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Abstract— Carrying out Underground works such as 

tunneling and stations in difficult geology like Bangalore 

is challenging task. Designer has to adopt the innovative 

solution for station design due to limited space. The 

alignment of an underground metro project is constructed 

with twin tunnels by Tunnel Boring Machine (TBM) 

connecting two stations. Any underground excavation has 

a major influence on the nearby existing structures. 

Construction of tunnel using TBM needs proper planning 

in soil investigation, fixing alignment, selection of type of 

TBM, choosing of right drive sequence considering the 

logistic and feasibility aspects., deploying appropriate 

number of TBMs and execution of the work. As the 

investment over TBMs is huge, any major change effects 

during project execution leads to cost and time over-run. 

Also Utility shifting, traffic shifting impact in traffic 

movement, another challenge is to save the tree, save 

environment. In case heritage building at the surface, close 

monitoring is ensured. Bangalore Metro Rail Corporation 

Ltd (BMRCL) awarded work of underground construction 

between south ramp to Vellara consisting 3 underground 

stations and 5.4km of tunnel to M/s AFCONS 

Infrastructure Ltd. M/s AFCONS deployed 3 TBM’s, 2 

slurry machines and one EPB machine. Several 

challenges, unusual hurdles were faced during execution 

of tunnelling work.  This paper covers the challenges faced 

during tunneling in the ground filled with artificial 

materials like plastic sheets, animal bones, bottles and 

solutions found. 

 

Index Terms- Underground metro, Geology, TBM, ground 

improvement, Face mapping, Excavation, Surface 

settlement 

 

I. INTRODUCTION 

 

Challenge faced in successfully come out of 

abandoned stone quarry filled with city waste which 

was met on the way by TBM named Rudra deployed 

for north bound tunnel construction from south ramp 

to Langford by M/s AFCONS for phase-II of 

Bangalore Metro Project in pink line from Kalena 

Agrahara to Nagawara. Entire loose fill along the 

tunnel path was replaced with concrete by piling 

method and tunneling in the area was successfully 

completed within 6 months of encountering the loose 

fill. 

Bangalore Metro Rail Corporation Ltd (BMRCL) 

awarded work of underground construction between 

south ramp to Vellara consisting 3 underground 

stations and 5.4km of tunnel to M/s AFCONS 

Infrastructure Ltd. M/s AFCONS deployed 3 TBM’s, 

2 slurry machines and one EPB machine. One of the 

slurry machines named Rudra completed first drive up 

to Dairy circle station and was deployed from Dairy 

circle in the second drive. After completing 373.8m 

(Fig. 1,2) a sink hole was formed ahead of the cutter 

head. The sink hole was formed in a shed being used 

as a granite show room. The sink hole was treated and 

TBM was advanced. But, sink hole was formed again 

before even one ring was built. Considering repeated 

formation of sink holes, it was decided to carry out a 

detailed soil investigation in the area ahead of the 

TBM. 

 

 
Fig. 1: Showing location of TBM 1259 of of North 

bound between Dairy circle to Lakkasandra stretch 

from CH.9000 to CH.9050 
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Fig. 2: Showing the google earth view of RT01 

Tunnel alignment (Drive 2) North bound between 

Dairy circle to LAKKASANDRA STRETCH 

 

II. SOIL INVESTIGATION 

 

Bangalore metro has adopted normal twin tunnel 

system having 5.8m internal diameter. The tunnels are 

placed 15.2m apart. Therefore, width between external 

edges of twin tunnel works out to around 21.5m. 

Considering land availability for stations and 

minimum gradient & curvature essential for Metro 

Rail Track, it is difficult to fallow alignment of road. 

Also, as the road width is seldom lesser than 17m (50 

feet road) the tunnel alignment invariably goes beyond 

ROW of road which generally belongs to private land 

owners. The tunnel needs to be constructed below 

private properties. Soil investigation before starting 

the tunneling work is generally carried out within 

ROW of road along the alignment and not in private 

properties situated outside. BMRCL carried out very 

detailed soil investigation before calling tenders for 

the work by digging bores at every 30m interval. 

 

Soil investigation carried out beyond location of TBM 

stopped due to repeated formation of sink holes 

revealed that soil beneath the ground contained 

blackish waste (Fig. 3, 4) indicating the presence of 

deposition of city waste. Such material was not found 

in any of the soil investigation locations considered 

while detailed investigation before tendering process. 

The Geophysical survey was also carried out in the 

area (from Chainage 8+940 to 9+340m) along 

Bannerghatta road. Report on such survey is placed as 

Annexure A. As may be seen from the report, the 

investigation did not detect artificial materials. 

 

 
Fig. 3 

 

 
Fig. 4 

 

III. INCIDENT REPORT 

 

Metro Tunnels are generally placed at a shallow depth. 

Crown of the tunnel in this location is at a depth of 

9.60m below the ground in the area. Multiple cavities 

were formed during the mining of ring 697, bones, 

plastic and other man made materials were received in 

screen of Slurry Treatment Plant while TBM 

excavation in the area. It was tried to consolidate the 

area by cement grouting method. The machine was 

restarted but the ground could not sustain itself and 

multiple sink holes happened again. TBM face was 

inspected and a face mapping was prepared (Fig. 5) 

which revealed again the availability of manmade 

material in the face. Considering the face condition, it 

was decided to probe the area beyond cutter head. 

 

Geological mapping of excavated face in this zone 

indicated the partial exposure of poor geological 

condition with debris/garbage. Additional drillings 

dynamic cone penetration tests were also carried out 

for further investigation.  
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On west side of properties in which the North bound 

tunnel alignment is passing, a densely built low cost 

housing colony is existing. If the TBM is moved 

further without any precaution, the loosely filled 

material would likely to flow towards tunnel face from 

a considerable distance which may cause settlement to 

the buildings densely built in the area. Refer Annexure 

B (Incident report photos) 

 
 

 
FIG. 5 

 

IV. ADDITIONAL INVESTIGATION 

 

Additional investigation was carried out, rock face 

mapping, dynamic cone penetration test (DCPT) 

conducted at several locations on the surface to know 

the rock levels. 

 

Several DCPT probes were drilled along the alignment 

and different cross sections were plotted with respect 

to the rock levels found in each probe, the section on 

each building with rock profile shown below: (Fig. 

6,7,8) 

 

 
Fig. 6 

 
Fig. 7 

 

 
Fig. 8 

 

The investigation revealed that 75% of the tunnel face 

on East side is in rock and balance 25% on West side 

is filled with manmade materials. (Fig. 9) All the bore-

logs of the DCPT tests are available in Annexure C. 
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Fig. 9 

 

V. INSTRUMENTATION & MONITORING 

DATA 

 

Many instruments for example ground settlement 

marker (GSM), Surface settlement marker (SSM), 

Building settlement marker (BSM), crack meter, tilt 

plates, etc were installed during the TBM drive, 

respective reading of the instruments are attached in 

Annexure D. 

 

BSM and some of the instruments were damaged due 

to sink holes. Refer Annexure D for details. 

 

VI. GROUND IMPROVEMENT PROPOSAL 

 

If the TBM is moved further without any precaution, 

the loosely filled material is likely to flow towards 

tunnel face from a considerable distance which may 

cause settlement to the buildings densely built in the 

area. 

 

Based on the detailed review of the available 

geological information, incident data and I&M data, to 

overcome excessive settlement at ground level in the 

area it was observed that ground improvement is 

necessary in this area in order to drive the TBM 

further. 

 

To overcome excessive settlement at ground level in 

the area, soil replacement method was adopted by 

providing 1200mm diameter concrete pilling to 

strengthen the area. To strengthen the area, the work 

consists of providing one row of RCC piles with liner 

at a distance of 3.7m on west side of north bound 

tunnel and 6 rows of consecutive soft piles in the 

length of around 66.25m. To avoid pressure loss from 

the space between piles, cement grouting was 

proposed by driving pipe of suitable diameter. (Refer 

to Fig. 9) 

 

 
Fig. 9 

 

Piling work was not advised to do very closed to the 

cutter head of TBM for the reason that the concrete 

may enter cutting chamber/cutter head and cause 

damage to TBM. Therefore, pilling was done at a 

distance of around 2m away from the cutter head. This 

gap was grouted with suitable material from surface 

(Fig 9, 10). 

 

The cantilever behavior accordingly the detailed plan 

of ground improvement shown below (Fig. 10): 

 

 
Fig. 10 

 

VII. FEM ANALYSIS 

 

RS2 software has been used for the analyses, as to 

check the overall stability of the system under 

different conditions. Material models used to describe 

the behavior of the ground shall apply suitable 

constitutive laws to account for the elastic, as well as 
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inelastic ranges of the respective materials. The Mohr-

Coulomb model is used for the analysis. All materials 

(soil and rock) are considered as elastic perfectly 

plastic. 

 

The side piles are modeled as liner element with elastic 

material type. 

 

According to two-dimensional stress distributions at 

tunnel face, the 2D plane strain analyses were used to 

simulate the TBM drives, the main variables 

considered in the analyses are the overburden, ground 

types of parameters. 

 

FEM model consideration: 

Earth pressures at rest for normally consolidated soils 

is considered as per Jaky’s equation Ko=1-Sin. The 

coefficient of earth pressure at rest in rocks of 

geologically undisturbed regions may be attributed to 

the vertical gravitational stress and the Poisson’s ratio 

of the rock and estimated using the relation Ko=v/(1-

v). For debris material Ko=0.3 has been considered in 

FEM analysis. Surcharge of 50 Kn/m2 has been 

considered due to presence of buildings. Water table 

has been considered at 2.0m below existing ground 

level. 

 

75% of stress relaxation is assumed for North Bound 

TBM drive due to present of debris material at TBM 

face. No relaxation is allowed for South Bound TBM 

tunnel this drive has been already completed 

successfully. 

 

Following cases are considered for FEM analysis.  

Case-1-TBM drives in actual ground condition, 

Case-2-TBM drives in improved ground condition 

with side soft pile only at 2.5m from surrounding edge 

of North Bound TBM. Refer Annexure E for FEM 

input parameters. 

 

Refer below given figures for FEM models: 

 
Tunnel excavation in actual ground condition 

Fig. 11 

 

 
Tunnel excavation after ground improvement 

Fig. 12 

 

FE analysis sequence: 

 

Table 1: FEM model sequence (Case-1) 

 

Constructi

on stage 

number 

Stage Description 

1 In-situ stress field, no surcharge, reset 

displacement zero 

2 Application of surcharge load. Ground 

water table considered 2.0m below EGL 

and reset displacement to zero 

3 South Bound TBM drive 

4 North Bound TBM drive (75% relaxation)  

 

Table 2: FEM model sequence (Case-2) 

 

Constr

uction 

stage 

Stage Description 
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numbe

r 

1 In-situ stress field, no 

surcharge, reset displacement 

zero 

2 Application of surcharge load. 

Installation of 13.2m long soft 

pile wall and M10 concrete 

material. Ground water table 

considered 2.0m below EGL 

and reset displacement to zero 

3 South Bound TBM drive 

4 North Bound TBM drive 

(100% relaxation)  

 

• Result comparison and Discussion:  

 

Summary of FE analysis result for different conditions 

are as below: 

 

Table 3: Summary of ground and TBM settlements 

Particulars Total 

displacement 

surrounding 

TBM-North 

bound (mm) 

Surface 

settlement 

(mm) 

Case-1: Weak 

ground 

160 55 

Case-2 

Improved 

ground 

<12 <6.5 

 

For output of FE analyses, refer Annexure E. 

 

CONCLUSION 

 

Face mapping data and DCPT confirmed that the 

partial exposure of TBM Rudra on the debris zone, as 

confirmed in the incident report multiple sink holes 

also reported. The problem was diagnosed based on 

magnitude of displacements which exceeded the alarm 

level. The problem was identified as unforeseeable 

ground conditions (unfavorable debris zone) and 

consequential construction related issues for the TBM 

drive. 

 

Immediate measures of grouting along with additional 

monitoring were proposed. 

FEM results showed excessive settlements more than 

150mm due to the debris/garbage without ground 

improvement. Soft pile block of 1200 dia with M10 

concrete from CH.9000 TO CH.9050 was proposed, 

the outer most row of piles were socketed to minimum 

depth of 300mm in grade I/II rock to obtain the 

cantilever behavior of pile and casting retained for 

additional stability. 

 

FEM results after the ground replacement shows 

negligible surface settlement values of less than 

6.5mm and surface settlement values are less than 

2mm away from the ground improvement zone. 

 

LESSON LEARNT 

 

Geology plays a very important role, any adverse and 

unforeseen geological conditions influence the safety 

of tunnels, construction time and cost. Urban tunneling 

is always a challenge because of the risk it poses to the 

structures and public when things go unexpectedly. 

Action plan for any unforeseen situation shall be kept 

ready in an event of emergency. 

 

A detailed soil investigation is very essential before 

taking up any tunnelling project. In urban area, there 

is acute land scarcity and developmental works are 

required to be taken up in available land. Before 

starting Tunnelling, carrying out soil investigation 

along the alignment of Tunnel can avoid meeting 

surprises like TBM entering a city fill zone. At the 

least, if dynamic probing is conducted along the tunnel 

alignment, strength of the ground can be assessed and 

remedial measure, if found essential can be taken. 

Accurate indirect soil investigation methods 

(geophysical survey, ground penetration radar) are 

required to be further improved so that soil 

investigation can be carried out without disturbing the 

existing ground.  
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ANNEXURE A 

 

 

 
 

 

 

  

ANNEXURE B 

 

 
 

Fig. 13 Showing Sink hole at Paramount Marbel shop 

 
Fig. 14 Showing cracks on Paramount shop 
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Fig. 15: Showing grouting is under progress 

 

 
Fig. 16: Showing temporary arrangement near sink 

hole location 

 
Fig. 17: Showing grouting work at sink hole location 

 

 

 

 

 

 

 

ANNEXURE C 

 

 
Fig. 18: Showing locations of DCPT points 

 

Table 5: Showing DCPT results 
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ANNEXURE D 

 

INSTRUMENTATION AND MONITORING DATA 

RECORDING AT SITE 

 

 
Fig. 19: Showing Instrumentation and monitoring 

array at the location 

 

Table 6: Showing BSM instrument and monitoring 

data at site and few instrument damaged due to sink 

hole 

 
                           

 
 

 

 

Table 7: Showing crack meter data at site  

 

 
 

Table 8: Showing Vibration Monitoring data 

 

 
 

ANNEXURE E 

 

Input & Output of FEM Analyses-Snapshots 
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OUTPUT 

 

 
Showing total Displacement at final stage (Case 1) 

 
Showing vertical displacement at final stage (Case 1) 

 
Showing Total Displacement at final stage (Case 2) 
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Showing Vertical Displacement at final stage (Case 2) 
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