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CTV BUILDING COLLAPSE REPORT

APPENDIX A — EYEWITNESS SUMMARIES

INTERVIEWS WITH EYEWITNESSES

Interviews were undertaken with those who were willing to speak of their
experiences and what they observed. The names of the witnesses are not revealed

for privacy reasons. Their locations are shown on the Eyewitness location map
(Figure 57).

Some were inside the building at the time; others were in the street or in other
buildings next door with a clear line of site to portions of the CTV Building as it
collapsed.

The information gathered from the interviews has been collated into common
categories and summarised to identify consistent observations for further technical
analysis.

EYEWITNESS LOCATIONS

Eyewitnesses inside the CTV Building

|. Level 6: East side of the southwest comer.

2. Level I: Ran south out from Reception on the East Side of the building.
3. Level 4: North at the right edge of the building.

4. Level 6 Sitting on the side wall next to the demolition site; farthest away from the
front area.

Eyewitnesses outside the CTV Building
5. Les Mills building.

6. IRD building.

7. IRD building.

8. In front of CTV driveway on Cashel Street.

9. Unrestricted view from roof of Les Mills building.

[0 & I'I Blackwell Motors on Madras Street side opposite CTV.

12 & 13 IRD building.

[4. On east side of CTV on Madras Street just past Samoan Church.

I5. In front of CTV driveway on Cashel Street.

I 6. Working on the re-cladding on the CTV at south west corner of CTV building.
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APPENDIX A — EYEWITNESS SUMMARIES CONTINUED

* Pre-earthquake observations about the building.

Continual vibration during next door demolition. This eyewitness commented on the
demolition that had been going on next door, since September 4. Some staff had
found the continual vibration in the building distressing, particularly in light of nerves
around the aftershocks. She referred to a huge vibration on the day when the last
part of the demolition occurred. “One day there must have been a wall that either
backed on or was semi attached to the back of our building — when that came down
a huge vibration went right through the building.” She commented that when the
demolition ended she returned from the Christmas holidays thinking the vibrations
would end. However, the building still continued to vibrate from “the machinery or
whatever was going on next door.”

Cracks in the lift area. This eyewitness reported what she described as major cracking
in the cormers by the elevator. “It was cracked from the ceiling all the way down to
the floor. This was on the Hereford Street side of the building, at the intersection of
the walls.

Eyewitness 2

Eyewitness 2 was on Level One, Reception — running out south from the front door
(east side) straight across Madras Street towards Blackwell Motors.

She described the noise and impact of the quake as like a jet plane landing on the
roof. “The whole, all the glass, everything was going. The noise was unbelievable. |
ran for my life thinking the building was going to get me on the way. | knew it was
breaking up. | ran for the doors, everything was coming at me; you know all the
windows coming in. | just got through the door. There was no one else on the
ground floor at the time... all our other staff were on the first floor and they did not
stand a chance. | knew | was the only one that got out, because | knew what was
coming down around my ears as | was running.”

» Direction of fall.

When this eyewitness tumed around she was on the cormer of Madras and Cashel.
She did not actually see the building fall; by the time she got there the building was
down. “The building had just pancaked — six floors were down to next to nothing.”
Inside it had felt “like being pushed around all over the place”.

* What the ground shaking feft like.

During the aftershocks, when she had made it to Latimer Square, she described the
ground as like “jelly”. The road was “going up and down... horrific.”

* Time frame.

“Fortunately | was standing by my desk when it happened. | would not have had time
to get up from my chair. By the time | ran across the road really fast and turned
around, the building was down; a matter of seconds really. Then, there was ancther
big aftershock and a whole wall of the Samoan Church collapsed over into Madras
Street.”
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* Pre-earthquake observations about the building.

The eyewitness commented on the drilling that had been going on inside the building
before the earthquake. Every now and again we would get a boom-boom and a
shake ...no one felt safe in that building. They had already taken a building down
next door so | don't know why they were drilling into the side of the building.”

The eyewitness also described how in an earlier small earthquake the girls up in the
sales office were shaken about it — yet she did not feel it on the ground floor.

She also remarked that she could not remember what the inside staircase (which
was right beside her desk) was doing during the earthquake. However she
remembered that in a previous 5 earthquake it was like “the whole thing (staircase)
was swinging towards me.” She could not recall seeing any damage from the two
earthquakes before 22 February.

Eyewitness 3

Eyewitness 3 was on Level Four — north on the right edge of the building.

She described her first experience of the earthquake as, a bounce — a jump and then
everything moving. She refers also to a second sensation of a definite drop.” The
analogy I've used in describing how it felt, is like being on an ice rink in flat shoes.
Completely just spun from one side of the wall to the other. Then you realise that it
wasn't just going to shake, and it wasn't going to stop.” She remembers moving
towards the underneath of her desk. Then everything went black, everything sort of
stopped. The sensation of dust, not being able to breathe. ...the weird sensation
that you weren't level, on a slope. | put my hand in the air and realised that the
ceiling was actually resting on the top of my desk. Then there was a second
movement — a definite downward movement, it went like “choocoomf — like on a
seat when you drop. She could not be 100% sure of the movement between the
first drop and this, as it was already moving..... everything seemed to be dropping
constantly — very disorientating — but the second drop feeling was a definite. You
suddenly thought “whoal”and things went downward more.”

e Direction of fall.

Initially this eyewitness was thrown one way and back again. Against the eastern wall
and then thrown back to the west and back east again against her desk. She then got
under her desk. “The first initial shake was when it went” — then a feeling of what
she called a second drop that where she felt like she was on a “slope”. She said
was pushing with my heels, you felt like you were pushing up hill.” First when she was
under her desk she had room, but in the second stage “I was sort of on my side.”

e Time frame.

"It seemed like a long time.” But she felt unsure of time — “to be honest, time just —
it was very bizarre.”

* Pre-earthquake observations about the building.

“They demolished a building here behind us — starting pretty much when | started
work in the October. “All | do know is we bounced constantly while the digger work
was going on. They finished a week before the quake.”
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Her understanding was that when they took the building down next to the CTV they
left a single layer of brick with no bracing. The building that came down only went up
to level 3, below level 4.

Eyewitness 4

Eyewitness 4 was inside the CTV against a side wall on Level 6 that comes out to
Cashel Street just in front of the IRD (Inland Revenue) building. The side next to
where the demolition work was. (Figure 59)

“Usually our meeting would have been in the middle of our premises — but on this
particular day we were sitting furthest away from the front area. This decision pretty
much saved our lives. | was strategically in a good place because | had no obstruction
to access to a door frame. We all eventually came out in the car park. | just felt this
“chooo” (vertical feel) a bolt, a “thump” that almost propelled me off my seat. | was
like a rocket under the door frame, my colleague and | together as we had rehearsed
many times before when the demolition work was really bad. | held on to this flimsy
little aluminium doorframe. | was standing up and felt a real sharp jolt from
underneath.”

e Direction of fall.

“| felt a bolt upwards at first, and then it started going sideways. Initially it was really
strong with the bolt undemeath, like this was very, very fast, real fast, up and down,
and then it was swaying, and then it all collapsed, collapsed, collapsed.” It started with
the usual thump of an aftershock and then accelerated from there. “So there was a
thump and | was already under the door, others were still sitting.” She felt that she
was in line with the doorway as it fell, not sort of falling out of it. “There was a real
lion kind of noise, roaring — like cracking. One thing | noticed very quickly was the
pink batts coming down on us, so the ceiling must have given pretty soon. The pink
batts were the only thing that fell on me. Whatever was collapsing like the other
walls caving in, they were just kind of collapsing and nothing really fell on me because
everything fell against the frame. Then | remember a little bit of tilting (not steep) to
the back from the ground (toward Cashel Street) It was not much; it wasn't like |
had to hold on. | was still standing when we were down 5 floors. | did not have the
sensation of freefalling. When it came to a halt | thought we had just come down
one floor. When | looked through the open ceiling out | thought | was still high up —
then realised oh my God, we're just a metre off the ground. ... | was totally surprised
that the floor on my side was still in one piece. Nothing had come through.” The
partition wall she was up against, on the east side of her meeting room side stayed
vertical all the way along. On the southwest comer of the floor were the worst
injuries.  When referring to the tilting of the building — she described it as a slight
diagonal lean towards Cashel Street corner demolition site. “My sense is that when
the whole building went up and sideways and just went “shhhhoooo™ down, leaving
the lift shaft still standing. Being in the top of the building where | was saved me. So
much more damage happened in the middle part of the building.”

e Time frame.

“| could not see anything, you know, because the whole walls caved in and — like it
was all blocked within seconds, seconds. It was amazing how quickly people stepped
into the rubble and got us out, and then the fire broke out in the lift or lift shafts.”
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* Pre-earthquake observations about the building.

This eyewitness mentioned a fear amongst some colleagues that the demolition
work was perhaps weakening the building. It was her feeling that it was undermining
the building. *This is only my sense, it is not a science.”

There used to be two big building complexes next door, and the one adjoining the
CTV Building was taken away. Around two weeks before the earthquake they had
just freed the area of the building.

“| ' was right on the outside (of her floor), and when the demolition happened the big
diggers, whatever you call them, were pulling that wall. [t made a shudder. | don't
know for sure — but when they took the building next to us down, | believe it had at
least some parts attached to our building.” (Lower than her level.)

She described the demolition going on from September to February. On the day of
the earthquake they were still coming in with big machinery, flattening it to tum it
into car park. “There were constantly machines, and stuff coming down and falling
down. Big huge chunks of concrete were just falling to the ground. You could feel it
all the time.... Then there were the aftershocks as well. They were horrible as the
whole building was just going big sway, big sway.”

My sense was “my God, this building is constantly exposed to quite a lot of stress... |
thought we're not safe in here...it's not okay, part of it.”

She also mentioned that even before the demolition of the building and before the
earthquakes when aerobics classes were happening at Les Mills “our building was
vibrating.” “The outside wall was never very thick | felt.”

When asked if she noticed any damage in the building getting worse subsequent to
September — she made this comment. “Right at the lift shaft, these big pillars. |
noticed like a bigger crack around, | think, the pillar closest to the lift. There was
another one — the pillar was intact, but just alongside there was a crack (she moves
her hand in an S shape) which just went down.” She had hoped when she saw them,
that they were just superficial.
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Eyewitness 5

Eyewitness 5 was in the Les Mills building next to the CTV Building on the 3rd level
(2nd level of the Les Mills gym)

“| ' was directly opposite (just |0 metres away from) a large window that you could
see the CTV Building through. When the earthquake struck | remember turming
around and then seeing the CTV come down through the window. | could not see
the top of the CTV Building. | saw a portion of it then it all came down. | don't think |
could see from edge to edge, but | saw a lot of it...."

» Direction of fall.

| saw the collapse. It was just almost like a level gave way and it just went -
whooompf. It was like one of those controlled demos on TV. It was just straight
down — and then after when | was down at the site helping out (and as you can see
from the TV images) it was really compact, the rubble and that...” The eyewitness
found it hard to describe the feeling that its almost like a level was removed and it
just all came down. He did not actually see a level collapse — it was just the way it all
went down.

e Time frame.

It just fell really quickly. Like ploooop. A couple of seconds. | was on the heavy
bags facing away from the window maybe seven, 10 seconds passed as | stabilised
myself. | turned around and then another few seconds, then saw the CTV Building
come down. The first thing | saw was it coming down.” The eyewitness was definite
that the CTV was down during that first aftershock, the first tremor. A big
aftershock happened minutes after when he was outside Les Mills, and he saw the
scaffolding on the Samoan Church come down.

* Post—earthquake observations at the site.

He was standing at the front, Cashel Street side. “Everything was just so compact. |
remember | just could not believe it was a five-storey building. It was just so tight, the
pile, real compact. It was deep down | think the fire. | think it must have caught like
this — there were pink batts around, so it must have caught onto that. It was real
smoky because the corrugated iron was on top of it. When the digger pulled back
some corrugated iron, you did see flames come up.”

“Part of the building was still standing. | remember the CTV sign was down.” On the
Les Mills side, he also remembered seeing the pink batts, and corrugated iron type
stuff, sheeting, along the wall. “There were tons of massive puddles, craters with
puddles in the graded part between Les Mills and the CTV. There was also a crack in
the street where water was flowing out.”
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the whole lot.” He was looking out the window as the CTV Building came down.
“I've been in the IRD building plenty of times during aftershocks and I'd never really
gone under my desk, | had not felt the need to. But this was quite different. It was
super violent, so | was under my desk immediately and it got more and more violent.
It was not just a shake. It just kept going with intensity and | was being bounced out
of my desk and back again. | don't know how long it went on for but it just stopped,
suddenly. There was quite a bit of noise in the office and people upset and so |
stood up to call my team together and then looked out the window, and then the
CTV Building came down.”

e Direction of fall.

“A flash of the CTV Building and then it sunk into the ground — you know like the
9/1'1 buildings, exactly like that. The top floated and was engulfed by a cloud. |
probably wasn't even aware that the building had collapsed because it looked like it
was engulfed by dust - | realised because we were still in the building for about two
or three minutes afterwards that suddenly it was gone. You could just see the lift
well....I don't know how it just sheared off that.” His overall impression was that it
disappeared — “like sinking into this cloud,” “Pretty much as a block.”

e Time frame.

This eyewitness described seeing the building fall after the quake had stopped, after
he stood up from his desk. He felt it did not fall immediately. It was after the
earthquake. However he mentions in the same segment of interview that “I've lost
some moments in time.”

* Post-earthquake observations about the site.

The eyewitness remembers the lift well standing, and people helping to lift rubble off
with some digging machinery that was on the site. "l ended up over at the lift well at
some point where | was fighting a fire. | remember getting to the CTV Building and
then suddenly | was on top of the building, so how | got there | do not know, but |
was helping get people out for about seven hours or so.

"l had the expectation that it (the building) would be all over the show. But It fell
into a complete square. | mean essentially a seven-storey building had compacted
into something that was less than the height of this floor to ceiling.” (Referring to the
interview room.) Also, “as they were pulling people out, the majority of them were
from the 5" floor and they had no idea that the building had collapsed. It was a real
shock for them to feel ‘how am | on top of this building?”

*Pre-earthquake observations about the building.

“The building next door to the CTV had been damaged in the September
earthquake and they were pulling that down. | heard that they were going to tum
the land into a car park so they were making it quite flat. So there was a lot of heavy
drilling and a lot of demolition ball stuff going on, and often we would be in the IRD
building and it would feel like there were tremors — so it it was shaking the IRD
building | can only imagine it was having a similar effect on the CTV and the buildings
around it because it really felt like the ground was shaking with the work they were
doing there.”
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eyes. | can see right down to base level, to ground car park level, and it just folded at
the bottom like a pack of cards. The first floor folded in, the second floor followed it
milliseconds later, and then it went down like somebody had kicked its legs under it.
The fire escape stood up for a few seconds longer. The corner the cherry pickers
were working on (south west) just crumpled like a piece of paper. It was just like it
were a chair leg and someone had kicked that corner and the whole corner caved,
sort of folded under itself and then the next piece. The corner had gone so there
was no support.”

His experience of the earthquake was one of being lifted, then dropped, then kicked
again from all directions. “So if that building did lift up and that got knocked on the
next wave, then there was nothing on all that frontage to hold it up. The sheer
weight of it brought it down.”

“The frontage of the building came away, | presume, because there was nothing
attached to the lift after the third floor (Level four) upwards. It just ripped away
because you could see the lift shaft, the lift doors, everything. To clarify further —
when climbing on the rubble, it wasn't flat, it was at an angle. It spread itself in a line.”

The image that sticks with this eyewitness the most is the Cashel Street fire exit
stairwell cormer disappearing in front of him, and the rest coming down. "It was
weird just to see a skeleton for a few seconds; I'd say 5 seconds tops, of the fire
escape standing and then sort of crumpling undemeath it, because the next floor
pulled it down. But it just stood there - and you think that's physically not possible —
unreal.”

e Time frame.

All this happened in seconds “whoof — boomf” and then there was one big cloud of
dust and in the corner of the thing there was smoke starting to come up. “| don't
think 30 seconds passed by the time it was all over the place, fire alarms, chacs. He
did not get the feeling of two shocks. Just the one that went with a bang — and then
the sensation of loads of aftershocks. “It is quite possible there were a lot of shocks
rippling back.” He saw what happened in front of him in the space of a few seconds -
then his concem was people.

* Post-earthquake observations about the site.

This eyewitness was involved for hours on the site helping get people out. He
noticed:

Pieces of the fire escape stairs “You could see sections of the fire escape (Cashel
Street end) still left in pieces as it had fallen on to the rubble”. He felt that if the
building had pancaked (for him meaning ‘come down as one’) it would have pulled
this down, and it would have been twisted metal — “but it wasn't....”

The contained way it landed: “It is amazing that there was not a brick or anything in
the car park area, and so many cars parked close by untouched, just covered in dust.
The building fell into itself, and was all contained within that area. The building came
down within its own space, its own footprint. So if it had come down flat, everything
would have spread out. You try and put something down that flat, something’s got
to go left or right, but it didn't. But as | say, with it coming in on an angle, it was all
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still stuck undemeath, so it had somewhere to hold, and it just sat on itself — like a
big pile of bricks.”

The Fire: He did not expect the building to bum as he thought “it's all concrete — it's
not going to burm.” A big machine had been left there which he used to get the fire
people into the lift area with breathing apparatus. The smoke was black and acrid by
that time.

Liguefaction: “There was a lot of liquefaction, not around the CTV itself, but where
the knocked down building used to be there was a great big hole opened up — and
water bubbling up. The liquefaction was all along the front of the Les Mills building, it
was pouring in the front door.”

Samoan Church coming down: The eyewitness was already helping on the site when
the Samoan Church went down.

*Pre-earthquake observations about the building.

“The building that was demolished between Les Mills and the CTV was finished on
the Friday before the quake. | don't think that would have weakened the structure
much. Cherry pickers were in, lads with battens, and they were battening the wall all
the way up to put new cladding up the wall. White cladding which was nice. They
were doing a good job and they were doing it safely. There were two lads on the
end platform that day, and had gone away for dinner. The new cladding crushed it
flat.”
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e Direction of fall.

"It all seemed to jump upwards”. He felt a vertical jolt around about a movement of
200mm. | remember looking up and seeing the building pretty much right above my
head, so it had obviously swayed from side to side. | threw my workmate off the
machine and as | was jumping | had to push myself out of the way of the falling
comer pillar. (Southwest) Just out of the comer of my eye | saw the concrete spit
out the comer. The pillar came down and brought the machine down to the ground
and buried the wheels. It felt like the building moved in the front.”

He described seeing the column fracture. “It buckled out. It had cracked and the two
bits held still by the steel had spat out, and obviously as the weight got too much, it
broke and came down. This was in the middle of the column, between floors. It
‘kicked out’” in the direction of Les Mills. | remember | was still looking at the cormer
of the building at that time - it looked like the like the block in front of me came up
and back down again. | tumed away to the right to throw my workmate off the end
of the machine, then | tumed back to make sure nothing else was coming and that is
when | saw the corner — sticking out around 300mm. It let go — and came down
when | was jumping out.”

In summary, this Eyewitness was at level 2, and saw it breaking up between level 3
and level 4 columns at the front (southwest) comer. He felt what had happened to
the building was like this: “The bottom couple of floors had come out, and the rest
of it had come straight down.”

e Time frame.

All this happened in seconds. He himself was seconds from disaster — saved most
likely from his scissor lift holding the debris off when he was sitting beside it.

» Observations after the quake.

“The thing that made this side look worst was because it had the security stairway
on the outside of the building going up — the emergency exit. That was down, and
because there were cars and all sorts there, it made it look like there was lots of
debris here, but you could actually physically get to the bottom of the building when
we were getting people out.”

* Pre-earthquake observations about the building.

- Prior to the earthquake, Eyewitness |6, was concemed that people should not
have been in it when they were working with the wrecking ball. He noticed that the
building was making weird noises.

- He had been working up and down that wall. At about the third level the iron
stopped. “Obviously the building that was beside it before had a flashing that went
up behind the iron and then it had the rest of the building — but because that had
been taken down, all of this was just concrete block facade. We were going to be
tucking the iron undemeath that. We'd placed 50 x 50 mm timber battens along
there and were dyna-bolting about every 400 mm. The wood was so that we had
something to screw the iron to instead of having to dyna-bolt every point and put
plugs in them. They were 10mm dyna-bolts, and some were 40mm, and 90mm for
the random hollow bricks where obviously the grout had not come all the way

© Hyland Consultants Ltd 2012
© StructureSmith Ltd 2012 PAGE 153 27 Jan. 12



CTV BUILDING COLLAPSE REPORT

APPENDIX A — EYEWITNESS SUMMARIES CONTINUED

through. We were using the smaller bolts, just so it was grabbing and the iron wasn't
going to come off. The battens went right along horizontally.”

- He had not been involved in pulling down the wall that was from the old building
away from the CTV. All of that was done, and cleared off the site, before his work
started. “It was basically just a work site that had chip stone in it, and it must have
been the ground foundations they were working on at the front of the section...
pulling out big chunks of concrete that were still left in the ground. We watched
them smashing with the big wreckers at lunchtime on the day before. They were
doing all sorts of banging on the ground with a digger. It had a big like T-bar that
went on the end packing down what they had taken out the day before. They took
the pile of concrete debris away and poured crusher steel, or whatever it is, to fill the
holes in and used the big arm to pack it down.”

We asked some additional questions.

- “When you were putting the battens on, when you fooked at that block work, did
it look like it had anything fixed to it in the past?”

“No. It was roughly mortared as if it was the internal of a brick wall. The building side
had obviously been there first. They'd put in the columns and put the bricks on the
internal side, because we had to scrape the whole wall off with all the excess mortar
that was hanging out of the joints so the battens would sit on it flat.”

- “"Any wires sticking out or any sort of tie-backs?”

“No the only things that you really noticed was that all of these columns were out
probably 20mm proud of all these internal block walls.”

“.Across the top, undemeath each of those beams, you say there were some hollow
blocks, but on top was there a gap?”

“No-ah, a couple of floors had gaps actually. | couldn't tell you offhand which ones
they were...”

- "If you looked at the columns and saw the block work, did you see any gap
between block work and the cofumn?”

“No. It was all mortared.”
- “Are you sure it was mortar and not a flexible sealant?”

"It looked like mortar because we scraped it all. That wall went to the beginning of
level 4. It had wall cladding all the way along there. Three levels of block work.”

- “Can you remember what the shape of the column was?”

“They were square with squared comers. It wasn't like the days now of precast. It
looked like it had been boxed up where you could see the joins where the concrete
had come out of the edges — as if it were boxed in with wood. There might have
been slight gaps. You could see the inch sort of lines in the concrete where the joins
were, Just a mould they'd made. That was one thing | did not think | was going to

"

see.
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B.l IMMEDIATELY AFTER COLLAPSE

The state of the structure immediately after collapse has been derived from photos
supplied by the public and others. Debris began to be moved very shortly after the
collapse by heavy machinery that was next door to the building at the time.
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APPENDIX C - SUMMARY OF SITE EXAMINATION
AND MATERIALS TESTING RESULTS

INTRODUCTION

The following summarises observations and material properties from the Site
Examination and Materials Testing. A more detailed account is found in the Site
Examination and Materials Testing Report (Hyland 2012).

PROFILED METAL DECK AND CONCRETE SUSPENDED SLAB

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

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

A portion of the decking was tensile tested and found to exceed the minimum
specified yield stress of 550 MPa

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 behaviour of the shell and the infill concrete. Composite
behaviour between the shell and the infill concrete would have increased the ability
of the beams to resist the demands placed on them.

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

The bottom reinforcing steel in the shell beams had not been developed fully into
the Grid C core wall on Line 4 as specified, except at Level 2. The bars had been
bent back into the concrete infill in the shell beam (Figure 105).
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APPENDIX C - SUMMARY OF SITE EXAMINATION AND MATERIALS TESTING RESULTS continued

LINE | SOUTH WALL

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

Level | to 2 (ltem EI)

This panel showed flexural cracking pattems typical of cantilever shear walls rather
than coupled shear walls (Figure 109). This was likely due to the effect of the Level
| doorway having been in-filled with reinforced concrete masonry.

Reinforcing steel taken from the east end of the wall was found to have yielded and
elongated prior to the collapse of the building.
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Bars from wall into attached pre-cast beam had fractured.

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

Level 6 to Roof (ltem E5A)

No obvious cracking had occurred in the wall piers or door head coupling beam.
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APPENDIX C - SUMMARY OF SITE EXAMINATION AND MATERIALS TESTING RESULTS continued

SLAB AND BEAM REMNANTS ON LINE 4 OF NORTH CORE
The extent of the slabs at the time of examination was measured (Figure 37).

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

Level 6 Slab

The slab had a vertical fracture face that coincided with the ends of the HI2 saddle
bars from the support beam on Line 4 (Figure | 14).

664 mesh in the slab had fractured in a ductile manner which is the way it was
intended to.

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

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.

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

Level 4 Slab

The imprint of the bent back bottom bars from the pre-cast shell beams (Figure 105)
was visible in the cover concrete of the wall.

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

Level 3 Slab

Similar to Level 4

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. This was consistent with cyclic demands having occurred there during the
February Aftershock.
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SLAB DIAPHRAGM CONNECTIONS TO NORTH CORE WING WALLS ON
GRID D AND D/E

After the original construction of the building had been completed, Drag Bars were
fixed into the slab and into the walls at Levels 4, 5 and 6 on Lines D and D/E with
epoxy grouted threaded rods.

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

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

Level 3 Connection of Slab to Walls
An HI12 bar was found fractured at the end of the west wall D.

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

Level 4 Connection of Slab to Walls

The Drag Bars on both the west and east wing walls had partially fractured in
bending and tension. The epoxy grouted 20 mm threaded rods that were fixed
vertically into the slab and into the Drag Bar on the west wall appeared to have
pulled out in tension. This occurred as the slab between Lines D and D/E rotated
downwards, pivoting about its Drag Bar supports at the ends of the lift shaft walls.

The 20 mm diameter Drag Bar threaded rods were hardness tested by MTL and
found to have Rockwell Hardness HRB.  This conformed with the minimum
requirements of AS 4291.1:2000 (SAA 2000) for Property Class 5.8 threaded rods.

Level 5 and 6 Connection of Slab to Walls

Similar to what was seen at Level 4 (Figure 115).
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APPENDIX C - SUMMARY OF SITE EXAMINATION AND MATERIALS TESTING RESULTS continued

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

The company that maintained the lifts at the CTV Building advised that they had no
records of the inside faces of the walls being out-of vertical alignment after
construction.

REINFORCING STEEL PROPERTIES

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

The reinforcing steel from the South Wall was found to conform to the standards of
the day.

The H28 steel extracted from the lower portion of the South Wall item EI was
found to have elongated 3.3 % more than the other |6 to 28 mm bars extracted. It
also had an elevated vyield stress and ultimate tensile strength. This is known to
occur in constructional steels that have been work hardened and have subsequently
strain aged (Hyland, Ferguson et al. 2003).

This is evidence that the bar appeared to have “work-hardened: during the February
Aftershock and prior to the collapse of the building.

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

The suspended slabs were reinforced with hard drawn steel 664 mesh sheets with
wires spaced at |50 mm cross centres. The 664 steel mesh from the suspended slab
was sampled and tested.

The 664 steel mesh was found to conform to the standards of the day.

CONCRETE PROPERTIES

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

The sample means of the test results for a particular member were adjusted up by a
factor of 8% where required, to allow for test orientation effects where testing had
been done transverse to the direction of casting (Figure 117). This was in
accordance with the recommendations of the Concrete Society Technical Report | |
(GBCS 1987).

The concrete test results need to be interpreted in light of the fact that the samples
were extracted from components that had been damaged in the collapse. Care was
taken however to avoid coring in portions of concrete with obvious cracks and
samples were visually scanned before testing for signs of cracking.
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APPENDIX D - NON-LINEAR TIME HISTORY
ANALYSIS

INTRODUCTION

Non-linear time history analysis ( NTHA) were used to evaluate the response of the
CTV Building to the ground motions that had been recorded at three other similar
sites in the Christchurch CBD for the September Earthquake and February
Aftershock.

With NTHA, changes in building stiffness resulting from the non-linear behaviour of
structural elements are calculated at each time step, which allows the deformations
and structural actions to be determined as accurately as possible based on current
engineering knowledge. It should be noted however, that the results should be
interpreted as being an estimation of the response rather than an accurate
representation of the actual response during the earthquake at every step in time.

The primary objective with the NTHA for the CTV building has been to model the
overall lateral stiffness and strength of the building as accurately as possible. The
vertical stiffness of floors and beams has also been modelled to enable quantification
of the effects of vertical accelerations.

The main findings from the analysis are described in the following sections. Floor
diaphragm connections and columns are a focus, since they are potentially critical
failure mechanisms under seismic loading. Irregularity of the building structure and
the resulting torsional response is a significant influence.  The fragility of beam-
column joints is also discussed.

The load demands on floor diaphragm connections to shear walls were obtained
directly from the analysis. For columns, the inter-storey drifts output from the
NTHA were considered to represent the earthquake demand, against which various
potential failure mechanisms were then assessed post-analysis.

ANALYSIS OVERVIEW

The three dimensional model shown in Figure 120 was created using the SAP2000
finite element program. Non-linear static pushover analyses and non-linear time
history analysis were carried out using this model to evaluate seismic actions on the
structure.

The basis of the non-linear analysis is reported in more detail in the referenced
‘Non-Linear Seismic Analysis Report’ by Compusoft Engineering, (Bradley, Stuart et
al. 201 1) who were engaged by StructureSmith to undertake the analysis. Key points
from that report and interpretation of results are summarised below.
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

2. A nonlinear static pushover analysis of the structure for the two primary

directions starting from the end state of the gravity analysis. This enabled the
non-linear performance of the individual lateral load resisting structural
components to be verified and then combined together in the model to be
used for the NTHA.

The axes of the adopted ground acceleration records from the September
Earthquake and February Aftershock were aligned to the principal axes of
the CTV Building, which are essentially north-south and east-west.

Non-linear time history analyses using the three adopted ground
acceleration time history records of the September Earthquake and February
Aftershock. This process was carried out for both structural forms MODEL
A and MODEL B for one record of the September Earthquake and then for
Model A only for three records of the February Aftershock. All components
of the acceleration time history were incorporated simultaneously including
north-south, east-west and vertical components.

The results were then processed and the performance reviewed.

KEY ASSUMPTIONS

Key assumptions and features in the SAP non-linear model included the following:

Reinforcing steel properties were taken from tests reported by HCL (Hyland
2012). Expected concrete strengths for columns were taken as equal to the
specified 28-day strength + 2.5 MPa. In fact concrete strengths were found
to vary considerably.

Foundations were modelled with non-linear soil spring supports, with
compressive stiffnesses evaluated by Tonkin and Taylor Ltd, and with
gapping under uplift conditions to model the potential rocking of
foundations. Rocking of the north foundation was indicated by the NTHA,
and its effects in terms of drifts are included in the analysis output and have
been used in the demand / capacity comparisons.

The vyielding portions of shear walls were modelled using nonlinear layered
shell elements which incorporated inelastic matenial effects at a fibre level.
Where there was no significant inelastic demand the walls were modelled
using linear elastic shell elements with stiffness modifiers determined from
moment-curvature analyses. Modelling of the diagonally reinforced coupling
beams in the South Wall used non-linear links substituted for the fibre
elements to reduce computation times.

Beams and columns were modelled as elastically responding frame elements,
with stiffness modifiers determined from moment-curvature relationships.
Figure 121 below shows the effective column stiffness relationships used in
the non-linear analysis model, with the effective stiffness properties from
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

Physical evidence indicated that the positive moment (bottom)
reinforcement of the beam along gridiine 4 between grids B and C was not
effectively anchored into the North Core wall on grid C at levels 1,3, 4, 5,
and 6. No positive moment capacity was provided at these locations in the
model at Levels 3 and 4 which had been confirmed at the time the NTHA
was carried out.

Floor diaphragm connections to the North Core walls on grids D and D/E
were identified as an area of potential connection failure. As a consequence
of a lack of tie reinforcement it was assumed that there was no tensile or
gravity connection between the slab and these walls at levels 2 and 3. At
levels 4 to é a retrofitted steel angle tie (or ‘Drag Bar’) provided limited
tensile and gravity connection to the slab at the tips of the walls on grids D
and D/E. The Drag Bars were modelled using fuse tension links
incorporating 2 mm initial slip in connections and the calculated elastic
stiffness of the steel angle section. At actions equal to the calculated limit
state tensile capacity of the Drag Bar and its connections (based on design
documentation and tested properties of anchor bolts and slab concrete) the
fuse links would disconnect. No limitation was placed on the compressive
load capacity. A further analysis, with the CBGS February Aftershock record
was carried out with the drag bars remaining connected throughout. Gravity
load transfer at this interface is expected to be limited to a low value by slab
reinforcement yielding and so was taken as zero for the purposes of the
seismic analysis. Floor diaphragm connections to other walls were assumed
to remain connected for the purposes of the analysis, including when Drag
Bars had become disconnected, irrespective of the demands placed on
them.

In-plane stiffness of the floors was modelled as 0.5 Agross for an average
slab thickness of [73mm to allow for nominal cracking. For out-of-plane
demands the floors were considered to have effective stiffness
corresponding to 0.5 Igross at midspan. The effective out-of-plane stiffness
adjacent to beam lines was taken as the average of the positive and negative
stiffness. This was determined from moment-curvature analyses considering
the reinforcement present (it appeared there was no bottom reinforcement
from the floor slab into the supporting beams). The effect of the profiled
metal deck was not incorporated into the model.

In Model B, the stiffness and strength of the masonry infill were modelled
using elastic shell elements, with non-linear link elements connecting each
masonry panel to the underside of the floor or beam above at each level.
Based on a calculation of the flexural capacity of a typical masonry panel, the
non-linear links transferred a maximum of [00kN shear from each 2.3m
wide masonry panel at up to 20mm lateral displacement, degrading to zero
shear after 35mm lateral displacement. (This is less than the shear strength
of the masonry that could be developed if the panels were fully constrained
by the beams and columns around them.)
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

['l. The NTHA did not include the potential effects of variation of concrete
strength or the potential interaction of the precast facade spandrels with
perimeter columns directly. The reason the effects of the spandrels and
varying concrete strength were not explicitly modelled is that they were
considered not to alter significantly the overall building response to
earthquake shaking. However, these effects were considered in the
assessment of individual elements such as columns post-analysis. The upper
bound effect of the spandrels was modelled in an additional static pushover
analysis.

NONLINEAR STATIC PUSHOVER ANALYSIS

Nonlinear static pushover analyses were carried out to verify the lateral stiffness and
strength of the various components of the lateral load resisting structure - before the
components were combined in the full model for the NTHA. Static pushover
analyses were also used to determine estimates of the column first yield and nominal
strength drifts and to assess the potential effects on the columns of the precast
Spandrel Panels.

The pushover curves for model A, with the masonry infill walls effectively separated,
are shown in Figure 122 and Figure 123 below. In these figures, displacements were
at a node located approximately at the centre of mass of level 6, and the base shear
components were at the top of the foundation beams.

A feature that can be seen is the significant difference in displacement and base shear
between the North Core and the South Wall in the east-west direction. This
represents a severe plan irregularity in the seismic resisting system.

It can be seen in Figure 123 that the plots for the eastward and westward pushovers
are almost identical, indicating a similar response in both these directions. By
comparison in Figure 122 the initial response of the building in the northward
direction is stiffer than in the southward direction, which can be attributed to the
differences in foundation stiffness under the North Core.

Greater base shear is carried by the North Core for a northward push than for a
southward push. This is due mainly to the mobilisation of the gravity loads on beams
along gridline 4 to resist overtuming as the core walls rock and move upward
beneath the beams. This behaviour is not as significant in the southward direction
because of the restraining effect of the foundations to downward loads on gridline 4.
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

A further NTHA was then carried out using Model A with the CBGS February
Aftershock record, and with the Drag Bars at levels 4 to 6 remaining connected, i.e.
not fused, to enable the upper bound diaphragm connection forces to be quantified.

Most of the NTHA's were carried out with all the earthquake direction components
acting simultaneously, i.e. north-south, east-west and vertical. However to assess the
effect of vertical accelerations separate NTHA's were also undertaken using the
vertical components only of the ground accelerations from the CBGS and CCCC
February Aftershock records.

The analyses for the September Earthquake and February Aftershock both assumed
an undamaged structural state at the start of the earthquake record.

The input ground motions used were those recorded at GNS sites in the
Christchurch CBD, located between 650m and 1500m from the CTV site. Tonkin
and Taylor advised that the sites where these recorders were located have broadly
similar geological profiles to CTV and that the results from the three suitable records
(Christchurch  Cathedral College  CCCC, Christchurch  Hospital CHHC  and
Christchurch Botanic Gardens CBGS) should be averaged when estimating the
response at the CTV site.

For the purposes of the NTHA, reduced length ground motion records were used
to reduce computation times. Record start and finish times were selected to ensure
that all significant shaking was captured by the analysis and these times are presented
in Table 8. All results reported in this document have been presented relative to the
adopted start time for each acceleration time history record.

Station Name Event Start Time | Finish Time
(sec) (sec)

Christchurch Botanic 4 Sep 2890 40.90

Gardens (CBGS) Darfield

Christchurch Cathedral 22 Feb 15.04 2390

College (CCCC) Lyttelton

Christchurch Hospital 22 Feb 16.00 2720

(CHHCO) Lyttelton

Christchurch Botanic 22 Feb 16.50 2550

Gardens (CBGS) Lyttelton

Table 8 - Adopted earthquake records, start and finish times

© Hyland Consultants Ltd 2012
© StructureSmith Ltd 2012 PAGE 207 27 Jan. 12



CTV BUILDING COLLAPSE REPORT
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BASE SHEARS

Peak base shears were recorded during the NTHA as shown in Table 9 and Table
0. Results have been recorded at the top of the foundation beams and are
presented in units of gravitational acceleration (g), with the total seismic weight
above that level being approximately 33,300 kN.

Direction Model A Base Shear (g) | Model B Base Shear (g)
Northward 0.13 0.14
Southward 0.16 0.15
Westward 0.21 022
Eastward 022 022

Table 9 - Peak Base Shear, 4 September Darfield Earthquake, CBGS record

Direction CCCC Base CHHC Base CBGS Base Shear
Shear (g) Shear (g) ()
Northward 0.28 0.20 0.26
Southward 0.18 021 022
Westward 0.38 0.3l 0.34
Eastward 040 0.39 0.39

Table 10 - Peak Base Shear, 22 February, Lyttelton Aftershock, various records as shown

The peak base shears above are the overall lateral forces that had to be resisted by
the seismic resisting system. Comparing the base shears obtained from the NTHA
for Model A and Model B for the September Earthquake event, as shown in Table 9,
it can be seen that there is little difference. In Model B the masonry was found to
have reached its maximum shear resistance limited by the flexural capacity during the
September Earthquake record as shown in Figure |33.

In Table |0 there is seen to be more variation across the three adopted seismic
records. This is particularly so for CHHC in the northward and westward directions
compared to CCCC and CBGS.

Base shears are greater in the east-west direction than north-south because of the
greater lateral stiffness and strength in that direction.

STOREY DRIFTS

Figure 125 to Figure 128 show maximum storey drifts predicted by the NTHA for
the September Earthquake are around 1.1% (+/-35mm) in the north-south direction
on Line F, 0.61% (+/-21mm) in the east-west direction along grid | and 0.3% (+/-
[Omm) in the east-west direction along grid 4. Storey drifts were less along grid 4
because of the greater stiffness of the North Core in the east-west direction when
compared with the South Wall. (Northward drifts are positive.)

The predicted drifts for the September Earthquake would have been sufficient to
cause interaction with the masonry infill walls and for the precast spandrels to
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

INELASTIC DEMANDS FOR THE SEPTEMBER EARTHQUAKE

The inelastic demands indicated by the NTHA for the September Earthquake,
sometimes referred to as the September earthquake, were compared to the damage
reported by the OIE, who carried out the post-September Earthquake damage
assessment for the building owner.

The results of the NTHA indicated that inelastic demand from axial actions and
bending of the North Core and the South Wall may have occurred in the lower part
of level . From the NTHA for September Earthquake CBGS, the maximum vertical
tensile strain predicted by the analysis in the bottom metre of the grid D wall was
9 7mm/m, and for the South Wall was 6.7mm/m. In other words the steel in the
bottom metre of the South Wall was predicted to stretch by up to 6.7mm during
the earthquake, which would lead to cracking in the concrete with the sum of all the
crack widths over that bottom metre also adding up to 6./mm. Yield strain in the
steel would be approximately 2.2 mm/m.  With Model B the corresponding
maximum strain at the bottom of the South Wall was 4./mm.

To correlate damage (crack widths) reported after the event with the NTHA results
it is also instructive to a review the variation in strain over time. Figure |34 below, is
a plot of the strain at the base of the southemn coupled shear wall at the eastemn face,
for Models A (no masonry) and B (with masonry). It shows the peak strains of
6.7mm/m and 4.7mm/m described above at between nine and ten seconds into the
record. It also shows the variation of strain over time and indicates a much reduced
strain, between 0.5mm/m and |.3mm/m at the end of the portion of record
analysed.

After the September Earthquake the OIE reported that diagonal shear cracking and
cracking of construction joints has occurred in the shear walls. The OIE believed
there had been no yielding of the reinforcement in the walls and that structurally
their integrity was still sound.

For the South Wall, one diagonal crack was reported as being visible on the outside
of the ground storey, just below the fire escape landing (approximately |m above
ground level). The OIE also reported that the rough texture of the finish on the wall
made it difficult to detect any cracking on the outside face, and that the inside of the
wall at level | was strapped and lined with plaster board. On level 2, the OIE
reported that the inside of the South Wall was finished with a thin skim coat of
painted gypsum plaster, and that some diagonal cracks could be clearly seen in the
gypsum plaster and measured up to approximately 0.2mm in width.
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For the February Aftershock CBGS event the NTHA predicted that Drag Bar
connections on grids D and D/E all disconnected at between 2.3 and 2.6 seconds
into the record. The remaining slab connections to walls C and C/D were also
found to be over-stressed once the Drag Bar disconnections occurred, and so the
floor diaphragms may have disconnected from the North Core completely had this
failure mechanism been modelled.

Although the NTHA predicts the disconnection of the Drag Bars from the floors, this
needs to be considered in light of the particular structural configuration and the
analysis assumptions and reconciled with observations of the collapse debris on site.
The NTHA model indicates that there would have been considerable interaction
between the individual walls in the North Core and the connecting floor diaphragms.
Therefore the analysis results were sensitive to the assumptions made about the
stiffnesses and strength of these connections. Also, in practice the ‘disconnection’ of
the floors from the Drag Bars may have required considerably more elongation and
slip than the 2mm to 3mm modelled.

To investigate the behaviour of the structure, without disconnection from the North
Core, and to enable quantification of the peak diaphragm actions, another NTHA
run was completed using the CBGS February Aftershock record. Here the Drag
Bars remained connected with unlimited tensile capacity at levels 4 to 6. When the
results from this analysis were compared with the original analysis (i.e. with the fused
Drag Bars), it was found that the differences were small as far as storey drifts were
concerned.

It is interesting to see in Figure 135 and Figure |36 that the maximum calculated
total diaphragm connection force to the North Core exceeded 3500kN in tension
(which is negative in the figures) at level 3 (0.61¢) using the full record and without
Line A masonry. This is nearly five times the design tension diaphragm connection
force of 0.125g that would have applied for level 3 from the Loadings Standard of
the day NZS4203:1984. It is also noted from the figure that the diaphragm forces
fluctuate at very high frequency, much higher than the natural periods of lateral
vibration that varied between |.0 and |.3 seconds..
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

An important feature of this analysis was that for heavily loaded columns, the
displacement to cause yielding of the main column bars was close to the
displacement to cause failure. This is significant because it indicates that significant
displacements, such as occurred in the September Earthquake, could be sustained
with little evidence of distress, yet collapse could occur due to a relatively small
additional displacement.

The horizontal lines represent the estimated capacity of this columns to sustain the
drift without failing according to the Ecu=0.004 criteria (assuming expected concrete
strengths and without vertical earthquake effects). Ranging between “no interaction
with the spandrels” (higher value) and “full interaction with the spandrels”. The
areas where the drift has exceeded the estimated capacity are shown shaded orange
or yellow respectively. The band showing the range of capacities would be wider if
allowance was made for the effect of variable concrete strength and vertical
earthquake forces in the column.

Key points to note from Figure 140 and Figure |41 are that, for the September
Earthquake the maximum displacement demands are about half those calculated for
the February Aftershock. Although there are two places where the September
Earthquake displacements are shaded, only one of these is for the north-south drift.
There are no cases where they exceed the maximum assessed capacity. The
February Aftershock demands have many “excursions” shown shaded and three that
exceed the maximum value by a noticeable margin.

Similar plots were made for column D2 at Level 3 as shown in Figure 139, with
similar conclusions being reached regarding the likely performance of this column in
the February Aftershock.

Such comparisons provide valuable insights into the relativity of demand and capacity,
but must be interpreted with care.

These comparisons give some indication of the challenges of determining which
column or mechanism initiated failure. However, the plots indicate clearly that there
is a strong likelihood that the demands of the February Aftershock were enough to
cause column failure, whereas the demands of September Earthquake were not.

Although the vertical accelerations at the site could have been high during the
February Aftershock, the analyses completed indicated column failure was possible
without the additional effects from vertical accelerations.

Displacements for column D2 on Level | (ground floor) (for the full record) were
well below the assessed capacity of this column for the September Earthquake and
only marginally exceeded the capacity for the February Aftershock analysis. This is a
broad indication that this column is less likely to have been the initiator of the
collapse. However, this possibility cannot be ruled out because this column may
have had lower than average concrete strength and/or suffered more from the
effects of the considerable vertical forces generated in the February Aftershock.

An illustration of the effects of vertical acceleration on column drift capacity is shown
in Figure 142.
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APPENDIX D - NON-LINEAR TIME HISTORY ANALYSIS continued

Figure 139 for the column at Grid D2 at Level 3:

The east-west drift is key here (the green wavy line), because that is the
direction of the floor beams on line 2. The coincident north-south drift and
the resultant drift are also shown superimposed for information.

The earthquake record used here is CHHC, because that is the record that
gave the average maximum drift in the east-west direction.

The maximum concrete compressive strain limit of 0.004, which indicates
ultimate curvature for an unconfined column, is calculated to have been
reached at a drift of around |.1% (the horizontal red lines) which was well
exceeded in the February Aftershock, as indicated by the orange shading.

The times where the floors were calculated to have disconnected from the
steel angle Drag Bars on the lift shaft walls at levels 4 to 6 are shown by the
dashed vertical lines

Figure 140 and Figure 141 for the Column at Grid F2 at Level 3:

The north-south drift is key here (the blue wavy line) because that is the
direction of the stiff facade beams that form a moment frame with these
columns and it is also the direction of potential interaction with the precast
spandrels. The coincident east-west drift and the resultant drift are also
shown superimposed for information.

The earthquake record used is CBGS because that is representative of the
average response in the north-south direction.

The maximum concrete compressive strain limit of 0.004 is calculated to
have been reached at a drift of around 1.3% (the red horizontal lines) with
no spandrel interaction, or at |.0% (the orange horizontal lines) in the case
of a Spandrel Panel adjacent to the column with no initial gap. 1.3% drift
was not exceeded using the September Earthquake record, but it was well
exceeded using the February Aftershock record, as indicated by the orange
shading.

The times when the floors were calculated to have disconnected from the
steel angle Drag Bars on the lift shaft walls at levels 4 to 6 are shown by the
dashed vertical lines.
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APPENDIX E — ELASTIC RESPONSE SPECTRA ANALYSIS continued

e Concrete walls only as seismic bracing, with secondary frames considered
separately.

e Line A block walls as seismic bracing (because of lack of separation).
e Fully ductile response.

e Concentric, +0.1b and -0.1b accidental eccentricity.
Superimposed dead load was estimated as 0.55 kPa throughout.

Live load was taken as 2.5 kPa as applicable for "offices for general use” according to
NZ54203.

Seismic live load was calculated to be 0.83kPa in accordance with NZ54203.

Material properties were calculated based 25 MPa for the North Core and South
Wall.

Effective section properties of the walls, were calculated in accordance with the
recommendations of NZS 4203:1984 and NZS3101:1982, - using the paper titled
“The Analysis and Design of and the Evaluation of Design Actions for Reinforced
Concrete Ductile Shear Wall Structure” by T. Paulay and RL. Williams (NZSEE
Bulletin Vol1 3 No.2 June 1980) as the basis.

Concrete walls and coupling beams in the South Wall were modelled, allowing
flexibility in the beam/wall joint zones. Refer Figure 147 and Figure 148.

The ERSA model for the NZS 4203:1984 analyses used cracked section properties
of 0.6 Ig for walls and 04 Ig and 0.83 Ag for coupling beams. The AS/NZS 1170.5
check used 0.6 lg and 0.048 Ag to 0.092 Ag for the coupling beams.

The subsoil was considered to be flexible as defined in NZ54203:1984.

In 1986 it appears to have been common practice by many engineers to assume
that foundations were rigid, and this was allowed by NZS 4203:1984. However for
this investigation, as the building was founded on flexible subsoil, with shear walls
cantilevering off foundation beams, the assumption of flexible soil springs was
considered to be appropriate to gain a better insight into the behaviour of the
structure.

Sensitivity analyses were carried out using a range of values for foundation spring
stiffness. The appropriate stiffness of scil springs for seismic analysis were calculated
by geotechnical engineers Tonkin & Taylor Limited (“T&T") as outlined in (Sinclair
2011). T&T gave three sets of values for soil spring stiffness; one considered to be a
lower bound stiffness, one considered to be the most likely stiffness and one
considered to be an upper bound stiffness. For the purposes of this report the
upper bound stiffness values (ie. 1.36k) were used. This was to achieve a
conservative estimate of the natural periods of the structure and of the design base
shear.

The ERSA analyses used to assess NZS 4203:1984 drift criteria did not incorporate
the effects of the internal and perimeter frames columns along Line |, 2, 34 and Fin
accordance with the primary and secondary frame analysis approach of NZS
4203:1984.  The assessment of those frames and the effect of engagement of
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APPENDIX E — ELASTIC RESPONSE SPECTRA ANALYSIS continued

masonry infill wall. The additional effect of fully locking up the walls as an integral
unit would further moved the centre of stiffness westward but by a smaller amount.
The effect of the masonry wall seemed to be to change the distribution of drifts
around the structure as can be seen in Table |5 to Table 7. The modelling of the
Line A masonry wall was therefore difficult to define accurately, but assumptions
were made as follows:

e Connection to the floor diaphragm was assumed to occur at the top of
the masonry wall, afthough no vertical load carrying load paths were
included.

e The masonry walls were input assuming the 10 mm gap between panels
and the 25 mm gap between the masonry and concrete framing was
present.

e The masonry material properties were E = |5 GPa.

The masonry walls at level | on Line | and 4 were not included in the computer
modelling as they were specified as separated structurally from the columns each
side with reasonable gaps - and had no reinforcing steel connecting them to the floor
beam above (DENG Dwg S9 Section 2 and 3) .

For normal design purposes, to allow for various torsional effects, the loadings
Standard requires the seismic force to be applied at points +0.1b and -0.1b eccentric
from the centre of mass - where b was the breadth of the building perpendicular to
the horizontal loading direction under consideration. For assessing NZS 4203:1984
design drifts along Line |, 2 and F the ERSA used eccentricities to the south and east
of the centre of mass.
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APPENDIX E — ELASTIC RESPONSE SPECTRA ANALYSIS continued

Limitations of the NZS 4203:1984 and Current ERSA Provisions

The provisions of NZS 4203:1984 for analysing structures like the CTV Building did
not adequately anticipate the effect of differential inelastic action developing in
different parts of the structure such as occurred in the CTV Building.

While some designers recognise these sorts of issues and compensate for the effects
in the way they use the ERSA beyond what the standard required, the provisions of
the standard would lead most to under-predict drifts and building response. This is
an issue with NZS 4203:1984 and also remains one that needs addressing in current
earthquake design standards.

NTHA methods help to deal with these issues. However ERSA is a much more
common and economical analysis method for engineering design.  Therefore the
development and codification of better methods to account for irregular structures
using ERSA would likely lead to significant broad industry level improvements in
reliable seismic design of structures with moderate to high levels of torsional
irregularity.
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APPENDIX F - DISPLACEMENT COMPATIBILITY
ANALYSIS TO STANDARDS

INTRODUCTION

NZS 4203:1984 and NZS 3101:1982 required that the secondary or Group frames
in earthquake resisting structures were able to satisfy certain displacement
compatibility criteria.  These were intended to ensure that the secondary frames
would remain able to sustain load under the specified earthquake demands. In this
section the structure was assessed against those criteria.

METHOD

Moment-drift plots were developed using displacement and moment curvature
relationships at varying axial actions calculated using Cumbia software (Montejo and
Kowalsky 2007). The plots of the moment-drift curves for fc =142 and fc =275
MPa concrete are shown in Figure 159 up to a limiting concrete compression strain
of 0.004. These curves show how the moment—drift relationship varies significantly
with concrete strength and axial compression. The drifts to cracking moment, tensile
yield of reinforcing steel and concrete yield at 0.002 strain are also shown.

The figures show fixed end moment drifts for columns on Line I, 4 and F adjusted
for frame effects by application of a 0.85 divisor. This divisor was determined by
comparing the drifts of a plane frame model of Line F, using effective stiffness
properties derived from moment curvature analyses for the assumed drift profile,
with beam-column joints fixed against rotation or free to rotate.

The drift-compression plots shown in Figure 161 and Figure 162, were developed to
show the variation of drift with compressive axial action, for the limiting conditions of
steel tensile yield, concrete yield at 0.002 compression strain and concrete at 0.004
compression strain. A comparison of the curves also allows some assessment of the
effect of a reduction of concrete strength on the drift capacities.

Drift demands on Line | column C/I and Line F column F/2 were derived from a
simplified ERSA model of the primary structure without masonry infill effects on Line
A. This was the assumed design condition. The drift demands were computed for
the K/ISM=2.75 factored loading from NZS 4203:1984. The drifts were computed
using the assumptions of cracked section properties of the North Core and South
Wall described in Appendix E. The acceptance criteria of NZS 3101:1982 were then
applied to identify if the seismic design and detailing requirements would have been
triggered, and also if the drift demands satisfied the overall primary frame drift limits
of NZS 4203:1984.

For the purposes of this check no adjustment was made to the ERSA point drifts to
account for the possible development of inelastic behaviour in the South Wall under
the K/SM=2.75 loading. This may have increased the drift demands.
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APPENDIX F - DISPLACEMENT COMPATIBILITY ANALYSIS TO STANDARDS continued

to remain elastic when the ductile design spectra (5=1.0) drifts were scaled by a
factor of K/SM=2.75.

If the columns could not remain elastic they were required to be designed and
detailed to the seismic design provisions of NZS 3101:1982. For the purpose of this
check the elastic performance limit was set as the minimum of tensile yield initiating
in the vertical reinforcing steel or development of a concrete compressive strain of
0.002.

It appears to have been acceptable practice at the time for design engineers to check
conformance with this criteria by determining if the more conservative dependable
capacity of the Group 2 frame members were greater than the K/SM=2.75 drift
demands.

The demands on the members were not only dependant on the drift imposed but
also on the cracked section properties assumed for those members. The stiffer they
were assumed to be, the greater the resulting demands for a given level of drift. The
commentary (C3.55.1) recommended that:

"Typically the moment of inertia of a beam section may be based on 50% of
the moment of inertia of the gross concrete area, whereas for columns
carrying significant axial compression, 100% of the corresponding moment of
inertia may be assumed ..The allowances for the effects of cracking on
stiffness must be consistent through the structure."

It appears to have been acceptable practice at the time for design engineers to use
these recommendations of cracked section properties in their assessments. These
would be stiffer than the cracked section properties derived in the moment —
curvature analysis used for the development of the moment-drift and drift-
compression curves in Figure 159 and Figure 161. As a consequence the elastic
deformation limits would be lower and more conservative, making it more difficult to
justify non-seismic detailing of the Group 2 columns.

The seismic design and detailing requirements for the Group 2 CTV Building columns
in NZS 3101:1982 are interpreted as follows and as illustrated in Figure |62.

If the column could remain elastic at deformation induced by loads on the primary
structure of not less than K/SM = 2.75 then non-seismic detailing was acceptable.
The implication being that it was sufficient for it to achieve the K/SM=5 deformation
without losing strength (C1 3.5.14.3 a).

If the column did not remain elastic at deformation induced by loads on the primary
structure of greater than K/ISM = 2.75/2 but not greater than K/'SM = 275, then it
was required to be detailed using the limited ductility provisions of Chapter 14 in
NZS 3101:1982. The implication being that it would then be capable of achieving the
K/SM=5 drift without loss of strength (CI 3.5.14.3 ).

If the column did not remain elastic at deformation induced by loads on the primary
structure of less than K/SM = 2.75/2, then it was required to be detailed using the
full ductility provisions of NZS 3101:1982. The implication being that it would then
be capable of achieving the K/SM=5 drift without loss of strength (Cl 3.5.14.3 b).
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APPENDIX F - DISPLACEMENT COMPATIBILITY ANALYSIS TO STANDARDS continued

ADEQUACY OF PRIMARY FRAME STIFFNESS TO NZS 4203:1984

The maximum C/1 east-west drift of 0.80% at Level 5 is less than the primary frame
drift limit of 0.83%. This indicates that the structure may have satisfied the primary
frame drift requirement.

The maximum F/2 north-south drift of 0.64% at Level 5 is less than the primary
frame drift limit of 0.83%. This also indicates that the structure may have satisfied the
primary frame drift requirement.

However the check was done using a simplified ERSA model with no adjustment
made for the effects of inelastic behaviour of the South Wall occurring under the
K/ISM=2.75 loadings. Therefore it is possible that the structure may not have
satisfied the primary frame drift criteria if such adjustments had been made.

The purpose of the primary frame drift limit was to ensure a minimum level of
stiffness in the structure.

ADEQUACY OF DRIFT CAPACITY FOR 2010 STANDARDS

Ultimate limit state drifts were also calculated based on the demand from the ERSA
model, neglecting p-delta effects, and multiplied by the drift modification factor of
| 24 from NZS| 1705 Table 7.1. This indicated a drift demand of 2.3%.

This is well in excess of the requirements of the standards in 1986 and indicates that

the CTV Building may have had an average comparative drift capacity in the order of
40% to 50% of 2010 requirements.

According to the 2010 standards, the calculated 2.61% Ultimate Dirifts along gridline
| at levels 4 and 5, exceed the inter-storey deflection limit of 2.5% specified in
NZSI1170.5 (refer clause 7.5.1). This means the line | seismic resisting structure
would have needed to be stiffened to comply with current standards.

COMPARATIVE DEMANDS OF EARTHQUAKES

To appreciate the relative demands of each event, the ERSA comparative drifts using
the September Earthquake, and the December and February Aftershocks averaged
maximum response spectra, assuming fully elastic response are shown in Table 15 to
Table 7. These are shown for the cases with and without interference of the Line
A masonry infill on the response. The drift profiles were derived from point drift
maxima from the ERSA, These may be different to and will be less accurate than
those derived from an inelastic analysis because of the simplifying assumption for this
comparison of elastic behaviour of the structure to the loadings.

Based on a comparison of the drifts the February Aftershock appeared to cause an
elastic response around 2.2 times that of the September Earthquake, which itself
appeared to cause a response 2.0 times than of the December Aftershock.
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APPENDIX F - DISPLACEMENT COMPATIBILITY ANALYSIS TO STANDARDS continued

C/1 ERSA Comparative Inter-storey East-West Drifts
10% eccentricty of mass south and east of centre

No Line A Masonry Infill With Line A Masonry Infill

Level SEP ULS | DECULS | FEB ULS | SEP ULS | DEC ULS | FEB ULS

North -South Earthquake

L5-16 0.57% 0.24% 1.28% 1.02% 0.559% 2.25%
L4 0.57% 0.24% 1.28% 1.00% 0.57% 2.21%
L3 0.52% 0.22% 1.18% 0.89% 0.48% 1.99%
L2 0.43% 0.18% 0.96% 0.74% 0.39% 1.64%
L1 0.25% 0.11% 0.56% 0.44% 0.24% 0.98%

East-West Earthquake

L5-16 1.25% 0.55% 2.47% 0.86% 0.56% 1.87%
L4 1.23% 0.54% 2.42% 0.84% 0.54% 1.82%
L3 1.13% 0.49% 2.22% 0.73% 0.44% 1.59%
L2 0.93% 0.40% 1.82% 0.60% 0.36% 1.31%
L1 0.54% 0.24% 1.07% 0.36% 0.23% 0.80%

Table I5 — Line | column C/I ERSA comparative east-west drift demands of the September
Earthquake, and the December and February Aftershocks assuming fully elastic response.

D/2 ERSA Comparative Inter-storey East-West Drifts
10% eccentricty of mass south and east of centre

No Line A Masonry Infill With Line A Masonry Infill

Level SEP ULS | DECULS | FEB ULS | SEP ULS | DECULS | FEB ULS

North -South Earthquake

L5-L6 0.42% 0.18% 0.93% 0.76% 0.45% 1.67%
L4 0.41% 0.17% 0.93% 0.74% 0.43% 1.64%
L3 0.38% 0.16% 0.85% 0.67% 0.37% 1.48%
L2 0.31% 0.13% 0.70% 0.55% 0.30% 1.22%
L1 0.18% 0.08% 0.40% 0.33% 0.19% 0.74%

East-West Earthquake

L5-L6 0.93% 0.41% 1.83% 0.65% 0.43% 1.40%
L4 0.91% 0.40% 1.79% 0.63% 0.41% 1.37%
L3 0.84% 0.36% 1.64% 0.55% 0.34% 1.20%
L2 0.01% 0.30% 1.35% 0.45% 0.28% 0.99%
L1 0.41% 0.18% 0.80% 0.28% 0.19% 0.61%

Table 16 — Line 2 column D/2 ERSA comparative east-west drift demands the September
Earthquake, and the December and February Aftershocks assuming fully elastic response.

© Hyland Consultants Ltd 2012
© StructureSmith Ltd 2012 PAGE 260 27 Jan. 12















CTV BUILDING COLLAPSE REPORT

APPENDIX G - DIAPHRAGM FAILURE ANALYSIS AT NORTH CORE continued
Level Diaphragm Bending Capacity at Core Walls (kNm)
Failure Section ABCD Failure Section EFGA
Level 4 18737 9543
Level 5 18737 1365
Level 6 18737 12901

Table 18 - Diaphragm in-plane bending capacity at critical sections adjacent to North Core (Refer
Figure 166 for identification of failure sections ABCD and EFGA)

FLOOR DIAPHRAGM CONNECTIONS TO THE NORTH CORE WALLS

The diaphragm connections to the North Core walls were required to be designed
using the “Parts and Portions” provisions of the New Zealand Loadings Standard
NZS 4203:1984.

These provisions did not make sufficient allowance for buildings such as this where
significant inelastic displacement was expected in the primary seismic resisting frame.

In this case while both South Wall and the North Core walls were designed and
detailed as fully ductile, the South Wall was able to yield and displace inelastically well
before the North Core walls.

Initial ERSA using NZS 4203:1984 design loads with the floor diaphragm connected
at Level 2 and 3 at Lines D and D/E indicated that these would be overstressed at
low levels of seismic demand. However it was analysed further and found that the
Line | and 5 shear walls could pick up additional shear to compensate, should those
diaphragm connections to walls D and D/E at level 2 and 3 be lost.

This counters the view that lack of diaphragm Drag Bars to walls D and D/E at Levels
2 and 3 necessarily initiated the collapse.

The need for ties or Drag Bars to the shear walls on Line D and E was identified by
an Independent Consulting Engineer during a pre-purchase review for a potential
purchaser in eary 1990. Correspondence from the Design Engineer to the
Independent Consulting Engineer states:

“The agreed maximum tie load is 300 kN per tie. We understand that this
load would be reduced on lower floors, in accordance with the “Parts and
Portions” section of NZS 4203:1984.”

The documentation of the connection of the Drag Bar ties into the slab and walls
obtained from the Design Engineer (Figure 167 and Figure 168), showed that the
Drag Bar actions were calculated following the provisions of NZS 4203:1984. Bars
were not designed or installed in Levels 2 and 3. This seems to have been deliberate
and appeared to be based on the assumption that adequate shear capacity was
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APPENDIX G - DIAPHRAGM FAILURE ANALYSIS AT NORTH CORE
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APPENDIX G - DIAPHRAGM FAILURE ANALYSIS AT NORTH CORE continued
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APPENDIX G - DIAPHRAGM FAILURE ANALYSIS AT NORTH CORE continued
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APPENDIX H- GEOTECHNICAL REPORT SUMMARY

The general ground conditions at the site are described in Tonkin and Taylor's report
as follows:

“The top four metres of the soil profile appear very consistent over the whole site,
with silt (moist, firm) generally down to 1.5 m depth, overlying silty fine to medium
sand. The water level is within this sand.

The geotechnical report of 1986 interpreted site conditions to differ below this level
as follows:

e Over the major portion of the site, a thick dense gravel layer of 5 to 6 m
thickness is present, overlying a deep layer of dense sand.

e for the remainder of the site, over the NE quadrant, the gravel is not
present and is replaced by more sand and silt.

The 1986 report pointed out that:

“.. the transition between the gravel and soft sediments overlying the sand
.. IS quite abrupt and crosses the north-east comer of the site.”

The appended Geotechnical Advice by Tonkin and Taylor concluded:

“The geotechnical investigation carried out (by others) in 1986 was typical of
the time and appropriate for the expected development. The report
contained recommendations for further investigation. A modem
investigation would now likely involve more deeper boreholes with more
sampling and SPT's. Cone Penetration Tests would offer the opportunity of
mapping the “transition” between gravel/no-gravel areas and also
quantitative data for liquefaction analysis. Shear wave measurements would
enable assessment of dynamic response parameters for dynamic analyses.”

Liquefaction was not mentioned in the 1986 geotechnical report though the
potential for liqguefaction in Christchurch was well known at the time. Some of the
soils at depth could have been subject to liquefaction or strength loss.

The type of foundations employed for the CTV building was typical for the size of
the building and the Christchurch CBD. Provided liquefaction was not an issue, the
shallow spread footings would seem appropriate and design recommendations were
conservative for static conditions....”

One area of localised surface water or liquefaction was reported on the west side of
the adjacent empty site to the west of CTV adjacent but this may have been due to
the fire fighting that occurred. Otherwise there have been no reports of obvious
liquefaction in the immediate vicinity of the CTV building.

On the subject of liquefaction, from Tonkin and Taylor's geotechnical review; “In
summary, a thin layer, between water level at 2.5 — 3 m depth and gravel at 3.5 to 4
m depth, may have liquefied during and following the February earthquake. At the
NE quadrant, this may have extended deeper. The limited thickness of the layer and
the confining effect of the larger footings would mean complete bearing future would
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APPENDIX H- GEOTECHNICAL REPORT SUMMARY continued

be unlikely, but “yield” with resulting settlement and differential settlement could
have occurred.

In order to carry out a dynamic analysis of the CTV building for earthquake loading,
the structural analysis required representation of the soil-foundation interaction as
“subgrade reaction” stiffnesses. Tonkin and Taylor carried out computations using
the Barkan formulae to give probable lower bound soil stiffness parameters, most
likely parameters and probable upper bound parameters for use in the structural
analyses that were carried out for this investigation.

Seismic ground motions at the CTV site were deduced from strong-motion
recordings surrounding the CBD. The five stations of interest were:

Botanical Gardens: CGBS
Cathedral College: CCCC
Christchurch Hospital:  CHHC

Rest Home Colombo Street: REHS
Page Road Pumping Station: PRPC

The last two of these (REHS and PRPC) showed significantly higher amplification
than the others, both with respect to Peak Ground Accelerations (PGA) and spectral
accelerations.

A borehole (BH 103) drilled for the Department of Building and Housing (DBH) at
the REHS site logged significant thickness of “very soft organic silt” and “very soft
peat”. The PRPC station is located in a known liquefaction zone, with a nearby
borehole (ECAN — M35/5124) logging sand to 27m depth, overlying sands and
gravels.

The other three stations (CGBS, CCCC, CHHC) were all expected to have
generally similar profiles of variable inter-bedded silts, silty and gravelly sands,
overlying dense sands.

For this reason Tonkin and Taylor considered the REHS and PPPC records should be
disregarded and the CTV site response should be assumed as similar to the average
of the other three stations.
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APPENDIX | - DESIGN AND CONSTRUCTION
STANDARDS AND SPECIFICATION CLAUSES

A selection, but not exhaustive listing of relevant design and construction clauses,
from Standards, Specifications and the Building Permit, referred to in the text are
listed for the readers’ convenience as follows:

PLAN AND VERTICAL IRREGULARITY

Plan and vertical irregularity criteria in the General Structural Design and Design
Loadings Standard NZS 4203:1984 are as follows:

Cl. 142 “.. .the deflections of the structure as a whole, and any of its parts, shall not
be such as to impair strength or serviceability of the structure.”

Cl 3.1 “The main elements of a building that resist seismic forces shall, as nearly as is
practicable, be located symmetrically around the centre of mass of the building.”

C3.1.1 ... .Geometrically dissimilar resisting elements are unlikely to develop plastic
hinges simultaneously, and ductility demands may also be increased by torsional
effects.”

Cl. 34.7.1(c) "For irregular structures more than 4 storeys high, honzontal torsional
effects shall be taken into account by 3-D modal analysis of ¢l 3.5.2.2.2." (ie ERSA)

C3.4.7.1 “It should also be remembered that in torsional situations energy dissipation
cannot usually be distributed evenly among resisting elements.... Structures of
moderate eccentricity are those for which the torsional component of shear load in
an element most unfavourably affected does not exceed three quarters of the lateral
translational component of shear load”.

INTER-STOREY DRIFT LIMITS
Drift limit criteria in NZS 4203:1984 were as follows:

Cl. 38.1.1 “Computed inter-storey deflections shall be those resulting from the
application of the horizontal actions specified in section 3.4 or 3.5 and multiplied
by the factor K/SM appropriate to the structural type and material, ... and K=2.2
for the method of section 3.5 (ERSA)".

Cl. 3.8.1.2 "Computed deformations shall neglect foundation rotations.”

Cl. 3.8.3.1" Inter-storey deflections computed in accordance with 3.8.1 between two
successive floors shall not exceed .... 0.010 times the zone factor ... where the zone
is; 5/6 for seismic zone B ..."
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APPENDIX | - DESIGN AND CONSTRUCTION STANDARDS AND SPECIHCATION CLAUSES continued

SEPARATION OF SECONDARY STRUCTURAL ELEMENTS
Separation of elements criteria in NZS 4203:1984 were as follows:

Cl. 384.1(a) “...infillings... (cI 3.84.1(b)) shall be so separated from the structure
that there is no impact when the structure deforms to twice the extent computed
by clause 3.8.1."

Cl. 3.84.1 (b) “Pre-cast concrete claddings”™... (cl3.8:4.2 (b)) “shall be separated so
that there is no impact when the structure deforms to the computed deformations
incl38.1"

DESIGN OF REINFORCED CONCRETE SECONDARY ELEMENTS

The requirements for the design of secondary structural elements by the Code of
Practice for the Design of Concrete Structures NZS 3101:1982 were as follows:

Designation of Group | and 2 Secondary Elements

Cl. 3.5.14.1 “Secondary elements are those which do not form part of the primary
seismic force resisting system, or are assumed not to form such a part and are
therefore not necessary for the survival of the building as a whole under
seismically induced lateral loading, but which are subjected to loads transmitted
to them, or due to deformations of the structure as a whole. These are
classified as follows:

(a) Elements of Group | by virtue of their detailed separations are not
subjected to loading induced by the deformation of the supporting primary
elements or secondary elements of Group 2.

(b) Elements of Group 2 are those which are not detailed for separation,
and are therefore subjected to ... loadings induced by deformation of the
primary elements.”

Group | Separated Elements

Cl. 35142 “Group | elements shall be detailed for separation to accommodate
deformations vA .... Such separation shall allow adequate tolerances in the
construction of the element and adjacent elements, ... For elements of Group |:

...(c) ...Fixings for precast units shall be designed and detailed in
accordance with 3.5.15."

Cl. 3.5.15.1"When seismic deflection of the structure results in relative movement
between a precast element and the points on the structure to which it is fixed, the
fixings shall be designed to give clearance for the relative movements at these fixing
points, corresponding to the seismic deflection computed in NZS 4203.”
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APPENDIX | - DESIGN AND CONSTRUCTION STANDARDS AND SPECIHCATION CLAUSES continued

Cl 35152 “In buildings where the relative movements at the fixing points,
computed in accordance with 3.5.15.1, are provided for by the capacity of the steel
fittings for ductile deformation, and the relative movements do not require
deflections in the fixings in excess of twice their yield deflection, the clearances
required by 3.5.15.1 need not be provided.”

Cl. 35.153 “For exterior elements and elements adjacent to any means of egress,
the fixings, together with their anchorages shall be designed to deform in a ductile
manner under movements exceeding the clearances required by 3.5.15.1.

Group 2 Non-separated Secondary Elements

Cl. 35.14.3 “Group 2 elements shall be detailed to allow ductile behaviour and in
accordance with the assumptions made in the analysis. For elements of group 2

(a) Additional seismic requirements of this Code need not be satisfied when

the design loadings are derived from the imposed deformations vA, specified
in NZS 4203, and the assumptions of elastic behaviour.

(b) Additional seismic requirements of this Code shall be met when plastic
behaviour is assumed at levels of deformation below VA, ...

(d) Loadings induced by the deformation of the primary elements shall be

those arising from the level of deformation, vA specified in NZS 4203 having
due regard to the pattermn and likely simultaneity of deformation.

() Analysis may be by any rational method, in accordance with the
principles of elastic or plastic theory, or both. Elastic theory shall be used to
at least the level of deformation corresponding to and compatible with one

quarter of the amplified deformation, vA, of the primary elements, as
specified in NZS 4203,

(f) Where elastic theory is applied in accordance with (e) for deformation
corresponding to 0.5 vA or larger, the design and detailing requirements of
Section 14 may be applied, but otherwise the additional seismic
requirements of other sections shall apply.”

CONSTRUCTION MONITORING AND INSPECTION REQUIREMENTS

It is likely that the Council by-laws required construction monitoring and inspection
relevant to the CTV Building construction to be as follows:

Building Permit Conditions ( Application No. 1747)

“ltem 2 The Engineer responsible for the structural design (including the
foundation system) confirming in writing that the intent of his design has been
complied with before the building is occupied.”
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APPENDIX | - DESIGN AND CONSTRUCTION STANDARDS AND SPECIHCATION CLAUSES continued

Code of Practice for the Design of Concrete Structures NZS3101:1982

Section .| states that "It is only applicable to structures and parts of structures
complying with the materials and workmanship requirements of NZS 3109".

Specification for Concrete Construction NZS 3109: 1980

Cl 1.3.1 “All structural concrete shall be inspected by the person responsible for
the design or by a competent representative nominated or approved by him.
Such inspection shall establish that the design is being interpreted correctly and
that the works are being carried out generally in accordance with the standards
specified.”

Cl. 5.6.3 "Types of joint. Construction joints shall be one of the following basic
types:

....Type B construction joints shall be made at locations indicated on the
drawings where it is necessary to develop shear friction across the joint. The
surface of cast concrete shall be prepared by one of the methods specified in
clause 5.6.2 the extent of treatment shall be such as to produce a roughened or
broken surface to a depth of approximately 3 mm above and below the average
level.”

Clé2.1 ... Concrete used in construction shall be either made on the site, or
supplied ready mixed, or supplied in the form of precast products. Site mixed
concrete production shall comply with NZS 3104 or NZS 3108 as appropriate.
Ready mixed concrete and concrete used in the production of precast products
off the site shall comply with NZS 3104.”

Cl. 6.10.1"General. Prior to commencement of the supplying of concrete, the
constructor shall produce evidence to the satisfaction of the engineer supervisor
that the concrete mixes proposed for the project are adequately designed and
that the production standards nominated can be achieved consistently.”

Cl 6.10.3.2 "Mix design. Evidence shall be provided to the satisfaction of the
engineer supervisor that each concrete mix proposed has a target mean strength
in compliance with the requirements of table 7 for the appropriate plant grading
and specified strength.”

CL6.1'1.1 * When the constructor wishes to change, in a manner likely to reduce
its mean strength, a mix design which the engineer supervisor has approved as
specified in 6.9.2 or altered as provided in 9.5.6.3, the engineer supervisor's
approval shall first be obtained...”

Cl. 9.1 Tests shall be carried out during construction to check the compliance of
the concrete with this specification... Proposals for location of sampling and
frequency of testing shall be submitted to and subject to the approval of the
engineer supervisor.”
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Specification for Concrete Production- High Grade and Special Grade NZS
3104: 1983Cl. 102 Definitions

“Engineer Supervisor means the professional engineer (or architect), his deputy,
or authorized representative, nominated on behalf of the owner to supervise the
works to which concrete is being supplied.”

“Engineer to the Plant means the engineer experienced in quality control of
concrete production, and in mix design, nominated by the concrete producer to
assume responsibility for mix designs and for the standard of production...”

Cl. 21'1.3 Availability of (Mixing) Records

“The records shall be available for inspection on request by the engineer supervisor.”

s being supplied.”

“Engineer to the Plant means the engineer experienced in quality control of
concrete production, and in mix design, nominated by the concrete producer to
assume responsibility for mix designs and for the standard of production...”

Cl. 21'1.3 Availability of (Mixing) Records

“The records shall be available for inspection on request by the engineer supervisor.”
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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).

A3 versions of some of the drawings are presented in an attachment to this report in
Appendix L.
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Figure 182 -Line 4 to 5 Stairs and detail of Stair S8 Level 4 to 5 (extract from DENG Dwg S31)
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CONCRETE AND REINFORCING STEEL SPECIFICATION

2303

CONCRETE & REINFORCING SETEELWORE,

GENERAL

HRefer to the Genersl and Special Conditions of Contract
Clauses which shall apply to all work in this section
of the Specification.

SCOPE

Thia section of the spacification includes the supply,
forming and casting of all cast-in-place, plain and
reinforced concrete including all itema necessary to
complete the work indicated on the drawings and not
speclfically described elsewhere in this Specification.
This section of the Specificaticon includes the supply,
erection, refnforeing and casting of the components of
the approved propriatary floor system specified in
Clausa 2.16 of this Specification. - -

This section of the Specification includes the ersction
of all precast concrete. The FRECAST CONCRETE section
ineludes manufacture of precast concrete units as
detailed and delivery to the site L[ necessaiy.

MATERIALS AND WORKMANWSHIP |
The Contractecr shall comply with all. requirements of NZ8
3109:1980 except where specified nLhakwin& herein or
instructed otherwise by the Engineer.’' A copy of this
atandard shall be kept on the site and relevant parts
raad with the followling clauses of the Specification.

|

CONCRETE

Bite concrete and concrete required to make good
excavations shall be 10 MPa at 28 days or better.

All other conrete zhall be BPECIAL ro HIGH GRADE, From
en approved ready-mix plant, and as defined in WI5

2108 Clamse- 6.2 _and,of tha followlig strengths:s

Foundation beams and pads 20 Mra
Columne at Level 1 ' 35 MPa
Columns at Level 2 30 MPa -

Columns at Lavel 3 ' - 25.MPa. -
All other structural concrete : +
including floors and walls 25 MPa

The maximam aggregate size shall be 19mm.

CONCRETE TESTS

The ready-mix supplier shall make control testa in
accordance with NZg 3104, and shall pay the costs of
such tasta. Tests shall ba made either at the ready-mix
plant or at the site, except that if the Engineeg
spacifically calle for tests ab 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 contYd e \ 2503
2:6 " REINFORCEMENT o

AIL 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.'RY on the drawings shall be

, Pplain CGrade 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 reinforecement and workmanship shall
conform to the requirements of NZS 3109:1580.

2.7 FAIRFACE FINISHES o
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 Tonstructed
form work and to a high standard of workmanship. In
addition to surface tolerances specified belew;- the
finished surface shall conform for blowholeg with
illustration 4 in the NZ Standard NZS 3114: 1936
"Specification for Concrete Surface ilnlshes
Refer to the Architect's drawings for the finish
reguired on concrete surfaces. 2 X

2.8 SLAB FINISH '
Except as specified below, all slabs 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 wary more than &mm from a 3 metre stralght
edge, and not more than % 15mm from txue level.

249 SITE CONCRETE
Form and cast 50mm site concrete beneath main foundatlons
and elsewhere as necessary to provide a clean, dry
working platform. Ensure ground surfage is clean and dry
and there is no evidence pf soft spots.

2.10 FOUNDATIONS = e
Form and cast main foundation- beams as detalled. It is
envisaged that the beams will be &ast 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.,

2,11 LIFT PIT
Form and cast lift pit walls and floor with sump as
detailed. Build in PVC 140mm HYDROFOIL waterstop or
similar to all construction joints-in floor and walls.
Waterprocof the concrete with SIKA Plastocrete—N—
Waterproofer or approved eguivalent. -
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2 cont'd... N 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 agreed 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 Dropped 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 nibs as shown on
the drawings or reqgquired 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 SpEGlflC‘
approval is obtained from the Engineer.

2.15 BUILDING TN _
As the work proceeds, build in all pecessdfy bolts
and other fixings. The Concretor shall ascertain from
all other sub-contractors all particylars relating to
their work with regard to order of ifis emecution and
details of all such provisions of fiﬁings sleeves,
chases, holes, etc., and of all necegsary items to be
built into concrete and shall ensure that all such items
are provided for and/or positioned. .
. i |
No claim will be recognized or allowed for at exﬁra |
cost of cutting away or drilling concrete work already
executed in conseguence or any neglect of the Centractor
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/concreté floor system. -
This has a profiled metal deck of 54mm overall depth,
made from G500 steel, 0,75mm thick. B .

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

Provide temporary prnpplng to floors as shown on the
cdrawings, withi’an upWard-camber toe 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 floor being
poured inte three lower floors, and to support mobile
scaffolds being used to erect precast floor beams.
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\ 2503
3. PRECAST CONCRETE =
3k 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- inecludes the
manufacture and supply on site of the following pre—
cast units:-

S, Precast beams
2, Precast wall panels

The work includes the fabrication and- supply of all
structural steel fittings to be built ‘into the units
as detailed on the drawings, - =

3.3. MATERIALS AND - WORKMANSHIP e
‘All formwork, concrete and concreting. and flnlshlng
shall be in accordance with the relevant cl¥ilises of
Concrete and Reinforcing Steelwork ecification
except where noted otherwise in this| section.

3.4 CONCRETE
All concrete shall be HIGH or SPECIAL GRADE complying
with NZS 3109 Clause 6.2.Concrete for all precast work
shall be 25 MPa at 28 days with 18mm maximum 31ze
aggregate. ! !
3.5 TOLERANCES
All precast units shall be manufactured to the
following -telerances unless stated otherwise on the

drawings: . .
-~ Length + 6 mm :
=~ Cross Section 3 mm
- Squareness (of cross |
section and ends) t 3 mm )
- — Twist (dimensions from
plane containing the other i o
three corners . 3 mm ’
= Built in Items t 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 quality
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
surxface, or similar.
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3. cont'd,.. \ 2503

In general finished surfaces shall be smooth 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 gtraight
:alean and- sharp and free from spalling or damage.

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

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 hamdling shall
be. such as to prevent any damage to units.
Approved lifting deviices or hooks. shall be provided in
all precast units and these shall be made ayailable to
the Contractor for erection purposes and remo¥ed 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. Twisting 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 hocks 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 ! i
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 unifs. — :
Stacking of units shall be carried out on an area
capable of withstanding the bearing pressures involved
and in such & way that damage to units, lifting hooks,
and to other embedded fixtures and to other units shall
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 t¢ the required tolerances, which shown grout
leakage, which have heen damaged, or which are other-
wise defective shall be liable to rejection and may be
used in the structure onlky at the Engineer‘'s discretilon.
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3. cont'd... X 2503

No repair work shall be done without specific
instruction from the Engineer.

3,11 BUILDING IN

Supply and fix 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. Qutside thé stirrups the
surface shall be straight and level to receive the
proprietary floor system.

Sides and soffits shall be finished as clause 376 where
exposed in the completed building, otherwise_to a
reasonable fairface finish, ' \ '

\

Figurel83 Extract from DENG Pre-cast Concrete Specification
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This report was prepared for the Building Owners by the Owner's Inspecting
Engineer and is published with permission of the OIE. This report is referenced in
Chapter 4.
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249 Madras Street

Damage Report
4 September 2010 Earthquake

Christchurch

6 October 2010

249 Madras Street
Earthquake Damage Report
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249 Madras Street
Earthquake Damage Report

This report has been prepared for No liability is accepted by this company
or any employee or sub-consultant of this company with respect to its use by any other parties.

This disclaimer shall apply notwithstanding that the report may be made available to other persons for
an application for permission or approval to fulfil a legal requirement.

Quality Assurance Statement
Task Responsibility Signature
Project Manager:
Prepared by:
Reviewed by:
Approved for Issue by:

Revision Schedule

Rev. No | Date Description Prepared by Reviewed by Approved by

Prepared by:

249 Madras Street
Earthquake Damage Report
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249 Madras Street
Earthquake Damage Report

INTRODUCTION

Following a telephone discussion with . Building Manager, on 24 September 2010,
was invited to inspect the building at 249 Madras Street and to report on damage sustained during the 4
September Christchurch earthquake and subsequent aftershocks.

INSPECTION

The inspection was carried out between 10:00am and 2:00pm on Wednesday 29 September in the
company of and from . from CTV was also present
during the inspection of the ground and first floors occupied by CTV.

During the inspection, external walls were viewed from the ground with the exception of the west wall
which is not accessible. Internal surfaces of walls in most rooms were viewed. In a few locations, ceiling
tiles were lifted to view underside of floors and wall/column beam connections.

Some structural components are sealed behind fixed linings. These linings were not removed. We did not
go inside the two car lift shaft.

BUILDING CONSTRUCTION DETAILS

Ve have not sighted any structural drawings for the building. | understand that the Building Manager was
unable to obtain drawings and Council records are currently unavailable following earthquake damage to
their archive systems.

We did obtain a copy of a layout plan for the ground and first floors from CTV.

From these limited drawings and from our inspection we believe that the building consists of the
following structural systems. Photo | Appendix | shows the South elevation of the building.

The building is rectangular in shape measuring overall approximately 30.5m in the east-west direction and
26.0m in the north-south direction. It is five storeys high with a lift machine room and tank room at roof
level.

The two car lift shaft, stairwell and bathrooms project from the north side of the building about half way
along the north wall. A concrete shear wall extends across the north side of these facilities. Finger walls
project at right angles to the north side wall at each end and between the facilities; four finger walls in
total. On the south side of the building, opposite the north side shear wall, there is a further concrete
shear wall in the plane of the south wall. We believe that these walls form the principal lateral load
carrying systems for the building.

The remainder of the structure consists of gravity columns (mainly circular in section), perimeter beams
and internal beams running in the east-west direction only at all floors. Beams and columns are all of
concrete construction. Floors are of steel tray deck with concrete topping construction. Precast

249 Madras Street
Earthquake Damage Report
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concrete spandrel panels are attached to the perimeter beams and weather proof the building up to
window sill level.

We have no information regarding the foundations of the building but assume they consist of a
combination of concrete strip and pad type footings.

SEISMIC PERFORMANCE OF THE BUILDING

Initial reports indicate that the 4 September 2010 earthquake produced ground accelerations in
Christchurch similar to those required for current design of new buildings. The building at 249 Madras
Street was, we understand, designed and constructed in the 1980’s. It is likely that the code required
design loads at the time were similar to or lower than current requirements.

Accepted design practice requires that buildings remain standing after the ‘design earthquake” but it is
expected that some damage would be inflicted. The building at 249 Madras Street does exhibit
considerable damage with regard to linings and finishings. There is also some minor structural damage,
but there are no obvious structural failures. In that respect we believe that the building has performed
reasonably well.

We have not attempted for the purpose of this report to investigate or recommend restoration systems.
However, diagonal shear cracking and cracking of construction joints has occurred in the shear walls, as
reported below. We believe that there has been no yielding of the reinforcement in these walls and that
structurally their integrity is still sound. However we would recommend repair of those cracks with a
width of more than 0.2mm with epoxy injection. The damaged linings and finishings should also be
repaired.

Ve comment on the various types of damaged observed as follows.

South Elevation Shear Wall

This wall is in fact what is termed a coupled shear wall. It has door holes in the middle of the wall at each
storey providing access to the external fire escape. Beams across the door heads couple the walls, each
side of the doors, together. The exterior of this wall is coated with a plaster splash coat. The rough
texture of the finish on the wall makes it difficult to detect any cracking on the outside face, but there is
one diagonal crack visible on the outside ground storey just below the fire escape landing. Photo 2.

At ground storey, the inside of the wall is strapped and lined with plaster board. The plaster board
contains some significant cracks. However, the limited portion of the structural wall itself, visible above
the ceiling tiles, showed no obvious cracking.

On the first storey, the inside of the structural wall is finished with a thin skim coat of gypsum plaster
painted a light colour. Some diagonal cracks can be clearly seen in the gypsum plaster and measure up to
approximately 0.2mm in width.

No cracking was observed in the gypsum plaster lining of this wall at levels above the second floor. It
seems likely that cracking is present in the ground storey portion of the wall, similar to that of the first
storey. We would expect that any cracks present are relatively fine and similar in width to those on the
first storey. We recommend that the internal ground storey strapping and plaster board lining be
removed to view the structure behind. The lining is damaged and would have to be replaced anyway.
Cracks greater than 0.2mm in width should be repaired with epoxy injection. The external surface of the
wall should be protected against the ingress of water in any fine cracks with the application of a silicon
sealer or similar.

249 Madras Street

Earthquake Damage Report
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North Side Shear Walls

The north side shear wall and its adjoining finger walls exhibit some minor structural damage. There are
some diagonal shear cracks in the walls surrounding the bathrooms and stairwell in the storeys below the
second floor level measuring mostly in the order of 0.2mm in width but with three measuring possibly as
much as 0.3mm in width. At higher levels there are a few finer cracks.

As visible in the stair well, there are construction joints in the walls immediately below and above each
floor level. This is a normal construction practice. At almost all floor levels, cracking has occurred along
part of the length of these construction joints and these cracks measure generally in the order of 0.2mm
in width but with a few up to possibly 0.35mm in width. Photo 3. Again the cracks larger than 0.2mm in
width should be repaired with epoxy injection and the external surface weather proofed.

At the north west corner of the north side shear wall at ground storey, a crack in the concrete is visible.
We do not believe that this is earthquake damage. It is our opinion that the concrete cover thickness to
the reinforcement has been inadequate here and the reinforcement has corroded. The oxidation of the
steel makes it expand and this has fractured the concrete. This is not a major concern but it should be
treated and repaired.

Columns, Beams and Spandrel Panels

As stated above, we believe that the columns and beams provide gravity support only and have not been
designed to resist lateral loads. However, they do have some stiffness and when the building moves in an
earthquake and they do attract some load. Generally we observed very little damage to beams and
columns. However there are a few exceptions. The north-east corner column immediately above the
third floor spandrel exhibits some minor cracking which is very fine and in our opinion requires no
treatment. At the top storey, the first column west of the north-east corner of the building also exhibits
some cracking. The appearance of the cracking is accentuated because the paint has chipped off at the
cracks (photos 4). One of the south side columns at the top storey also exhibits some fine cracking. We
recommend that the cracks in these upper storey columns be injected with epoxy resin.

The first floor beam on the north face of the building in the span between the north-east corner of the
building and the adjacent column to the west has some fine diagonal cracking (Photo 5). We recommend
that this crack be injected with epoxy resin. We did not see any signs of distress in beam column joints.

The precast concrete spandrel panels appear to have sustained very little damage. However, each side of
the south side shear wall, the ends of the spandrels have been plastered. This plaster is spalling off at
most levels as a result of differential movement caused by the earthquake. It is a hazard to people below.
It should be removed, the concrete surface properly prepared and a strong bonding epoxy plaster re-
applied. (Photo 6).

At the fifth floor level, the end of the spandrel panel on the north elevation adjacent to the lift lobby is
showing signs of corrosion of the reinforcement. This can be seen out the lift lobby window. This is not a
structural problem and has not been caused by the earthquake but it should be treated.

Flooring

As described above, the floor construction consists of a composite concrete topping and steel tray deck
system spanning north to south between concrete beams. These floor systems are relatively light weight
and flexible and it is common for them to exhibit some deflection. At most of the floors in the building at
249 Madras Street, it is possible to detect high points in the floor over the support beams and sags in

249 Madras Street
Earthquake Damage Report
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between. This is not caused by the earthquake and is a fairly normal and acceptable effect of this type of
construction,

In the limited number of locations where we removed ceiling tiles and observed the floor to beam
connections we did not see any signs of distress. (Photo 7).

Non-Load Bearing Concrete Block Walls

At the west end of the building in the garage at ground storey there are concrete block infill panels
between the structural columns. These block infill panels are separated by a flexible sealant from the
columns. They do not appear to have suffered any damage.

At the next level up on the west end wall, the interior is timber framed and plaster board lined. It is not
possible to view the exterior cladding because of the close proximity of the adjoining building. However,
we assume that there is a similar concrete block wall, also separated from the structural columns. In the
north-west corner of the building, the internal lining has been damaged by movement of the building.
There is a gap between the internal framing/lining on the west wall and the north-west corner column. It
is possible to see daylight through this gap. We assume that the sealant in the outer concrete block wall
to concrete column joint has fallen out. This needs further investigation and repair.

At ground storey, there is a concrete block wall parallel to the north side shear wall but on the opposite
side of the stair well. This wall has a thin gypsum plaster coating in the stair well. At the top of the wall
the plaster coating has been peeled off. It appears that its was touching one of the stair well structural
walls and the differential movement has damaged the plaster. There may also be some minor cracking of
the top block course which should be repaired. However, this is not a structural component and does
not contribute to the integrity of the building. Photo 8.

Internal Framing and Linings

At numerous |ocations at all levels, there is damage to internal framing and linings. Commonly, internal
walls and their linings have been finished hard against structural walls and columns. With movement of
the building during the earthquake(s), the structural components have applied in-plane loads to the stiff
plaster board lined walls. There are many instances where the plaster board linings have been damaged
where they adjoin the structural components. Sometimes, the plaster board has buckled some distance
away from the structural wall or column. Photos 9 and 10. There are also numerous instances of plaster
board cracking over door heads and under windows and elsewhere. Photos 11 and 12. Ceiling covings
and skirting boards have also been damaged. At the south end of one internal north south wall on the
second floor, the partition wall has racked sufficient for the double doors contained in the wall to be
binding. Photo 13.

Where ceiling linings adjoin concrete columns, the plaster linings have been damaged. In some cases the
rails for the suspended tiled ceilings have been buckled. Photo 14.

It would appear that partition walls running north-south have been damaged worse than others. There is
some anecdotal evidence that the earthquake accelerations were higher in this direction. It also appears
that the damage to partitions is worse on the second and third floors, This may be a result of the
response of the building to the magnitude and frequency of the earthquake shaking.
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APPENDIX K — SEPTEMBER EARTHQUAKE DAMAGE REPORT continued

Windows

A few windows, particularly in the east elevation have been broken. Photo 15. This may also reflect
greater movement of the building in the north-south direction. There are no windows in the opposite
west wall but the damage to interior linings on that west wall is significant.

Rubber seals around a first floor window have also fallen out.
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APPENDIX K — SEPTEMBER EARTHQUAKE DAMAGE REPORT continued

APPENDIX |

FLOOR PLANS AT 249 MADRAS STREET
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APPENDIX K — SEPTEMBER EARTHQUAKE DAMAGE REPORT continued
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APPENDIX K — SEPTEMBER EARTHQUAKE DAMAGE REPORT

continued
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APPENDIX K — SEPTEMBER EARTHQUAKE DAMAGE REPORT

continued

APPENDIX 2

PHOTOS OF DAMAGE AT 249 MADRAS STREET

FOLLOWING 4 SEPTEMBER 2010 EARTHQUAKE AND AFTERSHOCKS
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APPENDIX L — A3 DRAWINGS

This Appendix is published as a separate volume containing A3 drawings of the
structure.
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