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1. INTRODUCTION

The Cameroon Railway network is a single-track system, built on the metric gauge
(1000 mm) as the fruit of Cameroon’s colonial heritage from Germany. With the increase in
the passenger and freight traffics, there has been a growing need to modernize and expand
the existing railway network to meet the growing demand. It is in this light that the KOTI
Consortium et al. [1] (2012) proposed the Cameroon National Railway Master Plan
(CNRMP) under the auspices of the Ministry of Transport of Cameroon, which contains
recommendations on the modernization of the existing railway network among which is a
change in the gauge of the railway network from the metric gauge (1000 mm) to the more
widespread standard gauge (1435 mm) [2, 3]. In addition, the possible expansion from a
single-track to dual-track operation in order to accommodate for the growth in traffic has
also been considered in terms of a heavier axle load and of average trains’ velocity.

In the event of a conversion from the metric to the wider standard gauge, and an
expansion from single-track to dual-track operation, all the railway infrastructures on the
network would require appropriate reconstruction measures in order for them to conform to
the minimum clearance requirements associated with the standard gauge, and specifically
railway tunnels, initially designed for a single-track metric gauge operation will have to face
the space requirements associated to the standard gauge needs rolling stock geometry [4, 5].

These reconstruction measures are met with the following constraints: firstly, the
current railway system operates on a single-track mode, hence there is currently no way to
divert traffic to an adjacent railway track during the reconstruction process due to this
drawback; secondly, the importance of the railway system to the economy of the country
and the Central African sub-region, rules out any interventions that would interrupt traffic
for prolonged periods of time, due to the very high social cost that would result; and thirdly,
the scarcity of financial investments from the state, as the lone shareholder, as well as from
investors is becoming acute due to the restraint of international partners to finance long term
projects with low return [6,7, 8].

This poses the problem of how to efficiently execute tunnel reconstruction
procedures while maintaining train circulation in the tunnel, minimizing construction,
exploitation and maintenance costs while accommodating for future traffic growth [9, 10,
11]. In order to solve these afore mentioned problems, this work aims at proposing an
optimal solution, that would satisfy the constraints that characterize the reconstruction and
functional measures.

Tonon [12] presented different techniques for enlarging an existing tunnel. These
techniques were classified as enlarging the tunnel using a) protective shield and b) non-shield
enlargement method associated the existing lining as part of protective shield. Protective
shield techniques involve the use of a steel platform covered with sound-proofing and anti-
shock material, to separate the tunnel traffic from the construction activities, and also act as
a working platform for the excavation activities.
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Protective shield methods were seen to be more complex in their implementation
[13] and require costly machinery which must generally be custom designed for the specific
project; in addition to requiring a more specialized workforce that may not always be readily
available in the context of a third world country. On the other hand, non-shield enlargement
methods involve the use of conventional tunneling machines with little need for custom built
equipment reducing the need for specialized workforce; methods which could be suitable for
medium to hard rock conditions.

As such non-shield tunnel enlargement methods are more recommendable for third
world countries like Cameroon where the cost of acquiring custom built machines would be
prohibitively high [14, 15]. Moreover, most of the tunnels on the Cameroon railway network
are built in medium to hard rock, which are suitable for the usage of non-shield methods.
However, every tunneling project is a unique endeavor as different ground conditions present
different challenges; and the non-shield methods reviewed in the literature must always be
adapted to the physical constraints and financial context of the project area.

We examine three options in order to solve for the above mentioned challenge: (1)
Enlarging the existing tunnel to a standard gauge dual-track tunnel, while maintaining traffic;
(2) Constructing an adjacent standard gauge dual-track tunnel; (3) Constructing an adjacent
standard gauge single-track tunnel. Then we apply a multi-criteria comparison scheme to
select the optimal solution, which is thereafter sequentially optimized to attain a considerable
savings in volume of materials required in the support system compared to conventional
support systems. In addition, through the proposal of acquisition of an efficient loading
machine, we were able to attain a fair reduction in construction time. Therefore, this work
in subsequent sections will demonstrate that enlarging the existing tunnel under sustained
traffic can be adopted in reconstructing a single-track railway tunnel during a gauge
conversion and is both technically and economically feasible.

2. MODELING AND RESEARCH METHOD

2.1. Multi Criteria Optimization

The novelty of this work lies in the inclusion of multiple qualitative and quantitative
aspects for evaluating railway tunnel and its components during construction and
maintenance through a multi-criteria decision procedure. Decision making is not easy as
long as the scarcity of funds does not depend on the project owner but mainly on the Public
Private Partnership and on its challenges and requirements. Thus the multi-criteria
optimization procedure developed in this work can be viewed as a tool to select the best
compromising solution or solutions from a list of several potential alternatives by taking into
consideration a set of criteria and information at hand [16,11]. In order to objectively select
between the options presented above, a multi-criteria comparison selection scheme [17] was
adopted in which each selection parameter was given a particular weight, and each option
was given a particular score for each parameter. All scores were placed on a scale of 1 t010,
and the parameters were divided into two main groups: Life-cycle costs, and operational
parameters.

The lifecycle parameter also is divided into two classes namely the initial cost
parameter and the maintenance requirement parameter. For the initial cost parameter, the
score Sj is calculated for each option using the following equation:

§ =10+ (1 ——=4—):
C1+Ca%Cy

o)

where ¢; is the cost of option j.
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For the maintenance requirement parameter, its weight is qualitatively evaluated
taking into consideration the fact that the maintenance cost is a yearly expenditure which
varies with the degree of exploitation of the tunnel. The Maintenance Requirement Index
(MRI) of the tunnel is basically focused on the railway track, gutters, and tunnel lining, each
with a given specific index as described previously for the tunnel reconstruction. Thus the
score s;j of the index, for each option j of the tunnel lining maintenance index Z3, is given by
the following equation based on assumptions of Triantaphyllou [7]:

_ laj

5= 10+ 53.1+i3.2+53‘3) (2)

Operational parameters characterize the general convenience of exploiting the tunnel
during its entire operational life. The factors considered are: 1) the future benefit
characterizing the ease with which changes can be made to the railway line with minimal
impact on the railway traffic (e.g. change to dual track mode of operation, maintenance,
installation of ballast-less tracks etc.); 2) the technical feasibility quantifying the relative
ease of execution based on current advances in tunneling technology, and expertise; 3) the
construction time efficiency which the score can be extrapolated from equation 2 to obtain:

t:
=10 (1 - —2
Sj * ( t1+t2+t3) ©)

where Z;is the construction duration for option j.

The scores for the future benefit and technical feasibility were arbitrarily determined
based on the appreciated future operational advantages it may present and appreciated ease
of execution.

2.2. Design Characteristics

The Souhe tunnel, as the subject of this study, is found in the Eseka circumscription
along the Eseka — Minloh Maloume segment of the Transcam | railway axis; precisely
between PK 159 + 375 to PK 161 + 395 with a length of about 2020m as shown in figures
1.a) and 1.b). This tunnel with a metric railway gauge was hand excavated out of a competent
rock massif during the German colonial period [18, 16], and now exhibits a relatively benign
state of degradation that would require rehabilitation in the long run.

The rock massif on site is located on the Ngovayang chain which forms part of the
major tectonic unit of the Nyong Series in the southern part of Cameroon according to Ndong
et al. [20]. The rock mass is predominantly amphibolite in nature, with the rock being partly
weathered [21], and from tunneling point of view the rock mass could be regarded as
relatively competent.

The railway segment of this study possesses three tunnels that cut across the
mountainous terrain, with one of the tunnels being completely unlined, with the other two
tunnels having a reinforced concrete lining. The existing tunnel present a horse-shoe profile
with vertical sidewalls, and the excavation cross-section having diameter of 6,40 m and
height of 7,57 m. The clear cross-section of the tunnel presents diameter of 5,60 m and height
measured from top of rail level (T.O.R) of 6,27 m. The existing tunnel cross-section is
illustrated in Fig 1.c).
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a) aerial plane view; b) Souhe tunnel entrance; c) typical cross-section of tunnel axis
Figure 1. Existing Tunnel

The preliminary design for a new tunnel’s support system was done by the empirical
design approach based on the Rock Mass Rating (RMR) modeled after field estimates of
uniaxial compressive strength related from EduMine [22] as the sum of the values of the
following six parameters namely:

RMR = Jait Jaz+ Jaz+ Jag+ Jas+ Js (4)

With Ja1 being the strength of intact rock material deduced from the empirical table
above which gives field estimates of the rock strengths that correspond to
different types of rock mass;

Jaz is the rock quality designation also determine from empirical tables;
Jas is the spacing of discontinuities estimated based on qualitative observation;
Jas is the condition of discontinuities obtained through qualitative observations

on site;
Jas is the groundwater conditions deduced by observing the state of the existing
tunnel for infiltrations;
Js is the Orientation of discontinuities arbitrarily taken to be fair for design
purpose.

Following this expression, the field estimates of the ground characteristics gave an
RMR value of 62, which can be described as good rock, with a stand-up time of one month
for 13 m roof span. As such a new tunnel would require no temporary support during
excavation because of its high stand-up time of one month. Recommendations from the table
proposed by Bieniawski [23] suggested a permanent support system consisting of rock bolts,
wire mesh, and a shotcrete lining.

A slab-track system would be suitable for the railway track bed due to the advantages
it presents relative to the ballast track system such as rapid installation, and lower lifecycle
cost [24]. Having presented the general characteristics of the existing tunnel, in the following
the sub-sections, we would then move on to present the three options that were considered
in order to resolve the challenges that were highlighted in our problem statement

2.3. Tunnel Reconstruction Options
2.3.1. Option 1: Reconstruction and Extension of the Existing Tunnel

This option consists of the reconstruction and enlargement of the existing tunnel. The
size of the tunnel shall be in such a way as to allow for a dual track operation based on the
structure and geometry of the standard gauge. The tunnel is meant for both passenger and
freight traffic. A sufficiently wide safety space would be provided for both inspection visits,
and evacuation of passengers in case of any incident in the tunnel. Sufficient overhead

5



Lezin Seba Minsili et al., Journal of Railway Transportation and Technology. Vol. 3 No. 1 (2024) p. 1-16

allowance shall be provided for overhead lighting, signaling systems and also to provide
natural ventilation. Allowance would be made for side drains that are easily accessible for
cleaning. Given that the rock mass surrounding the tunnel is predominantly competent rock,
vertical stresses are much more important than lateral stresses in determining the tunnel
cross-section. As such the horse-shoe profile was more appropriate for the profile of this
tunnel. The horse-shoe profile with curved sidewalls was selected because it offers a better
resistance to lateral forces. The horse-shoe profile can be easily excavated using
conventional excavation machines in a drill and blast method.

EW TUNNEL

b) Positions of old and new tunnels
Figure 2. Tunnel reconversion cross-sections for option 1.

Based on all functional and technical constraints stated above, we obtain a horse shoe
profile with the excavation cross-section with dimensions of 13.43m in diameter and 9.46 m
high. We have a tunnel clear cross-section having diameter of 12.97 m and useful height
measured from T.O.R of 7,88 m. The new tunnel cross-section is illustrated in figure 2.a),
while figure 2.b) illustrates the relative positions of the old tunnel and the new enlarged one.

The estimate of the construction cost and the MRI were determined through an
estimate of the reconstruction initial cost, and through an estimate of the reconstruction of
the new tunnel on the exploitation of the existing one. For the normal weekly advance rate
for a net enlarged cross-section of 60.05 m?, we obtain an advance rate of 70 m/week, hence
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an average excavation time of about 15 weeks. The overall cost of the tunnel reconstruction
procedures was estimated at 7 213 847 027 FCFA (The rate of 1.00 $ USD is 612.483 XAF
CFA on May 26, 2023). After several calculations that are not described in detail here the
overall cost of the tunnel reconstruction procedures is summarized in Table 1 below.

Table 1: Estimates of Construction cost for Option 1.
Cost of Enlarging the Existing Tunnel, Option 1 (in XAF CFA)®

No Designation Unit  Quantity Unit Price Total Cost

l. Site Installation and Machinery ff 1,00 65 000 000 65 000 000

I1. Excavation Works
Earthworks m3 121 301,00 2350 285 057 350
Explosive charges kg 145 561,20 12 000 1746 734 400
Primary shotcrete lining m3 25431,80 71 750 1824 731 650
Waterproof lining m2 47 914,40 14 000 670 801 600
Final Shotcrete lining m3 2 383,60 65 000 154 934 000
Rockbolts u 8 888,00 1650 14 665 200

1. Drainage
@40mm PV C pipes ml 654,48 400 261 792
Precast Gutters ml 2 020,00 13 000 26 260 000

v, Dual Track Slab-track Railway km 2,02 876038000 1769 596 760
System

V. Labour cost (10% of (I+11+111+1V)) ff 655 804 275

TOTAL 7213 847 027

(@ The rate of 1.00 $ USD is 612.483 XAF CFA on May 26, 2023. https://themoneyconverter.com/fr/usd/xaf

The MRI of the tunnel is calculated specifically for each option taking into account
the railway track maintenance index (i1), the gutters maintenance index (iz), and the tunnel
lining maintenance index (is). For the railway track maintenance index (i1), the maintenance
requirement for the track is directly proportional to the length of the track (which is the
tunnel length, L). For a single track the index was taken as 1.L, and for dual track tunnels
the factor 1,5L was assumed given that dual track railways cost approximately 1,5 times
their single-track counterparts as mentioned earlier. Whereas, for twin tunnels we took 2L.
The cost of the gutters maintenance index iz is directly proportional to the tunnel length, L.
The cost of a single line of gutters is multiplied by the factor nL (where n is the number of
gutters). The weight of the tunnel lining maintenance index iz is directly proportional to the
surface area of the lining, for example it is equated to 7z = A = P*L where A is the surface
of the lining area, P is the perimeter of lining, and L the tunnel length.

The reconstruction of the new tunnel constitutes a Category Al railway works
according to the CAMRAIL’s classification of operations at its Transport Department [25],
Unit of Training and Human Ressouce Development. This means that the construction
activities would invariably interrupt the normal flow of traffic on the railway section.
Construction operations could affect the exploitation of the existing railway line in the
following two ways: The Lost Time due to train delays at the tunnel site, and the revenue
shortfall, that is the financial cost of the delays.

For safety reasons trains are required to slow down at the approach of a major railway
worksite at least 1500 m before the site. The lost time on the Souhe tunnel worksite is
evaluated below based on the railway traffic timetable at CAMRAIL between Yaoundé and
Douala, a 263 km long railway section namely TRANSCAM 1, during the commercial year
2018. To simplify the analysis no distinction is made between passenger and goods traffic,
and the following characteristics are adopted based on the given table: the number of trains
that cross the tunnel n, the average course speed of trains under normal traffic conditions V,
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the Speed of traversing the worksite v’, the length of tunnel I, the security distance from
worksite d, and the length of security zone L =1 + d.

CAMRAIL recorded an annual turnover of US $ 113 million in 2015 [26] amounting
to about 76,5 billion FCFA, that is about 209,51 million FCFA per day. Considering that
about 18 train journeys are made per day on the national territory based on the Camrail traffic
timetable, we obtain an average daily turnover of 11,64 million FCFA per train journey.
Given that a train running the Transcam 1 at about 60 km/h would take about 4,37 hrs that
is about 262 minutes, we can find the revenue shortfall AR per train per day due to lost time.
Thus for the total traffic of eight trains for example on that section amounts to a revenue
shortfall of 3,91 million FCFA daily due to lost time. Which for a duration of construction
of 15 weeks amounts to a total revenue shortfall of about 410,6 million FCFA.

2.3.2. Option 2: Construction of a New Dual-Track Tunnel Adjacent to the Existing
Tunnel

This option consists of building a new tunnel at a given distance from the existing
tunnel. The new tunnel shall be built to the same specifications as the enlarged tunnel
section in Option 1. The same cross-section design as Option 1 is adopted for this tunnel.
The cross-section of the tunnel is presented in Fig 4. The relative positions of the old
tunnel and the new tunnel is illustrated in Fig 5.

This option consists of building a new tunnel with a double track standard gauge at a
given distance from the existing tunnel, and that shall be built to the same specifications as
the enlarged tunnel in OPTION 1 with the same site, geologic characteristics of plan profile,
characteristics of the longitudinal profile, design cross-section, support systems as shown in
figure 3.a). However, the new tunnel of this option must be spaced at a minimum distance
of at least 0,8 D from the existing tunnel according to Singh et al. [27], D being the largest
tunnel diameter.

a) Tunnel with a new double track
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Old Tuare Axis

Old Tunnel New Tunnel
b) Tunnel with a new single track

Figure 3: Relative Positions of old and new tunnel for a) option 2, and b) option 3.

The total length of railway track being 2 020 m, the following quantities of work
would also be the same: number of rock bolts, volume of shotcrete lining, surface area of
waterproof layer, drainage system, and railway track work. The normal weekly advance rate
for excavation procedure is deduced from corresponding specific calculations. Thus for a net
enlarged cross-section of 104,10 m? we obtain an advance construction rate of 70 m/week
that leads to Table 2 outlining corresponding economic analysis in terms of the tunnel cost
estimate and maintenance requirement indexes as in option 1, with an average excavation
time of about 17 weeks and an approximate construction cost of 8 853 321 952 FCFA (The
rate of 1.00 $ USD is 612.483 XAF CFA on May 26, 2023).

Table 2: Estimate of construction cost for Option 2.

\ Cost of Constructing a New Double Track Tunnel, Option 2 (in XAF CFA)® \

No Designation Unit  Quantity Unit Price Total Cost

I Site Installation and Machinery ff 1,00 65 000000 65 000 000

Il.  Excavation Works
Earthworks m3 210282,00 2350 494 162 700
Explosive charges kg 252 338,40 12 000 3028 060 800
Primary shotcrete lining m3 25 431,80 71750 1824 731 650
Waterproof lining m2 47 914,40 14 000 670 801 600
Final Shotcrete lining m3 2 383,60 65 000 154 934 000
Rockbolts u 8 888,00 1650 14 665 200

Il Drainage
@40mm PVC pipes ml 654,48 400 261 792
Precast Gutters ml 2 020,00 13 000 26 260 000

IV. g;;L;raCk Slab-track Railway km 2,02 876 038000 1769 596 760
L r cost (10% of

V. (Iit:ffl Ifflsvg)o 0 ff 804 847 450

TOTAL 8 853 321 952

@ The rate of 1.00 $ USD is 612.483 XAF CFA on May 26, 2023. https://themoneyconverter.com/fr/usd/xaf
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2.3.3. Option 3: Construction of a New Single-Track Tunnel Adjacent to the Old
Tunnel

This option consists of construction of a new single-track tunnel with a horse-shoe
profile at an axe-to-axe distance 14.23 m between the existing tunnel and the new standard
one with a subsequent enlargement of the existing tunnel. The work shall be executed in two
phases:

- Phase 1: Construction of New tunnel, adjacent to the existing tunnel while traffic flow
is uninterrupted in the existing tunnel. Once construction is completed, the traffic is
diverted to the new tunnel.

- Phase 2: Diversion of the railway traffic to the new tunnel, and enlargement of the
existing tunnel to same geometry as the new tunnel.

At the end of these works, both tunnels would be fully operational and would serve the
purpose of a dual track railway system. The characteristics are given below are also
computed following the same procedures as described in the two previous options. In this
case, the new tunnel is a single-track tunnel. The tunnel has an excavation cross-section with
dimensions of 8.48m in diameter and 8,23 m high, with a clear cross-section having diameter
of 8,02 m and height measured from T.O.R. to the crown of 6,99 m as illustrated in figure
3.b). The normal weekly advance rate is estimated for each cross-sectional area at:

- Phase 1: 59,54 m2; which corresponding to an advance rate of 76m/week;
- Phase 2: 15,49 m2; which corresponding to an advance rate of 76m/week.

This gives an average excavation time of about 16 weeks for the first phase and 12
weeks for the second phase reaching a total of 28 days. Table 3 outlines corresponding
economic analysis in terms of the tunnel construction cost estimate and maintenance
requirement indexes as done in previous options, with an approximate construction cost of
11 101 283 431 FCFA (The rate of 1.00 $ USD is 612.483 XAF CFA on May 26, 2023).

Table 3: Estimate of construction cost for Option 3

\ Cost of Constructing a New Single Track Tunnel, Option 3 (in XAF CFA)®

No Designation Unit  Quantity Unit Price  Total Cost
I Site Installation and Machinery ff 1,00 65000 000 65 000 000
Il. Excavation Works
Earthworks m3 151560,60 2350 356 167 410
Explosive charges kg 181 872,72 12 000 2182 472 640
Primary shotcrete lining m3 31 794,48 71750 2 281 253940
Waterproof lining m2 95 828,80 14 000 1 341 603 200
Final Shotcrete lining m3 3838,00 65 000 249 470 000
Rockbolts u 14 544,00 1650 23997 600
I1. Drainage
@40mm PVC pipes ml 993,84 400 397 536
Precast Gutters ml 4 040,00 13 000 52 520 000
V. S;SLK&CK Slab-track Railway km 404 876 038000 3539 193 520
V. Labour cost (10% of (I+11+111+1V)  ff 1 009 207 585
11101 283
TOTAL 431

@ The rate of 1.00 $ USD is 612.483 XAF CFA on May 26, 2023. https://themoneyconverter.com/fr/usd/xaf
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3. RESULTS AND DISCUSSIONS
3.1.Results from Individual Options

Previous tables elaborated from each option show that option 1 has an estimated cost
of construction of about 7 214 billion FCFA with an estimated total revenue shortfall due to
delay of railway operations amounting to about 410.9 million FCFA (The rate of 1.00 $ USD
is 612.483 XAF CFA on May 26, 2023), this is equivalent to a total social cost of about 7
625 billion FCFA. In addition, this option has a normal construction time of 15 weeks. This
option also has the advantage that it maintains the existing main railway axis of the first
railway line of Cameroon Transcam 1 with no need for deviation to be constructed. In
addition, provision is made for an eventual switch to a dual track operation, in such a case,
the railway formation would need only an enlargement with moderate additional earthworks
to be carried out, hence a relatively moderate cost of conversion.

Option 2 has an estimated cost of construction of about 8,854 billion FCFA with no
revenue shortfall due to delay of railway operations, since normal traffic would not be
disturbed. This option presents an estimated normal construction time of 17 weeks. It is also
advantageous in that it presents an alternate route in case of a possible shutdown of the
adjacent tunnel. In an eventual dual track operation, a passenger train and freight train could
pass through adjacent tunnels as international safety standards do not allow their
simultaneous movement in the same tunnel. However, in the event of a future dual track
operation, relatively important earthworks would need to be carried out driving the cost
higher. However, this option is wasteful in that the old tunnel would have to be abandoned
once the new tunnel is completed, unless a triple-track operation is envisaged, in which case
the old tunnel would still need to be enlarged in order to conform to the standard gauge
requirements.

Option 3 has an estimated cost of construction of about 11 101 billion FCFA with no
revenue shortfall due to delay of railway operations, since normal traffic would not be
disturbed. However, this option has a greater maintenance requirement than option 1 and
option 2 as the twin tunnels present a greater combined surface area than the single new
tunnel’s enlarged section of Options 1 and 2.

3.2.Weighted Comparison

The scores for each option and comparison parameters were calculated based on
previous equations 1 to 4 and are summarized in Error! Not a valid bookmark self-
reference. and the corresponding indexes in the form of radar diagram of figure 4.
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Table 4: Table of weighted comparison indices

Score of relative parameters, s;

o Parameter Option 1 Option 2 Option 3
(%]
8 Initial Cost 7,21 6,58 571
(L_'j g iy 7,00 7,00 6,00
C
© -
o G 3 i2 7,50 7,50 5,00
m £6
o g i3 7,23 7,23 5,54
Future benefit 6,50 5,00 7,00
Technical feasibility 6,00 7,00 6,50

Construction time

- 7,50 7,17 5,33
efficiency

OPERATIONAL
PARAMETERS

From the comparison explained above and enlightened in table 4 and figure 4, we
see that option 1 has a lower cost and a shorter duration than all the other alternatives. Option
2, being costlier than option 1, is also less realistic in that it involves abandoning the old
tunnel hence a greater sunk cost. Meanwhile option 3 is much more expensive than all the
other alternatives which offsets any comparative advantage it may present. In this light, the
enlargement of the existing tunnel as presented in option 1, as the most viable and the
optimal solution for the reconstruction of the existing tunnel, in case of a conversion from
metric to standard gauge.

Relative Cost Comparison

= OptioN 1 e Option 2 Option 3

8.00

Contruction time efficiency

Technical feasibility (i.e. ease of
execution)

Future benefit (i.e. Operaticnal
advantage)

Figure 4: Options’ Comparison by Radar diagram
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4. CONCLUDING REMARKS

The optimization of the reconstruction of an existing railway with the modernization
of its functional characteristics is not always a straightforward assignment in particular in
underdeveloped countries where technical awareness and financial means are not always up-
to-date. This task is even more difficult when there is little political will to renovate
infrastructures such as bridges and tunnels with conversion of a metric gauge to double track
standard gauge while maintaining the existing traffic demand. With existing technical
documents, the present work has proved that it is possible to translate a political will to a
practical project while facing the challenging of converting a single narrow gauge railway
tunnel to a double standard gauge tunnel with accommodation of existing railway traffic.

The proposed methodology, in the form of a multi-criteria comparison scheme to
select the optimal solution from initial three tunnel reconstruction variants, the sequential
optimization was thereafter applied to attain a considerable saving in volume of materials
required in the support system compared to conventional support ones. In addition, through
the proposal of acquisition of an efficient loading machine, we were able to attain a fair
reduction in construction time while applying it to Souhe tunnel located on the Eseka —
Minloh-Maloume section of the Transnational Cameroon railway network.

This work demonstrated that the proposed optimization procedure of tunnel
enlargement was practical, technically feasible and an economically viable solution. And we
were able to achieve additional benefit on the overall project cost in terms of a reduction in
the construction time from beginning of works to the delivery of the project of about 10%,
with the same percentage being true for a reduction of the overall construction cost of the
project.

As a perspective for further improvement of the findings of this works, the following
points are proposed to be implemented in the near future:

1- The in-depth analysis of a solution for a cost effective and durable slab-track system,
that would be suitable for the railway tunnels in Cameroon;

2- The sustainability of the solution presented in this work to various tunnels
rehabilitation in the Cameroon railway network;

3- The numerical simulation of the proposed solution with geotechnical data from a real
project to test actual performance of the system;

4- The reel implementation of this method on ongoing tunnelling design projects of the
National Railway Master Plan.
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