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ABSTRACT 
  

The various pipes and services running across different buildings of Nuclear Power Plant facilities are routed 
through, either under ground tunnels and trenches, or through any suitable supporting structure like above ground 
supporting pipe and cable bridges etc.  Thos e services could be either safety related or non-safety related, depending on 
the classification of the routed services. The safety related services are required to be functional during operational, 
seismic and post seismic operational conditions. The supporting structures are designed for loads transferred from these 
services and loads due to external events like wind and seismic events. The advantages and disadvantages  of two 
supporting systems are examined. For tunnels and trenches, two alternatives are considered, one involving supporting the 
tunnels /trenches on columns running up to hard strata, and the other, involving supporting the tunnels/trenches directly 
on engineered backfilled soil. A methodology for structural analysis and design under the action of static and seismic 
loads for tunnels and trenches supported directly on back filled soil, is been developed and elaborated in this paper. This 
is illustrated with examples of tunnels adopted for engineering a Prototype Fast Breeder Reactor, under construction in 
India. 
 
INTRODUCTION 
  
 The various pipes and services running across different buildings of Nuclear Power Plant facilities are routed 
through, either under ground tunnels and trenches, or through any suitable supporting structure like above-ground 
supporting pipe and cable bridges etc. These services could be either safety related or non-safety depending on the 
classification of the routed services. The safety-related services are required to be functional during operational, seismic 
and post seismic operational conditions. The two options are compared for considerations like safety aspects, aesthetics, 
usable space occupied, design and construction aspects etc, and tunnels evolve as a better alternative. For tunnels and 
trenches, two alternatives are considered, one involving supporting them on columns running up to hard strata, and the 
other, involving supporting the tunnels/trenches directly on engineered backfilled soil. Considering constructability, costs 
and other aspects, it is observed that  support ing  tunnels /trenches  directly on engineered back filled soil rather than 
supporting by columns going down to hard rock, is a better option. A maximum length of 40 m is adopted for the tunnels .  
 A methodology is evolved for analysis and design of the tunnels and trenches supported on engineered backfill 
under the action of the following loads: 

a) Static loads due to routed services, and external static loads due to soil pressure, pressure of internal 
flooding etc 

b) Vertical and lateral seismic effects (except longitudinal), determined based on response spectrum analysis 
and,  

c) Longitudinal seismic effect, determined based on analysis for imposed soil strains under longitudinal 
seismic conditions. 

 Design is performed for the combined values of elemental resultants obtained under different load cases and 
combinations in line with provisions of AERB/SS/CSE-1 [5] considering aspects such as crack width, overall stability 
and bearing pressure .  As the shear wave velocity of the soil is an important parameter governing the seismic strains on 
the structure, possible uncertainty in the value is considered by performing analyses over a range of shear wave 
velocities,(upper and lower bound) and enveloping the results for design.. 
 
COMPARISION OF ALTERNATIVE SUP PORTING SYSTEMS  FOR SERVICES 
 
  Two types of supporting systems, viz, underground tunnels and above-ground steel / RC bridges are compared 
for supporting the different services. 
  Certain services like fire water headers, storm water drains etc. are routed within top 2m of the soil strata. 
Considering these, tunnels are required to be provided at a depth of minimum 2m below the ground level. Above ground 
bridges can be either of steel or concrete. A minimum clearance of 5m above ground level is necessary to allow passage 
of heavy vehicles below them. 
 A point wise comparison between the two supporting systems is enumerated below: 
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1. Free movement space : Tunnels offer an unrestricted free movement, whereas, the bridges are required to 
have proper clearances. Otherwise they will be an impediment for certain heavy cranes etc. 

2. Aesthetics:  Tunnels offer a free and open landscape, which is advantageous, as compared to the bridges. 
3. Length of different services:  The services within the buildings  are generally below ground level at the level 

of tunnels. Hence tunnels / trenches  prove to be more advantageous in providing a shorter path while 
routing the services . 

4. Safety aspects:   Protection needs to be provided on either side of the bridges to avoid collision etc, which 
are not required in case of tunnels.  

5. Design aspects:  Where safety related services are to be routed, the supporting structures are required to be 
SSE qualified. Above ground bridges are tall structures required to be founded on hard rock strata (in the 
present context available at about 16m below ground level), for adequate stability. Such structures need to 
be rigid to control seismic amplification. 

6. Flooding: Tunnels face the problem of getting flooded. Hence they have to be designed as closed box 
structures. Proper slopes are to be provided towards sumps, and portable sump pumps are to be used to 
drain the water. 

7. Accessibility:  Available in both the cases. Ventilation chutes are to be provided in case of tunnels, to enable 
carrying out maintenance activities.  

8. Excavation: In Nuclear Power Plants as the safety related buildings are supported at the rock level, 
excavation is carried out up to the rock level. No special excavation needs to be performed.  

9. Construction activity: Tunnels are to be fully constructed at the time of backfilling. In  case of above-ground 
bridges, only the footing and part up to ground level are required to be constructed during the backfilling. 

10. Tunnels resting within the backfilled soil will experience soil strains due to seismic events, depending on 
the soil characteristics.  They carry a surcharge soil load of 2m above, which also helps in dispersing the 
external vehicular and other similar loads. 

For the project under consideration, a comparison of the two options , indicate tunnels to be advantageous as 
compared to the above-ground bridges. 
 
COMPARISION OF ALTERNATIVE SUPPORTING ARRANGEMENT FOR THE TUNNELS 
 

Two types of supporting arrangements are compared, one in which, the tunnels are supported on columns 
resting on hard strata (approximately 13.6 m tall columns), and the other, in which the tunnels are supported on 
engineered backfill soil. Schematic view of general arrangement of the two alternatives adopted is furnished in figure 1. 
The prime design considerations are bearing capacity and stability. Two cross sections of tunnels are considered for 
purpose of evaluation viz: 2.5m wide x 3.5m deep, and 6.0m wide x 3.5m deep. Thickness of tunnel walls and slabs are 
500mm. The bottom slab projects beyond the face of the tunnel walls by about 1m.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Alternatives Used for Supporting Tunnels /Trenches 
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Alternative 1 
Tunnel resting on columns, structurally behaves as a box girder beam spanning between the columns. Columns 

are provided on either side of the tunnel, in pairs, and each pair of column is founded on a combined footing. For the 
purpose of analysis, a 30m long span of the tunnel (separated from the adjacent spans by means of expansion joints), is 
considered, and with four numbers of column supports (each support consisting of a column pair). Column supports are 
provided at a c/c distance of 9.0m, with 1.5m overhang of tunnels beyond the end column pairs . Tie beams are provided 
at mid height of the columns to offer lateral support to the columns. The columns for 2.5m wide tunnel section is 0.75m 
in transverse direction and 1.5m in longitudinal direction. The footing is 5.0m x 7.0m in plan and 1.5m deep. For 6.0m 
wide tunnel section, the column is 0.90m in transverse direction and 1.75m in longitudinal direction. The footing is 6.0m 
x 9.0m in plan and 1.5m deep.   

The entire 30m length of the tunnel is idealized in the model along with the columns and tie beams. The 
structural elements (columns, beams  and tunnel) are idealized using 3-D beam elements. The columns are considered to 
be fixed at the footing level. Seismic analysis is performed using spectrum applied in all the three directions, apart from 
analysis for static loads.  

 
Alternative 2 

 Tunnels  resting directly on soil strata, behaves as  a beam resting on a continuous elastic foundation. Adequate 
measures  are adopted for the founding strata of the tunnels to improve the bearing capacity, such that the bearing 
pressures generated below the tunnels are within acceptable limits. Measures like usage of suitable PCC base for the 
tunnel to disperse the load, usage of Geo-grids to improve the bearing capacity of the engineered back-fill were 
investigated. For compaction of the soil in zones directly below the tunnels a stage-wise construction methodology, in 
which the soil is backfilled up to a level below the base of the tunnel is adopted. The soil is compacted to achieve about 
80 % relative density using appropriate soil improvement techniques. The tunnel is constructed over a nominal PCC base. 
As the tunnel is cured and hardened, soil at the sides are laid and compacted, after which the surcharge soil is placed. 
Geo-grids were found to be a suitable solution for the alternative considered.  

The walls and slabs of the tunnels are idealized as a single monolithic structure using shell elements. The 
openings in top slab are not modeled. A typical length of tunnel of 1m is idealized, as the tunnel cross  section and 
boundary conditions are uniform through the length of the tunnel. (plane strain conditions). Seismic forces experienced 
by underground tunnels  directly resting on back filled soil, are in the form of axial and bending strains along the length of 
the tunnels, determined based on provisions of ASCE-4-98 [2]. In the lateral direction, the seismic forces experienced are 
determined by applying seismic spectrum over the tunnel model. Static analyses are performed to take care of effects of 
static loads. 

 
Comparison of alternatives 

Design is performed for both the alternatives, based on the elemental stress resultants obtained under load 
combinations.   

Rigidity: Tunnels are quite rigid as compared to the column supporting them below, and hence in case of tunnels 
resting on columns, special attention is necessary at the points of connection between the columns and the tunnels as 
these are vulnerable to shear failure. (soft storey). This is not there on tunnels and trenches supported directly on soil 
below. 

 
Staging: In case of tunnels resting on columns, backfilling shall be planned in such a way that, while the 

columns are erected up to the base of the tunnels, backfilling is carried out so that the tunnel shall be directly laid on back 
filled soil, thereby avoiding provision of staging. However appropriate thickness of PCC has to be provided at the base of 
tunnel for supporting the green concrete load transferred from the tunnel. 

 
Cost: Cost of the two alternatives indicates the second alternative (directly resting tunnels on backfilled soil) to 

be economical.  
 
Comparing the qualitative and cost related aspects, it is observed that,  tunnels supported directly on engineered 

backfilled soil, improved by suitable means like Geo-grids, prove to be more advantageous and economical, This is 
recommended for routing the services. 

 
PARAMETERS AND METHODOLOGY ADOPTED FOR STRUCTURAL ANALYSIS AND DESIGN OF 
TUNNELS AND TRENCHES 
 
General Arrangement of Tunnels and Trenches  

Under ground reinforced concrete tunnels carrying safety related pipe lines and cables serving the main plant are 
founded with an earth cover of about 2.2m above the top of the tunnel to allow crossing of Fire Water trenches, storm 
water drains and other services. In cross section, the widths of the tunnels range from 1.5 to 3.25m, whereas depth is of 
order 2.5m. The side walls, top and base slab of the tunnel are cast monolithically. The lengths of different segments of 
tunnels considere d are around 10m to 40m. The different segments of the tunnels at bends, and straight portions of 
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suitable lengths, and at portions where the services  enter the building, are provided with isolation / expansion joints, to 
allow free movement. The tunnels are surrounded by backfill soil. The services  entering the buildings are extended into 
trenches running at the surface. The side walls and the base slab of the t renches are cast monolithically, and the top slabs , 
of the trenches are formed of pre-cast concrete slabs. These pre-cast slabs are not considered as structural members for 
trench design. The trench sections are of maximum width about 1.4m and depth of about 2.1m. Concrete of grade M45 
and steel of grade Fe415 are adopted  for tunnels and trenches . 
 
Characteristics of Sub Soil 

Sub Soil profile in the area, comprises of 9-10m of medium to dense sand at top (layer 1), followed by layer 2 of 
about 4-5m of silty clay. Layer 3 provided below layer 2, comprises of 4-5m of moderately to highly weathered rock. 
Layer 4 below layer 3, comprises of Charnockite, Granite and Gniesses rock, and is  encountered at about 18m below 
e xisting Ground Level (This level is approx. 11.3m above MSL). Ground water table is generally encountered at about 2 
to 4.65m below ground level.    
 
Characteristics of Engineered Back Fill  

 Engineered backfill is utilized for backfilling with standard compaction procedures adopted. Geo-grids are 
adopted below the tunnels and trenches to improve the bearing capacity. The characteristics assumed for the engineered 
backfill soil without Geo-grids, are presented in table 1 as furnished below. 

 
 

Table 1: Showing engineering properties of backfill used below Tunnels and trenches 
 

SL No Property Design value 
1 Shear wave velocity 200 m/s 
2 Compression wave velocity (Vc ) 500 m/s 
3 Gross safe bearing capacity 500 kN/m2 – Tunnels  

250 kN/m2 – Tunnels  
4 Angle of internal friction (Ø ) 35o 
5 Angle of wall friction (d ) 23.3  o 
6 Cohesion (c) 10 kN/m2 
7 Standard Penetration Blow Count (Min 

assumed) (N) 
25 

 
 

Geo-Grids 
  Geo-grid material is provided below the tunnels / trenches, to improve the soil properties. These are reinforcing 
geo synthetics that provide confining effects to the soil, there by reducing the effect of disturbing forces.  
 Three layers of geo-grids provided at 0.5m c/c have been adopted below the tunnels and trenches in this project. 
Further, the backfill soil is compacted to about 80 % relative density. 
  
Structural Analysis and Design Aspects of Tunnels and Trenches  
 The tunnels and trenches (hence forth generally referred to as tunnels , unless specifically noted), carry safety 
related services , and are required to be designed for two levels of seismic events, OBE and SSE. The seismic events will 
involve transfer of axial and bending strains, from the surrounding soil on the tunnel structure, due to friction developed 
between surfaces of tunnel with soil. The dynamic effect of earth pressure of the surrounding soil will act on the walls of 
the tunnels under seismic conditions. Static loads acting on the tunnels include Dead and live loads (including any 
vehicular surcharge load), soil load, external pressure due to soil, either in dry or in saturated conditions, and load due to 
internal pressure due to the condition of internal flooding of the tunnels.  
 The Finite Element model of tunnels idealizes  them as two dimensional structural systems with plane strain 
conditions due to their length being large compared to the cross-sectional directions, and displaying same geometric 
cross-sections across finite lengths of tunnel. The approach to structural analysis of the tunnels involves FE modeling of a 
finite length of tunnel of 1m. Typical FE model developed for a tunnel is given in figure 2. Static analysis involves 
application of uniformly distributed static loads on the FE model, yielding stress resultants in the wall and slab elements. 
Boundary conditions of the model are applied by means of a uniform bed of Vesic’s springs [1] formed below the base 
slab of the tunnel. The cross sectional faces of the model (on either side of 1m length considered) are applied with 
boundary conditions to simulate plane strain conditions, with displacement along the length of the tunnel and rotations 
about the vertical and lateral axes arrested.  
 Seismic analysis, involves a displacement based analysis with soil strains applied on the tunnels. The procedure 
adopted is elaborated herewith, 
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Structural Seismic Analysis 
 Seismic analysis of the tunnel involves analyses of the cross-section for vibrations in vertical and out of plane 
lateral direction of the tunnel. For the Seismic waves which travel along the longitudinal direction of the tunnel, a 
separate procedure of analysis is worked out. 
 Analysis for Seismic effects in vertical and lateral directions involve a response spectrum analysis with ground 
response spectrum applied at the base of the FE model for the tunnel. A FE model similar to that adopted for performing 
static analysis is adopted for performing the response spectrum analysis . The base nodes of the bottom springs are fixed 
in a similar manner. As an alternative to Vesic’s springs provided at the bottom of base slab, a uniform distribution of 
springs, calculated based on impedance functions derived based on elastic half space theory [2, 4] is  utilized for the 
dynamic analysis. The cross sectional faces of the model are applied with boundary conditions to simulate plane strain 
conditions. Mass lumped include self mass of the structure, mass of soil above the tunnel (standing for a height of about 
2.2m above the top slab of the tunnel, and on the projected portions of the base slab of the tunnel). 50 % of mass due to 
live load acting inside the tunnel, and mass due to pedestal and walkway loads acting above the tunnel is also lumped. 

A damping coefficient of 4% is adopted for seismic event, OBE and 7% is adopted for SSE [2]. For the soil, a 
uniform damping of 7% is adopted for all the three directional vibrations. Response spectrum analysis is performed, and 
the elemental stresses are obtained. These stresses are combined with those due to other loads using appropriate load 
combinations and design is performed for the combined resultants obtained. 

For the seismic waves along the longitudinal axis of the tunnel, a procedure is adopted, which involves 
application of seismic strains (axial and curvature strains) which are transferred from the soil on to the surface of the 
tunnel, by means of friction [4]. Strains are also induced due to, 

a) Abrupt differential displacement in zone of Earth quake fault  initiated, 
b) Ground failure such as liquefaction, land sliding, lateral spreading and settlements and 
c) Relative movement between end points of the tunnel (acting as anchor points) 
The probability for abrupt fault breakage and ground failures due to land sliding, liquefaction etc is remote for 

the site considered. Hence, only the strain s induced in longitudinal direction due to soil movement are considered, in line 
with the provisions as in ASCE-4-98 [2]. The shear strains transferred on the tunnels are found to be negligible, and 
hence are not considered.  

The axial strains are determined in the tunnel in accordance to clause 3.5.2.1.1 and 3.5.2.1.2 of ASCE-4-98. It 
involv es, determination of axial strain based on two formulae, one involving maximum friction between tunnel and the 
soil, assuming that slippage happens once the maximum friction is exceeded by the axial force transferred, and the other 
assuming that tunnels always moves with the soil, and frictional force will never get exceeded. Maximum curvature 
strain is calculated based on formulae given in clause 3.5.2.1.3 of ASCE-4-98. The minimum value of strain, obtained 
between the above two formulae, is finally utilized for analysis. The assumption is that, the tunnel sections under 
consideration are straight sections remote from anchor points and bends. 

The formulae for calculating the induced axial and curvature strains, need careful evaluation of the various 
parameters involved in the formulae and therefore, are to be judiciously applied. In case of axial strain, as can be 
observed from the formula, 1) the wave type, 2) wave velocity and 3) ground velocity, are required to be evaluated. 
Compression and shear waves predominate in zones near the source of earthquake; whereas, surface wave effects 
(Rayleigh’s waves) predominate in zones away from the source of earth quake. Hence for the site considered, which is 
established to be away from the source of probable earth quake, it is appropriate to use the wave velocity for the soil, 
corresponding to surface waves.  

Considering the determination of wave velocity, the following paragraphs as furnished in [4], a seismic analysis 
report prepared by ASCE committee on buried pipes and conduits, needs attention.  

"….. Because of the different velocities and attenuation characteristics of the different wave types and the 
conservatism of the analysis approach, it is assumed that any section would experience the effect of only one wave type at 
a time [4]. It is conservative to use the wave velocity of the soil surrounding the buried structure, but it is more likely that 
the assumption would become overly conservative, as the apparent wave velocity would be even more than the wave 
velocity in the underlying rock [4]. But to have the assumption of constant wave shape valid, the wave velocity could be 
assumed somewhere between the apparent wave velocity, and that corresponding to the soil immediately surrounding the 
structure.” 

Reference [4] also gives a conservative, yet reasonable, design value of wave velocity within a range from 610 
m/s (2000 fps) to 915 m/s (3000 fps) irrespective of the wave type prevalent, to calculate both axial and curvature strains. 
A summary of calculations for strains (axial and curvature directions) is tabulated under for both the velocities  for a 
typical tunnel. 

 
Table 2 : Calculated Values of Axial and Curvature Strains for Typical tunnel, for different Shear Wave 

Velocities  
Apparent wave velocity 915 m/s 610 m/s 
Seismic Event  OBE SSE OBE SSE 
Axial strain 1.023 x 10-4 1.1495 x 10-4 7.663 x 10-5 7.663 x 10-5 
Curvature strain 0.9139 x 10-6 1.828 x 10-6 2.056 x 10-6 4.113 x 10-6 

 

SMiRT 19, Toronto, August 2007 Transactions, Paper # K10/1



   6 

A higher shear wave velocity (915m/sec compared to 610 m/sec) indicates that the combined effect of axial and 
curvature strains on the final reinforcement provided is higher for a wave velocity of 915 m/s as compared to 610 m/s. 
Hence adopting a design wave velocity of 915 m/s is more conservative than a velocity of 600 m/s, and hence the former 
(915 m/s) is considered for the design calculations.  

The ground parameters are determined based on actual measurements at site. Based on the above parameters, 
the strains induced are determined. Further analysis of the structure for these stra in values, involves application of 
equivalent displacement profile in the FE model developed ( Figure 4), to generate these calculated strains in the 
structure. One of the cross sectional faces of the FE model is arrested from axial movement, and the displacements are 
induced on the other face of the FE model (Figure 4). The elemental resultants for the strains induced are determined. 
These are combined with those obtained based on other load combinations, for performing the RC design. 

 
Structural Design 
  The elemental stress resultants, determined based on static analysis for different static load cases, seismic 
analysis in lateral and longitudinal directions of the tunnel, are combined based on load combinations as specified in 
AERB/SS/CSE-1 [5]. Design is performed for the combined loads for strength and allowable crack width based 
requirements, in line with provisions of the code. The reinforcement determined in vertical and longitudinal directions 
are provided for the tunnel.  
 
Checks for Stability  
 The tunnels are checked for Sliding and overturning stabilities. The maximum sliding horizontal force is 
determined based on the base reactions obtained from horizontal seismic analysis . A friction factor of 0.4, calculated 
based on the angle of wall friction of the soil below, is considered, and depending on the load of the tunnel, the horizontal 
restoring force is calculated. (Restoring force = vertical force acting per unit area x friction coefficient x base area). A 
factor of safety of 1.4 is maintained for sliding stability, and accordingly the base width of the tunnel is adjusted. 
 In case of over-turning stability of the tunnel, the seismic vertical reaction forces obtained at the base of the 
springs are determined. Signs are attached to these forces bas ed on control mode method [6]. Based on these forces, over-
turning moment is determined. This is compared with the restoring moment developed, and factor of safety is checked to 
be more than 1.4. Further, based on the number of springs lifted, and contributory area of the raft pertaining to these 
lifted springs, the area of base slab having loss of contact from the base soil is determined. The percentage of total lifted 
area with respect to total area of the base slab is checked to be within 33 %. 

The maximum bearing pressure developed below the tunnels is checked to be within allowable limits  for the 
engineered backfill soil used.  
 
EXAMPLE PROBLEM  
 
 The calculations, especially for induced seismic strains which forms the basis for the analysis methodology 
developed, are elaborated with a typical example of a pipe tunnel. Cross section of the tunnel considered, is furnished in 
figure 3 given below.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 2: Typical FE Model of a Tunnel  Figure 3: Cross section of a Typical Tunnel  
 
 
 
 
 
 

SMiRT 19, Toronto, August 2007 Transactions, Paper # K10/1



   7 

 Calculations for axial and curvature strains, which forms a major part of the methodology, is presented below, 
 

   (a) Maximum Axial Strain Ignoring Friction 
Maximum axial strain in the tunnel cross-section is given by (Refer [2,4]), 
 

(ea)max = Vmax / (a E c)         (1) 
 
Where, 
Max ground velocity, Vmax = 0.0936 m/s for OBE and 
Max ground velocity, Vmax = 0.1872 m/s for SSE. 
Apparent wave velocity, c = 915 m/s 
and coefficient, aE    = 1.0 
The maximum axial strains are 1.023 E-04 and 2.046 E-04 under SSE and OBE respectively... 
 
(b) Maximum Axial Strain considering Friction 
Maximum axial strain considering friction is given by, 
 

(ea)max = fmax x   w/ (4 x Esct x Ap)        (2) 
         
Max frict ion force between soil and concrete per meter length, fmax is worked out based on following backfill soil 
properties and those mentioned in table 1,  

 

Dry density of soil 16 kN/m3 

Coefficient of friction, (µ)  0.43 

Coefficient of active earth pressure, K a 0.2444 

 
 Total friction force/m length of tunnel, fmax = 434.3527 kN/m 

Considering a shear wave velocity of 915 m/s, max. axial strain considering friction is 1.1495E-04. 
 
This is more than axial strain for OBE calculated as in (a) above.  Hence, for OBE, the axial strain due to seismic 
wave propagation is taken as 1.023E-04. For SSE case, the axial strain calculated in (a) gives a higher value as 
compared to that obtained considering friction. Hence, an upper limit of 1.1495E-04 is considered as axial strain 
in case of SSE. 
 
Curvature Strain 
Maximum curvature strain is given by, 
 

F max = amax / (ak c)2         (3)  
             
Where 
Max ground acceleration for OBE, a max = 0.078 g  = 0.765 m/s 2 
Max ground acceleration for SSE, amax  = 0.156 g  = 1.530 m/s 2 
Apparent wave velocity, c = 915 m/s and 
Coefficient, a K    = 1.0 
  
Maximum curvature strain for OBE = 9.139E-07 and 
Maximum curvature strain for SSE = 1.828E-06 

 
The axial and curvature strains are imposed on the FE model. Typical FE model; showing Axial and curvature 
strains is furnished below, 
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(a) (b) 
 

Figure 4: Application of (a) Axial Strain and (b) Curvature Strain in the FE Model for Tunnel/ Trench 
 
 

The analyses for other static load cases and transverse seismic load cases are performed. The results of the 
analyses for different load cases for different wall and top and base slab elements are extracted. Results including, 
tensile/compressive forces  in the shell elements, Tx and Ty, inplane shear force, Txy, In-plane and out of plane moments, 
Mx, My and Mxy, and out of plane shears Nx and Ny are extracted for the shell elements.  

For the appropriate load combinations, design forces are obtained. The adequacy of the tunnel section is 
evaluated, and reinforcement is computed. A maximum reinforcement of Y36 at 200c/c is obtained. Maximum bearing 
pressure of 152.26 KPa is obtained under the tunnels, which is less than the Safe bearing capacity of the back filled soil. 
 
CONCLUSION 
 

The various parameters involved in finalizing the routing and supporting arrangement for cables, pipes and 
similar services were studied. It was found that the underground tunnels are an optimal solution for the case considered. 
Alternatives involving supporting the tunnels on columns and directly on backfilled soil were studied. It was found that 
resting tunnel on backfilled soil with PCC bedding is sufficient and cost effective for tunnels of size ranging between 6m 
wide x 3.5m deep and 2.5m wide x 3.5m deep.  
 A methodology has been evolved based on the provisions of ASCE code, for seismic analysis of tunnels, and 
combination of the same with other loads for design purpose. Shear wave velocities are varied between 610 m/s and 915 
m/s and it is found that the shear wave velocity of 915m/s governs the design, considering the combined effect of axial 
and curvature strains induced.  
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