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Editorial:

Information gold mine

Google search “World Housing Encyclopedia”, and you 
will get more than you bargained for. Although its 
earthquake focus doesn't come through in the title, if  you 
are interested in seismic design and performance you will 
have struck gold. And the website isn't just about housing 
either. There is a lot of  information about larger scale 
construction utilizing a wide variety of  materials.

Before visiting the encyclopedia proper, click on 'General 
Resources' and then 'Tutorials' for material more directly 
relevant to practicing engineers and architects. The most 
relevant tutorial is a 71 page document “At Risk: The 
Seismic Performance of  Reinforced Concrete Frame 
Buildings with Masonry Infill Walls”. Download it for free. 
From its title you can tell the subject is the most common 
type of  multi-storey construction in the developing world. 
It should therefore be compulsory reading for every 
designer of  this building type who designs in seismically 
prone areas.  It should be discussed by professional 
groups, within professional practices and studied by 
government and city council building professionals. It 
should be required reading for senior civil engineering 
students and possibly architectural students.

The document is very important. It explains how this 
method of  construction, concrete frames with infills, is 
potentially hazardous during a damaging earthquake. For 
far too long engineers have ignored the structural 
influence of  infills. They have designed open frames, 
which when infilled, behave more like brittle braced 
frames than ductile moment frames. In moderate to severe 

shaking, infill frames can behave much poorer than open 
frames. Engineers need to stop pretending that infills are 
purely non-structural and won't affect the seismic 
performance of  their structures. Fortunately, as well as 
focussing on the problems of  masonry infill walls, the 
document devotes considerable space to the design of  
reinforced concrete frames themselves. It emphasizes that 
just getting moment frames designed and built properly is, 
in itself  a huge challenge. Practical suggestions to improve 
current practice are provided – and these need to be 
adopted by building designers immediately. 

I have mentioned only one tutorial so far, but there are 
others. One explains how to design and build in earth, 
while another deals with improving the seismic resistance 
of  adobe construction. A tutorial on stone masonry 
construction is currently being prepared. These tutorials 
contain up-to-date information that needs to be applied.

But the main resource on the web site is the encyclopaedia. 
It's a comprehensive global categorization of  typical 
housing construction types. All relevant aspects of  
housing construction are included, such as socio-
economic issues, architectural features, structural systems, 
seismic deficiencies and earthquake resistant features, 
performance in past earthquakes, available strengthening 
technologies, building materials, the construction process, 
and insurance. Illustrations (photos, drawings, sketches) 
are also included. Over 100 reports describe housing 
construction practices in 34 countries.

The encyclopaedia is a resource where earthquake 
professionals from many countries share knowledge on 
construction practices and retrofit techniques. Practising 
engineers and architects can benefit by learning from the 
earthquake problems and good practices in other 
countries. Students can be given assignments or projects 
based upon the encyclopaedia information which will 
broaden their appreciation of  seismic design and 
construction issues. 

So, for the sake of  more seismically safe and sustainable 
communities visit the website and begin mining! 
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From the street where moment-resisting frames of  the 
superstructure are seen rising from ground floor level 
there is no indication that this building is base-isolated 
(Figure. 1). All gravity and lateral loads acting on the 
superstructure are resisted by reinforced concrete 
moment frames. However, in the basement the primary 
elements of  the base-isolation scheme are exposed. They 
sit atop vertical cantilever columns whose base fixity is 
provided by an orthogonal grillage of  foundation beams.

The second type of  isolation unit is shown in Figure 3. It is 
a sliding bearing consisting of  an upper surface of  
polished stainless steel that is free to slide over a teflon 
slider that is fixed to the top of  the column. A stretchy 
rubber membrane that protects the stainless steel surface 
has been removed to show the hidden mechanism and will 
be reattached to prevent dirt increasing the coefficient of  
friction between the sliding surfaces. The lead-rubber 
bearings are located under the heavier tower structure 
while slider bearings are used in areas of  lower axial load.

Virtual Site Visit No. 9  Seismic isolation of  the Wellington Public Hospital, 
Wellington

Under each of  the superstructure columns that rise to a 
maximum height of  eight storeys, an isolator sits at the 
top of  the basement columns. In approximately half  of  
the cases the device is a lead-rubber bearing. Its internal 
sandwich steel plate and rubber construction provides 
horizontal flexibility that accommodates up to 600 mm 
sideways movement yet provides adequate vertical 
stiffness for axial compression forces (Figure. 2). The 
bearing is bolted to the superstructure above and to the 
column below. Bending moments and shears are 
transferred into the reinforced column via the galvanized 
steel tube into which the top of  the column is cast. 

 

Figure 2 Lead-rubber bearings at the top of  basement columns.

 
Figure 1. Moment frame above ground and first floors under 
construction.

Figure 3. Sliding bearing at the top of  a basement column.
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S u m m a r y  o f  “ P r e l i m i n a r y  
Observations on the Hawai’i 
Earthquakes of  October 15, 2006”  
by EERI member Gary Chock of  Martin & 
Chock Inc., Honolulu, Hawai’i.

Beginning at 7:07 a.m. local time on October 15, 2006, two 
earthquakes with magnitudes of  M 6.7 and M 6.0 struck w w

in close succession just off  the northwest coast of  the big 
island of  Hawai`i.  Shaking reached Intensity VIII on the 
Modified Mercalli Scale (MMI), as reported by residents. 

No deaths were attributed to ground shaking, and only 
minor injuries were reported.  Damage caused by these 
earthquakes was estimated at more than $120 million as of  
mid-November, without including damage to private 
residences.  Most of  the built infrastructure in the vicinity 
of  the earthquake epicentres survived with little or no 
apparent damage.  The low rates of  injury and economic 
loss are attributed in part to the relatively rural area in 
which the earthquakes struck, and the focal depth (39 km) 
of  the M 6.7 Kiholo Bay earthquake.  It was also w

fortunate that the earthquakes struck just after sunrise on 
a Sunday morning. 

Most modern engineered buildings performed well, with 
some exceptions. Healthcare and school facilities had little 
structural damage, but considerable damage to their non-
structural systems, principally T-bar lighting and ceiling 
systems and fire sprinkler systems. As a result, they were 
not fully operational in the weeks following the 
earthquakes. Close to the epicentres, older churches and 
historic buildings with thick bearing walls constructed of  
unreinforced lava rocks sustained the most dramatic and 
potentially life-threatening damage. 

Over 1,800 individual residences—less than 5% of  the 
single family home inventory—were damaged to varying 
degrees. Many of  the most severely damaged homes were 
constructed on post and pier foundation systems resting 
on small unanchored concrete foundation blocks. 

Non-Engineered Buildings

Churches and Historic Buildings:  The older churches 
and historic buildings, as a class of  building, sustained the 
most dramatic and potentially life-threatening damage. 
These buildings were designed and built with traditional 
construction techniques, long before the advent of  
building codes. While they were well-built for gravity and 
wind loads, they lacked seismic detailing. The State 
Historic Preservation Division (SHPD) and National Park 
Service conducted their own preliminary assessments of  
about 15 historic buildings on the state and national 
registers of  historic places on the Big Island. The SHPD 

Introduction:

contracted with preservation architecture and archeology 
firms to provide damage assessments for historic 
properties on the Big Island. 

The historic Kalahikiola Church in Hawi, North Kolaha, 
suffered extensive damage to the exterior rock-masonry 
walls supporting the roof  trusses (Figure 4). This 1855 
vintage stone church was constructed with rough lava 
stone walls and a wood roof  of  "barn-type" construction 
having interior wood columns. The walls appeared to be 
approximately three feet thick, and the interior and 
exterior faces of  the walls were covered with a plaster. The 
end wall fell outward due to a lack of  lateral restraint; the 
two side walls failed similarly, but to a lesser degree. Total 
collapse of  the roof  system appears to have been 
prevented by a single line of  interior columns supporting 
the centre of  each roof  truss, and door and window 
frames supporting the eaves. 

The unreinforced rock-masonry walls were grouted with 
low-strength mortar, similar to many other rock-masonry 
walls built in the 19th and early 20th centuries. Many of  
these walls suffered damage in the form of  cracking, 
partial collapse, or complete collapse. The other end of  the 
building is constructed with a wood end wall and wood 
tower. This end of  the building appeared unscathed. The 
timber-framed bell tower appeared to have survived the 
earthquake with limited damage. 

Fig. 4  Roof  trusses supported by interior columns and window 
frames after wall collapse.
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Residential:  There are approximately 50,000 single-
family and duplex (two-unit) homes on Hawai`i Is-
land.  Most of  these are wood-frame construction, with 
60% being of  conventional stud and sheathed walls 
(known in the local vernacular as "double" walls), and 
about 40% consisting of  what is locally known as "single-
wall" construction. 

Almost all of  the single-family homes that were red-
tagged as unsafe were of  single-wall or similar post-and-
pier construction (see Figure 5). Failure modes observed 
were posts shaken off  the small footing or smaller upper 
"tofu" pedestal, post rotation due to inadequate lateral 
bracing, splitting at the bases of  the heavier loaded posts, 
or overturned footings. As a result, such homes were 
vulnerable to lateral sideway displacement, dropping, 
potential collapse of  the first floor, and severing of  
utilities. In some cases, the building collapsed and was 
totally destroyed. 

Engineered Buildings

The County of  Hawai`i has used the 1991 Uniform 
Building Code from 1993 to the present.  The 1991 UBC
placed the Big Island in Zone 3, and this was not corrected 
until the 1997 UBC. The County of  Hawai`i realigned to 
the Zone 4 designation in mid-1999, but only as an 
amendment to the 1991 UBC. Structural (special) 
construction inspections have been required in Hawai`i 
County only since 1993. The state of  Hawai`i has no 
statewide building code, and each of  four counties (Kauai, 
Honolulu, Maui, and Hawai`i) adopts building codes on 
independent schedules. The other counties of  Kauai, 
Honolulu, and Maui currently use the 1997 Uniform
Building Code. State building construction follows the 
county building codes, so there is the possibility of  
obsolete seismic provisions being used for public sector 
work. 

Fig. 5.  House foundation damage.

Hotels and Resorts:  The hotels and resorts, as a whole, 
performed fairly well, and all of  them remained in 
operation. The Mauna Kea Resort, one of  the first major 
hotels in the north Kona area, suffered the most damage. 
The Hapuna Prince Beach Resort sustained significant 
water damage to the main ballroom due to broken 
sprinkler lines. The Hilton Waikoloa Resort had minor 
cracks in shear walls of  one building and some localized 
trellis damage. The Sheraton Keahou had numerous 
cracks in cementitious plaster finishes and some limited 
damage to pedestrian bridges, but it was able to provide 
temporary housing in its ballroom to long-term-care 
patients evacuated from the Kona Community Hospital.

Healthcare and Emergency Response Facilities: 
Healthcare facilities had significant damage to their 
nonstructural systems, principally T-bar lighting and 
ceiling systems and fire sprinkler systems (Figure 6). The 
Kona Community Hospital is a 94-bed hospital (49 acute, 
11 psychiatric, and 34 long-term care). The hospital 
reported primarily nonstructural damage, in the form of  
fallen ceilings, light fixtures, and other nonstructural 
elements. These failures are attributed to the lack of  
adequate seismic bracing for non-structural components. 

Fig. 6.  Typical nonstructural damage: ceiling in the weight room at 
Hisaoka Gym/Kamehameha Park (photo: Troy Kindred)

The ceiling damage at the hospital was to older lay-in 
suspended ceilings without seismic restraints, i.e., wire 
suspension with no diagonals or compression struts. It 
appeared that partitions were continuous to the floor 
above, and ceilings therefore abut the partitions of  each 
room and rest on a small ledger angle attached to the 
partition. There was apparently no attachment from 
suspended ceiling "T-bar" to this perimeter angle. 
Compressive buckling of  the T-bar system caused many 
tiles to fall and created many precariously supported light 
fixtures. T-bars pulled off  the angle in tension not hung 
off  nearby suspension wires were bent down, also allowing 
tiles to fall and light fixtures to become dislodged. In 
addition to the tiles falling, bent support Ts and partially 
dislodged light fixtures, decades of  dust on the ceiling tiles 
were deposited over the rooms.
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The Hale Ho`ola Hamakua facility provides 48 long-term 
care or nursing facility beds and two acute beds, in addition 
to emergency room and health centre services. The facility 
consists of  several large one- and two-story steel-framed 
buildings with concrete masonry unit (CMU) and concrete 
walls. The facility was opened in 1995 to replace the 
original Honoka`a Hospital that opened in 1951. The 
main two-story building sustained significant 
nonstructural damage to the exterior cladding and soffits 
and to the interior ceiling and wall systems, mainly as a 
result of  broken sprinkler lines and broken water piping. 

Although the building is of  recent construction, the 
ceiling systems were not laterally braced, did not have 
compression struts to prevent vertical movement, and 
were not isolated by means of  a gap from the surrounding 
walls. The design of  the building made it difficult and 
impractical to install diagonal bracing wires because of  the 
great distance between the ceiling and the high-pitched 
roof. The damage suggests that the ceilings were forced 
laterally against the walls, causing a buckling and failure of  
the T-bar grid that allowed the ceiling tiles, and in some
cases the fluorescent light fixtures, to fall to the floor. The 
interaction of  the ceiling system and the fire sprinkler 
system, which was only nominally braced, broke a number 
of  sprinkler heads, resulting in flooding of  the building. 
Water piping in the walls also broke and contributed to the 
flooding.

In addition to the interior damage, the exterior cladding 
and soffit system, consisting of  heavy cement plaster on 
metal lath, generally failed and collapsed, blocking 
building exits and producing a serious life-safety threat. 

Schools and Libraries:  Waikoloa Elementary, 
Honoka`a Elementary, and Kohala Elementary schools 
sustained most of  the damage. Waikoloa Elementary, less 
than ten years old, suffered considerable nonstructural 
damage. Many classrooms were closed because of  an 
extensive amount of  fallen ceilings, light fixtures, and 
other nonstructural items. Virtually no structural damage 
was reported at these schools. The Honoka'a Elementary, 
an older school dating to the 1950s, sustained moderate 
structural damage to concrete masonry block (CMU) walls 
that support the roof  girders. Kohala Elementary 
sustained damage to a two-story classroom building with 
wall cracking and ceiling damage. All schools on the island 
were able to open one week after the earthquake, 
sometimes utilizing alternative rooms.
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Revisiting Tangshan: thirty-one 
yea r s  a f t e r  the  des t r uc t ive  
earthquake. This is a brief  summary of  the 
Overview Volume of  the four volume 
“Report on the Great Tangshan Earthquake 
of  1976” published by Earthquake 
Engineering Research Laboratory, 2002, 
California, by L. Huixan, G.W. Housner, X. 
Lili and H. Duxin.

Summary

At 4:00 a.m. on July 28, 1976 the city of  Tangshan, China 
ceased to exist. A magnitude 7.8 earthquake was generated 
by a fault that passed through the city and caused 85% of  
the buildings to collapse or to be so seriously damaged as 
to be unusable, and the death toll was enormous. The 
earthquake caused the failures of  the electric power 
system, the water supply system, the sewer system, the 
telephone and telegraph systems, and radio 
communications; and the large coal mines and the 
industries dependent on coal were devastated. The railway 
and highway bridges collapsed so that the city was isolated 
from the external world. Before the earthquake Tangshan 
had 1,000,000 inhabitants and it has been estimated that 
about one half  were killed. Although the building code had 
seismic design requirements, Tangshan was in a zone 
requiring no earthquake design.

An earthquake disaster requires a large earthquake 
sufficiently close to a large city to produce destructive 
ground shaking and that the city has buildings not 
designed to resist earthquakes. The Tangshan disaster met 
all these requirements and the result was the greatest 
earthquake disaster in the history of  the world. Many 
countries have cities whose situation is similar to that of  
pre-earthquake Tangshan, that is, an estimated low 
probability of  being struck by destructive ground shaking 
and many buildings with low seismic resistance so this 
report should be of  special interest to engineers, architects, 
and government officials in these seismic countries. The 
report shows what can happen when an unexpected 
earthquake strikes an unprepared city and it makes clear 
the need for earthquake preparedness even if  the 
probability of  an earthquake is assumed to be low.

Summary Report

Tangshan was mainly a city of  unreinforced brick 
buildings. There were 916 multistory buildings (two to 
eight stories) in the city. Over 85 percent either collapsed 
or were severely damaged. These were mainly industrial 
structures and most of  the population was housed in 
smaller, single-story buildings. Ninety percent of  the 
residential dwellings in Tangshan either collapsed or were 
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The earthquake of  M  = 7.8 that centered under the city of  S

executing teams, an oversight team is added. 
Recommendations are also made as to the specialists 
required, and the information they and consulting firms 
should provide during the teams' selection process.

The final chapter addresses managing project quality. It 
outlines a quality assurance program involving rigorous 
checking and cross-checking and provides a 
comprehensive list of  tasks required Tangshan and the 
depth of  the hypocenter was determined to be between 12 
and 16 km.

Most of  the 916 substantial buildings in the Tangshan area 
were built of  brick and were two to four stories in height; 
however, some were as tall as eight stories. They were 
mainly used for offices, schools, and factories. It was 
reported that over 75 percent of  the larger brick buildings 

seriously damaged.  In addition, a significant number of  
buildings in the major city of  Tianjin collapsed or were 
seriously damaged. Dwellings in the cities and the 
countryside were mainly one-story buildings with very 
little earthquake resistance, and the collapse of  these 
structures was, no doubt, the cause of  the large loss of  life 
which had been estimated as approximately 650,000.  A 
similar number of  people were injured.

According to the Chinese engineers, this earthquake was 
such a great disaster mainly because the seismic risk in the 
Tangshan region had not been adequately estimated. 
Almost all buildings and structures had been designed 
without earthquake-resistant measures, except for a few 
of  the more important structures. In addition, the poor 
behaviour of  soft soils contributed greatly to the damage. 
Low mortar strength in masonry, and inadequate 
continuity of  connections between precast reinforced 
concrete elements also intensified the damage. Many 
structures suffered further damage from the aftershocks.  
These aftershocks hit the eastern part of  the epicentral 
area, and the cumulative damage effect of  the successive 
aftershocks was very pronounced.

Chinese engineers outlined the valuable engineering 
lessons provided by the Tangshan earthquake: Seismic 
zoning should be carefully and properly done.  Prior to the 
Tangshan earthquake, the basic intensity of  the Tangshan 
region was rated as low and therefore the city had little 
protection against earthquakes.

A correct philosophy of  earthquake-resistant design 
should be established. Important structures should be 
designed so that they can withstand a probable earthquake
with only slight damage and will not collapse under the 
action of  an unexpected very large earthquake. In 
earthquake design, auxiliary structures should not be 
overlooked, because their failure may paralyze factory 
production and may also have a severe effect on the 
public.

Damage to reinforced concrete buildings was less than 
that to brick buildings, and damage was mainly in the 
structural connections. The earthquake resistance of  such
buildings could be much improved at small additional cost 
(Figure 7). Brick chimneys, brick water tower supports, 
brick columns in mill buildings, and in general, brick 
masonry of  poor quality suffered severely during the 
earthquake, and such structures should not be built in 
highly seismic regions.

The functioning of  the principal “lifeline” systems should 
be maintained following an earthquake. The Tangshan 
earthquake severely damaged bridges on railways and 
highways so that traffic was blocked and this caused great 
difficulties in carrying out the relief  work. Interruption of  
water supply and electrical power also caused great 
difficulty in the relief  work and in the restoration of  
production after the earthquake.

Fig. 7.  Collopsed five-storey office building, Tangshan. The lower 
three stories had concrete columns, and the upper stories were 
unreinforced brick without concrete columns.

Fig. 8.  Collapsed building showing the type of  construction: precast 
concrete floor slabs made of  four-hole beams, simply supported on 
bearing walls.
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collapsed or were severely damaged by the Tangshan 
earthquake and its aftershocks, and only 1 percent 
suffered no damage. In many cases the failure pattern for 
these large buildings began with diagonal tension cracking 
in the shear panels, followed by crushing and collapse as 
the deformation of  the structure increased. In many cases 
it was observed that the exterior walls failed first, followed 
by failure of  the interior walls, and there were many 
evidences of  failures of  connections (Figure 8). 

It was reported that buildings located on thin soil, on thin 
layers of  rock, or on thin layers of  soil over rock did not 
exhibit the same degree of  severe damage as buildings 
located on less firm soil.  Dwellings were mostly one- and 
two-story buildings that had little earthquake resistance, 
and these were reported to have collapsed over large areas 
of  the city.

It was reported that many mill (industrial) buildings were 
located in zones experiencing intensity X and XI damage. 
Most of  the mill buildings were single story, but in a few 
cases there were multistory rigid-frame mill buildings. In 
the evaluation of  the damage the roofing systems were 
divided into two groups, the heavy type described as 
consisting of  reinforced concrete slabs on steel trusses or 
steel purlins. In some cases, mill buildings had reinforced 
concrete frames that served to support lighter framed 
stories above the heavier mill building. 

heavy roofs) were points of  overstress susceptible to 
damage. Flexible stories were also susceptible to damage. 
It was concluded that much damage was caused by 
injudicious practices that induced force concentrations 
and stress concentrations. Approximately 90 percent of  
the mill buildings in Tangshan either collapsed or were 
seriously damaged (Figure 10).

Book Review: “Guidelines for 
vulnerability reduction in the design 
of  new health facilities” published by 
the Pan American Health Organisation 
/World Bank, 2004. The document can be 
downloaded free from the website: 
www.paho.org/disasters.

These guidelines are written for health-sector managers 
and technical consultants entrusted with managing, 
designing, building and inspecting new health facilities, 
like hospitals. Able to function as a manual or a checklist 
for a project team or committee, the document contains 
forms and lists to provide rational and practical 
approaches to achieving a facility with the desired seismic 
performance. 

The three possible levels of  protection discussed are life 
safety, investment protection which involves reducing 
both structural and non-structural damage, and finally, 
functional protection. It is vital that hospitals, for example, 
are functional soon after any damaging quake. Forms 
facilitate the choice of  protection levels for each of  the 
many medical services as well as support services and 
systems.

Guidance is provided on how to select a safe site. The 
suggestions and assistance provided in this section should 
be used in any site selection process. As well as 
earthquakes, hazards of  snow, strong winds, landslides, 
floods and volcanic activity are considered.

Fig. 9.  Partly collapsed residence building showing the type of  
construction:  unreinforced brick bearing walls and precast concrete 
floor beams.

Usually, the buildings were not symmetrical in cross 
section. The gable end walls and the long unsupported 
side walls were described as weak elements, and many of  
these were lost in the earthquake. Fifty percent of  the 
damage to mill buildings occurred in the roofing system, 
most of  it in the heavy-type roofing systems. In such cases, 
the roof  slabs were reported to have fallen when bracing 
failed between the trusses (Figure 9). 

Frames with infilled walls between the columns seemed to 
fare better than those without infilled walls. It was noted 
that frequently changes in stiffness (for example, points 
of  attachment of  X-bracing, or short columns supporting 

Fig. 10.Collapsed workers’ cafeteria building of  the Chinkechuang 
coal mine.
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Earthquake Hazard Centre
Promoting Earthquake-Resistant Construction 
in Developing Countries
The Centre  is a non-profit organisation  based at the 
School of Architecture, Victoria University of  Wellington, 
New Zealand. It is supported financially by Robinson 
Seismic Ltd and the Ministry of Civil Defence and 
Emergency Management.
Director ( honorary) and Editor: Andrew Charleson, 
ME.(Civil)(Dist), MIPENZ;  
Research Assistant: Chris Greenfield
Mail: Earthquake Hazard Centre, School of Architecture, 
PO Box 600, Wellington, New Zealand.
Location: 139 Vivian Street, Wellington.
Phone +64-4-463  6200 Fax +64-4-463 6204
E-mail: quake@arch.vuw.ac.nz
The Earthquake Hazard Centre Webpage is at :-
http://www.vuw.ac.nz/architecture/research/ehc/ 

Book:
Huixian, L., Housner, G.W., Lili, X. and Duxin, H., The 
Great Tangshan Earthquake of  1976 (Technical 
Report: Caltech EERL: 2002-001). Pasadena, California 
Institute of  Technology, 2002. 

Online document is available in PDF, free, from: 
California Intitute of  Technology, 1200 East California 
B l v d . ,  P a s a d e n a ,  C A  9 1 1 2 5   ( We b s i t e :  
http://caltecheerl.library.caltech.edu/353/).

One chapter outlines the seven major steps in the design 
and construction process. Beginning by noting the initial 
medical-architectural program, the importance of  
integrating the expertise of  the many disciplines involved 
is emphasised. It is noted how important it is that all team 
members contribute towards meeting the required hazard 
performance standards to reduce non-structural damage 
and ensure post-disaster capability. 

The importance of  selecting appropriately experienced 
and qualified consultants is also emphasised. The 
guidelines suggest that the main selection criteria should 
include professional qualifications, experience and 
participation in national and international seminars and 
conferences. Such professionals are more likely to 
produce designs incorporating up-to-date concepts and 
details. Three teams are considered necessary to achieve a 
heath facility that will perform to the expected standards 
in a natural disaster. To the traditional client and to achieve 
the desired level of  quality assurance. 

These guidelines constitute an invaluable manual to aid a 
healthcare institution achieve a disaster resilient facility. 
They should be used as widely as possible. 
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