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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. 
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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 façade 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 m2. 

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 7th 

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 subsoil 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 
shear walls 

Longitudinal 30%NBS (IL3) 

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) 

Façade 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. 

• 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. 

North 
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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 façade 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. 

 

 

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

 

North 
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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 μ = 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 f’c = 30 MPa Original 1924 reinforcing fy = 284 MPa 

2003/2009 concrete walls f’c = 55 MPa 2003/2009 reinforcing fy = 550 MPa 

2003/2009 foundations f’c = 40 MPa 1924 British steel members fy = 231 MPa 

Combined 1924/2000s f’c = 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 fu = 28 tons/in2 (fu = 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 ½” (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: 

• DTC archived site reports from 2003 

• 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. 

• 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 
bracing 

Longitudinal 60%NBS (IL3) Failure of tension cross-bracing 
under axial load 

Roof diaphragm – steel compression 
members 

Longitudinal 60%NBS (IL3) Failure of SHS roof chords in 
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 
parapet (Grids A2 to G8) 

Transverse 30%NBS (IL3) Failure of diaphragm at Grid 2 / 8 
and concrete wall along Grid G 
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WALLS/COLUMNS    

Concrete shear walls and steel-frame 
along Grid A 

Longitudinal 40%NBS (IL3) Encased beam tie between shear 
walls A2 and A5 

Concrete shear walls and steel-frame 
along Grid G 

Longitudinal 67%NBS (IL3) Wall end/column uplift on Grid G10 

Concrete walls/steel columns along 
Grid 2 

Transverse 40%NBS (IL3) End uplift on Grid 2 shear walls 
with eccentric anchors 

Concrete walls/steel columns along 
Grid 11 

Transverse 40%NBS (IL3) Wall end/column uplift on Grid A11 
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-
liquified) 

Transverse 40%NBS (IL3) Bearing on shallow pads at Grid 
A2/G2 shear wall end/corner 

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

FLOORS    

Western end L3 concrete 
diaphragm/wall drag tie to shear walls 
on Grids A and G 

Longitudinal 30%NBS (IL3) Front façade/slab loads failing the 
riveted connections at A2 and 
continuing along to A6 

Western end L3 concrete diaphragm 
tie to Grid 2 shear wall 

Transverse 50%NBS (IL3) Front façade/slabs torsion causing 
tensile rivet failure at A2 

Western end L3 floor diaphragm in 
flexure 

Longitudinal 45%NBS (IL3) Yielding reinforcing in the L3 
concrete slab, spanning A to G 

Western end L2 floor diaphragm in 
flexure 

Longitudinal 75%NBS (IL3) Yielding reinforcing in the L2 
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 

Façade 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 

(suspended from roof trusses) 

Longitudinal 30-40%NBS 

(IL3) range 

Capacity of nail connections in 
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, T1 0.4s  

Ductility of Structure, μ 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, Cd(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.    

• 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 
Strength (%NBS) 

Approx. Risk Relative 
to a New Building 

Life-safety Risk 
Description 

A+ >100 <1 low risk 

A 80 to 100 1 to 2 times low risk 

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

C 34 to 66 5 to 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 
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as the care my denand to the full satisfaction of 

all partics concerned. The Contractor must parti-

cularly notes that no extra or deduction will be' re-

cognised unless authorised in writinr; by the ,Lrehitect 

and before any such variation is riade a price must 

be fixed where possible or else reference nade to the 

Bills of Quantity. 

DTII;.C1Ie*'G. The Contractor's attention is drain to the fact that 

there are fear cross walls, and he must provide tem-

porary bracing to all walla until they are perma.nontly 

supported or per::,iunently set* This will be necessary 

owir4 to the possible effect of wind or ourthquake. 

012) 2:ATET I.E L • 

The old buildings now on the site are to be sold and 

the Contractor shall take over the site and remove arty 

rubbish that may be left after the buildings have been 

cleared away. iie obvIl grub up all old drains etc. he 

may cone across in the course of the contract and prepare 

the site for the proper erection of the buildings as 

she ern on they d rav inn s 

The Contractor ahall be. responoible for the correct 

satting out of the wort, and he shall rectify any errors 

he sEiay- matte at hic own expence • 

Tip,. BUILAI';G►3 must be cleaned out fra"m base to time during the 

progress of the work and thoroughly at completion when 

all floors shall tics thoroughly scrubbed Land all windows 

cleaned and all locks left in proper wor1cing, order.. 

SEPARATE' CWTTPJ-XT S . 

The employers reserve to thci;1 aelvesj the right to carry 

on during the peri ckI the works ages in the voratructorl s 
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}-kinds any work appert;a,inin to the business for which 

the buildin ;s are being; erected such as special fittings 

or electrical work or any extra work or suli-contrwctors 

work they may decide to do, and the Contractor shall give 

free a.ccens to t1w works o£ any peroons necessary to the 

carrjinG out or this work. They shall also have the right 

to utiline any sca.ffoldir:L etc• where by so doing they are 

not, in the opinion of the ii.rchitect, interferinp, with the 

profrena of the works. 

CL:i,RK OF 7ORK' S 02FIV. The Contractor shall provide m suitable 

office for the Clerk of Works in a position to be de ter-

mined upon by the Architect* The office shall consist of 

tyro rooms, the outer being 12 10" x P6" w is e, the inner 416" 

x 7'G" +side. The outer office :shall have a desk the full 

1e7m;th of the off iee,and shall be lighted by a lar(;e window 

opening; sufficiently for ventilation. The inner office 

shall have a maaller window, and shall be separatea by a. 

strong door with u Yale loch. The outer door shall be strong; 

and furnished with suitable lock and furniture. The 

walls shall be iron on 4" x 2" studding properly framed and 

roof ahall be iron on rafters at 210" controB. The floor 

shall be 4" x 1" S• & G • flooring on 5" x 2" Joists at 18 11 

centres• The office is for the cler.c of Worka exclusively, 

but when his deities cease the Contractor shall remove the 

building from the site. Tho roof may be a lean-to, but tue 

ce it ing height shall not be lass than 710" at the lower side • 

HOAPD 1' (x . 

The A.iployers reserve the right of Gdvertisin-(_, or letting* for 

advertising the hoarding erected round the buildinL;, and V e 

contractor shall not deotroy or deface any advertisements 
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placed thereon- '.Vhe reservation shall be for the term 

of tba contract• 

x'XCAVnT ©7 t . 

The Contractor shall excavate where required for all 

footing-s to all walls foundations aria piers and wherever 

else required for the pro;)®r carrying out of the work. 

'Xhere excavuting near roadways amd pining properties 

the Contractor shall perform all necessary wort: to pre-

verit the earth frog caving in, and he nha.11 be hold re-

sponsible for all dazauge that rarxy occur s during the course 

o£ tai:s work , Should the adjoining properties require 

underpinning the contractor nust perf'orn this work at 

hiss om-i expense building up in brick or concrete if necess-

ary well wedged up with goal hard bricks not in ce:uent or 

RA.:L4L ,*G -  

Wir•;z•1• iG  

finishod hard up in good cement. 

The contractor shall cola€olidato the bottoras by raining 

and tsliall fill in to foundations and remove all surplus 

spoil from the site. 

It in possible tluit the holes for piers etc• my have 

to be pun-ped during the excavating and filling. The 

contractor :shall allow £or all this work in his fender 

an it is absolutely necessary that the holes be kept 

free of water during the progrean of his contract. 

"'A'C'PMPir0021ITG • 

Al1 concrete wordy round the entire buildings and includ-

ing crows wells and piles shall be waterproofed with 

sane concrete wa.terp roofing eo,Lipound in such proportions 

as will be effective. The portion above referred to 

I
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shall be that contained in a line drawn at a height of 

18" above floor level and one drawn 18" below floor 

level. This clause is importunt. ly guwrantee that the 

work is watertight shall be obtained by the contractor from 

the supplier of the waterproofing; compound and handed 

to the employers• 

P 1LE S  
Where concrete piles are necessary the contractor shall 

drive sage at a price to be stated by him at per foot 

when tendering • There shall be cylinder piles and the 

price given shall include all hoisting,tackle driving etc• 

and shall be for the pile complete and ready to receive 

the superstructure. 

DRALMilYE, R • 

MATERIALS -

The Contractor shall supply and fix all materials necess-

ary for the proper carrying out of the work according 

to the drawings and also to the =nplete satisfaction of 

the Council's Inspectors and any by-law that may govern 

the work• Only experienced and licensed tradesmen shall 

be employed. The Contractor shall excavate where re-

quired for drainers work to the depths and grades required 

and shall construct all manholes, inspection chambers etc. 

that may be required. Any concrete necessary for the pork 

shall be as described under 'Concretort. 

ThE' PIPE'S :shall be hard salt glazed sock.etted earthenware pipes 

net with cement conpo and covered in concrete where re-

quired by the regulations• Each pipe shall be carefully 

wiped out and left free before another is laid. 

ALL DRAI3dAGE required to be done in places where salt glazed 
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earthenware piper are not practicable shall be through 

heavy cast- iron pipers with properly caulked joints and 

slum; as directed. These pipes where showing; shall be 

neatly boxed in as described under "Carpenter" and shall 

conforru in the boxing to adjacent work. 

U 0.1 MILTOR . 

The whole of the materials used shall be free from vege-

table and loamy matter and shall be deposited on a clean 

surface in the proportions as hereafter specified. No salt 

water aggregate will be allowed and no stone larger than 

will pass tfirough a S/4" ring shall be used except for 

foundations. 

PROPORT10ITS •  

The concrete shall be coriposed of one part of an approved 

brand of Portland cement to two parts of clean sharp sand 

to four parts of clean fresh water shingle all mixed in 

an approved batch mixer to the consistency of jelly. 

CEMENT used throughout shall be of an approved brand and shall meet 

the requireiaento of the British Standard Specification for 

Portland Cement • No slag cement shall be used under any 

circumstances:,. The cement shall be kept dry and shall not 

be kept too long before being used. The cement used shall 

be fresh and swaples shall be deposited with the Architect 

when requested. 

AGGREGATE  

The clause governing the size of the aggregate will be 

strictly enforced and any rejected material must be at once 

carted from the site. No shingle from the site shall be used. 



►11t'•'l•ri u.seLi s%"11 be clew-L and shall be regularly gauged 

for each batch no thi-t- the consintenV of the concrete 

s;x ll be u iiform— 

. i PC 1TLJG 

I10 concrete shall be t frown into a r<iould from a 

creuter heio-ht than 12 10". Crach bears,col umn and fl oor 

E;lub parcel shall be filled in in one operation and 

where the worA", is left the joint aunt be over the bean 

or in the centre of tho panel The deposited concrete 

sluill be kept free from vibration for at leant eight 

hours. 

G"1101IT 7j10 1. 

O'hen concrete has suet it shall be thoroughly cleaned 

off and a twin grout of neat ce:ae nt ors,:, head over it be-

fore c.ny •;:dciitaorzs• are :a;.de to it. 

T'^Klaf(; and any false work shall be of such ma.teriealm as will 

l.e"ve no stain- The bo..in ; el4c• must be hold in 

Place by v tout wire r,  drw .-a tLUt by iyr means, but bolts 

passint; through the: concrete will not be 41l.owetd• The 

wires shall bo broken off balow tlio surface of the con-

crete before uny plastering is clone. fill boxing shall 

be perfectly rigid and carefully sat and mude so that 

the; concrete when set will be of the form required. 

Columna ah ill be provided with means for cleaning out 

all rubbish before the pouring of the concrete is done• 

j;11 forms shall be hosed down before pouring; cosmiences 

to clear out ull rubbish and also to thoroughly wet the 
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for:ifa• Tile for-Is Ksball not be open enough at the 

joints to allow Vie finer portionn of the concrete to 

escape. Care shall be ta•!:en to see th t the forms 

are properly cramped up. In call cases the concrete 

sha.11 J)e thorou(-hly tajuped in tie fora, no tlr.t all 

the steel in properly* and efficiently covered and that 

as nria.11 as percentage of voids as possiblo is the re-

sult. Ohara the concrete in ,poured azC ainst LLdj oiriing 

property buildin; paper onazll be used to prevent the 

concrete adhor_ iris; Jn Lily degree to tho wall. This is an 

i^z ortant point and the contractor's attention is drawn 

to it -

•►ria G'JA1 OF POM S. No forms shall be rerloved, until the work isa 

strong enough to take more than cagy loa:ci it has to 

austa,in, no tino being; less tt:uan two days for walls, 

seven clays for columns and three daya for sideo of beams, 

fourteen days for underside of beLris and seven days for 

roof or floor slaabo. 

FOUNDATI01.13 swill be formed of concrete as before nPecified to the 

sizes (shown wid reinforced as rsh", n on the drawings- 3n 

all aasen the foundutiona sb a.11 rest on an absolutely 

solid botto-m at£s the buildin€; is dcaigned to sustain live 

lottds and should any faulty p.round be aaet with the atten-

tion of the architect €shall first be called to it and 

his instructions followed. 

lull, IM[Y ORU  aIlr • 

T D,I ST ML used shall be rus nhevn on the drawings or such as the 

City Council Inspector may require under the by-laws. 

Any past not :shown reinforced shall be treated as the 

corresponding, part shewn reinforced or as the Architect 

shall direct. The reinforcements shall consist of rolmd 

steel ba.ro free: from welds,mcaly rust etc& grad nia.11 be 



rznni.i "rac tared by the I CI;)en 1.10artht process, and shall be of 

the vary best description• 3io re-rolled old materials will 

be talowed • 

T+s3,• :;'P .. 4  shall have tin ultiva.te tensile strongth of not less ttxon 

26-32 tone I)er rsquc.re inch of section anal an elor,",ation of 

at least 115;1 on a test; piece of 0" im length. J113. bending 

sahai 1 "be done cola,. Fhera the barn a.re very heavy the heating 

shah be done to a dull cherry red before bending;., All oil 

or paint shall be thoroughly cle:aried frmn the steel before it 

is embed(led in the concret o. '74a steel ,,mien bent cold round 

its own cl iamater shall not band or craw, In all j ointss in 

vertical reinforcement there shall be provided un over lap of 

at least twenty-four tirnes the diameter of tho upper bar.. All 

hookas at ends of barn shall be of a —::::• form. The inner 

diaaueter shall be equal to four tis:es the diameter of the bar 

except; where the hook figs over a i:iain reinforcing bar. The 

len#,tin. of Via straight part beyond the curve shall be equal to 

four tir.cr, tie ciicr.,cter of t:ze bent bi.x* 1.1.1 tensile and shear 

reinforce.aarit sluall be hooked at each and. 

IYAJIiTG • luiy ;steel that ta2.es tensile or shear fr tres s :sball riot 

be wel de(I and no .,)art of the steal;vcr.: in this contract ch all 

be welflad unleon per::,irssio.i hLs first been ob'Uained in writing 

frorr t:se }s rcai•tect• 

l'T,JI'V-L Of • Tie steel Hv,•n? 1 be placed in the exact positions indicated 

on the drarinfrn and once placed in position Via steel shall not 

be d is turbaft . 

iAt 3'1710 jVTD COLIT,J 1 the rods rsha.11 be put toF e;thar us per drawings 

before being; placed in the form s,the rods being; kept apart by 

1/2" bars placed diagonally with split onds3 placed about 5t 

centres• 

ALL :r3s., R=MU,1ORC,.:y...,.,;.iT stkill be carefully put to,,etlacr, the rods 

j 
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in the exact -,positions indicated oiz tue drawings and 

undia lk. rbed Nyiwa the concrete is poured • The ends of 

all rods in all beams shall be bent as before mentionad • 

112-ADJUSTLENT 0.0, ]".40 AL. It munt be understood th"t steel reinforce-

merit will be required in all concrete, but the -,rcIni.tect 

reserves the right to alter the shape or position of any 

reinforcement without additional coat to the employers 

provided that no more metal than is implied an the con-

tract be used and tluit the alterad sizen are procurable 

in the stew Lowland market • 

uT.s•:IR3 ,-aztrs nce and exit shall be an shewn on the drawings formed 

:in Concrete as before apecifiesd , each stair reinforced with 

two 1/2" rods and carried to 6" concrete strings or 

spandr€oil walls all reinforced an for wells and poured at 

one oaeration • 

CIM-TAIN 7j.?.I,S, enclosure .galls and wherever else indicu,ted or directed 

:shall be reinforced by 3/8" rods at 12" each way. 71here 

openings occur in these walls a 1/2" rod shall run all 

round the opening overlapping; 6" at each intersection. 

CtITTI`dtl • Ito cutting for pipo y etc• shall be done. until the concrete 

is thoroughly set. If' possible provision shall be made 

for piped etc• before the concrete in poured• 

I3TtC ME IMIG1W shall be embedded in the concrete for fixing; of join-

ery etc• wherever required for Vie purpose. 

JJ,L CO i,;T c,T ; ••`I•t?s :Za ens sstairs• (entrance and exit) and the small 

area s all be finished smooth off the screed and of the 

VAck ess oac=i with one of eciaent to one of sand while 

t ie concrete is being laird. 

!-TOLES FOR ;;TC • Care should be taken to leave spaces where 

required for the introduction into the buildin€S for gas 



or water piper etc• electric conduits or other purposes. 

co punching, of walls or floors ai,ll be allowed until the 

soncreto is ;properly set• 

PAFt1 PATS shall be carried up asp shown with proper openings; over 

ruin eater heado. The tope o£ all parapets shall be 

weathered to elope inw"rds• 

MITTS. Lea.ue holes whare directed a nA fill irk with expanded metal 

oa r" 1a11 MO S1i • 

WORtC•1•i!•113Y• Pdl concreting srLall be done as quickly and as of fi 

c.iently as ;pons;ible and to the entire satisfaction of the 

,tirchitect• No concrete that has stood for more than half 

an hour shall be used. The face of all, concrete shall be 

left sound and solid and free frora c:.crescences• 

'I.'tt ,31t;I11:r' and pier holes r.gAst be ke;3t drainod :;hile the concrete Is 

bainr doposited In there wed afterwards .for a period of ten 

iour;a . 

,FELL SCU'.O'R.;T!!'. r'T,0070, Stairs, la:.ndin' s;, area-n, etc. shall be finished 

off tl-ia screed fininhod reedy to t-tke tiles,riarble or what-

ever is specified d herein, and r:.ust be loft smooth and in a 

condition to 'mike Vie nateriul specified for it, In the 

cash of the siren, the lavatories and tyre e.;its,the top shall 

be w iniszzed si.Aootrt Load hard with a full to the gulley or 

street an the cane ic:ay lie • 

BOLTS- Provide and fix ull bolts, satraps and other fe:nteniiV;e 

necessary to tare Via circle vuling pieces, strutes,l:r,ngers; 

etc. that r.,iay be necessary or shown, of the sizes and Oh:z.pe B 

npecificOL, sherry or as directed• The Uontractor must allow 

for sufficient r"?a ter ial • 

CO?dUETI! 1"ROJEC'a 10 T) • The Contractor shall carry out all work ne-

cessary to form the projections+,cornices etc•tl -t are spawn 

on the drag ingn and as will be detFail.ea later. 
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il-U -'•.i.• ' •: ••: .'sr4lr 11414`-P • 

A110W thO SUM of r for a heating system and give every 

facility to the wort7aen engaged in installing, see. 

k LNTRIC1101.  

The t'Toriza .nsship and materials throughout sshull be of the best 

and all work shall be carried out in strict accoraance with the 

ru? em and regulations of the City Council Inspectors and the 

?ire Ir,ielerwr3.G;rts Irispectors in view of the now volta•;e• 

(Lr ^obertson allow a lump s i until .i can write this fully) • 

u't' R S 1".:• TJT:LJ.  

Y_AT_I,..R)jJ,S alu_xll be the beat of the kinds sapec i£ ied. ,t;ll steel 

shall be -British u-Ld 300, toes will be supplied to the Contractor 

on the cite, and lie slu.zll allow the sta-, of '11:10/- per ton for 

the steel without wny -.ors, whatover being allo-.7ed for above this 

amount.. He shall erect all steel vorl: of tle woighta and alia- Pes 

ohewn, and lie rust acid to the price above stated wlw.t sum lice re-

quires to finish the work. complate. J:ny €steel required over the 

amount stated shall be supplied by the Contry ctor and finished 

ca.jplete us before. The work s•sa11 be in accordance with Britiah 

Standard Practice. 

ALL  shall be imiforrs in quality and we-igr-ht and of British 

za"nufacture i,nd shall be of standard sizes except where specially 

mentioned or nhewn• k.f_ch z:4ember s;lu%ll be struily.- Lt, true to section 

and ,;tit% cletui ar.zootii surface fret., froa:z all itlkperf ectiozis. 

Gila Si,TS r`,TC • jtll gusoata,ssnlicing s?ie ,ca s atc• slas 11 be cut £ram, 

plz.tes3 no bur iron saht•ll be all omen exce,A for straps o tc . 

v■
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OLPAII1;;cI DoMITs 

The whole of the structural steel work shall be 

cleaned (lrin with a wire brush before being; ei,-ibedded 

in the coicrrte or pairitod to reraove all ocale etc. 

RIV,,.TS ,Ball be :soft sstan"L of approved manufacture. 

DR11JIL G 1:11 colt, or rivet holes in any section .sh"ll be drilled. 

l;ro pouching shall be done except in plates, 

PI^xCII• All rivet holes shall be drilled to standard pitch ac-

curately laid out by tmmpltates and spaced in a true line. 

ASSE` 3T,  334G • 
All wor3: :shall be easefully and accurately assembled. 

DRIPTIN—G  Ido drifting of holes will be allowed on any account-

Any holes not being concentric shall be carefully reamed 

out to Lake then so before being rivetted or bolted. 

R1VETTLIG. All rivets whenever practicable shall be machine driven 

and s bull cmipletely fill the holes. 

U0INii,•'L;T 10!41S • 
Where different sections are to be rivetted touether 

f ill i,%7 pieces shall be fitted to exactly pack the 

wn-a.l.ler rie.mber to the larc,er • %'here r ivett ing is not 

po=isible t1w connections shall be Lu.de with tightly fit-

tin turned bolts. 'Yhere ends of girders and Joists 

are built into walks they shall be drilled and €a 12 " 

length of 1" r.od shall pass Virough to act as a tie. 

STM—M 00   

All the steel bears and columns with toe proper brasses 

stall be fixed into position with all nocessary fish 

plates .straps, bolts and connections wherever required. 

The vrarioun sixes and wci(:;hts are sstiewn on the detuilss anci 

where shown in one part of the work. This shall mean 

tYsat corresspo.iding parts shall be similarly treated. 
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CCLLAPPMIy7  X%ll ow the z;un of 8/- pet, square foot for 

calla-,,)s ible grilles to r rout Imtrance, entr; ncea to 

each shop, each exit on Laj oribanka Street and to 

lavatory in Yaj oribanko Street. `.these grilles shall 

be 61611 hirh with all necessary bra.ces,guides =supports 

oto • oora leto • 

1.,11 shall be of the best of the kinds speci-

fied and uht> work shall be cwrried out by qualified and 

experienced trudesr.,cn• 

0--',LTEN used s urll be of vn uppr. oved bralid. 'Ledusal or tiAlast 

white cei:ient oliall be unedt on front elevation and on 

returns north and south side ure far as r:uain oral? of 

'l,ec. try: . 

-- shall be the best and of an approved brand and run at 

leant one i,onth before using. 

ILk I III, The bu it sshall be l orz., curled cowha.ir free fro.-a Brea ne 

anal other iripur iticas . 

A1,G La i • 

Thct valln t nu cei.l.inIli-O t►Ila 'uca•::s t:iroul;ikout Whore trot 

skaemi to be t:'.1 c(l or covered with fibrous plaster or 

pzmoll.in4; sl-i4AJl. be, rQ3derod,floa.ted aml set. One pound 

of luiir sl".11 be well beaten in and inc orporated with 

every t>iree cubic feet of coarzae scuff* 

All external a,nt;les inside t'aie building except those on 

bai,j4 a shal1 be f iziiLihed in leant n Cement on a Portland 

ce.aie.nt bkac'6jx„ f inis'at,;d t)z:rd and true. 

RTr.,143a 1•I•' M shall be in the proportion of threo parts sand, to one 

part lime with the addition of hair as before mentioned. 

The walls and portio.tn above dadoes shall be trowelled 



hard and smooth with a steel trowel. &Ihe anterior walls 

shall. be ;similarly trer•tod but riot to oo pronounced €: 

degros and in the Croy ortion of two parts vand to one part 

cement - 

Tio; -LOiL: of the extornal wall surfaces including heads, hills, 

reveals, to;)s and bucks of parapets and wherever else re-

quired excopt t'•.osc portions alretAy specifies to be 'Ledusas 

or I.Ltlas' shall be plastered in three coat work finishing 

at least 6/8" in thicknesse Each coat sliall be a,lloTed to be-

come 1"rd before the next io applied* uufficient toxement 

or otlinr waterproofing campowzd .dust be incorporated to allow 

of the walls be ii loft wa.tert i£t lit • This part of the work 

in important especially on the riore exponed north and south 

sides and the contractor must leave the building v cAertight 

and nl-atll pLint the walla outaide; zhould this be necessary 

to Cain the decireU effect. 

TIL.  for the white cement used on front elevation and returns 

oYu;,11 be nilver said. frori O'corching Bay or ,,a approved. 

G . i 7 t.L• "lie plantero r nhal.l rialce good after other trade:; and leave 

tide work whitc3 and iri thorough repair at completion. 

T7L:L- G• Thor whole of the tiling on floors; and walls shall be 

vtip )lyed lay the era;aloyerss, lout the coritractvr ;hall t£•te 

delivery of same and shall lay in the beat riannewr possible 

;vith all materials and to tho various deesigms and patterns 

as directed. The floor of entrance will riot be of an 

intricate pattern but will be in rionaic • The walls will 

be to a pattern with skirting, checker bLnds and capping but 

-lot intricate. hie wall ti? i:iE.; of a.itrsj-ice ssliall continue 

up tae3 .stairs at i. heiLtit of 611" from the floor of vesti-

bule and 61011  from tread and shall f ininh where shown on the 

longitudinal :section sheet lio 

A
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RBI,&  

''rY+ marble to entrance r•te,:n and stria it't s•hal.l be 

best quality -wbkitc ;Ucil ian marble 1 " thick witl.i. rounded 

nor inrs and returns f Sri iohod with sand polished face for 

tree.dn und polinhc:d face for. risers. The risers aha1.1 be 

3/4" thick. Each tread and euch riser shall be in one 

piece • They troL;ds and risers shall be properly badded and 

shal1 be prepared to t"ko tho b"lunturad Lng; of nta irs • 

The newels at botta:i s:.i2d to 3 and also on 

nha.11 be to detail and executed in Oalool (j,.untra.li<:.r: 

marble) properly j ointed and secured. 

The slabs at intorsecti.on.a of 2 dyer rail with vamp 

rail. aliall be of Caloolu tags*rbl.e properly su?ported on a 

n4rong iron support, sizffici.ent;ly strong to c•irry a. lc;rge 

palnn or f ixure . 

T I CTG+•' 13Q•; • 
The marble on the face of the ticket box shall be 

Caloola and shall 'oe out and rev+croed and placed so as to 

form a co-evron pattern an slic ;n• The slabs nhall be held in 

place by strong coppor cra≤aps rixod to the concretes sides 

cf the ticket box. Tito m:mrounds shall be of brass; an por 

detail properly mitred and braze. • 

I'FC'P.: v'i  l!•id • jill tale work and marble word: iiust be protected until 

t to building in coapleted. Tne Contractor i:iust Jug 1:f3 j ood 

any ion-, iaurked or dirf{r;ured as the renult of ' W work of 

all the trades. 

CC;atP Ji 3 • ;•►.e colur.iris+ it eiitrunce rol all. be of marble to detail 

and in o,ie length for tie slz-Af t tlip; ec;hipeon s:.nd &bacusl may 

be se ;as.ra.to, the joint being rzLde in the s ink.ing under the 

annul. e t n . 

11 71^rt ;J  :A3T,!;R WORM. 

A':i.e contractor shall perform all decora,tivo work an 



she-7n in fibrous plastar includ in ; t%sat on sites and 

noffi';s of star;ci,circic bal.uotruding, and all enrich-

ments on walls and cc: il. in(;s? of entruncio, ,•loyar and 

auditorium and w iercver else ii-id ica tod . The whole of 

the work shall be ale` n, slwrp, neatly riitrod stopped 

wnen fatted into pooi.tion and ssocuroly f xc:d with gu,l-

vanized =ils or. vcrevs • ,io %Yire nails n1ii-11 be used 

on LUzy account. .•1.1 parts shZ1.11, be to future detail. 

The iLndernida of circle. €..nil, bridge to circle splays and 

o id e c and s ound in board to s tray, c also Lud i t or ium c o il-

ing shall be covered with fibrous sheots securely fixed 

with galvanized nails. ,,11 other surfacer, shall be 

plastered as specified. 

T"If"11  an 'I j0 1_11- •,1 e 

All rzi atorialrs ancl r-ror aaans hip oball be of the best of 

the kinds; specified* "Ntie timber used tiiroughcut trait; 

contract shall Le free frcr_ defects a;ict :shall ue iieart 

throuj;nou t • ' o sac; j) or ;)"rt of nu.p oi;all b6 us.ecl • 1,11 

timber shall be dry and stlu-,.11 bo s tucked on tho site 

within one rsonth of signing the contract* ►.hould there 

riot be sufficient rocra on the site to accot.zaodate the 

timber required for tt2e work theta the contractor must 

in  orri the Architect where the timber is stacked in 

order that the clause ro Stacking of timber may be ob- 

9er-1: e . ,should the timber not be staekod as required 

within o.ne raont'-i o, tae signing of the contract then the 

contractor shal,16 ar by way of liquictuted dariae9 the 

outs o£ " _'tor every day or part there;o2 tl",- t the timber 

renains unstacked o 

OiPf'.i ED' DOORS and their frar:eE; shall be of heart of tot-

aru,• 
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INO LL' DOORS O Ei,ll joinery and partitions shall be heart 

of red pine scale eted for figure 

P0010)  shall be wrought except, where otherwise 

specified* 

j!LLI, 3^1T1r,.RY work over x)11 pride shal.l be panelled and all 

joints and angles in joinery nYvill be glued and pinned. 

ball ,joinery shall be roughly fr med together and satacked 

for three monthrs before g;lueing up. 

FIJi1J,S. jill :"ramen shall be properly built in and senured 

with 1 " x 3/16" wrought iron ties 3+ apart screwed to frames 

one e.1d and built 12" into concreto at other. 

STRIE(lT '.R S and joints shall be of heart totara 7" x 2" and 

6" x 2 " respectively spaced an per plans. They shall be 

firmly wired to the pilas -by aso• 3 t,alvsa.nized mire sunk into 

the pile when green and stapled to the stringer • 

Ct II,1 `_`tr J013TS whenever sahevm chill be 11 x 2" spaced at 

130 centres and of heart of red pine. 

8j•.P.KDG aba.11 be 810 x 1" firr:ly butted and, cr.araped together 

with no open ing; anywhere as the roof hats to be oove'red with 

Paroid or other approved "—torial. ^ha ssa.rki.ng shall be 

firmly nailed at each intersection, 

CU"ri.L,'R S shall be forr:ed ready for the roofing contractor 

and anall bo draoessad s,,iootJ1 so that no ridges are left which 

may injure the roofing; material. They shall be laid to 

the proper falls Laid t!qe ocntrt•ctor nhall consult with the 

roof i.yj ; contractor regawrd:big the proper falls required. 

PARTITIOSN  shall be formed where shem-i with 4" x 2" heart 

of red pine studs checked into 4" x 3" heeds and sills and 

properly dwanged to receive lining; or panelling; as the cu>;se 
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may be,. The studo ahall be at z3" aentres or to suit the 

netting; out of the prnelling and the dwunging shall be 

similarly acco; odated. Frwrae for doors and other open-

ing a a Whcare tho purtitions3 are for.4ed on tie curve this 

part of the work shall be properly none. 

LI••Iaat land PjOFhI,LL.4G ssauall be securely nailed to the strapping 

or studding by double nailing. 1.1he satruppi.ng to concrete 

walls shall be Bono by securing, to breeze blocks left in the 

concrete for the purpose of taking the satrappiAgs 

't`IUR  WALL'S) Or'  thv corridors from Foyer leading to circle, 

the walls of ladies and gentlenen'ss Luvutorien,a,nd wherever 

else s hewn or indicated shall be square pµriell ed to a height 

of PO" two panaln in the haij-;pit fi:rished with a 7/8" plate 

rail supported on two small brackets to each nuntin,all to de-

tail. The -anelsa or Foyer shall be 3 ply oak selected for 

figure, the skirting rails and muntin:s also plato rail and 

bruckots shall be oak* The corridor leading; to circle on 

each aide ut"1l be •,,ue,enslwid "ple throughout and of nisailar 

design to panelling, of z'oyor. The panelling of cboakrooms 

sill be heart ritiu but iss s ecif'ied above. All other panell;- 

ing shall by heart rams. Where walla are riot planter and are 

not specified as panelled or tiled they shall be lined with 

4" x 5/8" To & Go l i;l ing securely fixed by secret nailing to 

strapping to walls• All lining shall be vertical with no 

heading Joints. 

T_i:•  • Proviae all necesanary furring, templates,, boxing 

etc. wherever required for all traders throughout the building • 

•l,,MO; OUT from tie to time and care ml-wll be tahen that no 

debris of any snort is left under tsle floors at ccriplvtion• 

SPJ,.CI.'FG . Unless specified otherwise all sapa.ci ig of joists 

rafters and studs shall be not more than 13" centres s 
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TRL.. ,P,RS Trimmers and trimming joists shall be 1" thicker 

than ordinary joists. Trim for all coiling 

rents and manhole: where shewn. 

FLOOR JOISTS OF SHOPS shall be 5" x 2"' heart totara well 

spiked to 6" x 0" stringers and wired and stapled 

on concrete piles as before specified for 

Theatre. 

STAGE FLOOR. Joists shall be 5" x 2" laid on the concrete 

slab and wired thereto and fir::Lly stapled. 

DRESS CIRCLE J01STS shall, unless shewn to be otherwise, 

be of oregon of the sizes shewn on the drawings 

and spacod as shewn, The oregon shall be of the 

clean Lnd not raerch.antable class free from all 

defects. The waling pieces slu.11 receive them 

on horizontal bearings well spiked to waling 

pieces and every third, joist shall be bolted to 

straps let into the concrete. Provide and fix all 

necessary strutting for the support of the circle 

joists frog cross ,girders. 

.13OK IT OF BRES.I (UR(;U.,'. The undersides of all j oisting of 

circle olia.l.l c onf o-Tm to the local bylaws and 

shall be covered with 26 gauge galvanised sheet 

iron with 1" laps and close twcKede Over this 

shall be placed the fibrous sheets securely 

fixed to the j oisting of circle and spo cif ied 

under "Plasterer"• 

KIO BOX The walls floor and ceiling of bio box shall be 

covered on the 1 in inn and studding shewn by 26 

gauge sheet iron witil 1" lap close tacked and 

neatly taken round all openings. The door shall 

be iron clad to meet the requirements of the Fire 

Underwriters. 

1 
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•ii,ci '!,C,,,, ;•'1'RIrI ~I.i#G • i.11 j oi's t c,- slu-11 be bruced with Al  

rotes of rlerrini,bo to strut•tiii;; of 211 x 2" Oregon 

:s•icurely nt,ilccl and fixed z.t 610" centren , 

!3?rc1 iii{:F • bloclir. ,n for _ n—g t)-a,- ti -ca(s iwne xiriers 

of the circl.o flats shall be carefully cut and fitted 

and (shall be f onacd of 4" x 2`1 oregon as Allet7n on de- 

to i.l • 

o`' tat) .%oorn t1croughout the buil-

d in.r except where rpe:cif ied or steewn to ue otharr. is e 

sha.11 be covereLl with 3" x 1" .s. t: G. and dressed 

selected all hez;rt Luxta l-0 Ioor. in;.;:th.orou, )iIy sea-soned 

out in as long l.ex1<;tha an ponnibl© :Tell cra i.pe(I ttp and 

double nailed tit each intersection. The floorinf; fonz- 

ink; the treads in circlo ;shfs.11 be laid in an long 

lengths an practicable and intersected and fitted at 

convenient points on the circles. The flooring shall 

be well cramped up and shall project boyond the Seat 

ris;erea 1/2" nI. if,I1tly rounded on Vie eq,,,e to fore-, a 

noes 1rlr; • phis f1 oor iss• s ball be securely nailed with 

two nails ut each intersection. 

I Z 2 r U33 shall be of 61, x 5/8 11 Oregon T• G. an.cl V. J o t1 LIed 

well crw- u,?cft up and nz ilud to blockingr, and fixed hnri-

ontally • 

LIS 2 11 :side shall be securely fixed to all. 

T'Viare; noce:ssarf and esimll be nef. tly nitrud at angles. 

,.I:.•3..: .3`•• NT.i • ̀rho ais la stepn to circle o1 .11 be for:,ed Wber-

ever q' es•;i or necessary with 1. ,." trew:is =.(I y/4" r isers 

and re tern n . s'1ze nos is _I of all •+c•:t r .sees; shall be 

square with the noss:i.njrs of the flztta so that the carpets 

fs: mll run properly rl ovn the Z,.irtle s s 

CttTTIJIG ItITO .10I.S.T2. The Contractor shall not cut into uny 
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joist or trimmer to acco.•odate any pipe or conduit to 

such an extent ae will. reduce the streligth of the j of of 

or trinir•er. 

SPL1`.'`.t3 TC1 ")TAGJ . Tae splays to .s ta.F;e s ball be formed of 51, 

x 2" heart riiu si';,uds ?vith all ncce..sary top,Lotto- and 

interna• liate plates, well braced and hfzr:,ing-boned at 6'C" 

centres all properly spiked and nailed •L:nd bolted to audi-

t or iu a oral 1 • Tale false c e it inL and sounding board shall 

be si.;:ilarly constructed and securely hung to roof ,)rir).•- 

ci;;a.l.s as she,vn or, the section. The ceiling joists shall 

be Vii" x 2 " heart rimu • 

W,LS OF "'3I!; :3CX • ""ite walls of b io box rh,111 be frt•,L.2ed u;, 

with. 4" x 2 " heart ri ,u studs at 1e'i" ce lltres,well braced 

with 3 " x 2" pieces at 210" centreu and lined as before 

spec ii ied @ Trim for door and opening; 3' 0" x 310" where 

directed. 

GEIMRtJ,LY• she whole of the work :shall be left rigid 

true and straight with all necessary materials to enable 

fibrous etc• to be applied as the occasion aemands. 

VENTS IN CEILII,'C,. The Contractor shall form v6xits in tho 

cuilingEi ;vliere sh,eivn on t-fle ceiling plan to the size', ir,- 

di..c.,.ted an(I shah fill in with lattice ; ork us stictivn• i-ach 

vest shall be tµken up a distance of 410'1 with 

studding and lined on the inside as for other lining spe:ci-

i ied . T 

LOUVRES; 

Zis is to rzark. the roof tJ,ibere froia below:. 

li'he Contractor q.lw-ll for.;i ho louvres as 

shown on the drawings with proper sills 'ieads and frames 

f or the 22 a.uCe •,alva.nised iron l ouvrc: all to detail - 

TtA., out: i.de of louvres „hwl? be covered witra Galvanised 

iron on rough sarkine, well crwaped up aiid nz•iled to studd-

ing • 

ROOFING • -he roof ixig shall be Pa,ro:id or other 
I
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approved material laid on the saa.rking in throe 1;,,/ors 

with trot bittmen between each layer and with alter-

nuting joints well mccureCL a, , ua t.•uteriul sd u-ill WL.ve 

a E;oou 4" 1UD wiicl shall be unrolled and Ulo ed to 

stretch in the suin before being laid. The contractor 

shall obtain a guarantee fro:a the layianl; cru-itract orss 

t1 at the roof is watertight F. id tote laying; contractor 

satu.,ll taka wfl:ztever preen-utions Ito slay VI:U-s7: fit to 

4'.,jve ;:t wat.tertir;ht roof not-vit)-istandinr anyViing that 

raspy be sa2ecifi.ed to that effect. 'olio rutcrial shall 

be well and carefully laid into the overflown ovor 

rain water heads and shall by generously coated with 

b itmen . 

OMM tho louvres and vents over exit doors with small 

mesh ware netting to keep out birds • 

tie balustrLdes to ntuirs,Foyer and bridr 

to circle s luAll 

sand t,iL sjd.rait as 

to circle front 

f illis "Ied Witia VOrtiCul l iiii_-4; ox►e 

be as sahawn securely fixed to floor 

will be detailed. The b4 ustrsading 

shall be guilt up as detuiled and 

side and fibrous plas-

ter on the res ai.nixsg side. This will also be to future 

detail. ' ho top rz-Ul of tae circle bcAuntrude fsnall be 

up«ols3tered in Utreclxt or otrv,r approved velvet of s,tp— 

proved colour braided and close studded in a neat and 

wort u,nlikon nunnero 

i31:"T?I.i;t?;;• mhos barrier round tite orchestra Well slsull 

be fra::led up with 4" x 2x and covered with fibrous 

placter to the detail.. 'i im fibrous I NiusaCer r:ttast 1:fe 

lutrder t+-san ordinarily rs"de to wick►satand the i.sssga it 

will be subject to. 

:' xe barrier at ea2trwsce to stalls s :a.l; 

oe us siiewai frs.., a up -11t.i 4" x 2 " stud,,Jbar:, 11-,ea o:t 

vmhmm
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auditorium aide and panelled on vestibule side as be-

fore specified. The barrier at back of middle entrance 

on circle shall be as shewn and shall match that shewn 

on the detail drawing. 

2PjjiBS• All fraraes shall be securely fixed in the concrete 

and shall be solid rebated. 

I 
ALL JOBTERS work shall be proceeded with as soon as poss-

ible after the signing of the tender to allow of the 

tiraber being well seasoned before being fixed. All 

timber in joinery that develops defects after being 

fixed shall be taken out and replaced. 

DOORS generally shall have top rails single tenoned and 

shoulder tongued, middle and bottom rails double tenoned 

and shoulder tongued. 

SIZES Where sizes are given or shown the contractor shall 

check same with the actual work before proceeding with 

the execution of th© detail. 

PRIT,-111"G., All the outside work, shall receive a coat of priming 

of best red lead and linseed oil before being fixed- All 

inside work shall receive one coat of raw linseed oil. 

DOUBLI+I HUAG SASHES to lavatories and opening into area, in 

single ladies lavatory in I aj oribanks Street and to men's 

lavatories in haj oribanks Street shall be installed with 

sashes 1*" and all frames,sills,nosings,cords.weights, 

lifts and fasteners ete scomi plete in every detail • 

ALL SASIJES shewn except those above specified shall be steel 

of an approved section and manufacture and shall be fixed 

solidly in the concrete so that no water enters round 

ther:i. They shall open as indicated on the drawings C in-

dicating case.,,ent pivot hunk; to allow of easy cleaning of 

---
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the >1F.PlEI • V ind icatin(; fun1 •;ht hung, to open out and 

fitted with approved opcner • The casement shall be 

fitted with an approvecl fr:st(.-ncr each c•_ne.aent• Provide 

and fix two steel mashes about fit" x 12" to apertures in 

bio box. 

SikOP :+'12G {TS mull be of queonslwid a:.,aple and to detail tlw 

work being, carefully done and of first-class wor3=.naftip. 

The squares above shop windows sliall also be in maple, but 

the w riolo of the fronts of the s"nops in _ aj or. ibranks Street 

shall be in picked heart of red pine and to nir:iilaar detail. 

iSXIT .)MRS b'RC}i. T••l.•:i Fsrutll be `j + O" x 610"  x 2" in the clear 

and in two ler.,vesa an o,aewn on the clrLLwirig . 1i, det€a.il will 

be 1;iven of tuese doors which al-all be nunt on three 4" 

butts cacti leaf and shall open out only . They shall be each 

fitted Mi,t11 upproved catcher but not wit'l'i looks or furniture 

except finger plates which shall be to approval. 5irailar 

doors to office entrance in Luj orib"ke Street • 

DOORS TO s`raull be 2" to detail opening inwards and hung 

on three 4" butts and fitted wltti lock and furniture value 

.l'3 eac}i door. 

:;_CT's' ll0Ol .0,',10i t:l ?t;I•: leading to ntreot on north side and 

court on (south sifle shall be as for doors to rates;e as above• 

I'vNi:TOPY i)OOP'y shall be 61 8" x 21811 x lY four panelled, no 

raouldin,a, hun4; -to 11 11 solid rebated with three 3" steal 

butte ana fi vted with approved lock and furniture YLilue Z2 

i
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each door. The door shall be of the npocified 

for the panelling imaedia.tely usi,j oinin4; it. 

1310 RO:F shall raGet the requirasr ents of the Fire Under-

writers as before specified. 

DOOR O 0P P ](;. °: and Cupbor rdn sluall be an spe cif icel 

for luvratory doors. 

U,L)I11 1tOf, •3 etvll be fixed to "11 doors MIC to e UCII leaf - 

4" for la.rL a doers said 3" for unaller doors with rye securely 

fixed to the door. 

,•R4r•LTr1V, •i aisall be plain bevelled 5" 1bp 1" and of the 

material of the door it fruries shouldered at intersections 

and well nailed. Architraven sba.11 be fitted to all door 

and window open ins; s • 

OVt-TIDOOR0 shall be as mhown wid to detail. 

  shall be 9" x 11;" plain bevelled of tide, m;.terial of 

the panoll. inp; it accompanien and where not matching; any 

particular tis ibe3r thon it aha,ll be selected real pine • The 

skirting, shall be :securely nailed to wane and scribed neatly 

to the floors. 

dO 7IAG&,s shall be of 3" x 2" bevelled and fixed to all window 

0 Pen ing.s There window boards are neconsary they shall be 

f ixed • 

S, IOP .JOOTI:3  shall be as shown to future detail hung to 61, x .3" 

solid rebated frames moulded E31ii;htly with trans omean,hung- on 

threes 4" buttes each leaf and two 3" butte each sash in tran-

some• The 3ontractor shall allow the sm;i of .,". 3 for each whop 

door for furniture,L:nd tie si'lall take delivery of and fix 

a ems . 
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I.r,XT DOORs> showing on IlaJ oriban% s Otreet s1wi11 be 7'0" x 610"x 2" 

heart totura in two leaves and us shewn- .: ach leaf bun, 

on three 411 butts and etch exit door fitted with approved 

panic bolt., The doors shall bo hung cn 511 x 3" solid 

rebuted frzj_,esa and shall open outwrarde• 

JDRL)G],. TO 01:RUIX nhull be constructed as aliewn on the detailed 

drsaw ing - 

:3Yl•i>a)F BIZ,  ;shall be fitted in with turned balusters to detail.. 

Ct• ,•3CrR3S• iLll cupboards shall be lined as previously specified 

for other rocx3s. 

I U11110 ROM and dres rrinj; rooms shall be as n'ae-sn, but the music 

room shall be fitted with shelving divided into p•;eon-

holes for music fixed securely to the walls and floor. 

There ;shall be twenty-six pigeon holes about 10" wide 

and 12" high fotz-ard with 1" shelving and 3/4" divicsione. 

.Orovide and fix in addition IC01 rUn of 1" shelving for 

music roor_i to be fixed wAere dircctecl on suitable sup-

ports* Door oball be as lavatory doors hunt; and with fur-

niture as specified. 

Dr2., )131.10 RC) _'0 shall be provided with bench and b€isin as cahown 

the doore being as specified for 1"vatory doors. 

UM'ds TO I X510 '?COi., shall be spiral no surely fixed and 

to approval.. 

,, LIT SIVPi IPB from circle shall by concretes an specified for on-

trance stairs and Le s;hewn and in accordance with by-

laws rcj ulatix-g; exit stairs. 

::T.►x` 3 TO STILE' nluill be an nbewn and f or, iod with 12" x 2" 
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atrir4;s, 2" treuda and l.-" risers all well housed, 

wedged, blocked and glued tor;etiier • Provide and fix 4" 

x 4" uquuro novel' s 4" x 3" handrail and 2" x 2" square 

balusters all to detail. Thu st,,.irs shall ba in selec-

ted heart red pine. 

TL,.K1sT I;G—X al"ll bo as al-ewn (in the large detail here-

with. 

.• I IItiG MER 200TI.h Tll• The awning shall be constructed as 

detailed and nluill be cmpleto ap regards purlins Joists 

etc. The underside nhall loo lined with 4" x 1" T. & G• 

flooring and the joints shall be covered with G" x 1" 

roug,h T U boarding; to take tho covering; all wall craripad 

up and double nailed at each inter€;ectIon• he fascia 

shall be divided into box€s which will aach be fitted with 

a lighting, point and glazed on tho front face and provided 

with runners and slot with flap over to take the stencil 

letters inclicutirsg, the prog;rx"e• Thane boxes shall only 

occur in to o sections m...rked• TIae remub'iing; fuces alw11 

be stout sheet iron close tacked wid air per detail. The 

canopy over entrance is detailed on ;3heet No• and r hall 

be executed with all necessca.ry Mork uud matcrials to ca-,I-

plete it as per detail • 

20Yi-II  shall ba built where sheen of oak to m.a.tch the 

panelling. Le4,a 2" x 2" 61, x 1" bearers oupportiar, seat 

15" x 11-11 mude to slope back slightly. fitly. Back anall be 

formed with Vii" x 1" top and bottom rail filled in with-

3" x 1:•" vertical rails spaced 1" apart • O3ily visible tim-

born shall be of oak. 
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nll pll.=bing work. shall be curried out with the 

bent materials end only by campetent and licensed 

trwd a m-=n . 

jJUL JCLIT.,; in lead shall be neatly viperl • 

shall be of leLA anti shall be trapped, and 

all traps shall be branscapped — 

n 

?LAS.AlA13 in any part of t:" work shall be dons with 

5 The lead tightly plugged with cast lead wedgefs pointed 

and left watertight. 

R.?P.P s s sluill. be 6" diu: titer cant iron fixed with clips 

and shall haysa LL11 necessary bends, shnes, rieads atc • 

caiplete acid f4,ll rainwater rshall be conveyed as roquired 

by the inspectors. The It•n'* lieuds siwAii be of cast iron 

an"' a•uill be of sufficient (size to cope with tlro water 

from the roofs and shall be of simple dertigen• The pipes 

:stall be in cltasaets Iii the walls for a• distanca of 810" 

Prow path* 

W Tie-R I' VITI{V IC0-  shall be laid from main in in galvan is od 

iron pipes then throwli 3/4" papas to each cistern in 

each Woo. each bL in in lwvfstories mid in dressing rooms 

and to wink in cn. grLz,e room. 

LAW.TrOrZ - shall be provided rind fixed w4ere shewn 

on approved cant iron nupportn and provided with wastes 

traps etc• all camplete. Leda basin rnid n:bik shall be 

fitted with nickel plated taps one marked "not' t and the 

other rmrked 'cold', i.11ow the situ of r3 for the pureba so 

of ewcli basin aid wink witviout bruckots taps or fittings. 

6 

W-Oq. • ,;ach : ou. nball be f'it'ted up cox alete wtsere shown 
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witn L.pproved pedeotal etc. with flap "nd cover 

value ''2 each Tae cistorne, 'ball cocks etc • 

shall be of a pattern una design approved by Vie 

inspectors. ta11 shall be left cle" and in pro-

per working order. 

ALL G J'• ̂"::;-'; o 0ter t i"n those over Theatre shall be of 

lbs le-,-A properly laid to r::11s with all nec©ss-

ary drips cesspools flushing and cover flashings 

etc;• 

hover shops portion shall be covered over the felt 

and c :rkirg; with 24 gauge galvanised corrugated 

iron acrewod to tir:zbers with galvanised screws and 

lead washers or ':aunt bmrtd cralvanised leadheadetd 

nai.lm riay be used. The laps W-ia.11 be sufficient 

to anaure Vje roof bei,rig left watertight. 

VELITS Provide and fix all necessary vents etc• in ac-

cord."nce with byl"wa and lave all crxaplete. 

21pT,  Lay from :street fire r•ir.ir►s a. 3 11 grater main 

and fix ono point in back of stalls near entrance 

doors and one point in circlet near entrance door. 

l•r•ch point shall be fitted cor •plete with a 21" 

drant value and prose union 40. 1 of 2•p s•tronr qual-

ity canvu.s hose to approval "YA braom nozzle:. Each 

home shall be a.ccoi:z: oduted in ul);•roved bL4sket Und 

toe ,iy(Irwit £ n(I basket ahull be placed in recesses 

prepared for them. 

;,CiT1lR1•M ahr,7.1 be 22 gauf;e - 3mt ovor toy and botto;u and 

f ittea into frames provided by ' Carpenter' . 

L►arry out any neccSSary pltuzbir► ; work in connec-

tion witii Vie awning on jourten";. 'lace fro:it and 

also oa ujoribLmha :;treat fro,,it• 



TRAYS with proper outlets si ll be provided and fixed 

under pedestals and undflr basin with flap over 

outlets . 

WhSTA'S The wastes froia Lens cloak romms will have to be 

taken to area on south side of building in wriich 

cuoe the contractor shall consult the inspectors 

as to the best .Method of carry ins; out th=is work. 

SBiLTI.,hGS for all Sir(l.ers colu:-ans and joists shall be pro-

vided for the ends of such where restin€; on concrete-

STOFj.GB Tj iNKS of the capacity and sizes necessary shall be 

provided and connected where directed by the Inspec-

tors. 

URI? .d,LI,S shall be installed where slzevin to the value of w5 

per stall and in accordance with ragul "tione • Thie 

urinal in I:•aj oribanks Street shall be fitted with 

automatic flushing cistern copper :sponge pipes etc. 

to meet every requirer,ient of the vity Inspectors • 

VEfIT 1LnT:1: Cr FIRS F LUt: -
i 

Carry the ventilating flue frori bio box as shewn will 

proper cap,firzily stayed to roof and securely flashed.•••" 

Vie flue shall be riade so that a thicknoss of 1/2" as-

bestos packing insulates the surface of the inner ring 

from the outside outer. 

1~ IMEMROOF SHUTTER TO WO BOX• T'he shutter shall be of 

£asbestos €sheet ,greatest thickness obtainable running; 

in asbestos shioet grooves hunk; to pulleys on ceiling 

by same cord that :will readily fuse and allow shutter 

to drop. Ilie sizes of the holes cannot yet be given 

a.9 this will depend on the position of the machines 

in the box • 



V (32) 

Pi1. 11 R 
• R 

k e  r. il1L•• and worIonan-saip shall. be tf-ku best of. the kinds 

specified unq cal xu_teriU. ; r,,hr 11 first be 

opened in the presence of the -.rcUtect if so 

:li1T 1,1 

OIL 

desired. 

•) sliall he genui.no and approved. 

;shall. be 1. izserad and of approved brand-

shall be of the best putty tinted for oiled 

work and Bliall be done on all work utter the 

f irs 'U coat is on-

j0d. O'C,rilih; h:Fj) I. ,?:)j }j,,T•J, '70P RI shall receive two good 

coats of bast cil. paint of wpproved colour- This 

Shall includo clowri piposs,va%its, steel s&saes etc-

but not the roofing iron- It sa'ls ,1.1 include,'rsow-

ever, all otructural stec1. work where visible 

and the point :in tall cuoe shall be ' Biderosthen' 

si►rt,phulaturms or other steel paint applied 4e+ per 

the directions o£ the suppliers, 

CT?T3ID.. `rrTX,, l;ll exposed woodwork including clooria,wiridowss, 

ventilators underside of awning and all soffits 

mhall be pri;• ed tend stash. then receive two good 

co.-Ass o:' bent oil paint o`a.' approved colour. The 

,,cork mucst be sill i_i ,Ind should it require an ex-

tra coat this roust be done witsiout expense to the 

ei.,ipl over . 

1'Mi-A TIOT I be s:;rall"rly 4rautC:d except triat tide 

rie"t. j Lai l doora Li •.,R101 1..;t7•j sik;ll 

bed st,ein.`3d a_n i:.p y71 ove(1 tin -16J., 

"`;se entri4ice svrir•; doors ssku.11. be stopped 

"n l 2r t:ncli pol inited to upp rovt.l . Incluc a also 

&.n, wonclurnr!: to taio tic:kat box except Vie shelves 

tvr•irss k,11 I,u 10. t _ rr'ro. 

1 

F 



, 

11iil' 11 IVjtSi.i1 G. h11 'w'alls and coil bigs of er.,;arzra roan LVFuer 

sttuf;e, dressi.:-4; roa.is,all wu,11s -",.L .*,b" e at 

1iac?; of estr••a al"l:l be aitewz-sll.o, -vith a 

fined vlash in a.F I1:.ny coats r,-S -.,Jill f.';ive a 

good solid effect - 

PAI'i2 the walls of ZiI;ht area three good mAs of wr ii.te 

u.i11t to give Un UUCI► reflection Zxs j)OSfFi11? e. 

i;1,1 x2, lisle • 

'^sm cc'ioln of the lass s4e:• n throur;sioct the bui,ldiiit, 

including l.c:c:clw iF :lts, glzuzing to canopy at untrunce 
t 

a tc • Wia-? 1 be included in this contra.e, tuu st ue 

fixed in position,oprigi ed, baci. j,uttigti unu puttied 

and left whole and perfectly cloz-t LA ca.upleticn • 

'Iindows on elevationn and elso mere oxcept strop and 
i, 

shop doors ahall lie gl"zeu t7ata 21 . oz. bent J.ritii-ih 

clear sheet glass free frcv. scar. ious .)le.4isri• The 

:tirulows axi Foyer shall be f-;1t.: eci wit►_i l.e"cllig'ots wit,i 

wninforced ct ies to a design to aletail. and vuluod Lt and 

10/» per square foot- The -,ntrance doors and port,io-ti 

of ticxet box wFiere sarewi-i m,:.s.11 be ir: =,uxfc•r•riQnry 

Brookes v trey Q i.0 C1L '.i .•l alid Volt: e 

2C/- por foot. T =ne E.;.•.u.zl'zig to J.11 :./ 4" 

plate €:cid hawuered and ro.iiclrscl. on ei,ii;es,cut to .0--a-pe 

cut up, per fiet•.i.ii. t̀ ,_j• .. t.• r•£' fo- V-iis 

wore; may be obtained fror,r the a,bov f ir:;r f;lso • -L ile 

glazing to swop fronts on both o1cvc:tio.:m shin]. 

.,,ritish pol istried .I1t-te gl"ms roll w-cured to the 

f'rar,ies. TIio (Ioors+ said Ui,wifi!,;:en o i"II t.? so DC 

,oritif0i -,)oljE';E A })lc,.te but bevelled wi t.ui 1" 1 evel :60 1 

r3eGiarri. t ' ,) t: •e ; qt1 i.rns Htl" 'i1• 

Q'1 f:r?vwtw`n• ' 1:: FiQ"  :? "11 1-•! 



7 JU•1 64 CI Y r-IGINEERIS DaARTIViM 

BUILDING BRANCH 

To: HEALTH BRANCH: 

For your requirements under the Health Act, 1956 - 

C-, IK /I I G • 

HEALTH 



K) KERRIDGE ODEON CORPORATION LIMITED 

THEATRE  EMBASSY  

TO WHOM IT MAY CONCERN 

This is to authorise Francis Cowan to view the plans of the 

Embassy Theatre, Wellington. 

1 October 1982 

R.P. WILLIAMS 
Manager 

TO : The Building Division 
Town Hail 
WELLINGTON 



•J(C)OUNlEt E(y/J\Q1j--M IWER1 L ENQUIRY  

L71J1LI.7IM SLI LKWLY\DER 

Would you please obtain from the Building Permit records the 
following plans relating to the premises known as:-

Address: 

Building Permit No's  

eo—AL1-AC, 

A l•tl 

Delete each of the following that does not apply: 

b) I am not the owner of the property mentioned above. 
The owner has authorised me to peruse the above-intioned 
plans kith the written permission attached L,,-'  (tick) 

n L:i 
I)t-.pci1 tlrfk:T1L telephone 

I understand that I will be charged $1.10 per €il 
$2.20 per ro4 plan 

and I agree to pay $ 1-N%D when the files are 4vailable. 
(Not applicable to (c) ) . 

Charge to Account 
No. 061-900 

r Plans required by:  
(Please print) 

Signed  Xq  c  

CGUNCIL PROCEEDURE FOR COoYINS PLANS  

Persons wanting copies can be taken to one of two companies which provide 
this service. Please indicate below which of the companies you wish to use 
by marking the box with a tick. 

MULTIPRINT — WILLSANK HOUSE a PLAN PRINTING CO — WAKEFIELD ST p 

I am aware that Council has no control over the cost of the above service 
and that all charges are my responsibility. 

Signed  



t i sE 6D-90N . CORPORATIOLNKLA lj* LIMITED 
P.O. WX 2191 

•« . MIC4/,rHICADDRESS'KERFILM' • TELEX NZ 21400 

It.—Orr +987 

ỳ rngineer 
pion City Corporation 
e sag 

I nG T 0'i 
F 

Ar Sir 

EMBASSY THEATRE - KENT TERRACE  

would be pleased if you would allow Mr 
•Rssociates, Registered Architects, access to 
in respect of this building. Should Mr Orch 
dacumnts, we would ask that these be prcvided 

Yours faithfully 

Colin Orch 
any record 
iston requi 
on request. 

DIVISION Buildi ngs 

iston of urchiston & 
s you may be holding 
re copies of selected 

2100 . Els 

N F Osmers ^ 'o Tar 
BUILDINGS SUPERVISOR 'ivliin•#olr• 

~•=• Box e 
r. 

NFOAK 

12—mac •✓ 



PEE;I,=i NO: 

,.It /0"// 

a. 

G 7vlSo   
L' 3 3 2S2 

I am the owner of the property mentioned above. 

L" i 5• • M=S: 

•?-/it•v/•-  ??-6-
DATE  /• - /  

. I am not the owner of the property mentioned above. 
The owner has authorised me to peruse the above - / 

mentioned plans with the written permission attached  

Q c.I am employed by the Wellington City Council   
Department, telephone extension 

* I agree to pay a Search/Print fee of $8.00. for the first plan file 
or microfiche print and'$2.00. for each additional file/print and 
understand that this is non-refundable should the plans be unavailable. 
N.B. 24 hours notice is required for plan sc rch but microfiche are 
available for viewing/printing on receipt of the fee. 

Plans required by  

(PLease print 

Signed, 

COUNCIL PROCEDURE FOR OOPYIM PLANS  

Persons requiring copies can be taken to one of two companies which provide this 
service. Please indicate below which of the cmpanies you wish to use. 

KMTIPRn4T- W J BARS{ HOUSE tJ PLAN PRII71% CO - i -kKr:5 ̀ IEII} ST Q 

I am aware that Council has no control over the cost of this service and that 
all charges are my responsibility. 

Signed  ••A x ••  



PLAN SEARCH AND PRINT REQUEST 

PLEASE PRESENT RECEIPT 
WHEN COLLECTING PLANS 

ADDRESS: 

ACCOUNT NUMBER 10485-400 
DATE 
AMOUNT DUE: $ 

GST NO.: 10-666-182 

I — ( ( K--e— I'll, -• --,-( C <? — 

CHARGES: 

PERMIT UNDER 10 YEARS OLD (INCLUDES 1 PRINT FROM MICROFICHE)  

1st Permit $12.00 

Each additional permit $3.00 

Each microfiche print $3.00 

PERMIT OVER 10 YEARS (ARCHIVE SEARCH)  

1st Permit 

WE {• ; 
( non-refun ablwtNY, •p sans unavailable) 

/1 i iSA ear 

$25.00 (non refundable f`l-an-g unavailable) 

Each additional permit $5.00 

CARD OR LEDGER SEARCH ONLY $2.00 per property/enquiry 

ARCHIVE PLANS SEARCH ACTIONED ON TUESDAY AND THURSDAY MORNINGS  
ONLY (but microfiche and cards are available to view on receipt of 
.fee) 

PLANS WILL BE HELD FOR 5 WORKING DAYS ONLY 

I am/am not the owner of the property above. 

I have the written permission of the owner (Attached) 

I am employed by the Wellington City Council  Dept Tel  y 

Al/ 
PERMIT NUMBER/S...•j........ Plans requ - /PPIJby:... .. ... 

Signed•  

... Address o>-• 27-r•-3 

COUNCIL PROCEDURE FOR COPYING PLANS:  

Copies of plans can be obtained from: 

MULTIPRINT - WILLBANK HOUSE 

(Please nominate preference) 

REIGERS - BOND STREET 

I am aware that Council has no control o er the c6-At of this 
service and that all charges are my re••onsibil 

Signe r• 



INTERNAL ENQUIRY  

THE d= BUILDING YNSPh iUR: 

Would you please obtain from the Building Permit records thy: 
following plans relating to the pranises kxrm as :-

Address: 9- I 1 )-4••n4 1 el-ro-6e . 

Building Permit No's. A  1 / c -763o/ C 30628 

Delete each of the following that does not apply: 

a) I am the owner of the property mentione above. 
r 

I am not the owner of the property mentioned above. The owner 
has authorised me to peruse the abovementioned plans with the 
written permission attached. ✓ (tick) 

I am employed by the Wellington City Council, 
Department, telephone extension 

I understand that I will be mar 

I 
and'I agrcc to pay  when 

(Not applicable !oAd) ) - 

Charge to Account 
No.0E1-900. 

d $1.00 per file 
$2.00 per roll plan 

the files are available. 

Plans required by:  Mr VMn C t S •-Z-. CO c.OQ,--j 
(Please print.) 

Signed 

l•) 
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pf 6:6" FOR, C.4NGR ETE PIER-4 
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J' 1 DE OF DOTTED LINE TO 
13F . CONTINUOVS AS FIRM 
BOTTOM I-S EX OT f .D AT 3`•O! 
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A. R. 1.6 A., M.I.J. E. LONG 
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LLEWELLyN E. WILLIAMf 
A. R. I, b./\.) M, IJ E. Lorro. 
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JHEET NO 
ROOF AND FFOUfNDATtONf 
TO MAIN STANGti l ON3, 

.fC A L_ff- ° A 5 MAR KE.DQ 
-DATE. I MARCH Ig23 
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PLAN 

On E- FOOT ' 

BASE AND CANTILEVER FOQ MAIN COLVMN5 

LLEWELLYN EVILL IAMf U 
A. R. I. B. A , M.I.I. E. LO N D. 

ARcH ITECT-fTRVCTUQAL. 
F.N GI N F-EQ-W ELI NGVONG 
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`IT IS PROP65Eb TO OBTAIN COLVMNS FOR FtR5T TWO TIERS IN SINGLE LENGTHS . 

Q. 5, -To 15T5 CA Ǹ BE OBTAINED VPTO 40 FEET INLENGTH, 

S1 NGLE MEMgCRS 1D IE. ED 2 E 3D 31; 4D 4E 5D 51_ ED G E 7D 7E 8D 8 E. 

Lf v ••Y>y :••NI LuAMf 
ATQ- I: B.Ai B M-1,.f E. LoN-a. 

AP-'CHIT ffCT-JT;z UCTURAL.._.. 
E NG►NEF-R.o W ELLIN6ToN 
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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.
 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

 The site is located at 10 Kent Terrace, Mt Victoria, Wellington.
 The site is bordered by Majoribanks Street to the north, and Kent Terrace

to the west. There are existing buildings to the east and south.
 Site legal description: Lots 24 to 27 DP 240.
 Property parcel areas (total): approximately 1,500 m2.
 The site footprint is wholly occupied by a multi-storey building.

 Aerial photo sourced
from Terralink
International
(Copyright 2002-2005).
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 The site is flat, with the surrounding land gently sloping in the north-west
direction (<10°).

 The site is approximately 160 m south (landward) of the pre-1900
shoreline.

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

2.2 Ground and groundwater conditions
Conclusion Information reviewed

 Available borehole data within the site comprises three boreholes up to
9.5 m depth drilled in 1992. Refer to Figure A1, Appendix A for
investigation locations.

 The inferred soil profile is presented in Table 2.1 and Figures A2 to A4,
Appendix A.

 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.

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

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

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

 T+T field borehole logs
(BH01 to BH03) dated
15 to 18 November
1992 (Refer Appendix B)
and notes.

Table 2.1: Summary of inferred subsurface ground conditions

Layer
No. Geological Unit Description

Depth to top
of layer (m)

Thickness
(m) SPT N

1 Reclamation Fill
1

Sandy GRAVEL. Loose to medium
dense 0 0.5 to 2.0 13 (one

test only) 1

2 Beach Deposits
SAND, some gravel. Loose to
medium dense. 0.5 to 2.0 0.0 to 3.5 6 to 29

3 Harbour
Deposits

SILT, trace gravel. Firm to stiff,
non-plastic to low plasticity. 2.0 to 4.5 2.0 to 4.5 6 to 15

4
Alluvial
Deposits SILT, some sand. Stiff. 3.0 to 6.0 1.0 to 2.0

11 (one
test only)

5 Colluvium / CW
Rock GRAVEL. Dense to very dense. 0.8 to 9.0 0.5 to 1.0 48 to 50+

6 Rock 2
Sandstone, highly weathered or
better. Weak to moderately
strong.

2.0 to 9.5 - -

Notes:
1. SPT N = 13 proven for the fill; descriptions indicate that the density varies between loose and medium dense (inferred N
= 5 to 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.
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2.3 Active faults
Conclusion Information reviewed

 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.

 GNS Online database
of active faults

 NZS1170.5: 2004
Section 3.1.3 and Table
3.6

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

 Kaiser, A.E., 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.

2.4 Previous earthquakes
Conclusion Information reviewed

 Kaikōura Earthquake (14 November 2016 at 12:02am)
Location: 15 km northeast of Culverdon
Magnitude: ML 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:                  ML 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:               ML 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.

 Earthquake magnitude
source of data:
http://geonet.org.nz/

http://geonet.org.nz/
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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).

 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).

3 Geotechnical engineering considerations

3.1 Seismic site subsoil class
Conclusion Information reviewed

 Site subsoil class is assessed to vary across the site between Class B –
Rock, and Class C – Shallow soil 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.

It is 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.
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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

NZS 1170.5 Limit State PGA (g) Effective
magnitude Meff

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, C0,1000  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 C0,1000 x 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.

Table 4.1: Liquefaction potential

Layer
No.

Description Conclusion

1 Reclamation Fill The reclamation fill is above groundwater level and is not expected to
liquefy.
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Layer
No.

Description Conclusion

2 Beach Deposits
Widespread liquefaction of loose to medium dense sand possible in an
earthquake shaking with PGA > 0.2g, M7.1 (approx. 35% ULS IL3 Subsoil
Class C).

3 Harbour Deposits
Widespread liquefaction of non-plastic and low plasticity silt possible in
an earthquake shaking with PGA > 0.23g, M7.1 (approx. 40% ULS IL3
Subsoil Class C).

4 Alluvial Deposits
Localised pockets of liquefaction within layers/lenses of low plasticity
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
(Ground lurch)

 Cyclic displacement is not expected at the south-eastern corner of
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 100mm to 200 mm is possible
(100mm probable) at the site during shaking.

2 Lateral spread  Not expected as the site is relatively flat and no nearby free face
present.

3 Reduced support to
shallow foundations

 Liquefaction beneath a shallow foundation will result in a reduction
of support to that foundation and associated settlement of that
foundation.

 See Section 5.

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

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

5 Negative skin friction
(NSF)

 Post liquefaction settlements as a result of reconsolidation of
liquefied soils could impose down drag on deep foundations.

6 Free field settlement  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.
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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.

Table 5.1: 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
piles in 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.
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ID Issue Comments

 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
rupture

 The location of the Aotea Fault is poorly constrained and there is a
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

H/V

Net Ultimate (Limiting) Bearing Capacity (kPa)

Zone A Zone B Zone C

No liquefaction 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.
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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 -

B 10 to 40 1 to 8

C 10 to 40 1 to 8
Note:
Refer Figure A5 in Appendix A for Zone classification.

The structural analysis should consider the range of stiffnesses, including performing sensitivities
(e.g. one pad being ‘soft’ and adjacent pads ‘hard’ and vice versa etc.) and allow for the least
favourable result.

Foundations in compression may be modelled as elastic plastic i.e. plastic beyond the probable
bearing capacity.

6.1.2 Pile foundations

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

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
Length (m)

Probable Vertical
Capacity (kN)

Spring Stiffnesses
(kN/mm)

Compression Tension Compression Tension

Perimeter (Grid A) Micropile
founded in
rock

12 -2 1500 -2 15 to 60

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

Perimeter (Grid A) Screw Pile with
rock anchor

Screw Pile: 7.3
Rock Anchor: 1.3

1000 500 20 to 100 10 to 50

Basement (P37 –
P39)

Screw Pile 7.5 1000 -3 20 to 100 -3

Basement (P37 –
P39)

Screw Pile with
rock anchor

Screw Pile: 7
Rock Anchor: 2

1000 -3 20 to 250 -3

Basement
(remaining piles)

Screw Pile 3.5 1000 -3 20 to 100 -3

Basement
(remaining piles)

Screw Pile with
rock anchor

Screw Pile: 3.5
Rock Anchor: 3

1000 -3 20 to 250 -3

Shallow basement
(Approx. Grid 8 to
10)

Screw Pile 2 1000 -3 20 to 100 -3

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

RyanC
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?
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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 sliding resistance beneath the shallow pad foundations.

6.2.1.1 Passive resistance

The load-displacement plots for passive resistance are included in Appendix D for the pad
foundations and Appendix E for the basement walls.

6.2.1.2 Sliding

It is preferable to resist base 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
liquefaction 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
No.

Description Comments

1 Start of earthquake (no
liquefaction)
Up to 35% ULS(IL3) Subsoil
Class C ground shaking.

 100% of base shear resisted by passive resistance of
buried elements (refer Section 6.2.1). The pile
foundations will be subject to the displacement required
to mobilise the passive resistance.

 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
lateral ground movement

 Loss of lateral support to piles.

RyanC
Callout
this is written like a new design. There are no choices for us here.
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Scenario
No.

Description Comments

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

3 Ground lurch (cyclic
displacement of liquefied
ground) occurs. During shaking.

 If the building moves less than the cyclic displacement (ID
1, Table 4.2), the soil movement acts as a kinematic load
on the pile (in addition to base shear).

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

4 Lateral spreading occurs.
Towards end of shaking,
possibly post shaking.

 Lateral spreading is not expected at the site and pile
behaviour for this scenario has not been assessed.

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.
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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:

.......................................................... ...........................….......…...............

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
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Appendix A Figures

 Figure A1: Site Plan

 Figures A2-A4: Cross Sections

 Figure A5: Zone Classification



LEGEND
1m Contour
Property Boundary

!

TTMAPREF1433463001.902
1020459
TT Proj Ref:

TT Map Ref:

Created By:
Approved By:

105 Carlton Gore Road, Newmarket, Auckland
www.tonkintaylor.co.nz

Created On: 13/05/2022
EPeebles

FIGURE No.
 

0 5 10 15 20 25 (m)
1:500A3 SCALE:

1. Property Boundary,Street Name,Street Number sourced from the
LINZ Data Service and licensed for re-use under the Creative
Commons Attribution 3.0 New Zealand licence.
2. World Imagery Source: Esri, Maxar, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User
Community

2

12

10A

5/12

14B

41/8

8A

15

2/12

1/14

14C

14
14A

2

4

6/12

3/12

4

6

6/14

3/14

6

16

7/14

7

4/14

1/12

42/8

4

6A/8

20

2/14

9A

13

8

12

16A

5/14

44/8

16

18

10

43/8

5

10

4/12

2

7

9

12

3A
5

G01/3
G02/3

G03/3

104/3

106/3107/3

109/3

10

1A

1

2
7

8

8

5

7

9

Ke
nt 

Tc
e

Ke
nt 

Tc
e

Majoribanks St

Courtenay Pl

Roxb
urg

h S
t

Ca
mb

rid
ge

 Tc
e

Lip
ma

n S
t

16m 12m
11m

10m
9m

8m

7m

6m

5m

4m

13m 12m11m

10m9m

8m

6m

7m

11m 12m

8m 7m

12m 11m

7m

6m

6m

6m

5m

5m

5m

4m 4m
4m

4m

3m

3m
3m

7m

5m

4m

3m

WELLINGTON CITY COUNCIL
EMBASSY THEATRE

Site Plan
 

LEGEND

         Contour

Property boundary

         Site bounday

Cross section

         Borehole (1992)

Cross Section 1
West - East
Grid A

Cross Section 3
North - South

BH1 - Depth = 2.1m

BH3 - Depth = 7.2m

BH2 - Depth = 9.5m
Cross Section 2
West - East
Grid D

A1



Kent Terrace
Lipman StreetBH2 BH3

-13
-6
-8
-12
-11
-48
-50+

-16
-29
-22
-15
-15
-14
-7
-6
-50+ Greywacke

Beach Deposits

Harbour Deposits

Alluvium

Fill

5m

20 m

10 m

0 m

-10 m

RL (NZVD2016)

WEST EAST

Street Level (Majoribanks Street)

Embassy Theatre (Grid A Section
from DTC)

Inferred
groundwater
level

Colluvium

WELLINGTON CITY COUNCIL
EMBASSY THEATRE

FIGURE A2: CROSS-SECTION (WEST - EAST)
Grid A

By: EMPE
Checked by: BHR
Date: 16/05/2022
Scale: 1:500 at A4
Rev: 0

Beach/Harbour
- Holocene Age

Alluvium -
pleistocene age As built screw pile

depths.

? ? ? ? ?

?

?

?

?
?

?

?
?

?
?

?

?
?

?

?

?
?



Kent Terrace
Lipman StreetBH2 BH3

-13
-6
-8
-12
-11
-48
-50+

-16
-29
-22
-15
-15
-14
-7
-6
-50+ Greywacke

Beach Deposits

Harbour Deposits

Alluvium

Fill

20 m

10 m

0 m

-10 m

RL (NZVD2016)
Basement

WEST EAST

Street Level (Majoribanks Street)

Inferred
groundwater
level

Colluvium

WELLINGTON CITY COUNCIL
EMBASSY THEATRE

FIGURE A3: CROSS-SECTION (WEST - EAST)
Grid D

Embassy Theatre (Grid D Section
from DTC)

By: EMPE
Checked by: BHR
Date: 16/05/2022
Scale: 1:500 at A4
Rev: 0

5m

?

?
?

? ? ? ? ?

?

?

?
??

?

?

?
?

?

?

?

?
?

?
?

?
?



5m

20 m

10 m

0 m

-10 m

RL (NZVD2016)

NORTH SOUTH

Inferred groundwater level

WELLINGTON CITY COUNCIL
EMBASSY THEATRE

FIGURE A4: CROSS-SECTION (North - South)

-13

-8
-12
-11
-48
-50+

-6

BH3

-50+
-50+

BH1

Marjoribanks Street

Embassy Theatre (Grid 10 Section
from DTC)

Fill

Harbour

Alluvium

Colluvium

Greywacke

Beach

By: EMPE
Checked by: BHR
Date: 16/05/2022
Scale: 1:500 at A4
Rev: 0

? ?
?

?

?

?
?

?
?

?
?

?
?



Embassy Theatre DSA, Wellington
T+T Ref: 1020459

Figure A5: Zone Classification
Rev: 1
Date: 2/06/2022
Drawn: EMPE
Checked: BHR / ELC

Zone A
Not susceptible to liquefaction

Zone B
Susceptible to liquefaction

Zone C
Susceptible to liquefaction

?

?

?

?

?

?

?

???

?

?

?

?

?

?

?

?

?

?

??

?

?

?
? ? ?

?

?

?



Tonkin & Taylor Ltd
Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
Wellington City Council

5 October 2022
Job No: 1020459.0000

Appendix B Investigation Records









Tonkin & Taylor Ltd
Embassy Theatre Wellington,
Geotechnical Seismic Desktop Assessment
Wellington City Council

5 October 2022
Job No: 1020459.0000

Appendix C Drawings
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Appendix D Shallow Foundation Geotechnical
Parameters

 Summary figure of agreed geotechnical parameters.

 Figure D1: Passive load-displacement curve for 1.5m deep pad foundation.
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Figure D1. Passive load displacement curve for 1.5m deep pad foundation.
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Appendix E Basement wall load-displacement
curve

 Summary figure outlining basement walls.

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

 Figure E2: Passive load-displacement curve for 2.65m deep east basement wall.
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West Basement Wall
Apply 2.65m deep passive
load-displacement curve
(refer Figure E1).

East Basement Wall
Apply 1.8m deep passive
load-displacement curve
(refer Figure E2).
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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.
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Appendix F Deep Foundation Geotechnical
Parameters

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

 LPile Analyses for screw pile and rock anchor foundations.

 Summary figure of agreed geotechnical parameters for micropile foundations.

 LPile Analyses for micropile foundations.
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SP - Screw Pile Length
RA - Rock Anchor Length

             Screw Pile Only (2003)
             600 diameter helix

Screw Pile and Rock Anchor Combination (2003)
             200 diameter rock anchors

              Micropile (2009)

              Shallow foundation (1924)

P16 (T)
SP: 5m

P17 (T)
SP: 7.3m
RA: 1.3m

P18 (T)
SP: 10.5m

P19 (T)
SP: 9.8m

Micropile
12m long

P22
RA: 5m

P23
SP: 0.4m
RA: 4.3m

P24
SP: 0.6m
RA: 4.3m

P25
SP: 0.9m
RA: 4.3m

P26
SP: 0.8m
RA: 4.3m

P27
SP: 0m
RA: 5.0m

P15
SP: 1.35m

P1
SP: 1.5m

P2
SP: 2m

P28
SP: 1.5m

P29
SP: 2.2m

P42
SP: 3.5m

P40 (T)
SP: 4.2m
RA: 2.2m

P41 (T)
SP: 4m
RA: 2.9m

P13 (T)
SP: 1.55m
RA: 1m

P14 (T)
SP: 1.9m

P12
Deleted

P11
Deleted

P46 (T)
SP: 1.7m
RA: 1.8m

P45 (T)
SP: 1.5m
RA: 4.9m

P48
SP: 2.1m

P47
SP: 3.0m

P3a
SP: 2.15m

P3b
SP: 2.8m

P30a
SP: 3.4m

P30b
SP: 3.55m

P7 (T)
SP: 1.1m
RA: 1m

P8
SP: 1.4m

P34 (T)
SP: 3.1m

P35
SP: 3.0m

P36b
SP: 3.0m

P37a
SP: 6.5m

P37b
SP: 6.1m
RA: 1.5m

P38a
SP: 8.0m
RA: 2.8m

P38b
SP: 8.0m

P39
SP: 7.7m

P44 (T)
SP: 4.8m
RA: 4.2m

P43 (T)
SP: 3.5m
RA: 3.1m

P33
SP: 3.4m

P33a
SP: 3.4m

P32
SP: 3.5m

P31a
SP: 3.3m

P32a
SP: 3.6m

P31
SP: 3.5m

P6
SP: 1.9m

P6a
SP: 2.9m

P5a
SP: 2.25m

P4a
SP: 3.1m

P4b
SP: 2.7m

P5b
SP: 3.2m

P36a
SP: 4.1m

Micropile
12m long

Perimeter Piles
Pile type: Screw pile

Probable compression capacity = 1000 kN
Probable tension capacity = 500 kN

Compression springs = 20 to 100 kN/mm
Tension springs = 10 to 50 kN/mm

Refer LPile Analysis 1 and 2.

Micropile Assessment
Refer "Micropile Assessment"
dated 19/07/2022 by T+T.

Grid 10 Rock Anchors
Pile type: Rock Anchor

Probable compression capacity = 1200 kN
Probable tension capacity = 1200 kN

Compression springs = 50 to 250 kN/mm
Tension springs = 15 to 75 kN/mm

Refer LPile Analysis 7 and 8.

Shallow Basement Piles
Pile type: Screw pile

Probable compression capacity = 1000 kN

Compression springs = 20 to 100 kN/mm

Refer LPile Analysis 6

Basement Piles
Pile type: Screw pile and Screw pile/Rock anchor combo

Probable compression capacity = 1000 kN
Compression springs screw pile only = 20 to 100 kN/mm
Compression springs screw pile / rock anchor combo = 20 
to 250 kN/mm

Refer LPile Analysis 3 for P37 to P39.
                   Analysis 4 for remaining screw piles.
                   Analysis 5 for Screw pile / rock anchor combo

Embassy Theatre DSA, Wellington
T+T Ref: 1020459

Pile Foundation Bearing Capacity and Springs (No Liquefaction 
Case)
Rev: 0
Date: 25/07/2022
Drawn: EMPE
Checked: 
Page:
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Load Case 2
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Load Case 4
Load Case 5
Load Case 6

API Sand

API Sand

API Sand

Soft Clay

API Sand

Load Case
Axial Load 

(kN)

Total 
displacement at 

head (mm)
1 1100 0
2 1100 20
3 1100 40
4 1100 60
5 1100 80
6 1100 100

Perimeter Pile - Compression

Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 2/9

Pile Properties
D = 0.219m
EI = 6,734 kNm2

EA = 1,890,660 kN
Perimeter Pile - No Liquefaction - Compression Analysis 1
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2 -400 20
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Perimeter Pile - Tension

Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 3/9

Pile Properties
D = 0.219m
EI = 4955 kNm2

EA = 876200 kN
Perimeter Pile - No Liquefaction - Tension Analysis 2
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1 350 0
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6 350 100

Basement Pile - Compression

Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 4/9

Basement Pile - No Liquefaction - Compression
(P37 to P39 only)

Pile Properties
D = 0.219m
EI = 6,734 kNm2

EA = 1,890,660 kN
Analysis 3
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Load Case
Axial Load 

(kN)

Total 
displacement at 
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1 350 0
2 350 20
3 350 40
4 350 60
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Basement Pile - Compression

Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 5/9

Basement Pile - No Liquefaction - Compression
(Remaining screw piles)

Pile Properties
D = 0.219m
EI = 6,734 kNm2

EA = 1,890,660 kN
Analysis 4



Lateral Pile Deflection (m) Bending Moment (kN-m) Shear Force (kN)
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Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 6/9

Basement Pile - No Liquefaction - Compression
(Remaining screw pile and rock anchor combination)

Pile Properties 0 to 3.5m
D = 0.219m
EI = 6,734 kNm2

EA = 1,890,660 kN
Pile Properties >3.5m
D = 0.200m
EI =  1,783 kNm2

EA = 1,107065 kN

Screw 
pile

Rock 
anchor

Analysis 5



Lateral Pile Deflection (m) Bending Moment (kN-m) Shear Force (kN)
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Load Case
Axial Load 

(kN)

Total 
displacement at 

head (mm)
1 350 0
2 350 20
3 350 40
4 350 60
5 350 80
6 350 100

Basement (shallow) Pile - Compression

Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 7/9

Shallow Basement Pile - No Liquefaction - Compression

Pile Properties
D = 0.219m
EI = 6,734 kNm2

EA = 1,890,660 kN
Analysis 6
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Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
Page 8/9

Pile Properties
D = 0.2m
EI = 1,783 kNm2

EA = 1,107,065 kN
Rock Anchors (Grid 10) - No Liquefaction - Compression Analysis 7

Load Case
Axial Load 

(kN)

Total 
displacement at 

head (mm)
1 850 0
2 850 20
3 850 40
4 850 60
5 850 80
6 850 100

Grid 10 Rock Anchor - Compression
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Embassy Theatre DSA, Wellington
T+T Ref: 1020459
Pile Assessment
Rev: 0
Date: 25/07/2022
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Rock Anchors (Grid 10) - No Liquefaction - Tension

Pile Properties
D = 0.2m
EI = 3 kNm2

EA = 92,737 kN
Analysis 8

Load Case
Axial Load 

(kN)

Total 
displacement at 

head (mm)
1 -670 0
2 -670 20
3 -670 40
4 -670 60
5 -670 80
6 -670 100

Grid 10 Rock Anchor - Tension



Embassy Theatre DSA, Wellington
T+T Ref: 1020459

Micropile Assessment
Rev: 0
Date: 19/07/2022
Drawn: EMPE
Checked: BHR
Page 1/3

2 No. Micropiles
52/26 Titan Anchors
Diameter = 0.2m
Length = 12m

Probable tension capacity = 1500 kN

Tension springs = 15 to 60 kN/mm

2 No. Micropiles
52/26 Titan Anchors
Diameter = 0.2m
Length = 12m

Probable tension capacity = 1500 kN

Tension springs = 15 to 60 kN/mm
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Case Axial Load (kN)
Total displacement 

at head (mm)
1 -1500 0
2 -1500 20
3 -1500 40
4 -1500 60
5 -1500 80
6 -1500 100

1 . No Liquefaction - Tension

Micropile Properties
D = 0.2m
E = 7350 MPa
A = 0.0314 m2

I = 5.71E-06 m4

Micropile - No liquefaction - Tension Load.
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Case Axial Load (kN)
Total displacement 

at head (mm)
1 0 0
2 0 20
3 0 40
4 0 60
5 0 80
6 0 100

2 . No Liquefaction 

Micropile Properties
D = 0.2m
E = 7350 MPa
A = 0.0314 m2

I = 5.71E-06 m4

Micropile - No liquefaction - No applied load.
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Professional Procedure 
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1 Project Scope 
Concrete Structure Investigations Limited (CSI) 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. 
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2 Building Plans and Scanning Locations 
 

 

Figure 1: Scans Grid A 8/9 Level 1 

 

Scans RS 799 and RS 801 
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Figure 2: Scans Grid 11E/F Level 1 

 

 

 

 

 

 

 

 

 

Scans RS 5383 and 

RS 5386 
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Figure 3: Scans Grid G 8/9 Level 1 

 

Scans RS 5380 and RS 5390 
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Figure 4: Scans Grid 11 E/F Basement Level 0 

 

 

 

Scans RS 810 and RS 809 
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Figure 5: Scans Locations Level 2 

Scans RS 814 and RS 815 

Scans RS 5391  

Scans RS 813 

Scans RS 820, RS 821, 
and RS 822 
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3 Scans 

3.1 Level 0 
3.1.1 Scans grid 11 E/F 
 

 

Figure 6: Column Scan Grid 11-E 

 

 

 

RS 809 
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Figure 7: Wall Scan Grid 11- E/F 

RQ 812 

RQ 811 

RS 810 
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3.1.1.1 RS809 

 

Figure 8: Scan RS809 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RS_054210001_000809.hscan Timestamp - 

Comment: 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: 

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

 
Additional reinforcing: 

 horizontal bars are visible at a cover of approx. 350-400mm 
 c/c is approx. 630mm 
 possibility of wall reinforcing developing through the column 

o further investigations are required for confirmation 
 
Steel column (as per drawings): 

 cannot be confirmed from the available data 
o further investigations are required to confirm the presence / absence 
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3.1.1.2 Adjacent column Grid 11/F 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertical Reinforcement 
approx.  25mm 

 
 
 
 

Horizontal (Stirrups) 
Approx. 12mm 

 

 
Figure 9: Column Grid 11/F 
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3.1.1.3 RS810 

 

Figure 10: Scan RS810 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 5.6 

Filename 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: 

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

 
o First layer: 

 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: 

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

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 5.6 

Filename RQ 811 and RQ 812 Timestamp - 

Comment: Wall 
 
Scans not displayed 
 
RQ811: 
Horizontal scan taken approx. 250mm above the floor on grid 11 between columns E to F  
 
Vertical bars: 

 two layers of reinforcement bars 
o first layer: 

 min. concrete cover approx. 55mm 
 vertical bars, c/c approx. 600mm  

 
Starter bars: 

 bars appear to be arranged mostly in pairs with a close c/c 
o increased c/c between the pairs 

 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: 

 two layers of reinforcement bars 
o first layer:  

 min. concrete cover approx. 49mm 
 average c/c is approx. 603mm 

 
o second layer:  

 bars, average c/c is approx. 608mm 
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3.2 Level 1 
3.2.1 Scans Grid A 8/9 
 

 

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

 

RS 801 

RS 799 

1600mm 

2600 mm 

2200mm 

RQ 800 

RQ 803 
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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: 

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

 
o first layer: 

 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 

 

Figure 13: Scan RS799 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RS_054210001_000799.hscan Timestamp - 

Comment: 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: 

 flange width is approx. 320mm 
 wire-stirrups 

o c/c varies from approx. 90mm to 290mm 
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3.2.1.3 RQ800 and RQ803 
 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RQ800 and RQ803 Timestamp - 

Comment: Wall 
 
Scans not displayed 
 
RQ800: 
Vertical scan taken left of the column A/9 
Scan distance 2400mm 
 
Horizontal steel beam: 

 approx. x=800 
 concrete cover approx. 85mm 
 flange width is approx. 180mm 

 
Horizontal bars: 

 two layers of reinforcement bars 
o first layer:  

 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: 

 two layers of reinforcement bars 
o first layer: 

 min. concrete cover approx. 31mm 
 bars, c/c approx. 400mm 

 
o second layer  

 bars, c/c approx. 400mm 
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3.2.2 Scans Grid G 8/9 
 

 

Figure 14: Wall Scan Grid G- 8/9 

RS 5380 
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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: 

 reinforcement is irregularly placed  
 annotations 1 and 2; diagonal bar 
 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 

 min. concrete cover approx. 31mm 
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3.2.3 Scan Grid G9 
 

 

Figure 16: Column Scan Grid G9 
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3.2.3.1 RS5390 

 

Figure 17: Scan RS5390 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 5.0 

Filename RS_070140002_005390.hscan Timestamp - 

Comment: 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: 

 flange width is approx. 320mm 
 wire-stirrups 

o c/c varies from approx. 278mm to 300mm 
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3.2.4 Scans Grid 11 D/E 
 

 

Figure 18: Column Scan Grid 11-D 

 

RQ 5385 

RS 5383 
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3.2.4.1 RS5383 

 

Figure 19: Scan RS5383 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 6.0 

Filename RS_070140002_005383.hscan Timestamp - 

Comment: Column 
 
Scan taken on Grid 11/D, as shown in Figure 18 
 
Reinforcing bars: 

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

 
Starter bars: 

 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: 

 horizontal bars are visible at a cover of approx. at 300-400mm 
 c/c is approx. 450 and 1070mm, respectively 
 possibility of wall reinforcing developing through the column 

o further investigations are required for confirmation 
 
Steel column (as per drawings): 

 cannot be confirmed from the available data 
 further investigations are required to confirm the presence / absence 
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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: 

 min. concrete cover approx. 37mm 
 stirrups average c/c approx. 290mm, max 370mm, min. 160mm  
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Figure 20: Wall Scan Grid 11 D/E 

RQ 5389 

RS 5386 

RQ 5387 

1400mm 
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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: 

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

 
o first layer: 

 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: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 6.0 

Filename RQ5387 and RQ5389 Timestamp - 

Comment: 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: 

 min. concrete cover approx. 64mm 
 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: 

 two layers of reinforcement bars 
o first layer: 

 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  
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3.3 Level 2 
3.3.1 Scan Grid 2- A/B 
 

 

Figure 22: Wall Scan Grid 2- A/B 

 

RS 813 
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3.3.1.1 RS813 

 

Figure 23: Scan RS813 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 6.0 

Filename RS_054210001_000813.hscan Timestamp - 

Comment: Wall 
 
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 first layer: 

 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 33 
 

3.3.2 Scan Grid A-1 /2   
 

 

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

 

RS 814 
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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: 

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

 
o first layer: 

 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 
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Figure 26: Wall Scan Grid A - 1/2 

 

RS 815 
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3.3.2.2 RS815 

 

Figure 27: Scan RS815 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 5.6 

Filename RS_054210001_000815.hscan Timestamp - 

Comment: Wall 
 
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: 

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

 
o first layer: 

 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 
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3.3.3 Scan Grid 1- C/B 
 

 

Figure 28: Wall Scan Grid 1- C/B 

 

RS 5391 
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3.3.3.1 RS5391 

 

Figure 29: Scan RS5391 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 5.0 

Filename RS_070140002_005391.hscan Timestamp - 

Comment: Wall 
 
Scan taken on Grid 1/C-B, as depicted in Figure 28.  
 
Reinforcing bars: 

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

 
o first layer: 

 min. concrete cover approx. 45mm 
 horizontal bars, c/c approx. min. 100mm - max. 280mm 
 vertical bars, c/c varies from approx. 150mm to 330mm  

 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 
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3.3.4 Scan Grid 1/2 – D/C 
 

 

 

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

 

 

RS 820 

RS 821 

RS 822 
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3.3.4.1 RS820 

 

Figure 31: Scan RS820 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RS_054210001_000820.hscan Timestamp - 

Comment: 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: 

 highlighted in blue 
 flange width is approx. 150mm 

 
Slab reinforcement: 

 one layer: 
o c/c average of 600mm, parallel to numbered grid lines (x-direction) 
o c/c average of 118mm, parallel to lettered grid lines (y-direction) 

 
 additional bars: 

o bars in 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 bars in y-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 

 

Figure 32: Scan RS821 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RS_054210001_000821.hscan Timestamp - 

Comment: 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: 

 one layer: 
o c/c average is 450mm, parallel to numbered grid lines (x-direction) 
o c/c average is 116mm, parallel to lettered grid lines (y-direction) 

 
 additional bars: 

o bars in 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 bars in y-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 

 

Figure 33: Scan RS822 

Project name: 234158 Customer: - 

Location: - Object: - 

User: - Permittivity: 7.0 

Filename RS_054210001_000822.hscan Timestamp - 

Comment: 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: 

 one layer: 
o c/c average of 450mm, parallel to numbered grid lines (x-direction) 
o c/c average of 159mm, parallel to lettered grid lines (y-direction) 

 
 additional bars: 

o bars in 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 0 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. 

4.2 Level 1 – Grid A and 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 
4.3.1 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. 

4.3.2 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 Grid 1 

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 
 

 Reliable Measurements 

Base Material  Reinforced concrete. 
 Reinforced CMU. 
 (Brick) 

Detected Objects  Rebars which comply with one of the following standards: 
 DIN 488 
 ASTM A615/A 615/M-01b 
 CAN/CSA-G30. 18-M92 
 JIS G 3112 
 GB 50012-2002 (China) 

 Metal conduit if sufficient spacing from rebars. 
Environment / 
Working 
conditions 

 Smooth and flat surfaces. 

Rebar layout 
Direction 

 Rebars lying orthogonal or within ±5° of a right angle to the 
scanning direction. 

 Reinforcement running parallel to the surface. 
Rebar layout 
Diameter 

 Neighbouring bars with a similar diameter. 
 Standard diameters from 6-36mm, up to a depth of 60mm, 

if s:c ≥ 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. 

Rebar layout 
Spacing 

 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 

Rebar layout 
Depth calculation 

 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: ± 10% for depths 

greater than 20mm. 




