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earthquake damage report StrUCtex

project Pacific Tower, 166 Gloucester Street project no 5631
date 19" May 2011 from Sean Gardiner
client Pacific Tower Body Corporate

1 Scope of this Report

This report covers our assessment of the structural condition of Pacific Tower located at 166
Gloucester Street, Christchurch on the 31 March 2011 based on a visual inspection inside
and out and isolated removal of internal linings to expose the steel superstructure.

Our earlier initial inspection dated 25™ February 2011 mainly addresses initial safety
matters relating to the building. This subsequent inspection and report describes the
damage observed in more detail, and comments on remedial work options for repair of the
building as well as further suggested investigations.

This report does not cover a detailed structural strength assessment; which we consider is
not warranted given its recent construction and minimal structural damage.

2 Scope of Investigation
On the 31st March 2011, we visually inspected the building including:

= The exterior from ground level

= The interior including:
= Stairwells
* Floor levels 1, 2 (including carstackers), 6, 7, 11, 16 and 22
» Steel frames exposed at the above levels

This report is based on our assessment of the building at the time stated. Photos that are
attached are indicative of the damage. Any subsequent loading by aftershocks, or high
winds, may initiate further damage.

3 Building Description

Pacific Tower consists of a twenty-two storey, steel framed building with precast concrete
cladding panels for most of its height. It has a reinforced masonry block lift machine room
centrally on the roof.

The lower portion of the building (to the underside of level 6) is clad on the north and west
sides with stone, with the south end of the building constructed from reinforced masonry.
Part of the western elevation cantilevers over a Right Of Way access to the basement of
Cathedral Junction to the south.

The floors and roof are typically constructed with a 150mm thick reinforced concrete topping
on steel Comflor 80 flooring supported on composite steel beams.

The building is supported laterally with a combination of steel Eccentrically Braced Frames
(EBF), in both 'K’ and ‘D’ configurations, and Moment Resisting Frames (MRF). There are
transfer diaphragms at levels 2, 6 and 11 to maintain EBF continuity.
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Reinforced concrete pile caps and foundation beams are supported on a combination of
bored (caisson) concrete piles, and steel screw piles (used primarily for tension loads).

4 Damage Description
The building has suffered minor structural and non-structural damage as noted below:

*» Onset of yielding and some minor permanent deformation of the active links of EBF’s,
refer following section on detailed frame investigations. No damage was observed to
steel MRFs, columns, braces or welded or bolted connections.

= The lift technicians have measured the vertical alignment of the lift shafts and have
observed the following worst case permanent displacements:

o 66mm to the south relative to the base at around L11/L12, returning to
around 38mm offset at L18 and above.

o 50mm to the east relative to the base at around L11/L12, returning to around
25mm offset at L19 and above.

These offsets are not of structural concern as they are well within the displacements
allowed for during the design of the building.

» Isolated damage to a precast panel connection was noted and while not causing
immediate concern, warrants further inspections (by way of exterior survey of the
panels, and exposure of a sample of interior connections). Two fly-brace connections
at panel fixing locations are missing their anchors to the floor at level 2 (east wall at
top of ramp).

= Movement of podium level stone cladding to engage veneer ties, though there does
not appear to be any connection failures. These should also be inspected as part of
exterior survey.

» The concrete panels will have likely suffered further minor cracking and isolated
spalling to that noted after the 4" September 2010 (refer previous exterior survey
and subsequent repair specification sent on 7™ October 2010). The extent of the
cracking/spalling should also be verified during the external survey. Panels that have
“bound” should be sawcut free, so there is no connection between adjacent panels,
and the joints resealed. Otherwise, the sliding panel connections appear to have
performed well as expected.

» The soffit linings to some of the balconies on the north face have fallen off, and there
have been locations of further damage to the tiled junction between the balcony deck
and the precast cladding panels. These should be repaired as previously specified
with gaps to allow vertical seismic movements to occur.

* Fire rated Gib linings (non-structural) are severely cracked throughout both stairwells
for the full height of the building. Subject to a report from the fire engineer these
stairwells are not likely to comply with the Building Code requirements for Egress
from Fire due to the Gib damage. The sliding stair details for the building appear to
have performed well structurally. There is minor damage to the stair landings
including isolated spalling of floor levelling compound where the central timber
framed wall has impacted.

» The cross-bracing in many of the car stackers has unhooked at midway along its
length. These will require repair/reinstatement prior to carstacker operation. (We
suggest "D” shaped shackles be used to prevent this happening again). Inspection of
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the carstacker restraints at the top of the carstackers by Kiwi Sparky (electrical
contractor) have identified two fractured SHS restraints and some cleat connections
that have pulled out, which will require repair.

= The seismic flashings between the south reinforced masonry block area and the main
tower have been crushed full height and will require replacement. It is likely there is
isolated roof damage as well. Flashings have also been dislodged at the junction with
the Sampan Noodle House to the east, and may have suffered damage at the corners
of the building.

» There is minor damage at the lift landing areas and we have been advised there has
been damage to the lift shafts and guide rails rendering the lifts partially inoperable.
The minor permanent displacement of the building will require the guide rail brackets
to be re-aligned and the lift door locations to be adjusted at most levels. We
understand a lift technician’s report will confirm the full extent of the damage.

= Most rooms have damage similar in nature to the 4" September and Boxing Day
quakes including cracked wall and ceiling linings, tiles, glass doors and wardrobes.
There is also jamming of several hotel room doors preventing closure or access.

* We understand there is no emergency lighting operating in the building.

In addition, the required investigation works to verify the structural condition of the braced
frames following the earthquake have lead to damaged wall and ceiling Gib linings and
compromised the fire-rating in some locations.

We understand a report on damage to the fire systems is also being completed by the fire
engineer.

5 Detailed frame investigations

The linings were removed (where necessary) and the steel frames (EBF active links and MRF
Potential Plastic Hinge Region locations) visually inspected for yielding and any significant
permanent offset or fracture at the flowing locations (based on original construction grids):

Level 1: Grid E1(MRF), F2(MRF)

Level 2: Grid EV21, F5, C4(west)

Level 6: Grid C2, C4(west), D4(east), C'26

Level 7: Grid C2, C4(west), D4(east), C'26, F5
Level 11: Grid C2, C4(west), D4(west & east), C26
Level 16: Grid C4(west), D4(west & east), C26
Level 22: Grid C'24, C26, D4(east), E(MRF)

These locations were selected due being at transfer diaphragms levels as well as being at
the levels of greatest observed non-structural damage (jamming doors, etc), suggesting
greatest movement. Generally all of the readily accessible links at each selected level were
inspected. It is anticipated the viewed active links would be relined with (fire rated) access
panels to allow easier future inspection.

There was evidence of the onset of yielding, with diagonal Lueder’s lines and paint flaking
being evident in some active link regions. Only one link had any significant permanent
displacement (at L2, grid Ev21) and which had paint flaking at the ends of the braces as well
as the active link region. This beam, adjacent to a carstacker, has no slab on top and was
restrained laterally by a 327 HCC beam on its side (similar to the ones directly above).
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Interim advice on criteria for actions on EBF inelastically responding active links from
Charles Clifton and others from the University of Auckland suggests “where the maximum
applied strain is in the order of +/- 2 TO 5% for a small number of load cycles, for example
3, then there is no need for metallurgical treatment of the steel”. An upper limit of +/- 5%
peak strain has been set to ensure that the toughness requirements of NZS3404 are still
able to be met. With strains in these regions *“...all the indications point to the steel retaining
sufficient ability to absorb damage to withstand, at least, another ultimate limit state
earthquake.”

Inter-storey drifts, based on visible “scuff” marks, localised crushing if Gib, etc, appear to be
in the order of 15mm. The applied strain, based on the damaged observed, is estimated to
be within the range 2-5%. This estimate should also be compared with that calculated by
the method noted in section 8.

No damage or sign of any permanent displacement was observed to steel MRFs, columns,
braces or welded or bolted connections.

6 Structural Safety Evaluation of Building
We did not observe any apparent structural safety hazards.
7 Temporary Securing of the Building

As the building is new, has suffered no significant structural damage and there are no
observed falling hazards, we consider that no temporary securing work is required.

8 Long Term Repair

The following further investigation work should be undertaken:

» Exterior survey of precast panels and stone cladding. Please note extents and
locations of any concrete cracking and spalling, locations where panels have “bound”,
as well as any panels that are now misaligned which may indicate damage/failure of
a panel connection. The panel fixings at these locations should be exposed on the
inside face for inspection.

= Ongoing correspondence with Charles Clifton (University of Auckland) has suggested
a further assessment and estimate of the inelastic demand on the active links may be
warranted. This would require a measurement or estimate of the interstorey
displacements at the frame locations followed by a desktop study based on the frame
geometries. We can conduct this assessment early in the repair phase.

The following repair work should be undertaken based on our observations to date:

» Repair damaged panels/balconies. Drill and epoxy inject cracks 0.2mm wide or
greater with Sika Injectokit system. Finish with a faring coat. Cracks smaller than
0.2mm may be painted with a flexible brushable crack filler. Spalled sections of
concrete should be repaired with the Sika Monotop system (primer, structural mortar
and faring coat). Install in accordance with manufacturers literature. Panels that
have “bound” should be sawcut free, so there is no connection between adjacent
panels, and any damaged joints resealed.

= Repair stair landings with Sika Monotop system as above and floor levelling
compound. Please provide 20mm seismic gap at ends of the lightweight/Gib lined
stairwell central wall at landing locations and fill with fire rated sealant.

= Reinstate carstacker cross braces and top lateral restraints. Re-weld fractured
restraints with FPBW, examine other restraints for signs of damage and
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repair/reinforce welds as required. Replace and re-fix anchors which have pulled out
of the blockwork masonry.

= Install missing anchors between braces and floor at L2 (top of ramp) on east wall.

= Repair non-structural damage to roofing, flashings, tiles, door frames, ceilings,
linings, etc in accordance with manufacturer’s recommendations.

» Repair lifts and fire systems in accordance with lift technician’s report and fire
engineer’s report respectively.

= Repaint flaked intumescent paint to exposed steel beams at L2 (prepare steel in
accordance with manufacturer’s recommendations).

9 Limitations

Findings presented as part of this report are for the sole use of the client. The findings are
not intended for use by other parties, and may not contain sufficient information for the
purposes of other parties or other uses. Our professional services are performed using a
degree of care and skill normally exercised, under similar circumstances, by reputable
consultants practicing in this field at this time. No other warranty, expressed or implied, is
made as to the professional advice presented in this report.

Report by: Reviewed by:

Sean Gardiner Geoff Banks
B.E.(Hons), MIPENZ, CPEng (#242020) B.E.(Hons), MIPENZ
Structural Engineer Director

Studio2 Limited Studio2 Limited
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Appendix: Photos of Damage

L6, Grid C2, active link L6, Grid C2, brace weld
L6, Grid C2 L6, Grid C2, no offset
L6, Grid C2, column weld L6, Grid C2, brace weld
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L6, Grid D4(east), active link

L6, Grid D4(east), brace weld

L6, Grid C4(west), active link
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L6, Grid D4(east), no offset

L6, Grid D4(east), column weld

L6, Grid C4(west), brace connection
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L6, Grid C26 active link

L7, Grid C2, active link

L7, Grid C2, Lueder’s lines to active link

\

= i~
ACENZ

BUI.GLO166.0018.8

L6, Grid C26 active link

L7, Grid C2, some offset

L7, Grid C2, brace connection
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L7, Grid C4(west), no offset

L7, Grid D4(east), no offset

L7, Grid C¥26, minor offset
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L7, Grid C4(west), active link

L7, Grid C'26

L7 floor at Grid C26, essentially level
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L7, Grid F5, active link

L11, Grid C2, active link

L11, Grid D4(east), active link
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L7, Grid F5, active link and brace connection
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L11, Grid C2, damaged panel fixing

L11, Grid C4(west), active link
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L11, Grid D4(west), active link L11, grid C26, active link

=1

L11, grid CY»6, active link | L11, grid CY:6, active link

L11, Grid C'26, active link L11, Grid D4(east), active link
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L11, Grid D4, column joint

L16, Grid D4(west) active link

L16, Grid C4(west), active link
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L16, Grid D4(east), active link

L16, Grid D4(west) active link

L22, Grid E MRF
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L22 crack to floor diaphragm (from stairwell to L22, Grid D4, active link.
NE)

L22, Grid C'2 4 and 6 active links L2, Grid C4(west) active link

L2, Grid C4(west) active link L2, Grid EY21, active link, permanent offset
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L2, Grid E'21, active link

L1, Grid E1, MRF

L1, Grid F, MRF
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L2, Grid F5, active link

L1, Grid E1, MRF

L2 Carstacker crossbraces “unhooked”
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Movement of L2 east wall | |SS|‘n’g floor anchors at L2 east wall at top of
ramp

FIashings between masonry block and tower Fractured carstacker top lateral restraints
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Pacific Tower 2 March 2011 (some damage to north balcony soffits visible).
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BEFORE COMMENCING ANY WORK

Relabelled to Executive O ffices

Dimensions added.

Add hot & cold water supply + floor wastes .
ETP Executive Offices with 4 x services offices.
Level 22 to match Level 21 Apartment

Me 14/08/08 Windows Moved Board Room Altered
Md 16/06/08 Dimensions added.
Mc 29/04/08 Balcony handrail and columns revised.
Mb 14/03/08 Door numbers revised.
Ma 2371007  duct change.
M 13/09/07  ClientApproval
L 15/08/07 ClientApproval
K 02/08/07 ClientApproval
J 270707 Client Approval
H 230707 ClientApproval
G 13/07/07 ClientApproval
F 060707 ClientApproval
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report Date: 17 May 2007 StrUCtex

Project: C1 Tower By: Sean Gardiner Ref: 10053

Title

Building Analysis Assumptions & Design Procedures

ETABS Model

Our calculated total building seismic weight (G+0.3Q) is 63340 kN. This has an allowance for
additional floor at levels 3 and 5, areas of plant, a 50 kN mass at top of building, and 120mm
thick precast panels up to the underside of level 20. I have attached our load take for your
information.

Designed to AS/NZS 1170 response spectrum for Christchurch, category D soils, (base shear
scaled to 100% equivalent static base shear).

We have assumed rigid diaphragms.

The foundations have been modelled as pin-based (to model potential hinges), with vertical
springs to model foundation flexibility. Following discussions with Geotech Consulting, we
have assumed a deflection of +/- 10mm under a ULS earthquake would be reasonable.

Fundamental building periods were determined as T=3.68 sec (long direction) and T=3.04 sec
(short direction).

P-delta effects were included in the analysis based on AS/NZS 1170. IE. we assessed the
elastic deflection and found the required forces at each level to resist the displaced weight of
each level. These forces were added as a static load case to the model response cases
(Absolute Values). We did not use the ETABS P-delta automatic module.

Design

Design of EBFs based on NZS 3404 and HERA Report R4-76, as well as parts of proposed
amendment 2 to NZS 3404 and discussions with HERA and SCNZ.

The maximum design actions on members were based on the over-strength of the actual links
or Enax (typically corresponding to p = 1.25 earthquake as pa« >1.5, except for grid 2 (where
Hact <1.5, Emax based on p = 1.0 levels of load).

The frames were designed to be limited ductile ie. p = 3.0 in the short director and p = 2.4 in
the long direction (based on minimum base shear coefficient = 0.031).

The active links were sized to resist p (design) actions as well as the gravity shear component
through the links (which became significant for D-braced frames). The link length was sized
less than 1.6 Ms/Vv to ensure primarily shear yielding. We found the moment in the link due
to gravity plus the moment due to the brace caused the link to approach yield in flexure as
well as shear, and this was acceptable to HERA. The link rotation was limited to 0.09 radians
as per NZS 3404, and stiffened appropriately. Restraint is provided by the floor slab typically
(except grid 1 frame at levels 3, 4 and 5 where it is provided by a 327 HCC beam on its side).
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The braces and collector beams were designed for the over-strength of the link, or Enax, plus
the gravity component in the member, plus the gravity component of shear going through the
link where appropriate. This axial force was combined with the bending in the member due to
the earthquake and gravity loads for the design, (ie. combined actions).

The columns desigh was generally based on E..x (@s the dynamic magnification factor in
conjunction with the over-strength loads, was generally much greater) in conjunction with
local gravity loads plus gravity loads from the active link where appropriate. The columns C2
and D2 are unrestrained between levels 2 and 6 in the strong axis direction. The columns on
C2, C6, D2 and D6 were subjected to bi-axial bending, even in perpendicular earthquakes, as
well as axial load. They were also subjected to concurrent actions of 100% in one direction
and 30% in the perpendicular direction (due to the low actual ductility) in accordance with
AS/NZS 1170, following discussions with HERA. The columns (and beams and braces, where
appropriate) were designed to the alternative design provisions of NZS 3404 with B,,=0.
Columns C2 and D2 are concrete encased at level 1.

We used the axial load limits from the proposed amendment 2 to NZS 3404 (end yielding
criteria) for the design (refer cl.12.8.3.1), as an alternative to the current NZS 3404
requirements.

The columns were also designed for the moment induced from noding eccentricity where the
beam-brace centrelines lined up with the column flanges, (where the beam and brace came
into the web the centrelines line up and there is no noding eccentricity).

The studs have generally been designed to take En.x loads (u=1.25) with a capacity of 62.6
kN/stud (19 dia x 125 long), from ComFlor literature).

The connections have generally been designed for the greater of minimum design actions
from NZS 3404 or Enax plus gravity loads. The gravity column splices have full contact
bearing and therefore nominal connections to resist minimum design actions. The seismic
columns splices have full contact bearing and have been design for earthquake tension as well
as bi-axial bending and shear. The braces and beams have been designed without full contact
bearing, as full tension splices. The gussets/bolts and connections take the components of
shear in each direction. Following discussions with HERA, as the noding eccentricity was
taken account of in the column design the gussets did not require design to the uniform force
method.

« The fillet welds in the Steltech sections, between the flanges and web, were designed to take
the maximum shear flow actions (based on maximum shear, or change in moment) in the
columns. Where a Steltech section is required as a beam/active link, the flanges have been
fully welded to the web with complete penetration butt welds. I have attached useful Steltech
section tables for your information.

Sean Gardiner
Engineer
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