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Abstract: The Siddhartha Highway is a critical economic artery in Nepal, providing a vital trade link with China and India. However, this roadway
has been beset by the frequent occurrence of rock falls and dry landslides, which can cause severe damage and disruption. The main causes of these
issues are differential weathering patterns of the rocks, activation of the Main Frontal Thrust, and a young mountain chain with fragile geology.
Because of road instability, the road tunnel has been proposed to prevent damage. The proposed tunnel road passes between the chainage of 29+000
and 30+370 in the rocks of the Lower and Middle Siwaliks. The Lower Siwaliks are composed of thick to thin-bedded shale, mudstone, and
calcareous sandstone, whereas the Middle Siwaliks are represented by presence of fiiable sandstone, shale, and mudstone. The rock mass of
this section varies from poor rock to extremely poor rock with Rock Mass Rating (RMR) values ranging from 29 to 45 and Q-values ranging
from 0.19 to 1.11. The support system for each class is derived according to RMR and Q-value. The kinematic analysis reveals the potential

of wedge failure at the southern portal of the road tunnel, whereas the northern portal has shown a low potential for failure.
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1. Introduction

Nepal’s rugged topography presents significant challenges for
roadway infrastructure, particularly in hilly and mountainous regions,
where rock fall and landslides are major issues in wet and dry
seasons. Each year, Nepal experiences hundreds of devastating
landslides and roadside slope collapses that cause tremendous loss of
life and property, and the yearly rate of human deaths in landslides
and related disasters still stands at over 300 deaths per year in Nepal
[1, 2]. To mitigate these challenges, the most effective solution is an
efficient road network, supported by the construction of tunnels.
According to [3], establishing an effective road network will
facilitate connectivity between various regions of the country and
commercial centers, thus playing a significant role in promoting
economic and social progress. The study focuses on an engineering
geological study of the proposed road tunnel in Siddhababa along
the Siddhartha Highway area.

North of Butwal city is situated in the Siwaliks and separated by
the active thrust of the Himalayan Frontal Thrust. The Siwaliks are
comprised of mudstone and sandstone. Because of fragile geology,
the occurrence of differential weathering in rocks is the most critical
factor for assessing the stability of road alignment. This section of the
Siddhartha Highway between chainages of 29+000 and 29+370 is
influenced by active rock fall zone. Generally, plane failures are
seen in bedrocks compared to the wedge failure resulting from a
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south-west facing joint set. Additionally, the Siddhababa section
in the Siddhartha Highway is highly susceptible to block failure,
gully erosion, and slope scarring, which is hazardous and requires
structural countermeasures [4].

Bokati et al. [5] simulated rock fall along the highway between
the Chidiya Khola and Dobhan (28+4+200-32+600) in six different
profiles using GeoRock 2D software, which identified this as a
critical site for rock fall hazards along the highway.

The study area lies between the Chidiya Khola and Dobhan,
294000 to 304370 Palpa district, west-central Nepal. This section
falls in Siwalik Range. The study area lies about 1 km north from
Butwal and 269 km from west of Kathmandu (Figure 1).
Geologically, the area lies in Siwalik Range covering the rocks of
the Lower and Middle Siwaliks and extends from 27°42°43.2’N
to 27°44°31”°N latitudes and 83°27°7" to 83°29°27’ E longitudes.

Therefore, the objectives of this study are to determine the rock
mass characteristics of the study area that will host the road tunnel
section and pre-existing road section of the Siddhartha Highway
between the chainage 29+000 to 30+370, establish a reliable
support system, and assess the stabilities of rock slopes.

2. Materials and Methodology

Route map as well as engineering geological map along the road
section with detailed columnar section of the bedrocks exposed along
the road has been prepared in scale of 1:1000 scale. Discontinuities
are measured to calculate Rock Mass Rating (RMR) and Q-value for
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Figure 1
Location map of the study area
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determination of the rock support for tunnel in the field, the
parameters that are needed for the study.

The RMR developed by Bieniawski is the classification system
based on six different parameters of rock. It assesses various
parameters that include the compressive strength of intact rock
material, the Rock Quality Designation (RQD), the spacing and
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condition of discontinuities, the groundwater conditions, and the
orientation of discontinuities. The rating of each of these parameters
is summarized in a numerical value to calculate RMR [6].
Originally developed by the Norwegian Geotechnical Institute,
the Q-system for rock mass classification consisted of around 200
tunnel case histories, primarily from Scandinavia [7]. This system
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Table 1
Rock mass classification based on Q-value and RMR value

Descriptions Range of Q-values Range of RMR values
Rock class Quality descriptions Minimum Maximum Minimum Maximum
Class 1 Very good to excellent 100 1000 85 100
Class II Good 10 100 65 85
Class III Fair to good 4 10 56 65
Class IV Poor 1 4 44 56
Class V Very poor 0.1 1 35 44
Class VI Extremely poor 0.01 0.1 20 35
Class VII Exceptionally poor 0.001 0.01 5 20

is a numerical assessment of the quality of the rock mass, consisting
of six parameters, used to estimate tunnel support. Grouped into three
quotients are the six parameters: RQD, number of joint sets (Jn),
roughness of the most unfavorable joint or discontinuity (Jr),
degree of alteration or filling along the weakest joint (Ja), water
inflow (Jw), and stress condition given as the stress reduction
factor (SRF). This grouping provides an overall assessment.

RQD Jr Jw
Q= Ja " SRF W
The classification system of rock mass based on RMR [8] and Q-value
[7] is classified in rock mass class on the basis of Q-value and RMR
value which is tabulated in Table 1.

The first introduced rock slope kinematic analysis was
performed without the consideration of shear strength and

resistance in the rock slope [9, 10]. Different types of failures
such as wedge failure and plane failure are determined with the
help of kinematic analysis. Wyllie and Mah [11] have defined a
condition for wedge failure, plane failure, and toppling failure
based on which the analysis is done.

The Q-system chart mentioned in Figure 2 is used to develop the
support system based on Q-value. Similarly, rock classification and
support system designed by Bieniawski for RMR value are
mentioned in Table 2.

Various computer software such as GIS, AutoCAD, and
Illustrator were used for mapping and preparing route maps. MS
Word was used for report writing, and MS Excel was used for
data calculation. Dips were used for slope stability analysis.

Data collected from the fieldwork are then organized and
analyzed. In this process, raw data were obtained and converted it
into information useful for decision-making.

Figure 2
The Q-system chart for rock support estimate, developed by the Norwegian Geotechnical Institute [12]
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3. Geology and Engineering Geology

Geological study of the Tinau Khola section has been conducted
[13]. But, the lithostratigraphy of the area established by [13] has been
adopted in this study (Figure 3). The proposed road tunnel has passed
in the rocks of the Lower and Middle Siwaliks. The Lower Siwaliks
are composed of thick to thin-bedded shale, mudstone, and sandstone,
whereas the Middle Siwaliks are represented by the presence of friable,

pepper and salt appearance: sandstone and gray shale. Differential
weathering pattern is generally observed in the rocks of shale and
sandstone of the Siwaliks [14, 15].

Engineering geological map (Figure 4) has been prepared based
on the distribution of rocks and soil, landslide, and hydrogeological
condition. A major dripping of water more than 5 ltr/sec is present
with some minor dripping. Four landslides are identified along the
road section. The study area lies in high rock fall risk zone, and

Table 2
RMR classification guide for excavation and support in rock road tunnels [8]

Rock mass quality ~ Rock support

description (RS) class Assigned tunnel rock support

Fair—good RS III 25 mm dia., 3 m long systematic grouted rock bolts, at a spacing of 1.5 m X 1.5 m and 15 cm
thick steel fiber shotcrete

Poor RS IV 25 mm dia. 3 m long systematic grouted rock bolts at a spacing of 1.3 m X 1.5 m and 20 cm thick
steel fiber shotcrete. Advance pre-injection grouting to control water inflow into the tunnel.

Very—poor RSV 25 mm dia. 3 m long systematic grouted rock bolts at a spacing of 1.3 m X 1.3 m and 15 cm thick
steel fiber shotcrete.

Extremely—poor RS VI 25 mm dia. 3 m long systematic grouted rock bolts at a spacing of 1.2 m X 1.2 m and 20 cm thick
steel fiber shotcrete. Steel ribs at a spacing of 1 meter to control plastic deformation. Advance
pre-injection grouting is provisioned to control water inflow into the tunnel.

Exceptionally—poor RS VII 25 mm dia., 3 m long systematic grouted rock bolts at a spacing of 1.1 m X 1.1 m and 20 cm

thick steel fiber shotcrete. Steel ribs at a spacing of 1 meter to control plastic deformation.

Figure 3
Geological map of the study area modified after [13]
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Figure 4
Engineering geological map of the study area
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wedge failure and plane failure seem common in particular sections
of this area. Interbedding of sandstone and mudstone has shown the
differential weathering pattern which is a major reason of rock fall in
this area.

4. Results

The study area is located in Palpa district along the Siddhartha
Highway in between the chainage 29+000 to 30+370. Throughout
the road tunnel alignment, sandstone and mudstone of the Lower
Siwaliks and Middle Siwaliks constitute the main lithology which
is shown in Route Map (Figure 5). The rocks exposed are jointed
and moderately weathered. Three set of major joints with random
joints were revealed at the study area. Based on the results of
empirical classification based on RMR and Q-system, the rock
exhibited poor rock to extremely poor rock (Table 3).

The proposed support system for the road tunnel alignment
according to Q-system is rockbolt of 2 m length and 20 mm
diameter placed with spacing of 1.6%1.6 c/c to 1.4*1.4 cc with
shotcrete of 50 to 100 mm along crown and wall irrespective of

T
83°30'0"E

their rock class. The support system according to RMR
classification is rock bolt of 3 m length with 20 mm diameter
placed within the spacing of 1 to 2 m with shotcrete of 50 to 150
mm according to their rock class.

Figure 6 shows the distribution of the rock mass along the
tunnel road section with description of the support system (Table 4).

The support system based on RMR shows that 67 m of tunnel
road needs 25 mm diameter 3 m long systematic grouted rock bolts at
a spacing of 1.3 m X 1.5 m and 20 cm thick steel fiber shotcrete.
685 m of tunnel road needs 25 mm diameter 3 m long systematic
grouted rock bolts at a spacing of 1.3 m X 1.3 m and 15 cm thick
steel fiber shotcrete. And 385 m of tunnel road needs 25 mm
diameter 3 m long systematic grouted rock bolts at a spacing of
1.2 m X 1.2 m and 20 cm thick steel fiber shotcrete. Steel ribs at a
spacing of 1 meter for controlling plastic deformation. Advance
pre-injection grouting is required to control water flow in the tunnel.

The planes and wedges formed by the planes were then
analyzed with respect to the internal friction angle has been
adopted as 30° for the stability calculation. Slope condition is
analyzed using the observed bedding plane attitudes and their
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Figure 5
Route map of the study area
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conditions at different locations. All the above-mentioned analyses  analysis indicated the potential of wedge failure at the southern
were done using Geotechnical Software Dip 6.0. The slope  portal of road tunnel whereas toward the northern portal with
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northern part from the northern portal chainage from 30+200 to 30
+600 has potential toppling failure. Joint distribution along the
tunnel alignment is shown in Figure 7, and the representative
kinematic analysis for different location is shown in Figure 8.

5. Discussion

The results of this study have valuable insights into the geological
conditions and rock mass characteristics in the Lower and Middle
Siwaliks region of Nepal which is relatable to the youngest
mountain chain in the Himalaya belt that is extended from northeast
India through Nepal to northwest India and northern part of Pakistan
with abundance of mudstone and sandstone rock mass. The
geological diversity of the study area has significant challenges in
the construction of tunnel.

The study area covers part of the Arung Khola formation with the
lithology of Lower Siwaliks and Middle Siwaliks [13]. The rock of the
Arung Khola Formation is composed of alternating layer of sandstone
and mudstone. Generally, differential weathering pattern is seen in
these rock types, creating weak planes that can be sheared easily
due to overloading of sandstone bed on mudstone bed.

For the rock mass classification and support system, Q-system
[7, 16] and RMR system [6, 8] were used which has wide range of
application in rock mechanics; however, these system are highly
established worldwide for tunnel support, due to its continuous
update in terms of rock characterization and support system [17].

In context of Nepal, Q and RMR systems are extensively used
for the tunnel support, particularly in hydropower sector of Nepal
[18]. Similarly, this study uses these systems for rock mass
classification and support system.

The Q-value is calculated to be in range between 0.19 to 1.04
and 0.39 to 1.11 in the Lower Siwaliks and Middle Siwaliks,
respectively. The value shows that the Rock mass class falls under
rock mass class V and rock mass class IV. Class V represents
very poor rock, whereas class IV represents poor rock. The value
obtained from RMR is classified into extremely poor to poor rock.

Wyllie and Mah [11] have described the condition for the failure
to occur according to which kinematic analysis in each section was
interpreted. Southern portal of road tunnel seems more vulnerable to
wedge failure, where the presence of mudstone is larger than
sandstone. The possibility of plane failure can be seen at the
beginning of the chainage and toward the ending of chainage, and
the possibility of occurrence of toppling along the joint is more
likely.

Similar studies carried out along the Siddhartha Highway have
also identified potential plane failure and wedge failure [4, 5, 19]
which confirms the consistency of such geological conditions
within the region.

Bhandari and Dhakal [20] found out highly fragile alternate bed
of sandstone and mudstone and performed kinematic analysis in the
Siwalik zone of Babai River catchment area, where they found
flexure toppling and wedge failure predominant. This study
suggests similar findings of alternation of sandstone and mudstone
with wedge failure most common; however, plane failure was
more common than flexure toppling failure.

Studies of [21] in the Lesser Himalaya of Central Nepal and [22]
in sub-Himalaya region along Muzzaffarabad-Nelum road found
poor to fair rocks which is consistent with the values observed in
our study. These findings highlight the challenging conditions for
rock tunneling in Himalayan range.

Dhang [23] in the geotechnical investment of Udhampur
railway tunnel in Jammu and Kashmir area found poor to very
poor (q-value ranging 0.05-2, and RMR 20-40) in the rock mass
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Figure 6
Rock mass profile along road tunnel alignment
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Joint distribution along tunnel alignment
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of sub-Himalaya region which is in similar range to our study;
however, NATM approach was used for tunnel support designing
while our study uses Q-system and RMR system as it is suggested
of the best approach for preliminary support design [24].

This study provides crucial insights into the geological
conditions and rock mass behavior in the Lower and Middle
Siwaliks region, which have significant implications for tunnel
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construction. The rock mass classification and kinematic analysis
underscore the challenges involved in tunneling projects in this
area. By comparing these results with other studies in the region,
we gain a broader understanding of the geological complexities
and can inform engineering decisions for future tunneling
endeavors in similar geological settings. Additionally, the findings
of this study contribute to the growing body of knowledge on
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Figure 8
Kinematic analysis in different chainage of road section

A. Southern portal

@

C. Chainage at 28+410

rock mechanics and engineering geology, benefiting readers
interested in geological studies and tunneling projects.

6. Conclusions

Throughout the road tunnel alignment, sandstone and mudstone
of the Lower Siwaliks and Middle Siwaliks constitute the main
lithology. The rocks exposed are jointed and moderately
weathered. Three major joints sets with random joints were
revealed at the study area. Based on the results of empirical
classification based on RMR and Q-system, the rock exhibits poor

10

B. Northern portal

W
k

D. Chainage at 30 +430

rock to extremely poor rock. The RMR value ranges between 29
and 45 and Q-value ranges between 0.19 and 1.11. The kinematic
analysis indicated the potential of wedge failure at the southern
portal of road tunnel whereas toward the northern portal with
abundance of sandstone has low potential failure.

Acknowledgement

The paper is based on the M.Sc. dissertation research of the
first author submitted to the Tri-Chandra Multiple campus,
Department of Geology, Tribhuvan University. We are thankful



Archives of Advanced Engineering Science \Vol. 00

Iss. 00 2024

to the M.Sc. Engineering Geology program Tri-Chandra multiple
campus for all the help and support throughout the thesis work.

Funding Support

This research was conducted as part of a 211 thesis/dissertation
and was not funded by any external sources.

Ethical Statement

This study does not contain any studies with human or animal
subjects performed by any of the authors.

Conflicts of Interest

The authors declare that they have no conflicts of interest to this
work.

Data Availability Statement

Data available on request from the corresponding author upon
reasonable request.

Author Contribution Statement

Bishwas Sharma: Conceptualization, Methodology, Software,
Investigation, Resources, Data curation, Writing — original draft,
Writing — review & editing, Visualization, Funding acquisition.
Prakash Das Ulak: Methodology, Validation, Writing — review
& editing.

References

[1] Bhandary, N. P., Yatabe, R., Dahal, R. K., Hasegawa, S., &
Inagaki, H. (2013). Areal distribution of large-scale landslides
along highway corridors in central Nepal. Georisk: Assessment
and Management of Risk for Engineered Systems and
Geohazards, 7, 1-20.

[2] Shrestha, H. K., Bhandary, N. P., & Yatabe, R. (2004). Trends
in human life and economic losses from landslides and floods in
Nepal. Proceedings of 2nd International Seminar on Disaster
Mitigation in Nepal.

[3] Panthi, K. K. (2007). Underground space for infrastructure
development and engineering geological challenges in
tunneling in the Himalayas. Hydro Nepal: Journal of Water,
Energy and Environment, 1, 43-49.

[4] Gnyawali, K. R., Shrestha, R., Bhattarai, A., Magar, P. R,

Dhungana, A. R., Sukupayo, I, & Dumaru, R. (2016).

Rockfall Characterization and Structural Protection in the

Siddhababa Section of Siddhartha Highway H10, Nepal.

Journal of the Institute of Engineering, 11(1), 1-11. https:/

doi.org/10.3126/jie.v11i1.14689

Bokati, N., Dahal, R. K., Acharya 1. P., & Dahal, B. (2020).

Evaluation of rock fall analysis and suitable protection

measures in Siddhababa section along Siddhartha highway,

KEC Conference 2019 Proceedings. https://kec.edu.np/wp-co

ntent/uploads/2020/01/Paper_32.pdf

Bieniawski, Z. T. (1973). Engineering classification of jointed

rock masses. Civil Engineering = Siviele Ingenieurswese,

1973, 335-343.

Barton, N., Lien, R.,, & Lunde, J. J. (1974). Engineering

classification of rock masses for the design of tunnel support.

Rock Mechanics, 6, 189-236.

—
(O}
—_

—
[*)}
—

—
~
—

[8] Bieniawski, Z. T. (1989). Engineering rock mass classifications:
A complete manual for engineers and geologists in mining, civil,
and petroleum engineering. John Wiley & Sons.

[9] Goodman, R. E. (1991). Introduction to rock mechanics. John
Wiley & Sons.

[10] Hoek, E., & Bray, J. W. (1981). Rock slope engineering 3rd
edition. UK: Institution of Mining and Metallurgy.

[11] Wyllie, D. C., & Mah, C. (2004). Rock Slope Engineering:
Fourth Edition (4th ed.). CRC Press, London. https://doi.org/
10.1201/9781315274980

[12] NGI. (2013). Using the Q-system—Rock mass classification and
support design. NGI Publication Oslo, Norway.

[13] Tokuoka, T., Takeda, S., Yoshida, M., & Upreti, B. N. (1990).

Stratigraphy and geologic structures of the Churia (Siwalik)

group in the Tinau Khola-Binai Khola area, west central Nepal.

Memoirs of the Faculty of Science Shimane University, 24, 71-88.

Mugnier, J. L., Leturmy, P., Mascle, G., Huyghe, P., Chalaron,

E., Vidal, G., ..., & Delcaillau, B. (1999). The Siwaliks of

western Nepal: 1. Geometry and kinematics. Journal of Asian

Earth Sciences, 17, 629-642.

Ulak, P. D. (1998). Lithostratigraphy and evolution of fluvial

style of the Siwalik group in the Hetauda-Bakiya Khola area,

central Nepal. Bulletin of the Department of Geology,

Tribhuvan University, 6, 1-14.

Grimstad, E. D. (1993). Updating the Q-system for NMT.

Proceedings of the International Symposium on Sprayed

Concrete-Modern Use of Wet Mix Sprayed Concrete for

Underground Support.

Rehman, H., Ali, W., Naji, A. M., Kim, J.-J., Abdullah, R. A., &

Yoo, H.-K. (2018). Review of rock-mass rating and tunneling

quality index systems for tunnel design: Development,

refinement, application and limitation. Applied Sciences, 8, 1250.

Sunuwar, S. C. (2006). Rock support in hydropower projects of

Nepal: Case studies. Journal of Nepal Geological Society, 34,

29-38.

Pokhrel, C., Adhikari, I., & Dahal, R. (2022). Qualitative rock-

fall hazard mapping around the Siddhababa area along the

Siddhartha highway in western Nepal. Journal of Nepal

Geological Society, 63, 71-82. https://doi.org/10.3126/jngs.

v63i01.50843

Bhandari, B. P., & Dhakal, S. (2021). A multidisciplinary approach

of landslide characterization: A case of the Siwalik zone of Nepal

Himalaya. Journal of Asian Earth Sciences: X, 5, 100061.

Singh, J. L., & Tamrakar, N. K. (2013). Rock mass rating and

geological strength index of rock masses of Thopal-Malekhu

river areas, Central Nepal lesser Himalaya. Bulletin of the

Department of Geology, 16, 29-42.

[22] Basharat, M., Khan, A. F., Riaz, M. T., & Sadaf, R. (2020).

Application of rock mass classification to evaluate rock

properties, NW Himalayas, Pakistan. Acta Geodynamica et

Geomaterialia, 17(4), 453-468. https://doi.org/10.13168/

AGG.2020.0033

Dhang, P. C. (2016). Tunneling in lesser Himalaya, Jammu and

Kashmir, India with special emphasis on tectonic mélange.

Journal of the Geological Society of India, 88, 593-602.

[24] Palmstrom, A., & Broch, E. (2006). Use and misuse of rock mass
classification systems with particular reference to the Q-system.
Tunnelling and Underground Space Technology, 21, 575-593.

[14

—_

[15

—_

[16

—_

[17

—

[18

—_

[19

[

[20

—_

[21

[a—

[23]

How to Cite: Sharma, B., & Ulak, P. D. (2024). Engineering Geological Study of
Road Tunnel Along Siddhartha Highway Between Butwal and Dobhan Siwaliks
Group, West-Central Nepal. Archives of Advanced Engineering Science. https://
doi.org/10.47852/bonviewAAES42022703

11


https://doi.org/10.3126/jie.v11i1.14689
https://doi.org/10.3126/jie.v11i1.14689
https://kec.edu.np/wp-content/uploads/2020/01/Paper_32.pdf
https://kec.edu.np/wp-content/uploads/2020/01/Paper_32.pdf
https://doi.org/10.1201/9781315274980
https://doi.org/10.1201/9781315274980
https://doi.org/10.3126/jngs.v63i01.50843
https://doi.org/10.3126/jngs.v63i01.50843
https://doi.org/10.13168/AGG.2020.0033
https://doi.org/10.13168/AGG.2020.0033
https://doi.org/10.47852/bonviewAAES42022703
https://doi.org/10.47852/bonviewAAES42022703

	Engineering Geological Study of Road Tunnel Along Siddhartha Highway Between Butwal and Dobhan Siwaliks Group, West-Central Nepal
	1. Introduction
	2. Materials and Methodology
	3. Geology and Engineering Geology
	4. Results
	5. Discussion
	6. Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


