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Abstract: This paper presents an alternative 
model of individual-portal support structure with  
a pre-tensioned canopy for coal mine roadway junctions 
in the geological and mining conditions of underground 
mines in Vietnam. The aim of the research is to determine 
the bearing capacity of the individual-portal support 
structure with various configuration. For this purpose, 
an analysis of the rock mass behaviour around the 
three-way roadway junction was carried out using the 
difference element method-based programme (FLAC3D). 
Additionally, other analysis of the bearing capacity of 
the selected individual-portal support structure was 
also conducted using the finite element method-based 
programme (COSMOS/M). The geological and mining 
conditions of Vietnamese mines were taken into account 
during performing these analyses. Based on the results, the 
optimal individual-portal support structure was proposed 
for the roadway junctions driven in the geological and 
mining conditions of underground mines in Vietnam.

Keywords: portal support; coal mine roadway; bearing 
capacity; pre-tensioned cable; numerical modelling.

1  Introduction
Effective underground mining operation requires driving a 
significant number of roadways with a total length of several 
hundred kilometres. These roadways connect with each other 
in many places in the form of junctions (intersections). These 
junctions require the application of special support adapted 
to the geometry of junctions, dimension of the roadways and 

the expected loads from rock mass (Bednarek et al., 2024; 
Jendryś et al., 2020; Xie et al., 2020; Duży and Cholewa, 
2019; Majcherczyk et al., 2014). One of many solutions for 
the coal mine roadway junction is a support structure based 
on a frame made of beams with attached steel elements. 
Such a support is called portal, frame or after the names 
of manufacturers (e.g. Heintzmann, Łabędy). The Central 
Mining Institute has been designing this type of support for 
30 years (Rotkegel, 2017; Stałęga, 2001). During this time, 
over 400 original support solutions were developed and 
installed in specific places at the mine sites (Rotkegel, 2011; 
Rotkegel, 2017). In the case of a three-way junction, portal 
support commonly consists of two cantilevers located above 
the line of roadway junction, connected to each other by a 
main roof beam (Fig. 1). In general, the frame structure is 
supplemented with special steel elements connected to the 
main beams. Spatial sketches of such a typical support are 
shown in Figure 2, while exemplary implementations are 
shown in Figure 3.

In Vietnam, a support structure consisting of steel 
I-beams is applied for three-way junctions. It has been 
widely used in the past in many underground mines such 
as Mao Khe, Nam Mau and Vang Danh (Tran et al., 2018; 
Duong et al., 2020). This solution has many advantages:  a 
simple structure, material costs are much lower compared 
to those of other portal support structures and providing 
a wider space for underground mining operations. 
However, this solution still has some drawbacks: the steel 
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Figure 1: Assumptions in the design of roadway junction supports 
(Rotkegel, 2013).
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elements are leaned on the structure, which causes the 
total load on the main beams to be significantly high. In 
conditions of increased load from the rock mass (e.g. deep 
coal mine), the application of such a structure will not 
meet the load-bearing requirements. If steel beams with 
greater bending resistance are used, the size and total 
weight of the structure will increase, making the structure 
more expensive and difficult to assemble. Therefore, an 
alternative solution was proposed in order to minimise 
the mentioned limits, which involved strengthening the 
structure canopy with pre-tensioned cables (Fig. 4).

This research aims to determine the bearing capacity 
of the proposed portal support structure with various 
configurations. To achieve this goal, the state of rock mass 
around the three-way junction and the bearing capacity of 
the support structures were examined. All analyses were 
performed using numerical modelling, taking typical 
geological and mining conditions of Vietnamese mines 
into consideration. Based on the results, the possibility 
of applying the proposed portal support for the geological 
and mining conditions of coal mines in Vietnam was 

discussed. The optimal structure of the portal support was 
also proposed for three-way roadway junctions.   

2  Selected examples of individual-
portal support applied in Polish 
underground mines
In Polish coal mines, the individual-portal support is often 
applied in coal mine roadway junctions, where the access 
roadway should connect with the main one, preferably at 
an angle close to right angle, and its dimensions should 
be relatively small. This means the structure support has 
a short length. Such portal support can be made from 
a flat frame screwed from simple elements, creating a 
rectangular shape (a roof beam on two columns) or a 
polygon on an arch (simple beams twisted at an angle). 
A common solution is to make the portal in the form of 
specially profiled rectangular steel frame made of different 
profiles (U, V or SWP). Figure 5 shows examples of portal 

a) b)

Figure 2: Spatial sketches of typical portal supports for three-way junctions: (a) at an acute angle and (b) at a right angle (Rotkegel, 2015).

a) b)

Figure 3: Examples of portal support implementation for three-way junctions: (a) at an acute angle and (b) at a right angle (Rotkegel, 2015).
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support made in the form of a simple canopy beam on 
two column legs, and Figure 6 shows a polygonal portal 
support.

In many cases, individual-portal supports are made in 
the form of special steel frames built in double or triple 
layers. Most often, these are rectangular steel support, 
additionally reinforced with steel arches. An example of 
such an implementation for the Chwałowice coal mine is 
shown in Figure 7.

a)

b)

c)

Figure 4: Support structure made of steel I-beams with the canopy reinforced by pre-tensioned cables: (a) cross section of canopy, (b) 
canopy with pre-tensioned cables and (c) position of canopy attached with column legs. 

b)

a)

Figure 5. Example of support for the roadway junction in the form of 
a rectangular portal:  (a) cross section and (b) top view (1 – column 
legs, 2 – canopy, 3 – floor base). 

a) b)

a) b)

Figure 6: Example of polygonal portal made in the form of an arch – 
a support construction designed for the Bogdanka coal mine: (a) top 
view and (b) cross section. 
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3  Analysis of rock mass behaviour 
around the three-way roadway 
junction
The numerical analysis of the strain-stress state of the rock 
mass around the three-way connection of roadways was 
carried out using a computer program based on the finite 
difference method – FLAC3D v.5 (Itasca, 2012), taking 
the geological and mining conditions of Vietnamese UG 
coal mines into account. The underground coal mining 
in Vietnam is characterised by a shallow mining depth of 
300–500 m, thick coal seams and presence of numerous 
faults and folds. The rock mass consists of hard rocks such 
as sandstone, mudstone, claystone and coal, which have 
a compressive strength from 30 MPa to 120 MPa (Nguyen 
and Niedbalski, 2016; Mijał, 2018; Niedbalski et al., 2018; 
Duong et al., 2019; Nguyen et al., 2020; Nguyen et al., 2021; 
Duong et al., 2023).

3.1  Model description

Numerical models represent the typical geo-mining 
conditions of UG coal mining in Vietnam as mentioned 
above. All numerical models were fixed at the top, bottom 
and two sides in appropriate directions (perpendicular to 
individual planes). The numerical models had dimensions 
of 60×120×40 m and were divided into approx. 320,000 
elements (Fig. 8). The models were originally developed 
as elastic to achieve the primary stress state. Then, the 
displacements and velocity vectors were zeroed. In the 
next step, the ‘null’ model was assigned to the zones 
which corresponded to the roadways, and then, the model 
was recalculated.

It is assumed that two coal mine roadways (main 
roadway and access roadway) connect each other in a 
three-way junction at an angle of 30, 60 and 90 degrees. 
Typical coal mine roadway in Vietnamese coal mines 
characterised a cross section of arch with an area of 14.8 m2 
(5.0×3.8 m). Figure 9 shows the model with the geometry 
of the excavations and their connection method.

a) 

c) 

b)

Figure 7: The three-way roadway junction support is based on a portal made of the V profile steel frames: (a) top view and (b and c) cross section. 
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The classic Coulomb-Mohr (elastic-plastic) model was 
used to perform numerical calculations. An example of 
rock mechanical parameters describing the rock mass in 
the Cam Pha coal basin, Vietnam, is presented in Table 1.  
Hypothetically, the original horizontal stress is equal to 
the vertical stress. The value of the primary stress was 
calculated hydrostatically from a depth of up to 500 m 
(approx. 12 MPa).

3.2  Result analysis

The results of numerical calculations were presented 
in the form of displacement maps and plasticity 
indicators (failure zone) of the rock mass around the 
roadway junction. Based on the results, critical zones 
of the rock mass around the roadway junction were 
determined. Figures 10–14 show the vertical displacement 
of the rock mass around the main roadway and the 
access roadway. In general, it can be seen that the 
vertical displacement on the roof and floor is greater 
when these roadways are connected at a decreasing 
angle. In the main roadway, a zone of greater vertical 
displacement can be observed on the access side and  
an increase in vertical displacement is noticed when the 
connection angle is reduced (Figs. 10 and 11). However, in 
the access roadway, the maximum vertical displacement 
is located at the connection line with the main roadway 
(Figs. 12 and 13).

Figure 14 shows the failure zone of the rock mass 
around the three-way roadway junction. It can be seen 
that when the roadways are connected at an angle of 
90 and 60 degrees, the size of rock mass failure zones 
is slightly different. However, in the case of an angle of 
30 degrees, the size of the failure zone is clearly larger 
(Fig. 14a). The same situation is observed in the access 
roadway. Additionally, the largest size of the rock mass 
failure zone is located above the connection line between 
the roadways (Fig. 14b). This is confirmed by the vertical 
displacement results presented in Figures 12 and 13.

3.3  Determination of the critical area of the 
rock mass around the coal mine roadway 
junction

Based on the results, it can be concluded that behaviour 
of the rock mass around the roadway junction depends on 
the configuration of their connection. In all connection 
types, the greatest displacement and size of the rock 
mass failure zone can be observed at the connection 
line between the roadways. In the case of configuration 
connection on a smaller angle (acute angle), there is a 
greater displacement and size of the rock mass failure 
zone around the connection in comparison to the case of 
configuration connection on a larger angle. This means 
that the rock mass load on the support is greater at the 
connection line and at a smaller connection angle. This 

Figure 8: Numerical model of rock mass in FLAC3D.
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a)

b)

c)

Figure 9: Numerical model of the coal mine roadway and the configuration of their connection at different angles: (a) 30̊, (b) 60̊ and (c) 90̊.



Individual-portal support with a pre-tensioned canopy for a coal mine roadway junction    289

Figure 10: Vertical displacement of roof rock in the main roadway.

Figure 11: Vertical displacement of floor rock in the main roadway.
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Figure 12: Vertical displacement of roof rock in the access roadway.

Figure 13: Vertical displacement of floor rock in the access roadway.
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Figure 14: Failure zone of rock mass around the three-way roadway junction: (a) along the main roadway and (b) along the access roadway.
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has been confirmed by others (Hoek et al., 1995; Hsiao 
et al., 2009; Rotkegel, 2017; Liu et al., 2017; Siad et al., 
2023). Attention should be paid to the case of weak rock 
(deformation and strength parameters are relatively 
lower) or a greater depth of coal mine roadways (rock 
mass load on support is relatively higher), and values of 
displacements and the size of the failure zone of the rock 
mass around junction would be much greater as shown in 
Figures 10–14. As a consequence, the load on the support 
will be higher, which affects the stability of the roadways 
(Bednarek and Majcherczyk, 2020; Majcherczyk et al., 2018; 
Wang et al., 2015). In such a case, special reinforcement 
(support) for the connection zone (e.g. the construction 
of steel I-beams reinforced with pre-tensioned canopy by 
cables) is required to maintain and improve the stability of 
the roadways and their connection.

4  Analysis of the bearing capacity 
of individual portal with a pre-
tensioned canopy
4.1  Model description

The bearing capacity analysis of the rectangular 
support structure with pre-tensioned canopy (Fig. 4) 
was carried out using the finite element method (FEM) 
using the program COSMOS/M v.2.8. (SRAC, 1999). 
Three variants of the load on the canopy made of two  
I-beams propped up at the ends with a length of 5.5 m were 
analysed. In the first variant, a concentrated load acting 
on the canopy centre was assumed (a one-point load), in 
the second – a two-point load, and in the third – a load 
distributed evenly along entire length of the canopy. 
Figure 15 shows the calculation diagrams of the support 
structure with a simple canopy made of two I-beams. 
Dimensions of the I-beam are presented in Figure 16.

4.2  Model verification

In the first stage of numerical analyses, simulations were 
performed using simple beam elements (BEAM), which 
were given cross-sectional parameters corresponding to  
a beam made of a single I-beam. Figure 17 shows a model 
of a simple canopy.

The outcomes, including model deformations, 
support reactions and internal forces, were converted by 
the programme into reduced stresses. In the meantime, 
analytical calculations were performed to compare to the 
results of the numerical analysis. The maximum values of 
bending moments (Mg) and the maximum beam deflection 
(f) were determined. These values for individual loading 
patterns are presented in Table 2.

The reduced stress following the Huber-von Mises-
Hencky hypothesis using the formula:

𝜎𝜎𝜎𝜎𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = ��
𝑀𝑀𝑀𝑀𝑔𝑔𝑔𝑔

𝑊𝑊𝑊𝑊𝑥𝑥𝑥𝑥
+
𝑁𝑁𝑁𝑁
𝐴𝐴𝐴𝐴
�
2

+ 3 ∙ �
𝑇𝑇𝑇𝑇
𝐴𝐴𝐴𝐴
�
2

 (1)

where Mg is the bending moment, Nm; Wx is the cross-
section modulus index, m3; N is the axial force, N; A is the 
cross-sectional area, m2 and T  is the transverse force, N.

The maximum stress values occur in the centre of 
the beam’s length, where the shear forces become zero, 
and the axial forces for the analysed loading patterns 
throughout the beam are zero. Therefore, the above 
relationship reduces to the formula:

𝜎𝜎𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥 =
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥
𝑊𝑊𝑊𝑊𝑥𝑥𝑥𝑥

 (2)

For the calculations, the beam length is L = 5.5 m, Young’s 
modulus E = 200 GPa, moment of inertia of the beam 
section (double I-beam) Ix = 47000 cm4 and the bending 
strength index of the section Wx = 2350 cm3. Additionally, 

Table 1: Mechanical parameters of rock mass in the Cam Pha coal basin, Vietnam.

Rock type Bulk modulus,
K (GPa)

Shear modulus,
G (GPa)

Friction angle
φ (deg.)

Cohesion 
c (MPa)

Tensile strength
Rt (MPa)

Density
ρ (kg/m3)

Sandstone 3.94 2.58 32 4.0 1.20 2500

Mudstone 2.33 1.40 30 2.0 0.56 2700

Claystone 1.67 1.00 28 1.2 0.25 2600

Coal 1.25 0.58 25 0.8 0.10 1400
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in the second loading scheme, it was assumed that the 
dimensions a = 2.05 m and b = 1.4 m.

The results of analytical and numerical calculations 
were completely consistent. Maximum values of 
reduced stresses were 292.5 MPa (one-point load), 
218.1 MPa (two-point load) and 146.3 MPa (evenly 
distributed load). Maximum values of beam deflections 
were 18.44 mm, 16.80 mm and 11.52 mm, respectively. 

      

Figure 15: Load patterns for the canopy beam.

Figure 16: Dimensions of I-beam adopted for modelling.

Figure 17: Model of canopy made of a simple I-beam – Beam model.

Table 2: Maximum values of bending moments Mg and beam deflections f for individual loading patterns according to analytical 
calculations.

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭
𝟒𝟒𝟒𝟒

 𝒇𝒇𝒇𝒇 =
𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝟑𝟑𝟑𝟑

𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒
 

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 = 𝑭𝑭𝑭𝑭𝒎𝒎𝒎𝒎 𝒇𝒇𝒇𝒇 =
𝑭𝑭𝑭𝑭𝒎𝒎𝒎𝒎(𝟒𝟒𝟒𝟒𝒎𝒎𝒎𝒎𝟐𝟐𝟐𝟐 + 𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 + 𝟑𝟑𝟑𝟑𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐)

𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒
 

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭
𝟒𝟒𝟒𝟒

 𝒇𝒇𝒇𝒇 =
𝟓𝟓𝟓𝟓𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝟑𝟑𝟑𝟑

𝟑𝟑𝟑𝟑𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒
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This is due to the simplification of the analysis with  
a simple beam propped and loaded in its longitudinal 
axis. Figure 18 shows the distribution of reduced stresses 
depending on the pattern of loading of the canopy beam.

4.3  Calculation variants

Due to a good agreement between analytical results and 
numerical results and the possibility of simultaneously 
taking a number of factors into consideration, further 
calculations were performed by numerical modelling. 

Simulations were carried out for models of a canopy made 
of two I-beam elements with additional elements in the 
form of pre-tensioned cables. It is assumed that a canopy 
is pre-tensioned by four 18-mm cables in line. As before, 
three load patterns were analysed. Figure 19 shows a model 
of a canopy made of two I-beams with only additional ribs, 
while Figures 20 and 21 show a canopy model made of two 
I-beams with additional ribs and different configurations 
of pre-tensioned cables.

Such simulations were repeated for different heights 
of I-beam. Summary of calculation variants is shown in 
Figure 22.

Figure 18: Distribution of reduced stresses (Pa) in the beam model of a canopy made of a single I-beam for various load patterns: (a) one-
point load, (b) two-point load and (c) evenly distributed load.

Figure 19: Model of a canopy made of two I-beams with additional ribs – Shell model.
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Figure 20: Model of a canopy made of two I-beams with one line of cables (Shell model + 4 cables).

Figure 21: Model of a canopy made of two I-beams with two lines of cables (Shell model + 8 cables).

Figure 22: Calculation variants.



296    Marek Rotkegel, Phu Minh Vuong Nguyen, Duc Hai Duong

4.4  Result analysis and discussion

The results of the numerical calculations are presented in 
the form of the maximum deflection and the maximum 
reduced stresses of the canopy. Figure 23 presents an 
example of reduced stresses in a model of a canopy made 
of two I-beams subjected to a load of 500 kN. (Estimated 
maximum value of load can act on the support in the geo-
mining condition of the Cam Pha coal basin.)

As noted, the reduced stress and deflection values in 
the shell model (Fig. 19) are clearly lower than those in 
the beam model (Fig. 17). In the shell model, the reduced 
stress and deflection values constitute approx. 85% of 

the reduced stress and deflection values in the beam 
model (Table 3). This is due to different prop and load 
patterns of the canopy. As mentioned earlier, the beam 
model is propped and loaded in the neutral line (in the 
longitudinal axis of the canopy). However, the shell model 
is propped at the lower surface of the I-beam and loaded 
on the upper surface. Moreover, the shell model includes 
ribs that stiffen the canopy cross section.

Figures 24 and 25 present numerical values for 
individual calculation variants. It can be noted that the 
use of pre-tensioned cable in most cases causes a slight 
increase in the maximum reduced stresses in the canopy 
(by approx. 8%) and a reduction in deflections by 10–15%. 

Figure 23: Map of reduced stresses (Pa) in a model of a canopy made of two I-beams: (a) one-point load, (b) two-point load and (c) evenly 
distributed load (loading force – 500 kN).

Table 3: Comparison of results of the bearing capacity analyses for the shell model and the beam model.

Load pattern Shell model Beam model 
Max. reduced stress, 
σred, MPa

Max. deflection, 
ƒ, mm

Max. reduced stress, 
σred, MPa

Max. deflection, 
ƒ, mm

One-point load 
  

258.21 15.91 292.5 18.44

Two-point load 189.90 14.13 218.1 16.80

Evenly distributed load 118.87 9.72 146.3 11.52
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This is due to the additional load on the canopy with 
compressive forces generated by the pre-tensioned cables. 
However, this is associated with the plasticity of the cables as  
a result of exceeding the yield point (Re = 700 MPa was 
assumed in the simulations). The optimal pre-tensioned 
force of approx. 200 kN is considered a suitable value 
to maintain the structural integrity of the canopy and 
prevent the cable from exceeding its yield strength (Fig. 

26). Moreover, significant concentration stress values also 
occurred at the cable ends in the connections with beams. 
This situation can be observed in Figure 27.

Comparing the results presented in Figures 24 and 
25, it should be noted that a better effect (lower reduced 
stresses and deflections) can be achieved by using a 
slightly higher profile of I-beam (450 mm instead of 400 
mm) than by using pre-tensioned cables. It seems that 

a) 

b)

Figure 24: Maximum values of reduced stress of canopy for individual calculation variants: (a) 400-mm I-beam and (b) 450-mm I-beam 
(loading force – 500 kN).
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such a solution is simple to produce and implement, and 
therefore, it is cheaper.

5  Conclusions
Alternative models of individual-portal support structure 
were proposed for the geological and mining conditions of 
underground coal mines in Vietnam. In order to determine 

the bearing capacity of the proposed individual-portal 
support structure, numerical analyses were performed 
considering the typical geological and mining conditions 
of Vietnamese coal mines. An analysis of the rock mass 
behaviour around the three-way junction was carried 
out using FLAC3D, and then, an analysis of the bearing 
capacity state of the proposed individual-portal support 
structure was examined using COSMOS/M. Based on 

b) 

a)

Figure 25: Maximum values of canopy deflection for individual calculation variants: (a) 400-mm I-beam and (b) 450-mm I-beam (loading 
force – 500 kN).
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the obtained results, the following conclusions can be 
formulated:

	– The results of the analysis of the behaviour of the 
rock mass around the coal mine roadways and their 
connections indicate that the greatest displacement 
and size of the failure zone of the rock mass occur at 
the connection between the roadways. The smaller 
the connecting angle, the greater the displacement 
and size of the rock mass failure zone around their 
connection. Therefore, the expected load on the 
support is greater at the junction of the roadways 

and especially on a smaller angle of the roadway 
connection. This has also been confirmed by other 
research and practical experience. 

	– Support structure for the three-way 
junction based on a rectangular portal with  
a canopy pre-tensioned by cables is an interesting 
construction solution. The results of the bearing 
capacity analysis of the rectangular support structure 
indicate that the application of additional pre-
tensioned cables allows for higher bearing capacity 
while maintaining the designed cross section of 

b) 

a)

Figure 26: Maximum values of reduced stress of cables for individual calculation variants: (a) 400-mm I-beam and (b) 450-mm I-beam (yield 
strength of steel – 700 MPa) 
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canopy. However, this requires additional costs 
on implementation of cables, their connections 
to beam and ribs, as well as the need for control of 
tensioning cable process. For the case study given in 
this research, the maximum pre-tensioned force for 
cables should not exceed a value of 200 kN to ensure 
a potential maximum bearing capacity of the canopy 
while ensuring that cable plasticity does not cross its 
yield strength.

	– If there is no need to reduce the height of the cross 
section of the canopy, a simple solution may be to just 
apply larger profiles, replacing 400 mm I-beams by 
450 mm or larger I-beams. 

	– It is suggested to carry out the in-situ tests on the 
proposed individual-portal support structure with a 
canopy pre-tensioned by cables in order to determine 
its actual bearing capacity. The results would be 
valuable for verifying the modelling results and 
optimising the individual-portal support structure for 
the geological and mining conditions of Vietnamese 
underground mines.

	– It is also suggested to examine the mentioned portal-
frame support structures or polygonal portals, which 
are successively used in Poland and Germany for the 
geo-mining of coal mine in Vietnam.
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