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LIMITATIONS OF THE REPORT

During the rescue and recovery operation the building was largely deconstructed and
the debris taken to the Burwood Landfill. This left a pile of structural remnants that
had been set aside during the recovery operations due their apparent significance to
the collapse. This report is therefore limited to observations about those structural
remnants, the remaining tower and slab structure on site at the time, and column
remnants extracted from the Burwood Landfill.

Structural remnants on the site were initially examined on |2 March 2011. Their
configuration and condition were documented, and samples were taken for testing
to allow further engineering studies to be conducted to better understand why the
building collapsed.

The remnants examined included reinforced concrete columns, the collapsed Line |
South Wall, the North Core lift and stair well walls by crane, and various beam and
slab items.

Some of the damage shown in the photos and diagrams may have occurred during
deconstruction and removal of debris. Where this is obvious it is noted.

The photos and diagrams therefore need to be interpreted in conjunction with the
original structural design drawings and specification, and modifications that may have
occurred prior to the Aftershock, as well as photos of the structure immediately
after the Aftershock and during its subsequent de-construction.
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EXECUTIVE SUMMARY

The CTV Building at 249 Madras Street (Figure |) collapsed suddenly during the
earthquake Aftershock on 22 February, 201 I. Columns collapsed and floors fell on
top of each other in a progressive collapse.

In the author's opinion the following factors, amongst other things, need to be
considered in the analysis of the collapse of the CTV Building in the earthquake
Aftershock on 22 February, 201 1:

The concrete test results need to be interpreted recognising that
the samples were extracted from components that had been
damaged in the collapse. Care was taken however to avoid coring
in or undertaking rebound hammer tests on portions of concrete
with obvious cracks. Cored samples were visually scanned before
testing for signs of cracking and conformity with the requirements of
the testing standard NZS 3112:1986.

The minimum specified concrete 28-day strengths were 35 MPa for
columns at Level |: 30 MPa for columns at Level 2; and 25 MPa for
columns from Level 3 to Level 6.

Based on the testing undertaken, it appears that at the time of the
testing the column remnants from Levels | to 6 had mean concrete
strength consistent with that of concrete with specified 28-day
strength of 20 MPa.

Based on the testing undertaken it appears that at the time of
testing the concrete in the South Wall and North Core may have
met the minimum 28-day strength specified of 25 MPa.

Based on the testing undertaken it appears that at the time of the
testing the concrete in the suspended slab may have met the
minimum 28-day strength specified of 25 MPa.

A portion of reinforcing steel removed from the Line | South Wall
near ground level appeared to have “work hardened” during the
Aftershock and prior to the collapse of the building.

No evidence of settlement of the foundations and slab was able to
be inferred from the site levels survey which found levels consistent
with construction practice at the time of construction.

The north face of the Line 5 wall of the North Core was found to
be out of plumb by an amount greater than the construction
tolerances allowed in NZS 3109:1980.

Construction joints and interfaces between pre-cast components
and other concrete elements were found to be typically smooth
rather than roughened as is normally required to improve interface
interlock.
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EXECUTIVE SUMMARY CONTINUED

Reinforcing steel from several pre-cast shell beams was not
developed into the Line 4 core wall as specified.

Connection of the slabs by reinforcing steel into the Line D and D/E
walls of the North Core was non-existent in some cases at Level 2,
3 and 4.

The connection of the C18 column (located at Line 4-D/E) into the
lift core wall at Level 7 was less than specified and the bars had de-
bonded.

A number of circular columns examined showed mid-height hinging
failures as well as hinging at the base or head. This was also seen in
a column remnant clearly identified as being a perimeter column
that had been located between precast spandrel panels. Other
circular columns were found full height with hinging damage at the
head and base.

Rectangular columns which had all been located on Line A in the
structure, typically exhibited beam-column joint failure as well as
other damage.

PAGE 2
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EXECUTIVE SUMMARY CONTINUED
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Figure | 3D Layout of columns and walls of the CTV Building

Disclaimer: This Executive Summary summarises the key points of this report and is
not intended to be a substitute for the report in its entirety. The Executive
Summary should be read in conjunction with the whole report and the reader
should not act in reliance of the Executive Summary alone.
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. INTRODUCTION

A. OBJECTIVE

The objective of this report was to document the configuration and the condition of
structural remnants from the debris that may assist in identifying reasons for the
collapse of the building during the earthquake Aftershock on 22 February, 201 1.

B. SCOPE

The Department of Building and Housing set the following scope for the
investigation:

e Seek out relevant drawings of the structure.

e Access the site and pull out structural remnants from the debris for examination
using a mobile crane.

e layout and visually examine and document structural remnants.

e Remove samples of reinforcing steel and concrete cores for code conformance
checks and possible back engineering of the collapse condition.

e Report on findings.

C. BACKGROUND

The CTV Building was located at 249 Madras Street. It was a reinforced concrete
building with five suspended floor levels constructed with cast in-situ profiled metal
deck and concrete floor slabs, precast concrete beams, circular concrete columns,
and two sets of shear walls to laterally brace it (Figure 1).

A set of coupled shear walls (“the South Wall") was located on the Cashel Street or
south end on Line | to which an external fire escape stair was attached. The other
set of shear walls was located at the northern end (“the North Core”) and was built
around the lift and stair wells, and an amenities room.

According to records at the Christchurch City Council (“the Council”) a building
permit was granted on 30 September, 1986 for the construction of the building.
Construction started in 1986 and finished in 1987 or 1988.

The building was severely damaged in the Aftershock on 22 February, 2011 and
collapsed suddenly. A fire started in the stairwell area almost immediately and
continued for some days.

The building was deconstructed down to the ground floor slab except for the
majority of the line 4 lift core walls, by other parties. ltems considered to be of
structural significance were marked and set aside by others in a pile near the Cashel
Street end of the site for examination. Another pile of general debris was located
north of this area on a vacant lot.
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INTRODUCTION CONTINUED

In this report the Design Engineer is referenced using the abbreviation “DENG” and
the Architect is referenced using the abbreviation “ARCH". Summary of
Observations and Findings

A. PROFILED METAL DECK AND CONCRETE SUSPENDED SLAB

The profiled metal deck that formed the 200 mm thick slab had de-bonded from the
underside of the concrete in some cases during the collapse. This is not unexpected
as it is recognised by engineers that profiled metal decking does not rely on chemical
adhesion with the concrete to develop the properties of composite profiled metal
deck concrete slabs.

The steel decking had pulled away from the supporting beams in all cases except at
the pre-cast beam support on Line 4 in front of the amenities room of the North
Core. In that case the steel decking had torn away along the broken edge of the slab
or a short distance in.

A portion of the decking was tensile tested and found to exceed the minimum
specified yield stress of 550 MPa (p.17)

B. PRE-CAST CONCRETE SHELL BEAMS

The pre-cast concrete shell beams were found to have no reinforcement in the in-
situ in fill concrete. However this was consistent with the how they were specified.

There was no roughening of the precast surface on the inside of the shell beams to
encourage composite action between the shell and the in-fill concrete (p19).

The slab on the shell beam on Line 4 that connected into the shear core wall had
fractured along the inside edge of the beam.

The bottom reinforcing steel in the shell beams had not been developed fully into
the Grid C core wall on Line 4 as specified except at Level 2. The bars had been
bent back into the concrete infill in the shell beam (Figure 7).

C. 400 MM DIAMETER COLUMNS

The exterior 400 mm diameter column (ltem E33) had flexural failure at the floor
level lap joint of the vertical reinforcing steel and compression-flexural fracture at the
upper end of the column (Figure 10)

The lap joint in the exterior columns was concealed by the external spandrel panels
and interior linings (Figure 72 and Figure 73).

D. INTERNAL PRE-CAST LOG BEAMS ON LINE 2 AND 3

The ends of the pre-cast intermal log beams that supported the 200 mm thick
profiled metal deck slab had smooth formed un-roughened ends at the interface
with the beam-—column joint zone. This would have reduced beam-column joint
shear capacity (Figure 12).
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INTRODUCTION CONTINUED

E. EXTERNAL PRE-CAST LOG BEAM ON LINE | AND 4

The ends of the pre-cast log beams supported by the corner columns on Grid A had
a smooth un-roughened end where it connected into the columns reducing the
beam-column joint shear capacity.

No starter bars connected the log beam into the 200 mm slab that was supported
on the shell beams (Figure 13).
F. SOUTH WALL ON LINE |

The Line | South Wall that extended from Level | on the ground to the roof had
been broken up into single story components during de-construction (Figure 74).

. Level | to 2 (ltem ED)

This panel showed flexural cracking patterns typical of cantilever shear walls (Figure
[4).

Reinforcing steel taken from the east end of the wall was found to have yielded and
elongated prior to the collapse of the building (page 55).

. Level 2 to 3 (ltem E2)

This panel had diagonal cracking in the piers consistent with cantilever wall behaviour
and two way diagonal cracking in eth door head coupling beam (Figure 16).

i, Level 3to 4 (Item E3)

This panel had dominant uni-directional diagonal cracking running from the bottom
west corner to the top east end (Figure 18).

Severe crushing damage had occurred at the junction of the wall with the attached
pre-cast shell beam B15 at level 4 that ran to the Grid F/1 column (Figure 65).

iv. Level 4to 5 (ltem E4)

Severe two-way diagonal shear cracking in east pier and loss of cover to vertical
reinforcing steel on east edge.

Smooth mortar construction joints rather than roughened at junctions with pre-cast
shell beams BI5 and B16 (Figure 67).

v. Level 510 6 (Item E5)

Weak concrete in west pier adjacent to top of doorway that was able to be
dislodged by boot (Figure 22).

The top surface of wall was smooth rather than a roughened construction joint for
slab seating.

Bars from wall into attached pre-cast beam had fractured.

No obvious cracking had occurred in the wall or the door head coupling beam.
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INTRODUCTION CONTINUED

vi. Level 6 to Roof ( Item ES5A)

No obvious cracking had occurred in the wall piers or door head coupling beam
(Figure 24).

G. NORTH CORE WALLS
Horizontal flexural cracking on west and north face at Grid C/5 (Figure 25).

Fine two-way diagonal cracking on the inside faces of Level | to 2 walls (Figure 26).

H. SLAB AND BEAM REMNANTS ON LINE 4 OF NORTH CORE
The extent of the slabs at the time of examination was measured (Figure 32).

Portions of the level 6 and Level 5 slabs that were still attached immediately after the
Aftershock were removed during deconstruction for safety reasons. The slab at level
2 had also been broken back. The rest of the slab was in the condition it was left
after the event.

.  Level 6 Slab

The slab had a vertical fracture face that coincided with the ends of the HI2 saddle
bars from the support beam on Line 4 (Figure 27).

664 mesh in the slab had fractured in a ductile manner.

The profiled metal deck steel decking had fractured in tension adjacent to the edge
of the fractured slab edge.

The imprint of the bent back bottom bars from the pre-cast shell beams (Figure 7)
was visible in the cover concrete of the wall (Figure 2).

ii. Level5Slab
The fractured edge of the slab was similar to that at level 6.

Reinforcing was located in the bottom of the slab rather than as specified near the
top surface (Figure 28).

The imprint of the bent back bottom bars from the pre-cast shell beams (Figure 7)
was visible in the cover concrete of the wall (Figure 28).

Cracks were found running from cores drilled in the slab for pipes.

ii. Level 4 Slab

The imprint of the bent back bottom bars from the pre-cast shell beams (Figure 7)
was visible in the cover concrete of the wall (Figure 29).

The profiled metal deck decking of the fractured slab was still clamped to the
support beam on Line 4 and fractured in tension.
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INTRODUCTION CONTINUED

iv. Level 3 Slab

Similar to Level 4

v. Level 2 Slab

Bottom bars of pre-cast shell beam had been developed into the core wall on this
level and beam-column joint type diagonal cracking was seen on the end of the wall
consistent with cyclic demands having occurred during the Aftershock.

Figure 2 - West face of North Core (Wall Line C) showing the locations where the Line 4 beams
had connected into the wall at Levels 3 to 6 without the bottom bars being developed into the wall
as specified.
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INTRODUCTION CONTINUED

. SLAB CONNECTIONS TO NORTH CORE ON GRID D AND D/E

Drag Bars had been fixed into the slab and into the shear walls at Levels 4, 5 and 6
with epoxy grouted threaded anchors after the original construction had been
completed (Figure 33).

i. Level 2 Connection of Slab to Walls D and D/E

No reinforcing steel connected the slab to the east wing wall D/E.

A 20 mm hole was found in the west wing wall D where a reinforcing bar had pulled
out (Figure 34).

i. _Level 3 Connection of Slab to Walls D and D/E

An H12 bar was found fractured at the end of the west wall D.

No reinforcing steel was found to have connected the east wing wall D/E to the slab
(Figure 35).

ii. Level 4 Connection of Slab to Walls D and D/E

The Drag Bars on both the west and east wing walls had partially fractured in
bending and tension. The epoxy grouted 20 mm threaded anchors that were fixed
vertically into the slab and into the Drag Bar on the west wall appeared to have
pulled out in tension as the slab pried it off as it rotated downwards during the
collapse (Figure 36 and Figure 37).

The 20 mm diameter Drag Bar threaded anchor rods were hardness tested by MTL
(Figure 62) and found to have Rockwell Hardness HRB greater than the minimum
required by AS 4291.1:2000 (SAA 2000) for Property Class 5.8 threaded rods.

iv. Level 5 and 6 Connection of Slab to Walls D and D/E

Similar to what was seen at Level 4 (Figure 39 and Figure 40).

J. CONNECTION OF COLUMN CI18 TO NORTH CORE AT LEVEL 7

The column had pulled away in tension from the connection at the North Core wall
D/E. Three 20 to 24 mm diameter holes were visible where bars connecting the
C18 column had pulled out. Four H20 bars were specified on the drawings to be
developed into the wall (Figure 41).
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INTRODUCTION CONTINUED

K. LEVELS AND POSITIONAL SURVEY

The floor slab, slab overlay and foundation beams were found to have levels
consistent with original construction tolerances and practice.

No evidence of long term foundation settlement or settlement induced by the
Aftershock could therefore be inferred.

The North Core Line 5 wall was surveyed for verticality by sighting on the eastern
and western corners of the north face of the wall. It was found that there was a
northwards out-of-vertical measurement of 91 mm over 1853 m between Level |
and Level 7 at the northeast corner, and 68 mm over 1853 m at the northwest
comer (Figure 57).

This is much greater than the straightness limit of 30 mm for structures greater than
Om high or position plan tolerance of 10 mm in NZS 3109,

OTIS, the company that maintained the lifts at the CTV building, advised that they
had no records of the inside faces of the walls being out-of-plumb after construction
to an extent that it affected the installation of the lifts. No damage was found to the
foundation beams around the core (Figure 57).

L. REINFORCING STEEL PROPERTIES

Reinforcing steel samples were extracted from the Line | South Wall and tested to
determine tensile properties, production uniformity and work hardening during the
Aftershock.

664 mesh from the suspended slab was also sampled and tested.
The reinforcing steel was found to conform to the standards of the day.

The H28 steel extracted from the lower portion of the Line | South Wall El was
found to have elongated 3.3 % more than the other 16 to 28 mm bars extracted. It
also had an elevated yield stress. This indicated that the bar had work-hardened
during the Aftershock and prior to the collapse of the building (Table I).

The chemical analysis of the 16 to 28 mm bars found that they had chemical
compositions consistent with them being from the same of similar production runs
(Table 2).

M. CONCRETE PROPERTIES

Cores were extracted from columns, beams, slabs and walls for compressive strength
testing (Figure 46). The chord modulus of elasticity was also determined for the
South Wall and North Core concrete.

The sample means of the test results for a particular member were assessed against
the known means of concrete properties with 28-day strengths conforming with
NZS 3104:1983.

A lower 0.1% acceptance limit was applied to identify upper bound conformity with
a specific strength category. Where the sample size was sufficiently large an upper
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INTRODUCTION CONTINUED

0.19% rejection limit was also applied to identify non-conformity with a lower strength
category.

The 28-day strength of concrete is used to identify a lower bound strength (close to
the lower 5 percentile strength) that could be expected from concrete made to
comply with the Specification for Concrete Production NZS 3104:1983. The 28-day
strength is typically used by structural engineers when calculating the design capacity
of concrete members.

The concrete test results need to be interpreted in light of the fact that the samples
were extracted from components that had been damaged in the collapse. Care was
taken however to avoid coring in portions of concrete with obvious cracks and
samples were visually scanned before testing for signs of cracking for conformance to
the requirements of the concrete testing standard NZS 31 12:1986.

The suspended slab presented the greatest difficulty in achieving this due to the
condition of the remnants accessible for testing.

. Suspended Slab Concrete Properties

The suspended slab concrete was core tested in two locations. The average strength
at test was 24.6 MPa.

This indicates that the concrete had strength not greater than that with 28-day
strength of 25 MPa.

The specified 28-day strength was 25 MPa.

. South Wall and North Core Concrete Properties

Concrete cores extracted from one location each in the South Wall and the North
Core found an average strength of the walls of 33.8 MPa. This became 36.5 MPa
when adjusted 8% for testing orientation transverse to casting direction.

This indicates that the concrete had strength not greater than that with 28-day
strength of 35 MPa.

The specified 28-day strength was 25 MPa.

The chord modulus of elasticity of the shear wall concrete was found to be an
average of 27,600 MPa.

The calculated average secant modulus of elasticity was 26,100 MPa (page 64).

ii. Column Concrete Properties Summary

The core and rebound hammer tests, indicated that the strength of the column
remnants as a whole, based on the testing of 26 column remnants selected at
random from the debris, had a mean strength at the time of the collapse of 27.4
MPa.  This increased to 29.6 MPa when adjusted 8% for testing orientation
transverse to the direction of casting (Table 4).
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INTRODUCTION CONTINUED

This indicates that the concrete had strength consistent with that of concrete with
28-day strength of 20 MPa. This is less than the least concrete column 28-day
strength that was specified of 25 MPa.
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2. EXAMINATION OF STRUCTURAL REMNANTS

The examination of structural remnants was undertaken by the author and a DBH
Engineer, on Saturday |2 March, 2011 (Figure 3). It was then visited again with an
engineer from Structuresmith Ltd on 5 April, 201 1.

Observations and comments are recorded about each item in the general text and in
captions to the photos.

Figure 3 — Structural debris pile on CTV site (top to bottom) (a) At start of Site Examination; (b)
Crane used to move debris remnants for examination
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EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

A. FOUNDATIONS AND GROUND FLOOR SLAB ON GRADE

The ground floor slab had a concrete overlay that measured on average 8% mm thick
over the eastern half of the floor (Table 5). This ramped up from the original slab
adjacent to the lift core (Figure 4).

The slab appeared to be in reasonable condition and there weren't any obvious
heave or localised damage at column or shear wall locations. A "levels and positional
survey” was undertaken to check for signs of settlement and lift core rotation and is
reported in Section 3.

All the concrete columns had been removed to floor slab level except for a 400 mm
square column stub CI8 stub adjacent to the east end of the lift core walls (Figure
47).

Figure 4 - Ground floor Level | slab on grade (clockwise from top) (a) View from snorkel of debris
and western portion of Level | slab on grade; (b) Slab in northwest corner with column reinforcing
protruding; (c) Ramp formed in concrete overlay in front of Line 4 lift core walls.

PAGE 16 © Hyland Consultants Limited 2012



CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

B. PROFILED METAL DECK AND CONCRETE SUSPENDED FLOOR
SLABS

The drawings specified a 200 mm thick profiled metal deck floor slab spanning north
to south and seated on 400 mm wide precast log beams at 7500 mm centres
(DENG Dwg SI5(Figure 65)). The slab was specified to be propped during
construction with the trays pre-set upwards at approximately quarter points to a
maximum of 20 mm at midspan and then the topping (Clause 2.16 Figure 77) cast to
provide the specified thickness.

Reinforcing mesh size 664 was specified under H 12 saddle bars 4000 mm long at the
internal beams on Lines 2 and 3, and draped to 20 mm above the profiled metal
deck at midspan.

The Base Metal Thickness (BMT) of the profiled metal deck was not stated on the
Drawings but is called up as grade G500 with 0.75 BMT in the Specification. A
sample taken on site was measured by SAI Global Ltd testing laboratories to have a
mean thickness including galvanising of 0.81 mm indicating that 0.75 BMT Hi-Bond
had been used. The average tensile strength of the sheet was measured to be 617
MPa (refer page 105).

The profiled metal deck decking remnants observed were typically found to have de-
bonded from the concrete topping. This is consistent with the way metal decking
behaves in composite floor slabs. The rib interlock and interface friction between
the concrete and steel sheet being the principal means of developing shear flow
between the steel deck and the concrete topping.

The decking had remained clamped between the slab and the supporting precast
beam on Line 4 at the lift core (ARCL B24 Dwg S18 (Figure 67)) as seen at Level 4
in Figure 29. The decking had fractured during the collapse.

The decking and slab had pulled away from the adjacent edge beams to the west of
the lift core on Line 4 (DENG B22 and B23 Dwg SI8 (Figure 67) as seen in ltems
El4 (Figure 7) and EI8 (Figure |13). On the edge beam ltem E23 (Figure 8) the
decking had pulled away from under the portion of remaining slab cantilevering from
it.

The slab had pulled away completely from the interior pre-cast log beams from Lines
2 and 3 (DENG Bl to BIO Dwg SI8 (Figure 67) and Section 8 Dwg SI5 (Figure
67)), as seen in Figure | | and Figure 2.

© Hyland Consultants Limited 2012 PAGE |7



CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

C. ITEME21l: ARCHITECTURAL CLADDING PANEL

Figure 5 - Pre-cast spandrel panel Item E21 (DENG Dwg S25 (Figure 65))
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

D. SHELL BEAM AND SLAB

. Item E6é

Figure 6 - Edge shell beam Item E6 showing unreinforced concrete infill and smooth interface
between shell beam and in-fill. The DENG Specification Precast Concrete cl 3.12 required
roughened interface surfaces (Figure 77).
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

i. Grid4/B-C Item El4

Figure 7 - Pre-cast shell beam (Item E|4) from northern face Grid 4, west side of lift core (DENG
B23 Dwg SI8 (Figure 67)). (clockwise from top left) (a) Top face with slab fracture along edge of
shell beam, extending out further at far end adjacent to lift core attachment; (b) to (d) Fractured
slab outstand remnant at east end from which slab concrete cores were extracted. The bottom
H24 bars from shell beam have been turned back into the concrete infill rather than embedded in
shear wall as specified (DENG Detail 5 Dwg S19). Refer also bar imprint on wall at the connection
seen in Figure 29 at Level 4 and Figure 30 at Level 3.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

i, tem E23

Figure 8 - Edge Shell Beam (Item E23) from Line | or 5. (Clockwise from top left) (a) Underside and
outer face; (b) Underside showing 1200 mm slab outstand with metal decking pulled away and
diagonal cracking indicating shear in diaphragm; Holes are where concrete cores were taken for
testing; (c) Carpet remnant on top of slab; (d) Damaged shell beam.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS

CONTINUED

E. 400MM DIAMETER CONCRETE COLUMNS

ltem E19

Figure 9 - 400 mm diameter column Item E19. (Left to right) a) Level 6 to Roof, likely location Grid
F (Figure 65) based on roof steelwork hold down attachment detail; b) Flexural fracture at base in
lap zone of vertical reinforcing steel. R6 spirals at 250 centres can be seen (Figure 69).

il. Hem E33

400

300

»la
Vl‘

Figure 10 - 400 Diameter Exterior Column Item E33. (DENG C5 or CI 1, Dwg SI5 (Figure 69)). Left
end is bottom of column at floor level with concrete spalling over lapped vertical reinforcing.
Horizontal cracking could be seen in the core confined by Ré spiral which had fractured. The
unpainted portion measured at 700 mm long indicates it had been located between spandrel panels
(Figure 5, Figure 72 and Figure 73). The fracture at the right end of the picture commenced

approximately 1350 mm from the base of the column.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

F. LINE 2 AND 3 INTERNAL PRE-CAST LOG BEAMS

. Item E26

Figure |1 - Interior Pre-cast Log Beam from Line 2 and 3 (DENG Section 3 Dwg SI5 (Figure 66))
(left to right) (a) Diagonal shear damage at end and smooth formed surface at beam-column joint;
(b) Mid-portion of beam concrete has broken away and stirrups are pulled apart.

i. Other Log Beams

Figure 12 - Interior Pre-cast Log Beams from Line 2 and 3 (DENG Section 3 Dwg S15 (Figure 66))
showing smooth concrete formed for beam-column joint and bottom hooked bars that have pulled
out of beam-column joints without any obvious straightening; metal decking has pulled away from
slab seating; no slab remains attached to the beams
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

G. LINE I AND 4 EDGE PRECAST LOG BEAM: ITEM EI8

Figure 13 - Item E|8 Pre-cast edge beam north-west corner (DENG B22 Dwg S18 (Figure 67) (from
left to right) (a) Smooth form finish at attachment to column 4A (DENG Detail | Dwg SI9 (Figure
70)); (b) No starter bar reinforcing steel extended from this pre-cast beam into slab. This was
consistent with what was shown on the Drawings (DENG Section 4 Dwg S15 (Figure 66).
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

H. LINE I SOUTH WALL

The Line | South wall ran full height from Level | to the Roof. During
deconstruction the wall was broken into six floor to floor portions and labelled El to
ESA. The number refers to the level at the bottom of the wall portion, except for
ESA which was located on Level 6 (Figure 74).

The relevant damage and features are noted in the photos captions and shown
diagrammatically in the associated sketches.

. Line | South Wall Level | to 2: Item E|

Figure 14 - Line Shear Wall (Item El) (clockwise from top left) (a) Outer face of wall with lower
portion of concrete removed during deconstruction exposing the reinforcing steel; (b) Outer face
with cracks highlighted by red paint; (c) Inside face with cracks highlighted by red paint; (d) Top west
corner; (e) Top east corner; (f) Inside face of east pier
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED
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Figure I5 — South Wall Item E| schematic of damage observed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

ii. Line | South Wall Level 2 to 3: ltem E2

Figure 16 - Line | South Wall Level 2 to Level 3 (Item E2) (clockwise from top left) (a) Outside face
with fire escape door attached. Cracks marked by red paint; (b) Inside face of wall; (c) East pier
construction joint with necked and fractured bars indicated by red paint; (d) Escape door edge of
east pier showing thick cover concrete to reinforcing; (e) Outer edge of west pier showing necked
and fractured bar indicated by red paint others were cut; (f) Outer face of wall with cracks and

fractured bars marked.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS

CONTINUED
many diagonal cracks in 700
coupling beam H
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|
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Figure 17 - South Wall Item E2 schematic of damage observed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

ii. Line | South Wall Level 3 to 4: ltem E3

Figure 18 - Line | South Wall Level 3 to Level 4 (Item E3) (clockwise from top left) (a) Outer face;
(b) Inner face; (c) Damaged top east corner; (d) One way diagonal cracks running from bottom west
to top east side marked by paint on outer face.

large diagonal cracks

\ N\ | L4

Severe
crushing
damage at
r/ junction with
Beam B15

.

end zone rebar
sampled for testing

& L3

2050 " 900 2050

Figure 19 - South Wall Item E3 schematic of damage observed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

Figure 20 - Line | South Wall Level 4 to Level 5 (Item E4) (clockwise from top left) (a) Outer face
with east pier on right with severe shear damage, and timber formwork remnant; (b) and (c)
Charring on fractured concrete surfaces prior to deconstruction; (d) Top west corner showing saw-
cut on top edge from deconstruction; () Top east corner showing smooth construction joint at
interface with pre-cast beam B15 (DENG Dwg S18 (Figure 67)) and fire charring to spalled eastern
edge; (f) View from east to west of top east corner construction joint notch.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED
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Figure 21 - South Wall Item E4 schematic of damage observed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

iv. Line | South Wall Level 5 to é: Item ES

Figure 22 - Line | South Wall Level 5 to Level 6 (Item E5) (clockwise from top left) (a) Crumbly
concrete at door edge of west pier able to be dislodged by boot; (b) Smooth and charred
construction joint on top west surface looking east; (¢} Charred construction joint above west pier.
Door sill on left; (d); Top east corner with fractured top 3-H24 bars. Floor 664 mesh exposed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED
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Figure 23 - South Wall Item E5 schematic of damage observed.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

I. LINE | SOUTH WALL LEVEL 6 TO ROOF: ITEM E5A

Figure 24 - Line | South Wall Level 6 to Roof (Item E5A) (clockwise from top left) (a) Outer face;
(b) Top surface at roof; (c) East pier with saw-cut from de-construction; (d) West pier at
construction joint
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

J]. NORTH CORE

Figure 25 - Line 4 to 5 North Core (DENG Dwg SI5 (Figure 65)) (clockwise from top left) (a)
South face after site cleared with lift shaft for two cars on right, stair well in middle and amenity
rooms on the left; (b) West face; (c) West and north face at Grid C/5 corner Level | to 2 with
horizontal flexural cracks and construction joint identified by paint; (d) East face with column CI8
remnant at far left
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

Figure 26 - Lift and Stair well wall cracking Level | to Level 2 (clockwise from top left) (a) Lift wall
face of Line D wall with fine diagonal shear cracking in both directions; (b) Lift wall face of Line 5
wall with fine diagonal cracking in both directions; (c) Stairwell area with steel stair stringer where
concrete cores were extracted; (d) Stair well face of Line D wall with fine diagonal cracking in both
directions.

PAGE 36 © Hyland Consultants Limited 2012



CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

K. NORTH CORE: SOUTH SIDE LINE 4

The North Core walls, and remaining slabs and attachments were examined from a
man-cage on |2 March, 2011 and from a platform on 5 April, 201 |. Observations
and comments are included in the captions to the photos.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

Level 6 Slab Remnants

Figure 27 - Line 4 Core Wall Slab Remnant at Level 6 amenity area (clockwise from top left) (a) Slab
edge on stairwell wall looking west with HI2 saddle bar exposed and ends of mesh below it; (b)
Vertical concrete fracture surface with reinforcing mesh fractured; (c) Slab looking west with cores
cut in floor for amenities; (d) Fractured mesh angled downwards; (e) Fractured slab edge looking
east. Torn metal decking aligned approximately with concrete fracture edge; mesh at varying height
within slab; (f) Cores for amenities at fracture edge.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

ii. Level 5 Slab Remnants

Figure 28 - Line 4 North Core Wall Slab Remnants Level 5 (clockwise from top left) (a) West end
with HI2 bar ends and mesh at bottom of slab above ribs. It was required on the drawings to be
located near the top surface (DENG Dwg SI6 (Figure 75)); (b) Looking east. Reinforcing angled
down; (c) Slab edge on Grid C west end. Mesh angled down in bottom of slab on top of ribs; (d)
Fire charred vertical fractured slab edges adjacent to stairwell. Mesh located low down in slab at top
of slab ribs. Edge of mesh sheet with closely spaced parallel wires exposed. Fractured wires can be
seen from the lapped mesh below; (e) Cracking in slab running from cored holes;( f) Connection of
shell beam to wall with two fractured H24 top bars and two de-bonded top bars. No bottom bars
from shell beam embedded in wall (DENG B23 Dwg SI8 (Figure 67), Detail 5 SI19 (Figure 71)),
corresponding to the bent back bottom steel in shell beam Item E23 (Figure 8).
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

ii. Level 4 Slab Remnants

Figure 29 - Line 4 North Core Walls Level 4 slab remnants (top to bottom) (a) Connection of shell
beam to wall with two fractured H24 top bars and two de-bonded top bars. No bottom bars from
shell beam embedded in wall but imprints from bars evident (DENG B23 Dwg S18 (Figure 67),
Detail 5 S19 (Figure 71)), corresponding to the bent back bottom steel in shell beam Item E23
(Figure 8); (b) Fractured vertical face of slab at stairwell wall, with fractured slab support beam
(DENG B25 Dwg S18 (Figure 67)) top bar and charred fracture surface; (c) Torn profiled metal deck
sheeting de-bonded from slab but still fixed in at pre-cast beam support.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

iv. Level 3 Slab Remnants

Figure 30 - Line 4 North Core Walls Level 3 slab remnants (clockwise from top left) (a) Connection
of shell beam to wall with two fractured H24 top bars and two de-bonded top bars. No bottom
bars from shell beam embedded in wall but imprints from bars evident (DENG B23 Dwg S18 (Figure
67), Detail 5 SI9 (Figure 71)), corresponding to the bent back bottom steel in shell beam Item E23
(Figure 8); (b) Ash on slab;. Cored holes at fractured edge; (c) Torn profiled metal deck sheeting
de-bonded from slab but still fixed in at pre-cast beam support (DENG B24 Dwg S18 (Figure 67));
(d) Profiled metal deck and slab from below supported on beam B24.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

v. Level 2 Slab Remnants

Figure 31 - Line 4 North Core Walls Level 2 slab remnants (clockwise from top left) (a) Slab edge
broken back during de-construction adjacent to stairwell wall; (b) Broken back slab with HI2 saddle
bars exposed. Masonry wall with separation along top course; (c) Switch room under Level 2 slab;
(d) Connection of shell beam to wall with two fractured H24 top bars and one de-bonded top bars.
Bottom bars from shell beam have been embedded in wall as specified (DENG B23 Dwg S18 (Figure
67), Detail 5 S19 (Figure 71)). Some diagonal beam—wall joint zone shear cracking can be seen in the
wall end..
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS continued
Additional slab
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Figure 32 - Extent of remaining slab at time of site examination. Portions of the slab had been removed during deconstruction for safety reasons.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

L. LIFT WELL WING WALLS DRAG BARS

The profiled metal deck floor slab at Level 4, 5 and é had additional Drag Bars
connecting it to the north-south wing walls, (“the Drag Bars™) on either side of the
lift well, sometime after the original construction was completed. Threaded rods had
been fixed into the slab with what appeared to be epoxy grout and botlted to the
underside of the Drag Bars, as seen in Figure 36 to Figure 40.

Figure 33 - Drag Bar connections at Levels 6, 5 and 4 on lift well west wing wall on Grid D. No
Drag Bar at Level 3 or 2 (Figure 32)

. Level 2 Lift Well Wing Walls D and D/E

Figure 34 - Level 2 Lift Well Wing Walls Grid D and D/E (left to right) (a) 20 mm hole in end where
a reinforcing bar has pulled out of wall. 200 mm thick construction joints in wall at slab level; (b) No
reinforcing steel attachment into the east wing wall at Level 2
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

i. Level 3 Lift Well Wing Walls D and D/E

Figure 35 - Level 3 Lift Well Wing Walls Grid D and D/E (anti-clockwise from top left) (a) Profiled
metal deck decking side lapped into western Grid D wall, just hanging on; (b) HI2 bar necked and
fractured at centre of wing wall (indicated by chalk arrow); (c) Concrete cover appeared to have
broken away as the slab pulled southwards; (d) Localised spalling of concrete. No reinforcing found
connecting end of east wall with slab.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

. Level 4 Lift Well Wing Walls D and D/E

Figure 36 - Level 4 Lift Well Wing Walls Grid D and DJ/E (anti-clockwise from top left) (a)
150x150x10 L with 51 x 3.2 SHS; 3-M24 threaded rods fixed into wall and 6 —M20 threaded rods
350 mm long fixed into the slab at the profiled metal deck rib with epoxy grout around rod; (b)
Three M20 threaded rods remained upright in the Grid D Drag Bar. The 51x3.2 SHS had fractured
in bending and tension at the bolt hole adjacent to last bolt into wall; (c) Stair stringer running up to
Level 5 fixed rigidly into landings with visible vertical bow (DENG Stair S8 Dwg S31 (Figure 76); (d)
Initiation of fracture in the steel angle at the elongated hole without bolt into east wall; (e) Fracture
in angle running from corner of angle out towards toe viewed from above; (f) Remnant of
150x75x10 L Drag Bar with 4-M24 threaded rods fixed into grid D/E wall. Angle has fractured in
bending and tension two bolts in. End of Drag Bar had been gas cut during de-construction.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

Figure 37 - M20 Drag Bar Bolts (Portions shown are from two different bolts) (left to right) (a) Grey
portion with smooth diagonal end had epoxy residue from slab indicating it was cut this way prior
to installation; (b) Necked and dimpled fracture surface at underside of bolt typical of direct tensile

fracture in threaded rods.

Figure 38- M20 Property Class 5.8 threaded studs from Drag Bars after hardness testing by MTL
(Figure 62)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

iv. Level 5 Lift Well Wing Walls D and D/E

Figure 39 - Level 5 Lift Well Wing Walls Grid D and D/E (anti-clockwise from top) (a) 150x150x10
L with 51 x 3.2 SHS; 4-M24 bolts into wall and 6 —-M20 threaded rods 350 mm long fixed through
the slab at the profiled metal deck rib with epoxy grout around rod; Three M20 threaded rods
remained vertical the Grid D Drag Bar. The 51x3.2 SHS had fractured in bending and tension at the
bolt hole adjacent to last bolt into wall and twisted with the slab; (b) Epoxy grout around threaded
rod in slab; (c) Holes for 3-M20 threaded rods in slab in twisted Drag Bar; d) 150x75x10 L Drag Bar
with 5-M24 threaded rods fixed into wall D/E. End of Drag Bar had been gas cut during de-
construction.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

v. Level 6 Lift Well Wing Walls D and D/E

Figure 40 - Level 6 Lift Well Wing Walls Grid D and DJ/E (anti-clockwise from top left) (a)
150x150x10 L with 51 x 3.2 SHS into west wall on Grid D, similar to Level 5 and 4 Drag Bars; 6-
M24 bolts into wall; The remaining 4 —-M20 bolts 350 mm long had been fixed into the slab at the
profiled metal deck rib with epoxy grout around bolt; These remained vertical and were measured
with |10 mm stick-out above the item. The 51 x3.2 SHS has fractured in bending and tension at the
bolt hole adjacent to last bolt into wall and the bar had twisted with the slab; (b) Side view of Drag
Bar remnant showing deck uplift at end bolt; (c) Top surface of M20 threaded rod with typical
smooth diagonal face and grout around rod through slab. (d) End rod with diagonal top surface and
slab concrete remains; (e) 150x75x10 L Drag Bar with 7- M24 threaded rods fixed into east wall
D/E. End of bar had been gas cut during de-construction.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

EXAMINATION OF STRUCTURAL REMNANTS CONTINUED

M. LEVEL 7 LIFT WELL WING WALL D/E: COLUMN D/E-4
CONNECTION

Figure 41 - Lift Well Wing Wall D/E: Column D/E 4 Connection (DENG Dwg S14 (Figure 69); 3 x
20 to 24 mm diameter holes could be seen where reinforcing bars from the column had pulled out.
The drawing shows that 4-H20 bars were required to be bent into the wall.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

3. LEVELS AND POSITIONAL SURVEY

The remaining floor slab and lift core was surveyed by John Jones Steel Limited. A
Transit Optical total-station laser levelling system was used. The total-station system
gave levels and co-ordinates of the points shot with a stated accuracy of +/-5 mm.

The levels are relative to a temporary benchmark (“the TBM") set up near the lamp
post on the kerb on the far side of Madras Street.

Shots were initially taken on 14 April, 2010 to the approximate centres of the
demolished remains of the concrete columns (Figure 58).

Shots were then taken on 18 April, 2011 to pick out the edge of the slab overlay
and up the sides of the west and east walls of the lift core (Figure 55, Figure 57).

Dumpy levels were subsequently taken 28 April, 2011 on the concrete adjacent to
the columns. These were then identified as being either on the overlay, on the
original nominal 125 mm slab or on the exposed foundation beams.

Photos of the column locations surveyed were also noted on the survey drawings.

The survey drawings, photos and analysis of levels is included in Appendix A.

A. FOUNDATION BEAM LEVELS

Analysis of the top of foundation levels, based on shots taken on foundation beams,
showed an average level relative to the TBM of +3 mm, with a sample standard
deviation of 16 mm from 6 shots.

The concrete construction standard NZS 3109:1980 allowed a level variation of +/-
|2 mm for top of foundations to receive in-situ construction.

B. SLAB LEVELS

The average RL of top of slab, which was cast directly on the top surface of the
foundation beams was +120 mm with sample standard deviation of 12 mm from 12
shots. The nominal thickness of the slab specified was |25 mm cast to Finished Floor
Level of 15070 m (DENG Dwg S9 (Figure 64)). The average slab thickness
calculated from the difference in the average RL of the slab and the foundation
beams was | |7 mm.

The variation in floor slab levels appeared to be consistent with the DENG
specification section 2.8 (Figure 77) which required the floor slab to achieve a
levelness tolerance of +/- 15 mm and flatness of +/-6 mm over 3m.

C. SLAB OVERLAY LEVELS

The average RL of top of the concrete overlay cast on top of the slab sometime
after the original construction was +209 mm with sample standard deviation of 14
mm from |6 shots. It was not known what the specified nominal thickness of the
overlay was. The average thickness estimated from the average RL of the slab and
the overlay was 89 mm.
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D. NORTH CORE NORTH FACE OUT-OF-PLUMB

The North Core wall on Line 5 was surveyed for verticality by sighting on the
eastern and western corners of the north face of the wall. It was found that there
was a northwards out-of-vertical measurement of 91 mm over 1853 m between
Level | and Level 7 at the northeast corner, and 68 mm over 1853 m at the
northwest corner (Figure 57).

This was greater than the plumbness limit of 25 mm for structures greater than 12m
high in NZS 3109:1980.

E. CONCLUSIONS

The levels survey show that the foundation beams and original floor slab cast during
initial construction had a variation in floor level after the Aftershock generally
consistent with the specified tolerances.

The difference in average floor slab level and the foundation beam level resultted in
an average derived floor slab thickness close to the specified slab thickness.

On this basis it was concluded that no slab or foundation settlement could be
inferred to have occurred.

ft is not known what caused the northwards out-of-plumb in the north face of the
Line 5 wall of the North Core. However:

I. No evidence of settlement, uplift or rotation of the slab and foundation beams
was found from the levelling survey.

2. No damage or cracking was found in the foundation beams running from Grid 3
to Grid 5 when the floor slab was removed for inspection as described in section 4.

3. No evidence of liquefaction was found around the foundations and adjacent to
Line 5 when a pit was dug adjacent to the footing at Grid C and 5, as described in
section 4.
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4. NORTH CORE FOUNDATION INSPECTION

The slab was removed and a pit dug adjacent to the northwest corner of the North
Core (Grid C/5) on 10 May 2011, to look for damage in the foundation beams
around the lift core area and signs of liquefaction (Figure 59).

Another pit was subsequently dug adjacent to the northwest corner of the lift core
after the walls had been substantially demolished on 13 May 201 1. The pit was dug
to check the side of the foundation for cracking. The remains of rotted timber
boxing had to be removed from the concrete.

Nothing unusual was observed by the CERA engineer who undertook the
inspections. No cracking damage was apparent in the foundation beams. No signs of
liquefaction were found.

Notes and photos from the inspections are included in Appendix B.
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5. REINFORCING STEEL PROPERTIES

A. SAMPLE LOCATIONS

Reinforcing steel was taken from structural remnants to identify typical material
properties, and in the case of the H28 bars in the ends of the Line | South Wall, to
identify if any yielding had occurred.

. HIlé: Line | South Wall Level | Door Infill

Figure 42 - Line | South Wall Item El HI16 bars from masonry door infill.
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. H28: Line | South Wall Ends Level | Item E|

Figure 43 - H28 from east and west end of Line | South Wall Item El (clockwise from top left) (a)
H28 about to be cut from east end (EIE); (b) Top of 1000 mm long EIE sample!300 mm from top
of L2 slab; (¢) Top of 1000 mm long EIW sample from west end 750 mm from top of L2 slab.
Coupling beam depth was 1700 mm.

ii. H24: Line | South Wall Ends Level 3(E3) and 4 (E4)

Figure 44 - Locations of H24 reinforcing bar samples (left to right) (a) East end of Line | South Wall
item E3, one cut from lower 1050 mm of wall; (b) Two lapping bars from lower E3 wall item taken
from east end of wall item E4
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REINFORCING STEEL PROPERTIES CONTINUED

B. TENSILE PROPERTIES

Reinforcing steel samples were extracted from items |, 4, 6 and ||, then measured
and tensile tested at SAI Global (NZ) Limited in Christchurch (Morris and Carson
2011). A copy of their test report P5665 is included in Appendix C.

Tensile test results have been reported in accordance with the method of AS/NZS
4671:2001 (SNZ 2001). A summary of the tensile test properties is shown in Table
I

Deformation measurements were also reported.

The tensile properties of the 16, 24, and 28 mm bars were very similar, whereas the
|2 mm bars have greater vield and tensile strength properties.

The properties of the H28 bar EIE taken from wall EI on the east end had
elongation at maximum force (Ag), 3.3% less than that of the H28 bar extracted
higher up the wall on the west side EIW. It also had a measured yield stress of 464
MPa which is |7 MPa higher. This indicated that the EIE bar may have undergone a
level of plastic work hardening. The EIW bar and the other 16 and 24 mm bars
tested appear to have remained elastic due to the consistency of their maximum
elongation values and vyield stress.

The EIW bar had a yield stress Re and elongation at maximum load Ay very similar
to the 16 mm, and 24 mm bars tested.

A summary of average properties measured for each bar size is shown in Table |.
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Size Uniform Yield Ultimate Ratio Comments
Elongation | Stress Tensile Rm/Re
Ag (%) Re: Re. | Strength
or Rop Rm

(MPa) (MPa)

12 16.0 518 677 131 Iltem E4

16 16.3 450 595 1.32 Item E1

24 17.2 446 607 1.36 ltems E3 & E4

28 16.8 447 612 1.37 Iltem E1 specimen E1IW only
16-28 16.8 448 603 1.34 Average excluding

specimen E1E

28 135 464 627 1.35 Iltem E1 specimen E1E only
664 4.2 615 665 1.08 Suspended floor slab
Mesh

Table | - Summary of reinforcing steel tensile test results

C. CHEMICAL ANALYSIS

Reinforcing steel samples were sent to Pacific Steel Group laboratories in Otahuhu
(“Pacific Steel”) for chemical analysis. The analyses were conducted using an
ARL4460 Optical Emission Spectrometer following the ASTM E415 procedures.
The carbon equivalent value WCE was calculated using the International Institute of
Welding (IIW) carbon equivalent formula.

Pacific Steel analysis results are submitted to the Proficiency Test Program E-1,
sponsored by the ASTM Committee E-1 (Analytical Chemistry for Metals). The
results are set out in Table 2.

The Pacific Steel metallurgist advised that the results were consistent with them
being from the same or similar production runs, and were within the variances
expected from product testing.

The chemical analyses showed the bars tested to be conforming to Grade 380
reinforcing steel in accordance with NZS3402P:1973 Hot Rolled Steel bars for the
Reinforcement of Concrete (SNZ 1973).
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Sample C Mn Si S P Al Ni Cr Mo Cu Sn \Y WCE
E:g 0.19 | 1.19 | 0.28 | 0.033 | 0.028 | 0.001 | 0.08 | 0.07 | 0.013 | 0.28 | 0.022 | 0..040 | 0.434
Eg’:‘ 0.19 | 1.19 | 0.29 | 0.031 | 0.031 | 0.001 | 0.09 | 0.08 | 0.011 | 0.28 | 0.023 | 0.042 | 0.442
Egi 0.20 | 1.21 | 0.30 | 0.034 | 0.032 | 0.002 | 0.09 | 0.08 | 0.011 | 0.28 | 0.023 | 0.043 | 0.454
e 0.21 | 1.30 | 0.35 | 0.020 | 0.018 | 0.002 | 0.08 | 0.09 | 0.011 | 0.25 | 0.041 | 0.042 | 0.473
E;\é\/ 0.21 | 1.26 | 0.33 | 0.019 | 0.011 | 0.001 | 0.08 | 0.06 | 0.011 | 0.20 | 0.036 | 0.045 | 0.461

NB -All figures are weight percentage values

Table 2 - Chemical analyses of reinforcing bar samples by Pacific Steel
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6. CONCRETE PROPERTIES

A. CONCRETE TESTING

Concrete cores were extracted at the CTV site from suspended slabs in two
locations (ftem E14 and E23); the Line 5 wall at Level of the North Core; the Line |
South Wall between Level 4 and 5 (ltem E4); the 400 mm diameter column
between Level 6 and 7 (ltem E25) (Figure 46); and the Level | 400 mm square
column from Line 4 — D/E (C18) stub (Figure 47).

Thirteen 400 mm diameter circular and twelve 400 x 300 mm rectangular concrete
column remnants were extracted from the CTV debris located in the specially
designated area at the Burwood Eco landfill (Figure 48).

The circular columns tested at the landfill are designated in this section of the report
by a prefix “tC" (eg tC3 is 400 mm diameter circular column test item C3), and the
rectangular columns are similarly designated by a prefix “tR”.

The columns were selected from all over the CTV debris lot and were all that could
be found remaining on the surface of the debris piles after walking systematically
over the debris. It could be considered therefore that the column remnants were
randomly selected.

Column ltem E25 that had previously been cored at the CTV site was among those
found and is identified as tC1 in the results table in Appendix C.

The column bases could be identified by the presence of terminating vertical lap bars.

Concrete compressive drilled core and rebound hammer testing was undertaken for
slabs, beams and columns by Opus International Consultants Christchurch
Laboratory (“Opus’™) (Jones 2011). Concrete compressive and chord modulus of
elasticity was undertaken for shear wall cores at Opus Central Laboratories in
Wellington (Wong 201 ).

The sample means of the test results for a particular member were assessed against
the known means of concrete properties with 28-day strengths conforming with
NZS 3104:1983. A lower 0.1% acceptance limit was applied to identify upper bound
conformity with a specific strength category. Where the sample size was sufficiently
large an upper 0.1% rejection limit was also applied to identify non-conformity with a
lower strength category.

Sample mean strengths were increased by 8% where testing orientation was
transverse to casting direction, in accordance with Concrete Society
recommendations (GBCS 1987).

Results are shown in Appendix C Table 6.

The concrete test results need to be interpreted in light of the fact that the samples
were extracted from components that had been damaged in the collapse. Care was
taken however to core and undertake rebound hammer tests in portions of concrete
away from areas of obvious cracking and damage. All the cores were visually
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scanned before testing for signs of cracking and the requirements of the NZS
3112:1986.

.  Rebound Hammer Testing and Coring to ASTM C805

Schmidt or Rebound Hammer testing of the columns remnants was undertaken by
OpuslL on 30 May, 2011 (Jones 201 1). Testing was in accordance with ASTM C805
(ASTM 2008) on the column remnants at locations near the top, middle and bottom
ends of the specimens where possible.

Two cores were subsequently extracted and tested from each of five column test
locations that had been found to have average hammer numbers approximately
equal to the mean ,and | and 2 standard deviations either side of the mean (Jones
2011). This was to allow a relationship to be developed between the compressive
test results for the cores and the hammer numbers in accordance with the
requirements of ASTM C805 .

i. Determination of Strengths from Hammer Numbers

The compressive strengths from Hammer Numbers were determined using the
specific strength vs hammer number relationship developed by correlating the cored
test results at 6 locations with the rebound hammer numbers in accordance with the
ASTM C805 (ASTM 2008).

The rebound hammer manufacturer's concrete cylinder compressive strength curves
were reviewed but found to be unreliable for this concrete. This is an issue
identified by ASTM C805 with instrument manufacturer rebound hammer curves for
concrete. This is because the strength to hammer number relationship varies with
concrete mixes (cl. 5.2 ASTM C805). The charts however did provide a basis for
assessing the relative effect of hammer orientation to the vertical on hammer
numbers. At an angle +/- 45 o from vertical down ie 1030 to 0130 hr on a clock-
face, the hammer number increases by 0.5 at HN=45 and by 0.8 at HN=35.

B. ALLOWANCE FOR STRENGTH-AGING EFFECT OF CONCRETE

Concrete is widely known in the construction industry to strength-age or increase in
strength over time. The amount of strength-aging is dependent on the mix design,
batching, placement and curing practices. There is no quantitative relationship
currently known for concrete manufactured in Christchurch. However the California
Department of Transportation (Caltrans) found that in California concrete with 20
to 25 MPa specified 28-day strength had at least 25% strength —aging over 20 to 30
years. It found that concrete batching practice typically sought to achieve target
strength 20% greater than the specified 28-day cylinder compressive strength. This
led to the use of a divisor of .5 on the strength-aged specimen test results to
approximate the specified 28-day compressive strength (Priestley, Seible et al. 1996).

The strength distribution assumed for ready —mixed New Zealand concrete 28-day
strengths at the time of the CTV Building construction was NZS 3104:1983 Table 5
(SNZ 1983). This is plotted in Figure 51 with the actual test strength distribution.
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It is widely understood in the construction industry that concrete properties can be
adversely affected by concrete placement techniques, and these effects have not
been accounted for in NZS 3104:1983 Table 5.

The statistical properties of the same concrete strength-aged were derived by
application of a factor of .25 to the mean and standard deviation of the 28-day
strength properties (Table 3). The 28-day strength properties strength-aged by 25%
are plotted in Figure 52 with the actual test strength distribution.

Concrete Specified Grade Properties at 28 days and Strength-aged by 25%
Variability of 28 day cylinder strength from Table 5 NZ53104:1983

Specified 28 day Strength 12.5 15.0 17.5 20.0 25.0 30.0 35.0
Lower 5% 12.5 15.0 18.7 20.7 25.8 31.5 36.5
Lower 0.1% 8.4 10.3 13.2 15 19.2 24.2 28.9
Upper 99.9% 26.1 30.6 36.8 40 47.8 55.8 62.1
Target Mean 17.3 20.5 25.0 27.5 33.5 40.0 45.5
cov 0.168 0.163 0.155 0.150 0.140 0.130 0.120
standard deviation 2.90| 3.32 3.87 4.13 4.70 5.20 5.46
Strength-aged by 25% Lower 5% 15.6) 18.7 23.3 25.9 32.2 39.3 45.7
Lower 0.1% 10.6 12.9 16.5 18.7 24 30.2 36.1
Upper 95% 27.5 32.4 39.2 42.8 51.5 60.7 68.1
Upper 99.9% 32.6 38.2 46.0 50.1 59.7 69.8 77.6
Mean 21.6 25.6 31.3 34.4 41.9 50.0 56.9
cov 0.168 0.163 0.155 0.150 0.140 0.130 0.120
standard deviation 3.62 4.16 4.84 5.16 5.88 6.50 6.82

Table 3 28-day concrete strength properties as per NZS 3104:1983 and also aged 25%

C. SUSPENDED SLAB COMPRESSIVE TEST PROPERTIES

Average compressive strength from three cores each for the slabs attached to ltems
El4 and E23 was 27.3 MPa and 22.0 MPa respectively. Tests were all taken parallel
with the concrete casting direction.

The specified concrete for the slabs was ‘high grade’ in accordance with
NZS3109:1980 (SNZ 1987), with a compressive strength was fc = 25 MPa at 28
days.

The mean of 24.6 MPa (n=2) of the suspended slab concrete is greater than the
lower 0.1% confidence limit of 23.4 MPa for concrete with specified 28-day strength
of 25 MPa. It is also greater than the lower 0.1% confidence limit of 23.6 MPa for
concrete with 28-day strength of 20 MPa strength-aged by 25%.

In conclusion, at the time of testing the concrete in the suspended slab remnants had
mean strength not greater than that of concrete with 28-day strength of 25 MPa, or
of 28-day strength of 20 MPa Aged by 25%.

This indicates that at the time of the collapse the concrete in the slab may have had
strength consistent with that specified.

[t also may indicate that the concrete used to construct the slab may not have
achieved the specified 28-day strength of 25 MPa at the time of construction.
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However it is recognised that the portions of slab that were tested had significant
damage.

D. PRECAST INTERNAL BEAM

The single test core had a strength of fc =250 MPa. Adjusted 8% for testing
orientation transverse to casting direction this was 27.0 MPa.

This is greater than the lower bound 0.1% acceptance limit of 24.2 MPa for concrete
with 28-day strength of 30 MPa. It is also greater than the 0.1% acceptance limit of
24.0 MPa for concrete with 28-day strength of 25 MPa Aged by 25%.

This seems consistent with the precast beams having achieved the specified 28-day
strength of 25 MPa at the time of construction.

E. SOUTH WALL AND NORTH CORE CONCRETE TEST PROPERTIES

. South Wall and North Core Compressive Test Properties

Average compressive strength from the four cores for the South Wall on Line |
(tem E4) was 32.0 MPa and for three cores on Line 5 of the North Core was 35.5
MPa.

The specified concrete for the walls was ‘high grade’ in accordance with
NZS3109:1980, with a compressive strength was fc = 25 MPa at 28 days.

The mean of the shear wall concrete was 33.8 MPa for the two locations. (n=2).

When adjusted 8% for testing orientation transverse to casting direction this became
36.5 MPa. This is greater than the lower 0.1% confidence limit of 33.8 MPa for
concrete with the specified strength of 35 MPa. It is also greater than the lower
0.1% confidence limit of 36.0 MPa for concrete with the specified 28-day strength of
30 MPa strength-aged by 25%.

In conclusion, at the time of the testing the concrete from the shear walls had mean
strength not greater than that of concrete with 28-day strength of 35 MPa, nor 28-
day strength of 30 MPa Aged by 25% or less.

This seems consistent with the South Wall and North Core having achieved the
specified 28-day strength of 25 MPa at the time of construction.

ii.  Shear Wall Chord Modulus of Elasticity Test Properties

The average shear wall chord modulus of elasticity was determined in accordance
with ASI1012.17-1997.

For six cores extracted from the shear walls on Line | (item E4) and Line 5 Lift
Core Walls the average was 27,600 MPa, with a minimum of 24,000 and maximum
of 29,000 MPa.
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ii.  Shear Wall Secant Modulus of Elasticity

The average compressive strength from the seven cores for the shear walls on Line |
(tem E4) and Line 5 Lift Core Walls was 33.5 MPa.

Using this value in the secant modulus equation of clause 5.2.3 NZS 3101:2006 the
mean secant modulus of elasticity is calculated to be 26,100 MPa.
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F. COMPRESSIVE TEST PROPERTIES OF CONCRETE COLUMN
REMNANTS

Column test properties and observations of their failure condition are shown in
Appendix C Table 6.

All column concrete testing was undertaken by Opus Laboratories Christchurch, in
accordance with NZS 3112:1986 (SNZ 1986).

All cores were cut and testing undertaken transverse to the direction of concrete
casting. Therefore an 8% adjustment to test strength values was made in accordance
with the recommendations of Concrete Society Technical Report No.l | (GBCS
1987).

Cores were extracted to avoid areas of obvious cracking in the damaged members.
All tests were visually scanned for signs of visible cracking prior to testing.

Only column C18 was obviously affected by fire amongst the columns tested.

i.  Description of Circular Column Remnants

Circular column remnants tC1, tC4 and tC5 were full height column remnants with
hinging at the base if a Level 6 to roof column, or at the base and top otherwise
(Table 6).

Column remnant tC1 (ltem E25) was a full height column from Level 6 to Roof with
hinging at its base and still connected by reinforcing steel to column remnant tC8
which had hinging at its base and failure also at mid-height, with all the concrete in
between gone.

Circular column remnants test ltems tC7, tC8, tC9, tCI1, tCI12 and tCI3 had
flexural hinging zones at their bases around the lapping bars and hinging failure similar
to that seen in ltem 33 which was a perimeter column (Figure 53) and Figure 10). In
that case spear head style fracture commenced approximately 1350 mm above the
base and terminated at around 1600 mm. This may have coincided with the end of
the column lap bars, which were specified to be [200mm long (DENG Dwg S14
Figure 69).

Column remnant tCé also had column mid-height failure though the top of it was
connected into the roof. Column remnant tC3 had similar failure at one end like the
other but at the lower end the bars had been cut off during de-construction.

The pre-cast spandrel panels may have had some influence on the mid-height failures
by inducing short column effects (Figure 5 and Figure 72). The 400 mm diameter
columns that suffered the mid-height failures may therefore have been from Grids |,
4 and F like ftem 33.

Circular column remnants tC2 and tC10 were able to be identified as Level | to 2
columns at the Grid 4 F entry (DENG Dwg S14 C23, and C21 or C22). These were
the only columns specified as having 6 D12 vertical bars and tC10 had a downpipe
cast into it (Figure 54).
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The specified concrete 28-day strength for these two Level | columns was 35 MPa
at 28 days according to the Specification. However the mean strength was 24.9 MPa
(26.9 MPa when adjusted for test orientation) based on the Rebound Hammer tests,
so appeared to have not complied with the requirements for 35 MPa concrete.
Photos, taken by a member of the public during construction, show that these
columns were not cast at the same time as the other Level | columns (Figure 45).

Figure 45 - CTV Building under construction (left to right) (a) May 1987 with floors cast up to Level
4; (b) October 1987 with roof on and pre-cast spandrel panels attached; Columns C2I to C23 had
not been built at that time in the northeast corner closest to camera.

ii. Description of Rectangular Columns Line A

Columns tR1, tR2, 1R3, tR4and tR4', and tR5 were full height and showed hinging at
the base and tops typically where the beam-column joint had failed and the beam
had pulled away.

Columns tR4 and tR4" were lower and upper columns running between Level 5 to
Level 6 and the Roof respectively still connected by reinforcing steel.

Columns tR7 and tRé, and tR8 and tR9 were also lower and upper columns
respectively running between two unknown levels still connected by reinforcing steel
through failed beam-column joint zones.

Columns tR6, tR7, tR8, tR10 and tR10" had beam-column joint failures at the base
and mid-height hinging.

The bottom of the Column tR9 had a smooth flat surface as would have been
obtained from an un-roughened construction joint at floor level.
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Figure 46 — Locations of concrete cores taken for testing (clock-wise from top left) (a) Slab attached
to Line | or 4 perimeter shell beam (Iltem E23) (b) Slab attached to Line 4 perimeter shell beam
(Item El4); () Line 5 shear wall through stair well at Level |; (d) Line | South wall Level 4 to 5
(Item E4); (e) Pre-cast log beam from Line 2 or 3; (f) Level 6 400 mm diameter column (Item E25)
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Figure 47 — Locations of concrete cores taken on site for testing on column CI8 on Line 4, adjacent
to wall D/E
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Figure 48 - CTV Columns remnants extracted from the Burwood Landfill CTV debris (at right) for
Schmidt Hammer testing and coring. Full height and partial height remnants can be seen.

Figure 49 -400 mm diameter columns full height (left to right) (a) Test Item tCl Level 6 to roof
column with base hinging failure, still connected by reinforcing to tC8 below; (b) tC4 hinging top and
bottom; (c) tC5 Level 6 to roof column with hinging at base.

i, Level | 400mm Square Column C18 at Line 4 D/E

This column initially presented difficulties in gaining suitable uncracked cores, possibly
due to them being taken horizontally and too close to the fractured zone (Figure
47). However as it was a Level | column the remnant was cut out and taken back to
the testing laboratory and complying cores were able to be extracted for testing in
accordance with NZS 3112:1986 (SNZ 1986).

This column had been affected by fire so efforts were made to take cores away from
the heat affected cover concrete and also trim off cover concrete before testing.

Average compressive strength from the six cores tested (n=6) for the Level | square
column CI18 (DENG Dwg S9 (Figure 64) and SI14 (Figure 68 and Figure 69)) was
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[6.0 MPa, with a minimum of 1.0 and maximum of 25.1 MPa. The mean test
strength adjusted 8% for testing orientation was 7.3 MPa.

The specified concrete for the columns founded at Level | was ‘high grade’ in
accordance with NZS3109:1980, with 28-day strength of 35 MPa (Figure 77).

The lower 0.19% sample mean acceptance criteria of 16.3 MPa indicates that the
column remnant had mean concrete strength not greater than that of concrete with
28-day strength of 15 MPa.

Opus pointed out areas of possible silt contamination in the samples of column CI8.

In conclusion, at the time of the tests, subject to there being no detrimental effects
on the concrete test samples from heat from the post-collapse fire, the Level | 400
mm square column concrete would not have complied with the requirements of
concrete with the specified 28-day strength of 35 MPa nor |5 MPa. However it is
recognised that this remnant had been affected by heat and collapse damage.

Column Concrete Raw Test Strength vs Adjusted 8% for Test Orientation
(per GBCS Technical Report No.11 including Addendum (1987))
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Figure 50 Column concrete test strengths compared to strengths adjusted 8% for test orientation
being transverse to direction of concrete casting. This adjustment in test strength was
recommended by the Concrete Society Technical Report || “Concrete Core Testing for Strength”.
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Figure 51  Column strengths from tests adjusted 8% for test orientation vs 28-day concrete
strength distribution according to NZS3104:1983
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Column Concrete Strength from Tests vs Expected 25% Aged Strength Distribution

o

a
»~

o

== Column Concrete from Tests

/
L3to L6 25 MPa Concrete Aged 25%

04 N\ , \\
0.03 / \ Vi \ = = 1230MPa Concrete Aged 25%
0.02 / \/ \ L135 MPa Concrete Aged 25%

: / /\ \
0.01 S A N

/ - \ S

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Cylinder Compressive Strength MPa

Probability
o o

Figure 52 Column test strengths adjusted 8% for test orientation vs 28-day concrete strength
distribution according to NZS 3014:1983 strength-aged by 25%

iv. Level 6 400mm Diameter Column (E25)

Average compressive strength from the three cores for the Level 6 column (ltem
E25) was 23.3 MPa. Adjusted 8% for test orientation this was 25.2 MPa.

The specified concrete for the columns at and above Level 3 was ‘high grade’ in
accordance with NZS3109:1980, with 28-day strength of 25 MPa.

The sample mean of 25.2 MPa for 3 tests of the 400 mm diameter column is greater
than the 0.1% lower confidence limit of 25.2 MPa for concrete with 28-day strength
of 25 MPa. It is also greater than that of 22.8 MPa for 17.5 MPa aged by 25%.

This indicates that at the time of testing the column remnant had mean concrete
strength not greater than that consistent with concrete with specified 28-day
strength of 25 MPa or 17.5 MPa aged by 25%.

v. Level | Column Properties

Columns able to be specifically identified as being from Level | had a sample mean
of 21.9 MPa (n=3). Adjusted 8% for testing orientation this was 23.7 MPa.

This was greater than the lower 0.1% confidence limit of 20.3 MPa for concrete with
28-day strength of 20 MPa, and greater than 22.8 MPa for | 7.5 MPa aged by 25%.

The specified 28-day strength was 35 MPa.

vi. Level | to 6 Column Concrete Properties

Concrete cores and calibrated Rebound Hammer tests on 26 columns out of a
possible 123 found an average strength of per column of 27.4 MPa. Adjusted 8% for
testing orientation effects this was 29.6 MPa. The sample statistics are shown in
Table 4. These have been calculated using the n-1 method to adjust for sample size.

The adjusted sample mean of 29.6 is greater than the 0.1% lower confidence limit of
25.0 MPa for concrete with 28-day strength of 20 MPa. It is also greater than the
upper 99.9 % confidence limit for concrete with 28-day strength of 17.5 MPa of 27.3
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MPa and less than the lower 0.1% confidence limit for concrete with 28 strength of
of 25 MPa of 30.7 MPa.

This indicates that at the time of the testing the column remnants from Levels | to 6
had mean concrete strength consistent with that of concrete with specified 28-day
strength of 20 MPa (Figure 51 and Figure 52). This is less than the minimum specified
concrete 28-day strength of 35 MPa for columns at Level I; 30 MPa for columns at
Level 2; and 25 MPa for columns from Level 3 to Level 6.

The adjusted sample mean of 29.6 is greater than the 0.1% lower confidence limit of
284 MPa for concrete with 28-day strength of 17.5 MPa. It is also greater than the
upper 99.9 % confidence limit for concrete with 28-day strength of 15.0 MPa of 28.0
MPa and less than the lower 0.1% confidence limit for concrete with 28 strength of
of 20 MPa of 31.3 MPa.

This indicates that the concrete in the columns in Levels | to 6 may not have
achieved strength consistent with that of concrete with specified 28-day strength of
25 MPa, at the time of construction. The minimum specified concrete 28-day
strength was 35 MPa for columns at Level |; 30 MPa for columns at Level 2; and 25
MPa for columns from Level 3 to Level 6.

However it is recognised that the tests were made on members that had suffered
distress during the collapse.

As-Tested Adjusted
8% for
Orientation
Sample Size (n) 26 26
Minimum (MPa) 16.0 17.3
Maximum (MPa) 46.6 503
Lower 5% (MPa) 14.2 15.3
Mean (MPa) 274 29.6
Upper 95% (MPa) 40.6 438
Coefficient of Variation (cov) 0.293 0.293
Standard Deviation (MPa) 8.04 8.68

Table 4 Column concrete test properties statistics

vii. Level 5 to 6 Column Properties

Columns able to be specifically identified as being from Level 5 and 6 had a sample
mean of 25.1 MPa (n=8). Adjusted 8% for testing orientation this was 27.1 MPa.
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This was greater than the lower 0.1% confidence limit of 23.1 MPa for concrete with
28-day strength of 20 MPa but less than that specified of concrete with 28-day
strength of 25 MPa.

This indicates that at the time of testing the column remnants from Level 5 and 6
had mean concrete strength consistent with that of concrete with specified 28-day
strength of 20 MPa.

This was greater than the lower 0.1% confidence limit of 26.1 MPa for concrete with
28-day strength of 7.5 MPa Aged by 25% and less than the lower 0.1% confidence
limit of 28.8 MPa for concrete with 28-day strength of 20 MPa Aged by 25%.

This indicates that some of the concrete from columns in Levels 5 and 6 may not
have achieved the specified 28-day strength at the time of construction. The
minimum specified concrete 28-day strength was 25 MPa for columns from Level 3
to Level 6.

G. DISCUSSION OF CONCRETE COLUMN PROPERTIES

The DENG Specification required the concrete 28-day strength to be 35 MPa at
Level I, 30 MPa at Level 2 and 25 MPa at Level 3 and above.

The core and rebound hammer tests, were based on the testing of 26 column
remnants selected at random from the debris. This is a significant sample size
statistically and allows confidence to be taken in the results.

There was a marked difference in the tested core strengths of columns tR7 (40.9
MPa) and the tR6 (255 MPa). Column tR7 was the lower column of two, still
attached by reinforcing steel to column tRé. It is therefore possible that column tR7
was cast using concrete with different specified 28-day strength than tR6.  This may
have been a column from Level 2 which had specified 28-day strength of 30 MPa or
it may just be consistent with statistical variation in the concrete mix design.

However the specifically identifiable Level 5 and 6 (n=8) and Level | (n=3) and the
unknown level (n=15) columns were found to have similar statistical characteristics
as the total sample (n=26). The selection of the column remnants for testing was
random and based on what was visible and retrievable from the debris field at the
Burwood Landfill.
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Figure 53 -400 mm Diameter Columns at Burwood showing similar base and/or mid-height failures
(Left to right, top row down) (a) Test item tCé Level 6 column head with mid-height failure; (b) tC7
with base and mid-height failures; (c) tC8 with base flexural (near end) and mid-height spearhead
failures; (d) tC9 Level 6 column head with mid-height failure; (e) tCl | base (near end)and mid-height
failure; (f) tC12 base and mid-height failure; (g) tC13 base and mid-height flexural failure(near end);
(h) tC3 similar to tC13 but lower bars have been cut during de-construction at start of spalling.
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Figure 54 - Level | Entry 400 mm Diameter Columns (left to right) (a) Test item tC2, 6-D 12 vertical
bars fractured at base (DENG Dwg S14 C23); (b) Item tC10 with down pipe cast in (DENG Dwg
S14 C21 or C22)
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Figure 55 -400 x 300 mm Rectangular Columns (Left to right, top down) (a) tR1 beam-column joint
failure at base, mid-height failure; (b) Level 6 to Roof base or beam-column joint failure; (c) tR3
failure base and top; (d) tR4 Level 6 to Roof with beam-column joint failure, still connected by rebar
to (e) tR4’ below which also (f) indicates beam-column joint failure at tR4’ base (near camera); (g)
tR8 with damage from mid-height still connected to tR9 above (h) with beam-column joint failure
with (i) underside of tR9 smooth.
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Figure 56 -400 x 300 mm Rectangular Columns (from left to right and top down) (a) tR6 base at far
end connected by reinforcing to (b) tR7 below, with beam-column joint failure; (c) tR10 remnant;
(d) tR10’ remnant
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7. CONCLUSIONS

In the opinion of the author the site examination and materials testing have resulted
in the following conclusions:

The concrete test results need to be interpreted recognising that
the samples were extracted from components that had been
damaged in the collapse. Care was taken however to avoid coring
in or undertaking rebound hammer tests on portions of concrete
with obvious cracks. Cored samples were visually scanned before
testing for signs of cracking and conformity with the requirements of
the testing standard NZS 3112:1986.

The minimum specified concrete 28-day strengths were 35 MPa for
columns at Level |: 30 MPa for columns at Level 2;: and 25 MPa for
columns from Level 3 to Level 6.

Based on the testing undertaken, it appears that at the time of the
testing the column remnants from Levels | to 6 had mean concrete
strength consistent with that of concrete with specified 28-day
strength of 20 MPa.

Based on the testing undertaken it appears that at the time of
testing the concrete in the South Wall and North Core may have
met the minimum 28-day strength specified of 25 MPa.

Based on the testing undertaken it appears that at the time of the
testing the concrete in the suspended slab may have met the
minimum 28-day strength specified of 25 MPa.

A portion of reinforcing steel removed from the Line | South Wall
near ground level appeared to have “work hardened” during the
Aftershock and prior to the collapse of the building.

No evidence of settlement of the foundations and slab was able to
be inferred from the site levels survey which found levels consistent
with construction practice at the time of construction.

The north face of the Line 5 wall of the North Core was found to
be out of plumb by an amount greater than the construction
tolerances allowed in NZS 3109:1980.

Construction joints and interfaces between pre-cast components
and other concrete elements were found to be typically smooth
rather than roughened as is normally required to improve interface
interlock.

Reinforcing steel from several pre-cast shell beams was not
developed into the Line 4 core wall as specified.

Connection of the slabs by reinforcing steel into the Line D and D/E
walls of the North Core was non-existent in some cases at Level 2,
3 and 4.
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The connection of the CI18 column (located at Line 4-D/E) into the
lift core wall at Level 7 was less than specified and the bars had de-
bonded.

A number of circular columns examined showed mid-height hinging
failures as well as hinging at the base or head. This was also seen in
a column remnant clearly identified as being a perimeter column
that had been located between precast spandrel panels. Other
circular columns were found full height with hinging damage at the
head and base.

Rectangular columns which had all been located on Line A in the
structure, typically exhibited beam-column joint failure as well as
other damage.

CONCLUSIONS
2.
3.
[4.
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APPENDIX A: LEVELS AND POSITIONAL SURVEY
RESULTS

The levels taken on the foundation beams, top of slab and top of overlay which all
had nominally the same top of concrete level have been analysed in Table 5.

The J] Steel drawings have been annotated to identify whether the levels were taken
on the foundation beams, slab or slab overlay (Figure 57 and Figure 58).
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JJS Dwg [Local Coordinates from 4/F| Adjacent Grid or Feature |Location|Levels|Average | SD | Number
West South Grid Grid
2 17027 21033 C.5 STEP F 30
1 20071 22537 C 1 F 5
1 26209 22537 A.5 1 F 0
1 30066 22467 A 1 F 0
1 30067 7474 A 3 F 5
1 30121 14983 A 2 F -20 3| 16 6
1 0 22507 F 1 (0] 182
1 13 15005 F 2 (0] 197
2 77 12850 F 2.5 (0] 201
2 449 22744 F 1 (0] 195
2 845 12868 F EDGE OF OVERLAY (0] 200
1 4481 7447 E 3 (0] 210
1 4507 15206 E 2 (0] 215
2 6031 13667 E EDGE OF OVERLAY (0] 220
1 6956 0 D.5 4 (0] 195
1 11495 7501 D 3 (0] 220
1 11507 14980 D 2 (0] 220
2 11957 14251 D 2 (0] 229
2 17264 18416 C.5 EDGE OF OVERLAY (0] 220
2 17812 12373 C.5 EDGE OF OVERLAY (0] 200
2 17894 6841 C.5 EDGE OF OVERLAY (0] 225
1 18472 7482 C.5 3 (0] 220 209| 14 16
1 50 7479 F 3 S 100
1 7498 22465 D.5 1 S 130
1 12532 22465 D 1 S 115
2 17027 21033 C.5 EDGE OF OVERLAY S 100
2 17264 18416 C.5 EDGE OF OVERLAY S 110
2 17812 12373 C.5 EDGE OF OVERLAY S 122
2 17894 6841 C.5 EDGE OF OVERLAY S 122
1 18472 7482 C 3 S 115
1 18558 14992 C 2 S 130
2 21794 20006 B.5 1.5 S 122
2 22029 774 B.5 4 S 110
1 25511 15001 B 2 S 125
1 25515 7460 B 3 S 135
1 26201 11 B 4 S 125
1 30109 19 A 4 S 145 120| 12 15

Table 5 - Relative levels of top of foundation (F), top of slab (S) and top of overlay (O)
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Figure 57 - ]JS Dwg 2: Location of overlay edge and lift core lean annotated with levels on adjacent
concrete identified as 100mm overlay (O), 125mm slab (S) or foundation beam (F)
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Figure 58 - |)S Dwg |: Locations and levels at centres of demolished columns, annotated with levels
on adjacent concrete identified as 100mm overlay (O), 125mm slab (S) or foundation beam
(F).Photo locations are designated P###.
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APPENDIX B: FOUNDATION INSPECTION

The following are notes for the photos during the inspection by a CERA engineer in
Figure 60. The location at which the photos were taken is shown in Figure 59.

A. PHOTO NOTES

P947  The floor slab exposed after removal of the overlay slab. Pavement markings indicate
this area was a car park.

P948  Tops of foundation beams exposed after removal of the floor slab. The material
between the beams is typical Canterbury pit-run rounded river gravel.

P968  Top of foundation beams. No damage evident. Chips are from excavator bucket.
P971  Top of foundation beam.

P960  What appears to be a foundation beam construction joint at the edge of the column
pad at the south west corner of the area uncovered. There were no other joints
evident in the exposed foundation beams.

P903  North side of the excavation at the northwest corer showing side of the finger
beam which is founded around 1250 below the slab level on damp, firm yellow silt.
The silt bearing capability was not tested but it “feels” about what one would expect
for 100kPa safe pressure ground. The side of the beam still had some rotted boxing
timber in place.

P964  NW corner finger beam top surface. No damage evident. Chips are from excavator
bucket.

P919  Excavated south side of the finger beam showing the base slab. Water entered from
a broken pipe in the side of the tower foundation. The base slab is about 650 below
top of the beam.

P993  North side of the excavation at the northwest cormer showing side of the finger
beam shown in P903 after demolition of the core. The rotted boxing timber in P903
on the side of the footing has been removed.
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Figure 59 - Locations of photos taken during foundation inspections on |0th and 13* May, 201 |
(CERA)
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Figure 60 - Foundation Inspection (From left to right in rows from top) (a) P947; (b) P948; (c) P968;
(d) P971; (e) P960; (f) P903; (g) P964; (h) P919; (i) P993
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APPENDIX C: COLUMN STRENGTH ASSESSMENT

A. COLUMN TEST DATA AND OBSERVATIONS

CTV Columns Cores and Rebound Hammer Tests

Column Test Hammer [ Orientation | Hammer [Orientation [ Hammer |Test Core [Test Core |Test Core |Test Core | Hammer Location in Building Failure Type and Position
ID Location | Number | (Vertical | Number Number | Strength [ Strength | Strength | Average | Strength
1 =1200 hr) 2 Avg 1 2 3 MPa MpPa
400 x 400 mm Square Columns (D/E 4) (Cores Only)
c18 [ [ [ 251 128 137] [ [At L1 at wall D/E
[ [ [ [ [ [ 165 170l  110[ 160

400 mm Diameter Columns (Cores and Rebound Hammer)

tC1 Top 42.1 1200] 42.1] 26.5 16.0 27.5 233 29.8|aka Item E25; Level 6

tC4 Bottom 49.3 1100 49.3 47.8 45.3 46.6| 44.3|Level unknown Flexure at base and top

tC12 42 1200 46.1 1200 44.1 27.1] 26.2] 26.7| 33.2|Level unknown; Edge Flexure at base and mid-height
400 x 300 mm Rectangular Columns (Line A) ( Cores and Rebound Hammer)

tR6 35.7 1200 37.8 1200 36.8 24.5 26.4 25.5 22.2|Above tR7: Level unknown [Beam-column joint and mid-height
tR7 46.2 1200 46.5 1200 46.4 39.5 42.2 40.9 37.7|Below tR6; Level unknown [Mid-height and beam-column joint
tR3 35.3] 1200 35.4] 1200 35.4] 20.5/ 20.1] 20.3 20.5|Level unknown Base and top

400 mm Diameter Columns (Rebound Hammer Only) Hammer

Ave MPa

tC5 Bottom 41.1 1200 41 28.2|Level 6 to Roof Flexure at base and mid-height
tC5 Top 38.3] 1130 38 26.2 24.2

tC6 35.6) 1130 36 20.8| 20.8|Level 6 to Roof; Edge Flexure at mid-height

tC9 Top 37.6| 1200 38 23.2 23.2|Level 6 to Roof; Edge Flexure base and mid-height
tC8 33.5 1130 34 18.5 18.5|Level 5to 6; tC1 above; Edge |Flexure at base and mid-height
tC10 Bottom 35.4] 1200] 35 20.6|Level 1to 2 C21 or C22 6 D12 bars fractured at base
tC10 Top 31.1 1200 31 18.4 16.2|Downpipe in column
tC2 Bottom 35.9 1200] 36 21.2|Level 1to 2C23 6 D12 bars fractured at base
tC2 Top 48.1 1130 48 31.3 41.5
tC3 41.6| 1130 42 29.0) 29.0|Level unknown Flexure at base and mid-height
tC7 41.9 1200 42 29.5 29.5|Level unknown; Edge Flexure at base and mid-height
tC11 34.3 1000 34 19.4 19.4|Level unknown; Edge Flexure at base and mid-height
tC13 36.9 1200 37| 22.4 22.4|Level unknown; Edge Flexure at base and mid-height
400 x 300 mm Rectangular Columns (Line A) (Rebound Hammer Only)
tR2 Bottom 40.4 1200 40 27.1|Level 6 to Roof Beam-column joint
tR2 Top 41.6) 1200 42 28.1 29.0|
tR4' Bottom 39.6| 1100 40 26.0|Level 6 to Roof Beam-column joint
tR4' Top 36.4 1100 36 23.9 21.8,
tR4 Bottom 45.4 1100 45 35.7|Level 5to Level 6 Beam-column joint
tR4 Top 46.6) 1100 47 37.0 38.2[tR4' above
tR1 37.7| 1130 38 23.4 23.4|Level unknown Beam-column joint
tR5 43.6| 1130 44 32.4] 32.4|Level unknown Beam-column joint and mid-height
tR8 Bottom 42.9 1200 43 31.1|Level unknown Beam-column joint,
tR8 Top 38.9 1200 39 28.1 25.0| mid-height
tR9 Bottom 39.5 1200] 40, 25.8|Level unknown Beam-column joint
tR9 Top 35.8 1200 36 23.4 21.0,
tR10 50.1 1130] 50 46.3 46.3|Level unknown
tR10' 42.9 1130] 43| 311 31.1|Level unknown

Table 6 - Columns Core tests results, Rebound Hammer results, strengths, locations of columns and
comments on failure damage. All tests were undertaken transverse to concrete casting direction.
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RELATIONSHIP

Concrete Cores vs Hammer Numbers

B. CONCRETE CORE VS REBOUND HAMMER NUMBER STRENGTH

Specimen | Location [ Hammer |Orientation | Hammer |Orientation| Hammer | Core 1 Core 2 Core 3 [Core Avg | Predicted

Number Number Avg MPa MPa MPa MPa MPa
tCl Top 42.1 1200 42.1 26.5 16 27.5 27.0 29.8
tC4 Top 49.9 1200 45.9 1100 47.9 47.8 45.3 46.6 41.0
tC12 Top 46.1 1200 42.0 1200 44.1 27.1 26.2 26.7 33.3
tR3 Top 35.4 1200 35.3 1200 35.4 20.5 20.1 20.3 20.6
tR6 Top 37.8 1200 35.7 1200 36.8 24.5 26.4 25.5 22.2
tR7 Top 46.5| 1200 46.2 1200 46.4| 39.5 42.2 40.9 37.8
Note: tC1 core 2 has been excluded as an outlier for developing strength vs hammer number relationship
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Figure 61 - Core strength to rebound hammer tests correlation curve.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED

C. COLUMN SCHMIDT HAMMER TESTS REPORT

(included with permission of Opus International Consultants Ltd.)
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED

D. COLUMNS SCHMIDT HAMMER CORES TESTS

(Included with permission of Opus International Consultants Ltd.
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED

E. LEVEL | 400 SQUARE CI8 AND LEVEL 6 400 CIRCULAR COLUMNS

Two sets of compression tests were undertaken on concrete extracted from the
400 mm square CI8 column stub at Level |. The cores were extracted in such a
way as to seek to avoid any effect of fire on the concrete properties.

Three cores were taken from column ltem E25 which was identified as a Level 6
column. It was also found amongst the Burwood Landfill columns extracted and
designated tC1 for the Rebound (Schmidt) Hammer testing.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED

i.  Set | Results
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED

ii.  Set 2 Results and Specimen Examination Report

© Hyland Consultants Limited 2012 PAGE 107



CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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APPENDIX C: COLUMN STRENGTH ASSESSMENT CONTINUED
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX D: REINFORCING STEEL, DRAG BAR
ANCHORS AND DECKING TEST RESULTS

Reinforcing steel and profiled metal deck samples were tested by SAl Global Ltd in
Christchurch. (Test report is included in full with permission of SAl Global Ltd).

Drag Bar threaded anchor rod hardness tests were undertaken by Materials and
Testing Laboratories Ltd, Auckland (*MTL"). (Test report is included in full with
permission of MTL).
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APPENDIX D: REINFORCING STEEL, DRAG BAR ANCHORS AND DECKING TEST RESULTS CONTINUED
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APPENDIX D: REINFORCING STEEL, DRAG BAR ANCHORS AND DECKING TEST RESULTS CONTINUED

PAGE 122 © Hyland Consultants Limited 2012



CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX D: REINFORCING STEEL, DRAG BAR ANCHORS AND DECKING TEST RESULTS CONTINUED
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APPENDIX D: REINFORCING STEEL, DRAG BAR ANCHORS AND DECKING TEST RESULTS CONTINUED
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/ CONTINUED

Figure 62 - Drag Bar slab threaded anchor rod hardness test results
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE
CORES TEST RESULTS

Concrete cores were cut from the line | South Wall element marked E4; The lower
portion of the Line 5 wall at the stair well on the North Core; in a precast log beam
and into two portions of suspended slab still attached to concrete beams.

Testing was undertaken by the Christchurch laboratory of OPUS International
Consultants Ltd in conjunction with their Wellington laboratory which undertook
Modulus of elasticity tests and compressive strength tests on the samples extracted
from the Line | and 5 shear walls.

(Test reports included with permission of Opus International Consultants Ltd)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

A. LINE | LEVEL 4 SOUTH WALL: E4 COMPRESSIVE STRENGTH
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

B. LINE | LEVEL 4 SOUTH WALL: E4 STATIC CHORD MODULUS OF
ELASTICITY
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

C. LINE 5 LEVEL | STAIR WALL NORTH CORE: COMPRESSIVE
STRENGTH
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

D. LINE 5 LEVEL | STAIR WALL IN NORTH CORE: STATIC CHORD
MODULUS OF ELASTICITY
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

E. SUSPENDED FLOOR SLAB CONCRETE CORES (ITEMS EI14 AND E23)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX E: WALL, BEAM AND SLAB CONCRETE CORES TEST RESULTS CONTINUED

F. PRECAST LOG BEAM: COMPRESSIVE STRENGTH
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL
DRAWINGS

Portions of structural and architectural drawings prepared by DENG and ARCH are
shown to aid with interpretation of the report. Portions are included with the
permission of DENG and ARCH.
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 63 - Foundation Layout (Extract from DENG Dwg S2)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 64 - Level | ground floor slab layout (extract DENG Dwg S9)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 65 - Level 2 to 6 Floor Layout (Extract from DENG Dwg SI15)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 66 - Level 2 to 6 floor slab details (Extract from DENG Dwg SI5)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 67 - Precast beam layout drawings (Extract DENG Dwg S18
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 68 - Columns (Extract DENG Dwg S14)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 69 - Columns (Extract DENG Dwg S14)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 70 - Beam-Column Joints (Extract DENG Dwg S19)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 71 - Beam-Column Joints (Extract DENG Dwg S19)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 72 - Pre-cast spandrel panels (Extract from DENG Drawing 525)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 73 - Spandrel Panel Details at 400 mm Diameter Columns (Extract ARCH Dwg A7)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED
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Figure 74 - Line | South Wall with Items El to E5A identified (Extract from DENG Dwg S10)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 75 — North Core and slab sections (Extract from DENG Dwg S10)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX F: STRUCTURAL AND ARCHITECTURAL DRAWINGS CONTINUED

Figure 76 - Line 4 to 5 Stairs and detail of Stair S8 Level 4 to 5 (extract from DENG Dwg S31)
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX G: STRUCTURAL SPECIFICATION

A. CONCRETE AND REINFORCING STEEL SPECIFICATION
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APPENDIX G: STRUCTURAL SPECIFICATION CONTINUED
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APPENDIX G: STRUCTURAL SPECIFICATION CONTINUED
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APPENDIX G: STRUCTURAL SPECIFICATION CONTINUED
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APPENDIX G: STRUCTURAL SPECIFICATION CONTINUED
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CTV BUILDING: SITE EXAMINATION & MATERIALS TESTS

APPENDIX G: STRUCTURAL SPECIFICATION CONTINUED

Figure 77 - Extract from DENG Pre-cast Concrete Specification
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