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1.0 INTRODUCTION

This technical note presents the results of the Phase 2a assessment of building damage that
could occur due to tunnelling-induced ground movements during the construction of the
Metrolink Tunnel under the Irish Life Cadenza Building on Earlsfort Terrace in Dublin City
Centre.

The assessment has been carried out in accordance with the criteria and methodology set out
for a refined Phase 2a assessment of subsidence damage in Section 4 of the Building Damage
Report (“the BDR™) produced by Jacobs/IDOM, which is included as Appendix A5.17 of the
Environmental Impact Assessment Report (“the EIAR™).

The analysis has been carried out to assess the potential tunnelling settlements and associated
building damage that could occur at the Cadenza building based on the specific ground
conditions, tunnel geometry and building characteristics at the site.

The tunnel rises slightly from north to south across the width of the building. Therefore,
analyses have been carried out at 3 No. locations across the width of the building: on the
north side, adjacent to the Arthur Cox building at Ch. 18+995, within the interior of the
building at Ch.19+010, and where the tunnel passes under the east fagade at Ch. 19+025,
where the building faces onto the Earl Court apartments.

At Ch. 18+995 and 19+010 the damage to the basement floor slab and the interior reinforced
concrete structure of the building, respectively, have been assessed based on the settlements
that could occur at the subgrade level for the basement floor slab and foundations.

At Ch. 19+025 the potential damage to the building facade has been assessed based on the
tunnelling settlements that could occur at the toe level of the perimeter secant pile wall,
which supports the fagade and internal structure. The tunnel is shallowest on this side of the
structure.

Analyses have been carried out for the design tunne] profile shown on the drawings in the
EIAR, and for a raised and lowered profile within the proposed modified vertical Limits of
Deviation, which are up to 1.0m above and 10.0m below the design profile.
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2.0 STATEMENT OF EXPERTISE

Conor O’Dommell is the Senior Geotechnical Consultant and Managing Director of AGL
Consulting with more than 25 years’ experience as a Geotechnical Engineer in Ireland and
the United States. He is a Chartered Engineer with Bachelors Degree in Civil, Structural and
. Environmental Engineering from Trinity College Dublin, and a Masters Degree in
Geotechnical Engineering and Structural Mechanics from Cornell University, Ithaca, NY.

Prior to 2001, Conor worked for Mueser Rutledge Consulting Engineers, a specialist
geotechnical engineering consulting firm in New York City. At MRCE, Conor specialised in
the geotechnical design of foundations, excavation support systems and ground improvement
schemes, including deep soil mixing, grouting and ground freezing for tunnelling projects.
He worked on a number of landmark tunneling and underground mass transit projects,
including the NATM tunnel for the MBTA South Boston Transitway under Russia Wharf,
and Contract C09A4 of the Boston Central Artery Project, which involved tunnel jacking
under the railway lines at the approach to South Station in Boston, Massachusetts.

At AGL Conor has been involved in a number of major civil, infrastructure and commercial
building projects across Ireland at planning, detailed design and construction stage. He was
the lead geotechnical consultant for the detailed ground investigation and preliminary design
of the basement excavation and perimeter secant piling works for the Dublin Central
development off O’Connell St. in Dublin City Centre. He prepared the hydrogeological
impact assessment for the project and a report on ground movements related to basement
excavation and dewatering. He was also the geotechnical specialist adviser to An Bord
Pleanala for the oral hearing into the planning application for the onshore Corrib Gas
Pipeline, which included a long microtunnel crossing of Sruwaddacon Bay in Co. Mayo.

Mr. O’Donnell has extensive experience in assessing ground movements related to
tunnelling, micro-tunnelling and underground excavation works. His postgraduate studies
and Masters thesis involved forensic analyses and numerical modelling of ground movements
adjacent to deep excavations for a cut and cover section of the Boston Central Artery tunnel
project. Related papers were subsequently published in the ASCE Journal of Geotechnical
and Geoenvironmental Engineering which were co-authored by Prof. Tom O’Rourke, who is
a leading international expert on ground movements and related building damage adjacent to
excavations. In Iretand Mr. O'Donnell was the geotechnical consultant for a large-diameter
micro-tunnelling section of the North Docklands Sewerage Scheme in Dublin Port. He also
advised on the specification and scope of work for the ground investigation for the
Blanchardstown Regional Drainage Scheme, which involved large diameter microtunnelling
and deep caissons. Mr. O’Donnell carried out numetical modelling to assess the impact of
microtunnelling behind the masonry abutments of Sarsfield Bridge for the Limerick Main
Drainage project.

AGL Consulting have been involved in most of the large tunnelling projects in lreland. We
were geotechnical advisers to Dublin City Council on temporary works designs involving soil
nailing for the cut and cover section of the Dublin Port Tunnel along the M1 in Swords. We
have also developed a 3D model of ground and groundwater conditions along the alignment
of the tunnel in AutoCAD Civil 3D for Transport Infrastructure Ireland, which collates all the
available ground investigation information on the project. We recently used this ground
model to assess the impact of multi-story apartment buildings on the tunnel at Hartfield Place
in Swords by advanced 3D finite element modelling.
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AGL were also temporary works designers for the casting basin of the immersed tube
sections of the Limerick Tunnel, and for the launch shaft and reception pit for the Tunnel
Boring Machine (TBM) used on the 4.0m dia. Corrib Gas Pipeline tunnel in Co. Mayo.

3.0 ANALYSIS PROFILES FOR CADENZA BUILDING

The proposed alignment and vertical profile of the tunnel are shown on the following
drawings in Book 2 of the Railway Order (RO) Alignment Details (Area ML304 to ML307 -
Balbutcher Lane to Ranelagh Road):

* MLI-JAI-ARD-ROUT_XX-DR-Y-03095: Metrolink General Arrangement ~ Hatch
Street Lower to Grande Parade;

¢ MLI-JAI-ARD-ROUT_XX-DR-Y-01018: Metrolink Alignment — Long Section 18

Copies of the drawings are included in Appendix A. Figure 3-1 shows an excerpt from the
general arrangement alignment drawing with the location of the Cadenza building
highlighted. Figure 3-2 shows an excerpt from the long-section profile drawing which shows
the design tunnel profile and top of rail level under the building. The chainage of the tunnel
is not shown on the alignment drawings. Therefore, it has been determined from the long-
section drawings, which identify where the tunnel passes under Adelaide Road (Ch. 19+043),

Based on these drawings, the tunnel crosses under the Cadenza Building for approximately
50m between Ch. 18+995 and 19+045, which is measured from north to south across the
width of the building. The top of rail level in the tunnel rises by 0.55m from -10.28mOD at
Ch. 18+995 to -9.73mOD at Ch. 19+045. Ground level on Adelaide Rd. is af +14.10mOD
(Malin), which is 23.8m above the rail level in the tunnel on this side of the building,

Figure 3-3 to Figure 3-8 show details of the building basement, foundations, sub-structure,
perimeter secant pile wall and anti-flotation anchors that are relevant to the Building Damage
Assessment. A copy of the drawings is included in Appendix A.

Figure 3-3 shows the proposed tunnel alignment superimposed on a plan drawing of the
basement and perimeter secant pile wall of the building. The Building Damage Assessment
has been carried out at 3 No. profiles across the width of the building, as shown in Figure 3-3:

* Section | @ Ch.18+995: North side of building, adjacent to Arthur Cox Building
* Section 2 @ Ch. 19+010: Interior of building
* Section 3 @ Ch. 19+025: Building east fagade facing Earls Court apartments

Figure 3-3 shows a plan layout of the basement that identifies the location of the following
significant components of the substructure and foundations along the alignment of the tunnel:

* The integral pad foundations for the interior columns;
* The perimeter secant pile wall around the perimeter of the basement;
¢ The anti-flotation anchors for the rainwater harvesting tank in the basement; and
*  Structural stair core #02 on the east side of the building at basement levei.
Along the north side of the basement the perimeter secant pile wall ties into a pre-existing

secant pile wall that was constructed for the adjacent Arthur Cox Building, which has a toe
level of +0.65mOD.
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Figure 3-1 - Design tunnel alignment from RO Alignment Drawings
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Figure 3-2 Design tunnel profile (top of rail level) from RO Long-Section Drawings
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Figure 3-3 Tunnel alignment superimposed on plan of the basement and perimeter secant pile wall,

Figure 3-4 shows the layout of the perimeter secant pile wall. A profile of the wall on the east
side of the building at Section 3 (Ch. 19+025} is shown on the design drawing in Figure 3-5
[Wall Type B-1]. Where the tunnel passes under the secant pile wath:

e The wall is comprised of 640mm diameter reinforced grade C30/37 concrete
structural piles at 1.2m centres, socketed into the Limestone bedrock to a toe level of
+2.50mOD;

e The space between the structural piles is filled with 900mm diameter unreinforced
grade C8/10 concrete CFA {continuous flight auger) piles which were constructed to
refusal at the top of rock at about +6.6mOD, which is approximately 4.1m above the
toe of the structural piles;

s The location of the structural piles is highlighted by the coloured circles in Figure 3-4;

o The structural piles are supporting the facade and internal reinforced concrete
structural frame of the building and have been designed for a characteristic
(unfactored — SLS) load of 1,025kN.

Where the structural piles are directly over the tunnel they will apply a concentrated load
onto the rock over the tunnel bore.
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Figure 3-4 Plan of perimeter secant pile wall for the basement

Figure 3-3 identifies a typical pad foundation for the interior columns over the tunnel
alignment. A profile of the foundation and basement floor slab is shown in Figure 3-6.

¢ The foundation is a 3.5m x 3.5m x 1.2m deep Grade C40/50 reinforced concrete pad
that has been constructed as a thickened integral section of the 300mm thick basement
floor slab;

¢ Formation level for the floor slab is at -+6.00mOD.
e Formation level for the pad foundation is 1.2m lower at +4.80mOD,

e The pad foundations are supporting the internal concrete frame for the building,
which has spans up to 15.0m with post-tensioned concrete floor slabs,

» The foundations have been designed to be supported on rock at an allowable bearing
pressure up to 1,000 kPa.

Figure 3-3 also identifies the location of the rainwater harvesting tank in the basement of the
building. The tank extends approximately 2m below formation level for the basement floor
slab, and is up to 4.5m below groundwater level on the site (+8.42mOD). Therefore, the tank
is supported by 8 No. anti-flotation anchors to prevent hydrostatic uplift of the tank when it is
empty, as shown on Figure 3-7 (A.01 to A.08). There are also 2 No. anchors in another tank
ort the south side of the basement (A.09 & A.10).
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Figure 3-5 Profile of Secant Pile Wall along east side of building
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Figure 3-6 Profile of basement floor slab, 1.2m deep P1 pad foundations and 640mm diameter perimeter
secant pile walf
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Details of the anti-flotation anchors are shown on Figure 3-7.

e The anchors are comprised of 8.0m long 50mm diameter GEWI Plus Dywidag Steel
Threadbars with double-corrosion protection grouted into a 140mm diameter

drillhole.

¢ Formation level for the rainwater harvesting tank is at +3.95mOD. The anchors
extend 8.0m below this level to a toe level of -4.05mOD.

¢ This is 0.9m helow the crown of the TBM tunnel bore at this location (Ch. 19+020),
as illustrated on Figure 3-7, which means that the TBM will hit the end of the anchors
at the design profile and by up to 1.9m at the upward Limit of Deviation.

e The anchors have been designed for a characteristic (unfactored) uplift force of

750kN.
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Figure 3-7 Profile of anti-flotation anchors for rainwater harvesting tank
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Figure 3-8 shows a typical profile of the tunnel. The following is a summary of relevant
information on the tunnel geometry from Section 2.1 of the BDR (copy in Appendix A):

e Tunnel Diameter — Internal = 8.50m

s  Tunnel Diameter — External = 9.20m (350mm thick concrete lining segments)

* Diameter of TBM Cutter Head = 9.53m (165mm annular clearance outside segments)
+ Height of tunnel axis above Top of Rail (ToR) level = 2.07m

The calculation of tunnelling settlements for the Building Damage Assessment is based on
the 9.53m outer diameter of the TBM cutter head.

-12

PROPQSED METRO TUNNEL .14
OVERHEAD LINE EQUIPMENT -18
P - Tunnel Axts -18
"',*

ELECTRICAL / TELECOMS DUCTING -20
it o — 1A & P -22

L. S -~ 1 PO

DRAINAGE CHANNEL R Iw e
_____________________ -24
Top of RaB (ToR] = P c -26
Level

-28

Figure 3-8 — Typical profile of the tunnel

The Limits of Deviation (LoD) on the vertical profile that are proposed in Article 6
{Deviation) of Part 2 of the Draft Railway Order [6.1(d)] are 5.0m upwards and 10.0m
downwards from the design profile shown on the drawings. Raising or lowering the tunnel
profile could have a significant impact on the building and has therefore been considered in
our assessment.

During the Oral Hearing for the project, in response to submissions received during the
statutory consultation process TII proposed to amend the upward LoD for the tunnel in the
Railway Order to 1.0m, due to concerns of potential increased impact on buildings if the
original upward LoD were allowed (Ref. Expert Witness Statement of Ronan Hallissey p7).
Therefore, we have used this amended value in our Building Damage Assessment,

In assessing the impact of lowering the tunnel profile we have considered a level that is 5.0m
below the proposed design level.

The LoD proposed in the Draft RO for the horizontal alignment is #15.0m from the design
alignment. This has been considered qualitatively in our assessment insofar as it could
impact the anti-flotation anchors and the extent of the building that would be impacted by the
tunnel.
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The Building Damage Assessment has been carried out for 9 No. cases as follows:

Section 1 (Ch.18+995); Below the basement slab and side walls on the north side of
the building to assess the potential impact of tunnelling on the basement floor slab due
to tunnelling induced settlements at slab subgrade level (+6.00mOD):

o Case 3A: for the design tunnel profile

o Case 3B: for a raised tunnel profile (+1.0m from design level)

o Case 3C: for the lowered tunnel profile (-5.0m from design level).

Section 2 (Ch.19+010): Below the interior of the building to assess the potential
impact of tunnelling on the internal reinforced concrete structure due to tunnelling
induced settlements at pad foundation level (+4.80mQD) (see Note 1}

o Case 2A: for the design tunnel profile

o Case 2B: for araised tunnel profile (+1.0m from design level)

o Case 2C: for the lowered tunnel profile (-5.0m from design level}.

1. the interaction between the TBM and the anti-flotation anchors at this location has been
considered separately. The building damage assessment considers the impact of tunnelling
induced foundation settlements on the main structure.

* Section 3 (Ch.19+025): Below the perimeter secant pile wall {Type Bl1) to assess the
potential impact of tunnelling on the basement walls and building facade based on
tunnelling settlements at pile toe level (+2.50mOD):

o Case 1A: for the design tunnel profile
o Case 1B: for a raised tunnel profile (+1.0m from design level)
o Case 1C: for the lowered tunnel profile (-5.0m from design level).

Table 3-1 Profile geometry and levels at each analysis section for the design tunnel profile in the EIAR

Section 1 Section 2 Section 3
Ch. 18+995 Ch, 19+H010 Ch, 19+025
Top of Rail (ToR) Level (mOD) -10.28 -10.12 -9.95
Tunnel Axis Level (mOD} -8.21 -8.05 -7.88
+6.00 +4.80 2 =0
Foundation Level (tnQD) (Basement Slab (Foundation (Pile T ’ Level)
Subgrade Level) Subgrade Level) S fasaad
Depth to Tunnel Axis from Foundation 1491 12.85 1038
Level, z, (m) [
Tunnel Crown Level {TBM Cutter |
Head) (mOD) -3.45 -3.29 -3.12
Clearance to Foundation Subgrade from 0.45 8 09 562
Tunnel Crown (m)

1/3/2024
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4.0 GROUND CONDITIONS
4.1  Interpretation of Ground Conditions at the Cadenza Building in the EIAR

Figure 4-1shows the location of the boreholes that were used by Jacobs/IDOM to interpret the
ground conditions along the tunnel in the vicinity of the Cadenza Buildling. This is from
Figure 20.6 (Sheet 7 of 8) in Chapter 20 of the EIAR (Soils & Geology).

The corresponding interpreted geological cross-section at this location from Appendix A20.9
of the EIAR is shown in Figure 4-2. The outline of the Cadenza Building, basement and
perimeter secant pile wall has been added to the profile over the tunnel.

The following is a summary of the relevant information on the assessment of the ground and
groundwater conditions at the Cadenza Building in the EIAR:

* The most relevant boreholes used for the interpretation of the ground and groundwater
conditions in the area are NBH221 and NBH93. Borehole NBH93 is located at the
building, as shown on Figure 4-1.

* None of these boreholes are identified on the geological cross section in Figure 4-2 .
* None of the logs for the investigation points shown on the location plans or geological

sections were included in the EIAR so it is not possible to verify the ground
conditions interpreted by Jacobs/IDOM.

» The interpreted geological section in Figure 4-2 would indicate that the subgrade for
the basement floor slab at +6.00mOD is in the glacial till deposits of Boulder Clay.

* The profile would also indicate that the toe of the perimeter secant pile wall, at
+2.50mOD, is embedded into the Sand & Gravel layer at the base of the Glacial Till
and does not penetrate into the underlying Weathered Rock or Limestone bedrock.

* The top of the Limestone Rock is shown to be at about 0.0mOD, which is
approximately 6.0m below the basement subgrade level.

¢ The tunnel profile is shown to be in the Limestone bedrock under the building.

* Based on the interpreted geological section in Figure 4-2 Jacobs/IDOM have assumed

the following ground loss parameters for the section of the tunnel under the site of the
Cadenza Building in the Building Damage Report (BDR):

o 1.50% between Ch.18+980 and 19+100, where the tunnel is in rock but the
cover of rock over the tunnel is <0.5D.

o Trough Width Parameter, K = 0.40
These parameters will be discussed in more detail in Section 5.2.

* A groundwater level of +11.0mOD (=2.50mBGL) is shown in BH-RCO1 at Ch.
18+800, approximately 200m north of the Cadenza Building.

1/3/2024 24-115-TNOOI (Rev.1) Page 11
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Figure 4-1 Site Investigation Location Plan [from Figure 20.6 {Sheet 7 of 8) in Chapter 20 of the EIAR]
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4,2  Site Specific Site Investigation (SI} Data

Figure 4-3 shows the location plan for the site investigation that was carried out at the site of
the Cadenza Building in 2018 for Urban Solutions. The investigation was comprised of 3
No. rotary coreholes (BH-1 to BH-3) at the locations shown on Figure 4-3. Copies of the
logs are included in Appendix B.

The coreholes were advanced through Made Ground and stiff to very stiff Boulder Clay and
5m into the underlying Limstone bedrock. The top of the competent Limestone rock was
encountered at +6.32mOD in RC-1 on the north side of the building and at the higher level of
+7.60mOD in RC-3 on the south side of the building. Table 4-1 gives a summary of the rock
levels in the coreholes,

Table 4-1 — Summary of rock levels in rotary coreholes

GroundLevel | TopofWihd. | . fuig End of Corehole
ompetent
{mOD) Rock (mOD)} Rock (mOD) (mOD)
BH-1 (RC-Geobore S) +12.22ZmOD - +6.32mOD +1.52mOD
BH-2 (RC-Geobore S) +11.24mOD - +7.34mOD +2.64m0OD
BH-3 (RC-Geobore S) +10.80mOD = +7.60mOD +2.70mOD

The rock is classified on the logs as medium strong, dark grey, fine-grained, medium to thinly
bedded LIMESTONE interbedded with dark grey/black laminated Mudstone seams. This is
consistent with the typical characteristics of the Calp Limestone of the Lucan Formatton.

The rock is described as partially weathered to unweathered. Total core recovery (TCR) in
the competent rock was 100% and the RQD (Rock Quality Designation) ranged from 20-
58%. Bedding in the rock was gently dipping (0-15) and medium to closely or very closely
spaced. The surfaces were planar smooth with some clay infill.

The rock strength tests indicate that the compressive strength of the rock ranges from 55-
120MPa, which is strong to very strong.

The coreholes were terminated in competent rock at levels between +1.5mOD and +2.7mOD,
which is below the basement floor slab (+4.8mQOD) and generally below the toe level for the
perimeter secant pile wall (+2.50mOD). However, they did not reach the design level of the
tunnel, which is below -3.0 to -3.5mOD.

The highest groundwater level recorded in the piezometers ranged from +7.75mOD to
+8.40mOD, which is 1.75-2.4m above subgrade level for the basement floor slab.
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Figure 4-3 ST Location plan for 2018 Ground Investigation for Urban Solutions
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4.3 Ground Model for Refined Phase 2a Building Damage Asssessment

The site investigation carried out on the site of the Cadenza Building in 2018 indicates that
the top of rock is at a higher level than shown on the geological cross section produced by
Jacobs/IDOM for the ETAR (Figure 4-2) i.e.:

¢ 2018 Ground Investigations: +6.3mOD to +7.6mOD
* Jacobs/IDOM Cross Section (Figure 4-2): +0.0mOD
Based on the 2018 investigation:

¢ The internal pad foundations and basement floor slab are supported on competent
Limstone rock at +4.80mOD and +6.00mOD, respectively.

» The perimeter secant pile wall is embedded 3.5-4.0m into competent rock below the
basement 1o a toe level of +2.5mOD.

¢ At the design profile the top of the TBM tunnel bore rises from -3.45mOD on the
north side of the building to -3.1mQOD on the south side. Therefore, the tunnel will be
fully in rock and there will be 7.9 to 8.3m cover of rock between the foundations and
the top of the tunnei.

This is the ground, building and design tunnel profile that has been adopted for the Building
Damage Assessment in this report.

Note that, at the design profile there will be >0.5D cover of rock over the tunnel (i.e.
>4.75m).  This would mean that the lower bound volume loss of 0.75% used by
Jacobs/IDOM for their Phase 2a BDA would apply across the full width of the building and
not the upper bound value of 1.5% that they used for the site based on the incorrect top of
rock level, as discussed in Section 4.1.
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50 BUILDING DAMAGE ASSESSMENT METHODOLOGY
5.1 Building Risk Category and Damage Classification

The risk category and building damage for each building model and tunnel profile has been
classified using the criteria set out in Table 5-1, which is presented as Table 4-4 in Section 4
of the Building Damage Report by Jacobs/IDOM (EIAR Appendix A5.17).

Table 5-1 — Criteria for Building Risk Category and Damage Classification (Table 4-4 in Building Damage
Report by Jacobs/IDOM — Appendix A5.17 of the EIAR)

—— . e Approximately Equivalent
Bullding and Structure Damage Classification {after Buriand et al {1377} and Boscarding and Giotind Safdanmots and

Gording (1989)) Siopes {after Rankin 1988)

I Description of Typical Damage and il

 Approx. | Limiting | Ma'x

Risk Dedres of Likely Forms of Repair for Typlcal 3\,‘;‘:; Tm’;[e Slope of Seg:ﬁ?;f:; ot
Category | Damage Masopry Buildings (mm) strain () | Oround )
0 Negiigivle Halrline cracks YR e
L - S : = e
Fing cracks easily treated during normal
1 S"ery redecoration. Perhaps isolated slight 01fo 1 2.0510 Les§ AL Less fhan 10
ght et 0.075 1:500
fracture in building
Cracks in exierior brickwork visible upon |
close inspection | |
i I |
| Cracks easlly filled. Redecoration probably ]
| | required. Several slight fractures Inside |
building, Exterior cracks visible some re- 0.075 1o 1:500 to
Z: Shight | pointing may be required for weather ok, ! 0.6 1:200 0jigj50
| tightness. Doors and windows may stick
l stight!y
t l 4 4
| Cracks may require cutting out and
paiching. Recurrent cracks can me masked
by suitabie linings. | 5t0150r
_ . & namber
Re-pointing and possibly replacement of a 1:200 to
& LLL small amount of extent brickwork may be el g:g rs 0:151to]0= 1:50 901078
required. Doors and windows sticking. Utility ‘-:han 6
services may be interrupted.
Weather Rghiness often impaired
Extensive repair involving removai and 1510 25
replacement of sections of walls. especially put also
over doors and windows required Windows .
4 Severe and frames distorted. Floor slopas de;:)e;ds t(ﬁ;e':aiue; L 'f_”snum Great_fesr than
noticeably VWalls lean or bulge noticeably number of k .
some loss of bearing in beams. Utility cracks
sarvices disrupted. |
4 -
Majot repair required involving partial o Greater
complete reconstruction. Seams lose than 25
- bearing. vails Iean_badry and require but also | Sreater Grealer Greater than
5 vy shoring. depsnds ;
Severe o than 0.3 than #:50 78
Wintows broken by distortion nurber of
Danger of instability cracks |

For this assessment the Risk Category and potential Building Damage have been classified as
a function of the max. building settlement, ground slope and limiting maximum tensile strain
that could occur due to ground loss and settlement when tunnelling under the building,
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The maximum building settlement and ground slope have been calculated from the estimated
profile of vertical settlements over the tunnel. The limiting maximum tensile strain has been
calculated as a function of the corresponding horizontal, bending and diagonal strains that
could occur in the building.

The following sections give details of the calculations that were involved.

5.2 Settlements & Maximum Ground Slope

As described in Section 4.2.2 of the BDR, the shape of the settlement trough above the tunnel
has been assumed to follow a Gaussian distribution curve centred over the centreline of the
tunnel, as illustrated in Figure 5-1 and Figure 5-2.

Figure 5-1 Profile of settlements over an advancing tunnel (Mair et al, 1 996)

horizontal movement towards
tunnel centre-line;
} tensile steain, __

st

.t

\:-—point of inflexion

— - horizontal movement

5,
T ysetilement;
compressive slrain

Figure 5-2 Profile of vertical and horizontal movements over the tunnel centreline and the corresponding
horizontal strains (Figure 4-3 of the BDR in Appendix 5.17 of the EIAR)
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The settlement (Sv) is defined as a function of the distance from the tunnel centreline, y, by
the equation:

S, = Smaxexp(-yz:’Ziz)
Where:

o  Smax = maximum settlement over the centreline of the tunnel
e vy = horizontal distance from the tunnel centreline

o i=the horizontal distance to the point of inflection on the settlement trough, which is
defined as:

i=Kz,
Where:

s K = the trough width parameter
e 1z, = depth to tunnel axis below ground level

The trough width parameter, K, is an empirical parameter that is defined by the ground
conditions along and above the tunnel horizon.

At the Cadenza building the tunnel will be wholly in rock with at least half a tunnel diameter
(>4.75m) of rock above the crown of the tunnel. Therefore, as described in Section 4.2.3 of
the BDR, a value of K=0.4 has been adopted for this Phase 2a assessment.

The pad foundations and basement floor slab of the Cadenza Building are supported on the
rock at +4.80mOD and +6.0mOD, respectively, which is approximately 8.1-9.3m below
ground level on Adelaide Road (+14.1mOD).

Also, the fagade over the tunmel on the east side of the building is supported on 640mm
diameter structural piles which are embedded into the rock to a toe level of +2.50mOD.

Therefore, for this Phase 2a assessment the depth to the tunnel axis, Ze. has been calculated
relative to
e the level at the underside of the basement floor slab (Section 1: +6.0mOD);

« subgrade level for the pad foundations (Section 2 +4.80mOD); and
e the pile toe level (Section 3: +2.50mOD}

rather than street level to get a more representative assessment of the ground movements that
could impact the building.

The maximum settlement, Smax, is calculated as a function of the volume of the settlement
trough per metre length of tunnel, Vs, using the equation:

Smax = V/(iV27)

The volume of the settlement trough is assumed to be equal to the total volume of ground loss
during tunnelling, i.e.:

Vs = V]_A
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Where:

s Vi =the ground loss due to tunnelling expressed as a percentage of the cross-sectional
area of the tunnel bore; and
® A = cross-sectional area of the tunnel = 1D%*/4, where D is the outer diameter of the
TBM tunnel bore.
The following ground loss parameters were assumed for the refined Phase 2a assessment
methodology in Section 5.2.1 of the BDR:

o Vi =0.5% where the tunnel is in rock and there is at least half a tunnel diameter (i.e.
>0.5D) of rock cover above the crown; and

* Vi = 1.0% in mixed soil/rock strata with <0.5D cover, or in superficial material
{clay/granular soil).

These are considered by Jacobs/IDOM to be compatible with the values experienced using
the modern tunnelling equipment and control systems that are expected to be used on the
Meirolink project.

The value of 0.5% for ground loss related to tunnelling in rock is also consistent with
experience on the Dublin Port Tunnel (Gillarduzzi, 2014).

Therefore, we have adopted these values for the building damage assessment in this report
rather than the more conservative values of 0.75%/1.50% used by Jacobs/IDOM for the
Phase 1 and Phase 2a assessments in the BDR.

At the Cadenza building the tunnel will be in rock with at least half a tunne] diameter of rock
cover. Therefore, the lower bound value of 0.5% should apply for calculating ground
movements due to ground loss due to tunnelling.

However, these parameters are used to assess “greenfield” settlements that do not account for
concentrated building loads from the secant pile wall or interior pad foundations. Therefore,
we have also calculated seftlements for a higher ground loss of 1.0% to calibrate the
sensitivity of the analysis. The concentrated loads will be more significant where the depth
of cover to the tunnel is <5.0m.

For this refined Phase 2a assessment, the tunnel diameter, D, has been taken as the diameter
of the TBM cutter head (9.53m — BDR Section 2.1).

The calculated settlement trough profiles are included in Appendix C. Table 5.2 gives a
summary of the upper and lower bound values of Smax for each analysis case.

The maximum ground slope across the settlement trough, mmax, has been calculated using the
following equation that was derived by differentiating the equation for Sy with respect to y at
the point of inflection of the settlement trough, i.e. @y=i.

*  Mpax = [dSy/dy @ y=i] = (-Sma,/i),e'o's

The corresponding values for each analysis case are also included in Table 5.2.
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Analysis

Table 5-2 — Max serilement (Smax) and maximum ground slope (myey) for each analysis

Profile Details

Depth to

tunnel axis, z,

{m)

Low;' BOH;Id

Upp;r_Bound_

Cover to Fndn.
Subgrade (m)

v, = 0.5%)

vy =1.0%)

Sm:x (mm,

Minax

Smax (Mmm)

Mmax

Case 1A

Design Vertical Alignment
Ch 18+685
Floor Slab
Case 1B (o, .0 verica Asgoment

+10m
e

Casa 1C

Ch. 18+095
Basement Floor Slab
Design Vertical Alignmant

14.21

9.45

25

0.30%

51

0.50%

13.21

8.45

27

0.30%

54

0.60%

Ch. 18+895

Basement Flocr Stab
Lowered Verieal Algnment
5 0m}

19,21

14.45

19

0.10%

a7

0.30%

Case 2A

Ch 19+010 (Centre)
Intemal Builéing RC Frame
Design Vertical Alignment

12.85

8.09

28

0.30%

55

0.70%

Case 2B

Ch. 19+010 {Cenire)
Intemal Bul'ding RC Frame
Rassed Vertcal Aignment
i+10m)

11.85

30

0.40%

60

0.80%

Case 2C

Ch. 19+010 {Cenfre)
Internal Bulding RC Frame
Lowered Verli gnmient
&5 0m)

17.85

13.09

20

0.20%

40

0.30%

Case 3A

Ch 19+026 (South Side)
Secant Pile WallBldg Fagade
Design Vertical Alignment

10.38

5.62

34

0.50%

69

1.00%

Case 3B

Ch 194025 (South Side)
Secant Pile WallBldg. Fagads
Raised Vertcal Algnment
i+10m

4.62

38

0.60%

TG

1.20%

Case 3C

Ch, 19+025 {South Side)
Secant Plle Wall/Bldg Fagade
Lowsred Vertical Alignment
-5 0m)

15.38

10.62

23

0.20%

46

0.50%

At the design tunnel profile and raised tunnel (+1.0m) profile the settlement trough extends
up to 15.0m to either side of the tunnel centreline.

At the lowered tunnel profile (-5.0m) the settlement trough extends up to 20.0-25.0m to either
side of the tunnel centreline.

Therefore, the settlements will not impact the western facade of the building, and
should not significantly impact the entrance lobby at the southwest corner of the
building.

1/3/2024
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5.3  Horizontal Movement (Sn) & Horizontal Ground & Building Strain {(en)

The horizontal movement of the ground within the settlement trough, Sp, has been calculated
from the settlement profile using the following equation from Section 4.3.4 of the BDR:

Sh = (¥/20)Sv = (y/Z0)Smar.exp(-y*/2i?)

Figure 5-2 shows a typical profile of horizontal movement across the settlement trough. The
resultant vectors of ground movement are directed towards the tunnel axis. The calculations
for each analysis case are presented in Appendix C.

The horizontal ground strains, en, were calculated using the following equation that was
derived by differentiating the equation for horizontal ground movements with respect to y:

£n = dSu/dy = (Smax/Zo) [1-(y¥i%)).exp(-y*/2i?)

Figure 5-2 shows a typical profile of horizontal ground strains across the settlement trough.
The calculations for each analysis case are presented in Appendix C.

As described in Section 4.3.4 of the BDR, to assess the potential building damage it is
assumed that the building behaves as an ideal beam of height H that deforms to the profile of
the ground movements at the foundation level (i.e. at the tip of the secant pile wall or at
basement or foundation subgrade level). This creates sagging and hogging zones of building
movements, as illustrated in Figure 5-3, which are analysed separately to determine the
maximum limiting tensile strain on the building.

Where the Metrolink tunnel passes under the Cadenza building the basement and interior
reinforced concrete frame extend across the full width of the settlement trough. Therefore,
the building response has been assessed over one half of the trough with the maximum
settlement centred over the centreline of the tunnel,

The tunnel passes under the eastern fagade at an acute angle of about 15 degrees. This will
have the effect of “stretching out” the transverse settlement trough shown in F igure 5-2 so0
that, although the maximum settlement over the centreline of the tunnel will be the same, the
slope of the trough will be flatter along the line of the secant pile wall. For this assessment
we have conservatively assumed that the transverse profile will apply.

The extent of the hogging and sagging zones are as follows:

* Sagging Zone: y=0 (tunnel centreline) to y=i (point of inflection of settlement trough)
* Hogging Zone: y=i (point of inflection of settlement trough) to y = 2.5i (practical

limit of settlement trough)
Therefore:

¢ Length of sagging zone, Ls =i (i.e. from y=0 to y=i), and
» Length of hogging zone, Ly = 1.5i (i.e. from y=i to y=2.5i).

The average horizontal strain in each zone has been calculated by subtracting the horizontal
movement at either end by the corresponding length of the zone.
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The calculations for each analysis case are presenied in Appendix C and summarised on
Table 5-3. Horizontal strain within the sagging zone is compressive (+ive), whereas
horizontal strain in the hogging zone is tensile (-ive). Calculations are included for lower and
upper bound displacements corresponding to the assumed volume loss parameters of 0.5%
and 1.0% of the tunnel volume. =

— g s i

fomga ~—

PR

Figure 5-3 — Theoretical profile of building deformation (Figure 4-5 in the BDR)

Table 5-3 Harizontal movements (Sy) & horizontal building strains (g}

Lower Bound (V= 0.5%) Upper Bound [Vy=10%]
i Hoggin, Sagging H
Analysis Detalls Sp Sy 5 Sagging ogging S 5 S, aggl ogging
@y=0 | @yl | @15l Ee L in " @y=0 | @ys |@y=25i Ly B Ln [
(ramy | (mm) | (mm) m | ™ (m) Pel | (mm) | (mm) | (mm) | {(m) e {m) 4l
|
0o 61 " 563 | 011% | 845 | 008% | 0O 523 22 563 | 02% | 845 | -012%
___ |Design Vertical Alignment |
Th 184095 |
Case 4B |F220ment Flowr Sar 00 56 12 525 | 013% | 785 | -007% | 00 132 | 24 523 | 025% | 785 | -014%
Ch 18+885 T |
CaseiC E"‘"’“:'LF e ORb: 00 a5 08 763 | 006% | 1145 | .003% | 0O 80 185 763 | Di2% | 1745 | D0E%
Ch 18+010 [Centra} |
Case 28 |Internat Buidng RC Frame 0o 87 12 514 | 013% | 771 | .007% | 60 134 24 514 | 026% | 7T | D14%
Design Vertical Alignment
- Ch 16+01D (Centre) |
Case zo | |[Mmet Bukdiog RE Fraaw oo | 73 13 | 474 Jossm | 71 Jeoasw | 00 | 14e | 28 474 | os% | 711 | 1%
. | 4
Th 184010 [Centrey | [
Case 2C :_“;i’:"f'_B“_"d_'”g RC qiane 0o a8 08 | 714 | 0o7% | 1075 | -008% | o0 87 8 714 | o | 1071 | 0orm
| lsom = | - ) j i .
Ch 19+025 {South Side)
| Gase 3A |Secant Pike WaliBiig Fagade 00 83 15 415 | paow | 623 | -0v1% | o0 156 30 415 | 0do% | e23 | 022%
Desigh Vertical Alignment | |
Ch 18+025 |South Sude) i
Secant Pde WalllBldg Facade
Case B | el Augronent 0o 92 17 375 | ozs% | 563 . 013% | 00 184 33 376 | oam% | 583 | D27%
[Ch 19+025 {Sauth Side] 1
Case 3¢ | 50071t Ple WailBldg Fagade 0o 56 120 | 615 | voww | 922 | wosw| oo | 112 | zo | 615 | otew | 828 | oa0w
ot Vestical Abgnmen
|

1/3/2024 24-115-TNOOT (Rev.1) Page 22



Project Metrolink — Building Damage Assessment (BDA) Phase 2a BDA for Cadenza Building

5.4 Bending Strain and Diagonal (Shear) Strains

As described in Section 4.3.4 of the BDR and as illustrated in Figure 5-3, by treating the
building as an idealised beam with span L and height H that deforms to the profile of the
settlement trough (as if deforming under a point load at the point of maximum settlement),
the maximum bending strain, &p, and diagonal (shear) strain, €4, in the sagging and hogging
Zones of the building can be determined from the following equations:

I {L_,_ 31E }g
L~ izt ' 2tLHG) P

¢ A is the maximum vertical displacement relative to a linear profile across the sagging
(As) and hogging (As) zones (see Figure 5-3);

¢ L is the length of the building in the sagging (Ls = i) and hogging (Lx = 1.5i) zones of
the settlement trough;

¢ E and G = Young’s modulus and shear modulus of the building modelled as a beam
of height H;

* H is the height of the building — from foundation subgrade level (or base of secant
pile wall) to roof level (Case 2/Case 3), or the thickness of the basement floor slab
{Case 1);

s tis the furthest distance from the neutral axis to the edge of the beam; and

* Iis the moment of inertia of the beam,
The strains were calculated using the following parameters for E & G that were used for the
design of the concrete in the building frame (E/G = 2.0):

e E=20x10°N/mm?

¢ G=10x 10° N/mm?

In the sagging zone the neutral axis is assumed to be at the centre of the beam representing
the building. Therefore:

s (s=H/72

o I ;=HY12
Bending in this zone will cause compressive (+ive) and tensile (-ive) bending and diagonal
strains (evs & ds).
In the hogging zone the neutral axis is assumed to be at the base of the beam representing the
building due to the restraining effect of the foundations. Therefore:

e tm=H

e In=H73

Bending in this zone will cause tensile (-ive) bending and diagonal strains (gvn & €qn).
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The calculations for each analysis case are presented in Appendix C and summarised on
Table 5-4 and Table 5-5 for the sections of the building in the sagging and hogging zones,
respectively.

Calculations are included for lower and upper bound displacements corresponding to the
assumed volume loss parameters of 0.5% and 1.0% of the tunnel volume (Vi = 0.5% &
1.0%).

Strains within the sagging zone are shown as compressive (+ive) but can also be tensile.
Strains in the hogging zone are tensile (-ive).

Table 5-4 — Bending strains (6vs) and diagonal strains (gss) in the sagging zone

Lower Bound (V, = 0.5%) Upper Bound (V, = 1.0%)
Sagging Zone Sagging Zone
Analysis Details H s H i
Ly Ay 8oy Bds L By By Eas
(m) (m) (mm) |Bending |Diagonal| (m) (m) (mm) |Bending |Diagonal
Ch 18+695
Case 1A |Casement Floor Slab 030 563 20 | 00%% | 0.00% | 030 563 41 002% | 000%
Design Verhical Alignment
Design Vertical Alig ol
Ch 18+995 |
Case 1B |Basement Fioor Slab 030 523 22 | 001% | 000% | 630 | 523 44 | 003% | 0.00%
Rased Vertics Alignment (+1 0m)
- odhn |
Ch 18+835 | [
Gase 1¢ [PAsement Floor Slab ca0 | 7e3 15 | 0.00% | 0.00% | 030 | 763 3 0.01% | 000%
owered Vertical Alignment
(-5 0 | e
Ch 194010 (Centre)
Case 24 |Internal Building RC Frame 3685 | 514 22 | 001% | 0.04% | 3685 | 514 45 | 002% | 009%
Deslgn Vertical Alignment |
T T 1
Ch 184010 (Centra) '
Case 2B (Intenal Building RC Frame 3685 | 474 24 | 001% | 005% | 3BE5 | 474 48 | 0.03% | 0.10%
Rased Vertical Alignment (+1 Om}
Ch 19+010 (Centre) | 1 r |

internal Building RC Frame

Case 2C " 36 65 714 18 0.01% 0.02% 386.65 714 32 2.02% 0.04%
Vertical Ahgnment
-5 0m |

|Ch 194025 {South Side) |
Case 3A |Secant Pile WallBldg Fagace 31.03 415 28 G02% | 007% | 3103 416 55 004% | 0.13%
Deskgn Veriical Alignment

Ch. 19+025 (Scuth Sidej
Case 3B |Secani Pile WalllBldg. Fagade 3103 375 31 002% | 008% | 3103 375 6.1 004% | 0.16%
Rased Verhical Alignment (+1 0m)

Ch. 18+025 (South Side) |
Secant Pile WaliBldg Fagade
Lowered Vertical Alignment

5 0m)

Case 3C 3103 615 18 0.01% | 003% 31.03 815 37 002% | 00B8%
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Table 5-5 - Bending strains (6w} and diagonal sirains (sm) in the hogging zone

f

Analysis

Detafls

Lower Bound (V, = 0.5%)

Upper Bound (V, = 1.0%)

Hogging Zene

Hogging Zone

Lu Ay Bbh

Ly

Ay

(m)

(m) (mm) |Bending

Diagonal

(m)

(m)

(mm)

Bending

Diagonal

Case 1A

Ch. 18+995

Basement Floor Slab
Design Vertical Alignment
Design Vertical Alignment

03

843 27

0.01%

0.00%

03

845

-55

-0.03%

0.00%

Case 1B

Ch 18+395
Basement Floor Slzb

Ra

G3

785 -0.02%

0.00%

03

7.85

£0

-0.03%

0.00%

Case 1G

Ch 18+895

Basement Floor Slab
Lowered Vertical Alignment
-5 0m)

03

1145 -0.01%

0.00%

03

1145

-40

-0.01%

0.00%

Case 2A

Ch. 184010 (Centre)
Internal Building RC Frame
Design Vertical Alignment

7 ~0.01%

0.04%

3665

7.7

50

-0.02%

-0.08%

| Case 2B

Ch. 19+010 (Centre)
Internal Buiiding RC Frame
Rased Vertical Alignment

{+10m)

36.65

711 001%

-0.05%

3865

711

65

-0.02%

-0.09%

Case 2C

Ch. 19+010 (Centre)
Intemnal Building RC Frame
Lowered Vertical Alignment
(-5 0m)

3665

1071 0.01%

-0.02%

36.65

10.71

0.01%

-0.04%

Case 3A

Ch 194025 (South Side}
Secant Pile WallBldg. Fagade
Design Vertical Alignment

31.03

623

001% |

-0.06%

31.03

823

0.02%

-0.12%

-

Case 3B

1=
T

Ch 19+025 (South Side)
Secant Pile WallBldg Fagade
Rased Vertical Alignment

&

31.03

563 41 0.01%

0.07%

31.03

563

-0.02%

-0.15%

Casa 3C 1

Ch 194025 (Scuth Side)
|Secant Pile WalllBldg Fagads
owered Verhical Alignment

923 -001%

0.03%

31.023

8.23

-002%

-0.05%
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5.5 Total Bending and Diagonal Strains & Maximum Combined Tensile Strain

As described in Section 4.3.4 of the BDR, the maximum combined tensile strain that is used
to assess the potential building damage with Table 5-1 is determined by combining the total
horizontal building strain (ex) from Section 5.3 with the bending strains (gb) and diagonal
strains (gq) from Section 5.4 using the following equations:

Ept = &€ + Ep

e = 0358, + [(0.658,)% +¢2]"°

The maximum value of the combined tensile strain obtained from these equations is used in
the assessment of the potential building damage category in Table 5-1.

The calculations for each analysis case are presented in the appendices and summarised on
Table 5-6 and Table 5-7 for the sections of the building in the sagging and hogging zones,
respectively.  Calculations are included for lower and upper bound displacements
corresponding to the assumed volume loss parameters of 0.5% and 1.0% of the tunnel volume
(V1 =0.5% & 1.0%). Compressive strains are shown as positive and tensile strains are shown
as negative.

In the sagging zone the horizontal strains are compressive (+ive) but the bending and
diagonal (shear) strains can be either compressive (+ive) or tensile (-ive) because the neutral
axis is assumed to be at the centre of the beam (H/2). The positive horizontal strains in the
sagging zone are significantly larger than the tensile bending and diagonal strains. Therefore:

s For the bending strains, the total bending strain (ewn) has been calculated as the sum of
the compressive (+ive) horizontal strain (€n+ive) and bending strains (gb +ive);

e However, for the diagonal strains we have calculated the maximum compressive
diagonal strain (g4 +ive) using positive values for both the horizontal and bending
strains (en +ive & £d +ive).

In the hogging zone, where the building is more susceptible to damage, the horizontal strains,
bending strains and diagonal (shear) strains are tensile (-ive) because the neutral axis is
assumed to be at the base of the beam. Therefore:

e For the bending strains, the total bending strain (ew) has been calculated as the sum of
the tensile (-ive) horizontal (€n-ive) and bending strains (gt -ive);

¢ For the diagonal strains a representative resultant total diagonal strain (€41 -ive), has
been calculated using the absolute values of the tensile horizontal and diagonal strains
(eh -ive & €4 -ive) because of the square functions in the equation. However, the
calculated resultant has been reported as a maximum fensile diagonal strain (€dt -ive)
for consistency with the sign convention in this report.

Only negative tensile strains are considered in the building damage assessment.
The maximum tensile (-ive) bending or diagonal strain from the sagging or hogging zone

(typically hogging) is used in the building damage assessment. The relevant values are
summarised in Table 5-8.
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Taable 5-6 — Total bending strains (&) and diagonal strains (&) in the sagging zone [Compressive]

Combined Stralns (Sagging Zone)
Lower Beund {; = 0.5%) Upper Bound (V; = 1,0
LR I e ca:nhiud Combined > C Imh t’ Combined
© o embines
Horizental | Bending Bending) | (Diagonal Horizontal | Bending Bendi (Dia 1)
_ Blh) | 08 | sl | ) | af®) | all | w0 | si®)
™ |Ch 1g+g85 I = 1 e |
|Basement Floor Slab "
Case 1A Design Vertical Alignment C.11% 0.01% 0.12% d4.11% 0.22% 0.02% 0.24% 0.22%
Design Vertical Alignment
Ch. 18+595
Case 1B |Basemenl Floor Slab 3.13% 2% 0.14% 0.13% 0.25% 0.03% 0.28% 0.25%
Reised Varwal Abgnment {(+1 Om)
|Ch. 18+885
Easement Floor Siab
Case 1C | owarsd Vertcat Aionment 0 06% 000% 0.06% 0.06% 0.12% 0.03% 0.13% 0.12%
- 5. Orr
i Ch 19+010 (Centre)
Case 2A [Internal Building RC Frama 013% 0.01% D.14% 0.14% 0.26% 0.02% 0.20% 0.268%
|Design Vartical Alighment
Ch 19+010 (Centre)
Case 2B (Internal Building RC Frame 0.15% 0.01% 017% 0.17% 031% 0.03% 0323% 033%
o) Verlical Akgnment (+1
Ch 19+010 {Cenire)
Casezc |Memal Building RC Frame 0.07% eot% 0.08% 7.00% 014% D02% 0.15% 0.15%
~ ol Algnment
5 0m .
Ch 19+025 (South Side)
Case 34 !Sec:m! Pile Wall/Bldg. Facade 0.20% 0.02% 0.22% 0.22% 0.40% 004% 0.44% 0.43%
Design Vertical Alignment
|Ch. 19+025 (South Side) |
Case 3B |Secant Pie WallBldg Fagade 025% 0.02% Q0 26% 0.26% 0.49% 004% 0.53% G53%
Ruised Vertical Abgnment (+1 Om)
|Ch. 19+025 (South Side)
Secant Pile WallBidg. Fagade
Case 3C ‘ wered Vertical Algnment 008% 0.01% | 0.10% 0.10% 0.18% 042% 021% 2.20%
50m l

Table 5-7— Total bending strains (&) and diagonal strains (8m) in the hogging zone [T ensilef

Combined Sirains (Hogging Zone)
Lower Bound (V, = 0.5%) Upper Bound (V)= 1.0%)
Anatysis Frofile Details 3 md] — e -
Horizontal | Bending Bendin Diagonat) | | ? | (Band Dia
B (%) | s (%) | en(%) | 8al%) | &0 (%) | e (%) | eeel%) | sur (%)
Ch 18+895
Basement Floor Slab
Case 14 Design Vertical Algnment -0 06% -001% 0.07% -0 08% -0.12% -0.03% ~18480% -1200%
|Design Vertical Alignment |
Ch 18+895 [
Case g | [SREmDREF0O SER 007% | -002% 008% | -007% | -014% | 003% | 017w | -044%
+1.0m)
Ch. 18+885
Cagu 1c [P Floox S_f‘f"’lnmm 003% | -001% | 004% | -003% | -GOB% | 001% | -008% | -006%
8 1
Ch. 14+010 (Centre)
Case 2A  |Internal Building RC Frame -0.07% -0.01% -0.08% £.09% -0.13% -0.02% -0.15% -0.18%
Design Vertical Alignment
Ch. 194010 ({Cenire)
Internal Building RC Frame a1 6 ng . K
Case2B | ' iverca ‘Agnmen: -0.08% 0.01% 9.09% 0A0% | -017% 0.02% -0.19% -0.20%
(+1 O |
Ch. 15+010 (Centre} ‘
Internal Building RC Frame 5
Case 2C Linwered Verteal Algrment -0.04% -001% -0.04% 0.04% -0.07% -001% -0.08% £.09%
5
|Ch. 18+025 (South Side} !
Case 3A | Secant Pile Wali/Bldg. Fagade -0.11% -0.01% -0.12% 013% -0.22% -0.02% -0.24% -0.26%
Design Vertical Alignment ‘
Ch 16+025 (South Side) |
Secanl Pile WallBidy Fagade ] y ! " N v B
[ Case 3B |Reised Vertical Algnment | 0.13% 0.01% 0.15% 0.16% 0.27% 0.03% -0.20% -0.32%
|t+1.0my |
| ‘Ch 18+025 (South Side)
Secanl Pile WallBldg Fagade B . .
Case 3¢ | Vartieal Algrment 0.05% 0.01% -0.06% -0.06% 0.10% -0.02% -0.12% 012%
| (5 0m) [
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Table 5-8 — Maximum tensile strain (&)

Maximum Limiting Tensile Strains
Analysls Profile Detalls Lower Bound {V, = 0.8%} Upper Bound (V, = 1.0%)
Bemax (%0} Zone Emax (%) Zone
Ch. 18+995
Basement Floor Slab o ; .
Case 1A Dasign Vertizal Alignment -0.07% Hogging -0.15% Hogging
Design Vertical Alignment
Ch. 18+985
Case 1B |Basement Floor Slab -0.08% Hogging D17% Hogging
Raised Vertical Aignment (+1 0m)
Ch. 18+895
|Basemant Floor Slab - - 3
Case 1C red Vertical Algament -0.04% Hagging -0.08% Hogging
m
Ch 19+010 {Centre)
Case 2A  |Intemnal Building RC Frame -0 09% Hegging -017% Hogging
Design Vertical Alignment
Ch 19+010 (Centre)
Case 28  |Intemal Building RC Frame 010% Hogaing -0 20% Hegging
Rased Verlcal Alignment (+1 0m}
Ch 19+010 {Centre)
Internal Bulding RC Frame . .
Case 2C Lowered Vertical Algnment +0.04% Hogging -0.09% Hogging
(-5 Om)
Ch. 19+025 {South Side}
Case 38 |Secant Pile Wall/Bldg. Fagade -0 13% Hegging -0.26% Hogging
Deslgn Vertical Alignment
Ch. 19+025 (South Side)
Case 3B |Secant Pile Wall/Bldg. Fagade -0.16% Hegging -0.32% Hegging
Rassed Verbical Algnment {+1 Om)
Ch. 19+025 (Scuth Side)
Secant Pile Wail/Bldg. Fagade N .
Case 3C Lowered Verlcal Algnment 0.08% Hogging -0.12% Heaging
(-5 0m}
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5.6

Building Damage Assessment (BDA)

The results of the building damage assessment calculations are summarised in Table 5-9.
The table gives the following values for each analysis case:

Max limiting tensile strain, max (%)
Maximum ground slope on the settlement trough, mmax (%)
Max settlement over the tunnel centreline, Sv (mm)

The risk category and degree of damage have been determined from the criteria in Table 5-1.
The following is a summary of the analyses that were carried out:

*

The BDA has been carried out for a lower and upper bound tunnel volume loss (Vi) of
0.5% & 1.0%, respectively. This corresponds to the parameters for the Refined Phase
2a assessment in the EIAR,

At the Cadenza building the tunnel will be in rock with at least half a diameter cover
(>4.75m} of rock below the building basement. Therefore, the lower bound estimates
for a tunnel volume loss, V), of 0.5% should represent the conditions that could be
achieved for modern TBM tunnelling in rock.

The BDA methodology assumes that the building deforms and articulates to the
profile of the greenfield seftlement trough at foundation subgrade level. This is
conservative as it does not account for re-distribution of siresses and ground
movements as a resuit of the stiffness of the building.

However, the methodology does not account for concentrated point loads such as
those from the integral pad foundations in the basement floor slab, which are
supporting the internal concrete building frame, ot from the load-bearing piles in the
perimeter secant pile wall, which are supporting combined loads from the building
structure and external fagade. Therefore, we have included calculations for an upper
bound volume loss, Vi, of 1.0% to represent conditions that could potentially occur
where there are concentrated loads over the tunnel and to calibrate the sensitivity of
the analysis.

The impact of concentrated loads from the building foundations in the basement floor
slab or from load bearing piles in the perimeter secant pile wall is most acute where
the level of the tunnel is high and close to the underside of the foundations (e.g. under
the structural secant piles at the upper LoD). At deeper levels the concentrated loads
become more dispersed through the rock so that they become less concentrated (e.g.
at the lower LoD},

The design vertical profile for the tunnel rises by 0.55m from south to north across the
width of the building so that it is shallowest on the south side.

Case 1 models the impact of the tunnel on the 300mm thick basement floor slab on
the south side of the building (Ch. 18+995) based on the settlement profile at
formation level for the slab (+6.00mOD),

Case 2 models the impact of the tunnel on the internal RC structure of the building
(Ch. 19+010) based on the settlement profile at subgrade level for the integral pad
foundations for the columns (+4.80mOD),
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Case 3 models the impact of the tunnel on the secant pile wall and facade on the east
side of the building at Ch, 19+025) based on the settlement profile at toe level for the
640mm diameter structural piles in the wail (+2.50mOD).

Case 1A, Case 2A and Case 3A represent the analyses that have been carried out at
the design vertical profile for the tunnel.

Case 1B, Case 2B and Case 3B represent the analyses that have been carried out for
a raised vertical profile of the tunnel within the amended upper Limit of Deviation
proposed for the Draft Railway Order (+1.0m)

Case 1C, Case 2C and Case 3C represent the analyses that have been carried out for
a lowered vertical profile of the tunnel at 5.0m below the design level, which is within
the lower limit of deviation proposed in the Draft Railway Order (-10.0m)

For Case 1 the pile toe level is only 4.9m above the crown of the tunnel at the design
profile. At the maximum proposed vertical LoD the TBM will hit the toe of the piles.
Therefore, for Case 1B we have only raised the tunnel profile by 3.9m so that the
crown of the tunnel bore is at least 1.0m below the toe of the piles.

Based on the results of the assessment in Table 5-6:

Results for Design Tunnel Profile (Case 1A, 2A & 3A):

At the design tunnel profile, the lower bound estimates of ground movements for a
volume loss of 0.5% result in the following Risk Categories:

o Case 1A (RC Basement Floor Slab):
»  Risk Category = 2/1 (Slight to Very Slight Damage)
o Case 2A (Internal RC Structure):
» Risk Category = 2 (Slight Damage)
o Case 3A (Perimeter Scant Pile Wall/East Building Fagade):
= Risk Category = 2 (Slight Damage)
For the upper bound estimates of ground movements corresponding to a volume loss
of 1.0% at the design tunnel profile, the Risk Category raises to
o Case 1A (RC Basement Floor Slab):
= Risk Category = 2/3 (Slight to Moderate Damage)
o Case ZA (Internal RC Structure):
= Risk Category =3 (Moderate Damage)
o Case 3A (Perimeter Scant Pile Wall/East Building Facade):
s Risk Category = 3 (Moderate Damage)

There is there is 7.90-8.25m cover between the subgrade for the internal pad
foundations and the top of the TBM tunnel bore. The cover reduces to 5.60m at the
toe level of the structural piles in the secant pile wall along the building fagade, which
are embedded 3.5m into competent rock below basement subgrade level.

The lower-bound resuits for the 0.5% ground loss, should represent the conditions for
tunnelling in the Limestone rock below the building. However, this does not take into
account the concentrated loads from the pad foundations or structural piles, which are
directly over the tunnel in places and carry loads up to 1,000kPa and 1025kN,
respectively. Therefore, the results for a ground loss of 1.0% could represent a

1/3/2024

24-115-TNOO1 (Rev.1} Page 30



Project Metrolink — Building Damage Assessment (BDA) Phase 2a BDA for Cadenza Building

conservative upper bound value for the damage that could occur under the additional
concentrated loads, particularly for the pile foundations supporting the fagade, where
there will be only 5.6m cover over the tunnel bore,

Results for Raised Tunnel Profile (Case 1B, 2B & 3B):

» For the raised funnel profile, there is a slight increase in concentrated
displacements and strains in the building so that the lower bound estimates of ground
movements for a volume loss of 0.5% result in the following Risk Categories:

o Case 1B (RC Basement Floor Slab):
= Risk Category = 2 (Slight to Very Slight Damage)
o Case 2B (Internal RC Structure):
= Risk Category =2 (Slight Damage)
o Case 3B (Perimeter Scant Pile Wall/East Building Facade):
® Risk Category = 2/3 (Slight to Moderate Damage)

» At the upper bound estimates of ground movements corresponding to a volume loss of
1.0% the risk category and degree of damage increases across the building as foilows:

o Case 1B (RC Basement Floor Slab):
= Risk Category = 3 (Moderate Damage)

o Case 2B (Internal RC Structure):
» Risk Category = 3 (Moderate Damage)

o Case 3B (Perimeter Scant Pile Wall/East Buiilding Facgade):
a  Risk Category = 3/4 (Moderate to Severe Damage)

» For the raised tunnel profile there is there is 6.90-7.25m cover between the subgrade
for the internal pad foundations and the top of the TBM tunnel bore. The cover
reduces to 4.60m at the toe level of the structural piles in the secant pile wall along
the building fagade, which are embedded 3.5m inte competent rock below basement
subgrade level.

e The lower-bound results for the 0.5% ground loss, should represent the conditions for
tunnelling in the Limestone rock below the building. However, this does not take into
account the concentrated loads from the pad foundations or structural piles, which are
directly over the tunnel in places and carry loads up to 1,000kPa and 1025kN,
respectively. Therefore, the results for a ground loss of 1.0% could represent a
conservative upper bound value for the damage that could occur under the additional
concentrated loads, particularly for the reduced depth of cover for the pad foundations
and for the pile foundations supporting the fagade, where there will be only 4.6m
cover over the tunnel bore.

Results for Lowered Tunnel Profile (Case 1C, 2C & 3(C):

* For the lowered tunnel profile, there is a significant reduction in concentrated
displacements and strains in the building so that the lower bound estimates of ground
movements for a volume loss of 0.5% result in the following Risk Categories:

o Case 1C (RC Basement Floor Slab):
= Risk Category = 1 (Very Slight Damage)
o Case 2C (Internal RC Structure):
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= Risk Category = 1 {Very Slight Damage)
o Case 3C (Perimeter Scant Pile Wall/East Building Fagade):
= Risk Category = 1/2 (Very Slight to Slight Damage)

& At the upper bound estimates of ground movements cotresponding to a volume loss of
1.0% the risk category and degree of damage increases across the building as follows:

o Case I1C (RC Basement Floor Slab):
= Risk Category = 2 (Slight Damage)

o Case 2C (Internal RC Structure):
= Risk Category = 2 (Slight Damage)

o Case 3C (Perimeter Scant Pile Wall/East Building Facade):
»  Risk Category = 2/3 (Slight to Moderate Damageg)

s For the lowered tunnel profile there is there is 12.90-13.25m cover between the
subgrade for the internal pad foundations and the top of the TBM tunnel bore. The
cover reduces to 10.60m at the toe level of the structural piles in the secant pile wall
along the building fagade, which are embedded 3.5m into competent rock below
basement subgrade level.

* At the lowered level, the concentrated loads from the internal pad foundations and
perimeter secant pile wall will have a less significant impact on ground movements as
the loads will become more distributed through the rock with depth. Therefore, for
Case 1C, 2C and 3C the lower bound ground loss of 0.5% should give a more
representative assessment of the risk of building damage.

Note that, as discussed previously, the refined Phase 2a building damage assessment is a
preliminary semi-empirical estimate of the potential damage that could occur to the building
due to tunnelling related ground movements. It does not account for the stiffness of the
building, which can reduce and redistribute settlements across the tunnel profile. At the same
time, it does not model the concentrated load from the building foundations which can have
the opposite effect.

The more detailed Phase 3 analysis of the soil-structure response to tunnelling referred to in
the EIAR would be required to give a more comprehensive and representative engineering
assessment of the response of the building to tunnelling in the underlying rock.

It may also be possible to justify a lower range in ground loss parameters for the type of TBM
that will be used for the project. However, this would need to be supported with
representative case studies and more comprehensive information on the quality and strength
of the rock under the building i.e. higher ground loss can be experienced in zones of
weathered, highly fractured rock and currently the ground investigation information that we
have does not reach the tunnel profile. Also, the type of TBM will not be mandated through
the contract so it will be selected by the Contractor. Therefore, any analysis that is carried
out at planning stage should consider a risk assessment of the full range of ground loss that
could oceur and noft just the “best case scenario”.
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Consideration should also be given to what is an acceptable risk caiegory and degree of
damage for the Cadenza building.

For example, at a Risk Category of 2 (Slight), which is the lower bound estimate of the
damage that could occur to the building and fagade at the design tunnel profile (Case 2A/3A),
this corresponds to crack widths up to 1-5mm and the following damage criteria in Table 5-1:

Cracks easily filled. Redecoration probably
required. Several slight fractures inside
building. Exterior cracks visible some re-
pointing may be required for weather
tightness. Doors and windows may stick
slightly

If the concentrated foundation loads have a significant impact on the ground loss during
tunnelling then the damage Risk Category could rise to 3 (Moderate), which is the upper
bound estimate of the damage that could occur to the building and fagade at the design tunnel
profile (Case 2A/3A). This corresponds to crack widths up to 5-15mm (or a number of
cracks greater than 3mm) and the following damage criteria in Table 5-1:

Cracks may require cutting out and
patching. Recurrent cracks can me masked
by suitable linings.

Re-pointing and possibly replacement of a
small amount of extent brickwork may be
required. Boors and windows sticking. Utility
services may be interrupted.

Weather tightness often impaired

This damage criteria was developed for masonry structures and it is arguable whether it is
representative of the modern design and construction characteristics of the Cadenza Building,
which would be more sensitive to damage than indicated by the criteria and corresponding
risk categories in Table 5-1.1i.¢.;

* The basement uses a Rascor waterproofing system, which relies on the watertightness
of the reinforced concrete basement floor slab and walls. Therefore, even minor
cracking could lead to groundwater ingress:

* The internal reinforced concrete frame uses post-tensioned reinforced concrete floor
slabs for large spans which would be more sensitive to differential settlement than
conventional RC slabs;

e The tunnel passes under the one of the main structural cores for the building {Stair
Core #2) and this incorporates a complex transfer structure at first floor level to
accommodate a shift in the position of the core for the upper floors of the building;

¢ The building has a modern steel and glass fagade which would be more sensitive to
distortion due to differential settlement along the perimeter secant pile wall than a
masonry or blockwork structure.

The settlement froughs that have been calculated for the tunnelling-induced ground loss for
each case in Table 5-9 are included in the calculations in Appendix C.
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At the design tunnel profile and for the raised tunnel profile (i.e. +1.0m) the settlement trough
of the ground movements due to tunnelling extends up to 15.0m to either side of the tunnel
centreline.

At the lowered tunnel profile (-5.0m) the settlement trough extends up to 20.0-25.0m to either
side of the tunnel centreline, but with a lower maximum settement and flatter slope.

Therefore, the settlements will not impact the western fagade of the building and should not
significantly impact the entrance lobby at the southwest corner of the building, which
contains a particularly sensitive curved glass wall and terrazzo floor at ground floor level but
is >25m from the centerline of the tunnel.

However, if the alignment of the tunnel under the building is moved horizontally by up to
15.0m to the west, which is within the horizontal Limits of Deviation proposed in the Draft
Railway Order, then the sensitive structures and finishes of the entrance lobby could be
brought into the zone of influence of the tunnelling induced settlements.

Significantly, as discussed in Section 3.0 and illustrated in Figure 3-7, at the design tunnel
alignment the TBM cutter head will hit the bottom 0.9m of the anti-flotation anchors for the
rainwater retention tank in the basement and this will increase to 1.9m if the tunnel is raised
by 1.0m to the upper limit of the LoD.

The anti-flotation flotation anchors prevent hydrostatic uplift of the floor slab of the tank and
are designed for a tensile force of 725kN. If the piles are hit by the TBM it will have a
significant impact on the building, i.e.:

s The capacity of the anchors will be reduced, potentially causing heave, cracking and
groundwater ingress in the rainwater harvesting tank;

e The TBM will also compromise the corrosion protection sleeve of the anchors, which
will leave the steel bar exposed to corrosion and reduce the design life of the anchors;

o The steel bars will obstruct the cutter head of the TBM potentially getting wrapped
around the cufting discs. This will necessitate an intervention below the building
which will involve:

o Stopping the TBM directly under the building foundations;
o Cutting off the slurry circulation and backing up the TBM; and

o Accessing to the front of the TBM to repair the damage to the cutter discs,
possibly under compressed air.

e This could have a significant adverse impact on the ground movements and related
damage to the building.

It would be recommended to lower the alignment of the tunnel by at least 5.0m to avoid
hitting the anti-flotation anchors and to reduce the potential damage category to the building
to Risk Category 1 (Very Slight) or lower. It would still be necessary to carry out a detailed
Phase 3 analytical assessment of the ground movements and distortion of the building to
confirm that the damage is withing acceptable thresholds that take account the specific design
and construction characteristics of the building within the settlement trough.
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The anti-flotation anchors under the rainwater harvesting tank could be avoided by moving
the horizontal alignment of the tunnel 15.0m to the west, However, are additional anti-
flotation anchors for another tank in the basement at the south end of the building that could
be impacted, as shown on Figure 3-7. This would also adversely impact the facade and
entrance lobby on the west side of the building, as discussed.

Moving the horizontal alignment of the tunnel 15.0m to the east, which is still within the
maximum proposed horizontal LoD, would have the double benefit of avoiding the anti-
flotation anchors and also significantly reducing the extent of the building that will be over
the tunnel. Therefore, this should also be considered in conjunction with lowering the level
of the tunnel to mitigate the likely significant adverse impacts of tunnelling under the
building.

It should also be noted that changing the alignment and lowering the level of the tunnel are
realistically the only effective mitigation measures that can be implemented to reduce the
impact of tunnelling on the Cadenza Building. There is very limited potential for other
methods of mitigation, such as compensation grouting, because the building is supported on
rock.
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57 Building Damage Assessment for Cadenza Building in the EIAR

The results of the building damage assessment calculations for the conditions assumed by
Jacobs/IDOM in the Building Damage Report (BDR) in Appendix AS5.17 of the EIAR are
presented in Appendix D.

The assessment was carried out for the Davitt House building that occupied the site prior to
the construction of the Cadenza Building.

This means that no building damage assessment has been cartied out in the EIAR for the
Cadenza Building. This is a significant omission because:

e The EIAR and Draft Railway Order (RO) were published in November 2022;
¢ The Davitt House Building was demolished in 2019; and

e Construction work started on the Cadenza Building in January 2020 and reached
practical completion in October 2022.

This means that the Cadenza building would have been clearly under construction by the time
that the building damage assessments were been carried out. Also, the building was
completed prior to the issue of the EIAR and Draft RO. Therefore, the building damage
assessment in the EIAR should have been carried out for the Cadenza building and not Davitt
House, which had been demolished three years earlier.

This is a notable omission in the EIAR as it means that the report does not assess the likely
significant impacts of tunnelling on the Cadenza building, despite the fact that it should have
been evident that the assessment on the Davitt House was no longer applicable.

What makes it particularly notable is that the Phase 2a building damage assessment that
Jacobs/IDOM carried out on Davitt House identified that the potential degree of damage to
the building would be in Risk Category 2 [Slight] due to ground movements below the 2.5m
deep foundations. In comparison, the foundations for the Cadenza Building, which has a
double basement, are at a depth of over 9.0mBGL which is much closer to the crown of the
tunnel and would result in a significantly higher level of distortion and damage to the
building.

For the record, the following is a summary of the Phase 2a building damage assessment that
was carried out by Jacobs/IDOM for Davitt House (see Appendix C) in the BDR:

¢ Davitt House has been identified in the BDR as a Case D “prominent”™ building that
requires special consideration (Building B-147 @ Ch. 19+020 in Appendix B.1).

* The assessment has been carried out for a 4-storey building with a total height of 12m
and a foundation depth of 2.5m below a ground level of 13.0mQD,

+ Based on their interpreted geological profile for the site (see Figure 4-2) the Phase 2a
building damage assessment should have been carried out using the upper bound
ground loss of 1.50% (ref: Table 5-1 of the BDR: Ch.18+980-19+100) and a trough
width parameter, K=0.4. This is intended to represent tunnelling in rock with <0.5D
cover of rock over the tunnel, where D is the tunnel diameter.
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We have checked the calculations, and our results would indicate that Jacobs/IDOM
actually carried out the assessment for the lower bound ground loss of 0.75%, which
is intended to represent tunnelling in rock with >0.5D cover of rock over the tunnel.

While this would be more representative of the actual conditions on the site, it is not
consistent with the information presented in the Building Damage Report by
Jacobs/IDOM, which incorrectly shows rock at a lower level below the building.

The structural response of the building was analysed using the ratio E/G = 2.6, which
the BDR states is representative of a masonry structure. [E= Young’s Modulus, G =
Shear Modulus).

The results of the assessment are presented in Table 5-10, which gives the calculated
values for:

¢ Max limiting tensile strain, emax (%)
o Mazximum ground slope on the settflement trough, mmax (%)
o Max settlement over the tunnel centreline, Sy (mm)

Based on these results and the criteria in Table 5-1, the estimated degree of damage to
the building due to tunnelling was in Risk Category 2 [Slight], which corresponds to
crack widths up to 1-5mm and the following damage criteria in Table 5-1:

Cracks easlly filied. Redecoration probably
required. Several slight fractures inside
bulding. Exterior cracks visible soma re-
pointing may be required for weather
tightness. Doors and windows may stick
slightly

This was considered by Jacobs/IDOM to be an acceptable degree of damage to the
building for the Phase 2a assessment so that no further analysis was required for the
EIAR, despite the fact that Davitt House was categorised as a Case D “prominent
building™.

1/3/2024
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5.8 The Assessment of the Impact of Implementing the Limits of Deviation for the
Tunnel Alignment on the Building Damage Assessment in the EIAR

The Phase 2a building damage assessments in the Jacobs/IDOM Building Damage Report
(BDR) in Appendix A5.17 of the EIAR were carried out for the proposed design profile of
the tunnel shown on the alignment drawings.

The following Limits of Deviation (LoD) have been proposed for the tunnel alignment in
Article 6 (Deviation) of Part 2 of the Draft Railway Order [6.1(d)]:

o 5.0m upwards
o 10.0m downwards
o *15.0m horizontally

During the Oral Hearing. in response to submissions received during the statutory
consultation process, TII proposed to amend the upward LoD for the tunnel in the Railway
Order to 1.0m, due to concerns of potential increased impact on buildings if the original
upward LoD were aliowed (Ref. Expert Witness Statement of Ronan Hallissey p7).

Changing the alignment of the tunnel, and particularly raising the level, could have a
significant impact on building damage. However, this is not considered in the Building
Damage Report in the EIAR,

The Wider Effects Report (WER) in Appendix 5.19 of the EIAR assesses whether the power
to deviate the tunnel alignment within the LoD would alter the predicted significant impacts
assessed and reported in the EIAR.

The report gives a high-level qualitative assessment of the impact of implementing the LoD
for relevant Chapters of the EAIR. However, the impact on building settlement and damage
is not addressed for Chapter 5 of EIAR (Metrolink Construction Phase), which contains the
Building Damage Report.

This is a very notable omission from the EIAR because it does not address the likely
significant impacts to buildings along the route if the level of the tunnel is raised.

It also does not assess the mirigating effect that lowering the level of the tunnel will have on
ground movements and building damage due to tunnelling. ~ As the Cadenza building is
supported on rock, this is the only realistic mitigation measure that can be used to reduce the
level of building settlement, distortion and damage to within tolerable limits.

The WER concludes that raising the tunne! alignment will have “no potential for significant
additional impacts” in relevant sections of the EIAR (e.g. soils & geology, Land Use, Major
Accidents & Emergency etc.) and that “there would be no change fo the required mitigation
measures, or to the residual impacts arising from the application of the mitigation measures
set out in the EIAR."

Furthermore, the WER does not specify any constraints on the implementation of the vertical
or horizontal LoD at the site of the Cadenza Building. This is very significant given the
likelihood that, at the design profile, the tunnel will hit the anti-flotation anchors for the
rainwater harvesting tank in the basement. Also, raising the level of the tunnel will increase
the potential degree of damage to the building,
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5.9  Oral Hearing — Additional Information on Implementing the LoD and the
Building Damage Assessment in the EIAR

During the Oral Hearing Jacobs/IDOM issued a Technical Note that addresses the Impact on
the Preliminary Design Building Damage Assessment Results due to the Imposition of the
Limits of Deviation, under the following heading:

Updates Appendix 8 Impact on the Preliminary Design Bullding Damage Assessment Results due to Imposition of Limits of Deviatien

A copy of the technical note is included in Appendix D. The technical note relates to the
conclusions in the Building Damage Report (Appendix A5.17 of the EIAR). However, it is
not issued as an addendum to the Wider Effects Report and the BDR and WER have not been
updated.

I would have the following comments on the assessment in the technical note:

¢ Technically, this means that TII have now carried out an assessment of implementing
the LoD on the Building Damage Assessment. However, I would consider that the
assessment is very generic, does not properly assess the impacts and is not fit for
purpose in the case of the Cadenza Building. i.e.

o The assessment has been carried out on a generic project-wide basis for
buildings that fall into Damage Category 1 (DC-1), Damage Category 2 (DC-
2) and Damage Category 3 (DC-3) so there is still no specific assessment for
the Cadenza Building.

o The assessment for the raised tunnel profile has been carried out for the
revised upward LoD of +1.0m but also at the maximum Lateral LoD of
15.0m. It does not assess the impacts separately or state in which direction the
lateral LoD is applied. This is particularly significant for the Cadenza
Building where vertical and horizontal changes to the tunnel alignment can
have different impacts on the anti-flotation anchors and building damage.

o The technical note states that “guantitative assessments have been carried ouf”
for buildings in the DC-2 category, which would include Davitt House on the
site of the Cadenza Building. However, the methodology of the analyses is
not stated and the results are not provided, so we can only assume that the
methodology is the same as the Phase 2a assessment in the BDR.

o The technical note concludes that

® there will be no increase in the damage category level for any of the
DC-2 buildings;

= Different and/or additional impacts from the assessment are below
“Slight” (i.e. below Risk Category 2). Therefore, there will be

¢ no change to the required mitigation measures set out in the
EIAR;

* no change fo the residual impacts arising from the application
of these mitigation measures; and

¢ 1o additional significant impacts.
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Our assessment demonstrates that raising the tunnel level could potentially
increase the impact on the building and facade to Risk Category 3 (Moderate),
particularly if the concentrated loads from the pad foundations and perimeter
secant piles are taken into account.

The technical note generically concludes that lowering the vertical alignment
could only improve on the damage potential in all cases. They have not
properly assessed the positive impacts of lowering the tunnel profile as a
mitigation measure.

Fundamentally, the methodology is still based on Risk Category 2 [Slight
Damage] being considered an acceptable threshold of damage for the
Phase 2A assessment in the Building Damage Report.

This generic methodology is not fit for purpose for the Cadenza Building
because it does not reflect the lower limits of acceptable building distortion
and damage that would apply to the building facade and basement
waterproofing system, which are particularly sensitive to differential
settlement and cracking.
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6.0

SUMMARY

The assessment of building damage due to tunnelling-induced ground movements is
presented in the Building Damage Report (the “BDR™) by Jacobs/IDOM in Appendix
A5.17 of the EIAR.

The assessment for the site of the Cadenza building was carried out for Davitt House.
which previously occupied the site but was demolished three years prior to the issue
of the EIAR and Draft Railway Order (RO) in November 2022.

Construction work on the Cadenza building started in January 2020 and the building
reached practical completion in October 2022, which was also prior to the issue of the
EIAR and draft RO.

Therefore, it is a notable omission that the likely significant effects of tunnelling
on the Cadenza building have not been assessed in the EIAR.

This is particularly notable because,

o with a double basement and a foundation level that is up to 9m below ground
level, the Cadenza Building would be classified as a Case B “special
structure” which would require particular consideration in the BDR;

o the deeper foundations of the Cadenza Building, which reduce the cover over
the tunnel, would result in higher levels of building distortion and damage
than those predicted for Davitt House, which had shatlow foundations; and

o the structural characteristics of the Cadenza Building would likely be more
sensitive to ground movements with lower tolerances to cracking, building
distortion and damage.

The Building Damage Assessment for the Cadenza building in this report has been
carried out using the refined Phase 2a parameters for ground loss of 0.5% and 1.0%
that are presented in the BDR for tunnelling in rock and superficial material (i.e.
soils), respectively. These are considered by Jacobs/IDOM to be compatible with the
values experienced using the modern tunnelling equipment and control systems that
are expected to be used on the Metrolink project. The value of 0.5% for ground loss
related to tunnelling in rock is also consistent with experience on the Dublin Port
Tunnel (Gillarduzz, 2014).

At the Cadenza building the tunnel will be in rock with >0.5D cover of rock under the
building at the design profile, where D is the tunnel diameter (9.53m). Therefore, the
lower bound value of 0.5% should generally apply. However, the upper bound
ground loss of 1.0% assesses the sensitivity of the analysis and could potentially
account for concentrated loads from the building foundations, depending on the level
of the tunnel,

The tunnel rises by 0.55m from north to south. Therefore, we have carried out our
analyses at 3 No. representative profiles across the width of the building to assess the
impact of the tunnelling on the basement floor slab, internal reinforced concrete
frame, and the fagade.

We have accounted for the different foundation levels below the basement floor slab
(+6.0mOD), internal pad foundations (+4.80mOD), and the load bearing structural
piles in the perimeter secant pile wall which supports the fagade (+2.50mOD).

1/3/2624
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e We have also assessed the adverse impact of raising the level of the tunnel by 1.0m
and the positive impact of lowering it by up to 5.0m, which are within the revised
Limits of Deviation proposed during the Oral Hearing for the Draft Railway Order
(RO) (+1.0m upwards/-10m downwards).

s The potential impact of changing the horizontal alignment within the proposed Limits
of Deviation (&15.0m) has been assessed qualitatively — specifically in relation to the
extent of the building over the tunnel and the potential impact on the fagade and the
anti-flotation anchors for the rain in the basement.

e At the design profile shown on the RO alignment drawings, the potential damage to
the building at the lower bound ground loss of 0.5% has been assessed as Slight
(Risk Category 2) for the internal RC structure and for the secant pile wall and
facade on the east side of the building,

e This corresponds to crack widths up to 1-5mm and the following damage criteria in
Table 5-1 which could still have unacceptable adverse impacts on the structure and
basement waterproofing:

Cracks easily filled. Redecoration probably
required. Several slight fractures inside
building. Exterior cracks visible some re-
pointing may be required for weather
tightness. Doors and windows may stick
slightly

o The lower-bound results for the 0.5% ground loss, should represent the conditions for
tunnelling in the Limestone rock below the building. However, it does not take into
account the concentrated loads from the internal pad foundations or the load-bearing
structural piles, which are directly over the tunnel in places.

e If the ground loss is increased to 1.0% as a sensitivity analysis to account for the
concentrated building foundation loads, then the damage level could potentially
increase to Moderate (Risk Category 3) for the internal RC structure and for the
secant pile wall and fagade on the east side of the building,

e This corresponds to crack widths up to 5-15mm (or a number of cracks greater than
3mm) and the following damage criteria in Table 5-1, which could have significant
unacceptable adverse impacts on the structure and basement waterproofing:

Cracks may require cutting out and
patching. Recurrent cracks can me masked
by suitable linings.

Re-pointing and possibly replacement of a
small amount of extent brickwork may be
required. Doors and windows sticking. Utility
services may be interrupted.

Weather tightness often impaired

e Significantly, at the design profile the TBM will hit the bottom 0.9m of the anti-
flotation anchors for the rainwater retention tank in the basement of the
building. This will compromise the capacity and integrity of the anchors, potentially
causing heave, cracking and groundwater ingress into the tank, which could flood the
basement.
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If the TBM hits the anchors an intervention would likely be required to access the
front of the tunnel and remove the obstruction. This would involve stopping the TBM
directly below the building, turning off all the circulating slurry that controls ground
movements, and then backing the machine up from the face to facilitate man access.
This could have significant adverse impacts on ground movements and building
damage.

If the tunnel is raised by 1.0m, there will be a slight increase in the ground
movements and building distortion, potentially increasing the level of damage to the
perimeter secant pile wall and building fagade to Slight to Moderate (Risk Category
2/3) at a ground loss of 0.5% or Moderate to Severe (Risk Category 3/4) at an
upper bound ground loss of 1.0%, which could account for the concentrated loads
under the toe of the structural piles which will be <5.0m above the crown of the
tunnel at the higher fevel.

Raising the level of the tunnel would also increase the depth of the anti-flotation
anchors in the basement that could be hit by the tunnel, significantly increasing the
risk of ground movements and building damage.

Lowering the level of the tunnel has significant posifive impacts on building
damage. If the alignment is lowered by 5.0m, the concentrated loads from the
building foundations will have less impact on ground movements because the loads
become less concentrated and more uniformly distributed into the ground. Therefore,
the lower bound assessment for a ground loss of 0.5% may give a more representative
assessment of the risk of building damage, which is Very Slight (Risk Category 1)
for the basement floor slab and internal RC structure, and Very Slight to Slight (Risk
Category 1/2) for the perimeter secant pile wall and east building fagade.

Risk Category 1 (Very Slight) corresponds to cracks up to 0.1-lmm wide and the
following damage criteria in Table 5-1:

Fine cracks easily treated during normal
redecoration. Perhaps Isolated slight
fracture in building

Cracks in exterior brickwork visible upon
close inspection

Lowering the tunnel by 5.0m would also bring the level of the TBM below the toe of
the anti-flotation anchors for the rainwater harvesting tank in the basement.

Therefore, the alignment of the tunnel should be lowered by at least 5.0m to avoid
hitting the anti-flotation anchors and to reduce the potential damage category to the
building to Risk Category 1 (Very Slight) or lower.

Consideration would still need to be given to what is an acceptable risk category and
degree of damage for the Cadenza building. Fundamentally, the building damage
assessment methodology in the EIAR is based on Risk Category 2 (Slight Damage)
being considered by Jacobs/IDOM to be an acceptable threshold of damage for all
buildings along the route so that no further assessment is required.

This generic methodology was developed for masonry structures and is not fit for
purpose for the Cadenza Building because it does not reflect the lower limits of
acceptable building distortion and damage that would apply to the building fagade,
internal RC structure and basement waterproofing system, which are particularly
sensitive to differential settlement and cracking.
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It would still be necessary to carry out a detailed Phase 3 analytical assessment of the
ground movements and distortion of the building to confirm that the damage is
withing acceptable thresholds that take account the specific design and construction
characteristics of the building.

At the design tunnel alignment and for the raised alignment (+1.0m) the profile of
settlements due to tunnelling extends up to 15.0m to either side of the tunnel
centreline. This distance increases to 20.0-25.0m if the tunnel is lowered by 5.0m,
but with a lower maximum settlement and flatter slope.

This means that the settlements should not significantly impact the western fagade of
the building or the entrance lobby at the southwest corner, which contains a
particularly sensitive curved glass wall and terrazzo floor at ground floor level but is
>25m from the centerline of the tunnel.

However, if the alignment of the tunnel is moved horizontally by up to 15.0m to the
west, which is within the horizontal Limits of Deviation proposed in the Draft
Railway Order, then the sensitive structures and finishes of the entrance lobby could
be brought into the zone of influence of the tunnelling induced settlements, which
would not be recommended.

Moving the alignment to the west also still potentially impacts the anti-flotation
anchors on this side of the basement.

Moving the horizontal alignment of the tunnel 15.0m to the east, which is still within
the maximum proposed horizontal LoD, would have significant positive impacts for
the Cadenza Building i.e.:

o It would significantly reduce the extent of the building over the tunnel; and
o It would avoid all the anti-flotation anchots in the basement.

Therefore, this should also be considered in conjunction with lowering the level of the
tunnel to mitigate the likely significant adverse impacts of tunnelling under the
building.

The impact of implementing the LoD on building has not been assessed by
Jacobs/IDOM in the Wider Effects Report (WER) in Appendix 5.19 of the EIAR,
which is intended to assess whether the power to deviate the tunnel alignment within
the LoD would alter the predicted significant impacts reported in the EIAR.

This is a very notable omission from the EIAR as changing the alignhment of the
tunnel will have likely significant impacts on building damage. Furthermore,
lowering the level of the tunnel will have positive impacts on building damage,
which has not been properly assessed in the EIAR.

As the Cadenza building is supported on rock, changing the alignment of the building
would be the primary mitigation measure to reduce the level of building settlement,
distortion and damage to within tolerable limits.

During the Oral Hearing, Jacobs/IDOM prepared a technical note to assess the
potential impact of implementing the LoD on the results of the building damage
assessment in the BDR. However, in my opinion it does not properly assess the likely
significant impacts, i.e.

11372024
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The assessment is very generic and still does not include a specific assessment
for the Cadenza Building (i.c. it is still based on the results in the BDR for
Davitt House);

The methodology and results of the analyses are not presented in the technical
note;

It does not treat changes to the vertical and horizontal alignment separately,
which is particularly relevant to the Cadenza building;

It is still based on an acceptable threshold of building damage at Risk
Category 2 (Slight), which is not fit for purpose fort he Cadenza Building as it
does not reflect the lower limits of acceptable building distortion and damage
that would apply to the building facade, internal structure, and basement
waterproofing system;

The positive impact of lowering the tunnel alignment has not been properly
assessed.

1/3/2024
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7.0
Based

RECOMMENDATIONS
on the results of the Refined Phase 2a BDA for the Cadenza Building we would

recommend that:

The level of the tunnel should be lowered by at least 5.0m to avoid hitting the anti-
flotation anchors and to reduce the effect of tunnelling related ground movements on
the building.

Consideration should also be given to moving the tunnel horizontally to the east by
15.0m to reduce the extent of the building that is over the tunnel and to move the
tunnel away from the anti-flotation anchors.

The Wider Effects Report should be revised to include a constraint on the application
of the Limits of Deviation for the tunnel under the Arthur Cox Building so that there
is no scope for deviation from the revised tunnel alignment due to the potential for
significant adverse impacts on the building.

A more detailed Phase 3 analytic building assessment should be carried out as part of
the approval process to confirm that the degree of building distortion and damage due
to tunnelling induced ground movements is within acceptable limits for all aspects of
the structure.

As part of the Phase 3 assessment TII and Jacobs/IDOM should liaise with the
structural designers of the building facade, structure and basement waterproofing
system to determine the acceptable threshold limits of building distortion, damage and
ground movements due to tunnelling.

The Phase 3 assessment should take account of the concentrated building foundation
loads and should include a risk assessment to assess the effects of tunnelling induced
ground movements over a range of ground loss of at least 0.25%-0.50% for tunnelling
in rock, and not just the best-case scenario.

The EIAR should properly assess the positive impact of lowering the tunnel alignment
in the Phase 3 assessment, and should also assess appropriate design and construction
mitigation measures that are relevant to the Cadenza Building. As the building is on
rock, lowering the tunnel level will be the most effective mitigation measures to
reduce the impact of tunnelling induced ground movements. There will be limited
potential for compensation grouting or jacking.

Consideration should also be given to specify the type of TBM that will be used, or to
specify appropriate limits on building distortion or ground loss due to tunnelling.

The EIAR should also include appropriate monitoring measures for the building to
ensure that settlements and the resulting stresses and strains in the structure are within
acceptable limits.

1/3/2024
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Damage Assess t Report of Buildings
and Other Asset?en ; JACOBS

2. General Description of Underground Structures

2.1 TBM Tunnels

The MetroLink tunnel alignment will consist of a single bore bi-directional tunnel constructed by means of a
tunnel boring machine (TBM) that will be specified and designed to enable tunnelling generated ground
movements to be minimalised. The tunnels have been designed with an internal diameter of 8.5m, determined
by the rolling stock kinematic clearance, and railway services requirement (See Figure 2-1).

From a review of the expected geclogy and hydrogeology along the tunnel alignment, the construction and
logistics constraints, and the anticipated TBM operational procedures, it is considered likely that a variable density
(VD) TBM or a Mix Shield TBM will be selected. It therefore follows that the main characteristics of the TBM
required to meet the tunnel requirements will be as follows.

o Diameter of the cutter head: 9.53m

e Diameter of the frontal shield: 9.50m

» Diameter at the rear of the shield: 9.48m

» Shield length {approx.): 10.00m

+ Diametrical gap (outer diameter of excavation): 0.33m

»  Minimum radius of curvature; 300m {Note: minimum alignment curve radius is 350m).

The tunnel lining itself has been assessed for all relevant ground loading conditions, manufacturing loads
{demoulding, storage, and transportation) and segment installation during ring-build. The main characteristics of
the segments are:

+ Typclogy: Universal ring.
s Thickness: 35 em.
« Concrete class: C40/50
s Reinforcement: Steel bars class C + steel fibres (Model Code FRC 4e)
»  Fire protection: Polypropylene fibres
- I- -~ s ¥

Figure 2-1: TBM Tunnel Geometry

2.2 Non-TBM Underground Structures

Five galleries, comprising two ventilation and three emergency gaileries will be required, connected to the main
tunnels within the curtilage of Dublin Airport and at Albert College Park Intervention Shaft. These will enable
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Project Metrolink — Building Damage Assessment (BDA) Phase 2a BDA for Cadenza Building

Appendix B
SI Data for Cadenza Building
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- . Site Borehole I
Ground Investigations Ireland Ltd , Number
- Davitt House, Earlsior Teirace BHO1
www.gil.ie
8
Machine : Beretla T44 Casing Diameter Ground Level (mOD)| Client Job .
Number
Flush : Polymer 100mm 1o 10.70m 12.22 Urban Solutions 8149-10-18
Core Dia: 100 mm
Location ates Project Contractor Sheet
Method ; Rotary Cored 19/10/2018
Gound Investigations lreland 12
Deptn Level | Depth 5
TCR SCR | RQD Fl Fleld R d [¢]3) rﬁ Description Legend = | Instr
im) N ek Records  {mOD) | o (). cs) b |-egend) 2
12.14 5_._ 0.08 |) TARMAC Q
:: (042} Crey fine to coarse angular to sub-angular
. " o 11728~ 050 [ Crushed Rock FIEL
— Paor Recavery Driller notes cobbles boulders and
- building rubble
[ E—
1.20 a =
| E (220
1,213,34.4 E
1.80-2.25 SPT(C) N=14 =
5 | o0 0 =
852 270 \“\ARE GROUND: Brown skghily sandy siightly
= (0.50) gravelly Clay with rare fragments of redbrick and a
E— . strong hydracarbon smell
S TR i L 8021 320 [ possible MADE GROUND dark grey signfly sandy <
3.90-3.65 S'PT(bi N=14 e slightly gravelly CLAY (Firm to Stiff)
57| o 0 = (150)
470 4314434 7.52 = 410 i dak grey slightly sandy slightly gravelly CLAY
4.70-5.15 SPT(C) N=15 e
E  (0.80)
80 | 13 10 =
e - 5.50 Very stiff dark grey slightly sandy gravelly CLAY
= (D.40)
5.85 [ 632E 590 edum strong medium bedded dark grey fine
- grained LIMESTONE with thin mudsfone L
1 E laminations. Partially weathered to unweathered I
6.20 9 = F1: 0-15 Degrees. medium te close spacing, 1
F— (1.20) planar smooth with some clay smearing. F2: 1
= 70-8-Degrees, undulating rough, quartz 1
E crystal growth along fracture(vein). T
100 70 20 = :
7.10 5125 710 —erium sirong Thinly bedded o iickly laminated  F
E dark grey fine grained LIMESTONE interbedded L
18 = (D.80) | with weak thinly laminated black calcareous L
E MUDSTONE. Partially weathered to unweathered [ L
452 7.70 F1: 0-15 Degrees, very closely spaced, planar 1
770 £ | smooth with some clay infill =
— Mediwm strong thinly bedded to thickly laminated I ,'
= dark grey fine grained LIMESTONE interbedded -
= with weak thinly laminated black cal I
100 93 57 = MUDSTONE. Partially weathered to unweathered [ :
- I
E F1: 0-15 Degrees, close 1o very clsoely -
= spaced, planar smooth with some clay infiling T
E and smearing. -
g 12 .
L —= 9 k- 3.00 I
9.20 = (3.00) 1'_1
— T
E -
= -
100 93 57 il T
Remarks | ad
No Groundwater encountered. (a%;ﬂ;) lB.t;’ed
Standpipe installed, slctted from 10.70m to 1.0m with gravel surround, sealed from 1.0m to GL with a bentonite surround and flush cover.
Borehole backfilled upon completion
1:50 Tmel
Figure No.

8149-10-18.BHO1

]
Produced by the GEOtechnical DAtabase SYstem (GEODASY) @ all rights reserved



. . Site Borehole
| Ground Investigations Ireland Ltd |~ Number
. Davitt House, Earlsfort Termace BHO1
www.gll.le
| Machine : Beretta T44 Casing Diameter Ground Level (mOD) | Client .PIJOb i
| . . umber
. Flush  : Polymer 100mm to 10.70m 12.22 Urban Solutions 8149.10-18
| Core Dia: 100 mm .
Locatlon Dates Project Contractor | Sheet
Method : Rotary Cored 1€/10/2018
| Gound Investigations Ireland 202
T T t
Depth | - Level Depth .
(m) TCR SCR | RQD FL Field Records (mOD) é@ Dascription
| | (Thickness)
| | =
E |
' 1526 1070
10.70 = Complete at 10.70m
' |
|
| | |
|
| E
|
| E . .
| -
E |
= |
| E ‘
| o B | |
| E - |
E |
| B | |
| |
E |
| 2 |
E |
E [
E |
|
|
[ E |
| |
| ‘
E
=
3 |
| i |
|
| l | | |
| | | - E | |
| | E
| | | E | ,|
Remarks l Scale | Logged
(approx} | By
|
1:50 Tmel
| Figure No,
8149-10-18.BHO1

Produced by the GEQMechnical DAtabase SYstem (GEODASY) @ all rights reserved



E 0 Site Borehole
Ground Investigations Ireland Ltd ‘ Number
e Davitt House, Earlsfort Terrace BHO2
www.gil.ie
Machine : Beretta T44 Casing Diameter Ground Level {(mOD)| Client Job
. Number
Flush  : Polymer 100mm to 30.70m 11.24 Urban Solutions 8149-10-18
Core Dla: 100 mm
Location Dates Project Contractor Sheet
Methed : Rotary Cored 18/10/2018
Gound Investigations Ireland kb
Depth Level | Depth ]
m TCR SCR | RQD Fl Field R d 5% Description Legend| ®
g . ield Racords | (MOD] |y idifless) E gend) £
MnA9E" 0,05 '[TARMAC
2 (0'35)3 fine tal b-angular Grushed Rack
I o = |, Grey fine tc coarse angular to sub-angular Crushed Roc|
0.40 10.84 = 040 1Y
:: Reiniorced Concrete
E (085
ol o | o =
089 135 ; : :
| 12.14/50 E Very stff dark grey slightly sandy slightly gravelly CLAY with
1.50-4.70 SPT(C) 50/50 = rare cobbles
1.80 I ! ! =
|
N 8 | o 0 25550, o
50-2, FT(C) 25%/20 =
| 50/10 I = (2.55)
k . o ::
3.20 e
00| 83 83 =
3.90 Mz 390 em sirong thinly bedded grey fing grained
£ LIMESTONE interbedded with weak thinly bedded to thickly
NI E (055 | jaminated black MUDSTONE, Partially westhered to
= unweathered
444 879 445 | The sequence is predominatley non - intact recovery
4.45 - indicates; One set of fractures F1i: 0-10 Degress,
o medium spacing, planar rough with soms clay smearing |
5‘_ Medium streng thinly bedded grey fine grained
= LIMESTONE interbedded with weak thinly bedded to thickly
160 93 33 E laminated black MUDSTONE. Partially weathered to
= unweathered
14 = (2.10)
:: F1: 5-15 Degrees. closiey spaced, planar smooth with
5.80 I | i :__ some clay infilling
6.55 100 5 23 459 :—_ 855 - Medium strong thinly bedded grey fine grained
E LIMESTONE interbedded with weak thinly bedded to thickly
NI = laminated black MUDSTONE. Partially weathered to
— unweathered
7.40 I = Non-intact Zone between 6.55m 1o 7.25m BGL
7.25 o
£ (208 F1: 010 Degrees. medium to close spacing, planar
E smooth with some clay smearing
100 40 47 =
12 e
+ 1 284 880
8.80 = Complete at .60m
Remark — ' '
rKs
No Greundwater encountered. (ag?,ﬂ&) Iéggged
Borehele backfilled upon completion
1:50 Tmcl
Figure No.
8145-10-18.BHO2

Produced by the GEOtechnical DAfabase SYstem (GEODASY) © all rights reserved



Site | Borehole l

Ground Investigations Ireland Ltd ‘ Number
- Davitt House, Earlsfort Terrace BHO3
www.gll.le
Machine : Beretta T44 Casing Diameter Ground Level (mOD) Client Job
. Number
Flush :Polymer 100mm to 10.70m 10.80 Urban Solutiens 8149-10-18
Core Dia: 100 mm 1
Location ates Project Contractor Sheet
Method : Rotary Cored 09/110/20798-
1711072018 Gound Investigations Ireland M
T T T —T
Dergth Level Depth 3
TCR SCR RaQD Fi Field Records moD rﬁ D ipti L d = | Inst
{m) ield Reco | ) (Thiékrzess}_ escription egen g ! nstr
| | ‘ | 10.70 0.10 { TARMAC
040 Grey fine to coarse angular to sub-angufar
4 10.30 p.50 + Crushed Rock FILL
0.50 10.20 0.60 —
| E Dark grey slightly sandy very clayey angular to
‘ | | ; sub-rounded fine to coarse GRAVEL.
0 . 0 o Very stiff dark grey slightly sandy gravelly CLAY. [
E [
1.50 ) 10,14150
1.50-1.7¢ SPTI(C) 50/50
| (2.60)
00 o 0 =
| E |
00 ' 25/50 E ;
2.28-3.03 NI ES,H}C) Gy =0 E 320 I—edium sirong Thinly bedded dark grey fine -i;. Al
340 - £ grained LIMESTONE with thin mudstone t‘t"_;’q }f,&,ﬁ
4 | | E laminations. Partially weathered to unweathered, i et Ej‘w:n
a7 83 43 E {080} | F1: 0-10 Degrees, medium ta closely spaced, L1 E:i{ :|
E planar smoath with some clay infill. F2: 70-80 Ll e i“-"_ﬁ»f
E* Degrees, undulating rough with crysatt growth LT T .,‘:;"j 5}%‘3.!
| 6.70 - 440 L along fracture surface(Vein). 1 el 3, 4l
!;_I | Medium stron? thickly to thinly bedded dark grey Qjﬁ 2 a8
| o E fine grained LIMESTONE interbedded with weak | o]
| 450 1 1 E thinly laminated black MUDSTONE. Partially 'J’V ¥l
- E weathered to unweathered. E}ﬁ 'i“-
| | ol
.{v{_ §€|
| = E‘Eﬁ- gl
100 70 40 = o]
= | Eeipe gk
550 E {fiﬂ 'év‘%
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Earlsfort Terrace — Geobore-S Rotary Core
Photographs
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Project Metrolink — Building Damage Assessment (BDA) Phase 2a BDA for Cadenza Building

Appendix C

Building Damage Assessment
Refined Phase 2a Calculations
(Not Included)



Project Metrolink — Building Damage Assessment (BDA} Phase 2a BDA for Cadenza Building

Appendix D

Building Damage Assessment
EIAR Phase 2a Assessment
Methodology

&

Technical Note from Oral Hearing on
Impact of Implementing the LoD on the
Building Damage Assessment in the
EJAR
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IN THE MATTER OF AN APPLICATION TO
AN BORD PLEANALA

For Approval of the Railway (Metrolink — Estuary to Charlemont via
Dublin Airport) Order [2022]

ABP-314724-22

ORAL HEARING

STATEMENT OF EVIDENCE

on

(i) Amendments to the Railway Order and Schedules / drawings and
modifications to the scheme

(ii) Errata
(iii) Agreements presented to the Oral Hearing
(iv) Updates to the EIAR

By

Ronan Hallissey

19 February 2024



MetroLink Oral Hearing
Brief of Evidence of Ronan Hallissey

(i) Amendments to the Railway Order and Schedules / drawings and modifications to the scheme (ii) Errata (iii)
Agreements presented to the Oral Hearing (iv) Updates to the EIAR

512 Chapter § MefroLink Construction Phase
(a) The proposed reduction in the vertical upward limits of deviation.

Chapter 5 of the EIAR presents details of the construction methodology and programme for the proposed project.
Tl wish to make a single amendment to this chapter in regard to the proposed Limit of Daviations

Limits of Deviations

In the Draft Railway Order for MetroLink Limits of Deviation (LODs) are proposed and these LODs are the same as
those approved by the Board for “Old Metro North” and "Dart Underground”. (Refer to Tables below)

Project Element Vertically (upwards) (m) Vertically (downwards) Horizontally (in all
directions from centre
line) (m)
Surface works (not impacting on 2 2 5 ‘
| public roadways) | |
Surface works {impacting on public | 1 1 25
| roadways} ‘
Tunnel Alignment | 5 10 ! 15 |

Project Element Vertically (upwards) (m) Vertically (downwards) Horizontally (in all

(m) directions from centre
line) (m)

Retained Cut and Cut and Cover 1 2 25
Alignment

. |

| Stafion Box Locations 5 ‘ 10 2

However a number of submissions received from the statutory consultation process raised corcems with regard to
the LODs, particularly those that allowed for movement upwards as it was identified that there was potential for
increased impact on buildings should the LOD upwards be allowed. I
In response to this, Tl proposed to madify the proposed LOD to restrict any potential deviation upwards to just 1m.
These new limits will further reduce potential impacts above the alignment, specifically on:

a) Settlement Effects;

b} Groundborne Noise & Vibration;

¢) Effects on future site development potential.

M-7304E575-1 7
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Project: Dublin MetroLink
Doc No: ML1-JAI-GEO-ROUT_XX-RP-Y-00034

Impact on the Preliminary Design Building Damage Assessment Results due to Imposition of

Subject: Limits of Deviation

Revision No. PO

Prepared by: Alberto Jaen-Toribio Date: 10.11.23

Checked by: Mahee Maheetharan Date: 10.11.23

Reviewed by: Mahee Maheetharan Date: 10.11.23

Approved by: Paul Brown Date: 10.11.23
1. Background and Purpose

The building damage assessment work carried out and reported in ML1-JAI-GEO-ROUT_XX-
RP-Y-00034 P03 [Ref. 1] is based on the draft Railway Order (RO). The Draft RO includes for
Limits of Deviation (LOD) for proposed MetroLink infrastructure that can be availed of, if
practicable. This Technical Note assesses the potential impact on the Preliminary Design
building damage assessment work should the LOD set out by the Draft RO {Article 6) be availed
of.

2. Basis of Assessment

The impact of settlement has been assessed assuming that the LOD set out by the Draft RO
Article 6 might be availed of, except for the tunnel vertical alignment, which it is assumed will
only be moved upwards by 1m from that shown by the RO application.

3. Assessment Approach and Findings

A review of buildings within Damage Category 1 or below and those buildings not currently
impacted by the RO design alignment has been undertaken to ascertain sensitivity to change
due to alignment alterations within the horizontal LOD set out by the Draft RO. Based on the
analysis of selected worst-case buildings, it has been concluded that any buildings assessed as
falling into Damage Category-1 {DC-1) or below based on the Draft RO are unlikely to fall to
above DC-2 level due to the imposition of the horizontal LOD or vertical LOD limited to 1m.

Further, the damage category of buildings in the vicinity of the proposed station boxes is
unlikely to be affected due to the restriction in the LOD for station boxes; i.e. maximum of 2m.
It is also concluded that the buildings currently outside the 10mm green-field contour line
based on the RO design alignment are unlikely to be impacted above DC-2 level due to the
imposition of the LOD, hence there are no significant impacts predicted.

For the buildings away from the proposed station boxes and showing DC-2 level based on the
RO application tunnel alignment, quantitative assessments have been carried out with the
tunnel horizontal alignment at the extremity of the LOD together with a vertical upwards LOD
of 1m; this exercise showed that there will be no increase in the damage category level.

ol
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Further, for the buitdings currently falling into DC-3 level, it has been confirmed by inspection
that they are already at their worst possible position in relation to the RO application tunnel
alignment and therefore the imposition of horizontal LOD with an upwards vertical LOD limited
to 1m is unlikely to have any adverse impact.

In all cases, lowering of the vertical alignment could only improves on the damage potential.

4, Conclusions

The building damage assessment carried out and reported in ML1-JAI-GEQ-ROUT_XX-RP-Y-
00034 P03 [Ref. 1]is based on the RO application tunnel alignment.

The analysis carried out in this TN has concluded that there wilt be no additional buildings that
would qualify for Phase-3 Assessment to that reported by the EIAR should the LOD set out by
the Draft RO be availed, including the vertical upwards tunnel LOD limited to 1m.

Potentially different and/or additional impacts (below “Slight”) associated with possible
deviations to the route within the LOD have been identified. Based on this analysis, it is
concluded that there would be no change to the required mitigation measures or residual
impacts arising from the application of the mitigation measures set out in the EIAR and no
additional significant impacts.

5. References

[1] Jacobs Engineering Ireland Limited (2022), Damage Assessment Report of Buildings and
Other Assets ML1-JAI-GEO-ROUT_XX-RP-Y-00034 P03 (Dated 22/06/2022)
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