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Abstract

Micro-trenching is an innovative and discreet utility installation method that includes the creation of
a narrow trench to lay cable or conduit in the ground. To investigate the functionality and durability
of micro-trenching in cold regions, two micro-trenching technologies were employed and monitored
over the course of two winters in a parking lot in Edmonton, Alberta, Canada. During construction,
productivity rate and generated waste material were studied. The installation’s physical integrity
and optical performance were also evaluated during the monitoring period. Physical integrity was
assessed by monitoring the conduit location using ground-penetrating radar (GPR), and an optical
time-domain reflectometer (OTDR) test was conducted to determine attenuation in performance.
Results indicated that the installation experienced undesirable upward and downward movements
in sections with high traffic load, which may be prevented with a more effective reinstatement
method. However, the fiber’s optical performance was not affected.

Key words: micro-trenching, physical integrity, optical performance, ground-penetrating radar (GPR),
fiber to the home (FTTH)

Introduction

Fiber-to-the-premises (FT'TP) and fiber-to-the-home (FTTH) initiatives in many countries have
triggered fiber optic (FO) network construction for high-speed broadband (more than 100 megabits
per second) ( ). Currently, several direct buried methods such as
open cut, mini horizontal directional drilling (Mini-HDD), and utility sharing methods are
available to build FO networks. The long-term performance of fiber networks is important because
of the significantly high costs of FO deployment and the massive impact of broadband network
failures on communities and businesses ( ; ;

). Typically, open-cut methods result in significant costs and disturbances to the commu-
nity and environment ( ; ). Furthermore, high construction costs are
associated with mini-HDD in addition to the risks of hydraulic fracturing, bore collapse, and loss
of circulation, as well as issues arising from steering limitations in cohesive soils (

). Utility sharing methods also present challenges as they require increased coordination efforts
between organizations and authorities (FO network and utility owner; ). As a result,
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the new and convenient installation method of micro-trenching is increasing in popularity as an
option for FO cable installation.

This paper introduces the micro-trenching method and discusses two different experiments conducted
to evaluate installation functionality and FO performance in cold regions two years after installation.

Micro-trenching

Micro-trenching is a new installation method used for the distribution of communication infrastruc-
ture (commonly FO cables) in roadways. In this method, cables or conduits are placed into a trench
no greater than 20 mm wide and 120-300 mm deep ( ).

The first step in micro-trenching is creating the trench in the pavement using an appropriate cutter.
Trench position is one of the most important concerns in this method, and a trench located along vehicles’
wheel path poses a high risk ( ). Therefore, to provide added stability, micro-trenches should
preferably be located close to the cement curb and along the edge of the road instead of in the direct path
of traffic ( ; ). After the trench has been cut, it
must be cleaned with high-pressure water and dried with compressed air and a blowpipe ( )-

The second step of the micro-trenching process is installing a cable or conduit inside the trench. The
cable must be strong enough to withstand external loads and temperature changes. It is sheltered in met-
allic tubing covered by a polyethylene (PE) jacket. According to the International Telecommunication
Union ( ), a retaining strip, such as a PE strip, is laid over the cable to stabilize it inside the
trench. Then, a water-repulsive material, such as a rubber strip, is placed over the retaining strip for
mechanical and thermal protection ( ). Different types of conduit can also be used for cable
protection against frost, operational loads, and construction activity ( ; )-

The third and final step of the micro-trenching process is surface reinstatement. As micro-trenches can-
not be sufficiently compacted due to their small size, traditional asphalt mixes cannot be used for trench
reinstatement. Moreover, the reinstatement material must flow freely to the bottom of the trench, impede
water penetration, provide bonding to trench sides, and provide stability under traffic load (

). According to the , hot liquid bitumen is a suitable reinstatement
material for this method and can be applied to the micro-trench with a properly sized nozzle.

In some road types, it might not be feasible to carry out surface reinstatement and maintain the road’s
long-term reliability at the same time. Micro-trenching disturbs the structural matrix of roads that
have been aged over decades, resulting in rapid deterioration. Applying micro-trenching in granular
material can be challenging and may result in aggregate congestion in the trench that impedes the
overall cleanliness of the excavation. It is more appropriate to employ micro-trenching as an installa-
tion technique in roads or sidewalks with a compact base ( ; ).

Micro-trenching provides considerable cost savings as it reduces surface restoration and installation
time ( ). Despite its multiple advantages, several issues are associated with micro-
trenching due to its shallow installation, including potential damage to pavement due to trenching,
differential thermal expansions of trench backfill and existing pavement materials, and the frost-heave
effect in cold regions. Also, future pavement maintenance activities, such as milling and recycling, can
damage buried FO cables. In addition to physical risks, the FO cable installed via micro-trenching
may be subject to decreased performance due to environmental factors, temperature change, water
seepage, and bending radius incurred during construction.

According to TeraSpan (D. Dother, personal communication, 2013), several key hazards and risks are
associated with micro-trenching. One such risk is reconstruction or future pavement maintenance
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activities; however, the risk can be greatly reduced through use of the “call before you dig” program,
where a designated damage-prevention centre will identify existing buried utilities and their locations
prior to planned construction or excavation. Another risk is old asphalt milling and overlaying, which
are typical maintenance procedures for asphalt pavements. The micro-trench must be located well below
the milling level so there is no possibility that this process will cause any damage to embedded cables.

Objectives

Despite the advantages of micro-trenching, it is seldom used in cold regions because of the possible
risks associated with it. The following research was conducted in Edmonton, Alberta, Canada, to
evaluate the performance of two common micro-trenching installation methods (shallow and deep)
after being subjected to cold weather, freeze/thaw cycles, and traffic loading. To investigate the perfor-
mance of installed FO cables, ground-penetrating radar (GPR) and optical time-domain reflectometer
(OTDR) tests were conducted in different seasons.

Field installation

Project location and installation layouts

Two micro-trenching technologies, vertical inlaid fiber (VIF) and surface micro-cable inlay (SMCI),
were used for installation in this experiment. The test installation was located at 2920 66 St NW,
Edmonton, Alberta, in a parking lot belonging to a TELUS Communications operational building.
TeraSpan conducted the first installation VIF on 17 October 2013. JETT Networks conducted the
second installation SMCI on 6 June 2014. Details of the installation layouts ( ) are as follows:

. VIF technology
1. 30 m straight layout without traffic load
2. 30 m straight layout located in the direct path of traffic

3. 55 m loop layout located in the direct path of traffic

. SMCI technology
1. 30 m straight layout without traffic load
2. 72 m loop layout in the direct path of traffic

All the layouts were monitored with GPR to investigate the influence of cold weather conditions, traf-
fic load, and bends (if applicable) on the conduit movements, and the layouts were tested with OTDR
to determine the cable’s physical integrity. The loop layouts also provide information about the cable’s
optical performance in traffic areas.

VIF technology

This technology uses vertical deflecting conduit (VDC) ( ), which consists of two robust, slim
conduit halves fastened together by a zipper tool to form a channel that encloses the FO cable.
FO cables can be zipped, pulled, or blown into the conduits ( ).

VIF installation begins by marking the target layout with spray paint along the path of a thread between
predetermined points. Next, the trench is cut using a Husqvarna 6600 concrete cutter. After cutting is
completed, the trench is cleaned using a shovel and metal hook, and the trench corners are smoothed
using a small saw and metal hook.
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The cable and wire tracer are inserted into the channels of the VDC and zipped up. After the
conduit is zipped, it is laid in a vertical position inside the trench. The last step in the installation
procedure is surface reinstatement. The trench is first filled with a layer of sand, followed by a layer
of cold asphalt. A 100 Ib packing wheel is then used for compaction to provide a fine finish on the
pavement’s surface.

SMCI technology

This technology uses micro-cabling systems road cable, consisting of a rugged central copper tube that
includes packages of 12 optical fibers. To impede water penetration, thixotropic gel is used to fill the cable,
and a PE sheath covers the cable for identification purposes and corrosion resistance (Fig. 2b). A copper
and PE coating provides sufficient protection and resistance for the cable (JETT Networks, n.d.).

The installation procedure for SMCI technology begins similarly to VIF; once measured, the layout
is marked using a thread and spray paint. The trench is wet cut using a Husqvarna FS 4800 D. A
vacuum and blower are then used to clean and dry the trench. With this technology, cable installa-
tion consists of three phases: laying FO cable in the trench, placing a layer of foam spacer over the
cable, and placing a rubber strip over the spacer to secure the cable and foam spacer in the trench.
The spacer is round and made from flexible closed cell foam to deter movement caused by freeze/
thaw cycles and protect the cable from moisture and water ingress. The rubber strip is a heat- and
chemical-resistant neoprene that holds and fixes the cable and foam spacer in place (Fig. 2b).

Surface reinstatement starts by filling the trench with a layer of play sand, which is uniformly graded
and with a small particle size, followed by sealing the trench with hot bitumen to prevent water ingress.
To reduce the hot bitumen’s stickiness before cooling down, the reinstated surface is coated with sand.
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Fig. 2. (a) Vertical deflecting conduit, and (b) surface micro-cable inlay cable, foam spacer, and rubber strip.
Installation specification
Installation specifications for the VIF technology and a cross section of the SMCI technology are
provided in Table 1 and Fig. 3, respectively.
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Table 1. Installation specifications for VIF and SMCI technologies.

Description VIF technology SMCI technology
Trench depth (cm) 22 7.6
Trench width (cm) 1.5 0.9
VDC thickness (cm) 52 N/A
FO cable thickness (cm) 0.6 0.6
Foam spacer thickness (cm) N/A 1
Rubber strip thickness (cm) N/A 1.2
Sand layer thickness (cm) 7.2 38
Hot bitumen sealer thickness (cm) N/A 1.27
Cold asphalt layer thickness (cm) 9 N/A
Existing asphalt thickness (cm) Almost 9 Almost 9

Note: VDC, vertical deflecting conduit; FO, fiber optic; VIF, vertical inlaid fiber;
SMCI, surface micro-cable inlay.
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Fig. 3. Cross section of (a) vertical inlaid fiber (VIF) and (b) surface micro-cable inlay (SMCI) installations.
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The collected data from different construction and operational phases of the abovementioned
installations enabled researchers to quantify different parameters including productivity rate
and generated waste material, as well as physical integrity and the fiber’s optical performance.

Installation monitoring results

Construction phase

Activity duration and productivity rate

Some activities in the micro-trenching process were completed with different crew sizes; therefore, the
durations were normalized assuming a two-person crew. An exception was made for cutting the
trench, as this step was completed with one cutter that required only a single person for operation.
Table 2 contains the normalized durations and time distribution of activities for both installation
technologies.

Figure 4 represents the measured productivity of each micro-trenching activity for both installation
technologies using a two-person crew. For both technologies, marking the layout had the highest pro-
ductivity rate among all activities, whereas cleaning the trench had the lowest productivity rate
because it was the most time-consuming activity. Furthermore, the productivity rates of SMCI tech-
nology were significantly higher than VIF technology, which was due to the shallower depth of
SMCI installations. Shallower depth results in less waste material, less required reinstatement
material, and easier creation and reinstatement of the trench. The total micro-trenching productivity
associated with VIF and SMCI technologies with a two-person crew was 6.2 and 14.4 m/h, respec-
tively, and considering an 8-h workday, productivity rate was approximately 50 and 115 m/d, respec-
tively. In total, the productivity of SMCI technology was approximately two times that of VIF
technology. It should be noted that as the estimated productivities are only based on two pilot instal-
lations, they are not representative of micro-trenching productivity in general; however, the informa-
tion could be valuable for comparisons with other micro-trenching techniques.

Generated waste

The excavation waste generated during this project consisted of soil and asphalt material. The volume
of generated waste of both technologies was calculated using trench dimensions. The total

Table 2. Normalized activity durations and time distribution with a two-person crew.

Marking the layouts

Cutting the trench

Cleaning the trench and
smoothing the corners

Cable installation
Reinstatement

Total

VIF technology SMCI technology
Project Activity Time Project Activity Time
length (m) duration (h) distribution (%) length (m) duration (h) distribution (%)
115 0.9 491 102 0.57 8.02
115 2.5 13.13 102 0.58 8.25
115 7.2 38.57 102 3.38 47.88
115 2.1 11.43 102 0.97 13.68
115 6.0 31.96 102 1.57 22.17
115 18.67 100 102 7.07 100

Note: VIF, vertical inlaid fiber; SMCI, surface micro-cable inlay.
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Fig. 4. Productivity rates in both fiber optic (FO) installation technologies.

approximate generated waste estimated was 0.42 and 0.07 m? or 3586 and 710 cm®/m for VIF and
SMCI installations, respectively.

Operational phase

To investigate performance and functionality of the installation technologies used in this study,
GPR inspection and an OTDR test were performed.

GPR results

GPR is an electromagnetic, time-dependent technique that provides high-resolution images of shal-
low ground subsurfaces and can estimate the location and depth of buried objects. This equipment
operates by scattering electromagnetic waves through material, which allows it to locate shallow
underground objects via radio waves (Daniels 2000; Sensors & Software 2013).

The GPR system used was the Noggin250® made by Sensors & Software Inc. The unit operated at a
frequency of 250 MHz, and both the transmitter and receiver were contained in a single unit. The unit
incorporated an electronic encoder wheel and was connected to a real-time kinematic GPS system,
allowing precise measurements of distances and locations. This unit was connected to a digital video
logger (DVL) that captured and displayed the data, which could be viewed in real time and transferred
to a laptop or PC.

In VIF technology, the tracer wire, inserted in the channels of VDC, is a copper-coated wire used to
make the conduit more detectable by GPR when determining the location and its movement. To
monitor the primary location of the conduit in the micro-trench after each installation, the first
GPR inspections were conducted one month after the installations were completed. To investigate
the effect of freeze/thaw cycles on the conduit movement, GPR inspections were continued after each
winter. Figure 5 shows the GPR-inspected points in both the VIF and SMCI installations on
8 November 2013, 12 May 2014, 30 July 2014, and 4 May 2015.
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Fig. 5. Ground-penetrating radar-inspected points in vertical inlaid fiber (VIF) and surface micro-cable inlay
(SMCI) installations.
To investigate the physical integrity of the installation, conduit location was detected using GPR.
Figures 6a-6¢ show the conduit profile of Layouts 1(A), 2(B), and 3(C) for VIF technology. It must
be noted that the conduit profilewas obtained using its depth relative to the surface. In Layout 3(C),
the loop is unfolded, and the conduit profile is provided. Points C5, C7, and C10 were located in
the bends of the layout (the intersection of straight lines).
Figures 6a and b show that both Layouts 1 and 2 were in relatively good condition with little vertical
displacement toward the surface, except at point B7, which had a shallow depth of 8.8 cm according to
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Fig. 6. Conduit profile for vertical inlaid fiber (VIF) technology: (a) Layout 1(A), (b) Layout 2(B), and
(c) Layout 3(C).

the GPR inspection in July 2014. However, it moved downward and now has a depth of 19 cm accord-
ing to a recent GPR inspection. In addition, in the northeast corner of Layout 3 (loop layout), the
conduit depth was significantly shallower than its initial depth in July 2014. In Fig. 6c, it can be seen
that C7 and C6, with respective depths of 7 and 9.7 cm according to the GPR inspection in July 2014,
were the shallowest points of the conduit profile in Layout 3 and had respective approximate displace-
ments of 14 and 12 cm toward the surface. However, C6 and C7 moved downward and their current
depths are 16 and 14 cm, respectively, according to recent GPR inspections. These three points (C6,
C7, and B7) were in a more direct path of traffic compared with other points, as depicted in Fig. 1.

Recent GPR inspections demonstrated that although the three layouts showed no significantly shallow
points, the installations have moved upward from their installed depth (November 2013). Layout 3(C)
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has an average depth of 14.55 cm (compared with 21.5 cm in November 2013); this value is 17.4 cm
for Layout 1(A) and Layout 2(B) (compared with 21.5 cm in November 2013).

It can also be concluded that traffic load causes increased conduit movement in layouts with bends
compared with strictly straight layouts. In loop layouts, the conduit had increased upward and down-
ward movements, which may have been the result of stresses induced in the bent portions of the
layout.

To validate movements measured with GPR, three specific points (C6, C7, and B7) were excavated,
and the locations of the conduit were measured manually. Table 3 shows the GPR measurements ver-
sus the observed depths in the excavated sections in July 2014. The observed depths matched the GPR
results; this verified that GPR measurements were reliable and correct. The consistent, approximate
1.5 cm difference between the GPR results and the observed depths occurs because the GPR measures
the depth of the wire tracer within the conduit channel, whereas the observed depth measures the
depth of the top of the conduit.

Figures 7a and b show the conduit profile of Layouts 1(D) and 2(E) for SMCI technology. It must be
noted that the conduit profile was obtained using its depth relative to the surface. In Layout 2(E), the
loop is unfolded, and the conduit profile is provided. Points E9, E10, E13, and E17 were located in the
bends of the layout (the intersection of straight lines).

The GPR results indicated that there was minimal fluctuation in the upward and downward move-
ments in these installations; however, the installations had an average upward movement toward
the surface of 1.7 cm in the straight layout (D) and 0.44 cm in the loop layout (E). The low fluctuation
suggests that using a rubber strip and foam spacer to stabilize the cable in the trench is a promising
technique, but the installation needs to be inspected for several years to draw stronger conclusions
about its effectiveness.

Figures 8a-8c and 9 show the seasonal movement of the conduits for both the VIF and SMCI instal-
lations from November 2013 to May 2014 (winter), May 2014 to July 2014 (summer), and July 2014
to May 2015 (winter). Negative signs indicate downward movement of the conduits, whereas positive
signs indicate upward movement, both of which were measured in centimeters.

In the VIF installations in winter 2014 (Fig. 8a), Layouts 1(A) and 2(B) experienced downward
movements of up to 6 cm, with the exception of points A3, A8, and B1. The straight section of
the loop layout (C) experienced the same movement, with the exception of C4. Conversely,
C10-C12 had upward movements of approximately 5 cm. In addition to A3, A8, B1, and C4,
these points followed a different trend due to conduit rigidity. When a portion of the conduit
rose toward the surface, the other sections sank to maintain conduit stability. In addition, the
northeast corner of the loop layout (C6, C7, C8, and C9) had lifted significantly toward the
surface.

Table 3. GPR measurement versus observed depth in open sections.

GPR depth Observed depth
Point ID (wire tracer depth) (cm) (top of the conduit) (cm)
C6 9.7 8.0
Cc7 7.0 5.5

B7 8.8 6.0

Note: GPR, ground-penetrating radar.
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In the summer of 2014 ( ), conduit in Layouts 1(A) and 2(B) moved toward the surface, most

significantly at B7 with an upward movement of 18 cm; however, Al and A3 in Layout 1 experienced
downward movements of 6 and 3 cm, respectively. The straight section of Layout 3(C) experienced
similar conditions, with an upward movement of 6-12 cm toward the surface at all points except
C4. The conduit had little movement in C6 and C7 as maximum movement occurred in winter,
and the asphalt layer impeded further upward movement. C10 through C12 and C4 moved down-
ward in response to upward movement in other sections of the loop due to conduit rigidity and sta-
bility maintenance.

In winter 2015 ( ), Layouts 1(A) and 2(B) moved toward the surface up to 9.6 cm, except at
point B7, which had a downward movement of 10 cm. In addition, in Layout 3(C), the conduit
moved upward up to 7 cm, except at points C6 and C7, which had a downward movement of
6 and 7 cm, respectively. Points C6 and C7 had the shallowest depths according to the July 2014
GPR inspection.

In the SMCI installation in winter 2015 ( ), Layout 1(D) and the straight section of Layout 2(E)
moved toward the surface up to 2.8 cm. However, the other section of the loop Layout 2(E) had a
slight downward movement up to 2.6 cm.

According to , the shallow depth observed at the selected points is an installation-
related issue. Specifically, certain points may not have been excavated as deeply due to obstacles
within the ground or hard ground surface conditions. As a result, the conduit could not be placed
deeply enough, and compression on either side of the spot creates potential for upward movement.
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The only solution for this issue is to ensure that the trench is clean and the depth is consistent along
the installation length (TeraSpan, personal communication, 2014).
The quality of the micro-trench’s reinstatement plays an important role in preventing vertical move-
ment of the cable or conduit. Based on the research results from the VIF installation, using sand and
cold asphalt above the installed conduit is not a viable solution for trench reinstatement in cold
regions. The material used in this step must flow easily inside the trench and stabilize the conduit in
its place, thereby preventing future vertical displacement. Additional research is suggested to focus
FACETS | 2017 | 2: 642-659 | DOI: 10.1 139/facets-2016-0043 655

facetsjournal.com


http://dx.doi.org/10.1139/facets-2016-0043
http://www.facetsjournal.com

FACETS Downloaded from www.facetsjournal.com by 3.144.39.93 on 05/19/24

e F/\C Ers
on reinstatement modification toward better stabilizing the conduit in the trench and, ultimately, pre-
serving road strength.

OTDR result
OTDR is an instrument used for investigating the integrity of the FO cables and measuring optical
power loss associated with FO cables due to different elements such as splices, cable, or connectors
(The Fiber Optic Association 2014). This instrument provides a graphical display of optical loss of
the system, which is referred to as a signature trace (Corning Cable Systems 2002). The optical trace
is useful for visual purposes and troubleshooting (Corning Cable Systems 2009).
To investigate the optical performance of FO cable in the loop layout, an EXFO FIB-1 OTDR was
used several times following the project’s installation. The OTDR tested the cables with a 1310 nm
wavelength and 50 ns pulse width. Fiber span refers to the length of fiber that the OTDR investigates
(Corning Cable Systems 2009). Several OTDR tests were performed, and the span losses of fibers are
provided in Table 4.
According to TELUS Communications regulations, 0.5 dB/km is the maximum allowable loss in a
fiber span. In this project, the total length of fiber was 0.7048 km; therefore, the maximum allowable
span loss is 0.7048 X 0.5 = 0.3524. The total span losses equate to less than 0.3524, which means the
current cable performance is acceptable.
Summary and conclusions
Micro-trenching is a new, less-invasive FO deployment method used in business districts and con-
gested urban areas as the environmental impacts and community disruption associated with its oper-
ations are significantly lower than those of traditional installation methods. However, due to its
shallow depth, installations may be easily impacted and damaged by thermal expansion/contraction,
ground freeze/thaw cycles, and frost heave.
Table 4. OTDR results and span loss (wavelength: 1310 nm).
20 November 6 January 22 January 29 April

Fibers 2013 (—18 °C) 2014 (—10 °C) 2014 (8.7 °C) 2014 (18 °C)

1 0.258 0.246 0.253 0.246

2 0.245 0.289 0.176 0.243

3 0.245 0.251 0.257 0.243

4 0.258 0.233 0.239 0.253

5 0.260 0.241 0.239 0.253

6 0.222 0.235 0.23 0.239

7 0.258 0.238 0.236 0.240

8 0.249 0.265 0.272 0.239

9 0.237 0.241 0.243 0.245

10 0.249 0.215 0.238 0.269

11 0.250 0.259 0.22 0.226

12 0.221 0.228 0.245 0.247
Note: OTDR, optical time-domain reflectometer.
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To investigate micro-trenching’s viability in cold regions, a pilot installation was performed with two
micro-trenching technologies (VIF and SMCI) in October 2013 and June 2014, respectively.
Installations will be monitored over several years to evaluate the techniques’ viability.

In both technologies, cleaning the trench and smoothing its corners were the most time-consuming
activities, followed by trench reinstatement. Overall, SMCI technology had a higher productivity rate
than VIF technology. However, the risk of FO damage when using SMCI technology is greater due to
the shallow installation depth.

Both GPR inspections and OTDR tests were performed for VIF technology beginning in November
2013. Although monitoring of the installation is an ongoing process that requires several years for accu-
rate performance evaluation, results gathered from 2013 to 2015 for VIF technology suggest that optical
performance has not changed. However, according to the GPR results of May 2014, the conduit has
risen to 14 cm at point C7, which is located in the traffic zone. Comparing this value to the initial instal-
lation depth of 22 cm, 65% vertical movement of the conduit occurred in the trench. Upward and down-
ward movements also occurred in the loop layout, which may be caused by the induced stress associated
with bends in the conduit within the layout. At most points, the conduit moved downward in cold
weather conditions and rose in the summer, possibly due to the thermal expansion of the conduit. In
VIF technology, a comparison of the initial and recently obtained GPR results indicates that the whole
installation moved upward 3-7 cm; for SMCI technology, this value ranges between 0.44 and 1.7 cm.

Monitoring the results suggests that the SMCI method of using a foam spacer and rubber strip to fix
the cable in the trench is an effective technique. The significant conduit movements confirm that the
reinstatement procedure is critical to micro-trenching installations, especially in cold regions.
Reinstatement material should be fine enough to easily fill the narrow trench; however, it must also
hold the conduit and cable in place to prevent upward movement. The results of this study suggest
that both of the investigated reinstatement methods were not sufficiently reliable for widespread
FTTH installation, and improved reinstatement methods are required to stabilize the conduit in the
trench and preserve road strength.

It should be noted that these research results are limited to monitoring only two micro-trenching
installation methods. Additional research is needed to identify the best micro-trenching installation
methods and backfilling materials for cold region applications.
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