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1 Introduction 

1.1 Background 

Aurecon have been engaged by Ministry of Education (MoE) to provide a Targeted Detailed Seismic 

Assessment (TDSA) for Mātauranga House at 33 Bowen Street Building. Refer to Figure 1.1 for the site’s 

location. Aurecon understands that MoE currently lease office space within this building. 

The TDSA focuses on life safety issues as the primary objective. This means that the earthquake co es o  

rating are based primarily on life safety considerations rather than damage to the building or it  con nts 

unless this might lead to damage to adjacent property. The earthquake rating assigned is, heref r  not 

reflective of serviceability performance. 

 

 

Figure 1 1 – Si e Location  (Source: Land Information New Zealand) 

1.2 Building Description 

The 33 Bowen Str et buil ing is a twelve-storey reinforced concrete building, with two basement levels. It 
was designed by H lmes Wood Poole & Johnstone Ltd. and constructed by Fletcher Construction Ltd. circa 
1987.  

The flo ing s stem consists of precast-prestressed 200 hollowcore units, with 65mm topping with “non-

duc le” mesh. The structural drawings indicate that the precast hollowcore units have 60mm of seating on 

he t p of the precast shell of the RC beams. This is typical for all upper levels except for the floor to the toilet 

reas which are Stahlton precast prestressed ribs with timber infills. Two very small areas at the northern 

an  southern apexes of the building consist of insitu concrete on Hibond flooring. The floor units typically 

span approximately 9.0m onto the RC precast shell beams. These beams are supported on RC columns. 

The lateral systems in both directions are RC moment resisting frames (MRFs). The RC frames of the 

building are substantial and were well-detailed for the time and have many of the desirable details required 

for a modern building. 
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The original stairs are precast RC scissor stairs with an integral mid height landing spanning between floor 

levels.  They are tied in at the top of each flight and have movement allowances at the base support. 

The building is founded on a combination of reinforced concrete pads, ground beams and belled piles. A 

150mm slab on grade sits on top of these elements 

A seismic retrofit of the building was undertaken in 2014, designed by ISPS Ltd. During this time a new steel 

stair was installed in the south-east portion, up the full height of the building. This involved creating two lar e 

voids in the existing diaphragm with fibre reinforced polymer (FRP) installed around these voids. Further 

detail is described in Section 1.3. 

 

Figure 1.2– 3D View of Building ETABS Model 
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1.3 ISPS Seismic Retrofit 2014 

In April 2014, Ian Smith Project Services (ISPS) Ltd., designed seismic retrofit works for the 33 Bowen Street 
building. The ISPS Design Features Report stated that once the seismic works were completed, the building 
would achieve a minimum of 97%NBS rating. The seismic works included: 

◼ Installing steel catch brackets (75x125EAs) at the end of each hollowcore precast slab unit to increase 

available seating. 

◼ Installing steel hangers at regular centres through the slab units spanning parallel to the main seismic 

frame beams, otherwise known as “alpha” slabs. 

◼ Wrapping corner RC columns for the first 4 levels, with FRP to improve confinement and ductilit  ov r the 

height of the column. 

◼ Installing steel members beneath each floor, to tie the perimeter columns back into the d aphragm  t 

each level. 

◼ Installing steel members underneath the RC stairs to increase the sliding stair se ting ngth.  

ISPS also designed a new steel stair that was installed up the full height of the building  in t e south-east 

portion of the building. 

 

1.4 Aurecon’s Peer Review of the ISPS Seismic Retrofit 

Aurecon New Zealand Ltd. reviewed the design of the s ismi  ret it works by ISPS Ltd. Aurecon’s report 

titled “Ministry of Education Accommodation Project 33 Bo en Street Peer Review Report on Seismic 

Rating” dated 5 August 2013,  concluded that, if all of the prop sed building improvements as detailed by 

ISPS are satisfactorily completed, as well as the co finement on the columns described, and additional 

column restraints are instituted, then the buildi g will e capable of a 90% - 100%NBS (IL2) level. However, 

if these are not implemented the building is potential y ikely to be rated into an earthquake risk designation. 

On 10 June 2015, Aurecon issued a l tter t tled “33 Bowen Street – Ministry of Education Accommodation 

ISPS Addendum Report on Seism c C acity of Existing Building” stating that the seismic retrofit has been 

appropriately considered by ISPS a d that Aurecon considered that the building has an NBS rating in the 

range of 90-100%.  

We note that since the aikou a earthquake in 2016 and the release of the updated seismic assessment 
guidelines in 2017 and 20 8  the methodology of assessing and strengthening existing buildings has 
changed significan ly. The ISPS design was undertaken to best practice at the time and considered 
appropriate. Howe er, this has been overtaken by major changes in the industry. 

1.5 Post-earthquake reporting 

Foll wing th  Kaikoura 14 November 2016 Earthquake, the building was included in the Wellington City 

Coun il Targeted Damage Evaluation (TDE) Programme in 2017. The focus of the programme was to 

ddress public safety issues by confirming the structural integrity of multi-storey buildings that had 

exp rienced significant shaking in the Kaikoura Earthquake.  

 
In February 2017, ISPS issued a report titled 33 Bowen Street, Wellington Targeted Damage Evaluation. The 
report stated that the following damage was observed:  
 
◼ Stahlton Rib Spalling – This spalling was concluded to have occurred before the Kaikoura Earthquake. 

ISPS grouted the gap with low pressure injection grout and install steel brackets to support the Stahlton 

unit beyond the crack/spalled location. 
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◼ Dycore Cracks – Crack widths up to 3.5mm at the corner of the dycore units was observed. ISPS was not 

concerned as 80% of the dycore width was still supported. ISPS filled the crack with a low-pressure 

injection grout. 

◼ Corner Diaphragm Cracks - Crack widths up to 0.6mm was observed. No actions were taken from ISPS. 

 
ISPS report in their letter of 14th November 2016, stated that “No structural damage was identified and 

consequently we believe the capacity of the structure to resist seismic actions has not been affected or 

degraded and remains safe for occupancy at this time.” 

1.6 Scope and Basis of Assessment 

The targeted detailed seismic assessment (TDSA) was completed in accordance with the guideline document 

The Seismic Assessment of Existing Buildings – Technical Guidelines for Engineering Ass ssme ts, dated 

July 2017 (The Guidelines), including the updated Section C5 – Concrete Buildings – Pr posed Revision to 

the Engineering Assessment Guidelines, dated November 2018. Where the N w Zea and assessment 

guidelines did not provide sufficient information (the diaphragm accelerati ns an  non-linear pushover 

analysis), ASCE 7 and ASCE 41 were utilised. The building is considered to be n Importance Level 2 (IL2) 

structure, located on a Site Subsoil Class C site as defined by NZS 1170 5:20 4. 

The targeted elements include: 

1. RC Moment Resisting Frames  

2. Precast Flooring including beta slab units.  

3. Column tie connection to the main structure  

4. Diaphragm    

5. Stairs  

6. FRP column strengthening 

7. Precast Panels 

The assessment included undertaking he foll wing: 

◼ Review of original as-built st uctu al drawings  

◼ Build a 3D ETABS m del f the superstructure in accordance with the structural drawings   

◼ Calculate the cod  design level earthquake demand based on the factors including ductility and damping  

◼ Specific analys s of the precast floor systems using specialist software  

◼ Specific diap agm modelling utilising specialist software and critical review of aspects such as 

connect ons to m in elements  

◼ Calcula ion of the main superstructure component capacities including frame beams and columns, beam-

column j ints, diaphragms and column tie connection to the main structure  

 Determine the total and inter-storey drifts  

◼ D splacement-based assessment to determine the overall inelastic mechanism, failure mode and 

structural ductility. This will involve a non-linear pushover analysis.   

◼ Detailed assessment of the concrete elements as per the “Technical Proposal” requirements  

◼ Review MRF columns for non-ductile behaviour including the FRP wrapped columns  

◼ Calculation of the %NBS rating for the superstructure components to determine the Critical Structural 

Weakness (CSW)  
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◼ Identification of any potential Severe Structural Weaknesses (SSWs)   

◼ Assessment of secondary structural components including:  

- Stairs  

- Precast Panels 

◼ Formal in-house verification by CPEng engineer  

◼ Descriptive methodology for any seismic strengthening if required  

◼ Reporting – formal DSA report  

◼ Liaison and meetings as requested 

Elements that are excluded in this TDSA include, but are not limited to: 

◼ Foundations (piles, basement walls, ground anchors) 

◼ Base shear takeout 

◼ Displacement capacity of the “gravity” frames 

◼ Plantroom 

◼ Non-structural building elements (façade glass, ceilings, internal walls  ove head services) 

 

1.7 Primary Lateral Load Resisting System 

1.7.1 Vertical Lateral Resisting Elements 

Building Design 

Mātauranga House was originally desi ned to in orpora e the principles of ductile design. A ductile structure 

designed to modern codes is expecte  to be ble to undergo relatively large displacements without 

significant loss of lateral capacity. uct e structures (strong columns and weak beams) are also able to 

dissipate energy and resist repeated cycles of earthquake shaking without excessive strength degradation. 

Buildings designed with the e feat e  provide a higher level of life safety performance in severe earthquake 

shaking compared with her buildings without these features.   

However, a framed tructure is expected to deflect laterally during significant earthquake shaking and the 

resulting inter-stor y drifts (relative lateral movements between adjacent levels) will likely place demands on 

the main fram  pr cast ooring units, stairs and precast cladding panels, and other elements vulnerable to 

this type of disto t n. 

Longitudin l direction 

n the ongi udinal direction, the primary lateral resisting system of the building consists of: 

◼ 750x 600 RC beams and 900 diameter circular columns that form ductile moment resisting frames 

(MRFs). 

◼ The beams are formed from a precast concrete U-beams and a cast-in-place reinforced concrete core. 

The U-beams contain deformed reinforcement bars that are terminated at the beam end and are not 

anchored in the reinforced concrete column.  

◼ The external beams of the frames are connected to the corner columns with a “pinned” detail which 

allows the corner columns to be considered as uniaxially bending columns. 
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1.7.2 Horizontal Lateral Load Resisting System 

The horizontal lateral load resisting system consists of: 
 
◼ A diaphragm consisting of a 65mm thick insitu concrete topping with “non-ductile” 665 Mesh. The floor 

slabs also have H16 staggered saddle and starter reinforcement bars over the internal and external RC 

beams and  

◼  The horizontal load is transferred from the floor slab, into the RC MRFs, by staggered saddle and start r 

reinforcement bars along the RC beams. 

◼  At the foundation level, the ground beams, pads, basement retaining walls and piles are designed to 

resist the base shear and overturning moment from seismic forces.  

1.8 Gravity System 

The flooring system consists of precast-prestressed 200 hollowcore units, with 65mm top ng with 665 “non-

ductile” mesh. The structural drawings indicate that the precast hollowcore units have 60mm of seating on 

the top of the precast shell of the RC beams. In 2014, steel catch brackets (75x125EAs  were installed at the 

end of each hollowcore precast slab unit to increase the seating. This r sulte  in a to al seating length of 

135mm. See Figure 1.5 below.  

 

 

Figure 1.5 – Typical precast hollowcore unit seating detail 

The hollowco e un ts with retrofitted seating are typical for all suspended levels except for the floor to the 

toile  areas which are Stahlton ribs with timber infill. Two very small areas at the northern and southern 

apexes of the building consist of insitu concrete on Hibond flooring. The floor panels typically span 

approxi tely 9.1m onto RC precast shell beams. These beams are supported on RC columns. 
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1.12 Non-Structural Building Elements 

From our recent experience in evaluating similar buildings in Christchurch and Wellington, non-structural 

building elements (façade glass, ceilings, internal walls, overhead services) constitute a significant portion of 

the repair/reinstatement cost following an earthquake. In a moderate seismic event, non-structural element 

damage may contribute heavily to downtime and repair costs, and therefore the performance of these non-

structural elements following a moderate seismic event could affect business continuity.   

Assessment of these non-structural elements’ performance is not part of this Targeted Detailed Seismic 

Assessment.  

2 Assessment Methodology 

2.1 Assessment Description 

The Targeted Detailed Seismic Assessment (TDSA) is a desktop study and analysis to prov de a rating for 

the building elements in accordance the updated Section C5 – Concrete Build ngs  Prop sed Revision to 

the Engineering Assessment Guidelines, dated November 2018. These docume ts w l be referred to as the 

“Guidelines”. The Guidelines provides for solutions and methods for the assess ent of existing buildings and 

for strengthening methodologies considered acceptable. 

2.2 Assessment Inputs 

2.2.1 General 

The structure has been assessed at an Importance Level 2 (IL2), using a design life of 50 years in 

accordance with NZS 1170.0. 

2.2.2 Structural Layout 

The building layout, member sizes & detailing, material grades and foundation details have been taken from 

available design drawings and ca ulations. A site inspection of the interior and exterior was carried out to 

confirm that the drawin s and documentation was generally in accordance with the as-built configuration.  

The following drawing documentation was available at the time of the assessment: 

◼ Original Structural draw ngs, Holmes Wood Poole & Johnstone Ltd., dated 1987. 

◼ Design Featu s Report, 33 Bowen Street, Wellington, ISPS Ltd., dated April 2014 

◼ Talavera P ope ty Group 33 Bowen Street, Wellington Critical Structural Weakness (CSW) Upgrade 

Building Consent Drawings, ISPS Ltd, dated June 2014 

 Talavera Property Group 33 Bowen Street, Wellington Ministry of Education Accommodation, Alterations 

Diaphragm Strengthening and Feature Stair Structure Building Consent Drawings, ISPS Ltd, dated 

November 2014 

◼ 33 Bowen Street – Ministry of Education Accommodation ISPS Addendum Report on Seismic Capacity of 

Existing Building Letter, Aurecon, dated 5 August 2013 

◼ 33 Bowen Street – Ministry of Education Accommodation ISPS Addendum Report on Seismic Capacity of 

Existing Building, Aurecon, dated 10 June 2015 

◼ 33 Bowen Street, Wellington, Targeted Damage Evaluation Report, ISPS Ltd, dated February 2017 

Proa
cti

ve
ly 

Rele
as

ed







 

   
   

  
 Project number 521185 File 33 Bowen St TDSA Report - Final.docx    pg. 20 Revision 1   

 

 
 

2.2.9 Geotechnical Parameters 

The site subsoil classification, in terms of NZS1170.5:2004; Clause 3.1.3, is considered to be Class C.  

Geotechnical hazards such as liquefaction, landslide and lateral spreading is out of our scope.  

2.2.10 Computer Modelling  

 
A computer model of the structure developed using ETABS computer program. The model is subjected to 

elastic response spectrum analyses (RSA) and also nonlinear pushover analyses .  

The response spectrum analysis provided the basis for the distribution of seismic forces and the expect d 

lateral displacements up the height of the building, member/element actions, and also enabled the floor 

accelerations to be estimated  

The nonlinear pushover analysis provided insight into the global seismic behaviour of the building, the 

nonlinear mechanisms and the expected local ductility demands in the primary latera  loa  resis ng 

elements.  A nonlinear static pushover analysis involves monotonically increasing the la era  ads at 

specified height until a displacement expected at ULS (the defined Ultimate Limit State shaking that is used 

to verify an earthquake rating of 100%NBS) is reached. P-Delta effects were aken in o account. 

A building will achieve 100%NBS if the seismic demands of the plastic hinge rot ti ns at the specific 

displacement are within acceptable performance level. The expected pe form nce level is Life Safety in IL2 

buildings. 

 
 
 

Figure 2.1 – 3D ETABS Model 
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◼ The H16@300 starter bars  

The above elements are depicted in Figure 4.1. 

 

Figure 4.1 – Typical RC beam section showing elements that contribute to the lex ral overstrength demands 

Distribution of Cracking 

A single crack may also occur in the beam’s potential plastic h ge zones d e to the reinforcement detailing 

being such that the flexural strength adjacent to the column fac  is mat ially greater than at the critical 

section. This is not a preferred mechanism for ductility, mpared w  multiple cracks in a plastic hinge 

zone. The U-beams are reinforced with H10 deformed bars  that are terminated at the beam end and are not 

anchored in the reinforced concrete column. A single crack co centrates the plastic demand to a small 

reinforcement length and limits the amount of plasti  rotation.  

 

 Figure 4.2 – Typical RC beam section - potential single crack in the plastic hinge zone 

 

The single crack mechanism relies on the composite action between the U-beam and the cast-in-place 

concrete core. From the existing drawings, the interface between the U-beam and the cast-in-place concrete 

core has been intentionally roughened so that they act as a composite beam. Also, as shown in Figure 1.5 

Proa
cti

ve
ly 

Rele
as

ed



 

   
   

  
 Project number 521185 File 33 Bowen St TDSA Report - Final.docx    pg. 25 Revision 1   

 

 
 

the precast concrete and insitu portion has been positively connected from the 2014 seismic retrofit steel 

angle angles. From our calculations, the roughened interface and anchors that connect the U-beam and the 

cast-in-place concrete, have sufficient capacity for the beam to act monolithically .  

We note that if bond deterioration at the interface of the cast-in-place concrete core and the precast concrete 

U-beam occurs during seismic load reversals, distributed cracks may occur and allow for more satisfactory 

ductile behaviour.  

We further note that the beam-column joints and the columns have sufficient capacity to resist the full flexu al 

beam overstrength demands.  

Global Performance 

The MRFs have insufficient capacity to resist 100% ULS demand.  The deformed shape from the p shove  

analysis in the longitudinal direction at the ULS demand is shown in Figure 4.3. The green ircles show that 

the rotational demands on the primary columns and beams do not exceed the Life Safety limit . However, 

the blue and pink circles show that the rotational demands on the primary columns and b ams ceed the 

Life Safety limits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 – Longitudinal  Direction Plastic Hinge Status at ULS demand. 

 

4.2.2 Transverse Direction  

The MRFs have sufficient capacity to resist 100% ULS demand utilising a global ductility factor in the order 

of 2.5. 

The deformed shape from the pushover analysis in the transverse direction at the ULS demand is shown in 

Figure 4.4. The green circles show that the rotational demands on the primary columns and beams do not 

exceed the Life Safety limits. 
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Figure 4.4 – Transverse Direction Plastic H ge Status at ULS demand. 

 

4.3 Precast Hollowcore Units 

In accordance with Section C5 – Conc te Bu ldings – Proposed Revision to the Engineering Assessment 

Guidelines, dated November 2018, he following precast flooring failure modes are considered: 

◼ Precast Unit Seating Los  Failure 

◼ Negative Moment Failu e 

◼ Positive Mome t Failure 

◼ Web Cracki g 

◼ Torsion l F ilure 

◼ Beta Sl bs ( urrently, not covered in the Guidelines) 

nde  these Guidelines, the %NBS of the precast units is given by the failure mode that has the lowest inter-

torey drift capacity. The failure modes are described below.  Inter-storey drift is the amount of relative lateral 

dis lacement from one level to adjacent level in during seismic event. Under the Guidelines, the precast 

flooring negative moment failure mode governs the failure modes and scores 30%NBS(IL2).  

The different failure modes are described in the following sections. Proa
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4.3.1 Precast Unit Seating Loss Failure 

The precast hollowcore unit seating was increased by the ISPS seismic retrofit, by installing steel 75x125 

unequal angles (UA) to the underside of the precast units and connecting to the existing RC beams with 

mechanical Trubolt anchors.  

The 60mm existing seating specified in the building drawings plus the 75mm seating from the UA is 

considered sufficient, in accordance with the Guidelines, to ensure vertical carrying capacity is maintained 

during a severe earthquake. From the guidelines, construction tolerance, beam elongation, beam rotation, 

back of the unit spalling and spalling of the concrete cover was considered to determine the required seating 

length. 

Although the retrofit provides sufficient seating in accordance with the Guidelines, the generally ac epted 

design and detailing of precast floor seating has changed after the date of the seismic retrofit desi n  

Therefore, the detailing of the seating is not in accordance with today’s guideline’s documents notab y 

“Development and Validation of Retrofit Techniques for Hollow-core Floors”, dated 6 July 2 21   

We also note that the mechanical anchor bolt capacities have also been downgraded due to c d  

amendments and C2 provisions after the seismic retrofit were complete.  

4.3.2 Negative Moment Failure 

This building has strong saddle reinforcing bars and as a result there is a pot ntial for negative moment 

failure in severe shaking. 

A negative moment failure could occur when a large crack form  on t e to side of the unit away from the 

precast unit seating. This typically occurs when the bu ding ha  strong and/or short reinforcing bars in the 

concrete topping over the RC beams. Based on the abov  the negative moment failure mode scores 

30%NBS (IL2). 

 

Figure 4.5 – Negative moment failure 

 

4.3.3 Positive Moment Failure 

A positive moment failure could occur when a large crack forms on the underside of the unit away from 

precast unit seating. Once the crack forms, beam elongation and rotation may force the crack wider. A crack 
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may form away from the 75mm seating from the UA in severe shaking. This is because if the prestressing 

strands in the hollow-core units are poorly bonded, a positive moment crack is not guaranteed to form at the 

edge of the seating ledge. In the absence of suitable non-destructive methods to detect poorly bonded 

strands, retrofits should ideally address the possibility of a positive moment crack forming away from the 

support. 

Therefore, we note that the steel 75x125 unequal angles (UA) to the underside of the precast units is not 

considered reliable to mitigate a positive moment failure in a design level earthquake. Based on the above 

the positive moment failure mode scores 35%NBS (IL2). 

 

 

Figure 4.6 – Positi e mom nt failure 

 

4.3.4 Web Cracking 

Web cracking in the Hollowcore alpha slab units could ccur in a severe earthquake. An alpha slab is the 

precast unit that runs directly parallel t  a s ismi  frame  In severe shaking, horizontal web cracking of the 

units may be expected in the alpha sl b units  potentially causing the bottom portion of the precast unit to 

separate from the upper part of the unit   

The ISPS seismic retrofit install d st el RHS members on the underside of the alpha slabs that may support 

the bottom of the unit  the b ttom portion of the precast unit was to separate from the upper part of the unit. 

 

Figure 4.7 – Web cracking failure 
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rotation, back of the unit spalling, and spalling of the concrete cover, was considered to determine the 

required seating length. We recommend on site measurements of the actual seating widths. 

Under 100%ULS loading, the seating has insufficient length to ensure gravity carrying capacity is 

maintained. Based on the above, the seat length scores 30%NBS (IL2). 

The measurement of the actual sheeting width is strongly recommended. 

4.4.2 Positive and Negative Moment 

Due to the locations of the rib and infill floor units, the units are not affected by beam elongation. Therefo e, 

the Positive and Negative Moment score 100%NBS(IL2). 

 

4.5 Original Retrofitted Precast Stairs 

The Department of Building and Housing (now MBIE) issued their Practice Advisory 13 n res onse to 

concerns about stair collapse and damage observed in the Christchurch earthqua e  T e p imary concern of 

this Practice Advisory is stairs with sliding support details in mid to high rise buildings  For these types of 

stairs, the recommendation is that the stair flights be detailed so that the tairs are fr e to slide but with 

sufficient sliding ledge support width available. 

The stair sliding support was identified by ISPS as a structural wea ness, p imarily due to the following: 

◼ Under lateral loading parallel to the stair, the stair flight is de igned t  lide at its bottom landing level to 

ensure the stairs to not “lock-up” and cause large displaceme  demands on the main structure. 

◼ The 2014 seismic retrofit installed steel members undern ath the RC stairs and increased the sliding stair 

seating length. The length of the sliding length i  insufficien  to accommodate the Guidelines’ new 

estimated 2/Sp x ULS inter-storey displacements, construction tolerance, stair concrete cover spalling and 

beam elongation. We note that the requ red s iding length was increased (by a 2/Sp factor) due to code 

amendments after the original design was ompleted.    

◼ If the stairs come into contact with he s ucture, the stair could act as an accidental brace between 

adjacent levels and have an undes ble e ect on the behaviour of the main structure and may lose 

gravity carrying capacity.  

 

 

 

Figure 4.9 – Stair displacement before and during earthquake  
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4.8 Severe Structural Weaknesses 

A Severe Structural Weakness (SSW) is a defined structural weakness that is potentially associated with 

catastrophic collapse and for which the capacity may not be reliably assessed based on current knowledge. 

Based on the targeted elements, there are no SSWs identified for this building. 

5 Potential Strengthening Options 

We recommend the building is seismically retrofitted to a minimum rating of 67%NBS (IL2). The 

67%NBS(IL2) level is regarded as the industry standard requirement for the strengthening of exist ng 

buildings. The strengthening options recommended are only of a schematic level detail, and a det il d 

design will be required for construction documents. It is noted that the schematic design pre ented is e 

structural solution and there may be other solutions for the building. 

Listed below are some high-level retrofit solutions that could be implemented in orde  to improve the overall 

earthquake rating of the building to 67%NBS (IL2). We envisage that the strengthening work would be 

completed in stages (i.e. floor by floor or groups of floors) to minimise occupant dis upt n  We note that the 

noise due to drilling and other construction activities will have impact o  the build ng ccupants.  The seismic 

retrofit would include:  

◼ Increasing the shear capacity of the MRF beams in the longitudinal di ctio  with FRP or steel plate to the 

side faces of the beams. 

◼ Increasing the diaphragms’ tension capacity by insta ing steel rods nderneath the floor plate or steel 

plates recessed into the topping.  

◼ Drill bolts completely through the RC beams for the 2014 tairs to provide a reliable gravity carrying 

support 

◼ Retrofit the hollowcore precast units c nsid ring t e following failure modes: 

− Beta Units. Install strongbacks to the underside of the beta units in accordance with the guidance in 

the “Development and Validatio  of R trofi  Tech iques for Hollow-core Floors”, dated 6 July 2021. 

The strongbacks are required a  the Be a units’ locations from level 2 – level 12. See Figure 5.1 for the 

strongback retrofit section.  

− Positive moment. Undertak  onsite testing to confirm if the prestressing strands in the hollow-core 

units are poorly bonde  or sufficiently bonded. If the strands are poorly bonded, then we suggest 

installing strongbac s to the underside of the units that are within the “elongation zone” from level 2 – 

level 12. 

− Negative Moment. Install strongbacks to the underside of all the units from level 2 – level 12. Selective 

weakenin  the starter/saddle bars in the concrete topping is also a possible retrofit solution.  

◼ Retrofit the Stahlton units considering the following: 

− Unde ake onsite investigations to confirm the Stahlton unit seating length 

− If he onsite investigations show that the seating length is still insufficient then we suggest increasing 

the seating length by bolting steel members to the underside of the Stahlton ribs. This is to occur on all 

levels.  

◼ We note that the strengthening elements described are based on the targeted assessment and there may 

be other elements requiring retrofit. We recommend a full DSA prior to confirming any further 

strengthening. 
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5.1 - Strong back retrofit section (source: Development and Validation of Retrofit Techniques for Hollo -core 

Floors, dated 6 July 2021) 

6 Future Code Changes  

6.1 Hazard Zone Factor 

The hazard zone factor for Wellington, Z, used to determine the sei mic isk area and hence the design 

standard for new buildings, may be greater than previously as essed and u ed in the Earthquake actions 

design code NZS1170.5. This is based on the latest knowledge by GNS Science (GNS) on faults and the 

subduction zone around the Wellington region.  

A future increase in the Hazard Factor may lead to an increa e in the design level for new buildings in 

Wellington and potentially may increase the standa d required for existing buildings to achieve 100%NBS 

(IL2) when assessed against that new standard. This increase is still being discussed and reviewed by 

industry experts with no fixed timeframe.  

6.2 Basin Edge Ef ects 

The 2016 Kaikōura earthquake exp sed the concept of the “basin edge effects.” The basin edge efforts 

cause amplification of ground sha ing due to the presence of soft soils in the sedimentary basin and cause 

larger peak ground acc lerati ns than expected.  The edge efforts are currently not incorporated in the 

Earthquake actions design code NZS 1170.5. 

The basin edge ef ects have the potential to significantly increase the design standard for new buildings in 

particular locations n Wel ngton and potentially may increase the standard required for existing buildings to 

achieve 100%NB  (IL2) when assessed against that new standard. The “basin edge effects” is currently 

being discussed and reviewed by industry experts with no fixed timeframe when it will be introduced into the 

design sta da ds  

The 33 Bow n Street building may be affected by these effects.   

6.3 Seismic Guidelines 

Section C5 – Concrete Buildings – Proposed Revision to the Engineering Assessment Guidelines, dated 

November 2018, provides the latest engineering knowledge on aspects involved in the assessment of 

concrete buildings, and to reflect what engineers learned from the Kaikōura earthquake. 
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However, its impact to the industry to still being assessed before it can be incorporated into regulation. 

Therefore, some aspects of the Guidelines may potentially change and hence affect the standard required 

for existing buildings to achieve 100%NBS (IL2). 

7 Yellow book vs Red Book  

As stated above, the Amendment Section C5 “Yellow Book” represents the latest information available to 

engineers on various aspects of the seismic performance of existing concrete buildings. It gives a more 

accurate assessment of the expected seismic behaviour of a building than the original Section C5 of The 

Seismic Assessment of Existing Buildings – Technical Guidelines for Engineering Assessments, da ed July 

2017 (also known as the Red Book).  

The Ministry of Business Innovation and Employment (MBIE) state that Engineers should use the rev d 

version when carrying out assessments, with one exception. The only time engineers shou d e the existing 

Red book version is when establishing whether or not a building is potentially earthqu k prone u der the 

Building Act 2004. The July 2017 version is the only one formally recognised under his legi lation.  

We note that the diaphragm assessment undertaken in accordance with the Red o  Ye ow book version of 

the guidelines are likely to result in different scores when compared to ne anoth r d e to the different 

analysis methodologies and assumptions used in the different versions. T is is because under the Yellow 

Book, diaphragms with non-ductile mesh require a sophisticated grillage mo el that captures local stress 

concentrations. The simplified strut and tie model previously used i  the Red Book to model the behaviour of 

the diaphragm does not capture these local stress concent ations. I  additi n, there is more guidance and 

general commentary in regard to the use of brittle mesh in term  of its strain compatibility and susceptibility 

of fracture.   

We also note that the Yellow book provides clear and concis  methodology for the assessment of precast 

floor systems, whereas previously under the Red B ok, this was open to interpretation by different 

engineers. This may lead to different scores when compared to one another due to the different analysis 

methodologies and assumptions used in th  differ nt ersions 

The remaining elements (RC MRFs, col n tie onnect ons, stairs, FRP column strengthening and lateral 

deflection) undertaken in accordance with he Red or Yellow book version of the guidelines are likely to result 

in similar scores when compared t  on  another due to the similar analysis methodologies and assumptions.  

 

8 Conclusions and Recommendations 

8.1 Conclusion 

A TDSA w s completed in accordance with the updated Section C5 – Concrete Buildings – Proposed Revision 

to the Engin ering Assessment Guidelines (known as the Yellow Book), dated November 2018.   The targeted 

elemen  include: 

1. RC Moment Resisting Frames - 40%NBS(IL2) in the longitudinal direction  

2. Precast Flooring including Beta slab units - 30%NBS(IL2) 

3. Column tie connection to the main structure - 100%NBS(IL2) 

4. Diaphragm  - 25%NBS(IL2) 

5. Original Stairs - 90%NBS(IL2) 

6. 2014 Stairs < 34%NBS(IL2) 
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7. FRP column strengthening- 100%NBS(IL2) 

8. Precast facade panels - 100%NBS(IL2) 

8.2 Recommendations 

We recommend the building owner undertakes a full Detailed Seismic Assessment to ensure that all 

elements are reviewed and assessed prior to any strengthening design. Further geotechnical investigations 

are also required to confirm the subsoil classification of C. 

Once this is completed, we recommend the building is seismically retrofitted to a minimum rating of 67%NBS 

(IL2). The 67%NBS(IL2) level is regarded as the industry standard requirement for the strengthening of 

existing buildings. The strengthening options recommended are only of a schematic level detail, a d a 

detailed design will be required for construction documents. It is noted that the schematic design pr sent d 

is one structural solution and there may be other solutions for the building. 

The seismic retrofit would include elements as described in Section 5. 

9 Explanatory Notes 

◼ The information contained in this report has been prepared by Aurecon at he request of the Ministry of 

Education and is exclusively for the Ministry of Education use and reli nce. It is not possible to make a 

proper assessment of this review without a clear unders and ng o  he te ms of engagement under which it 

has been prepared, including the scope of the instruc ions a d directions given to and the assumptions 

made by Aurecon. The report will not address issues which woul  eed to be considered for another party 

if that party’s particular circumstances, requirements and experience were known and, further, may make 

assumptions about matters of which a third party is not awa e. Aurecon accepts no responsibility or 

liability to any third party for any loss or damage whatsoever arising out of the use of or reliance on this 

report by that party or any party other than o  Clie t. 

◼ This report contains the professional opinio  of Aure on as to the matters set out herein, in the light of the 

information available to it during prepara on, u ing it  professional judgment and acting in accordance 

with the standard of care and skill normally exercised by professional engineers providing similar services 

in similar circumstances. Aureco  is n t able to give any warranty or guarantee that all possible damage, 

defects, conditions or qualit s ha e been identified. 

◼ The report is based  info mation that has been provided to Aurecon from other sources or by other 

parties.  The report has een prepared strictly on the basis that the information that has been provided is 

accurate, complete and ad quate, except where otherwise identified during site investigation 

inspections.  To the ext nt that any information is inaccurate, incomplete or inadequate, Aurecon takes no 

responsibi ity and isclaims all liability whatsoever for any loss or damage that resulting from any 

conclusi ns bas d on information that has been provided to Aurecon. 

◼ The ins ect n  of the building discussed in this report have been undertaken to inspect structure and 

c nfirm a equacy of the existing drawings. This report does not address building defects.  Where site 

ins ections were undertaken, they were restricted to visual inspections with intent to determine existing 

building main structural elements only. 

◼ We have not undertaken a review of secondary elements such as ceilings, building services, plant and 

partitions.  
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