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Geology

Sydney Water Criteria
Finite Element Model
Groundwater Pressure
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Q - Location of Piezometer
@ - Approximate Location of Inclinometer

:
d - Sydney Water Tunnel Location from Survey Plans

I - Extrapolated Alignment of Tunnel

Victoria and Regent Street Sites - Koranga
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Base of manhole access
till images were taken in 2021 from

a video taken by a dilapidation consultant
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Note some importantissues here:

No steel reinforcement

Vertical walls and flat invert

Wide span of invert

Construction joints

Corners — stress concentrators
Which is the most critical element
walls or tunnel invert
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Tunnel section — unreinforced concrete — constructedin 1942
(excavation method — drill and blast, no time delays)



Exposed sandstonerock at a nearby site
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EXRTING SYDNEY
WATER TUSKEL
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Sydney Water dimensional criteria
(footnote: what is the most importantissue — displacement or stresses in the tunnel lining)
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# Strata Weight Modulus U Material
(kN/m?3) E(MPa) Type
1 | Residual soil — sandy stiff clay 20 50 0.3 elastic
2 | Sandstone Class V 22 75 0.3 elastic
3 | Sandstone Class lI/IV 23 500 0.25 elastic
4 | Sandstone Class I 24 900 0.25 elastic
5 | Sandstone Class 1 — lower bound 24 2000 0.2 elastic
6 | Sandstone Class 1 — upper bound 24 4000* 0.2 elastic
7 | Blast Damaged — Sandstone Class 1 24 25% of intact | 0.3 elastic
7 | Tunnel Lining Concrete 24 20,000 0.2 elastic
8 | Tunnel Lining Concrete™* see Table 2 24 20,000 0.2 plastic

Elastic properties for the various material in the FE analyses model
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Figure Numbers

Description

1A Concrete Lining — elastic, Sandstone Class 1 E = 2000MPa, H:V stress ratio 2:1

2A Concrete Lining — elastic, Sandstone Class 1 E = 4000MPa, H:V stress ratio 2:1

2AB Concrete Lining — elastic, Sandstone Class 1 E = 4000MPa, H:V stress ratio 5:1

3A As above but with construction joints added

4A Concrete Lining — plastic, Sandstone Class 1 E =4000MPa, H:V stress ratio 1:1
Mohr Coulomb Failure Criteria = Upper Bound peak tensile strength 0.5MPa

5A Concrete Lining — plastic, Sandstone Class 1 E =4000MPa, H:V stress ratio 1:1
Mohr Coulomb Failure Criteria = Upper Bound peak tensile strength 2MPa

6A Concrete Lining — plastic, Sandstone Class 1 E =4000MPa, H:V stress ratio 2:1
Mohr Coulomb Failure Criteria = Upper Bound peak tensile strength 2MPa

7A Concrete Lining — plastic, Sandstone Class 1 E =4000MPa, H:V stress ratio 2:1
Mohr Coulomb Failure Criteria = Upper Bound peak tensile strength 2MPa
Blast damaged rock around tunnel perimeter, E = 1000MPa

8A Foundation FE grid used for all models

9A Zone of blast damage rock around tunnel perimeter.

List of FE models — continuumtunnel lining/beam elements/blast disturbed zone
(additional hand calculations were also carried out relates to the tunnel invert)




Total

Displacement

min (stage): 0.00=+400 m
0. 002+00

5.e0e-04

.12e-03
5. EDa-04

1.12e-03 «68e-03

LBBm=d

-24e=03

2. 24m-0d

Displacement 80e-03

3. 368=-03 -JGe=03

—— .82=-03

—— 4.4B=-03 - 92e-03

i 504e-03 .482-03

G0=-02
EAY (sTagEdl 5.5e-0 14=-03

«80e-03
max (stage): 5.53=-03 m

[
S o oo
)

Stresses

C.z4

[
akaRs]
'

B [
. B

|3
i
[
|3

n
e

0.34 HPa

Typical FE model output 16



Potential Failure modes due to external water pressure(assuming that any exists)

The extremely low permeability of the surrounding rock mass and a higher permeability of the tunnel lining is likely to prevent any
build up of water pressure behind the tunnel lining and this has been the case for the last 80 year life of the tunnel. Alternatively the
concrete lining could be bonded to the rock. This would also mitigate water pressure acting on the lining.

Min 380mm \

25m

2

;1 Min 230mm

y 3.35m

. #d-.-l-i-l-lﬂl-l—t-l---b-ih

. © Min230mm

construction joints

Tunnel Section

E J Nye & Associates Pty Ltd

* " - W . O . *

Span height of wall 1.6m

The lining thickness shown are the minimum design
values which will have been exceeded during
construction due to the over break caused by the drill
and blast method of excavation.

The dilapidation survey(2021) core holes in the wall
went to 380mm without penetrating the rock.

In theory the displacement of the tunnel invert due to
water pressure up lift would require only a very small
pressure head. Thickness of concrete 230mm,

density = 24kN/m3, self weight = 5.52kN/m.

It would require only 1m head of water under the
Invert slab (assuming no resistance at the vertical
joints) to displacement it. Of course any minor
displacement Would result in a gap for water
pressure

to be relieved.

Alternatively the concrete could be bonded to the
underlying rock, Sydney Water quotes Westconnex
knowledge, On Westconnex the assumed bond
between the shotcrete lining and the sandstone rock
is 0.5MPa or 50kN (or 50m head of water). If the
bond on this tunnel was only 0.2MPa this is equal to
20m head of water.
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0.07 MN/m2
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0.07 MN/m2 230 + 50 = 280mm invert concrete thickness 0.07 MN/m2
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- = 0.07 MN/m2 0.07 MN/m?2
10

max (stage): 5.02 MPa
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7m head of water above the tunnel invert -280mm invert

Numerous external water pressures and models were compared 18
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Drill and blast damage rock zone
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Moment

Peak Values — Tunnel Invert

Axial Load [node numberssses-ssae) and (55785
D.LL3MAM o 113KN Axial Strass = 113" 1000 1000 230 = LASHIP:
Moment [node number ss7z mid-sgan)

Sk or SOkNm or Tensile Fione Sress = BT — faal Strass
B= 1000 d =230 = BET- 089 KPa
2= BEL1TE+R mimd = 5. 13 MPa

Shear (node numbers {sss2.5552 ) and {5592.5877)

01200 or 120k% Sheer Sress = TG 1000 1000% FU3) = 5.5 2MPa

E J Nye & Associates Pty Lrd
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Simplistic Analysis of the Tunnel Invert Slab

Min 380mm \

= Span = 3350mm
. .8 Thickness = 230mm
e Min 230mm ! " I — L = 3350mm
- | 9 b =1000mm
- 3.35m . [ gs) d =230mm
"“'"""""“l"""""""";.' I = | = 1.014+09 mmé
i "D 7= 8.817E+06 mm3
[ . Min 230mm I < Self weigh 5kN/m
| - Tunnel flow empty
. Y un
-
— N e
construction joints Fixed at Both Ends
. Average
Tunnel Section Head W (kN) Moment mid-span Bending  Axial Force
Height (m) (WL/12), (kNm) Stress (kN)
(MPa)
1 16.75 4.68 0.53 10.00
At 2m head of water bending stress 2 50.25 14.03 1.59 20.00
exceeds Sydney Water allowable. - EENIE R e EHIE
4 117.25 32.73 3.71 40.00
Compare 7m head result here with Z LI SR8 LD Ll
FE analysis results Figure 3 6 184.25 >1.44 >-83 60.00
7 217.75 60.79 6.89 70.00

Axial
Stress
(MPa)

0.04
0.09
0.13
0.17
0.22
0.26
0.30

Tensile Stress

0.49
1.50
2.52
3.54
4.56
5.57
6.59

Table of bending stresses with water depth — mid span
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Ground Water Reduced Level (m)
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The site is on a high point in the area (section B-B)
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Hydraulic Conductivity (m/day)
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Inhomegeneous lining
hydraulic conductivity

Homogeneous lining
hydraulic conductivity
{Fernandez and Moon 2010)
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The relationship between the hydraulic conductivities of the rock mass and tunnel lining
(knowing the water flow rate in the tunnel provides a partial solution)
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The identified risks to the NGRS tunnel are extremely low for the following reasons.

1.

The rock surrounding the tunnel has defects that are widely spaced, and the intact rock is of high strength being Class I/II
sandstone.

The location of the tunnel crown below the basement excavation level of 3m and its lateral offset of 8m from the basement
excavation boundary.

Potential ground vibration impacts can be managed by using appropriate construction methods and monitoring and using
appropriate excavation plant.

The FE analysis predict minor ground movements at the level of the tunnel. Stress concentration points may develop in the
upper and lower corner of the tunnel lining. Concrete cracking would also be partially mitigated by movement at the
construction joints. Cracks widths will be minimal if even visible/measurable in this tunnel environment.

External water pressure. The basement excavation because it is drained will maintain a the existing a water table level over the
crown of the tunnel whatever the rainfall or ground conditions. Both the piezometer results given in Appendix D and the ground
water load calculations in Appendix B when considered together confirm that the tunnel lining has not be impacted by external
ground water pressure.

Potential structural element instability (walls and invert) due to new cracks will not develop and there will be no change in the
ground water regime. Clearly if there with stability issues with this 80-year-old tunnel they would have developed previously.
The basement excavation will not change the tunnel environment to any significant degree.

The pile loads directly above the tunnel will dissipate into the intact rock mass well above and rock surrounding the tunnel
and not impose loads onto the tunnel lining itself.

hhe dilapidation survey concrete coring of the tunnel wall confirms in our opinion that the drill and blast excavation method
used to excavate the tunnel with the inherent overbreak in the rock would result in a lining concrete thickness greater than

the design thicknesses shown on the Sydney Water sketches provided. 29
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