and core networks. 

Previously created with HDPE or PVC cable ducts of 110 mm and 125 mm. 

The following are often used: 

- Direct bury microduct bundles: 

- 2 x 14 mm x 2.0 mm 

- 4 x 14 mm x 2.0 mm 

- 7 x 14 mm x 2.0 mm 

 

Capacity per duct: 

14 mm: 24 - 192 fibres 

 

- Bundle of HDPE subducts: 

- 2 x 40 mm x 3.7 mm 

- 2 x 50 mm x 4.6 mm 

- 110 mm or 125 mm for road, railway and bridge crossings with subsequent pull-in 

of multiple-allocation duct. 

 Where there is an existing empty duct structure of HDPE 40 or 50 ducts, blow-in of 

individual ducts of type 10 mm x 1.0 mm is recommended. In unallocated ducts, up 

to 7 individual ducts can be blown in. 

 Capacity per duct: 

 10 mm x 1.0 mm: up to 96 fibres 
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3.4.3. Access network connections (“last mile”) 
 

In this case, the microduct concept is 

preferred for new laying and the 

desired level of sustainability. This 

simplified branching technique allows 

domestic connections to be created 

easily and conveniently, particularly 

for retrofitting of fibre optic cables. 

 

 

Typically used: 

- Direct bury microduct bundles: 

- 12 x 7 mm x 1.5 mm 

- 24 x 7 mm x 1.5 mm 

 Capacity per duct: 

 7 mm x 1.5 mm: 12 to max. 24 fibres 

In the event that multiple bundles are being laid in parallel, the use of multicoloured 

microduct bundles is recommended for easier identification. 

 

Rarely used: 

- HDPE subducts: 

- 40 mm x 3.7 mm 

- 50 mm x 4.6 mm 

- 63 mm x 5.8 mm 

When using, e.g. existing empty ducts, the use of microduct bundles is recommended.  

In this case, a microduct bundle is subsequently adapted such that it can be pulled into the 

subduct, allowing for better allocation of domestic connections. 

- HDPE 40 mm x 3.7 mm: Retrofitting with 10 x 7 mm x 1.5 mm possible 

- HDPE 50 mm x 4.6 mm: Retrofitting with 18 x 7 mm x 1.5 mm possible 

- HDPE 63 mm x 5.8 mm: Retrofitting with 24 x 7 mm x 1.5 mm possible 

 Capacity per duct: 

 7 mm x 1.5 mm: up to 24 fibres 

 

 

  

Figure 14: Branching support 
Source: gabo Systemtechnik GmbH 
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3.5. Key Performance Indicators (KPIs): Material concepts 
 

To evaluate material concepts, each method is evaluated on the basis of Key Performance 

Indicators (KPIs). 

Each KPI is evaluated using the same scale: 

High 

Medium to high 

Medium 

Low to medium 

Low 

 

Where high is the best evaluation in each category. 

 

The Key Performance Indicators are: 

 

 Economic efficiency 
 

-  Expected economic efficiency when using the concept 

 

 Reliability 
 

- Vulnerability of the concept 

- Service life 

 

 Ease of servicing 

 

- Outlay for the installation of fibre optic cables 

- Outlay for the retrofitting of fibre optic cables 

- Outlay for the (subsequent) creation of domestic connections 

 

 Scalability 

 

- Possibility of retrofitting 

- Possibility of subsequent creation of domestic connections 
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3.6. Evaluation of individual material concepts based on KPIs 
 

Table 6: Evaluation of material concepts 

Material concept 
Economic 
efficiency 

Reliability Ease of servicing Scalability 

Microduct Medium to high Medium to high High 
Medium to 

high 

Subduct Low to medium Medium to high Medium Medium 

 

 

4. Cost determination of different scenarios 
 

To illustrate the evaluation of costs, the following is a depiction based on different 

examples. This includes the costs for underground engineering works, the laying of empty 

ducts (incl. blowing in the cable) and material (specified per metre). 

 

 

<<<<<<<<<<<<<<<<< 
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Scenario 1: laying of 3 empty ducts in each case as a bundle in the 

backbone network level with open trench in a paved surface 

 

Microducts 
 

HDPE subduct 
 

3 x 16 mm x 2.00 mm microduct bundle 3 x 40 mm x 3.7 mm HDPE subduct bundle 

One fibre optic cable of 192 fibres is blown 
into each duct 

One fibre optic cable of 192 fibres is blown 
into each subduct 

Open trench method Open trench method 

Paved surface Paved surface 

Trench width: 0.3 m Trench width: 0.3 m 

 
Information 

 
Information 

- 
 
- 

 
Costs/m 

 
Costs/m 

  
Estimated prices/m 

 
Estimated prices/m 

 
 Total Cable Empty duct  Total Cable Empty duct 

Underground 
engineering 
works 

EUR 70   Underground 
engineering 
works 

EUR 70   
Material EUR 8.97 EUR 6.99 EUR 1.98 Material EUR 9.84 EUR 6.99 EUR 2.85 
Laying EUR 1.94  EUR 1.94 Laying EUR 2.77  EUR 2.77 
Blow-in EUR 2.07 EUR 2.07  Blow-in EUR 3.30 EUR 3.30  

 
Total costs/m 

 
 

Total costs/m 
 

EUR 82.98 EUR 85.91 

 

70,00 €

8,97 €
1,94 € 2,07 €

Tiefbau Material

Verlegung Einblasen

70,00 €

9,84 €

2,77 € 3,30 €

Tiefbau Material

Verlegung Einblasen

Underground 

Laying Blow-in 

Material 
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Scenario 2: laying of 6 empty ducts in each case as a bundle in the 

backbone network level with open trench in an asphalted surface 

 

Microducts 
 

HDPE subduct 
 

6 x 20 mm x 2.0 mm microduct bundle 6 x 50 mm x 4.6 mm HDPE subduct bundle 

One fibre optic cable of 192 fibres is blown 
into each duct 

One fibre optic cable of 192 fibres is blown 
into each duct 

Open trench method Open trench method 

Asphalted surface Asphalted surface 

Trench width: 0.3 m Trench width: 0.40m 

 
Information 

 
Information 

- 
 

Wider trenches required 
 

Costs/m 
 

Costs/m 

  
Estimated prices/m 

 
Estimated prices/m 

 
 Total Cable Empty duct  Total Cable Empty duct 

Underground 
engineering 
works 

EUR 105   Underground 
engineering 
works 

EUR 120   
Material EUR 10.90 EUR 6.99 EUR 3.91 Material EUR 13.57 EUR 6.99 EUR 6.58 
Laying EUR 3.41  EUR 3.41 Laying EUR 6.07  EUR 6.07 
Blow-in EUR 4.14 EUR 4.14  Blow-in EUR 6.60 EUR 6.60  

 
Total costs/m 

 
 

Total costs/m 
 

EUR 123.45 EUR 146.23 

 

 

 

105,00 €

10,90 €
3,41 € 4,14 €

Tiefbau Material

Verlegung Einblasen

120,00 €

13,57 €

6,07 €
6,60 €

Tiefbau Material

Verlegung Einblasen
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Scenario 3: laying of 6 empty ducts in each case as a bundle in the 

backbone network level with micro-trenching or open trench 

 

Microducts 
 

HDPE subuct 
 

6 x 20 mm x 2.0 mm microduct bundle 6 x 50 mm x 4.6 mm HDPE subduct bundle 

One fibre optic cable of 192 fibres is blown 
into each duct 

One fibre optic cable of 192 fibres is blown 
into each duct 

Micro-trenching Open trench method 

  

Trench width: approx. 0.1 m Trench width: 0.40 m 

 
Information 

 
Information 

- 
 

No trenching possible 
 

Costs/m 
 

Costs/m 

  
Estimated prices/m 

 
Estimated prices/m 

 
 Total Cable Empty duct  Total Cable Empty duct 

Underground 
engineering 
works 

EUR 73.50   Underground 
engineering 
works 

EUR 120   
Material EUR 10.90 EUR 6.99 EUR 3.91 Material EUR 13.57 EUR 6.99 EUR 6.58 
Laying EUR 3.41  EUR 3.41 Laying EUR 6.07  EUR 6.07 
Blow-in EUR 4.14 EUR 4.14  Blow-in EUR 6.60 EUR 6.60  

 
Total costs/m 

 
 

Total costs/m 
 

EUR 91.95 EUR 146.23 

 

 

 

73,50 €

10,90 €

3,41 € 4,14 €

Tiefbau Material

Verlegung Einblasen

120,00 €

13,57 €

6,07 €
6,60 €

Tiefbau Material

Verlegung Einblasen
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5. Concluding remarks 
 

Following amendments to Article 68, Section 2 of the Telecommunications Act 

(Germany) and general liberalisation of telecommunications markets throughout 

Europe, legislation now permits the use of alternative installation techniques or the 

expansion of traditional installation techniques. The suitability of a particular 

technique does, however, require accurate consideration of the local conditions. 

The full range of techniques should always be considered. 

The technique that is recommended is the blow-in technique. This technique can be 

used with microducts and internally grooved HDPE subducts and is a much quicker 

method of fibre optic cable installation than via pulling. Thanks to the long blow-in 

lengths which can be as high as 2,000 m, additional jointing chambers for cable 

pulling are rendered unnecessary (which would typically be needed every 200 - 

300 m in a PVC ducted environment). Nevertheless, the authors are aware that 

pushing in cables into microducts is still common for the “last mile” part of the 

access network in some countries in Europe, with push distances of up to 100 m 

being reported. 

When it comes to choosing a material, in particular for empty ducts, a clear trend is 

discernible: the microduct has become something of a standard in expansion 

projects. The benefits of microducts in terms of future security and scalability are an 

important factor in their popularity.  

The study also reveals that in spite of the obvious benefits of the microduct 

concept, there is no economic drawback – in fact, there may even be an economic 

advantage, which is additionally strengthened with the use of alternative 

installation methods, such as trenching and when laying larger empty-duct bundles. 
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