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Introduction

This report has been commissioned by the Royal Commission of Inquiry into building failure
caused by the Canterbury Earthquakes to review the performance of the building known as
Gallery Apartments at 62 Gloucester Street, Christchurch, during the Canterbury earthquake
sequence.

The report 1s based on documentation provided by the Royal Commission of Inquiry into
building failure caused by the Canterbury Earthquakes and a limited inspection of the building on
the 14" September 2011. A list of documentation provided is appended to this rcport in
Appendix 3.

Location of Building

The building is located at 62 Gloucester Street, Christchurch, between Montreal Strect and
Cambridge Terrace, with Gloucester Street to the north,

The Avon River is located to the east of the building, approximately 120m away.

The location of the building in the Christchurch CBD is shown on an aerial photo of
Christchurch included in Appendix 1, together with the direction from the epicentre of the main
earthquakes.

Geotechnical Site Assessment

Prior to construction of the building, a geotechnical investigation was undertaken on the site by
Geotech Consulting Limited. The rcport is dated 3ot September 2005 and was lodged with the
Christchurch City Council on 16™ December 2005 with the building consent application for the
foundations. At the time the investigation was undertaken the site was partly covered by two
existing buildings and a sealed carpark. Investigations on the site were undertaken with two
direct push/dual tube boreholes drilled at each end of the site with standard penetration testing
(SPT) at lm intervals. The holes were taken through gravel until looser conditions were
encountered in D172 (north end) and refusal was reached in DT1 (south end).

Cone penetration tests (CPT) were conducted through the push tube holes and along side them as
well as an additional test halfway down the site. The CPT test in the base of DT1 reached 9.9
metres depth (the hole had collapsed due to the casing being withdrawn following the high SPT
test).

The water table was noted in the geotechnical report as likely to be at approximately 2.7 metres
depth (RL 13.0m). CPT 05 was open and dry to 3.5 mctres depth, which indicated that the water
table was lower than an RI., of 12.8 metres at the time of investigation. Foundation designs were
based on an assumed groundwater RL of 14.0 metres.

The report identified that there was a liquefaction hazard on the site based on the analysis of the
CPT profiles. CPTO! indicated that there were a number of thin lenses of loose sand below the
gravel that could liquefy. Due to the depth of these layers (at greater than 10m depth) the report
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notes that this liquefaction is insignificant for the building site. High SPT values at an 11 metre
depth at the south side of the site meant that there was also potential for liquefaction, however it
is noted that at these depths the effects would be small. Analysis of CPT04 indicated that therc
were liquefiable soils above the gravel, which was decper at that end. The approximate thickness
of liquefied sand at each CPT site is shown on table 4.3 of the geotechnical report.

‘The report noted the following in regard to the seismic category:

The relatively deep alluvial formations wnderlying this sife defines this site as Cluss D - deep or
soft soil site — in terms of the seismic design requivements of NZS 1170:2004.

The geotechnical report included recommendations for foundation design using pad and strip
footings bearing directly onto the gravel, with piles the preferred options at the southern end of
the sitc due to the liquefiable sands above the gravel. The ultimate pile capacities were provided
in fables 5.1 and 5.2 of the report.

Description of Building

The Gallery Apartments building at 62 Gloucester Strect is a 14-storey building that has been
consiructed as two towers, north and south. The lower 7 levels of the south tower incorporate car
parking with the floor plate size reducing in size by approximately half above this level. Services
consisting of two passenger lifts, a car lift and the main stairwell, are located at the north end of
the southern tower. The two blocks have seismic scparation between the southern face of the
north tower and the services core, which is part of the south tower. The buildings precast
concrete panels provide the exterior cladding along with a curtain wall glazing system.

The building was designed by Wilson & Hill Architects Limited and L.SC Consulting, Structural
and Civil Engincers. We have reviewed the enginccring documentation set, a schedule of which
is provided in Appendix 3.

Gravity System

The floor system is constructed using Inter-span units, pre-cast ribs with timber in-fills and a
reinforced concrete topping slab. Cold drawn wire mesh has been uscd as reinforcing for the
concrete slabs. The Inter-span floors are connected to the pre-cast concrete wall panels using a
310mm deep by 225mm wide insitu concrete clement, which interconnects the Inter-span units to
the pre-cast pancls and inter-joins the pre-cast panels. Starters from the concrete wall pancls
extend into the insitu beam.

In-situ concrete columns and beams have been used at the car lift entry to provide additional
support to the concrete floor slab of the south tower in this area.

The gravity loads from the structure arc transferred to the building foundations using insitu
reinforced concrete beams that are connecied to reinforced conercte piles. Concrete piles range in
diameter from 0.9m to 1.2m and have been founded to depths that vary between 4m and 7m
below ground level.

Seismic System
The seismic system consists of pre-cast concrete panel shear walls in both the north-south and
east-west directions, varying in thickness between 175 and 325mm. The individual panels are
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typically two storeys in height, and have been detailed at horizontal joints by splicing the vertical
reinforcing with grouted couplers.

The LSC Consulting Design Features Report of June 2006 states the following with regards to
Seismic Design:

Seismic design is uccording to Part 5 of NZS 1170.

A Response Spectrion Analysis was carried out for the four positions of accidental mass
eccentricities.

The building has been designed for a ductility factor up~ 3, Z—0.22, R=1, Soil
Classification=D, and N (T,D) determined by fundamental period of the building on the

Jour directions corresponding to mass eccentricities,

Fundamental Periods are tabled below:

Load Direction & North Block South Block
FEccentricity (Seconds) (Seconds)
East-West (N ecc) 3.96 2.06

Fast - West (S ecc) o 344 1.96

North — South (W ecc) 3.65 | 2.00

North South (F ecc) 3.75 2.82
Deflection.

Load Eccentricity & North Block  South Block
Deflection Direction Serviceability | Ultimate | Serviceability Ultimate

(nm) (mn1) () (nim)

East-West (N ecc) 115 345 136 408
East . West (S ecc) 132 396 150 450
North — South (W ece) 122 366 122 366 |
North South (I ecc) 118 354 118 354

Muaximum drift under ultimate load is 1.07%

Secondary Elements

The main stairs are located 1n the services cote and are pre-cast concrete elements that have been
scated on a 100mm thick shelf at each level. An insitu concrete stitch has becn used to connect
the stairs to the concrete tloor slab at cach level/landing.

External balconies suppotted by steel SI1S posts are located on the notthwest corner of the north
tower.
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Compliance

The Christchwrch City Council issued a building consent for the project in thice stages:

ABAT10061822 | Stage 1 — Foundation / ground floor slab / subfloor services

ABA10063897 | South tower inc. carparking levels

ABAIT0065788 | North tower

The compliance documentation appears to be in order and the Christchurch City Council has
issued the following Code Compliance Certificates:

ABA10061822 | 11 July 2007

ABA10063897 | 27 July 2007

The Christchurch City Council appear to have relied on producer statements PS1-design issued
by the design firm in issuing the building consents for both towers. In the consent process for the
south tower, the council specifically requested, “calcuiations or a  Producer
Statement ... providing verification that structural design complies with the New Zealand Building
Code.” A producer statement was provided by the designer, howcver there arc no structural
calculations in the consent documentation listed in Appendix 3. The council also specifically
requested a producer statement PS1-design for the connection of the inter-span ribs to the support
beam, which was provider by the designer.

We have not seen a copy of a Code Compliance Certificate or the supporting dacumentation
associated with ABA10065788.

Events Subsequent to 4™ September 2010 Earthquake

There are no records of any damage sustained to the building from the 4t September 2010 and
26" December 2010 earthquakes or in any aftershocks prior to the 22" February 2011
earthquake, but the building was severely damaged by the 2o February 2011 carthquake.

Damage Report

The Canterbury [arthquake Royal Commission has been forwarded a post carthquake report
titled “Preliminary Damage Review, Gallery Apariments, Revision I, May 20 20117 by Holmes
Consulting Group.

This rcport was prepared following a rapid structural assessment and visual inspection on 11
April 201 and primarily records the damage following the magnitude 6.3 earthquake on 22
February 2011 and aftershocks that had occurred up until the date of inspection.

Holmes Consulting Group commented on the building’s condition as follows:

o The Column to the north-west corner of the tower appears to have seftled. This can be
seen from the sireet and is observable in the suspended floors when waulking around the
apartments.

o Fuailure of the pre-cast panel connections on the western elevation of the northern
tower. Significant shear cracking Is apparent. USAR engineers have advised the
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reinforcing bars have fractured over significant lengths of these walls. External steel
straps have been provided by contractors ds a femporary securing measure.

o  Failure of the internal shear wall at ground floor level in the northern fower.
Significant shear cracking is apparent. USAR engineers have advised the reinforcing
had buckied in the end of the wall. Prior fo owr visit contractors have provided a steel
Jacket to the end of the wall to provide some containment. Steel straps are welded to
the jacket and fixed through the wall fo provide some shear capacity and hold the
Jacket in place. There is a vertical crack in the end of the wall above the steel jacket
which may indicate the reinforcing steel is beginning to buckle in this area also.

o The level 7 beam supporting the south side tower (where the southern fower steps in)
lost its supporil and apparently dropped approximately half a metre. This had been
Jacked back into place and re-supported temporarily at the time of our inspection.

o Uneven floor surface af the two internal shear wall locations in the northern fower.
Floors are raised in these areas suggesting either seftlement of the side walls or
elongation of the shear walls due o yielding of reinforcing steel.

o Damage to the floor outside the passenger lifls and at the seismic joinf between the o
towers is evident. The exact extent of this can’t be determined without stripping back
the finishes.

o Shear cracking of the front wall (norihern towrQ at level 6 has occurred “Gib”
plasterboard has popped at this level and allowed inspection, other levels were not
inspected.

o Flaking of paint to SHS balcony column, possibly due to flexure (level 30.

o [ailure of car lificore panel to steelwork connection has occurred in a number of areas
at panel to panel and panel to steelwork connections. The panels separating the car
and passenger lifts have displaced horizontally relative to each other.

o There appears fo be a lack of grout in the reid couplers at front of car lift which should
be investigated further to confirm. If so, the tension capacity of these reinforcing bars
cannot be relied upon.

o Shear cracking has occurred in the insitu concrete floor stitch becns af panel
openings. Some concrete spalling of the Inter-span rib adjacent to the support
connection was also apparent in one location.

o Movement is visible between the pre-cust stair units at the insitu concrefe stitchs and af
the pre-cast unit to landing connection,

In conclusion, the building has sustained severe damage. Although it is nol considered an
immediate overall collapse hazard, the building is not safe to spend any significant amount of
time in due to the extent of structural damage and the high possibility for unknown damage still
not identified.

Concrete Testing

The Canterbury Earthquake Royal Commission has requested and obtained a post earthquake
report titled “Report 107267-1 vi.{, Materials Testing in Buildings of Interest, November 20117
by [Tolmes Selutions which is attached in Appendix 6,
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The report was prepared through destructive testing of concrete cores and non-destructive
Schmidt [Hammer testing to determine the compressive and tensile properties of the concrete.
Holmes Solutions conunents on the building’s concrete propetrtics were as follows:

Concrefe strength results for Gallery Apartments indicated that the walls had compressive
sirengths of 46MPa to 56MPa, with ussociated tensile strengths ranges from 3.4MPa to 2.6 MPa
respectively.

Structural Performance

Design Standards

The Gallery Apartments building was designed to the now current building code NZS/AS 1170
and the previous concrete code NZS 3101 Part 1 1995, the current concrete design code having
been issued in 2006.

A preliminary comparison of the {ollowing design standards was made;

NZS 3101:Part 1:1982
NZS 3101:Part 1:1995
NZS 3101:Part 1:2006

All three standards could be regarded as modern, describing concepts of ductility and capacity
design, The primary difference between the three standards is the additional specifics included
for how to detail to achicve that ductility. It is obvious that each update of the standard has been
strongly based on the previous version, only with additions being made and the majority of
cxisting clauses retained or slightly altered.

Analysis of North Block
An equivalent static analysis was undertaken by Spencer Holmes Limited on the 14-storey north
tower. The seismic weight lor cach of the typical floor levels was calculated to be approximately
1500kN. The equivalent static actions were calculated in accordance with NZS [170.5 with the
following site paramcters;

Site Subseil Class = D (Deep or soft soil)
Hazard Factor, Z = {),22
Near Fault Factor, N = 1.0 (assumed distance, D to fault > 20km})

The equivalent static method was used to apply the seismic loads. The seismic weight of the roof
level was included as part of level 13 (the top concrete level), and 8% of the base shear was
applied to level 13 (top concrete level).

Transverse Direction - Panels

The effective concrete panel cracked section properties were approximated as 0.341,. The period
in the transverse (east-west) direction was found to be 2.97 seconds. The foundations were
assumcd to be rigid for these analyses.

The distribution of direct shear and torsion into the concrcte pancls was determined. The
fransverse direction was found to be highly torsional as the main transverse panels are located on
the south side (grids 3, 4 and 5). These torsion loads were found fo be more critical on the grid B
and I’ panels than the direct shear applied to them in the longitudinal direction.
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The transverse panels on grids 3 and 4 were specifically analysed at ground floor level,

Height - 39.0 metres high, 3.0 metres per level

Dimensions - 3680mm long, 250mm thick

Concrete - 30MPa (specified minimum compressive strength at 28 days)

Reinforcing - RB12-440 EF vertically, [11312-400 EF horizontally, No end region confinement
Detailing - Horizontal panel joins with grouted ducts, typically at floor levels

Axial Load - Selt-weight of panel, floor spans parallel to panel

The vertical and horizontal reinforcement were found to be approximately 75% of the minimum
ratio requirements of NZS 3101.

The panels do not have enlarged cnd regions and do not have any additional confinement
reinforcing in the end regions. We would therefore only expect nominally ductile performance
from the panels. The horizontal design action coefficient for nominal ductility was calculated to
be 0.069. At a ductility of 1.25 we found the flexural yield capacity of the panels to be 16%, and
the shear capacity to be over 100% of that required by current code. It is important to note that
the flexural capacity is sensitive to the axial load. For these analyses gravity loads from self-
weight and tributary widths were taken as the axial load, and no vertical accelerations were
assessed.

The design features report states the building was assessed to have a transverse period of 3.96
seconds and was designed to a ductility of 3. We have assessed the equivalent static loads under
these parameters, and without accounting for p-delta effects, we found the flexural yield capacity
of the transverse grid 3 and 4 walls is approximately 93% of that required. This indicatcs that
limited ductile behaviour was assumed without accounting for p-delta effects or adequate
detailing.

The transverse requirements of shear walls to achicve limited and full ductile behaviour in
earthquakes is detailed in NZS 3101 ¢l 11.4.6. In the case of these panels, a 350mm length from
each end would be required for confinement under compression loads. The maximum spacing of
the transverse confinement reinforcing would be 120mm to achieve limited ductility, and 70mm
1o achieve full ductility.

Enlarged end regions arce also typically required for ductile performance in walls. In the casc of
these panels, a minimum thickness of 250mm is required for limited ductile performance, and
350mm for fully ductile performance.

The equivalent static deflections were calculated in accordance with NZS 1170.5. P-delta effects
were approximated using method A. P-delta effects were found to be applicable under limited
ductile performance with a factor of 1.44 at every level. Under nominally ductile performance p-
delta was still applicable, but the effects were substantially less, only having a factor of 1,01, The
maximum inter-storey drift was calculated to be 3.2% under nominal ductility, with levels 6-13
exceeding the 2.5% limit of ¢l 7.5.1.

The potential plastic hinge zonc of the wall was assumed to be 6.5 metres high. The maximum
inter-storey deflection in this region was calculated to be 26mm, which cquates to a drift of
approximately 0.9%. This is acceptable for a doubly reinforced concrete walls detailed to achieve
limited ductile performance, however as previously stated, we would only expect nominally
ductile performance from these panels. The curvature of the panels in levels 6-13 is very low as
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the levels are above the potential plastic hinge zone, which is typical of concrete shear wall
behaviour.

Longitudinal Direction - Panels

The effective concrete panel cracked scction properties were approximated as 0.391,. The period
in the longitudinal (north-south) direction was found to be 3.05 scconds. The foundations were
assumed to be rigid for these analyscs.

The distribution of direct shear and torsion into the concrete pancls was determined. The
longitudinal direction was found to be less torsional than the transverse dircction, This is due to
the panels on grids B and F being located relatively equally either side of the centre of mass and
rigidity.

A longitudinal panel on grid IF was specifically analysed at ground floor level;

Height - 39.0 metres high, 3.0 mctres per level

Dimensions - 4300mm long, 325mm thick

Concrete - 30MPa (specificd minimum compressive strength at 28 days)

Reinforcing - RB12-46Q EF vertically, HD12-400 LI' horizontally, Neo end region confinement
Detailing - Horizontal panel joins with grouted ducts, typically at floor levels

- In-situ vertical pancl join in centre, typical throughout height
Axial Load - Self-weight of panel, floor tributary width

The vertical and horizontal reinforcement were found to be approximately 55% of the minimum
ratio requirements of NZ8S 3101. '

The panels do not have enlarged end regions and do not have any additional confinement
reinforcing in the cnd regions. We would therefore only expect nominally ductile performance
from the panels. The horizontal design action coefficient for nominal ductility was calculated to
be 0.066. At a ductility of 1.25 we found the flexural yield capacity of the panels to be 16%, and
the shear capacity to be over 100% of that required by current code. It is important to note that
the flexural capacity is sensitive to the axial load. For these analyses gravity loads from self-
weight and tributary widths were taken as the axial load, and no vertical accelerations were
assessed.

The design features report states the building was asscssed to have a longitudinal period of 3.75
scconds and was designed to a ductility of 3. We have assessed the equivalent static loads under
these parameters, and without accounting for p-delta cffects, we found the flexural yield capacity
of the longitudinal grid F wall is approximately 79% of that required. This indicates that limited
ductile behaviour was assumed without accounting for p-delta effects or adequate detailing.

The transverse requirements of shear walls to achieve limited ductile and full ductile behaviour
in carthquakes is detailed in NZS 3101 ¢l 11.4.6. In the case of these panels, a 500mm length
from cach cnd would be required for confinement under compression loads. The maximum
spacing of the transverse confinement reinforcing would be 120mm to achieve limited ductility,
and 70mm to achieve full ductility.

Enlarged end regions are also typically required for ductile performance in walls. In the case of
these panels, a minimum thickness of 250mm is required for limited ductility performance, and
350mm for fully ductile performance.
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The equivalent static deflections were calculated in accordance with NZS 1170.5. P-delta cffects
were approximated using method A. P-delta cffects were found to be applicable under limited
ductile performance with a factor of 1.46 at every level. Under nominally ductile performance p-
delta was still applicable, but the effects were substantially less, only having a factor of 1.01. The
maximum inter-storey drift was calculated to be 3.4% under nominal duetility, with levels 6-13
exceeding the 2.5% limit of ¢1 7.5.1.

The petential plastic hinge zone of the wall was calculated to be 6.5 metres high. The maximum
inter-storey deflection in this region was calculated to be 23mm, which equates to a drift of
approximately 0.8%. This is acceptable [or a doubly reinforced concrete walls detailed to achieve
limited ductile performance, however as previously stated, we would only expect nominally
ductile performance from these panels. The curvature of the panels in levels 6-13 is very low as
the levels arc above the potential plastic hinge zone, which is typical of concrete shear wall
behaviour.

Concrete Tension Contribution
The cffect of the concrete tension was analysed within the potential plastic hinge region of the
grid 3 and 4 panels;

Steel: RB12-440 EF vertically
A = 514mm*/m
f, = 560MPa
DN, =231kN/m
Concrete: A = 250,000 mm*/m
', = 30MPa (specilied minimum strength at 28 days)
fet =1.97MPa

ONi =419kN/m
Nweo = 650kN/mn (tested tensile strength, £, = 2.6MPa)

Due to the low ratio of vertical reinforcement, the tension capacity of the concrete substantially
exceeds the tension capacity of the reinforcing. Using the design compressive strength of 30MPa,
the concrete would be likely to have a tension capacity approximately 180% higher than that of
the reinforcing steel. The concrete testing from the HHolmes Solutions report indicated
compressive strengths of 46MPa to 56MPa, with associated tensile strengths ranges from
3.4MPa to 2.6MPa respectively. This is substantially higher than the design properties, and
would result in the concrete having a tension capacity of 280% to 370% higher than that of the
reinforcing steel. This is expected to affect the behaviour of the potential plastic hinge zone as
the concrete provides initial resistance in the tension region without any ductile yielding.

For the purposes of this report it is assumed that the concrete acts in tension to its capacity, at
which point it forms a single major crack in the PPHZ equivalent to that of multiple splayed
small cracks that would typically be expected in ductile shear wall design. The curvature of the
wall was appreximated with S0mm lateral displacement over the 6.5 metre height of the PPHZ.
Assuming a single crack forms at the mid-height of the PPHZ, the vertical width of a single crack
required to achicve the SO0mm lateral deflection is 22.8mm. The induced axial tension in the
reinforcenient over the width of the crack was then calculated using Hooke’s Law. The induced
axial load in the bars within 500mm of the panel end (4-RB12) exceeds their ultimate tension
strength and could result in a brittle failure. The induced axial load in the temaining bars in the
tension region is at or below their calculated yield strength.
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Pre-cast Floor Support

The inter-span ribs are supported eccentrically off the face of the panels with an insitu concrete
edge beam. On the drawings, the ribs appear to be fixed to the insitu concrete beam with
reinforcing that has not been annotated. The damage found on-site indicates that this reinforcing
is in fact the pre-stressing strands of the inter-span ribs. The edge beam is typically 310mm deep
by 225mm wide, reinforced with 4-HID12 bars and HR10 stirrups at 450mim centres. The beam is
tied to the panels with hooked R10 starters at 450mm centres.

The performance of the connection of the edge beam to the panel was investigated under the
combined effects of gravity load, rib eccentricity, and transfer ot seismic shear into the panel via
diaphragm action. The connection was found to be sufficient under ultimatc limit state gravity
only loads, however, was found to be approximately 40% of current code requirements when
gravity loads are combined with seismic shear loads. This was primarily due to the R10 starters
at the top of the beam being unable to resist the tension load from the eccentricity combined with
the seismic shear.

The performance of the edge beam is likely to be further compromised under seismic loads due
to the inter-storey drifts of the building. The edge beams experience high curvature, and hence
material strains, due to them being fixed dircctly along the panels and frec between the panels
over the openings. It appears from the drawings that the designer has attempted to reduce the
curvature demands in some locations by specilying un-bonded sections to the panel in order to
lengthen the free edge beam. This condition is especially critical in levels 6-13 where the drifts
range from 2.5-3.4%. Our calculations indicate that the edge becams would experience
approximately 3 times their maximum allowable curvature under these levels of drift, and
therefore an excessive amount of spalling of the concrete can be expected to occur. We cstimate
that the maximum allowable inter-storey drift to restrict the curvature of the edge beams within
acceptable levels 1s 1.0%.

It is important to note that the edge beams are not detailed with reinforcement that would be
typically expected of a ductile or limited ductile concrete beam. No calculations have been done
on the bending or shear demand in the edge beams, however, we would expect slirrup spacings to
be in the order of 60-70mm if hinging was expected in a beam of this dimension.

Foundations

The bending and shear capacity of the foundation beams under the grid 3 and 4 concrete pancls
was calculated. The foundation beams are detailed as 1500mm deep by 1000mm wide, reinforced
with 6-RB32 bars top and bottom and 2 sets of HR16 stirrups at 300mm and 600mm centres. The
beams were assessed under nominally ductile loads applied with a meshed equivalent static
model of the concrete panel walls above. The bending strength of the beams was calculated to be
sufficient however shear strength was calculated at 90% where stirrups are at 300mm centres,
and 50% where stirrups are at 600mm centres.

A preliminary analysis of the building displacements was done to determine the sensitivity of the
structure to vertical movement in the foundations, 'The equivalent static model was provided with
vertical spring reactions at the pile supports. The spring stiffness was limited to achieve a
maximum vertical pile load of 2680kN (from geotechnical report table 5.1 for the more
conservative south end values) under gravity and seismic loads. The lateral displacement at the
top of the structure was found to have increased by 58% due to the base rotation caused by
vertical movements of the piles. It is important to note that this calculation is extremely
dependent on the spring stiffness and is only intended as an indicator of sensitivity.

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012



BUI.GLO62.0003.12

Report — Gallery Apartments, 62 Gloucester Street Page 12

Issues Arising from Review

A review of the documentation supplied by the Canterbury Earthquake Royal Commission
identifies that the Gallery Apartments at 62 Gloucester Street 1s a 14-storey reinforced concrete
building designed in 2005, The building was completed midway through 2007,

The post-earthquake report provided was prepared by Holmes Consulting Group, and reports on
the damage following the 22" February 2011 carthquake. The report concludes that the building
is not safe to spend any significant amount of time in due Lo the severe structural damage it has
sustained.

A seismic analysis was undertaken by Spencer Ilolmes Limited on the 14-storey north tower,
with a view to assessing the specific aspects of damage observed following the 2o February
2011 earthquake, and how these aspects are addressed in current design standards.

1. Compliance Review

The consent documentation has been provided for the building and the compliance
requirements appear to have been approved by the Christchurch City Council. In processing
the building consents for both towers, the Christchurch City Council has relied on producer
statements PS1-design issued by the designer.

o In the intercsts of public safcty and good industry practice, acceptance of a Producer
Statement-PS1 Design as the sole criteria for establishing compliance may not
provide an adequate basis for the issuing of a building consent.

» Building Consent Authoritics must be satisfied on reasonable grounds that a design is
compliant. It is suggested that guidelines for Building Consent Authorities to
determine the appropriate level of structural review and audit be reviewed.

2. Foundation Movement

A rcasonably comprehensive site investigation was undertaken prior to commencement of
construction. The building suffered foundation settlement at the column at the northwest
corner of the north tower, possibly due to the loss of skin friction through liquefaction of the
supporting soils.

The investigation identified the presence of liquefiable material below the gravel layer on
which the piles were founded. It is possible that the differential scitlement arose from the
liquefaction of these layers below the gravel layers. Alternatively, the settlement may be due
to the loss of skin friction arising from liquefaction.

e In common pile types, skin friction will develop progressively as construction
Progresses.

e Pile design in liquefiable ground should not include any allowance for skin friction,
and piles should be founded on suitable strata for end bearing. On sites prone to
liqueftaction, foundation dcsign should allow for the loss of skin friction in the
eventuality of liquelaction in significant earthquakes.

Spencer Hofmes Limifed Report E110604-62 Gloucester Street February 2012



BUI.GLO62.0003.13

Report — Gallery Apartments, 62 Gloucester Street Page 13

e The loss of skin friction due to liquefaction may cause additional displacements on a
structure, which would require careful design consideration.

e The structural displacements of a shear wall building were found to be highly
sensitive to vertical deformations in the foundations.

e The capacity reduction factor of 0.8 for foundations under carthquake should be
reviewed.

3. Concrete Shear Wall Detailing

The building was designed using seismic loads that require limited ductile performance. Qur
review of the structural drawings indicates that the detailing of the structure 1s only adequate
to achieve nominally ductile performance.

s The previous and current concrete design standards adequately provide classification
of structures in terms of ductility, and the detailing requirecments corresponding to
these levels of ductility.

The current standard NZS 3101:2006 clause 11.4.3 states “potential plastic hinge regions in
walls shall be taken as the length of the wall L, or one-sixth of the height of the wall,
whichever is larger, measwred from the section at which the first flexural vielding is
expected. The height of the end region need nof exceed 2 L,)”.

e Tor thin walls subject to inelastic deformations, furthcr consideration needs to be
given to the resilience of the concrete core of the wall, and in patticular the ability to
confine an adequate end region to resist compression loads following spalling under
repeated inelastic deformations. This requires detailing to maintain bond transfer to
horizontal steel as well as buckling of vertical steel.

4. Concrete Material Design Properties

The test resulls of concrete compressive and {ensile strengths were substantially higher than
the specified design properties. Where the conercte tension strength exceeds the strength of
the reinforcing provided in the end rcgions of shear walls, the initial seismic resistance is
likely to be provided by the concrele without the desired occurrence of ductile yielding,
followed by excessive demand on the reinforcement at the first crack forming in the plastic
hinge zone.

» It is suggested that the current design requirements for reinforcement in the end
regtons of shear walls relative to the potential for concrete tension overstrength
should be reviewed.

5. Detailing of Other Elements for Seismic Deformations

The building was assessed to have an inter-storey drift of up to 3.4%, exceeding the current
design standard’s specified maximum drift of 2.5%. Severe damage was found to have
occurred in elements that are critical to the support of the structure, but not intended to be
part of the seismic load-resisting system.

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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e It is suggested that current design requirements for detailing the ‘deformation
capacity’ of non-seismic load resisting component parts of a structure under seismic
loads should be reviewed.

NZS 3101:2006 clause 2.6.1.1 states “the structure and its component parts shall be
designed to have adequate ductility at the ultimate limit state for load combinations
including earthquake actions”.

e Structural elements required to carry gravity loads that are not intended to form part
of the seismic resisting system should be detailed to accept the deformations imposed
as a result of the displacements of the seismic resisting system under the ultimate
limit state. The provision of deformation capacity must be inclusive of an adequate
margin over the expected elastic and inelastic deformations of the primary seismic
resisting elements, and the distortions of any other building component attached to the
element under consideration.

e There is a need for an adequate margin beyond the provision of seismic movement
under the ultimate limit state event around elements subject to brittle failure.

Report Prepared By:- Report Reviewed By:

Xa/ Peter C Smith
T(Hons) GIPENZ BE FIPENZ CPEng IntPE
Senior Structural Engineer Director
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APPENDIX 1

Site Plan
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APPENDIX 2

Specific photographs of damage following 22" Febr uary and 13" June 2011 earthquakes

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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Exposed pre-stressing strands from inter-span rib into damaged insitu concrete edge beam

Severe spalling of insitu concrete edge beam along ‘un-bonded’ section adjacent to panels

" -

Severe spalling of insitu concrete edge beam along ‘un-bonded’ section adjacent to panels

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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Inter-span rib parallel to, and directly in line with, east-west concrete panels on grids 3 and 4.

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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Cracking to grid F external panel on east side.

Cracking to grid F external panel on east side.

Remedia works for damaged panel to provide shear strength and confinement to end region.

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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APPENDIX 3

List of documentation for report

The following documents (electronic file names listed) have been reviewed as part of this report:
ABA10061822 - Stage 1 Foundation-Floor Slab - Consent & Specifications
ABA10061822 - Stage 1 Foundation-Floor Slab — Plans

ABA10063897 - South Tower Structure - Consent & Amended Plans

ABA10063897 - South Tower Structure - Consent & Specifications

ABA10063897 - South Tower Structure — Plans

ABA10065788 - North Tower Structure & Envelope — Plans

ABA10065788 - North Tower Structure & Exterior Envelope - Consent & Specifications
ABA10073131 - Inspection Photos (during construction)

EQ SBP 24 - Demolition Appeal Notification - 27-5-2011

EQ SBP 24 - Updated Engineers Report - 20-5-2011

Gloucester62.0001 (EQC note 6/05/2011)

107261-1(v1.1) — Materias Testing in Buildings of Interest, Holmes Solutions,
November 2011

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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APPENDIX 4

Site Investigation Plan

Spencer Holmes Limited Report E110604-62 Gloucester Street February 2012
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APPENDIX 5

Structural Calculations
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Project 62 GLOUCESTER 5T, CHRISTCHURCH
Description SEISMIC WEIGHTS \ ob Ref Et10504 /

LEVEL 14 (ROGF)

Dead Loads

Lightweight Reof 0.5 kPa X 182 m? = 76 kN

Lightwelght Walls 0.5 kPa X 78 m? = 3DkN xG= M5 kN

Liva Loads

Roof 06,25 kPa X 162 m? = aB kN Q= 38 kN

LEVEL 13

Dead Loads

Super-Imposed Dead Load 0.5 kPa X 152 m® = 76 kN

110mm Conerele Topping Slab 2.6 kPa % 162 m2 = IOI kN

175 Interspan Units 1.3 kPa kS 152 m* = 197 kN

Lighhweigh! Walls 0.5 kPa % 79mT = 39 kN

175 Precas! Panels 4.1 kPa % 88 m® = 362 kN EG= 1067 kN

Live Loads

Floor 1.5 kPa A 152 m? = 225 kN = 228 kN

LEVEL 210 12

Dead Loads

Super-impascd Dead Load 0.5 kPa * 152 m# = TE kN

110mm Contreta Topping Slab 25 kPa X 152 m# = 393 kN

175 Interspan Unils 1.3 kPa X 152 mt = 187 kN

250 Precast Panels 59 kPa X 127 nv@ = 747 kN EG= 1413 kN

Live Loads

Fioor 1.5 kPa X 152 m? = 228 KM = 228 kN

LEVEL £

Dead Loads

Supesr-Imposed Dead Laad 0.5 kPa H 47 m* = 23 kN

110mm Cencrete Topping Slab 26 kPa b 47 m* = 120 kM

175 Inlgrspan Unils 1.3 kPa X 47 m? = 60 kil

326 Precast Panels 7.6 kPa X 127 m? = 971 kN EG= 1176 kN

Live Loads

Flaor 1.5 kPa % 47 m* = 7O kN Q= TO kM

GRAVITY DEAD LOAD EG= 17802 kN

GRAVITY LIVE LOAD Q= 2841 kN

LEVEL G (GROUND FLOOR}

Dead Loads

325 Precast Pansls 7.6 kPa X G4 m* = 486 kN iG= 486 kN

Live Laads

Fluar 1.5 kPa % om? = O kM = 0 kN

TOTAL GRAVITY DEAD LOAD EG= 18388 kN

TOTAL GRAVITY LIVE LOAD EQ= 2841 kN
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Job Ref E110604
Description EQUIVALENT STATIC ACTIONS - NZ25 1170.5:2004 \ /
L STRUCTURE PROPERTIES ULS SLS
Table 0.3.2 Importance Level for Building Types = 2 = 2
Dasign Working Life = 50 yrs = 80 yrs
Table 0.3.3 Annual Probability of Exceadance = 17500 = 1/25
5.3.1 ELASTIC SITE SPECTRA FOR HORIZONTAL LOADING
Period ~ 1.20 s ~ 1208
5313 Site Subsoil Class = D = D
Table 3.1 - Note 1: Use Figure: 3.1 {General)
Table 5.3.1 Spectral Shape Factor - General Ch(T) = 1.69 = 1.88
Table 5.3.3 Hazard Factor Z= 0.22 = 022
Table 5.3.3 Distance to Fault D= 20 km = 20 km
Table 5.3.5 Refurn Period Factor R = 1 = 025
ZR = 0.22
Table 53.7 Maximum Near Fault Factor Ninax( T) = 1.00 = 1.000
53.1.6.2  Near Fault Factor N(T.D)= 1.00 = 1.000
53141 Elastic Site Spectra  C=Cu(TYZRN(T D} = 0.37 = (.09
85.5.2 HORIZONTAL DESIGN ACTION COEFFICIENT
54.3 Structural Duetility Factor n= 1.28 = 1.0
5.4.4 Structural Performance Factor 8y = 0.93 = 070
56211 ky = 1.25 = 1.00
5.5.2(1) Design Action Coefficient
Cy(T)=C(T,} Sy ik, = 0.27 = 0.06
(ZR0+0.02)R, = 0.03
003R,= 0.03
DIRECTION (X) HORIZONTAL DESIGN ACTION COEFFICIENT (UILS)
Nmax(T) N {T, D) Sp T1 CII(T) c ku Cd{T1) 100%
p= 4.0 1.000 1.000 0.70 2.97s 0.72 0.16 4.00 0.028 0.028
3.0 1.000 1.000 0.70 2.97s 0.72 0.16 3.00 0.037 0,037
2.5 1.000 1.000 0,70 2.97s 0.72 0.16 2.50 0.044 0.044
2.0 1.000 1.000 070 2.97s 0.72 0.16 2.00 0.055 0.055
1.25 1.000 1.000 0.93 2.97s 072 0.16 1.26 0117 0117
1.0 1.000 1.000 1,00 297s 072 0.16 1.00 0.159 0.159
IRECTION HORIZONTAL D, TON COEFFICIENT (SLS1
NmaxfT)  N(T,D)  § T Ch(T) c Ky CulTy)
p= 125 1.000 1.000 0.70 2.97s 0.72 0.04 1.25 0.022
1.0 1.000 1.000 0.70 2.97s 0.72 0.04 1.00 0.028
BDIRECTION (Y} HORIZONTAL DESIGN ACTION COEFFICIENT (LS}
N,..[T} N{T,D) 5, T, Cu(T) c k, C4(T4) 100%
p= 4.0 1.000 1.000 0.70 3.08s 0.69 0.15 4.00 0.027 0.027
30 1.000 1.000 Q.70 3.08s 0.69 0.15 3.00 0.035 0.035
2.5 1.000 1.000 0.70 3.08s .69 0.15 2.50 0.043 0.043
20 1.000 1.000 0.70 3.08s 0.69 D.15 2.00 0.053 0.053
1.25 1.000 1.000 0.83 3.05s 0.69 0.15 1.25 0112 0.112
1.0 1.000 1.000 1.00 3.05s 0.69 0.15 1.00 0.152 0.152
DIRECTION (Y) HORIZONTAL DESIGN ACTION COEFFICYENT (SLS1)
Nmaof T} N(T,D} 5, T Cw{T) c k. Ca(Ty)
w= 1.25 1.000 1.000 0.70 3.08s 0.68 0.04 1.25 0.021
1.0 1.000 1.000 0.70 3.05s 0.69 0.04 1.00 0.027
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Job Ref E110604
Description  EQUIVALENT STATIC LOADS \ V4
UIVALENT STATIC FORCES - TRANSVERSE DIRECT.
6.21.2 Herizontal Seismic Shear Vo= CylT) W whera W= 2{G&wuweQ) = 18754 kN
K T4 CafT1) v
4.0 2.97s 0.02 307 kN
3.0 2.87s 0.02 410 kN
25 2.97s 0.03 482 kN
2.0 2.97s 0.03 B15 kN
1.25 2.97s 0.07 1300 kN
1.0 24978 0.09 1757 kN
5.2.1.3 Equivalent Static Horizontal Force at Each Level
F = Fy + ooazv Wiy Fi= 008V
L{Wih) at level 13 (tap full concrele level}
Equivalent Static Forca, F,
it n B i B N
Level ) w, Wwih; 4.0 3.0 2.5 20 1.25 1.0
Level 13 39.00m 1262 kN 49223kNM BO ki 8O KN 95 kY 120 ki 253 kN 242 N
Lavet 12 36,00 m 1481 kM 53332kNm 36 WY &1 kM 61 ki 76 KN 161 kM 218N
Level 11 33Bo0m 1481 kN ABBBBKNM 35 kN 47 kN 56 ki FORN 148 kN 200 kN
Lovel 10 30.00m 1481 kN 4444 3kNm 2 kN 42kN A1 ki 84 ki 135 kN 182 kN
Level @ 27.00m 1481 kN 399GOKNM 29 ki 38 kN 46 kit 57 RN 121 kM 164 kN
Level 8 24,00 m 1481 &N 35E5EkNM 25 ki kN A1EN S1EN 108 %M 145 kM
Lavel 7 21.00m 1481 ki F1110kNm 22 kN 3D kN 36 kN 45 kN 94 kN 127 kM
Lavel 6 18.00m 1481 kN 266B6kNm 19 ki 25 kit 3 kN kN 1N 109 kN
Level 5 15,00 m 1481 ki 22023 Mm 15 kit 21 kit 25 ki 32N 67 Wi 81kN
Level 4 1200 m 1487 ki 17777kNm 13 kN 17 KN 20 KN 25 kN 54 kN 73kN
Level 3 9.00m 1481 kN 13333kNm 10 kN 13 RN 16 KN 19 kN 40 ki S5 kN
Lavel 2 B.00m 1481 kKN 88AGkNM BN 8kN 10 kN 13 kN a7 kit 6 kN
Level 1 3.00m 1196 kN 35EKNm kN 3kN Ak kN 11kN 15 kN
L Wi = 396025kNm E= 307 kN 410 kN 492 kN 6168kN 1300 kN 1757 kN
TRANSVERSE PERIOD
4.52 Rayleigh Method for Determining Pericd of Vibration
k= 0.251, T = o {Eq4.5.1)
Ty T
1208 297 =
Level Wi F uw Bwwul)  EiRuy Fi u; HWu IR
Level 13 1282 kM 1388 kN 1787 mm 4020479 2421037 581 kN 767 mm 742503 445789
Level 12 1481 kN 865 kN 1508 mm 3773548 1379837 371 kN 685 mm 6951290 254064
Level 11 1481 kN 793 kN 1405 mm 2524400 1113481 340 kN 603 mm 538665 205013
Level 10 1481 kN T20 kN 1217 mm 21894144 BrGE08 309 kN 522 mm 4023669 161340
Level 8 1481 kN 648 KN 1032 mm 1577769 669160 278 kN 443 mm 290731 123230
Leve| 8 1481 kN ST8 kN 852 mm 107708 4816465 247 kN 386 mm 198448 0495
Level 7 1481 kM 504 kN €83 mm 891075 344455 216 kM 293 mm 127180 63382
Level 6 1481 kN 432 kN 524 mm 406768 2268515 185 kN 225 man 74008 41726
lLevel 5 1481 kN 3B0 kN 380 mm 213920 136889 155 kN 163 mm 39380 25180
Level 4 1481 kN 288 kN 254 mm 95577 73198 124 kN 108 mm 17601 13476
Level 3 1481 kN 218 kN 145 mm 32880 32205 93 kN 65 mm 6258 6027
Leval 2 1481 kN 144 kN 59 mm 7053 9542 62 kN 30mm 1333 1854
Level 1 1196 kN 58 kN 18 mm Jes 1047 25 kM 8 mm i 200
T4 Ty
297 s 297 s
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SPACE GABSS 10.85 - SPENCER HOLMES LTD
Load cases: v
A1 Euv [uctliby 1.0, T=1.720s)
1355kN 289k L" *
®:1787.32mim A TR02 A Ma05 28mm 0.0
Yl8H ‘5“’” S8 mm
BSSkM 155kN
X:1595.84mm & M09 15 5mm
¥ {B.45ng ta 3emm
THIRN J— 165k
£:1405.22mm A I92 Tt Fmm
¥in B117.49mm
T20hM 154k
E—
HAMB.T3mm K239 5PRTP2G 51 men
IR 5 G3mm
GABR 138kM
X032 090 D436
7 fLt12 62mm
STGRH 123k
—]
X853 A4im BIIEs3.64rmm
[ 1es 24mm
a4k 10BKN
XBB3 29rmm REES2 A Zaun
iy t0d, {4mm
432kN 92kH
X523 4.4Brem 4B 92mm
P4 18mm
FBORN TThH
—_—
X3RO 1Emm -IARAS, 19mm
842 firim
2BEKM LIk
X253.64mm X258 JWNNTISE 23 mm
Y72, 0Bl MF2 Omm
218kN AEkM
X148, 56mm X151.9FmHma1 Sdman
Y07 BB - 57 Binm
144kN 3TN
X8 8Tmm MFOERNN 7O B rm
40 BBy A0 80mm
Saui | 126N
K17 .&3mm 18 8drjd: 18 2Amm
Y21 8¥{{0-21 &67mm I -~
=] L - [ L <
& s fh —n
Sacions:
Materials: El1  F8- 15001000
Mo general restrint W1 25CRKA) W2 SW-250 THK
Job: G201 1jobsi1 10600134 462 Gluucester 50110604 62 Glaucaster Gid 3 & 4
Unils - Len: m, Sac; e, Mat: BPa, Dens: T/mit3, Termp: Celsius, Force: kN, Mom: kiMm, Mass: T, Acc: o's, Trans: mm, Stross: MPa

Scales - Frame: 1:300, Load: 1, Disp: 1, Memant None, Shear: ene, Axal; Mone, Torsion: None

SPACE GASS 10,85 - SPENCER HOLMES LTD

15 Mow 2011, 428 pm

Losdecases: i
u: Eu fductiiity 1.0, T=2.97s)
521,20kN 39BN % R
—_— - ! B 3
K66 75mm ¥:50.830002-775 59 mm 00
P 79.36KN ¥50.B7mm
—— ) —- " pliay m
XE84.ETmIm Y. 5082000661 Omm
2405k 72 56N =50, 78mm
JE—— . ¢ XBOB-a5hm
XB02 Bdrm .50 44rfiR: 508 A2mm
308.88KM BE.0THN Y50 4ram
xohridbhim
X521 BB 49 66 0152? ABmn
277.a0kH 59.2ki ¥i-A0.6 3w
— = _ "R lu3
XA42.77mm Y4BT A47 THrom
247.46N S2TTRN Y48 d4mm
— ) —— A Tmesinm
X386, 13mm Y ABAGHIR; 3?0 S
216.22kN 46.33KN . e ddmm
X3 13mm 143 8 rptzgs_gzrnm
155.93kN 39.47kN ¥:-43.92mm
— y s LA
X:225mm Y o410 228, 19mm
184 44kN IO ¥eAbbmn
X:163.08mm {13 1 165 g7mm
1235540 26.17KN ¥:38.12m
— =
X108 81mm a0 o2, $H10,82mm
. - -30.92mm
, 18.73kN
B3 T3mm Sy -65. 18mm
Y24 5% -
G17EkN 13.2kN 7,\
*:29.46min 0. 20, 2Bnm | \ 6’ 9”"\
24.86KN 5,15kN A I %2 %
Pl
\ . . - !
X:7B8mm ZEDarhes g HE
9.3 | 8 Em ;
= L = b s P T
a & 2] 2
Beciions:
Materials: F 1  FB-1800:i040
| Mo genedaliesiralnl W1 35CRKIQ W2 5W-250 THK

Scales- Frame: 1:300, Load: 1, Cisp:

Job: G011 obst 1DG00- 19,62 Gloucester SH 110604 62 Gloucesler Grid3 & 4
Unils - Len: m, Sec: nom, Mal: MPa, Bens; T3, Temp: Colslus, Farea: kN, Meen: kMm, Mass: T, Ace: o's, Trans: mm, Stress: MPa
10, Morent: Nona, Shear None, Axlal: None, Tarslen: Nona
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Date 18/1142011
Project 62 GLOUCESTER ST, CHRISTCHURCH
Job Ref E110604
Dascription  EQUIVALENT STATIC LOADS \

EQUIVALENT STATIC FORCES - LONGIT IRECTION (Y.
6.2.1.2 Horizontat Seismic Shear Vo= Gu(T) W, where
1 T CalT4)
4.0 3.05s8 0.02
3.0 3.05s 0.02
25 3.055 0.03
2.0 3.05s 0.03
1.25 3.058 0.07
1.0 3,058 0.08
B.2.1.3 Equivalent Static Horizontal Force at Each Level
Fy= Fy + ga2y
i3
Level 1 X W, Wi, 4,0
Lavel 13 38.00m 1262 kM 49223kNm 57 kN
Level 12 38.00m 1481 kN 53332kNm A7EN
Lavel 11 3300m 1481 kN JEBEakMNmM 34 kN
iLovel 10 30.00m 14871 kM 44443 m RN
Level 9 27.00m 1451 kN 39995k m 2T kN
Level B 2400 m 1481 kil 355555NM 24 kN
Lewvel 7 21.00m 1481 kN 31 110kNm 21 kN
Level & 18.00m 1481 kN 26668kNm 18 kN
Lavel 5 15.00m 1481 kN 23222kMNm 15 kM
Level 4 1200m 1481 kN PP TRNm 12 kM
Level 3 2.00m 1461 kN 13333kNm 9kN
Leval 2 B00m 1481 kN B&BSkNM GkM
Lewvel 1 3.00m 196 kM 3582kNm 2k
ZWih; = 395025kNm = 294 kN
LONGITUDINAL PERIOD
4.5.2 Rayleigh Method for Determining Perlod of Vibration
et = 0.321, (blockwork) Ty=
T
1205
Leavel W, F u W) Z{Fu)
Level 13 552 kN 583 KN 1910 mm 2013751 1132630
‘Level 12 648 kKN 378 kN 1699 mm 1870517 642222
Level 11 6548 kN 347 kN 1488 mm 1434765 518336
Level 10 648 kN 315 kN 1280 mm 1061683 403200
Level 9 B48 kN 284 kN 1077 mm 751634 305868
Level & 548 kN 252 kN 881 mm 502952 222012
Level 7 648 kN 221 kN 686 mm 313902 153816
Level & G42 kN 183 KN 525 mm 178605 99225
Level 5 648 kN 158 kN 372 mm 89673 58776
Lovel 4 G48 kN 128 kN 242 mm 37940 30482
Level 3 G48 kKN 95 kN 138 mm 12341 13110
Leve| 2 648 kN 63 kN 53 mm 2572 39689
Level 1 523 kN 25 kN 17 mn 151 425
T
306s

W= E(G&yneQ) = 18754 kN
W
264 kN
393 kN
471 kN
539 kN
1245 kN
1683 kN
Wi, Fi= 008V
Z(Wih) at levet 13 (top full concrete level)
Equivalent Statle Force, F;
u u H M 3
3.0 2.5 2.0 1.25 1.0
7H ki 92 kN T15KN 242 kN 328 kN
49 KN 59kN 73 kN 153 kN 209 KN
45 KN 54kN 67 kN 142 kM 192 kN
41 ke 49 KM 61kN 122 XM 174 kN
3TKN 44 kit 55 kN 116 Y 157 kN
33KN 39 kN 49 kN 103 %M 139 kN
28 kN 3 ki 43 kN S0 kM 122 kM
24 kN 9N 37 kN F7EN 104 kM
20 kN 24 KN 30 kN 84 kN B7 kN
16 kN 20 KN 24 kN 52 kN 7O KN
12 kN 15 kM 1BkN 39KN 52KM
B kM 10kN 12KN 26 kN 384N
3kN AkN 54 10kN 14 K4
393 kN 471 kN FEO KM 1245 kN  1G6BI kN
2% (W) {Eq 4.5.1)
\/ g 2(Fiu)
T
3055
F t EWa)  BFw)
243 kN 783 mm 338425 180371
155 kN 698 mm 313902 107866
142 kN £10 mm 241121 86785
129 kN 525 mm 178605 57804
116 kN 442 mm 126596 51466
103 kN 361 mm 84448 37289
91 kN 285 mm 52634 25824
FTkN 215 mm 20954 16660
65 kN 153 mm 16169 8311
52 kN 99 mm 6351 5114
39 kN 57 mm 2105 2220
26 kN 26 mm 438 672
10 ki T mm 26 72
T
3055
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15 Moy 2011, £:27 pra

Lead cases:
Bi e Eu (ducklity 1.0, T=1.20z} \i
E935N *
R 086 0ng 9B ©9
) Y15 ].50M0, {54 Hemm
338KN S
:1GeA Hoga  frrn
Rig|
34VEN
1483 23Imm
-145.62mm
318kN
—
28027 mm
-145.98mm
284kN
107 .0 1mm
¥:-142 58mm
282kN
:B81, 19mm
-1 3B.05mrm
22tkH
5.0, HHE.02mm
f-Ha) 457 osemm
185kN
—_—n
L5258 12mm
T =11 5,386mm
156kH
3r 2 BAIke 2 dlm
Y1300, 78[58 Famm
126hH
#:242 47
i3 vt | o g
2R
X:138.28 -
63 B[ b
BIkM
SERBAMIN A B2 Ami
Fud | BHminy-41, Blmn
25%N
X1 Ot €016 B89mm
¥:22 06m kY .22 06mm
o t
A A
Materials: Seclions:
Mo ganeral resteaint W1 BACRICO B1_FB1500:1000
Jot G20 okt 1060019 10604162 Gleuse star S41 10504 §2 Gleucester Grid F
Units - Len: m. Sec: rom, Mal: MPa, Dens: T/m?3, Temp: Celslus, Foree: kN, Momn: kN, Mass: T, Ace: o's, Trans: mm, Strass: MPa
Seales - Frame: 1300, Load: 1, Disp: 1, Moment Mone, Shear Mone, Axdal: None, Torsian: None

SPACE GASS 10.85 - SPENCER HOLMES LTD

15 Moy 20114, 4.27 pm

Load cases,
2 Eu (duetlity 1.0, T=2,085) H
243.13kN L» X
" L 0.0}
X783, 0
154 .98KkN I:l YoG2 dmm
— » |
[ ] SRR Ge o o
14227k 1. B7mm - I e, L
— . (_// = G«(__é:,- N
: D, (e i 4
! 129, 15k8 Y161 35mm
i 524 51mm
i 116.44kH BD.25mm
]
! 441 57mm
103 326N 58, AGmm
29mm L]
A0GTKN - : !
i
T7.43KN
%2153mm !
54,78k ¥ila7 S mm ]
T
: 24152 72mim =
51,66k 13 ﬂdl
35,95k 33.08mm
s o oo
25,83kN 6 [ i')l -
E—— & L
1D.25KN m | P % :
7 |
[
A3
Maledals: Sedions;
B alseslrat Wi 34CRKID Bl T FB-1500x 1000

Jub: GAZ011obsti 105001341 106041652 Gloucester S0 10804 62 Slougaster Grd F

Scales - Frame: 1:300, Load: 1, Disp: 10, M

Units - Len: m, See: o, Mat: MPa, Dens: T/m*3, Terp: Celsivg, Force: kN, Mom: kMm, Mass: T, Ace: g's, Trans: mm, Stress: MPa
1: Mone, Shear None, Axfal Mone, Tersien: Mone




P-DELTA ANALYSIS - METHOD A

X-Direction

Vi

126K
232 kN
301 kN
374 KN
438 kN
496 kN
547 kN
590 kN
626 kN
655 kN
677 KN
631 kN
897 ki

Vi

430N
705 6N
955&N
1185 kN
1391 kN
1574 kN
1734 kN
1871 kN
1985 kN
2077k
2145 kN
2191kN
221010

By
57 mm
57 min
57 mm
56 mm
34 rnm
51mmn
ABmm
43 mm
3G mm
31 mm
25mm
13 mm

& mm

6|||

T& mm
¥6 mm
75 mm
T3mm
T4 mun
G& mm
&3 mm
57 mm
S0mm
41 mm
32 mm
20 mm

7 mm

1]
Ll
024
Q.26
0.28
0.29
0.30
Q.29
0.29
0.26
023
[th:]
013
D.0s

1]
0.7
BiD
(RN
.12
012
012
012
0.12
0.1
010
0.08
Q.08
0.0z

a»01
YES
YE&
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

a>049

RO

HO
VES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

3.00
0.0165
1.50
0.85

PA
144
144
144
144
144
14
144
1.44
144
144
1.44
144
1.44

1.2
0.0018
1.50
0.85

Pa
1.00
1.00
101
1.04
1.04
1.0t
1.01
101
1.01
1.1
101
1.01
101

PakymS, Displace

106 rm
108 mm
104 mm
102 mm
88 mm
94 mm
38 mm
30 mm
70 rin
57 mm
45 mm
28 .umimy

10mm

Pﬁkdmﬁui
g7 mm
97 mm
87 mm
94 o
92 mm
37 mm
Bl mm
74 mm
G4 mm
53 min
A% mim
25mm

10 mm

S84 mm
BE3mm
FITmm
B73mm
57 14nm
472mm
3F8mm
250 mm
210mmn
140mm

B4 mm

39 mm

10mm

0rm

Displace
914 mm
17 mm
F20m
F23mm
S2% mm
437 mm
350mm
Z89mm
185mm
130mm

Thmm
J6mm
10rmm

mm

Drift
3.52%
252%
3.48%
3.39%
BA1%
2.14%
2.92%
2 66%
2.52%
1.89%
1.50%
0.85%
0.34%
0.00%

Drift
322%
322%
322%
315%
307%
291%
21M%
247%
2.15%
1.75%
13484
0.88%
0.32%
0.00%

BUI.GLO62.0003.34

PAFy
425N
27%N
24%N
22N
20kH
18kN
6N
13EN
RN

9N
TN
4EN
KN

215KN

PAF

M;
1628 kNm
963 kNen
8036 kNm
G686 kidm
539 kNm
427 kim
326 kMNm
230 ktdm
167 kidm
106 kidm
G0 kNem
27 kNm
3 kM

5963LNm

M;
3578
214
1793
1485
1198

949
729
512
371
25
133

&0

2

ATGEN  13180kNMm

Cio



P-DELTA ANALYSIS - METHOD A

¥-Lirection

v
57N
53kN

126KkN
156.kN
183 kN
208 kN
220 KN
247 kN
262 kN
274 KN
283 kN
289 kN
201 kN

Vi

180 kN
205 %N
400%N
43S KN
562 kN
358 KN
F25 KN
82 kN
B30 KN
869 kN
BUT KN
MTHN
924 4N

Sut
81 mm
B0 mm
B
58 mm
57 mm
33 mm
4%
4% mrn
38 mm
24 mm
22 mm
i3 mm

Smm

anm
B0 mm
T9mm
T7 mm
T8mm
Fomm
B3 mm
57 mm
50 mm
39 mm
29 mmn
18 mm

& mm

[}
0.20
026
0,29
0.4
0.3z
032
032
030
0.28
0.23
AL
0.1z
0.05

8
0,08
o
0.12
0.3
0644
Q.14
213
012
Q.12
010
0oy
Q.05
.02

kdlll
Ka

a=01
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

G6=01
NGO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

L=

3.00
0.0165
1.50
Q.88

PA
145
1.46
146
148
148
1.46
146
148
146
146
146
146
146

=

kp =

kdm -
kd =

PA
1.00
1.
14
1.
101
101
1.01
1.4
141
1.0
109
1.09
1.0

PAK g 8y
Hamm
Hzmem
111 mm
108 ram
05 mm

8% mm
5 mm
B mm
T mm
55 mm
49 mm
25 mm

9mm

1.26
0.0015
1.50
0.85

PAK gy
103 mm
103 om
102 mm

g mm
87 mm
91 mm
&4 mm
74 mre
&4 mem
60 mm
37 mm
23 mm

B mm

Displace
1823 mm
919 mm
797 mm
G686 mm
518 mm
472 mm
373 mm
281 mm
200 mm
128 mm
75 me
34 mm

9 mm

amm

Displace
834 mm
BA2 mm
Tegmm
£27 mm
528 mm
431 mm
41 mm
257 mm
18%mm
118 mm

BB mm
3 mm
amm

& men

Drift
370%
3.75%
3.70%
I62%
3.53%
331%
3.05%
2.70%
2.35%
1.83%
1.35%
GE3%
0.30%
0.00%

Drift
342%
343%
.38%
131%
3.23%
3.03%
278%
24T%
2,15%
1.67%
1.23%
0.76%
D.28%
D.00%

BUI.GLO62.0003.35

PAF
B3 KN
S5 kN
44 ki
44 kM
40 kH
Ik
31 ki
26 kM
22 kN
18 kY
13 kM

SN
4 kN

427 kN

PAF,
160
116
107
o7
&7
7
8
a8
45
jets |
29
13

M;
3240 kNm
1907 &Nm
1604 KNm
1324kNm
1074 kNm
847 kNm
850 kNm
477 KNm
332kNm
212KNm
120kNm

53KNm

11 kNm

11851 hMim

M,
w7
4184
3520
2005
2357
1859
1427
1046

729
168
261
116

2

934 kN 2591tkNm

AN



SpencerHa

TAGITEDES ¥ SUFVEYTES

Project

62 GLOUCESTER ST, CHRISTCHURCH

BUI.GLO62.0003.36

/Page \

gy VIVE

ez

Date 181142011

Description

DEFLECTIONS

\]ob Ref E110604 _/

Height (m)

Height {m}

= NN N WL L) L
o S A S L s D
1 i L ’l 1

SEISMIC LOADING - EQUIVALENT STATIC RESPONSE
Interstorey Driff including P-Deita Effects

- --X, Ductility = 1.25
—a— X, Ductility = 3.0

- Y, Ductility = 1.25
—a—Y, Duclility = 3.0
ez 59% Drift

a
o
I

2.0% 2.5% 3.0% 3.5% 4.0%

Interstorey Drift

0.0% 0.5% 1.0% 1.5%

SEISMIC LOADING - EQUIVALENT STATIC RESPONSE
Total Displacement including P-Delta Effects

=—=2.5% Drift

a2 a -
L= S T o B o o]
. ' ! .

6+ 4

Ductility = 1.25
~#&— X, Ductility = 3.0
- oY Ductility = 1.25
[ =Y, Ductility = 3.0
<=2 1.5% Drift
—— . 5% Drift

600 800

Storey Bisplacement {mm)
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Data 15M 172014
Project 62 GLOUCESTER ST
Job ref  E110604
Description Moment Yigld Sirength of Relnfarced Concrete Wall In accordance with NZ5 3101:2006 - GRID 2 & 4 PANEL SHEAR WALLS \ /
[ |
BIMENSIONS ‘ 709 mm q___inlm__:{ 3880 mm ,_1 0 mm i 705 i, ‘
¢ [ ! b, I, hs
—1 ! a—
b= 250 mm
< 250 mm
| ‘|‘ oK
by 0 mm Ao b, = 250 mrm Ao by 0 mm
LOARS PROPERTIES
Momenl M = H963 kNm al duchility = 3.00 Fa = 30 MPa §.2.1 Concrats Slrength al 28 Oays
Shear V'ia = 920 kN al ductility = .00 T = 500 MPa Flaxural Reinlorcement Yletd Strength
Shear Ve = HEKN al duclility = 3.00 B, = 200000 MPa Relnforcement Modulus of Elasticity
Wb Axial [ = 160 kN {G AW} Hyy = 0,0025 Steel Blraln Yietd Limit
Flanga Axial  Wy® = B25 kM (G &WeD} Pranc = 2400 kgim?® 5.2.2 Conerote Dansity
Flangs Axial  Np* = 150 &N (G &YVO} E. = 26738 MPa 5.2.2 Concreta Modufus of Elasllcity
11.4.2 Dimansional Limilalions of Boundary Elements P, 39006 mm { Total height of wall from base (o top )
L, = 3000 mm ( Botwaen Floors )
Faclor for detenmining thickness of beundary seclion A = 1.00
Faelor for detenmining ductlily facter &3 = 5
[ = L, f{0.25+D.055 A }E, = 0.98 (Eq11-21)
3 = 03-({pli25F,) = oz {Eq11-22)
By »= w kg B{A 2L, 71700 £ 249 mm MNA {Eq11-20)
11423 Cimenslons of Enfarged Boundary Elemant B B£2216 rmm?
b Ao = amrm? NiA {EQ11-23)
n B L £ 10 = 92600 mm? Wih {Eq11-23)
11,424 Flange Thickness kL. fb = 11,74651287 < a0 NiA
1141038 () Raitio of Vartical Reinforcement to Gross Area P ES 071, = 00014
113413 Min & Max Area of Reinforcement Prik B .fi’—c- f4f = 0.00274
Prav = 1671, = 003200
Bug »= 2171, <= 004200
1131038 (s} Max Spacing of Veriesl Rainfercament & <= L,/3 or at ar 480
= 1227 mm 750 mm 450 mm
FLEXURAL REINFORCEMENT Vertical Bar Siza d, = i2mm Ay bar 113 mm*
Vartical Bar Spacing 5 = 440 mm Pliayeia = 2
Vartical Bar Area Ay prew = 514 mmfm
»= 250 mmdm = A QK
>= 685 mmm = Ay riin CHECK
<= 8000 mmm = L~ [+],9
Vartical Bar Area at Lap (assume double nemmal area) Aup = 1028 mm¥m <= 10500 mm¥m Asmactap OK
o004 Sitrafn Fiolifa . . -Assume Neutral Axis Depth ¢ = 708 mm
2l
e.002 //1—]’”1 Concrets Straln B = g {L-[UiLcby2)]}
0000 T . - . J— = 0.000587
a5t 820 1380 1840 2300 A0 3220 3640
o062 e Stress in Concrete fe = E, e
-0.004 { Linear, adequata to fc ~ 0.6 fo } = 15.95 MPa
1123113 Distance from exdrama comprassion fibre to neufral axis 078 ¢, = 1380 mm = 08 mm oK
11.3.1.3 Effeclive flange prefectlons For walls with raturns
Vertical Bar Slza Aymange 12 mm 1" = a
Tolal Arga of Verlical bars within Flange Ay Nange = 0 mm?
= Qinmdm = P i rangs oK
== O mmn = A maenaege QK
Equllibrium Conditlon - Axial
Ce unge = fe b by kN
Cepms = 0.51,B,,[c-by/2)c - 0.5k, b, fo-by f2-h,)e = 1416 kN
Cernrz = O.50,b, (5-by2- 0,00 - 1., by te- by 12-by BalG - 0.5b,, b, (fo{o-b f2-by)ie - £.fo-byf2-by-b, o] = OkN
E G, flango = A fangs £co Ea = O kM
ECypnnt = 0.5 roiEaElC-D2IE - L84, 0, G Exlo-by/2-by)ie 81kN
ECipmnz = .58, ooy Es(CD 20T < A, oo By BBy 2B by - 0.5, oot E oDl {C-Dy2-DaNE - £ b 72-by-hadi) OkM
T, vy = 0.5.»‘\,.,,,,\.5.,E,[(L-C-b|IZ-D.-DS},J(L—C-DJZ)] 221 kM SOLVE FOR
I Tomat2 = (A prasbisey Ba 10.5(L-C-by 2D LD 2} {{L-eeb ML oe-byf2){L-e by 2 bl o-byr2)i} = 181 ki EQUILIBRIUM
XT, range = Ay nanga B By = QKM
N = [C.+ZCy}-2T, {Cat ECL)-ET,y-N* = O kN oK
EquHlBrium Conditlon - Moments about Neutral Axis
M. fanga = Coganga {€ - 442} = 0 khm
Meunnt = Comany (6-By2 - Byf2) = 502 kNm
Menanz = Cenarz 2 e-byf2-by-b 13 = O kim
M rivaga = Cafonge (G- Byf2 ] = 0 kNm
Maear 1 = Covann (8- 002 - b2} [ = 32 kNm
Msarz = Copanz 2{0-byd2 -by-b )13 (% /d = 0 kNm
M1 = Towan1 2[{L-C¥-Dyf2-by-by 3 = 333 kNm
Moyt s = Towanz (L6 =byf2 - byt2) &9’ - 3 N ) = 420 kNm
o ange = Taongal L =€ ~Byf2 } M = O kNm
WMo N {L2-c) = 1272 kNm
EMpauta = 2560 kNm
1.5.4 General (Eq7-1) oM, = 2176 kNm 2= MY = 5963 kMm CHECK
USE: A 250 mm SHEAR WALLWITH J0MPa CONCRETE STRENGTH AT 28 DAYS
REINFORCED WITH VERTICAL HD 12 BARSIN 2 LAYERS AT 440 mm CENTRES
AND HAVING A FLANGE EACH END WITH G- HD 12 BARS WITH A 250 mm  TOTAL WIDTH
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Descrlption Overstrength Moment Yield of Reinforced Concrete Wall in aecordance with NZS 3101: 2006 - GRID 3 & 4 PANFL SHEAR WALLS /
1t »
DIMENSIONS |‘ ' &4 mim Omi 3560 mm ‘ 0 mm » | ‘ B04 it | |
By ++.I " 6, bs
1 | [ ]
b= 250 mm
< 250 mm
:‘\l " T / oK
Iy amm .9 b, = 250 mm Auon b,l ‘ Omm
Loeans PROPERTIES
Momeant M*e = 5963 kNm at ductility = 3.00 fi = 45 MPa 52,1 Conerele Strength at 28 Days
Shear Yy = 920 kit at ductility = 1.00 [ 675 MPas Flexural Reinforcament Yield Strength
Shear Ve = 215 KN al duelility = 3,00 E. = 200000 MPa Reinforcement Modulus of Elasiieity
Web Axlal Wy = 150 kN [G &) Bay = 0.0034 Steel Strain Yield Limit
Flange Axial Ny* = 825 kM (Ga¥:) eons = 2400 kgfm? 5.2.2 Concrele Density
Flange dxial Mz* = 150 kN [(GaY:Q) E. = 31091 MPa 5.2.3 Concrele Modulus of Eiasticity
1142 Dirmensicnal Limitatlens of Boundary Elaments N = 39000 rmim [ Total height of wall from basa lo top )
L, 3000 mm { Batwean Floors }
Facior for delermining thfckness of boundary secilon iy = 1.00
Facior for detammining ductility factor B = 5
Ko = L A (D25+ 0085400, = 0.98 {Eqitf-21}
e = 03-(pf,/25%,) = 029 {Eq11.22}
B »= K (A F 2L, 71700 £ = 249 rom NiA (Eqii-on)
11423 Dimenslons of Enlarged Boundary Element bt = G1820 mm*
<= L. = 0 NfR  {EQ11-23}
»= by L. 10 = 92000 mm# NIt {Eq11.23}
11424 Flange Thickness KL,ib = 11.74551387 < a0 NiA
1131038 (dy Ralio of Verlical Reinforcement lo Gross Area Pn S 0.7 iy = 0.001037037
113112 Min & Max Area of Reinforcement Prain s= JT, 14, <= 000248
Proas == 161, 2 0.02370
[ e 2149 <= 0.03411
11.3.90.3.8 (g} Max Spacing of Verlical Relnforcement 5y = L.f3 ar 3t ar 450
<= 1227 mm 750 mm 450 mm
FLEXURAL REINFORCEMENT Verlical Bar Size dy 12 mm Ay bar = 113 mme
Verllcal Bar Spacing LT = 440 mm Mispors 2
Venrlical Bar Area A pror = 514 mmdim
] 259 mimm = A, OK
= G217 mm¥m = Py trin CHECK
W= £A926 mmm Ay mag OK
Vertlcal Bar Area at Lap (assume double normal area) [ = 1028 mm¥m <= 7778 mmim = Ay martap oK
004 Straln Frofile Assume Meutral Axls Depth -1 = €04 mm
[
0002 ///’TE/-‘ Concrete Steain e = g {L-[LAL-cb2)}
0.000 - . . . . . | = 0.000662
460 930 1380 1840 2300 4760 3920 3860
o021 g, Stress in Concrete fe = E.Ceo
0,604 { Linear, adequate to fo ~ 0.6 fo) = 20.59 MPa
11.3.11.3  Dislance from exlreme comprasslon fibre to neutral axis 075, = 1380 min = 604 mm QK
11.2.1.2 Effective flange projections for walls with returns
Vartical Bar Sizer h flanga = 12 mm Oy = 0
Total Area of Verical bars wilhin Flange A sngo = 0 mm?
’ == 0 mm¥m A rrin Range oK
== O mim?fm Ay e fngs Ox
Erquilibrium Condilion - Axlal
Ce nungs = falby, by = O kN
Comatt D.58.D,{C-by/2Y 10 - 0.57,b,{c-D,f2-b, e = 1564 kh
Covmz = 0.50.b,,{0-Dy 2D 7ie - £, by(c-bryd2-bybr, )i - 0.5, balfele-byi2-bs)e - T.ic-b,/2-by-bo)e] = kN
Z C; nange = Ay nibngs Bes Ey = OkN
A = 054, 0o EayE G D200 - 0.5A, no B Eqlo-by 2-b; e 105 &N
ECumiz = O5A e Bl 002010 - Ay oS EyDy (0D 2y byl - 05, oo B blr fe-bi 2yl - o, 6y 12-by baYel axN
E Tt = 0.5, proy By Esl(Lc-by/2 by b L-c-by/2f] 345 kN SOLVE FOR
E Tynz = {As penD B} {0 5{L-C-B2-B (LG By/2PH[(L-C-D YL 0Dy 2)- (LD f2- b -e-by 20} = 189 kN EQUILIBRIUM
BTy g As ango Es Es : Ok
N = (Co+2C)-ETy (Co+IC,)-2T,-N* a OkN oK
Equitibrium Cendition - Moments about Neutral Axis
Menungs = Coaras (G- P12} = O kNm
Mepars Copat1 (G-Dii2-Dyf2 } = 4659 kNm
[ F—y = Comarz 200 - Dyf2 - by w by W3 = O kMm
M. funga = Cyrangs { € - Byd } = O kNm
Ms iz = Conant (€12 -0y72) = 32 kMNm
M. an 2 = Covnz 2{0-byf2-3; - b, J3 = O kM
M van 4 = Tomart 2[{L-€)-byf2-bs -y 13 = 568 kNm
M) ean 2 = Topaz fL-C-b2 -byf2 } = 524 kNm
M fango = Tunsngel b -C- 02 ) = Q kMNm
Mo = M {1Li2-c} = 1581 kNm
E Mot o = 2984 kNm
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Descriplign Moment Ultimate Strength of Relnforced Concrete Wall In accordance with NZ5 3101: 2006 - GRID 2 & 4 PANEL SHEAR WALLS \ . _/
F_‘J. !
DIMENSIONS [ < Togmm | D mm 3660 mm « Qmm I £708 mm, rl
By b, l " by by
260 mm by = 250 mm
bif, Omm Tbﬂ = 250 mm b2 omm |
LOApS EROPERTIES
Memert W = 5963 kNm at ductility = 3.0 fo = 30 MPa 5.2.1 Concrela Strength at 28 Days
Shear Ve 920 kN at ductiily = 1.25 fy = 500 MPa Flexural Reinfarcemenl Yleld Sirength
Shear Vs = 215 kN at ductility = 3.0 E; = 200000 MPa Reinforcement Modulus of Elastcily
Axial N* = 1125 kN [GaYQ) . = 0.002% Slee| Straln Yleld Limit
ELEXURAL REINFORCEMENT
Yerlical Bar Size dy = 12 mm A par = 113 mm?
Verfical Bar Spacing b = 440 mm Mogpers = 2
Vertical Bar Arga As pigw = 514 mmfm
7427 Eauivalant Reclangular Concrele Stress Distibution g = 0.85.0.004 {f,-55}) = 0.85 {Eq7-2)
0005 B = 0.,85-0.006 {f.-30} = .85 {Eq7-3}
Eq
0.003 )
I I Assuma Neutral Axis Dopth [ = 312mm
P00 i |
000 460 920 1380 1840 300 2760 3220 3660 Conerete Sirain B = 0.0040
L0603 Sleel Skvaln £y = e (L-a)i(e-a)
0,005 " = {2022
Distarce from Neutral Axis of Sleal Yield Strain 3 = B (L-o)feg = 29 mm
Dislanca frem Coemprassion End of Wall ¥ = C-X = 283 mm
7427 {a} Equivalant Comprassion Zone a = e = 265 mm
113113 Distance from extreme compression fibre lo neutral axis 0.75¢, 1380 mm = 32 mm QK
11312 Etfectlve flange projections for walls with roturns
Verfical Bar Size e nsnce = 12 mm Miare 4]
Tolal Arsa of Verlical bars withln Flange Az fanga = dmm?
Equillsrium Condition - Axfal
Ce fango = P by b, = OkN
Ceowt = Fa b by = 1887 kN
Ce vnnz = fob,(a-by-b,-b,} = o kN
2 P = Acpear (L -C-X-Dy-bs-byf2 )+ 054, T % = GEO KN
o = SOLVEFOR
E Tuz 5 Aupwliby = 82N pquitierIium
I Tianza = A oo By = 0 kN
N* = (G +XC)-ET, [Co+EG,)-ET,-N = OkN 0K
Equilibrium Candifion - Moments abeut Neutral Axis
M, ranga = Cifangs © = 0 kNm
W a1 = Cowan [C-D2-D,f2) = -25 kNm
Moz Connz (B-002 - 05 - B2} = O kNm
Mo ¢ Fewans [L-C-W-bf2-Dbe-b, 12 = 894 khm
T = Tapanz [ L-0-D42 - byi2) = 550 kMm
Wesange = Tsmmal L -€} = D kNm
Maiay = MY {LiZ-e) = 1718 kNm
Nominal Ullimale M t Capacity M, = 3077 kNm
CURVATURE DUCTILITY,
”’ Frem "Seismic Design of Reinforced Cencrate and Masoenry Buildings”,
M E— L 1982, T. Paufay & M. J. N. Priesligy
AV T
4
) | A P, = Tl (Lgy) = BMEELT
g Doerolyee #m o
fay Mgent curvaire FefaRanghly i) Firglyleid 11 Whimoke' curvoiune @ = Py MMy = S81E07
Filn. .26 Trefinltdon of curvalure ductilive
26134 tdaterial straln limils @, = 2T 1E.h = 1.185E-06
Tabla 2.4 [0 Kgfactor for imiting curvatures inwalls Kairpn = B
Maximum Curvalure Doy Kady = 6,929E-06
Faclored duflection with cracked seclion properties A, = 21mm
— PPHZ = 3000 mm
44 —+— Moment-Curvalure Relationshlp
{Lingar}
_ e Dellshon Carvatir 1< fy = 25-054 < 2
s = 100
= s b ¢ CLIETUTE
g , B
E ----- Baminal ¥eeld : !
=
. i, . . N Creretrengih Yield
oDoZ  000Y 004 OD0S 0005 0007 0008
A = = 4« Mament-Curvaluce Refatlonship
Curvaturg x 10 [Epproximated)
Table 2.5 Maximum available ULS siructural ductility faclor {1} Two or more cantilevered p<=51p, 50
{ii} Two or more coupled Hes{3A+ 4N, = B0
{iii} Single cartilever =440, 40
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Descriptien Shear Strenglh of Relnforced Concrete Wall In accordance with NZS 3101: 2006 - GRID 2 & 4 PANEL SHEAR WALLS \ /

PIMENSIONS |, Nl

|  Omm 2680 mm -« Omm |
b, L, by
— 1 4 5
b= 250 mm
| T ¥
] = RE0 mm

LoADS PROPERTIES

Komenl M*e 5263 kNm at ductility = 3.0 fe = 30 MPa 5.2.1 Conerets Slvengih at 28 Days

Shear W = 681 kN al ductility = 1,25

Shear v, = 500 kN al ductitity = 3.0 f; = 500 MPa Flexural Relnfarcement ield Slrerigth

Axial N*s = 1125 kN {G AW 0) Ta EOC MPa Shear Relnforcement Ylatd Strength

11472 In the estimation of the maximum shaar demand on a wall of imited ductility, the maximum shear need not exceed that comesponding to tha

elaslit response of the wall alement derived using = 1.35 and 5, =09,

11.310.3.8 (£} Max Spaclng of Herizonlal Shear Reinforcetnent EN == L5 or 3t ar
<= 736 rm 750 mm
11.2.10.3.8 {b) Min Area of Herizontal Shear Reinforcoment Ay rmin »= 0.7 b, 8, Ty = 140 mim?
1131413 Min & Max Area of Reinforcement Prntn »= fo f4 14 == 0.00274
Faax ES 164, <= 0.03200
LRACH CONTROY,
2.4.4.4 Spacing of rebar for ¢rack conlrol an ihe lansion face F = 180 MPa
Brrac = 90060 £ 1, - 2,56, = asemm
Henzontal Bar Size thy = 12 mm B par 143 mmv#
Herizontal Bar Spacing LR = 400 rmim Miagars = 2
Transverse Bar Area P = 226 mm?
a= 140 mm? = Ay min
»= 274 mm? = 52 b P
&= 3200 mme = 52 1 Proge
11.3.10.3.8  {a) Shear Reinforcemant Confribuiion v, = A Fadis, = 832 kN
11.3.10.3.4 Concrele Shear Stranglh - Simplified Ve = 017 T, .93 MPa
= AT [T+ NYTAL] = 1.14 MPa
11.310.3.5 Conerela Shear Strength - Delailed = DERST, + (W44, = 1.78 MPa
005/ T, + L0 RAHD.2INA] = 1.64 MPa
(MRS - (Lwi2)
23.033@ & 10.3.10.2.1(g) Effeclive Shear Area Ay b, d = 736000 mm?
11473 Faclar for ductility of plastic region Ex = 05
Wonee = {0274 fFo + NY4A, 1b,d = TEI RN
11.3.10.3.8  (a) Conerete Shear Confributlon V. = ¥y Ay = TE9 kN
781 Max Nominal Shear Stress Yimax = Min (02T, 8.0 MPa) = 5.0 MPa
11473 Overstrength Factor Dy, = Dy M, F DM, = 147
Faclor for dusliity of plaskic region o = 3.00
For walls subject to tenstan A <= { Do + 015 )/l A = 2448 kN
7.53 HNominal Shear Strength L' = V. +V, = 1602 kN
Y = Vo /Ay
= 1.74 MPa = 6.0 MPa
7.51 General oY, »a Yy
HNominal Ductility TV, 1201 kN =0 631 kN
Bending Oversirength al ducliliy = 3.0 v, = 1602 kN = 502 kM
USE: A 260 mm SHEAR WALLWITH 30 MPa CONCRETE STRENGTH AT 28 DAYS
REINFORCED WITH HORIZONTAL HD 12BARSIN 2 LAYERS AT 400 mm CENTRES
T2AN, £,
11.4.6.3 Lateral restralntin plastic hinge reglons Ay = 226 imim? Sy 440 mim
P = A fts, = 0.00205
ductile reglens = 271, < 0.00400
lirmited ductile regions = 3L < 0.00600
114865 Confinament reguirements in the pfastic hings region ) = 1.0
[N = 0.1 @y L d 2 = 08 mm
< 709 mm
fa} Rectangular hoops used in confined columns o = 0175
h = 150 mm
Area of shear reinfarcament to ba pravidad Pan sy Ay Pt e, - 0.07) = 322 mmm
{t) Lenglh of confined reglen of compressed wall = == c-07e¢, » DSc = 356 mm
{d) Spacing fimitation within duectile plastlc regions -3 Mire { &y, 112 ) 72 mm
Spaclng lmitation within imitad duclile plastic ragions Min { 10d;, t ) 120 mm

CHECK:

SPECIFIC REQUIREMENTS OF DUCTILE & LIMITED DUCTILE REGIONS UNDER 11.4.6.5

450
450 mem

{Eq11-19)

{Eg2-5)

OK

CHEGK
oK

{Eq 4118

{Eq11-12)

{Eq11-13}

{Eq 1114}
{Eq11-15}

{Eq11-28}
{Eq 1417}

{7.52)

{Eq 11-29)

{Eq7-6)
oK

{Eq74}

0K
oK

{Eq 1124}

{Eq11-25)

Check 11.4.6.5

(Eq11-26}

{Eg11-27}
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Descripticn Mament ¥leld Strangth of Relnforeed Concrete Wall In accordance with WZS 3101;2008 - GRID F PAWEL SHEAR WALLS \\_ /
o »
DIMENSIONS 1 I‘ 293 mn | a o o | 4300 srun o ﬂ'gfm_ —ple83s n ‘
—1_" l e
by = 325 mm
< 325 mm
] T P oK
by O mm A by = 325 mm Ay b,L 0 mm
LOABS
Moment M*e = 1851 kNm  al ductility = 3.00 e = 30 MPa 5.2.1 Concrele Slrength at 28 Days
Shear Vg = 1829 kN al ductllity = 1,00 £ = £00 MPa Flexural Relnforcament Yield Strength
Shear W = 427 kM al ductility = 3.00 E, = 208000 MPa Reinfarcoment Madulus of Etashcily
Wab Axial MN.* kM (G &Y Eay = 0.0025 Stee] Straln Ylafd Linit
Flange Axial Ny~ = 22ED KN {GEY:AQ) Pranc = 2400 ka/m? 5.2.2 Concrete Dansily
Fianpo Axial N* = OkN (G &Y E, = 26738 MPPa 5.2.3 Conerele Modulus of Elasticily
114.2 Dimensienz! Limitalions of Boundary Elements . = 33000 mm { Total helght of wall from basa ta top )
Ln = 3000 mm { Between Floors )
Faclor for detemmining thickness of boundary sectian oy = 1.00
Factor for determining ductlity facter B = 5
K L /{026 + 0.056 A ) b, = 043 {Egq11-21)
£ = 03-{pt/250) = oze { Eq11-22)
By »= a knBlA+ 2L, 71700 = 242mm OK  (Eqi1.20}
11.4.23 Eimensions of Enlargad Boundary Elament B = 58684 mm?®
<= Anp b 0mm? NfA  (EQ11-23}
== By Ly £ 10 = 130750 mm*  NiA  (Eq £1-23}
11.4.2.4 Flange Thicknass kL, /b = 8.600095557 < 30 OK
1131038 (d} Ralic of Venical Reinforcement to Gross Area P = 07/, = 0.0014
113113 Min & Max Area of Relnforcement Prin = e, <= 000274
Priax B 164, = Q.02200
Pup = 2111, < 0.04200
1131038 (o) Max Spacing of Verlcal Reinforeemant 5 “ L.f3 or 31 or 450
<= 1423 mm Y5 mm 450 mm
FLEXURAL REINFORCEMENT Veillcal Bar Siza ty = 12 mrm Ay ko = 113 mm?
Varilzal Bar Spacing 5 = 460 mm Pryes = 2
Verlical Bar Area Ay piow = 432 mm?fm
== 455 mm*m = A, oK
»= 390 mm¥m = Ay min CHECK
<= 10400 mmdfm = Ay g OK
Vedical Bar Araa at Lap (assume double normal area) Ay = 983 mim®m == 13650 mm¥m = Ay maslsp OK
.04 Strain Profis Assurme Neutral Axis Depth [ = B35 mm
Ei
o.002 M Concrele Straln e = Sy { L - [LALC-hyi2)) }
0.000 . = 0.000658
430 #6080 1730 2150 2580 3010 3440 38TD 4200
002y g Stress In Concrete f, = E, fq,
-3 g04 { Lingar, adequale tofo~06fc ) = 17.58 MPa
11.3.11.3  Dislance from exiremo ¢comprassion fibre to neutral axis 375 ¢, = 1612.5 mm S 885 mm oK
11.3,1.3 Effectiva fltange prejections far walls with returns
Yercal Bar Slze [ 12 min Myars = 4]
Tolal Area of Verizal bars within Flangs Ay flangs = 0 mm?
= o mmdfm Ay i fiange QK
e 0 mmém = Asmas fange 0K
Equillbrium Cendition - Axlal
Coftange = fch, by = OkN
Cemnt 0.51,b,{o-by/2)fa - 0.5E b, fe-b f2-b,) e = 2658 kN
Cenarz = 0.5, {0 by 2By HC - .0, B¢ 12-by-HaWG - 05D, b[fefe-b 2o - f{ech, /2y by = Ok
E Cyurge = A fangs £cs Es = O ki
E Gyt = D5, B ElC- B2 - 0.5A, Lot Eylo-by2-baie = 110 kN
% C.yanz = 054, o EyC-byZ-bole - AL 1o B balt-byi 2By DaHC - 058, Byl {C-D 2B, HG - £, (Ebyy 12 b by )] Okh
E Tipany = D.SA,IP,‘,\.S,,E,[(L-c-b‘F2-b4-b5)2f(L-c-b‘f2)] 227 kM SOLVE FOR
% Toum2 = (P prosb4Eay B2 {0.5(L-0oby 2B Lorboy 23 (LB L -0-ba 2Ly 20, WL -C-be 20} = 191 ki EQUILIBRIUM
ET, funga = A tiangs B &, = kN
N* = {Ce+EC,)-2T, {Ce+EC,)-ZT,-N = OkN oK
Equilibrium Condition - Moments about Neulral Axis
Me farge = Coitonga § G- D4f2 ) O kWNm
Meyant Gonant {G=Dy2 2 byf2) = 1146 kNm
Meimss = Covonz 2(C-byf2-by- by W3 = 0 kHm
B3 range = Comanga § 5 - 42 ] o = 0 kNm
Magar s = Copat1 (€~ Dyf2 - byf2 } :)7@ g 03‘ = 48 kNm
M2 = Cyunnz 2{ G- by/2 - by - by W3 = 0 KNm
.} — = Tamus 2{{L-CY-byf2 -by-b, }3 i _ = 380 ktdm
Moz = Tawax(loo-bi2-b2) pt7 30 - 865 kim
Mt mange = Tofange fL-8-1442) = OkMm
Mo = N*{Li2-c) 2822 kKNm
T Mabout & a 4963 kNm
7.61 General {Eq7-1) oM, = 4219 kNm = M = 11851 kNm CHEGK
USE: A 325 mm SHEAR WALLWITH 30 MPa CONCRETE STRENGTH AT 28 DAYS
REINFORCED WITH VERTICAL HD 12 BARSIN 2 LAYERS AT 460 mm CENTRES
AND HAVING A FLANGE EACH END WITH J-HD 12 BARS WITH A 326 mm  TOTAL WIDTH
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Descrlption Overstrength Moment Yield of Reinforced Congrete Wall In accordance with NZS 3101 2006 - GRID F PANEL SHEAR WALLS \ }
L
DIMENSIONS |‘ TERmm L, Omm 4300 mm 0mm 752 m "
by | by i L. by
l....—
b, = 325 mm
= 325 mm
] ‘I‘ oK
b‘4 omm P by, = 325 mm Ao b, omm »
LOADS PROPERTIES
Moment Me = 11851 kNm  al ductility = 3.00 fq = 45 MPa 5.2.1 Concreta Sirength at 28 Days
Shear Ve = 1829 kM at ductifity = 1.00 f = &75 MPa Flexural Relnforcement Yield Strength
Shear Ve = 427 kN at ductifity = 3.00 E. = 200000 MPa Reinforcement Modulus of Efasticity
YWeb Axial My = kN (G & YD) By = 0.0034 Stesl Sleain Yield Limil
Flange Axlal  Ny* = 2250 kN [G&T0) Peone = 2400 kgfm® 5.2.2 Concrete Density
Flargs Axial  MNp* = GkM (G R0 E. 31094 MPa £.2.3 Conerete Modulus of Elasticity
11.42 Dimenslenal Limilatfons of Boundary Elemants h., = 39000 mm { Total height of wall lrom base to top )
Ln = 3000 mm { Betwean Flogrs )
Facter for datermining thickness of boundary section oy = 1.00
Factor for datermining dustility factor B = 5
Ko = L, /{026 +0055A, )L, = 0.93 {Eq11-21)
£ = 03-{p ki 250} = 0.20 {Eqit-22)
B 2= o ka BUAH 2L 1T00E = 242mm NtA  {EQ11-20)
114.23 Dimenslons of Enlarged Boundary Element bl = 58480 mm?
= Ao 0 mrm? MiA  {Eqii-23)
»= B L £ 10 = 138750 mm? Nip {Eqi1-23)
11.4.24 flango Thickness klsfb = B.G000A5557 < 30 NiA
1131038 {d) Ratle of Varcal Relnforcement to Grass Area Pa »= 07 f fey = 0001037037
113113 Min & Max Area of Reinforcement Prain = E.ﬂ a1, <= 000248
Prax = 1641, <= 0.02370
Bup = 2, <= 003111
11.3.10.3.8 {8} Max Spacing of Verlical Reinforcement % <= L.f3 or 3t or 450
<= 1433 mm G758 mm 450 mm
FLEXURAL REINFORCEMENT Vartical Bar Size dy, 12 mm Ay py = 113 mm?
WVartical Bar Spacing 54 = 4B0 mm My mis = 2
Verllcal Bar Area A g = 492 mmdfm
»= 33¥ mmm = A oK
= 807 mme/m = A nin CHECK
<= F704 mm3m = As mac QK
Vertical Bar Area al Lap {assume doubla normal area) Astop = 983 mm*fm <= 10111 mmn = By g OK
0.004 Slealn Proflle Assume Mautral Axis Deplh c = 752 mm
%,
0002 ///I’J"'I Conerata Strain £ = ey{L-[UiLebi2l}
0600 . . . . r r ] = 0.000715
430 880 1260 1720 2150 2580 3010 244D BP0 A0
R S Slress in Concrats fa = B ..
-G.604 { Linear, adequate lo fe ~ 0.5 f¢) = A2.23 MPa
113113 Dislance frem exireme compressian fibre lo naulral axis 07510y = 1512.8 mm > 752 mm OK
11.3.1.2 Effectlve Hange projectiona for walls with rolurns
Verfical Bar Size i flnga 12 mm Meais = o
Tolal Area of Vertical bars withln Flange A itinga = 9 mim?
»= 0 mm*m = Ay minfunge OK
== 0 mmem By raedlngs oK
Equilibrium Conditicn - Axlal
Cetunge = feb, by ORN
Copatt = 0.5 b, dc-h 4284 - 0.5,bfo-b, /2010 = 2714 kN
Ce bz = 0.5, b, (G-, 12-Dy)FC - [.5,bp{0-r, 12D, -by )t - 0.5, b [fefeby 2.y )e - Fie-byi2-by-bo)ie] = ok
EC;unge = Ay msngs e By = O kN
L Gyt = 0,58, niaBuBa(C-BU2 e - 0,54, 0 £ oDy f2b,Ple = 125 K
£ Gtz = D5A, 0o @ EalC- D20 - Al gy BB 0-B2-By b0 - 054, B bl {erbi2-byle - u, (0 by/2u,bobie] O kN
£ Tavant = 0.5, groyfiug B [(L-C-Dyf2obprbsY A L-2-byf2) = 266 kN SOLVE FOR
ET, a0z = {4 proeDae ) {0.5(L b d2-b Lo 020+ (L0, L6520 L-6-by2-b (L-c-b 23]} = 223 kN EQUILIBRIUM
= Tommng A fangs B E, = OKH
Nt = {C+2C,)-2Ty {Co+EC,}-ETy-N = O kN OK
Equllibrium Cendition - Moments about Heutral Axls
Masinga = Cemn ( €- 2] = 0 kNm
Menan 1 Copant [ G-Dyf2-1y12 ) = 1020 kNm
Meaarz = Crpmiz 2{0-D)/2-by =D W3 = 0 kN
M. sange = Carunga f0-1yf2] = 0 kNm
L = Cuuny (8-byf2-b542} = 47 kNm
Mz = Gz 2( 0 - /2 - by - b, M3 = O kNm
M 1 = Towan1 20 {L-C)-byf2-bs -1, 113 = G682 kNm
M wsn 2 = Tz [L-C-Dyf2-D42 ) = 08 kNm
M fango = Tonsnge (-6 -byi2) = U kNm
M atal = M* (L& -2 = 3147 kNm
) | R = 5803 kNm




SpencerHaol es))
eadlneers surce v s\ lees

Pioject

&2 GLOUCESTER 5T

BUIL.GLO62.0003.43
[ Page c]tl Y

WME

By

Date 151172011

Gescription Moment LIEna

2 Strength of Relnforced Concrate Wall In accordance with NZS 3101: 2006

- GRID F PAMEL SHEAR WALES

\ ot eef E110604)

3l
DIMENSIONS r 4295 mm , D mm 4300 mm omm B85 rin, '
by by L [ by bs
325 mm b = 325 min
b, omm wa = 325 mm b, O0mm
| L
LOADS PROPERTIES
Moment Mg 11851 kMin  at duetilily = 3.0 fo 30 MPa 5.2.1 Concrete Sirenglh at 28 Days
Shear V' = 1829 kN at ductility = 1.25 fy = En0 MPa Flexwral Reinforcament Yield Strenglh
Shear Ve = 427 kM at duetility = 3.0 E. = 200000 MPa Reinforcement Modulus of Elasiicity
Axial N* = 2200 kN (GEw:0) Eyy = 0.002% Stee] Sirain Yield Limit
FLEXURAL REINFORCEMENT
Yertical Bar Size dy = 12 mm Ay rar = 113 mm®
Yerfical Bar Spacing 5 = 460 mm Miagers = 2
Vertical Bar Area Aq pror = 492 mm*m
7427 Equivalent Reclangutar Cancreta Stress Distribution ty 0.85-.0.004 (f, -55) = 0.85 {Eq7-2)
0008 iy 0.85-0.008(F,-30) = 0.85 {Eq7-3)
E!
G003 - X
o001 I I [ | Assume Neulral Axis Deplh c = 387 mm
-0.601 30 860 129D 720 2150 2580 3010 2440 JEFD 4300 Conerele Strain € = 0.0040
-0.003 Sleel Slraln £, = E.{L-a)f{c-a)
603 & = ©.2736
2
Clstance from Neutral Axis of Sleel Yield Sirain X = Befl-c)fe, = 36 mm
Distance from Compression End of Wall s = G-X = 351 mm
7427 (a) Equlvalent Compression Zong a = e = 328 mm
11.311.3  Dislance from exlreme compression fibre 1o neutral axis D75 cy = 1642.5 mm > 3E7 mm oK
11343 Effective flange projectlons for walls with returns
Vaiical Bar Size b rangs 12 mm Mty = o]
Taotal Area of Verical bars wilhin Flange A fanga 0 rrimy®
Equillbrium Condlticn - Axkal
Ccfarae = I bm by = 0k
Cevary fo b, by = 3208 ki
Covmrz = Febufa-by-by-by) = DKM
E Fuvnst = Pypge L -C-%-by by -2+ 05 A LT x = FA7 kN
EToumt2 = As gty By = 220 kN Es(:c:ﬁt:g;?uiq
E T, mangs = As ey = OkN
N* = {Ce*2Cy)-2T, {C.+EC,)-ETy-N2 = QKN oK
Equllibrium Condition - Moments about Neutral Axis
M fango = Ceiangs © = D kMM
Mo yan = Cowan1{ €-byJ2- a2} = -195 kNm
Mennz = Ceanzl{ G -byiZ - by - b2 } = 0 kNm
- = Towart {L-C-X-Dyf2-Bg-by}e2 = 1058 kidm
Miwaez = Tyamrzd L-C-byi2 - b2 = 763 kiNm
W ttanga = Tatongn [ L-C} = O kMM
Mau = NF{L2-5) = 3867 kNm
Waminal Ultimate Mamant Capacity M., = 5634 kNm
CUBVATURE DUCTILITY
ot ey R -
o From “Seismic Dasign of Reinforced Concrete and Masonry Bulldings”,
bl sl 1982, . Paulay & M. J. M. Prastlay
1 P ¢ Eim,
I Ay
i @, = By f{L-6} = 7ad3goy
= furvatyre a3
_ = @, = ', M, M, = 8290E-07
fal Mameh! SauCe SHdinn ship {6} Fiestopleed  fc} 'Wmoe” corvalus
L1
Flg. 326 Definktion of cwrvature ductillly,
28134  Materal strain limits &y = 216N = 9.834E-07
Tablo 2.4 (B} g factar for limiting curvaiures in walls K irmin = [
Maximum Gurvature B = Kas by = 5.930E-06
Faciored deflection with cracked section properiias Ay = 18mm
ot — PFHZ = 3000 rmm
Curvatura F
R {Lineas)
T DeMectien Curvatura 1< [, = 25-08A < 2
= o0
Max Curvalure
----- Mominal Yield T, 1000 kY
1000 mm
T T T T T B {hverstrenglh Yield A0 K
Q000 007 0092 0A03 o004 DODS  D00E D.ODT 0.D0E _ P .
5 =« %=« Woment-Covatura Relationshlp [ AR
Curyatue x 10 . _iPpp — L7
Table 2.8  Maximum available LILS stuciural ductitity facior {i} Two or mere cantifevered pe=570, = 50
(I} Two or mare coupled pe={3A+4)115, = 6.0
(i Single cantilever WeE=AT, = 4.0
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Description Shear Strength of Relnforced Conceete Wall In accordance with N2S 21032006 - GRID F PANEL SHEAR WALLS /
PIMENSIONS |, N
« Omm 4300 mm « Omm |
b; l I—w bd
b= 325mm
T L = 325 mm
Loaps PROPERTIES
Momanl M"e = 11851 kN al duckility = 3.0 f = 30 MPa 5.2.1 Conerele Strength at 28 Days
Shear Vs = 1353 kiv al duclility = 1,25
Shear v, = 814N al duclility = 3.0 f, = 500 MPa Flexural Reinforcemant Yield Slrength
Axial MN'a 2250 kil (G&7:0) fa = £00 MPa Shear Relnfoicement Yiald Slrength
114.7.2 in the estimation of the maximum shear demand on a wall of limited ductility, the maximum shear need not exceed thal comesponding to the
elaslic response of the wall element dedived using p=125 and 5, = 4.9,
11.3.10.3.8 (o) Max Spacing of Horfzenlal Shear Relnforeement - == Luf ar 31 ar A50
= 86 mm Y5 mm 450 mm
11.3.40.3.8 (b} MiIn Area of Horizonlal Shear Reinforcament Ay rin = 0.7k, 821l = 182 mim? {Eg11-19}
113113 Min & Max Area of Reinforcement Prmin == NENT Tt <= 00274
Piue >z 1811, <= 0.03200
2.4.4.4 Jpacing of febar for crack contrel an the lension face f, 180 MPa
Senat aooon f, - 2.5c, = 388 mm {Eq2-5)
SHEAR REINFORCEMENT
Horfzontal Bar Slza Ay = 12 mm A bar 113 mm?
Herizental Bar Spacing 87 = 400 mim Payars = 2
Transvarsa Bar Area Pyprae 226 mim*
=z 182 it = Arrtn OK
»= 356 mm? = [P gres CHECK
= 4160 mm? = 53 P oK
11.3.10.3.8 {a) Shear Reinforcement Cantribution 'R = At dis, = 973 kN {Eq11-18)
11.2.10.3.4 Concrele Shaar Sirength - Simplified Ve 47 . = 0.83 MPa {Eq 1112}
= QAT [WJT.+NYAD = +.20 MEa {Eq11-13}
11.3.40.3.5 Concrete Shear Sirength - Detailed = QIR +{NTf4 A} = 1.88 MPa {EqQ11-14}
0.05/ T, + LJ0.16,+0.2(N A )] = 1867MPa (Eq11-15)
(M) - (L)
9.3.9.3.3(a) & 10.3.10.2.1{a} Effeclive Shear Area A b, d = 1118000 mm?
11473 Factor for ductiity of plastic reglen N = 0.5
Vere = {0,270,/ o+ NU4A, b0 = 1277 kM {Eq11-28)
1%.210.3.8 (a} Concrete Shear Contribulion V. = YA = 1227 kN [Eq11-17)
751 Max Naminal Shear Strass Yrar Min(0.2f,, B.0MPa} = 6.0 MPa (752}
114732 Owvarsirenglh Factor @y = Doy Wy £ M, 1.33
Factor for ductilily of plaslic region o = 3.00
For walls subject to tansion Y <= { g do + 015 )T, Ay, = 3630 kN {Eq 11-23})
7.5.3 Neminal Shear Strenglh ' = V. +V, = 2249 kN {Eq7-6)
Y = . Wy A,
= 1.61 MPa = 6.0 MPa DK
7.6.1 General Lot »= W {Eq74)
MNeminal Buetility @V, = 1687 kN = 1353 kN 0K
Bending Overstrangih at ducliity = 3.0 v, = 2240 kN = 481 kN oK
USE: A 325 mm SHEAR WALLWITH 30MPa CONCRETE STRENGTH AT 28 DAYS
RE{NFORCED WITH HORIZONTAL HD 12 BARSIN 2LAYERSAT 400 mm CENTRES
IBAY,
11463 Lateral resiraint in plastic hinge regions Ay = 226 mm? By = 460 mm
¥ = Ay fls, = 0.00151 {Eq T1-24}
ductila raglons = 21 < 0.00400
limitad duclile regions = 34, 3 0.00600
11485 Confinement requirements in the plastic hinga reglon x = 1.0
T = 01, L.fa = 571 mm (Eq11-26)
< 805 mm Check 11.4.6.6
{a} Reclangular hoops used In confined columns o 0,175
h* = 225 mm
Asea of shear reinforcement to be provided A = as A Pl (4, - D.O7) = 472 mm¥m {Eq1i-26)
b} Lengih of confined reglon of comprassed wall c w= ¢-07¢. > 05e = 496 mm {EqQ11-27)
[d) Spacing limitation within ductife plastic regions Smae | = Min { 6dy, 112} = 72 mm
Spacing limitation within mied ductile plastfc reglons Min{ 10d,, t} = 120 mm

CHECK:

BPEGCIFIC REQUIREMENTS OF DUCTILE & LIMITED DUCTILE REGIGNS UNDER 11.4.6.5
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Description  GRID 3 £ 4 FOUNDATION BEAM N
GRIDZ-3 & 7-8
OVERSTRENGTH LOADS
Ly flanga = 1000 mm ol M* = 2746 kNm {Space-Gass Oulpul}
| b= 1000 mm | ‘ Mo Mash *= Z016kNm  {al Nominal Ductiity)
G . HO32
- D20 1500 mm deep by 1000 mm wide
L] - a - - - E
E E 0- D20 500MPa  Bars
E
2 E % 16mm  Stirrups
! =
£ & A 485MPa  Mesh { Prgmesn = O mATI0)
M " 5 0- D20 30MPa  Concrets
- - & - - &
d d- D20 13mm  Top Cover
8- HD32 &8 mm Bottom Cover
Lengitudinal Bar Requiraments of NZ3 3101:2006
Ayon® o Fabyd = J 30MPa X 1000 mm X 1380 = 3779 mm? {Eq 81
Al 4 X 500 MPa
Moment Capacity:
As_,,,p = 4825 mm? B 370 mm? A it { Aayrasn = Omm? )
Agpa = 4825 mny’ B 3779 mm? = Ay min
a= At = 4825 mn* % 500 MPa = B mm {lop)
0.85f. b 0.85 H 30 MPa X 1000 mm
= 4825 mm? % EDD MPa = 94.6 mm { bottem )
0.85 H 30 MPa X 1000 mm
eMy= g (d-al2)
& My = 0.85 % 4825 mmy? % 500 MPa ® {d2-a2) = 2702 kMin OK
& Mo = £.85 X 4825 mm? X 500 MPa o (di-af2) = 2733 kNm oK
SHEAR RESISIED BY CONCRETE
vy = ka ko vy {Eq 9-5)
wy = { Q07+ 10p, § ST, = {0.07 +10 % {4825 mm* [ 1000 mm x 1380mm ) X W 3 MPa
= Q.57 MPa
Ve = Vo Ay = 057 MPa X 1000 mm H 1380 mm = TOA KN (Eq 9-4)
TO BE VIDED B T
Al'd: Wiosoe=  2145KkN
Vo= W -V = 2145 kN/ 075 - 753 kN = 2067 kN (E¢t 9-6)
Al '2H: Wiosge = 2000 KN
Vo= W4YE -V, = 2000 kN f 075 - FOI kN = 1873 kN (Eq 96}
AREA OF STIRRUPS REQUIRED FOR NOMINAL STRENGTH
At A, pm sV fd Ty = 1000 x 206¥ kN S1380mm x 900 MPa = 2965 mmdfm
At'2hn Aox= sVt dly, = 1000 % 1873 KN F1380mm  x 500 MPa = 2715 mmiEm
MINIMUM AREA OF STIRRUPS TQ BE PROVIDER
ate: Al e SPob,si12t, = 30 MPa % 1000 mm % 1000 Fm = 913 mmym (Eq 9-10}
12 X £00 MPa
ALZH: A e P bysi16E = /30 MPa x 1000 mm x 1000 M = 685 mmym (Eq 927}
16 ES 500 MPa
STIRRUP SPACING REQUIREMENTS
Al'd: Squ = Min{df3, 10d,) = 320 mm
Ap>= X fslf96d, = 2413 mm? X 500 MPa % 300 mm = 236 mm?fm {Eq 9-28)
% % 500 MPa b4 32 mm
At t2ht Smae ® Min (0.5d, 600) = B00 mm
At 'd" CHECK: 4-HRI16 STIRRUP LEGS AT 300 (RS
AFM™ e B4 MM x1000mm{ 300 mm = 2881 mm? fm == 2385 mm? i 0% GHECK
AFY = BOAmm? x1000mm{t GO0 nin = 1240 mm? fm  >= 2718 mm? fm 49% CHECK
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DISCLAIMER

This document was prepared by Holmes Solutions Ltd (HSL) under contract. The
information presented in this document relates to non-destructive structural load
testing and does not address any other related or un-related issues, including but
not limited to environmental durability of the product, nor applications for the tested
product. It is the responsibility of the user to assess relevant performance of the
product and determine suitable applications.

This document does not constitute a standard, specification, or regulation. In
undertaking the testing described in this report, Holmes Solutions have exercised
the degree of skill, care, and diligence normally expected of a competent testing
agency. The name of specific products or manufacturers listed herein does not imply
endorsement of those products or manufacturers.

Report Produced by:

Y b

Dr Chris Allington, B.E (Hons), PhD (Civil)
MANAGING DIRECTOR

Report Reviewed by:

Wouter von Toor, B.E (Hons)
SENIOR MECHANICAL ENGINEER

REV NO. DATE REVISION

V1.0 15/11/11 | Issued for client review
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1.0 EXECUTIVE SUMMARY

Following the recent Christchurch earthquakes significant structural damage was
noted in a large number of buildings in the Christchurch CBD. In particular, a
number of buildings appear to have undergone greater damage than previously
expected. The Royal Commission appointed an engineering team to review the
damage in a number of building in the CBD in an effort to gain a greater
understanding of the buildings behaviour under the induced seismic loads. From
this investigation, a series of three buildings were identified as requiring materials
testing to be completed, namely the Gallery Apartments on Glouster St, the Westpac
Centre on Cashel St, and the IRD building on Cashel St. Holmes Solutions was
commissioned to undertake the required materials testing.

All three buildings requiring investigation are reinforced concrete, with a mixture of
precast concrete and in-situ cast concrete elements. The Royal Commission
requested a series of destructive and non-destructive testing to be completed on the
concrete and reinforcing steel used in the buildings. Furthermore, Holmes Solutions
was independently engaged by external third parties working for the owners of the
building to undertake additional testing on the reinforcing steel in the Westpac
Centre and IRD building.

Testing of the concrete elements included the removal of concrete cores for
destructive testing to determine the tensile and compressive properties of the
concrete. Additional non-destructive testing was completed using Schmidt Hammer
testing in the buildings.

The material properties of the reinforcing steel were investigated in zones of damage
in the building, to determine the likely damage the earthquake has induced in the
steel, and control samples in areas away from any noted damage. The use of Leeb
Hardness testing has been shown to provide a strong correlation with the peak strain
the steel has been subjected to during in-elastic loading cycles and is become
increasingly adopted as a tool for assessing structural damage.

The results from the testing indicated that the reinforcing steel in the Westpac
Centre had undergone previous inelastic strain cycles of between 2% and 8%. The
reinforcing steel testing in the IRD building showed significant reduction in strain
capacity with only 2% strain capacity remaining.

Concrete strength results for the Gallery Apartments indicated that the walls had
compressive strengths of 46 MPa to 56 MPa, with associated tensile strengths ranges
from 3.4 MPa to 2.6 MPa respectively.

No significant variations in concrete strengths were noted between the precast and
in-situ concrete items in the Westpac Centre.

Concrete results from the IRD indicated that the precast concrete was stronger than
the in-situ concrete elements by approximately 10 MPa.

LEVEL 2, 123 VICTORIA STREET, PO BOX 25 355 CHRISTCHURCH, NEW ZEALAND
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2.0 TEST METHODOLOGY

2.1. CONCRETE CORE TESTING

A series of concrete core samples, approximately 100 mm in diameter, were removed
from elements in the Gallery Apartment and the Westpac Centre. The cores were
removed using a diamond tipped drilling head. Wherever possible, samples were
taken from areas showing no physical damage and remote from reinforcing steel
embedded in the concrete. If a reinforcing bar was impacted by the drilling head, the
sample was discarded and an alternative sample taken from a nearby position. Prior
to removing the core, the orientation of the sample was clearly identified to allow the
subsequent testing to be undertaken in the correct orientation.

The concrete cores were subjected to either tensile splitting tests or compression
testing. All tensile splitting tests were performed to the specific requirements of NZS
3112: 1986, Pt 2, Clause 8. Care was taken to ensure the samples were oriented as
per location in the building. All samples were prepared in accordance with the
standard prior to completion of the testing.

All concrete cores subjected to compression testing were firstly capped, in
accordance with the requirement of NZS 3112: Part 2: 1986, clause 4. Once the
capping material had achieved the required hardness the samples were tested in
accordance to NZS 3112: Part 2: 1986, Clause 6.

2.2. TENSILE STEEL TESTS

A series of steel samples, approximately 500 mm long were removed from the
Westpac Centre and the IRD building. Steel samples from the Westpac centre were
obtained from zones of noted damage in the building and additional samples
collected from areas that appeared to be free of visual damage to act as control
samples and provide a true measure of the stress-strain properties of the parent
steel. Prior to their removal from the Westpac Centre, all steel bars were subjected
to Leeb Hardness testing in-situ.

2.3. LEEB HARDNESS

Leeb hardness is a direct measure of a materials dynamic hardness and is
considered to be accurately measuring the materials elastic and plastic hardness
characteristics. Leeb hardness is obtained by firing an impact body containing a
permanent magnet and a very hard indenter sphere towards the surface of the test
material and measuring the velocity of the impact body. The velocity is measured in
three main test phases;

Pre-impact phasevhere-tHre-tneret=sotmomeccionstetnsypmmmmmmionsessrransy

the surface of the test piece.

Impact phase, where-the-impeeiisodymmd=tiretestpresessnenmuaemtorstmiiinuninud

indenter tip deforms the test material elastically and plastically and is deformed
itself elastically. After the impact body is fully stopped, elastic recovery of the test
material and the impact body takes place and causes the rebound of the impact
body.

Rebound phase, where-thre-tamseret-soco=tesmestiventestusresenymtmseuieresnsnmm,

not consumed during the impact phase.
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The Leeb hardness is determined by calculation, relating the three recorded
velocities. The velocities are measured in a contact-free means via the induction
voltage generated by the moving magnet through a defined induction coil mounted
on the guide tube of the device. The induced voltage is directly proportional to the
velocity of the magnet and therefore used to determine the hardness of the steel
sample.

Recent research has shown that hardness can be used as an indicator of the current
strain state of steel samples [G1, L1, M2, N2, N3]. Relating the hardness of steel
samples to the stress-strain properties of the base material allows an understanding
of likely damage (or loss of strain capacity) that the steel sample has sustained and
therefore to determine how much residual strain capacity the sample retains. This
form of direct comparison can only be achieved if suitable correlations are developed
between the measured hardness and the strain state of the specific steel sample.

Holmes Solutions has completed extensive research into the correlation between
Leeb hardness and the steel samples strain state for a range of different reinforcing
steels. The results from the research have been developed into a series of multi-
dimensional correlation factors. When combined with a series of normalisation
techniques we can use the measured Leeb hardness results to provide an indication
as to the current strain state of the tested steel sample. The degree of uncertainty in
the recorded measurements is decreased through the physical testing of a control
section of the steel to a uniaxial tension test and undertaking hardness
measurements at a series of predefined stress and strains. The resulting correlation
is used, in conjunction with the normalisation techniques derived from obtaining
numerous hardness readings in the area surrounding the expected zone of damage,
to determine the value of strain in the steel from the recorded Leeb measurements.
These results are then directly compared to the properties of the parent material to
estimate the potential reduction in strain capacity that has been sustained by the
steel sample.

Leeb readings are collected from in-situ reinforcing bars. The surface of the bars is
carefully prepared to specific requirements prior to testing. Readings are obtained
at critical locations along the length of the reinforcing bar to allow the strain profile
of the steel to be determined and to assist in the normalisation procedures.

The overall estimation of strain degradation for the tested steel samples is achieved
by using the derived strain damage from the Leeb testing in conjunction with
engineering knowledge of the particular application.

All in situ hardness testing is completed in accordance with ASTM A959-06
Standard Test Methods for Leeb Hardness Testing of Steel Products [A2]. For all
locations, a minimum of 6 individual hardness tests were completed with the results
averaged to obtain the recorded Leeb value [Al]. All recorded values were then
normalised using the derived multi-dimensional correlation factors.

2.4. CONCRETE REBOUND HARDNESS

Concrete hardness is often used as a non-destructive means of determining the
compressive strength of concrete. The most common method employed is the
rebound hardness, obtained from a portable Schmidt Hammer. The Schmidt
hammer works using a similar principle to the Leeb Hardness measurements,
whereby a weight is impacted on the surface of the material and the change in
velocity between the impact speed and rebound speed is determined. Correlations
are then applied to convert the change in speed to hardness and compressive
strength.

As with the Leeb Hardness measurements, increased accuracy in the obtained
results is achieved if the hardness measurements can be directly correlated against
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the specific material being tested, by completing destructive materials testing on
samples of the material. This s typically achieved by removing core samples from the
structure and subjecting them to compressive testing. However, if no materials
testing is completed, standard conversion tables can be used to form the
correlations, with an associated reduction in accuracy.

The correlations for the Gallery Apartments and Westpac Centre were completed
using the results from the physical testing of concrete core samples removed the
buildings. No cores could be removed from the IRD building and as such the
standard lower 10 percentile strength curves specifically developed for the
instrument used in the testing. The curves were derived from testing of over 2,300
discrete locations. Use of the lower 10 percentile curve is recommended by the
leading Standards, EN 13791 and ASTM C805/ACI 228.1.

In each tested location, a grid of readings were recorded. The results from the grid of
readings were then averaged to provide the concrete hardness and associated
concrete strength of that location. This testing method is endorsed by most
International Testing Standards, and the manufacturers of the test equipment.

Steel samples from the IRD building were supplied to HSL by the engineers who
designed the building. The steel samples were taken from a damaged zone in the
central core of the building. Leeb Hardness testing was completed on the steel
samples prior to the completion of the physical tensile testing.

All tensile testing was completed to the requirements of ASTM E8/ E8M:08.
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3.0 TEST EQUIPMENT

3.1. LEEB HARDNESS TESTER

A Proceq Equotip 3 portable hardness tester was used to collect all material
hardness values. The device is generally acknowledged as the industry standard for
the determination of Leeb hardness. The hardness tester was installed with a DL
impact device, allowing measurements on smaller diameter steel samples than the
conventional D device.

The Equotip 3 has a reported accuracy of +4 HL and is traceably calibrated to NIST
standards.

3.2. SILVERSCHMIDT HAMMER

A Proceq Silverschmidt Rebound Hammer was used to undertake all field
based concrete hardness testing for concretes of compressive strength
ranging from 10 to 100 MPa. This device and methodology generally
accepted as the industry leading device for determining the compressive
strength of concrete in-situ.

The Proceq Silverschmidt was fitted with the N-Type rebound hammer
providing test impact energy of 2.207 Nm.

3.3. UNIVERSAL TEST MACHINE

A UH600 Shimazu servo-controlled Universal Test Machine (UTM) with a 600 kN
capacity was used to undertake all laboratory based materials testing. The UTM has
a maximum stroke of 250 mm and a peak table velocity of 150 mm/min.

Steel Elongation was recorded using a strain gauge based digital extensometer with a
gauge length of 50 mm. Applied loads were recorded directly using the internal
pressure transducer of the Shimazu control system.
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A series of four concrete cores were removed from the concrete shear wall elements
towards the front of the Gallery apartments. Two cores were subjected to uniaxial
compression testing whilst the remaining two cores were subjected to split cylinder
testing in order to determine the tensile properties of the concrete. The results from
the physical testing on the cores are presented below.

Table 1 Compressive Cylinder results for the Gallery Apartment

Specimen Name RWRC FWRC
Date Tested 10 Nov 2011 10 Nov 2011
Age (days) Unknown Unknown
Size & Position of any reinforcing None None
Visual description Homogeneous Homogeneous
Average core diameter (mm) 94.1 93.9
Average core length (upon receipt) (mm) 255.6 254.8
Average core length (after docking) (mm) 190.0 187.6
Mass of core prior to capping (g) 3191 3098
Density (kg/m?) 2421 2387
Height diameter ratio 2.02 2.0
Conditioning Air dried Air dried
Load at Failure (kN) 388.8 322.1
Compressive Strength (MPa) 56.0 46.5
Type of fracture column Shear
Table 2 Split Cylinder results for the Gallery Apartment
Specimen Name RWLC FWLC
Date Tested 11 Nov 2011 11 Nov 2011
Age (days) Unknown Unknown
Defects in cylinder None None
Visual description Homogeneous Homogeneous
Average core diameter (mm) 93.6 94.0
Average length (mm) 189.5 167.5
Mass of cylinder in air (8) 3133 2742
Density (kg/m?) 2400 2380
Height diameter ratio 2.02 1.78
Conditioning Air dried Air dried
Tensile Strength (MPa) 2.4 3.4
PAGE 8
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In addition to physical testing, a series of Schmidt hammer tests were completed in
additional locations surrounding the noted zones of damage in the building. The
results from the Schmidt hammer tests are presented below.

The conversion from hardness information into concrete cylinder compressive

strength is presented utilises the standard conversion factors typically use with

Schmidt hammers, which has been derived from extensive testing on concrete

samples in Europe. The results indicate that the normalised correlation curves

typically overestimated the actual concrete strength when compared to the actual
concrete strength information obtained from the concrete cores that were tested.

Table 3 Schmidt Hammer test results for Gallery Apartments

location: Front Wall - Left Side
1 2 3 4
A 73 715 72 Correct Average: 71.8
B|[O7 |75 |77 |72 Cube Strength: ~ 87.1 MPa
c|725 | 725 | 715 |70 Cylinder Strength, fc:  70.0 MPa
D 60 70.5 | 72
location: Front Wall - Right Side
1 2 3 4
A 68.5 70.5 67.5 Correct Average: 70.8
B|735 |71 |71 715 Cube Strength: ~ 82.8 MPa
c|72 |755 |665 1705 Cylinder Strength, fc:  66.0 MPa
D 72 70.5 | 73.5
location: Rear Wall - Left Side
1 2 3 4
A 75 73 62.5 Correct Average: 70.0
B |65 70.5 | 75 68.5 Cube Strength:  80.2 MPa
C 67.5 67.5 69.5 62.5 Cylinder Strength, fc: 63.0 MPa
D 68.5 | 705 | 68.5
location: Rear Wall - Right Side
1 2 3 4
A 73 65 72 Correct Average: 66.2
B|695 |65 65 | 61 Cube Strength:  67.4 MPa
C 69.5 64 65 | 64.5 Cylinder Strength, fc: 54.0 MPa
D 58.5 74 | 63
PAGE
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Figure 1  Drilling concrete core from Gallery Apartments

Figure 2 Core removed from Gallery Apartment Wall
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Figure 3 Test locations on Front Wall of Gallery Appartments

Figure 4 Schmidt Hammer test location GAFLS
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5.0 WESTPAC CENTRE RESULTS

5.1. CONCRETE RESULTS

A series of 6 concrete cores were removed from the concrete elements, all of which
were subjected to compression testing. Two of the cores were removed from precast
beams, two from column elements, and the remaining two were extracted from the
in-situ walls. The results from the physical testing on the cores are presented below.

Table 4 Compressive Cylinder results for the Precast beams in Westpac Centre

Specimen Name Precast Beam 2 Precast Beam 3
Date Tested 10 Nov 2011 10 Nov 2011
Age (days) Unknown Unknown
Size & Position of any reinforcing None None
Visual description Homogeneous Homogeneous
Average core diameter (mm) 93.8 93.9
Average core length (upon receipt) (mm) 227.3 211.0
Average core length (after docking) (mm) 192.0 188.1
Mass of core prior to capping (8 3032 2920
Density (kg/m?3) 2311 2253
Height diameter ratio 2.05 2.00
Conditioning Air dried Air dried
Load at Failure (kN) 158.4 149.5
Compressive Strength (MPa) 23.0 21.5
Type of fracture shear shear

Table 5 Compressive Cylinder results for the In-situ walls in Westpac Centre

Specimen Name In-situ wall - Bottom In-situ wall - Top
Date Tested 10 Nov 2011 10 Nov 2011
Age (days) Unknown Unknown
Size & Position of any reinforcing None None
Visual description Homogeneous Homogeneous
Average core diameter (mm) 93.7 94.1
Average core length (upon receipt) (mm) 234.5 218.5
Average core length (after docking) (mm) 191.1 193.1
Mass of core prior to capping (8 3028 3068
Density (kg/m?3) 2315 2305
Height diameter ratio 2.04 2.05
Conditioning Air dried Air dried
Load at Failure (kN) 134.5 119.2
Compressive Strength (MPa) 19.5 17.0
Type of fracture column shear
PAGE 2
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Table 6 Compressive Cylinder results for the Circular columns in Westpac Centre

Specimen Name

Date Tested

Age

Size & Position of any reinforcing
Visual description

Average core diameter

Average core length (upon receipt)
Average core length (after docking)
Mass of core prior to capping
Density

Height diameter ratio

Conditioning

Load at Failure
Compressive Strength

Type of fracture

(days)

(kN)
(MPa)

Column 1
10 Nov 2011
Unknown

None

Homogeneous

94.1
223.1
185
3074
2394
1.97
Air dried

158.4
23.0

column

Column 2
10 Nov 2011
Unknown

Homogeneous

None

94.2
154.8
123
1992
2344
1.31
Air dried

224.2
32.0

shear

Schmidt hammer tests were also completed on the various concrete elements in the
building. All tests were completed in zones remote from where the concrete cylinders
were extracted from the building. The results from the Schmidt hammer tests are

presented below.

The conversion from hardness information into concrete cylinder compressive
strength is presented utilises the standard conversion factors typically use with
Schmidt hammers, which has been derived from extensive testing on concrete
samples in Europe. The results indicate that the normalised correlation curves
typically overestimated the actual concrete strength when compared to the actual
concrete strength information obtained from the concrete cores that were tested.

Table 7 Schmidt Hammer results for the Precast beams in Westpac Centre

location: Precast Beam

1 2 3 4
A | 65.5 53 | 56 56.5 Correct Average:
B |57 63 | 56.5 | 54.5 Cube Strength: 42.4 MPa
c |54 62 | 58.5 | 58 Cylinder Strength, fc: 34.0 MPa
b |67 60 | 455 |52

Table 8 Schmidt Hammer results for the Columns in Westpac Centre

location: Column Level 3
1 2 3 4
A | 57 64.5 | 58.5 | 56 Correct Average:
B [565 | 635 |63 54.5 Cube Strength: 46.2 MPa
c| 61 58 56.5 | 60 Cylinder Strength, fc: 37.0 MPa
plsss [s6 |64 [575
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Figure 5 Core Drilling in concrete column
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Figure 6 Core and Schmidt hammer location on Wall element

Figure 7 Core location on Wall element
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Table 9 Schmidt Hammer results for the In-situ Wall elements of Westpac Centre

location: Basement Wall

1 2 3 4
A| 685 |64 60.5 | 60.5 Correct Average: 62.9
B | 67 620 | 655 | 64 Cube Strength: 56.9 MPa
c |58 57 68 64 Cylinder Strength, fc: 46.0 MPa
D | 61.5 58 65 62.5

location: Level 3 wall - RHS

1 2 3 4
A|67 |71 68 57 Correct Average:  62.1
B| 56 | 56 54 62 Cube Strength: 55.7 MPa
c |66 |575 |595 |705 Cylinder Strength, fc: 45.0 MPa
D | 61 | 63.5 54 69.5

location: Level 3 wall - LHS

1 2 3 4
A| 575 61.5 66 | 66.5 Correct Average: 59.8
B | 59 52 66 | 73 Cube Strength: 49.6 MPa
c|555 |6l 52 | 55.5 Cylinder Strength, fc: 40.0 MPa
p| 53 60.5 58 | 57
5.2, STEEL RESULTS

Four 16 mm diameter reinforcing bars were removed from the insitu concrete walls
of the structure and subjected to uniaxial tensile testing in the laboratory. Two of
the bars were retrieved from areas in the building considered to have sustained little
or no damage during the recent earthquakes. As such the material properties
obtained from these sample can be assumed to have been unmodified from previous
inelastic strain cycles. One of the bars was from the horizontal reinforcing and the
other formed an element of vertical reinforcing in the wall

The obtained stress-strain responses of the two undamaged steel samples are shown
in Figure 10 below. The steel samples were subjected to unidirectional cyclic tensile
testing rather than cycles of reverse cyclic loading to near equal values of tensile and
compressive strain. In the structural element, under imposed lateral loads the
neutral axis is likely to have been located near the location of the reinforcing steel
during the compression load cycle, and as such the steel would have been subjected
to very small induced compressive strains. During the reverse loading cycle the steel
located at or near a crack in the concrete section is likely to have been subjected to
disproportionately larger tensile strains, thereby significantly skewing the strain
profile experienced by the reinforcing steel into the tension domain. Due to the
skewed strain profile, it is believed that the unidirectional cyclic tensile test provides
an adequate representation of the strains induced in the steel during a seismic
event.

Leeb Hardness testing was also completed on the steel samples at various levels of
applied strain, both with the load applied and with the load removed from the steel.
The points of inspection can be observed in the recorded stress-strain response as

areas of load cycling.
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1

Figure 8 Exposed reinforcing steel in zone of damage in wall element

Figure 9 Exposed reinforcing steel in zone of damage in wall element
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Figure 10 Materials Test Result for the Steel test coupons obtained from undamaged
area in the Westpac Centre

The steel samples had an average recorded yield stress (fy) of 320 MPa and an
average maximum recorded stress (fu) of 472 MPa. The strain hardening ratio (fu/fy)
of the tested steel sample was defined as 1.475. This value of strain hardening ratio
indicates that the steel has a good likelihood of spreading the zone of yield along the
bar, a beneficial property for limiting the potential damage at a localised zone of
damage in a reinforced concrete member. It also indicates that the steel has a high
plastic hardness and therefore it likely to provide suitable variation in Leeb hardness
values for various levels of imposed strain.

P A GE 1 8

UNIT 5, 295 BLENHEIM RD, PO BOX 6718, RICCARTON CHRISTCHURCH, NEW ZEALAND
T+64 3 363 218 F+64 3 379 2169 WWW.HOLMESSOLUTIONS.COM



BUI.GLO62.0003.75

HOLMESSOLUTIAONS

The recorded Leeb hardness for the steel samples, and the associated stress and
strain at the point of testing are reported below. A series of 6 individual Leeb
hardness test results were taken and averaged to produce the reported value of
Recorded Average Leeb. The recorded Leeb values for the steel show a good variation
across the stress range. This is a result of the relatively high plastic stiffness of the
material, defined by the extent of strain hardening observed in the recorded stress-
strain plot of the tested samples.

The reported values of Leeb hardness were derived for the steel sample supported in
the universal testing machine. Additional hardness tests were also completed on the
tested steel sample with the bar fully supported in a mortar matrix. Based on the
Leeb Hardness results obtain, the reinforcing steel used in the building appears to
have a base Leeb Hardness of 610 DLHL.

Table 10 Baseline Material Strength Results for Test Sample 1
Applied Load Steel Strain Steel Stress Recorded
(kN) (%) (MPa) Average Leeb
(DLHL)
0.0 0.0 0 610
61.0 0.5 303 610
80.0 5.0 398 650
95.0 14.0 472 680
Table 11 Baseline Material Strength Results for Test Sample 2
Applied Load Steel Strain Steel Stress Recorded
(kN) (%) (MPa) Average Leeb
(DLHL)
0.0 0.0 0 610
63.0 0.5 313 612
80.0 4.5 398 650
91.0 11.0 453 670

Leeb Hardness testing was completed on a further 2 horizontal bar and two vertical
bar located in zones of heavy damage in the in-situ wall of the building. The results
from the Leeb Hardness are presented below.

The Leeb hardness results for the Vertical Bar 2 shows a peak elevated hardness
value of 660 DLHL approximately mid way along the length of tested steel. This zone
of elevated hardness coincides with the location where the reinforcing bar crosses a
significant crack in the wall element. The zone of elevated hardness occurs over a
length of approximately 35-40 mm, equivalent to 2 times the diameter of the
reinforcing bar. Based on the derived correlations obtained from the undamaged
reinforcing bars, this level of Leeb Hardness indicates that the steel has previously
been strained to approximately 10% strain. This level of induced strain indicates
that the steel has lost approximately 75% of the available strain capacity, and can
only undergo an additional 5% strain before fracturing. Based on the short zone
observed to have an elevated hardness, this would equate to approximately 2 mm of
elongation over a 40 mm length prior to fracture.

The Leeb hardness for the Horizontal Bar 2 shows signs of moderately increased
strain hardening over lengths of approximately 75-100 mm. Based on the
correlations between Leeb Hardness and strain obtained previously, it is suggested
that this steel sample has been previously strained to 2%.
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Figure 11 Leeb Hardness result for Vertical Bar 2 in zone of damage
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Figure 12 Leeb Hardness result for Horizontal Bar 2 in zone of damage

Vertical reinforcing Bar 3 shows two zones of increased hardness, corresponding to
two cracks observed to cross the steel in the wall element. The first zone of elevated
hardness is relatively wide, indicating that any yielding of the steel occurred across a
relatively long length on the bar. The second zone of elevated hardness has a
maximum recorded Leeb value of 640 DLHL and appears to occur over a relatively
short distance. This level of hardness indicates that the steel was previously
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strained to approximately 5%. The results for Horizontal Bar 3 are similar to the
previous horizontal bar with Leeb hardness values suggesting the steel was
subjected to inelastic strains of approximately 2% over a relatively long length of the
steel.
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Figure 13 Leeb Hardness result for Vertical Bar 3 in zone of damage
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Figure 14 Leeb Hardness result for Horizontal Bar 3 in zone of damage

P A GE 21

UNIT 5, 295 BLENHEIM RD, PO BOX 6718, RICCARTON CHRISTCHURCH, NEW ZEALAND
T+64 3 363 218 F+64 3 379 2169 WWW.HOLMESSOLUTIONS.COM



BUI.GLO62.0003.78

HOLMESSOLUTIAONS

A further 4 reinforcing bar samples were removed from the building and subjected to
destructive tensile testing. The results from the testing are shown below. The
results indicate that the horizontal steel remained undamaged during the
earthquake, with recorded uniform strain capacities in excess of 33%. The yield
strength of the tested horizontal steel samples was found to be 314 MPa and

315 MPa respectively.

The vertical steel sections were found to have considerable lower uniform elongation
capacity when compared to the horizontal steel section, with actual elongation
capacities between 11% and 13%. This result indicates that the steel has lost strain
capacity due to being exposed to previous cycles of inelastic loading. The yield
strength of the vertical steel sections was found to be 319 MPa and 330 MPa
respectively.
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Figure 15 Stress-strain response for vertical steel section located in damaged zone
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Figure 16 Stress-strain response for vertical steel section located in damaged zone
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Figure 17 Stress-strain response for horizontal steel section located in damaged zone
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Figure 18 Stress-strain response for horizontal steel section located in damaged zone

IRD BUILDING RESULTS

6.0

CONCRETE RESULTS

6.1.

No concrete cores were extracted from the IRD building. As a result, all concrete
material information was obtained from Schmidt hammer tests. All tests were

completed near the zones of damage in the in-situ and precast concrete shear walls.

The results from the Schmidt hammer tests are presented below.

The conversion from hardness information into concrete cylinder compressive

strength is presented utilises the standard conversion factors typically use with
Schmidt hammers, which has been derived from extensive testing on concrete

samples in Europe.
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Table 12 Schmidt Hammer results for the Precast Walls in the IRD Building
location: Precast Wall section -1
1 2 3 4
A|695 |635 | 615 |605 Correct Average: 64.1
B | 60 56.6 | 65.6 | 62.1 Cube Strength: 60.1 MPa
c | 57 68.5 | 68 62 Cylinder Strength, fc: 48.0 MPa
D | 67 68 63 61.5
location: Precast Wall section -2
1 2 3 4
Al 72 63.5 | 68 69 Correct Average: 64.3
B| 685 |63 58.5 | 61,5 Cube Strength: 61.2 MPa
Cc | 565 | 635 |595 |71 Cylinder Strength, fc: 49.0 MPa
p| 63 65.5 58.5 72
location: Insitu Wall section -1
1 2 3 4
Al 58 59.5 | 63 63.5 Correct Average: 59.8
B | 65 63.5 | 67 71 Cube Strength: 50.1 MPa
c |S535 |55 52.5 |S535 Cylinder Strength, fc: 40.0 MPa
p | 55.5 65 57 60
location: Insitu Wall section -2
1 2 3 4
Al 65 61 | 59.5 55.5 Correct Average: 60.3
B | 555 65 | 56 63.5 Cube Strength: 50.2 MPa
c | 655 66 | 55.5 59.5 Cylinder Strength, fc: 40.0 MPa
D | 58.5 59 | 62 55
6.2. STEEL RESULTS

HSL was commissioned independently to undertake materials testing on two steel
samples extracted from the concrete walls of the IRD building. Two deformed

reinforcing bars, 10 mm in diameter, were supplied for testing. The location of the
steel in the building nor the origins of the steel were provided.

Prior to undertaking uniaxial tension testing on the steel, the samples were

subjected to Leeb Hardness testing. The obtained results are presented below.

Both steel samples showed significant reduction in Leeb hardness readings at the
location marked on the bars as corresponding with the crack in the concrete
member. Reduction in Leeb hardness typically only occurs in steel bars immediately
prior to the onset of necking, where micro alloy steel has been found to strain soften.
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Figure 19 Leeb Hardness result for steel samples provided from IRD Building

The steel samples were then subjected to uniaxial tensile testing, with the obtained
stress-strain responses shown in Figure 20. From the obtained stress-strain
responses it would appear that the parent material was Grade 300E reinforcing steel.
Grade 300E reinforcing steel has a lower characteristic yield strength of 300 MPa
and is required in the New Zealand manufacturing Standard (AS/NZS 4671) to have
a minimum uniform elongation capacity in excess of 15%. The results obtained for
the two samples show they have an elongation capacity of 2% and 0.9% indicating
that they have undergone significant inelastic deformation and are close to
fracturing. This correlates with the observed Leeb Hardness results, showing
significant strain softening at the cracked region.

P A GE 2 5

UNIT 5, 295 BLENHEIM RD, PO BOX 6718, RICCARTON CHRISTCHURCH, NEW ZEALAND
T+64 3 363 218 F+64 3 379 2169 WWW.HOLMESSOLUTIONS.COM



BUI.GLO62.0003.82

HOLMESSOLUTIAONS

Stress (MPa)

0.00% 0.50% 1.00% 1.50% 2.00% 2.50%
Strain (%)

T T
I I
[ B i B
P
I I I
77777777 [l s S |
I I I
T T T
,,,,,,,, A ) Y R A
| | | |
- : : : |
= | | | |
s BTt T T T [l il i Ell el il Ity il e
= I I I I
2 | | | |
F R -~ e R e R N —— e ) i
a I I I I
T T T T
I I I I
i [ i [
Il Il Il Il
I I I I
ffffffff [ e B e e i e it SEilt S
I I I I
[ [ [ [
,,,,,,,, o ) Y R A
| | | |

0.00% 0.10% 0.20% 0.30% 0.40% 0.50% 0.60% 0.70% 0.80% 0.90% 1.00%
Strain (%)

Figure 20 Stress-Strain responses for steel samples provided from IRD Building
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Figure 21 Tensile testing of steel sample
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