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1. Norms for 2 years for sanctioning of new works :

It is recommended that norms for 2 years for sanctioning of new works is restored back to 3 

years as was existing previously and also ceiling limit should not include works between 1-2.5 

crore as these are already sanctioned at Board’s level.

2. RDSO should train few officers  & supervisors of different railways in engineering workshop in 

the inspection of welded plate girder for composite construction ROBs and issue them 

certificates. RDSO should also issue a clarification that check list for plate girders is applicable  

to composite girders of ROBs also.

3. It is recommended to review the policy of provision of ROBs on National Highways to facilitate 

construction of ROB with four lanes irrespective of TVUs.

4. It is recommended that Railway Board may clarify in case of ROBs on deposit terms what 

charges are to be levied if there is a pier or any other obstruction due to construction of ROB  in 

railway land in case (a)ROB leads to closure of level xing and (b) does not lead closure of level 

crossing.

th st56  IRICEN Day Celebration - 1  Nov. 2013th st56  IRICEN Day Celebration - 1  Nov. 2013
st

1. Silver Jubilee batch of IRSE 1987 exam shall be felicitated on 1  Nov. 2013. 

2. Outstanding probationary officers and Gr.’B’ Integrated Course officers will also 

be awarded.

3. Theme for the seminar for Silver Jubilee batch of IRSE 1987 exam shall be as 

below.  
nd(i) 2  Phase Track Modernisation on IR

(ii) Ethical Conduct & Experience Sharing

4. We shall be starting our activities on this date from the new building which is 

slated to get a top rating in green building construction.

Important Recommendations of CBEs’ Seminar at IRICEN
th th16  -17   May, 2013





Dear Readers,

Civil engineering structures carry heavy loads in the physical 

sense and undergo a lot of beating in return. This is particularly true of 

the railway track. Certain segments of the corporate organization are 

not sensitive to sustained requirements of maintenance and upkeep 

of these structures. Opening of communication channels and 

reaching out to the other side assumes importance rather than 

hardening of attitudes leading to segmental thinking.

Steps have been initiated in the recent past in the form of Track 

Management System (TMS) with the help of CRIS and efforts seem to 

be moving in the right direction. With the implementation of TMS on 6 

divisions of Indian Railways and 18 more divisions to be covered in 

this year, full coverage is a clear possibility in the very near future. This 

is certainly a welcome sign.

Adoption of critical technologies to overcome inherent 

weaknesses is an important area. Adoption of rail grinding technology 

is finally happening. Consciousness on the subject has been added 

by contribution from IRICEN through a series of training programmes 

to focus on the understanding and grasp of target profiles to be 

actually adopted.

Enhancing safety at level crossings by way of elimination, 

upgradation and other measures is the need of the hour. This is one of 

the themes of the upcoming national seminar for which responsibility 

has been entrusted to IRICEN. Introduction of higher speeds on the 

existing network is the other theme of the seminar. We solicit your 

whole-hearted cooperation in our endeavour.















SYNOPSIS
Indian Railways has procured a new Complete Structural Testing System (CSTS) for monitoring of 
bridges. This paper describes the components of the system and discusses ways in which this system is 
different from the existing monitoring methods. Also, the paper describes ways of deploying this system 
so as to meet the objectives of reliability of the bridges and ensuring safety while running higher axle loads 
on existing bridges.

1. Introduction

Indian railways have procured eight nos Complete 

Structural Testing System (CSTS), which are also known 

as STSWiFi (Wireless Structural Testing System), which 

have been supplied to NR, NER, NFR, SCR, SR, SER, CR 

and ER.This equipment has been used earlier for testing of 

bridges in western railway as part of Pilot Project through 

Railway Board. These systems are manufactured by M/S 

Bridge Diagnostics Inc, Boulder, Colorado, USA and 

supplied through COFMOW. The contract for supply 

included two rounds of indigenous training and a round of 

foreign training for 4 officials in operating the equipment. 

Indigenous training was given in RDSO in April 2013in 
with up to 4 nodes with Ethernet cables (up to 50 with which setting up of the equipment for testing and viewing 
additional Ethernet switches) and upto 25 nodes the results using softwarewere explained to 27 nos officials 
wirelessly. The wireless communication is 802.11 b/g from RDSO/ zonal railways were trained in this training. 
with 100m line-of-sight range. Multiple base stations The authors of this paper attended foreign training in 
can be used during the same test to allow structures Boulder/New York in May 2013during which the modeling 
longer than 100m to be tested.If line of sight is not of the structure and drawing conclusions from the field 
clear, Ethernet cables (standard LAN cables) can be data were covered.
used to connect the nodes with base station.

2. Equipment: The equipment supplied has the 
b. STS-WiFiNode : Nodes are used to connect sensors following components:

to the testing system and are of modular ruggedized 
a. STS-Wi-Fi Base Station: This main communication 

design. Each node can connect to up to four sensors 
hub, which is ruggedized equipment that can connect 

through instrumentation grade cable. These cables 
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with a sensitivity of ~500 µε/Vout/Vext and an 

accuracy of <0.2%, individually calibrated to N.I.S.T. 

standards. These consist of four fully active 350Ω foil 

gages in a Wheatstone bridge configuration. These 

are suitable for steel as well as masonry/concrete 

structures. For use in the masonry/ concrete, the 

gauge length can be increased by attaching a strain 

transducer attachment. The nominal length of the 

are connected to the sensors at one end and the other gauge is 3 inches (76.2 mm), which can be increased 

end consists of waterproof military specification with the attachment in steps of 3 inches (76.2 mm) 

circular bayonet snap-lock connector, which can be upto 24 inches (610 mm).

quickly connected to the STS-WiFi node.Up to 100  
nodes can be connected together (i.e., the system is 

expandable to up to 400 channels of data). The 

hardware accuracy is ±0.2%, sample rate is 1 to 500 

Hz software selectable. Power input is 9-48 Volts DC, The strain gauges are reusable and 
current: ~0.45 Amps at 12Volts DC nominal. The STS- are bolted on studs which are either 
WiFi nodes can work in wireless as well as wired fixed with adhesive or welding on 
modes. The wireless communication is on 802.11 b/g the bridge.The tabs too can be 
while the wired communication is through standard removed after use and reused 
Ethernet cables. The nodes have 520 MHz Marvel afterwards on other location/ bridge. 
Xscale PXA270processor with 64MB SDRAM (32- This feature makes the use of these 
bit)which is used for signal conditioning, filtering, and gauges extremely cost effective.
A/D conversion which are performed by each STS-

ii.) BDI Accelerometers: These 350 Ω MEMS type 
WiFi node.

accelerometers are designed for live-load vibration 
c. Sensors/Intelliducers: The data acquisition 

equipment works with most sensor types but is best 

used with Intelliducers manufactured by BDI. The 

Intelliducers have built in memory chips so that each 

sensor can identify itself to the system so there is no 

need for tracking which sensor is wired into which 

channel or feeding the sensor number and calibration 

information into the system. Due to this, these 
measurements with ±2g, ±5g, ±10g, ±20g, ±50g and sensors can be connected to any node at any 
±100g range. The excitation voltage is +5 VDC and a position. This Intelliducer system also enables each 
sensitivity of 1000 to 20 mV/g. Operating temperature sensors individual calibration factor to be stored in a 
range is -55°C to +125°C and F.S. Non-Linearity is “cal” file, which allows these factors to be 
±0.5%.automatically applied, with no need for separately 

entering these factors for each bridge test. All BD iii.) BDI Precision Tiltmeters:These electrolytic gravity 
Isensors have integrated Intelliducer plug that can be based tilt sensors are used to monitor live-load and 
used to connect the sensor to the nodes. 

Different type of gauges available include:

i.) BDI Strain Gauges: These sealed/water proof strain 

gauges are designed for high-speed live-load 

measurements. Working temperature range is -50°C 

to +120°C. These sensors have a range of ±4000µε 
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long-term rotations on beam ends, piers, columns used to indicate the position of the vehicle knowing 

and towers etc. Normal models have linear range of the initial starting position. This event of passing of the 

±0.5° to ±60°, with resolution <0.0001 to <0.001 arc reflective surface in front of the infrared rays is called a 

degrees and < 2% F.S. accuracy. These can work in “Click” which is transmitted usingradio.It has a range 

temperature range of -54°C to +125°C, with of 1 km and uses two 900MHzradios to wirelessly 

temperature coefficient of 0.1%/0C. transmit the signal back to the one of the input 

channels on an STS-WiFi node.iv.) BDI Temperature Sensors:The temperature sensors 

are a thermistor reading and generally used to track e. Software : The equipment becomes “complete” with 

the temperature of the structure during live-load custom-made software which is used for viewing the 

testing or long-term monitoring.  The standard results from testing, for comparing the trends from 

operating range is from-20°C to +80°C and have an different strain gauges, for generating a numerical 

accuracy of ±0.5°C. model and for optimization of the numerical model 

etc. In short, the system handles all activities related v.) BDILVDTs :BDILVDTs  o r  L inear  Var iab le  
to testing of a bridge from field work to drawing Displacement Transducers are used to monitor live-
conclusions. There are three components of the load and long-term deflections and are ideal for 
software:measuring bridge deflection. These have spring-

loaded return pistons and have a linear range of i.) WinSTS:Data AcquisitionSoftware,developed for 

±25.4mm. The resolution is <0.0025mm and operating and collected data from the STS-WiFi 

operating temperature range of -58°C to +158°C. equipment.

These have a temperature coefficient of  

±0.006%F.S./0F.

 

d. BDI Auto Clicker : This sensor is used to record the 

testing vehicle’s position during an entire live-load 

 This software is the computer interface for the STS-WiFi 

hardware. This software allows the user to control all 

functions associated with the STS-WiFi system, collected 

data, and perform a preliminary data review. This software test. The structural response data collectedby the 
has been expressly designed for use with STS-WiFi and STS-WiFi nodes is synchronized with data coming 
no other Data Acquisition equipment.from the BDI AutoClicker so that the structural 

responses can be presented as a function of load ii.) WinGRF: Graphing Utility Software, tailor-made for 

position rather than an arbitrary point in time. The the needs of the STSbridge testing equipment.

AutoClicker is attached near one of the wheels of the 

vehicle and is used to give the precise location of the 

vehicle at different instances of time. Ituses a 

reflective surface fitted on the wheel which reflects the 

infrared rays back onto a sensor on the AutoClicker 

and thus counts the wheel revolutions by inputting a 

marker into the data file for every reflection. With the 

knowledge of wheel circumference, the distance 

traversed between each markeris known and can be 
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This user interactive graphing program was specifically (beam), shell (plate and membrane), and spring (6 

designed for viewing data obtained from the BDI Structural degrees of freedom) elements. Using the software’s mesh 

Testing System (STS). It enables the user to view field data generation feature, window based group creation, group 

quickly and efficiently, saving the need for dealing with assignment, gage location definition, and test vehicle 

spreadsheets. Raw data files from the STS can be definition; the user can quickly create a FE model to 

imported directly into WinGRF and viewed with respect to simulate the load test conditions and make direct 

time, load position or load event. In addition, WinGRF is comparisons between the model and the collected test 

used to view computed responses from BDI’s WinSAC data.

structural analysis software, and allows an engineer to iv.) WINSAC: A Linear-Elastic Structural Analysis And 
visually determine the validity of their finite-element Correlation Software that performs the analysis for 
optimization procedures. model files created by WinGEN.

The software has a capability for comparing the lateral 

distribution of the loads shared by the various girders as 

the position of load changes. This is a very good option and 

any improper distribution can identify whether some 

sensor is not behaving properly or the structure itself has 

some peculiar behaviour.

 Other various tools for extracting and processing data 

have also been incorporated into the WinGRF software. 

The user has the ability to generate envelope files to 

determine the minimum and maximum responses from 

each sensor, extract data at specific load position 

increments, and decimate or filter data to either reduce file 

size or eliminate noise in the field data. The user can also 

easily combine or average multiple data files; this is This software strictly performs the structural analysis 
extremely useful when working with multiple STS systems necessary to evaluate the WinGEN model, including: 
or multiple rounds of testing. computing and comparing strains at the instrumented 

locations; calibrating the FE mode  based on user’s iii.) WinGEN:Linear Elastic Finite-Element Modeling 
defined parameters and their limits; and load rating the Generation Software, tailor-made to create models 
structure based on input rating information. Once the that can be used by WinSAC to compute structural 
analysis is complete, this software saves different types of response for comparison, calibrate the model, or rate 
results in various files that can be reviewed or used in the structure. The calibration of model in WinSAC is 
WinGRF.automated iterative process which optimizes the 

convergence of model with actual field data. 3. Basic theory of CSTS : The CSTS was developed 

around the concept called “integrated approach”. In simple 

terms this approach involves collecting high quality 

structural data quickly and efficiently, and integrating this 

data into the structural analysis in order to evaluate the 

structure as accurately as possible. First, this approach 

involves taking continuous recording of the strains and 

other parameters at a high sample rate as the load crosses 

bridge at slow speed. The high sample rate of the 

continuous data enables the CSTS to capture a complete 

set of structural response behavior, which is often missed 

using static testing techniques. The type of information 

provided by complete response histories include: 

composite action or the loss thereof; end-restraint and 

continuity behavior near supports; effects of secondary This GUI based software allows the user to create a 2-D or 
elements such as sidewalks and curbs; effects of damage 3-D finite-element (FE) model quickly and efficiently. The 
or deterioration, and a more complete picture of WHY the available FE element types that can used are frame 
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structure was behaving a certain way instead of just how for the fatigue life computations. The system can be 

large the beam stresses were. The STS-WiFiis testing used with its own sensors as well as sensors 

system developed to capture the live load response of the manufactured by other manufacturers.

structure quite accurately and quickly and can be used to e. Easy Visualization: The data acquisition with CSTS 
accurately predict the behaviour of a structure under can be viusualized very easily using the proprietary 
different loads. Using the collected data, the model is software called WINGRF which can show upto 32 
calibrated against the live load only and hence a limitation channels after testing and any number of channels in 
of CSTS is that it cannot necessarily predict the behavior of post processing mode. It is easy to see the patterns of 
structure under effects of wind, earthquake, temperature changes in values coming in with the changing load 
effects, etc. The effects of dead loads can be predicted by positions which can tell if the data coming in is ‘good’ 
extrapolating the results obtained for live loads as long as i.e. as per trends expected or not.
the structure is found to mostly behave linearly under dead 

f. Lesser Cost of Testing: The strain gauges used in 
and live loads. However the effects of the lateral loads and 

CSTS are reuseable. These are fixed with tabs glued 
occasional loads have to be approximated or modeled 

to the girder components in which the gauges can be 
separately.

screwed. The tabs can be removed after testing and 
4. Capabilities and advantages of CSTS : The CSTS the same gauges can be used repeatedly over long 
has the following basic capabilities which bring about periods of time with periodical calibration. This 
major advantages for the users: reduces the overall cost of testing considerably. 

a. Fast testing : It can be set up very fast because it has g. Accuracy: Each BDI strain gauge takes the reading of 
wireless transmission between the nodes and the four strain gauges installed in Wheatstone bridge 
base station. The cables from nodes to the sensors are configuration. This increases the output from a typical 
not typically very long. This makes the task of setting ¼-arm foil gauge by approximately 3.5 times, so the 
up a test very fast. signal to noise ratio is much better then typical ¼-arm 

b. Lessmistakes : The sensors used in CSTS have Intelli foil gauges. The gauges being installed in rugged 

ducersi.e. they have their own chip in-built in each casing have proven to be very accurate over 

sensor and each sensor identifies itself to the base considerable periods of time even though calibration 

station. Any sensor can be connected to any node and through recalibration is recommended periodically.  

any channel on the node without affecting the data h. Complete Package: The CSTS is a complete 
collected and the operator only needs to note down integrated package, from testing to load rating. The job 
which sensor no is installed at which location on the of theoretical analysis of the bridge components 
bridge. The sensor calibration factor also applied to through Finite Element Modeling is not left to some 
the data automatically. This reduces the chances of other software. The software is written specifically for 
making a mistake to a considerable degree. bridge testing and has neat features which help 

c. Lesser errors: The strain gauges supplied with CSTS modeling of typical bridges very easy. For difficult 

have a gauge length of 75 mm (3 in.) which is higher layouts, there is a facility for importing the geometry 

than the gauge lengths normally available for from AutoCAD, which can be used for difficult bridges 

bondable strain gauges. For use of concrete and such as curved bridges or bridges with a unique 3-D 

masonry structures, the gauge length can be geometry. Visual comparisons of the modeling results 

increased by using strain transducer extension upto and the instrumentation results can be done through 

610 mm (24 in.). Due to the large length of the gauge, it the software which makes the comparison convenient. 

captures data from a longer area of the structure and The adjustment of the different parameters such as 

hence the data obtained is much less susceptible to stiffness of members, support conditions, fixity of 

local changes in material properties, minor cracks on supports etc can be controlled manually and then 

surface, mistakes due to fixing the gauges slightly optimized using the optimization engine built-in in the 

oblique to the axis of the structure etc. software. The integrated approach helps perform all 

the tasks required for instrumentation and testing of a d. Versatility: The CSTS can be used to monitor a variety 
bridge and the software which is specially developed of parameters on a bridge, such as: strains, tilts, 
to make the entire task convenient.accelerations, displacements, temperature etc. A 

modified version of the equipment can be used for long i. Load Rating: The software is programmed to give load 

term monitoring of behaviour of bridges which is useful rating of the bridge. Load rating is a simple parameter 
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which determines the ratio of load carrying capacity the tests can be performed quickly, the tests can be 

and the actual load coming on the most critical performed on more than one damaged/good 

component of the bridge with an acceptable factor of component to quickly draw up the trend and 

safety. This ratio is considered a load rating factor. informed decisions can be taken. Another interesting 

Larger a load rating factor value is,the better it is, and use of this equipment is in comparing the efficacy of 

a value less than 1 indicates that the rated load repairs/ retrofitment planned. Before committing 

cannot cross the structure with an acceptable factor large investments for the repairs, a few prototype 

of safety, as it leads to possible overstressing and repairs/ retrofitment can be done and this equipment 

potential member failure. The software WinSAC can be used for noting down the ‘before’ and ‘after’ 

gives the load rating of the components using any of parameters and indicating the efficacy or otherwise 

thestandard methods given by AREMA/ AASHTO of repairs/ retrofitment planned. The choice of 

etc and can be customized for IR’s needs. The load appropriate method can be made on the basis of the 

rating takes into account the actual stresses, various measurement results.

load and material factors which are considered in b. Predict structural behaviour: The structures are 
design and then assesses the critical load rating. In designed assuming idealized/simplified behaviour 
short, the field verified load rating provided by the or certain assumptions. Normally all these 
integrated approach is a factor which conveys the idealizations/ assumptions are on the conservative 
load carrying capacity of the most critical component side and the structures can typically take slightly 
of bridge based on actual field data.  This load rating more loads than assumed in the design. During 
can be used to plan repairs/ rehabilitation as the load usage, the structure undergoes various 
rating of entire bridge can be increased if the most deteriorations due to ageing and environmental 
critical component is strengthened/ replaced or /usage factors which leads to reduction in load 
structural behaviour of the bridge altered. carrying capacity. The structures are also modified in 

5. Usage of Equipment on Railways: The equipment field during repairs/ retrofitment operations arising 

can be used for a variety of purposes on bridges: out of different exigencies in use. The assessment of 

effect of corrosion, repair of components etc on load a. Assessing Damaged Components: Quite often we 
carrying capacity/ residual life of the bridge is very come across the situation where some bridge 
difficult as these may be accompanied by component is deteriorated to considerable degree 
redistribution of the stresses also. In order to predict either due to corrosion or due to other damage such 
the structural behaviour of the bridge taking into as accidental hitting etc. In such cases the decision 
account all the various changes in the bridge as cannot readily be taken on the basis of theoretical 
constructed is very important, especially in case of analysis and often the engineers are left to take the 
major/ important bridges where the replacement of decisions based on their ‘judgment’ or ‘gut feeling’. 
components is not easy. As per Indian Railways Mostly the engineers decide to err on safe side and 
Bridge Manual Para 1107 (16), Health Monitoring of overly-conservative decisions are made, often 
very important bridges is to be carried out once in creating problems in operations. However, if the 
five/ten years include corrosion monitoring, engineer decides to take measurements around the 
deterioration of material, system damage, damaged area, they can typically make a more 
retrofitting, etc. This equipment can be used for this informed, much better and more accurate decision. 
exercise. This equipment can also be used where The damaged component and some other 
investment decisions for repairs/ replacement of component in reasonable condition on same or 
major bridge components is involved. \different bridge can be instrumented and measured 

under the same train load. The absolute readings of c. Load rating: An important use of the equipment is in 

the stresses under load will give a very good idea on load rating of the bridge components. Whenever 

the magnitude of stresses under live load and tell the there is need for enhancing the loads on any 

engineer if the damaged component is stressed to a particular stretch of track, the load rating of 

significant extent as compared to the allowable representative bridges on the section can be 

stresses. Comparing the results from damaged and undertaken. The bridges can be tested under the 

good components will help compare the effects of existing loads and the results can be extended to 

damage on the strains and tell the engineer the predict the load rating if the higher loads are run on 

effect of the damage on the load distribution. Since the section. The load rating concept will indicate not 
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just the suitability of the bridge as a whole for the loads actual testing sites to get the idea of actually how the 

to be carried but also indicate the members work is being done. A critical mass of engineers of 

whichmaybe required to be strengthened/ replaced Indian Railways must be created through the hands on 

before/after the higher loads are allowed. training so that they can use this equipment through 

their own knowledge and through interaction with 6. Action Plan for Technology Absorption and Use of 
other trained engineers.CSTS on Indian Railways: As with any new technology/ 

technique, it requires lot of hand holding to ensure that the ii.) Refresher Training: After the initial hands on 

same is adopted by the ‘system’ and the usage percolates training, the further training shall be imparted on 

to the field level. The following are steps which authors feel annual basis by IRICEN and RDSO so that new 

are important that this equipment and technique is used engineers requiring training can be trained and the 

fruitfully for the bridges on Indian Railways: existing engineers who are using the equipment can 

clear their doubts through discussions and classroom a. Procurement of additional Systems: looking at the 
training.various advantages of the CSTS, the procurement of 

the system shall be done for the balance eight zonal c. Analysis Training and Support: The analysis of 

railways, RDSO and IRICEN. This equipment shall be testing being done in field requires not just training but 

the basic equipment to be used for assessing health of also hand holding initially. It is recommended that the 

bridges, especially those that have suffered some testing done as part of hands on training shall be 

damage and for all major repair / rehabilitation / analysed by the design engineers of IR jointly with 

replacement proposals. BDI’s engineers at Boulder so that the IR’s engineers 

gain an idea of the methods involved and the b. Training: Present contract through COFMOW 
techniques used by BDI engineers in the analysis. visualizes two indigenous training rounds and one 
Further, the work done in India shall be analysed jointly round of foreign training out of which one indigenous 
by the IR’s design engineers and BDI’s engineers training and the foreign training have been completed. 
initially so that the work done is reviewed and actual Having attended the trainings, the authors are of the 
work done in IR’s conditions is available to serve as opinion that the equipment shows its potential in first 
reference for future.training but since IR’s engineers are not used to 

working with such equipment before, the actual usage d. Spares and Hardware support: The hardware 

will require many more rounds of training.The authors equipment requires support from OEM and it will be 

are of the opinion that using the equipment has two better if an Annual Maintenance Contract (AMC) 

prerequisites, viz, proper field testing and in-depth incorporating the rates for spares and important 

knowledge of the post analysis engineers. Further, the components is available. 

importance of field notes, proper methodology to be 

followed for testing etc cannot be overemphasized. 

The proper testing in field is not a matter of classroom 

training but needs to be experienced in field. Before 

meaningful work is started using the equipment in 

India, there is a need to know the methodology being 

followed by M/S BDI for testing. The in-depth 

knowledge requires experience which will come by 

doing the same job over and over and experiencing the 

complexities thrown up by actual field conditions.It is 

felt that the following action plan will go a long way in 

percolation of technology in the IR’s bridge 

organizations:

i.) Hands on Training: At the moment, there is none in 

India who can impart training in this equipment. It is, 

therefore, proposed that training be imparted to staff 

from RDSO, IRICEN and zonal railways in the actual 

field testing and post testing analysis separately in the 

premises of M/S Bridge Diagnostics Inc, USA and their 
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SYNOPSIS
With the advent of new admixtures and cementitious materials, it became possible to produce highly 
workable concrete with superior mechanical properties and durability. This emerging concrete is being 
called as High Performance Concrete (HPC). One of its offsprings is High Strength Concrete. HSC can be 
delineated as the concrete with characteristic strength beyond 55 N/mm2. The salutary impact of HSC 
can be seen in the saving of size of members in high rise buildings and prestressed concrete structures 
that need ‘intelligent designing’.
Conventional Cement Concrete (CCC) has inherent weaknesses in the form of numerous voids, micro-
cracks in transition zone between aggregate and cement paste. Thus enhanced performance is directly 
proportional to the degree of reduction in these intrinsic flaws. This can be achieved mainly by reduction of 
w/c ratio to a value around 0.3. In this program the influence of size of specimen, dosage of 
superplasticiser, time of compaction and age of M60 concrete were studied.

1. 28 days compressive strength : 58.8 N/mm2

First step was mix design in which target strength higher Initial setting time : 160 minutes

than characteristic strength was aimed so that the required Final setting time : 220 minutes
strength could be achieved in the field. HSC mix design 

Specific gravity : 3.14 
involved the process of fixing the proportion of 

cementitious materials (cement), coarse and fine 

aggregates ,  water  and chemica l  admix ture  Fine aggregate:
(superplasticiser) to get the desired properties in both fresh 

River sand
and hardened state. 

Fineness modulus: 2.30
ACI mix design method was used to achieve a mix for a 

Specific gravity: 2.60characteristic strength of 60 N/mm2. After assiduous 

attempts with various mix trials for different w/c ratios, a w/c Zone: II
ratio of 0.25 was adopted as it yielded the required target 

Purely dried sand was utilized to avoid the problem of 
strength. The final mix proportion implemented was 

bulking.
1:0.94:1.35 with w/c ratio of 0.25.

2. Materials
Coarse aggregate:

Cement:
Grading of coarse aggregate with 12.5mm and 10mm was 

Portland pozzolana cement
done to get the optimum density.

Test Program
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Fineness modulus: 6.57

Specific gravity: 2.63

Water:

Potable water with PH value of 7.65 was used in this work.

4.  Test Variables

Influence of the following factors on compressive strength 

was studied.

Dosage of plasticizer : 400ml, 500ml, 600ml/50 kg of 

cement

Time of compaction : 20 to 120 seconds in steps of 20 

seconds

Size of specimens : 100mm & 150mm cubes and 

150mm dia. cylinders

Age :  1, 3, 7, 28, 56 and 91 days

5.  Casting

All the constituent materials were put into the concrete 

mixer and water was added during rotation. 80 percent of 

needed water was added initially and mixed for 75 superplasticiser. It can also be inferred from these figures 
seconds. In the meantime, superplasticiser was mixed with that workability enhancement is peripheral i.e. only 5% 
the left over 20 percent water and this mixture was in turn while decrease in strength at higher dosages is around 15-
added to the concrete in the mixer. Mixing was continued 20% of the strength corresponding to 400ml/50kg dosage. 
further for another 45 seconds. After mixing, test- Thus the higher dosages have a violent effect on strength. 
specimens were cast in moulds of 100mm & 150mm- Hence the lowest dosage of 400ml/50kg of cement is 
cubes and 150mm diameter cylinders. Individual batches adopted for further studies as the desired workability is 
were cast for each age. Specimens were kept under water achieved at this dosage.
in a tank immediately afterremoving them from the moulds. 

b. Effect of time of compactionThis curing was continued till the time of testing.
Dependence of compressive strength on time of Altogether 387 specimens were tested in the present 
compaction can be seen from Fig.2. In this figure study. Allocation of these samples to various test-variables 
compressive strength is almost consistent in the range of is given below. 
40 to 100 seconds of compaction-time with the lowest 

value observed at 20 seconds and the highest value at 40 Test variable No. of 
specimens seconds. Moreover compressive strength at 40 seconds 

touched target strength of the mix. Hence 40 seconds time To find optimal dosage of super 45
was considered as adequate. plasticiser

To arrive at the best time of compaction 36 +36 = 72
(100mm & 150mm cubes)

To study age-effect on compressive 90+90+90 = 
strength (100mm & 150mm cubes, 270
150mm dia. cylinders)

6. Discussons

a. Effect of dosage of plasticizer

Fig. 1a & 1b depict the variation of compacting factor and 

compressive strength with dosage of superplasticiser. It 

can be observed from Fig.1a that there is no pronounced 

influence on workability with the increase of dosage of 

Fig. 1 a SP Dosage VS compacting factor
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Fig. 2 Time of compaction vs compressive strength as
% of 150 mm cube strength (40 sec.)
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c. Influence of size of specimen

Compressive strength of concrete is the most trusted 

property to investigate its quality.Cubes (100mm & 

150mm) and cylinders (150mm dia., 300mm height) were 

utilized for the tests. Usage of 100mm cubes along with 

150mm cubes is justified since maximum size of 

aggregate has been restricted to 12.5mm in this study.

The variation of compressive strength with age of all sizes 

of specimens is demonstrated in Fig.3. In this figure, 

%compressive strength means compressive strength as 

percentage of 28-days strength of 150mm cube. HSC 

exhibited high early strength and it is clear from this figure.

It is difficult to say whether cube strength or cylinder 

strength gives a better picture of strength of concrete. 

However, cylinders seem to give more uniform results than 
d.  Failure pattern

cubes do as the end restraint caused by platens of testing 
Specimens of age 56 days and 91 days burst into pieces machine is less on cylinder.Moreover, cylinders are cast 
i.e. brittle failure was observed while testing for and tested in the same direction. But direction of testingis 
compressive strength. Whereas normal mode of failure perpendicular to that of casting in case of cubes. Thus 
took place at earlier ages i.e. up to 28 days.Failure surface cylinder, with respect to direction of loading, simulates filed 
of specimens of 56 days and 91 days showed “breaking up conditionsin a better way. However, shape of cube reflects 
of coarse aggregate”. This can be attributed to the fact that shape of structural members adopted in general.
for HSC, hardened cement paste and transition zone are 

The percentage compressive strengths of different 
no longer strength limiting and it is  mineralogy and 

specimens for different ages are tabulated below.
strength of coarse aggregate itself that control the ultimate 

Specimen Age Compressive strength as % of strength of concrete.
150mm cube 28-days strength

7. Inferences
 1 37.49%

The following practical conclusions were arrived at in 
3 46.22%

the present study.
150mm 7 68.80%

1. In terms of strength, compatibility of superplasticiser 
cube 28 100% with cement was found to be the best at a dosage of 

400ml/50 kg of cement among other dosages.56 100.38%

2. The pattern of influence of time of compaction on 91 101.89%
compressive strength indicated that the compaction 

1 42.32%
period of 40 seconds was optimum.

3 49.17%
3. High strength concrete exhibited high early strength 

100mm 7 77.72% and the rate of increase became smaller at later 

ages. cube 28 103.20%

4. Smaller specimens i.e. 100mm cubes gave higher 56 105.82%
strength than that of 150mm cubes which in turn 

91 106.71%
developed higher strength than cylinders did. This 

 1 31.35% conclusion is in conformity with the behavior of 

normal strength concrete.3 39.28%

5. The specimens tested for compressive strength at 150mm 7 54.79%
later ages exploded in contrast to the failure of cylinder 28 81.99%
specimens of conventional concrete. Hence it is 

56 82.60% advisable to provide cage around testing machine 
91 84.57% while testing HSC for compressive strength.

Fig. 3 Age vs compressive strength of different
specimens as % of 150 mm cube 28-day strength
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SYNOPSIS
A computer approach to the optimal design of prestress concrete slab for Railway loading is presented. 
The resulting optimum design problems are constrained non-linear programming problems and have 
been solved by SUMT. Parametric study with respect to different type of spans and grade of concrete 
combinations of PSC slab sections have been carried out. The result of optimum design for PSC slabs 
have been compared and conclusions drawn. For the minimum weight and cost design of the PSC slab 
unit the following design variables are chosen: 1-Depth of PSC slab unit at center, 2-Depth of PSC slab 
unit at end, 3-Eccentricity of prestressing cable at center, & 4-Total prestressing force. The computer 
program is written in MATLAB.

1. Introduction  Apart from satisfying the code requirement, the slab may 

be designed economically from RDSO Drawings. For a The prestressed concrete slab for Railway bridges 
given condition, there might be a large number of extensively used for clear span 6.1m to 12.2 m. The design 
alternatives that satisfy the requirements imposed by of prestressed concrete slab for Railway bridges is done 
codes. But the designer must be in position to choose the based on Concrete Bridge code (CBC) of Indian Railway 
one, which is optimal against certain measure of optimality. Standards. The code requirement is generally concerned 
Therefore, the designers have to do some optimization to with the safety of the structure in its lifetime. RDSO issued 
arrive at such design. The objective of this Project is to standard drawings for simply supported pre cast slabs for 
achieve the optimal design of a prestressed concrete Slab 6.1m, 9.15m, 12.2m, span Bridges for pre tensioned and 
for Railway Bridge. It will establish a general relationship post tensioned both methods. These precast slabs are 
among different design variables at optimum and will replaced in short duration traffic blocks. The lightness of 
recommend a simple procedure to identify the optimum precast slabs is economical not only by material cost but 
design.also more economical for launching cost and cost of traffic 

block. 
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2. Structural optimization 3. Formulation

Optimization is the act of obtaining the best result under 3.1 Design Variable 

given circumstances. It can be also stated mathematically The design variable in optimal design problem of 
as "the process of finding the conditions that gives the prestressed concrete elements includes concrete 
maximum or minimum value of the function". dimensions, prestressing force   and the tendon 

The optimum cost design of PSC slab formulated in is eccentricity.   

nonlinear programming problem (NLPP) in which the X1  =  h = depth at center
objective function as well as Constraint equation is 

X2  = h1 = depth at end
nonlinear function of design variables. The Sequential 

X3  = e = eccentricity of prestressing cable at centerUnconstrained Minimization Technique (SUMT) is on of 

the Methods for the solution of the NLPP.  X4  = p = Total prestressing force. 

In SUMT the constraint minimization problem is converted Span L, slab width b and nos. of voids are taken as pre-
into unconstraint one by introducing penalty function. In assigned parameters.  
the present paper the function f (X, r) is the penalty function 

f (X) and the objective function r is the non negative penalty 

parameter, and m is the total number of constraints. The 

penalty function (X, r) is minimized as an unconstrained 

function of X and r, for a fixed value of r.

The present optimization problem is solved by the interior 

penalty function method. DFP method is used for solving 

successive unconstrained minimization problems coupled 

with cubic interpolation methods of on dimensional search. 

The program developed by S.S. Rao for SUMT is used for 

the solution of the problem. The program is written in 

MATLAB language.
Fig:2

Fig.1: Cross section of 9.15m span PSC slab arrangement with RCC ballast retainer  
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3.2 Constraints G11= Maximum eccentricity =                    - 1 ≤ < 0

The restrictions that must be satisfied in order to produce 

an acceptable design are collectively called design 
G12= Maximum prestressing force =                       - 1< 0constraints and formulated as below.

Normal Stress Constraint
G13= Minimum section modulus =             - 1<0

G1=   Stress in top fiber at transfer  =  -1>0 
3.3 Objective Function

The objective function in the present optimization problem 
G2=    Stress in bottom fiber at transfer = -1<0 

is the cost of PSC slab which main components are cost of 

concrete, and pre stressing steel. It is assumed that cost of 

steel, launching and casting formwork etc are directly G3=  Stress in top fiber at service =      -1<0
proportional to volume of concrete, hence all these cost are 

included in the rate of concrete. It is also assumed that cost 
G4=  Stress in bottom fiber at service =      - 1<0 of anchor, sheathing etc are directly proportional to volume 

of prestressing steel, hence all these cost are included in Ultimate strength, shear constraints
the rate of prestressing steel. Objective function can be G5=  Ultimate Strength = - 1<0    
expressed as:

G6=  Ultimate shear =  - 1<0 COST = (wt. of Pre stressing steel x Rate) + (Vol of 

Concrete x Rate)   or G7=  Maximum shear capacity =   Vu/Vm -1 = 0

Z = Vp x Rp + Vc x RcDeflection Constraints

4.  Results and discussionG8=  Deflection check =         -1 = 0

A computer code developed in MATLAB7 based on above Design Constraints
design variables, constraints and objective functions to 

G9=  Minimum depth at center =               - 1≤ < 0
find minimum weight and the minimum cost of a Railway 

PSC slabs. After validating this computer code by 

comparing the results with analytical results, it is planned 
G10= Minimum depth at end =                - 1 ≤ 0

to carry out the economical and safe design. The active 

constraints calculated by this computer code for the 

various grade of concrete and various spans.
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Sr. Span 
No. (in mm)  

As per Opt. wt RDSO variation As per Opt. RDSO variation

RDSO vs opt.  from opt. RDSO cost  vs opt.  from opt.

DRG   wt  M60 DRG  cost  M60 

1 3050 M40 57.74 51.69 11.7% 7.98% 78670 73508 7.0% 1.86%

2 3050 M50 57.74 51.57 12.0% 7.73% 79593 74235 7.2% 2.87%

3 3050 M60 57.74 47.87 20.6% 0.00% 80979 72167 12.2% 0.00%

4 6100 M40 178.61 146.04 22.3% 9.58% 243868 216093 12.9% 2.64%

5 6100 M50 166.79 134.21 24.3% 0.71% 236460 208140 13.6% -1.13%

6 6100 M60 166.79 133.27 25.2% 0.00% 240463 210526 14.2% 0.00%

7 9150 M40 315.88 279.91 12.9% 7.12% 401028 370341 8.3% 1.48%

8 9150 M50 315.88 265.44 19.0% 1.58% 406080 362250 12.1% -0.73%

9 9150 M60 315.88 261.31 20.9% 0.00% 413663 364930 13.4% 0.00%

10 12200 M40 593.8 414.92 43.1% 9.43% 732476 579896 26.3% 2.72%

fck Weight of slab unit (KN) Cost of slab unit (Rs.)



11 12200 M50 593.8 387.37 53.3% 2.16% 741977 562588 31.9% -0.35%

12 12200 M60 593.8 379.17 56.6% 0.00% 756228 564561 33.9% 0.00%

13 15300 M40 610.31 10.85% 915859 3.26%

14 15300 M50 569.69 3.47% 890324 0.38%

15 15300 M60 550.58 0.00% 886926 0.00%

Table 1: Variation of slab cost and weight for different span and grade of concrete

Fig.:3:  Optimized weight  and cost for various span and concrete grade

fig 4: Optimum cost v/s span                                         fig 5: Optimum weight v/s span
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The results of various illustrative examples are presented PSC/RCC slabs on programme basis due to low 

as per Table 1 and graphically analysed in fig. 3,4&5. The maintenance and economical cost. PSC slabs are most 

weight and cost of optmised PSC slab calculated based on suited for Railway Bridges of span 3m to 12m. 

post tensioned design. The weight and cost of RDSO PSC The main drawback of PSC slab is that PSC slabs are 
slab calculated based on available RDSO drawings three times heavier than steel plate girders. The launching 
irrespective of grade of concrete and pre/post tensioned of PSC slab is more expensive due to its heavy weight.  
design for illustration purpose.  Hence, it is necessary to optimise the design of PSC slab 

The conclusion drawn from the results of the illustrative to get the light design and minimum launching cost for such 

examples are presented as below. important structure.

• It is possible to formulate and obtain solution for the  The objective of this study is to investigate the 

minimum weight and cost design for PSC slab. appropriate optimization method to find minimum weight 

and the minimum cost of a Railway PSC slabs. In view of • Interior penalty function method can be used for 
achieving this objective it is decided to develop a computer solving resulting non-linear optimization problems. 
code in MATLAB7. After validating this computer code by The chosen values of initial penalty parameter r0 and 
comparing the results with analytical results, it is planned reduction factor C worked satisfactorily.
to carry out the economical and safe design of PSC slab. 

• It is possible to obtain the global minimum for the 
Appindix I-   Referenceoptimization problem by starting from different 

starting points with the interior penalty function 1. M. Z. Colin, F. ASCE and A. J. MacRae, “Optimization 
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SYNOPSIS
Bridge No. 77 (Up line, SP-12x18.3 m plate girder) in Khana- Rampurhat section of Howrah Division of 
Eastern Railway was having the problem of misalignment on track and thereby requiring imposition of 
TSR for last 10 years. This route is CC+8+2 T route of Eastern Railway and removal of TSR and 
subsequent increase in throughput was the need of the hour. This paper tries to depict the nature, 
diagnosis and analysis of problem, its solution, execution scheme and the final achievement in this work.

1. Introduction 3.0 Diagnosis of Defects:

Bridge no. 77 (12 x 18.3 m plate girder) at km 164.35 from 

Howrah near Bolpur on the heavily loaded section of 

Howrah Division, Eastern Railway was having the problem 

of misalignment of up line track for last 10 years. The track 

was on channel sleepers and the problem of poor 

alignment of track was continuing thereby making 

imposition of speed restriction of 10 kmph as inevitable. 

Other details of this bridge are as under:

• Bearing: Centralized articulated Bearing.

• Substructure: Masonry circular pier on well foundation

• Year of construction: 1906

2.0 Problems Faced:

The defect was so acute that the TSR was continuing for  Fig. 1: Misalignment in Bridge No. 77 before 
almost last 10 years. Poor alignment in the track was execution of work
visible in the naked eye and the defect was mainly from SP-

The defects were found in three places- track i.e. channel 
2 to SP-5. SP-7 to SP-11 was also having some minor 

sleeper, Bridge i.e. girders, and Masonry i.e.  sub structure 
alignment defects. The ends of the channel sleepers also 

level. The defect was in fabrication of channel sleepers but 
formed a false curve on the bridge.

actually it was not wrongly fabricated but was made wrong 

By 

Goutam Bhattacharyya*

IRICEN JOURNAL OF CIVIL ENGINEERING

Elimination of Long Persisting Problem of Misalignment 

of Track over Bridge No. 77 of Howrah Division- 

An Experience of Eastern Railway

*Dy. Chief Engineer, Eastern Railway

23



intentionally to accommodate rails on the sleepers and the 

bridge, by shifting the J hook location plate and canted 

bearing plate in each sleeper for a length of 100 sleepers 

between SP-2 to SP-5 and at other locations to 

compensate the defects of other parts. The maximum 

affected stretch for those which influenced the alignment 

was from sleeper 36 to 127 between SP-2 and SP-4 again 

from sleeper number 344 to 386 between SP-11 and SP-

12. This was done while 

 Fig. 2: End of channel sleepers forming false curve 

on Bridge No. 77
 Fig. 3: Piers eccentric over well foundation at 

replacing wooden sleepers by channel sleepers some time 
Bridge No. 77

in 2002. 
t can be seen that the maximum misalignment is 118 mm in 

While analyzing the reason behind such defect in channel 
SP-3 (JMP end) and 98 mm in SP-4 (HWH end) on pier no. 

sleepers, it was seen that the girders were heavily 
3, 96 mm in SP-2 (NJP end) and SP-3 (HWH end) on pier 

misaligned. Measurements were taken for quantification of 
no. 2, 45 mm in SP-11 (NJP end) and 50 mm in SP-12 

such misalignment which is produced below: 
(HWH end) on pier no. 11. In other spans also, 

misalignments persisted to a smaller magnitude as Abutment Misalignment in Girder 
compared to these. 

/Pier no. HWH End Girder(mm) JMP End Girder (mm)
While such misalignment in major bridge girders over IR is 

A-1 0 -- not common, it was found that some masonry piers were 

having eccentricities with respect to the well foundation. P-1 5 13
This defect is in place since construction i.e. 1906. The 

P-2 96 91
defect actually started here in substructure and reflected in 

P-3 118 98 track after replacing wooden sleepers by channel 

sleepers. Rather it can be said that wooden sleepers P-4 27 22
compensated the defects in substructure and girders.

P-5 12 17
4.0 Reasons of cropping up such defects:

P-6 30 15
The conversion of Flat Bearings to Centralised bearings 

P-7 10 10 was done some time in 1996. Therefore, it is understood 

P-8 0 0 that while doing conversion of flat bearings to centralised, 

wooden sleepers were on the bridge. Wooden sleepers P-9 22 27
compensated the misalignment by placing the rail in an 

P-10 2 2 eccentric manner with respect to the girders. 

P-11 45 50 This defect could have been rectified either at the time of 

replacement of wooden sleeper by channel sleepers by A-2 -- 5
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slewing the girders or, at the of conversion of flat bearings Traffic block of 9 hours was granted and the activities were 

into centralised with slewing the girders. In both the cases taken up as below-

requirement of huge number of wooden sleepers for 

replacement was a crisis in the year 2002, aligning the 

girders could not be done at that time. Moreover, 

inadequate space on the circular piers did not allow the 

required slewing of girders as well. Therefore, this defect 

could have been rectified only if jacketing of piers were 

done but since there was no sanction that did not take 

place in 1996 and 2002. 

5.0 Proposed Solution:

One and only solution which was available to eliminate 

these deficiencies was to replace the sleepers of SP-2 to 4 

and slewing of all the four ends  of girders on two piers, at a 

time, in one Power and Traffic Block. In 2nd block, removal 
Fig. 4: Inadequate space on pier

of sleepers on SP-11-12 along with slewing of SP-11 (JMP 
1. Rails were loosened and lifted from the girder from End) and SP-12 (HWH end) and slewing of other spans on 

span-2 & 3.piers in small blocks subsequently. Prior to this, RCC 

jacketing was to be completed in all piers with priority on 2. Girders of span 2 and 3 were slewed to the desired 
pier no 2,3,4,6,9,11. location by 96 mm and 92 mm on pier no. 2.

5.1 Sequence of Execution: 3. Removal of the existing channel sleepers was started 

and placing of new channel sleepers in position on • RCC Jacketing: RCC jacketing of thickness 300mm 
SP-2 taken up after lowering the rails.was done in all the piers.

4. SP-3 and SP-4 are now made free of rails by lifting of • Replacement of channel sleepers and slewing of 
rails.girders.

5. Girder ends of span 3 and 4 were placed to the desired • Channel sleepers and New Bedplates of required 
location by slewing by 120 mm and 98 mm at pier no 3 numbers were fabricated and brought at site. After 
and lowered. fabrication of channel sleepers and bed plates and 

procurement of fittings, programme of block was 

made. It was considered that a block of 9 hours will be 

required. Break up is given below:

SN Items of Work Time

1 Lifting and Slewing of Girder of 4 3.30 Hrs
ends of 3 spans on 2 piers

2 Replacement of Channel Sleepers 4.00 Hrs
100 numbers minimum on 3 spans

3 Fixing of Rails and  Fittings on 3 1.30 Hrs
spans

Total 9.00 Hrs

Fig. 5: Work in progress

6. Replacement of old channel sleepers by newly 5.2 Pre- block Activities:
fabricated channel sleepers continued in span 3 and 

All pre-block arrangements were made like removal of 
4.

guard rails, loosening of fittings of rails etc. All lifting 
7. Next placing of rails and fixing of cleats were brackets fitted and jacks were placed and set below the 

continued from one end so that trains can pass safely lifting brackets and kept ready for lifting. All markings on 
at restricted speed.piers and girders were given.

8. Work Completed safely with the achievement of 5.3 Activities during the block:
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replacing 104 no. sleepers, slewing of four ends of 

three girders to true alignment. 

9. Subsequently, two more blocks were taken for other 

spans and works executed with the same sequence.

5.4 Post-block Activities:

1. All fittings including guard rails were fixed.

2. 192 nos holes were drilled for HD Bolts of 20 mm 

diameter in new locations and grouted. 

3. Rails were changed due to heavy side wear and true 

alignment of track was achieved.

 Fig. 7: Bridge No. 77 after work

 Fig. 6: Newly laid channel sleepers

6.0 Achievements:

Ø Both the slewing of four ends of girders on two piers 

and changing of channel sleepers were done at one 

go in one block. Most importantly, changing of a 

minimum number of channel sleepers was 

mandatory for running the traffic after cancellation of  Fig. 8: Rectified misalignment and no false curve on 
block. Bridge No. 77

Ø Since the pier was of circular shape and the bridge 7.0 Conclusion:
was on a height, inadequate working space for 

After the completion of work following improvements were 
placement of jacks, movement of workers and 

noticed:
placement of channel sleepers. This made the 

n The alignment on the bridge found straight and execution very difficult.
correct.

Ø Being on a busy section availability of required block 
n Both the track and the spans of the bridges are was a problem. 

concentric.
Ø Being heavier than the wooden sleepers, handling of 

n No vibration on the piers after jacketing.channel sleepers required more manpower and time. 

Due to space constraint, utilisation of manpower was n Most importantly, the TSR was relaxed in phases to 
difficult. normal speed. Presently, there is no temporary speed 

restriction on this bridge after time period of 6/7 years Ø The lead for placement of channel sleepers was more 
thus contributing in the increase of sectional than 50 m in cases and it was extremely difficult to 
throughput.handle heavy channel sleepers during the block.

n A Long persisting defect has been eliminated finally Ø Finally, precision of work was the key in achieving the 
for long from the system.end result.
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SYNOPSIS
The existing Metro from Noapara is getting extended from Dumdum to Dakshineswar with Baranagar as 
intermediate junction station and Dakshineswar as terminal station. The total length of the elevated 
corridor from Noapara is 4 Km out of which 2.2 Km is on the viaduct and 1.5 Km is on the Railway 
embankment. The construction Metro requires diversion of 1.8 Km of National Highway (Expressway). 
For the purpose of construction of viaduct pre-cast PSC girders are being used where the maximum 
length of PSC girder is 33 m. Presently road crane having capacity 272 tonne is being used for erection of 
girders. In this paper efforts have been made to elaborate and give emphasise on execution of precast 
PSC girders being used for construction of Metro viaduct.

1. Introduction said purpose a casting yard near Dakshineswar has been 

developed and after casting and curing, the same is Construction of Metro corridor from Noapara to 
transported through long trailers and by using road crane Dakshineswar is being executed through a design and 
of 272T Capacity, erection is done over the piers. The I-built contract. The contract has been awarded based on 
Girders of M50 grade are post-tensioned type and the various tender drawings and IIT/Delhi is the Proof 
prestressing is carried out in two stages i.e. first stage after Consultant for clearing the various drawings submitted by 
7 days of curing and second stage after 28 days of curing or the Designer on behalf of the design and built contractor. 
alternately when full cube strength is achieved. In For the viaduct, PSC Girders of M50 grade are being used. 
exceptional cases second stage of prestressing is done PSC girders are not new to the context of Railways. For the 
after casting of the deck slabs as per the designs submitted 

by the designer and cleared by IIT/Delhi. 

2.0 Sequence of execution :

For casting of the precast I-girders, following flow chart has 

been considered:

• I-girder soffit bed preparation.

• Providing reinforcement as per drawing with proper 

cover on bottom and sides.

• Laying & profiling of HDPE sheathing pipe and HT 

strands with anchorage set fixing.

• Assembly of stressing end, dead end and side 

shutters with proper supporting system.

By 
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are provided sufficiently to maintain cover as per 

approved drawings..

• Rebar cage is assembled including dowels for cross 

beam portion along with sheathing profile 

arrangement.

3.3 Sheathing & guide cone fixing :

• HDPE sheathing ducts profile is done by fixing with 

support bar and joining one sheathing pipe to another 

sheathing pipe by push-fit couplers.

• Profiling (layout of HDPE ducts) is carried out 

according to the co-ordinate (x,y) given in the 

approved drawing.
Casting of I-Girders with pump concrete

3.4 Steps on cable profiling :
• Concreting of the I-girders after above steps are 

• HDPE duct is fixed as per the X, Y co-ordinate 
completed.

available in the approved drawings.
• De-shuttering of the side shutters, after final setting of 

• Cone boxes are fixed at required locations. Fixing of 
the concrete and curing of the same by wrapping with 

guide cones (anchorage cones) to cone box shutter is 
Hessian cloth and sprinkling of water on the surface of 

done by using nut and bolt.
the I-girder.                                            

• Cable support/ chairs are firmly tied to the girder 
3.0 Work procedure :

reinforcement and duct which is tied by binding wire, 
The work procedure for the execution of the precast I- so as to avoid displacement of cable during 
girder as mentioned in 2.0 shall be elaborated as follows: concreting. Care is taken to make profile for the 

HDPE pipes.3.1 I-girder soffit bed assembly :

• HDPE pipe is fixed over supports. At the ends of the I-girder soffit bed is prepared with concrete and 
cables, HDPE duct is connected with the guide cone structural channel, plates etc.
and the joint sealed with masking tape to avoid 3.2 Fabrication of reinforcement : 
ingress of slurry during the concreting.

• Bar Bending Schedule (BBS) is prepared from 
• HT strands are inserted into the sheathing ducts one approved drawing.

by one from any one end side of I-girder. After 
• Cutting of reinforcement steel is done by bar shearing completion of threading, it is ensured that sufficient 

machine. Bending of the bars is done in bending grip lengths are kept at the anchorage side for 
machine. Laps, chairs and spacer bars are provided stressing.

3.5 External side shutter assembly :

All shutter panels are connected with nut and bolt 

arrangement, ensuring alignment by turn buckle and tie 

rod tightening with wingnut.

3.6 Casting of I-girder :

• After reinforcement placing and shutter fixing and 

alignment is complete, once again is checked if all 

supporting system and cover block of rebar cage 

placed properly.

• All necessary gaps are filled by putty, foam & masking 

tape (whichever is applicable) to arrest slurry leakage 

during fixing the shutter panels.

Shuttering & Gantry Crane in Casting Yard • Lifting hook arrangement is provided inside the girder 

to be embeded in concrete. for proper positioning of the reinforcement. Cover blocks 

28



Form work, Gantry & Casting arrangement

• Placing of concrete is normally done by crane bucket 

or through pumping. While inserting the vibrator, care 

is taken that it does not damage the sheathing of 

tendons. Concreting is started from bottom slab, and 

then moved to web. On completion of web concreting 

upto 900 mm, final pouring is done upto top of I-girder 

shutter. Finishing of concrete is leveled rough 

surface.

3.7 De-shuttering and curing :

• After final setting of concrete, the de-shuttering of 

stressing end shutter, dead end shutter and side 

shutters is carried out. This is followed by curing by 
First Stage Prestressing after 7 days of castingsprinkling  water  with the help of Hessian cloth laid 

over it. interval as per stressing format and final pressure is 

applied as per approved design load. During • For each I-girder ‘ID’ is marked by suitable paint on 
application of load codal provision is followed and any one side of the I-girder so that during erection it 
final guiding factor is considered on elongation length can be easily identified for type of length, inner or 
of strand. After applying required load, permanent outer girder.
wedge is locked with the strand inside the bearing 

3.8 Stressing of the Cables :
plate.                            

• Before commencement of stressing, grip lengths are 

to be cleaned. Then permanent wedges are to be 

fixed with strand to keep the bearing plate along with 

the anchorages. 

• 4000MG hydraulic jack with electrically operated 

hydraulic pump is placed by inserted LRPC strand at 

one end. Other end strands are locked by permanent 

wedges. 

• Jack is connected with pump by means of hydraulic 

hosepipes and Pressure gauge is fitted with pump. 

After giving electrical connection to pump, it is 

operated with levers. Required pressure is applied for 

all strands together and the elongation is measured at 

stressing jack end by measuring ramp coming out at 
Stacking of I Girders in Casting Yard

jack end and noted down. Applied pressure is certain 
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• The tensioning force applied to any tendon is and necessary finishing to be done by (1:3) cement 

determined by direct reading of the pressure gauges sand mortar mixed with sika latex as non-shrink 

elongation with the calculated elongation. The compound.

calculated elongation is invariably adjusted with • If required carborandum stone can be rubbed on 
respect to the modulus of elasticity of steel for the concrete surface to appear straight and leveled finish 
particular lot as given by the manufacturer. The but any rectification by means of repairing the 
difference between calculated and observed tension concrete is not permitted.                                  
and elongation during pre-stressing operations are 

3.11 Finishing of girder surface :-
regulated as per specification. 

• To achieve the best possible finish, we use best 
• First Stage and Second stage Stressing are done as 

quality steel shutter, proper needle vibration, layer wise 
per approved drawing detail.

concrete pouring and outside the shutter, wooden maleting 
• After completion of stressing, Excess grip length of is done during casting to remove trapped air bubble.

strand is cut leaving 20mm projection beyond the 
•  After de-shuttering, if there are visible for big air 

locked permanent wedge.
bubble impression or honey comb type surface then 

3.9 Grouting of the Tendons: following finishing process only with the approval of 

The extra length of strands, leaving 20mm projection the Project Director under exceptional circumstances 

beyond the wedge is cut. The cable ends are sealed by 1:3 can be done but cement wash is strictly not permitted.

Cement Sand mortar. All sheathing ducts are washed fully i) Cleaning the surface by wire brush.
and then grouted as follows.

ii) Applying cement sand mortar (1:3) with lime 
• Grouting of the tendons are carried out as per powder and sika latex mixed water as non-shrink 

approved non-shrink  grout mix. material on the required concrete surface area.

• Once the concrete is set, we can start the grouting iii) Water curing or locally curing compound of 
operation.  Grouting is done by using electrically approved brand to be applied.
operated Grout pump. The grout pump is fitted with a 

iv) Carborandum stone is rubbed to get smooth 
pressure gauge.

concrete surface.
• After Pump is connected electrically, required water is 

Checklist for I-Girders is enclosed as Annexure-I. This is 
poured on the top drum and cement is then added 

strictly followed at site.        
with water. Then non-shrink compound is added with 

4.0 Erection of I-girders :the mix. Once the grout mix is ready, it is pumped in to 

the cables through the inlet vent fixed with anchorage The scope of erection basically comprises of the 
cone. Grout mix will travel inside the cable duct by followings:
water displacement method and coming out from 

• Installation bearing pads on pedestals
other end outlet vent. After the original grout comes 

• Transporting of I-girder from casting yard to site.out from the other side of the cable, it is blocked by 

attached valve and pumping is continued till the • Lifting of I-girder from trailer by crane
pressure increases to 5 kg/cm² and is maintained for 

• Placing of I-girder by crane over pedestal bearing of 
1minute. This operation is repeated for all cables. 

Metro viaduct piers.
3.10 Recess filling at both end :-

• After completion of grouting operation, Recess filling 

is to be done by putting necessary reinforcement, 

plain supported ply-shutter.

• Top portion of 200mm is to be kept open from end face 

shutter and required grade of concrete to be poured 

manually.

• Once recess concrete pouring is complete then top 

200 mm portion to be packed by less slump concrete.

• After setting of concrete, deshuttering is to be done 

Cross Girder arrangement
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SN Description Type/ Brand Remarks

1 Trailer 100 feet As per requirement with supports. Fitness certificate, to ply on road, 

is provided

2 Crawler/wheel crane 272 MT Manitowoc 2250 Load chart attached. Fitness certificate

is provided.

3 2 Nos. 50 m gantry crane As required in precast yard Already using in precast yard.

4 Spreader/ lifting beam/ As required As per approved drawing 

strong back

5 Shackles, wire rope slings As required

6 Survey instrument 1. Total station with accessories

2. Auto level

7 Welding machine As required

8 Adhesive/ other equivalent As required

brand

9 Elastomeric bearing and As per approved drawing

 seismic pad

5.1 Materials :

1 Adhesive/ other equivalent brand As required

2 Elastomeric bearing and seismic pad As per approved drawing

6.0 Work methodology : 

6.1 Fixing of elastomeric bearings and seismic • For further details please refer to the IRICEN 

arrester. publication and clause No. 2005.6 of MORTH 

specification.• After the curing is done for pedestals, the elastomeric 

bearings & unreinforced neoprene pad are fixed in 6.2 Transporting and shifting of I-girder from casting 

position on the padestals and seismic arrester as per yard to site :

the approved drawing. Initially, the route from casting yard to site are assessed 

• Position of the bearings shall be accurately marked on prior to commence the transportation of I-girders from 

pedestal and the area where bearings is seated stocking yard. Before shifting of I-girders from stacking 

accurately leveled. yard, first required girder is identified at the casting yard 

and 100 ft trailer is placed at the end of the platform of • Bearings are placed between true horizontal surfaces 
stacking yard. By using of 2 Nos. of 50 MT gantries at and at true plan position of their control lines marked 
present yard identified girder is lifted and placed properly on receiving surfaces. Concrete surfaces are made 
on the 100 ft trailer. For doing safe operations, a team free from local irregularities.
comprising of competent gantry crane operator, 

• Bearing are placed on pedestal after applying of 
banksman, Safety Officer, Mechanical Engineer and 

adhesive like other equivalent brand in between 
Electrical Engineer etc are available all the time during 

bearing & pedestal surfaces.
lifting, loading, transporting and other activities related to I-

• Bearings are placed in a recess as shown in the girders.
relevant drawings.

6.3 Transportation and reaching erection site :
• For doing so a team of surveyor constantly supervises 

After ensuring proper placing & locking of girder with 100 ft 
and ensures the proper fixing of bearing as per 

trailer, the trailer will move slowly towards the site where 
approved scheme. The presence of the same 

the particular span of girder is erected. 100 feet trailer is 
surveyor from start of the project till completion is 

positioned based on the available space as per the 
being ensured.
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requirement. • Safety cones and flags are to be used to control the 

traffic6.4 Positioning of crane :

• Along with the methodology the crane, Traveler, The dimensions of cranes and the positions of crane are 
Spreader/ Lift beam documents, Third party shown in the various stages of erection of girders in the 
certificate and lift plan are made available.approved method statement. The boom length of the crane 

and capacity of drane is desired based on the position of 8.0 Check list for the quality and the safety at the worksite 

cranes from unloading and lifting to the erection level of on behalf of the Contractor:

girders including weight of girders. • Project Manager – Responsible for monitoring of 

Once banksman is available for signaling operations and project and co-ordination with client and consultant.

to direct the crane operator in lifting and placing of girders • Site in Charge – Responsible for the correct and safe 
in position. Crane operator shall follow only the signaling of execution of the works falls within the execution 
banksman directions during the erection process. For department, and shall report to Project Manager.
doing safe operations, a team comprising of competent 

• Safety Manager – Responsible towards SHE 
gantry crane operator, banksman, Safety Officer, 

requirements at site and shall report to Project 
Mechanical Engineer and Electrical Engineer etc are 

Manager.
available all the time during lifting, loading and unloading 

• QA/QC Manager – Responsible for maintaining and and other activities related to I-girders launching. The 
fulfilling all related documentation and responsible various operations of the process has been shown in 
for quality control and shall report to Project Manager.Annexure-II.

• QA/QC Engineer – Responsible for verification/ 6.5 Erection and placement :
inspection of all the activities in accordance with 

The I-girders are placed directly on top of already placed 
Specification/ checklists.

elastomeric bearings. Different stages at erection 
• Site Engineer – Ensures the construction activity as procedure has been described with schematic sketches at 

per approved work procedure, correct quality & Annexure-III. While placing the girder on ground, minimum 
safety and monitoring all records and shall report to bearing area has to be provided. Also, verticality is to be 
Project Manager.maintained with utmost care while lifting the girder to avoid 

crack. 9.0 Check list for work :

7.0 Environment, Health and Safety : • Survey Protocol for placing of elastomeric bearings, 

neoprene pad for seismic arrester and other related • Working area is to be barricaded and display boards 
works are to be obtained for position of girder before are to be provided.
erection.

• Sufficient lighting is to be provided in the working 
• Safety Protocol related to all activities for launching of zone at night times.

I-girder are to be issued before starting of launching 
• Only certified plant and machineries are to be put in 

of girder.
operations.

10.0 Conclusion 
• Operators shall have sufficient relevant experience 

Pre Cast I-Girders are generally economical way of and valid license to operate the machineries.
executing the viaduct and also it is faster provided the 

• Safety stewards are to be engaged for monitoring to 
erection procedure is not complicated. For handling of 

avoid unsafe conditions and unsafe acts.
such girders, a lot of space (of the order of 1-3 hectares) 

• All the staff and workmen are to be provided with are required. The method statements and procedure 
personal protective equipments like safety helmets, orders of various micro activities in handling of PSC 
safety hand gloves, safety shoes, safety goggles, girders have been deliberated in this paper so that this can 
retro reflective jackets and ear plugs as per the be helpful in execution for similar nature of work at some 
requirement. other places all over the Indian Railways.

• All the persons involved are given the task briefing 

before start of the erection activity.

• First-Aid box is to be made available at site office, at 

casting yard and at worksite.
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1. Introduction Convention ways in practice:

Available software for laying out crossovers does not The following methods are generally adopted in field for 

incorporate examples for cross over taken out of a curve to laying out of curved for non-parallel tracks:

connect a straight track. Examples shown in the relevant • By THEODOLITE
books also do not incorporate it.

It involves more time and wastage of man days. 
But, the field conditions do require laying out of such 

• HIT & TRIAL method:
crossovers, which is more cumbersome.

Sometimes hit & trial method is applied at site to suit the 
The software designed for ‘Layout calculations for cross 

field conditions. It becomes strenuous especially in busy 
over’ deals with various conditions pertaining to the parallel 

yards. Accuracy is also at stake, practically. 
tracks only, as shown herein.

Necessity for the method under discussion:

DRAWING is the language of Engineers.

With the help of AutoCAD, a drawing is easily generated to 

the scale. All sorts of dimensions (including aligned length, 

included angle, etc.) are then automatically read and 

marked over the drawing with the finger tips.

So, AutoCAD is resorted to as a good solution here.

With the help of AutoCAD drawing, the field/ yard condition 

gets appeared exactly over the paper to a desired scale 

and so, necessary trials/ corrections may be done without 

strain.   

Brief description of the case:

• KATARA is a 3-line crossing station providing route to 

‘AYODHYA’, the holy pilgrim.

By 
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• Provision of Rake handling siding along with two new • Since, it was presumed that cross over is passing 

platforms was proposed there to accommodate heavy through NH-28, the layout should be precise, because 

Goods and Passenger traffic. any further alteration of track alignment falling in NH-28 

portion was very tedious.• At Manakapur side of the yard, main line lies on 3° 

curve which initiates just after S.J. of point no.24‘a’. • Due to NH-28 constraint (heavy traffic) , layout by 

Theodolite was also very cumbersome and non • Within the yard limit, LC No. 22A falls at the curve for 
practical approach; resorting to try and error method National Highway-28 with huge road traffic.
was illogical. 

• The Rake handling line (straight) was required to be 
• Due to the above limitations, a way out was being connected with the curved main track coming from 

explored which have feasibility for trying most suitable Mankapur side through a Point & Crossing of 1 in 12 (in  
and feasible option for laying the curve there, that too main line) and 1 in 8 1/2  (symmetrical split) point & 
without exploring ways at site. For this, Auto-CAD was crossing in rake handling line.
resorted as a reasonable solution which gives precise 

• Since the distance between Main line and proposed 
layout of the cross over.

rake handling platform line is 13.66m. and NH-28 is 
Miniature plan of the Yard is shown below (not to scale) for very close to the S.J. of 1 in 8 1/2  (symmetrical split), 
general assessment of the field conditions.there was every  possibility of passing the cross over 

through NH-28.

B

BA
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Here, the objective is to set out cross over at the enlarged Method adopted in this project for dealing with the 

location at ‘A’ situation:

Our perception for laying out of Curve: Here, our perspective is to draw the field and field 

conditions at paper along with all the constraints prevailing For laying of a 52Kg CMS crossing over B.G., nodal ‘A’ & ‘B’ 
at field. The Yard drawing is prepared in Auto-CAD at lengths are specified.
suitable Scale.

it is 12.025m. & 16.486 m. respectively for 1 in 81/2 and 
The field condition for the location in concern is as below at 16.989m. & 22.914 m. for 1 in 12 pt. & X-ing.
suitable scale:

It is shown in the ‘Black box’ above.

Laying out of curve is done using Black box for a specific Black box for ‘1in 12 T/O for 3° curve’

type of cross over. Here Black box for ‘1 in 8.5 T/O for S.S’ 

and ‘1in 12 T/O for 3° curve’ is required, so these are drawn 

over Auto-CAD to a suitable scale.

Black box for ‘1 in 8.5 T/O for S.S’

Method for drawing:

1. Line segment of 19.989 m. is drawn along C/L of the 
Method for drawing:

curved track: this is ‘A’ from proposed S.J.
1. As per laid down procedure and as depicted in the 

2. From this, 20.111m. long line is drawn along the C/L 
Black box, 12.025 m long line (equal to ‘A’) is taken 

(this is M). From end of this line (A+M distance), 
along the center line . 

alignment for outer & inner rail is drawn. Tangent is 
2. For taking alignment of 1 in 8.5, line segment of 17m is drawn from the outer Rail. 

drawn along the C/L and from there, 1m. Long lines 
3. Angle F (= 4°45’49”) is then drawn from tangent. This 

are drawn at both sides of line for drawing 
will be the inner rail for cross over portion. C/L of the 

symmetrical lay out for 1 in 8.5 T/O. 
cross over is drawn with respect to this inner rail. 

3. Line segment of 16.486m. (equal to ‘B’) is drawn from 
4. C/L of the crossover where crosses the C/L of 8.5 

end point of line offset (of 1m.) from the line of 
Black box provides the Angle of intersection. 

12.025m. It forms Black box for 1:8.5 SS.
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Now, different trials are made over the Auto-CAD drawing cross over leg. It intersects at 18°40’20” with cross 

for laying out the curve in Auto-CAD which suits the over leg of 1:8.5 Symmetrical Split.

prevailing site conditions along with all the • Distance bet. Point of intersection to 1:8.5 Black box is 
constraints. found only 47.432m., which is not enough to 

Trial-1 accommodate the required tangent length of 

73.240m. for 4° curve.• An arbitrary point is selected over the main line curve.

• Hence, it is proposed to shift the S.J. of 1:12 T/O by • Tangent is drawn from end point of 1:12 Black box 
further 15m.

Trial-2 • Distance bet. point of intersection to 1:8.5 Black box is 

found only 60.768m., which is not enough to • Next point was selected 15m. away from the S.J. of 
accommodate the required tangent length of 1:12 T/O .
76.415m. for 4° curve. 

• Again, tangent is drawn from end point of 1:12 Black 
• Hence, it is proposed to shift the S.J. of 1:12 T/O by box cross-over leg. It intersects at 20°27’13” with cross 

further 15m. over leg of 1:8.5 Symmetrical Split.
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Trial-3 angle of intersection going on increasing. So, 4° curve 

will not accommodate there.• Next point was again selected 15m. Away from the S.J. 

of 1:12 T/O . • So, 5° curve is provided in cross over portion. It gives 

tangent length of 65.478m. Which is well • Again, tangent is drawn from end point of 1:12 Black 
accommodating in the available space of  66.434m. box cross over leg. It intersects at 22°01’07” with cross 

over leg of 1:8.5 Symmetrical Split. • Now, the total cross over length comes to 228.872m.

• Distance bet point of intersection to 1:8.5 Black box is • Thus, the desired solution for accommodating the 

found only 72.017m., which is not enough to cross over with the prevailing field conditions were 

accommodate the required tangent length of 85.601m. achieved. It led to setting out to curve in the field with all 

for 4° curve. the desired parameters at X-Y axis, as shown further 

under heading of ‘Detailed dimensions”. • By these trails, it is observed that if we move further, 

Detailed dimensions for laying out of curve in field, as derived from the above methods are summarized in the sketch 

below:
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1. Introduction 2.0 New Austrian Tunneling Method (natm): 

1.1 Tunneling through soft ground conditions 2.1 History:

coupled with ingress of water is a challenging The term “New Austrian Tunneling Method” 
task for the construction engineers. In such popularly known as NATM got its name from 
fragile and unstable geological conditions, the Salzburg (Austria). It was first used by Mr. 
tunneling by conventional method with the rigid Rabcewicz in 1962. It got world wise 
supports viz. steel ribs (made up of recognition in1964. This method has been 
ISMB/ISHB), alongwith RCC lagging and plum evolved as a result of experience gained in 
back fill concrete is critical. It is also Austrian Alpine tunnelling condition. The first 
experienced that the rigid supports are likely to use of NATM in soft ground tunneling is done in 
deform under the high squeezing pressure Frankfurt metro in 1969. The basic aim of NATM 
acting on the supports due to high over burden. is for getting stable and economical tunnel 
The rectifications of such deformed sections support systems. This method has also been 
and maintaining the correct tunnel profile is also very useful in complex diversified geological 
critical, time consuming and costly affair. condition where forecasting of the rock mass is 
Moreover, in spite of deploying costly difficult due to rapidly changing geology.
construct ion equipments and expert  

2.2 It consists of providing flexible primary lining viz. 
manpower, the rate of progress is also not 

shotcrete, wire mesh, rock bolts, lattice girder 
commensurate with the deployed resources. 

etc. In case of weaker rock mass the use of pipe 
Hence, the conventional system of tunneling is 

forepole/pipe roofing is also used for crown 
not found appropriate system for the tunneling 

support.  This in turn lead to less overbreak and 
through soft ground conditions.

safety during the execution. The main aspect of 
1.2 The New Austrian Tunneling Method (NATM) is the approach is dynamic design based on rock 

basically appropriate methodology for the mass classification and in-situ deformation. 
execution of tunnels in soft ground conditions Hence, appropriate methodology and economy 
having high over burden, leading to high in the tunnel support system is achieved along 
squeezing pressure etc. This project report with the rational approach of execution.
covers NATM along with basic principles, 

3.0 Broad Principles of NATM:
excavation methodology, tunnel support 

3.1 NATM broadly based on the following systems which are deliberated in the foregoing 
principles:paras.

3.1.1 Mobilization of the strength of rock 

By 

S. D. Patil*

D.D.Joshi**

R.B.Maharshi*** 

IRICEN JOURNAL OF CIVIL ENGINEERING

Tunneling In Soft Ground Conditions

*SEN/Works, KRCL
**SEN/KRCL
***ADEN/SW
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mass: The method relies on the inherent 3.1.5 Closing of invert: Early as far as possible 

strength of the rock mass being conserved as closing the invert so as to complete the arch 

the main component of tunnel support. Primary action and creating a load-bearing ring is 

support is directed to enable the rock to support important. It is crucial in soft ground tunnels.

itself. 3.1.6 Rock mass classification: The participation of 

3.1.2 Shotcrete protection: Loosening and expert geologist is very important as the 

excessive rock mass deformation should be primary support as well as the further designing 

minimised by applying a layer 25-50mm of of supports etc during the excavation of rock 

sealing shotcrete immediately after opening of requires the classification of the rock mass.

the face. 3.1.7 Dynamic Design: The deigning is dynamic 

3.1.3 Measurements: Every deformation of the during the tunnel construction. Every face 

excavation must be measured. NATM requires opening classification of rock is done and the 

installation of sophisticated measurement supports are selected accordingly. Also the 

instrumentation. It is embedded in lining, design is further reinforced based on the 

ground such as load cells, extensometers and deformation as noticed during the monitoring.

reflectors. 4.0 Classification of Rock Mass type:

3.1.4 Primary Lining:  The primary lining is thin. It is 4.1 Rock mass encountered during excavation 
active support and the tunnel is strengthened cannot be said to be favourable or unfavourable 
not by a thicker concrete lining but by a flexible only on the basis of the type of the rock. Several 
combination of rock bolts, wire mesh and other factors also play part in the rock mass 
Lattice girders. behaviour. The excavation in the rock is 

dependent on the rock class based on several 

factors such as compressive strength of rock, 

water condition, number of cleavages, 

condition of cleavages, dip and strike of the 

rock etc. There are various approaches of 

classification of the rock mass and most 

predominantly are RQD, RMR and Q factor of 

the rock mass.

4.2 Rock Quality Designation index (RQD)

4.2.1 The Rock Quality Designation index (RQD) was 

developed by Deere (Deere et al 1967) to 

provide a quantitative estimate of rock mass 

quality from drill core logs. RQD is defined as 

the percentage of intact core pieces longer than 

100 mm (4 inches) in the total length of core. 

The core should be at least NW size (54.7 mm 

or 2.15 inches in diameter) and should be 

drilled with a double-tube core barrel.

4.3 RMR Value:

4.3.1 RMR value depends upon the following factors:
1. Uniaxial compressive strength of rock 

material.
2. Rock Quality Designation (RQD).
3. Spacing of discontinuities.
4. Condition of discontinuities.
5. Groundwater conditions.
6. Orientation of discontinuities.
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RMR 5. Presence of weakness zones
Value

Q factor varies from 0.01 to 1000 i.e. from 
Rock Class I II III IV V exceptionally poor rock to exceptionally good 

rock.Description Very Good Fair Poor Very 
Good poor 4.3.3 Rock Mass Behaviour Types (RBT)

A general indication of tunnelling conditions is 4.3.2 Q Factor : It depends on the following:
described by means of Rock Mass Behaviour 

1. Block size
Types. Following RBT (according to 

2. Inter block shear “Conventional Tunnelling – The Austrian Draft”, 

3. Active stress Austrian Society for Geomechanics, 2003):

4. Reduction for joint water flow

100-81 80-61 60-41 41-20 <20

Sl Behaviour Type (BT) Description of potential failure modes/mechanisms during 

excavation of the unsupported rock mass

1 Stable Stable rock mass with the potential of small local gravity induced falling or 

sliding of blocks 

2 Stable with the potential of discontinuity controlled block fall Deep reaching. discontinuity controlled, gravity induced falling and sliding 

of blocks, occasional local shear failure

3 Shallow shear failure Shallow stress induced shear failures in combination with discontinuity 

and gravity controlled failure of the rock mass.

4 Deep seated shear failure Deep seated stress induced shear failures and large deformation

5 Rock burst Sudden and violent failure of the rock mass, caused by highly stressed 

brittle rocks and the rapid release of accumulated strain energy

6 Buckling failure Buckling of rocks with a narrowly spaced discontinuity set, frequently 

associated with shear failure 

7 Shear failure under low confining pressure Potential for excessive overbreak and progressive shear failure with the 

development chimney type failure, caused mainly by a deficiency of side 

pressure

8 Ravelling ground Flow of cohesion less dry or moist, intensely fractured rocks or  soil

9 Flowing ground Flow of intensely fractured rocks or soil with high water content

10 Swelling Time dependent volume increase of the rock mass caused by physical-

chemical reaction of rock and water in combination with stress relief, 

leading to inward movement of the tunnel perimeter

11 Heterogeneous rock mass with frequently changing Rapid variations of stresses and deformations, caused by block-in-matrix
deformation characteristics rock situation of a tectonic melange (brittle fault zone)

5.0 Components and Sequence of Execution in NATM: poor class of rocks the excavation can further 

be divided into the sub-segments. Based on the 5.1 Excavation in Soft Ground / Poor Rock Mass 
studies Rabcewicz (1965) proposed that the Tunneling:
excavation face may be divided into small cells 

5.1.1 The excavation can progress in full face when 
that will help the ground stand until completion 

the rock mass class is excellent, very good, 
of the lining.

good and then de pending upon the inferior rock 
The excavation is carried out in six or more mass class the excavation can be resorted to 
steps depending on the size and the geometry heading, benching. For further poorer and very 

43



enough space for radial deformations. The 

minimum excavation line (Line No.2 as shown 

in Figure 1) is the line taking into consideration 

the radial deformations above theoretical 

excavation line. No rock materials will be 

permitted to remain protruding the minimum 

excavation line under any circumstances.

5.1.4 An additional allowance of 150 mm over and 

above minimum excavation line is provided for 

construction tolerances and excavation 

undulations (Line No.3 as shown in Figure 1). 

This line is the payment line.

5.1.5 Deformation tolerances are estimated to be:

Rock Classes I, II : d =   50 mm

Rock Classes III : d =  100 mmof the tunnel. 

Rock Class IV : d =  150 mmDefinition of Excavation Profile:

Rock Class V : d =  250 mm

5.1.6 Overbreak:

5.1.7 Overbreak is the space created when the 

ground breaks beyond the pay line for the 

various rock classes. Occurring overbreak may 

be caused by improper workmanship and 

careless working technique (avoidable 

overbreak). Unavoidable overbreak is 

overbreak caused by unfavourable geological 

conditions. 

5.2 Machinery Used:

5.2.1 Apart from the general machinery used in 

tunneling like Excavators, loader, tippers 

following machines have advantage of using:

Fig. 1

5.1.2 The excavation profiles as shown on the cross 

section drawings refer to the theoretical • Boomer: it is a versatile machine having three 
excavation lines (Line No.1 as shown in the arms machine. Its two arms are used for drilling 
Fig.1). and one arm has the bucket for the movement 

of the men for work. It is useful in fixing of Wire 5.1.3 Depending on the quality of the rock, an 
gauge, Lattice Girder, Pipe Forepoling, rock appropriate enlargement of the theoretical 
bolting. For rock bolting separate machine Tam excavation profile is made in order to provide 
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Rock can also be used.

• Shotcrete Machine with Robotic arm: This 

may be used for spraying of shotcrete rather 

than manual spraying so as to avoid human 

errors. 

nicely to avoid any fall out and closing the way 

of the tunnel.

5.4.1 Sealing Shotcrete: Shotcreting with designed 

mix cement concrete M25 grade of 25-50mm 

generally used. Shotcrete Machine with 

Robotic arm is normally used for spraying of 

shotcrete.

5.4.2 Fixing of Lattice Girder: lattice girder is 3 Bars 5.3 Drilling and Blasting: 
of steel reinforcement placed at three corners of 

The drilling pattern is decided based on the rock triangle with 8mm steel bar for connection. 
mass classification of the strata encountered. Easy to handle as compared to steel ribs.
The blast design is prepared for each cross 

section or subdivided cross section, containing 

the following information:

• Drilling pattern, hole diameters, spacing, depth 

and inclination

 • Type, strength, amount in terms of weight and 

cartridges of explosives to be used in each hole, 

on each delay and the total for the blast 

• Distribution of the charge in the holes and 

priming of each hole 

• Type, sequence and number of delays, delay 

pattern; wiring diagram for blast; size and type 

of hook-up lines and lead lines; type and 

capacity of firing sources; type of condenser 

discharge blasting machine 

• Stemming of holes and matting or covering of 

blast area 

• Written evidence of the qualifications of the 

persons who will be directly responsible for 

supervising the charging and firing of the round 

5.4 Protection of Portal Face:

Especially in soft rocks and cracked rocks the 

face of the tunnel portal should be secured 
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5.4.3 Fixing of wire mash: generally 6mm thick rock bolt is inflated after insertion with the water 

wires used. It can be fixed with boomer. pressure for better anchorage.

Wire mesh is not used for Fibre Reinforced 

Shotcrete

5.4.6 Allowances for Settlement and 

Construction:

It has been observed that if the allowances are 

not given for the settlement or execution 

perfection then at later stage it may sometime 

cause problem in SOD especially in curves. 

Sometimes, the speed considerations in the 

tunnel are adversely effected. So during 

tunneling due allowance should be taken into 

the consideration for the excavation for 

allowing the settlement and construction 
5.4.4 Primary Lining with Shotcrete: Shotcreting tolerances to avoid any complication at the later 

with designed mix cement concrete M25 grade stage. Generally 100mm for construction and 
in layers each not thicker than150mm shall be for settlement it depends on rock mass 
used. classification.

5.4.5 Rock Bolting: 6.0 Conclusion:

Types of Rock Bolts: 1. NATM approach of design and execution of the 

tunneling in varied geology and especially in There are various types of the rock bolts may be 
soft ground tunneling is advantageous and used. Based upon the type of rock mass 
scientific way of tunneling in comparison to the encountered during tunnelling i.e. rock mass 
old /conventional way of tunneling. classification, following rock bolts are being are 

being used: 2. This system monitors the rock mass 

deformation and designs the support system 1. SN Type: Normal steel tor steel bars of dia 
with reference to the rock mass type and 28mm and above (generally used as 32mm) 
deformation.with cement grout, sometime the resin pouches 

can be used for better anchorage. References

2. SDR: These are self- Indian Standards: 
drilling type of Rock 

a. IS: 4756:- 1978 – Safety Code for Tunnelling 
bolts with sacrificial bit 

work
at start, suitable for 

b. IS: 3764 –1966 – Safety Code for Excavation rapidly collapsing soils 
workwhere the drilled hole 

collapses when drill c. IS: 4081-1967 – Safety Code for Blasting and 
bite is withdrawn. Related drilling operations

3. Expansion Rock Bolts (Swellex type): The d. IS: 4138-1977 – Safety Code for Working on 

Compressed Air

e. IS: 7293-1974 – Safety Code for Working with 

Construction Machinery

f. IS: 5878 (Various parts) – Codes of practices 

relating to tunneling and underground 

excavations

g. Indian Explosive Act -1988

h. Indian Explosive Rules -1983
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i. IS: 823 -1964 – Code of procedure for manual At the tunnel portal 5-6 cm thick slope debris followed by 

metal Arc welding of mild steel thickly bedded siltstone alternating with sand stone and 

clay stone are seen. j. IS: 816-1969 – Code of practice for use of Metal 

Arc welding for General Construction in Mild T6P1A side:  Strata encountered is clay stone/silt stone 

steel. with occasional sand stone bands. Rock mass remained 

dry as such no tunneling problems has been encountered  
so far. Overbreak varies from nil to 0.50m. 

CASE Study: 
T6P2A side : Strata encountered is sandstone, silt stone 

CONSTRUCTION OF TUNNELS T- 6, T10, T11 , T-12 & T9 
and occasional clay stone band.  In the absence of sub-

BETWEEN KAURI AND DUGGA (KM 51.9 TO KM 61.0) 
surface water tunneling has been done smoothly. 

ON KATRA- DHARAM SECTION OF UDHAMPUR – 
Overbreak varies from nil to 0.75m. 

SRINAGAR - BARAMULLA NEW BG RAILWAY LINE 
Tunnel T9PROJECT, J&K STATE EXECUTED BY KRCL.

Tunnel starts at chainage 55/538.35 through portal Name of Contractor: M/s ITD Cementation (India) Ltd.
designated T9P1. Tunnel ends at chainage   56/110.04 at 

Approx Cost of Work: Rs. 189 crs (approx).
portal T9P2. Total length of this tunnel is 571.69 m. Portal 

Tunnel wise length for Tunnels T6, T9, T10, T11 & T12: T9P1 & T9P2 has yet not been developed. Land 

acquisition at the location of T9P1 & T9P2 is in process. Tunnel From To  Total 
Feeder road for both the portals T9P1 & T9P2 is yet to be length Methodology 
constructed. Land acquisition for the feeder road has been of tunnel 
completed. For this tunnel no work has been carried out till 

(m)  
now. Dumping location is available just adjacent to portal 

T6 51.935 55.418 3483.35 Elliptical shape with NATM. T9P2 and T9P1. These dumping location are having 

adequate capacity though certain protection work shall T9 55.538 56.110 571.690 Elliptical shape with NATM.
need to be carried out to realize full capacity. Dumping T10 56.239 57.249 1010.00 Elliptical shape with NATM.
location near T9P1 is also available though approach road 

T11 57.296 58.126 830.00 Elliptical shape with NATM. up to dumping location needs to be constructed.

T12 58.198 60.336 2138.00 Elliptical shape with NATM. Geology

Alignment of this tunnel has been modified slightly. So far 

The tunneling is being executed by NATM. So far, tunnels Geotechnical investigation of modified alignment has not 

T10 & T11 are made through, tunneling lining works for been carried out. However, modified alignment is in close 

above tunnels are in progress. vicinity of earlier alignment of T9 for which geotechnical 

investigation was carried out. Therefore, some idea of Geology
geology can be made by looking at geology of earlier 

T6P1 side: Strata so far  encountered are sandstone, alignment.
siltstone of Sabathu formation for a length of 400m, 

In the earlier alignment strata encountered was siltstone, thereafter, entire tunnel length i.e. upto RD 1177m has 
sandstone and occasional clay stone bands. Rock mass in been excavated through major silt stone and minor clay 
general is classified as good.  As such, tunneling problems stone and sandstone bands.  Both sandstone and siltstone 
was not encountered so far due to the presence of good are generally fresh and hard. At places, clay filling was 
rock and in the absence of water seepage.recorded along joints planes. Clay shale is generally soft.  

 Tunnel T10Water seepage: Minor seepage was noticed from Ch 

52.1291 to Ch 52.264 and heavy water inflow was Tunnel starts at chainage 56/239.67 through portal 

encountered around Ch 52.750 which continued upto Ch designated T10P1. Tunnel ends at chainage   57/249.67 at 

53.112. However, initial seepage of 5-6 lit/sec was got portal T10P2. Total length of this tunnel is 1010 m. Land 

reduced to 2-3 lit/sec later on. Due to the presence of hard acquisitions at the location of T10 P1 & T10 P2 is 

siltstone, heavy water seepage did not pose construction completed. Feeder road up to both the portals is 

problem. Except for some over break which ranges from constructed and motorable even during Monsoon. Portal 

20cm to 1.85m and few cavity formations, tunneling developments on both the faces have been completed. 

generally remained smooth. Total 474.33 meter of tunnel excavation (Chainage 

Cross Section &
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56/239.67 to 56/714) is completed from T10 P1 side. Total Land acquisition at the location of T11P1 & T11P2 has 

125.75 meter of tunnel excavation (Chainage 57/249.67 to been completed. Feeder road for both the portals is 

57/123.25) is completed from T10 P2 side. Invert constructed. Feeder road for both the portals is motorable 

concerting has been completed from chainage 56/239.67 even during Monsoon. Total 303.0 meter (Chainage 

to chainage 56/565.67. Presently, only 150mm thickness 57/296.67 to 57/599) of tunnel excavation has been 

of Invert concreting has been completed against total completed. Elliptical section has been provided for the 

planned thickness of 300 mm.  Wherever excavation has excavated tunnel. Invert concerting has been completed 

been done structural support ribs (ISHB 150 in the arch from chainage 57/296.67 to chainage 57/511.67. 

portion and ISHB 200 in the vertical portion) has been Presently only 150mm thickness of Invert concreting has 

provided. Laggings slab of 50 mm thickness, consisting of been completed against total planned thickness of 

M-20 concrete has been provided between arch ribs. 300mm.Through T11P1 portal, 303.0 m tunnel excavation 

Backfilling with M-10 concrete has been done between has been completed from chainage 57/296 to 57/599. 

laggings & excavated face of the rock. Approximately 52.0 Portal T11P2 has yet not been developed fully. Dumping 

m length of this tunnel (From Ch 57/249.67 to Ch. 197.67) location is available just adjacent to portal T11P1. 

needs rectification as supports at this location are Dumping location is also available for portal T11P2.This 

infringing to moving dimensions. Due to poor strata, RCC dumping location is having adequate capacity though 

box has been provided at T10 P2 for portal protection. certain protection work shall need to be carried out to 

Construction of RCC box and other protective measures realize full capacity.

are still in-complete though major portion of RCC box has Geology - T11P1  
been completed. Not much water discharge is noticed in 

During the construction of false portal, rock fall from top of 
the tunnel and presently there is no water discharge from 

the slope took place and buried the false portal.  However, 
excavated portion. The shape of excavated tunnel is ‘D’ 

after sometime, slided material was removed and false 
type. Dumping location is available just adjacent to portal 

portal found intact. About 310m tunnel length has been 
T10P1. This dumping location is having adequate capacity 

excavated through sandstone, silt stone and occasional 
though certain protection work shall need to be carried out 

thin bands of clay stone.  Rock mass encountered in this is 
to realize full capacity. Dumping location is available for 

much better than rock mass encountered in the previous 
portal T10P2 also.

tunnel.  Rock mass are generally free from sub-surface 
Geology water and can be classified as good to very good and can 

Towards T10P1 side strata encountered was sand stone, stand without support for many days / months. No water 

siltstone and occasional clay stone.  Except some wetness seepage has been encountered so far. Both the portals are 

or minor seepage, rock mass remained dry and has been located in Muree formation i.e. sand stone, silt stone and 

behaving as good tunneling media. However, towards the clay stone. The general trend of bed suggests favourable 

T10P2 side rocks are highly fractured, shattered and condition for tunneling. 

sheared and appear as overburden at places. The slow Tunnel T12
progress remained due to presence of poor rock mass.  

Tunnel starts at chainage 58/198.67 through portal 
Besides, presence of poor rock mass in the tunnel, rocks 

designated T12P1. Tunnel ends at chainage 60/336.70 at 
between tunnel portal and road above the tunnels are 

portal T12P2. Total length of this tunnel is 2138.0 meter. 
highly crushed and mixed with surface clay and are slide 

Land acquisition at the location of T12P1 is completed. 
prone.  To prevent slide above the tunnel portal, heavy 

Feeder road upto portal T12P1 is also available. Portal 
retaining work along both sides of the false portal in the 

development of T12P1 has been done and total 104.75 
form of RCC walls, beams has been done as per the 

meter (Chainage 58/198.67 to 58/302.75) of tunnel 
recommendations of NHPC. Over break along tunnel from 

excavation has been completed from this side. Invert 
P1 side varies from 5cm to 1.40m whereas towards P2 

concerting has been completed from chainage 58/198.67 
side it varies from 20cm to 2m. Minor water seepage 

to chainage 58/235.92. Presently only 150mm thickness of 
between Ch 57.491 to Ch 56.112 was recorded from crown 

Invert concreting has been completed against total 
and left half of the tunnel. 

planned thickness of 300mm. Land acquisition for portal 
Tunnel T11 T12P2 and feeder road upto T12P2 is still under process.   

Tunnel starts at chainage 57/296.67 through portal Cross section of excavated tunnel is “D” shape. Dumping 

designated T11P1. Tunnel ends at chainage   58/126.398 location is available for T12P1. This dumping location is 

at portal T11P2. Total length of this tunnel is 830.0 meter. having adequate capacity though certain protection work 
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shall need to be carried out to realize full capacity. 

Dumping location near for T12P2 is also available 

though approach road up to dumping location needs to 

be constructed and protection works for development of 

dumping location needs to be done.

Geology   

Excavation of the tunnel has been taken up from P1 side, 

i.e. Katra end portal after providing false portal.  Fresh, 

massive and blocky sand stone, siltstone and thin clay 

stone bands have been encountered in the tunnel upto 

excavated length of 110.25m.  Rock mass can be 

classified as good.  Same rock types shall continue to 

encounter in the remaining tunnel length. Water 

seepage of 3- 4 lit/sec and wetness is recorded along the 

benching portion of tunnel between km. 58.823 and km 

58.625. Over break in excavated length ranges from nil 

to 60cm. Both the portals are located in Muree formation 

i.e. sand stone, silt stone and clay stone. The general 

trend of bed suggests favourable condition for tunneling. 

Cycle time of operations:

TIME CYCLE FOR FULL FACE i.e HEADING & 

BENCHING IN TUNNELS T6, T9 & T12

S. Activity Class II/III Class IV

N. Pull = 2.5 m Pull = 1.5 m

1 Survey & Profile Marking 1.00 Hr 1.00 Hr

2 Drilling 3.00 Hr 2.50 Hr

3 Charging & Blasting 3.00 Hr 2.00 Hr

4 Defuming 1.00 Hr 1.00 Hr

5 Face triming & Scaling 1.00 Hr 1.00 Hr

6 Mucking 5.00 Hr 3.00 Hr

7 Face logging 0.50 Hr 0.50 Hr

8 Profile check 0.50 Hr 0.50 Hr

9 Sealing Shotcrete 1.00 Hr 1.00 Hr

10 Laying of Wire Mesh 3.00 Hr 2.50 Hr

11 Erection of Lattice Girder  4.00 Hr

12 Rock-bolting 2.00 Hr 2.00 Hr

13 150mm/100mm & Final 3.00 Hr 3.00 Hr

shotcrete

 Total 24.00 Hr 24.00 Hr

 Total Cycle time per metre 10.00 hrs 16.00 hr
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Features: - The main feature of the project is pre- engineered building sheds covering furnishing & 

engineered buildings for faster execution over a shed assembly shops with two 35 T and one 15 T EOT cranes, 

area of more than 13000 sqm. The total area of factory is store ward and electric sub-station covered with 

1,85,000 sqm. Latest state of the art design, techniques sandwiched panels of galvalume sheet, 20% sky light 

have been employed for setting up of the DMU factory with polycarbonate sheet roofing and 300 mm dia turbo 

and it covers design, fabrication and erection of pre- vents. 

Haldia DEMU Factory – State of Art of Technology

Implemented on Fast Track by RVNL
 Rajesh Prasad*

The salient feature of the factory:-

• Pre-Engineered Buildings & Sheds : 13110 sqm • Railway track : 4.5 TKm 

• Porta Blocks for Canteen, : 678 sqm • Hume pipes (750 mm & 450 mm dia) : 1350 m

Administrative Building, for drainage system.

Toilet Blocks etc. • EOT crane 15 T : 1 No.

• Flyash filling for Land development : 185000 cum • EOT crane 35 T : 2 Nos.

• Coarse sand filling for road : 40000 cum • Traversers : 2 Nos.

• Silver sand/earth filling over flyash : 100000 cum • Load test box : 1 No.

• Earthwork filling for track : 37000 cum • Electrical sub-station : 1 No.

Timelines followed by Rail Vikas Nigam Limited (RVNL) :- 

Work Transferred to RVNL : August,2010 Costing and Productivity :-

Cost of Phase-I : 115 CroreContract Awarded for Factory at Sankrail : Dec,2010

Output of Phase-I : 1Rake/monthFactory Shifted to Haldia due to Land : 02.02.2011

Problems  Cost of Phase-II Being planned by

Turnkey Contract Awarded For Factory : 20.07.2011  Railway in PPP model : 179Crore
At Haldia

 Output of Phase-II : Rakes/month
Completion of the Project : Feb, 2013

Handing over to S.E. Rly : Apr, 2013

*CPM/RVNL/KOLKATA
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CALENDAR OF COURSES 2013 (Rev. 10) 

Course No. From To Name of course Duration Eligible Group

13005 26.08.13 01.11.13 IRSE Phase-II (P) 10 wks IRSE(P) 2011 Exam.

13006 26.08.13 01.11.13 IRSE Phase-II (Q) 10 wks IRSE(P) 2011 Exam.

13007 09.12.13 13.12.13 IRSE Posting Exam  1 wk IRSE(P) 2010 Exam.

13008 09.12.13 13.12.13 IRSE  Introductory 1 wk IRSE(P) 2012 Exam.

13104 18.11.13 30.01.14 Integrated 11 wks Gr.B officers

13105 23.12.13 06.03.14 Integrated 11 wks Gr.B officers

13204 14.10.13 22.11.13 SAG Refresher course 6 wks SAG

13208 30.12.13 21.02.14 Sr. Prof. Dev. Course 8 wks

13309 28.11.13 29.11.13 CE/TMs’ Seminar 2 days CE/TMs

13310 31.10.13 01.11.13 IRICEN Day Seminar for 2 days SAG (IRSE '87')

IRSE '87' Exam

13417 18.11.13 22.11.13 Green Building, Unified SOR 1 wk SAG/JAG

& IRPSM

13418 25.11.13 29.11.13 Rail Wheel Interaction & 1 wk JS/SS of OL&

derailments Instructors(P.Way)/ZTS

13419 02.12.13 06.12.13 Rail Grinding 1 wk Officers & Supervisors 

of OL

13421 16.12.13 20.12.13 USFD testing, welding,  1 wk JS/SS

rail grinding & Track monitoring

13422 23.12.13 03.01.14 Contracts & Arbitration for 2 wks SS/JAG

SS/JAG/SG officers

13604 25.11.13 20.12.13 Course for ITEC/SCAAP 4wks ITEC/SCAAP  

Foreign Engrs.

13605 23.12.13 17.01.14 Course for RITES Engineers 4wks RITES Engrs.

13715 02.12.13 06.12.13 Awareness for IRSS 1 wk IRSS (P) 2011

13716 16.12.13 20.12.13 1 wk

Probationary Courses

INTEGRATED COURSES

SR. PROFESSIONAL/SAG REFRESHER COURSES

HAG/SAG/SEMINARS/WORKSHOPS/MEETINGS

SPECIAL COURSES (TRACK/BRIDGES/WORKS)

PSU / OTHER COURSES

AWARENESS COURSES




