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ABSTRCT: Bangalore Metro Rail Corporation Ltd. (BMRCL) is the special purpose Vehicle of Government of Karnataka 

and Government of India implementing the Phase I of the Mass Rapid Transit System (MRTS). In this paper analysis, 

design and construction sequence of cross passage (CP) of urban metro is discussed using a case history from a contract at 

BMRCL (North - South corridor). Generally, the ground condition will decide the method of excavation for the cross 

passage construction. From the borehole data it was observed that the cross passage area consists of residual soil over laid 

by hard rock. It was also double checked with available face mapping data during tunnel interventions. Based on 

geological data, mining method was implemented for excavation of CP. PLAXIS was carried out for the deformation and 

stability of temporary lining and STAAD was carried out for the analysis & design of Permanent Lining. It was concluded 

that the ground deformation induced during the NATM construction was less compared to the numerical model generated 

in PLAXIS. Seismic analysis of CP at Bangalore (17m beneath) was not required to be designed, since the Free-field 

deformation and Racking deformation of 4.0mm & 0.02mm respectively was significantly less.   
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1 INTRODUCTION  

In the present urban transportation, there is an 

increasing demand for extensive use of underground 

space in the form of tunnels. In general, where tunnels 

are provided in twin tubes, Cross Passage is 

constructed at regular intervals to connect the adjacent 

tubes for safe egress. Cross passage is a small 

passageway built between tunnels (or) it can be 

connected between the tunnels with a horizontal & 

vertical shaft to reach the ground surface level. The 

length of CP is generally equal of one tunnel diameter. 

The work involved is very laborious with high risk 

involved. Cross passage areas are usually mined by 

hand after the main tunnel is excavated. Functionally: 

Cross passage is used for evacuation of passengers and 

maintenance access in case of emergencies. Usually at 

lowest point along the alignment location of sump is 

provided, from which water infiltration in to the tunnel 

can be collected and pumped to the surface for 

disposal.  In this paper Analysis, design and 

construction of CP-1 in a contract at South Bound 

Tunnel from Majestic Shaft to North Shaft in 

Bangalore metro project are described (UG-1, North - 

South corridor). Analysis was done using FEM 

(PLAXIS) to evaluate ground deformation, and 

stability of temporary support caused by the 

construction of cross passage and STAAD analysis was 

carried out for the design of Permanent lining. 

2 PROJECT BACK GROUND 

The project comprises of 935m of tunneling activity 

from Majestic north shaft to North Ramp with the 

construction of two cross passages connecting south 

bound tunnel (SBT) & north bound tunnel (NBT) by 

CEC-SOMA-CICI JV contractor of Bangalore metro. 

Figure 1 presents the alignment of phase-1 of 

Bangalore metro. Slurry tunnel boring machine was 

used for construction of Main tunnel. The inner and 

outer diameter of tunnel is 5.6m & 6.14m respectively. 

The tunnel lining consists of 6 pieces of segment, of 

1.5m width and 280mm thick reinforced concrete. 

There are 2 no’s of cross passages in UG-1 contract 

between Majestic shaft and north shaft, namely CP-1 & 

CP-2, linking the SBT & NBT and a sump pit has to be 

constructed at CP-1. 

3 GROUND CONDITION 

Borehole information revealed that the ground 

conditions at CP1 mainly consist of 3 diverse strata’s. 

1st layer of “Sandy Clayey Silt” (up to 13m from 

ground level), and SPT- N value varies from 9 to 50. 

2nd layer of “Highly Weathered Rock” (6m thickness) 
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was found below 13m from ground level, and SPT-N 

value was more than 50. 3rd layer of “Moderately 

Weathered Granite Rock” was found beneath Highly 

weathered rock. The water table is approximately 2m 

below ground level. Table 1 represents simplified soil 

parameters given by the client and used for the analysis 

and design of CP-1. Figure 2 shows the dimension and 

details of CP-1.  

 
Fig 1: Network of phase 1 of Bangalore Metro 

4 TEMPORARY SUPPORT OF MAIN 

TUNNEL SEGMENT  

The partial removal of two segments from the main 

tunnel for the construction of cross passage was 

achieved by providing a C-shaped steel ring, sill beam 

and crown beam frame action as illustrated in Figure 3. 

It consists of C-shaped steel rings installed on either 

side of the cross passage opening locked against 

longitudinal beams (parallel to the tunnel). The beams 

are located above and below the opening. These beams 

will transfer the resulting load in bending and shear to 

the C-shaped steel rings on either side of the opening 

from the tunnel lining to the frame work using a 

combination of plates, anchor bolts and epoxy grout. 

The beams are bolted to the tunnel segments and 

welded to the steel C-shaped ring through welded end 

plates. The frame work was designed to take the trust 

force without the permanent cross passage lining.  

5 BREAKOUT THROUGH MAIN TUNNEL  

Pre-examination of face mapping behind the breakout 

segment was performed to ensure that the ground 

treatment measures have been effective for the safety 

opening. This was achieved by internal method such as 

probing through the segment grout holes using 

Pneumatic jackhammer for length of 2 to 2.5m beyond 

the pay line and the face of cross passage. Examining 

the disturbed soil sample obtained, sound of the 

hammer blows and time required to drill the holes, 

revealed the ground behind the segment was sound 

 enough that surrounded by water. 

Table 1: Soil Parameter for Design       

6 CONSTRUCTION METHOD  

Generally, the ground condition will decide the method 

of excavation for the CP construction. From the 

borehole data and the available face mapping data 

during tunnel interventions, a thorough investigation 

was carried out & the assessment of ground condition 

was based on the knowledge gained by the additional 

in situ measurements (Probing) and the stability of 

periphery region (beyond pay line) which was also 

essential for the selection of an appropriate 

construction method, and which leads us to have a 

mining method (New Austrian Tunneling Method – 

NATM). In order to ensure a secure ground for ease of 

NATM construction, a series of ground stabilizing 

activities (Cement Grout) were performed earlier inside 

the tunnel and from Ground surface. Due to 

unsuitability of Ground condition (i.e. Mixed ground 

condition with Saturated soil/Highly weathered rock) 

above the Cross passage opening face, hence, the 

ground treatment has been carried out considering 10% 

voids in the soil strata. Surface dewatering/Tunnel 

dewatering points were also installed to drain out water 

beyond pay line. Since, the Analysis cannot capture the 

potential modes of failure during the construction of 

NATM, i.e. predominantly those of sudden failure (or) 

progressive failure due to the less standing time, a pre-

supporting closely spaced steel pipe-roofing umbrella 

arch (25mmØ rebar, 4m length @ 3° inclination) was 

installed above the periphery of the NATM heading 

section and was injected with pressurized cement grout 

to overcome the limitations of analysis by addressing 

actual ground conditions. Simultaneously, cement 

grout was injected in the area above and below the 

NATM profile for the face stabilization. Temporary 

Steel opening frame for tunnel lining support installed 

has been illustrated in Figure 3. Construction sequence 

of CP-1 includes: [i] Surface Grouting, Installation of 

dewatering system and maintaining the water level 1m 

below the final excavation. [ii] Installation of 

temporary ring support on both running tunnels. [iii] 

Pre-examination of ground condition behind the tunnel 

Soil 

Type 

γ dry 

kN/m3 

Φ 

deg 

c’ 

kPa 

E’ 

MPa 

Depth & 

Thickness 

(m) 

ML 17.7 20 0 5 (0 to 6) 6 

CL 17.7 35 10 25 (6 to 10) 4 

MH 22 38 40 160 (10 to 13) 3 

HWR 26 42 80 230 (13 to 19) 6 

MWR 

/Fresh 

granite 

27.5 50 260 1120 Below 19 
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segment (Probing). [iv] Pre-supporting method by pipe 

roof umbrella system and face grouting [v] Tunnel 

segment breakout [vi] Excavation by NATM method 

stage by stage with front body undisturbed and for each 

stage wire mesh, wet shotcrete (200mm thick) with 

ISMB150 steel rib installed at 500mm C/C as shown in 

Figure 3. [vii] Blasting was done below the spring level 

due to encounter of rock. [viii] Break out the segment 

on other end of cross passage and connect cross 

passage with tunnel lining. 

PLAN OF CROSS PASSAGE 

SECTIONAL VIEW OF CROSS PASSAGE  
   Fig. 2 Details of CP-1 (Plan & Sectional View)          
 

 
 Fig. 3 NATM construction Steel ring beam frame 

work for support tunnel lining.      

7 DEFORMATION ANALYSIS 

In order to find ground deformation in each soil strata 

(Soil parameters as illustrated in Table-1) caused 

during the construction of CP, a numerical analysis was 

carried out using PLAXIS 2D software program. Plane 

strain modeling with 15 node triangular elements was 

used to perform accurate analysis. The boundary 

condition in PLAXIS model was 40m x 40m x 30m, 

2D dimensional mesh was used for analysis, Mohr- 

Coulomb model was applied and the input parameters 

of the sub soil were determined by engineering 

geotechnical investigations. Ground water level was set 

1 m below final excavation level. In order to generate 

the model, the above input data (Table-1) were used 

and Poisson’s ration of 0.3 for the analyses of this 

technical paper and the reinforced concrete wall was 

modeled as linear elastic Plate elements. The numerical 

model, which was generated by PLAXIS program 

software to perform deformation analysis with 50 kPa 

surcharge (i.e. For temporary construction activity load 

at ground level), was found to be 54.31mm as 

illustrated in Figure 4. 
 

 
Fig. 4 Deformed mesh of 54.31x10-3m 

 

 
 

Fig. 5 STAAD [Bending Moment & Shear Force] 

8 PERMANENT LINNING DESIGN  

The CP analysis for permanent lining was carried out 

using STAAD V8i considering 17m overlaying ground. 

Hydrostatic with vertical uplift pressure was 

considered. Surcharge of 20kPa (i.e. For traffic & 

future construction at ground level) without any 

dispersion was applied on the structure. Modulus of 

sub grade reaction was modeled considering Dense 

Sand (Ks – 128000 kN/m3). Free-field deformation and 

racking deformation of CP was calculated using 

Analytical method (Power et al., 1996; Hashash et al., 

1998) for peak ground acceleration 0.24g was found to 

be 4.0mm and 0.02mm respectively was insignificant 

and was ignored in the analysis. The design was carried 
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as per the requirement of IS 456:2000 (Limit state 

method) for the service stage bending moment and 

Shear force as illustrated in Figure-5 by considering 

structural stiffness 500mm thick slab/wall.   

9 CHALLENGES ASSOCIATED WITH 

REMEDIAL MEASURES 

The success of construction is often assessed against 

the control of groundwater ingress in the face, causing 

the collapse. Hence, beyond the pay line the 

dewatering system was installed inside the tunnel and 

this was more efficient than surface dewatering. Before 

the segment breakout, the pre-examined water 

discharge was measured to be 4lt/min. But, half way 

through the NATM construction, we knocked heavy 

natural spring inflow, water measuring 35 lt/min 

causing inundation of the tunnel. The remedial measure 

was not to seal the natural spring, rather to divert along 

the pay line and pump the water continuously for the 

safe excavation of NATM. Later it was sealed 

permanently after the construction of permanent lining 

using chemical grout. 

10 INSTRUMENTATION & MONITORING 

It is an essential activity to be carried during the 

construction of NATM and to verify/alert the 

designer/contractor about the recorded values. In this 

regards, we had installed deep soil settlement marker 

for the measurement of soil surface settlement caused 

due to the construction of cross passage, but the 

observed value of the maximum ground surface 

settlement at field was not more than 10mm. 3D target 

points were also installed in the NATM steel ribs to 

find any horizontal movement or settlement induced 

during excavation, but the maximum settlement 

observed was also not more than 5mm.  

11 CONCLUSIONS 

The following conclusions can be drawn on this study 

 Since, the ground is not homogeneous; the pre-

supporting pipe roof umbrella system at the 

heading face of the opening was required to be 

provided with cement grout to develop the 

required shear strength for the arching action. 

 To effective way to control the surface ground 

settlement during the NATM construction 

(Mainly, in highly weathered rock) the dewatering 

and grouting inside the tunnel will be more 

effective rather than dewatering and grouting from 

ground. 

 The numerical model, which was generated by 

PLAXIS to capture the ground deformation during 

the construction of CP was considerably higher 

than the observed magnitude due to the effective 

way of dewatering, grouting inside the tunnel face. 

 The racking deformation of 0.02mm at 17m 

beneath the ground surface was significantly less 

for Bangalore region. Hence, seismic analysis was 

not required to be considered during design of CP.  
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