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1. Background and Purpose

The industry standard three-phased ground-movement-induced building damage assessment process
is being applied for the Dublin MetroLink Project. As part of the Preliminary Design, the Phase-1 and
Phase-2a (initial stage of Phase-2) assessments have now been completed. The details of the
assessment process and the findings are reported in the Damage Assessment Report of Buildings and
Other Assets [Ref. 1]. The Phase-1 and Phase-2 assessments are based on empirical methods, case
history data and on conservative design assumptions. The appointed D&B Contractor will subsequently
review and refine the Phase-2a assessment which will then form the Phase-2b (final stage of Phase-2)
assessment. The buildings which show Damage Category-3 (DC-3) or above will be subject to a Phase-
3 assessment. The Phase-3 assessment is building-specific and will utilise the detailed site-specific
ground information and the proposed method of construction. This will therefore be carried out at the
detailed design stage by the D&B Contractor. Phase-3 assessment will generally show improvement on
the Phase-2 assessment results as detailed building-specific data being utilised for the assessment; i.e.
resulting in reduction of the assessed Damage Category. At the end of the Phase-3 assessment, if the
Damage Category is still unacceptable (DC-3 or above), appropriate mitigation measures would be
required to those buildings. Although the above process is strictly applicable for masonry buildings on
shallow foundations, for the initial assessment phases (Phases 1 & 2), the same process is adopted for
concrete framed structures as well.

Arthur Cox Building is located in Dublin 2 (site also known as 10 Earlsfort Terrace and shown in Photo
A and Photo B below) between chainages 18+920 and 18+980. It is a concrete framed structure with
large-glazed windows and with two-level basement. The standard Phase-2a assessment results show
Damage Category-2 (Slight) for this building. Despite, due to the form of construction of the building
and the presence of the deep basement, it has been qualified for a Phase-3 detailed assessment to be
carried at the detailed design stage.

A preliminary Phase-3 assessment has been undertaken at this stage and reported in this Technical
Note following the concerns raised by the Building Owner (Ref. 5) during the Railway Order process.
The primary purpose of this assessment is to demonstrate that the level of anticipated damage at the
end of the final Phase-3 assessment to be carried out by the D&B Contractor would be within the
acceptable limits.
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2. Details and features of Arthur Cox Building

Technical Note

Two images of Arthur Cox Building are shown in Photo-1 and Photo-2. It is a 7-storey modern glass
clad building with 8.6m deep two-level basement. The watertight basement heavily relies on the
structural integrity of the concrete to prevent groundwater ingress. The glass facade and part of the
columns are supported on a perimeter secant pile wall around the basement raft slab.

This class of foundation system makes this building more resilient to withstand the construction
induced ground movements compared to a conventional concrete-framed structures. In particular, the
basement raft slab is very effective in restraining the lateral ground movements applied to the
building. Further, the raft slab is also effective in smoothing out the greenfield differential settlement
imposed on the building. The presence of load bearing secant pile walls along the lines of the glazing
facades further dampen the greenfield differential settlement applied to the facades.

Due to the above features, the damage assessment has been carried out using both the methods
developed for Masonry Buildings and the method described in CIRIA C796 for framed buildings.

Image A: Arthur Cox Building (Earlsfort Terrace with Hatch Street Lower)
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Image B: Arthur Cox Building (Hatch Pl with Hatch Street Lower)

3: Methodology of Phase-3 Assessment

The Arthur Cox building (B-238) lies entirely within the tunnelling zone (i.e. away from the proposed
station boxes and other excavations). The Phase-2a assessment for the buildings has been based on a
semi-empirical method and assumes that the shape of the settlement trough above a single tunnel
follows a Gaussian (bell-shaped) distribution, and the volume of the settlement trough is assumed to
be equal to the total volume of lost ground during tunnelling. The method is based on the previous
experience in TBM tunnelling and requires only empirical parameters.
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Figure 1: Transverse settlement trough due to tunnelling (After Mair, Taylor & Burland, 1996)
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The green-field settlement trough immediately after a tunnel has been constructed is well described
by a Gaussian distribution curve (See Figure 1) as

_y2
Sy = Smax€Xp (F) (1]
where Sv is settlement;
Smax is the maximum settlement on the tunnel centre line;
y is the horizontal distance from the centre line;

i is the horizontal distance from the tunnel centre line to the
point of inflexion on the settlement trough;

K is the trough width parameter depending on the ground type;
i.e. clay or sand;

zo is the depth of tunnel axis below ground level.

and the volume of the settlement trough per metre length of tunnel (Vs) is evaluated as
V. = V2. [3]

Volume loss Vi is usually expressed as a percentage of the volume of the tunnel and will vary
depending on the strata and is related to Vs by the following equation:

2
Vi= Vy/ T [4]

where D is the tunnel diameter.

In this approach, the trough width parameter 'K’ and the volume loss parameter Vi have to be selected
based on the ground conditions. At this particular location, the tunnel is fully within the rock but the
rock cover (above the crown level) is less than half the tunnel dimeter; the ground above the rock
cover consists of superficial materials. For the Phase 2a assessment, the ‘K’ and 'V{' values have been
selected conservatively based on that used for the superficial deposits (ignoring the rock cover); i.e. 'K’
has been taken as 0.4 and 'V’ as 1%. The resulting settlement trough has been used to the assess of
the Damage Category using the method proposed by Burland (1995) [Ref. 2] which gave DC-2 for the
Arthur Cox building (B-238).

For the preliminary Phase-3 assessment carried out and reported in this TN, a detailed PLAXIS-3D
finite element analysis has been undertaken to assess the greenfield settlement trough at building's
raft slab level and at the toe level of the secant pile wall due to the tunnelling works. In the PLAXIS-3D
analysis, the site-specific ground conditions (including the rock strata) and the detailed method of
tunnel construction have been modelled in order to predict the settlement trough more accurately.
The PLAXIS analysis does not require any input assumption regarding the trough width parameter ‘K’
nor the volume loss parameter 'V(. For the settlement trough obtained from the PLAXIS analysis, the
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value of equivalent volume loss Vi and the trough width parameter ‘K’ have been derived adopting the
industry recognised Gaussian distribution curve.

As mentioned earlier in the report, due to the structural arrangement and form of construction, the
Phase-3 Damage Category assessment for this building will be carried out following two approaches:

e Method A: using the method developed for Masonry Buildings [Ref. 2]
e Method B: using the method described in CIRIA C796 for framed buildings [Ref. 6]

In both cases, the greenfield ground movements for the damage assessment have been obtained from
the equivalent volume loss and trough width parameter derived from the PLAXIS-3D analysis.

4. Basis of Phase-3 Assessment

4.1 Ground Model

The ground stratigraphy at the location of the Arthur Cox building is shown in Figure 2a together with
the proposed tunnel position. The figure shows that the proposed tunnel will be entirely in the rock
strata and the superficial material up to 15m overlies the Limestone rock strata. The superficial
material consists of 1.5-3m of Made Ground, 1.5-8m of Brown Boulder Clay and 4-5m of Base of Drifts
deposits. Groundwater is taken at around 3m below ground level.

The idealised ground model used for assessment in the PLAXIS analysis is shown in Figure 2b. In this
assessment, conservatively, the maximum depth of superficial material has been modelled
considering the variation of the rockhead level; i.e. rock cover has been taken as 2.5m.

Chainage

13.4mAOD Chainage
184920

18+980

Figure 2: ound Stratification
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13.40m AoD. }

Figure 2b: Idealised Ground Model for PLAXIS Modelling

4.2 Ground Parameters

The ground parameters for various layers have been derived using the information available in the GIR
[Ref. 3] and tabulated in Table 1. For the Made Ground and the rock strata, elasto-plastic soil model
with Mohr-Coulomb failure criteria has been adopted. For the Brown Boulder Clay and the Base of
Drifts strata, ‘hardening-soil’ model available in PLAXIS has been utilised. Hardening-soil model has
the ability to model the stress dependency of ground stiffness and is therefore considerate appropriate
for the region near the tunnel excavation. Further, it can model the unloading/reloading behaviour
with increased stiffness, so it is an appropriate model to represent the behaviour of the ground due to
excavation and/or tunnelling works.
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