
NEWSLETTER

Vol.15 No.1                                                JULY 2011                                     ISSN:1174-3646

Earthquake Hazard Centre Newsletter, Vol. 15 No. 1, July 2011

Supported by Robinson Seismic Ltd

1

www.robinsonseismic.com

EDITORIAL:
DOING MORE THAN PROTECTING LIVES

I was in Christchurch a couple of  weeks ago and keen to 
see first-hand the damage caused by the disastrous 
February 22nd quake. I walked around the Red Zone, the 
heart of  the city's retail and business district that is still 
cordoned off  and out-of-bounds for the public, including 
me. It was depressing. The numerous partially-collapsed 
unreinforced masonry buildings were bad enough to 
witness – often minus their front facades, exposing their 
interior spaces to the street. But the sight of  many recent 
damaged modern buildings was more distressing. For 
although they had been designed in accordance with fairly 
recent codes of  practice, they were red-stickered. In 
forlorn states they were awaiting either demolition or 
repair. 

I imaged how I would feel if  I was one of  their owners. Of  
course I'd be thankful that no one had been killed by the 
building, but would be distressed to see such a high degree 
of  damage, quite possibly necessitating demolition. I 
would have hoped that my building would have suffered 
less damage than it did given its relatively young age. And 
then I felt rather ashamed of  how my profession is 
practicing earthquake engineering. For at the heart of  
modern seismic design is the emphasis upon ductility – 
that is to ensure that when an earthquake overloads or 

overstrains a building, a building won't collapse. Yet 
ductility implies structural damage and movement that 
leads to non-structural damage.
All this damage raises the question: is there a better way of  
designing and building to resist earthquakes? We know that 
there are other approaches, and three come to mind. 

First, we can make our buildings stronger while still 
providing ductility. But greater strength requires larger 
column and beam dimensions and longer shear walls that 
might detract functionally. Secondly, we can base-isolate 
buildings although that is perhaps not so viable in cramped 
inner city sites where owners are reluctant to lose area to 
movement gaps between building and the boundaries. 
Finally, we can use damage-avoidance technologies that are 
becoming more popular. 

One such approach is reported upon in the Virtual Site 
Visit of  this issue. It is based upon the PRESSS precast 
concrete system where primary structural elements are tied 
to the foundations and to each other, in the case of  
moment frames, with unbonded post-tensioned tendons. 
Like massively strong bungy chords they spring the 
structure back to its original position during a quake while 
dampers prevent undue resonance.  A number of  
reinforced concrete buildings around the world have 
utilized this technology and now timber buildings are 
following. Damage avoidance is also possible in steel frame 
buildings where rigidly bolted joints are detailed to slip in 
overload situations and thereby prevent conventional 
structural damage. 

The Christchurch event has made at least New Zealand 
engineers very aware of  the need to discuss the expected 
seismic performance of  a building under design with the 
client. He or she must be given the opportunity to choose a 
structural system that will perform better in an earthquake 
than what would be achieved by the application of  the 
minimum standards required by seismic codes. It will often 
be in the client's best interest to provide a higher standard 
of  seismic design – so, as well applying Capacity Design 
principles and ductile detailing, more attention will be 
given to damage prevention. 
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Virtual site visit No. 25: A unique multi-storey timber building 
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This building is situated in Nelson, a small city at the 

northern end of  New Zealand's South Island.  Built for a 

tertiary education institution, the building houses class 

rooms and studios for art courses. Although its function 

and form are quite conventional, its structure is unique. 

Not only are all structural elements constructed from 

timber, mainly in the form of  LVL or laminated veneer 

lumber, seismic resistance is provided by innovative 

timber shear walls incorporating damage-avoidance 

technology. LVL is like plywood in that it is formed out of  

thin wooden veneers, but unlike plywood the direction of  

the grain of  each veneer is in the same direction. 

For earthquake shaking in both orthogonal directions, 

inertial loads are transferred through thin reinforced 

concrete topping overlaying timber joist and beam floors 

into special shear walls. These walls, constructed out of  

LVL utilize PRESSS technology. Developed in California 

some ten years ago, PRESSS shear walls consisted of  

precast concrete shear walls connected to the foundations 

by long unbonded post-tensioned tendons. In a damaging 

earthquake the walls rock, lifting up at their ends but are 

pulled back down by the elastic tendons. As well as this 

mechanism that resists overturning, the walls are built in 

pairs, side by side, and connected by mild steel dampers to 

absorb seismic energy. 

In this building there are two pairs of  timber walls in each 

direction (Fig. 1) and between each are two U-shaped mild 

steel dampers. As the walls rock, the relative movement 

along their inside edges forces yielding in the dampers 

which reduces movements and accelerations in the 

building (Fig. 2). 

Even after a large earthquake no structural damage is 

expected. The walls will have rocked, the dampers yielded 

and the vertical tendons will have stretched but remained 

in the elastic range (Fig. 3).  This is why this system is 

known as a damage-avoidance system.

Fig 1. One pair of  side-by-side timber shear walls. Two dampers 
located between the walls are visible, as are the two pockets housing 
the post-tensioning cables.

Fig 2. A pair of  dampers with their distinctive U-shaped mild steel 
flats to aborb earthquake energy. This system has been previously 
tested to prove its damping effectiveness.

Fig 3. A close-up of  a pocket formed in the base of  one of  the 
timber shear walls. Here, bars cast into the foundations are coupled 
to post-tensioned rods rising up the height of  the three-storey walls 
and are stressed at their tops to control the rocking response of  the 
walls.
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Summar y  o f  EERI Spec ia l  
Learning from Earthquakes Report 
– May 2011: The M 6.3 Christchurch, 
New Zealand, Earthquake of  
February 22, 2011 by a team organised by 
the Earthquake Engineering Research 
Institute (EERI) and the Pacific Earthquake 
Engineering Research Center (PEER).

INTRODUCTION
At 12:51 pm local time on February 22, 2011, an M 6.3 
earthquake shook the city of  Christchurch, New Zealand. 
It was an aftershock of  the M 7.1Darfield earthquake of  
September 4, 2010. Although lower in magnitude than the 
earlier quake, the aftershock was centered closer to the city 
and caused significantly more damage, particularly in the 
Central Business District (CBD). While the September 4 
earthquake struck in the middle of  the night, the February 
22 earthquake hit when people filled the offices and cafes 
of  the CBD, leading to 184 confirmed deaths. Widespread 
liquefaction in the CBD and the eastern suburbs caused 
foundation movement in housing and office buildings 
alike. Two reinforced concrete office buildings and one 
parking garage collapsed, as did hundreds of  unreinforced 
masonry buildings, including a number of  heritage 
structures. Many other buildings in the CBD were severely 
damaged, and some required demolition, which 
necessitated careful controlled access to the CBD in the 
weeks following the earthquake. The total losses are 
estimated over NZ $20 billion.

Christchurch is the largest city on the South Island of  
New Zealand, and the country's second-largest urban 
area. It lies within the Canterbury Region and has a 
population of  375,000. Prior to September 2010, 
Christchurch was not considered a high-risk seismic area 
and had a voluntary retrofit ordinance for its unreinforced 
masonry buildings. That the construction types are similar 
to those of  the United States and other countries, and that 
the earthquake was located on an unmapped fault within 
10km of  the city center make this one of  the most 
significant earthquakes in recent years for code and 
standard development in the United States and 
internationally.

BUILDINGS
Reinforced concrete and masonry buildings: Most of  the 
buildings over four stories in the city of  Christchurch are 
either reinforced concrete or reinforced masonry, and are 
generally concentrated in the CBD. Some reinforced 
concrete and masonry structures completely collapsed; 
others partially collapsed. At the same time, several 
modern buildings performed well. Though such 
variations in performance can be attributed to material 
type, year of  construction, and differences in structural 
layouts, the variation in soil conditions and shaking 
(measured peak ground acceleration within the CBD 

varied from 0.36-0.72g) throughout the city no doubt also 
played a role. Significant liquefaction adjacent to some 
structures led to several inches of  vertical differential 
settlement that tilted buildings. Foundation types also 
varied in the CBD, ranging from shallow foundations to 
deep foundations with equal or unequal pile lengths and, in 
some cases, mixtures of  shallow and deep foundations.

Two reinforced concrete office buildings collapsed: the 
Canterbury Television (CTV) Building, which caused 
approximately half  the fatalities in the quake, and the Pyne 
Gould Cooperation (PGC) Building, where 12 people 
perished. The six story reinforced concrete CTV building 
was designed in the mid-1980s and consisted of  a coupled 
shear wall on the south side and a core wall on the north 
side of  the building. The entire building, with the 
exception of  the core wall, collapsed (Fig. 4a). The PGC 
building, designed and built in the early 1960s, was a five-
story reinforced concrete frame building with a core wall 
offset towards the rear of  the building. The top four stories 
collapsed onto the intact first story, with some floor slabs 
appearing to detach from the core wall (Figure 4b).

That significant damage to critical elements was visible in a 
number of  buildings is notable, since the quake was short 
in duration with relatively few cycles of  strong motion. 
This damage was found in older as well as modern 
buildings, but was more prevalent in buildings constructed 
before the mid-1980s, when capacity design approaches 
were introduced in New Zealand. Common observations 
included 1) irregular configuration of  lateral load-resisting 

Fig. 4a  The CTV Building prior to the earthquake (left) and 
remaining core wall post-quake (right) (photos: Kam, Berkowitz)

Fig. 4b The PGC Building (photo: Elwood).
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systems in plan and/or elevation, 2) non-seismic detailing 
in the gravity system, and 3) poor grouting of  
reinforcement in reinforced masonry buildings. In 
general, significant liquefaction was not observed 
adjacent to the buildings with these structural damages. 
Reinforced concrete moment frame buildings, 
constructed since the mid- 1980s, generally performed 
well and exhibited limited beam hinging and undamaged 
beam-column joints. Reinforced concrete shear wall 
buildings also generally performed well. Exceptions to 
this good performance included the compression 
buckling of  a wall and fracture of  longitudinal bars in a 
wall boundary zone.

Reinforced masonry buildings are widespread in 
Christchurch, and some performed well, while others 
were damaged to an extent necessitating demolition. 
Typical damage included shear failure of  walls and failure 
of  walls and columns due to poor grouting of  
reinforcement within the masonry cells (Figure 5).

Precast concrete construction is used extensively for the 
buildings in and around Christchurch and includes 1) 
emulative precast moment frames for multi-story 
structures; 2) topped precast flooring elements for multi-
story structures and carparks; 3) precast cladding panels; 
and 4) precast stair elements. With the exception of  the 
precast stairs, the vast majority of  these elements and 
systems performed as intended. Emulative frames 
developed beam end plastic hinging to a level of  damage 
commensurate with the seismic excitation; floor systems 
remained seated and intact, with damage limited in most 
cases to displacement compatibility cracks along the units, 
though cracking in the end regions of  flange-hung double 
tees was observed and requires closer attention; and 
precast cladding panels generally remained attached, with 
only two exceptions noted. Precast stair elements 
collapsed in at least three multi-story buildings in the 
CBD, trapping occupants in the buildings for several 
hours after the earthquake.

Steel buildings: Most of  the steel buildings in the areas of  

severe shaking are of  recent vintage, designed to the latest 
seismic provisions, and generally performed well. The 
Pacific Residential Tower in the CBD (22 stories, 
completed in 2010) and the Club Tower building (11 
stories, completed in 2009) had eccentrically braced frames 
(EBFs) for which evidence of  inelastic deformation was 
limited to flaking of  the brittle intumescent paint on the 
EBF links at some levels. Both were green-tagged 
following the earthquake, requiring only some minor 
repairs of  nonstructural components.

URM buildings. Hundreds of  unreinforced masonry 
(URM) buildings were heavily damaged or collapsed, 
roughly two to three times the number similarly damaged 
in the September quake. Dozens of  URM buildings, which 
were green-tagged with minor or no obvious damage in 
September, partially collapsed in February. The number of  
deaths in URM buildings was probably reduced because a 
number of  the buildings had been closed or cordoned off  
since September.

Laws in New Zealand since 1968 required that local 
governments establish policies for retrofits of  earthquake- 
prone buildings, including URMs. Because Christchurch 
was thought to be in a moderate seismic region (before 
September 2010), it had a passive policy that triggered 
retrofits only during major alterations. After the 
September earthquake, Christchurch strengthened its 
policy to require retrofits within 30 years with a target of  
67% of  the design forces required by the code for new 
construction. But Christchurch also continued to allow 
retrofits to 33 % of  code as a minimum.

Retrofits ranged in age from the early 1900's to 2010, with 
most performed since 1968. The great majority of  the 
URM retrofits complied with 33% of  standards for new 
construction, although a notable few met higher criteria. A 
wide variety of  retrofit techniques were used, including (in 
an approximate ranking of  most to less frequent) concrete 
and steel moment frames, concrete and reinforced 
masonry walls, and steel braces. Three major types of  wall 
anchorage systems were in common use: through bolts, 
adhesives, and wedge anchors. Most buildings were brick 
or stone and in many cases included terra cotta and 
concrete elements. Some retrofits were done in 
conjunction with vertical additions or new buildings 
constructed behind URM façades. Retrofits in many cases 
included stabilizing terra cotta ornaments, cornices, 
chimneys and other appendages.

Most retrofitted URMs likely experienced ground motions 
well in excess of  design motions, and in some cases, higher-
than-maximum-considered earthquake motions, and their 
performances varied widely:
70% were red-tagged or cordoned to prevent public entry, 
21% were yellow-tagged, and 9% were greentagged. In 
many cases, prior damage in the September earthquake 
and the many subsequent aftershocks affected 
performance in February. Bond failures between anchor 
adhesives and masonry were prevalent (Figure 6), and low 

Fig. 5 Examples of  reinforced masonry damage in multi-story 
buildings (photos: Jaiswal and Sritharan).



Earthquake Hazard Centre Newsletter, Vol. 15 No. 1, July 2011
5

strength mortars also contributed to anchor failures.
Notwithstanding the failures, however, damage was 
generally significantly lower in retrofitted URMs than in 
nearby unretrofitted URMs. Select heritage buildings that 
had been retrofitted to a high standard performed well.

Nonstructural components: In the CBD, nonstructural 
damage following the February aftershock was similar in 
many respects to the damage observed after the 
September earthquake. In office buildings and retail 
shops, there was typically damage to ceiling grids with lay-
in light fixtures, overturned shelving, broken sprinkler 
pipes, and broken furniture and contents. Numerous 
facades of  more modern structures, often comprised of  
glass and lightweight metal panels, were damaged and on 
occasion fell to the sidewalk, threatening not only exiting 
occupants, but also search and rescue and inspection 
teams. A notable success story was found at a major 
telecom building that had started a ceiling retrofit 
program after the September earthquake, which included 
additional restraint for the ceiling grid and independent 
restraint of  lay-in light fixtures. It was completed shortly 
before the February quake, and ceiling damage was 
noticeably reduced relative to similar buildings in the area. 
As was the case in September, numerous storage rack 
collapsed in warehouses (Figure 7), necessitating the 
disposal of  damaged goods.

A  s u m m a r y  o f  “ G e n e r a l  
Observations of  Effects of  the 30th 
S e p t e m b e r  2 0 0 9  P a d a n g  
Earthquake, Indonesia.” By Jitendra 
Bothara and others. From; “Bulletin of  the 
New Zealand Society for Earthquake 
Engineering, Vol. 43, No. 3, September 2010.
This is the first of  several articles about 
damage done to buildings from this 
earthquake.

SUMMARY 
The Mw 7.5 Padang earthquake struck at 17:16 local time 
on 30th September 2009 with an epicentre offshore about 
60 km west-northwest of  Padang, capital of  West Sumatra 
Province. More than 1,100 people were killed, and over 
2,900 injured. The earthquake caused significant damage 
to public buildings and offices as well as to about 140,000 
houses. It affected 250,000 families through the total or 
partial loss of  their homes and livelihoods. More than half  
the earthquake fatalities occurred when several villages 
inland from Pariaman were buried by landslides. However, 
the damage and destruction of  building structures was a 
major cause behind human and property losses. In 
addition to landslides, the earthquake triggered extensive 
liquefaction and lateral spreading in the region. A ten-
member team from New Zealand visited the area under 
the auspices of  NZAid and New Zealand Society for 
Earthquake Engineering to undertake building safety 
evaluations. The team spent most of  their time in Padang 
city and other nearby earthquake-affected areas. This 
paper presents their observations and explores causes 
behind the damage and destruction of  buildings by the 
moderate to strong earthquake shaking.

INTRODUCTION
 Structurally deficient buildings are the cause of  the 
catastrophe. The buildings were generally weak, because 
they were either constructed of  weak materials, or were 
mostly likely constructed very poorly. For large buildings, 
inferior vertical configuration, short column effects, 
deficient structure sections and a lack of  ductile detailing 
were the major causes behind the destruction. Even 
though there has been a history of  earthquakes, and recent 
studies show the potential for major earthquakes in the 
region, the buildings clearly lacked earthquake-resistant 
features.

BUILDING PRODUCTION MECHANISMS 
For Indonesia in general and in the earthquake-affected 
areas in particular, two building production mechanisms 
work in parallel—engineered construction and non-
engineered construction. Engineered construction 
involves structural design input and construction 
monitoring and covers mostly large and/or government 

Fig. 6 This adhesive anchor at a URM parapet connection pulled 
out. A wire screen with white adhesive around the threaded rod had 
been inserted into a hole in the brick (photo: Turner).

Fig. 7 Collapse of  storage racks (photo: Elwood).
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buildings. At a conservative estimate, this sector produces 
less than 10 to 20% of  the building stock. 

The second sector is characterised by informal, owner-
built, non-engineered construction. Most of  the small 
buildings in the area, which conservatively constitute 
more than 80 to 90% of  the building stock, are produced 
by this sector. It includes all types of  buildings and 
material use (concrete, brick or stone masonry, etc) and 
occupancy (residential, commercial, institutional, etc). 
This sector is characterised by individualised decisions. 
Owner-builders seek advice from friends and neighbours, 
and local artisans, but professional engineering advice is 
rarely sought (even in urban areas), and if  solicited is 
limited to the preparation of  submission drawings for 
municipality permits. In this sector, construction by 
convention rather than design is common. The owners  
themselves deal with materials, suppliers and issues of  
labour contracts. The owner-builders tend to do as much 
as possible themselves to keep costs down. 

The traditional artisans, who usually have no formal 
training, play pivotal roles in construction activities in this 
sector, where they provide overall technical and 
organisational support. There seems to be no regulatory 
mechanism to control or monitor this class of  building 
construction. It appears that the local engineers neither 
have enough knowledge, nor are they involved in this class 
of  buildings because of  the small scale of  construction 
and because the building owners cannot afford engineers. 

These building construction mechanisms have a bearing 
on the buildings’ quality and for the legal enforcement of  
quality improvements. Any enforcement methods to 
improve the quality of  non-engineered buildings through 
legal means alone is likely to be much more difficult than 
by introducing engineering design and artisan training 
requirements. 

CONSTRUCTION PRACTICES 
From the damage patterns, it is evident that the poor 
quality of  construction was one of  the major reasons 
behind the catastrophic damage in the area. Even 
engineered buildings built with modern materials such as 
reinforced concrete and steel are of  poor quality. An 
absence of  quality control was seen at all stages of  the 
construction cycle (Figure 8a). Substitution of  
construction materials without considering their effects 
on the performance of  a building is common. 

Use of  plain bars, even up to 20 mm in diameter, for 
longitudinal reinforcement in columns and beams is 
common in the Padang area (Figure 8b). Mixing of  
deformed and plain bars is also common in the area. In a 
number of  cases, the reinforcement in columns (Figure 
8c) was bent during construction—this led to reduction in 
tension capacity and often blew the concrete out when the 
bars tried to straighten, or came into compression during 
earthquake shaking. In a few cases, reinforcement splicing 
lengths were found to be about 20 diameters or even less 

for plain bars. Column bars are invariably lapped at the 
column base. 

In detailing, stirrups were often observed at greater than 
300 mm spacing throughout the column. It is not usual 
practice to provide stirrups in the beam-column joints and 
90° hooks are very common for stirrups, even in newer 
construction, although the seismic standard recommends 
135° hooks. Ties are not used in columns. 

Although plant-mixed concrete and concrete pumping has 
been observed in Padang, site-mixed concrete is the most 
common method of  concrete preparation, and concrete 
vibrators are rarely used for compaction, particularly in 
small construction sites, resulting in low-grade 
honeycombed concrete. Even in larger construction sites, 

Fig 8a A typical RC frame building under construction with brick 
masonry infill panels. Note the deficient length of  column 
reinforcement for future extension. 

Fig 8b Plain reinforcing mild steel bars are commonly used. 

Fig 8c Bent bars at the column base. 
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hand-mixed concrete is used for the columns 
(slabs/beams are normally a plant-mixed concrete) 
because a smaller pour is required in columns and so it is 
not economical to use plant-mixed concrete. The site-
mixed concrete often has large aggregate (Figure 9), and 
can include rounded stones bigger than 50 mm. Lack of  a  
proper mix of  concrete constituents, segregation and 
honeycombing of  concrete was often seen in columns. It 
appears that the importance of  adequate cover for 
durability is neither understood nor practised. This has led 
to heavily corroded reinforcement (as there is either no or 
poor quality concrete cover) because the area is near the 
sea and the atmosphere appears to be heavily corrosive.

Figure 10 shows a base plate of  a steel column where half  
the nuts were missing and the other half  were sluggishly 
tightened, which led to large rotation of  the column 
leading to partial collapse of  the roof. Damaged infill wall 
panels in a reinforced concrete frame buildings show 
evidence of  thick mortar joints and inferior quality 
masonry. 

In masonry buildings, the mortar is often weak enough to 
be crushed between the fingers—it was not able to bind 
the masonry units together. The weak mortar can be 
attributed to dirty sand, bad mixing, and use of  a low ratio 
of  cement to sand (1:8 or so). Thick mortar layers and 
non-filling of  vertical joints are common in masonry 
construction. It is normally accepted that plaster will 
cover these deficiencies. Figure 11 shows a wall that was damaged in the 6 March 

2007 earthquake. Rather than strengthening the building, 
the cracks were covered by plaster. These opened again 
during the 2009 earthquake. Though the building survived, 
it shows the level of  acceptance of  poor construction 
techniques.

CONFIGURATION-INDUCED DAMAGE AND 
DESTRUCTION
It appears that the importance of  configuration is not well 
understood for better seismic performance of  a 
building—even of  engineered ones. Existing 
configuration problems and mixed structural systems 
played a major role in the failure of  many buildings. Soft or 
weak storey failure (Figure 12) was by far the most 
prevalent failure mode in heavily damaged buildings. 
These buildings in most cases have a soft storey at the base 
as they have an open ground floor and they were 
significantly stiffer on the upper levels because of  infill 
walls. It is also fair to say that the buildings that have brick 
infill walls uniformly distributed both vertically and 
horizontally performed well. In a few cases, the brick walls 
saved the buildings, as these walls provided a gravity 
support system once the RC columns failed. A podium 
building in which the base of  the tower section suffered 
significant damage due to amplification caused by the 
sudden stiffness change in the building.

Interaction between adjoining buildings was another 
problem observed in the area. Pounding between 
adjoining buildings was observed in row buildings without 

Fig. 9 Segregation of  concrete and large pebbles/ cobbles in the 
concrete. Note 90º hooks and wide spacing of  stirrups. 

Fig. 10 Missing nuts, bending of  base plate resulting in large 
rotation of  the column base. 

Fig. 11 Diagonal cracks in a pier. This building was damaged in 
the 6 March 2007 M6.4 earthquake, but the building was not 
strengthened and the cracks were just covered. 
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a seismic gap. In two adjoining institutional buildings 
where adequate seismic gaps were not provided between 
the buildings signs of  pounding could be seen at the 
interface of  parapet walls. The floors slabs of  both the 
building were aligned and both buildings were of  the same 
height. Although their floors suffered pounding, both the 
buildings survived, presumably because of  the aligned 
floors and the similar height of  the buildings. In another 
case, two five storey high RC framed building were 
connected by a cast in-situ RC bridge slab. The bridge slab 
which was integral with the floor slabs of  both the 
buildings, was ripped apart by shaking, which was 
presumably out-of-phase.

Damage in many buildings was observed due to plan 
irregularities. Buildings with L- and U-shaped plans and 
other torsionally active buildings showed evidence of  
torsion damage.

Short column effects were another commonly observed 
problem in RC framed buildings. In these buildings, the 
half-height walls restrained the columns and forced them 

to fail in shear, producing severe diagonal cracks and 
concrete spalling. This occurred in a number of  buildings, 
particularly school, hospital and university blocks. 
Contrary to the accepted notion that the timber window 
frames are non-structural, it was interesting to observe 
interaction between timber window frames and columns. 
Figure 13 shows a short column in an RC frame building 
in which the mid-height window horizontal members 
restrained the column and forced it to fail in shear.

Shakedown spreading was one of  the more interesting 
cases of  failure seen. This failure type was encountered in 
one building where it has caused significant damage and a 
need for rebuilding. The building had a heavy porcelain 
tile roof  supported on timber purlins and steel frames 
pitched at a steep angle. The steel frames did not have a 
collar tie (or any other tie) and so the cantilevered 
concrete columns on the perimeter carried the lateral 
spread loads from gravity loading. When the earthquake 
hit, the roof  frames shook from side to side, imposing 
additional lateral loads to the top of  the cantilevered 
columns. The columns have suffered significant flexural 
damage and have not recovered to their original position, 
allowing the roof  to push out and spread around 300 mm 
out of  position.

Fig. 12 Example of  soft storey failure. 

Fig. 13 Short column failure. Note how the timber window frame 
has influenced the failure 
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