Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Himi Kathmandu Universityl 2018

Kathmandu University

SCHOOL OF ENGINEERING

Department of Civil and Geomatics Engineering

Assessment and Numerical Modelling of Selected Hydropower Tunnels in
Lesser Himalayas withHydraulic Design

A Case Study of Middle Bhotekoshi HEP and Sanjen HEP

A Final Year Project
Submitted in Partial Fulfillment of the Requirements for the Degree of
Bachelor of Engineering in

Civil Engineering (with Specialization in Hydropower Engineering)

By:

Prajwol Bhattarai  (01723%14)
Bibek Karki (01725514)
Sujan Karki (01725%714)
Rajeev Shrestha  (01727314)

October2018



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Himi Kathmandu Universityl 2018

ACKNOWLEDGEMENT

't i s our great p | e aAssessment aod NsimoebcaliModeling ofs r e p
Selected Hydropower Tunnels in Lesser Himalayas with Hydraulic Desigp t o t he
Department of Civil and Geomatics Engineering, Kathmandu University. We would like to
thank department for permitting us to carry out this project for the partial fulfilment of the

requirementfot he Bachel ordés degree in Civil Engi ne.

We would like to thank our Head of Departmekdsoc Prof. Dr. Prachand Man Pradhan,

for providing us the opportunity to have professional experience through this final year project.

We express our earnest gratie and deep respect to our supervidayf. Dr. Ramesh Kumar

Maskey and Asst. Prof. Shyam Sundar Khadka for his constant availability,
encouragements, his motivations towards us regarding the project, his valuable suggestions and
sharing his ideas, amaishing us to our potential and making this project what it is now, without
which the project would not have been completed.

We would also like thank to our external superviBor Pawan Shresthafor providing us

feedback on our works and guiding us dgrihe completion of our project.

We are very much thankfuo Sanjen Hydroelectric Project and Middle Bhotekoshi
Hydroelectric Project who assisted us by providing the required data for the completion of

our project.

We arealsothankful to all our faculés of Department of Civil & Geomatics Engineering, for

their suggestions and resources required for the project.

Finally we would like to thankJniversity Grant Commission (UGC)andFaculty Research
Grant (FRG) (2073/74)award noUGC, FRG73/74ENGG-03.



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Himi Kathmandu Universityl 2018

EXECUTIVE SUMMARY

Tunnels in Nepal are not free from various stability problems like squeezing, water leakage,
collapse etc because of various causes like weak rock mass quality, fracturing and weathering
rock stress anisotropy and ground water eff8queezing problems in tunnel occurs due to
high overburden and the stress applied. Stress plays a crucial role in developing brittle
fractures, rock strength reduction and rock mass instabilities The critical stress is an indicator
for the support designfdunnel. To quantify stress state and deformation of tunnel, an
empirical, analytical and a two dimensional boundary element numerical investigation have
been performed in this project. Finite element Modeling results highlight that the shape and
size ofthe tunnel, existing geological structures and noass parameters have significant
influence to the induced stress field and rock deformation, which directly controls the stability
of the underground excavation design. The following are the specifictivieje of the project

work.

1 Assessment of squeezing phenomenon of underground structures in different rock mass
type in Lesser Himalaya of Nepal using the Empirical, Sempirical, Analytical and
Finite Element Numerical Modeling.

1 Proper Design of support elements to address the squeezing problems in weak rock mass
using Numerical Modelling.

1 Comparison of Numerical Model with Empirical and Analytical approach This project
is done based on extensive literature search supplemenitddtoyation from different
sources and data from the concerned institutions.

Following summarizes methodology to execute this project:

Literature Review:
Data Collection
Stability Analysis
Numerical Investigation
Interpretation

ahrwbdPRE

Numerical Modeling othe underground structures of mentioned cases was done by six node

triangular element using RocScience V 9.0 a finite element analysis software. The obtained
results were analyzed and various conclusions were drawn regarding stability of each of the
casestudies with respect to the degree of rock deformation. This report compiles the case
studies of underground structures of two different existing hydropower projects named Sanjen
Hydroelectric Project (SHEP) and Middle Bhotekoshi Hydroelectric Prij#8K HEP).
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CHAPTER 1 INTRODUCTION

1.1General

Nepal is a landlocked country with wide variation in its topography. It is located in the central
part of the 2500 km long Himalayan arc and covers one third of its length. Geographegily,

part of Nepal (83%) falls within the mountainous region and remaining 17% is covered by the
alluvial plains of the Gangetic basibue to this large variation in topography of Nepal, tunnels
provide an economic passage for (a) water conveying, &hysport, (c) mining and (d) food
storage facilities (Panthi, 20048ut the construction and development of tunnel has been a major
challenge in Nepal. The presence of major faults like Main Central Thrust (MCT), Main Boundary
Thrust (MBT), and HimalayaRrontal Thrust (HFT), or Main Frontal Thrust (MFT) has added to
the problem in tunneling and underground construction. Also, the Himalayan region is located at
the twoplate boundary: Indian and Eurasian Tectonic plates, therefore Himalayan region is

considered seismically active zone.

Proper support system must thus be installed for safe construction of underground structures
against all these geological challenges. So accuracy should be maintained from the start of
geological investigation, as the resufghe investigation plays a crucial role in selection of the
tunnel alignment. However, the past tunneling experience in Nepal shows that the accuracy of
planning phase geological investigations for underground works has often been rather poor
(Panthi, ®08).Due to this negligence in piavestigation several cases of tunnel failures have
been reported over time. For the determination of proper support requirements it is important to
identify the major causes for geological uncertainties and failurerdirg to Panthi (2008) the
geological characteristics that have caused major stability problems during tunneling in Nepal are:

Weak rock mass quality,
High degree of weathering and fracturing,

Rock stresses, and

o o T p

Groundwater effect.

These charactmstics are identified by strength anisotropy (caused by preferred orientations of
mineral grains), immediate tunnel collapse during excavation and leakage of water, stress

anisotropy, water leakage (due to high permeability of Himalayan Rocks) respectively

The support installed must be enough to withstand the pressures of the earth and prevent excessive

deformations within the structures. Since underground construction is cost consuming,
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optimization must be done to determine the adequate support andtpoeee estimation of
suppors. Keeping this under consideration, this project focuses on assesdntieatimstalled
support on twdunnels in Nepal: Saen Hydroelectric Project (SHEP) aiMiddle Bhotekoshi
Hydroelectric Project (MBKHEP). It studies thelequacy of the installed support at these sites
and compares this result with support determined from other empirical and numerical modelling

approaches

1.2Background

The compressional tectonic stress regime in the Himalaya has resulted in intense mefaimat

the rock mass, making it highly folded, faulted, sheared, fractured and deeply weathered. This
complex geological setting has caused considerable stability problems (uncertainties) and is a
great challenge for successful tunneling. Several casegueezing of the tunnel has occurred
despite the result of pi@vestigation suggesting a good rock mass. Sincéwestigation is done

from the surface and it cannot give accurate result at every section along the alignment,
investgation should be caed out during excavation and the support condition modified

according to the requirement.

Proper support system must be installed during underground construction. Under estimation of
support system leads to failure of the structure while over estimatads [to unnecessary
increasing cost of the project. Several approaches are available for estimation of tunnel
deformability and the support system required to control it. Mathematical, empirical, analytical
and numerical modelling approaches can be donerfuper estimation of the support system.
Mathematical solutions are precise methods; however the need to conduct mathematical
calculations usually decreases theeair 6 s desire to use this meth
Empirical methods are based on txperience gathered by researchers in various parts of the
world whereas numerical modelling uti#s computing power and, using various modelling
techniques, can be a precise way of solving very complex problémsanalytical approach
address the natucd interplay between the rock mass that may vary and the installed support, and
the effect of variation in assumed rock properties on the support load. These solutions can be very
useful in order to gain insights into tunnel behavior when the excavakes fdace in rock
masses, which eMbits squeezing condition (Bal 2000). In country like Nepal, where
underground construction practices are still developing, assessment of support can provide

valuable insights to the installment of the support system.
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During sssessment of some tunnels in lesser Himalayan zone of Nepal, it has been seen that there
exist major squeezing problem in HRT of Chameliya Hydroelectric project and the support system
provided is not able to control the squeezing (ShresmticaPathi, 2015).While in the HRT of
Kulekhantlll Hydroelectric Project, the support system provided is sufficient to withstand the
pressure and control squeezidymerical, Analytical and empirical approaches were used for

the study.Based on the assessmeats few sections conclusions can be drawn regarding the
sufficiency of the support and interpolation can be done to make the necessary corrections in its
design. Although numerical modelling can give relatively precise results than empirical and
analytical(if all the data are available) but there are limitations to the available data so analyzing
the results of numerical approach with other approaches can help to determine the accuracy of
other approaches. Rahmaatial. (2011) on his study on Access tuhteeShahriar dam crest in

East Azerbaijan Province has concluded thatetheiricalapproach gave similar results as that

of numerical approach andhs recommendethat in the absence of the laboratory data for
numerical analysis, the results of the empirical methods can be used for the initial stages of project
design. However, if the data about rock properties is complete numerical analysis should be used
for calibration of the results obtained by using empirical methods.

1.3 Objectives

Themainobjective of the study is to:

1 Assessandanalyzethe tunnelsupport systenof Hydropower Tunnels located in Lesser

Himalayan region of Nepal.
Specificobjectives of the study include:

1 To determineand analyzethe tunnel support systenfrom Rock Mass Classification
approach
To study the tunnel section deformation pattern using analgjgabach
To Conduct Direct Shear test to findck mass parameter
To performNumerical Modelling of selected tunnel system, observing the behavior of
ground towards the opening

1 To perform comparative study of different methods artddy the adequacy of the

determinedsupport system against the deformation in the tisnne
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1.4 Methodology

For this project two hydropower sites has been selected: Middle Bhotekoshi Hydroelectric Project
(MBKHEP) and Sanjen Hydroelectric Projg@HEP) Both the site lies in lesser Himalayas of
Nepal. The main objective of the project is to makcomparative analysis of the support system
provided in the site with those obtained from various approaches (Empirical, Analytical and
Numerical). The methodology implemented for completion of the project are as follows:

1. Literature Review
1 Review ofseveral cases of tunnel failure in Nepal
1 Review of factors affecting the stability of underground structures
1 Review of existing empirical, and analytical methods to evaluate the squeezing potential
and design of underground structure
1 Review on numericahvestigation methodology
1 Background theories on stability analysis and deformation calculation
2. Data Collection
1 Data regarding tunnels of Nepal of both constructed and under construction

1 Geological information on the rock mass condition

Rock mass classdation data were obtained from the respective sites. Although-Bgstem
classification value for MBKHEP were derived froRock Mass RatingRMR) value using

various relation.
3. Stability Analysis

Based on these data, the analysis of squeezing phenomenon has been done using different
approaches. The empirical approach; Singh et al. (1992), Jimenez et al. (1998hagtidal
approach; Hoek and Marinos (2000), analytical approach; Convergencmeédoaiit Method

(Carranzarorres and Fairhurst, 2000) have been used for the squeezing analysis.
4. Numerical Investigation:

Based on the values obtained from empirical relations, support sisi@so analyzed using

commercially available Finite elemestftware Rocscience Phése
5. Interpretation

The results from the analysis compared with the actual (observed in the site) values and

conclusions will be derived regarding the difference in the results.
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Implementing all the steps mentioned aboventieéhalology of the project has been summarized

in the flowchart given below.
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1.5Scope and Limitations

1.5.1Scope

The scope of this project is to access the support of underground structures and check its stability.
Various theoretical approaches have been used for achieving the objectives of theTireject.
support obtained from the theoretical approaches will bapeoed with the actual support
provided in the selected sites and the differences in the support system, if present, will be analyzed

and the cause will also be studied. The scope can thus be summarized as:

I.  Study of squeezing potential at different tunsettion ofSHEP andVIBKHEP
ii.  Analysis of support systems used in the project sites using different approaches.
iii.  Recommendation for suitable support system in tunnel
iv. ~ Comparison between the actual support installed at site and support obtained from
different approaches
v. 2D Modelling of various sections of the tunnels considered.

vi.  Stress analysis by Numerical Modelling in the tunnel sections

1.5.2Limitations

There are several limitations in the project. Firstly the access to actual data from the sites were
limited so @sumption and interpolation is done in order to compute the actual support system.
Several journals and research papers were referred for the computation of theoretical support so
some variations might exist in the computed values. Similarly, Numericatlhmgdrequires
inputting many rock parameters which have to be obtained in the laboratory and which are
required for precise numerical modelling analysis. However, obtaining all the rock properties
through laboratory tests can be very expensive therafang times the value of these parameters

is estimated. This estimation usually increases the error of calculations. Thus the limitations can

be summarized as:

i.  The overburden calculated was from the provided profile map which may not exactly
match the exighg overburden.
ii.  Allthe primary data wereot enough for the analysis and some secondary data are referred
from Generalized Hoek and Brown Failure Criterion and other reports.
iii. ~ Numerical modelling wadone according to the secondary data available fronalinit
preliminary geological investigation and existing geological investigation report

iv.  Assumptions we2 made for unavailable data during numerical modelling.
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1.6 Organization of Chapters

The report has been divided into seven chapters with each cbay¢eing different aspects. The

first chapter introduces the topic of the project. it also provides a brief background about the cases
of failure of some tunnel cases. It talks about the objective of the report along with its scope and
limitations. The mdtodology implemented for the completion of the project has also been
included within the chapter.

Chapter 2 describesbout the tunneling practice implemented in Nepal. The chapter includes a
map for the locations of constructed and under constructioetriFhe chapter also provides a

brief description on the types of rock support. The major focus of the chapter lies in literature
review for various assessment methods and finally it concludes by giving a brief description of

the methods used for this jpeot.

In Chapter 3the hydropower sites considered for the case study are desdripexvides a brief
description of the project sitesd also includes the results of theoretical approaches obtained
from the assessment of the case studies. Followjrdnapter 4 consists of the procedure and
results obtained from the experimental investigation of rock samples obtained from the selected
hydropower. Direct shear test has been conducted in the laboratory of Kathmandu University and

the results has beenqvided.

Chapter 5 covers Numerical Investigation. The parameters arseabélelling of case studies have
been provided in the chaptérhe result obtained from experiment investigation has also been
used during modelling. The results of Modelling has tmenmarized in the chapter while the

actual results has been included in the Appendix of the report.

Chapter 6 includes the Hydraulic Design of components of a hydropower. The hydraulic design
has been done for one of the two case study. This chapténclsdes optimization of tunnels of
both the case study. Finally the report has been concluded in chapter 7 which gives the conclusion

of assessment of the selected sites.
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CHAPTER 2 CONSTRUCTION PRACTISE OF TUNNELS IN
NEPAL
2.1General

Underground tunnels and caverare used for various purposes like hydropower, storage,
transportation, etc. With the increasing use of underground structures, their construction practice
is also improving with the development in knowledge and technol@ygr&l methods have been
devdoped for the safe and economic excavation of underground struditeshe introduction

of several rock mass classification techniquesRkek Quality DesignatiorRQD), Rock Mass

Rating RMR), Q-System and several approaches for estimating suppssyre underground
excavation has been made ea?dso with the technological development in exaction technique,
tunneling can be done in a faster rate which helps save time and money.

In country like Nepal, there is a huge potential of undergroundtartions for hydropower,
transport systems and conservation of environment. However, it is associated with stability
problems caused by the fragile regional geology and mountainous topography. As such, various
classification techniques should be usedsfiie design of such structures. Researches must be
done to identify the techniques suitable for Himalayan geology. However, for development of
underground structures, few research works have been carried out on general basis. All other
studies related tgeology of underground structures are project specific only.

2.2Tunnels in Nepal

Being the country with rapid topographical change defines the need of tunnel for movement of
man or material. Nepal government is constructing the Kathmandu Nijgadh Fasf ffack ikm

long connecting Khokana (Lalitpur) to Nijgadh (Bara). The projects consist of 1.35 Km long twin
tube tunnel with the purposed tunnel width of 11m for 2 lanes of roadway and 22m for 4 lanes of
roadway. Similarly, Japan Government has signed wiapaNgovernment for supporting Nepal
government to construct the road tunnel connecting Naubise and Thankot. The proposed project
consists of 2.45 Km of tunnel and after completion of this project it is aimed to reduce the traffic
congestion and journeyntie going in and out of the Kathmandu valley through Prithivi highway.

In hydropower sector, the first hydropower tunnel constructedTivess Hydroelectric Project
situated at Dovan VD® of Palpa Districtoy TherMaj est y6s Gover nment
Mission to Nepal (UMN) in a joint initiative. 2400m tunnel was constructed with the diameter of
1.8 m and cross sectional area 22(NEA). The project commenced on 2022 B.S. (1966 A.D.),
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taking approximately 11 years for its completi@®imilarly other hydropower project that
incorporated tunnel structure as the waterway is Kulekhani | hydropower project which was
commissioned in 1982 A.D. with the length of headrace tunnel of 6233m followed by Kulekhani
Il HPP with the headrace tunnel length of 5847.@¢EA, n.d.) Adhikhola hydropower plant

was commissioned on 1991 A.D. with the installed capacity of 5.1 MW. The headrace tunnel of
the project is fully concrete lined having the length gB4Zm with the cross section area/dd

m?, drop shaft of 245m having the diameter of 4.5 m and at last long a tailrace tunnel with the
1080m having cross sectional area of 8% linalso consist of cavern of size 37m x 7m x 10m
with the shotcrete support together with rock bghs/dro-Solution Nepal, n.d.)

Following themJhimruk hydropower Plant was commissioned in 1994 A.D is located at Pyuthan
district, Nepal. It incorporated the headrace tunnel structure of 1100m length with the cross
sectional area of B.n? and two inclined penstock tunnel of 280m lor{tnternational

Hydropower Association, n.d.JHimal Hydro & General Construction Ltd., n.d.)

The tunnels with longer length are also in the plodisader construction in Nepal like tunnel of
Melamchi Water Supply Project of length 27.5 Km diverting 170 MLD water from Melamchi
River to Kathmandu valley. While the Bheri Babai Diversion Multipurpose Project (BBDMP)
consist 12 Km headrace tunnel sture which is being constructed using the Tunnel Boring
Machine (TBM). According to the authority, the advance rate is 20m/day of excavation in Bheri

Babai Multipurpose Project.

From the data available fromepartment of Electricity Development (DOERBR)otal of 109
hydropower tunnels has been registefationg thema total length of 417.83 kms of tunnel i

under construction while 67.%nshas already been constructeEdcom them the length of tunnels

under construction and constructed according to tbgiqce has been listed ihable 2-1. A
schematic diagram showing the locations of tunnels (both under construction and constructed) has
been providedh Figure2-1 (a). AlsoFigure2-1 (b) provides the density of tunnels according to
province. It can be seen that most of the tunnels are located in Province 3 and 4. The density of
under construction and constructed tunnels according to different province is ghigare2-2

(a) and (b).
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Map of Nepal Showing the Density of Tunnels
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Map of Nepal Showing the Density of Constructed Tunnels Map of Nepal Showing the Density of Underconstructing Tunnels
N

Legend
Prejectedmap

Legend l:l =all other values=

Prejectedmap uc

[ <all other values» [ Jo

c | E

o B

. [

- 6 0 45 ] 180 27 380 - 35 ] 25 2 150 270 50

= = — == o i

[k B 2
Drafted By: Scale: Drafted By: Coordinate System: Scale:
Bhattarai Prajwol GCS WGS 1984 1cm=37km D £ Civil and G ics Engi Bhattarai Prajwol GCS WGS 1984 lem=37km of Civil and Geamatics Enginseri
Karki Bibek Datum: WGS 1984 P Kathands ovesity | Karki Bibek Datum: WGS 1984 Depariment Kathmandu Usiversity Frieenie
s:c:m T::Jl:z Units Used: Degree Decimal Dihulikhel, Nepal Karki S“Jl;‘; Uitz Used: Degree Decimal Diwlikhel, Nepal

ers jeev Sherstha Rajeev

Figure2-2 Map showing Density of (a) Constructed and (b) Under construction Tuawezlsding to Provience of Nepal

11



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

Table2-1 Length of tunnels according to province of Nepal

ProvinfUnder Cong Constru
( kms) ( kms)

1 97 . 7 -
3 180. 5 21. 9
4 126. 6 32. 35
6 5.6 13. 7

7 7. 43 -
Tot al 417.83 67.95

2.3Methods of Tunneling

2.3.1New Austrian Tunneling Method (NATM)

Design of support and its installation process for underground structure like tunnels have been

very crucial part. Talking about the use of the support system in past centuries, support system

like masonry vall of stone and brick were used and in many cases the timber were used as the

structural member. But use of these materials became obsolete after use of structural member like

steel ribs, shotcretegnd concretdining etcetera. With increase in the knedfje and the

dynamics of the rock mass, new more economical yet safer support system were searched for and
introduced. New AustrialunnelingMethod (NATM) is the method that is continuously updating

itself through the experience. It is notified by Singhea | . NATM 8 & misndimer as it is not

a method ofunnelingbut a strategy fotunnelingwhich does have a considerable uniformity and

sequence .

NATM def i

nes its

approach

t o

be

fl

e xXi

where the optimum sgort condition is assessed making the support not too stiff or too flexible

with carefully understanding the time factor being the important aspect of stability by installing

the support neither too early nor too late.

The stabilization of underground opeg depends upon the redistribution of the stress and

controlling the stress release. These techniques will help to reduce the loosening effect of the rock

mass around the boundary and whictium helps to minimize the hazards and risk. This is the

spedfic strategy of NATM where this method helps surrounding to act as thesiggibrting

structure with the support installation like shotcrete and systematic rock bolts.
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Figure2-3 The effect of support installation w.r.t time and stiffness. (Singh et al., 2007)

NATM defines the advantages of use of the rock bolt to be one of the major advantages of the
support system as it helps to commensurate the complex force introducedumgénground
opening to a rock as the supporting structure itself, taking rock as the engineering material. As
discussed earlier also, NATM provides the emphasis to time as the crucial factor that interplay in
support installation. Because the supportaltstl within the optimum time ensures sustainability

of support system. It is also recommended that the spraying to the initial shotcrete of 2.5cm thick
will act as the temporary support limiting the initial failure of the rock mass: as we know that if
thefailure at the initial stage if controlled, it cannot promulgate to larger faildit@msaving us

the money and time. Then after the initial spraying, for permanent support the ground reaction
towards the support is taken in account and adequate sigppoovided as per requirement. The
stressredistribution is taken as utmost importance in NATM to ensure the safety of underground
opening and this is done by providing the adequate confining pressure to assess optimum closure
with the economical use aslupport system. The method also recommends to provide the small
patches that should be left unshotcreted for effective drainage of groundwater through those
patches. It is advised to use full face excavation by NATM method but if not possible the

excavaton of the opening should be done in multiple stage of excavation of heading and benching

13
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rather than stage driftivhich initiates the complex rearrangement of stress after the introduction
of the underground opening. |l t s al so s ug greusdtledning $hautd bef or s
provided at the invert such that lining should be flexible resisting the bending failure.

In a whole NATM is the method derived from the experience and is favorable method for weak
ground where smooth profile of the opening tanobtained using either perimeter blasting or
smooth blasting. The timing and the extent of secondary support is decided significantly by
monitoring the performance of the underground construction. The main idea is to use the
geological stress of surrodimg rock mass to stabilize the tunnel itself. The first use of NATM in

soft ground tunnel was done in 1969 AD (after five years of getting worldwide recognition).
In rudimentary concept NATM defines its principle as follows:

Taking Rock as engineerimgaterial by mobilization of its strength.
Provision for initial shotcrete to localize the failure.
Monitoring the deformation of the opening.

Providing adequate support according to the requirement.

= =/ =4 A

Providing the invert lining to form a complete continutaed bearing support system.

Figure2-4 .Showing the use of invert lining and comparative thickness of modern (Left) and
Traditional (Right) (after Singh et al., 2006)

14
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Top Heading
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Benching

Figure2-5 Heading and Benching (Left) and Multiple Drift excavation (Right) (After Singh et
al., 2006)

2.3.2Norwegian Method of Tunneling (NMT)

NMT is the suitable method of tunneling in the hard ground where we find dominant overbreak
and jointng. The most commonly used method of excavation in NMT is Drill and Blast or Hard
rock TBM. NMT has been updated with the use of new technology and finding and is being used
in last 30 years and uses 1260 case history to back it for its efficiency. NMTbeéeghe actual
condition of rock masses in quantitative terms rather than qualitative. NMT usst@m for
regulating the description of rock mass conditions and support recommendations. As it uses Q
system for support estimation, it is the forwareédictive method. NMT emphasizes the use of
temporary supports such as rock bolts and shotcrete which can later be incorporated with the
permanent support. Final support is selected during tunnel construction based on tunnel logging
and use of the Qysten support recommendations. The permanent rock support usually consists
of high quality wet process, fibre reinforced shotcrete, and fully grouted, and corrosion protected
rock bolts. These may be supplemented by RRS in very poor conditions. The use rdlnomi
thickness, final cast concrete linings for appearance or due to tradition is discouraged due to cost,
scheduling and lack of loading whens@stem designed Bolt + fibre reinforced shotcrete for
assumed loading levels is already in place. It also véhegtsme aspect of the support installation

for which and the qualitative measurement to monetize the aspteicin@ingusing Excavation
Support Ratio (ESR). NMT view the effectiveness of other geological problem by monitoring the
support system, its ffctiveness. NMT does not recommends the tunnel support in hard and
competent rock unlike the NATM. For the rock mass where the stress is very high and the rock is
strong in a sense brittle, application of the rock bolts/anchors is recommended by NMThehere
main reason being the transformation of brittle failure towards the ductile failure. This helps the

authorities to assess the process and provide appropriate retrofitting as per requirement. The steel

15



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

sets and latticgirdersare suitable of the ovembak and hard rock conditionshe features of
NMT are provided ifrable2-2.

Table2-2 Showing Features of NMT (After Singh et al., 2006)

S. No. | Features

1. Areas of usual application:
Jointed rock giving overbreak, ltr end of scale (& 3 to 300 MPa)

2. Usual methods of excavation:

Drill and blast, hard rock TBM, hand excavation on clay zones

3. Temporary rock reinforcement and permanent tunnel support may be any of the
following:

1 CCA, S(fr) +RRS + B, B + S(fr), B S, B, S(fr), S, sb, (NONE)
1 Temporary reinforcement forms part of permanent support

1 Mesh Reinforced shotcrete not used

1 Dry process shotcrete not used

1 Steel sets or lattice girders not used, RRS and S(fr) are used clay zones and
squeezing rock nsses

1 Contractor chooses temporary support

1 Owner/consultant choose permanent support

1 Final concrete lining are less frequently used; i.e., B + S(fr) is usually the final si

4, Rock mass characterization for:
1 Predicting rock mass quality
1 Predictingsupport needs

1 Updating both during tunneling (monitoring in critical cases only)

5. The NMT gives low cost and
1 Rapid advance rates in drill and blast tunnels
1 Improved safety

1 Improved environment

2.4Problem in Underground Structure in Nepal
Rock squeezings a common problem in the Nepal Himalayas while tunneling through low
strength rock, fault and shear zones. It reduces the-seasion of a tunnel caused by the in situ

stresses, which exceed the rock mass strength. Time of deformation and degresenhgqu
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generally depends on overburden pressure angwetling clay content. The risk of squeezing

increases with increase in clay content and overburden pressure.

There are several cases where the problem of squeezing persisted and Chameliya Hydroelectric
Project (CHEP) is one among them. The Chameliya Hydroelectric Project is located on the
Chameliya River in Darchula district of the far western region of Nepahasichstalled capacity

of 30 MW. It is located at about 270 km North West of Dhangadi.

The rock mass quality at several sections of the headrace tunnel was found extremely poor and
rock type: talcosic phyllite. Due to severe squeezing and associatechdedm, tunnel cross
section had reduced considerably in several stretches of tunnel. At several locations in the section
between chainage 3+100 to 3+900m, the tunnel wall closure (deformation) was well over 1.0 m
and the maximum was recorded above 2.0Dme to the excessive deformation, temporary
supports were provided at several locations, steel ribs and lattice girders were buckled at several
locations and shotcrete lining was also cracked.

The tunnel was excavated by adopting the conventionalkdidlblast methodology. But for the
sections with severe squeezing problems, different methods were attempted to be applied such as
over excavation but unsuccessful, fpaing, sequential excavation (top heading and benching),

excavation through light caomolled blasting and manual excavations edftef Basnet, 2013).

Ot her tunnel wi t h squeezing probl em was Ka
Kaligandaki "A" hydroelectric project is located in the western part of Nepal about 200 km west

of Kathmandu, Nepal with an installed capacity of 144MW. During tunnel excavation, most of

the rock mass along the tunnel alignment was found to be of poor to extremely poor gdality an

demanding heavy rock support.

There were two major factors that played siguaifit roles for stability at the Kaligandaki headrace
tunnel. The first was related to very weak and thinly foliated phyllite with high degree of strength
anisotropy that led to considerable reduction on thessglporting capability of the rock mass.

As a result of this, frequent small to medium scale tunnel collapses occurred. The second one was
related to tunnel squeezing. Due to high overburden stress and the presence of weak phyllite rock
mass, especially graphitic phyllite with low compressive strerige tunnel squeezed severely at

many locations. Severe squeezing was seen between chainage 1+964 and 4+032m where the
overburden ranged from 425 to 620m and mainly consists of schistose graphitic phyllite. (Basnet,
2013)
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Some tunneling problems werts@ seen in Khimti Hydroelectric Project located in the lesser
Himalayan region about 100 kilometers east of Kathmandu. The headrace tunnel is approximately
7.9 kilometers long with inverted-Bhape and 14 square meters in ciesgion. Two major

stability problems were seen in the tunnel. The first one was related to tunnel collapse due to
percolation of ground water into bands of highly weathered and sheared chlorite and talcose mica
schist intercalated between fractured gneiss. The second one waktrelatge leakage through

open and permeable joints present in the gneisses and loss of valuable water from the tunnel during
operation. Some minor tunnel squeezing was also observed in some locations of the headrace
tunnel where chlorite and talcose mawhist was dominant, mainly observed at relatively high
overburden (above 200 meters) (Panthi K. K., 2006).

2.5Rock Support

Rock support is used to describe the procedures and materials used to improve the stability and
maintain the load bearing capacityrotk near to the boundaries of an underground excavation.
The primary objective of a support system is to mobilize and conserve the inherent strength of the
rock mass so that it becomes smlpporting. If possible, the installation of rock support should

be carried out as an integral part of the excavation cycle to enhance tseigedrting asgcts

of rock mass improvement.

As mining and civil tunneling progresses to depth, excavatidnced seismicity and rock burst
problems increase and cannot bevented. As an important line of defense, ground control
measures and busggsistant rock support are used to prevent or minimize damage to excavations
and thus to enhance workplace saf@gter and Ming, 2012 here are several types of rock
support aailable and the choice depends upon the quality of the rock mass and ground pressure

to be sustained. Some of the common support are:

i Steel sets

Rock Bolt

Fibre Reinforced Shotcrete

M Shotcrete with stedibersor wire mesh

1 Concrete lining
RCC Lining

- : Invert Concrete

.~

1 Grouting

9 Spilling or Fore poling

T Rock Bolting Figure2-6 Types of Rock

Support
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Brief description of the supports provided in the sites are provided below:

2.5.1Rock Bolts

Rock bolts are one of the most common methods of rock reinforcement. The main purpose of
bolting is to reinforce loose rock or fracturedsiitu rock to prevent caving or spalling (break off

in fragments), and to assist the rock mass to form its own supporting structure. Rock bolts are
classified into three types:

a. Mechanical Bolts

These bolthave expanding anchor at its end, which after insertion into a hole is either rotated or
pressed/hammered against the bottom of the hole. These bolts are typically meant for temporary
rock support but together with cement grouting, they provide both imateednd longerm

support.
b. Grouted Bolts

Cement grouted bolts are commonly used as a rock support during tunneling. They are preferred
to other types of bolts as they are simple and quick to install and can be used with or without any
mechanizedequipment. The cement grout provide protection against corrosion but the

disadvantage is the longer setting time of the cement grout. So in places which demands
immediate support, cement grouted bolts prove to be disadvantageous. Although the setting time

of the grout could be improved by mixing additives but it would also increase the cost of bolting.
c. Friction Bolts

Split-set and Swellex bolts are two common types of friction bolts. They are quick and easy to
install and give instantaneous support but dbprovide long term support. The Sgdiét bolt is
hammered into a hole of slightly less diameter than the bolt. They are very suitable for layered
formations but the disadvantage is that they cannot be effectively protected against corrosion. The
Swellexbolt, however, has a longer life span and is installed by applying high pressure water to
the bolt after inserting it to the hole. The high pressure expands the bolt to the final dimension in

the hole, therefore utilizing the roughness on the hole surface
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Figure2-7 Rock Bolts used in SHEP

2.5.2Shotcrete

Sprayed Concrete or shotcrete is a widely used support method in construction. It is used for
temporary or long term support, lining or backfilling. Usualhptrete is used together with
bolting to obtain the best support or reinforcement. Shotcrete can be reinforced by adding steel
fibre to the concrete. The most common forms of shotcreting are theixdrgnd wetmix

methods.
a. Dry Mix Method:

In the dry mixmethod, the aggregate, cement and accelerators are mixed together and propelled
by compressed air. Water is added lastly through a control valve on spray nozzle. Advantages of
the dry mix process are that the water content can be adjusted instantabgdlsigozzle man,
allowing more effective placement in overhead and vertical applications without using
accelerators. The dry mix process is useful in repair applications when it is necessary to stop

frequently, as the dry material is easily dischargeohfthe hose.
b. Wet Mix Method:

In the wet mix method, the aggregate, cement, additives and water are measured and mixed before
transport. Today, wet mix is more widely used because it is easy to mechanize and the transport.
The wetprocess procedure geneyapiroduces less rebound, waste (when material falls to the
floor), and dust compared to the dnyx process. The greatest advantage of themietprocess

is all the ingredients are mixed with the water and additives required, and also larger volumes can
be placed in less time than the dry process.
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As shotcrete develops strength with time after application, it may be used effectively soon after
excavation. As loading is transferred on to the support system, it is gaining strength and producing
a stiffeningsupport member. Most products are shot with up to 5% accelerator if a high early
strength is required. This obviously leads to the development of a faster supporting member, but
care must be exercised in design to ensure that the support will not becensteessed by load

transferred from relaxing ground in high stress environments.

Advantages of Dry mix

Machines are smaller and cheaper

Lower costs for cleaning and maintenance
Stop and restart of shotcreting is simpler
Longer conveying distances (tgp150m)
More precise dosage of additives

Better concrete (pumping of wet mix requires a higher water content)

= =2 4 A -4 A -

Water content can be manually reduced, e.g. when spraying against wet background

Advantages of Wet mix

1 Reduced dust production

1 Reduced rebound

1 Reduced scatter of concrete properties
1 Higher capacity

2.5.3Grouting

Grouting is the method in which a solidifying liquid is pressure injected into the rock mass. The
main purpose of grouting is to prevent ground water leakage into the ,tamadeto increase
overall of rock mass strength. In drill and blast tunneling, grouting is typically performed before

(pre-grouting) or after (posgrouting) excavation.
a. Pre-Grouting

Pregrouting means the rock mass is grouted excavation begins. Useaiisopting is done from

the tunnel, but in situations with low overburden it is also possible to do it from the surface.

Probe holes are drilled to map possible fractures and register water flow. This helps to anticipate
the need for grouting. Later, grobles are drilled in a conical fan shape in front of the tunnel

face.
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b. PostGrouting

When grouting is done after excavation, grouting holes are drilled from the tunnel in a radial form.
In good rock conditions with small water leakage, fgysuting is ofen adequate. Pegtouting
enables better rock mass structure evaluation. On the other hand, water leakage blockage is often

more difficult because the water flow tends to flush away the grouting agent before it hardens.

2.5.4Concrete Lining

Concrete lining inunnel involves special equipment, including agitator cars for transport, pumps
or compressedir devices for placing the concrete, and telescoping arch forms that can be
collapsed to move forward inside forms remaining in place. The invert is generatheted first,
followed by the arch where forms must be left in place from 14 to 18 hours for the concrete to
gain necessary strength. The final operation consists of contact grouting, in whickcarsamd

grout is injected to fill any voids and to dstigah full contact between lining and ground. The
method usually produces progress in the range of 40 to 120 feet per day.

Figure2-8 Shotcrete and Grouting in U3A

22



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

2.5.5Steel Sets

Steel sets can only respbto loads imposed on them by the inward movement of the rock, hence
they are referred as passive support. Since they are generally placed some distance behind the
advancing face, most of the shtgtm movement in the rock has already taken place bdfere t

sets are in place and the only load that they are called upon to carry is the dead weight of rock
failing around the opening. In hard rock mining, steel sets have very limited application since
most support duties can be performed more effectively bly bolts, or shotcrete or by some
combination of these systems. The exception is in mining through faults or in very badly broken
ground associated with faults of shear zones. In such cases, it may be impossible to anchor the
rock bolts or dowels in the ¢k mass and steel sets may be required in order to carry the dead

weight of the failed material surrounding the opening.

2.5.6Fore Poling

Fore poling has been frequently used to stabilize the ground around the cutting face, and to control
the settlement of gumd surface. This method involves the driving of pipes and the injecting of
grouting materials into the ground ahead of face prior to excavation. Following instruments are

used for fore poling:

c. Pneumatic Rotary Drilling machine
d. Perforated Pipe

e. Jack Hammer

f. Grouting machine

If the strength of the ground is so low that the excavated space is unstable even for a short time, a
pre-driven support is applied in such a way that an excavation increment occurs under the
protection of a previously drivecanopy.Forepoling is achieved by spiling, pipe roof, grouting

and freezing.
a. Spiling

This method consists of drilling a canopy of spiles, i.e. steel rods or pipes into the face. A typical
length is 4m. In order for the spiles to act not only as beams(langitudinal direction) but also

to form a protective arch over the excavated space, the surrounding soil is grouted through the
steel pipes or sealed with shotcrete. Thus, a connected canopy is formed that consists of grouted
soil reinforced with spes. Spile rods can also be placed into drill hole. The remaining annular

gap is filled with mortar, whose setting however may prove to be too slow.
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b. Pipe roof

This method is similar to spiling with the only difference that large diameter (>200mmpisteel
concrete tubes are jacked into the soil above the space to be excavated. The larger diameter
provides a larger bearing capacity. Sometimes, the tubes are filled with concrete. The steel tubes
only act as beams and do not form an arch. Pipe roofs dquatetct the overburden soils from

considerable settlements

Figure2-9 Forepoling and installation of Steel sets in SHEP

2.6 Literature Review

2.6.1Empirical Approach

Shrestha and Panthi (2015) describes the inflaef stress anisotropy in tunnel deformation by
taking the case study of Kaligandaki Hydropower headrace tunnel, which would be very high if
the isotropic condition was employed (Done by Conventional COMThis led to the empirical
relationship betwen the tunnel strain at the spring level (where it is seen maximum) (E), vertical
s t r &)sarsd shiedr modulus of rock (G) along with the stress anisotropy coefficient (k).

. ¢O 21
RV{e) p ETq
Where, a and b are the constant depending on the support p(&3suikeen by the equations:
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The support pressure that would be taken by the support for providing the stable underground
section depends upon the type of the rackrenment where the opening is introduced. As these

rock environment demonstrate the unique failure behavior that is essential for designer to choose

24



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

the competent rock support systémartina, Kaiserb and Christiansson, 2Q0B)fferent rock

mass propertes | i ke Uni axi al Compr essi Vigde®rmatienrngt h (
modulus of the rock, stress ratio and geological mapping are used for obtaining the explicit view
of the rock environment that we are dealing with. To find the UCS we @gnean employ the

simple mean test using like hand pressure test and geological hammer test which gives
approximately the UCS comparing with the complex {étick and Huisman, 2002 he
deformations also play a vital role on estimating the supporsymes$or tunnel openings. It gives

the idea about the stress that are acting on the opening. Nonetheld®stonic moment and
abundance of young Himalayas in the Himalayan region let the underground structure to be
subjected to high ksitu stress inveak rock mass giving rise to the stability problem. Small
volumetric expansion caused by the stress induced shear failure resulting the closure of the
underground opening in the rabldirection can be termed agugezingSingh and Goel, 2011)
Dwivedi & al. (2013) have given the correlation to find out the support pressure in the tunnel of
squeezing ground relating the support pressure with the parameters like joint factert{dal

i nsi t u y),suniaxial campréssive stress of intact rock snasj ,(allowed percentage
closure(d) and h a)rThegiaph givén for cospatisan bstweened#ffarentl
empirical approaches defines this correlation as the refined equation.

8
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Dwivedi etal. (2013) also defines the equation was valid for the tunnel excavated by conventional

drill and blast method and taking the opening section as the equigiateiar section.

They developed dimensionally correct empirical correlations with correlation factor of 0.94 to
predict tunnel deformation for squeezigigpunds. He used the data & &ections from various

case histories of 14 adits/tunnels/mine roadfeaythe study. Joint factor (as a measure of rock

mass quality)/ Barton's rock mass quality, vertical in situ stress, support stiffness and radius of the
tunnel are the governing parameters which have been considered for developing the correlations.
Theystudied the geology and tunneling probleen v ar i ous tunnels includ
Khimti, ChibbraKhodri Hydroelectric Project, etc. (all the studied tunnels underwent some form

of deformation during constructiortp formulate an empirical corrd¢lan to predict tunnel
deformation. They considered two parameters, Joint fagtandJrock mass quality index,-Q

value to develop two empirical equations
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Where, @ = predicted radial deformation of tunnel (m),
a = radius of tunnel (m),

J = joint factor,
v = vertical in situ stress (0.027H), MPa,

K = support stiffness, MPa, and
Q =rock mass quality

They found that the value of tunnel deformation highly depends upon the quality of rock mass J
and Q in respective correlations. Accordinghe study, the developed correlations are valid for
tunnels excavated by drill and blast method in squeezing ground conditions (where convergence

is larger than 1% of opening size).

2.6.2Analytical Approach

For analytical approach, the Converge@mnfinemen method (CCM) given by Carrariza

Torres and Fairhust has been preferred. Torres and Fairhust (2000) describes the Convergence
Confinement method as a procedure that allows the load imposed on a support installed behind
the face of a tunnel to be estimatéthe support is installed immediately in the vicinity of face,

it does not carry out full load to which it is supposed to. The part of load is carried by face itself.
As tunnel and face advance away from the support, face effect decreases and suppartynus
more loads. When the tunnel moves well away from face, the support will be subjected to full
design load. Torres and Fairhust (2000) describe the application of CCM by taking an example of
a tunnel of radius R through a rock mass that is assunisidobject initially to a uniform field

far f i elAduppmortisiestlied al a distance L from face at sectign®. The suppor
assumed to be of unit length in the direction of tunnel axis. The ragiusdiRates extent of

failure zone thatleveloped around the tunnel. They assumed that all the deformation occurs in a
plane perpendicular to the axis of tunnel; radial displacememtdupressure;pe. the reaction

of support on the walls of the tunnel are uniform at the section. Thiseleasshown irFigure

2-10
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Figure2-10a) Cylindrical tunnel of radius R driven in the rock mass. b) Csestion of the
rock mass at the section/A6 . ¢ JSectbn af thescircular support installed at secticA A
(after Carranzd& orres and Fairhurst, 2000)

It was found that an analysi$ the interaction of loadeformation characteristics of the system
will be necessary to determine load transferred to the support. The system should thus consist of;
the tunnel moving forward, the excavation section normal to tunnel axis and the tiostaifa

support at that section.

Based on the above explanations, Torres and Fairhurst (2000) concluded that CCM has three basic
components viz. the Longitudinal Displacement Profile (LDP), the Ground Reaction Curve
(GRC) and the Support Characteristicsv@uSCC).

Torres and Fairhurst (2000) have also provided relations for the construction of the three curves.

For LDP, the empirical relation suggested by HEEX9) can be used:

8
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Where u= radial displacement;Xh1= maximum radial displacement; x = distance from the tunnel

face; R = tunnel radius.

For GRC, Torres and Fairhurst (2000) have given separate relations for the elgstastngart
of the curve separated by a pressure point called critical internal pressure. They have given the

relationship as follows:

If pi O *p y 2Dy 28
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If pi < p, —

NIV 2.9

Where p= internal pressure;$= critical internal pressure;pR= extent of plastic region; =

radial displacement; & = shear modulus of rock mass.

Torres and Fairhurst (2000) explained that a flow rule for the material is necessary to define the
plastic part of GRC which can be defined by the relation:
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For development 08CC, Torres and Fairhurst (2000) have given the following relation for the

development of the elastic part of the curve:
n Vo 2.11
Where p= pressure; K= elastic stiffness; & radial displacement.

While for plastic part, they have defined the need to determine the maximum preg¥tjrarid

elastic stiffness (K which are different for different types of support.

For Concrete or Shotcrete Lining
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With the combination of these three curves we can determine the strength of support to be used,
the timein which the support should be installed, deformations in the ground leading to the
modifications in the support system etc. Torres and Fairhurst (2000) also highlighted the
limitations of CCM regarding the shape of the tunnels (for it might not be aiyard unequal
principal stresses. They also highlighted that if the rock mass is well described as isotrophic, the
CCM method is used to derive a useful estimate of the load imposed on the support but also if the
tunnel section is not circular and thermipal stresses are unequal, CCM can still be used to
determine the fair estimate of the rock support requirement.

2.6.3Numerical Approach

The empirical (@System rock mass classification) approach is not able to predict the deformation
of tunnels and the degied support system is not able to control deformation in tunnels in weak
rock mass condition. (Khadka at., n.d.). Although the numerical modeling cannot be used
directly to analyze the squeezing phenomenon in the tunnels, its application can luetatilimb

the deformation of the tunnel in squeezing environment and the results can be compared with the
results that have been found from analytical, senailytical and empirical approaches. The
numerical analysis will help to define the complex natiré¢he rock mass and geometry of

opening and results from which can be found as close to the reality.
The advantages of numerical analysis over the other analysis according to (Basnet, 2013) are:

g. itis quantitative analysis,
h. it provides betteunderstanding of mechanism,
i. it can be used to verify the results obtained from other methods,

j. it provides the extension of measurement results from field and laboratory, etc.

Numerical modeling means discretization of rock mass into a large numbeniduradielements
and powerful computers are used to handle such a huge amount of data. In rock engineering, the
numerical analyses are used mainly to analyze the rock stresses and defo(Basioes 2013)

There are two categes of numerical models:
a. Continuous models

Rock mass is modeled as a basically continuous medium, only a limited number of discontinuities
(joints, faults etc.) may be included here. This is the most commonly used category of numerical

models. The meth@dbelonging to this category are; Finite Element Method (FEM), Boundary
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Element Method (BEM) and Finite Difference Method (FDM). The most common programs of
this category are; ABAQUS, ANSYS, BESOL, PHASE2, FLAC3D etc.

b. Discontinuous models

Rock mass is nieled as system of individual blocks interacting along their boundaries. These
models represent the nature of the rock mass more close to the reality. The methods belonging to
this category are referred to as the Distinct Element Method (DEM), Discorgibispiacement
Analysis (DDA). The most common program of this category is UDEC.

During Numerical modelling, simulation of rock support is possible. Therefore, evaluation of the

e ect of bolting and grouti ng dtsdependpnthesizenel i n

of block and pattern of the joints. The smaller the size of the mesh elements is, the more accurate
will be the model. However, by decreasing the size of mesh elements, the time and volume of

calculations will increase. In additomme deyni ti on met hod of some

and strength among blocks is wusually not cony

Khadka efal. (n.d.) on comparing the use of 2D and 3D numerical modelling of tunnels in higher
Himalayas region of Nepal have founatihe 3D effect of an advancing tunnel can be simulated
by the 2D analysis by splitting the initial field stress in two different stages for weak rock mass
while it was not significant for very weak rock mass. They also found that the face effect can be

well described by the 3D analysis compared to the 2D analysis.

2.7Squeezing Assessment

When there is high insitu stress and weak rock encountered the volumetric expansion of the
ground can be observed due to the stress induced shear failure this phenoméieoa as
squeezinglt is the timedependent phenomenon and if not understood and managed carefully can
cause loss of money and time. The interplay of induced stress by introduction of ground opening
and material properties of the rock mass on whiehdpening is introduced, if exceeds the
limiting shear stress around the opening causes the creep to start. This phenomenon can limited
to a short time period or prav for long time period. (Bda, 1995)

The competency factor (ratio of uniaxial compresstrength to overburden stress) of the rock
mass, geology of the rock mass like thickness of the bedding plane their orientation, rock mass
quality, tunnel geometry, porosity of rock mass, advance rate, method employed in tunnelling are
some factors imfiencing the squeezing phenomenon (Aydan, 1996) Sometime swelling

phenomenon can be misunderstood to be squeezing ground. Swelling generally occurs due to
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increase in moisture content in the rock mineral. When a tunnel is excavated the opening might
shrinkdue to loss of water but when the water content increases in the rock mass, swelling can be
observed.(Adyan, 1996) The rock mass like altered gneiss, schist, phyllite, shale mudstone, tuff
and clay are vulnerable to large deformation due to developmédatgef stress. (Kovari et al.

1996)

2.7.1Empirical Approach

2.7.1.1Empirical Approach for Prediction of Squeezing

a. Singh et al. (1992) approach

Squeezing ground criteria given by Singh et al. (1992) based on the rock mass classification. This
approach provide®g-log plot between the overburden in meters and the rock mass quality in

terms of Qualue. 39 tunnel sections were studied and a critical value of overburden was provided

given by:
'O ouno 8
&TONOAAUETA A 'Ol cuvmo 8
&1 .0 T3NOAAUETGI A ©OL ocoumnd 8
Where, H = Overburden in maters
Q = Qvalue
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Figure2-11 Log-Log plot showing the tunnel depth (in meters) versus the rock mass quality Q
for prediction of squeezing ground. (Singh et al., 1992)
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b. Goel et al.(1995) approach
The squeezing ground criteria given by Goel ef1#8195) is based on rock mass numbey §Nd
the size of the opening. Rock mass number (N) is obtained by making the stress reduction factor
(SRF) =1 in Q classification. It can be also observed that the increase of the opening size also
effects the strength of the rock mass making it morearable to instability as increase in the
opening causes lower confinement of the rock mass and high degree of disturbance. This approach
provides loglog plot of rock mass number (N) and MBvhich provides a empirical equation
critical equation for owdurden given by:

'O ¢xuo?® 6 8
&TONOAAUEHTGI A OL ¢xuv0® 6 8

&1.0l T3INOAAUETGT Al ¢xuvlb 8 6 8
Where, H = Overburden in m
B = Width of tunnel in m

N = Rock Mass Number

Table2-3 Criteria of ground condition usirgock Mass Number (N) (Singh and Gd#1])

S.No. Ground conditions  Correlations for predicting ground condition

1 Self-supporting H < 23.4N%% . B=% and 1000 B~%" and B < 2 Q% m
2 Non-squeezing 23.4 NO88 . B=0-1 « H < 275N0-33 . g=0-

3 Mild squeezing 275 N%33 . B0 <« H < 450N . B~%! and J /), <0.5
4 Moderate squeezing 450 N%32 . B~ < H < 630N%3? . B~%" and J,/J, <0.5
5 High squeezing H > 630N%3 . B=%" and J/J, < 0.25

6 Mild rock burst H-B%' > 1000 mand J/J, > 0.5and N > 1.0

32



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

10000

L]
1]
1]
1 ]
E Mild Rock Burst
' JriJa= 0.5
i b
1]
[
1 ]
% XX % x
1000 {  Very Severe Squeezing TSN S
A

HE"

100 - Self-Supporing

0.0 0.1 T 10 100 1000 10000
Rock Mass Number (N)

Figure2-12 Log-Log Plot for prediction of squeezing criteria by Goel et H096)
c. Jimenez et al (2011) approach

This approach is based statistical analysis of 62 tunnel sections which uses the linear classifier to
provide the empirical relation. It provides a{lmg space to predict the ground condition either
squeezing or Nosqueezing. This also specifies that the empirical relation can be used up to 600

800 meters overburden. The empirical relation for critical overburden is given as:
&1 ONOAAUETGH A ol tca 0°

&1 .0 T3NOAAUEITGI A OLtca 08

Where H is overburden in meters

2.7.1.2Empirical Approach for support design

a. Q-System
Barton et al. (1974) proposed a rock mass classification systemftafgds st e mo at Nor w

Geotechnical Institute. This classification was based on the 200 tunnel and cavern case histories
(Singh and Goel2011).This system of classification help to quantify the quality of rock mass
and with the help of those quantifigdlue, support system for the underground opening can be
chosen. Later Grimstad and Barton (1993) updated #&ysgem based on 1050 new case
histories. This system of rock mass classification defines the rock mass quality based on following

Six parameters
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Rock Quality Designation (RQD)
Joint Set Number (Jn)

Joint Roughness Number (Jr)
Joint Alteration Number (Ja)

Joint Water Reduction Factor (Jw)
71 Stress Reduction Factor (SRF)

=A =4 -4 A 4

Using these six parameters, the rock mass qualitya{@e) is given by:

C-

i v

. YOO
1 i (l’) nYl

V] -
UE

ClC'
<

0

FurthermorgSingh and Goel2011)provides 1260 case records of tunnels to support the strong
hold of Qsystem as the best method of classification for tunnel support. The value of Q ranges
from 0.001 to 1000lowest representg weak rock mass and highest representing excellent rock
mass. Grimstad and Barton (1993) also provided the ground condition and failure that might be
seen using the competency faétarat i o of uni axi al¢ tciegpstress si v e
( 96 andwith the new value of SRF.

For estimation of support system, Barton et al. (1974) introduced a new parameter known as

AEquivalent Dimensiom f or unsupported underground openir
0Q ¢ 08

This equivalent dimension can also be giasn

O 0 "Qa QOYRLEETOQ WO "M 1 Q¢ "MWH@Oo Qi i
ODOWOL DONNE 0 W'Y
The Excavated Support Ratio (ESR) is a parameter which gives the monetized value of the
gualitative aspectfdunnel construction like safety and risk assessment, importance of structure,
construction method implemented.
The length of the bolt used is also defined by Barton et al. (1974) as a thumb rule, where the

empirical relation for length of the bolt is giv by:

&I 20 1T £ 0 ¢ m™UL OjOYY
&1 2001 T7AIl 1 0 ¢ m™Muv goTyy
Where, L is the length of the bolt in meters

W is the width of the span of the openingneters
H isthe height of the tunnel wah meters
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Table2-4 Table of ESR (after Singh and Goel, 2011)

Figure2-13 Q-Support Chart (Norwegian Geotechnical Institute, 2013

Type of excavation ESR
Temporary mine openings, etc. 2-5
B Permanent mine openings, water tunnel$fatropower €xcluding 1.62.0
high pressure penstogk pilot tunnels, drift and headings for lar
openings, surge chambers
C Storage caverns, water treatment plants, minor road and ra 1.21.3
tunnels, access tunnels
D Power stations, major roadnd railway tunnels, civil defens 0.91.1
chambers, portals, intersections
E Underground nuclear power stations, railway stations, sports 0.50.8
public facilities, factories, major gas pipeline tunnels
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Calculation of Support Pressure

The ultimate support pressure for tunnel at roof and wall is provided by Barton et al. (1974) by
correlating the support capacity of the opening with the rock mass quality giversystém of
200 case histories.

For permanent roof support pressure:

IO T[& ol 8 \
VL — U unw
01
For permanent wall support pressure:
JONERY T[& T 4 8 \ [
VL —— UV U uvn w
01
Where, Qw = wall factor *Q

J= Joint Roughness Number
Furthermore, Barton et al. (1974) recommended that if the Joint Set Number (Jn) is less than 3
which meas three joint sets or two joint set plus randasrgenerally defined as the limiting case
for three dimension rock block.

For Permanent roof support pressure:

. ™ &
VU —————— U vn w
o LI

For Permanent wall support pressure:

. T e .,
OL ———— LU 0N
O U1

Table2-5 Wall factor for respective Qalue (after Singh and Goel, 2011)

Range of Q Wall factor Qw
>10 50Q
0.1-10 250Q
<0.1 1.0Q

For the poor rock mass (that is value of Q thas 4) Bhasin and Grimstad recommended support

pressure correlation depending upon the span of the underground opening and given as:

I N 1 S T
0L — 0
01

Where, Pv is the Support Pressure in kP4js the width of underground openirand

Jr is the Joint Roughness Number
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Figure2-14 Plot of support pressure ngeis rock mass rating (Q) (after Singh and G2@11)
Singh et al . (1992) provided a correlati

on

support pressure by studying 30 instrumental tunnel sections. This empirical relationship also

provides the correction factor for overburden, tunnel closure iams factor for time period

between excavation and support installation.
00 Uﬁ De® " @ "GOO
O ocT
Y1
@ 0@ Y8

)

p

Wher e, Q06 -vialse (Taken as the short@rm support pressure just after excavation)
f1 is Correction factor for overburden
f2 is Correction factor for tunnel closure
f3 is Correction factor for time elapsed between excavation and support installation
H is the overburden in meters

T is the time elapsed between excavation and support installat
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Table2-6 Table for correction factor (f2) for tunnel closure (Singh et al., 1992)

S. No. Ground Condition Support System Clc;rsuunrze(l%) fw0  @0r
1. Non-SqueezingH < 350 G?) - <1 1.0
2. SqueezingH > 350 G?) Very stiff 1-2 >1.80
3. Moderately Squeezing Stiff 2-4 0.85
4. -do- Flexible 4-6 0.70
5. Highly Squeezing Very flexible 6-8 1.15
6. -do- Extremely flexible >8 1.80

For predicting tunnel closure Barton (2008) provided the correlation betwe@iu€® opening
width or height, and competency factor and is given8yigh B., Goel R.K, India)

wQa@» 0, .,
v _'ra G
p T TV ., @
VY] = —aa
p TV y
Wh e r e, -siluwerticad stréss
] isitu harizontal stress
dc is Uniaxial Compressive Strength of
100 \
10
5 \
(=]
'S 1
3
b- N \ /O_c(.oe
g . \ \S/})QG’?
g N
= 0.01
O \\
0.001 \
0.0001

0.01 0.1 1 10 100 1000 10,00C
Deformation, mm

Figure2-15Plot of Q/span or Q/Height versus Deformation (mm) (Tfakem (Singh B., Goel
R.K, 201)) (after Barton, 2008)
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Calculation of support pressure using Rock Masslumber (N)

Goel et al. (1995) provided correlation between rock mass number (N), overburden (H) in meters,
tunnel radius (Rin metersand tunnel closure by studying eight tunnels in Himalayas. The support

pressure for Noisqueezing and squeezing ground are giveovhel

e n e a e i . TG OB YS®
&1.0l T3NOAAUETGI AD 8 T@to Y
&1 DNOAAETG A 6 — pm
Where, P is Support pressure in MPa
f(N) is the correction factor for tunnel closure and given byfithere below.

25

20

15F

1-OfF

Correction factor for closure f(N)—

L 1 L
0-05 2 3 s 8

Normolised tunnel closure (w/a, %) —=

Figure2-16 Plot for correction factor for tunnel closure (Goel et al. (1995))

b. Rock Mass Rating

Rock Mass Rating is rock mass classification technique developed by Bieniawski in 1973 A.D.
This classification was founded upon the experiences he acquired in shallow tunnels in
sedimentary rockSingh B., Goel R.K, India)This classification uses six parameters to quantify

the rock mass in their combinations. $aesix parameters are given below:

Uniaxial compressive strength(UCS) of intact rock
Rock Quality Designation

Joint condition

Joint spacing

Joint orientation

S T o

Groundwater Condition
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Bieniawski (1989) provided the support condition guidelines under wgipbort condition is
defined for underground openings. This guideline is defined for the tunnel with horseshee cross
section with 10m span where the vertical stress is less than 25 Mpa and the construction method

employed is drill and blast tunneling.

Table 2-7 Correction factor for tunnel closure (f(N)) (Geol et al. (1995))

Normalized Tunnel Correction

S. No. Degree of Squeezing
Closure, % Factor, f(N)

Very Mild Squeezing
1. 1-2 1.5
(270 N#B9%1< H < 360 N-33B 0

Mild Squeezing

2. 2-3 1.2

(360 N33B01< H < 450 N-33B0Y)

Mild to Moderate Squeezing

3. 3-4 1.0

(450 N).33 B-0.1< H < 540 |\?.33 B-O.l)
Moderate Squeezing

4, 4-5 0.8

(540 N33B91< H < 630 N-33B0Y

High Squeezing

(630 |\P.33 B-0.1< H < 800 |\(|).33 B-O.l)

Very High Squeezing

(800 N33 B01 < H)

Rock Bolt

25mm diameter of rock bolt with the length and the spacing of the rock bolt obtained by the

empirical relation given by Lowson and Bieniawgk013.

—~rs e . YOY T
QQm YL'Y Qv Y ™ ® T
0'a T VY " YO'Y pm®

Qm U T ] U oI T
QWOY pm Y T L

Where, S is the spacing of the rock boltneters

The lengthof the rock bolt to be used is given by
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cd
oD

Where, the span defines the width of the opening in meters and L is the length of the rock bolt to

YN we

be used in meters.

For lower value of RMR specifically for the support CategoylRR-IV and RV, the obtained

value of length of the rock increases beyond acceptable limit. So, the limiting value of the length
of the rock bolt is taken as 6m which also specified by thglggiven by.owson and Bieniawski
(2013).

Table2-8 Table showing the classification of support for 1:0m Horseshoe shape tunnel with drill
and blast method. (Singh and Goel, 2011)

Supports
Rock Bolts (20mm
Rock mass diameter, fully Conventional
class Excavation grouted) shotcrete Steel sets
Very good rock Full face, 3m advance Generally, no support required except for occasional spot
RMR = 81100 bolting
Good rock Full face, 1.61.5 m Locally, bolts in 50mm in crown None
RMR =6%:80 advancegcomplete support crown 3m long, where required
20 m from face spaced 2.5m, with
occasional wire mest

Fair rock Heading and benching; 1,5 Systematic bolts 4m 50-100mm in None

RMR =460 3 m advance in heading; long, spaced 1-:8m  crown and
commence support after  in crown and walls ~ 30mm in sides

each blast; complete with wire mesh in
support 10m from face crown
Poor rock Top heading and bench;  Systematic bolts4  100150mmin  Light to medium
RMR =2%+40 1.0-1.5m adwance in top 5m long, spaced-1  crown and ribs spaced 1.5m
heading; install support 1.5min crownand 100mm in sides where required
concurrently wih wall with wire mesh

excavation 10m from face
Very poor rock Multiple drifts; 0.51.5m Systematic bolts5  150200mmin  Medium to heay
RMR < 20 advance in topeading; 6m long, spaced-1  crown, 150mm ribs spaced 0.75m
install support concurrently 1.5min crown and  in sides, and with steel lagging
with excavation; shotcrete walls with wire mesh; 50mm on face  and forepoling if
as soon as possible after  bolt invert required; close
blasting invert
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Figure2-17 Plot between Span (m) aRMR for estimating the Rock Bolt lenglly Lowson
and Bieniawsk{2013)(afterBieiawski, 2013

Shotcrete

Lowson and Biensiawsk(2013) takes the thickness of shotcrete as the function of RMR and span

of opening(in meters).

Shoterete vs. Span

30— . - I
D f 5 \ — Zl0m
“. ‘;‘ \ seeeo 18m
230 l_1I z - I B
3 = 750
& am * 1‘1 . N — 5m |
@ | M . e [-[c3 Support
'ﬁu 130 l\ i i
: \ AR
"E ll:l:l A KR \\. ~ \
= s . ",
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A \\'“\. NE -,_-‘ - ~ \
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0 B 2

1 i 20 3 40 0 &0 ' BD S0 100

Figure2-18 Graph for obtaining thickness siotcretdoy Lowson and Bieiawski2013 (after
Bieiawski, 2013
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When using the steel ribs for weak ground shotcrete is placed between the steel rib and excavated
rock surface. The thickness of shotcré)eto be placed is given by Lowson and Biensiawski
(2013):

Where, S is the spacing between the steel ribs, D is the rock densityfari@ are the partial

factor on loading and shotcrete flexural strength.

The value of partial factor on loading and shotcrete flexural strength is t&ké.5 and 1.5
respectively and the flexural strigth of the rib is taken as 5 MRas specified bizowson and
Biensiawski (2013)

Calculation of support Pressure

Goel and Jethwa (1991) have provided the empirical equation by correlating RMR value,
overburden,and widthof the underground opening and support pressure of 30 instrumental
tunnels of India. The empirical correlation is given by:

.. X® 68 0% Y'Y
0L o
¢m YUY

Where, B is the width of the underground opening in meters

H is the overburden in meters

Pvis the short term support pressure given in Mpa
Furthermore, Goel et d11995) proposed the empirical equation of estimating the support pressure
of underground opening for both squeezing and sqneezing ground condition. This empirical
relation is given by:
For NonSqueezing ground:

00 ¢c®& ¢ MrouYDY MinpO 18 o OO &

Forsqueezingyround:

00 QYO Ypg pmd ° F O
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Table2-9 Correction factor for tunnel closure f(RMR3oel et al., 1995)

S. No. Degree of Squeezing Tunnel Closure (%) | Correction Factor, f
1 Very Mild Squeezing 1-2 1.35
2 Mild Squeezing 2-3 1.1
3. Mild to Moderate Squeezing 3-4 0.73
4 Moderate Squeezing 4-5 0.57
5 High Squeezing 5-7 0.78
6. Very High Squeezing >7 1.1

2.7.1.3Semi Empirical Approach
Hoek andMarinos (2000) provided semi empirical relation for estimating tunnel strain using
curve fitting technique. This method assumes that the analysis to be based on the simple closed
form solution with the tunnel geometry being circular in a hydrostatic stress fleddsupport is
considered to be act uniformly over the entire boundary of the underground opening.

YOI @ Q¢mdtmgmdicu 0 b , oo 8

, W6 Minotw® , of@ic wmiguQ 8 "0"Y'0

Where, Strain is the obtained with respecatliameter of the underground opening
Pi is the internal support pressure
P is the insitu stress given by depth multiplied by unit weight
dcm is the Uniaxi al Compressive Strength
mi is the rock mass constant defined by frictibiracteristics of rock mass
dci is the Uniaxial Compressive Strength
GSl is Geological Strength Index
For unsupported condition, the above equation for strain can be obtained by replacing support
pressurel) equal to zero.
The subequent tunnel closure was obtained for four tunnel sections of MBKHEP using the Hoek
and Marinos (2000) for each tunnel support classification for support pressure with F.O.S 1, 1.5
and 2 respectivley shown Figure 3-11, Figure 3-12 and Figure 3-13 and their corresponding
data of measurement is givenTiable3-17. Again a comprehensive plot givenkigure 3-13,
Figure3-14 andFigure3-15 show the comparison with actual measured deformamoinclosure
obtained using Shrestha and Panthi (2018).
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or E | Strain greater than 10%

14 | Extreme squeezing problems
13 F
12 |
11 F

10

Strain between 5 and 10%

| D Very severe squeezing problems

Strain between 2.5 and 5%
- Severe squeezing problems

B c Strain between 1 and 2.5%

Minor squeezing problems

B

- N S - ST

Strain less than 1%
Few support problems

Strain € = tunnel closure / tunnel diameter * 100

[ ]

01 0.2 0.3 0.4 0.5

G../P, = rock mass strength / in situ stress
Figure2-19Cur ve showing the pl ot
Strain Calculation using Shrestha 015)

0.6

bet ween str ai

n an

Shresthaand Panthi(2015) provided a relation of tunnel strain with the shear modulus of rock

mass (G), support pressure (Pi)ssitu stresses by studying 77 section of Kaligandaki

hydroelectric tunnel. Later Shresthad Panth{2018) studied 3 instrumental tunnelsNepal

Himalyas and gave then generalized empirical relation for tunnel closure. This correlation so

obtained incorporates the underground anisotropy and shows its influence in the convergence of

the underground opening. The empirical relation is giwen a

For instantaneous tunnel closure:

\ ¥ 38
v~ T 11U p QTC
- Q 5 e
oo:fn(puc,,o p 0Q
For final tunnel closure:
"QOT U TT W b p 0T °
¢cO p 0Q
Where, Uic and Ufc represents the tunnel

Pi is the supponpressureNIPa)
G is the shear modulus of rock mass (&)P
v i s t h-situstress dctingimthe opening(pP

k is in-situ stress ratio
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The relation for final tunnel strain was used to calculate the closure and the final closure so
obtained were compared with actual tunnel convergence data obtained from the MBKHEP site
itself. The comparison is done for different support pressure giventattor of safety of 1, 1.5

and 2 where their plot is given Figure3-14, Figure3-15 andFigure 3-16for designed support
system, defined support system usin@Rart Guidelines and defined gt system using RMR
guidelines respectively along with closure obtained using semi empirical relation given by Hoek
and Marinos (2000). Furthermore, the final tunnel closure of the different support system were
estimate using the relation given above eochpared for support pressure with factor of safety 1
and the result plot is shown ngure3-6. Moreover, individual plot of convergence for diffate
F.O.Sis given ifrigure3-8, Figure3-9 andFigure3-10which compares the convergence obtained

from the different support definitions.

25%

-----mm---_|nstantaneous strain
Final strain

20%

15%

10%

Tunnel strain (g)

5% o

0%

260, (1+k)/2}

Figure2-20 Plot of Tunnel strain versus-gitu stress and shear modulus of rock mass for
different support pressuréshresthand Panthi2018)

Calculation of Support pressure and stiffness of support

The relation used to calculate the stiffnassl maximum support pressure of different support
system given in th&able3-12, Table3-13, Table3-14 andTable3-15 according tdRocSiene
is given below as:

I For Steel Sets
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Where,PssmaxandKssare maximum support pressure and stiffness of support
A is the cross sectional arefithe section in sg. meters
Eist he youngds moajul us of steel ( MP
G y s ield strength of the steel (NP
R is the radius of the tunnel (m)

i For Shotcrete

UI(X(;L)(,G—c P v, uvnw
.0 YooY Y C
L)looC . VY ,Yur]u)

Wh e r e sthaJES of doncrete or shotcrete (slP
E i s t he wodelagtioity of coocdete (M
g is the Poissondés ratio of the concrete
T is the thickness of shotcrete or concrete in meters

R is the radius of tunnel in meters

M For Rock Bolts

Vi wa oo@—»— d)Y“Yci() n w

.. » O o ...
PLOTTD Yo v ¢

Where, T is the ultimate bolt load obtained from pull out test (MN)

D is the diameter of the bolt in meters

Eist he youngdéds madul us of bolt ( MP

Sc is the circumferentiapacing of the rock bolt (m)

Slis the longitudinal spacing of the rock bolt (m)

L is the length of the rock bolt (m)
Using these relations above the maximum support pressure is obtained for six different sections
of MBKHEP and the comparison of suppatassification where made -terms of maximum

support pressure for these different sections and the result is shBiguiia3-7.
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Figure2-21 Rock Bolting (Left) and Shotcrete (Right) (Source: Rocscience)
2.7.2Analytical Approach

The Convergence Confinement Method is thecpss of determining the support pressure exerted

to the support which is placed at the near vicinity of the tunnel face i.e behind the tunnel face. If

a support is installed very near to the tunn:
desgned for. It is because of the reason that some part of the load is being carried by the face of

the tunnel which is termed as the face effect. But when the face moves away from the support, the

support starts to carry more load and eventually it willyctire designed load at the future.

The Convergence Confinement Method is used in our Project in order to determine the support
pressure to be provided at the different sections of the tunnels taken into consideration. The results
obtained from the use tiis method will be used to compare and validate with the results obtained
from Empirical and Numerical Analysis.

2.7.2.1Preparation of Excel File

In order to conduct the Analytical Method, Excel file containing different parameters required to
determine the Sygort Pressure of various sections was prepaiesl excel file was prepared in
such a way thathanging dew values/paramete(s/hich differs from every section to sectjon

all other parameters or values are automatically calculated. The graph of CCidnmaically

generated with the help of this file.

The followingfigure shows a sample for excel file where the shaded box represents the input box.
It means that the parameters should be entered by user. The parameters within the white boxes are
calculatedautomatically. So whethe valuesare enteredn the input boxs, all the parameters

shown above along with the parameters required for Longitudinal Deformation Profile, Ground

48



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

Reaction Curve and the Support Characteristics Curve are automatically calculated along with the

respective graph.

Chainage k my
OverBurden G, (MPa) GSl
Dimension Gy, (MPa)

mb
S
a
S

Picr(MPa)
p* (MPa)
C ( cij:I
Em (GPa)
Gm (GPa)
q (de
Kq
For Bolts For Shotcxrete For Steel Sets Combination of
botlt provided dys( Mpa) Supports
Es(Gpa) Ks(MPa/m)
As urmax(mm)
E.(GPa) S| Psmax(Mpa)
P"*(MPa) ro
K¢ (MPa/m) Pss Max For Lattice Girder
4" (mm) Kss Steel Properties
Ur max lattice girder
P $nax (Mpa) provided
ks (Mpa/m)
Urbmax(Mm)

Figure2-22 Sample of Excel file prepared for CCM

The definition of the parameters used in the above figure is provided Tiahe2-10.
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Table2-10 Parameters used for Calculation of CCM

Symbol Designation Symbol Designation
R Radius of Tunnel Qb Deformation Load
Constant
Ultimate Load
A Radius of Tunnel Tbf Obtained fromPullout
Test
Length of support Ciucumferential Bolt
L sC .
from tunnel face Spacing
Longitudinal Bolt
H Overburden sl Spacing
V Poissons Ratio Pbmax Maximum Support
Pressure (Bolt)
Q Q Value Kb Stiffness of Bolt
. Modulus of Elasticity :
Ei of IntactRock Urbmax Deformation of Bolt
- Unconfined
Erm Moil]flgig; II\E/:Z:gclty Sig cc Compressive Strengtl
of Concrete/Shotcrete
a Friction Angle vC Poisson's ratio of
9 Shotcrete/Concrete
I Thickness of
Dilation Angle t Shotcrete/concrete
_ Young's Modulus of
mi Rock mass paramete Ec Shotcrete / concrete
Geological Strength Max Support Pressure
GS| Index Ps max due to shotcrete
Mb Rock mass paramets Ks Stiffness of Shotcrete
S Rock mass parametg Ur max Deformation of
Shotcrete
C Uni-axial Ks all Stiffness of Combined
! Compressive Strengt - Support
pi Scaled Internal ur max_all Deformation of
° Pressure = Combied Support
Picr Internal Pressure Ps max_all Support_Pressure due
- combined Support
G Shear Modulus of Es Young's modulus of

Rock

Steel
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L Length of Rock Bolt Sig ys Yeild strength of steel
. Cross Sectional Area (
db Diameter of RockBoll As Steel Section
E Young's Modulus of S Spacing of steel sets
b Rock Bolt Material along the tunnel axis
Deformation Profile
1.200 1
1.000 -
0.800 + —— Deformation
= Profile
5 0.600 +
0.400 +
0.20
-5.00 0.00 WR 5.00 10.00

Figure2-23 Sample of Deformation Profile of MBKHEP at Section 2886.6m

This figure shows the deformation profile of the grduThis figure is obtained bygiting x/R

in X axis and ur/ur max in-Yaxis(the valuesre provided later imable3-20). Ahead of the face

there is low to ndeformationAs the theory implies, at the face there is about 30% of defamma

and the deformation increases as the excavation proceeds further behind the face. The curve stops
at a certain point showing that the deformation shall not increase further though the distance from

the face increases.

Figure2-24 above shows the Longitudinal Deformation Profile (LDP), Ground Reaction Curve
(GRC) and Support Characteristics Curve (SCC) of the tunnel section at HRT of MBKHEP at the
chainage 2+866.6m @hvalues used for plotting are provided able3-20, Table3-21andTable

3-22). Initially the internal pressure in the tunnel is same as the insitu stress in thé Paint

shown in the figure But as the tunnel face moves further away, the internal pressure is released.
The rock mass exhibits the elastic behavior till it reaches the internal pressure value of 3.12 MPa
as indicated by point D in thegiire Beyond point D, the rock mass exhgbplastic behavior.

The ordinate of point B (intersection of GRC and SCC) represents the designed support pressure

while the abscissa represents the deformation or the convergence of support and the ground
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together. Similarly, the ordinate of point C repents the maximum support pressure that the
support can bear before failure and the abscissa of point C represents maximum deformation the

support can undergo. The point E in the graph above represents the unsupported closure of the

tunnel.
Schematic representation of the LDP, GRC & SCC

12.00 - = 30.00
(2]
o L 25,
 10.00 {A 5.00
> L 20.00 8
5 8.00 - 8
A T
o = 15.00 £
o
S 6.00 4 2
S £ 10.00 2
S 3
? 4.00 c
2 - 5.00 &
S a
= 2.00 - C N - 0.00

M E
0.00 r r - r -5.00
0.00 5.00 10.00 15.00 20.00 25.00

Convergence of Tunnel & support (ur)
——GRC —4—SCC —=—LDP

Figure2-24 Sample of plot of CCM from section at 2886.6m of MBKHEP

A support system consisting of shotcrete of thickness 12 cm and pattern bolting with 3.8m length
and 25mm dia. bolts with circumferential and ldadinal spacing 2m is provided for the section.
The designed support pressure is found to be 0.8 MPa and the capacity of the supported is

calculated to be 1.56 MPa. Hence, the factor of safety is found to be 1.95.
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CHAPTER 3 DESCRIPTION OF CASE STUDIES
3.1General

Topagraphy regime and abundance of water resources fdNepsl as a high potential for
development of Hydropower projects. The steep terrain and fast flowing rivers fulfills the basic
requirementsBut due to the mountainous topography, it is difficult toedivthe water to the
feasible site. As such underground structures like tunnels and caverns provide economic and safe
solution. For the study of tunnels for this project, hydropower lying in middle Himalayan region
have been selected.brief description bthe selected sites have been provided in the following

section.

3.2Case Studies

Middle Bhotekoshi Hydroelectric Projectl

~ ' N P i
(". ¥ o5 w\ ; \/J\% Sanjen HydroelectricProject|
FAR WESTERN . . S
10N & % . 7
WL '
‘.\)

Figure3-1 Location of Project Sites
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3.2.1Middle Bhotekoshi Hydroelectric Project (MBKHEP)

3.2.1.1Project Description

The MiddleBhotekoshi Hydroelectric Project is located in Sindhupalchowk District of Bagmati
Zone about 101 km road head distance on Araniko Highway towardseastiof Kathmandu

The Project is basically a rtof-river type scheme having the capacity of 102 MWhlite design
discharge of 50.8#sec at Q40 exceedance and available gross head of &#8bm net head of
222m.The headworks site is located about one hundred meters downstream from the confluence
of Chaku khola and Bhote KosRiver. The project has a tgd weir type designed for 100 years
return period and encompasses downstream stilling pool as energy dissipating structure. The
desanding basin provided is of triple type chamber and the water is taken towards the powerhouse
situated at Jambo, Sindhupad&tusing headrace tunnélhe total headrace tunnel length is 7124

m from headrace inlet to the surge tank.

An inverted "D" shaped, 5.7 m x 5.7 m size and 7124 m long headrace tunnel is the major structure
of the project. The tunnel passes through thehduly on the left bank of the Bhotekoshi River

at an average elevation of 1165 m. The intake portal is located near the Chaku Bazaar and the
outlet portal above the Khoran village. The present mapping shows that the headrace tunnel will

encounter differerntypes of rock masses shown inable3-1

In total, 1350 m of headrace tunnel length will lie on Quartzite rock, 1070 m of it lie on Dolomite

rock and the remaining 4780 m length lie on different type of Phyllitic schist rock

3.2.1.2Geology of the Tunnel

Geologically, the project area lies in the Leddanalayan Unit in northern part of the Central
Development Region of Nepal. The main rock types in the project area are phyllitic schist,
guartzite and dolomite. The wddhown thrust zones, namely the Main Central Thrust (MCT) and
the Main Boundary ThragMBT) are located about 10km to the north and more than 100km to

the south of the project area respectively.

Major rock type in the headrace tunnel alignment is phyllitic schigtifferent places along the
headrace tunnel alignment, almost 20 m tliekls of schistose quartzite are present interbedded
in the phyllitic schist rockMaximum rock cover is present at chainage 2173 m which is about
825m. Similarly, minimum rock cover of about 50 m lies immediately downstream ofidite a

and headrace tunnieltersection
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Table 3-1 Distribution of Rock Types along Headrace Tunnel andliA(after MBKHEP
Feasibility Report, n.d.)

S.N. Tunnel Chainage (m) Rock Type
1 Headrace 0-50 Quartzite
50-1120 Dolomite
1120- 2420 Quartzite
2420- 2480 Talcose Phyllitic schist
2480- 7198 Phyllitic schist
2 Adit Entire length Phyllitic schist

Table3-2 Rock Mass Classification as observed in MBKHEP HRT

Chainage Length Barton's
From-to 9 RMR Value Classification | Description
™ (m) Q
0-50 50 4557 2.9 1] Fair
50-150 100 55 2.5 "-v Fair-Good
150-880 730 64 18.8 Il Good
880-1300 420 29 1.4 \Y, Poor
1300 .
2350 1050 65 9.36 [-1 GoodFair
2350
2550 150 17 0.8 \ Very Poor
2550 .
3900 1350 58 7.1 1] Fair
3900 .
5300 1400 44 3.1 "-1v Fair-Poor
5300
5560 260 29 1.3 \Y, Poor
5560 .
2000 1440 54 6.6 1] Fair
7000S/T 44 6 1] Fair

Talking about the quartzite found at the project site, it is of fine grained nature and generally
maintains the steep cliffs and are thin to medium bedded. Whilst dolomite found is a bluish grey
in color with thin to medium foliation. Furthermore, the $aftose phyllite rock with green color

was found between the phyllitic schist and quartzite rock. For which the effective cohesion was
estimated to be in the range of 0 to 10 KPa. It can be clearly seen above forablia-1
phyllitic schist contributes the most of geology along the tunnel with thick foliation bedding.
According to the MBKHEP feasibility study, statistical analysis were done agtdided mapping

of the joint was obtained where it showed 3 tunnel joint set along the tunnel. The headrace tunnel
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section are divided into 2 sections (that is namely upstream from audit and downstream of the
audit) and their statistical analysis is givelow in the table:

Table3-3 Showing Orientation of the Joint sets found in MBKHEP HRT

_ Orientation of Joint sets
Joint Sets : :
Upstream of the audit Downstream of the audit
Foliation Plane 12°/054° 15°/058°
Joint Set 1 75°/175° 80°/191°
Joint Set 2 80°/245°

Middle Bhotekos hi Hydroelecotric Project

Headrace tunnel upstream - Joint R osette

APFARENT STRIKE

ROSETTE PLOT

TR,PLof FACE NORMAL
090

33 Planes Plotted

10 Max Planesiire
at Quter Circle

Flanes W ithin
45 and 90
of Viewing F ace

Middle Bhotekoz hi Hydroelectric Project

Adit area- Joint R oz ette

APFPARENT STRIKE

ROSETTE PLOT

TR.PLof FACE NORMAL
0,480

21 Planes Plotted

10 Max PlanesfAr:
at Outer Circle

Planes W ithin
46 and 90

of Wiewing F ace

Figure3-2 Joint Rosette Diagram of Upstream Part of Headrace Tunnel (Left) and of Adit Area
(right)
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Figure3-3 Plan of MiddleBhotekoshi Hydroelectric Project site (after MBKHEP feasibility Report)
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3.2.1.3Support Classification
a. Based on QChart Guidelines (NGI (2013))(after Barton and Grimstad (1993)

Table3-4 Different Parameters used for Table3-5 Range of the support Category
Support Design
Defining the support class

Parameters Values Maximum | Minimum Support

Diameter(m)/Span(m) 5.7 Q-Value = Q-value = Category

ESR 1.6 1000 4 SL
Equivalent Dimension (De) 3.563 4 1 Syl
Factor of Safety 1 1 0.1 S
Effective (De) 3.563 0.1 0.04 SHE\Y
Length of Bolt(m) 2.4 0.04 0.01 SV
Diameter of Bolt (mm) 25 0.01 0.001 SL:VI

Table 3-6 Description of Support system with respee Support Clas§after Barton et al.
1993)

Support o
Description of Support
Class

S| Systematic Bolting @ 2.1mYc and Plain shotcrete of 4 cm thickness

S11l | Pattern Bolting @ 1.7m c/c and Fiber reinforced shotcrete of 5 cm thickness
SIIll | Pattern Bolting @ 1.3m c/c and Fiber reinforced shotcrete of 12cm thickness
S1IV | Pattern Bolting @ 1.2m c/c and Fibreinforced shotcrete of 15cm thickness

RRS with 6 Bar Reinforcement at a single layer of diameter 16 mm with 35cm thic
of shotcrete @ 2.3m c/c with pattern bolting of 1m spacing c/c

RRS with Double layer reinforcement of nos. 6 arvdtth the thickness of shotcrete 4
cm and spacing 1m c/c

S1V

S1-VI
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Table3-7 Rock Support Systetdsedin MBKHEP Head Race Tunnel

Re;r;ge Range | Category | Support
RMR of Q- | of Rock | Classifi Description of Support

Value Mass cation
Value

SFRS of thickness 100mr|
with spot bolting with
25mm diameter bolt and
length of 3.8m

81-100| >40 RI Si

SFRS of thickness 100mr]
with pattern bolting of 2m
c/c and diameter 25mm
with length3.8m

61-80 | 10-40 RI Sl

SFRS of thickness 100
150mm with pattern
bolting 1.75m to 2m with
diameter 25mm and lengt

3.8m

41-60 | 47 10 RIll Sl

SFRS of thickness 50mr|
and concrete lining of
thickness 30 to 45 cm witl
pattern bolting at 1.5m c/c
with diameter of bolt
25mm and length 3.8m.

21-40 | 174 RIV SIvV

Steel Ribds ISMB 75 X
Shotcrete 150 @ 0.25 to 0.33m c/c
s with SFRS OF 50mm

0-20 <1 RV SV

thickness and concrete
lining of thickness 45cm

H——Concrete Lining
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b. Based on RMR iSupport Guidelines (Lowson and Bieniawski (2013))(after
Bieniawski (1984))

Table3-8 Description of Support system after RMRipport Guidelines

Support Range = 2
. = 253 8¢
5 5 Support o b o2 Thickness of .
= £ | Division @ g 2= | £3 Shotcrete Steel Ribs
c X -l S5 = ©
= o = © 3.2 £ (%
= = dcj’» (%v 3 4
100 | 81 R-I 190 | 285 | 3.00 No Shotcrete No
Required
80 61 R-11 3.71 2.08 2.50 50 mm No
60 41 R-1Il 6.00 | 131 1.50 100 mm No
40 21 R-IV 6.00 0.54 1.00 175 mm No
50 mm with ISHB
20 11 R-V 6.00 0.26 1.00 | concretelining of | 150mm x
10cm 150 mm

3.2.1.4Empirical Approach for prediction of Squeezing
a. Singh et al. (1992)

1000.000 Squeezing

100.0004 @

— H=350xQ"(0.33)

10.000 NonSqueezing

Overburden(m)

1.000 4 T T T '
0.01 0.1 1 10 100

Q-Value

Figure3-4 Squeezing Assessment of Headrace TunnBIBKHEP
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b. Jimenez et al. 2011J)

Overburden(m)

—— H=424.5XQ"(0.32)

e ©
10 4
Non Squeezing
1 v v v
0.01 0.1 1 10
Q-Value

Figure3-5 Squeezing Assessment of Headrace Tunnel of MBKHEP

Table3-9 Squeezing Assessment of MBKHEP Sections

Chainage (m)

Starting
404.3

517
512
509.2
2912.2
2886.6
3190
3171.7
3283.2
3297.5
3264.4
3248.2
3756
3793.4
4002.6

Ending
406.6
518
513.3
512.5
2914.7
2889.2
3193.1
3173.2
3285.6
3300.3
3266.9
3250.5
3758.5
3795.6
4004.7

Overburden

(m)

250.59
294.50
292.28
289.42
505.93
523.56
355.13
357.23
339.85
338.14
344.98
347.10
201.61
205.56
174.22

Singh et. al (1992)

100

R. Jimenez et. al(2011)

Critical
Overburden

(m)
428.616

72.789
48.536

59.439
387.318
368.187
127.077
787.169
642.788
676.189
155.621
172.214
524.890
200.479
258.266

Status

No Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing

No Squeezing

No Squeezing

No Squeezing
Squeezing
Squeezing

No Squeezing
Squeezing

No Squeezing

Critical
Overburden

(m)
516.546

92.564

62.485

76.052
468.211
445.768
158.894
031.341
765.201
803.727
193.394
213.358
628.698
247.234
316.064

Status

No Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing

No Squeezing

No Squeezing

No Squeezing
Squeezing
Squeezing

No Squeezing

No Squeezing

No Squeezing
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4028.5 4031 163.35 350.000 No Squeezing 424.400 No Squeezing
4017.5 4020.4 168.38 300.655 No Squeezing 366.248 No Squeezing
4011.8 4014.4 170.92 271.686 No Squeezing  331.978 No Squeezing
6772 6770.4 161.45 72.789 Squeezing 92.564 Squeezing
6777.3 6775.6 158.49 65.776 Squeezing 83.903 Squeezing
6856.6 6854.3 115.19 200.479 No Squeezing 247.234 No Squeezing
6867.5 6865.3 112.55 84.736 Squeezing 107.261 Squeezing
6872.7 6870.6 171.91 93.771 Squeezing 118.334 Squeezing
7082 7083.3 58.86 221.854 No Squeezing 272.757 No Squeezing
7106.5 7109 52.49 332.712 No Squeezing 404.056 No Squeezing
7124.8 7127.5 53.19 258.266 No Squeezing 316.064 No Squeezing

3.2.1.5Support System Provided
Table3-10 Calculation of Support Pressure for tunnel Section of MBKHEP

< | < 2 | € £

Chainage © Tn/’&‘ Tn/"t‘ Z 8.%‘ Z £ g Ft-‘ @ Support Pressure

2 | %o 9c| 88 ® c 2o 3 (MPa)

© o n o N —~ n © o () @ = o %

R e = 5859 e )
8 =X @ t‘e cO0 | ESG o 3 =L s EUEG 95
= S > | 20| 35| ax 2| S 5 OE=5|3c2 B9
S| 5 |%T|3% 528595 35| & | S8e|g5°£d 8%
2 = A N h8 | < O = O ©
404.3 | 406.6 | 54 3 Si-| R-111 2.3 | 250.59 0.081 0.186 0.771
517 518 | 19 5 | S1ViI R-V 1 | 294.50 0.353 1.096 0.310
512 513.3| 11 5 S1-VI R-V 0.8 | 292.28 0.644 1.644 1.041
509.2 | 512.5| 15 5 S1-VI R-V 3.3 |289.42 0.456 1.343 0.472
2912.2| 2914.7| 52 3 S1-li R-111 2.5 | 505.93 0.143 0.206 0.136
28866 | 2889.2| 51 3 Si-l R-111 2.6 | 523.56 0.150 0.217 0.138
3190 | 3193.1| 30 4 S1-1IV R-1V 3.1 | 355.13 0.230 0.628 0.189
31717 | 3173.2| 66 2 S1- R-11 1.5 | 357.23 0.078 0.101 0.458
3283.2| 3285.6| 62 2 S1- R-11 2.4 | 339.85 0.083 0.124 0.581
32975 | 3300.3| 63 2 S1- R-I1 2.8 | 338.14 0.080 0.118 0.544
3264.4| 3266.9| 34 4 Si1-Iv R-1V 2.5 | 344.98 0.194 0.513 0.167
32482 | 3250.5| 36 4 S1-i R-1V 2.3 | 347.10 0.181 0.463 0.160
3756 | 3758.5| 58 3 Si-i R-111 2.2 | 201.61 0.059 0.152 0.583
3793.4| 3795.6| 39 4 S1-lI R-1V 2.2 | 205.56 0.114 0.398 0.135
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40026 | 4004.7| 44 3 | S| R 2.1 |174.22 0.084 0.309 1.045
4028.5| 4031 | 50 3 Sl R-1lI 2.5 | 163.35 0.064 0.228 0.824
40175 | 4020.4| 47 3 | ST | Rl 3 |168.38 0.073 0.265 0.934
4011.8| 4014.4| 45 3 | Skl | R 2.6 | 170.92 0.080 0.294 1.007
6772 | 6770.4| 19 5 | S1VI R-V 1.6 | 161.45 0.248 1.096 0.234
6777.3| 6775.6| 17 5 | S1VI R-V 1.7 | 158.49 0.280 1.213 0.269
68566 | 6854.3| 39 4 | S| RIV | 23 |115.19 0.073 0.398 1.161
6867.5| 6865.3| 22 4 SV | RIV | 2.2 ]112.55 0.165 0.942 0.176
68727 | 6870.6| 24 4 SV | RIV | 21 |171.91 0.194 0.851 0.186
7082 | 7083.3| 41 3 | S| R 1.3 | 58.86 0.034 0.360 1.035
71065 | 7109 | 49 3 | ST | Rl 2.5 | 52.49 0.016 0.240 0.748
7124.8| 7127.5| 44 4 | S| R 53.19 0.024 0.309 0.924
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Table3-11 Different Parameters for six study section of MBKHEP

Chainage (m) A = o<| o8 s = =5 |3 £l = 3 £ 3
= |2 o |=2=| E8 | BES | g2 |22 % 3 IS
x s |z = |€g> x_= Ve | 8L |BenG| 23 S o
el o o S 9L < = ®© 2% = r o € og ! I
| 12| 3 |sS| 2 |£20| S5 | 3298 | g5 |20Eg| 2= | 2 ©
Starting | Ending 2 |s%| © |35 E° -§ o S8k $2 |2,8% 5% c -
5 |8 .1 28 32 | 6L |28 4 o
n = L S 7)) c
3283.2 | 3285.6| 62 | 339.85| 9.18 | 6.310 | 34.508 | 675.000| 23292.900| 0.893 4967.645 | 1480.086| 8.193
2886.6 | 2889.2| 51 | 523.56| 14.14| 1.166 | 34.508 | 675.000| 23292.900| 0.724 2331.484 | 698.985 | 10.241
7106.5| 7109 | 49 | 52.49 | 1.42 | 0.858 | 34.508 | 675.000| 23292.900| 3.519 2022.134 | 607.050 4.988
3190 | 3193.1| 30 | 355.13| 9.59 | 0.046 | 34.508 | 675.000| 23292.900| 0.872 517.186 158.029 8.363
6867.5 | 6865.3| 22 | 112.55| 3.04 | 0.014 | 34.508 | 675.000| 23292.900| 1.862 296.443 91.663 5.658
517 518 19 | 294.50| 7.95 | 0.009 | 80.000 | 350.000| 28000.000| 1.112 290.862 90.445 8.838
Table3-12 Assessment of squeezing ground condition for six study sections
: Singh et. al (1992) R. Jimenezet. al(2011)
Chainage(m) Overbur Critical Critical
. . den (m) | Overburden Status Overburden Status
Starting | Ending
(m) (m)
3283.2 | 3285.6 339.85 642.788 No Squeezing 765.201 No Squeezing
2886.6 | 2889.2 | 523.56 368.187 Squeezing 445,768 Squeezing
7106.5 7109 52.49 332.712 No Squeezing  404.056 No Squeezing
3190 3193.1 355.13 127.077 Squeezing 158.894 Squeezing
6867.5 | 6865.3 | 112.55 84.736 Squeezing 107.261 Squeezing
517 518 294.50 72.789 Squeezing 92.564 Squeezing
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3.2.1.6Calculation of Tunnel deformation for study sections using Shresthand Panthi
(2015)
Table3-13 Calculation of Tunnel closure of Designed support

) For Designed Support Tunnel Tunnel Tunnel Closure
Chainage(m) (MPa) Closure Closure FOS=2
FOS=1 FOS=1.5 B
o L n Q — = =
2n |2 |aW 2| E|2E| E |2E| E
N n 0 o e o o)
s | oy |22 2E| F |2E| ¢ |2E] ¢
Starting | Ending | 29 | 20 |29 S ¢ | 8 | 8 o 2 S o 2
sclsw|s:|sad| 2 |s3| 38 |83 &
as|lac|ag|l58| v |B58| © |58 ]| ©
S| 5% |50 | £ |E0| 8 |0 | §©
N N N I = =
3283.2 | 32856 | 1.385| 0.923 | 0.693| 0.130 | 0.250| 0.206 | 0.393 | 0.270 | 0.513
2886.6 | 2889.2 | 2.044 | 1.363 | 1.022| 0.788 | 1.465| 1.352 | 2.488 | 1.883 | 3.445
7106.5 7109 2.044 | 1.363 | 1.022| 0.062 | 0.120| 0.106 | 0.205| 0.148 | 0.283
3190 3193.1 | 6.209 | 4.139 | 3.105| 1.554 | 2.852| 3.194 | 5.786 | 5.157 | 9.256
6867.5 | 6865.3 | 6.209 | 4.139 | 3.105| 1.059 | 1.958| 2.177 | 3.971 | 3.514 | 6.353
517 518 6.689 | 4.459 | 3.345| 3.855 | 6.958| 7.996 | 14.234| 13.006| 22.943

Table 3-14 Calculation of Tunnel closure of Defined support using RMR Support
Classification Guidelines

Tunnel Tunnel Tunnel
Chainage(m) For Q-(i:/lalljr;)Support Closure Closure Closure
FOS=1 FOS=1.5 FOS=2
o Ly | O € € €
2% |a< |a%|2¢E| E |2E| E |2E| E
N o | 0] o o o
°oN oy o0 2El ¢ 2E) 2 | SE| o
Starting | Ending | 2C | 20 | 29| 89| 3 |8 ¢ ? S o 2
st |su|st|s3l & |sa3| 8 |82 S
aE 2|2l @ |se| @ || 2
S |SE |50l 8 |£E0| 8 |£0| ¢
@ @ @ i i T
3283.2 | 3285.6 | 0.603 | 0.402 | 0.302| 0.304| 0.575| 0.404 | 0.760 | 0.473 | 0.888
2886.6 | 2889.2 | 1.290 | 0.860 | 0.645| 1.445| 2.656 | 2.250 | 4.102 | 2.923 | 5.303
7106.5 | 7109 1.757 | 1.171 | 0.879| 0.076| 0.148 | 0.127 | 0.244 | 0.173 | 0.330
3190 3193.1 | 2.171 | 1.447 | 1.086| 8.935| 15.872| 15.513| 27.275| 21.812| 38.106
6867.5 | 6865.3 | 4.109 | 2.739 | 2.055| 2.204| 4.020 | 4.285 | 7.718 | 6.593 | 11.780
517 518 4.309 | 2.873 | 2.155| 8.486| 15.089| 16.615| 29.175| 25.718| 44.790
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Table3-15Calculation of Tunnel closure of Defined support usin§@pport Chart Guidelines

. For RMR Support Tunnel Tunnel Tunnel Closure
Chainage(m) Classification (MPa) Closure Closure FOS=2
FOS=1 FOS=1.5 -
§ I a5 |20 3 E|S 3 €E |2 2 e | &
N N 7] > 5
o0 oy |00 2E |8 [2E|Q | 2E| B~
Starting | Ending | 2Q | 20 |20Q| 8¢ |OE |S¢ |CE| 82 |0 E
< LL =TS C L] S S e é [ - é c 5 el é
o - o O | 8 & | 8 0| © 8 @ [
g = Sc | &=l 2o | c 0w O | S n o | <
S = > S S 2| £0 | S0 | W £ 0 L
n n n
3283.2 | 3285.6 | 0.710 | 0.473 | 0.355| 0.264 | 0.502 | 0.363 | 0.685 | 0.434 | 0.816
2886.6 | 2889.2 | 1.452 | 0.968 | 0.484| 1.249 | 2.302 | 1.995 | 3.646 | 3.640 | 6.577
7106.5 | 7109 1.452 | 0.968 | 0.484| 0.098 | 0.189 | 0.156 | 0.300 | 0.285 | 0.541
3190 3193.1 | 2.589 | 1.726 | 0.863| 6.863 | 12.253| 12.330| 21.772| 27.738| 48.239
6867.5 | 6865.3 | 2.589 | 1.726 | 0.863| 4.677 | 8.409 | 8.401 | 14.942| 18.900| 33.107
517 518 2.491 | 1.661 | 0.830| 20.724| 36.239| 36.960| 63.932| 81.992| 139.720

Table3-16 Calculation of Stiffness and Maximum support pressure

Stiffness of Support System Maximum Support

Chainage(m) Support Class Pressure (Fhax)
(MPa) (MPa)
15 % |x 5 2 = xs | 2| § |xs
o o |X || S |2EF 3 5 Z 5 0 c |2%
= = ol ¢ | -agl © & ~ O Q o | -8
g | B 5| 3 |82% @ - 8% |5 |5 |8%
& w |l & | 2309 o o 2 a g | Lo
2|1 o | < 3 < % <35 < w | <O
< < <

3283.2| 3285.6| 62 | 2 SI| R-I1 249.017 | 105.16 | 124.197| 1.385| 0.603| 0.71
2886.6| 2889.2| 51 | 3 | Sl R-11 375.438 | 231.786 | 249.859| 2.044| 1.29 | 1.452
7106.5| 7109 | 49 | 3 | S1-l R-111 375.438 | 315.865 | 249.859| 2.044 | 1.757| 1.452
3190 | 3193.1] 30 | 4 | S1-Iv R-IV 1320.937| 394.932 | 446.681| 6.209| 2.171| 2.589
6867.5| 6865.3| 22 | 4 | S1-V R-IV 1320.937| 794.718 | 446.681| 6.209| 4.109| 2.589
517 518 19 5 | S1-VI R-V 152.266 | 1025.542| 50.851 | 6.689| 4.309 | 2.491
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Comparison of Minimum convergence using different Support Condition

40.000 = = 700.00
N 35.000 4 L 600.00
S mmm Design Support
X 30.000 ;
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o 25.000 1 —~ System
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$ 15.000 - 3 c alue
o)
§ 200.00
S 10.000 » [ --&--Overburden
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Chainage(m)

Figure3-6 Plot between Convergence (mm), Overburden (m)Gmanage (m)
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Comparison of Support Pressure
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Figure3-7 Plot between Support pressure &lthinage for different Support system
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Table3-17 Calculation of Convergence valuang Hoels and Marino (2000)

c ~ ~ =
2 2 _ 5 I — | x 2 o F.0.S=1(mm) F.0.S=1.5 (mm) F.0.S=2 (mm)
= S g = £ - s Q| S 3 S E oE = =
S € € o e ol o = © >0 == | T ET L o £ o £ o e
~ 5 £ o S 5| 3 c — Tl g &= a | S £ aQ S | & a S | &
P S 3 < g 2 3 S oz |n © g — g E=22 2| a o] Q S | S o & | o
% ) = %a) > © —_ Ol ¥~ EQ oo Z| 2 o g Qg 2 o e g 32 o o c
o s X 5 = S o |9 = cr| » S g o £ S Qg & ] a5
£ c 3] 0 o 3 = | B ool Z O N « @ © © n Y 59 5 n 59 5 7 5 9
I E o o) - 5| = Q S| ©Q o B o1 2«9 © e 9 © 9 @ = O 0 o = n »
5 2 8 o S alx o = STl —| > NOR| S | 8axad S S |x 7 ¢ S |x &
(@) e c = ) 0 O = Ool% @2 | c 2 < 2 =
50° 5 6 |2 |e5|ST|E seY g sz 18 2|28 |8z
g i 8 © a o Q o a @
0+300 1.5 | Dolomite| 3 42 | 181.62| 4.904 | 37 80 9.00| 6535 | 49| 48| 53| 54 | 57| 59| 58 | 60| 6.2
0+400 2.5 | Dolomite| 3 49 | 246.23| 6.648 | 44 80 90| 8552 | 61| 58| 61|62)64|66| 65| 66| 6.8
0+500 4 Dolomite| 3 41 | 286.35| 7.731| 36 80 9.00| 6.289 | 12.0|11.7|12.8|13.1| 13.8| 14.6| 14.4 | 149| 155
Phyllitic
6+795.90| 4.3 S():/hist 4 31 | 147.43| 3.981| 26 |34.508/ 9.00| 1847 | -34| 66 | 3.2 | -25|157|116| 03 | 225| 184
Table3-18 Calculation of Convergence value using Shrestha et al. (2015)
0 c_|T_ |Ia F.0.S=1(mm) F.O.S=15(mm) | F.0.S=2(mm)
. < = — =T | 8 c © e © it B
= c ) £ = o = © ~ o =~ = [%2) o = o = o =
~ £ 8 < S 5| 3 c 8 | g |0 |3 _| 2|9 = <3 o | e e | g | &
o |28 2 |8%¢|8| & |°F|E2| 8- |w>K 3% 5|8e/8c| 5|8 8/ 5|8 |8¢
& € £ i 5 0 = -0 | | € o o dl g| ® S gl 25| @ > a gl @ > Qg
c X = 3 %) © e > - S 0w O (7)] E o s S Lo} n = o T ko] (%)) o R o (7)) o B
@®© c 2 ] - ol = 2 ~ 0 6 B > - @© ) ~| O = 0 " g\ o + 0 c; o) + " g\
o s o £ T Q| = ) - o 2 i 5 C | 8 &|lx & S 8 | x @ S S | x &
O (| E > ) I=3N7)) N — o ®© o) k=2 e S k=2 c S o N S
= © »=15 o2 | & 212 | 2| 2 |z S| & |z
0+300| 1.5 | Dolomite 3 42 | 181.62| 4.904 | 1.525 80 0.657 444 1 09| 1.1 14 | 16| 1.9 23 | 22| 25| 3.0
0+400| 2.5 | Dolomite 3 49 | 246.23| 6.648 | 1.424 80 0.666 730 | 0.6 | 0.7 09 | 10| 11 14 | 13| 15| 1.8
0+500| 4 Dolomite 3 41 | 286.35| 7.731 | 1.13 80 0.655 413 | 19| 24 3.0 | 33| 3.9 48 | 46 | 53| 6.3
+7 Phylliti
6 935 4.3 SZh:tslf 4 31 | 147.43| 3.981 | 0.814 | 34.508| 0.638 75 | 20| 111 | 86 | 41 | 19.1| 153 | 6.5 | 26.7| 21.9
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Comparison of Deformation for different support system using Shresthand Panthi (2015)
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Figure3-8 Deformation for Support Pressure with F.0.S=1 Figure3-9 Deformation for Support Pressure with F.0.S=1.5
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Convergence(mm)
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Figure3-10 Deformation for Support Pressure with F.O.S=2

Comparison of Deformation for different support system using Hoeks and Maring (2000)
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Figure3-11 Deformation for Support Pressure with F.O.S =1
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Comparison of Convergence according to Diffeent approach with actual Observed Deformation (Design Support System)
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Figure3-14 Plot of Deformation for Design support using Shresthd Panth(2015) and Hoek and Maris2000)
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Comparison of Convergence according to Different approach with actual Observed Deformatiof@-Chart Support System)
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Figure3-15 Plot of Deformation for QSupport classification using Shrestrad Panthi(2015) and Hoelnd Maring (2000)
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Comparison of Convergence according to Different approach with actual Observed DeformatidRMR Classification)
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Figure3-16 Plot of Deformation for RMRSupport classification using Slsteaand Panthi(2015) and Hoek and Maria¢2000)
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Observations made by the analysis of empirical approach of MBKHEP Head Race Tunnel

Among the 29 tunnel sections data that are provided to us, six tunnel sections were studied by
comparing tle support pressure, deformations. Whilst four more sections of MBKHEP was
provided to us by the MBKHEP authority with the convergence value. Having these sections
enable us to validate the method and the empirical relations that we used to analyzeotihe supp
system in more contemplating manner. The following observations are found by manipulating
di fferent empirical -=appooachhmes hwidbhobgt $ o001
relations.

1 Use of the Shtha et al(2015) approach for six tunnel section enlisted above gave the
amenable result to the squeezing criteria givenlimenez et al(2011) and Singh
(1992).From this result, it can be inferred that the prediction of squeezing is very
important to know how thground will react to the excavation and what support system
should be chosen according to the need. All three support system either designed (at
the site) or defined by use of€upport chart and RMH#Support classification shows
the confirmation to the ltb squeezing criteria.

1 When we see the convergence pattern for six sections it can be clearly stated that
convergence is the function of the internal support pressure, ground condition, the size
of the opening and the stress acting on them.

I Usingthegrapb A Compari son of Maxi mum support p
maximum support pressure given by different design approaeitber(QSupport
Chart or RMR Support classificationand designed one, all of these elucidate that the
support system provided the site is more robust than obtained by th8upport chart
and RMR Support classification.

1 The graph given fronkigure 3-8 to Figure 3-13 shows that the support classification
using RMR provide more flexible support: high the value of convergence than that of
other support condition. This is coudd useful in the scenario where more economical
support system is searched for.

1 Back calculated value of deformation of the four latter tunnel sections shows that the
Hoeks and Marino (2000) approach was not applicable to these section as of the large
dewvation encountered with respect to the measured deformation. This high deviation
might be the reason due to the consideration of tunnel shape to be circular and the stress

to be hydrostatic.
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1 The limitation of Hoek and Marino (2000) was addressed by Slarestal (2015) for
Himalayan tunnels. Furthermore this addressing can be clearly seen on the back
calculated data of deformation with the minimum deviation with the measured
deformation.

1 The value of the support pressure provide by the designed sgpptain is found to
be between support pressure with F.0.S=1.5 and 2 by Shrestha et al. (2015)

1 Looking into theFigure 3-15 and Figure 3-16 it can be clearly seen that for weaker
ground, the support system ohefd by QSupport chart and RMR classification shows
more convergence indicating the support system defined to more flexible than that of
designed one. Much as the support system of for strong to moderate ground condition
(specifically support category b 8) where the deviation of support pressure is low,
support pressure is high for weak rock. This suggest us that the support system
employed by the MBKHEP does limit to the conventional support definition using Q
Support chart and RMR Support Classificatbut provides modification to existing
support classification as per its need making the designed support system to be robust
resulting |l ow convergence which can al so

Support pressureo.

The parameters valueglived from empirical which arased for preparing CCM is provided
in Table 3-11. The support system used in the project sites and classifitmording to
different system are provided frohable3-4 to Table3-8.

3.2.1.7Convergent Confinement Analysis

Using all the parameters mentioned above along with the conswtergor Rock mass
classification and the support system assigned, LDP, GRC and SCC for different selected
sections were computed and the graph showing the respective curves was plotted with the help
of excel file prepared. We have included the CCM comjmutaor different sections with
highest overburden, deformed sectiets on the basis of observed conditions, RMR values
classification and QSystem Classification.
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Table3-19 Value of Parameters used while construction of CCM for MBKKf&aPsection at
2886.6)

Chainage | 2+886.6 Erm(Gpa) 5.97 e (MPa) 34.51
OverBurden 523.56 pisturbance 0.8 So 3.50E01
actor
Dimension | 5.7x5.7 Friction Angle 25 k 0.37
R(m) 3.03 Em (GPa) 5.97 tv (MPa) 14.14
H(m) 523.56 Gm (GPa) 2.30 Un (MPa) 5.25
to (MPa) 9.69 mi 10.00 Pe(MPa) | 1.54E01
3 0.30 GSI 57.77 pi (MPa) 4.2113
L(m) 1.00 mb 0.81 C (< 0.59
Q 7.1 s 2.20E03 q (ded 0.00
Ei(Gpa) 10.35 a 0.50 Kq 1.00
For Shotcrete For Bolts
Uecc(MPa) 40.00 bolt provided yes
3c 0.30 I (m) 3.80
tc(mm) 120.00 db (Mm) 25.00
Ec(GPa) 25.00 E» (Gpa) 210.00
PMaX(MPa) 1.55 Qb (M/MN) 0.14
Ks(MPa/m) 372.64 Tor (MN) 0.20
U™ (mm) 4.17 sc (m) 2.00
sl (m) 2.00
Combination of Supports Psnax (MPa) 0.13
Ks(MPa/m) 374.03 ks (MPa/m) 1.39
urmax(mm) 417 Urbmax(mMm) 35.07
Psmax(MR) 1.559
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3.2.1.8Computation of CCM

a. Longitudinal Deformation Profile

Table3-20 Calculation of LDP for MBKHEP (for section at 2886.6)

Observed
Condition RMR | Q-System
ur® (mm) 6.529 18.494 24.521

S.N X/IR X ur/urm ur ur ur
1 -4.00 -12.12 0.002 0.03 0.09 0.12
2 -2.91 -8.81 0.010 0.17 0.47 0.62
3 -1.82 -5.51 0.045 0.75 2.12 2.81
4 -0.73 -2.20 0.160 2.68 7.60 10.08
5 0.36 1.10 0.398 6.67 18.90 25.06
6 1.45 441 0.669 11.21 31.76 42.11
7 2.55 7.71 0.852 14.27 40.43 53.61
8 3.64 11.02 0.941 15.76 44.64 59.19
9 4.73 14.32 0.977 16.37 46.38 61.50
10 5.82 17.63 0.991 16.61 47.05 62.39
11 6.91 20.93 0.997 16.70 47.31 62.72
12 8.00 24.24 0.999 16.73 47.40 62.85

b. Ground Reaction Curve

Table3-21 Calculation of GRC for MBKHEP (for section at 2886.6)

Observed Condition RMR

S.N _pi Pi Rpi Ur _pi Pi Rpi Ur
1.00 0.00 3.35603 | 5.917 16.75 0.00 1.51E03 7.673 47.46
2.00 0.38 1.71E02 5.116 11.98 0.41 2.44E02 6.067 28.14
3.00 0.77 3.08602 | 4.678 9.71 0.81 4.73E02 5.367 21.27
4.00 1.15 4.45E02 | 4.358 8.22 1.22 7.02E02 4.881 17.08
5.00 1.53 5.82E02 | 4.101 7.12 1.63 9.31E02 4.504 14.16
6.00 1.91 7.19E02 3.886 6.28 2.03 1.16E01 4.196 11.99
7.00 2.30 8.56E02 3.701 5.60 2.44 1.39E01 3.935 10.33
8.00 2.68 9.93E02 3.538 5.05 2.85 1.62E01 3.709 9.01
9.00 3.06 1.13E01 3.392 4.60 3.25 1.85E01 3.511 7.95
10.00 3.45 1.27E01 3.260 4.21 3.66 2.08E01 3.334 7.09
11.00 3.83 1.40E01 3.140 3.89 4.07 2.30E01 3.174 6.39
12.00 421 1.54E01 3.030 3.62 4.47 2.53E01 3.030 5.80
13.00 421 1.54E01 | elastic 3.62 4.47 2.53E01 | elastic 5.80
14.00 9.69 3.50E01 | elastic 0.00 8.94 5.05E01 | elastic 0.00
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Q-System

S.N _pi Pi Rpi Ur

1.00 0.00 2.47E03 9.075 62.92
2.00 0.45 3.48E02 6.903 34.66
3.00 0.90 6.71E02 5.971 25.04
4.00 1.34 9.94E02 5.336 19.37
5.00 1.79 1.32E01 4.851 15.54
6.00 2.24 1.64E01 4.459 12.78
7.00 2.69 1.96E01 4,132 10.71
8.00 3.14 2.29E01 3.852 9.10
9.00 3.58 2.61E01 3.609 7.84
10.00 4.03 2.93E01 3.394 6.84
11.00 4.48 3.26E01 3.202 6.04
12.00 4.93 3.58E01 3.030 5.39
13.00 4,93 3.58E01 elastic 5.39
14.00 9.08 6.57E01 elastic 0.00

c. Support Characteristics Curve

Table3-22 Calculation of SCC for MBKHEP (for section at 2886.6)

3.2.1.8.1Plot of LDP, GRC and SCC of Some Sections

Observed Condition

ur ps For FOS,
6.53 0.000 a 3.03 Psmax 1.56
10.70 1.559 urP 9.00 P 0.80
20.00 1.559 urP/a (%) | 0.30% FOS 1.95

RMR

ur ps For FOS,
18.49 0.000 a 3.03 Pgmax 1.31
22.70 1.308 urP 21.00 P 0.80
50.00 1.308 urP/a (%) | 0.69% FOS 1.63

Q-System

ur ps For FOS,
24.52 0.000 pgmax 0.66
28.83 | 0.664 P 0.60
50.00 0.664 FOS 1.11
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a. Based on Observed Condition Schematic representation of the LD, GRC and SCC for
3-8000 chainage of 3190m. 25 00 =
Schematic representation of the LDP, GRC and SCC fol S Tz
(%] H ) ]
< 6.000 the chainage of 517m. 35.00 % 5 6.000 4 b 25.00 8
5 ~ %) o)
5.000 o o o
2 25.00 & S 4,000 1 - 15.00 5
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& 3.000 4 15.00 5 S 2.000 4 r 500 8
= o i
S 2.000 - 2 3 £
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(2]
= 0.000 T T T -5.00 A Convergence of Tunnel & support (ur)
2 0.00 50.00  100.00 150.00  200.00  250.00 —4—SCC ——GRC —@—LDP
Convergence of Tunnel & support (ur)
—4—SCC ——GRC —&—LDP Schematic representation of LDP, GRC) and SCC for
chainage of 3283.2m
: : % 8.000 - 35.00 %
Schematic representation of LDP, GRC and SCC at f; z
%) . - (]
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—4—SCC——GRC —&—LDP Figure3-17 Plot of CCM for MBKHEP at Section (a) 517m,
(b)2886.6m, (c)3190m and (d) 3283.2m based on Observed

Condition
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b. Based on RMR Schematic representation of the LDP, GRC and SCC at
. . chainage3190m
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=~ 0.00 T T T -5.00 Convergence of Tunnel & support (ur)
©
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(b)2886.6m, (c)3190m and (d) 3283.2m based on RMR System
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c. Based on QSystem
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Figure3-19 Plot of CCM forMBKHEP at Section (a) 517m,
(b)2886.6m, (c)3190m and (d) 3283.2m based on Q System
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3.2.1.8.2Comparison of the Results

Table 3-23 Comparative Table for Support Pressure obtained from Observed, RMR-and Q
System for MBKHEP

Observed RMR Q-System

) ) +—
5 | g 2|8 |8 2|8 |8 2
) ) 0|20 | B o | S0 | B oS0l %
(@) % S5 = S5 o @ S = 5 O @ S5 = o Bt ©
€ | £ 32|83 2 |d82|82) 2 |33 530

Y

= 3 cEo Bl % |gn|Zo| B |ga|lTau| B
= 5 0 ) = 5 0 ) = S0 20 =
e [J) — | o) — C = o pust cC o o
@) > EQ | oo 5 EQ | oo 5 eEo | oan B
O < @ | % @ c | @ @
S |o - l= |0 -l |0 .

300 |181.61| 1.56 05 | 312| 131 | 045 | 291 | 157 | 05 | 3.14
400 | 246.23| 1.56 05 | 312| 131 | 045 | 291 | 157 | 058 | 2.7
500 |286.35| 156 | 0.68 | 229 | 131 | 0.60 | 2.18 | 1.57 | 0.63 | 2.49
6795.9| 147.43| 0.67 | 0.25 | 268 | 1.31 | 030 | 43 | 1.95| 0.5 3.9
3283.2| 339.85| 1.56 0.6 26 | 041 | 027 | 151 | 053 | 04 | 1325
2886.6| 523.56| 1.56 0.8 195| 131 | 080 | 1.63 | 0.66 | 0.6 11
7106.5| 5249 | 156 | 0.16 | 9.75 | 0.82 | 0.17 | 48 | 157 | 0.2 | 7.85
3190 | 355.13| 1.56 0.6 26 | 226 | 037 | 6.1 | 195 | 0.39 5

6867.5| 112.55| 1.81 03 | 603| 226 | 012 | 188 | 0.85 | 0.18 | 4.7

Comparison of the sections with known deformations

Figure3-20 shows the comparison of the support pressure obtained from the support system of
observed site condition, as per RMR values and as per-tl&@u®s. When we compare the
majority of the sectins, it is seen that the support pressure in the site observed is more than
the ones we defined for the particular sections. More support pressure might have been
provided because of the different conditions faced in the site. The support pressure design
observed in the actual site is more robust than the ones designed using RMR and Q values.
More support pressure is provided at the sections with highest overburden and poor rock mass
quality. For example, the section with chainage 500m has maximum overltordeared to

other sections and more support pressure is provided to the particular section in order to counter

that overburden.
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Figure3-20 Comparison of Sections with known deformations for MBKHEP
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Figure3-21 Comparison of Support Pressure at different sections of MBKHEP

3.2.1.9Tunnel closure with and without Support

We observed the closure of the tunnel without support and then observed how the tunnel

support limit the extent of the closure in the case of HRT of Middle Bhotekoshi Hydroelectric

Project. Using analytical approach, tunnel closure without and without support was determined

and compared in the tabulated form as follows:
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Table3-24 Tunnel Closure with and without support for MBKHEP

Closure Closure
Closure ; .
: . with with
Chainage without . .
provided defined
support
support support
3283.2 8.2 5 5.3
2886.6 63 27 22
7106.5 1.8 1.2 1.3
3190 365 145 145
6867.5 68 28 27

The table above shows the closure of the tunnel sections at different chainage without support.
The support takes the pressure from the deforming rock mass and limits deformation to certain
extent. The third column in the table shows vh&ies of closure of different tunnel sections
when the support system as provided in the actual site is assigned. The fourth column shows
the tunnel closure when the support system defied as per RMR is assigned. The graphical
comparison is shown below. &lvalue of closure for the good rock masses is low whereas

higher values of closure can be observed at the sections with poor rock masses.
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o
ug 150 +o
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50 o
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Figure3-22 Comparison of closure for MBKHEP
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3.2.2SanjenHydroelectric Project (SHEP)
3.2.2.1Project Description

Sanjen Hydroelectric Project is located in Chilime VDC, Rasuwa. It is located in the Upper
Himalayan RegionThe project area is situated in the Higher Himalaya and the Lesser
Himalayan in the Central Nepaeparated by Main Central Thrust (MCT). The Higher
Himalayan consists of medium to high grade metamorphic rocks such as schist with gneiss and
guartzite whereas the lower Himalayan consists of politic to psammitic and calcareous meta
sediments, low gradeetamorphic and carbonate rocks such as phyllite, slate, quartzite and
dolomitic marble. The rock type in the project area can be broadly classified into seven different
units which consists of Garn8chist with Augen Gneiss, Psammitic Schist with Quetzi

White Quartzite, Graphitic Schist with Crenulated Phyllite and Slate, Psammitic Schist with
Crenulated Phyllite and Quartzite, Gregney Quartzite and Dolomitic Marble.

The project area in the lesser Himalayan region is made complicated by tharauftsds.

Since the area mainly consists of the metamorphic rocks, foliation is very common. Apart from
foliation, it also includes crenulation cleavage, slaty cleavage, schistosity and gneissocity.
Joints are observed in dolomitic marble, slate and gterand rare on phyllite, schist and
augen gneiss. As a result of tectonic activity i.e. due to influence of the MCT a shear zone
passes through the powerhouse of the Sanjen (Upper) Hydroelectric Project with a numbers of

thin-bedded shear zones parattefoliation joint.

The most common rocks that are observed in the tunnel alignment are Psammitic Schist with
Quartzite, White Quartzite, Graphitic Schist with Crenulated Phyllite and Slate, Psammitic
Schist with Crenulated Phyllite and Quartzite, Grgexy Quartzite and Dolomitic Marble.

The overburden seems to lie between 34.36m to 355.33m.

SHEPIis a cascade run off river project with the capacity of 42.5MW. The net head of SHEP
is 436.19m with the discharge of 11.57sn The Intake type is the afikefrom the tail water
of Sanjen Upper Hydro Electric Project.

The headrace tunnel in SHEP is of length 3528m. The HRT is of D shape with the sectional
area of 11.99fhaving height of 3.75m and the width of 3.5m. The crown is of height of 1.75m
and wall heigpt of 2m. The HRT starts from 34.180m after the inlet portal. The length of HRT
inlet portal is 34.18m with the section diameter of 3.9m.There are two audit tunnels connected
to the HRT namely Audit 1 and Audit 3

87



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Himi Kathmandu Universityl 2018

3.2.2.2Geology of Tunnel

Common rocks on the tael alignment are Psammitic Schist with Quartzite, White Quartzite,
Graphitic Schist with Crenulated Phyllite and Slate, Psammitic Schist with Crenulated Phyllite
and Quartzite, Greegrey Quartzite and Dolomitic Marble There is a presence of good
overburan i.e. between 34.36 and 355.33 m. No major structural disturbances such as fault
and major shear zones were observed during mapping in the area except thin bands of shear
and fractured zones along foliation plane. Neither any deep nor active andaedshdé were

found to intersect the tunnel. Distribution of Rock type along the Headrace tunnel is provided

in Table3-25.

Table3-25 Distribution of Rock Types along Headrace Tunnel (edited after SHEP Feasibility
Report, 2011)

Chainage (m)

Rock Type

0+000- 0+755.14

Graphitic Schist with Crenulated Phyllite and Slate

0+755.14- 1+052.04

Dolomitic Marble

1+052.05 1+282.82

Graphitic Schist with Crenulated Phyllite and Slate

1+282.82- 1+498.48

Dolomitic Marble

1+498.48- 1+644.54

Graphitic Schist with Crenulated Phyllite and Slate

1+644.54- 2+130.22

Dolomitic Marble

2+130.22- 2+402.49

Psammitic Skist with Crenulated Phyllite and Quartzite

2+402.49- 2+581.06

Greengrey Quartzite

2+581.06- 3+081.23

Psammitic Schist with Crenulated Phyllite and Quartzite

3+081.23 3+292.28

Graphitic Schist with Crenulated Phyllite and Slate

3+292.28 3+303.06

White Quartzite

3+303.06- 3+629.67

Psammitic Schist with Quartzite
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3.2.2.3Support Classification
a. Based on QChart Guidelines (NGI (2013)) (after Bartonet al (1993

Table 3-26 Different Parameters used for  Table3-27 Range of the support Category

Support Design
Defining Support Class
Parameters Value Maximum | Minimum | Category
Diameter 3.5 1000 1 S
ESR 1.6 1 0.4 SHRl
Equivalent Dimension 2.188 0.4 0.1 YA
Factor of Safety 1 0.1 0.04 S1-IvV
Effective De 2.188 0.04 0.01 SV
Length of Bolt (m) 2.352 0.01 0.001 S1-VI
Diameter of Bolt (mm) 25

Table 3-28 Support Description using -Qupport Chart (NGI (2013)) (after Bashin and
Grimstad, 1993)

Support Class Description of Support

SI| Bolting @ 1.3c/c

S Fiber reinforced shotcrete of 5cm thickness and bolting @ 1.5m c/c
S1-llI Fiber reinforced shotcrete of 9cm thickness and bolting @ 1.3m c/c
SI-IvV Fiber reinforced shotcrete of 12cm thickness and bolting @ 1.2m c/g
S1V Fiber reinforced shotcrete of 15cm thickness and bolting @ 1.0m c/c
S1-VI Fiber reinforced shotcrets 25 cm thickness and bolting @ 1.0m c/c
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Table3-29 Support Description of rock support provided in HRT of SHEP

Support
Category

Q-value
Range

Support Description

S

>4

Rock
Bolt

Invert
Lining

Spot Bolting andnvert lining of
200mm thickness.

SHi

1-4

Rock
Bolt

Shotcrete

50mm SFRS with pattern bolting ¢
1.8m c/c with 2m length, 20mm
diameter of bolt and Invert lining ¢
200mm thickness

Sl

0.51

50mm SFRS with pattern bolting ¢
1.6m c/c with 2m length, 20mm
diameter obolt and Invert lining of
200mm thickness

SV

0.1-:0.5

100mm and 50mm SFRS at crow
and wall respectively with pattern
bolting at 1.4m c/c with 2m length
20mm diameter of bolt and Invert
lining of 200mm thickness
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150mm and 100mm SFRSabwn
and wall respectively with pattern
Concrete | polting at 1.2m c/c with 2m length

SV 0.050.1 Lining | 20mm diameter of bolt and Invert
lining of 300mm thickness and
R 1ot concrete lining of 300mm
Lining
Rock
Shotcrete .
150mm SFRS at with pattern
Steel bolting at 1m c/c with 2m length,
Sets i
SV <0.01 20mm diameter fobolt and Invert

A Concrete lining of 300mm thickness and
' Lining | concrete lining of 300mm with
ISMB 75 X 150 at 1m c/c.

~—Invert
Lining

3.2.2.£Empirical Approach for prediction of Squeezing
a. Singh et al.(1992)

1000 ;
Squeezing
>

~ 100 17
S ] 00. " [
=
(8}
©
8
‘g Non Squeezing —H =350 X Q"(0.33)
© 10 ;

1 4

0.001 0.01 0.1 1 10 100

Q-Value

Figure3-23 Squeezing Analysis using Singh et al. (1992)
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b. Goel et al.(1994)
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100 -
= ]
S
<
o ——H=275XN"(0.33)XB"(-0.1,
I
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10 +
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Figure3-24 Squeezing Analysis Graph using Geol et al. (1994)

c. Jimenez et al(2011)
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Figure3-25 Squeezing Analysis using Jimenez et al. (2011)
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Table3-30 Squeezing Assessment and Rock Burst Condition

Chainage (m)

Starting

2+266
2+263.8
2+259.1
2+256.7
2+251.3
2+248.4
2+245.6
2+244.3
2+242.7
2+240.3
2+234.1
2+160.7
2+164.5
2+137.7
2+135.3
2+118.2

2+117
2+094.6

Ending

2+264.6
2+261.4
2+256.7
2+254.0
2+248.4
2+245.6
2+244.3
2+242.7
2+241.5
2+237.6
2+231.2
2+157.9
2+162.0
2+135.3
2+134.0
2+117.0
2+114.0
2+091.8

Q - Value

0.88
0.66
0.74
0.88
0.44
0.12
0.08
0.08
0.06
0.05
0.66
0.37
0.37
0.72
0.96
0.44
0.44
0.2

SRF

Overburden (m)

240.00
240.00
242.50
247.50
247.50
250.00
250.00
250.00
250.00
257.50
257.50
315.00
285.667
300.401
301.72
311.122
311.781
316.576

HxBO0-1

272.03
272.03
274.86
280.53
280.53
283.37
283.37
283.37
283.37
291.87
291.87
357.04
323.79
340.49
341.99
352.64
353.39
358.83

Status of
Squeezing(Singh et.al
Criteria)

No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
No Squeezing
Squeezing
Squeezing
No Squeezing
No Squeezing
Squeezing
Squeezing
Squeezing

Jr/Ja

0.33
0.25
0.33
0.33
0.25
0.13
0.13
0.13
0.13
0.13
0.33
0.25
0.25
0.25
0.33
0.25
0.33
0.25

Rock Burst condition
(Geol et.al)

N (Rock Mass Number)
(Geol et. al)

=N
o N
a o

1.85
2.20
1.10
0.60
0.40
0.40
0.30
0.25
1.65
0.93
0.93
1.80
2.40
1.10
1.10
1.00

Squeezing Category By
Goel et al. (1995)

No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
Very Mild Squeezing
Mild Squeezing
Mild Squeezing
Mild Squeezing
Mild to Moderate
No squeezing
Mild Squeezing
Very Mild Squeezing
Very Mild Squeezing
No squeezing
Very Mild Squeezing
Very Mild Squeezing
Very Mild Squeezing

Squeezing Status Using
Jimenez and Recio(2011

No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
Squeezing
No Squeezing
Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
Squeezing
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1+957.546
1+938.460
1+864.112
1+808.768
1+794.655
1+759.88
1+756.881
1+645.488
1+643.084
1+637.949
1+635.30
1+596.0
1+590.860
1+587.730
1+584.72
1+565.10
1+563.23

1+955
1+937.00
1+861.804
1+806.963
1+791.877
1+756.881
1+754.05
1+643.084
1+640.48
1+635.30
1+632.48
1+594.33
1+589.23
1+585.730
1+583.48
1+563.23
1+561.98

0.09
0.05
0.02
0.58
0.78
1.5
15
0.29
0.01
0.01
0.07
0.18
0.2
0.13
0.81
0.89
0.54

10
2.5
2.5
2.5
2.5
2.5
7.5
7.5
2.5

2.5

2.5

2.5
2.5

204.316
192.453
146.233
111.813
103.033
81.423
79.558
66.562
66.384
67.545
68.141
77.707
79.752
80.998
82.197
89.999
91.247

231.58
218.14
165.75
126.74
116.78
92.29
90.18
75.45
75.24
76.56
77.24
88.08
90.40
91.81
93.17
102.01
103.42

Squeezing

Squeezing

Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing

0.33
0.33
0.25
0.33
0.50
0.75
0.75
0.33
0.08
0.08
0.08
0.13
0.13
0.33
0.67
0.50
0.67

No
No
No
No
No
Yes
Yes
No
No
No
No
No
No
No
Yes
No
Yes

0.45
0.25
0.16
1.45
1.95
3.75
3.75
0.73
0.08
0.10
0.17
0.91
0.50
0.65
2.03
2.23
1.35

Very Mild Squeezing
Very Mild Squeezing
Very Mild Squeezing

No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing
No squeezing

Squeezing

Squeezing

Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
No Squeezing
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3.2.2.5Support System Provided in Project
Table3-31 Calculation of Support Pressure using Empirical Relations

— = o =
= Support Pressure @ % <
Chainage (m) = = Using Bartonet. | = S £
2 o |25 2 | F |a@mmm) | o &3 22 4
© Q 5 @ 2 3
= |52 ¢ S 0 o Q£ 2 R
[ S = = g S 5 @ = 3 f(N) | © ~ 1
= | €8 3 0 a 7 SNORC F® g
(@4 ~ O = O 8 < S =~ a5 g +— 8 gl
: . $ s 2 ) I a L= 2 S o 5 0
Starting | Ending = e} = | = |2 T & d
> S T o 59
o x = @ D &
2+266 | 2+264.6| 0.88 | 2.2 240.00 | 78.77 | 0.209 0.154 0.146 | 0.00 | 0.133
2+263.8| 2+261.4| 0.66 | 1.65 | 240.00 | 78.77 | 0.230 0.169 0.161 | 0.00| 0.150

2+259.1| 2+256.7| 0.74 | 1.85 | 24250 | 78.77 | 0.221 | 0.163 0.155 | 0.00 | 0.143

2+256.7| 2+254.0) 0.88 | 2.2 | 24750 | 78.77 | 0.209 | 0.154 0.146 | 0.00 | 0.134

2+251.3| 2+248.4| 0.44 | 1.1 | 24750 | 78.77 | 0.263 | 0.194 0.184 | 0.00| 0.17/8

2+248.4| 2+245.6| 0.12 | 0.3 | 250.00 | 78.77 | 0.405| 0.299 0.284 | 1.50| 0.248

2+245.6| 2+244.3| 0.08 | 0.08 | 250.00 | 78.77 | 0.464 | 0.464 0.325 | 1.20| 0.249

2+244.3| 2+242.7) 0.08 | 0.08 | 250.00 | 78.77 | 0.464 | 0.464 0.325 | 1.20| 0.249

2+242.7| 2+241.5) 0.06 | 0.06 | 250.00| 78.77 | 0.511 | 0.511 0.357 | 1.20 | 0.299

2+240.3| 2+237.6| 0.05 | 0.05 | 257.50| 78.77 | 0.543 | 0.543 0.380 | 1.00| 0.293

2+234.1| 2+231.2| 0.66 | 1.65 | 257.50 | 78.77 | 0.230 | 0.169 0.161 | 0.00| 0.151

2+160.7 | 2+157.9| 0.37 | 0.925| 315.00 | 78.77 | 0.279 | 0.205 0.195 | 1.20| 0.197

2+164.5| 2+162.0| 0.37 | 0.925| 285.67 | 78.77 | 0.279 | 0.205 0.195 | 1.50| 0.225

2+137.7| 2+135.3| 0.72 | 1.8 | 300.40| 78.77 | 0.223 | 0.164 0.156 | 1.50 | 0.173

2+135.3| 2+134.0, 0.96 | 2.4 | 301.72| 78.77 | 0.203 | 0.149 0.142 | 0.00| 0.132

2+118.2| 2+117.0) 0.44 | 1.1 | 311.12|136.84| 0.263 | 0.194 0.184 | 1.50| 0.223

2+117 | 2+114.0 0.44 | 1.1 | 311.78|136.84| 0.263 | 0.194 0.184 | 1.50| 0.223

2+094.6| 2+091.8| 0.2 0.5 | 316.58 | 136.84| 0.342 | 0.252 0.239 | 1.50| 0.237

1+957.5| 1+955 | 0.09 | 0.09 | 204.32 | 136.84| 0.446 | 0.446 0.312 | 1.50 | 0.238

1+938.4| 1+937.0| 0.05 | 0.05 | 192.45 | 136.84| 0.543 | 0.543 0.380 | 1.50 | 0.310

1+864.1| 1+861.8| 0.016| 0.016 | 146.23 | 136.84| 0.794 | 0.794 0.555 | 1.50| 0.301

1+808.7| 1+806.9| 0.58 | 1.45 | 111.81 | 136.84| 0.240 | 0.177 0.168 | 0.00 | 0.144

1+794.6| 1+791.8| 0.778| 1.945| 103.03 | 136.84| 0.145 | 0.107 0.101 | 0.00| 0.126

1+759.8| 1+756.8/ 1.5 | 3.75 | 81.42 | 136.84| 0.116 | 0.086 0.082 | 0.00| 0.091

1+756.8| 1+754.0f 1.5 | 3.75 | 79.56 | 136.84| 0.116 | 0.086 0.082 | 0.00 | 0.090

1+645.4| 1+643.0| 0.293| 0.732| 66.56 | 136.84| 0.301 | 0.222 0.211 | 0.00| 0.178

1+643 | 1+640.4| 0.01 | 0.01 | 66.38 | 66.69 | 0.928 | 0.928 0.649 | 0.00| 0.421

1+637.9| 1+635.3| 0.013| 0.013| 67.55 | 66.69 | 0.850 | 0.850 0.595 | 0.00| 0.383

1+635.3| 1+632.4| 0.069| 0.069| 68.14 | 66.69 | 0.488 | 0.488 0.341 | 0.00| 0.311

1+596.0| 1+594.3| 0.181| 0.452| 77.71 | 66.69 | 0.354 | 0.261 0.247 | 0.00| 0.167

1+590.8| 1+589.2| 0.2 0.5 79.75 | 66.69 | 0.279 | 0.206 0.239 | 0.00 | 0.212
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1+587.7| 1+585.7| 0.13 | 0.325| 81.00 | 66.69 | 0.395 | 0.291 0.276 | 0.00| 0.191

1+584.7| 1+583.4| 0.81 | 2.025| 82.20 | 66.69 | 0.107 | 0.079 0.075 | 0.00| 0.120

1+565.1| 1+563.2| 0.89 | 2.225| 90.00 | 66.69 | 0.104 | 0.077 0.073 | 0.00| 0O.116

1+563.2| 1+561.9| 0.54 | 1.35 | 91.25 | 66.69 | 0.123 | 0.090 0.086 | 0.00| 0.144

Table3-32 Calculation of Deformation using Barton (2008)

a k> v ) < | Barton (2008)
Chainage(m) E £ = _ 2 % deformation of
8 cQ o ) — O | Roof and Wall
5o | £SE= |88 =

S S 5L ||| R £ £

, , £ n @ Ve = e - S S

Starting | Ending | 2 = — " T _ =

b 3E |2 |3 o| 8§ | B

o > =

S = & o =
2+266 | 2+264.6| 78.77 31508 6.480 | 1.390| 9.004 | 0.011 | 0.007
2+263.8| 2+261.4| 78.77 31508 6.480 | 1.390| 9.004 | 0.015 | 0.009

2+259.1| 2+256.7| 78.77 31508 6.548 | 1.380| 9.036 | 0.014 | 0.008
2+256.7| 2+254.0| 78.77 31508 6.683 | 1.362| 9.100 | 0.012 | 0.007
2+251.3| 2+248.4| 78.77 31508 6.683 | 1.362| 9.100 | 0.023 | 0.013
2+248.4| 2+245.6| 78.77 31508 6.750 | 1.353| 9.131 | 0.085 | 0.049
2+245.6| 2+244.3| 78.77 31508 6.750 | 1.353| 9.131 | 0.128 | 0.073
2+244.3| 2+242.7| 78.77 31508 6.750 | 1.353| 9.131 | 0.128 | 0.073
2+242.7| 2+241.5| 78.77 31508 6.750 | 1.353| 9.131 | 0.171 | 0.098
2+240.3| 2+237.6| 78.77 31508 6.953 | 1.327| 9.227 | 0.208 | 0.119
2+234.1| 2+231.2| 78.77 31508 6.953 | 1.327| 9.227 | 0.016 | 0.009
2+160.7| 2+157.9| 78.77 31508 8.505| 1.171| 9.957 | 0.031 | 0.018
2+164.5| 2+162.0| 78.77 31508 7.713 | 1.243| 9.584 | 0.030 | 0.017
2+137.7| 2+135.3| 78.77 31508 8.111 | 1.205| 9.772 | 0.016 | 0.009
2+135.3| 2+134.0| 78.77 31508 8.146 | 1.202| 9.788 | 0.012 | 0.007
2+118.2| 2+117.0| 136.84| 54736 8.400 | 1.865| 15.664| 0.020 | 0.011
2+117 | 2+114.0| 136.84| 54736 8.418 | 1.862| 15.675| 0.020 | 0.011
2+094.6| 2+091.8| 136.84| 54736 8.548 | 1.843| 15.757| 0.044 | 0.025
1+957.5| 14955 | 136.84| 54736 5.517 | 2.508| 13.838| 0.078 | 0.045
1+938.4| 14937 | 136.84| 54736 5.196 | 2.624| 13.635| 0.136 | 0.078
1+864.1| 1+861.8| 136.84| 54736 3.948 | 3.253| 12.845| 0.372 | 0.212
1+808.7| 1+806.9| 136.84| 54736 3.019 | 4.060| 12.257| 0.009 | 0.005
1+794.6| 1+791.8| 136.84| 54736 2.782 | 4.352| 12.106| 0.006 | 0.004
1+759.8| 1+756.8| 136.84| 54736 2.198 | 5.339| 11.737| 0.003 | 0.002
1+756.8| 1+754.1| 136.84| 54736 2.148 | 5.449| 11.705| 0.003 | 0.002
1+645.5| 1+643.1| 136.84| 54736 1.797 | 6.389| 11.483| 0.014 | 0.008
1+643.1| 1+640.4| 66.69 26676 1.792 | 3.250| 5.825 | 0.574 | 0.328
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1+637.9| 1+635.3| 66.69 26676 1.824 | 3.201| 5.838 | 0.445 | 0.254
1+635.3| 1+632.5| 66.69 26676 1.840 | 3.177| 5.845| 0.084 | 0.048
1+596 | 1+594.3| 66.69 26676 2.098 | 2.840| 5.958 | 0.034 | 0.020
1+590.8| 1+589.2| 66.69 26676 2.153 | 2.778| 5.982 | 0.031 | 0.018
1+587.7| 1+585.7| 66.69 26676 2.187 | 2.742| 5.997 | 0.049 | 0.028
1+584.7| 1+583.5| 66.69 26676 2.219 | 2.708| 6.011 | 0.008 | 0.005
1+565.1| 1+563.2| 66.69 26676 2.430 | 2.512| 6.103 | 0.008 | 0.004
1+563.2| 1+561.9| 66.69 26676 2.464 | 2.483| 6.118 | 0.012 | 0.007
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3.2.2.6Comparison of SHEP sections usingmpirical Approach

Overburden(m)
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Figure3-26 Plot Showing relation between different parameters for underground opening of SHEP
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Observation made by the analysis if empirical approach of SHEP Head Race Tunnel

Using different empirical relation, head race tunnel sections of Sanjen Hydroelectric Project
different parameters were studied and analysis was made accerdinglobservation made for
SHEP sections are as follows:
9 Stability and support system definition greatly varies with both internal and external factors.
Internal factors being the characteristics of rock mass charactetitstissength,
overburden, strctural arrangement of joints and external factor comprising of accessibility

of material, equipment and manpower.
3.2.2.7Convergent Confinement Analysis
Using all the parameters mentioned above along with the considerations for Rock mass
classification and theupport system assigned, LDP, GRC and SCC for different selected sections
were computed and the graph showing the respective curves was plotted with the help of excel
file prepared. We have included the CCM computation for different sections with highest
overburden, deformed sections etc on the basis of observed conditions -aBgs®m
Classification.

Table 3-33 Value of Parameters used while construction of Cf SHEP (for section at
1643.084)

Chainage | 1+643.084 Erm(Gpa) 0.78 (i (MPa) 66.69
OverBurden| 66.384 pisturbance 0.8 S 2.74E01
actor
Dimension | 3.5x3.75 Friction Angle 45.9 k 0.34
R(m) 1.94 Em (GPa) 0.71 &v (MPa) 1.79
H(m) 66.38 Gm (GPa) 0.28 &n (MPa) 0.61
to (MPa) 1.20 mi 7.00 P (MPa) 1.09E01
3 0.25 GSl 15.00 pc (MPa) 0.4767
L(m) 1.00 mb 0.07 C (ol 0.82
Q 0.01 S 0.00E+00 gq (dedg 0.00
Ei(Gpa) 33.35 a 0.58 Kq 1.00
For Steel Sets For Shotcrete For Bolts
dys @M 245 Ucc(MPa) 40.00 bolt provided yes
Es(Gpa) | 210.00 3 0.25 | (m) 2.00
As 0.0091 tc (mm) 150.00 db (Mmm) 20.00
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S| 2 E.(GPa) 25.00 Eb (Gpa) 210.00
ro 1.94 Ps"(MPa) 1.86 Qo (M/MN) 0.14
Pss Max | 0.574613 Ks(MPa/m) 1134.12 Tot (MN) 0.13
Kss 253.8793 U™ (mm) 1.64 sc(m) 1.00
Ur max 2.263333 sl (m) 1.00
Combination of Supports Psnax (MPa) 0.13
Ks(MPa/m) 207.65 ks (MPa/m) 6.16
urmax(mm) 1.64 Urbmax(mm) 20.63
Psmax(MR) 0.340

3.2.2.8Computation of CCM
a. Longitudinal Deformation Profile

Table3-34 Calculation of LDFor SHEP(for section at 1643.084)

Observed Q-System
u® (mm) =5.183| u® (mm) =5.183

S.N x/R X ur/u™ ur ur

1 -4.00 -7.76 0.002 0.02 0.02

2 -2.01 -5.64 0.010 0.12 0.12

3 -1.82 -3.53 0.045 0.53 0.53

4 -0.73 -1.41 0.160 1.90 1.90

5 0.36 0.71 0.398 4.72 4.72

6 1.45 2.82 0.669 7.93 7.93

7 2.55 4.94 0.852 10.09 10.09
8 3.64 7.05 0.941 11.14 11.14

9 4.73 9.17 0.977 11.57 11.57
10 5.82 11.29 0.991 11.74 11.74
11 6.91 13.40 0.997 11.81 11.81
12 8.00 15.52 0.999 11.83 11.83
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b. Ground Reaction Curve

Table3-35 Calculation of GRGor SHEP(for section at 1643.084)

Observed Q

SN _pi Pi Rpi Ur _pi Pi Rpi Ur
1.00 | 0.00 0.00E+00 | 3.755 | 11.84 0.00 | 0.00E+00| 3.755 11.84
2.00 | 0.04 9.91E03 3.077 7.35 0.04 | 991E03 | 3.077 7.35
3.00 | 0.09 1.98E02 2.833 6.01 0.09 | 1.98602 | 2.833 6.01
400 | 0.13 2.97E02 2.660 5.14 0.13 | 2.97E02 | 2.660 5.14
5.00 | 0.17 3.96E02 2.521 451 0.17 | 3.96602 | 2521 4.51
6.00 | 0.22 4.95E02 2.406 4.02 022 | 495602 | 2.406 4.02
7.00 | 0.26 5.95E02 2.306 3.63 026 | 595602 | 2.306 3.63
8.00 | 0.30 6.94E02 2.217 3.31 0.30 | 6.94E02 | 2.217 3.31
9.00 | 0.35 7.93E02 2.138 3.05 035 | 7.93E02 | 2.138 3.05
10.00| 0.39 8.92E02 2.066 2.82 0.39 | 8.92E02 | 2.066 282
11.00| 0.43 9.91E02 2.001 2.63 0.43 | 991E02 | 2.001 263
12.00| 0.48 1.09E01 1.940 2.47 0.48 1.09E01 | 1.940 2.47

13.00| 0.48 1.09E01 elastic 2.47 0.48 1.09E01 | elastic 247

14.00| 1.20 2.74E01 elastic 0.00 1.20 2 74E01 | elastic 0.00

c. Support Characteristic Curve

Table3-36 Calculationof SCCfor SHEP(for section at 1643.084)

ObservedCondition

ur ps For FOS Tunnel Closure
5.18 0.000 psmax 0.50 a 1.94
6.82 0.504 P 0.10 urP 5.20
14.00 0.504 FOS 5.04 ur/a (%) 0.27%

Q-System

ur ps For FOS,
5.18 0.000 psmax 4.84
7.63 4.837 P 0.2
14.00 4.837 FOS 24.19
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3.2.2.8.1Plot of LDP, GRC and SCC of some Sections Schematic representation of the LDP, GRC and SCC a
" 8 1759.88m.
o
a. Based on ObservedCondition o 250 . 20002
= <
Schematic representation of the LDP, GRC and SCC S 2004 - 15.00 g
(2] —_
(2] (%] (]
e at 1563.23m o 1.50 4 L 10.00 <
g 6.00 1 = 20.00% S 5
a5 ~ S 1.00 A A - 5.00 o
2 500 15,008 2 v
@ 4.00 1 T ®  0.50 - 0.00 §
@ - 10.00 o3 s
o = =
< 3.00 4 5 00 2 g 000 r r ' -5.00 O
2 200 F 200 2 0.00 2.00 4.00 6.00 8.00
o [}
= o Convergence of Tunnel & support (ur)
2 1.00 4 a [ 000§
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g 0.00 ' ' ' -5.000
0.00 2.00 4.00 6.00 8.00 10.00

c Schematic representation of the LDP, GRC and SCC at
onvergence of Tunnel & support (ur)

——GRC ——SCC ——LDP 8
< 8.00 - 2094.5m 20.00 %
Schematic representation of LDP, GRC and SCC a 2 15.00 &
1+643.084 § 6.00 - e
Q 1.40 | r 20.00% 2  10.00 £
% 1.20 1 @ S 4.00 1 5
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Figure 3-27 Plot of CCM for SHEP at Sections (a) 1563.23m, (b)
1643.084, (c) 1759.88, (d)1938.46 for Observed Condition

Convergence of Tunnel & support (ur)

—GRC —4—SCC —8—LDP
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b. Based on Q System Schematic Representation of LDP, GRC and SCC at
. . a 1759.88m.
Schematic Representation of LDP, GRC and SCC at 5 2.50 20.00 R
2 1563.23m. a Py
o 6.00 1 = 20.00 % 2.00 = L 15.00 E
o i ) (2] B
® 5.00 b 15.00 § g 1.50 - 10.00 £
2 4.00 T - 2
d s 10.00 £ S 1.00 - A r 5.00 2
S 3.00 4 2 = 8
S} L 5.00 8 % ] L g
g 2.00 A = o 0-50 000 §
(8] — L—
7 0.00 § S e
< 1.00 s r 0. %,rs) = 0.00 r r Y -5.00
= A 0.00 2.00 4.00 6.00 8.00
S 0.00 -5.00
= v ’ y ' Convergence of Tunnel & support (ur)
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Convergence of Tunnel & support (ur) GRC —4—SCC —a—LDP
—GRC —4—SCC -—=—LDP Schematic Representation of LDP, GRC and SCC at
_ _ a 2094.5m _
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8 1+643.084 = 6.00 A ®
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Figure3-28 Plot of CCM for SHEP at Sections (a) 1563.23m, (b)
—GRC ——SCC —a—LDP 1643.084, (c) 1759.88, (d)1938.46 forSystem
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3.2.2.8.2Comparison of the results

The results obtained from different approaches for the same sections areetbmparder to
determine the most accurate result which corresponds to the original site conditions. The results
are compared and the reasons for the deviations are shown below.

Table3-37 Comparative Tableor Support Pressure obtained from Observed ai&y€pemfor
SHEP

. — " Observed Condition Q-System
E £ g
s <
> g O | Ece | oo | Ecp | Gevo
< 5 ) =) 2 c O 2 =i 2 c o 2
T o o g%m %&m g&m %%m
£ o S s 32 o 32 39 v 39
©) 3 n sna Ao | Ss¥Ya | Qo
1759.88| 81.42 Sl 1.02 0.15 1.03 0.15
1563.23 90 Sl 1.02 0.16 1.82 0.26
2137.7 300.4 S 1.02 0.60 1.82 0.26
2094.5 315 SIvV 2.02 0.70 241 0.7
1938.46| 192.45 SV 8.21 0.70 2.99 0.6
1643.084| 66.38 SVI 0.50 0.10 4.84 0.2
1864.11| 146.23 SVi 0.50 0.35 4.84 0.2
In_graphical form:
0.80 - = 350.00
0.70 + L 300.00 FZZA Provided
< Support
% 0.60 + L 25000 Pressure
€ 0.50 - £ _
9 t 200.00  mmm Defined
S 0.40 4 = Support
o L 150.00 2 Pressure
5 0.30 g
(%' 0.20 - = 100.00 —a— Overburden
0.10 % - 50.00
0.00 + - 0.00
2 S 2 < 3
o N~ < oo} <
Lo ™ (2] (a2 ©
> S < S @

Chainage (m)

Figure3-29 Comparison of Support Pressure from different approaches
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From the graph above, we can see that the designed and the observ@dpf@t system
provided at SHEP are almost similar). Thar diagrams are attached to one another in order to
compare them. The right one shows the support pressure at different chainage in HRT of SHEP
according to the support system provided in the &stiga The left one shows the support pressure

at different chainages according to the support systendaaas per Q chart (Barton &tE93).

From the graph, it is clear that the observed support pressure is more in most of the sections and
equal inother sections. It suggests that the Support system provided in the actual site is actually
more robust than what we determined from another approach. The support we defined are more

flexible and provides less support pressure while the support provittezlsite is robust.

3.2.2.9Tunnel closure with and without Support

We observed the closure of the tunnel without support and then observed how the tunnel support
limit the extent of the closure in the case of HRT of Sanjen Hydroelectric Project. Usingcahalyti
approach, tunnel closure without and without support was determined and compared in the

tabulated form as follows:

Table3-38 Tunnel Closure with and without support for SHEP

Tunnel Closure
: . With With
Chainage | Wihout | provided | Defined
pport Support | Support
1759.88 0.9 0.79 0.8
1563.23 1.3 1.05 1.1
2137.7 4.8 3.5 3.2
2094.5 8.4 4.8 4.7
1938.46 8.8 4 4.4
1643.084 11.8 5.6 5.8
1864.11 9.4 5.6 4.4

The table above shows the closure of the tuseetions at different chainage without support in

the second column. The support takes the pressure from the deforming rock mass and limits
deformation to certain extent. The third column of the table shows closure of tunnel when support
system as provideith the site is assigned to respective chainages. The fourth column gives the
values of closure when the support system we defined is assigned. The graphical comparison is
shown below. The value of closure for the good rock masses is low whereas higlesrofal

closure can be observed at the sections with poor rock masses.
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Figure3-30 Comparison of Closure for SHEP

3.2.3Comparison of the results from Analytical and Empirical Approaches

—e— Without
Support

—a— With Provided
Support

----a+-+ With Defined
Support

We have calculated th#&aximum Support Pressure from Empirical Approach. Then we

calculated the Maximum Deformation from the Analytical method using CCM for the support

system provided at Sanjen Hydroelectric Project and also the support system defined using Q

chart. Values of @port Pressure from both the approaches are presented below:

i. Comparison of Maximum Support Pressure for the support system installed at the site

The maximum support pressure values obtained from empirical and analytical approaches for the

support systemprovided are tabulated below:

Table3-39 Comparative table for Support Pressure for Observed Condition

Maximum Support Pressure

Chainage (m) Sgﬂ)gt Using CCM EnL1J|§ilrri]gal
1759.88 Il 1.022985 1.385
1563.23 1 1.024405 1.152
2137.7 1 1.024405 1.152
2094.5 v 2.017245 2.185
1938.46 \Y 8.211294 8.442
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Figure3-31 Comparative graph fadbserved Condition

ii. Comparison of Maximum Support Pressurefor the Defined Support System
The maximum support pressure values obtained from the analytical and empirical approaches as

per defined support system using Q chart is tabulated as below:

Table3-40 Comparatie table for Support Pressure forSystem

Maximum Support Pressure
Chainage (m) Sgﬁ);sosrt Using CCM Eanjs;rri]gal
1759.88 Il 1.025179 1.171
1563.23 1] 1.822384 2.017
2137.7 1] 1.822384 2.017
2094.5 v 2.408919 2.637
1938.46 Vv 2.989029 3.138
1643.084 Vi 4.837241 5.168
1864.11 VI 4.837241 5.168
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Figure3-32 Comparative graph for-@ystem
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CHAPTER 4 EXPERIMENTAL INVESTIGATION
4.1 General

A Direct Shear Test is the Laboratory test conducte@égtechnical engineers to measure the
shear strength properties of the rock m@ke. main objective of this test is to determine the shear
strength of discontinuity planes or weak horizons in rock as a function of the stress perpendicular
to the shearedigne. Peak and residual strength of the rock mass are distinguished.

The normal and shear stresses are calculated as follows:
O€1 adai Qi YR OVYO 1T QiH
Where,
I Pnis the total normal force,
1 Psis the total sheanrice and
1 As the area of contact of both parts of the secimen.

Normal Lood System

ma
+ + + + Encapsulating Materiol

L
}‘ 4" L—— Rock Specimen

0.2 L Minimum

5 mm Minimum
\ Test Horizon

Specimen Holding Ring

Sheor Lood System

7N . AR SN

Rollers

Figure4-1 Schematic Test Setupirect Shear Box with Encapsulated Specimen

Graphs are plotted for shear stress against shear displacehént @ormal displacement against

shear displacement. In these graphs the value of normal stress should be annotated for the test.
The values for peak and residual shear strength and the normal stresses, shear displacements and
normal displacements at vahi these occur can be read from the graphs.

Graphs of peak and residual shear strength versus normal stress are plotted from the combined
results for all test specimens. The peak and residual shear strength parameters of cohesion and

angle of friction carso be determined.
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Figure4-2 Generalized Shear Stress and Shear Displacement Curve

The laboratory testing was done with the standard ISRM suggested method (Muralha et al., 2013)

According to the ISRM Méiod, the shape and the size of the specimen should follow the

following standard:

a.

Specimens with a regular (rectangular or elliptical) ceexdional area are preferred.
However, specimens may have any shape, such that theseasmsal areas can be
deermined with a required accuracy.

The height of specimen shall be greater than the thickness of the shear (test) zone and
sufficient to encapsulate the specimen in the specimen holder.

The length of the test plane (measured along the shear diresttiony be at least 10 times

the maximum asperity height.

The width of the test plane (measured perpendicularly to the shear direction) should have at
least 48 mm, corresponding to discontinuities collected from NQ cores.

The width of the test plane shouldt change significantly over the shearing length. Minimum
width should be greater than 75 % of the maximum width.

The sample half that remains fixed during shear tests should have a greater length than the
moving half, so that the joint is always suppdriand the nominal area in contact remains
constant. If this procedure is not feasible due to reduced length of the specimen, the nominal

area reduction during shear has to be taken into account in the calculations.
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Procedure

1 The test sample is prepanedthe mould whose dimension is same as that of Shear box. The
rock sample is firmly placed in the concrete filler material with not more than 5mm depth of
rock sample measured from surface of concrete.

1 After placement of the test sample in the shear bmtmal and shear displacement
measurement gauges are installed. The normal loading due to the vertical hydraulic jack is
provided and corresponding deformation is noted at regular intervals.

1 While the normal load is applied and steady, the shear loduecapplied to allow the various
readings to be made. The shear load should be recorded continuously so as not to miss the
peak value. If at least four consecutive readings give not more than 5% of variation in shear
stress over a displacement of more tBamm, it can be concluded that the residual shear
strength value has been reached. After a shear displacement of not more than 10% of the length
of the shear plane in shear direction, the shear load can be reduced to zero.

1 The shear direction can now beversed (without decreasing the normal load) if residual
values of shear strength for large amounts of shear displacements are requested. If not, or if
residual strength has already been reached, the normal load can also be released, the specimen

removedrom the shear box and the shear plane inspected and described.

4.2 Laboratory T esting

The Sample of the rock used for the Direct Shear Test was obtained from the Headrace Tunnel of
Middle Bhotekoshi Hydroelectric Project. The sample obtained was PhylitistSEhe two

samples with the cross sectional areas of 63.5 sg.cm and 86 sq. cm were taken for the Direct Shear

Test as shown in the figure 4.5. The observations and results obtained are tabulated below:

Table4-1 Initial Reading for Peak and Residual Shear Stress

Initial Readings
Normal Force | Shear Reading (mm)
(kN) Peak Residual
15 1.93 17.13
2.5 0.95 1.24
3.5 1.66 16.79
4 20.13 16.28
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Table4-2 Observation table for Normal Load

Observation Table for Normal Load
: Gauge A Gauge B Gauge C Gauge D
Loadi . . . . - . . -
ng Readi | Displace | Readi | Displace | Readi| Displace | Readi| Displace
(kN) ng ment ng ment ng ment ng ment
(mm) | (mm) [(mm) | (mm) |mm) | (mm) | mm)| (mm)
0 3.91 - 0.65 - 5.32 - 3.71 -
15 3.82 0.09 7.75 7.1 5.32 0 4.01 0.3
2.5 9.14 5.32 2.6 5.15 7.84 2.52 3.2 0.81
3.5 4.25 4.89 3.09 0.49 6.42 1.42 1.91 1.29
4 9.05 4.8 2.86 0.23 7.5 1.08 1.43 0.48

Table4-3 Observation Table for Shear Load

Normal Load = 1.5 Normal Load = 2.5
Forcs | Suengtn | Readng| Dispacement| | LG gangry | Reading Displacemen
(kN) | (N/'mm2) (kN) | (N/mm?2)
0 0.00 0 0 0 0.00 0 0
15 0.20 15 0.43 15 0.20 22.73 3.22
2 0.27 0.74 1.19 2 0.27 18.84 7.11
15 0.20 19.65 3.71 2.5 0.33 14.54 11.41
2 0.27 3.44 24.76
15 0.20 2.01 26.19
Normal Load = 3.5 Normal Load = 4
Forcs | Suengtn | Readng| Displacement| | LG gangry | Reading| Displacemen
(kN) | (N/mm2) (kN) | (N/mm2)
0 0.00 0 0 0 0.00 0 0
15 0.20 0.52 1.14 15 0.20 19.95 0.18
2 0.27 0.13 1.53 2 0.27 19.84 0.29
3 0.40 24.18 2.48 2.5 0.33 194 0.73
3.5 0.47 22.69 8.38 3 0.40 19.32 0.81
2 0.27 18.42 12.65 3.5 0.47 23.95 8.48
15 0.20 18.36 12.71 3 0.40 23.27 9.16
2.5 0.33 19.54 12.89
2 0.27 19.15 13.28
15 0.20 19.1 13.33
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Shear Strength vs Displacement
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Figure4-3 Plot between Shear Strength dddplacement for different Normal Loads

As shown inFigure 4-3 obtained above, peak and residual values of the shear stress for
corresponding Normal force applied to the test sample can be determined. For example, in the
first graph above for Normaload of 1.5kN, the highest point corresponding to 1.19mm
deformation which represents the shear strength casetegmined Z.7MPa) along with the
corresponding residual Shear Strength of G®aMsimilarly, the corresponding values of the peak

and residuashear strength ith respect tahe normal force applied are listedTiable4-4

Table4-4 Peak and Residual Shear stress for different Normal Loads

Normal Peak Residual Percent
Shear Reduction
Stress Shear Stress
Stress
0.20 0.27 0.20 25.92
0.33 0.33 0.27 18.18
0.47 0.47 0.27 42.55
0.54 0.47 0.40 14.89
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Shear Strength vs Normal Load
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Figure4-4 Shear Strength vs. Normal Load

The plot between Shear Strength &laitmal Load gives the information about the internal angle
of friction and the apparent cohesion. The slope of the lines in the graph gives the redicuaf
internal angle of friction and the point of intersection between the line and the shear stress axis

yields the apparent cohesion. The results obtained from the above graph are tabulated below:

Table4-5 Values obtained from Direct Shear Test

Peak Residual
Y -Intercept (c) 0.13 0.10
S| oprp 37.87 28.16

From the experiment, the value of peak and residual angle of friction was found to Bea8d.87

28.16 respectively whereas the peak and resigahales of cohesion was found to be 0.13 and
0.10 respectively.
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Figure4-6 Rock Sample after placing in the Mould
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CHAPTER 5 NUMERICAL INVESTIGATION
5.1General

The numerical model is the formulation of real time problem using mathematical models to show
the real timebehavior of model surrounding and effect of the change in any parameters in the
model. The numerical model helps us to provide the inside into the interaction of different entity
and their holistic behavior. This helps us to point out the potential flapstential improvement

of the model and acts as the effective tool to visualize the efficiency of the model. There are
various methods of the numerical modeling such as domain method like Finite Element Method
(FEM) and Finite Difference Method (FDM) aBsundary Element Method (BEM).(Baral et al.
2000)

Furthermore, moving towards the fundamentals of numerical modeling of underground

excavation, one can finding two approaches of modeling.

1. Continuum modeling

This approach is most widespread approach to model the tunnelling problems. It simulates the
rock mass interaction towards introduction of underground opening by taking equivalent
continuum. In this approach the intact rock mass parameters like UCS aifrimtk, material
constant(mi), Modulus of intact rock mass (Ei) are scaled down using empirical relations. Using

these intact properties the correlated rock parameters like mb, s, a (given by Heoks and Brown

(1997)) and cohesion (c) and internal anglé af i ct i on (0) (Mohr Col umb

used for modeling. In this type of modeling discontinuities like joints are not considered.

2. Discontinuum modeling

This approach of modeling provided more realistic view as it encompasses the disconlikriities
rock joints and their structural arrangement. As these discontinuity provide the clear picture of
potential local failure around the underground opening. The computer programs like UDEC and

3DEC provides the discontinuum modelingloé underground pblem.

5.2Phasé Software

The tunnel sections of two tunnels namely HRT of Sanjen Hydro Electric Project and HRT of
Middle Bhotekoshi Hydro Electric Project were modeled using Finite Element Method (FEM).
These numerical modeling were used to provide tha iole dynamics of introducing the
excavation in the rock mass and effect of support installation. The modeling program Phase2
software developed by Rocscience Inc. is used for numerical assessment. This software provides

the two dimensional design and arsayof underground structures and geotechnical problems.
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(Khadka et al ., 2017) This program wuses fail.
Columb Failure criteria, Cardlay, modified CantClay and Discrete function. This software

provides the ekto-plastic finite element analysis for assessment of the model and different
geotechnical problem. Some of the features provided by Plsafisvare are given below

(Rocscience

a. Modeling
- Boundary definition (external and internal) using grid/vertex/dlgeapping.
- Simulation of excavation process using sequential staging (up to 300 stages)
- Analysis method like plain strain and axisymmetric.
b. Element definition and Meshing
- Definition of triangular and quadrilateral element of the boundary where 3 or @ node
triangles and 4 or 8 noded quadrilateral can be used.
- Number of mesh element can be adjusted along with the checking of mesh quality
c. Material and support definition
- Elastic or nordinear material definition with functionality of staging the material
properties.
- Material properties can be defined as isotropic, transversely isotropic or orthotropic
elastic.
- Staged support installation with different support types like liner, rock bolt and composite
liner with functionality of user adjustability.
d. Load and Stess definition
- User can define the field stress as gravity or constant field stress.
- Loading can be also provided like seismic loading, uniform loading, concentrated loading
etc.
- Feature like load splitting is also provided.
e. Data Interpretation
- Use ofContour display option to visualize the model more clearly.
- Features like Query function and graph.
- Provides the support capacity curve for support.

- Exports the final result either graph or contour.
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5.3Numerical assessment using Phas8oftware
For tunnel mmerical assessment of the tunnel sections of both project sites following three steps

are employed:
1. Modeling

The rock parameters for the section of study were found out by either laboratory testing or by
using the correlated empirical relation that sheaspliance to the real rock mass properties at

site. Use of the support and excavation and staging is performed.
2. Compute

Model computation is done using the computation tab. The computation time depends upon the

degree of sophistication of the model aledjree of accuracy required by the user.
3. Interpret/Analyze

The interpret function provided by the phase2 takes user to new window where user are able to
guery the result, view different parameter and analyze the result udbngtifunction such

graph ad query. If the user is the not satisfied with the result or if some modification is to be
done, one can directly go to modeling window by click on the model tab on the interpret

window.

Modeling

Interpret

Figure 5-1 Schematic Diagram Showing the process of Analysis
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5.4Procedure of modeling a tunnel section
There are different steps that were undertaken for the modeling of tunnel section for Numerical

modeling using Phase?2 software. $bateps are explained as follows:

1 Project Setting

Firstly, the analysis method is defined as plain strain hedsaussian elimination method sva

taken as the solver tyfier computing the model. Units weealso defined to be metric. To simulate

the realsteps of excavation and to effectively model the time taken for excavation, number stages
were used. The toleraa level and maximum iteration wadjusted according to the need with

the convergence computation using fiAbsolute E

1 Excavation of the opening

For defining the boundary of the opening, A A C

boundary is provided in term of coordinate input.
1 Defining External Boundary

The external boundary is defined according need of the sectioa.firfield stress or the plastic
zone does not included in the external boundary, external boundary is increased. For external
boundary for tunnel section of Sanjen Hydro Electric Project expansion factor 7 is taken and for

Middle Bhotekoshi section expsion factor 5 is taken.
1 Definition of Material Properties of rock mass

The rack mass propertiesi def i ned wusing ADefine Materi al P
taken as the plastic material and use of generalized Hoek Brown criterismplesiented. Here
the intact materi al constant | ike UCS of inta

(Ei) or Modular ratio and rock mass constant (mi) is given as the input parameter.

The correlations used for the parameters numerical analgsis

— pT rrnnm 371 1AA@fc mmo
U © ) N o S e a A o
mwstoaGblﬁunw SEAOAAFEATp L

"OYOYD 'Y v

119



Assessment and Numerical Modelling of Selected Hydropower Tunnels in Lesser Him| Kathmandu Universityl 2018

YOY

P e e pnvoy UAABE T
YQi QEsYEOY @ # AREQdC T

0Q0E&Q6@dO QEQ (1T AROHRE A A AOEAgE
Where, Eis the intact rock modulus (M
Erm is the Modulus of Rock Mass (MPa)
g is the poission ratio
GSl is the Geological Strength Index
RMR is the Rock Mass Rating

o

uci is the UCS of i nt act rock mass

91 Defining Stress

The definition of the stress is done by using the overburden and multiplying it with the rock
density for obtaininghe vertical stress and for horizontal stress the vertical stresstiplied by
the stress rai obtained using Shorg$994).

, U ®0
Where,"Mis the rock density in MN/f(Taken value 0.027 MN/#
0 MLV XOQ Mrmpp O
,Q , 00U

Where, H is th@verburden
dh is the horizontal stress in MP
v i vertical stess in M
K is the stress ratio (Shoré¥994))

1 Definition of support system

The rock support system is defined using the

properties ofthe liner and rock bolt is can be altered according to the need. To simulate the
combined support AdD e tfsaused. iThe dexypab stréngtle of SteéehFeber
Reinforced Shotcrete (SFRS) is given by:

Qi a ®

e 18 U = - éOiFé\ﬁ (0]}
= T® D 5 p
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Where, v is the volumetric fraction of fiber content
| is the length of the fiber
d is the diameter of fiber
fc is the compressive strength of shotcrete

1 Meshing and Discretizing

As the definition of parameters for modeling is done, thendary of the model both external and
internal is discretized and the material is divided into smallest entity by meshing the material.

1 Assigning the material properties and installation of support

After the definition of the material propertiessiging of these propertesd one usi ng f0As
pr op etalt The support installatios done by adding the bolt and adding the liner as per

designed support or defined support.

1 Compute and Interpret the model

Finally computing and interpration d the model is done and the result is analyzétere the
deformation of excavation boundary, stress redistribution and support adequacy is assessed for

the project sites.

5.5Case Studies
5.5.1Middle Bhotekoshi Hydroelectric Project (MBKHEP)

5.5.1.1Parameters used for numertal modelling
Table5-1 Parameters used for Numerical Modelling of Sections for MBKHEP

— T 2x=| o o
— S - SANE S| 9= i ) 9] S ~
E 15| % |o.]e8 | = |5%| 58" ¥ |E_ |T.|BEL
S S | 8 |8 ES |0 |0g|EE-|88 |8 |E§ |=S
—_ “— O Q. Q_§ Y— o y— o
< x S e | 0 N S pn| OO0 S5 Q S 5 N 5 O
T = 2 | $5 | - g8 gs> | Do O | o= | 0%
&) i 2 ° 5% | - | 38| XD2—| T [ 3 S

> © 50| €8 = S > >

T O 2] = =
0+300 42 | 181.62|4.904| 1.525| 7.48 | 37 80 Sl | R-IN 9.00 | 475
0+400 49 | 246.23 | 6.648| 1.424 | 9.47 44 80 S R-111 9.00 475
0+500 41 | 286.35| 7.731| 1.13 | 8.74 36 80 S R-111 9.00 475
6+795.90| 31 | 147.43|3.981| 0.814 | 3.24 | 26 80 SLHIV | RIV | 9.00 | 675
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5.5.1.2Deformation of Tunnel

Table5-2 Measurement of Maximum Deformations of Sections for MBKHEP

< O After After After support
Before Support Installation | © 5 installation of | installation as | installation as
-_% © Usedsupport | per Q-System per RMR
—~ T [45) ho) o T
E c o) c — c — — c
5 o5 | @ N cgl 3| E | N E |8 £ | N
o =G c~ | & == € E 8 E s~| £ | 8
£ |5 | 2E| & |ZYsE| = | & - |2aE| £ | B
< S8 gl ©3 aeE | o = Q£ = ° o = RS
o xe=El 22 | o= | | S - = = - =
=28 = & ) 5 c 5 %) S 5 N S %)
S 12 |2 |85 | 8|3 | 8|8 |8 |3
2 w S S | o a S o = o
e ) [a) nd e
0+300 179 3.03 [ 16509 1 | 44 | 51.6 | 8.102| 34 |6.899| 32 | 6.844
0+400 85 3.03 | 11.132] 1 24 25 | 6.932 | 23 |6.942| 23 | 6.963
0+500 116 3.03 | 11.321| 1 |3157| 96 | 9.636| 87 |9.553| 88 | 9.562
6+795.90 4137 3.03 | 1948 | 1 22 | 112 | 15.047| 34 | 8508| 31 | 7.624
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5.5.2Sanjen Hydroelectric Project

5.5.2.1Parameters used for Modelling
Table5-3 Parameter Used in Numerical Modeling of sedifmr SHEP

Chainage (m) © ;l c o~ — - x
+ ) © o) = c o ®© < © — o S E o ©O.—
sg| 2 2 | g | 28| 3 | & |58E| - | 22| | 23 |cEd8Ec| 88252
30| 5 | 2 | & &F c |€58F S| 55| 8° |85 582|588 8™
? & g | %35 m |28 | 5 |8 |Ta|e |>"27T|>0EE
S| 14759.88| 1+756.88| 1.5 81.42 | 47.641| 116314 9 45.9 0.55 1.35 | 25.161| 2.198 | 2.968 0.23
Sl | 2+4137.7 | 2+135.3| 0.72 | 300.4 | 42.86 | 43324 7 27.46 | 0.657 | 1.563 | 24.134| 8.111 | 12.677 0.236
SIV | 2+094.6 | 2+091.8| 0.2 | 316.58 | 34.515| 116314 9 28.8 | 0.708 | 1.35 | 21.734| 8.548 | 11.539 0.23
SVI | 1+864.11| 1+861.80| 0.016| 146.23 | 18.062| 116314 9 23.53 | 0.223 | 1.2 | 14.179| 3.948 | 4.738 0.23
5.5.2.2Deformation of the tunnel
Table5-4 Deformationmeasured ithe tunnel of SHEP
At Invert Level At Spring Level
. E| c~ E | After installation of | After installation of - . -
- Before Support Installation = _% GE, s E Usedsupport Defined support g _% 2% 2 E
o | .3 o |=%| B_ |52 |38 8¢ ¢ Z_ |5 2 | S8%-| 55- | 5=
§ |§5gS 62| 2E|EQ | 22| 85| 5_| aE |5-| aE |EREE| BQE =
O L5009 o2 | 2 2 8| A5 | % 2 o 29 TRy © o _
v = |YE| B 2 | 28 o | O 8 a 5 03 -1 °8
Q 2| x S =2 24 24
1+864.1 53 1.94 | 11.23 | 0.61 0.5 13 16 5.72 12.84 5.22 42.7 9.2 9.50
2+094.6 73 1.94 | 9.44 1.68 1 24 40 5.79 30.64 5.82 49.8 20.5 18.4
2+137.7 150 194 | 11.35 | 2.81 1 36 65 7.23 49.16 5.25 94 31.7 27.5
1+759.8 2 194 | 3.11 3.76 3 0.8 1 3.06 1.34 3.92 1.4 1.2 1.2
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Support systenused in the site and support defined bys@pportand RMR guidelines where
modeled using this computer aided software. These modeled sections are the representation of
different rock mass condition prevalent at the site of MBKHEP and SHE®.p&rameters
provided inTable5-1 for MBKHEP andTable5-3 for SHEPwere used during th@odellingof

various sections of the siterom the result obtained from the modellidgformation of tunnel

was recordewvhich is provided imTable5-2 andTable5-4 for MBKHEP and SHEP respectively.

A support capacity plot of the sections were also derived from the numerical modalling.
representative plot of two sections from each site is shoWwigure5-2 andFigure5-3 for SHEP
andFigure5-4 andFigure5-5 for MBKHEP. The plot is made for Factor of Safety (FOS) of 1,

1.2 and 1.4. The points shown in the figure represent various points on the surface of the excavated
surface of the tunnel and if thopeints lie well within the curve, then the provided support is
sufficient to withstand the pressures of the ground. But as can be seen in the figure most of the
points lie outside the curve indicating the provided support is not sufficient. This inditates

there is a high chance of the support to fiile points that lie outside of the curve belongs to the
bottom of the tunnelalls as shown ifrigure5-6. Similarly for all other section, all the points

that lie outside the FOS plot belongs to the bottom of the tunnel wall.
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5.6Result and Discussion

The inadequacy of support on the bottom walls of tunnel is due to high concentration of stress in
the region. As can be seerFigure5-2, Figure5-3, Figure5-4 andFigure5-5 the failure is mostly

caused due to the support being unable to bear the moment. A plot of moment for section
1864.122m of SHEP is provided Figure5-7. As can be seen in the figure the point of bottom

of tunnel walls lies in the negative moment region and the moment is maximum in this region. So
the support struare fails in bending and the failure type is tensile failure. Thus designing of
support system requires the use of modelling technique. This helps to provide a clear picture of
the adequacy of the support designed according to conventional approachdsingnd
modifications to it as per requirement. In these case studies, the support modification is done
based on numerical assessment. A parabolic profile is found to be suited in these cases with
increasing the support as we move down from spring levelottorh of tunnel wall. This
increasing thickness of support system counters the high stress in the region hence providing
adequate support to the structure. Schematic diagram of the modified support is prdvigestin

5-8 for MBKHEP andFigure5-9 for SHEP.

5.7 Modifi ed Support

The problemof inadequate support is addresegdncreasing the thickness of linkkom spring

level to the base with maximum thickness at the bEse profile so obtained is parabolic. Support
capacity ploffor the modified section has beshownin Figure5-10 andFigure5-11 for SHEP
andFigure5-12 andFigure5-13 for MBKHEP respectively Here, the pointie within the FOS

curve which indicate the support to be sufficiSihce the support is provided in increasing order

to form the parabolic shape, the support plot of modified section is provided for the lowermost
section where maximum failure can bersdhe large deformation is also observed at the invert
level where the assessment shows inadequate section in bending moment at edges and middle
section where there is maximum value of negative and positive bending moment respectively. For
this issue, refrs are provided with less spacing at the edges and at the middle part which controls
the tensile failure, whereas the strength of the concrete is increasedtpViPa to provide

required compressive strength
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Figure5-8 Schematic Diagram of Modified Section for MBKHEP
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Figure5-9 Schematic Diagram of Modified Section for SHEP
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The deformation of tunnel, after modification of support is measured and the value are provided

in Table5-5 andTable5-6. As can be seen the deformation of the tunnel has also been greatly

reduced hence proving the efficignaf the support.

Table5-5 Maximum Deformation after Support Modification from Modellifogy MBKHEP

Chainage (m) | Deformation (mm) | Radius of Plastic Zone (m)
0+300 20 6.204
0+400 13 4.685
0+500 17 5.083
6+795.90 15 4.938
Table5-6 Deformationafter support modification from Modelling fGiunnel of SHEP
At Invert Level At Spring
Level
Qv é % ~ S g < E
g 5 =€ | §z8%
g = 5T | Eggsg
< 0 o O -
O S 29 sE 32
O i el <3
5 £ 2 =
ol 2
1+864.1 13.10 5.08 9.80
2+094.6 33.80 6.33 21.90
2+137.7 38.30 5.55 26.90
1+759.8 No Modification Required

Similarly a plot of GRC obtained from numerical modelling of the modified sugaorbe used

for determining the support pressure for several values of convergegoee 5-14 andFigure

5-15proves the GRC for MBKHEP and SHEP respectively. The corresponding values of pressure

for the deformation obtained after support modification is providethlsie 5-7 and Table 5-8

for MBKHEP and SHEP respectivelfthe graph can also be used to determine the support

pressure at various points along the tunnel if the deformation at that particular point is known.
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c. Chainage 2137.7m
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Figure5-15Plot of GRC obtained from Numerical Modelling for SHEP at sections (a)
1864.22m, (b) 2094m, (c) 2137.7m

Table5-7 Support Pressure of Modified section from Numerical Modelling of MBKHEP

From Numerical Modeling

Chainage (m) | Deformation (mm) | Support Pressure (MPa)
0+300 20 2.52
0+400 13 2.797
0+500 17 2.9
6+795.90 15 1.07

Table5-8 Support Pressure of Modified section from Numerical Modelling of SHEP

Chainage Support Pressure using

(m) Numerical modeling (MPa)
1+864.1 0.814
2+094.6 0.54
2+137.7 1.78

1+759.8 No modification required
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CHAPTER 6 DESIGN OF HYDROPOWER COMPONENT
6.1 Hydraulic Design

6.1.1Intake

The structure which allows a water of desired quantity to be conveyed into a conduit from a river
or stream in a controlled manner is termed as intake. Intake is the structure to obtain the required
guantity of water from the river or the reservoir for thferent engineering purpose such as

irrigation, power generation, water supply etc.

Intake is a structure to divert water into a conduit leading to the power plant or simply defined as
a structure to divert water to a waterway. The intake servesassitibn between a stream that

can vary from a trickle to a raging torrent, and a controlled flow of water both in quality and
guantity. Its design, based on geological, hydraulic, structural and economic considerations,
requires special care to avoid @eessary maintenance and operational problems that cannot be

easily remedied and would have to be tolerated for the life of the project.

Types of intake

Functionally, intake also can be divided asiles or surface type intake and pressure orifice or

sub surface type depending on type of operation required for the intake.

1 Surface intake:Canal intake, side intake, frontal intake and bottom rack intake are surface
intake type.
1 Sub surface intake:lt is also called pressure intake, the intake from veserside slope

intake, tower intake, dam intake, power or forebay intake are called sub surface intake.
Generally, one of the following types of intake shall be used feofuiver hydropower projects:

U Side (or Lateral) intake.
U Frontal intake.
U Drop (or Trench) intake.

But most commonly used type of intake are:

o Side Intake

o0 Bottom Intake
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(a) Side Intake

A structure built along a river bank and in front of a canal/conduit end for diverting the required

water safely. Side intakes are simple, less espe, easy to build and maintain.

A side intake shall be used to draw water from the river through an intake structure located on the
riverside, its longitudinal axis shall be aligned perpendicular to the axis of the river. It shall be

sited immediatelypstream of the diversion structure.
Side intakes shall typically consist of the following components:

A trash rack supporting structure.

Intake opening for permitting entry of water from the river.
Gate slot for closing intake openings/ stop log greove
Breast walls for control of flow during flood season.

Piers for diving intake with large horizontal spans into two or more sections.

2L S o

Service platform for operation of gates and stop logs, trash handling and general

maintenance.
(b) Bottom Intake

Bottom intakes are suitable where there is no significant sediment movement along the river bed,
the longitudinal river slope is relatively steep (e.g. at least 1:10), and excess flow is available for
flushing even during the dry season. Usually, bottotakies are designed as trench so that the

direction of diverted flow and river flow are perpendicular to each other.

Selection of type of intake

The most suitable type of intake for a particular site shall be selected considering the following

factors:

1. Natue of river.

2. Nature and scale of hydropower development.
3. Sediment, trash and debris content.
4

. Construction and maintenance considerations.

The type of intake selected based on the above considerations should generally be verified through

model studies.
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Components of an Intake

1. Trashrack

The water conduit system (e.g. headrace canal) needs to be prevented from floating logs and
sediments from entering through the intake. For this purpose, a trash rack is placed at the intake
mouth. The bars in the trash rasikould be spaced should be such that any gravel that enters the
system can be transported by the headrace to the downstream flushing structure, such as a gravel
trap. As the bar spacing of trashrack at intake is wider as compared to the trashracketalye f

the trashrack of intake is also known as fnCoa

The hydraulic design of Trashrack for the project is in compliance with IS 11388:2012. The design
consists of the shape of the trashrack, inclination of racks, rack velocity, spacimgtdtars

and geometry of rack bars.
2. Oirifice for Side Intake

An orifice is an opening in the intake from which the river water is conveyed towards the headrace.
It allows passage of design flow through it but obstruct higher flows during flood. The dischar

through an orifice for submerged condition is:
0 66¢QQ Q 6.1

Where,

Q = discharge through orifice

A = orifice area in m2

C = coefficient of discharge afrifice (depends upon the shape of the orifice)

hr = water level in the river next to the orifice relative to a datum

hn = water level in the headrace canal measured from the same datum as h

Generally, the velocity through the orifice is kept within D5 m/s. However, if the orifice is
placed directly at the river (without a trash rack), the velocity must be limited to 1.0 m/s so to
avoid the passage of bed load into the intake. The orifice shall be preferably of rectangular shape
so to draw designdlw into the water conduit system and limit excess flow during floods. The

orifice must be kept fully submerged during dry season so to ensure full design flow.
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3. Gate

There is a provision of placing a control/sluice gate at the intake so that the pléeat easily
closed for repair and maintenance. The gate should be able to resist damage caused by floods and

boulders.

6.1.2Approach Canal

The approach canal connecting the intake structure to the settling basin shall have an optimum
length chosen with due cddsration to the topography of site. However, the canal shall be
economically effective and hydraulically efficient for transporting the specified size of sediments
passing through the gravel trap.

Design Assumption

The design of the approach canal shalplerformed assuming steady (sutiical) flow regime
in the canal. Under this assumption, t he <can

formula.

Hydraulic Characteristics

Based on the principle of nesilting and norscouring velocity withefficient transporting

capacity of flow with regard to sedi ments, ei
to determine the hydraulic characteristic of
by
o Py 62
€
Where, V is the mean flow velocity in the canal in m/s,
n i s Manningds rugosity coefficient,
S is the longitudinal bed slope and
R is the hydraulic mean radius in m, given by
R =A/P
Where, A is the flow area of cressction in hand
P is the wetted perimeter in m.
Li kewi se, Chezybés formula shalll be given by
w 6z Y'Y 6.3
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Where,C i s Chezyds coefficient

As Manningdéds and Chezyob6s coefficients are sen
can directly affect the size of an approach canal, the coefficients shall be chosen as to reliable

values as per soil/rock characstigs of the site.

Head loss and seepage

Head loss and seepage in the canal should be minimum as far as possible. Head loss is governed
by the canal slope while the seepage is governed by the lining material. To achieve minimum head
loss, the canal slomhould be selected as gentle as possible and lining material should be chosen

on the basis of the nature of soil available

6.1.3Settling basin

Settling basin is the structure to remove suspended sediments from conveyance water for power
plant. Settling basishall be designed to ensure that water entering the water conveyance system
is free of sediments that can damage penstock and turbine runners due to allow suspended

sediment particle to settle out from water body and deposit on the bottom of basin.

The man principle of design of settling basin is to reduce mean velocity of the flow, by increasing
the cross sectional area (widening its width and lowering the fidetlingbasin can remove the

suspended inorganic particles ranging from sand (2mm in teane silt (0.002mm in diameter).

Design principle and criteria

a. The basic principle of settling is that the greater the basin surface area and the lower the
through velocity, the smaller the particle that can settle.

b. The settling basin shall be desaghto be functional, easily operable and economical,
both for construction and operation.

c. The settling basin shall be designed to remove as much of the sediment load in the water
as is economically and hydraulically possible. As removal of all suspeadadesits is
physically not possible, the design shall attempt to remove as much of the coarser
fraction of the suspended load as possible so that the hydraulic transport capacity of the
water conveyance system can be maintained and the sediment loatutbittes,
valves, etc., is reduced to acceptable limits.

d. The settling basin shall be designed to ensure efficient flushing of settled sediments so

that frequent flushing during floods, when the sediment content of river is at its peak, is
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not required. Te settling basin shall be planned and designed such that power

generation is not interrupted, or reduced, during flushing operations.
A settling basin must satisfy the following design considerations:
1. Settling capacity

The size of basin must be large enough to allow a large percentage of the fine sediment to fall out

of suspension and be deposited on the bottom.

The geometry of the inlet and outlet transitions and any other curvatures must be such as to cause

minimum turbulence, which might increase the trapping efficiency of the basin.
2. Storage capacity
The basin should be able to store the settled particls®ifioe times unless it is flush out.

Components of settling basin

Settling basins shall consist of the following components:

a. Aninlet transition including gated arrangement,

b. Settling chamber/s to settle the sediments in the incoming water,

c. An emergencygpillway to spill the settling basin discharge into the parent river, if
required, but generally it is not preferred as it creates higher turbulence.

d. An outlet transition with the regulator to control the flow of water from settling chamber,

e. A flushing dhannel with gates for flushing the settled sediment.

1. Inlet transition

a. The inlet transition for settling basins shall be designed to prevent turbulent flow at the
entrance to the settling basin chamber.

b. The approach canal to the settling basin shall basteaight alignment for a stretch
equal to about 10 times the width of the canal upstream of its junction to maintain an
even flow distribution at the start of the inlet transition.

c. The hydraulic design of the canal shall eliminate secondary curratgglow caused
by rotational flow.it shall also ensure flow velocities in the range of 1.1 to 1.3 m/s.

d. To maintain gradual expansion of inlet channel, set the horizontal expansion ratio at
about 1:5(or U = 7A to 15/M)et Tahte avbeorutti clal2
20° to 30°).
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e. If space constraints do not permit the long transition may be shortened through guide
walls in the transition.

f. If space constraints do not permit a straight section of approach canal, even flow in the
settling basinmay be achieved using a tranquilizer or baffle blocks.

2. Settling chamber
The hydraulic design of the chamber should be carried out to secure:

a. An even flow distribution between parallel settling basins for various flows.
b. An even flow distribution internally inside each basin for various flows.
c. Efficient removal of deposits during flushing of the basin.

Flow Design parameters

Mean depth of flow in the basin
Mean longitudinal velocity

Fall velocity

a0 T p

Flushing discharge
e. Sediment concentration of flow

3. Outlet zone

The operation water level of the settling basin is controlled at the outlet zone. The outlet zone is
designed for decanting the outflow from the settling basin over a small weir/ spillway or simple
transition stucture. The major parts included in the outlet zone are: transitions to headrace/
forebay inlet with or without control gate mechanism, sediment flushing gate/valves
arrangements. The outlet transition can be more abrupt than the inlet expansion. Zdrediori

and vertical expansion ratio can be set at about 1:2 and 1:1 respectively.
4. Sediment flushing system

The flushing arrangement should be provided to flush the sediment deposited in the basin. It
should ensure that when the flushing gate or valvpesed, the water level in the basin decreases
and the sediment deposited in the bed starts flushing out. To facilitate the flushing of sediment,
the bed slope at the bottom should be 1:20 to 1:50 in longitudinal direction. The bed can be
provided with a fat or under sluicing manifold system with purging channel. The under sluicing
of flushing system is designed as a manifold system to withdraw sediment laden water uniformly
along the length of the purging channel. The design should be based on predkwiz&éte

flow velocity should be more than 1.75m/s and not higher than 2.5 m/s.
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6.1.4Surge Tank

Surge tank is generally a cylindrical storage reservoir which is connected to a penstock pipe as
close as possible to the penstock pipe. The surge tank, alsbegd@nsion chamber, is located
between the headrace pressure conduit and the steeply sloping penstock pipe and is designed either
as chamber excavated in the mountain or as a tower raising high above the surrounding terrain.
Primary purpose of surge taitkto protect the long pressure tunnel and penstock pipe from high

water hammer effect caused due to the sudden acceptance and rejection of loads.

The surge tank converts these fast (water hammer) pressure oscillation into much slower and
lower pressure tictuation due to mass oscillation in the surge chamber. The surge chamber
divides the pressure tunnel into a short high pressure penstock downstream and low pressure
tunnel upstream thus function as reservoir for the absorption and delivery of the watet the

requirements of the load.

The height of the surge tank is governed by the highest possible water level that can be anticipated
during operation. The variations in the demand initiated by the rapid opening or closure of the

terminal valve or turlmie are followed with a time lag by water masses moving in the tunnel.

Maijor functions

a. Reduce the effect of water hammer.

b. Intercept or, at least, to radically reduce the pressure surges due to water hammer and to
exempt thereby the pressure tunnel fromessove internal loads.

c. The surge tank provides protection to the penstock against the detrimental effects of the
water hammer if no bypass valve is installed or if the bypass valve fails to operate.

d. Use, receive or store water when the turbine is stofipadts as a quick storage device)

e. Temporary supply of the water when the load on the turbine is suddenly increased.

f. Provide water supply to the turbines in case of the starting up (load demand) until the
conduit velocity is accelerated to the new steady state value. When the turbine is started,
water demand suddenly increases the flow of the water in the penstoclesisud

initiated and respectively accelerated.

Design consideration of surge tank

Design of surge tank is associated with the transient analysis of the waterway and water hammer

therefore; it is recommended to use a specific literature devoted to the degig surge tank.
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Some of the basic surging conditions that are to be examined for the design of the surge tank are

listed below:
1. Stability Condition

Small water level fluctuation during the operation should be damped and water in the surge tank
shouldbe made stable.

2. Up-surging condition

The top elevation of surge tank should be higher than tkeurging water level due to rapid
interception of full load.

3. Down-surge condition

Surge tank should be above the penstock inlet sufficiently to avoid air traps

4. Damping condition

A surge tank should be damped even if the succeeding load fluctuation arises.

6.2 Optimization of Tunnel
Tunnel optimization is an important aspect of tunnel design. The factor considered while working
out the economical diameter are thedocity requirement, head loss in tunnel, annual operation

and maintenance chard8aral, 2073)

6.2.1Geometry of Tunnel

The geometry of the tunnel used is thesliape. For this shape, it necessary for finding the
diameter thats the width of the tunnel and wall height relationship. To find the relationship
between these parameters and intending to establish the economic relationship, supposing the
width of tunnébe D and the wall height be H, then Area of Cross Section (AParnicheter of

Cross Section (P) can be found by:
8 — 0 0 O 6.4
5 - p O ¢ 0Oc®XO ¢ O oS

G
Solving these equations, we finally obtain a final relation of Area and Perimeter with the Diameter

of the tunnel. The relation is as follows:

A=0.9786 3 6.6
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P =3.792D 6.7

The entire calculation for obtaining the given relation is provide&pipendix A

6.2.2Support Condition
Support Conditionwas designated by using Q system developed by Barton, Lien and Lunde. The
Q-value varies between 0.001 and 1000. Q value is given by:

YOOULI 0O 6.8

Where, RQD is the Rock Quality Designation

Jn is the joint set number

Jr is the joint roughness number

Ja is the joint alteration number

Jw is the joint water reduction factor

SREF is the stress reduction factor
6.2.3Unsupported Span
Unsupported span cére defined as the distance between the excavated face of the tunnel and the
nearest rock support. Based on the value of ESR and Q value we can determine the maximum
unsupported span that can be used for the excavation before installation of the duppodck
mass is left unsupported even after the maximum unsupported span has exceeded, it is considered

to be dangerous.
For Good Rock the unsupported length that can be provided is 20m.

For Fair Rock, the unsupported length that can be used is 10nevidominimum support should

be provided after each blasting.

For Poor Rock, the unsupported length that can be used is 10m (rarely). However the support shall

be provided concurrently with the excavation.

For very poor rock, the unsupported length showitbe considered. Support should be installed

after each excavation work. Shotcrete should be applied after each blasting.
Calculation for unsupported span we use formula:

0 Qo Qad&i 61 &iinddEQ OYY O U oadQ 6.9
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6.2.4Calculation of head loss

Head loss refers to the measurement of energy dissipated in a system due to friction. It accounts
for the totality of energy losses due to kaegth of a pipe and those due to the function of fittings,
valves and other system structures. The loss in head due to friction is known as the major head
loss whereas the head loss due to expansion, contraction, Bends etc are considered as the minor

heal loss.

Calculation of the Major Head Loss due to Friction

The major head loss due to frictigfor noncircular tunnely is given by Darcy Weisbach

Formula:

"Qib

(A TR 6.10
Where f =friction coefficient
L=Length of Tunnel
V= Velocity of water
g=acceleration due to gravity
R= Hydraulic Radius
The bend loss can be calculated using the formula given by:
Hy=Kn(— 6.11

Where, K=Coefficient for the bend
v=velocity of water
g=acceleration due to gravity
In order to determine the value of the coefficient of the bendfétwsaula given byLysne et &
has been used’he bend loss is one of the significant parts of singular losses along the waterway
system and it is even more pronounced in sharp bends with small fEdiue 6-1 shows the
bend loss coefficient as the function of ratio between bend ragjpar{d width of the tunnel at
bend D) for 90° bend I(ysne etal., 2003). For bends with other angles, a reduction factor has
also been proposed. The bend loss coefficient for different bend angles can be calculated by

multiplying bend loss coefficient of 90° bend with a reduction factor.
To determine the value of the coefficient of bend fam@e can even use the formula given by:

y = 0.247650:874 6.12
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Coefficient of Bend loss

0.45 -
0.4 1
0.35 -
0.3 A1
0.25 A
0.2 A1
0.15 A
0.1 -
0.05 -

90 degree coefficent for Bend loss

. y = 0.2476R874
Rz = 0.9957

0.5 1 1.5 2 2.5 3 3.5
Radius of bend / diameter

Figure6-1 Coefficient of Bend for 90 degree bend (Panthi K., Basnet C., 2018)

Now, afterdetermining the value of the coefficient of bend for 90 degree angle, we can determine

the coefficient for the actual bend. For that, we can use formula:

Kp= Reduction factor* coefficient of bend for®©0 6.13

The reduction factor can be determined from the graph below once we have the bend angle.

Reduction Factor

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

Reduction factor(Rf)

e Y =-8E05¥+ 0.0181x + 0.0188
R2=0.9859

4 Reduction factor(Rf)

20 40 60 80
Bend angle (Degree)

Figure6-2 Reduction Factor (Panthi K., Basnet C., 2018)
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6.2.5Reinforcement ofInvert concrete in HRT

The reinforcement of the invert concrete in HRT is done accordingioikhsirawing. According

to which the invert concrete is of 25 cm thick with the main bar of 20mm diameter having the
length of 3.5m, while the distribution barof 16mm diameter running along the axis of tunnel.

200mm center to center is provided for both main and distribution bars.
For which calculation is done to find out the number of bars:

a. For main bars

56 & GRG0 0l P I 6.14

v d Y o osaide P
b. For distribution bars

e T e s o~k o s s p TU it T

00d&wOINIQM QO Qi P 6.15

Then total number of in HRT is given byl 6 & @& O ifiQd Q6 Q& 'Q &0
6.2.6Case Studies

6.2.6.1Sanjen Hydroelectric Project
Geological investigationdata

Table6-1 Rock Type along the chainage with its\@lue (after SHEP Feasibilty Report)

Chainage Rock Type Q
0+000-0+755.14 Graphictic Schist with Crenulated Phylite and Slg 1.43
0+755.14-1+052.04 Dolomitic Marble 10.44
1+052.04- 1+282.82 Graphictic Schist with Crenulated Phylite and Slg  2.69
1+282.82- 1+498.48 Dolomitic Marble 14.59
1+498.48 1+644.54 Graphictic Schist with Crenulated Phylite and Slg 2.95
1+644.54- 2+130.22 Dolomitic Marble 13.13
24130.22- 24402.49 Psammitic Schisthl\J/gt;tZCi:treenulated Phylite and 10.61
2+402.49 2+581.06 Greengrey Quartzite 13.13
24581 06 34081 .23 Psammitic Schis'zglejlgrr]tz(?treenulated Phylite and 11.97
3408123 34292 28 GraphiticSchist v(\siar;r(fzrﬁgulated Phylite and 6.57
3+292.28 3+303.06 White Quartzite 2.74
3+303.06- 3+629.67 Psammitic Schist with Quartzite 5.64

Detailed Rate foConstruction used in optimization has been provided in Appendix A
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Total Construction Cost

Table6-2 Total Construction Cosor SHEP

Diameter | Other price Total Prlge of Total Cost of rock
(m) (Rs) excavation | support cost trap (Rs) Total cost (m)
(Rs) (Rs)
3.00 137960578.26| 155194503.61 69235971.70| 16711740.18 | 379102793.75
3.10 137960578.26| 165713242.19 72619608.30| 16711740.18 | 393005168.93
3.20 137960578.26| 176576857.44 71966547.34| 16711740.18 | 403215723.22
3.30 137960578.26| 187785349.37 74020998.11| 16711740.18 | 416478665.92
3.40 137960578.26| 199338717.97 76075448.89 16711740.18 | 430086485.29
3.50 137960578.26| 211236963.25 78129899.66| 16711740.18 | 444039181.34
3.60 137960578.26| 223480085.20 80184350.43| 16711740.18 | 458336754.07
3.70 137960578.26| 236068083.83 82238801.21| 16711740.18 | 472979203.47
3.80 137960578.26| 249000959.13 84293251.98| 16711740.18 | 487966529.54
3.90 137960578.26| 262278711.10 86347702.75 16711740.18 | 503298732.29
4.00 137960578.26| 275901339.75 88402153.53| 16711740.18 | 518975811.71

Head Loss Cost

Table6-3 Head Loss Codbr SHEP

- 3

—~ o — (@)

D) +— — L -

=| E|E = %2 C | L < € S =~ X =

Elc|ElelEl 22 |83 % = Py g

@ o =S| 9 < 0 |5 _| o o 9
Z 0|38 5| 8| & o g g8 3 - - 2

sl x| IT| o| E| L S |l0L |28 = 2 = s

© e e = (@] Y= = c — o

5|38 |8 8/3|S 8% & | ¢ 2 7

= — _g x =) % L 8

£ s

3 [1.763.26(8.81 11.23|0.785 (32.19|0.241|24.49 |2.06 E03 | 2390.80| 20943432 | 120075676.81
3.1 1.823.37(9.40 11.60{0.811 [33.26|0.239 |20.65 |4.42 EO3 | 2015.72| 17657698.80 101237473.1(
3.2 1.883.4810.02[11.97(0.837 [34.33|0.23817.50|4.00 EO3 | 1708.60| 14967335.57 85812723.95
3.3 1.933.5810.66(12.35(0.863 [35.41[0.236 14.91 |3.63 EO3 | 1455.72| 12752118.87] 73112148.20
3.4 1.993.69111.3112.72(0.889 [36.480.23512.76 |3.31 EO3 | 1246.26| 10917267.20 62592331.95
3.5 2.053.8011.99(13.10{0.915 [37.55|0.23310.98 |3.02 EO3 | 1071.80| 9388953.91| 53830002.43
3.6 2.113.9112.68(13.47(0.941 [38.62(0.232|9.48 |2.77 EO3 | 925.71 | 8109245.83| 46493009.42
3.7 2.174.0213.40[13.85(0.968 [39.70(0.231|8.22 |2.54 EO3 | 802.78 | 7032362.50| 40318878.36
3.8 2.2314.1314.13[14.22{0.994 40.77(0.229|7.16 |2.34 EO3 | 698.85 | 6121887.23| 35098820.13
3.9 2.2914.24114.88[14.59(1.020 [41.840.228|6.25 |2.16 O3 | 610.58 | 5348670.40| 30665710.28
4 2.3414.34[15.66(14.97|1.046 142.92|0.227 |5.48 |1.99 EO3 | 535.30 | 4689240.96| 26884981.52

Remarks: For Dry season the cost of power generation is Rs.4.40 and Wet season Rs. 8.40
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Optimization

Table6-4 Parameters for Optimizatidor SHEP

Diameter (m) Total cops_truction Hea_d.Loss cost Total cost (Million
cost (Million Rs) (Million Rs) Rs)
3.00 379.10 120.08 499.18
3.10 393.01 101.24 494.24
3.20 403.22 85.81 489.03
3.30 416.48 73.11 489.59
3.40 430.09 62.59 492.68
3.50 444.04 53.83 497.87
3.60 458.34 46.49 504.83
3.70 472.98 40.32 513.30
3.80 487.97 35.10 523.07
3.90 503.30 30.67 533.96
4.00 518.98 26.88 545.86

Optimization Chart

600.00 -
(2]
o
= 400.00 -
o 1
€ 300.00 4
IS
&8 200.00 -
&)
100.00 .\-\'\'\lﬂ*.___'__-
0.00 L] L] L] L] 1
3.00 3.20 3.40 3.60 3.80 4.00

Diamter(m)
—e— Total construction cost (Million Rs)—#—Head Loss cost (Million Rsy-«—Total cost (Million Rs)

Figure6-3 Optimization Chart

Using the values obtained from the table above, Plotting diawfetes tunnel from 3m to 4m on
X axis and the total cost of the tunnel construction, Head loss cost atodaiheost (in million)
in the Y axis, we obtain the optimization chart where thi@imum value of cost from the total

cost was found to be 489.03 Million Rs at the optimum diameter of 3.2m.
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6.2.6.2Middle Bhotekoshi Hydroelectric Project

Geological Investigation Data

Table6-5 Geological Instigation Data for MBKHEP (after MBKHEP Feasibility Report)

Frgrzaiqg%(ran) Le(rrlng)th E&ga\vlvasltiles Barton's Q | Classification | Description
0-50 50 4557 5.9 1 Fair
50-150 100 55 2.5 "-1v Fair-Good
150-880 730 64 18.8 I Poor
880-1300 420 29 1.4 v GoodPoor
13002350 1050 65 9.36 [1-111 Very Poor
23502550 200 17 0.8 \% Fair
25503900 1350 58 7.1 Il Fair
39005300 1400 44 3.1 H-1v Fair-Poor
53005560 260 29 1.3 v Poor
55607000 1440 54 6.6 [l Fair
70007124 124 44 6 1 Fair

Total Construction Cost

Table6-6 Total Construction Cost for MBKHEP

Diameter | Other price Total P.rice of Total support Cost of rock Total cost(m)
(m) (Rs) excavation (Rs) cost (Rs) trap (Rs)

5 41179853.90 | 846117357.26 92285488.88 16711740.18 | 996294440.22
5.1 41179853.90 | 880300498.49 137190258.65 | 16711740.18 | 1075382351.23
5.2 41179853.90 | 915160533.61 139564628.43 | 16711740.18 | 1112616756.12
5.3 41179853.90 | 950697462.62 141938998.21 | 16711740.18 | 1150528054.91
5.4 41179853.90 986911285.51 144313367.99 16711740.18 | 1189116247.57
55 41179853.90 | 1023802002.28| 146687737.76 | 16711740.18 | 1228381334.13
5.6 41179853.90 | 1061369612.95| 149062107.54 | 16711740.18 | 1268323314.57
5.7 41179853.90 | 1099614117.50 151436477.32 16711740.18 | 1308942188.89
5.8 41179853.90 | 1138535515.93| 153810847.10 | 16711740.18 | 1350237957.10
5.9 41179853.90 | 1178133808.25| 156185216.87 | 16711740.18 | 1392210619.20

6 41179853.90 | 1218408994.45| 158559586.65 | 16711740.18 | 1434860175.18
6.1 41179853.90 | 1259361074.55| 160933956.43 | 16711740.18 | 1478186625.05
6.2 41179853.90 | 1300990048.52| 163308326.21 | 16711740.18 | 1522189968.81
6.3 41179853.90 | 1343295916.39| 165682695.98 | 16711740.18 | 1566870206.45
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Head Loss Cost

Table6-7 Head Loss Cost for MBKHEP

Diameter (m)

Wall Height (m)

Total Height (m)
Area (m2)

Perimeter (m)

(R)

Hydralic Radius

Roughness Value

Value of Friction
Factor(f)
Head loss (
Darcy-weisbach)
(m)

Power lost(kW)

Energy Loss
(kWh)

Cost of the power
loss (Rs)

(6]

2.93

5.43 | 24.47

18.71

53.64

65.11

27905.37

244451014.4

1401519149.17

5.1

2.99

5.54| 25.45

19.08

54.72

58.75

25180.53

220581476.43

1264667131.5¢

5.2

3.05

5.65| 26.46

19.46

55.79

53.12

22767.46

199442914.76

1143472711.31

5.3

3.11

5.76 | 27.49

19.83

56.86

48.13

20625.43

180678790.84

1035891734.14

54

3.16

5.86 | 28.54

20.21

57.94

43.68

18719.71

163984658.28

940178707.46

5.5

3.22

5.97 | 29.60

20.58

59.01

39.71

17020.52

149099770.74

854838685.57

5.6

3.28

6.08 | 30.69

20.96

60.08

36.17

15502.30

135800163.24

778587602.56

5.7

3.34

6.19| 31.79

21.33

61.15

33.00

14143.03

123892927.58

710319451.47

5.8

3.40

6.30 | 32.92

21.70

62.23

30.15

12923.68

113211459.40

649079033.88

5.9

3.46

6.41 | 34.07

22.08

63.30

27.60

11827.80

103611498.58

594039258.54

6

3.52

6.52 | 35.23

22.45

64.37

25.30

10841.08

94967820.10

544482168.56

6.1

3.57

6.62 | 36.41

22.83

65.45

23.22

9951.08

87171459.64

499783035.26

6.2

3.63

6.73 | 37.62

23.20

66.52

21.34

9146.96

80127380.73

459396982.84

6.3

3.69

6.84 | 38.84

23.57

67.59

19.64

8419.24

73752507.29

422847708.44

Remarks: For Dry seasothe cost of power generation is Rs.4.40 and Wet season Rs. 8.40

Optimization

Table6-8 Parameters for Optimization for MBKHEP

Total
Diameter construction Head Loss cost Total cost
(m) cost (Million (Million Rs) (Million Rs)
Rs)

5 996.29 1401.52 2397.81
51 1075.38 1264.67 2340.05
5.2 1112.62 1143.47 2256.09
53 1150.53 1035.89 2186.42
54 1189.12 940.18 2129.29
55 1228.38 854.84 2083.22
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5.6 1268.32 778.59 2046.91
5.7 1308.94 710.32 2019.26
5.8 1350.24 649.08 1999.32
5.9 1392.21 594.04 1986.25

6 1434.86 544.48 1979.34
6.1 1478.19 499.78 1977.97
6.2 1522.19 459.40 1981.59
6.3 1566.87 422.85 1989.72

Optimization Chart (MBKHEP)
3000.00 -

2500.00

2000.00 -

1500.00 -

Cost (million Rs.)

1000.00 -

500.00 -

0-00 T T T T T T T T T T 1
48 49 5 51 52 53 54 55 56 57 58 59 6 6.1 62 6.3 64

Diameter (m)

—e—Total construction cost (Million Rse—Head Loss cost (Million Ray—Total cost (Million R

Figure6-4 Optimization Chart for MBKHEP

From the optimization chart the minimum value of cost from the total cost was fountido7ey

Million Rs at the optimum diameter of 1l
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CHAPTER 7 CONCLUSION

Tunnels of two hydroelectric projects namely, Middle Bhotekoshi Hydro Electric Project and

Sanjen Hydo Electric project were taken under stuthn and six tunnel sections of each HEP

respectivelywhere enphasized under the studyhd detail analysis of these sections were

performed under empirical, analytical and numerical assessment. Various aspstelsiliby

assessment of designed suppystem usedat the project site itself and defined support system

using theRock Mass Classification(Q and RMR) were analyz&dcordance wih the study

undertaken followingpoints are concluded:

l

The support systems provided at the site were modified rather than being a conventional
support system provided according to the guideliné®oak Mass Classification.

The designed support system (Provided at the sits}iffer than the support systeonovided

by theRock Mass Classification approashich can be clearly observedrigure3-6, Figure

3-7, Figure3-20, Figure3-21 andFigure 3-29.

The comparative study of deformation obtained from support systems according to guidelines
and the actual measured value of four tunnel sections of MBKHEP infers high deviation for
poor to extremely poor rock mass forSpppot and RMR support guidelines to be 3 and 2
timesrespectivelyith respect to actual value of the deformation as shown in the Ergupte

3-14, Figure3-15andFigure3-16.

Numericalanalysisshowns that support system, both used in site and defined using guidelines,
for fair to extremely poor rock massem to be not adequatéhere is higltoncentratiorof

stress at the bottom end of the tunnel walls where tensile failures were observed.

Numerical Modelingof the failed tunnel section suggested the thickness of the shotcrete or
concrete should varirhe thickness of the skcrete or concrete increases from spring level to
required maximum thickness at the bottana the profile obtained \®anore or less parahc

in nature as shown iRigure5-8 andFigure5-9.
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APPENDIX A
Val ues for Opti miz
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A.1 Rates for Optimization

S.N. Particulars Unit Rate
Inlet Portal
1 Plain Shotcrete (50 mm) m2 1362.00
2 Plain Shotcrete (75 mm) m2 2043.00
3 Rock Bolt ordinary type (Dia 20mm) m 1080.00
4 Welded Wire Fabric (6mm Dia, 150x18&¥pening) m2 1200.00
5 Rock Anchor (Dia 20mm) m 1368.00
6 Portal Concrete Lining (C20/25:XC1) m3 15936.00
7 Formwork Finish Class F2 m2 1195.00
8 Reinforcement ton 113491.00
Headrace Tunnel
1 Plain Shotcrete (75mm) m2 2043.00
2 Fibre Shotcret¢50mm) m2 1450.00
3 Fibre Shotcrete (75mm) m2 2175.00
4 Fibre Shotcrete (100mm) m2 2900.00
5 Fibre Shotcrete (150mm) m2 4350.00
6 Rock Bolts, Cement grouted Ordinary (Dia 20mm) m 1080.00
7 Rock Bolts, Resin endnchored (Dia 20mm) m 1200.00
8 RockBolts, Cement groutezdoirrlrc]i)Expansmn sheithored (Dia m 1300.00
9 Welded Wire Fabric (6mm Dia, 150x150 Opening) m2 1200.00
10 Portal Concrete Lining (C20/25:XC1) m3 12791.00
11 Concrete Lining (C20/25:XC1) m3 15936.00
12 Backfill Concretg(C12/15:X0) m3 10080.00
13 Formwork for Lining (F3 Type Plane/Curved) m2 1434.00
14 Reinforcement Steel all Dimentions ton 117209.00
15 Concrete for Invert (C20/25:XC1) m 12906.00
16 Cement mortar grouting ton 23191.00
17 Consolidation Grouting ton 12432.00
18 Drilling for Consolidation Grouting m 967.00
19 Structutral Rib Steel Support ton 125000.00
20 Lattice Girders for ribs of sprayed concrete ton |[206181.00
21 Spiles/Forepoling (Dia 25mm) m 2975.00
22 Water Stop, Type A m 2656.00
23 AnchorBars (Dia 20mm) m 1368.00
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Rock Trap
1 Fibre Shotcrete (50mm) m2 1450.00
2 Fibre Shotcrete (100mm) m2 2900.00
3 Rock Bolts, Cement grouted Ordinary (Dia 20mm) m 1080.00
4 Rock Bolts, Resin enrdnchored (Dia 20mm) m 1200.00
5 Rock Bolts, Cemergroutedzgrr]lqc:nlixpansmn shalhchored (Did m 1300.00
6 Portal Concrete Lining (C20/25:XC1) m3 12791.00
7 Backfill Concrete (C12/15:X0) m3 10080.00
8 Formwork for Lining (F3 Type Plane/Curved) m2 1434.00
9 Reinforcement Steel ton 113491.00
10 Cement Mortar Grouting ton 23191.00
11 Consolidation Grouting ton 12432.00
12 Drilling for Consolidation Grouting m 967.00
13 Anchor Bars (Dia 20mm) m 1368.00
S.N Description Units | Qunatity Rates Amounts
1 [ Removal of unstable timber No. 25.00| 1328.00 33200.00
2 | Cleaning and grubbing m3 4100.00 133.00] 545300.00
3 | Topsoil excavation m3 815.28 210.00f 171208.80
4| Loose excavation m3 34850.42 210.00] 7318588.2C
5 | Rock excavation m3 6562.07 837.00( 5492452.59
6 | 50mm thick plain shotcrete m2 869.43( 1362.00] 1184163.66
7 | 75mm thick plain shotcrete m2 289.81| 2043.00f 592081.83
Rock bolts ordinary type(Di
8 | 20mm) m 724.53| 1080.00] 782492.40
g | Welded wore mesh( Dia 6 mr
opening of 150mm x 150mm ) | m 289.61| 1200.00[ 347532.00
10 | Rock Anchor (Di&20mm) m3 72.45| 1368.00 99111.60
Portal Concrete lining (C 20/25
11| XC1) m3 8.85| 15936.000 141033.60
12 | Formwork Finish Class F2, cury m2 30.50( 1195.00 36447.50
13 | Reinforcement ton 0.69] 113491.00 78308.79
Total Cost| 16821920.97
S.N Description Units | Qunatity Rates Amounts
1| Care of water and Dewatering | lumpsum 1.00( 1328.00 1328.00
Underground excavation of roq
trap of cross section area 17.
2| m2 m3 4100.00] 133.00| 545300.00
Underground excavation of rog
3 | trap fro abnormal overbreak m3 815.28( 210.00] 171208.80
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4 | Fiber shotcrete 50mm thicknes{ m3 34850.42 210.00| 7318588.20
5 | Fiber shotcrete 100mm thickne| m3 6562.07 837.00[ 5492452.59
Rock bolts, Cemergrouted
6 | ordinary, diameter 20mm m2 869.43| 1362.00] 1184163.66
7 | Form work forlining m2 289.81| 2043.00] 592081.83
8 | Reinforcement steel m 724.53( 1080.00] 782492.40
9 | Cement mortar grouting m 289.61] 1200.00] 347532.00
10| Consolidation grouting m3 72.45| 1368.00 99111.60
Drilling for consolidation
11| grouting m3 8.85| 15936.00] 141033.60
12 | Anchour bars(Dia 20 mm) m2 30.50| 1195.00 36447.50
Total Cost| 16711740.1§

S.N. Particulars Unit (ﬁgf)
Inlet Portal
1 Removal of usable timber - 1328.00
2 Cleaning and grubbing m2 133.00
3 Topsoil Excavation m3 210.00
4 Loose Excavation m3 210.00
5 Rock expansion m3 837.00
Headrace Tunnel
Underground Excavation of Tunnel (min net CSA =11.81 m 53100
2 Underground Excavation of Tunnel (Abnormal Outbreak| m3 2390.00
Rock Trap
1 Undergroundexcavation of Rock Trap (CSA =17.06 m2)) m 45
2 Underground Excavation of Rock Trap (Abnormal Outbrey m3 38.39

A.2 Relation of Area and Perimeter with the Diameter of Tunnel
Supposing the width of tunnel be D and the wall height be H.

Then,

51 BOEMOT ¢ iii'QcB(‘)ﬁ’Qééq—J 0O 0 O A.16
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0 Q1 "QaLE®DI € i ii QwoiQé éE p O ¢ ©

¢cd@xy O ¢ O A.17

Using EquationA.16)

0
T 0 O Y 5 gJ A.18

Solving the equation (3), we get

O pgx O m @Yo pHPwWO
0 c¢®xO0 ¢O

So, o =
0 P O pg Yupd IO pPpB @

For Economical Sectior—~ Tt

Thus, solving we get,

@O pHO LVHRD

Squaring both sides,

PHO® ¢ @

8 .
i.e.0 WO
or,0 c& (O

Replacing the value & from equation A.16),

-0 00 ¢® O
U
Or, O e8ULvVOEO ™ oW L1

Which is quadratic in H. so solving for H, we get

T® L N N
8 T

O

Then wethe values of H as,
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0 ™ @
Or,

0O ™ o0
Which is not possible for its negative value.
So, using the value of H as 0.586D we get,

A =0.9786 O
And,

P =3.792D
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APPENDIX B
Hydrauli ¢c Desi gn
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B.1 Design of Side Intake

S.N | Description Output References
A 1. Provided References:
a. River Bed Level =2190 m Height  of Baral,5.(2013)
b. Ooai w®.5m%s opening= 1 F;Jndamentals
c. Oaao@ile2x 0.5m%s =0.6m3/s m (é Hydrqpower
(10 % increment for flushing purpose & 10% for { Length  of PZS?E?E%Z
Io§ses) - - opening =
d. Discharge coefficient of orifice (C) = 0.6
0.8 m
2. Assumptions
a. Velocity through orificed = 0.756 /i ProviFIe 1
b. The orifice invert level is placed at 0.5above river] °P€Ning  of
bed level. dimension
0.8m X 1m
3. Calculations:
a. Cross Section Area required for Orifice (A)
== = 08n
Provide 1 orifice opening, hence Area of one opel
=0.8 nt.
Assume the height of orifice (H) =1 m
b. Width of orifice(B) =— =——=0.8 m
Hence adopt 0.8m width by 1m depth of intd
opening.
Set the bottom of orifice = 0.5 m above the river
level.
c. Depth of water at intake canal: 1.62 m at N\
(2191.70 amsl).
d. Invert Level of intake canal is fixed at R.L
2190.9 amsl. So, Canal Water Level at norr
water level = 2191.38 amsl.
4. Check
At Normal Water Level
Q=00¢Q0Q Q =TqD RV CHpp BT
=0.74 nmi/sec > 0.6 rfisec (OK)
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B.2 Design of Trash rack

S.N. | Description Output Reference

. Assumptions Trash rack References:
of size 1.04] Baral,S.(2013)
m x 0.70 m| Fundamentals
of Hydropower
Engineering
Page no. 282

B

1

a. Approach velocity (v): 0.32 m/s

b. Thickness of the bar (t): 16 mm

c. Clear spacing between the bars (a): 100 mm

d FIl ow devi &t ion (b): 120
¢ Angl e of inclinati®on wi't
f. Shape factor for circular bar (k): 1.8

g. Surface area coefficient{k 0.55

N

. Calculations

a. Submerged Depth of trash rack = 1 m (height of ori
opening is 1 m)

b. Submerged width = 10.8+0.70+0.32 = 2.1 m
(2 width of intake opening+ gap between
opening+2xedge distance)

c. Gross submerged area of trash rael%sJ =2.17 .

d. Percentage opening of trash rack=— = 86.21 %

e. Effective opening of trash rack = 0.8621.17 nf = 1.87

m2.

3. Check

Approach Velocity =

=2 T @ @7 (OK)

8

(range 0.61.5 m/s)

No.ofbars,, — p — p LV W
o ADPOI @

4. Head Loss inTrash rack

Head loss due to friction flation)
=k(#a** v¥ (2g) sin b
=1.8 (16/100§ 0.7%/ (2 9.81) sin7®

=0.0044 m
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B.3 Design of approach Canal

S.N

Description

Outputs

References

C

1. Provided

a. Qdiverted: 055”?/3
b. Roughness coefficient (5 0.07
c. Free Board (F.B)=0.5m

2. Assumptions

a. Canal type: Concrete
b. Slope of the canal as 0.03765i.e. 1 in 28

3. Calculation

For Normal Water Level

For economical section, b=2y

where, b=width of the canal
y=water depth at the canal

A = b*y = 2y?

P =b+2y = 4y

R=AP=y/2

Now,0 -2z'Y' z"Y

0z¢
Yy o——— ®
62°Yz'Y
Hence, width = 2x0.5m =1.0 m
Height =y + freeboard = 1.0 m

Take width, B=1.0 m

Height of canal
=1.0m

Width of canall
=1.0m

Baral,S.(2013)
Fundamentals
of Hydropower
Engineering
Page no. 410

IS: 10430:
2000 Criteria
for design of
lined canal
sand Guidance
for selection of

type of lining.
Bureau of
Indian

Standard. Nev
Delhi

4. Check
Velocity in canal (V) = Q/A :% =1.1m/s

If V<0.8Vc

Ve= o) F Q=Vul) @ T® = 2.2147 m/s
Also, 0.8 \t=0.8 x 2.2147 =1.77 m/s

Total
=1.0m

Depth
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Here, V=1.1 m/s
So, V< 0.8 \¢ (Hence OK)

Total depth of Canal (HT) = H + free board (F.B) =0
05=1.0m

B.4 Design of Settling Basin

S.N | Description Outputs References
p | Design of Settling Zone References:
1. Given Baral,S.(2013
)
a. Design discharge (Q design) = 0.8/sn
b. Diverted flow, Q = 1.2*0.5 (10% increment f F;Jndamentals
flushing and 10% for spillway) 0
= 0.6 ni/s Hydropower
Engineering
Design 1 chambered basin, then discharge for 1 basin 3 Page no. 335

md/s

2. Assumptions

Limiting diameter of particle (ghit) = 0.15 mm
Kinematic viscosity, v = 1*18 m?%/s

Specific graswi6y of part
Specific gratity of wate
Acceleration due to gravity, g = 9.81 /s
Temperature of water, T = 2D

Fall ved0OdDt3bm/y, ¥

Q@ -0 a0 o
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3. Calculations

a. Limiting flow velocity, Vi= ~a*a(d) = 0. | ength of
a=0.44 for Imm>d>0.1mm) settling basin =
=0.17 m/s g

19.2m
b. Plain area of settling basingA—, where K=1.2to 1.
— 82 8 —
== 6222 Width of

c. Calculation of length and breadth: settling zone 3
UseL/B=6 3.2m
Or,B=L/6
Or, L*B =62.22 nt m
Or, L*L/6 = 62.22 nt
Or, L = a62.22 *6
Thus, L = 19.2 m a 19.2
And B=19.2/6 = 3.2 m a 3

4. Check d from

Checking the basin width by the following equation: eqn =75.34 %

B=4.75*Q"0.5 =4.75*0.6"0.5 = 3.67 m

Adopt smaller dimension for easement of the flushing purg d f_ ro T
So,basin width, B= 3.2 m eqn =71.52 %
Depth of settling basin, H=— = 8288 =1 11 m 4

Check for length

) By efficiency check fron

v 8 = 8
- p Q =p Q 8 =7534%

Check for efficiency
) Vetterds method
W 8z 8
- p (0] =p Q 8 =7534%

() Hazends met hod

) 7
d = p a-—

m = 0.17 for good performance
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78

=p p T[{ﬁ)x% =71.52%

Design of Inlet Transition
1. Provided
a. Width of settling basin (B) =3.2m

b. Wi dt h of approach canal
c.lnlet horizontal %expansi
d Inlet vertical éxpansion

2. Calculation

=57m

a. Length ofinlet transition, L = —= -

b. Length of inlet adopted,il= 5.7 m.

Design of outlet Transition

Outl et Horizontal expans
Outlet vertical transition angle = %5

Width of headrace canal = 0.8 m

Lengthof outlet transition, b= ==

8

SJ: 3.3m

® 2 0o

Length of outlet transition adopted = 3.3 m

Length of inlet
transition =5.7
m

Length of
outlet
transition =3.3
m

Total length of settling basih,t = 19.2+5.7+3.3 =28.2 m

Design of Sediment Storage Volume
1. Given

a. Sediment concentratio=2 kg/s
b. Density oft=260@kdiiment , |

2. Assumption

a. Freeboard, FB = 0.5m
b. Detention time, T=6 hours=6*60*60= 21600 sec
c. Packing factor of sediment in submergencg;R0.5

Height of
sediment
storage .5 m
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3. Calculation
a. Sediment load, (%ad = Q*T*C = 0.6 nt/s *21600 s *2
kg/s = 25920 kg

b. Sediment volume, (3 =— = 5 - 19.94

m3

c. Storage stDa@:p—t—h%*:O.Bm:O.Sm

(adopt)
d Tot al depth of settling
0.5+2+0.5=3.0m
iy | Design of Flushing System Flushing
Side Slope = 40° system =0.5m
Width of flushing (Df) = 1 m (assume) x0.8m
Depth of hooper (Dh) = 0.9 m
Area of hooper (A) = 0.5%(B+Df) * Dh = 2.34m Total depth of
Take height, h ©.5 m settling basin =
B 2m+09 m +
and b =0.8 m(assume) 05m=34m

Check

Check for Hooper section:

Storage Volume = A*Uniform length + b*h*Uniform length
2.34*19.2 + 0.8*0.5*19.2 = 52.608 3w 19.94 ni (sediment
volume).

Hence, OK.

B.5 Design of Surge Tank

S.N Description Outputs References

D 1. Given References:
a. Acceleration due to gravity(g) = 9.81 rfi/s Baral,S.(2013
b. Discharge(Q) =11.57 m3s )
c. Length of headrace tunnel (L) = 3629 m Fundamentals
d. Diameter of headrace tunnel (B)3.5 m of
e. Gross head@) =442 m Hydropower
f. velocity of flow in headrace tunnel =1 m/s Engineering
g. Total headloss =9.20 m Page no. 335
h. Net Head(Ho) = 432.80 m
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i. Frictional coefficient (f) = 0.013

2. Calculation

Using thomaformula,

0.56 nt

a. Area of headrace pipe (A
b. Area of Surge Tank (4 = 45D'%9YH,= 6.77 nt
c. Diameter of surge tank )
d. Actual area of surge tank = 13.54m
e

. Actual diameter of surge tank =4.15m

= 2/4=*1D.99 M

= (4% E2.%amt /

Area of surge tank required = A L x vt?/ (2gh (Hg-hy)) =

f.  Maximum upsurge level in case of instantaneous reje
of full load(Zmay) = Q/Astx(LxAst/(gxAt)}2=17.47 m

g. Headloss correction factor(Po) #4mhax= 0.53

h. Maximum upsurgeupon sudden 100% load rejecti
(Zmaxup) = Zmax(1-2/3 x R+ 1/9 x B) = 11.87 m

Dst Ast Zmax Po Zmax,up Zmax,do Hst

3 7.07 24.18 0.38 18.43 (5.78) 24.21
3.5 9.62 20.72 0.44 15.04 (2.32) 17.37
4 12.56 18.13 0.51 12.52 0.27 12.25
4.5 15.90 16.12 0.57 10.57 2.28 8.29
5 19.63 14.51 0.63 9.02 3.89 5.13
55 23.75 13.19 0.70 7.77 5.21 2.56
6 28.26 12.09 0.76 6.73 6.31 0.42
6.5 33.17 11.16 0.82 5.87 7.24 (1.37)
7 38.47 10.36 0.89 5.14 8.04 (2.90)
7.5 44.16 9.67 0.95 4.51 8.73 (4.22)
8 50.24 9.07 1.01 3.97 9.33 (5.36)
11 94.99 6.59 1.40 1.89 11.81 (9.92)
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From lteration Table

Upsurge Head from static Level = 10.57 m
Downsurge Head from static Level = 2.28 m
Normal level at Intake 2191.7 m

Head loss correction = 2182.50 m

Crown level of HRP 2,181.78 m

Diameter of penstock (Dp) =3.2 m

Area of penstock (Ap¥ 8.04m?

Velocity of flow at penstock @ = Q/Ap = 1.44 m/s
Minimum submergence head 1) = 1.54%2g = 0.15838707¢
m

Minimum submergence head 2¢h) = 1.50,=4.8 m
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APPENDIX C
Numer i cal Model | |
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C 1: Numerical Analysis Result of Middle Bhotekoshi Hydroelectric Project

[Ch 0+300m]
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Numerical Modelling of MBKHEP (HRT) at chainage of 300m
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[(Crpaves By

Rajeev Shrestha [ 1:106 jconpuny Kathmandu University

9/15/2018, 12:09:16 PM e 300m after support.fez
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C 2: Numerical Analysis Result of Middle Bhotekoshi Hydroelectric Project

[Ch 0+400m]

s

Numerical Modelling for MBKHEP: Section 400m

: _ iosiasonaond Assessment using Shotcrete and Bolt as per Provided Support (Plain Strain Analysis)
18151060 Sujan Karki [ 1 e Kathmandu University
sl Bt 5/7/2018, 1:02:25 PM g MEKHE 0+400 Observed Support.fez
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C 3: Numerical Analysis Result of Mddle Bhotekoshi Hydroelectric Project

[Ch 0+500m]
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C 4: Numerical Analysis Result of Middle Bhotekoshi Hydroelectric Project

[Ch 6+795.5m]
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C 5: Numerical Analysis Result ofSanjenHydroelectric Project
[Ch 1+864m]
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