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This paper uses two-dimensional Finite Element Method (FEM) numerical modeling to analyze the 
orientation of maximum horizontal tensional stress of the Barapukuria coal basin in Bangladesh. An 
elastic plane stress model incorporating elastic rock physical properties for the coal basin area was 
used consisting of 2916 elements with a network of 1540 nodes. The stress field at any point of the 
model is assumed to comprise gravitational and tectonic components. The tectonic component is 
assumed to act entirely in the horizontal plane in the far-field and at the model eastern boundary. 
Modeling results are presented in terms of four parameters, i. e. orientation of maximum horizontal 
tensional stress (σ H max ), displacement vector, strain distribution, and maximum shear stress ( τ max ) 
contour line within the model. Results show that the orientation of the maximum horizontal tensional 
stress axis is almost N45oE, which coincides with the regional stress field as studied by Gown et al. 
(1992), varying from N31oE to N73oE.  
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INTRODUCTION 
 
Knowledge of the pre-mining state of stress especially 
orientation of maximum horizontal tensional stress 
σ H max  in an intracratonic half-graben type coal basin is 
very important prior to any excavations being made for 
the recovery of coal from the subsurface. The Bara-
pukuria coal basin is one of the largest half-graben type 
Gondwana basins in the northwest part of Bangladesh. 
Most of the half-graben type basins in the country are 
usually characterized by some major boundary faults. 
Wardell Armstrong (1991) resulted in an extensive 
network of regional seismic data that traverses a large rift 
boundary fault in Barapukuria basin. The boundary fault 
is over 5 km long, and has in excess of 200 m of throw. It 
is assumed that the stress field of the intracratonic, half-
graben type Gondwana Barapukuria basin within 
Dinajpur Shield in Bangladesh (Figure 1) is largely 
controlled by major boundary faults, which are genetically 
related to local and regional tectonic activity and weak 
crustal rheology (Islam, 2005; Islam et al., 2009). The 

eastern boundary fault in Barapukuria basin is a typical 
feature of extensional (rift) tectonics; however, its 
influence on the stress field of the entire basin is not yet 
recognized.  

The state of stress of the entire basin especially the 
orientation of horizontal maximum principal stress is a 
vital issue prior to underground and/or open pit mining or 
coal bed methane (CBM) explorations. Numerous studies 
on the Barapukuria coal basin were carried out by 
Warddell Armstrong (1991); Bakr et al. (1996); Islam 
(2005); Islam and Islam (2005); Islam and Kamruzzaman 
(2006); Islam and Hayashi (2008a); Islam et al. (2009); 
Islam and Shinjo (2009), but they paid less attention with 
regard to the tensional stress trajectories of the basin. 
Wardell (1991) collected some core samples during 
boreholes drilling and stresses in rock were tested. It 
should be noted that a few measured stress values from 
some laboratory experiments on particular rock samples 
in Barapukuria coal mine  area  cannot  reflect  the  entire  
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Figure 1. Location of the Barapukuria coal deposits within the physiographic divisions and in the 
major geotectonic features of Bangladesh. Bold lines indicate boundary of the tectonic divisions. 
BR, Brahmaputtra River; DP, Dinajpur Platform; NGIH, Nawabganj-Gaibandha Intracratonic High; 
NSP, North Slope of the Platform (part of Sud-Himalayan Foredeep) (after Khan, 1991; Khan and 
Chouhan, 1996; Islam and Hayashi, 2008a; Islam et al., 2009). 

 
 
 
stress field of the basin. This paper deals with the orient-
tations of maximum horizontal tensional stresses due to 
horizontal movement of the major eastern boundary fault 
and subsequent elastic deformation. In this article, it is 
assumed   that  the  stress  field  of  the  half-graben  type 

Barapukuria coal basin is formed entirely by both the tec-
tonic and gravitational stress components. The study 
focus on the four relative parameters (1) orientation and 
magnitude of maximum horizontal tensional stress σHmax , 
(2) displacement  vector,  (3)  strain  distribution,  and  (4)  
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contour lines of maximum shear stress ( τ max ) because 
these parameters have significant functions with regard  
functions with regard to the tectonic stress field and the 
development of the half-graben type Barapukuria basin.  
 
 
Structure of the Barapukuria basin 
 
Regionally, the Barapukuria coal basin is located in the 
Dinajpur Shield (Figure 1) of Bangladesh and is sur-
rounded by the Himalayan Foredeep to the north, the 
Shillong Shield/Platform to the east, and the Indian 
Peninsular Shield to the west (Khan, 1991; Khan and 
Chouhan, 1996; Alam et al., 2003; Islam and Hayashi, 
2008a; Islam et al., 2009). The geologic and structural 
conditions of the basin were illustrated in details by Islam 
and Hayashi (2008a); Islam et al. (2009). Structurally, the 
Barapukuria basin is a long, narrow, and shallow Permo-
Carboniferous intracratonic rift basin. The basin trends 
approximately N-S for over 5 km, ranges from 2 to 3 km 
wide, and is over 550 m deep. Below a prominent uncon-
formity, covered by an unstructured Pleistocene through 
Tertiary clastic sequence, steeply dipping normal faults 
bound tilted half-graben fault blocks (Figure 2). The nor-
thern, western, and southern boundaries of the basin are 
also truncated by several small-scale normal boundary 
faults. Major basin-bounding faults are part of a zone of 
crustal weakness. The faults and igneous dyke decrease 
the cohesion and friction angle and reduce the shear 
strength through fault plane and filling materials. The 
overall structures of the Barapukuria Basin imply a tecto-
nically active highly disturbed zone (Wardell Armstrong, 
1991; Bakr et al., 1996; Islam and Islam, 2005; Islam and 
Hayashi, 2008a; Islam et al., 2009).  

The Barapukuria half-graben basin is assumed to be 
related to its tectonic origin. The basin area is very close 
(about 200 km) to the convergence boundary of the 
Indian and Eurasian plates. As a consequence, the far 
field tectonic stress field is highly significant to the struc-
ture of this basin. A 5 km long Eastern Boundary Fault of 
the Barapukuria basin is the best structural evidence for 
recent tectonic activity. However, the basin geometry and 
its stress field are directly related to the tectonic dis-
placement gradient.  

Usually, the Barapukuria-type intracratonic half-graben 
basin in a convergent regime is developed due to local 
crustal weakening, where rheology strongly affects the 
dynamics of basin formation (Buck, 1991; Cloetingh et 
al., 1995). In a gross sense, for the Barapukuria-type 
half-graben basin, displacement is greatest at the center 
of the fault and decreases to zero at the fault tips, as 
shown in Figure 3a. The displacement of an initially hori-
zontal surface that intersects the fault is greatest at the 
fault itself and decreases with distance away from the 
fault (Figure 3b). This produces footwall uplift and 
hanging-wall subsidence, the later which creates the 
sedimentary basin (Gibson et al., 1989; Contreras et al., 
1997). The structure of the Barapukuria basin is shown in 

 
 
 
 
Figure 3c. It is apparent that the basin geometry is affect-
ted by fault propagation and displacement is accumulated 
on the boundary fault. About 200 m vertical displacement 
occurred with 73oC dipping (Figure 3d). Along the basin 
the fault length is about 5 km. The fault length: vertical 
displacement ratio is about 25:1. About 60 m horizontal 
displacement (Figure 3d) indicates recent tectonic activity 
and the basin is developed due to 60 m horizontal dis-
placement of the boundary fault towards the east (Islam 
et al., 2009). It is assumed that under the more steeply 
dipping boundary fault segments the displacement is 
approximately constant in Precambrian basement 
(Morely, 1999).  
 
 
Numerical modeling  
 
In this study, the Finite Element Method (FEM) was used 
to predict stress dependent parameters. Model was con-
structed according to the state of plane stress and results 
were illustrated using the FE software package deve-
loped by Hayashi (2008). The software package was 
widely used in some studies by Islam and Hayashi 
(2008b); Islam et al (2009); Islam and Hayashi (2009); 
Islam (2009). All necessary data including geological 
cross-section, tectonic structure, and geotechnical 
parameters were taken from Wardell Armstrong (1991).  

Two-steps of study have been considered by using the 
aforesaid materials. At the first step, the basin geometry, 
presented by Wardell Armstrong (1991) and Bakr et al. 
(1996) is simplified. Then the study is focused on the 
identification of the main geometric and elastic rock phy-
sical properties controlling the deformation in the basin by 
a numerical model. In the second step, concentration was 
made to calculate the results, in particular the orientation 
of maximum horizontal tensional stress, strain distri-
bution, displacement vector, and maximum shear stress. 
A thin-shale type model that incorporates faults, elastic 
rock properties, and horizontal nodal displacement boun-
dary conditions have been used to investigate the distri-
bution, orientations, and magnitude of horizontal ten-
sional stress.  
 
 
Model geometry 
 
The Barapukuria coal basin is a N-S-trending structure 
and is characterized by a series of faults. The present 
geometry of the model is composed of 2916 plane-stress 
triangular elements with a network of 1540 nodes (Figure 
4) with a length of about 5 and 2.5 km in width. The 
assumed thickness of the model rock strata is about 650 
m. 
 
 
Rock mechanical properties 
 
The entire basin area is divided into three zones: Zone 1, 
2 and 3  based  on  local  geotectonic  and  rock  physical  
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Figure 2. Structural pattern of the Barapukuria coal basin, Dinajpur, Bangladesh (modified 
after Wardell Armstrong, 1991; Bakr et al., 1996; Islam and Hayashi, 2008a; Islam et al., 
2009). 

 
 
characteristics. In a general sense, fault-affected zone 
always show less competent with weak rock physical pro-
perties. In contrast, a rigid block/zone shows more com-
petent and mechanically strong rock physical character-
ristics than a fault-affected zone. Therefore, the fault 
plane of Fa is filled by very weak slickenside materials 
that reduce the shear strength through fault plane (Islam 
and Islam, 2005). Five major litho-mechanical properties 
such as density, Poisson’s ratio, Young’s modulus, friction 
angle and cohesion for granodiorite, granite and sandstone 
used in experiment are listed in Table 1. Young’s modulus 
of E = 2000 to 3100 MPa and Poisson’s ratio n = 0.21, 

which is consistent with average elastic properties for 
crustal rocks of Barapukuria basin (Wardell Armstrong, 
1991).  
 
 

Boundary conditions 
 

In plane-stress finite element modeling, the horizontal no-
dal displacement is directly related with tectonic displace-
ment or strain. In the Barapukuria basin, the throw of 
eastern boundary fault is approximately 200 m with a dip 
73o, which produces a horizontal displacement of about 
61 m (Figure 3d). As a consequence, 60 m horizontal no-  
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Figure 3. (a) and (b). show schematic views of half-graben basin architecture (after Gibson et al., 1989; Morley, 1999). (c) 
Cross-sectional view (see location in Figure 2 AA/) of the Barapukuria basin. (d) Explanations to show how 60 m horizontal 
nodal displacement boundary conditions were assumed of the model. In the case of eastern boundary fault of the 
Barapukuria basin, throw = 200 m with 73o angle. Calculated horizontal displacement (H.D) = 61 m (after Islam et al., 2009). 

 
 

nodal displacement was used at the right hand side in 
modeling. It was assumed that the first failure occurred 
along the extending elastic layer of the eastern boundary 
fault (Fa) plane then after completion of 60 m horizontal 
displacement it led the development of a half-graben type 
basin. This assumption is reflected in the boundary 
condition used. The grid and applied boundary conditions 
are shown in Figure 4. North, west, and south boundaries 
are fixed, while horizontal nodal displacement 60 m is 
imposed along the east boundary of the model.   
 
 
Model results 
 

The calculated orientation and magnitude ofσ H max , the  dis- 

placement vector, the strain distribution, and the 
τ max contour lines in the model are shown in Figure 5. 
The orientation of σ H max  trajectories is almost NE-SW in 
most of the part of the zone 1, but it shows some N-S to the 
northwest part and W-E to southwest part (Figure 5a). In 
zone 2, the orientation is NW-SE to the south, but it is NE-
SW to the north. In zone 3, σ H max  is oriented as N-S, NE-
SW, and W-E, to the south, middle and north part of the 
model, respectively. The displacement vector is highly bent 
to the SE and NE corners of zones 1 and 2 (Figure 5b). But 
within zone 3, it is not so effective, although the overall 
displacement vector shows close consistency with the 
geometry of the basin. In zone 1, the strain orientation 
(Figure 5c) is very high to the middle, and NE as  well  as 
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Figure 4. Geometric configurations, and boundary conditions of finite element 
model. The grid is composed of 2916 plane-stress triangular elements with a 
network of 1540 nodes. 

 
 
as SW corners of the model. It is distributed trending to 
NE-SW, W-E, and NW-SE in zone 2. It is oriented as N-
NW to some small part to the south, W-E in the middle 
part of zone 3. τ max  contour lines map (Figure 5d) shows 
close consistency with the geometric origin of some faults 
of the basin.  
 
 
DISCUSSION  
 
Various aspects of rock stress measurements in tecto-
nically disturbed basins have been examined in a world-

wide review of numerous problems regarding to under-
stand the safely factors of underground mine (Booth, 
1986; Islam et al., 2009), formation of half-graben basin 
(Bott, 1997), and evolution of rift basins (Liu et al., 1992; 
Corthesy et al., 2003; Hart et al., 2003). Usually, the rock 
stress field in coal basins is not uniform because the stress 
is affected by various geological factors. The most common 
geological factors are surface topography, and geological 
structures, especially major boundary fault of the basin 
and rock strata characteristics. There are two factors 
causing stress in rock mass, of which one is the gravi-
tational stress resulting from the weight of the rock  them-  
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Table 1. Rock mechanical properties (Wardell, 1991) of siltstones, sandstones, and basement complex used in model.  
 

Rock mechanical properties applied in model Proposed zones Tectonic characteristics 
�(kg/m3) (�) E (MPa) c (MPa) �(deg.) 

Zone 1 Numerous intra-basinal 
faults (throw up to 10 m) 2270 0.21 3100 22 15 

Zone 2 Eastern Boundary Fault 
(throw > 200 m) 

2000 0.21 2000 15 12 

Zone 3 Intra-basinal faults 
(throw ranges >20 m) 

2000 0.21 2500 15 12 
 

Note: �, density; �, Poisson’s ratio; E, Young’s modulus; c, cohesion; �, angle of internal friction. 
 
 
 

 
 
Figure 5. (a) Maximum horizontal tensional stress (σHmax ) trajectories, (b) displacement vectors, (c) strain 
distributions, and (d) maximum shear stress (τmax) contour lines. 

 
 
 
themselves and the other is tectonic stress induced by 
the activity of the earth crust (McKinnon, 2001; McKinnon 
and Barra, 2003). A number of in-situ measured rock 
stresses in an open-pit show that vertical stress is com-
monly less compressive than the maximum horizontal 
tensional stress, which comprises a horizontal tectonic 
stress and a stress induced by gravitational stress (Obara 
et al., 2000). 

When an underground roadway is excavated into 
tectonically-stressed rock mass, the natural stress in the 
vicinity of the new opening is redistributed. As a result the 
water permeability of the rock strata is substantially 

increased by the development and dilation of joints, 
bedding planes, fractures, and faults. Finally it causes 
water inflow into the mine. The Gondwana Barapukuria 
coal basin is one of the very important basins in Ban-
gladesh, where an underground mining operation has 
been started from October 2005 and will continue up to a 
30 year lifetime. At present, only the southern half of the 
basin is considered for mining because of its structural 
complexity with numerous faults, joints, and fractures, 
which are directly connected to underground water-bear-
ing aquifer (Islam and Hayashi, 2008a; Islam et al., 
2009). In the near future, either open pit or underground  
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Figure 6. World stress map (2008) shows the regional focal mechanism solutions and orientations f 
the maximum principle stress around the Barapukria basin. 

 
 
 
mining operations are required to acquire peak produc-
tion from the mine. If CBM is considered, then for hydro-
fracturing the orientation of maximum tensional stress 
pattern of the basin is also required. 

Basic features of the calculated orientation of σ H max , 

the displacement vector, the strain distribution, and τmax 
contour lines are obtained.  The modeling results have 
been compared to the focal mechanism solutions. A focal 
mechanism solution data at the Saidpur, which is almost 
30 km north to the Barapukuria basin (see event 2, 
Figure 6), indicates a regional strike-slip movement, 
where the orientation of the principle stress axis is almost 
N40oW. From this event it is assumed that the evolution 
of the Barapukuria basin could be related to the strike-slip 
movement. Displacement vectors (Figure 5b) in the 
present modeling result shows a good consistency with 
strike-slip movement. A thrust fault movement is promi-
nent toward the NW region of the basin, where the prin-

ciple stress axis is orientated along the N43oE (see event 
1, Figure 6). Again, in the Shillong Plateau area the 
orientation is along N17oE. Another study of tectonic 
stress field in the Indian subcontinent by Gown el al. 
(1992) concluded that the pattern of σ H max trajectories in 
shield region (e.g., Dinajpur Shield of Bangladesh, which 
is the actual part of the Indian Shield) varies from N31oE 
to N73oE. This theme is consistent with the results of the 
present model. It is clearly found that σ H max  trajectories 
to the east of the Eastern Boundary Fault (zone 2) pro-
duce about N45oE orientation.  
 
 
Conclusions 
 
Supplementary study concerning stress analysis of the 
Barapukuria coal basin area is required, which can be put 
into various uses in science and engineering. It could be 
helpful for choosing suitable locations and orientations of  



056      J. Geol. Min. Res. 
 
 
 
tunnels, optimal shapes and sizes of the underground 
openings. Within the context of the assumptions of the 
present modeling as well as discussed above, main con-
clusions of the study are as follows: 
 
•   It is observed that the four parameters are reasonable 
in understanding the geometric pattern of the basin. 
Orientation of σ H max  and strain distribution within zones 
2 and 3 show a very good agreement with the geometry 
of faults development. 
• Although stress within fault zone 1 is spatially variable,  
the generalized orientation of σ H max  trajectories within 
zone 1 (Figure 5a) show close consistency with the re-
sults of regional stress field.  
• The displacement vector is rotated anticlockwise with 
respect to the applied boundary condition. This rotation 
coincides with the intracratonic rift basin developed within 
the Indian sub-continental crust under stretching environ-
ment.  
• From this finding, it is assumed that the major faults in a 
coal basin may be rotated with respect to the regional 
stress field. Pattern of τmax contour lines also show a 
good consistency with the trend of eastern boundary 
fault.  
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