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Clendon Burns & Park Ltd

CONSULTING CIVIL & STRUCTURAL ENGINEERS

Our Ref 210090
15" May 2012

Attention Mr B Crestani

Programme Manager

HNZC Asset Delivery

Housing New Zealand National Office
WELLINGTON

Dear Bede
Re: Gordon Wilson Flats - Structural Condition of the Facade

Further to the meeting in our office on Monday 7™ May with you and Alex Neal from Beca we now have
concerns about the current structural strength of the facades to the Gordon Wilson Building, At this
meeting we were given a copy of the recently completed “Exterior-Inspection Report” prepared by
Goleman Wellington Ltd which highlighted many areas over the building fagade where there has been
severe spalling of the concrete.

Concrete spalling is caused by corrosion of the reinforcemient which is a result of chlorides diffusing
through the concrete over a long period of time. In combifiation with moisture they form acid which in
turn reacts with the iron in the reinforcement to form ferrous oxide (rust). The volume of the ferrous
oxide is many times that of the original reinforcement and as it forms, it expands, causing the cover
concrete to crack and eventually fall off. The remaining exposed reinforcement then corrodes at an even
faster rate. The potential for this process, which generally occurs over a long period of time, is present in
all reinforced concrete elements.

The process can be mitigated by ensuring there is adequate cover to the reinforcement, the concrete
used has sufficiently high cement content and is properly compacted at time of construction. Post
construction, the progression of corrosion can be further delayed by the application of suitable high
quality paint systems which then require regular maintenance throughout the life of the building.

In May 2010 we presented a building condition report to Housing New Zealand which highlighted amongst
other issues the problem of coricrete spalling in several areas of the building facade, We stated that the
removal of loose concrete was urgent as it was an ongoing health and safety issue and there was evidence
many pieces had already fallen from the building onto public areas. We understand that HNZC then
organised for this to-be done as a matter of urgency. Our report further suggested that further
inspections be cafried out in order to gauge the rate of degradation of the concrete.

The Goleman-report is the follow-up fagade inspection that was verbally recommended. This recent
inspectiort (fevealed that there were many new areas where concrete had spalled. There has been
significant.degradation of the concrete to the east and west facades from when the first inspections were
carried 'out less than two years ago. In our experience it is typical that once this type of degradation
starts-it will be on-going and become increasingly more widespread until significant repair work is carried
out,

In addition to this on-going problem of dealing with the pieces of concrete falling from the building these
recent inspections have exposed an even more serious problem.

The east and west facades of each unit supported by a small central precast concrete column spanning
between floors. These are held in position at the top and bottom by a steel pin located into a small
galvanised steel socket. The column in turns secures horizontal precast concrete panels which span
between it and the inter-tenancy concrete shear walls. The tops of these precast panels and the edge of
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the column support the window frame. The steel pin fixing detail for the precast columns is the key to
the stability and strength of each individual unit’s fagade. Although difficult to accurately assess it is has
been inadequately designed by today’s standards providing only about 30-35% of the desired seismic
strength when in as-designed condition.

The Goleman Report has highlighted several areas on both the east and west facades where there is
severe spalling of the concrete to the ends of these small precast columns. In the worst cases there has
been loss of concrete support to the precast panels and around the steel pin fixing. In this instance there
is now very little restraint provided to those elements. Unresolved deterioration will continue with even
less restraint being provided than what is presently there.

There is a high risk the worst affected columns and precast panels could be dislodged or even fall from
the building during severe wind or moderate seismic events. In the worst cases it is even feasible that a
large person falling heavily at a critical location would provide a sufficient force to disledge elements.
Failure of these elements could then lead to window frames then being at risk of coming loose.

Given that these do not appear to be isolated instances over the building it is reasonable to assume that
all similar elements on all elevations will ultimately be at risk. Any remedial work that is contemplated
should be applied to all similar building elements.

In summary as a result of these and previous investigations the following’ major issues need to be
addressed.

1. Seismic Strength.

A detailed assessment was carried out by Clendon Burns:&. Park Ltd and a report dated 10 August
2010 was submitted to HNZC. The assessment rated the current seismic strength of the building at
about 58% NBS. The report contained recommendations for strengthening work to the lower levels of
longitudinal shear wall which would increase is seismic strength to about 73% NBS. To strengthen the
building to a higher level would require significant additional work to the remaining shear walls and
foundations which in our opinion would not be cost-effective.

2. Facade Failure

As stated in the body of this report;the fixings to the small central pre-cast columns supporting the
building fagade as originally designed were only at about 30% of what would be required by today’s
design standards. In some instances corrosion of these key elements has advanced to a stage where
there is no visible evidence of any remaining fixing support! Once the precast column support
becomes ineffective then” potentially the whole individual unit facade can fail. Given that this
deterioration will continue eventually affecting all similar columns there is no option but to replace
the entire front and rear fagade. In its current state it presents a real danger to both the occupants
and wider members of the public in the immediate outside environment, For this reason alone the
building could.be deemed “uninhabitable”.

3. Concrete Spalling

There (has been significant on-going spalling of concrete which presents a significant hazard to
persons in the immediate vicinity outside the building. The size of some pieces falling from the
building could, if hitting someone, result in severe or even fatal injury. The two detailed inspections
carried out indicate that this process is escalating. Immediate steps should be taken to isolate an
area on the ground for a distance of four to five metres out around the entire perimeter with a
suitably robust construction fence at least 1.8meters high or similar protection. A protective roof
should be placed wherever this protective fence line is breached to provide access to or egress from
the building. This includes all main ground floor doorways and front and back doors to the ground
floor bed-sits.
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4. On-Going Protection to the Building

Even though decision to decant the building has been taken, in addition to securing the building
against unauthorised entry some further short term remedial work should be undertaken until the
long term future of the building is decided. |dentify the locations from the Goleman Report and then
provide new temporary fixings to the small pre-cast facade columns that are not adequately secured
at their top or bottom fixing locations, This is to ensure the safety of those working around the
building during the next few months,

We hope this clarifies the situation and are happy to discuss any issues arising from this with you.

Yours Faithfully
R N Patton

Director
Clendon Burns & Park Ltd
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NOTE:

It is understood that this Report has been prepared at the request of Housing New Zealand Corporation to be used for their
purposes only, and neither Clendon Burns & Park Ltd nor any of its Employees accept any responsibility on any ground
whatsoever to any other party or person who relies upon it.

1. INTRODUCTION
This report has been prepared at the request of Housing New Zealand Corporation.

In May 2006, the Wellington City Council (WCC) adopted a policy for dealing with Earthquake Prone
Buildings within its jurisdiction. Under this document all buildings that were built or strengthened
to pre-1976 structural design codes, are to be assessed for their strength to resist earthquakes. This
is done by using the Initial Evaluation Procedure (IEP) as set out in the New Zealand Society for
Earthquake Engineering (NZSEE) publication ‘Recommendations for the. Assessment and
Improvement of the Structural Performance of Buildings in an Earthquake’. Modifications to the
Council policy were made in 2009.

An IEP prepared by Clendon Burns & Park Ltd identified this building to be Potentially Earthquake
Prone.

An adjunct to the IEP and a more accurate method of evaluating the current seismic strength of a
building is to carry out a in-depth detailed assessment. This involves modelling the building with a
3-D computer programme to ascertain seismic loads and resultant stresses when these loads are
applied. The strength of Individual structural elements.are then compared with what would be
required by current codes of practice leading to an.evaluation of the overall strength of the
building.

2. EXECUTIVE SUMMARY

The detailed assessment of the Gordon Wilson Flats structure indicated that, in terms of the
definition of “earthquake-prone”. within Section 122 of the Building Act the building is not
earthquake prone but can however be categorised as earthquake-risk. In the event of a moderate to
severe earthquake this means that although the building is unlikely to collapse it would suffer
significant damage rendering it uninhabitable.

. The analysis found that globally the building achieved 58% NBS. This was defined by the
lower levels.of the longitudinal shear wall being the weakest structural element. The
building is:;therefore classified as a grade “C”. The definition of the grading system is shown
in Table.1-

. It(is recommended that raising the level to 73% NBS could be achieved by strengthening the
longitudinal shear wall between ground and 3™ floor levels. This would rate the building to
a level greater than 67% NBS which is the recommended minimum proposed by the New
Zealand Society for Earthquake Engineering and the Wellington City Council. There is no
point in strengthening beyond this level as other structural elements would also then
require strengthening.

3. EXISTING STRUCTURE
3.01 General

The building was designed by the Ministry of Works, Architectural & Structural Divisions and
constructed in 1959 making it approximately 50 years old. A full set of structural drawings were
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available for reference during this analysis. It is assumed as a minimum standard that the building
was constructed in accordance with these documents.

3.02 Existing Structure

The building is a twelve storey block of flats with a roof laundry building along the west side of the
roof and ground floor studio flats at ground floor level. In between there are located five levels of
two storey flats, each unit being bounded by concrete shear walls on either side and a concrete
floor slab above and below. This results in a structure having a single longitudinal spine shear wall
with sixteen transverse shear walls and concrete diaphragm floors occurring only at each alternate
level. The flats are two storey with a timber floor in between. The ground floor studio flats'have a
concrete floor above and suspended timber floor below founded on a concrete structural ground
slab.

Each end of the building has a stairwell, glazed on two sides with a concrete wall'on the east side.
A separate lift tower is situated on the west side of the building. The lift tower is linked to the
main building with concrete floor slabs back to the main building at every second level.

The building is founded on driven 16” (400mm) octagonal piles. These are grouped with 16 piles
per transverse shear wall. The outer six piles to each end of each transverse wall are splayed out.
Pile lengths vary from 20’ to 45’ long (6.0m - 14m). The lift tower.ision an isolated piled slab. The
outer foundation to the end stairwells is a strip foundation. The.longitudinal shear wall sits on a
ground beam running the length of the building. It is only piled at each transverse shear wall
location.

Appendix A contains a selection of original plans (Figures 2-5).
3.03 Ground Conditions

The original drawings include drawing 17a (Figure 2 - Appendix A) which shows soil bore logs from
8no. boreholes. These indicate a maximum-borehole depth to 53’ (16m) which pass down through
brown gritty clay, soft blue sandy silt, ‘dark brown silt with signs of vegetation, very gritty clay with
angular gravel and clean greywacke. ‘From these bore logs the site soil category of Class “C”
(shallow soil) was inferred which-was'then used in determining seismic loads.

3.04 Previous Modification to existing building

A visual external site.inspection indicated that there have been no structural modifications that
would modify the seismic behaviour or the strength of the building.

3.05 Existing Structural Condition

A non-invasive detailed survey of the structural condition of the existing building was carried out.
There .are, minor durability issues for the structure. During the walkover inspection it was noted
there was evidence of spalling of exterior concrete around some window openings and at the
exposed end of the transverse shear walls. These would have no significant effect on the overall
basic structural integrity of the building.

4. SEISMIC STRENGTH REQUIREMENTS
4.01 Current Seismic Design Approach

Since the building was designed, in 1959, seismic codes and philosophies have been changing and
evolving. Modern design philosophy requires a building to be designed with the ability to deform to
absorb earthquake energy, without significant loss of strength due to sudden failure of critical
structural components, most notably vertical load carrying elements. This desirable flexibility is
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called “ductile” behaviour and is achieved by appropriate detailing as required by current design
codes. This knowledge has been incorporated in the 1976 Loadings Code and its subsequent updates
in 1984, 1992 and 2005. At similar times the associated material codes have also been appropriately
updated.

4.02 Building Act 2004

On 21 February 2005, the regulations were tabled, defining how earthquake risk buildings are to be
defined. These are:

Section 122 of the Building Act 2004, defines the meaning of Earthquake-prone Buildings:

(1) A building is earthquake-prone for the purposes of this Act if, having regard to its.condition
and to the ground on which it is built, and because of its construction, the building

(a) will have its ultimate capacity exceeded in a moderate earthquake’ (as defined in
the regulations); and
(b) would be likely to collapse, causing:
(i) injury or death to persons in the building or (to ‘persons or any other
property; or
(i1) damage to any other property.
(2) Sub-section (1) does not apply to a building that is used'wholly or mainly for residential
purposes unless the building:
(@) comprises 2 or more storeys;
(b) and contains 3 or more household units.

Earthquake Prone Buildings - Moderate Earthquake

For the purposes of Section 122 (meaning of. earthquake-prone building) of the Act, moderate
earthquake means in relation to a building, ‘an‘earthquake that would generate shaking at the site
of the building that is of the same duration as, but that is one-third as strong as, the earthquake
shaking that would be used to design a new-building at that site.

Earthquake Risk Buildings - Moderate Earthquake

Earthquake Risk Building is regarded as applying to any building that is not capable of meeting the
performance objectives and. requirements outlined in the NZSEE document °‘Assessment and
Improvement of the Structural Performance of Buildings in Earthquakes’. This identifies a category
of building which lies between Earthquake Prone Building (at 33% NBS) and 66% NBS. This
acknowledges that there is still a significant risk involved to buildings within this performance
range.

There is no legislated requirement to upgrade Earthquake Risk Buildings, however due to the
significant risk involved NZSEE and WCC strongly recommends that every effort be made to achieve
improvement to at least 67% NBS.

NZSEE grading scheme

In addition to the legislative requirements set out above, the NZSEE is developing a scheme where
buildings are given grades to reflect their ability to resist earthquake loads.

If introduced into the property market, it will raise awareness of the risk from earthquake on
buildings. Owners of higher rated buildings will have lower insurance premiums and a more
marketable property. This should have the effect of forcing owners of buildings with low grading to
upgrade them. This beneficial result of this will be in increase of the earthquake strength of the
building stock generally thereby reducing casualties in the event of a major earthquake .
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4,04 Wellington City Council Requirements

The Wellington City Council (WCC) currently has a policy in place to implement these sections of
the Act, covered in the WCC document “Earthquake Prone Buildings Policy - 2009”.

The WCC Policy requires that a building must comply with the requirements of Section 122 of the
Building Act. A building is earthquake prone if it has strength less than 34% of the seismic loading
standard NZS1170.5:2004. A building which is assessed to be earthquake prone will need to be
strengthened within a time frame in line with the WCC Policy.

4,05 Heritage Buildings

The Gordon Wilson Building has been identified as a Heritage Building on the Wellington City
District Plan (Figure 1 - Appendix A). The Building Act requires that Councils must‘ensure that all
earthquake-prone buildings are strengthened to at least meet the minimum prescribed standard as
detailed above, or be demolished. However the policy approach of Wellington City Council towards
Earthquake Prone Building which are also Heritage Buildings is to reduce the impact of any
strengthening work required on the heritage fabric of the building by:

Strengthening to a minimum level so that it is no-longer earthquake-prone.

The maximum time frames for strengthening work will. apply, just as it does to all
buildings.

A management plan outlining how strengthening will preserve the heritage fabric of
buildings is to be provided.

Demolition is not encouraged.

Although the Gordon Wilson building is not Earthquake-Prone if any strengthening is undertaken it
will need to comply with the above council requirements.

5. CURRENT EARTHQUAKE STRENGTH OF-THE BUILDING
5.01 Detailed Assessment

A detailed desk top assessment.of the existing building was carried out based on the existing
structural and architectural drawings. The analysis was based on the principles outlined in the
NZSEE ‘Assessment and Improvement of Structural Performance of Buildings in Earthquakes’. No
invasive site investigation was carried out to determine of the actual strength of the materials.

This desk study .is.intended to provide a building strength in terms of “percent new building
standard”, % NBS;.relative to NZS1170.

5.02 _Methodology of the Detailed Assessment
In assessing the capacity of the structure the following procedure and assumptions were used:

. The building seismic design loads were assessed using relevant clauses of NZS 1170.5: 2004.
This gave class C for the subsoil ground conditions.

. A an Importance Level of 2 and a Return Period Factor of 1.0 was used. This is considered
appropriate for a 12 storey block of flats.

. The building was modelled in ETABS, three-dimensional analysis software, with stiffness
reduction factors applied to elements as recommended by the concrete design code NZS
3101, to obtain the earthquake response of the building. Figure 1 Appendix B shows a 3D
view of the ETABS model used in the detailed assessment.

Gordon Wilson Building Reference 210090
320 The Terrace, Wellington Page 6/17



5.03

An overall ductility factor of p=1.00 was used for stability with a structural performance
factor of 1.0.

A ductility factor of p=1.25 was used for the strength design of both shear walls.

A ductility factor of p=1.25 was used for the strength design of all remaining elements.
Seismic weights were assessed from the existing structural plans.

An equivalent static analysis was performed to obtain the seismic forces on the building.

Probable strengths for the major structural elements were assessed from the.available
information and drawings.

These strengths were compared to the design actions obtained from ETABS to determine
the capacity of the structure, and therefore the overall rating in % NBS.

Findings

The findings from this detailed assessment are as follows:

The fundamental period of building is 0.52 seconds in the transverse and 0.4 seconds in the
longitudinal directions. As this period is 0.4s the building attracts close to the maximum
seismic load in the longitudinal direction and about'85% in the transverse direction.

The inter-storey drifts are less than the allowable values in the current loadings code
NZS1170.5. In addition, this building is well.separated from the property boundaries and any
adjacent buildings.

The assessment indicates that, in terms of Section 122 of the Building Act’s definition of
“earthquake prone”, the building is-not an earthquake prone building.

The analysis found that the global stability of the building achieves greater than 100% NBS.
The analysis found that the shear capacity of the driven piles achieves 77% NBS.

The analysis found'that the longitudinal shear wall achieves not less than 100% NBS above
5™ floor level.. From 3™ floor to 5™ floor levels the wall achieves 79% NBS. From 1 to 2™
floors, the wall achieves 63% NBS. From ground to 1* floor levels the wall achieves 58%
NBS.

Theanalysis found that the end transverse shear walls achieve not less than 100% NBS above
3% floor level. From 1% to 2™ floor the end transverse walls achieve 89% NBS and from
ground to 1% floor 94% NBS. The internal transverse walls achieve 73% NBS at 3" floor level.
From 1% to 2™ floor not less than 100% NBS and from ground to 1% floor 99%NBS

The lift tower is connected to the main building with concrete slabs at each level. The 1%
floor level slab achieves 92% NBS. The other slabs above all achieve not less than 100% NBS.

It is proposed that the longitudinal spine wall from ground floor to third floor levels (58%)
be strengthened to bring the whole building up to a 75% NBS without the need for further
strengthening to other areas of the structure. The next critical elements are the internal
transverse shear walls at 3" level (73% NBS) and shear in the piles (77% NBS)

The results of the analysis have been appended for reference (See Appendix B).
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5.04 Earthquake Strength in terms of Building Act 2004

As discussed earlier, Section 122 of the Building Act 2004 defines whether a building is defined as
earthquake prone.

The Detailed Analysis has determined that the building is not Earthquake Prone, but is however
Earthquake Risk.

In terms of the NZSEE Grading System the building grade is assessed to be Grade “C”. The building
is not considered a ‘high risk’. In line with the NZSEE recommendations, it is recommended that
the building be strengthened to a minimum of 67% NBS.

6. STRENGTHENING OPTIONS

6.01 Strategy for improving structural performance

Although the legal minimum performance of a building is 34% NBS, NZSEE'strongly recommends a
building be brought “as near as reasonably practicable” to that of“a new building. Ideally any
building should be brought up to 100% NBS. However it is recognised that this is not always
practical. and 67% NBS is seen as an acceptable level of risk. This level also offers some future
proofing against any further changes to the Building Act.

In this particular case, the building may be brought up to'75% NBS by strengthening the spine wall
between ground floor level and 3™ floor level. This may be achieved by providing a 150mm thick
sprayed concrete shear wall fixed to one side of the existing spine wall.

Provisional drawings detailing the scope of work are included in appendix B

7. CONCLUSIONS

A desk study of the Gordon Wilson Building at 320 The Terrace, Wellington was carried out and the
findings are as follows:

In terms of Section 122 of the'Building Act’s definition of “earthquake prone”, the building is not an
earthquake prone building: The building is Earthquake Risk.

In terms of the NZSEE Grading System, the building strength is assessed to be 58% of the new
building standard in certain main structural elements and hence it is classified as grade “C”. The
definition of the grading system is shown in Table 1.

Strengthening up to 75% NBS could be achieved by strengthening the longitudinal shear wall from
ground:floor up to third floor levels.

8. RECOMMENDATIONS

As the building’s strength is not below the legal minimum, strengthening will not be required.
However it is recommended that consideration be given to improve the seismic strength of the
building to at least two-thirds of the current code. This would involve strengthening to the
longitudinal shear wall between ground floor and level 3.
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Report prepared by: Report approved by

Peter Johnson Ray Patton

Design Engineer Director
ME (Civil), MIPENZ, CPEng, IntPE
CPEng No. 026288

CLENDON BURNS & PARK LTD
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9. APPENDIX A - PLANS

- Figure 1:
- Figure 2:
- Figure 3:
- Figure 4:
- Figure 5:

Wellington City Council District Plan Map
Original borehole logs. (Drawing 17A)
Foundation Plan (Drawing 7)

Building Plans

Building Sections

Gordon Wilson Building
320 The Terrace, Wellington

Reference 210090
Page 10/17






Figure 2:

RU s

RL mOO

Original borehole logs. (drawing 17A)

Rieso

ALioo

RL3O

ALOQ

ALwsc

RL 00

- RLIsSO

R

T

T

T
R

S

RLISOO

RL S0

Rt Hoo

RLizs0

RLiZoo

BLnso [oo. -

rLaoo

@Mna“

L E G tN D
V] sewmsrithy cioy
Awwus‘w

eblenbmanpe

ety

ek Siipou ond
D Safh-bua.nandy st

; e
) s

Cleanish grayecke,

[F ] st

B ot

\bracciabed gnd

i

o

® v 6837

@ RL 110

Gordon Wilson Building
320 The Terrace, Wellington

Reference 210090
Page 12/17



Foundation Plan (Drawing 7)

Figure 3
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Building Plans

Figure 4:

JEHIY
T

NV1d4 - 400y _
i

5> otre fupunen - ]

T

focey L/

T

2 o ool
yir = *

e .mm.@nczhxa”mr.l.|.|.|,IfJ}i.a.ImV.|‘ilr|:

O T T e I e R

&
raddga
s B
e T hae Tomeesd e

_ s - . B <

Reference 210090

Gordon Wilson Building

Page 14/17

320 The Terrace, Wellington



atos

SR A aren
= ] —

L4 o

>h
LS 'S sHOOHM

| YoOT4 - S¥ivas

- m :,

3 / s ' s s ¥
S | A [ OO e e i -
. _m o pony o doory w1 go ooy el Consg e gy pom =g wosm o

01'8'9 ' 'z suoond

e o e g i
il atatats
% P O Wﬁm_ N

ey

1
:,v,uw ,..

|
1

]
J .

B 4

L 51 L a \\
Ve g s weee snmmger sy v aes o po oy o st el oo

.ﬂmw! . > _Y

i SAVQ

L1 T " (o]} < @

™
[
)
w
9
o

Page 15/17

Reference 210090

Gordon Wilson Building
320 The Terrace, Wellington



Figure 5: Building Sections
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10. APPENDIX B - CALCULATIONS

Etabs Model Showing Tranverse and Logitudinal Shear walls

Gordon Wilson Building Reference 210090
320 The Terrace, Wellington Page 17/17



¢® Clendon Burns & Park Ltd

d& CONSULTING CIVIL & STRUCTURAL ENGINEERS

Structural Report

IEP Report

Gordon Wilson Building
320 The Terrace
WELLINGTON

Date  May 2010

Clendon Burns & Park Ltd
P +64 4 472 14 IZ f 1644472 1417

e cbp@cbp.c w http://www.cbp.co
a 15a Everton e P 0 Box 10348Wll ngton New Zealand

AM 12~ 01 ©S

JyoL W\

TEN‘NUHBE

i




.’ Clendon Burns & Park Ltd

CONSULTING CIVIL & STRUCTURAL ENGINEERS

1. Index

T IO ceonraccnnnnsonosnsonanssn s ssmiamssss a0 R S AR SR A R R R SRS F P S 1
2. INrOAUCHION. ..o ereneeene e GaRaTRaTow Soea b aeses S ds Ao s Db ¢ SR R0 SIS Vo a eV S s ity 2
3. EXECULIVE SUMMATNY.. ...t cisonienmrosrsonsnosnsosserssssrsrasesserssassssessosssovasssrossansissssssnss oo 2
4. General iNFOrMAatIoN. .. ... .. ...t e s e s o e Ty o R R NS ST Wb o oo v e o s N g 3
5. Determination Of BNBSh ..ueeerieierererearenteesrenrsssearsresmonssesesssrsssassssstnssnnsrssssnsisassns O V6
6. Assessment of Performance Achievement Ratio (PAR)....co.iiiiiiiiiiiiiiice e e 8
7. Percentage of New Building Standard (%NBS) .......ccvuiivimiiiiniiimiiiiniiecieiiiiniimn e i, 10
8  ADDONAI s amumsmnnnasnmmnsa e e e e N ey s e 11
|IEP Report Gordon Wilson Flats - 320 the terrace Wellington

Job No 210090 Page 1/15



4® Clendon Burns & Park Ltd

4> CONSULTING CIVIL & STRUCTURAL ENGINEERS

2. Introduction

Building Name: Gordon Wilson Flats

Address: 320 The Terrace, Wellington

Owner: Housing New Zealand Corporation

This building has been assessed by the Wellington City Council as Potentially Earthquake Risk

but not Potentially Earthquake Prone. The purpose of this IEP is to review the WCC evaluation

but in more depth by referring to existing drawings and inspecting the building inside and out.
3. Executive Summary

Our evaluation has revealed that the Wellington City Council has made'some erroneous

assumptions with its IEP leading to their conclusion that the building has a greater seismic

strength than it actually has.

We believe the following assumptions made by the WCC are in/error

e They have assumed that the framing system in (the longitudinal direction consists of
moment resisting concrete frames (MRCF) with an‘inferred period of 1.24 seconds. Whereas
the lateral system is one long squat shear wall of low ductility having a period of about 0.4
seconds. This significantly increases the seismic forces in the longitudinal direction

e They have assumed that the buildingis founded on rock (Soil category A or B) . However it
is founded on a piled system with'piles up to 13 metres deep. This means it is more likely a
type C soil. This also increases’the design seismic loads on the building with a consequent
decrease in its strength.

e WCC do not appear.tohave picked up that there are reinforced concrete floor only at every
second floor. The intermediate floors are timber construction. This will likely impact on
the stability of the shear walls and hence their seismic strength as they are only effectively
restrained.at every second floor.

These variations have a significant effect on the buildings assessed seismic capacity.

%age New Building standard %age New Building standard
Longitudinal Transverse

WCC Evaluation 60.4 40.9

CBP Evaluation 16 37

Our conclusion is that the building is Potentially Eartquake Prone rather than Potentially

Earthquake Risk by virtue of weakness in the longitudinal direction.

A detailed full assessment should now be carried out to determine the actual current strength

of the building.
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4.3 List Relevant Features

A review of the original structural drawings indicates that the building was designed in early
1954 and subsequently constructed making it approximately 55 years old. It was designed by the
then Ministry of Works to their codes of practice that were current of the day. At this time-the
MOW had developed their own codes that were generally more stringent than the corresponding
Codes developed by Standards New Zealand and used by the private sector.

The building is 11 stories high with a penthouse running full length over approximately one half
of the roof width. The main seismic structural elements are concrete shear-walls in each
direction. Regularly distributed transverse shear walls with single longitudinal shear wall. The
longitudinal shear wall is penetrated by numerous door openings. There are reinforced concrete
floors at the sub basement, first, third, fifth, seventh, ninth androof levels. In between there
are timber floors to the ground floor, second floor and even stories thereon up. Foundations are
supported on driven concrete piles down to approx 13m.max,to rock.

4.4 Note Information Sources Tick-as.appropriate
Visual Inspection of Exterior ()
Visual Inspection of Interior Partial basesement and typical room
Drawings (note type) M Original
Specification (£
Geotechnical Reports Borehole logs on drawings

Other (list)

IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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5. Determination of %NBS,

4.1 Determine nominal (%NBS) = (%NBS)som

a) Date of Design and Seismic Zone

b) Soil Type

tick as appropriate
Pre 1935
1935-1965 v
1965-1976 Seismic Zone; A
B
(o}
1976-1992 Seismic Zone; A
B
C
1992-2004
From NZS1170.5:2004, C13.1.3 Aor B Rock
C Shallow Soil v
D Soft Sail
E Very Soft Soil
From NZS4203:1992, Cl 4.6.2.2 a) Rigid
(for 1992 to 2004 only and only if known) b) Intermediate

c) Estimate Period, T

Longitudinal I so.4|seconds Transverse

I 0.5OISECOHdS

Fix @ < 0.4seC v J'eoncrete shear walls v
T=<0.4seC T = 0.09hn0.75 / Ac0.5

m 31.5|m

m* 26.63|M"

m 8.2|m

FA0.2 + Lyi/ hyf 5.64| SA(0.2 + Ly / ho)

h, = height from the base of the structure to the uppermost seismic weight or mass

A = cross sectional shear area’of shear wall | in the first storey

L. = length of shear wall,i in the first storey in the direction parallel to the applied forces
Restriction: Ly / hy, shall not exceed 0.9 - -

d) (%NBS)om determined from Figure 3.3

Scaling factors:

(%NBS)non,

3.5| Longitudinal

(%NBS)non

i

Transverse

Note 1: |Forbuildings designed prior to 1965 and known to be designed as C— -
public buildings in accordance with the code of the time,
multiply(%NBS)nom by 1.25.
For buildings designed 1965-1976 and known to be designed as
public bulldings in accordance with the code of the time, multiply
(NBS)pomby 1.33-Zone A
1.2-Zone B
Note 2:  [For reinforced concrete buildings designed 1976-84 multiply -
Note 3: [For bulldings designed prior to 1935 multiply (NBS)aom by 0.8 —1-
except for wellington where the factor may be taken as 1.
(%NBS)nom 3.5| Longitudinal
(%NBS)nom 4.0| Transverse
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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4.2 Near Fault Scaling Factor, Factor A
If T <1.5sec, Factor A = 1

a) Near Fault Factor, N(T,D) 1| Longitudinal -

{from NZS1170.5:2004, Cl 3.1.6) 1] Transverse .

b) Near Fauit Scaling Factor = 1/N(T,D) Factor A 1| Longitudinal
Factor A 1| Transverse

4.3 Hazard Scaling Factor, Factor B

a) Hazard Factor, Z, for site Z-=

(From NZS1170.5:2004, Table 3.3)

For post 1992 buildings (otherwise leave blank): Zige =
(Where Z4gq, is the NZS4203:12992 Zone Factor from accompanying Figure 3.5(b))

b) Hazard Scaling Factor
For pre 1992
For 1992 onwards

1z 2.5| Therefore pre 1992

ZygnlZ
Factor.B

4.4 Return Period Scaling Factor, Factor C

a) Building Importance Level
{from NZS1170.0:2004, Table 3.1 and 3.2) Description: Multi oecupancy residential < 5000 people

b) Return Period Scaling Factor from accompanying Table 3.1 Factor C

4.5 Ductility Scaling Factor, D

a) Assessed Ductility of Existing Structure, p g= 1.25|Longitudinal
(shall be less than the maximum given in accompanying Table 3.2) p= 2| Transverse
max J = 2

b) Ductility Scaling Factor

For pre 1976 =Ky For 1976 onwards =1 Pre 1976
Longitudianal: ky = 1.14 Factor D 1.14| Longitudinal
Transverse: ky= 172 Factor D 1.72| Transverse

Soil Class=C, Longitudinal Period = 0.4s, Transverse Period = 0.50 s

4.6 Structural Performance Scaling Factor, Factor E

a) Structural Performance Factor, S, $p= 0.925Longitudinal
from‘accompanying figure 3.4 Sp= 0.7|Transverse
b) Structural Performance Scaling Factor =118, Factor E 1.08| Longitudinal
Factor E 1.43| Transverse
4.7 Baseline %NBS for Building, (%NBS), (%NBS), 11| Longitudinal
(equals (%NBS)nom*A*B*C*D*E) (%NBS), 25| Transverse
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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6. Assessment of Performance Achievement Ratio (PAR)

(Refer Appendix B - Section B3.2)
A) Longitudinal Direction

Critical Structural Weakness  Effect on Structural Performance Building Score

5.1 Plan Irregularity
Effect on Structural Performance  Severe Significant Insignificant

0.4 max 0.7 1 FactorA [__1__|

Comment: ---

5.2 Vertical Irregularity
Effect on Structural Performance  Severe Significant Insignificant

0.4 max 0.7 1 Factor B

Comment: ---

5.3 Short Columns
Effect on Structural Performance  Severe Significant Insignificant

0.4 max 07 1 Fattor C

Comment: ---

5.4 Pounding Potential
(Estimate D1 and D2 and set D = the lower of the two, or 1.0 if no potential for pounding}

a) Factor D1: - Pounding Effect

Select appropriate value from table

Note:

Values given assume the building has a frame structure. For stiff buildings (&.g-With shear walls), the effect
of pounding may be reduced by taking the coefficient to the right of the valuéapplicable to frame buildings.

Factor 01T

Table for Selection of Factor D1 Severe Significant Insignificant
Seperation 0<Sep<.005H .005<Sep<0.01H Sep>.01H
Alignment of Floors within 20% of Storey Height 0.7 08 1
Alignment of Floors not within 20% of Storay Height 0.4 0.7 0.8
a) Factor D2: - Height Difference Effect FactorD2[ 1]
Select appropriate value from table
Table for Selection of Facter B2 Severe Significant Insignificant
0<Sep<.005H -005<Sep<0.01H Sep>.01H
Height Difference > 4 Storeys 0.4 0.7 1
Helght Difference 2 to 4 Storeys 0.7 0.9 1
Height Difference < 2 Storeys 1 1 1
(Set D = Lesser of.D1'and D2 or... []check if no prospect of pounding Factor D E

set D = 1.0 if fig prospect of pounding)

5.5 Site Characteristics - (Stability, landslide threat, liquefaction etc.)
Effect on.Structural Performance  Severe Significant Insignificant

0.5 max 0.7 1 Factor E E

Comment: -

5.6 Other Factors
For < 3 Storeys - Maximum value 2.5
otherwise - Maximum value 1.5. No minimum FactorF [ 193]
Rationale for choice of Factor F:
Squat shear wall with concrete diaphragm, many reguiar distributed transverse shear walls

5.7 Performance Achievement Ratio (PAR)
(equals A*B*C*"D*E*F) Longitudinal (PAR) [ 15]

IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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B) Transverse Direction
Critical Structural Weakness  Effect on Structural Performance
5.1 Plan Irregularity
Effect on Structural Performance  Severe Significant Insignificant

0.4 max 0.7 1
Comment: —

5.2 Vertical Irregularity

Effect on Structural Performance ~ Severe Significant Insignificant
0.4 max 0.7 1
Comment: -—
5.3 Short Columns
Effect on Structural Performance ~ Severe Significant Insignificant
0.4 max 0.7 1
Comment: —

5.4 Pounding Potential

(Estimate D1 and D2 and set D = the lower of the two, or 1.0 if no potential for pounding)

a) Factor D1: - Pounding Effect
Select appropriate value from table
Note:

Building Score

Factor A

Factor B E

FactorC E

Values given assume the building has a frame structure, For stiff buildings (e«gswith shear walls), the effect
of pounding may be reduced by taking the coefficient to the right of the valtie applicable to frame buildings.

Factor D1 E

Table for Selection of Factor D1 Severe Significant Insignificant
Seperation 0<Sep<.005H .005<Sep<0.01H Sep>.01H
Alignment of Floors within 20% of Storey Height 0.7 0.8 1
Alignment of Floors not within 20% of Storey Height 0.4 0.7 0.8
a) Factor D2: - Height Difference Effect Factorb2[ 1 |

Select appropriate value from table

Table for Selection of FactorD2 Severe Significant Insignificant
0<Sep<.005H .005<Sep<0.01H Sep>.01H
Height Difference > 4 Storeys 0.4 0.7 1
Height Difference 2 to 4 Storeys 0.7 0.9 1
Height Difference < 2 Storeys 1 1 1
(Set D = Lesser ofD1jand D2 or... [ ]checkiif no prospect of pounding Factor D

set D = 1.0 if no,prospect of pounding)

5.5 Site. Characteristics - (Stability, landslide threat, liquefaction etc.)
Effeeton Structural Performance  Severe Significant Insignificant
0.5 max 0.7 1
Comment: —-

5.6 Other Factors
For < 3 Storeys - Maximum value 2.5

otherwise - Maximum value 1.5. No minimum

Rationale for choice of Factor F:
Many regular distributed transverse shear walls, concrete diaphragm.

5.7 Performance Achievement Ratio (PAR)

Factor E

Factor

(equals A*B*C*D*E*F) Transverse (PAR) [__15 |
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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7. Percentage of New Building Standard (%NBS)

Longitudinal Transverse
6.1 Assessed Baseline (%NBS),
(from Table |[EP-2)
6.2 Performance Achievement Ratio (PAR)
(from Table IEP-3)
6.3 PAR x Baseline (%NBS),
6.4 Percentage New Building Standard (%NBS)
(use lower of two values from step 4.3)
6.5 Potentially Earthquake Prone? %NBS < 33
(Mark as appropriate)
6.6 Potentially Earthquake Risk? %NBS =67
(Mark as appropriate)
6.7 Provisional Grading for Seismic Risk based on IEP
Seismic Grade
Evaluation prepared by: Approved By:
Name P Johnson R N Patton
CPEng. No . 026288
Relationship between Seismic Grade and %NBS:
Grade: A+ A B C D E
%NBS: >.100 10010 80| 80t0 67 | 6710 33 | 331020 <20
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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8. Appendix

Pra1065, Al Zonee

0o 0.5 Y 1.5 ” 2.0
Periad (Seconds)
Figure 3.3(a): (%NBS)om Pre- 1965, All Zones
Structural Performance Factor, S
{
1 1.5 2 2.5 3
Ductitity, u
the Structural Performance Factor from NZS1170.5:20
Figure 3.4:Structural performance factor, S,
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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Figure 3.7: Examples of critical structural weaknesses
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Table 3.1: Return period scaling factor
NZ51170.5:2004 Return Perlod Factor, R Retumn Period Scallng Factor, C
mmporiance : Annual Probability | Retumn Peqioc Pre QRS ’
teved Commen: e el E R 1985 186578 1975-92 | 1962-04
Minor structures {fallure not likely to
‘ endager human life} 1400 0.5 2 2 2 12
Nomal struciures an structures not ) 5 ]
- talling inlo pder levels 1/500 i ! ]
3 Major sFuciunes {afecting crowds] 171000 13 08 0.8 1.1 0.9
Posi-disaster sinclures (post-disasies 4
4 funcliors of dargerous activises) 112500 1.8 06 0.6 07
5 Excepliova sfruciures are outside he scope of the 1E7 speaial study roguired,

Where R is the retum period factar appropriate to the current use of the building, as shown in Tabke.3.50fNZS 1170.0:2002

Table 3.2: Ductility factors to be used for existing buildings

Maximum allowable ductility factor for IEP
Structure Type Pre-1035 193565 1965-76 1676.2004
All buildings 2 2 2 )
Table 3.3: Ductility scaling factor
Struc_tu_ral‘l)‘u;ility Scaling Factor, k,
1.0 or less _ 1‘35 1.50 2
W, '
Soil Type |ABC&D| E |ABC& D| E ABC&D | E ABCS&D E
Period, T
< D40s 1 1 1.14 1.25 1.29 1.50 1.57 1.70
0.50s 1 1 1.18 1.26 1.36 1.50 1.7 1.78
0.60s { 1 1.21 1.25 1.43 1.50 1.86 1.80
0.70s i 1 1,25 1.25 1.50 1.50 2.00 1.85
0.80s t 1 1.25 1.25 1.50 1.50 2.00 1.90
>1.00s 1 1 1.25 1.25 1.50 1.50 2.00 2.00
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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Table 3.4: Guide to severity of critical structural weaknesses

Long narrow building whers
spacing of lateral load resistng
slemeants is .,

Torsion (Comar Building)

MU Ramps, stairs, walls, siiff
partitions

> 4 times bldg. Width

Massioentre of rigidity offset
> 0.5 width

Clearly groupsc. cleary an
influence

> 2 fimes bldg. Width

Mass/cantre of rigidity offset >
0.3 vidth

Apparent collective influence

Effect on structural performance
Critical structhuzal weakness Severe Significant Insignificant
Plan regutarity
L-shapa. T-shapa. E-shape Two or more wings fangth! | One wing lengthiwidth > 3.0 All wings lengthiwidth
width > 3.0, or one wing <30
iengthiwidth >4

= 4.0 times bldg width

Mass/centre of rigidity
offset < (.2 width or
effectivatorsional
resistance availaole
from elaments
onentatad
perpendicularly.

No or stight influence

Vertical irregularity
Soft storay

Mass vanation {gaametrical)

Lateral stifiness varies
> 1650%

Mass varies > 150%
batween adjacant floors

Laterat stfinassvaries 100-
150%

Mass vanes 100~150%
hatwaen adjacent flaors

L ateral stiffness vanes
< 100%

Mass varias < 160%
batwaen adjacent fioors

irfill, beams or spandrels

Or >80% short columns in
any storey

> 60% columns in a storsy are
shoet

Vertical discontraity Any element contributing Any element contributing > 2.3 | Elements conbributing to
> 0.5 stiffness of the tateral | stiffhess of the latersl force the iaterai force
force rasistng system rasistng system discontinues resisting systems are
dscontinues vartically vertically continuous vartically
Short columns
Columns < 70% storay beight | Either > 80%% short columns | > 60% shott columns in No, or ondy igolatad,
between floors clear of confirdng | in any one side adjacent sidas short columns

Pounding effect
Floor aligns < 20% storey height | § < separation < 0,005 H 0,005 H < separation< .01 H | Separation >0.01 5
Floor afigns > 20% storey eight | £ < separation < 0.005 H 0.005 H < separation<0.01 H | Separaton » 0.01 H
where H = helgit 1o the laved of tha flear helng considersd
Height difference effect
No adjacent buitdng. or height | § < separation < 0.005 H 0.005 H < segparation<4.01 4 | Separaton > 0.01 &
differanca’ s 2 sloreys
Meight difference 2-4 storsys 0 < saparation < G005 4 0.005 H < separation<0.01 H | Separation > 0.01 A4
Haight difarance = 4 stareys 0 < separation < 0.G05 H 0.005 H < separalion <0.01 H | Separation >0.01 H
whare A = heaight of the lower building and ssparation is msasured at M
Site characteristics Unstable site Potantial for site instability Mot a significant threat
Extensive landslide from Landside from above
__ Liquefaction potential
Probabie liquefaciion
IEP Report Gordon Wilson Flats - 320 the terrace Wellington
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