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eir Classification

‘ ion for Tunnels
"- Sape of Tunnels

= Tunneling in Soft Soils & Hard Rocks



nass of obstacle in 'equired directions to
ct two roads or railways

| round construction to cross over
- obstacles without disturbing the natural way
below it



rground passage for
rail traffic

of Tunnels
on purpose (road, rail, utilities)

= Based on surrounding material (soft clay vs. hard
rock)

~ = Submerged tunnels



Funnels Constructed

d Babylonians - 4000 years ago
vidth - 3600 mm ; height -

1e]l Tunnel - linking Britain & France -

|- 50 km ; undersea component - 39 km

E Con51st of 3 parallel bores of 50 km length
- interconnected every 375 m by cross passages



5t route connection
4. Permits easy gradient & encourages high speed
5. On strategic routes



yelection of Tunnel Alignment
opography of area & points of

of s el to be made

dering two pc
ent Restraints

. Environmental Considerations



Glassification of Tunnels

annels : constructed in narrow valleys in
form of loops in interior of mountains so as to
increase length of tunnel to avoid steep slopes



tion of Tunnels

n type of material met with in construction

- Tunnels in Hard Rock
~ Tunnels in Soft materials
Tunnels in Water Bearing Soils




INVESTIGATIONS

rior to planning
ige tions ime of planning

rations made at time of construction
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dtions prior to planning

vestigations - relation between

tratigraphy

10logy, Petrology,

ectrical Resistivity Methods - positions of

weak zones - faults, folds and shear zones

11



Investigations made
at time of planning

, by percussion, rotary percussion

ing - 300-500m ; reduced to 50-100 m in
deically disturbed areas

] Spacing - 10-15m from C/L of tunnel

1 Depth - 20-50 m deeper than proposed invert
level of tunnel
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1sturbed observations, shafts can be

inclined tunnel excavated to reach

m Temporary and Permanent Shafts
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Investigations made
“time of construction

t of tunnel cross section
all lengths - can be top,
vation- part of ¢/s

Part of tunnel cross- section excavated
tire length of tunnel
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ng Out of Tunnel

Making the centre line or
iny construction work on ground

ine of tunnel by 4 stages:

g out tunnel on ground surface

‘er of Centre line from surface to
oround

+ Unde oround setting out
. Underground Leveling
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Setting out tunnel on ground
surface

© Running an open
traverse between two
ends of proposed tunnel
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Tunnel approach
Setting out tunnel on ground surface ..




Curved Alignment

= Heading consist
of short tangent to
curve alignment

m Offsets measured
from these
tangents

Centre line on curve



doranster of Centre line from
Strface to underground

Underground shafts -
interval of 500 m along
transverse lines

Rectangular Horizontal
frame set at proposed
location along AB

On two sides of the
frame, iron plates are

fixed and screwed down
& holes are drilled along
Aand BatX &Y

Plumb bobs are
suspended to define
vertical lines

Rectangular timber frame 3 m x 3 m

Iron plate

N

Iron plate

~— Support for
timber frame

Enlarged section on m-m
Transfer of centre line
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duanster of Centre line from
Surface to underground

Set up theodolite at P
Measure PX, PY & XY
Mark R at random

Measure angles YPR& XPR , YPX
& PYX

YXP- Weisbach Triangle
Sin PYX = (XP/XY ) Sin XPY
PO= YP Sin PYX

Set theodolite on P and take back
sight on Y. Adjust line of
collimation along PP’

Turn telescope by angle PYX so

that line of sight is brought to PP”.

Mark PP”.

Measure PQ perpendicular to PP”
to get C/L extended up to Q.

Tunnel

T T7 77777777 777777777777 7777 7777 777 7777 777

Sectional elevation

Plan
Underground setting out




B Set theodolite at Q
= Take back sight on X and

m Mark1” at 10 m from Q
@ Change face and mark 1
E If1” & 1'are same, YXQ1

Underground Setting out

transit by 180

1s extended C/L of
tunnel

Else midpoint of 1”7 & 1’
is the extended C/L of
tunnel e

Underground setting out




J ground Leveling

ols of X & Y are found

ob spended through X and Y to
arked points X & Y on invert level of

el

b bob with wire is .spread on ground for
parison with steel tape ( say 8 m)

RL of X, subtract 8 m to get RL of point X
on invert

. [=]"S O
%

m Taking this level as BM, leveling is performed
underground
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Special Drills - Implosion, Explosion
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LASTING

blosives

| Gelatine
1g Agents

| S or water jets
= Theor ‘of Blasting

~ Impact, Abrasion, Thermally Induced Spalling,
Fusion and Vaporization, Chemical Reaction



‘OF TUNNELS

xerted by unsupported walls

1 to be done in such a way that it suits the
te conditions and functional requirements
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SHAPE OF TUNNELS

ntal Roof

itable for sub-ways or
vigation tunnels

itional Floor Space L 1 )
and flat floor for moving 0D Section e sction
equipment
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HAPE OF TUNNELS

ion
~ To withstand heavy internal
r external radial pressures

est theoretical section for
esisting forces

eatest C/s Area for least
imeter

P

Sewers and water carrying
purposes

(a) "D’ Section (b) Circular section
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SHAPE OF TUNNELS

= Rectangular Section
Suitable for hard rocks

Adopted for pedestrian
traffic

Costly & difficult to
construct

= Eggshaped Section

W T
e T

Carrying sewage

(d) Egg - shaped section

Effective in resisting
external and internal
pressures
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SHAPE OF TUNNELS

oe Section

Semi-circular roof with arched
ides and curved invert

Best shape for traffic purposes
ost suitable for soft rocks and

(e) Horse - shoe section

Carrying Water or Sewage Shapes for tunnel cross-sections

Most widely used for highway
and railway tunnels

29



IZE OF TUNNEL

om utility aspect
0. of traffic lanes
1ge & No. of tracks

n for drainage facilities
pening required for traffic
e of traffic
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ASSIFICATION

fully self- supporting

1€ 2Imporary supports
and after construction
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port for roof like soft clay

oround - roof will stand for a few minutes

sides for a much longer period- Firm clay and
rth

m Self supporting ground - soil stands supported for
~ ashort period and for short lengths of 1200 mm to
5000 mm - sandstones , cemented stones
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ovements

nd Cover
orting Beams
o Roof lining

= Tunnel Shields



diunneling in Soft Soils

: W”"‘W_
_

Tunnel Shielding Method
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hunneling in Soft Soils

to line the tunnel

eloped by Sir Marc Isambard Brunel to excavate the
nes Tunnel beginning in 1825

5 of Shield Tunneling

ual

nnel Boring Machine (TBM)

* Front end: Rotating cutting wheel

= Middle portion: Soil dispensing mechanism via slurry

* Rear portion: Precast concrete sections placement mechanism
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nneling in Hard Rocks

Factors

Type of rock

o Jgneous

o Sedimentary
o Metamorphic

‘Rock Hardness
Rock Brittleness

Extent of existing fractures and planes of weakness

37



lanneling in Hard Rocks

Methods
d quenching (old technique)

enetrate rock by impact action alone)
ning a bit under pressure against the

dri
rock face)
Rotary-Percussion dri
tion)

mbine rotary and percussion

rimary blasting vs Secondary blasting
plosives
namite (expensive)

- An m)onium Nitrate (cheaper but not good in water logged
areas

* Slurries (mixture of explosives, gel and water)

= Tunnel Boring Machine (TBM)
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