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ABSTRACT

This Technical Memorandum establishes approximate finished dimensions for bored and cut-and-cover
tunnels in which high-speed passenger trains run exclusively, for use during 15% Design level in
determining alignment corridors and right-of-way requirements, and in the development of cost estimates.
The basic tunnel configuration is assumed to be twin, single-track tunnels and the rolling stock is assumed
to be sealed. Tunnel shapes are circular (TBM driven) for bored tunnels and rectangular for cut-and-cover
tunnels. All tunnels are assumed watertight.

The basic tunnel configurations incorporate train profiles, static gauge, kinematic envelope, fixed
equipment envelope, tangent and superelevated track, construction tolerances, escape walkways,
pantograph catenary and support structure, ballasted or fixed (slab) track, and drainage. These items are
at an early stage of design and are subject to refinements which may affect finished tunnel dimensions.
Wherever possible, allowances have been made to accommodate future changes for those items that
have not yet been defined such as fixed equipment including cables and pipes.

The basic tunnel dimensions are established to comply with the European Technical Specifications for
Interoperability (TSI) requirements for a 10 kPa (1.45 psi) maximum pressure variation in tunnels and
underground structures for trains complying with high-speed rolling stock criteria at a maximum operating
speed of 220 mph. The purpose of limiting the pressure changes is to mitigate adverse health effects or
discomfort to passengers and workers; these criteria are known as medical health criteria.

A preliminary assessment of the required free tunnel cross sectional areas for different train speeds and
tunnel lengths are established from data provided in UIC 779-11R “Determination of railway tunnel cross
sectional areas on the basis of aerodynamic considerations.” The UIC code is concerned only with the
aerodynamic effects on passengers and workers hence represent the medical health criteria. Finished
tunnel dimensions are established based on the required free tunnel cross sectional areas. The medical
health criteria represent the critical case (largest tunnel size) for short tunnels.

As tunnel length increases, medical health criteria become less critical and the effects of aerodynamic
drag on the trains in the tunnels increases significantly compared with open track operation. Heat
generated from the aerodynamic drag, air conditioning of the trains, and systems, builds up in the tunnels.
These effects can be mitigated by increasing the tunnel size, cooling the tunnels, reducing the
aerodynamic drag of the trains, and increasing the power available to the trains. A qualitative discussion of
these complex issues is included in this TM. Quantitative analysis will be carried out during subsequent
design phases.

The following factors may influence the finished tunnel dimensions and will be studied further during
detailed design:

¢ Emergency ventilation requirements

e Portals, junctions, interfaces and transitions between bored tunnels, cut-and-cover tunnels
and other structures

Various measures can be used to mitigate these effects, including pressure relief ducts between tunnels
and airshafts between the tunnels and ground surface. These mitigation measures will be addressed
along with a quantitative analysis of aerodynamic effects in future studies.
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6.0

6.1
6.1.1

6.1.2
6.1.2.1

6.1.2.2

DESIGN MANUAL CRITERIA
BAsIC TUNNEL CONFIGURATION

General

This document establishes approximate finished dimensions for bored and cut-and-cover tunnels
in which high-speed passenger trains run exclusively, for use during 15% Design level in
determining alignment corridors and right-of-way requirements, and in the development of cost
estimates. The basic tunnel configuration is assumed to be twin, single-track tunnels and the
rolling stock is assumed to be sealed. Tunnel shapes are circular (assumed TBM driven) for
bored tunnels and rectangular for cut-and-cover tunnels. All tunnels are assumed watertight.

The basic tunnel dimensions are established to comply with the European Technical
Specifications for Interoperability (TSI) requirements for a 10 kPa maximum pressure variation in
tunnels and underground structures for any train complying with high-speed rolling stock criteria at
the maximum permitted operating speed of 220 mph. The purpose of limiting the pressure
changes is to ensure no adverse health effects or discomfort to passengers and workers; these
criteria are known as medical health criteria.

A preliminary assessment of the required free tunnel cross sectional areas for different train
speeds and tunnel lengths were established from data provided in UIC 779-11R “Determination of
railway tunnel cross sectional areas on the basis of aerodynamic considerations.” Finished tunnel
dimensions are established based on the required free tunnel cross sectional areas. Detailed
numerical modeling is required during advanced design and recommendations for numerical
modeling are provided in the UIC code. It should be clarified that the UIC code is concerned only
with the aerodynamic effects on passengers and workers hence the medical health criterion.

Various measures can be used to mitigate these effects, including pressure relief ducts between
tunnels and airshafts between the tunnels and ground surface. These mitigation measures will be
studied further as required to ensure an efficient and optimum tunnel configuration during
advanced design.

Tunnel Cross Section
Determination of Train Cross Sectional Area

The Shinkansen bi-level rolling stock has the largest train cross sectional area of the high-speed
trains currently contemplated and was used to determine Blockage Ratios from the UIC guideline.
It is noted that the calculation is sensitive to the train cross sectional area. Accordingly,
calculations that are related to the cross section area of the vehicle should be verified following
selection of the high-speed rolling stock.

Calculation of Blockage Ratio
The Blockage Ratio, By, is determined from UIC 779-11R, Appendix F.

Tunnel free cross sectional area = Train cross sectional area / Blockage Ratio
Where:

Train cross sectional area is calculated as the projected frontal area above mid axle of the
leading vehicle (see UIC 779-11 R Appendix E), and

The Blockage Ratio is obtained from the limit curves in UIC 779-11 R Appendix F, Figure 4.

The curves in these figures were generated using computer software program Sealtun Version 2.
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6.1.2.3

6.1.3
6.1.3.1

For single train operation and a train length of 1312 ft (400 m), Figure 4 of UIC 779-11 R Appendix
F is used.

The Blockage Ratio can be calculated for a given tunnel length (Ly,) ranging between 0.6 miles (1
km) and 2.2 miles (10 km), and train speeds (Vi) of 200 mph (330 kph), 220 mph (350 kph) and
250 mph (400 kph).

The critical case i.e., largest free tunnel cross sectional area is when the Blockage Ratio is
smallest for a given train speed. From the UIC curves, this critical case is between tunnel lengths
of 0.6 miles (1km) and 2.2 miles (10 km) for train speeds of 250 mph (400 kph) 220 mph (350
kph) and 200 mph (330 kph) respectively. Below and above this tunnel length, the Blockage Ratio
increases i.e., free tunnel cross-sectional area decreases.

For comparison, the critical case for 325 ft (100 m) trains traveling at any speed is at a tunnel
length of 0.3 miles. i.e., if shorter trains are used, the critical case will be at a shorter tunnel
length.

Calculation of Free Tunnel Cross Section Area

The free tunnel cross sectional area have been calculated for the following tunnel lengths for train
speeds of 250 mph (400 kph), 220 mph (350 kph) and 200 mph (330 kph).

e Lessthan 0.6 miles (1 km)

e 0.6 miles to 2.2 miles (1 km to 3.5 km)

e Greater than 2.2 miles to 3.1 miles (3.5 km to 5 km)
e Greater than 3.1 miles to 4.7 miles (5 km to 7.5 km)
e Greater than 4.7 miles to 6.2 miles (7.5 km to 10 km)
e Greater than 6.2 miles (10 km)

An allowance of 20 sf has been added to each of these free cross sectional areas to account for
fixed equipment.

Tunnel Geometry

Bored Tunnel

The finished bored tunnel cross sectional area is the sum of the following areas and additional
allowances:

e Free tunnel cross sectional area as calculated and required by the medical health criteria
e 20 sf for fixed equipment

e 6-inch allowance on diameter for construction tolerance (tunnel built too low or too small)
e 3-foot depth of invert concrete

o An escape walkway at track level (slightly raised above invert level).

The critical case is at tunnel lengths of 0.6 miles to 2.2 miles and requires a finished tunnel
diameter of 29'-6".

For tunnels shorter than 0.6 miles and tunnels longer than 2.2 miles, tunnel diameters can be
reduced for a train speed of 220 mph while still complying with medical health criteria.

Aerodynamic performance of the train, power consumption and heat generated must be
considered and may represent the critical case for longer tunnels.

@AL’F"RN’A Page 21

CALIFORNIA HIGH-SPEED RAIL AUTHORITY



California High-Speed Train Project Basic HST Tunnel Configuration, RO

6.1.3.2 Cut-and-Cover Tunnel

The finished cut-and-cover cross sectional area is the sum of the following areas and additional

allowances:
o Free tunnel cross sectional area as calculated above and required by the medical health
criteria.
o 20 sf for fixed equipment.
o 12-inch vertical construction tolerance (assuming slurry wall construction).

o 4-inch horizontal tolerance for stepped invert concrete for adjustments to track grade
o Average 3'-2" depth of invert concrete.
o An escape walkway at track level (slightly raised above invert level).

The structure gauge has a minimum fixed width of 21’-9”. A width of 23'-9” has been assumed for
the purposes of calculating tunnel heights at different design speeds. These heights have been
shown on the directive drawings for the critical case for tunnel lengths of 0.6 miles to 2.2 miles.

The required free tunnel cross sectional areas and design speeds are tabulated on the directive
drawings. Designers determine an appropriate width and height to suit alignment corridor and
right-of-way constraints and determine efficient structural spans for the depth of construction
required.

The actual free tunnel cross-sectional area was measured and adjusted to correspond with the
calculated free cross sectional area from the spreadsheet. The adjusted finished tunnel height
was rounded up to the nearest six inches.

Basic tunnel cross sections are presented in Appendix D.
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APPENDIX D — BASIC TUNNEL CROSS SECTIONS
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TUNNEL §

FEEDER WIRE

FEEDER CLEARANCE

ENVELOPE

(ALTERNATE LOCATION)

FEEDER CLEARANCE
ENVELOPE

NOTES:

1. FREE TUNNEL CROSS-SECTIONAL AREAS COMPLY WITH REQUIREMENTS OF
EUROPEAN TECHNICAL SPECIFICATIONS FOR INTEROPERBABILITY FOR HIGH
SPEED TRAINS, 2008 INFRASTRUCTURE SECTION, CLAUSE 4.2.16.1.

FREE TUNNEL CROSS-SECTIONAL AREAS HAVE BEEN CALCULATED IN ACCORDANCE
WITH MEDICAL HEALTH CRITERIA CURVES UIC GUIDELINE 779-11 R "DETERMINATION

OF RAILWAY TUNNEL CROSS SECTIONAL AREAS ON THE BASIS OF AERODYNAMIC
CONSIDERATIONS", APPENDIX F, FIGURE 4.

3. FREE TUNNEL CROSS-SECTIONAL AREAS HAVE NOT BEEN CALCULATED TO
MINIMIZE AERODYNAMIC RESISTANCE OR MINIMIZE HEAT BUILD UP IN TUNNELS.

FOR PANTOGRAPH DETAILS, REFER TO TM 3.2.3 PANTOGRAPH CLEARANCE ENVELOPE.
5. FOR DYNAMIC ENVELOPE DETAILS, REFER TO TM 1.1.10 STRUCTURE GAUGES.

TABLE 1
25 KV OCS AND PANTOGRAPH
ELECTRICAL ENVELOPE MINIMUM FREE TUNNEL CROSS-SECTIONAL AREAS
TO COMPLY WITH MEDICAL HEALTH CRITERIA
\
FIXED 2
EQUIPMENT W MINIMUM FREE TUNNEL C/S AREA (SF TUNNEL LENGTH (MILES)
ENVELOPE "z (SF) = 56T0.6 T0 2.2]52.2 T0 3.1[>3.1 10 4.7]34.7 70 6.2|> 6.2
\* 250 740 795 740 700 640 595
DYNAMIC 5 \ DESIGN SPEED (MPH) 220 595 615 585 555 <555 <555
ENVELOPE N3 | 200 OR LESS| 550 550 550 <550 <550 <550
VA
1
. \ \ Vv ASSUMPTIONS FOR TABLE 1:
o ) |
N m ! ! \ ‘ 1. TRAIN LENGTH OF 1312 FEET
L .
" = : \ S?EEECEEEﬁRAIN\ |\ 2. SINGLE TRAIN OPERATION
. = ! ‘ CROSS SECTION ' 4 j 3. EXCELLENTLY SEALED TRAIN (SHINKANSEN OR ICE 3)
O N L R ! \ ] 4. FIXED EQUIPMENT ALLOWANCE OF 20 SF
§ oWl \ ! 5. 6" ALLOWANCE ON DIAMETER FOR CONSTRUCTION TOLERANCE
o w N = v | b TunneL 6. AREAS ROUNDED UP TO NEAREST 5 SF
N ~ = | 1 ! AXIS
3 | I
o ! i (b TABLE 2
N 1 o ! -
i z
4 | i / / ! ‘ BORED TUNNEL INTERNAL DIAMETERS EQUIVALENT
. o ! o > TO MINIMUM FREE TUNNEL CROSS-SECTIONAL AREAS
7 ‘ | i // ,/ -
~ I 7 / -
- L ' /] © TUNNEL LENGTH (MILES)
w BORED TUNNEL INTERNAL DIAMETER (FT
| i /,///' ~ ) 5.6 106 70 2.2[2.2 T0 3.1[>3.1 70 4.7]54.7 70 6.2]> 6.2
L i //// 250 32 33 31.5 31 30 28.5
N \ \ : {/// l DESIGN SPEED (MPH) 220 28.5 29.5 28.5 28 <28 <28
TOP OF RAIL A\ . | ' %4 200 OR LESS| 28 28 28 <28 <28 <28
j,i,i,i,;\%,i,:ffii‘igtfi:,i ‘.
> . \*\ 1 ‘ /;(/ WALKWAY ol ASSUMPTIONS FOR TABLE 2:
! o AN ;! A ENVELOPE
o X ™~ | Pl 1. DIAMETERS ROUNDED UP TO NEAREST 6 INCHES
. \\‘ /‘/ = 3/70\\
o
— LEGENDS:
6'-2" o
{ ) MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA REQUIRED (250 MPH): 795 SF
g —
/‘\
{ ) MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA REQUIRED (220 MPH): 615 SF
CROSSI;S(%%TI%\ILSESFOTRO TZUI\IZNEMLILIEENGTH (__) MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA REQUIRED (200 MPH): 550 SF
(J TRAIN CROSS-SECTIONAL AREA: 150 SF
3 0 3 6

™y’

173"=3"-0"




38'-6"

310"

8'-0"

2

eso MPH

(/

|

I

! 9'-11 1/4"

|

! TUNNEL ¢

|

! 220 MPH |

; ,/F—---—---—---—---—--+—---—---—---—
FEEDER CLEARANCE l J/ TRACK Q‘ TRAIN ¢
ENVELOPE L, L
ALTERNATE LOCATION L/ 200 MPH _ | L |

|
!
l
v

|
STRUCTURE GAUGEx\\\\\

|

|

|

/

DYNAMIC
ENVELOPE

ELECTRICAL ENVELOPE

FIXED
EQUIPMENT

ENVELOPE
Aj\\\\

SHINKANSEN

16'-9 3/4"

TOP OF RAIL

BI-LEVEL TRAIN
CROSS SECTION —i_|

WALKWAY
ENVELOPE

5-0"

1/4"

15'-1

17-4.7" (TO CONTACT WIRE)

22'-9

NOTES:

1. FREE TUNNEL CROSS-SECTIONAL AREAS COMPLY WITH REQUIREMENTS OF
EUROPEAN TECHNICAL SPECIFICATIONS FOR
SPEED TRAINS, 2008 INFRASTRUCTURE SECTION, CLAUSE 4.2.16.1.

INTEROPERABILITY FOR HIGH

2. FREE TUNNEL CROSS-SECTIONAL AREAS HAVE BEEN CALCULATED IN ACCORDANCE

WITH MEDICAL HEALTH CRITERIA CURVES UIC GUIDELINE 779-11

OF RAILWAY TUNNEL CROSS SECTIONAL AREAS ON THE BASIS OF AERODYNAMIC

CONSIDERATIONS", APPENDIX F, FIGU

RE 4.

3. FREE TUNNEL CROSS-SECTIONAL AREAS HAVE NOT BEEN CALCULATED TO
MINIMIZE AERODYNAMIC RESISTANCE OR MINIMIZE HEAT BUILD UP IN TUNNELS.

R "DETERMINATION

4. FOR PANTOGRAPH DETAILS, REFER TO TM 3.2.3 PANTOGRAPH CLEARANCE ENVELOPE.

25 kV OCS AND PANTOGRAPH

FOR DYNAMIC ENVELOPE DETAILS, REFER TO TM 1.1.10 STRUCTURE GAUGES.

TABLE 1

MINIMUM FREE TUNNEL CROSS-SECTIONAL AREAS
TO COMPLY WITH MEDICAL HEALTH CRITERIA

.
.

2/_q"

e o Bt T

23'-9"

CROSS-SECTIONS FOR TUNNEL LENGTH
OF 0.6 MILES TO 2.2 MILES

TUNNEL LENGTH (MILES)
MINIMUM FREE TUNNEL C/S AREA (SF
(SF) < 0.6]0.6 TO 2.2(>2.2 TO 3.1(>3.1 TO 4.7|>4.7 T0O 6.2 |> 6.2
250 755 810 755 715 655 610
DESIGN SPEED (MPH) 220 610 630 600 570 <570 <570
200 OR LESS| 560 560 560 <560 <560 <560
ASSUMPTIONS FOR TABLE 1:
1. TRAIN LENGTH OF 1312 FEET
2. SINGLE TRAIN OPERATION
3. EXCELLENTLY SEALED TRAIN (SHINKANSEN OR ICE 3)
4. FIXED EQUIPMENT ALLOWANCE OF 20 SF
5. 6" ALLOWANCE ON EACH VERTICAL WALL AND 4"
ALLOWANCE ON SOFFIT FOR CONSTRUCTION TOLERANCE
6. AREAS ROUNDED UP TO NEAREST 5 SF
TABLE 2
CUT AND COVER TUNNEL INTERNAL HEIGHTS EQUIVALENT
TO MINIMUM FREE TUNNEL CROSS-SECTIONAL AREAS
CUT-AND-COVER TUNNEL INTERNAL HEIGHT (FT) TUNNEL LENGTH (MILES)
(WIDTH FIXED AT 23.75 FT) < 0.6 |06 TO 2.2[>2.2 TO 3.1]>3.1 TO 4.7]>4.7 T0 6.2|> 6.2
250 36 38.5 36 34.5 32 30
DESIGN SPEED (MPH) 220 30 31 29.5 28.5 <28.5 <28.5
200 OR LESS| 28 28 28 <28 <28 <28
ASSUMPTIONS FOR TABLE 2:
1. HEIGHTS ROUNDED UP TO NEAREST 6 INCHES
LEGENDS:
[A\MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA (250 MPH): 810 SF
[:] MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA (220 MPH): 630 SF
<™\ MINIMUM FREE TUNNEL CROSS-SECTIONAL AREA (200 MPH): 560 SF
-l 3 0 3
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