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14.2m Diameter Tunnel Boring Machine — Elbe Tunnel - Germany
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M30 Tunnel showing segmental lining
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Geometrical Verification of main body of S 300 machine
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Laser tracker and workstation position for outer measurement
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Retro-reflective Prism positioning via scaffolding
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Range of operation from one standpoint Typical fixed point set-up
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Inside reference for main gear mounting
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Plan of measurement operating area
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Presentation of results in Customers preferred style

Level 6
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Geometrical Verification as part of Quality Management

* Requirements for segmental liners:

- Full plane surface contact in radial and
circumferential joints due to the high loads
being transferred among them

- Correct linear dimensions to avoid stepping
and lipping

- Correct angles between contact surfaces to
minimize birds mouthing or uneven point
loads

* Documentary evidence that only certified segments have been used in the tunnel
construction
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Sample ring build
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Segment Tolerance
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Circumferential Length

Internal Radius of Ring

Theoretical Centre of
Circular Tunnel Lining
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Segmental Dimensional Tolerance

Angle of Joint Plane from perpendicular,

measured at Face of Joint = 0.03° —\
<

Inside Diagonal Chords
on a given segment
+1.5mm

W

Width —
Circumferential Face
to Circumferential Face
+1.0mm

Max each face £ 0.5 mm

Angle of Joint Plane from
Perpendicular, measured
at Face of Joint £ 0.03°

2

Variations of Joint surface
| from plane £ 0.75mm

4

—

Thickness
-0.0 mm +3.0 mm
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Warping Tolerance

Three Contact Points
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Mould & Segment Measurement

Typical Segmental Dimensional Tolerance

1 | Circumferential Length +3mm, |- Omm.
2 | Thickness +3mm, |-1mm.
3 | Width +1mm, |-1mm.
4 | Internal Diameter of +0.15%, | -Omm. | of theoretical diameter
completed ring
5 | Bolt Hole sizes +1lmm, |-Omm.
6 | Bolt holes and dowels: +1lmm, |-1mm.
position
7 | E & M Fixing holes (TBA) (TBA)
8 | Gasket Grooves: depth +0.5mm | -0.5mm
9 | Gasket Grooves: width +0.5mm | -0.5mm
10 | Longitudinal Joints
In plane containing axis of | 0.3mm | from theoretical plane with rate of
the tunnel (longitudinal) deviation not exceeding 0.6mm/m
In a Radial plane 0.1mm | from theoretical plane with rate of
deviation not exceeding 0.6mm/m
11 | Circumferential faces 0.5mm | from theoretical plane with rate of
deviation not exceeding 1Imm/m
12 | Smoothness of other faces
Back +1.5mm | -1.5mm | Smooth float
Front +1mm -1mm Formed
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Optimum time for measurement of segments
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All segment measurement at the same phase
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Methods for precise mould and segment control

e Steel Templates

* Measurement arms

* Theodolite Measurement Systems

* Photogrammetry

* Laser Interferometer System
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Laser Tracker System
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by direct polar co-ordinate
measurement
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Laser Tracker Instrument

High precision horizontal and Motors for tracking and
vertical angle encoders 1 automatic positioning

Hand held reflector
for object probing

Position detector for
precise high-speed
tracking

High precision
interferometer distance
measuring device

Convenient positioning
with portable stand
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Large Segment Measurement in Malaysia
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Central Positioning for measuring Key Segment Moulds
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Speed of prism across surface
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View of measurement area
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Measured Points Trace
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Vector Group Properties X

Mame ‘EuerﬂE-PlnheTanenl ‘

Motes:

Group Contains 589 Vectors Edit Colorization

Maw = 0210026 0.300

Average = -0.000721
Std Dev = 0.156480

Appearance
Draw &nowheads
[Indicate Values

Wector Magnification

0.100

Yectar Width -0.100

[] Draw Color Blotche:

Size

Set Bage Color I

-0.300

Make new Chart
Update Chat

-0.500
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VMT’s TubGeo® Evaluation Software

[Z] TubMes 1.0 E x|

e TubGeo® software processes 3D
co-ordinates for the geometrical
properties of moulds and segments

Mo of Segments r Segment Mames
i+ Threa Segments W
{~ Two Segments rfm—

" One Segment W |

o =— * Interactive guidance of the user during
the entire measurement process
— — « Visual Basic Scripts for the controlling of
e G [ - regular measurements with individual

Systemtime Measuretime Search | prog ram m I ng fOr repetltlve taS kS .
[ oeaaze IEEES Imetiic-fle (*.ob__1)

Note

Input
- Measuretime and Measuredate can be changed " - H H
s s » User defined formatting of final report
e s together with an extensive log-file of
Tibbingtype Tubbingcut . .
- Tubbingname = Projectname Imetric IK IL I n te r m e d I ate reS u ItS
Tibbingtype = A1-A5 A B Cork
Tibbingcut = LRaP
Tubbingmald = 1234567 o @
This four values must be set Maminal file:
Otherwise the calculation is not possible.
C:ATubgeo_¥2124L_K.nom
Results in: TUBGED.LOG  [LOGFile]
TUBGED.TXT  [Pratocol]

Show Protocol Shaow LOG-File | | Lalculate I Cancel I
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Best Fit - Volume
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Graphical and Tabular Records

A
E VM'r Record |:_ VW Record M 1. Bestfit and Parallelism of Contact-surfaces '“El
Gesolischatt fur Project  P038-01 e Project  P038-01
Vermessungstechnik TUBGED SMAR T, KUALA LUMPUR, 02 12 2003 Veormessungstechnik TUBGED SMAR.T. KUALA LUMPUR. 02 122003 [segment | longitudinal | circumferrential | parallelism |
Customer: Kuala-Lumpur Place of work: WAF Customar: Kuala-Lumpur Place of work: WE&F TR W Tront TE T T e T
MeasuraDato: 12.01.2003 MouldMo.:  BBBBBAILY MeasureDate: 12,01.2003 Mould-No.:  BESSBAILY 0.3 0.3 0.4 0.5 1.9 ~3.0)
MeasureTime: 14:168:25 Segment-Typa: A1 MeasureTime: 14:18:25 Segmaent-Typa: Al 0.4 0.4 0.6 0.4 0.8 1.8]
Temperature: +100°C Ring-Type: L Temperature: +10.0°C Ring-Type: L
Operator: ‘Wande! Calculated: 15-12-2003 Operator: Wande! Calculated: 15-12.2003 0.3 0.3] 0.3 0.7 0.8 2.1
0.4 0.3 0.5 0.5 -1.7) 1.0/
0.4 0.3 0.4 0.6 0.7 1.3
0.2 0.3 0.3 05 2. 17
0.4 0.4 0.4 0.5 1.0 14
0.3 0.2] 0.4 .05 1.6 1.4
0.3 0.4] -0.3 -0.3 0.7 0.9
0.3 0.3) 0.4 0.4 0.9 1.2]
05 0.4 0.4 06 0§ 16
0.5 0.3 0.4 -0.5 0.9 1.6
0.5 0.3 -0.4 -0.4 -1.7) 2.0}
0.4 0.4) 0.3 0.7 0.4 1.1
06 0.7} 0.5 0.6 0.5 1.3
Left Angle  Measured Designed Difference Tolerance 04 0.2] -0.3 04 0.6 1.9]
10 Division angle T1 4500 45.00 000 +0,000 06 0.5 03 04 0.8 1.7
Border angles| a_ 1] §0.00 §0.00 4 A 04 0.7 0.7 1.6
All unities are [mm] Distance  Measured Designed  Difference  Tolerance (ber. +500,00mm)) [mim] E -g = ; j -; -: g-_%] : -:;I
¥ 0.} -0.. .. . . E
Width 7 6461 6461 00 Bp mr[n| 90.00 90.00 - s = % oy L
410 1850.3 1850.3 0.0 ¥ - — - - —
Mean (1-7 & 4-10} 1648.2 1648.2 00 ar [mr[n|] gy BB.80 i -i] %I -g; .%| g.: : é
28 1654.3 1654.3 0.0 - - = = = - =
511 1657 8 1657.8 0.0 ag [ 89,80 89.80 - Q{ -0.2| £ 0.3 -0.6 1.4]
39 16694 16604 0.0 Jmen] -0.7] -0.4] 4 08 5|
812 1671.8 1871.8 0.0 06 5| ¥ 07 0.6 3
Mean (3-9 & 6-12) 1670.6 1670.6 0.0 03 03 3. 4 0.5 1.3
Mean value 857.7 1857.7 0.0 06 05 04 06| 06 5|
Thickness 14 5000 500.0 o0 0,00 K -; 0.9 . : -? g-g ;
7-10 500.0 5000 00 000 2 - L L G-QJ ik
36 500.0 500.0 0.0 0,00 -0 -04] : ; 5
812 500.0 500.0 0.0 +0,00 07 E gl 0. | 27
Mean value 500.0 500.0 0.0 +0.00 0.4 -0.5 =0. L4 1.2
Arc length 123 5038 3 50383 00 30,00 E g -3 I K HE
4-56 45458 48456 0.0 20,00 - ?4 - '7 - I& )
7-849 5038.3 5038.3 0.0 +0,00 0. . A U-j
10-11-12 45456 45456 0.0 £0,00 E 3 0. 4 1.0
Mean valug 4842.0 4842.0 0.0 +0,00] -0.4 ; -0.4 :J -E:
=), . =), , a
Torsion [ 89 L 8.0 0.00] 7 o7 0.3 07 3
Inside radius [ 55150 00 #59.00] 06 K E 02 06 .3
Outside radius [ &a50 54150 G0 169.90] Angle Measured  Designed Difference Tolerance 05 = EI K EF oF 5|
Packer Longitudinal joints| By T 005 5005 000 5 3 K 0.4 3
(aber. +1657,72mm) by [ 5005 50,05 000 | 04 0.2 0. 8
. Plane bestfit R!-e;ﬁ g-g g-g g-g ﬁ%l Mean b, [] 90.00 90.00 0.00 B 07 ¥ 04 K
dinal joints tight 1 . 1 rim 0.0 ] 0.4 K] o3 50
Plane besﬁnL Front 00 00 00 :H:I.DOI g:« H 853 gg 2'3 % g o
Ci joint: K | | A -]
Pamllz::r: Tnside r::s 2 : g E g g ji Mean by '] L 20.00 ¢.00 {moan velve | 0.44] 9.41] 0.33] 048] 0.88] 1.25]
' x ' 4 mm| 0.0
ERASEIS o 00 Do D0 "°'°°| L T O O . . I N
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Test Certificate

Date: 27.09.2001 Segment No. | 0013A5R10|

Time: 10:41:28 Segment Type: A5
Temperature: +25.0°C Taper: R

Criteria: Measurement Design Value DIFFerence TOLerance Release
ISmoothness of contact surfaces
Radial Joint
Left: F0.23mm [+0.00mm -0.23mm +0.30mm YES
Right: +0.13mm [+0.00mm +0.13mm +0.30mm YES
Front: 10.34mm +0.00mm -0.34mm +0.50mm YES
Back: [0.44mm [+0.00mm -0.44mm +0.50mm YES

Inner radius (Single segment)
Inside: [0.60mm |+0.00mm -0.60mm +2.00mm YES

Linear Dimensions
ISegment Width

Left / Outside: [+2021.87mm_ [+2021.94mm -0.07mm +0.60mm YES
Left / Inside: +2020.29mm_ [+2020.14mm +0.15mm +0.60mm YES
Middle / Outside: [+2021.59mm _[+2021.94mm -0.35mm +0.60mm YES
Middle / Inside: [+2020.083mm _ [+2020.14mm -0.11mm +0.60mm YES
Right / Outside: +2017.53mm_[{2017.59mm -0.06mm +0.60mm YES
Right / Inside: +2016.30mm__ |+2016.15mm +0.15mm +0.60mm YES
IMean: +12019.90mm _[+2020.00mm -0.10mm +0.60mm YES
ISegment Arc length

Front / Outside: +4936.35mm _ [+4936.79mm -0.44mm +2.00mm YES
Front / Inside: [+4533.70mm _[+4532.87mm +0.83mm +2.00mm YES
Back / Outside: [+4936.46mm [+4936.78mm -0.32mm +2.00mm YES
Back / Inside: [+4533.81mm _[+4532.87mm +0.94mm +2.00mm YES
IMean: [+4735.08mm _[+4734.83mm +0.25mm +2.00mm YES

[Angular deviation
ISegment:displacement

angle [+51.431[°] [+51.429[°] +0.002[°] +0.020[°]] YES
Radial Conicality (over: +450.0mm)
Left (Inner): [+89.922[°] Lgo.ooom -0.078[°] +0.100[°] YES
-0.61mm +0.79mm YES
Right (Inner): |+89 914[°] |+90.000[°] -0.086[°] +0.100[°] YES
Longitudinal Conicality (over: +2019.90mm)
Front / Left: +89.989[°] +90.000[°] -0.011[°] +0.030[°]] YES
Left / Back: +90.063[°] +90.052[°] +0.011[°] +0.030[°] YES
Left (Front): +89.963[°] [+89.974[°] -0.011[°] +0.030[°] YES
-0.38mm +1.05mm YES
Right / Front: +90.014[°] +90.000[°] +0.014[°] +0.030[°] YES
Back / Right: +90.132[°] +90.146[°] -0.014[°] +0.030[°]] YES
Right (Front): [+89.941[°] [+89.927[°] +0.014[°] +0.030[°] YES

+0.49mm +1.05mm YES
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Correction Scheme

o [llustrates any significant
modifications proposed with
respect to their feasibility

 Based on test certificate

o After any geometrical

modification the mould

must be resurveyed for
confirmation

0.09
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Virtual Ring Build




T /
nt ivieasurement

Tolerances on Virtual Ring Build

5.0000

2.0000

2.0000

-5.0000

Tolerance of the diameter [mm]
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Virtual Ring Build — Multiple Rings
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Suggested Quality Assurance of Segments

Measurement control of all moulds before mass production
Measurement control of all segments after first pouring
Measurement control of all segments after 10" pouring

Measurement control of all segments after 20" pouring

a A w0 D PF

Measurement control of all segments after 30t pouring

o

Tolerances on “closed” (built) ring must NOT be the sum of all
Individual tolerances.

7. Individual tolerances should be compensated with the
mathematical sign

8. Every controlled segment must be proved by a record sheet
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