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Safety enhancement work in Ghat section on Bhopal Division
Vijay Pandey, Secy to PCE/WCR

1.0 Preface 

Between Barkhera and Budni on Itarsi-Bhopal section, there are 27 cuttings on UP track and 45 cuttings on DN track covering a total length of almost 20 Km. Out of these, two cuttings on DN track and one cutting on UP track have been classified as vulnerable while several other are gradually deteriorating. Every year, there are incidences of boulder falling in many cuttings. The strata in this ghat section consist of stratified and splintery shale rocks sandwiched between layers of soil. This stratum is prone to surface erosion during dry weather and as a result cavities as deep as 1 to 1.5m have formed along the cutting slopes at a height of 2 to 3m above rail level. The slope of cuttings is as steep as 1:4 and almost vertical at some locations. This ghat section has always been marred with problems during monsoon season with frequent occurrences of boulder falling thereby endangering the safety of trains & passengers. There have also been instances of mud erosion along the slopes of cuttings resulting in chocking of side drains and water logging on track. During heavy rains on 22/08/04 there was mud flow and consequent blockade of track and as a result Secunderabad Rajdhani express was stranded for 10 hours between Midghat and Choka on DN road in this ghat section. 


To avoid such occurrences in future, the ghat section was bifurcated into two problem areas. It was decided to provide high strength boulder netting on cuttings, which were prone to boulder fall and to ease out the steep slopes of cuttings which were prone to mud erosion and where caving existed on the cutting slope. Furthermore, it was decided to provide lined drains in all cuttings. 

2.0 High strength Boulder Netting   

High strength boulder netting is suitable for cuttings prone to boulder falling. Between Budni and Barkhera, there are several rock cuttings which have fragmented rocks on their face. These rocks are prone to falling on track during monsoons. Since, these are rock cuttings; it was not viable to ease them out. Hence, it was decided to protect these cuttings with high strength wire netting. The idea was to arrest any falling boulder within the net. In other words, the net was to act like a perforated curtain.

 Deciding about the size of opening of the net was the next question. The size of opening had to be small enough to prevent falling boulder from reaching the track. However, the size had to be large enough to give passage to muck and relatively harmless small size boulders and vegetation so that they do not accumulate inside the wire net and create excess weight for the net anchorages. It was finally decided to provide wire net with opening of 0.60m x 0.45m. 

2.1 Fixing of Wire Net

Wire net is spread on the face of the cutting and anchored to the rock face of the cutting. In addition, the wire net is also anchored to the top of the cutting through wire hangs by digging a trench along the length of the cutting and embedding the wire hangs in concrete. 

This is a quick method of cutting stabilization. Rolls of wire net are carried to the top of the cutting and the ends of wire hangs are embedded in trench one meter deep with plain cement concrete. Later, the wire net is rolled down along the face of the cutting under traffic and power block. Effective progress during the block is around 10m length of cutting per hour. The wire net is then bolted to the cutting surface at regular spacing for additional support.
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Fig. 1 : Fixing of Wire Net
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Fig. 2 : Fixing of wire net.

2.2 Specification of boulder net provided in Itarsi-Bhopal section 

(i) Specifications of HSB Netting Provided is as under                                    

Mesh Opening Size



450mm x 600mm

Size of galvanized rope


9mm Nominal

Tensile strength in both

Direction (a) Rope



4000 Kg

                (b) Rope net


        Vertical, Tv


8.50 Ton/m


       Horizontal Hv


6.70 Ton/m

Structure of rope 



1 Core + 6 Cover strands







(19 wires in one strand) 

Punching Shear Strength 


8.50 Ton

Net hanged with 6m long HSB Hangs with top anchoring on 0.15 x 0.15 x 2.0m RCC M-15 buried in cement concrete M-10 and further bottom anchor bolt 16mm dia 1m depth and 200mm x 200m x 6mm epoxy coated washer plates at suitable distance. Anchor bolt/Fisher bolts FB 150mm long 12mm dia has been provided along with 200 x 200 x 6mm epoxy coated washer plate. 

(ii) Specification of Through Anchor bolt/Fastening:
Drill diameter






= 12mm

Minimum drill hole depth with push through assembly
= 120mm

Minimum Anchor depth




= 60mm

Fixing length 






= 112mm

Maximum Useful length 




= 20mm

Material 



Electroplated high tension steel 






Zinc electroplating layer 5 micron






thick followed by yellow






Chrominising

Load capacity



Ultimate load of 3M T for Tension






 Shear and oblique tension at any






angle in concrete of M-15 Grade and 






sound rock of the same strength 
2.3 Cost of providing high strength boulder net

 Cost of providing high strength boulder net along the cutting slopes complete with all bolting, anchoring, tools & plant, labour etc is around Rs.685 per sq m. 

3.0 Easing out of steep slopes of cuttings 

In Para 2.0 we have discussed about the cuttings made of rocks. By virtue of their strata it was not viable to ease then out and hence, as an alternate solution, they were protected with high strength wire netting. However, within the same Budni-Barkhera ghat section, there exist a different set of cuttings which are made of soil and splintery rocks. These cuttings do not witness the incidences of boulder fall but are marred with the problem of mud erosion and cavity formation. 
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Fig. 3 : Cavity formation in cutting.

As a result of mud erosion, the side drains get choked up and resist smooth flow of water during monsoon, at times even resulting into the flooding of track during heavy rains. The fact that most of the side drains in this ghat section were unlined only added to the adversity. During heavy rains on 22/08/04 there was mud flow and consequent blockade of track and as a result Secunderabad Rajdhani express was stranded for 10 hours between Midghat and Choka on DN road in this ghat section. 


To avoid such occurrences in future, it was decided to ease out the steep slopes of cuttings which were prone to mud erosion and where caving existed on the cutting slope. Furthermore, it was decided to provide lined drains in all cuttings. 


To get precise opinion about the strata, officials from geological survey of India were invited to study the cuttings and submit a detailed report regarding their stabilization. Furthermore, study conducted by IIT-Kanpur on similar problem faced in cuttings between Gwalior-Jhansi section and RDSO’s guidelines on the subject were also consulted in deciding the final cross section of the eased out cutting. The final cross section of the eased out cutting is shown in Fig 4.
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Fig. 4 : Profile before and after slop easing work .

3.1 Equipments Required for easing out work 
(i) Two excavators/ podain machines

(ii) Four dumpers

(iii) Leveling equipment 

(iv) Jack hammer along with compressor in case of rocky strata

3.2 Activities involved in easing out work
(i) Initial levels of the area where easing out work is planned are recorded using leveling instrument.

(ii) Cross-sectional graphs are prepared and quantity of earthwork involved is calculated. 

(iii) Contour map of the top of cutting is plotted to locate the dumping grounds. These, are basically the depressions on the top of the cutting. Care has to be taken, not to disturb the natural course of water flow.

(iv) Excavation work is started from the top of the cutting as per the final plan. Care should be taken to ensure that the excavator is at least 2m away from the edge of the cutting at all times to avoid toppling of machine. 

(v) During excavation work close to the face of the cutting, some muck is likely to fall near track and in side drains. Such falling muck should immediately be removed manually.

3.3 Construction of side drains and catch water drains. 
Easing out of cutting will not be of much help if the side drains remain unlined. Smooth and rapid flow of water is very essential, especially in case of long cuttings with large catchments. Therefore, the work of construction of drains was taken up simultaneously with the easing out work. In some of the cuttings, catch water drain were made and in same others, size of existing catch water drains was increased.

4.0 Coordination with other departments.
(i) Help from operating and TRD department was required for traffic and power block. Both the departments were kind enough to grant the blocks.

(ii)  Coordination from S&T department was required to a huge extent. S&T cables near the track on top of the cuttings were required to be sifted to some safe location outside the zone of earth work. No work was to start before the shifting of cables to avoid any damage to them. S&T department provided all the necessary help. 

5.0 Effectiveness of work

This work has yielded rich dividends since its execution. The amount of mud erosion has reduced considerably and no blockade on track has been observed. Falling boulders from cutting top have been observed to be effectively arrested by boulder net and on two occasions the high strength net stopped the boulder from coming on track in the face of approaching trains, thereby averting two passenger train accidents. First incident occurred when the wire net arrested boulders in front of approaching train no. 2533 DN (Pushpak Exp.) on 19/07/06 and again on 07/07/07 the net prevented the boulders from falling over train No. 8237 DN Chattisgarh Exp. 
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Fig. 5 : Boulders arrested inside wire net.
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Fig. 6 : Boulders arrested inside wire net.
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Fig. 7 : Profile of cutting before easing out
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Fig. 8 : Profile of cutting after easing out.

6.0 Precaution to be taken during the work.

(i) During rolling down of the wire net power block must be taken to avoid contact with the OHE wire.

(ii) The excavator machine/poclain must always work at a safe distance from the edge of cutting to eliminate any chance of its falling down on track. 

(iii) S&T cable plan must be checked before starting any earth work to avoid cutting of cable.

(iv) During the course of work some muck is likely to fall into the side drains. All such muck should immediately be removed.

(v) Work safe equipment (Remote hooter) should preferably be kept at work site to warn the machine operator and other staff about the approaching train.

(vi) The excavated earth should be dumped in such a way so as not to disturb the natural course of water flow.

7.0 Advantages of protection work.

(i) Quality of communication on walkie talkie has improved due to reduction in height of cuttings (and therefore less barrier)

(ii) Optimum utilization of man power. For each vulnerable location that has been made safe, manpower saving is 8 men for 4 months i.e. 8 X 120 = 960 man days which are being used to attend track. 

(iii) As per item (ii) man days saved used in track maintenance, there by resulting in improvement of TGI value of ghat section. TGI recorded was 83.64 on 22.06.07 as compared to 80.75 of last run of UP road on 22.03.07.

(iv) The easing out of cutting has resulted in heavy reduction in muck falling, reduced choking of side drains, there by stoppage of track flooding. Track pumping locations have reduced considerably. 

(v) Loss of ballast has reduced. There is no seepage through pucca drains, which as resulted in less track settlement. Cross-level and longitudinal-level going out has reduced to minimum. 

(vi) After easing out, more ground is available to stack new and released materials in section which can be used during emergencies. 

(vii) Visibility in the areas around the cuttings has improved much. 

(viii) Earlier some gang men and one PWS were asked to camp at Midghat station at night (centre point of that section) during monsoon season to take care of any unto ward incident. This is not required now.

(ix) During the course of work several kuchcha roads were made connecting highway and ghat section. Disaster management has gone easy since ghat section now more approachable by road. 

(x) Due to provision of Netting, incidences of falling boulder have reduced and gang staff works more freely inside the cuttings. 

(xi) In nalah courses and other water ways the water flow has been channelized and Bridge inspections have become easy. 

(xii) After construction of lined drains, the gang staff which was earlier used for drain cleaning is now being utilized for track maintenance works. The cases of insect bites have also reduced.
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