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Structural Engineers

Report Rev C 23/05/2025- Ryan Clarke

This report has been prepared for Wellington City Council for seismic
assessment purposes to communicate the likely seismic capacity of the
Embassy Theatre (10 Kent Terrace) structure. It shall not be used by others or
for alternate purposes without the approval of Dunning Thornton Consultants
Ltd.

8651 This report may not be read or reproduced except in its entirety.



Structural Engineers Embassy Theatre (10 Kent Terrace)
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1 Executive Summary
1.1 Background

This report has been carried out for Wellington City Council with the intention of establishing
the likely seismic strength of the Embassy Theatre (10 Kent Terrace), using the MBIE
publication Seismic Assessment of Existing Buildings — Technical Guidelines for Engineering
Assessments, July 2017 and expressed in terms of %NBS (New Building Standard).

The Embassy Theatre building is located at 10 Kent Terrace, Mount Victoria, Wellington on
the corner of Majoribanks and Kent Terrace. DTC completed design and construction
monitoring of earthquake strengthening on this building in two stages from 2001-2003 and
2009-2010. The 2001 redevelopment strengthening targeted 67%NBS of NZS4203:1992 and
the 2009 strengthening targeted 80%NBS(IL3) of NZS1170.5 loadings. Both retrofits were
done prior to the MBIE seismic assessment guidelines.

1.2 Building Description

The Embassy Theatre was originally constructed in 1924 as a reinforced concrete building
with a riveted steel substructure on shallow concrete foundations. The original building
consisted of a large theatre space behind a front three-storey concrete fagade with concrete
slabs at each level. The roof cladding is lightweight timber/corrugated iron supported by
structural steel trusses that span to the encased steel columns in the walls. The main theatre
has a large moulded plaster panel ceiling suspended from timber framing off the main steel
roof trusses. The original structure has been modified over the years and underwent several
strengthening/redevelopment stages between 2001 and 2010 (see Section 2 Building
Description for more detail):

* The first stage (2001-2004) involved strengthening concrete shear walls, adding
a Level 1 slab, and building two new basement cinemas.

« The second stage (2009-2010) included completing strengthening to the
concrete shear walls, new steel roof bracing, and a lateral K-frame brace behind
the stage.

» The third stage involved some minor fitout additions for the basement cinemas
at the end of 2010. These alterations had no effect on the primary structure.

The building is currently configured as three cinemas with separate ground level retail,
accessed from Kent Terrace and Majoribanks St. Its site coverage is approximately 1480 m?.

The original 1924 structure provides the primary gravity system with the roof trusses and walls
supported by the encased steel columns on shallow foundations. In both the longitudinal and
transverse building directions, the original concrete perimeter walls with the encased steel
frames provide the lateral-resisting system and are supplemented by the 2000s strengthening
to these walls. The original building predates the 1931 Draft General Earthquake Building
Bylaw and therefore is unlikely to have been specifically designed for seismic loadings. The
building is heritage listed (list number 7500) as Historic Place Category 1 effective from 7™
December 2001 (Heritage NZ). Any possible strengthening retrofits will need to consider the
appearance and protection of heritage features.

There are neighbouring buildings on the southern and eastern boundaries of the Embassy.
The building is separated from the neighbouring building by approximately 30 mm on the
eastern side. The building on the southern boundary was demolished in early 2024.
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The original structure is founded on shallow concrete pads and foundation beams below the
original columns and walls. As part of the 2003 strengthening work, new screw piles were
added to the strengthened shear wall foundations and the new basement was founded on
screw piles and shallow foundation beams. The 2010 work involved adding Titan Ischebeck
ground anchor micro piles and new foundation beams to the remaining shear walls.

A geotechnical desktop study has been completed by Tonkin and Taylor (T+T), see Appendix
B for their full report. The subsail classification is Class C and liquefaction is expected at this
site. T+T have identified soil zones A, B, and C across the site. Zone A is rock in the south-
east corner and the remaining soil (Zones B/C) are beach soils that are susceptible to
liquefaction. The onset of liquefaction is expected to occur at 35 to 40% NBS, IL3 (Class C)
ULS earthquake and is accompanied by cyclic displacement of the liquefied ground.

1.3 Assessed Seismic Rating

The results of the DSA indicate the building’s earthquake rating to be 30%NBS(IL3) assessed
in accordance with the guideline document The Seismic Assessment of Existing Buildings-
Technical Guidelines for Engineering Assessments, dated July 2017. The earthquake rating
assumes that Importance Level 3 (IL3), in accordance with the Joint Australian/ New Zealand
Standard — Structural Design Actions Part 0, AS/NZS 1170.0:2002. IL3 was chosen as the
building is designed to contain greater than 300 people in one area (crowds).

Therefore, this is a Grade D building following the NZSEE grading scheme. Grade D buildings
represent a risk to occupants equivalent to 10-25 times that expected for a new building,
indicating a high-risk exposure.

A building with an earthquake rating less than 34%NBS fulfils one of the requirements for the
Territorial Authority to consider it to be an Earthquake-Prone Building (EPB) in terms of the
Building Act 2004. A building rating less than 67%NBS is considered as an Earthquake Risk
Building (ERB) by the New Zealand Society for Earthquake Engineering. Embassy Theatre
(10 Kent Terrace) is therefore categorised as an Earthquake Risk Building and it also meets
one of the criteria that could categorise it as an Earthquake Prone Building.

In accordance with the provisions of the Earthquake Prone Building requirements of the
Building Act 2004, the determined earthquake rating requires the following actions:

» Notification of the findings of this report to the Territorial Authority as soon as
practical.

The assessment identified the following structural weaknesses (SWs) in the building:

Table 1.1 - Structural Weaknesses

Description of Structural Weakness Direction Seismic Rating
ROOF
Roof diaphragm — steel tension bracing Longitudinal 60%NBS (IL3)
Roof diaphragm — steel compression members Longitudinal 60%NBS (IL3)
Roof diaphragm — steel connections Transverse 40%NBS (IL3)
Upper roof timber diaphragm and parapet (Grid 2 to 8) Transverse 30%NBS (IL3)
WALLS/COLUMNS
Concrete encased steel-frame walls along Grid A Longitudinal 40%NBS (IL3)
Concrete encased steel-frame walls along Grid G Longitudinal 67%NBS (IL3)
Concrete walls along Grid 2 Transverse 40%NBS (IL3)
Concrete walls along Grid 11 Transverse 40%NBS (IL3)
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FOUNDATIONS

Base shear takeout (non-liquified) Transverse 40%NBS (IL3)
Base shear takeout (liquified) Both 35%NBS (IL3)
Foundation bearing pressure (non-liquified) Transverse 40%NBS (IL3)
Foundation bearing pressure (liquified) Both 35%NBS (IL3)
FLOORS

Western end L3 concrete diaphragm/wall drag tie to A/G | Longitudinal 30%NBS (IL3)
shear walls

Western end L3 concrete diaphragm ties to Grid 2 wall Transverse 50%NBS (IL3)
Western end L3 diaphragm in flexure Longitudinal 45%NBS (IL3)
Western end L2 diaphragm in flexure Longitudinal 75%NBS (IL3)
OTHER ELEMENTS

K-frame on Grid 10 Transverse 80%NBS (IL3)
Facade parapets on Grid 1 Longitudinal 50%NBS (IL3)
Roof parapet on Grid 2 Longitudinal 45%NBS (IL3)
Main theatre plaster ceiling (hanging from roof trusses) Longitudinal 30-40%NBS (IL3)

The Critical Structural Weaknesses (CSW) were found to be:

» Diaphragm connectivity to the main wall on at Grid A Level 3. This is limited to
30%NBS (IL3) by the lack of tie connection back to the concrete shear walls
along Grid A. The main length of shear wall east of Grid 2 has limited capacity
of the steel beam rivet connections and lack of bracing capacity of the
intermediate wall due to large window openings.

« The combined capacity of the lightweight mono-pitched roof over the main
theatre and the out-of-plane wall above truss level on Grid G at 30%NBS (IL3).

» The foundation capacity to resist horizontal base shear and vertical loads due
to loss of support due to liquefaction of the subsoils at 35%NBS (IL3).

» The bracing capacity in the longitudinal direction of the plaster ceiling over the
main theatre. The lateral load path is complex and lacking in substantial bracing
capacity to resist the designated parts loading. If the bracing capacity is
exceeded the ceiling may not automatically become unstable and present an
automatic life safety hazard as it is hung from the roof trusses. For this reason,
a range has been provided to indicate the likely risk and the uncertainty in this
assessment at 30-40%NBS(IL3).

Pounding is not expected to be of structural significance between the Embassy and the
eastern neighbouring building as this building is a two-storey timber structure which will not
limit the displacements of the significantly heavier Embassy building.

The assessment identified no severe structural weaknesses (SSWs) in the building. A severe
structural weakness is an element where its failure can potentially cause catastrophic collapse
and for which the probable capacity may not be reliably assessed based on current
knowledge.
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1.4 Basis for the Assessment
This assessment has been based on the following information:

» Original blueprint drawings (dated 1923), Dunning Thornton “For Construction”
structural drawings (dated 2003 and 2009)

» Original construction specification from 1923 and DTC specifications from 2003
and 2009 redevelopment/strengthening work

« DTC archived site reports from 2003
* Geotechnical analysis and report from T+T (August 2022), see Appendix B.

« Site investigations were conducted to understand the reinforcing in the existing
structures walls and slabs. Concrete scanning of selected wall and slab zones
was conducted by Concrete Structure Investigations Ltd and local breakouts
were used to determine bars sizes. A summary report was provided on
29/02/2024 (Appendix C).

« Site inspections were conducted: general walkaround on 10/08/2022, reinforcing
investigations on 29/04/2024 and main theatre roof/ceiling space on 20/05/2024.

e No previous ISA or DSA assessments were reviewed, however, DTC
calculations for the 2001 to 2010 strengthening were available for reference.

1.5 Seismic Retrofit Options

We would be pleased to discuss with the client the likely scope of seismic improvement works
once the client has had an opportunity to review this report and consider the level of seismic
strength that is required. We note that further geotechnical site testing will likely be required
to address geotechnical issues.

1.6 Disclaimer

This report has been prepared for the sole use of our client, Wellington City Council, for the
particular brief and on the terms and conditions agreed with our client. It may not be used or
relied on (in whole or in part) by anyone else, or for any other purpose or in any other context,
without our prior written approval.
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2 Building Description

2.1 General

The Embassy Theatre is located in Wellington on the corner of Kent Terrace and Majoribanks
Street (see site plan, Figure 2.1). It was originally constructed in 1924 and underwent several
stages of strengthening/redevelopment between 2001 and 2010. The following sections
describe the site conditions and building structure.

Figure 2.1: Site location plan with Majoribanks St to the north and Kent Terrace to the West.

2.2 Site Conditions

Geotechnical information was provided by Tonkin and Taylor (T+T) (full report in Appendix B).
T+T found the site subsoil had both Class B (rock) and Class C (shallow soil) with a moderate
to high level of certainty. The exact location of the subsoil class boundary below the building
is not known but it is likely that a larger area of the building is Subsoil Class C than Class B.
T+T have provided a site plan with three soil zones (see Figure 2.2). Zone A is rock and not
susceptible to liquefaction (purple, SE corner). However, Zone B (blue, NE corner) and Zone
C (orange, western front half) are beach soils and both susceptible to liquefaction.

The soil layers contain beach and harbour deposits. The beach deposits are expected to
experience liquefaction in an earthquake approximately 35% ULS IL3 subsoil Class C. In the
harbour deposits, liquefaction is possible at approximately 40% ULS shaking (IL3, Class C).
The expected liquefaction trigger level of 35 to 40% ULS shaking (IL3) limits the potential
building %NBS as liquefication significantly reduces the soil’s resistance to building base
shear and foundation bearing capacity. The different soil classes and foundation types across
the site may result in differential settlements and cyclic displacements.

The structural impacts of liquefaction and differential movement of liquefied/non-liquefied soil
are considered in Section 5 - Results of the Detailed Seismic Assessment.
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Figure 2.2: Soil zones from T+T with Zone A (purple, SE corner), Zone B (blue, NE corner) and Zone
C (orange, front western half).

Figure 2.3: Soil profile through Grid D from T+T geotechnical report

2.3 Structural System

The original Embassy Theatre structure from 1924 is a combination of reinforced concrete
slabs and walls supported by steel framing. The original walls are constructed from riveted
steel beam/column frames encased by cast insitu reinforced concrete. The Grid A (north) wall
has shopfront windows at street level between the encased steel columns, but the south
elevation and eastern elevation walls are solid (Grids G and 11). The street front (western
end) has a three-storey concrete fagcade with insitu concrete slabs at each level that are
supported on concrete encased steel beams.

The roof structure is a semi-flexible diaphragm with a lightweight roof (timber purlins, sarking,
and steel cladding) supported by jack studs onto the steel main roof trusses that are in turn
retrofitted with cross-bracing to act as a roof diaphragm. The roof trusses span over the main
theatre to the encased steel columns in the Grid A and G side walls. The original structure has
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been modified over the years and underwent several strengthening stages between 2001 and
2010 (see below and Figure 2.4, Figure 2.5 and Figure 2.6 for reference):

* The first stage (2001-2004) involved strengthening concrete shear walls along
Grid A and Grid 2, adding a Level 1 concrete slab, and building two new
basement cinemas (block walls and concrete slabs on screw pile foundations).
This first stage strengthened the building to 95%NBS of NZS4203:1992.

* The second stage (2009-2010) included completing the concrete shear wall
strengthening, installing steel roof bracing to tie the building at the upper level,
and bracing the eastern end with a K-frame and block wall. This stage was
designed in accordance with NZS1170:2004 with the walls by equivalent static
and the roof by parts. The strengthening was targeted to 80% NBS, IL3 seismic
loads.

» The third stage involved some minor fitout additions for the basement cinemas
at the end of 2010. This had no significant effect on the primary structure.

The original structure is founded on shallow concrete pads and foundation beams below the
original columns and walls. As part of the 2003 strengthening work new screw piles were
added to the strengthened shear wall foundations on Grid A. The new basement was also
founded on screw piles and shallow foundation beams. The 2009 retrofit added Titan anchor
micro piles and new foundation beams to the shear walls on Grid A and Grid 2.

Figure 2.4 shows the basic shape of the building and Figure 2.5 shows a section highlighting
the different retrofit stages (blue = 2003, orange = 2009). Figure 2.6 shows the building grid
references on the ground floor plan.

Figure 2.4: Embassy Theatre basic 3D shape from NW corner (right) and NE corner (left).
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Figure 2.5: Section from North showing basic structure with different colours for different construction
stages (grey = original 1924 building, blue = 2003 redevelopment, and orange = 2009 strengthening).
The original Grid A (north) wall has been omitted for clarity in this view.

North

Figure 2.6: Ground level plan from 2009 structural drawings showing building grid numbering system
and orientation with primary lateral resisting walls.
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3 Detailed Seismic Assessment

3.1 Scope of Assessment

This report has been carried out for Wellington City Council with the intention of establishing
the likely seismic strength of the Embassy Theatre (10 Kent Terrace), using the MBIE
publication Seismic Assessment of Existing Buildings — Technical Guidelines for Engineering
Assessments (The Guidelines) and expressed in terms of %NBS (New Building Standard).

This assessment considers the seismic capacity of the primary structure (combination of
original and strengthened elements) including walls, roof, floors, and foundations. The main
theatre ceiling is the only secondary structural element considered in the assessment due to
is size, location, and risk to occupants. No assessment is made to other secondary elements
such as fitout or plant seismic restraints. This assessment was conducted using existing
drawings, specifications, and site reports from WCC and DTC records, and local break out
investigations. Site geotechnical analysis has been provided by Tonkin and Taylor Ltd (T+T).

3.2 Detailed Assessment Methodology

The assessment generally follows methods recommended in The Guidelines. The concrete
elements have been assessed using the “Yellow Book,” Concrete Buildings Part C5 —
Technical Proposal to Revise the Engineering Assessment Guidelines, November 2018. An
assessment to the July 2017 “Red Book” guidelines only is not expected to change the
outcome of the DSA as the structural steel components were the weaker elements.

This assessment uses the principles of the force-based equivalent static analysis because we
do not consider there is significant ductility available in the original and newer structural
components. The equivalent static loads have been applied to building components in the
transverse and longitudinal directions to determine their %NBS and identify the critical
structural weaknesses using the methodology in C2.3 of the Assessment Guidelines.

3.3 Assessment of Primary Lateral Load Resisting Elements
3.3.1 Seismic Weight, Shear Distribution and Torsion

The Embassy Theatre building was divided into areas (Areas 1 to 4) to reflect the contributing
mass to the bracing systems. The areas and weights were adopted from the 2003 DTC
calculations. Area 1 included the front (west end) with half the main roof, Area 2 included lower
middle with the basement and L1 slab, Area 3 included the back walls with remaining half of
the roof, and Area 4 included the back (east end) slabs and wall (see Figure 3.1 for reference
to building Areas 1 to 4).
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Figure 3.1: Areas 1 to 4 used to determine building weight and help distribution to different elements.

An equivalent static distribution has been assumed for both the longitudinal and transverse
directions as per NZS1170.5. A ductility factor of y = 1.25 has been used and a structural
performance factor (Sp) of 1.0. Equivalent static analysis (ESA) was done on each area and
these loads were used for the seismic demands on the different structural components.

Walls: The seismic loads from Areas 1+3+4 were distributed to the main structural walls on
an assumed equal distribution in the transverse direction (50% each to Grid 2 and Grid 11
walls) and in the longitudinal direction (50% to Grid A and 50% to Grid G). Area 2 was excluded
from the seismic loads on the perimeter walls. The load along each gridline was then
distributed to the wall sections on that gridline. Given the roof is effectively a semi-flexible
diaphragm accidental eccentricity was not considered in this analysis of the perimeter walls.

L1 Slab/Basement: Ground level and Level 1 have concrete slabs that provide rigid
diaphragms to distribute lateral load. Area 2 contained the weight of the new L1 slab and
basement which was considered as a separate structure inside the original main structure for
the distribution of ESA loads. ESA seismic loads from Area 2 were assumed to be resisted by
the basement walls and foundations. The L1 Hibond slab and basement walls also enable
transfer of in-plane load from the side walls to the basement structure as a mechanism to take
out base shear. The basement walls were checked for out-of-plane capacity as part of the
passive base shear takeout mechanism and this limited the lateral displacement and takeout
capacity of the basement structure.

3.3.2 Assessment of Primary Lateral Resisting Elements

The primary lateral resisting system is formed by the original concrete walls with encased steel
frames on Grids A, G, 2 and 11. These are supplemented by the 2003/2009 reinforced sprayed
concrete wall retrofits on Grids A and 2 (see Figure 3.2 on next page for overview of the
structure). The different lateral system components were assessed:

« Original and retrofitted concrete walls were assessed using Concrete Buildings
Part C5 — Technical Proposal to Revise the Engineering Assessment Guidelines,
November 2018.

* Roof steel members and connections (both original and 2000s retrofits) were
assessed using Part C6 of the guidelines. ESA derived roof loads were applied
to a SpaceGass roof model to determine the demands on roof members and
connections to the wall frames.

» Concrete encased steel members were also assessed using Part C6.5.4.
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* Probable material properties were determined from Part C5.4 (concrete) and
Part C6.4 (steel). Table 3.1: Probable materials properties from Part C
guidelines. Table 3.1 shows the different properties used:

Table 3.1: Probable materials properties from Part C guidelines.

Concrete probable strengths: Steel probable strengths:
Original 1924 concrete fc =30 MPa Original 1924 reinforcing fy = 284 MPa
2003/2009 concrete walls  |fc =55 MPa 2003/2009 reinforcing fy = 550 MPa

2003/2009 foundations fc =40 MPa 1924 British steel members |fy = 231 MPa
Combined 1924/2000s fc =43 MPa 2003/2009 steel members fy = 350 MPa
Rivets (pre-1960) ft = 380 MPa

» According to the 1923 specification, original steel reinforcing is round bars with
hooked ends at f, = 28 tons/in? (f, = 386 MPa). The assumed wall reinforcement
of 3/8" rods at 12" each way (9.5mm dia at 305mm centres) was found in some
wall sections during the concrete scanning, however, results were more varied.
Investigations confirmed two-layer wall reinforcing with 72" (12.7mm bars) at
centres varying between 230mm and 600mm in different wall sections.
Connections between the concrete and steel frame were assumed to have no
continuous reinforcing through the encased steel frame members. The lack of
reinforcing continuity was confirmed by local breakout investigations on Grid A.
The results of the reinforcing investigations have been used to revise some
element capacities. Details for the original steelwork were more complete with
member sizes and rivet connection details.

Figure 3.2: Concrete walls with steel frames provide the primary lateral resisting system in both the
longitudinal and transverse directions.
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To determine the seismic capacity of the combined wall/steel column mechanism on each grid
line, the following component capacities were considered for each wall section. The capacity
of the weakest element was reported as the %NBS of the grid line (also see Figure 3.3):

« Concrete wall capacities (flexure and shear) for typical wall sections on each
gridline were assessed to Part C5 guidelines and compared to ESA demands.

* Flexural demands greater than the concrete wall section capacity are modelled
to transfer load out of the wall into the steel columns at each end. This transfer
is provided by the riveted connections between the beams and columns in the
encased steel frame.

« The steel column axial capacity and splice connections capacities are compared
to the load transferred into the column.

« At the base of the column, the baseplate hold-down bolts, and pad hold-
down/bearing was compared to the column uplift and compression demands.

» The minimum capacity of these components is taken as the gridline %NBS.

Figure 3.3: Combined concrete wall / steel column mechanism with load transfer to the foundations.

* For the Grid A wall/frame, the full wall elevation was modelled as a strut and tie
mechanism rather than only typical wall sections for the gridline. Different
foundation springs were also applied based on T+T’s report. No struts were
added at any window/shop openings. This model was to determine the load
distribution effect of the encased steel frame and concrete wall sections in
between the shear walls. The demands in the struts, ties, and spring reactions
in the Grid A model were compared to the beam ties, columns, and foundations
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capacities to determine the component and overall wall %NBS. The sensitivity
of the model was then checked by removing ties with the largest loads.

Figure 3.4: Strut and tie Grid A wall model under 50% longitudinal shear demands.

3.4 Assessment of Foundations

Tonkin+Taylor conducted a desktop geotechnical review of the site and building foundations.
The full geotechnical report can be found in Appendix B.

» Capacities for shallow foundations, screw piles and Titan Ischebeck anchor
micropiles capacities were assessed by T+T and used to determine the
foundation %NBS. The onset of cyclic displacement which accompanies
liquefaction as described in the T+T report has a marked influence on the
performance of the screw piles and Titan micropile anchors.

« The base shear takeout was assessed using ESA derived loads and T+T
foundation capacities for the non-liquefied and liquefied soil conditions.

» Non-liquefied bearing pressures beneath pad foundations were provided by T+T
and compared to E+G+0.3Q loads for each pad. This included allowance for
base shear takeout through inclined reactions with reduced vertical bearing
capacity.

» Post-liquefaction performance, settlement, base shear takeout, and lateral
spread have been considered qualitatively as a means to assess and rule out a
geotechnical step change reduction in capacity.

o For the theatre roof, a sensitivity check for vertical differential settlement
and capacity design was made to verify the stability of the roof trusses
under excessive settlement.

o A qualitative assessment of the structures ability to deform and tolerate
potential vertical splitting in the side walls due to the lateral spreading of
the liquefiable soils and anchorage of the back corner to the rock. The
geotechnical report highlighted the potential for cyclic displacements in
Zone B and C in the order of 100mm to 200 mm (100mm probable) during
shaking. This magnitude of lateral displacement is not believed to cause
severe structural collapse and therefore has not had a geotechnical step-
change factor of 2 applied.

3.5 Assessment of Out-of-Plane Loaded Parapets & Roof

* The parapet wall on Grid 1 acting out-of-plane has been assessed as part with
ductility of 1.25.
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» The parapet wall on Grid 2 spanning from the roof cross-bracing up to the top of
the timber roof has been assessed as part with ductility of 2 with the encased
steel columns and timber roof diaphragm connected behind.

* The lightweight timber-framed and sarked roof over the main theatre and the
parapet wall on Grid G have been assessed as a combined capacity element for
loading in the out-of-plane direction for the wall. The loading is based on parts
with ductility of 2.

3.6 Assessment of Level 2 & 3 Concrete Diaphragms

The front section Level 2 and 3 floor diaphragms (west end between Grids 1 and
2) were assessed using pESA loads. The diaphragms consist of a 150mm thick
insitu slab supported on encased steel beams spanning between Grid 1 and 2.
Reinforcement scanning and local breakouts were undertaken to determine the
reinforcement in the slab and the capacity compared to a section yield analysis
of the diaphragm.

3.7 Assessment of the Main Theatre Ceiling

» The main theatre plaster ceiling bracing capacity was assessed using parts
loading with a ductility of 2.

» The ceiling comprises a mix of flat plaster board elements supported on timber
joists, intersected with a grid of set down, decorative, moulded plaster panels on
light weight steel frame fixed back to timber joists. The joists span between
trusses and are supported by timber hangers framed around the trusses.
Framing is fixed with nails. The ceiling was assessed using Part C of the
guidelines for diaphragm and timber/nail connection capacities. The figures
below show a cross-section and photos of the ceiling/roof structure.

Figure 3.5: Photos of ceiling from inside main theatre with sketch of ceiling tributary to roof truss.
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Figure 3.6: Cross-section from original drawings showing main theatre ceiling and lightweight timber
roof supported on steel roof trusses, spanning to Grid A/G side walls.

Figure 3.7: Photos of ceiling framing and hangers to steel trusses from inside roof space.

3.8 Explanatory Statement
The following clarifications and limitations are noted:

» This report has been prepared for the sole use of Wellington City Council for the
particular brief and on the terms and conditions stated in our engagement letter
dated 22/03/2022 and agreed with our client. It may not be used or relied upon
(in whole or in part) by anyone else, or for any other purpose or in any other
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contexts, without our prior written agreement. This report may not be read or
reproduced except in its entirety.

» The inspections of the building detailed in this report were undertaken to assist
in the seismic assessment. This assessment does not specifically cover all
building services, fire safety systems, building finishes, glazing or weather
tightness.

» This assessment does not specifically include an assessment of the building’s
condition or any repairs and/or maintenance that may be required.

* Dunning Thornton Consultants Ltd. is not able to confirm that all possible
damage, defects, conditions, or qualities have been identified. Therefore, the
work done by Dunning Thornton Consultants Ltd. and our advice is on a
reasonable endeavours basis.

« The assessment is based on the information available to us at the time of the
assessment. Subsequent information may affect the results and conclusions of
this assessment.

»  We noted in our walkthrough inspection that seismic restraints have been
provided to the roof level air handling plant. We have not reviewed the adequacy
of these restraints.

4 Information Sources

4.1 Existing Documents
The following reference documents were used in undertaking this assessment:
Drawings:
» Original blueprint drawings dated 1923 from Wellington City Council records
» “For construction” structural drawings from 2003 (DTC job 3864)

* “For construction” structural drawings from 2009 (DTC job 3864-2009)

See Figure 4.1 for an example section from the original 1924 drawings, Figure 4.2 shows a
2003 section with new basement and Figure 4.3 shows the Grid A wall from the 2009 drawings.

Specifications:

« Original construction specification from 1923
» DTC specifications from 2003 and 2010 redevelopment/strengthening work
Other documents:

e DTC archived site reports from 2003

e Calculations from 2001 to 2010 redevelopment/strengthening work

« Geotechnical report from T+T (July 2022)

» Concrete scanning report from Concrete Structure Investigations (Feb 2024)
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Figure 4.1: Longitudinal section from original blueprints (1923) showing building with single theatre
with two seating tiers and front lobby with facade.

Figure 4.2: Longitudinal section from 2003 structural drawings showing conversion to three cinemas
with new L1 slab to divide the original theatre into a main cinema with two basement cinemas below.
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Figure 4.3: Longitudinal section from 2009 structural drawings showing strengthening to steel roof
structure and adding to concrete shear walls on Grid A and Grid 2.

4.2 Building Investigation

This assessment was based on the existing documents described above. Limited on site
investigations including reinforcement scanning and localised breakouts in locations advised
by Dunning Thornton were also completed. Reinforcement scanning was undertaken by
Concrete Structure Investigations Ltd. A summary reinforcement scan report was provided on
29/02/2024.

5 Results of the Detailed Seismic Assessment

5.1 Assessment of Primary Lateral Load Resisting Elements
The critical structural weaknesses (CSW) of the building are:

» The connection of the front Level 3 diaphragm between Grids 1 and 2 to the wall on Grid
A. This is limited to 30%NBS(IL3) primarily due to rivet shear failure at tie beam to column
connection at Grid A2 within the Grid A wall. A value of 1 was used for the Kdia factor as
per C5 of the guidelines as the connection failure lies within the immediate connecting
wall element rather than the diaphragm itself. There are also multiple contributing load
paths such as the wall section between Grid 1 and 2 that are capable of distributing some
load between levels and there is some tie capacity from the stair landing and adjacent
stairwell. The front section is tied into the longitudinal walls on Grid A and G at Level 3
but the weak riveted connection transfer continues along the Grid A wall. The same
weakness is present at Grid G but the wall that immediately connects to the diaphragm
is solid and without openings, so stability is not wholly reliant on these ties.
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Figure 5.1: Diagram of the front section (slabs/facade) Level 3 tie-in to the Grid A shear wall.

e The upper roof structure above the main theatre trusses is constructed from purlins with
sarking over spanning between unlined stud framed walls that are supported on the top
chord of the roof trusses. The roof slopes up from an internal gutter along the inside edge
of Grid A and attaches to the concrete wall on Grid G. The height of the Grid G wall is
approximately 4.3m above the top of the trusses. Transversely, the sarked roof acting as
a diaphragm and the Grid G wall (acting as a face-loaded cantilever) work together to
resist the combined seismic loading. Loading has been assessed by parts with a ductility
of 2. Both inwards and outwards directions have been considered for the transverse
capacity as the wall has built in columns that form a ‘T’ section that has more capacity
when loaded outwards from the building. The capacity of the sarked roof diaphragm is
the same in either direction and has been taken from Table C9.3 of the guidelines. The
inwards direction governs at 30%NBS(IL3) while the outwards direction is 40%NBS(IL3).
We note that while the inwards direction has a lower NBS, the failure outcomes are likely
different. Outwards loading will likely see the upper wall section losing stability and its
attachment to the roof diaphragm, while inwards loading may result in the failed wall
cantilever becoming buttressed by the roof diaphragm that may intern deflect the width
of the gutter until the roof diaphragm abuts the Grid A wall. Post-failure stability is not
guaranteed due to the excessive displacements required but it can be seen logically that
a post failure redundant load path is possible.

Figure 5.2: Upper roof diaphragm and parapet inwards and outwards loading cases.
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» The ground conditions and loss of strength to the potentially liquefiable soil means the
base shear resistance and bearing capacity of the structure is significantly reduced by
liquefaction at 35% to 40%NBS(IL3) earthquake shaking. Large displacements are
expected below the shallow pads once liquefaction is triggered. The worst case is
expected at the Grid A pads on soil Zone B (lowest soil bearing capacities). Liquefaction
results in a geotechnical step change in the capacity of the soils. This is not considered
to lead to a structural step change in behaviour as explained in Section 5.5 so the
structure will be limited by the liquefaction trigger value of 35%NBS(IL3). In the non-
liquefied state, the lowest rated foundation component is the shallow foundation pads at
corners G1/G2 in bearing and G11 for hold-down at 40%NBS(IL3). This result is due to
seismic demands at the ends of shear walls.

» The plaster ceiling over the main theatre is in a largely original state and covers a large
area from Grids A/2 to G/8. It is poorly braced, particularly in the longitudinal direction.
Transversely, it is somewhat confined by the Grid A and G shear walls. The ceiling is
made from plaster panels (flat panels and moulded fibre reinforced pieces) fixed and
suspended from timber framing, spanning between roof trusses. The ceiling is hung from
a multitude of rudimentary nailed timber frames slung over the bottom chord of the roof
trusses with the occasional cross brace. See the photos of the ceiling framing. A capacity
of 30-40%NBS(IL3) was derived based on parts loads in the longitudinal direction at
ductility of 2. The lateral load path is complex and lacking substantial capacity, it is
ultimately limited by the capacity of the nail connections in the hanging frames. However,
when the bracing capacity is exceeded, and because is it hung from multiple locations
with moderately ductile nail connections, this does not mean it has automatically lost
stability and become a life safety hazard. For this reason, we have given a range that
indicates the likely relative risk but also the uncertainty in this assessment.

» The retrofit steel bracing roof diaphragm at the bottom of the main roof trusses transfers
roof loads to the concrete shear walls. The capacities of the connections along Grid 8+
at the roof crank are exceeded by seismic demands in the transverse direction at
40%NBS(IL3). The steel connection to the original concrete wall is limited by concrete
breakout. Additionally the SHS stub along Grid 11 between the original columns and
retrofitted cross-bracing fails under moment from the roof seismic loads at 50%NBS.
Connections at Grids A3 and G3 are exceeded in the roof longitudinal direction at
65%NBS(IL3). The tension and compression capacity of the roof bracing members can
achieve 60%NBS(IL3).

5.2 Structural Weaknesses

Description of Structural Weakness |Direction Seismic Rating | Comment
ROOF

Roof diaphragm — steel tension Longitudinal |60%NBS (IL3) |Failure of tension cross-bracing
bracing under axial load

Roof diaphragm — steel compression | Longitudinal |60%NBS (IL3) |Failure of SHS roof chords in
members compression

Roof diaphragm — steel connections | Transverse |40%NBS (IL3) | Failure of roof connections to
original concrete wall at Grid 8+

Roof diaphragm — steel connections  |Longitudinal |65%NBS (IL3) | Failure of roof bracing to column
connections at A3/G3

Upper roof timber diaphragm and Transverse |30%NBS (IL3) | Failure of diaphragm at Grid 2 /8
parapet (Grids A2 to G8) and concrete wall along Grid G
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(suspended from roof trusses)

WALLS/COLUMNS

Concrete shear walls and steel-frame |Longitudinal |40%NBS (IL3) |Encased beam tie between shear

along Grid A walls A2 and A5

Concrete shear walls and steel-frame |Longitudinal |67%NBS (IL3) |Wall end/column uplift on Grid G10

along Grid G

Concrete walls/steel columns along Transverse |40%NBS (IL3) |End uplift on Grid 2 shear walls

Grid 2 with eccentric anchors

Concrete walls/steel columns along Transverse |40%NBS (IL3) | Wall end/column uplift on Grid A11

Grid 11 and G11 (back wall corners)

FOUNDATIONS

Base shear takeout (non-liquified) Transverse |40%NBS (IL3) |Shear takeout from passive +
sliding resistance of shallow pads
and basement foundations

Base shear takeout (liquified) Both 35%NBS (IL3) | Shear takeout from passive only
resistance of pads and basement

Foundation bearing pressure (non- Transverse |40%NBS (IL3) |Bearing on shallow pads at Grid

liquified) A2/G2 shear wall end/corner

Foundation bearing pressure (liquified) | Both 35%NBS (IL3) |Bearing on shallow pads

FLOORS

Western end L3 concrete Longitudinal |30%NBS (IL3) | Front fagade/slab loads failing the

diaphragm/wall drag tie to shear walls zgﬁimi‘;‘é”gzﬁg’?s :éAz and

on Grids A and G

Western end L3 concrete diaphragm | Transverse |50%NBS (IL3) |Front fagade/slabs torsion causing

tie to Grid 2 shear wall tensile rivet failure at A2

Western end L3 floor diaphragm in Longitudinal |45%NBS (IL3) | Yielding reinforcing in the L3

flexure concrete slab, spanning A to G

Western end L2 floor diaphragm in Longitudinal |75%NBS (IL3) | Yielding reinforcing in the L2

flexure concrete slab, spanning A to G

SECONDARY ELEMENTS

K-frame on Grid 10 Transverse |80%NBS (IL3) |Demands from roof level to steel K-
frame members

Fagade parapets on Grid 1 Longitudinal |50%NBS (IL3) |Concrete cantilever section and
span between encased columns

Roof parapet on Grid 2 Longitudinal |45%NBS (IL3) |Concrete cantilever above roof
bracing, spanning between
encased columns on Grid 2

Main theatre plaster ceiling Longitudinal |30-40%NBS Capacity of nail connections in

(IL3) range

timber hangers supporting ceiling
panels up to roof trusses

Table 5.1 — Results of the Detailed Seismic Assessment.

5.3 Assessment Assumptions

The following assumptions have been used in deriving the seismic equivalent static load (ESA)

demands for the building.

Parameter Assumption Comment

Date of Building Design 1923 /2003 / 2009 As per original and retrofit drawings
Soil Class C From geotechnical report (Appendix B)
Building Importance Level IL3 As per NZS1170.0:2004

Zone Factor, Z 0.40 Wellington

Longitudinal /Transverse Directions:

Fundamental Period, T+ 0.4s

Ductility of Structure, p 1.25 Limited ductility of concrete structure
Structural Performance Factor, Sp 1.0 As per NZS1170.5:2004
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Near Fault Factor, N(T, D) 1.0 As per NZS1170.5:2004

Seismic Coefficient, Ca(T1) 1.07g As per NZS1170.5:2004

Table 5.2 — Assessment parameters used to derive seismic loads.

5.4 Geotechnical Considerations

The geotechnical desktop study was conducted by Tonkin and Taylor (T+T). Liquefaction is
expected at this site and T+T have identified three soil zones across the site. Zone A has rock
(back SE corner), Zone B is softer soil that is susceptible to liquefaction (NE corner), and Zone
C is soft and is also susceptible to liquefaction (front western half of building). The onset of
liquefaction is expected to be a 35 to 40%NBS (IL3) ULS earthquake. In this case, all building
base shear must be removed through passive soil pressure only as any sliding friction
resistance has been lost. See T+T’s geotechnical report for further information (Appendix B).

There is also potential for the building to be subject to significant differential lateral ground
displacements along the interface between Zone A (rock) and Zone B (potential to liquify) as
the front moves away from the rock-anchored SE corner by up to 200mm. T+T estimate that
the lateral ground movement would induce 8 to 12 MN on the structure. This force would need
to be resisted by the structural ties along the Zone A/Zone B interface, however, the structure
is unlikely to have this capacity. The differential ground displacements predicted at
35%NBS(IL3) could cause significant ground damage to the Grid G and 11 walls, however,
the potential splitting at ground level is not likely to lead to loss of gravity support to the roof
trusses and to catastrophic collapse of the structure.

Figure 5.3: Grid G wall elevation with 200mm lateral displacement on Zone C foundation pads and no
displacement in Zone A, leading to potential split along Grid 8G column.
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5.5 Severe Structural Weaknesses

A severe structural weakness (SSW) is an element where its failure can potentially cause
catastrophic collapse and for which the probable capacity may not be reliably assessed based
on current knowledge. Structural systems likely to suffer a structural step change are required
to have reduction factor 0.5 on the calculated NBS score.

There is significant likelihood that in a large seismic event, the building will move on its
foundations due to lateral ground movement and liquefaction potential. However, the
associated likelihood of this ground movement resulting in catastrophic collapse is considered
unlikely. A structural step change in performance following the geotechnical step change in
soil strength due to liquefaction has not been considered appropriate for the following reasons:

» The structural configuration and materials consist of a concrete encased steel
frame and insitu concrete floors. These elements can have considerable inherent
deformation capacity and robustness, particularly when compared with
structures such as poorly tied unreinforced masonry structures, lightly reinforced
concrete columns, or structures with Hollowcore floors.

» The long walls will also reduce differential settlement effects from localised
pockets of liquefaction.

« The roof trusses over the main theatre have considerable capacity to ride out
differential settlement of their foundations and the connections to the columns
are capacity protected. More than 900mm differential settlement across the span
is tolerable just to reach the yield capacity of the supporting column.

» Loss of base shear resistance is not considered to be catastrophic in itself,
particularly as this leads to a loss of connection to the ground and therefore a
potential reduction in shaking transferred to the structure.

e The structure is generally well-tied with Ground floor and Level 1 working
together to resist differential lateral spreading.

The method for assessing the step change associated with geotechnical performance will be
changing with the next revision of the assessment guidelines. We have been able to review
these draft proposals. From our review, we do not expect the proposed changes when
released to change our assessment of the step change performance.

5.6 Localised Construction Issues

Due to the main structure being built in 1924, there are limited original construction and
connection details. This led to conservative assumptions about concrete work detailing and
concrete connections to steelwork. The original structural steelwork drawings had more details
to reference. Connections between the concrete and steel frame has been assumed to have
no continuous reinforcing through the encased steel frame members. On site investigation has
been conducted to understand the original reinforcement detailing. This included concrete
scanning with some limited concrete removal in isolated areas to calibrate the scanning. This
confirmed the lack of reinforcing continuity across the steel beams/columns. It also showed
wall reinforcement as two-layers but with wider, more varied spacings. The overall capacities
did not significantly change from the assumptions made in the original calculations.
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6 Commentary of Seismic Risks

From our assessment, the Embassy Theatre (10 Kent Terrace) is likely to achieve
30%NBS(IL3). Therefore, it is a Grade D (high risk) building. Following the grading scheme
of the NZSEE, the relative risk to a New Building would be 10 to 25 times.

Building Grade | Percentage of New Building | Approx. Risk Relative Life-safety Risk
Strength (%NBS) to a New Building Description

A+ >100 <1 low risk

A 80 to 100 1to 2 times low risk

B 67 to 79 2 to 5 times low or medium risk

C 34 to 66 5to 10 times medium risk

D 20 to 33 10 to 25 times high risk

E <20 more than 25 times very high risk

Table 6.1 - NZSEE Grading Scheme

7 Seismic Retrofit Options

Improving the connections of the Level 2 and Level 3 diaphragms back to the main shear walls
on Grids A is recommended. This may take the form of long tie beams fixed to the face of the
shear walls and diaphragm edges.

The upper roof structure above the main theatre has a sarked timber diaphragm supported on
stud frames that sit on top of the main steel roof trusses. The load path from the upper roof
diaphragm to the steel trusses could be improved by bracing these stud frames in both
orthogonal directions to the trusses below and by enhancing the connection of the wall to roof
at Grid G.

Strengthening to the main theatre ceiling from inside the main roof space is likely to be
possible. Adding bracing to the hangers and improving hanger connections is a priority.
Further refixing of the plaster elements to the timber framing may also be required for
enhanced diaphragm performance.

Whilst any improvements to the structure should target the highest NBS rating that is
reasonably practicable, the building’s improved NBS rating will ultimately be limited by the
response of the ground. Improving the foundation performance is likely to be a major
undertaking. This is likely to be very disruptive and costly depending on the target NBS of the
upgrade. The works may involve installing new piles/micro pile foundations, significant
foundations beams, new floor slabs, ground improvement, and will also likely involve complex
temporary works for the structure above. The attached geotechnical report by Tonkin+Taylor
has more detail on the potential ground improvements.
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Appendix A Existing Drawings

The following existing drawings cover three sets, each for a different design/retrofit stage
that has been completed on this building:

» Original blueprint drawings dated 1923 from Wellington City Council records
* “For construction” structural drawings from 2003 redevelopment (DTC 3864)
* “For construction” structural drawings from 2009 under DTC job 3864-2009

This report may not be read or reproduced except in its entirety.
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5 October 2022
Job No: 1020459.0000
Wellington City Council
PO BOX 2199
WELLINGTON 6140

Attention: Tane Dunne

Dear Tane

Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment

1 Introduction

This report presents a desktop geotechnical seismic assessment for the Embassy Theatre,
Wellington. The study was undertaken by Tonkin & Taylor Ltd (T+T) at the request of Wellington City
Council in accordance with our letter of engagement dated 10 May 2022. The project structural
engineer is Dunning Thornton Consultants Ltd (DTC).

This report summarises the agreed geotechnical parameters required by DTC to carry out their
Detailed Seismic Assessment (DSA).

This report presents:

. A summary of findings of a desktop assessment.

o Factual information.

. Potential for liquefaction at the site and associated geotechnical consequences.
. A summary of geotechnical issues associated with the site.

. Agreed geotechnical parameters to support DTC’s DSA.

2 Desktop assessment

2.1 Site description

Conclusion Information reviewed
e Thesiteislocated at 10 Kent Terrace, Mt Victoria, Wellington. o Aerial photo sourced
e Thesite is bordered by Majoribanks Street to the north, and Kent Terrace from Terralink

to the west. There are existing buildings to the east and south. International

o Site legal description: Lots 24 to 27 DP 240. (Copyright 2002-2005).

o Property parcel areas (total): approximately 1,500 m?.
e The site footprint is wholly occupied by a multi-storey building.

Tonkin & Taylor Ltd | Harbour Tower, Level 4, 2 Hunter Street, Wellington 6011, New Zealand
PO Box 2083, Wellington 6140 P +64-4-381 8560 F +64-9-307 0265 E wlg@tonkintaylor.co.nz



e The site is flat, with the surrounding land gently sloping in the north-west

direction (<10°).

o The site is approximately 160 m south (landward) of the pre-1900

shoreline.

o The site is approximately 400 m south of the current shoreline.

2.2

Conclusion

Ground and groundwater conditions

Information reviewed

o Available borehole data within the site comprises three boreholes up to
9.5 m depth drilled in 1992. Refer to Figure AL, Appendix A for

investigation locations.

e The inferred soil profile is presented in Table 2.1 and Figures A2 to A4,

Appendix A.

e Groundwater measurements taken during drilling indicate a water level of
approximately 1.8 m below ground level. Groundwater level of 1.8m
below ground level has been assumed in this geotechnical assessment.

e The boreholes have been inferred to terminate at the top of the rock.

e 1:50,000 geological map
22 (Begg, J.G.;
Mazengarb, C., 1996).

e ”Anengineering
geological investigation
of the seismic subsoil
classes in the central
Wellington commercial
area”.
(Semmens.S.,2011)

e T+T field borehole logs

(BHO1 to BHO3) dated
15 to 18 November
1992 (Refer Appendix B)
and notes.
Table 2.1: Summary of inferred subsurface ground conditions
Layer Geological Unit | Description Depthtotop | Thickness SPTN
No. of layer (m) (m)
1 5ec|amat|on Fill | Sandy GRAVEL. Loose to medium 0 051020 13 (one .
dense test only)
2 Beach Deposits | >/ \D» SOme gravel. Loose to 05t020 | 0.0t035 | 6t029
medium dense.
3 Harbogr SILT, trace_,- gravel. Firm to stiff, 201045 201045 610 15
Deposits non-plastic to low plasticity.
4 Alluvial SILT, some sand. Stiff. 301060 | 10t020 | ~L(One
Deposits test only)
5 gg!‘k‘v'”m /CW | GRAVEL. Dense to very dense. 081090 | 05t010 | 48t0o50+
Sandstone, highly weathered or
6 Rock ? better. Weak to moderately 2.0t09.5 - -
strong.
Notes:

1. SPT N =13 proven for the fill; descriptions indicate that the density varies between loose and medium dense (inferred N

=510 15).

2. Rock was not recovered and logged in the BH logs within the site, description of rock inferred from nearby investigations

at adjacent sites.

Tonkin & Taylor Ltd

Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
Wellington City Council

5 October 2022
Job No: 1020459.0000



2.3

Active faults

Conclusion

Information reviewed

2.4

The Wellington Fault lies approximately 2.2 km northwest from the site.

The Wellington Fault is included in Table 3.6 of NZS 1170.5:2004 as a major
fault requiring near fault factors when assessing structural design actions.

There are numerous other active and inactive faults mapped nearby in
Wellington city. Bathymetric survey of the Wellington Harbour identified
the active Aotea Fault. The Aotea Fault is inferred to project onshore and
extend southward beneath Te Aro. Although the precise onshore location
is currently inferred, the alignment of the fault is located approximately 40
m west of the site. The inferred location is poorly constrained, and for this
reason GNS has only published the offshore fault alignment.

The Aotea Fault is not considered a major fault according to NZS
1170.5:2004.

Previous earthquakes

Conclusion

e GNS Online database
of active faults

e NZS1170.5: 2004
Section 3.1.3 and Table
3.6

e “The structure and
seismic potential of
the Aotea and Evans
Bay Faults, Wellington,
New Zealand” (Barnes,
P.M. et al, 2018)

e Kaiser, AEE., et. al.,
2019. Updated 3D
Basin model and NZS
1170.5 subsoil class
and site period maps
for the Wellington
CBD: Project 2017-
GNS-03-NHRP. GNS
Science consultancy
report 2019/01.

Information reviewed

Kaikoura Earthquake (14 November 2016 at 12:02am)

Location: 15 km northeast of Culverdon
Magnitude: M. 7.8
Focal depth: 15 km

Intensity felt at site:  PGA 0.18g recorded at Wellington Te Papa Museum
(TEPS), approximately 450 m northwest of the site.

Cook Strait Earthquake (21 July 2013 at 5.09pm)

Location: Cook Strait, distance 51km
Magnitude: M. 6.5
Focal depth: 13km

Intensity felt at site:  PGA 0.12g recorded at Wellington Te Papa Museum
(TEPS), approximately 450 m northwest of the site.

Lake Grassmere Earthquake (16 August 2013 at 2.31pm)

Location: Lake Grassmere, distance 72km
Magnitude: M. 6.6
Focal depth: 8km

Intensity felt at site:  PGA 0.1g recorded at Wellington Te Papa Museum

(TEPS), approximately 450 m northwest of the site.
No known evidence of ground damage at the site as a consequences of
these earthquakes.

e FEarthquake magnitude
source of data:
http://geonet.org.nz/

Tonkin & Taylor Ltd

Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
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2.5

Existing building foundations

Conclusion

Information reviewed

Available information provided by the structural engineer indicate the
following stages of foundation construction:

The original building (1923) was founded on shallow pad foundations
(various sizes).

A 2003 retrofit of the building included the removal of existing shallow
foundations located towards the centre of the building, installation of a
basement, and the installation of screw pile and rock anchor foundations.

A retrofit in 2009 included the installation of micro-pile foundations.

The following foundation types are considered in the assessment:

Square shallow pad foundations ranging in size from 0.9m to 1.2m to an
approximate depth of 0.5m to 1.5m below ground level. Depths based on
that shown on drawings; no construction records found.

Rectangular shallow pad foundations ranging in size from 1.5m by 0.9m to
1.8m by 1.5m, to an approximate depth of 0.5m to 1.5m below ground
level. Depths based on that shown on drawings; no construction records
found.

Screw pile foundations (37 No.) with 219mm shaft outer diameter and
600mm helix diameter founded 5m to 10.5m below base of pile
cap/ground beam around the perimeter of the building, and 1.4m to 8m
below the underside of the basement.

Screw pile foundations (17 No.) in conjunction with a 200mm diameter
grouted rock anchor extending below the base of the screw pile.

Rock anchor foundations (6 No.) with 200mm diameter founded 4.3m to
5m below the underside of the basement.

Micropile foundations (4 No.) measuring 200mm in diameter and 12m long
founded in rock (length based on that shown on drawings; no construction
records found).

3 Geotechnical engineering considerations
3.1 Seismic site subsoil class
Conclusion

No as-built drawing
available for the
foundations

“Embassy
Redevelopment 2003”
by DTC dated August
2003 (Refer Appendix
C).

“Embassy
strengthening 2009”
by DTC, dated April
2010 (Refer Appendix
C).

“New Theatre,
Courtenay Place,
Wellington” by
Llewellyn E Williams
Architect Structural
Engineer dated March
1923 (Refer Appendix
C).

Information reviewed

Site subsoil class is assessed to vary across the site between Class B —
Rock, and Class C — Shallow solil site.

Level of certainty in the above assessment is moderate to high.

The level of certainty in the location of the subsoil class boundary is low.
Itis likely that a larger area of the building footprint is Subsoil Class C than
Class B.

If required, further investigations could provide an opportunity to inform
the demarcation of the Class B and Class C zones.

Refer Section 2.2.
NZS1170.5:2004

Kaiser, A.E., et. al.,
2019. Updated 3D Basin
model and NZS 1170.5
subsoil class and site
period maps for the
Wellington CBD.

Tonkin & Taylor Ltd
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3.2 Ground shaking hazard

The seismic hazard in terms of peak ground acceleration (PGA) and magnitude (M) for the site has
been assessed based on NZGS/MBIE Module 1 (2016). Table 3.1 presents the return periods for
earthquakes with various ‘unweighted’ peak ground accelerations (PGA) with a corresponding
earthquake magnitude.

Table 3.1: Ground seismic hazard

Effective

NZS 1170.5 Limit State PGA (g) magnitude M
€

Return period (years)

Subsoil Class C — Shallow Soil Site

Ultimate limit state (ULS) 0.59 7.1 1000
Serviceability limit state (SLS) | 0.11 6.2 25
Subsoil Class B — Rock Site
Ultimate limit state (ULS) 0.45 7.1 1000
Serviceability limit state (SLS) | 0.09 6.2 25
Note:
PGA and effective magnitude has been assessed based on MBIE/NZGS Module 1 (2016), for the following:
Building design life 50 years — advised by DTC
Building importance level IL3 (NZS 1170.0:2004, Table 3.2) — advised by DTC
Return period factor, Ru 1.3 for 1000yr; 1.0 for 500yr; 0.5 for 100yr; and 0.25 for 25yr return period (NZS
1170.5:2004, Table 3.5)
Subsoil class B (rock) and C (shallow soil) — refer Section 4.4.1
Return period PGA coefficient, Co000 0.44 (Bridge Manual Table 6A.1)
Site subsoil class factor, f 1.0 for Subsoil Class B, 1.33 for Subsoil Class C (Bridge Manual Section 6.2)
PGA Co,1000X Ru/1.3 x f x g (Bridge Manual Section 6.2)
Effective Magnitude, Meff 7.1 for 1000yr and 500yr and 6.2 for 100yr and 25yr return period (Bridge Manual
Table 6A.1)

A revision to Module 1 (2016) was issued in November 2021. The geotechnical seismic assessment
presented in this report has been undertaken using the parameters presented in Table 3.1 from
Module 1 (2016) as per the guidance notes on the MBIE website for the seismic assessment of
existing buildings.

4 Liquefaction assessment

4.1 Liquefaction potential

The triggering of liquefaction, for each soil layer identified as being susceptible to liquefaction, has
been assessed in accordance with the procedure of Idriss and Boulanger (2014). The method is
based on empirical relationships with the SPT ‘N’/CPT ‘qc’ and fines content. SPT data from three
boreholes have been used in the assessment. The conclusions are summarised in Table 4.1.

Table4.1: Liquefaction potential

Layer | Description Conclusion
No.
N The reclamation fill is above groundwater level and is not expected to
1 Reclamation Fill .
liquefy.
Tonkin & Taylor Ltd 5 October 2022
Embassy Theatre Wellington, Job No: 1020459.0000
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Layer | Description Conclusion
No.
Widespread liquefaction of loose to medium dense sand possible in an
2 Beach Deposits earthquake shaking with PGA > 0.2g, M7.1 (approx. 35% ULS IL3 Subsoil
Class C).
Widespread liquefaction of non-plastic and low plasticity silt possible in
3 Harbour Deposits an earthquake shaking with PGA > 0.23g, M7.1 (approx. 40% ULS IL3

Subsoil Class C).
Localised pockets of liquefaction within layers/lenses of low plasticity

4 Alluvial Deposits silt and medium dense sand possible in an earthquake shaking with PGA
> 0.25g, M7.1 (45% ULS IL3 Subsoil Class C).

5 Colluvium / CW Rock This layer is dense and is not susceptible to liquefaction.

6 Rock This layer is not susceptible to liquefaction.

There is a high level of uncertainty in the liquefaction assessment because:

. There is no CPT or laboratory test data available.
. Recorded groundwater levels at the site were taken during drilling only.

Specific investigations would be required to confirm/revise the conclusions of the liquefaction
assessment outlined above.

4.2 Liquefaction consequences

Considering the potential for liquefaction described in Section 4.1, consequences of liquefaction at
have been identified as listed in Table 4.2.

Table 4.2: Liquefaction consequences

ID | Issue Comments
1 | Cyclic displacement o Cyclic displacement is not expected at the south-eastern corner of
(Ground lurch) the building where rock is shallow (Zone A of Figure A5, Appendix A).

For the rest of the building (Zone B and C of Figure A5, Appendix A)
cyclic displacement of the order of 200mm to 200 mm is possible
(100mm probable) at the site during shaking.

2 | Lateral spread o Not expected as the site is relatively flat and no nearby free face
present.
3 | Reduced support to ¢ Liquefaction beneath a shallow foundation will result in a reduction
shallow foundations of support to that foundation and associated settlement of that
foundation.

e See Section 5.

4 | Reduced support to piles | « Reduced shaft resistance of pile foundations penetrating liquefied
beach and harbour deposits.

e Reduced end bearing for piles founded in or near liquefied soils.

5 | Negative skin friction ¢ Post liquefaction settlements as a result of reconsolidation of
(NSF) liquefied soils could impose down drag on deep foundations.
6 | Free field settlement e Severe to moderate earthquake shaking (> 35% ULS IL3 Subsoil Class

C) could cause surface settlement of up to 120 mm. This settlement
would be nil in Zone A and increasing to the north and west.

Tonkin & Taylor Ltd 5 October 2022
Embassy Theatre Wellington, Job No: 1020459.0000
Geotechnical Seismic Desktop Assessment
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ID | Issue

Comments

7 | Sand boils

Sand boils at the site around the perimeter of the building are
possible as crust thickness is less than 2m.

8 | Uplift pressure
(liquefaction induced)

Liquefaction induced uplift pressure on the underside of the
basement is possible as a result of liquefaction of the beach and
harbour deposits immediately underlying the basement slab. The
uplift pressure on the 2.65m deep (west) basement would be in the
order of 50 kPa.

9 | Reduced passive
capacity of basement
walls

As a result of liquefaction of the beach and harbour deposits the
passive resistance of the basement walls (north, west and southern
walls only) are likely to be reduced. Refer Section 6.2.1.

5 Geotechnical issues identified

Several geotechnical issues that have potential to affect the buildings seismic performance are

presented in Table 5.1.

Table5.1: Geotechnical Issues

ID | Issue

Comments

1 | Reduced support to
shallow foundations.

Refer Section 6.1.1.

2 | Limited vertical capacity
of existing piles (screw
piles and micropiles).

Refer Section 6.1.2.

3 | Limited lateral capacity
of piles (screw piles and
micropiles).

Refer Section 6.2.2.

4 | Differential settlement

Differential movement of the building may result from settlement
attributed to the following three mechanisms:

Post-liquefaction free field settlement as reported in Table 4.2, ID 6.
Ground settlement as a result of sand boil(s). This is in addition to
free field settlement described above.

Deviatoric stresses induced by foundation loads. Settlement can be

derived using the vertical spring stiffnesses provided in Table 6.2
and Table 6.3.

5 | Different foundation
types

The building is founded on both deep and shallow foundations with
different behaviours under vertical loading (stiffness difference).
This is further exacerbated by liquefaction.

Structural analysis to consider these differences in stiffnesses, refer
Section 6.1.

6 | Cyclic Displacement

Cyclic displacement of the ground will impose a lateral load on the
pilesin Zone B and C.

A lateral load is induced in the structure due to the foundations and
basement in the south-eastern corner of the building (Zone A of
Figure A5, Appendix A) being “anchored” in rock, and the remainder
of the foundations and underground structures (Zone B and C of
Figure A5, Appendix A) are subjected to lateral kinematic loads. The
anchorage force in Zone A is assessed to be in the order of 8 to
12MN.

Tonkin & Taylor Ltd

Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
Wellington City Council

5 October 2022
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ID | Issue Comments

o Should the structure not be able to tolerate this force, the lateral
movement of the ground and building between Zones A and B could
be up to the magnitude of the cyclic displacement (refer ID 1, Table

4.2).
7 | Earthquake ground e The location of the Aotea Fault is poorly constrained and there is a
rupture risk that this fault may be at or very close to the site.
6 Assessment of existing foundations

In line with Section C4 of the Assessment Guidelines, the capacities presented in this section need
not be reduced by a strength reduction factor.

If the parameters presented in this section prove to be critical to the assessment, the structural
engineer is to discuss this with the geotechnical engineer, to allow review.

Structural parameters used in the assessment were provided by DTC. The geotechnical assessment is
based on founding conditions presented in Sections 2.2 and 4.1.

6.1 Vertical Assessment

6.1.1 Vertical Capacity of Shallow Foundations

The agreed geotechnical parameters with DTC for the shallow foundations are provided in Appendix
D for their structural assessment. These include the assessment of the limiting (probable) bearing
capacities and range of compressive spring stiffness for each existing footing type, presented in
Table 6.1 and Table 6.2 respectively.

The calculated bearing capacity assumes that the foundations are not subjected to overturning
moments i.e. foundations are not eccentrically loaded and the full footing area is assumed to be
providing uniform support. A range of bearing capacities where the footing is subjected to horizontal
loading (e.g. used to take out base shear) is provided, where H is the imposed horizontal load on the
footing and V is the vertical load.

Table 6.1: Probable Bearing Capacity of Shallow Pad Foundations

Net Ultimate (Limiting) Bearing Capacity (kPa)
H/V Zone A Zone B ZoneC
No liguefaction | No liquefaction Liquefaction No liquefaction Liquefaction
0 1200 700 50 to 180 1030 50 to 180
0.1 860 500 - 750 -
0.2 620 350 - 530 -
0.3 430 250 - 370 -
0.4 300 170 - 250 -
Note:

Refer Figure A5 in Appendix A for Zone classification.

Tonkin & Taylor Ltd 5 October 2022
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Table 6.2:  Vertical spring stiffnesses of Shallow Pad Foundations
Zone Compressive Spring Stiffness (kPa/mm)
No liquefaction Liquefaction
A 50 to 250 -
10to 40 1to8
10to 40 1 $Q8
Note:

Refer Figure A5 in Appendix A for Zone classification.

The structural analysis should consider the range of stiffnesses, includir|1g performing sensitivities
(e.g. one pad being ‘soft’ and adjacent pads ‘K
favourable result.

Very low. Too low to be of use.
Is there a reasonable settlement we can work
to in the foundations to check if a step

Foundations in compression may be modellec change occurs in the structure?

bearing capacity.

6.1.2

The agreed geotechnical parameters with DTC for the deep foundations are provided in Appendix F
for their structural assessment.

Pile foundations

Table 6.3Error! Reference source not found. summarises the estimates of the probable geotechnical
capacities and spring stiffnesses of the existing pile foundations. These capacities were assessed
using the available drawings included in Appendix C. The capacity and spring stiffness values
provided are applicable to the no liquefaction case only (up to 35% ULS IL3 for Subsoil Class C).

Table 6.3: Vertical capacity and spring stiffnesses of deep foundations (No liquefaction case)
Pile Location Pile Type Assumed Pile Probable Vertical Spring Stiffnesses
Length (m) Capacity (kN) (KN/mm)
Compression | Tension | Compression | Tension

Perimeter (Grid A) | Micropile 12 -2 1500 -2 15 to 60
founded in
rock

Perimeter (Grid A) | Screw Pile 9.5 1000 500 20to 100 10to 50

Perimeter (Grid A) | Screw Pile with | Screw Pile: 7.3 1000 500 20to 100 10to 50
rock anchor Rock Anchor: 1.3

Basement (P37 - Screw Pile 7.5 1000 -3 20 to 100

P39)

Basement (P37 - Screw Pile with Screw Pile: 7 1000 -3 20 to 250

P39) rock anchor Rock Anchor: 2

Basement Screw Pile 3.5 1000 -3 20 to 100

(remaining piles)

Basement Screw Pile with Screw Pile: 3.5 1000 -3 20 to 250

(remaining piles) rock anchor Rock Anchor: 3

Shallow basement | Screw Pile 2 1000 -3 20 to 100

(Approx. Grid 8 to

10)

Grid 10 Rock Anchor 4.5 1200 1200 50 to 250 15t0 75

Tonkin & Taylor Ltd
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Callout
Very low. Too low to be of use.
Is there a reasonable settlement we can work to in the foundations to check if a step change occurs in the structure?


10

Note:
1. Spring stiffness provided are applicable up to the probable (limiting) compression and tension reported.
2. DTC advised that compression load will not be transferred to the micropiles.

3. The tension capacity and spring stiffness of this pile type has not been assessed. DTC advised that there is no tension
loading on this pile type.

The structural analysis should consider the range of stiffnesses, including performing sensitivities
(e.g. one pile being ‘soft’ and adjacent piles hard and vice versa etc) and allow for the least
favourable result. Foundations may be modelled as elastic plastic i.e. plastic beyond the ultimate
geotechnical capacity.

6.2 Lateral Assessment

6.2.1 Shallow foundations and basement

The lateral resistance for base shear take-out can be derived from the passive resistance behind the
basement walls and pad foundations and slidina resistance beneath the shallow pad foundations.
this is written like a new
design. There are no
choices for us here.
The load-displacement plots fof passiveresrstarceare meroueam Appendix D for the pad

foundations and Appendix E for the basement walls.

6.2.1.1 Passive resistance

6.2.1.2  Sliding

It is preferable to resist ase shear through passive resistance as inducing a lateral load on shallow
foundations reduces the bearing capacity significantly. If sliding resistance is required to take out
base shear, the sliding coefficient beneath the existing footings may be taken as 0.65 (where sliding
resistance = 0.65 x the vertical load on a footing not supported by piles). The sliding coefficient
assumes that the concrete is cast directly onto ground without DPM or other types of membrane
beneath that can affect the sliding resistance. The sliding coefficient presented is for the no
liguefaction case only.

Where sliding capacity is considered, the foundations bearing capacity shall be reduced based on the
ratio of horizontal and vertical load (H/V) being applied to the foundation, refer Table 6.1.

6.2.2 Pile foundations

Table 6.4 presents the lateral pile behaviour and assessment under the four stages of an earthquake.

Table 6.4: Pile lateral behaviour during an earthquake

Scenario | Description Comments

No.

1 Start of earthquake (no o 100% of base shear resisted by passive resistance of
liquefaction) buried elements (refer Section 6.2.1). The pile
Up to 35% ULS(IL3) Subsoil foundations will be subject to the displacement required
Class C ground shaking. to mobilise the passive resistance.

o Lateral pile (LPile) analyses of the screw pile and
micropile foundations were undertaken by varying the
displacement at the pile head and the results are
presented in Appendix F.

2 Liquefaction triggered but no e Loss of lateral support to piles.
lateral ground movement

Tonkin & Taylor Ltd 5 October 2022
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Geotechnical Seismic Desktop Assessment

Wellington City Council
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Scenario | Description Comments

No.

o Pile behaviour for this scenario has not been assessed
per discussion with DTC.

3 Ground lurch (cyclic o If the building moves less than the cyclic displacement (1D
displacement of liquefied 1, Table 4.2), the soil movement acts as a kinematic load
ground) occurs. During shaking. on the pile (in addition to base shear).

o Pile behaviour for this scenario has not been assessed
per discussion with DTC.

4 Lateral spreading occurs. o lateral spreading is not expected at the site and pile
Towards end of shaking, behaviour for this scenario has not been assessed.
possibly post shaking.

7 Further assessment

If strengthening of the building is required, further specific geotechnical engineering input will be
required as outlined below.

Site-specific geotechnical investigations.
Foundation optioneering and concept design.
Preliminary design.
Developed design.
Detailed design.
Construction monitoring.

Information presented in this report is not to be applied to any aspect of the strengthening design
without review.

Tonkin & Taylor Ltd

Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
Wellington City Council

5 October 2022
Job No: 1020459.0000
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8 Applicability

This report has been prepared for the exclusive use of our client Wellington City Council, with
respect to the particular brief given to us and it may not be relied upon in other contexts or for any
other purpose, or by any person other than our client, without our prior written agreement.

Recommendations and opinions in this report are based on data from discrete investigation
locations. The nature and continuity of subsoil away from these locations are inferred but it must be
appreciated that actual conditions could vary from the assumed model.

Tonkin & Taylor Ltd

Report prepared by: Authorised for Tonkin & Taylor Ltd by:
L;"'—f:*r -

Emily Peebles Dr EngLiang Chin

Geotechnical Engineer Project Director

Technical review by Bhavesh Rama (Senior Geotechnical Engineer).

5-Oct-22
p:\1020459\workingmaterial\3. report\1020459-rpt-gt-001-v1_embassy theatre.docx

Tonkin & Taylor Ltd 5 October 2022
Embassy Theatre Wellington, Job No: 1020459.0000
Geotechnical Seismic Desktop Assessment

Wellington City Council



Appendix A Figures

o Figure Al: Site Plan
. Figures A2-A4: Cross Sections

. Figure A5: Zone Classification
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Appendix D Shallow Foundation Geotechnical
Parameters

o Summary figure of agreed geotechnical parameters.

. Figure D1: Passive load-displacement curve for 1.5m deep pad foundation.

Tonkin & Taylor Ltd 5 October 2022
Embassy Theatre Wellington, Job No: 1020459.0000

Geotechnical Seismic Desktop Assessment
Wellington City Council
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Embassy Theatre DSA, Wellington
T+T Ref: 1020459

Shallow Foundation Bearing Capacity and Springs
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Figure D1. Passive load displacement curve for 1.5m deep pad foundation.




AppendixE  Basement wall load-displacement
curve

o Summary figure outlining basement walls.
o Figure E1: Passive load-displacement curve for 2.65m deep west basement wall.

o Figure E2: Passive load-displacement curve for 2.65m deep east basement wall.
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Figure E1. Passive load-displacement curve for 2.65m deep west basement wall.

Note that the mobilised earth resistance (kN/m) is per metre of basement wall perpendicular to
direction of movement.
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Figure E2. Passive load-displacement curve for 1.8m deep east basement wall.

Note that the mobilised earth resistance (kN/m) is per metre of basement wall perpendicular to
direction of movement.




Appendix F Deep Foundation Geotechnical
Parameters

o Summary figure of agreed geotechnical parameters for screw pile and rock anchor
foundations.

. LPile Analyses for screw pile and rock anchor foundations.
o Summary figure of agreed geotechnical parameters for micropile foundations.

o LPile Analyses for micropile foundations.

Tonkin & Taylor Ltd 5 October 2022
Embassy Theatre Wellington, Job No: 1020459.0000
Geotechnical Seismic Desktop Assessment
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Structural Engineers Embassy Theatre (10 Kent Terrace)
Detailed Seismic Assessment Report

Appendix C Concrete Scan Report
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Project Scope 5

1 Project Scope

Concrete Structure Investigations Limited (CSl) were engaged by Wellington City Council to
undertake scanning services at the Embassy Theatre, Wellington.

Our brief was supplied by Rubie Inch of Dunning Thornton for scanning various structural
elements to determine the reinforcement layout. The locations investigated were provided by
Rubie in a marked-up plan. All structural elements supplied in brief were able to be scanned,
alternative scan locations were chosen by CSI where required due to the site conditions. The
information/data taken on site has been analysed, peer-reviewed and provided in the below
report.



Building Plans and Scanning Locations

2 Building Plans and Scanning Locations

Scans RS 799 and RS 801

Figure 1: Scans Grid A 8/9 Level 1



Building Plans and Scanning Locations

Scans RS 5383 and /

RS 5386

Figure 2: Scans Grid 11E/F Level 1



Building Plans and Scanning Locations

Scans RS 5380 and RS 5390

Figure 3: Scans Grid G 8/9 Level 1
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Scans RS 810 and RS 809

Figure 4: Scans Grid 11 E/F Basement Level 0
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Scans RS 814 and RS 815

Scans RS 813

Scans RS 5391 \

Scans RS 820, RS 821,

and RS 822 \

Figure 5: Scans Locations Level 2



Scans Level 0

3 Scans

3.1 Level0
3.1.1 Scans grid 11 E/F

RS 809

Figure 6: Column Scan Grid 11-E
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RS 810

Scans Level 0

RQ 812

Figure 7: Wall Scan Grid 11- E/F

RQ 811
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3.1.1.1 RS809

Project name:
Location:
User:
Filename
Comment:

Figure 8: Scan RS809

234158 Customer: -

- Object: -

- Permittivity: 7.0
RS _054210001_000809.hscan Timestamp -
Column

Scan taken on Grid 11/E. The top scan margin is approx. 1300mm above the floor, and x=150
aligns with the left edge of the column

Reinforcing bars:
e min. concrete cover approx. 64mm
e vertical bars c/c approx. 650mm
e  stirrups c/c approx. from 260mm to 420mm

Additional reinforcing:
e horizontal bars are visible at a cover of approx. 350-400mm
e c/cis approx. 630mm
e possibility of wall reinforcing developing through the column
o further investigations are required for confirmation

Steel column (as per drawings):
e cannot be confirmed from the available data
o further investigations are required to confirm the presence / absence



Scans Level 0

3.1.1.2 Adjacent column Grid 11/F

14

Vertical Reinforcement
approx. 25mm

Horizontal (Stirrups)
Approx. 12mm

Figure 9: Column Grid 11/F
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3.1.1.3 RS810

Project name:
Location:
User:
Filename

Figure 10: Scan RS810

234158 Customer: -

- Object: -

- Permittivity: 5.6
RS _054210001_000810.hscan Timestamp -
Wall

Scan taken on Grid 11/E-F, as depicted in Figure 7. The Left scan margin is approx. 720mm from
the column 11/E and the top scan margin is 1300mm above the floor.

Increased moisture content is present in the bottom of the scan, within the concrete

Reinforcing bars:
e two layers of reinforcement bars
e vertical and horizontal bars connect

o Firstlayer:
= min. concrete cover approx. 48mm
= horizontal bars, c/c approx. 620mm
= vertical bars, c/c approx. 600mm

o Second layer:
=  horizontal bars, c/c from approx. 570mm and 645mm, respectively
= vertical bars, c/c approx. 540mm and 640mm, respectively

Starter bars:
e suspected starter bars at annotations 1, 2, 3 and 4
e bars terminate approx. 550mm above the slab
e for c/c refer to RQ811
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3.1.1.4 RQ811 and RQ812

Project name:
Location:
User:
Filename
Comment:

234158 Customer: -

- Object: -

- Permittivity: 5.6
RQ 811 and RQ 812 Timestamp -
Wall

Scans not displayed

RQ811:
Horizontal scan taken approx. 250mm above the floor on grid 11 between columns E to F

Vertical bars:
e two layers of reinforcement bars
o firstlayer:
= min. concrete cover approx. 55mm
= vertical bars, c/c approx. 600mm

Starter bars:
e bars appear to be arranged mostly in pairs with a close c/c
o increased c/c between the pairs
e average c/c is approx. 319mm

RQ812:
Horizontal scan taken approx. 1250mm above the floor on grid 11 between column E to F

Vertical bars:
e two layers of reinforcement bars
o firstlayer:
= min. concrete cover approx. 49mm
= average c/cis approx. 603mm

o second layer:
=  bars, average c/c is approx. 608mm



3.2 Level

Scans Level 1

1

3.2.1 Scans Grid A 8/9

1600mm

| RQ 803

RS 801

RQ 800

/'
2600 mm i

Figure 11: Wall, Column Scan Grid A- 8/9

RS 799

2200mm

|
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3.2.1.1 RS801

Figure 12: Scan RS801
Project name: 234158 Customer: -
Location: - Object: -
User: - Permittivity: 7.0
Filename RS _054210001_000801.hscan Timestamp -
Comment: Wall

Scan taken on Grid A/8-9, as depicted in Figure 11. The right scan margin is approx. 1400mm
from the column and 1600mm above the floor.

Scan data indicate the possibility for increased moisture content within the concrete

Reinforcing bars:
e two layers of reinforcement bars
e vertical and horizontal bars connect

o firstlayer:
= min. concrete cover approx. 53mm
= horizontal bars, c/c approx. 530mm and 600mm
=  vertical bars, c/c between approx. 370mm to 400mm

o second layer
= horizontal bars, c/c approx. is approx. 640mm and 560mm
=  vertical bars, c/c between is approx. 340mm to 390mm
= annotations 1 and 2; a portion of a diagonal bar is visible
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3.2.1.2 RS799

Project name:
Location:
User:
Filename
Comment:

Figure 13: Scan RS799

234158 Customer: -

- Object: -

- Permittivity: 7.0
RS _054210001_000799.hscan Timestamp -
Column

Scan taken on column A/9, as shown in Figure 11. The top scan margin is approximately 2200mm
above the stairs.

Structural steel column:
o flange width is approx. 320mm
e wire-stirrups
o clc varies from approx. 90mm to 290mm
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3.2.1.3 RQ800 and RQ803

Project name:
Location:
User:
Filename
Comment:

234158 Customer: -

- Object: -

- Permittivity: 7.0
RQ800 and RQ803 Timestamp -
Wall

Scans not displayed

RQ800:
Vertical scan taken left of the column A/9
Scan distance 2400mm

Horizontal steel beam:
e approx. x=800
e concrete cover approx. 85mm
o flange width is approx. 180mm

Horizontal bars:
e two layers of reinforcement bars
o firstlayer:
= min. concrete cover approx. 23mm
= bars, c/c approx. 620mm to 770mm

o second layer:
= bars, c/c approx. 600mm

RQ803:
Horizontal scan taken on the fourth pass of scan RS 801
Scan distance 3500mm

Vertical bars:
e two layers of reinforcement bars
o firstlayer:
= min. concrete cover approx. 31mm
= bars, c/c approx. 400mm

o second layer
=  bars, c/c approx. 400mm



3.2.2 Scans Grid G 8/9

RS 5380

Scans Level 1

Figure 14: Wall Scan Grid G- 8/9

21



Scans Level 1 22

3.2.2.1 RS5380

Figure 15: Scan RS5380

Project name: 234158 Customer: -
Location: - Object: -
User: - Permittivity: 6.0
Filename RS _070140002_005380.hscan Timestamp -
Comment: Wall

Scan taken on Grid G/8-9, as depicted in Figure 14. The right scan margin is 75mm from the
column and the top scan margin is 1500mm above the floor.

Scan data indicate the possibility for increased moisture content within the concrete

Reinforcing bars:
e reinforcement is irregularly placed
e annotations 1 and 2; diagonal bar
e vertical and horizontal bars connect
o horizontal bars, c/c from approx. 200mm to 360mm
o vertical bars, c/c from approx. 210mm to 360mm
e min. concrete cover approx. 31mm



3.2.3 Scan Grid G9

Scans Level 1

Figure 16: Column Scan Grid G9

23
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3.2.3.1 RS5390

Project name:
Location:
User:
Filename
Comment:

Figure 17: Scan RS5390

234158 Customer: -

- Object: -

- Permittivity: 5.0
RS_070140002_005390.hscan Timestamp -
Column

Scan taken on Grid G/9, as shown in Figure 16. The top scan margin is approximately 1350mm
from the stairs.

Structural steel column:
o flange width is approx. 320mm
e wire-stirrups
o clc varies from approx. 278mm to 300mm



3.2.4 Scans Grid 11 D/E

Scans Level 1

1

RQ 5385

Figure 18: Column Scan Grid 11-D

RS 5383

25
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3.2.4.1 RS5383

Project name:

Location:
User:
Filename
Comment:

Figure 19: Scan RS5383

234158 Customer: -

- Object: -

- Permittivity: 6.0
RS _070140002_005383.hscan Timestamp -
Column

Scan taken on Grid 11/D, as shown in Figure 18

Reinforcing bars:
e min. concrete cover approx. 62mm
e vertical bars c/c approx. 650mm
e  stirrups c/c approx. from 240mm to 340mm

Starter bars:
e indications for starter bars are given, although these cannot be confirmed with certainty
o suspected termination at y=290
o further investigations required to confirm the starter bars with certainty

Additional reinforcing:
e horizontal bars are visible at a cover of approx. at 300-400mm
e c/cis approx. 450 and 1070mm, respectively
e possibility of wall reinforcing developing through the column
o further investigations are required for confirmation

Steel column (as per drawings):
e cannot be confirmed from the available data
o further investigations are required to confirm the presence / absence



Scans Level 1

3.2.4.2 RQ5385

Project name: 234158 Customer: -
Location: - Object: -
User: - Permittivity: 6.0
Filename RQ_070140002_005385.hscan Timestamp -
Comment: Column

Scans not displayed

RQ5385:
Vertical scan taken on column Grid 11/D

Reinforcing bars:
e min. concrete cover approx. 37mm
e stirrups average c/c approx. 290mm, max 370mm, min. 160mm

27



1

RQ 5387

RQ 5389

Scans Level 1

RS 5386

1400mm

Figure 20: Wall Scan Grid 11 D/E

28
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3.2.4.3 RS5386

Figure 21: Scan RS5386

Project name: 234158 Customer: -
Location: - Object: -
User: - Permittivity: 6.0
Filename RS _070140002_005386.hscan Timestamp -
Comment: Wall

Scan taken on Grid 11 between columns D and E, as depicted in Figure 20. The left scan margin
is approx. 1400mm from the column grid 11/D

Reinforcing bars:
e two layers of reinforcement bars
e vertical and horizontal bars connect

o firstlayer:
= min. concrete cover approx. 23mm
= horizontal bars, c/c approx. 940mm
= vertical bars, c/c approx. 515mm and 540mm

o second layer:
= only one horizontal bar is visible within the scan at y=825
= vertical bars, c/c approx. 500mm and 510mm, respectively
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3.2.4.4 RQ5387 and RQ5389

Project name:
Location:
User:
Filename
Comment:

234158 Customer: -

- Object: -

- Permittivity: 6.0
RQ5387 and RQ5389 Timestamp -
Wall

Scan not displayed
Scans taken on Grid line 11 between columns D and E, as depicted in Figure 20.

RQ5387:
Vertical scan taken right from column grid 11/D

Horizontal bars:
e min. concrete cover approx. 64mm
e bars, average c/c approx. 440mm, min. 160mm - max. 690mm

RQ5389:
Horizontal scan taken on grid 11 between columns D and E, on pass 3/4 from Scan RS5386

Vertical bars:
e two layers of reinforcement bars
o firstlayer:
= min. concrete cover approx. 21mm
= bars, average c/c approx. 500mm, max. 790mm — min. 250mm

o second layer:
=  bars, average c/c approx. 550mm, max. 700mm — min. 470mm



3.3 Level 2
3.3.1 Scan Grid 2- A/B

Scans Level 2

RS 813

Figure 22: Wall Scan Grid 2- A/B
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3.3.1.1 RS813

Project name:

Location:
User:
Filename
Comment:

Scans Level 2

Figure 23: Scan RS813

234158 Customer: -

- Object: -

- Permittivity: 6.0
RS _054210001_000813.hscan Timestamp -
Wall

32

Scan taken on Grid 2/A-B, as depicted in Figure 22. Left edge aligns with y=150, top scan margin
is 1300mm above the floor.

Reinforcing bars:

two layers of reinforcement bars
vertical and horizontal bars connect

o firstlayer:
= min. concrete cover approx. 65mm
= horizontal bars, c/c approx. 680mm
= vertical bars, c/c approx. 580mm

o second layer:
= horizontal bars, c/c approx. 460mm and 710mm
= vertical bars, c/c approx. 590mm

Low cover detection between annotations 1 & 2

min. cover of 9mm
unclear whether it is a service or bar
does not connect to any reinforcement



Scans Level 2

3.3.2 Scan Grid A-1/2

RS 814

Figure 24: Wall Scan Grid A- 1/2 Between Windows
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3.3.2.1 RS814

Figure 25: Scan RS814
Project name: 234158 Customer: -
Location: - Object: -
User: - Permittivity: 5.6
Filename RS _054210001_000814.hscan Timestamp -
Comment: Wall

Scan taken on Grid A/1-2, as depicted in Figure 24. The top scan margin is approx. 1970mm
above the floor.

Scan data indicate the possibility for increased moisture content within the concrete

Reinforcing bars:
e two layers of reinforcement bars
e vertical and horizontal bars connect

o firstlayer:
= min. concrete cover approx. 18mm
= horizontal bars, average c/c approx. 240mm
= vertical bars, average c/c approx. 240mm

o second layer
= horizontal bars, average c/c approx. 240mm
=  vertical bars, average c/c approx. 280mm



Scans Level 2

RS 815

Figure 26: Wall Scan Grid A - 1/2
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3.3.2.2 RS815

Project name:
Location:
User:
Filename
Comment:

Figure 27: Scan RS815

234158

RS_054210001_000815.hscan
Wall

Customer:
Object:
Permittivity:
Timestamp

5.6

36

Scan taken on Grid A/1-2, as depicted in Figure 26. The left scan margin is approx. 940mm from

the column grid A/1.

Reinforcing bars:

e two layers of reinforcement bars
e vertical and horizontal bars connect

o firstlayer:

= min. concrete cover approx. 45mm
= horizontal bars, c/c approx. 440mm
= vertical bars, c/c approx. 650mm and 480mm, respectively

o second layer

= horizontal bars, average c/c approx. 430mm
= vertical bars, c/c approx. 530mm and 410mm, respectively



3.3.3 Scan Grid 1- C/B

Scans Level 2

RS 5391

Figure 28: Wall Scan Grid 1- C/B
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3.3.3.1 RS5391

Project name:

Location:
User:
Filename
Comment:

Figure 29: Scan RS5391

234158 Customer: -

- Object: -

- Permittivity: 5.0
RS _070140002_005391.hscan Timestamp -
Wall

Scan taken on Grid 1/C-B, as depicted in Figure 28.

Reinforcing bars:
e two layers of reinforcement bars
e vertical and horizontal bars connect

o firstlayer:
= min. concrete cover approx. 45mm
= horizontal bars, c/c approx. min. 100mm - max. 280mm
= vertical bars, c/c varies from approx. 150mm to 330mm
e annotations 1; bar emerges from the top and terminates at
annotation

o second layer:
= horizontal bars, c/c approx. 430mm and 550mm, respectively
=  vertical bars, average c/c approx. 280mm



Scans Level 2

3.3.4 Scan Grid 1/2 - D/C

RS 820

7&\.
—lt\.

RS 821

RS 822

Figure 30: Slab Scan Grid 1/2 - D/C
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3.3.4.1 RS820

Project name:
Location:
User:
Filename
Comment:

Figure 31: Scan RS820

234158 Customer: -

- Object: -

- Permittivity: 7.0
RS _054210001_000820.hscan Timestamp -
Slab

Scan taken on Grid D/1-2, as depicted in Figure 30. The top scan margin is approx. 8000mm
from the wall at grid G, the right scan margin is approx. 1780mm from the wall at grid 1

Steel beam:
e highlighted in blue
e flange width is approx. 150mm

Slab reinforcement:
e one layer:
o clc average of 600mm, parallel to numbered grid lines (x-direction)
o clc average of 118mm, parallel to lettered grid lines (y-direction)

e additional bars:

o barsin x-direction

= orange highlighted areas

bars emerge from the right and terminate at around x=750
average c/c approx. 159mm
the bars sit on top of the above-mentioned layer
the bars connect to the above-mentioned layer
possible structural change at the right scan margin, visual inspection
from below is recommended

o barsiny-direction
= bars emerge from the bottom of the scan
= where possible the termination is determined to be between y=510-
665
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= refer to RS821 for second termination point
= the number of bars / c/c is indeterminable

3.3.4.2 RS821

Project name:
Location:
User:
Filename
Comment:

Figure 32: Scan RS821

234158 Customer: -

- Object: -

- Permittivity: 7.0
RS _054210001_000821.hscan Timestamp -
Slab

Scan taken on Grid D/1-2, as depicted in Figure 30. The top scan margin is approx. 9200mm
from the wall grid G, right scan margin is approx. 1780mm from the wall grid 1.

Slab reinforcement:
e one layer:
o clc average is 450mm, parallel to numbered grid lines (x-direction)
o clcaverage is 116mm, parallel to lettered grid lines (y-direction)

e additional bars:

o barsin x-direction

= orange highlighted area

bars emerge from the right and terminate between around x=600-750
c/c average is 153mm
the bars sit on top of the above-mentioned layer
the bars connect to the above-mentioned layer
possible structural change at the right scan margin, visual inspection
from below is recommended

o barsiny-direction
=  bars emerge from top of scan and terminate between y=310-455
= c/c average is 145mm
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= refer to RS820 for second termination point
= the number of bars / c/c is indeterminable

3.3.4.3 RS822

Project name:
Location:
User:
Filename
Comment:

Figure 33: Scan RS822

234158 Customer: -

- Object: -

- Permittivity: 7.0
RS_054210001_000822.hscan Timestamp -
Slab

Scan taken on Grid line D-C/1-2, as depicted in Figure 30. The top scan margin is approx.
10400mm from the wall at grid G, the right scan margin is approx. 1780mm from the wall
grid 1.

Slab reinforcement:
e one layer:
o clc average of 450mm, parallel to numbered grid lines (x-direction)
o clc average of 159mm, parallel to lettered grid lines (y-direction)

e additional bars:

o barsin x-direction

= in orange highlighted areas

bars emerge from the right and terminate at around x=705
average c/c approx. 159mm
the bars sit on top of the above-mentioned layer
the bars connect to the above-mentioned layer
possible structural change at the right scan margin, visual inspection
from below is recommended
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4 Conclusion of Results

Note: No bar diameter were able to be determined by scanning due to technical limitations.
Where required, bar diameter must be established through physical investigation.

4.1 Level O and Level 1 — Grid 11

4.1.1 Columns
The columns on level 0 and level 1 consist of longitudinal bars in the corners, enclosed by
stirrups.

Some indications for possible starter bars can be seen in the column scan on level 1, although
these cannot be confirmed with certainty without additional investigations.

Horizontal bars at greater depth are visible. These bars are potentially part of the wall
reinforcement propagating through the column. Additional investigations are required to
confirm this.

A steel beam as shown on the provided drawings cannot be confirmed which may be due to
limitations of the used device. Additional scanning with a different antenna is required to either,
confirm the existence or absence of a steel beam.

Exposed reinforcement on column 11/F revealed round, plain bars. The longitudinal bars and
stirrups have diameters of 25mm and 12mm, respectively.

4.1.2 Walls
The walls on level 0 and level 1 contain two layers of reinforcement with large and varying
centre spacings for both, horizontal and vertical bars.

For details refer to the scan section.

42 Levell1-GridAand G

4.2.1 Columns

The columns on grid A and G consist of a structural steel column with stirrups. The flange
width is estimated to be 320mm. The signal characteristics of the stirrups indicate a very small
diameter.

4.2.2 Walls
The walls contain two layers of reinforcement with large and varying centre spacing for both,
horizontal and vertical bars.

For details refer to the scan section.
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4.3 Level 2

431 Grid?2
4.3.1.1 Internal Wall

The scan taken on an internal wall on level 2 shows two layers of reinforcement with varying
centre spacings.

432 Grid A

4.3.2.1 Wall
The wall contains two layers of reinforcement with average centre spacings between 240-
280mm.

4.3.2.2 Spandrel
The spandrel consists of two layers of reinforcement with varying centre spacings.

4.3.3 Grid1

4.3.3.1 Wall
The wall consists of two layers of reinforcement with varying centre spacings.

4.3.4 Grid D/1-2

4.3.4.1 Slab

An area covering 1200x3600mm was scanned on grid D. The slab contains one layer of
reinforcement with a wide centre spacing for bars in one direction and close centre spacing in
the other direction.

A structural steel beam is apparent on grid D, the flange width is estimated to be 150mm.
Additional bars, either lapping bars or saddle bars are sitting on top of the slab reinforcing and
extend past either side of the beam.

A possible change of structure is noticeable on the right scan margins, parallel to grid 1. In
addition, bars emerge from the same direction and are located over the possible structural
change. These bars have a similar centre spacing and cover as the bars over the steel beam.
Further investigations are required to establish the development of the bars and the possible
structural change.

For details refer to the scan section.

Note: All scan results and interpretation are a professional estimate based on the limitations
of the hardware, software and environment. If the location, size and depth of the reinforcing
steel bars must be determined to an absolute certainty, then a physical examination of those
bars is required.

Our investigation and report are limited to those areas specifically identified within this report,
for the sole purpose of the scope identified. Unless stated otherwise, we have not inspected
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framing or any other parts of the structure which are covered, concealed or inaccessible and
there is the possibility that different conditions exist elsewhere within the subject structure.
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5 GPR Limitations

GPR Limitations within concrete structures:

Note: The below limitations do not cover all possible limitations but only the most
common.

Data Collection and Interpretation — The technician providing the GPR results is potentially
the biggest limiting factor involved with this science. Technicians must not only be trained in
operating the technology, they also must have a sound understanding of the material/structure
and application in each specific situation; however, teaching an individual how to interpret the
data they receive with the equipment can take long periods of time and ongoing training. The
highest quality equipment operated by an inexperienced technician will offer little information
to the customer as the ability to interpret the data is essential. In short, the technology/science
of ground penetrating radar is only as good as the operator’s expertise and education in data
collection and interpretation.

Moisture — Moist or ‘green’ concrete can be problematic for GPR as the presence of moisture
will reflect/inhibit the passage of the radar pulse and thereby limit penetration and data quality.

Depth Penetration — The depth range of GPR is limited by the electrical conductivity of the
medium, the transmitted centre frequency and the radiated power. As conductivity increases,
the penetration depth decreases. Higher frequencies do not penetrate as far as lower
frequencies but give better resolution. The best penetration is achieved in dry materials such
as granite, limestone, and dry concrete.

Size of Target — There are two main ways in which GPR is limited when discussing the size
of a target. GPR technology is unable to determine the diameter of the target being located.
Dimensions of objects can in certain circumstances be given within tolerances which are
specific to the site conditions and scanner used. As a rule of thumb, objects smaller than half
the size of the wavelength cannot be detected. Larger objects may also not be detected,
depending on the size and orientation. The wavelength is correlated with the centre frequency
of the antenna used.

Obstructions — Targets may be obstructed by objects positioned in front of them, prohibiting
the wave propagation to the target. Closely spaced neighbouring objects may also prohibit the
detection of targets beneath.
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6 PS 200 Limitations

Base Material

Detected Objects

Environment /
Working
conditions
Rebar layout
Direction

Rebar layout
Diameter

Rebar layout
Spacing

Rebar layout
Depth calculation

Reliable Measurements

Reinforced concrete.
Reinforced CMU.
(Brick)
Rebars which comply with one of the following standards:
= DIN 488
= ASTM A615/A 615/M-01b
= CAN/CSA-G30. 18-M92
= JISG 3112
= GB 50012-2002 (China)
Metal conduit if sufficient spacing from rebars.
Smooth and flat surfaces.

Rebars lying orthogonal or within £5° of a right angle to the
scanning direction.
Reinforcement running parallel to the surface.
Neighbouring bars with a similar diameter.
Standard diameters from 6-36mm, up to a depth of 60mm,
if sic = 2:1.
Calibrated bar sizes: {6,8,10,12,14,16,20,25,28,30,36}mm
Device is calibrated to be accurate to within + 1 of the
above intervals; however, this is strongly affected by
environmental conditions.
Minimum bar spacing either 36mm (1.4 in)
OR
The minimum ratio of spacing to coverage (s:c), whichever
value is greater.
Minimum ratio of spacing to coverage

= Depth calculation / bar diameter estimation s:c =

min 2:1

» Bar location s:c = min 1.5:1
Neighbouring bars at similar depth/size.
For accurate depths readings minimum depth of 20mm (0.8
in). For readings at all min. 10mm.
Maximum depth determination differs with rebar diameter.
Typically if diameter is known (DIN) Image Scan / Block
Scan:

= < 10mm: up to 100mm

= < 14mm: up to 120mm

= <30mm: up to 140mm

=  36mm: up to 160mm
Linear scan: up to 100mm
Accuracy for unknown bar diameter: *
greater than 20mm.

10% for depths





