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1. Executive Summary
The CTV Building at 249 Madras Street collapsed suddenly during the earthquake on 22 February,
2011. Columns collapsed and floors fell on top of each other in a progressive collapse.

During the rescue and recovery operation the building was largely deconstructed leaving a pile of
debris on the site. Structural remnants were recovered from the debris for examination on 12"
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 it collapsed.

The remnants examined included reinforced concrete columns, the collapsed line 1 shear wall, the
line 4 and 5 lift and stair well walls by crane, and various beam and slab items.

The observations made in this report cover only a sample of structural remnants able to be accessed
on the site and in the broken up debris deposited at the Burwood Landfill, at the time.

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 earthquake, as well as photos of the structure
immediately after the earthquake and during its subsequent de-construction.

A summary of defects that may be relevant to the performance of the structure during the 22
February after-shock are as follows:

1. Concrete strengths were found to be lower than what would have been expected for
concrete that had originally complied with the specification during construction.

2. The reinforcing steel was found to have properties consistent with the standards of the
time.

3. A portion of reinforcing steel removed from the Line 1 shear wall near ground level was
found to have work hardened during the earthquake and prior to the collapse of the
building.

4. 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.

5. A northward lean on the Line 4 and 5 lift and stairwell core was found that was concluded
not to have been caused by the earthquake and may have occurred during construction.

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

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

8. Connection of the slabs by reinforcing steel into the Line 4 lift core walls was non-
existence in some cases at Level 2, 3 and 4.

9. The connection of the C18 column into the lift core wall at Level 7 was less than specified
and the bars had de-bonded.
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10. A number of circular columns examined showed mid-height hinging failures as well as
hinging at the base. This was also seen in a column remnant identified as being a perimeter
column located between precast spandrel panels. Other circular columns were found full
height with hinging damage top and bottom.

11. Rectangular columns which were all located on Line 1 in the structure, typically exhibited
beam-column joint failure as well as other damage.

© Hyland Consultants Ltd 2011 8 21 Jul. 11
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2. 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 causes of damage that led to the collapse of
building during the earthquake on 22" February, 2011.

b. Scope
The Department of Building and Housing agreed the following scope for the investigation:
o Seek out relevant drawings of the structure from the Christchurch City Council.
. Access the site and pull out structural remnants from the debris for examination
using a mobile crane
. Layout and visually examine and document structural remnants.
o Remove samples of reinforcing steel and concrete cores for code conformance
checks and possible back engineering of the collapse condition..
o 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 composite metal deck and concrete floor slabs,
precast concrete beams, circular concrete columns, and two sets of shear walls to laterally brace it.

One set of coupled shear walls was located on the Cashell Street or south end (Line 1) to which an
external fire escape stair was attached . The other set of shear walls was located at the northern
end (Line 4 to 5) and was built around the lift and stair wells.

The development gained a building permit on 30" September, 1986 according to documentation at
the Christchurch City Council. Construction was started in 1986 and finished in 1987 or 1988.

The building was severely damaged in the earthquake after-shock 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 USAR teams as they searched for and recovered victims from the ruins. Items
considered to be of structural significance were marked and set aside by USAR in a pile near the
Cashell Street end of the site for examination. Another pile of general debris was located north of
this area on a vacant lot.

In this report the Design Engineer is referenced using the abbreviation “DENG” and the Architect is
referenced using the abbreviation “ARCH”.

© Hyland Consultants Ltd 2011 9 21 Jul. 11
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3. Summary of Observations and Findings

a. Composite Metal Deck and Concrete Suspended Slab

The Hi-bond deck that formed the 200 mm thick slab had de-bonded from the underside of the
concrete in all cases.

The steel decking had pulled away from the supporting beams in all cases except at the pre-cast
beam support on Line 4 at the lift core. In that case the steel decking fractured in tension.

A portion of the decking was tensile tested and found to exceed the specified yield stress of 550 MPa
(p.19).

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.

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 (p. 21).

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 beam s 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 5).

c. 400 mm Diameter Columns

The exterior 400 mm diameter column Item 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
8).

The lap joint in the exterior columns was concealed by the external spandrel panels and interior
linings (Figure 65 and Figure 66).

d. Internal Pre-cast log Beams on Line 2 and 3

The ends of the pre-cast internal log beams that supported the 200 mm thick Hi-bond slab had
smooth formed unroughened ends at the interface with the beam —column joint zone. This would
have reduced beam-column joint shear capacity (Figure 10).

e. External Pre-cast Log Beam on Line 1 and 4

The ends of the pre-cast log beams supported by the corner columns on Grid A had a smooth
unroughened 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 11).

f. Line 1 Shear Wall

The Line 1 shear wall that extended from Level 1 on the ground to the roof had been broken up into
single story components during de-construction (Figure 67).
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i. Level1lto2 (ItemE1)
This panel showed flexural cracking patterns typical of cantilever shear walls (Figure 12).

Reinforcing steel taken from eth east end of the wall was found to have yielded and elongated prior
to eth collapse of the building (p.59).

ii. Level2to 3 (Item 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 13).

iii. Level 3 to 4 (Item E3)
This panel had dominant uni-directional diagonal cracking running from the bottom west corner to
the top east end (Figure 14).

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 57).

iv. Level 4 to 5 (Item 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 B15
and B16 (Figure 59).

v. Level5to 6 (Item E5)
Weak concrete in west pier adjacent to top of doorway that was able to be dislodged by boot (Figure
16).

Top surface of wall had smooth rather than roughened construction joint for slab seating.
Bars from wall into attached pre-cast beam had fractured.
No obvious cracking in the wall or the door head coupling beam.

vi. Level 6 to Roof ( Item E5A)
No obvious cracking in the wall piers or door head coupling beam (Figure 17).

g. Lift and Stairwell Core Walls Line 4 to 5

Horizontal flexural cracking on west and north face at Grid C/5 (Figure 18).

Fine two-way diagonal cracking on the inside faces of Level 1 to 2 walls (Figure 19).
h. Slab and Beam Remnants on Line 4 of Lift and Stairwell Core
The extent of the slabs at the time of examination was measured (Figure 25).

Portions of the level 6 and Level 5 slabs that were still attached immediately after the earthquake
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.

i. Level 6 Slab
The slab had a vertical fracture face that coincided with the ends of the H12 saddle bars from the
support beam on Line 4 (Figure 20).

664 mesh in the slab had fractured in a ductile manner.
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The Hi-bond steel decking had fractured in tension adjacent to the edge of the fractured slab edge.

ii. Level 5 Slab
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 21).

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

iii. Level 4 Slab
The imprint of the bent back bottom bars from the pre-cast shell beams (Figure 5) was visible in the
cover concrete of the wall (Figure 22).

The Hi-bond decking of the fractured slab was still clamped to the support beam on Line 4 and
fractured in tension.

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 only and
beam-column joint type diagonal cracking was seen on the end of the wall consistent with cyclic
demands having occurred during the earthquake.

i. Slab Diaphragm Connections to Lift Core Wing Walls on Grid D and D.5

Drag bar items had been bolted through the slab and into the shear walls at Levels 4, 5 and 6 after
the original construction had been completed (Figure 26).

i. Level 2 Connection of Slab to Walls
No reinforcing steel connected the slab to the east wing wall D.5.

A 20mm hole was found in the west wing wall D where a reinforcing bar has pulled out (Figure 27).

ii. Level 3 Connection of Slab to Walls
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.5 to the slab (Figure 28).

iii. = Level 4 Connection of Slab to Walls
The drag bar items on both the west and east wing walls had partially fractured in bending and
tension. The bolts that passed vertically through the slab and into the drag bar on the west wall had
fractured in tension as the slab pried it off as it rotated downwards during the collapse (Figure 29
and Figure 30).

iv. Level 5 and 6 Connection of Slab to Walls
Similar to what was seen at Level 4 (Figure 31and Figure 32).

j. Connection of Column C18 to Lift Core at Level 7

The column had pulled away in tension from the connection at the lift core wall D.5. 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 33).
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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 induce by the earthquake could
therefore be inferred.

The stair and lift core walls on Line 5 had a northward lean of 91 mm over 18.53 m from Level 1 to
Level 7 on the east end and 68 mm on the west end. This is greater than the construction tolerance
required in the concrete construction standard NZS3109:1980 of 25 mm.

As no damage was found to the foundation beams around the core and no evidence of settlement
could be inferred from the level survey of the slab, overlay and foundation beams it is concluded
that the northward lean was caused during the construction of the core walls (Figure 50).

l. Reinforcing Steel Properties

Reinforcing steel samples were extracted from the Line 1 shear wall and tested to determine tensile
properties, production uniformity and work hardening during the earthquake.

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 1 wall E1 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
showed that the bar had work-hardened during the earthquake and prior to the collapse of the
building (Table 1).

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
39). The chord modulus of elasticity was also determined for the shear wall concrete.

When allowance is made for the expected 25% gain in strength in the concrete over the 25 years
since it was poured most of the concrete tested would not have conformed within acceptable
confidence limits to the specified 28 day strengths at the time of construction (Table 3).

i.  Suspended Slab Concrete Properties
The suspended slab concrete cores achieved average strength at test of 24.7 MPa.

Accounting for strength-aging of 25% the concrete would not have complied with the requirements
for the specified 28 day strength of 25 MPa.

It is also would not have complied with the requirements for concrete with 28 day strength of 17.5
MPa with acceptable levels of confidence (p. 66).

ii. Shear wall Concrete Properties
The line 1 and 5 shear wall concrete cores achieved average strength at test of 33.5 MPa.

Accounting for strength-aging of 25% the concrete would not have complied with the requirements
for the specified 28 day strength of 25 MPa.
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However it would have complied with the requirements for concrete with 28 day strength of 20 MPa
with an acceptable level of confidence(p. 67).

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 (p.67).

iii. = Column Concrete Properties Summary
In summary at the time of collapse the columns from Level 3 and above are considered to have had
properties with the distribution of concrete with specified 28 day strength of 17.5 MPa aged by 25%.

Elsewhere it is considered that some of the concrete columns at Level 1 and 2 had properties
consistent with the DENG Specification of 35 and 30 MPa at 28 days respectively and aged by 25%,
and some consistent with 17.5 MPa strength at 28 days and aged by 25%.

iv.  Level 6 to Roof 400 mm Diameter Column Concrete Properties
The column E25 concrete cores achieved average compressive strength at test of 23.3 MPa.

Accounting for strength-aging of 25% the concrete would not have complied with the requirements
for the specified 28 day strength of 25 MPa.

It is also unlikely that it would have complied with the requirements for concrete with 28 day
strength of 17.5 MPa (p. 69).

v. Level1to 2 400 mm Square Column C18 Concrete Properties
The column C18 concrete cores achieved average compressive strength at test of 16.0 MPa.

Accounting for strength-aging of 25% it would not have complied with the requirements for concrete
with 28 day strength of 17.5 MPa nor the 35 MPa strength specified (p. 69).

Silt was found in the concrete cores tested indicating the aggregate and sands had not been
adequately washed before being used in the concrete (p.128).

This column was in an area affected by the post-collapse fire. Care was taken to ensure cores were
taken away from the surfaces affected by the fire. The samples have been retained for further
chemical analysis if required to check for heat effects (Figure 40).

vi. Concrete Properties of 25 Column Remnants from Burwood Landfill
Twenty five column remnants were extracted randomly from the designated CTV debris site at the
Burwood Landfill and were tested using rebound hammer techniques and core testing in accordance
with ASTM C805 to gain a larger sample of concrete compressive strength properties for the CTV
columns (Figure 42).

Seven of the columns were identified as from Level 5 to the Roof, two were from the Level 1 entry
way at the northeast corner, and sixteen were of unknown location.

Statistical analysis of the Level 5 to Roof columns identified showed that they would not have
complied with the specified 25 MPa strength at 28 days when allowance is made for strength-ageing
of 25%. However they could have complied with the requirements for 17.5 MPa strength at 28 days,
with an acceptable level of confidence.

Three of the columns from unknown locations had concrete strengths significantly higher than the
others. One of these was the lower of two rectangular columns still connected by reinforcing steel.
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Their strengths were consistent with a specified 28 day strength of 30 MPa. Which was the strength
specified for columns at Level 2.

All the other columns tested of unknown location would not have complied with the minimum
specified 25 MPa strength at 28 days, for columns above Level 3, when allowance is made for
strength-ageing of 25%.

However they could have complied with requirements for 17.5 MPa strength at 28 days, with an
acceptable level of confidence.
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4. Examination of Structural Remnants

The examination of structural remnants was undertaken by the author and DBH Structural Engineer,
Graeme Lawrence on Saturday 12" March, 2011 (Figure 1). It was then visited again with Ashley
Smith of Structuresmith Ltd on 5 April, 2011.

A crane and personnel were provided by John Jones Steel Ltd to move the items around for
examination.

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

Figure 1 USAR 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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a. Foundations and Ground Floor Slab on Grade

The ground floor slab had a concrete overlay that measured on average 89 mm thick over the
eastern half of the floor (Table 5). This ramped up from the original slab adjacent to the lift core
(Figure 2).

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 settlement and lift core rotation and is reported in Section 5.

All the concrete columns had been removed to floor slab level except for a 400 mm square column
stub C18 stub adjacent to the east end of the lift core walls (Figure 40).

Figure 2 Ground floor Level 1 slab on grade (clockwise from top) a) View from Fire Service snorkel
of debris and western portion of Level 1 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.
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b. Composite Metal Deck and Concrete Suspended Floor Slabs

The drawings specified a 200 mm thick Hi-Bond floor slab spanning north to south and seated on 400
mm wide precast log beams at 7500 mm centres (DENG Dwg S15 (Figure 57)). The slab was propped
during construction and the trays pre-set upwards at approximately quarter points to a maximum of
20 mm at midspan and then the topping was instructed by the Specification (Clause 2.16 Figure 70)
to be cast to provide the specified thickness.

Reinforcing mesh size 664 was specified under H12 saddle bars 4000mm long at the beams and
draped to 20 mm above the Hi-bond at midspan.

The Base Metal Thickness (BMT) of the Hi-Bond is 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 SAIl 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 p. 111).

The Hi-Bond decking was in all instances found to have fully 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 59)) as seen at Level 4 in Figure 22. The clamping action was
sufficient for the decking to have fractured under tension during the collpase.

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 S18 (Figure 59) as seen in Items E14 (Figure 5) and E18 (Figure 11).
On the edge beam Item E23 (Figure 6) 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
B1 to B10 Dwg S18 (Figure 59) and Section 8 Dwg S15 (Figure 58)), as seen in Figure 9 and Figure 10.
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c. Item E21: Architectural Cladding Panel

Figure 3 Pre-cast spandrel panel Item E21 (DENG Dwg S25 (Figure 65))
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d. Shell Beam and Slab

i. Item E6

Figure 4 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 71).
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ii. Grid 4/B-C:Item E14

Figure 5 Pre-cast shell beam (Item E14) from northern face Grid 4, west side of lift core (DENG B23
Dwg S18 (Figure 59)). (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 22
at Level 4 and Figure 23 at Level 3.
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iii. Item E23

Figure 6 Edge Shell Beam (Item E23) from Line 1 or 5. (Clockwise from top left) a) Underside and outer
face; b) Underside showing 1200 mm slab outstand with metal decking 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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e. 400 mm Diameter Concrete Columns

i. Item E19

Figure 7 400 mm diameter column Item E19. (Left to right) a) Level 6 to Roof, likely location Grid F
(Figure 57) 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 61).

ii. ItemE33

Figure 8 400 Diameter Exterior Column Item E33. (DENG C5 or C11, Dwg S15 (Figure 61)). Left
end is bottom of column at floor level with concrete spalling over lapped vertical reinforcing.
Horizontal cracking in core confined by R6 spiral which had fractured. The unpainted portion

measured at 700 mm long was protected by spandrel panels (Figure 3, Figure 65 and Figure
66). Right-hand end fracture occurred below beam-column joint.
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f. Line 2 and 3 Internal Precast Log Beams

i. Item E26

Figure 9 Interior Pre-cast Log Beam from Line 2 and 3 (DENG Section 3 Dwg S15 (Figure 58))
(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.

ii.  Other Log beams

: y = Vg w BRSNS AT, & Y 2 A s '
Figure 10 Interior Pre-cast Log Beams from Line 2 and 3 (DENG Section 3 Dwg S15 (Figure 58))
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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g. Line 1 and 4 Edge Precast Log Beam: Item E18

Figure 11 Item E18 Pre-cast edge beam north-west corner (DENG B22 Dwg S18 (Figure 59))
(from left to right) a) Smooth form finish at attachment to column 4A (DENG Detail 1 Dwg
$19 (Figure 63)); b) No starters from pre-cast beam into slab to prevent the Hi-bond slab

pulling away (DENG Section 4 Dwg S15 (Figure 58))
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h. Line 1 Shear Wall

The Line 1 shear wall ran full height from Level 1 to the Roof. During deconstruction the wall was
broken into six floor to floor portions and labelled E1 to E5A. The number refers to the level at the
bottom of the wall portion, except for ESA which was located on Level 6 (Figure 67).

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

i Line 1 Wall Level 1 to 2: Item E1

Figure 12 Line Shear Wall (Item E1) (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; c) Top west corner; d)
Top east corner; e) Inside face of east pier

© Hyland Consultants Ltd 2011 27 21Jul. 11



BUI.MAD249.0002.28
DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

diagonal and edge
vertical bars gas cut

slab pulled away w slab bars necked and fractured
700
Top of slab —
—3 R

wall bars into E2 200 b .
necked and fractured ||| -- /15 mm mortar seating
some end bars gas cut ] for shell beam
numerous |
shear cracks

one H28 necked and
= fractured

All other bars gas cut
along base

100 mm concrete S
cover spalled off —— ]

~ 500 I 1 4 m < L1
concrete —L— L | \——F/b?g?g;eéit

broken out  ~ 2050 " 900 2050

© Hyland Consultants Ltd 2011 28 21 Jul. 11



ii.

BUI.MAD249.0002.29
DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

Line 1 Wall Level 2 to 3: Item E2

K o e s ’ - .

Figure 13 Line 1 Shear 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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ii. Line 1 Wall Level 3 to 4: Item E3

: e e T
Figure 14 Line 1 Shear 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.
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iv. Line 1 Wall Level 4 to 5: Item E4

T * "a_-'g‘:-.'l-.a-_ R~ S . e
Figure 15 Line 1 Shear 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; e) Top east corner showing smooth construction joint at interface with pre-cast

beam B15 (DENG Dwg S18 (Figure 59)) and fire charring to spalled eastern edge; f) View from east to
west of top east corner construction joint notch.
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V. Line 1 Wall Level 5 to 6: Item E5

-

Figure 16 Line 1 Shear 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; c) 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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i. Line 1 Wall Level 6 to Roof: Item E5A

Figure 17 Line 1 Shear 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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j. Line 5 Shear Wall

Figure 18 Line 4 to 5 Shear Core (DENG Dwg S15 (Figure 57)) (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 1 to 2 with horizontal flexural cracks and construction
joint identified by paint; d) East face with column C18 remnant at far left
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Figure 19 Lift and Stair well wall cracking Level 1 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.
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k. Line 4 Stair and Lift Core Walls

The stair and lift core remaining walls, slabs and attachments were examined from a man-cage on
12" March, 2011 and from a N.Z. Fire Service snorkel platform on 5" April, 2011. Observations and
comments are included in the captions to the photos.
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i. Level 6 Slab Remnants

Figure 20 Line 4 Core Wall Slab Remnant at Level 6 amenity area (clockwise from top left) a) Slab edge on
stairwell wall looking west with H12 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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ii. Level 5 Slab Remnants

1Tl

Figure 21 Line 4 Core Wall Slab Remnants Level 5 (clockwise from top left) a) West end with H12 bar
ends and mesh at bottom of slab above ribs. It was required on eth drawings to be located near the top
surface (DENG Dwg S16 (Figure 68)); (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 stair well. 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 S18 (Figure 59), Detail 5 S19 (Figure 64)), corresponding to the bent back bottom steel in shell beam
Item E23 (Figure 6).

R A L T L R e R L T Te e—a sure 2



BUI.MAD249.0002.43

DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

ii. Level 4 Slab Remnants

Figure 22 Line 4 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 59), Detail 5 S19 (Figure
64)), corresponding to the bent back bottom steel in shell beam Item E23 (Figure 6). b) Fractured vertical
face of slab at stairwell wall, with fractured slab support beam (DENG B25 Dwg S18 (Figure 59)) top bar
and charred fracture surface. c) Torn Hi-bond sheeting de-bonded from slab but still fixed in at pre-cast
beam support.
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iv. Level 3 Slab Remnants

Figure 23 Line 4 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 59), Detail 5 S19 (Figure 64)),
corresponding to the bent back bottom steel in shell beam Item E23 (Figure 6). b) Ash on slab. Cored holes
at fractured edge. c) Torn Hi-bond sheeting de-bonded from slab but still fixed in at pre-cast beam support
(DENG B24 Dwg S18 (Figure 59)). d) Hi-bond deck and slab from below supported on beam B24
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V. Level 2 Slab Remnants

Figure 24 Line 4 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 H12 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 59), Detail 5 S19
(Figure 64)). Some diagonal beam-wall joint zone shear cracking can be seen in the wall end.
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Figure 25 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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1. Lift Core Wing Walls Diaphragm Connections

The Hi-bond floor slab at Level 4, 5 and 6 had additional drag bars connecting it to the north-south
wing walls, on either side of the lift well, sometime after the original construction was completed.
Bolts had been bolted through the slab and epoxy grout inserted to fill the gap between the bolts
and the hole drilled into the slab as can be seen in Figure 29 to Figure 32.

Figure 26 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 25)

i.  Level 2 Lift Well Wing Walls D and D.5

Figure 27 Level 2 Lift Well Wing Walls Grid D and D.5 (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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ii. Level 3 Lift Well Wing Walls D and D.5

Figure 28 Level 3 Lift Well Wing Walls Grid D and D.5 (anti-clockwise from top left) a) Hi-bond decking
side lapped into western Grid D wall, just hanging on; b) H12 bar necked and fractured at centre of wing
wall ( indicated by chalk arrow). c) Concrete cover broken away as slab pulled southwards; d) Localised
spalling of concrete. No reinforcing found connecting end of east wall with slab.
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Level 4 Lift Well Wing Walls D and D.5

. - /e e
Figure 29 Level 4 Lift Well Wing Walls Grid D and D.5 (anti-clockwise from top left) a) 150x150x10 L
with 50 x 3 SHS; 3 M24 bolts into wall and 6 —-M20 bolts 350 mm long bolted through the slab at the
Hi-bond rib with epoxy grout around bolt; b) Three M20 bolts remaining in the Grid D drag bar have
fractured in tension at the underside of the bolt at the slab surface. The 50 x3 SHS has 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 69). d)
Initiation of angle fracture at elongated hole without bolt into east wall. d) Fracture in angle
running from corner of angle out towards toe viewed from above. f) Remnant of 150x80x10 L drag
bar with 4 M24 bolts into grid D.5 wall. Angle has fractured in bending and tension two bolts in.
End has been gas cut during de-construction.
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Figure 30 M20 Drag Bar Bolt (left to right) a) Rusted portion had been through underside of steel drag
bar. Grey portion with epoxy residue had been in slab; Diagonal fracture surface immediately below
nut. (Portions shown are from two different bolts). b) Smooth diagonal surface to left indicative of
tensile fracture in combination with some shear. Necked and dimpled fracture surface at underside of
bolt (to the right) typical of direct tensile fracture in threaded rods.
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iv.  Level 5 Lift Well Wing Walls D and D.5

1k

Figure 31 Level 5 Lift Well Wing Walls Grid D and D.5 (anti-clockwise from top) a) 150x150x10 L with 50
x 3 SHS; 4-M24 bolts into wall and 6 -M20 bolts 350 mm long bolted through the slab at Hi-bond rib
with epoxy grout around bolt; Three M20 bolts remaining in the Grid D drag bar have fractured in
tension-shear at the underside of the bolt at the slab surface. The 50 x3 SHS has fractured in bending
and tension at the bolt hole adjacent to last bolt into wall and twisted with the slab. b) Epoxy grout
around bolt through slab; c) Holes for 3 M20 bolts through slab in twisted drag bar; d) 150x80x10 L drag
bar with 5 M24 bolts into wall D.5. End of bar has been gas cut during de-construction.
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Level 6 Lift Well Wing Walls D and D.5

Figure 32 Level 6 Lift Well Wing Walls Grid D and D.5 (anti-clockwise from top left) a) 150x150x10 L
with 50 x 3 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 bolted through the slab at the Hi-bond rib with
epoxy grout around bolt; These have fractured in tension-shear at the underside of the bolt at the
slab surface and were measured with 110 mm stick-out above the item. The 50 x3 SHS has fractured
in bending and tension at the bolt hole adjacent to last bolt into wall and the bar has twisted with
the slab. b) Side view of drag bar remnant showing deck uplift at end bolt; c) Fracture surface of
M20 bolt with smooth diagonal face indicative of tension-shear fracture; Epoxy grout around bolt
through slab. f) End bolt with diagonal fracture and slab concrete remains; e) 150x80x10 L drag bar
with 7- M24 bolts into east wall D.5. End of bar has been gas cut during de-construction.
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m. Level 7 Lift Well Wing Wall D.5: Column C18 Connection

Figure 33 Lift Well Wing Wall D.5: Column C18 Connection (DENG Dwg S14 (Figure 61)); 3x 20 to
24 mm diameter holes can be seen where reinforcing bars from column have pulled out. The
drawing shows that 4-H20 bars were required to be bent in to the wall.
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5. 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 gives heights and co-ordinates
of the points shot with an accuracy of +/-5 mm.

The levels are relative to a temporary benchmark 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 51).

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 50).

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 allows a level variation of +/- 12 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 125 mm cast to Finished Floor Level of 15.070 m (DENG Dwg S9 (Figure 56)).
The average slab thickness calculated from the difference in the average RL of the slab and the
foundation beams was 117 mm.

The variation in floor slab levels is consistent with measurements of flatness found on typical
concrete floor slabs on grade in the United States which found a typical variation of +/- 16 mm in 3
metres. The NZS 3114 U3 surface finish criteria is much more severe at 3 mm over 3 metres but is
known to be difficult to achieve and measure in normal construction such as this (Cowie and Hyland
2008).

NZS 3109 sets a tolerance of +/- 5 mm on the thickness of the floor slab. The overall level of a slab
cast to level is able to vary by +/- 12 mm where the nearest surface above it is between 3 and 6 m
from it (SNZ 2003).

The DENG specification section 2.8 (Figure 70) required the floor slab to achieve a levelness
tolerance of +/- 15 mm and flatness of +/-6 mm over 3 m
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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 16 shots. It is 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 is 89 mm.

d. Core Wall Lean

The core walls on Line 5 were found to have a northwards lean of 91 mm over 18.53 m between
Level 1 and Level 7 at the eastern end, and 68 mm over 18.53 m at the western end (Figure 50).

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

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 earthquake generally consistent with normal
international construction practice and close to reasonable and specified tolerances for this form of
construction for car park slabs on grade.

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

As a consequence it is concluded that no slab or foundation settlement can be inferred to have
occurred as a result of the earthquake.

The northwards lean in the Line 5 shear wall is concluded to have occurred during construction as:

1. No evidence of settlement 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 6.

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 6.
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6. Line 4 and 5 Lift Core Foundation Inspection

The slab was removed and a pit dug adjacent to the northwest corner of the core walls (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 52).

Another pit was subsequently dug adjacent to the northwest corner of the lift core after the walls
had been substantially demolished on 13 May 2011. This was to check the side of the foundation
for cracking after remains of rotted timber boxing had been removed and there was no danger from
falling debris from the lift core to those undertaking the inspection.

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

Notes and photos from the inspection are included in Appendix B.
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7. Reinforcing Steel Properties

a. Sample Locations

Reinforcing steel was taken from structural remnants to identify typical material properties and in
eth case of the H28 bars in the ends of the Line 1 wall to identify if any yielding had occurred.

i. H16: Line 1 Wall Level 1 Door Infill

Figure 34 Line 1 Wall Item E1 H16 bars from
masonry door infill.

ii. H28: Line 1 Wall Ends Level 1 Item E1

Figure 35 H28 from east and west end of Line 1 wall Item E1 (clockwise from top left) a)
H28 about to be cut from east end (E1E); b) Top of 1000 mm long E1E sample1300 mm
from top of L2 slab; c) Top of 1000 mm long E1W sample from west end 750 mm from
top of L2 slab. Coupling beam depth was 1700 mm.
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iii. =~ H24:Line 1 Wall Ends Level 3 (E3) and 4 (E4)

Figure 36 Locations of H24 reinforcing bar samples (left to right) a) East end of Line 1 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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b. Tensile Properties

Reinforcing steel samples were extracted from items 1, 4, 6 and 11, then measured and tensile
tested at SAl 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 1.

Deformation measurements were also reported.

The tensile properties of the 16, 24, 28 mm bars were very similar, whereas the 12 mm bars have
greater yield and tensile strength properties.

The properties of the H28 bar E1E taken from wall E1 on the east end has elongation at maximum
force Agt 3.3% less than that of the H28 bar extracted higher up the wall on the west side EIW. It
also has a measured yield stress of 464 MPa which is 17 MPa higher. This indicates that the E1E bar
has undergone a level of plastic work hardening. The E1W 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 yield stress.

The E1W bar has a yield stress R, and elongation at maximum load A, 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 1.

Size Uniform Yield Ultimate Ratio Comments
Elongation Stress Tensile Rm/Re
Az (%) Re: ReL or | Strength
RO.Zp Rm
(MPa) (MPa)

12 16.0 518 677 1.31 Item E4

16 16.3 450 595 1.32 Item E1

24 17.2 446 607 1.36 Items 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 13.5 464 627 1.35 Item E1 specimen E1E only
664 4.2 615 665 1.08 Suspended floor slab
Mesh

Table 1 Summary of reinforcing steel tensile test results
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c. Chemical Analysis

Reinforcing steel samples were sent to Pacific Steel Group laboratories in Otahuhu for chemical
analysis. The analyses were conducted on 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 Group metallurgist advised that the results are consistent with them being from the
same or similar production runs and are within the variances expected from product testing.

The chemical analyses show the bars to be conforming to Grade 380 reinforcing steel in accordance
with NZS3402P:1973 Hot Rolled Steel bars for the Reinforcement of Concrete (SNZ 1973).

Sample C Mn Si S P Al Ni Cr Mo Cu Sn \% 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
E;’i 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
E;E 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;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
512\!3\/ 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 Group laboratory
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8. Concrete Properties

a. Drilled Concrete Core Properties

Concrete cores were extracted from suspended slabs in two locations ( ltem E14 and E23); the Line 5
shear wall at Level 1; the Line 1 shear wall between Level 4 and 5 (Item E4) ; the 400 mm diameter
column between Level 6 and 7 ( Item E25) (Figure 39); and the Level 1 column C18 stub (Figure 40).

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

b. Allowance for Strength-aging Effect of Concrete

Concrete is known 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 Caltrans found in
California that concrete with 20 to 25 MPa specified 28 day strength had at least 25% strength —
aging over 20 to 30 years. Concrete batching practice typically sought to achieve a target strength
20% greater than the specified 28 day cylinder compressive strength. This led to the use of a divisor
of 1.5 on the strength-aged specimen test results to approximate the specified 28 day compressive
strength or 1.25 for strength—aging alone (Priestley, Seible et al. 1996).

The long term statistical relationships of New Zealand concrete properties at 28 days for specified
concrete grades are published in the concrete production standard NZS 3104 Table 2.5A (SNZ
2003),(SNZ 1983). The statistical properties of the same concrete strength-aged have been derived
by application of a factor of 1.25 to the mean and standard deviation of the 28 day strength
properties (Table 3).

The lower bound 5% and 0.1% confidence limits on the sample means of aged concrete test
properties have been derived for various sample sizes to allow statistical assessment of conformance
with the originally specified 28 day concrete strength.
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Concrete Specified Grade Properties at 28 days and Strength-aged by 25%
Variability of 28 day cylinder strength from Table 2.5A NZS3104

Specified 28 day Strength [Lower 5% 17.5 20.0 25.0 30.0 35.0
Lower 0.1% 13.6 16.1 20.3 24.7 29.2
Mean 22.0 24.6 30.5 36.2 41.9
cov 0.125 0.114 0.110 0.105 0.100
standard deviation 2.75 2.82 3.35 3.80 4.18
Strength-aged by 25% Lower 5% 21.9 25.0 31.2 37.5 43.7
Lower 0.1% 17.1 20.1 25.4 30.9 36.4
Upper 95% 33.2 36.6 45.0 53.1 60.9
Upper 99.9% 38.0 41.5 50.9 59.7 68.2
Mean 27.5 30.8 38.1 45.3 52.3
cov 0.125 0.114 0.110 0.105 0.100
standard deviation 3.44 3.52 4.19 4.75 5.22
Sample Mean Limits n=36 [Lower 5% 26.6 29.8 37.0 44.0 50.9
Lower 0.1% 25.8 29.0 36.0 42.9 49.7
Sample Mean Limits n=19 Lower 5% 26.2 29.5 36.5 43.5 50.3
Lower 0.1% 25.1 28.3 35.2 42.0 48.7
Sample Mean Limits n=13 [Lower 5% 25.9 29.2 36.2 43.1 49.9
Lower 0.1% 24.6 27.8 34.6 41.3 47.9
Sample Mean Limits n=7 |Lower 5% 25.4 28.6 35.5 42.3 49.1
Lower 0.1% 23.6 26.7 333 39.8 46.3
Sample Mean Limits n=6 |Lower 5% 25.2 284 35.3 42.1 48.8
Lower 0.1% 23.2 26.4 32.9 39.4 45.8
Sample Mean Limits n=4 [Lower 5% 24.7 27.9 34.7 41.4 48.0
Lower 0.1% 22.3 25.4 31.8 38.1 44.4
Sample Mean Limits n=3 [Lower 5% 24.3 27.4 34.2 40.8 47.4
Lower 0.1% 21.5 24.6 30.8 37.0 43.1
Sample Mean Limits n=2 |Lower 5% 23.5 26.7 33.3 39.8 46.3
Lower 0.1% 20.1 23.2 29.1 35.1 41.1

Table 3 Specified grade properties of concrete at 28 days in accordance with NZS3104 and
strength-aged by 25%
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c. Suspended Slab Compressive Test Properties

Average compressive strength from the six cores for the slabs attached to Items E14 and E23 was
24.7 MPa, with a minimum of 19.5 and maximum of 30.5 MPa.

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 (Figure 70).

The sample mean of 24.7 MPa of the suspended slab concrete is less than the lower 5% confidence
limit of 25.2 MPa but greater than the lower 0.1% confidence limit of 23.2 MPa for concrete with 28
day strength of 17.5 MPa strength-aged by 25% (Table 3).

In conclusion, on the basis of 25% strength-aging at the time of the tests, the suspended slab
concrete would not have complied with the requirements of concrete with the specified 28 day
strength of 25 MPa.

It is also did not comply with the requirements for concrete with 28 day strength of 17.5 MPa with
an acceptable level of confidence (Figure 37).
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Figure 37 Suspended slab concrete properties
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d. Shear Wall Line 1 and 5 Concrete Test Properties

Shear Wall Compressive Test Properties
Average compressive strength from the seven cores for the shear walls on Line 1 (Item E4) and Line

5 Lift Core Walls was 33.5 MPa, with a minimum of 30.0 and maximum of 39.5 MPa.

i

The specified concrete for the walls was ‘high grade’ in accordance with NZ53109:1980, with a
compressive strength was fc’ = 25 MPa at 28 days (Figure 70).

The sample mean of the shear wall concrete is less than the lower 5% confidence limit of 35.5 MPa
for concrete with the specified 28 day strength of 25 MPa strength-aged by 25% (Table 3).

The sample mean of the shear wall concrete is greater than the lower 5% confidence limit of 28.6
MPa for concrete with 28 day strength of 20 MPa strength-aged by 25% (Table 3).

In conclusion on the basis of 25% strength—aging at the time of the tests, the shear wall concrete
would not have complied with the requirements of concrete with the specified 28 day strength of 25
MPa with an acceptable level of confidence.

However it would have complied with the requirements for concrete with 28 day concrete strength
of 20 MPa with an acceptable level of confidence (Figure 38).
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Figure 38 Shear Wall Concrete Properties

Shear Wall Chord Modulus of Elasticity Test Properties
The average shear wall chord modulus of elasticity was determined in accordance with AS1012.17-

1997.

For six cores extracted from the shear walls on Line 1 (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.

ii.

Shear Wall Secant Modulus of Elasticity
The average compressive strength from the seven cores for the shear walls on Line 1 (Item E4) and

Line 5 Lift Core Walls was 33.5 MPa.

iii.
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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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e. Compressive Test Properties of Concrete Column Remnants at CTV Site

i. Level 6 400 mm Diameter Column
Average compressive strength from the three cores for the Level 6 column (Iltem E25) was 23.3 MPa,
with a minimum of 16.0 and maximum of 27.5 MPa. If the lower result of the three is ignored as an
outlier the mean is 27.0 MPa

The specified concrete for the columns at and above Level 3 was ‘high grade’ in accordance with
NZS3109:1980, with a compressive strength was fc’ = 25 MPa at 28 days (Figure 70).

The sample mean of 23.3 MPa for 3 tests of the 400 mm diameter column is less than the lower 5%
confidence limit of 27.4 MPa for concrete with specified 28 day strength of 20 MPa strength-aged by
25% (Table 3). However for the two higher results the sample mean is greater than the lower 5%
confidence limit of 26.7 MPa for concrete with specified 28 day strength of 20 MPa strength-aged by
25%.

The minimum test value for the 400mm diameter column of 16.0 MPa is less than the single sample
0.1% lower bound test limit of 17.1 MPa for concrete with 28 day strength of 17.5 MPa strength-
aged by 25%. But this may be considered to be an outlier result caused by cracking or similar effects
during extraction.

In conclusion on the basis of 25% strength-aging at the time of the tests, the Level 6 to Roof 400 mm
diameter column concrete would not have complied with the specified requirements for concrete
with 28 day strength of 25 MPa.

However it may have complied with the requirements of concrete with specified 28 day strength of
20 MPa if the lowest test reading is treated as an outlier and ignored.

ii. Level1400 mm Square Column C18
Average compressive strength from the six cores tested for the Level 1 square column C18 (DENG
Dwg S9 (Figure 56) and S14 (Figure 60 and Figure 61)) was 16.0 MPa, with a minimum of 11.0 and
maximum of 25.1 MPa.

The specified concrete for the columns founded at Level 1 was ‘high grade’ in accordance with
NZS3109:1980, with a compressive strength was fc’ = 35 MPa at 28 days (Figure 70).

The sample mean of the Level 1 400mm square column concrete is less than the lower 5%
confidence limit of 25.2 MPa for concrete with 28 day strength of 17.5 MPa strength-aged by 25%
(Table 3).

The minimum test value for the 400 mm square column concrete of 11.0 MPa is less than the single
sample 0.1% lower bound test limit of 17.1 MPa for concrete with 28 day concrete strength of 17.5
MPa strength-aged by 25%.

The test samples have been retained so that chemical testing can be undertaken if needed to
confirm if the samples had been affected by heat from the fire that occurred after the collapse.

In conclusion, on the basis of 25% strength-aging 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 1
400 mm square column concrete would not have complied with the requirements of concrete with
the specified 28 day strength of 35 MPa nor 17.5 MPa with an acceptable level of confidence.
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Figuré 39 Concrete core locations (cIocwise from top left) a) Slab cores from Item E23; b) Slab
cores from Item E14; c) Line 5 wall cores at Level 1 centre stair well area; d) Line 1 wall cores from

Item E4 Level 4 to Level 5 in west pier; e) Pre-cast log beam core in side; f) 400 mm Diameter
Column E25 Level 6 to roof cores.
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Figure 40 400 mm Square Column C18 at Grid 4/D.5 adjacent to lift core walls showing
compressive failure (left to right) a) Spear head shape of failure surface indicative of
compressive failure. Fire scorching to surface from smouldering fire; b) Holes showing
locations of drilled cores extracted for compression testing.

© Hyland Consultants Ltd 2011 71 21Jul. 11



BUI.MAD249.0002.72
DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

f. Compressive Test Properties of Concrete Column Remnants at Landfill

i.  Description of Column Remnants at Landfill
Thirteen 400 mm diameter 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 42).

The columns came 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.

Column Item E25 that had previously been cored at the CTV site was among those found.
The bottom of columns could be identified by the terminating vertical lap bars.

ii. Circular Column Remnants
Circular column remnants test Items C7, C8, C9, C11, C12 and C13 had flexural hinging zones at their
bases around the lapping bars and hinging failure similar to that seen in Item 33 which was a
perimeter column (Figure 46 and Figure 8). In that case spear head style shear or flexural hinging
commenced approximately 1350 mm above the base and terminated at around 1600 mm. This
appears to coincide with the end of the column lap bars which were specified to be 1200mm long
(DENG Dwg S14 Figure 61).

Column remnant C6 also had column mid-height failure though the top of it was connected into the
roof. Column remnant C3 has 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 3 and Figure 65). The 400 mm diameter columns that suffered the mid-
height failures may therefore have been from Grids 1, 4 and F like Item 33.

\ _ — -
Figure 41 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 C21 to €23 had not
been built at that time in the northeast corner closest to camera.
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Circular column remnants C2 and C10 were able to be identified as Level 1 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 C10 had a downpipe cast into it (Figure 47).

The specified concrete strength for these Level 1 columns was 35 MPa at 28 days according to the
Specification. However the inferred strengths show that the concrete used was consistent with 17.5
MPa 28 day strength concrete aged by 25% (Table 4 and Table 6). 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 1 columns (Figure 41).

Circular column remnants C1, C4 and C5 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 C1 was a full height column from Level 6 to Roof with hinging at its base and still
connected by reinforcing steel to column remnant C8 which had hinging at its base and failure also
at mid-height, with all the concrete in between gone.

iii. = Rectangular Columns Line A
Columns R1, R2, R3, R4and R4’, and R5 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 R4 and R4’ were lower and upper columns running between Level 5 to Level 6 and the Roof
respectively still connected by reinforcing steel.

Columns R7 and R6, and R8 and R9 were also lower and upper columns respectively running
between two unknown levels still connected by reinforcing steel through failed beam-column joint
zones.

Columns R6, R7, R8, R10 and R10’ had beam-column joint failures at the base and mid-height
hinging.

The bottom of the Column R9 had a smooth flat surface as would have been obtained from an
unroughened construction joint at floor level.

Figure 42 CTV Columns remnants extracted from the Burwood Landfill CTV debris (at rigl:lt) for
Schmidt Hammer testing and coring. Full height and partial height remnants can be seen.
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iv. Rebound Hammer Testing and Coring to ASTM C805
Schmidt or Rebound Hammer testing of the columns remnants was undertaken by Opus
Christchurch Laboratory on 30" May, 2011 (Jones 2011). Testing was in accordance with ASTM C805
(ASTM 2008) on the column remnants at the top, middle and bottom ends of the specimens where
possible in locations identified by the author.

Two cores were subsequently extracted and tested from each of five column test locations that had
average hammer numbers approximately equal to the mean ,and 1 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 (Figure 54).

v. Inferred Strengths and Comparison to Aged 28 Day Grade Statistics
The compressive strengths at each location were inferred using the 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 (Figure 54).

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, as the strength to hammer number
relationship varies with concrete mixes (cl. 5.2 ASTM C805). The charts however do provide a useful
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.

The statistical parameters of the samples tested were compared to those of 28 day strength
concrete manufactured in accordance with NZS3104 and adjusted for 25% aging (Table 4).

- ". .. ‘." = ) Ry 3 /" _A ) ‘. 2
! R g 3 - R TP L o L L B x B e i . d
Figure 43 400 mm diameter columns full height (left to right) a) Test Item C1 Level 6 to roof column

with base hinging failure, still connected by reinforcing to C8 below; b) C4 hinging top and bottom;
c) C5 Level 6 to roof column with hinging at base.
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Sample Tested Best Fit
Sample Statistics 28 day strength with 25% strength Aging
Specific Level 5 & 6 Columns Mean 27.6 27.5|Mean Aged Strength
C1, C5,C6,C9,R2,R4,R4’ SD 5.0 3.44
(Rebound Hammer tests) n 13 25.9|Sample mean lower 5% limit
Max 38.2 38.0|Upper 99.9% Aged Strength
Min 20.8 17.1{Minimum 0.1% AgedStrength
Specified 28 Day Strength 25 Lower 5% 19.39 21.9|Lower 5% Aged Strength
cov 0.18 17.5|Inferred 28 Day Strength
Other Level 3,4 & 5 Columns Mean 25.3 27.5|Mean Aged Strength
C3, C7,C8,C11, C12, C13, SD 5.2 3.44
R1, R3, R5, R6, R8, R9, R10' n 13 25.9|Sample mean lower 5% limit
(Rebound Hammer tests) Max 33.2 38.0|Upper 99.9% Aged Strength
Min 18.5 17.1|Minimum 0.1% AgedStrength
Specified 28 Day Strength 25 Lower 5% 16.77 21.9|Lower 5% Aged Strength
cov 0.20 17.5|Inferred 28 Day Strength
Assumed Level 2 Columns Mean 43.7 45.3|Mean Aged Strength
C4,R7,R10 SD 3.6 4.75
(Cores tests C4and R7) n 4.0 41.4{Sample mean lower 5% limit
Max 47.8 59.7|Upper 99.9% Aged Strength
Min 39.5 30.9|Minimum 0.1% AgedStrength
Specified 28 Day Strength 30 Lower 5% 37.8 37.5|Lower 5% Aged Strength
cov 0.08 30.0(Inferred 28 Day Strength

Table 4 Inferred strengths and statistical parameters of columns tested compared to 17.5 MPa and 30
MPa 28 day strength concrete aged by 25% and sample mean lower 95% acceptance limits.

vi.  Column Properties at Landfill
Columns able to be specifically identified as being from Level 5 and 6 had a sample mean of 27.6
MPa which is greater than the lower 5% confidence limit of 25.9 MPa for concrete with specified 28
day strength of 17.5 MPa aged by 25% (Table 4).

There was a marked difference in the tested core strengths of columns C4 (46.6 MPa) and R7 (40.9
MPa) and the other columns core tested (23.9 MPa). R7 was the lower column of two, still attached
by reinforcing steel to Column R6. Column R6 had significantly lower core test strengths (25.5 MPa)
than R7. Column R10 had a rebound hammer number (HN=50) similar to Column C4 (HN=48.5) . Itis
therefore considered that columns C4, R7 and R10 were cast using concrete with different specified
28 day strength than the others in the sample tested. The average of the 4 cored test results from
C4 and R7 is 43.7 MPa which is greater than the lower 5% confidence limit of 41.4 MPa for concrete
with specified 28 day strength of 30 MPa aged by 25% (Figure 45).

Column remnants that could not be specifically identified as being from Level 5 or 6 had a sample
mean of 29.1 MPa which is greater than the lower 5% confidence limit of 26.2 MPa for concrete with
specified 28 day strength of 17.5 MPa aged by 25% (Figure 44). This excluded the Level 1 entry
column remnants C2 and C10, and the higher strength column remnants C4, R7 and R10.
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Level 5 & 6 Columns Concrete Strength Distribution- (Specific locations)
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Figure 44 Level 3 to 6 Concrete Column Properties (From Top) a) Specific Level 5 and 6 columns; b)
Other Level 3, 4 and 5 columns

In conclusion, on the basis of 25% strength-aging at the time of the tests, the columns from Level 5
and 6 would not have complied with the specified requirements for concrete with a specified
strength of 25 MPa at 28 days with an acceptable level of confidence. However they would have
complied with requirements for concrete with specified 28 day strength of 17.5 MPa with an

acceptable level of confidence (Figure 44).

All other columns tested that are likely to have come from Levels 3 to 5, on the basis of 25%
strength-aging at the time of the tests, would not have complied with the specified minimum
requirements of concrete with specified 28 day strength of 25 MPa at 28 days, with an acceptable

level of confidence.
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However they would have complied with requirements for concrete with specified 28 day strength
of 17.5 MPa with an acceptable level of confidence (Figure 44).

At some level, possibly Level 2, the concrete in the columns may have complied with the specified

requirements of concrete with specified 28 day strength of 30 MPa at 28 days aged by 25% based on
cores in C4, R6 and R7 and hammer tests of R10 (Figure 45).
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Figure 45 Level 1 and 2 Concrete Column Properties (From Top) a) Assumed Level 2 columns; b)
Specific Level 1 columns
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g. Discussion of Concrete Column Properties

The DENG Specification required the concrete strength to be 30 MPa at 28 days at Level 2 and 25
MPa at 28 days at Level 3 and above. The tests on Columns R6 and R7 show that the concrete
changed from 30 MPa to 17.5 MPa at one level when allowance is made for normal aging. That level
is likely to have been Level 3.

In summary at the time of collapse the columns from Level 3 and above are considered to have had
concrete with the distribution of properties for specified 28 day strength of 17.5 MPa aged by 25%
(Figure 44).

For Level 1 and Level 2 columns there remains uncertainty as to the consistency of the strengths.

The Burwood tests showed some concrete with properties consistent with 28 day strength of 30
MPa aged by 25% (Figure 45).

However core tests on the 400 mm square column stub at the CTV site on Line 4 adjacent to the lift
core (C18) (Figure 40), found low quality concrete with strengths not achieving that of concrete with
28 day strength of 17.5 MPa and aged 25%, when 35 MPa at 28 days had been specified (Figure 45).

The single level columns at the entry at Grid F/ 4 were also found to only conform to the
requirements for concrete with 28 day strength of 17.5 MPa, where 25 MPa concrete had been
specified. However these were cast after the main structure had been built.

It is therefore considered that some of the concrete columns at Level 1 and 2 had properties
consistent with the DENG Specification of 35 and 30 MPa at 28 days respectively and aged by 25%
and some consistent or similar to that with 17.5 MPa at 28 days and aged by 25%.
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Figure 46 400 mm Diameter Columns at Burwood showing similar base and/or mid-height failures
(Left to right, top row down) a) Test item C6 Level 6 column head with mid-height failure; b)C7 with
base and mid-height failures; c) C8 with base flexural (near end) and mid-height spearhead failures;
d) C9 Level 6 column head with mid-height failure; e) C11 base (near end)and mid-height failure; f)
C12 base and mid-height failure; g) C13 base and mid-height flexural failure(near end); h) C3 similar
to C13 but lower bars have been cut during de-construction at start of spalling.
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Figure 47 Level 1 Entry 400 mm Diameter Columns (left to right) a) Test item C2, 6-D12 vertical
bars fractured at base (DENG Dwg S14 C23); b) Item C10 with down pipe cast in (DENG Dwg S14
C21 or C22)

© Hyland Consultants Ltd 2011 80 21Jul. 11



BUI.MAD249.0002.81

DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

Figure 48 400 x 300 mm Rectangular Columns (Left to right, top down) a) R1 beam-column joint failure
at base, mid-height failure; b) Level 6 to Roof base or beam-column joint failure; c) R 3 failure base and
top; d) R4 Level 6 to Roof with beam-column joint failure, still connected by rebar to e) R4’ below
which also f) indicates beam-column joint failure at R4’ base (near camera); g) R8 with damage from
mid-height still connected to R9 above h) with beam-column joint failure with i) underside of R9
smooth.
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Figure 49 400 x 300 mm Rectangular Columns (from left to right and top down) a) R6 base at
far end connected by reinforcing to b) R7 below, with beam-column joint failure; c) R10
remnant; d) R10’ remnant.
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9. Conclusions
The site examination and materials testing have resulted in the following conclusions.

1. Concrete strengths were found consistently to be lower than acceptable confidence limits
for what would have been expected for concrete that had originally complied with the
specification during construction.

2. The reinforcing steel was found to have properties consistent with the standards of the
time.

3. A portion of reinforcing steel removed from the Line 1 shear wall near ground level was
found to have work hardened during the earthquake and prior to the collapse of the
building.

4. 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.

5. A northward lean on the Line 4 and 5 lift and stairwell core was found that was greater
that was concluded to have occurred during construction.

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

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

8. Connection of the slabs by reinforcing steel into the Line 4 lift core walls was non-
existence in some cases at Level 2, 3 and 4. Steel drag bars had been added some time after
initial construction at levels 4, 5 and 6 and were not shown on the Building Consent
drawings.

9. The connection of the C18 column into the lift core wall at Level 7 was less than specified
and the bars had de-bonded.

10. A number of circular columns examined showed mid-height hinging as well as hinging at
the base. This was seen in one column identified as being a perimeter column located
between precast spandrel panels. Other circular columns were full height with hinging
damage top and bottom.

11. Rectangular columns typically showed beam column joint failure where the beam had
pulled out, as well as other forms of damage.
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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 JJ Steel drawings have been annotated to identify whether the levels were taken on the
foundation beams, slab or slab overlay (Figure 50 and Figure 51).

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 0 182
1 13 15005 F 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 C5 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 50 JJS Dwg 2: Location of overlay edge and lift core lean annotated with levels on adjacent
concrete identified as 100mm overlay (0), 125mm slab (S) or foundation beam (F).
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Figure 51 JJS Dwg 1: Locations and levels at centres of demolished columns, annotated with levels
on adjacent concrete identified as 100mm overlay (0), 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 53. The
location at which the photos were taken is shown in Figure 52.

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 corner 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 corner 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 52 Locations of photos taken during foundation inspections on 10th and 13" May, 2011 (CERA)
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- LA ™ Ly e RS o4
Figure 53 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 Using Rebound Hammer

a. Concrete Core vs Rebound Hammer Number Strength Relationship

Concrete Cores vs Hammer Numbers

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

Number Number Avg MPa MPa MPa MPa MPa
C12 Top 42.1 1200 42.1 26.5 16 27.5 27.0 29.8
C4 Top 49.9 1200 45.9 1100 47.9 47.8 45.3 46.6 41.0
C12 Top 46.1 1200 42.0 1200 44.1 27.1 26.2 26.7 33.3
R3 Top 35.4 1200 35.3 1200 35.4 20.5 20.1 20.3 20.6
R6 Top 37.8 1200 35.7 1200 36.8 24.5 26.4 25.5 22.2
R7 Top 46.5 1200 46.2 1200 46.4 39.5 42.2 40.9 37.8
Note: C12 core 2 has been excluded as an outlier for developing strength vs hammer number relationship

Core Compressive Strength vs Hammer Number

Cored Compressive Strength Mpa

¥ | 2:9164e00592¢

2
RN =U.7J85

35

37

39

Rebound Hammer Number

41

43

45

47

49

® CoreAvgMPa

— Expon. (Core Avg MPa)

Figure 54 Strength vs Hammer Number relationship derived for columns cored and hammered per
ASTM C805
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b. 400 mm Diameter Columns Test Data and Observations
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Table 6 400 mm Diameter Columns Rebound Hammer results, inferred strengths, locations of

columns and comments on failure damage
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¢. 400 x 300 mm Rectangular Columns Test Data and Observations
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Table 7 400 x 300 mm Rectangular Columns Rebound Hammer results, inferred strengths,

locations of columns and comments on failure damage
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d. CTV Columns Insitu Schmidt Hammer Impact Investigation Report

(Included with permission of Opus International Consultants Ltd)

30 May 2011

Dr Clark Hyland

Director N
Hyland Fatigue & Earthquake Engineering OPUS
P O Box 97282

MANUKAU 2241

4

6-JHFEE 11/61.C (5884)
Dear Clark

CTV COLUMNS INSITU SCHMIDT HAMMER IMPACT INVESTIGATION

The insitu Schmidt hammer impact investigation of the CTV columns located at Burwood
landfill is completed. Mr John Snook rendezvoused on site to describe the numbering
requirement and locations to be tested and reported.

The following pages itemise each column tested and the horizontal location of the impacts
along the column as top, middle, bottom. The impacts have been recorded in accordance
with ASTM C805 and singularly recorded along with 8 mean achievement and other data.

| have included a Schmidt rebound chart as page 5 of 6 pages demonstrating adjustment
for orientation changes as applicable. For simplicity | have stated the orientation of the test
site around the columns in the manner of viewing a clock face, Hammer impacts were at
all times perpendicular to the test surface.

Page 6 of 6 is the overview photograph you supplied to me in the job briaf.

If | can be of additional assistance to you in any interpretation of these numbers do not
hesitate to contact me.

Yours faithfully
Opus Ipternationa!l Consultants

~———

eofi Jones
Laboratory Manager

| Opus ktemational Consukants Limied F. Mot Roer Teimshany <84 4 3830/%
| Oviscrwen Latoratery Wi, Crvskchush 042 | Focemils: 4643 SEY0737
Noe Jsalnws | YWebste waw oputcone
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e. CTV Columns Schmidt Hammer Impact Recovered Cores Comparison

(Included with permission of Opus International Consultants Ltd)

10 June 2011

Dr Clark Hyland

Director

Hyland Fatigue & Earthquake Engineering
P O Box 97282

MANUKAU 2241

6-JMFEE.11/6LC (5907)
Dear Clark

CTV COLUMNS SCHMIDT HAMMER IMPACT RECOVERED CORE COMPARISON

The core recovery programme with subsequent compression test and insitu Schmidt
hammer impact comparison of the CTV columns located at Burwood landfill is completed.

Testing with the Schmidt hammer was undertaken in accordance with standard test
method for rebound number of hardened concrete, ASTM C805M-08, clause 5.2. The five
selected locations are itemised with average impact values and the stated orientation of
each sel | have also presented the compressive strength of the duplicate cores removed
from the corresponding Schmidt impact site. Once again | attach the inferred compressive
strength versus Schmidt impact sheet, but | leave it to you to formulate the relationship
from the achieved results. Multiplying kg/em? by 0.098 obtains inferred MPa.

If | can be of additional assistance to you in any interpretation of these numbers do not
hesitate to contact me.

Yours faithfully
Opus International Consultants

Geoff Jones

Laboratory Manager

! Opus international Consultants Limited | &% Haylon Rass [elaphons: 04 3 903 0730
| Chastemrch Laboraty | Wyram, Cirishtwrch 5047 Facsimie” +54 3 343 /37

| New Zeatw | Webete wrw spus oo
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CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Location Canterbury Television Building, Christchurch
Client: Hyland Fatigue & Earthquake Engineering Limited
Contractor - Opus Intemational Consultants Laboratory !
Sampled by : R Jones & W Parsons OoPrus
Date sampled : 8 June 2011
Sampling method Concrete Hole Saw
Sample description:  Drilled Concrete Core
Sample condition : Dry as received
Date cored : 8 June 2011
Source of conerete Insitu 400mm Diameter Columns
Grade of concrete : Not Advised
Design strength : Not Advised Project No : 6-HFEE11/006LC
Actual slump : Not Advised Lab Ref No : 5907
Date laid : Not Advised Client Ref No - C4&C12
Test Results
JLab reference no 160 (1) 160 (2) 160 (3) 160 (4)
Client ceference no Cil ca2 Ci21 C122
Date tested 9 June 2001
Dry cured (days) 1
Seze & positon of any reinforcement No Steel
Visual description Standard Core
Average core diameter {(mm) 689 82 649.0 9.1
Average core length {mm) 1353 136.5 1404 530
Density (kg/m") 2412 2433 2378 2385
Height diameter ralio 1.97 197 204 1.20
onditioning Ihy
Load at fallure (kN) 1779 1I71.7 1005 1148
Compressive strength (MPa) 480 455 270 s
Compressive stronpth (Facse Dadustmen)  (MPa) 478 453 274 262
Type of fracture Nol eslablished
Test Methods Notes
Testing of Cores, NZS 212« Part 2 1986, Clause 9 Sampling is outside the laboratory's supe of accredimitioa
KCompression NZs 3112 Part 3 1986, Clasaw 6
Density, NZ8 3112 - Fart 3: 1986, Clavse 8
[Cappeig NZS 3113 Pact 2 - 1 Clau 4 Gatnerwbayrs No 2 S0

Date tested ;9 June 2011 Saspling in nut srvared by LANZ AccreSitation. Sesyits pply saly 1 semple seslod.
Date "PWN - “]u.ne 2003 Thin mpnrt seay sty b sopemluved in full
IANZ Approved Signat e =
a BT dCINATEE M
Designation :  Luborstory Manager i ©) b
Date : 9 June 2011 o, | e
TF-LASSS (1137 2600) =N -, Page 1.0f 2
| Ersmtops s s | SREARCERAR A e s0ez | EEEHARIP
! Quakty Management Systerms Cortified 1o SO 2001 New Zeatand | Webuite www.opus.cong
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CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Location ; Canterbury Television Building, Christchurch
Client : Hyland Fatigue & Earthquake Engineering Limited
Contractor : Opus International Consultants Laboratory
Sampled by ; R Jones & W Parsons
Date sampled : 8 June 2011
Sampling method : Concrete Hole Saw
Sample description:  Drilled Concrete Core
Sample condition : Dry as received
Date cored : 8§ June 2011
Source of concrete : Insitu 400mm x 300mm Columns
Grade of concrete : Not Advised
Design strength : Not Advised Project No : 6-HFEE11/006LC
Actual slump ; Not Advised Lab RefNo: 5907
Date laid : Not Advised Client Ref No : R3, R6 & R7
Test Results
Lab reference no 160 (6) 160 (7) 160 (8) 160 (9) 160 (10) 160 (11)
“lient reference no R31 R32 Re61 Re2 R71 R7 2
J:ate tested 9 June 2011
Dry cured (days) 1
Size & posibion of any reinforcement No Steel
Visual description Standard Core
Average core diameler (mm) 658 887 68.7 9.0 688 8.8
Average core length (mm) 138.3 140.2 1379 1359 137.3 1404
Density (kg/m") 2259 2234 2388 2385 2356 2347
Height diameter ratio 201 204 2.01 197 200 204
Conditioning Dry
Load at faflure (kN) 76.5 738 916 988 146.8 155.7
Compressive strength (MPa) 205 200 245 265 5 420
Compressive strength (Factor D sdgstmenty  (MPa) 205 201 245 264 395 422
Type of fracture Not established
Test Methods Noles
Testing of Cones, NZ5 3112 : Part 2: 1986, Clause 9 [Samngpling is outalde the labombory’s scope of accreditation
iCompression, NZS 3112 Part 2 © 1986, Clause 6
Deensity, NZS 3112 - Part 3 1980, Chase S
[Copping, NZS 3112 : Part 2 1 1966, Clause 4 (amendment No.2 2000)

Date tested - 9 June 2011
Date reported : 9 June 2011

Sanmpling 1 00t covered by IANT Aceraditation. Results apply anly (n sample sestod.
This capont may only he reproduced (o tull

TANZ Approved Signat ——y onte bihioted o
a et sccratited ae
Designation :  Liboratory Manager S @ boTgd s
Date : 9 June 2011 l-'........- accteizaon
PFLATION (10 12/2010) v ¥ Page20f 2
! RSN SEd oy s Limited | Uhigran Chrstehurch 8042, | Tosenmesest 3N
| Quality Management Systems Certified to 150 9001 Now Zealand Website www.0pus,co,nz
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CONCRETE COMPRESSION OF CORES

TEST REPORT

Project : Material Strength Investigation

Location : Canterbury Television Building, Christchurch

Client : Hyland Fatigue & Earthquake Engineering Limited

Contractor : Opus International Consultants Laboratory

Sampled by : R Jones & W Parsons

Date sampled : 8§ June 2011

Sampling method : Concrete Hole Saw

Sample description:  Drilled Concrete Core

Sample condition : Dry as received

Date cored : § June 2011

Source of concrete Insitu 400mm x 300mm Columns

Grade of concrete : Not Advised

Design strength : Not Advised Project No 6-HFEE11/006LC
Actual slump ; Not Advised Lab Ref No: 5907

Date laid : Not Advised Client Ref No : R3, R6 & R7

Test Results

Lab reference no 160 (6) 160 (7)  160(8) 160 (9) 160(10)  160(11)
[Client reference no R31 R32 R6 1 Re2 R71 R72
Date tested 9 June 2011

Dry cured (days) 1

Size & position of any reinforcement No Steel

Visual description Standard Core

Average core diameler (mm) 658 887 68.7 9.0 688 H8.8
Average core length (mm) 138.3 140.2 1379 1359 137.3 1404
Density (kg/m’) 2259 2234 2388 2385 2356 2347
[Height diameter ratio 2.01 2, 2.01 197 200 2.04
Conditioning Dry

Load at fallure (kN) 76.5 738 916 988 1468 155.7
Compressive strength (MPa) 205 200 245 265 N5 420
Compressive strength (Factor D sty (MPa) 205 201 245 264 395 22
Type of fracture Not established

Test Methods Noles

Testing of Cones, NZS 3112 Part 2: 1986, Clause 9 [Samgpling is outside the labortory’s scope of accreditation
(Compression, NZS 3112 Pant 2 1956, Clause &

Deensity, NZS 3112 - Part 31 1980, Chase S

Jopping, NZS 3112 : Part 2 1 1986, Clause 4 (amendment No.2 2000)

Date tested - 9 ]une 2011 Sampling is 001 covered by LANT Acereditation. Results apply anly (n sample sestod.
Date reported @ 9 June 2011 Thin capert may onaly he reprocuced ln full
TANZ Approved Signat — x s btsd e
net sccratited are
Wit adde e
Designation :  Lirboratory Manager s © ofihe rormoys
Date : 9 June 2011 l',--"‘“— Sep—
PFLATION (0 12/ 20100 r 4 Page20f 2
) i | | Tele
! RS TSRSy et Limited Wigram, Chisichurch 8042, | TosenmeseRianndiy

1 Quality Managemeont Systems Certified to 150 5001 Now Zealand Website www.opus,co,nz
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Appendix D: Reinforcing Steel and Slab Decking Test Results
Reinforcing steel and Hi-Bond deck samples were tested by SAl Global Ltd in Christchurch. (Test
report is included in full with permission of SAI Global Ltd).
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3 SAIGLOBAL ey

Page 1 of 6 Pages

TEST REPORT

CUSTOMER: Hyland Consultants Ltd
P O Box 97282
Manukau
Auckland 2241

Attention: Dr Clark Hyland
CUSTOMER REFERENCE: Dr Clark Hyland — CTV Bullding

TEST SPECIFICATION: AS/NZS 4671:2001, Clause 7.2.2 (Tensile properties)
Steel reinforcing materials

AS 1391-2007
Maetallic materials ~ Tensile testing at ambient temperature

ITEM TESTED: Three (3) D16 reinforcing bar samples, (E1)
Two (2) D28 reinforcing bar samples, (E1E, E1W)
One (1) D24 reinforcing bar samples, (E3)
Two (2) D12 reinforcing bar samples, (E4)
Three (3) D24 reinforcing bar samples, (E4)
Two (2) R6 reinforcing bar samples from mesh,
Three (3) 0.8mm galvanized sheet metal samples.

Three galvanised sheet metal samples extracted from formwork
DATE OF TEST: 15 March 2011
RESULTS: Refer to the body of this report,
The attention of the client is drawn to the statement of test poiicy annexed 1o this report,

which form part of the terms of engagement between SAl Global (NZ) limited and the
chent.

Tested By: Signatory::
W P Morris A L Carson

Yyte—

with I8 eme of megisiralion. Ths mporn may nel be regrodaced sscept w il Ladoruicry Registaticn Numstne 797
3 S SAIGlobal (NZ)Ltd  S2HaytoaRosd POBox 6178  Christchurch 8442  NewZealand Vel +64 3361 6050

Imtest Group of Laboratories, part of SA! Global

28 =5 Tnis Latoratory & reglsiered by e Testng Lateralory Regitaticn Councl of New Zasiand. The (e reporied hersts fve been pertrred i acoorsarcy
Z [_A
s taboratery
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Date of Issue: 17 March 2011
Reference:. P5665
Page 2 of 6 Pages

Results of testing the mechanical properties of steel reinforcing to
71:2001 ndi uirements for determining the
mechanical an metri i inforcemen

Synopsis

Various sizes of deformed reinforcing steel were supplied for testing to AS/NZS 4671:2001, Appendix
C, Reguirements for determining the mechanical and geometric properties of reinforcement.

Three sheet metal samples used for concrete formwork were also supplied for determination of their
mechanical properties.

Tensile tests were performed in accordance with AS1391 on all of the supplied samples and
percentage elongation measurements in accordance with ISO 15630-1 were performed on the
reinforcing steel.

The sample markings on the reinforcing bars supplied are shown In figures 1 and 2.

The markings of the D16 sample are shown in figure 2 and the markings of all other deformed bars are
shown in figure 1.

€2 MECHANICAL PROPERTIES
€21 General

Tests for the determination of the mechanical properties of reinforcement shall be carried out at ambient
temperatures in the range 10°C to 35°C

The condition of test pieces at the time of testing shall be in accordance with Clause 7.2.1 and Table 3,

Unless otherwise specified, tests on bars and coils shall be carried out on straight test specimens of full
cross-section having no machining within the gauge length.

Test specimens cut from mesh shall include at least one welded intersection. Before testing a twin-bar
specimen, the bar not under test shall be removed with damage (o the bar o be tested.

C2.2 Tensile properties

C2.2.1 Equipment

Tensile testing equipment shall be Grade A as defined in AS 2193,
C2.2.2 Uniform elongation

The uniform elongation (A;) shall be determined in accordance with ISO 16630-1 or ISO 15630-2 as
appropriate except as in the following cases:

(a) All classes of steels — from extensometer measurements at maximum force taken during

tensioning; or

(b) Class E and Class N steels only — from measurements taken after fallure.
For the purpose of ltem (a), a minimum extensomater gauge length of 50 mm may be used.
For the purpose of item (b), gauge marks of up to 25 mm intervals may be used.
In the event of a dispute, the extensometer method shall take precedence, uniess otherwise agreed
between the parties concerned,
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Date of Issue: 17 March 2011
Reference: P5665
Page 3 of 6 Pages
C3 GEOMETRIC PROPERTIES

C3.1 Rib geometry
C3.1.1 Height of transverse ribs

The height of transverse ribs (h) shall be measured for each row of ribs at the point where the rib height
Is greatest. The measurement shail be reported to an accuracy of 0.01 mm.

C3.1.2 Circumfarential spacing of transverse ribs

The sum of the circumferential gaps (g) between adjacent rows of transverse ribs shall be measured at
each of three separate cross-sections and the mean value of the sum calculated, The measurement
shall be reported 10 an accuracy of 0.1 mm.

C3.1.3 Longitudinal spacing of fransverse ribs

The spacing of the transverse ribs (c) shall be taken as the length of the measuring distance divided by
the number of the rib gaps contalned within that length. The measuring distance is deemed to be the
interval between the centre-fine of a rib and the centre-line of another rib on the same side of the
product, determined in a straight line paralle! to the longitudinal axis of the product. The length of the
measuring distance shall contain at least 10 rib gaps.

C3.1.4 Calculation of the specific projected rib area (fz)
The specific projected rib area (fg) shall be calculated from the following equation, and with reference to

Figure C1:
Note: The specific projected area was calculated In accordance with clause C3.1.4.
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Date of Issue; 17 March 2011
Reference: P5665

Page 4 of 6 Pages
Test Results
Mechanical Properties
Sample Measured Elongation at | Yield Stress Ultimate Ratio
identification Size Diameter Maximum Re, (MPa) Tensile Stress Rm/Re
(mm) | Force Agt(%) | “Rp0.2 (MPa) Rm,
Ela D16 15.21 15.6 447 595 1.33
Elb D16 15.14 17.8 451 596 1.32
Elc D16 15.16 15.6 453 595 131
E1W D28 26.80 16.8 447 612 1.37
E1E D28 26.99 13.5 464 627 1.35
£3 D24 22.80 17.1 445 609 1.37
Eda D12 11.46 17.0 518 677 1.31
E4b D12 11.42 15.0 518 677 131
Eda D24 22.97 16.6 444 607 1.37
E4b D24 22.84 17.9 449 608 1.36
Edc D24 22.85 17.2 445 603 1.36
Mesh a R6 5.98 3.8 *617 666 1.08
Mesh b R6 5.98 4.5 *614 664 1.08
Table 1
Geometric Properties (Not IANZ accredited)
Saniple Longitudinal
Identification Size Rib Height | Circumferential Pitch Specific Projected
(h)(mm) | gap(g){mm) | (c)fmm) Area (fy)
Ela D16 1.02 0.97 0 10.0 0.10
Elb D16 1.19 0.98 0 10.0 0.11
Elc D16 1.00 0.99 0 10.0 0.10
E1W D28 1.71 1.70 0 16.7 0.10
E1E D28 1.75 1.63 0 16.9 0.10
E3 D24 1.46 1.27 0 16.2 0.08
Eda D12 0.73 0.67 0 7.8 0.09
Edb D12 0.77 0.68 0 7.8 0.09
Eda D24 1.47 1.47 0 16.1 0.09
Edb D24 1.50 1.34 0 16.1 0.09
Edc D24 1.53 1,51 0 16.2 | 0.09
Table 2

Note: The circumferential gap is indicated as Omm in all cases as the ribs extend for the entire
circumference of the bar and intersect with the longitudinal ribs
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Date of Issue: 17 March 2011
Reference: P5665
Page 5 of 6 Pages

Figure 1 — All other deformed bars

© Hyland Consultants Ltd 2011
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¥ SAIGLOBAL

Annexed to SAl Global (NZ) Ltd Raport Number P5665
Page 1 of 1

SAI GLOBAL (NZ) LIMITED
STATEMENT OF TEST REPORT POLICY

1 This report and all incidental work is provided by SAl Global (NZ) Ltd (“SAI") solely
for the use of the client employing SAl and SAl does not accept any responsibility
to any third party for any reason whatsoever including breach of contract,
negligence, negligent mis-statement or wilful act or omission of SAl or any other
person arising out of the provision of the report and any person other than the client
who uses or relies upon the report does so at his or her own risk.

2 The purpose of this report is limited to the compilation of test results only and for no
other purpose.

3 This report relates only to results obtained from tests performed on the sample of
product submitted by the client and SAl accepts responsibility to the client for the
performance capabilities of the items actually tested and not for the performance of
any other items whether of the same batch, class or general description or not.

4 SAl contracts out of the provisions of the Consumer Guarantees Act where a report
Is supplied to a client for commercial purposes.

5 SAl reserves all copyright and intellectual property rights in respect of the report
and the report cannot either in whole or in part be included in any circular, written
statement or published document whatsoever without SAl's prior approval in
writing.

6 This report may not be used or referred to in any advertising or product marketing
unless SAl has first approved the form of such advertising or marketing in writing.

7 Any opinions noted in this report do not constitute part of the report, and are not
part of the service paid for and are given for information purposes only. SAl does
not accept liability to any party what so ever, including the client, for any statement
in any opinion.

SAIGlobal (NZ) Lid 52 Hayton Road PO Box 6178 Christichurch 8442 Neow Zealand Tok: +84 3961 6080
Imiest Growp of Laboratories, part of SAl Global
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Appendix E: Drilled Concrete Core Test Results

Concrete cores were cut from the line 1 shear wall element marked E4; The lower portion of the Line
5 shear wall at the stair well; in a 400 mm diameter Level 6 to Roof column marked E25; in a precast
log beam and into two portions of suspended slab still attached to concrete beams.

Two sets of compression tests were undertaken on concrete extracted from the 400 mm square C18
column stub at Level 1. The cores were extracted in such a way as to seek to avoid any effect of fire
on the concrete properties.

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 1 and 5 shear walls.

(Test reports included with permission of Opus International Consultants Ltd)
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a. Line 1 Level 4 Shear Wall: E4 Compressive Strength

[TCORTRETE CORE COMPRISSTON I
TEST REPORT

[Hyland Fatigue & Eanhwuake Engincenng 11d
P.O, Box 97282

Manukau

Ancklnnd 22'" IRTiaRaTies a

Attenion. Clark Hyland

Project CTV Building
Location : E4: Line | Shearwall

Client : Hyland Fatigue & Earthquake Engincering Ltd
Contractor : -

Sampled by Conent
Date poured : -
Sampling method Core
Grade - -

Actual slumg (mun) | .
Specified slump (mm) : -

Date received : 170311

Diate tested 25011
Ags Wl desl (kayy ) .
Sample ID Eact) EMDA EBUlSB EA(Y
Average dinmeter (mm) 953 953 9546 EARY
Length (oeny) 1920 190 172.0 915
Length %0 daametor ratio 1n 2m 1.0 20

Comprosaive wrength (MPa) W0 no . 14.0
Comected compressive strength (MPa) . . o

Ave compressive strength (MPa) 20
Eeds capped 2
Defects prior 10 lesing .
Failure moxde Nomoal Nomal  Noemal  Normal
Comdihoming type * Dy Dy Iy Dy

[¥]
">
~

Tent Methods v
Croomprosaise uressife NZS 1 E2Fan 2 1988 Olaese & 1. Serempbs of specimens. adih keagih o demwter rave 10U
(Copyrmg NES 30021 190 1) 2 Clasme § Cumnossdinan M 1 2000) FNT e cnmennind 1 ammemitil D shoe oo o bewgt 1) 4 Sidnanes
Comeation for lesth 10 Glanseres vl ie-house metind CLOSS1 1. 2. Crwes wete semived dry

L Specsmmn 82 1 ws s o0 datmmang e sew bl fir e
Patati: Chand Modatus of Elasticny lou

& Rosmmming commy wenr tevtod for compmpssiea siivngiy aller
(St Ol Maadahis of Elisicay 1esmne

Diste reported @ 200V |

-~ Toating is emvervil by TANZ Acvredistion
c’&(/ '{{J’j-— This repert may anly be coproduced be full
<

TANZ Approved Signatory A LR TR e

D. Wong @ ::‘n;-:l-—
Desdgnathon Concrete Techmologis i_ sT U e dre i T
Date ; AR o
SIS OO | Pagutof |

Opus international Consultants Limitea 139 Hult Parx Road | Tedptaen + G4 € 587 0600

| Gwitrss Latsoratcios PO Sow 20 845, Lawar Mt | Facsinile +04 4 507 0604
[ Quadly Mesopamen! Sy Uetud A 472 W00 Neow Zogany 1 el ww, oo cow
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b. Line 1 Level 4 Shear Wall: E4 Static Chord Modulus of Elasticity

[ STATIC CTIORD MODULUS OF FIASTICNY )

OF CONCRETE IN COMPRESSION
TEST REPORT

P.O. Box 97282
Maunukan
Auvcklund 2241

Aunenion: Clark Hyland

Hyland Fatigue & Enthguake Engineenng Lid

Intiamartinne,
O

Project CTV Building
Location: FA: Linc 1 Shearwall
Client ; Hyland Fatigue & Earthquake Engineering Ltd
Sampled by Concut
Date sampled : 1203/11
Sample desenption Nominal 95mm () cores
Mix identification: .
Date recived 17man
Test Results
Tost e i
Compresaive secnyih HO  MPa
Compressive Mress 4l fest load: 123 M
Sample 1D Bl BL)A s
Averape diuieter () 237 957 956
Length: {1mm) 192 1,1 191 1
Age ol 1ot (chays) tekimown unkrown ok mwn
Chord Mudulus of Elasticity: IMPa) 40 22000 00
Average: (MP») 270
Test Method: AS 12,17 -1
Moot FOChamor 250 [l waw untd 10 Sencrmnioe Mae 1rnd el Dsedsd () Wt ¢ ARl v € st of e ovmarens Clomgeons [ senptd win mysssoed
o cyhiade) pelos s mwasnnng chsl sodulun
[Samptes wine comiisonnd dry 10n 7 doys i o CTRH poven o 23001 dog € wrd] sl
[Sassgins wown toviod st room senspeaiurs of 23 (g C A 8% RH

Py
1. Weng
Destgnution Comcrete Technologist
Due 200011

CAF 290 1 | Mty

Opus International Consultents Limited 138 Hu Park Poadt Tolerhono «64 4 657 0600

Genltral { abovasyis FO Bou 30 BME. Lowe M | Facseie +64 4 587 9008

Dttty Mg TTER® Syammons Omnmmns 4 A3 20U Naw Zox'aovt Wabate wwe 0nue e2
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c. Line 5 Level 1 Stair Core Wall: Compressive Strength

TEST REPORT

Hylund Fatgue & Banhquake Tngineering Ltd
P.O. Box 97282

Manukau

Awklm’ ?2"' InTiamaiinns

EINTVLTANIR

Attenion: Clark Hyland

Project : CTV Building
Location LW: Lift Core Walls
Client : Hyland Faligue & Earthquake Engineering Ltd
Contractor -
Sampled by : Concut

Dute poured : .
Sampling method : Core
Grade : -
Actual slump (mm) - No: GIMFEE L UCT, |
Specified slump (mm) - Ref No ¢ 4.11m28

Date received ; 17/03/11 “lhent Ref No : .

Tost Results

Date tested 80

Age al test tdays)

Sample D LWily LWy LW

Average dinmeter (mm) | 924 uln 921

Length (mm) 191.0 192.5 1900

Length 1o dameter rtio 207 208 20

Compressive strength MPa) 330 MO ws

Cotrected compressive strength | (MI")

Ave compressive strength IMPa) kLK)

Fads cappodd 2 r 3

Defects prior wo testing Nowr 3 Nowee 3

Failure mde Shear Normal — Noemd

Conditioning type * Dry Dry Dry

‘ot Methods e
[Compramdse strempth: K285 1115 Pat 20 1986 Clause 4 1. Stmregtha of spociememe wath doagth oo Sametes vt 1.00 w
Cappéng: NZS 3112 - 1988, Pr 2 Clyuse 4 (mmernbmess Nos 2 20009 1,90 arz comsecied % avcount for dw redeced lemath v dismeler
Jlumm oo oy demgr ] b dunacter sl be i howse methiod CLAM.S 11 3, Usron wore vovedvedd diy

NG currctons made for peeence of rehar in oone 3, Howlronal 0112 sebar in wp 113 of spesimnim

Dase repoeted ©  2903/11

é/ff/ Testing bs covured by IANZ Acoreiltation
P> {3:?«‘ Thas report may ondy be reproduced i full
o
IANZ Approved Sigmatory A A1 e capie
D. Wang :::'»':—-—-

Designation ©  Concrete Technologest 1 A

Date 200V11 taberaler,

G 00 MM ol it o S My R O T Ne o Page 1 of |
| Opuainternatonal Consuttants Limived 138 Mo Park Road | Telephane «&4 4 587 G600

Canirsd | aborstories PQ Box 3G 845, Lowor Hurt | Focsimile «64 4 587 0604
Cualy Magwrer Sivmew Dedted (s W0 0021 | New Zoatwnt | Wobalo www opus oo ne
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d. Line 5 Level 1 Stair Core Wall: Static Chord Modulus of Elasticity

OF CONCRETE IN COMPRESSION
TEST REPORT

PO, Box Y7282
Manukau
Auckland 2241

Attenion: Clark Hyland

Hylund Fatigue & Earthquake Enginesring Lid

Intiamsilons
LoOmiosrant

Project : CTV Building
Location: LW: Lift Core Walls
Chliemt : Hyland Fatigue & Earthquake Engineering Ltd
Sampled by : Concut
Date sampled 1503711
Sample description : Nominal 95mm O cores
Mix identification: - ject No GJHFEE11/6CL
Date received: 1703/11 Ref No : 4-11m28
t Ref No : -
Teal Resulls
T duse: 20T
Averige massunit volusse 1340 kgm'
Maximum steae o by applied: 450 microstrain
Sample 1D Lwn LW (2 LW (%)
Avertige dinmeter: (vm) 924 N6 921
Lengily: (smm) 191.0 1925 1XLD
Dennity tuncapped) (hp'm'y 2350 2,350 250
Age al est; (days) mknown unknown unknown
Chord Modulus of Elasticity:  (MPa) 29,00 28,000 29,000
Vo' | Now
Average: (MPa) 29,000
Ne= L. Warixoust 112 sebse mwp 123 of cone
Tt Mothed: AS 101217 - 197
Merkend J (Clause 290 fefd wies weatdd ® detorsss the hent boud whikeh Ly Dol tw O e/l et of i ormenste
Samplis were Condtioood dry is 3 CTRH coom m 22451 (log € unsil sexiad.
Sarmplies wert Lneend o ouns lomsperutine of 25 deg O & 439 KN,
No sllirasace ywan mde for proscsce oo rebor s cams LW(I & (2)
s
e
2. Wong
Designacion :  Conerete Terlmologisr
Dase 2003/1)
S35 2000 1 L\0mme » L TV —
Opus internationst Cansultants Limitad 138 Hult Far Floas | Tolephone 464 4 587 0600
Coniral Laboeatories PO Box 1) 845, Lower Hun | Factimilo «84 4 587 0004
Diaatry Murgypem? Sysosrs Condind fo MG 090 | New Zealand | Websiie waw oous.conz
© Hyland Consultants Ltd 2011 123 21Jul. 11



DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

e. Level 6 400 Dia. Column E25: Compressive Strength

CONCRETE COMPRESSION OF CORES

BUI.MAD249.0002.124

TEST REPORT
Project - Material Strength Investigation
Location : CTV Building, Christchurch
Client : Hyland Fatigue & Earthquake Engineering Limited
Contractor : Concut Limited
Sampled by : Concut Limited (John)
Date sampled : 12 March 2011
Sampling method : Concrete Hole Saw (Horizontal)
Sample description :  Drilled Concrete Core
Sample condition : Damp as received
Date cored : 12 March 2011
Source of concrete : CTV Building, 4009 Column
Grade of concrete : Not Advised
Design strength : Not Advised Project No : &-HFEE11/006LC
Actual slump : Not Advised Lab Ref No: 5673
Date laid : Not Advised Client Ref No : Clark Hyland
Test Results
Lab reforence no 055 055 055
et reference no CTV 4009 Column
Date tested 25703/11 28/03/11 28/03/11
ey cured {days) 7 7 7
[Size & position of any reinforcement No Steel No Steel 19mm & 6o re-bar
Visual description Horizontal Core Horizontal Core Horizontal Core
Average core diameter (mm) 958 96.0 959
Average core length (mm) 1999 15 194.6
Density (kg/m’) 2324 2331 2443
Heaght diameter ratio 199 203 203
Conditioning Dy Diry Dey
Load al fatlure (kN) 189.5 1165 195.4
Compressive strength (MPa) 26.5 160 275
[Type of fracture Cone/Shear Shisr Cone/Shear
Test Methods Notes
Testing of Cores, NZS 3112 : Part 21088, Clase 9 Sampling ks outsicle the laboratiry's scope of sccraditution
I mpression, NZS ST12 0 Part 211986, Chaune &
I&mw, NZS 3112 ; Part ) - 1986, Clase 5
apgrng, NZS 312 Par 20 1986, Claise 4 (amendment No.2 2000)
Datetested : 28 March 2011 Sampling is 0ot 4 by IANZ Acc Rewslty s7pty only 50 ssmpie el
Date NPONM : 29 March 2011 Thls gt ooy wnily b reposduced Lo tull
IANZ Approved Signatdry ' ; el
NOT pecrsions are
Designation :  Laboratory Mamager 9 @ of the ey
Dhate 20 March 2011 TAboratery Pesiion
PILAB9E (18/12 7210 = = Page 1 of 1
| S mioral o Ut | R rcn ot | AN

Quality Management Systems Certified to 1SD 9001 | New Zealand
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f. Suspended Floor Slab Concrete Cores (Items E14 and E23)

CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Faocation : CTV Building, Christchurch
Client ; Hyland Fatigue & Earthquake Engineering Limited
Contractor Concut Limited
Sampled by : Concut Limited (John)
Date sampled : 12 March 2011
Sampling method : Concrete Hole Saw (Horizontal)
Sample description:  Drilled Concrete Core
Sample condition : Damp as received
Date cored : 12 March 2011
Source of concrete : CTV Building, E14 Floor Slab & E23 Hi-bond suspended floor slab
Grade of concrete : Not Advised
Design strength - Not Advised Project No: 6-HFEE.11/006LC
Actual slump : Not Advised Lab Ref No: 5674
Date laid : Not Advised Client Ref No : Clark Hyland
Test Results
Lab reference no 036 056 056 056 056 056
lient reference no Eld El42 F1a3 E23.1 F232 F233
Dite tested 28/03/1
JDly cured (days) 7
Size & position of any reinforcomont No Steel  6mm Re-bar No Steol 6mm Re-bar6mm Re-bar 6mm Re-bar|
Visual description Harizontal Corp
Average core diameter (mm) 574 574 375 53 57.0 573
Average core lenpth (mm) 175 1155 1072 161 1155 186
Density (kg/m’)| 2359 2380 2355 2356 2347 2358
Height diameter ratio 205 2n 1.86 2m 203 207
(Conditioning Dry
Load at failure (kN) 649 9.2 692 614 578 498
ompressive strength (MPa) 250 30.5 265 240 225 195
Type of fracture Shear  Cone/Split Cone/Split Shear Column__ Core/Split |
Test Methods Notes
Tusting Of Coros, NZS 12 0 Part 2 1986, Clause Y Sampling s outsicdo the Jabomiory s scope of acoreditation
I omproseion, NZS 1112 - Paet 2 - 1986, Clause &
Ditmity, NZS 31120 Part 3 & 1986, Clavoe 3
i  NZS 3112 : Part 2 2 1986, Clanse 4 (amsensclmuat No2 20000
Date tested : 28 March 2011 Sampling i nie envered by IANZ Acomditatiae. Hesalts spply onty se sample bevtnl
Date reported : 29 March 2011 This repart may unly e reprosdaced s full
IANZ Approved Signatory . R ity
L OGO WR
Designation - Laborttory Manager @ prr g
Date : 29 March 2011 iy e
FRLABOOY (38/1272010) A Page 1 of 1
R P Sary iants Limitec | BRI e sor2, - Feahare A1t
Quality Management Systems Certified 1o 150 9001 I New Zealara Webasite www opus.co.nx
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g. Precast Log Beam: Compressive Strength

CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Location : CTV Building, Christchurch
Client : Hyland Fatigue & Tarthquake Engineering Limited
Contractor : Concut Limited
Sampled by Concut Limited (John) OPUS
Date sampled 12 March 2011
Sampling method : Concrete Hole Saw (Vertically)
Sample description © Drilled Concrete Core
Sample condition : Damp as received
Date cored 12 March 2011
Source of concrete - CTV Building, Logbeam pre-cast (cored vertically)
Grade of concrete Not Advised
Design strength : Not Advised Project No : 5-HFEE.11/006LC
Actual slump : Not Advised Lab Ref No: 5675
Date laid Not Advised Client Ref No Clark Hyland
Test Results

Lals reference o 057

lient reference no CTV Logbeam
Date tested 3/06/1
Dry cured (days) 7
[Size & position of any reinforcement 10mm Re-bar
Visual description Verncal Core
Average core diameter () w72
[ Average core Jength (mm) 2152
Density {kg/m’) 330
Height diameler ratio am
[Conditioning Dry
Load at fallure (kN) 2251

‘ompressive sirenth (MPa) 25.0
LLype of fracture Coluwm
Test Methods Neatee

Vestimg of Comes, NZS 3112 Pant 7 0 1966, Classr 9

K orvpensalon, NZS 112 Part 7 1086 Clane f

sty NZS 5112 < Part 3. 198, Clawse 5

E“I"ﬂ NZSAEE  Pars 2119, Classss 4 Loy tsdasast No2 3000)

Sampling 1s outside the Isbomatory s scope of accroditabon

Date sested 28 March 2011 Sampliag ie rer covernt by LANZ Arrreditetmn Reais appdy nly be simpie wsied
Date mh’d 29 March 2011 L L L T )
TANZ Approved Signatdgy T R oM 5

it ma s
Designation :  Lahonrory Minaager I @ ol De iy 4
Date 29 March 2011 |~y
PELAROSE (10127 2000) 8 i B "W Toll

o e Sy e e | W S en s002, o i s ¥
Now 2osland WLEte wew Opam. co.ne

U Quaity Managemmerd Syshems Corified to 150 5001
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h. Level 1 400 Square Column C18: Compressive Strength

i. Set 1 Results

CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Location : Canterbury Television Building, Christchurch
Client : Hyland Fatigue & Earthquake Engineering Limited
Contractor : Concut Limited
Sampled by : Concut Limited (John) OPUS
Date sampied : 28 April 2011 =

Sampling method : Concrete Hole Saw
Sample description:  Drilled Concrete Core

Sample condition : Dry as received
Date cored : 28 April 2011
Source of concrete : Insitu Square 400mm Column
Grade of concrete 35 MPa
Design strength : 35 MPa Project No : 6-HFEE11006LC
Actual slump : Not Advised Lab Ref No: 5828
Date laid - Not Advised Client Ref No : Clark Hyland
Test Results
Lab reference no 124(1) 124 2) 124 (3)
Cllent reference no crva CTvV2 crva
Date tested 5 April 2011
Dry cured (day=) 7
Size & position of any reinforcement No Steel No Steel No Steel
Visual description Stndard Core Standand Core Stuandard Core
Average core diameted (mm) &7 677 67.7
Average core length (mm) 790 8§13 442
Density (kg/m’) 2350 2330 230
Height diameter ratio 117 1.0 nAs
Conditioning Dry
Load at failure (kN) 106.8 623 534
Compressive strongth (MPa) 25 175 150
Compressive strength (Factor D adjush  (MPa) 251 128 13.7
T'ype of fracture Not established Not astablished Not established
Test Methods Natuw
Teating of Cores, NZS 3112 - Part 2 1986, Clawse 9 Sampling (= outsade the labomtory's scope of aconaditation
JComprrosshon, NZ5 2102 < Patt 21 198, Clae &
Density, NZS 3112 : Pact 30 1986, Clase 5
Capprhnge, NZS JLE2 - Fart 20 POH, Clanine 4 Castmersdonisss NoZ X0
[Diate tested - 5 May 2011 Banpling is 2ot caversd by IANZ Acoredsisminn, Kesslte apply only s ssmple fovted.
Date reported | 5 May 2011 ’ Thile mpprt smsy andy be rupesdunind ba full
S
TANZ Approved Sigfatory
f Q\_/——‘ A :r "m.::
Desigoation :  Letontiory Mabuager @ porrapimeiesns
Dte - 5May 2011 A e
PELAB-S T1A/ 12/ 2010 Page 1 of 1
: = "
R ey ES oty s Limited | Uhgram Ehrisiehurch 8042, 5 b g RV
Quality Management Systoms Certified to 150 2001 Rew Zoaland | Webste www. opsn.cong
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ii. Set 2 Results and Specimen Examination Report

11 May 2011

Mr Clark Hyland

Director

Hyland Fatigue & Earthquake Engineering
P O Box 97282

MANUKAU 2241

6-JHFEE. 11/6LC (5833)
Dear Clark

CTV CONCRETE CORE RECOVERY & COMPRESSION TESTING

The core recovery visit to Canterbury Television site is completed in accordance with your
brief to this laboratory of 5 May 2011.

Two 100mm diameter cores were successfully recovered while a third fragmented in the
barrel during extrusion. The two recoveries were later deemed unsuitable for compression
testing due to significant rebar within the cores and being too short for realistic 2:1 testing
configuration. Upon completion of our coring | requested the Dormer Contracting operator
to scissor snip the entire column plinth at it's base whereby we were able to recover
suitably sized fragments for coring upon return to the laboratory.

We extruded three nominal 69 mm diameter cores and had sufficient length within each
fragment to undertake compression testing utilising the D factor height to diameter ratio
adjustment on one core only.

Core CTV1: With the scissor snip tool pulling the rebars apart for us to gain sample
access, | am unable to determine the orientation of the core sample. Looking at the rebar
imprint size | am assuming it was a vertical member and therefore we have cored
horizontally. There are no smooth sides on this sample inferring it has come from central
column around 1.0 — 1.5 metres above ground level. There is no scorching apparent.

Core CTVZ2: With the rebar size deformation on the fragment it is inferred we have
recovered a horizontal core again. This fragment is an inner piece of the column because
there are no edges visible. A minor observation is that there appears to be a significant
13mm aggregate fraction throughout this core interspersed amongst the 19mm. No
scorching is apparent. As with all three fragments, recovery was 1.0 - 1.5 metres above
ground level,

Core CTV3: By orientation of the principal rebar imprints we have cored vertically in this
fragment. An outside surface is apparent and the core has been recovered 25mm from this
surface. There is significant scorched sooting over this face, and minor scorching around a
corner from the principal face. The core is unaffected.

| have included snap shots of the cored fragments and the cores prior to sizing and
compression testing. There may be something of interest for you in viewing these. We
have retained the cores also for your perusal.

If | may be of additional assistance to you do not hesitate to contact me.

| Opus intornational Consultants Limitod 520 Hayton Boad Towptone <64 3 345 0735
’ Christotxveh Labotvy Wigram, Civistohurch S042, Facsmin «64 3 343 (037
New Zookids | Wedsite! waw.opus com
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Yours faithfully

Opus Ipternational Consultants
P —

Laboratory Manager
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CONCRETE COMPRESSION OF CORES

TEST REPORT
Project : Material Strength Investigation
Location : Canterbury Television Building, Christchurch
Client : Hyland Fatigue & Earthquake Engineering Limited
Contractor : Opus International Consultants Laboratory
Sampled by : G & R Jones
Date sampled : 10 May 2011

Sampling method : Concrete Hole Saw
Sample description :  Drilled Concrete Core

BUI.MAD249.0002.130

Sample condition : Dry as received
Date cored ! 10 May 2011
Source of concrete - Insitu Square 400mm Column
Grade of concrete : 35 MPa
Design strength 35 MPa Project No : 6-HFEE.11/0061.C
Actual slump : Not Advised Lab Ref No: 5833
Date laid : Not Advised Client Ref No : Clark Hyland
Test Results
Lab reference no 131 (1) 131 (2) 131(3)
[Client reference no v crva CTV3
Date tested 11 April 2011
Dyy cured (days) 1
Size & position of any relnforcement No Steel No Steel No Steel
Visual description Standard Core Standard Core Standard Core
Average core diameter (mm) 9.2 4.0 690
Average core length (mm) 1370 100.7 1410
Density (kg/m") 2310 2330 2360
Height diameter ratio 1.98 140 204
onditioning Dry
Load at failure (kN) [ o4 0%
“ompressive strength (MPa) 165 185 110
“ompressive strength (Factor D adjusts {MPa) 165 17.0 1.0
Type of fracture Not established Not established Not established
Test Method: Notes
Testing of Cores, NZS 21T : Part 2 £ 1986, Clause 9 [Sampling is cutaide the labomiony’s scope of accreditation
[Compression, NZS5 3112 Part 20 1986, Clause &
[.:ﬂm_‘.N?S I12:Port 3 1986, Clavse 5
ppis NZS 3112 - Par 2 1986, Cleuse 4 Lamendment No.2 2000)

Date tested 11 May 2011
Date reported : 11 May 2011

O\

Sampling s not d by IANT A A

4l

Thin repan may only be svprodaced in fell

IANZ Approved Signa PR G
°

Designation :  Labonstory Manager
Date 11 May 2011

PR LA 1A/ 1L/ 0wy

: m“:u N)‘tmm mﬂum Umited

| Quality Management Systems Certified to 150 9001
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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 permission of DENG and ARCH)

© Hyland Consultants Ltd 2011 137 21 Jul. 11



BUI.MAD249.0002.138
DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

(A

g L1 O
& !lﬁt{

: 12—

e

®
T

AN
At
R .L"'ﬂ.f |

D000

Figure 55 Foundation Layout ( Extract from DENG Dwg S2)
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Figure 56 Level 1 ground floor slab layout (extract DENG Dwg S9)
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Figure 57 Level 2 to 6 Floor Layout (Extract from DENG Dwg S15)
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N (@

Figure 58 Level 2 to 6 floor slab details (Extract from DENG Dwg S15)
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Figure 59 Precast beam layout drawings (Extract DENG Dwg S18)
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Figure 60 Columns (Extract DENG Dwg S14)
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Figure 63 Beam-Column Joints (Extract DENG Dwg S19)
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Figure 64 Beam-Column Joints (Extract DENG Dwg S19)
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Figure 65 Pre-cast spandrel panels (Extract from DENG Drawing S25)
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Figure 66 Spandrel Panel Details at 400 mm Diameter Columns (Extract ARCH Dwg A7)
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Figure 67 Line 1 Shear Wall with Items E1 to E5A identified (Extract from DENG Dwg S10)
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Figure 68 Shear Core Floors Level 2 to 6 and details (Extract from DENG Dwg S16)
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STARS 54,56 58 L SW

Figure 69 Line 4 to 5 Stairs and detail of Stair S8 Level 4 to 5 (extract from DENG Dwg S31)
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Appendix G: Structural Specification
Portions of the DENG structural specification are included with permission to aid interpretation of
the report.

a. Concrete and Reinforcing Steel Specification

2503

r CONCRETE & REINFORCING STEELWORK.

2.1 GENERAL
Refer to the General and Special Conditions of Contract
Clauses which shall apply to all work in this section
of the Specification.

2.2 SCOPE
This section of the apecification includes the supply,
forming and casting of all cast-in-place, plain and
reinforced concrete including all items necessary to
complete the work indicated on the drawings and not
specifically described elsewhere in this Specification.
This section of the Specification includes the supply,
erection, reinforcing-and casting of the components of
the approved proprietary floor system specified in
Clause 2.16 of this Specification. -
This section of the Specification includes the erection
of all precast concrete. The PRECAST CONCRETE section
includes manufacture of precast concrete units as
detailed and delivery to the site if necessdry.

2.3 MATERIALS AND WOREMANSHIP i
The Contractor shall comply with all requirements of N8
3109:1980 except where specifiad oth ise herein or
instructed otherwise by the Engineer.' A copy of this
standard shzll be kept on the site and relevant parts
read with the following clauses of the Specificatﬁon.
2.4 CONCRETE ; i
§ite concrete and concrete required to make good
excavations shall be 10 MPa at 28 days or better.
All other conrete shall be SPECIAL ro HIGH GRADE, from
an approved ready-mix plant, and as defined in N38
s 31093 Clauge.6.2_and of,. .the following strengths:-

!
Foundation beams and pads | 20 MPa
Columns at Level 1 ' 35 Mpa
Columns at Level 2 30 MPa

Columns at Level 3 . - 25.4Pa ..
All other structural concrete - ;
including floors and walls 25 MPa

The maximum aggregate size shall be 19mm,

2.5 CONCRETE TESTS
The ready-mix supplier shall make control tests in
accordance with NZS 3104, and shall pay the costs of
such tests. Tests shall be made either at the ready-mix
plant or at the site, except that if the Engineer
specifically calls fcor tests at the site as a result of
any dissatisfaction with the plant testing procedure,
these shall be done by the ready-mix supplier.
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2.6

2.7

REINFORCEMENT g

AT reinforcement shall comply with NZS 3402 (1973].
Bars prefixed with a 'D' on the drawings shall be
deformed Grade 275 steel.

Bars prefixed with a 'R' on the drawings shall be
plain Grade 275 steel.

Bars prefixed with an 'H' on the drawings shall be
deformed Grade 380 steel,

Mesh shall be hard drawn steél wire fabric to NZS
3422 (1972). All reinforcement and workmanship shall
conform to the requirements of NZS 3109:1880.

FAIRFACE FINISHES

All concrete surfaces that will be visible in the
finished job, or covered with paint, Enduit plaster,
or tiles, shall be finished fairface.

All concrete required to have a fairface finish shall
be cast to a high standard using accurately Ttonstructed
form work and to a high standard of workmanship. In
addition to surface tolerances specified belewy  the
finished surface shall conform for blowholes with
illustration 4in the NZ Standard N2ZS 3114:1980
"Specification for Concrete Surface iinishes.'

Refer to the Architect's drawings for the finish
required on concrete surfaces. \

SLAB FINISH

Except as specified below, all slabg have a steel
trowelled finish, Screed off and lightly wood float.
Finish slabs with approved power floating and
compacting machines to leave a dense, level surface '
which does not vary more than émm from a 3 metre straxght
edge, and not more than % 15mm from txue level.

SITE CONCRETE

Form and cast 50mm site concrete beneath main foundations
and elsewhere as necessary to provide .a clean, dry
working platform. Ensure ground surface is clean and dry
and there is no evidence of soft spots.

FOUNDATIONS e

Form and cast main foundation beams as detailed It is
envisaged that the beams will be cast in-stages with
construction joints.

Allow to scrabble or green cut the faces of these joints.
The exact location and details of all construction
joints are to be agreed with the Engineer before pouring
concrete,

LIFT PIT

¥orm and cast lift pit walls and floor with sump as
detailed. Build in PVC 140rm HYDROFOIL waterstop or
similar to all construction joints in floor and walls.
Waterproof the concrete with SIKA Plastocrete-N-
Waterproofer or approved equivalent.

© Hyland Consultants Ltd 2011 154 21Jul. 11



BUI.MAD249.0002.155
DBH 110329 CTV Building: Site Examination and Materials Tests (Interim)

2 cont'd... 2503

2,12 GROUND FLOOR SLAB -
Form and cast ground floor slab on damp proof
course on compacted hardfill. Cast in strips and sawcut
into panels where agread by the Engineer on site. The
maximum spacing of sawcuts or construction joints shall
not exceed 3.75 metres.

2.13 PROPPING OF PRECAST BEAMS
Precast beams shall be propped to support the dead
weight of the beam until the floor concrete has reached
20 MPa.

2.14 CHASES, HOLES AND NIBS'
Form all chases, holes, upstands and niba as shown on
the drawings or required by other trades. Chases and
holes shall be accurately positioned and formed at the
time of casting the concrete,
Set concrete shall not be hacked unless specific
approval is obtained from the Engineer,

2.15 BUILDING IN
As the work proceeds, build in all necessary bolts
and other fixings., The Concretor shall ascertain from
all other sub-contractors all particylars relating to
their work with regard to order of its execution and
details of all such provisions of figings sleeves,
chases, holes, etc., and of all necessary items to be
built into concrete and shall ensure that all such items
are provided for and/or positioned.

No claim will be recognized or allowed for at extra {
cost of cutting away or drilling concrete work already
executed in consequence or any neglect of the Contractor
to ascertain these particulars and make the necessary
provision beforehand. [

2.16 FLOOR SLABS
Concrete floors have been detailed to use the 'DIMOND
HI-BOND H.S.' composite steel/concrete floor system.
This has a profiled metal deck of 54mm overall depth, -
made from G500 steel, 0,75mm thick. | i

The floor shall be handled, laid, and fixed in
accordance with the manufacturer's written'"laying
instructions",

Provide temporary propping to floors as shown on the
drawings, with an upward camber to the propping lines
as detailed. Floors shall be constructed of a uniform
thickness, so that slab surfaces as constructed shall
follow the cambered profile of the floor decking. )
Propping shall extend over at least three levels at all
times, to distribute the weight of the flcor being
poured into three lower floors, and to support mobile
scaffolds being used to erect precast floor beams.

Figure 70 Extract from DENG Concrete Specification
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3. PRECAST CONCRETE =32
3.3 GENERAL
Refer to the General and Special Conditions of Contract
clauses which shall apply to all work in this section
of the Specification.
3.2 SCOPE
This section of the specification includes the
manufacture and supply on site of the following pre-
cast units:-
de Precast beams
2. Precast wall panels
The work includes the fabrication and supply of all
structural steel fittings to be built ‘intoc the units
as detailed on the drawings. -
3.3 MATERIALS AND WORKMANSHIP
All formwork, concrete and concreting and finishlng
shall be in accordance with the relevant c¢liduses of
Concrete and Reinforcing Steelwork cification
except where noted otherwise in this| section,
3.4 CONCRETE Al
concrete shall be HIGH or SPECI GRADE complying
with NZS 3109 Clause 6.2.Concrete for all precast work
shall be 25 MPa at 2B days with 18mm maximum size
aggregate. [ !
3:5 TOLERANCES
A1l precast units shall be manufactured to the
following -tolerances unless stated otherwise on the
drawings: '
- Length + 6 mm ‘
=~ Croas BSection t3mm
- Squareness (of cross
section and ends) + 3 mm
- Twist (dimensions from
Plane containing the other S
three corners + 3 mm -
= Built in Items £ 5 mm
The above tolerances are given as a guide. Their
application in any particular case shall be subject
to interpretation by the Engineer.
3.6 FINISHES

ALl precast concrete exposed in the finished building
shall be cast to a high standard using accurately
constructed formwork and a high standard of workmanship.
Precast items that do not meet the required standard

to the satisfaction of the Engineer will be rejected.
Formwork shall be such as to produce a high guality

fair face finish on all exposed surfaces. Formwork shall
be made from sheet steel or dressed plywood treated

with a polyurethane finish to a high guality smooth
surface, or similar.
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In general finished surfaces shall be smocoth and formed.
with moulds or by careful trowelling. Surfaces shall

be free from honeycombing, grout loss, excessive air
holes or other imperfections. Arrises shall be atraight
clean and sharp and free from spalling or damage.

, All exposed surfaces shall have a similar appearance
and standard of finish. Surfaces finished by trowelling
gshall be finished to the same standard and uniformly
match surfaces against formwork.

Formwork shall be sealed at all corners, joins and inserts
to prevent all grout loss.

All surfaces against which concrete is later to be cast
shall be left roughened by brooming the poured face

while the concrete is still plastic. Clean surfaces
thoroughly from all laitance and loose concrete.

3.7 HANDLING
A high standard of finish is required and‘handling shall
be such as to prevent any damage to units.
Approved lifting devices or hooks shall be provided in
all precast units and these shall be made available to
the Contractor for erection purposes and remoVed cleanly
after use. Units shall be handled only by the hooks or
devices provided. They shall be loaded and transported
so that no forces are applied in excess of those
occurring during normal lifting. Twis?ing forces shall
not be permitted to occur. Units shall be strapped and
secured to prevent movement or damage during transportation.

Details of lifting hooks and devices, and their p¢sitionsd
shall be submitted to the Engineer for approval before |
manufacture commences. Care shall be exercised at all
times, that hooks or devices suffer no bending or other
damage. Lifting hooks or devices set permanently in the
units shall have a safety factor of at least 4 and for
repetitive use shall have a safety factor of at least 6.

3.8 STACKING
Units shall be stacked on timber dunnage and suitable
soft packing placed under the lifting points. Stacking .
shall at all times be such as to minimise the effects of
creep and to avoid undue distortion of units. —
Stacking of units shall be carried out on an area
capable of withstanding the bearing pressures involved
and in such a way that damage to units, lifting hooks,
and to other embedded fixtures and to other units sghall
not occur.

3.9 MARKING
Mark all units with a mark number, orientation in
finished job, and date of casting. The marking shall
not be permitted to affect the fairface finish.

3.10 INSPECTION
The Engineer or his representative will inspect the
precast units at all stages of manufacture to ensure
conformity with this specification. Units which do not
conform to the reguired tolerances, which shown grout
leakage, which have bheen damaged, or which are other-
wise defective shall be liable to rejection and may be
used in the structure only at the Engineer's discretion.
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No repair work shall be done without specific
instruction from the Engineer.

3.11 BUILDING IN
Supply and f£ix all lifting bolts, cast in sockets,
timber grounds and other fixings as shown on the
drawings or as required for the proper erection of the
units in the finished work.

3,12 PRECAST SHELL BEAMS
Form and cast the beams as detailed including all
reinforcing starters, structural steel fixings, holes
for services, rebates, etc, as detailed.
The beams have been detailed to minimise their weight
and hence crane capacity. The surface of the beams
inside the stirrups shall be roughened to ensure good
bond to the infill concrete. Outside the stirrups the
surface shall be straight and level to receiwve the
proprietary floor system.

Sides and soffits shall be finished as claus& 376 where
exposed in the completed building, otherwise_ to a
reasonable fairface finish. \

\

Figure 71 Extract from DENG Pre-cast Concrete Specification
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