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ABSTRACT

An International Workshop held in Manila, Philippines, on November 14-17, 1973, address
ed' the state-of-the-art in mitigating building damages from winds. The workshop was jointly 
sponsored by the United States Agency for International Development (USAID), the Philippine 
Advisory Committee (formed in conjunction with this research project), and the U. S.
National Bureau of Standards (NBS). This report presents the proceedings derived from the 
workshop. The proceedings present recommendations, the workshop program, five reports, and 
nine technical articles. The technical articles addressed four primary topics which were 
used to guide subsequent workshop discussions. The topics addressed were; wind and aerody
namics, structural related technology, socio-economic and architectural considerations, and 
codes and standards.

The results of the workshop will serve a twofold purpose. The first suggests improved build
ing practices for developing countries. This was accomplished through the development of 
recommendations designed to upgrade to a minimum acceptable level design criteria for low- 
rise buildings. The second involves integrating appropriate workshop information into the 
overall three-year AID sponsored research project to develop improved design criteria for 
low-rise buildings in developing countries to better resist the effects of extreme winds.
Key words: Codes and standards; Information transfer; Low-rise buildings; Pressure trans
ducers; Socio-economic; Structural design; Technology implementation; Wind effects; Wind 
loads.
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Introductory Refiiarkŝ by A. L. Juinio................. !!!!!!!!
Background of Study by N. J. Raufaste, Jr......................
Summary of Accomplishments by E. G. Tabujara................. .
Climatology and Wind Related Problems in the Philippines by
R. L. Kintanar..................... .........................

Aerodynamics of Structures and Wind Tunnel Modeling by
R. D. Marshall.............................. ............

Remarks by A. A. Alejandrino ................................ .
Some Problems in the Analysis of Lateral Wind Force Resisting

Systems by J. Ma. de Castro................ .................
Socio-Economic and Architectural Considerations in Housing
by G. V. Manahan, and J. M. Ramos ...........................

Lessons Learned from Post Wind Disaster Investigations by
E. 0. Pfrang .................... ..........................

Low-Rise Low-Cost Housing and Extreme Wind Related Problems
In Bangladesh by J. R. Choudhury........................ .

Remarks by W. Woudenberg ............. .......................
Low-Cost Housing and Extreme-Wind-Related Problems in Jamaica
by A. D. Adams .............................................

Wind Pressure Provisions of the National Building Code Republic
of the Philippines by A. R. Flores ......................

Standardization in the Philippines Today by A. R. Flores .....
Wind Research in the United Kingdom by K. J. Eaton ............

Appendix C - Units of measure and SI conversion factors.....................  160

18
19
21
26
28
63
77

78

91
99
102121
123

140
153
156

vii





DEVELOPMENT OF IMPROVED DESIGN CRITERIA FOR 
LOW-RISE BUILDINGS IN DEVELOPING COUNTRIES 
TO BETTER RESIST THE EFFECTS OF EXTREME 

WINDS

(Proceedings of a Workshop)

Edited by

Richard D. Marshall and Noel J. Raufaste, Jr.

INTRODUCTION

The Philippines experienced more than 1401 tropical storms between 1965 and 1971. These 
storms cause many hundreds of deaths and many hundreds of millions of dollars of property 
damage. In 1970, for example, when the Philippines were lashed by four disastrous typhoons 
and 17 tropical storms, the death toll ran over 1,000. But wind-caused death and destruction 
are not confined to the Philippines; similar losses are inflicted on the Indian Ocean coun
tries, the Northern Caribbean islands, and the United States.
The problem of extreme winds and their effects on buildings is obviously one of considerable 
magnitude. It is a problem abetted by a lack of information about acceptable building prac 
tices and a lack of knowledge concerning the effects of winds on buildings.

Several conferences, workshops and seminars on extreme winds and their effects on buildings 
and structures were conducted during the past decade. One national workshop was sponsored by 
The National Bureau of Standards (NBS). This workshop, conducted in 1972 at Boulder, Color
ado, centered on current building practices, reviewed disaster mitigation activities and pre
sented recommendations for improvements.
While significant advances have been made in the assessment of wind loads on.buildings, much 
remains to be done, particularly in the area of low-rise buildings which have not had the 
research attention that has been accorded tall structures.

The United States Agency for International Development (USAID), being aware of this problem, 
requested NBS to develop improved design criteria for low—cost/low—rise buildings in develo
ping countries to better withstand the effects of extreme winds. Accordingly, one objective 
of the project is to assess the state-of-the-art of low-cost building technology. To accomp
lish this, a workshop was held with those individuals concerned with improving building de
sign criteria (research workers, engineers and design professionals).

This workshop was conducted during November 14-17, 1973, at the Dr. Paulino J. Garcia Memor
ial Hall, National Science Development Board, Manila. Four current state-of-the-art themes 
covering climatology and aerodynamics, structural engineering, socio-economic and architec
tural considerations, and codes and standards were discussed.
The first two workshop days were devoted to presentations of technical papers. During the 
afternoon of the first day, a visit was scheduled to the field test site at the Philippine 
Atmospheric Geophysical and Astronomical Services Administration (PAGASA) Science Garden in 
Quezon City where pressure measurements are being conducted on full-scale houses. Nine 
papers were presented during the technical sessions with time reserved for discussions. The 
third day was devoted to subcommittee working sessions and the resulting recommendations 
were presented and discussed on the fourth day.

1 Research Study of the Socio-Economic Aspects of Low-Cost Housing in the Philippines,
Progress Report, Sycip, Gores, Velayo, and Co. CPA, Manila, Philippines, March 1972.
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WORKSHOP RECOMMENDATIONS

The recommendations contained herein represent the consensus of the International Workshop 
attendees. They do not, however, constitute any individual endorsement by any one partici 
pant or organization.
It was the intent of the workshop to identify deficiencies in data gathering procedures, 
wind effects on buildings and building practices. The purpose of the recommendations is to 
upgrade, to a minimum acceptable level, design criteria for low-cost buildings, and finally, 
to suggest improvements in the building processes.

RECOMMENDATION 1 - COMMUNICATION AND EXCHANGE 
OF INFORMATION

A NATIONAL FOCAL POINT SHOULD BE ESTABLISHED IN 
DEVELOPING COUNTRIES TO PROMOTE COMMUNICATION 
BETWEEN METEOROLOGISTS AND CLIMATOLOGISTS, THE 
DESIGN PROFESSION, REGULATORY OFFICIALS AND 
BUILDING AUTHORITIES ON MATTERS CONCERNING THE 
DESIGN OF BUILDINGS TO RESIST WIND FORCES.

The interdisciplinary nature of wind effects on buildings requires close communication and 
cooperation between individuals in several areas of science and technology. This can best 
be accomplished through the establishment of a national focal point, such as a wind research 
center, where the needs of the design profession are identified and the collection of wind 
data can be directed to meet the needs.

RECOMMENDATION 2 - MANUALS OF ACCEPTED PRACTICE
MANUALS OF ACCEPTED BUILDING PRACTICE SHOULD BE 
FORMULATED BY COMMITTEES REPRESENTING APPROPRIATE 
SCIENTIFIC AND PROFESSIONAL ORGANIZATIONS, AND 
SHOULD INCLUDE STANDARD DETAILS OF CONVENTIONAL 
BUILDING SYSTEMS.

Manuals of accepted practice should demonstrate and explain in a manner acceptable to both 
practicing professionals and laymen, the design provisions and details necessary to ensure 
the satisfactory performance of buildings subjected to anticipated loads. The manuals should 
contain both textual and pictorial step-by-step instructions for the proper construction of 
buildings. The version intended for the layman should be formatted so that the reader can 
understand the instructions and requirements without professional assistance. The manuals 
should be revised as new information becomes available.

RECOMMENDATION 3 - LAND USE PLANNING

A COMPREHENSIVE PROGRAM ON IMPROVED LAND USE 
PLANNING SHOULD BE ESTABLISHED TO REDUCE THE 
DAMAGE POTENTIAL OF EXTREME WINDS AND HEAVY 
RAINFALL.

An effective system for improving land use planning should be implemented by appropriate, 
qualified professionals, and should include the participation of government agencies, an 
private and professional groups involved with building design, construction and financing.
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RECOMMENDATION 4 - COLLECTION AND DISSEMINATION 
OF WIND DATA "

METEOROLOGICAL AGENCIES AND RELATED GROUPS SHOULD
2 L EZS?Sbaced to collect mean hourly wind SPEED^AND PEAK GUST DATA AND DISSEMINATE THIS INFORMA-

™ PRIVATE ^  GOVERNMENTAL GROUPS INVOLVED WITH BUILDING DESIGN AND CONSTRUCTION.

period at the h ouroftobse^atior>StForUd ^ i m  reC°rd wlnd speeds averaged over a 10-minute
of 1-hour are more convenient, provided that^nf oration W±nd speedf averaged over a period also known. e at nformation on the peak gust within the hour is

RECOMMENDATION 5 - WIND OBSERVATION STATIONS
THE METEOROLOGY SERVICES IN DEVELOPING COUN
TIES WHICH REGULARLY EXPERIENCE HURRICANES OR
typhoons should take the lead in IMPROVING the

^  siiing °f ™ ” -

2 ?  s  - r : for —  -and areas having a potential for development SelerM ^ on of wind data in urban areas 
aimed at improving the geographic definition‘of d e s ^  wind Statl°n SlteS should be

RECOMMENDATION 6 - STRUCTURAL LOADING

A ^ S R!irDESIGN F0R m m  L0ADS SHOULD TAKE INTO ACCOUNT THE LOCAL WIND CLIMATE AND THE EFFECTS OF

s s s  o T s S T S s ? ™ ™ 0N

and intensity of t u r b u l e n c ^ c a r b e ^ r a s t L a U r S t e r e d ^ r 13!1011 f  SP<ied "lth helght> boring buildings. Basic design speeds

recommendation 7 - /Roofing and cladding loads

THE DESIGN OF ROOFING AND CLADDING ELEMENTS SHOULD 
TAKE INTO CONSIDERATION THE EFFECT OF ™  S  
SURE FLUCTUATIONS NEAR THE CORNERS OF ffoNC
THE EDGES OF ROOFS AND UNDER EAVES. ’

design the overall structure!68! ^ ^ ^ 1^ ^ ^ ! ^ ^ ^ ^ ^  ®XCeed the mean Pressures used to 
local failures which rapidly lead to complete failure of the ̂ trucLre^ ^ 0118 C“  °aUSe

/

RECOMMENDATION 8 - UNUSUAL BUILDING SHAPES
BUILDINGS HAVING UNUSUAL SHAPES AND STRUCTURAL 
CHARACTERISTICS THAT ARE NOT COVERED BY RECOG-

°F PRACTICE SH0ULD «  SUBJECTED TO APPROPRIATE WIND TUNNEL MODEL STUDIES.

design^winc^pressures?1 ^ ^ f ^ ^ o ^ l a t ^ l f ^ f 11'8 ^ecifying
generally possible to predict these pressures bv t-hon™* budldl“g aerodynamics, it is not 
vind tunnel teste in which the building and surface w i n d ^ r f  p ^ l ^ L ” 8' t0
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RECOMMENDATION 9 - MAINTENANCE
BUILDINGS SHOULD BE DESIGNED SO THAT ROUTINE 
PREVENTATIVE MAINTENANCE CAN BE PERFORMED WITH
OUT UNDUE DIFFICULTY.

Buildings and building components exposed to extreme winds are subject to damage or displace
ment. Buildings should be designed in such a manner that inspectors may check and maintain 
the building without undue difficulty. Such checks should be performed periodically and 
prior to the hurricane or typhoon season. Whenever possible, minimum maintenance materials 
should be used.

RECOMMENDATION 10 - POST DISASTER SURVEYS
PROVISION SHOULD BE MADE FOR CONDUCTING POST 
DISASTER SURVEYS BY APPROPRIATE GOVERNMENT AND 
PRIVATE GROUPS.

Post-disaster surveys provide extremely useful information on the adequacy of building code 
provisions, construction practices and building performance. The engineering community 
should develop plans and procedures to collect such information, interpret it, and dissemin
ate their findings.

RECOMMENDATION 11 - LICENSING OF PROFESSIONALS
ARCHITECTS AND ENGINEERS ENTRUSTED WITH BUILDING 
DESIGN AND CONSTRUCTION SUPERVISION SHOULD BE 
LICENSED BY AN APPROPRIATE PROFESSIONAL LICENSING 
BOARD.

The licensing board should establish rules and regulations that provide consistent require
ments for the licensing of all architects and engineers. These licensed professionals should 
assure that future buildings be designed to comply with the minimum wind loading requirements. 
It is essential to the sucessful implementation of improved building practices that archi
tects and engineers be familiar with these requirements.

RECOMMENDATION 12 - STUDENT EDUCATION
THE PROFESSIONAL SOCIETIES SHOULD WORK CLOSELY 
WITH COLLEGES AND UNIVERSITIES TO DEVELOP COURSES 
OF STUDY FOR ENGINEERING AND ARCHITECTURAL STUD
ENTS RELATED TO THE EFFECTS OF WIND ON BUILDINGS.

It is essential that information on improving building designs to better resist extreme winds 
be made available to architectural and engineering students. This can be accomplished 
through seminars, workshops and formal courses.

RECOMMENDATION 13 - CONTINUING EDUCATION
PROGRAMS OF CONTINUING EDUCATION SHOULD BE 
DEVELOPED AND IMPLEMENTED FOR INDIVIDUALS 
INVOLVED IN THE DESIGN AND CONSTRUCTION OF 
BUILDINGS.
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RECOMMENDATION 14 - WIND RESEARCH CENTFP

i J ™  RESEARCH center SHOULD BE ESTABLISHED AND 
SUPPORTED BY APPROPRIATE ORGANIZATIONS TO STUDY 
THE EFFECTS OF WINDS ON BUILDINGS.

^ e ^ a l h l ^ ^ S e ^ ^ ^ b l U h J n t 1' f he deSlgn n0f bulldi" * s to “ * «  loads are
with changing conditions S u ^ a i " ™ ^  n T ' T  Capablllty la essential to keep 
serve as a link with institutions in developed ^
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APPENDIX A

INTERNATIONAL WORKSHOP PROGRAM 
on the

"Development of Improved Design Criteria 
for Low-Rise Buildings in Developing 

Countries to Better Resist the Effects 
of Extreme Winds"

Jointly Sponsored 
by

U.S. National Bureau of Standards 
U.S. Agency for International Development 

The Philippine Advisory Committee
November 14 to 17, 1973

at the
Dr. Paulino J. Garcia Memorial Hall 

National Science Development Board (NSDB) 
Herran, Manila
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WELCOME REMARKS 
by

Thomas C. Niblock
Director, U. S. Agency for International Development 

Mission, Philippines

Ladies and Gentlemen:
I would like to congratulate the planners who made this conference possible. One of the 

problems which has faced planners providing foreign assistance is that of assuring that the 
benefits of such assistance accrue to the poor. Many critics have asserted that one of the 
major failings of foreign aid is that the benefits go primarily to the rich. They see slums 
growing, that the poorest farmers have benefitted little from increased agricultural produc
tion, etc. Consequently, some Members of Congress and others despair of supporting foreign 
assistance.

Certainly, one of the problems most difficult in this typhoon-prone country is that of 
providing wind-resistant shelter at a cost which the average person can afford. What you 
will be discussing is a very relevant topic not only because it is addressed to a technical 
problem of the profession, but because the target of this work is the underprivileged group 
in the community. I think that if this seminar can provide us a significant step forward in 
improving low-cost housing programs, a tremendous need throughout the developing world, it 
will have made a significant contribution.

The U.S. Government has had a program for many years which has provided investment guar
anty to institutions wishing to invest in housing projects in other countries. Large sums 
of money are available from U.S. savings institutions, some of which are available for trans
fer on a loan basis to the developing countries. These funds have assisted in some measure 
the improvement of housing programs in North America. But the terms and conditions on which 
these funds have been available are such that they have gone largely to the middle class.
If you can make a contribution in improving the technology, types of materials, the designs, 
or whatever for low-cost housing, there is the potential of funds to finance such housing.

For the first time in 10 years I expect to see passed shortly a new Foreign Assistance 
Bill. This new bill emphasizes the necessity to find ways and means to have more relevance 
for the poor people in the world. No longer is it adequate to provide economic assistance 
without concern as to whom the primary beneficiaries will be within a country. This new bill 
provides us with an opportunity and with a challenge. We must find ways to exploit the 
opportunity and to address the challenge. Certainly the subject you have chosen is one of 
great relevance in light of this new legislation.

It is for this reason that I am particularly anxious to encourage this group and others 
to deliberate and discuss ways of achieving greater benefits for the poor with the use of 
foreign assistance. With you here, I am looking forward to a fruitful conference.
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INTRODUCTORY REMARKS 
by

Alfredo L. Juinio
DEAN, College of Engineering, University of Philippines

Director Niblock, Dr. Tabujara, distinguished guests from overseas, my esteemed col
leagues in the profession— and I see my mentors —  ladies and gentlemen: In a way this is
like a homecoming. I have been out of step for sometime now and I feel lost. I am glad of 
this opportunity to be able to be with you once more. Now I am in my own element. First of 
all, I want to do my job as the Honorary Chairman.

To our guests, especially those from overseas, welcome. I hope you are enjoying your 
stay here.

I wish to congratulate the organizers of this International Workshop for bringing to
gether engineers, scientists and researchers, who are all very much interested in the study 
of extreme winds as they relate to the design of buildings.

Mr. Niblock of course has very ably explained to you why this is very important to this 
country. I refer to the emphasis placed on low-rise/low-cost buildings. After all, it 
is said that the Philippines suffers from the great frequency of strong winds —  destructive 
typhoons. With respect to the designing of buildings and houses this Workshop can do a lot 
in solving this problem which affects a great bulk of our people, more than 95 per cent of 
our people.

As far as I can recall, this may indeed be the first serious cooperative effort to seek 
local design criteria, particularly for low-rise, low-cost buildings.

Before this seminar I remember when I was actively teaching that we used textbooks 
printed overseas. We can see now how the data on wind velocities printed then differ from 
actual figures. I remember too that in the Greater Manila area the effects of strong winds 
differ where roofs of rich homes blew up while humble hovels stayed put. We can see from 
that that we know so little and that we have to extend what we know. That is why we are 
glad about the approach being done to this project at this time.

The effects of typhoons which visit the country every year easily makes the Philippines 
a convenient natural laboratory. I remember that two years ago we were hit by about 23 ty
phoons. Dr. Kintanar, correct me if I am wrong; I think we are being hit by 17 or 19 ty
phoons of varying degrees every year. This makes the Philippines a fertile ground for re
search.

In this regard, I am fully aware that our PAGASA, the former Weather Bureau, has collec 
ted throughout these years an enormous amount of wind data. I believe, Dr. Kintanar can 
elaborate on this later.

Unfortunately, in the past we suffered from one common deficiency —  we did not have 
enough funds to collate these data. And these have not been properly nor adequately corre
lated with engineering applications so as to be readily useful to engineers, architects, 
designers and builders. I think we can make further progress if we begin with the data 
collected by Dr. Kintanar who has collected these over the years.

With the advent of more sophisticated pressure devices and related recording equipment, 
the much desired correlation among important parameters can now be done quite conveniently. 
The more one gets exposed to this might and fury of the forces of nature, the more healthy 
respect he develops for them.

I am reminded of the time when we were flying over Central Luzon. We wanted to see the 
conditions in Central Luzon during one of those times. But when we saw the situation, the 
might of the wind and water forces —  we told the pilot: "We place our lives in your hands. 
We went back. I think that is something we do not appreciate until we realize or see the 
destructive might of these forces of nature.



Admittedly, there is still no substitute for fullscale tests if done extensively. The 
enormous amount of wind information already collected will be very useful for building con
struction or building design. However, this kind of investigation can indeed prove very 
expensive. It is with this thought in mind that this study plans to include wind tunnel 
tests to complement actual field results. The project is planned for three years and we 
wish it can be accelerated. However, we can all be confident that whatever recommendations 
may come out of the study will be arrived at in accordance with scientific and refined 
methods.

A fact which must be appreciated is that the Advisory Committee is composed of experts 
in their own right representing various government and private entities, as well as profes
sional organizations.

Some two years ago when this project was talked about, I was approached to express my 
feelings about it. I remember that one of the compelling reasons given by the organizers 
was how we can effectively organize all sectors —  academicians, active contractors, build
ers, designers, architects, engineers and everybody concerned with buildings.

At this time I am glad to report to you —  I express my feeling —  that this can be 
done. And this can be done because there is a common interest in all of these people.

Their enthusiasm and support serve to encourage and inspire us all. It vindicates a 
feeling I have expressed many times before that such cooperative effort is indeed feasible.

We are grateful to our friends from the U.S. National Bureau of Standards and the USAID 
for making available to us valuable and modem equipment without which this research cannot 
be as meaningful as it is intended to be.

On our part, we hasten to assure our colleagues that we will contribute whatever skill 
and knowhow we can muster until we shall have attained our objectives. We pray for and look 
forward to the success of this undertaking with the sobering thought that we all have so 
much to learn. Thank you.
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BACKGROUND OF STUDY 
by

i.' ns; Noel J. Raufaste Jr.
Center for Building Technology, Institute for Applied Technology, 

National Bureau of Standards, Washington, D. C. 20234

Thank you, Mr. Caliwara, Dean Juinio, Mr. Niblock, Dr. Tabujara, ladies and gentlemen, 
good morning. It is a privilege for us to be here and to participate in this Workshop and 
to work with so many distinguished attendees.

I would like to thank you for being here this morning. I very much appreciate your 
attendance. I should especially like to welcome the new members of the Philippine Advisory 
Committee and all nonmembers attending this Workshop this morning and for the ensuing three 
and a half days. We are proud and happy to have you associated with us, and we promise to 
do whatever we can to make your attendance at this Workshop a meaningful one.

This morning I would like to summarize with you the direction which we are going and, 
with some careful focusing and delineation as with the aid of a telephoto lens, give you a 
glimpse of the activities that lie ahead and what needs to be done. First of all, in order 
to perhaps develop a little better appreciation of why we are here and what we are doing, 
let me quickly review with you who we are and present to you a background of the activities 
associated with this project.

The National Bureau of Standards, located in Washington, D. C., provides technical re
sources to all federal agencies and to state and local agencies. We also provide support to 
private industry, universities and the general public through our role as the federal lab
oratory. We do not develop new products, materials or systems nor do we compare or rank 
competitive products* We are, however, engaged in developing improved technology, and in 
our case for building related activities, and in the dissemination of such technology. As 
such we are actively involved in testing material products, developing standardized test 
procedures, designing new instrumentation for improved testing, and developing materials and 
component specifications.

The National Bureau of Standards has recently completed a two-year research project in 
which many of you participated. This project was sponsored by USAID to provide initial re
search and analysis on the design, siting and construction of low-cost buildings to better 
resist earthquakes and windstorms. This project evaluated the potential of applying im
proved housing technology to mitigate earthquake and extreme wind damages to buildings in 
developing countries. In addition, we evaluated relevant socio-economic and cultural con
straints which could affect current and new technology. This project recommended that ad
ditional research in extreme winds has a potential for very high payoffs.

I would like to introduce the project sponsor, Mr. William Littlewood from USAID.

This is one of several projects within the National Bureau of Standards overall program 
in building practices for disaster mitigation.

The recommendations from the previously mentioned project were based on such factors 
as: (1) building failures due to extreme winds in the Philippines and other developing 
countries represent annual losses of many millions of dollars and hundreds and even thou
sands of lost lives. We all know the after-effects of the 1970 typhoons in the Philippines. 
This problem requires immediate attention. (2) A more complete data bank exists about ex
treme winds and their effects on tall buildings; however, little wind data currently exists 
on low-rise buildings.

Also, there is considerable evidence to indicate that existing codes do not make pro
vision for steady and fluctuating wind pressures along the edges of roofs and walls where 
separated flows occur. These regions of extremely low pressures, coupled with high uplift 
pressures under overhanging eaves, constitute an example of one building area in need of im
proved design criteria. This topic will be discussed by Dr. Marshall. The above are only 
examples of some of the background leading up to initiating this research.
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Thus, the objective of this project is to develop improved design criteria for low-cost/ 
low-rise (10 meters and under), houses, school buildings community centers to better resist 
the effects of extreme winds (130-140) knots) in developing countries, and to transfer this 
information in a form suitable for implementation by most individuals in highwind countries. 
Because the Philippines experience the highest incidence of high winds, this nation can serve 
as a natural laboratory for extreme wind research.

Our project was formally started in February of 1973. Early in the project we identi
fied interested organizations and agencies, universities, and other groups from the Phili
ppines, Bangladesh, Jamaica, and third party countries to participate in and direct major 
project tasks. This was performed during April and May of 1973.

Examples of such participation from the Philippines include the Philippine Atmospheric, 
Geophysical and Astronomical Services Administration which has donated parcels of land at 
their sites for the construction of full scale test houses. The University of the Philippines 
will perform wind tunnel testing and the National Housing Corporation has constructed the 
first test houses at the PAGASA's site in Quezon City. We will visit this house later in 
the afternoon.

In addition, we identified Dr. Choudhury from the Bangladesh University of Science and 
Technology, Dacca, to represent his country and the selected Indian Ocean countries in 
assisting us with his experiences and expertise in providing us with climatological, socio- 
economical and structural related data. Mr. William Woudenberg from CARE, Inc., Bangladesh, 
will also discuss related topics about his low-cost house. Mr. Adams from Douet, Brown, and 
Adams and Associates, an engineering consulting firm in Kingston, Jamaica, will represent 
Jamaica and the Northern Caribbean Islands in collecting data and sharing his experiences 
and expertise with us. Dr. Keith Eaton, Senior Research Officer from Building Research 
Establishment in the Unitad Kingdom, has gracefully accepted an invitation to be with us.

During the summer months we assembled and tested our first data acquisition system for 
our test site No. 1. We transported this system to the Philippines during our second visit 
in September where we instrumented one test house at test site No. 1 in the Greater Manila 
Area. And as I mentioned before, we will visit this house later on this afternoon.

The curve in Figure 1 represents the mean monthly frequency of tropical storms in the 
Philippines. This information is from Dr. Kintanar's publication entitled "Tropical Cy
clones for 1970." Our thanks go to Dr. Kintanar and his staff for this information. As 
you can see, this curve oscillates for a period of two and one-half years, the length of our 
project. It oscillates from an average of about 3.5 storms per month in the late summer to 
less than one-half storm in late winter. The activities above the horizontal axis represent 
full scale tests of our buildings. The first of seven houses was instrumented with wind 
measuring equipment in September and the last is scheduled to take place in June, 1974.

The activities below the horizontal line indicate the schedule for wind tunnel tests.
As you see, initial wind tunnel modeling has been performed by the Colorado State University 
under the direction of the National Bureau of Standards and will be transferred to the Uni
versity of the Philippines Aerodynamic Laboratory next week by Dr. Marshall. This transfer 
will permit Professor Alejandrino to commence his wind tunnel testing program using a scale 
model of 1 to 80 of the actual full scale field test buildings. Such testing will provide a 
correlation of information collected in the field with that collected in the tunnel. It 
will provide us with additional knowledge to optimize the physical placement of the pressure 
transducers (wind measuring equipment) on the full scale test house. The other two horizon
tal bars represent further refinements in the University of the Philippines wind tunnel test
ing program.

Figure 2 illustrates the wind measuring equipment on our test house at the Science Gar
den site. Note the pressure transducers on the roof. There are six on the roof, two mount
ed on the exterior walls, and one special transducer mounted on an inside wall to measure 
internal pressures.

The data collected by the pressure transducers are recorded by a 14-channel tape re
corder located in an air-conditioned building adjacent to the test house. The data acquisi
tion equipment under normal conditions is operated with commercial power. However it has 
back-up power through batteries should commercial power fail during a storm.
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Figure 1. Schedule of NBS Wind Research Project

Figure 2. Test House No. 1, Quezon City Test Site.
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In addition to instrumenting a test house in September, we also selected a second of 
three field test sites to record wind effects on buildings. This site is also owned by the 
PAGASA which contributed greatly in identifying appropriate locations.

This is a very brief summary of the background of our activities. This leads me to ask 
why we are here today. This Workshop is the first major step toward coordinating the tech
nical planning and organizing the associated activities to improve design criteria for low- 
cost/low-rise buildings. What we are all doing today and for two and a half additional days 
is to learn more about each other professionally, to share with each other information we 
already know and, more importantly, to jointly identify areas and data gaps which when filled 
will bear fruit in a relatively barren desert. We want to develop conclusions and recommen
dations about where we should go from this point in time. Viewed another way, we are asses
sing the state-of-the-art in mitigating damages to low-cost/low-rise buildings from extreme 
winds. As you can see from your program, our Workshop is divided into four major categories: 
the first is Climatology and Wind Related Problems; the second deals with Structural Related 
Technology; the third involves Socio-Economic Aspects of Low-Cost Buildings with emphasis 
placed on housing; and the fourth centers around Building Codes and Standards.

These categories are addressed initially by technical papers. On Friday, we will break 
into four groups, each group representing one of the major subject categories where we will 
discuss our respective topic and develop conclusions and recommendations based upon each 
member's background and experiences and from information presented during this meeting. On 
Saturday morning the conclusions and recommendations will be presented. Later in the year a 
proceedings report will be prepared from the information assembled during this Workshop. I 
think at this point you may be wondering what is the end product going to be and who will 
use it. Well, this is also one of the purposes of bur Workshop. Mr. Niblock in his presen
tation suggested that we not forget the importance of implementation.

The implementation aspect of this project must satisfy the requirements of technical 
and non-technical users. The first group will be able to understand technical documents.

An example of one such document presenting technical information is our American 
National Standard A 58.1-Building Code Requirements for Minimum Design Loads in Building and 
Other Structures. This document is used by those individuals engaged in preparing and ad
ministering local building codes. A similar appropriate document will be prepared at the 
end of this project. But, what about the man-in-the-field? What is he going to use to im
prove his building construction methods?

The National Bureau of Standards prepared in cooperation with the Ad Hoc Committee on 
Fuel Conservation, Office of the Special Assistant to the President for Consumer Affairs, a 
brochure entitled, "7 Ways to Reduce Fuel Consumption in Household Heating Through Energy 
Conservation." In this brochure we presented in a simple and straightforward manner ways we 
could reduce fuel consumption. For example, we suggested that if the homeowner insulated 
his home with the minimum recommended thickness of insulation he could reduce his heating 
bill by approximately 15 per cent. In addition, the costs associated with installing the 
insulation could pay for itself due to the reduced heating bill in about ten years. While 
we are not concerned with insulation in this project, a similar format could be prepared to 
illustrate for example, improved building connection details to better resist extreme winds.

I hope that what has been presented so far today has given you a little better impres
sion of the overall scope of work and has answered some of your questions. I have addressed 
myself specifically to the background and general areas associated with our two and a half 
year research project. Those who follow me will deal more specifically with the topics of 
our Workshop.

We hope that all of you will be curious during the ensuing days. We also hope that you 
communicate whenever you feel others may benefit as well as you. As you know, communication 
is a two-way process and this roomfull of individuals with a broad range of specialized 
skills is a place where questions must be asked and answers communicated —  your answers to 
us and ours to you. For the next three and a half days we will be engaged as curious people 
working together in this meeting place. After the three and a half days are over, we will 
leave. But if our meeting is a successful one, if we really do communicate with one another, 
I believe you all will continue to look for answers, arising out of apparent data gaps dis-
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cussed during the next few days and the newly discovered data gaps popping up after this meet 
ine asking new questions, looking for new answers and communicating them to the Philippine 
Advisory Committee and to the staff of the National Bureau of Standards. Thank you.



SUMMARY OF LOCAL ACCOMPLISHMENTS 
by

Ernesto G. Tabujara
Professor of Civil Engineering, University of Philippines, 

Quezon City, Philippines

JU1"1°> Mr‘ Rau£aste- our guests, colleagues and friends. When the Program Com
mittee requested me to render a summary of local accomplishments, I immediately accepted the 
assignment because I felt it would be very easy. I was sure thai even if I did not sly any!
I 'will n «  toat o r r t « ”ent” al°ne was enou®h to indicate that some things had been done, 
you will°allow me ^  “  b~  * “ > 1 ^

The previous speaker, Mr. Noel Raufaste, gave us a comprehensive account of the back-
SlaJmn i V J f  r?seaJchu from the standpoint of the U.S. National Bureau of Standards, which originally developed the proposal. What Noel failed to mention -  and this he may not be in
mentSact°al 1 ° 13 ^  far 38 the 1<JCal P°lnt of view is d e e m e d ,  our involvement actually started at a dormitory cafeteria at Honolulu, Hawaii, almost a year aeo At
, a t * T Mf’ Bl11 L:Lttlewood> Associate Director, Agency for International Development 
based in Washington, D. C. and Dr. Ed Pfrang, Chief of the Structures, Materials and Life 
f - 7 D^visaoa of the U.S. National Bureau of Standards suggested to Dean Juinio and myself 
did not t ^ ^ . ^ ° 8ether 30 tbat we could discuss a very interesting research proposal. It 
indeed * gentlemen long to convince Dean Juinio and me that the project was
indeed a laudable one and we knew right then and there that it would draw the interest of our colleagues in the Philippines. j-ncerest or

I wouid like to think that the very first local accomplishment was made when Dean Juinio
toThink that Unl^e^Slty °f the Philippines Building Research Service to this endeavor -  and 
r v ? L f  t u accomplishment was actually consumated at Honolulu, a foreign coun-

we talked “  T  ^  t0day are V6ry happy to see that the research projectwe talked about is now on its way to full implementation. H J

w h i r h ^ P i r ^  11111631:0116 1x1 the local effort was the formation of the Advisory Committee 
which held its organizational meeting on April 27, 1973. We were very glad to bring togeth- 

experts in their respective fields to compose this body —  and this alone is quite an 
accomplishment The response from the Government and the private sectors was spontaneous,
I.?® 11 ];urned oat> 25 scientists, engineers and researchers representing 11 government

shipt of SthisUAdvlsoryS Commit tee8"1231"10113 “ d W ° Pr±Vate gr°UpS’ up the total —

^±nCe ±tSj  f°rmatlo*> the Committee has met on several ocassions to come up with impor- 
ant recommendations and decisions as these pertain to local conditions affecting the study 
In accordance with a reasonable timetable, the Committee decided on the construction of d 
experimental houses which would be fully instrumented for wind pressure readings. For con
venience and expediency, the Science Garden of the PAGASA (formerly Weather Bureau) at
S : s “ s,;:: "  “  '*-* ■■■■ • -  —  -  —  »

technicians to double as observers. This move led to a mutual effect in that PAGASA techni
cians, in turn, assigned at the Science Garden suddenly found themselves with a new home.

„hi . 1 a“ t,appy 5° “ P°“  th“ the National Housing Corporation donated the first house,
,, h together with the Installation of the measuring and recording apparatus, may be con- 
sidered the third milestone in this collaborative effort.

. also be interested to learn that all equipment worked perfectly during the
thincs-°f H W h ° nS TT1 ?8 and Narsing sometime last month, and this is a tribute to^wo
in Washington D °u ^  equipment at the National Bureau of Standards
ability of Dr* L w /  J V ? J PPJn8  ̂ °Ver’ and (2) the excellent know-how and cap-lity of Dr. Richard D. Marshall who almost single-handedly installed all the equipment on
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the first house. Although General Gaudencio V. Tobias and Colonel Alejandro R. Kabiling of 
the National Housing Corporation would humbly refuse to confirm that their product is the 
best low-cost house for one's money, I get it from reliable sources that the direct costs 
of this donation amounted to some 10,000 pesos.

The fourth milestone is the current construction of the second house located near the 
first one. This 12,000 peso committment by the Land and Housing Development Corporation,^ 
ably represented in the Advisory Committee by Colonel Alberto Sanchez, differs from the first 
one in that the roof slope has been made steeper, the ridge line oriented at right angles to 
the ridge line of that of the first house, and we are still hoping to use lightweight con
crete —  called porous concrete —  instead of the popular fiberboard for the exterior walls. 
Unfortunately, the gasoline shortage has caught up with the construction of the house and 
deliveries of various materials have become most difficult, causing an unforseen delay m  
its completion. However, we are still optimistic, that we will have the house ready for Dr. 
Marshall and his assistants immediately after this Workshop is over. We will all have the 
chance to see for ourselves these phases of the research during the visit to the site sched 
uled for this afternoon.

The Advisory Committee appreciates the desire of the National Bureau of Standards to 
supply and make available for our use thousands of dollars worth of equipment and related 
measuring and recording devices. Details of the formal transfer of the equipment, which are 
to be donated to the Philippine Government through the Advisory Committee, are being wor ke 
out. The PAGASA and the National Hydraulic Research Center have accepted the responsibility 
to act as custodians for the devices used in full-scale tests and those for the wind tunne 
experiments, respectively.

The Advisory Committee has drawn up line-budget proposals for support of this program 
as our counterpart. Some more details will have to be clarified before we can realize tan
gible and favorable results, but in the meantime, I am happy to say that the Committee was 
able to solicit substantial logistical aid from industry, from professional organizations 
and from concerned individuals. As a matter of fact, the financial assistance given by these 
quarters is perhaps the greatest accomplishment of the Advisory Committee to date - or 
without this help sponsoring this International Workshop would not have been possible. In 
behalf of the Advisory Committee, other activities of the Advisory Committee xor the near
future include:

1. Selection of Daet, Camarines Norte as the second test site 
with a view of constructing two experimental houses at the PAGASA's 
weather station there.

2. Consideration of three choices for the third test site. This 
location will have to be decided shortly after the Workshop.

3. Committment of the construction of four houses at these two 
additional sites. The People's Homesite and Housing Corporation has 
announced their donation of two houses at one test site, while the 
Government Service Insurance System has promised to construct the other 
two at the third site.

4. Informed the staff of the National Hydraulic Research Center 
of the start of the preliminary wind tunnel testing which will comple
ment field observations.

5. Alerted possible end-users of the results of this research by 
agreeing to make available any useful findings even if these have not 
been formally released.

The above summary reflects the enthusiasm of each and every member of the Advisory 
Committee. It has been my pleasure to be a part of this undertaking. We now all look for
ward to a very fruitful research. Thank you.
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CLIMATOLOGY AND WIND RELATED 
PROBLEMS IN THE PHILIPPINES 

by
Roman L. Kintanar

Director, Philippine Atmospheric, Geophysical and Astronomical 
Services Administration (PAGASA), Quezon City, Philippines

ABSTRACT

. t0 s^ e s l z e climatological information particularly wind data into
a form which would be most useful to engineers and designers of building and/or low-cost 
housing in the Philippines or in similarly situated tropical countries.

5irSt p°rtio" summarizes the climatic controls and resulting wind systems which 
dominate the country for each particular season of the year. It also gives statistical in- 
ormation on transient systems which give rise to very strong wind speeds experienced* in the 
H i ! 7 - Pa£ticular> the frequency distribution of tropical cyclones for various parts 
of the country have been determined and incorporated in the analysis of extreme wind values.

wind t±0n ^  ^  d6alS ^  the stat±stical analysis of extreme maximum
hp?fhrPofd?nb °n uU te sustained maximum winds observed at a standard anemometer

rh! p h -t"0 ^  m abovathe 8round . The wind data are extracted from all available records at the Philippine Meteorological Service covering periods ranging from 12 to 21 years.

as di^ussed^v^om'rQ^"10^ ! 1160̂  ^  (1’2) and the fittin8 technique of Liebleintain f? by (9)» f table was P^pared giving the annual maximum wind speeds at cer-n specified recurrence intervals for 19 representative stations in the Philippines.

f-ho ef111!11! ’ lt: ±S sug8fsted that for estimating maximum wind speeds at levels higher than 
o and3r anemometer height of 10 meters, the logarithmic relation of wind speed with height may be employed. p

INTRODUCTION

PaPe r Puts together Philippine climatological data particularly wind observations 
Sat t h S S  V T  to engineers and designers of buildings. It should be mentioned that this work is done without any joint action between the author and a design-engineer.

ro1oo.toal1”at°10flcalulnf0rinatl0n ls 3 f°rm 0f information derived from the historical meteo- rologica1 parameters by some statistical means. Its importance has proved useful in the
rhi S ° n • agricultural, industrial, and management problems in general. In particular, 
the planning of an engineering design requires such form of information. This type of in
formation, called a climatological design value, will assure with a given probabmty level 
that an engineering system will adequately meet a set of prescribed design requirements.
the of analysls 5°f.?hlS type of Information is a problem of the climatologist, while

assignment of a probability level and other design requirements are that of the engineer
jo” ;obi:mco r bc:t£fthe neteoroiogicai variabie - d its ^ ^ p  « *  ^  s. a '

Other in design problems, the climatological variable of interest is the wind velocity. 
The prevailing trajectory of winds helps the designer in determining the proper orientation
» d  res * < T “CtUreS- vF°r thlS PUrp°Se' 3 brlef discussion on the cliLtic con“ o U  c^rts of th8 a systems which dominate the country is presented. Likewise, the monthly charts of the wind systems streamlines are shown. y

With reference to the strength of the designed structures, the variable of interest is 
the extreme maximum wind speeds as suggested by several authors (2,3,4,12 15 16) This
11 T *  ! fr ?  tha! if a deSigned ^ructure can withstand thi higheJt ialui in a year
statist^klW^ e Wlthatand a11 other values in a year. The method of analysis used is the 
G^blir^ i /  ?!7 l l  y f ues by Gumbel (1>- 11118 theory has been widely employed byS T  ! A, Sbeyiafd >3,4) in Great Britain and in the United Kingdom, Kintanar(5) in
the Philippines, 0kubo(13) ;.n Japan, and Thom(16) in the United States of America. This
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theory is likewise applicable to hydrometeorological analysis of extreme values. Lirios(7) 
and Ferraris(8) have used the same theory in the analysis of maximum rainfall amounts in 
Barbados and in the Philippines, respectively.

The Lieblein technique as described rigorously by Thom(9) is used in fitting the double 
exponential probability function. This method is quite simple and convenient. It is quite 
accurate as compared to the other methods discussed by Lowery et al(10). The maximum likeli
hood method is best and accurate, but the procedure is quite complex and tedious.

The data analyzed consist of one-minute-maximum wind speeds from all available records 
of the Philippines, Atmospheric, Geophysical, and Astronomical Services Administration.
The length of records ranges from a minimum of 12 years to a maximum of 21 years.

Subsequently, maximum wind speeds that are likely to be equalled or exceeded at certain 
specified recurrence intervals are obtained. However, corrections may be applied to the 
above results due to other factors such as the frequency of tropical cyclones and the loca
tion and height of the design in question. The recurrence of maximum wind speeds are most 
likely in places where tropical cyclones are most frequent. Thus, a simple linear relation
ship is used to express maximum wind speeds as function of the tropical cyclone frequency 
in different places in the Philippines. This idea was set first by Hizon et al (11) but 
which however is not quite elaborate. On the other hand, the wind profile in the vertical 
as found out by 0rlenko(12) varies exponentially with height depending upon the roughness 
characteristics of the ground. Hence, the logarithmic method of estimating the maximum 
wind speeds at some levels above the ground is utilized. The values of the roughness para 
meter employed for places considered in this study is likewise that of 0rlenko(12). The _ 
power law used by Hizon et al (11) and 0kubo(13) may likewise be applicable but, this method 
gives no separate values of the roughness characteristics of the ground between towns and 
cities. In other words, the logarithmic method is more appropriate in this study.

A table of factors in obtaining the maximum wind speeds at different places like towns 
and cities and at different levels above the ground is presented. The overall results of 
this study may therefore enable the engineer or designer of buildings to design his struc
ture on the basis of meteorologically calculated risks.

A REVIEW OF PHILIPPINE CLIMATIC CONTROLS
The climate of the Philippines as presented by Flores et al(14) based on the classifi

cation of Koppen, Coronas, and Hernandez shows varied types of climates from place to place. 
The regional variations of climates are attributed to the climatic controls which act in 
various intensities and in different combinations producing changes in the climatic elements 
observed in that region. These climatic controls are: wind systems, tropical cyclones,
semi-permanent cyclones and anticyclones, ocean currents, thunderstorms, geography an 
topography, and linear systems. The following is a discussion of each of the above cited
climatic controls:
a) Wind Systems Affecting the Philippines

The climate of the Philippines is largely controlled by the wind systems affecting the 
Philippines as a result of the seasonal differential heating of neighboring continents and 
oceans. The major types of wind systems that affect the country at different seasons of the 
year are:

1) The Southwest Monsoon
This air stream is sometimes called the southwesterlies. It originates as Indian Ocean 

Trades from the Indian Ocean Anticyclone during the Southern Hemisphere Winter. On its 
journey northward, it is deflected to the right in the Northern Hemisphere as it crosses the 
equator reaching the country as a Southwesterly air stream. It is of considerable depth, 
often extending from the earth's surface up to 10 km. The surface trajectory is shown in 
Figures 6 to 9 based on the 21- year records. This air stream affects the country as early 
as the month of June. It attains its maximum intensity in August and gradually recedes in 
the later part of September. In some occasions, it may blow in surges and persists up to 
the later part of October. Heavy rainfall concentrated along the western coastal areas of 
the country during the period from June to September is caused by this air mass.
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2) The Northeast Monsoon

„ , , air mfss.is sometimes called the Northers or Winter Monsoon. It originates in the
ti r fAnt11r Cl0n\ and ,SPiralS ~ d aCrOSS Japa” * » * r L  “ a NortS-. . . Ocean. It finally reaches the country as a Northeasterly air stream It

ns t v ^ e5 lng f iliPPl? f  durln® £he later pa“  °f October, attains its in-tensity in January and gradually recedes in the later part of April. The traiectorv of rhi* 
air stream is shown in Figures 1,2,3,4,10,11, and 12. This ai/stream is rattlr sSllow
Tt abo«SirW 2 L tD ™ 1/2 km‘ temperature inversion layer of this air stream is moderate, ^  11113 air stream is responsible for the relatively cold weather spell and
heavy rainfall along eastern coastal regions of the country during the winter s e a s o n " " ^

3) The North Pacific Trades

generally 'IT® f ™ "  tha North Paclfic Anticyclone arriving in the Philippines
m ! n ? ? andI.east "sections. It blows dominantly during the months of

pril, May and October (see Figure 5). It usually overlies the Northeast Monsoon air mass 
oyer the eastern sections of the country. It is distinctively the warmest air mass that 
af ects the country. Its convective activity may result to the formation of fair weather 
cumulus and stratocumulus clouds owing to the presence of dry layers above it. At times 
showers may result from a towering cumulus developed by this air mass.

4) The South Pacific Trades

phereThi t ai L « rrom,.rl8ln^ eS £r°m ^  S°Uth PaClfic Anticyclone in the Southern Hemis- 
l  T «  , h right Up°n crossing the equator and reaches the Philippines as a

at l l 6, f ly flow dunn5 Xt is warm and quite moist at low levels and^elatively dry
pp eve s. t is difficult to distinguish this air stream from that of the Southwest 

Monsoon air mass because thei* characteristics are almost similar. These air stream* m e for-
layL°attabouffi/2£kiloirrSUb3i^ r e dayers' 11,6 south ^cific Trades has its inversion
high from the slf^ce ° S°UthWeSt MOnSO°n ±S at abou£ 4 ^l<>-ters
t>) Tropical Cyclones

They - r r ^ p o n l i b L ^ L f S r m x i ^ v a i u I s ^ o f l i ^ f ^ e e l r t o ^ e n U a r r l L L J r ^ ' d ^ r 6;

clonef in^he1̂ 8 "t 3 “ ““T  c°nSldered t0 have the 8 « atest frequency of tropical cy- clones in the world. In general, these cyclones are destructive to life and orooertv A
™ , ° f ^amages lnfllcted by these cyclones in the Philippines for a periodPfrom 1948 and
worJhlll m ? n annUal ” T  °f 960 casualtlea - d  an estiLted yearly^oss to prop!«y fnrm Hion pesos. During this period of study a total of 483 tropical cyclones
formed in or entered into the Philippine Area of Responsibility. Out of this number about42% touched or crossed the Philippine Archipelago. number, about

The tropical cyclone season in the country generally covers the period from June to 
December although the rest of the year is not entirely free from these cyclones. Table
of these^cyclones^wh-f ??nUal ^ e(piency °f these cyclones. Figure 21 shows the histogram ot these cyclones while Figure 13 shows the mean percent frequency in different parts of the
country. These cyclones follow widely variable tracks in the vicinity of the PhiMnnine* 
moving at an average speed of 6 meters/second. They usually affect the country from^ to 7 days depending upon their trajectory characteristics. country from 1 to 7
c) Other Climatic Controls

!) Semi-Permanent Cyclones and Anticyclones

The climate of the Philippines is controlled to a certain degree bv the location anA
intensity of nearby semi-permanent cyclones and anticyclones. They are responsible for the
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evolution of air streams and ocean currents affecting the country at different seasons of 
the year. The large anticyclone centered off Siberia is responsible for the evolution of 
the Northeast Monsoon while that one located over the Indian Ocean is responsible for the 
evolution of the Southwest Monsoon air mass.

2) Ocean Currents
The ocean current affecting the country is the North Equatorial current moving westerly 

across the North Pacific Ocean. This current splits into Northward and Southward branches 
upon reaching eastern coastal areas of the archipelago. The Northward bound current becomes 
the Korushio Current while the Southward bound current flows along the east coast of South
ern Visayas and Mindanao, recurves to the east and becomes the Equatorical Counter Current. 
Motions of ocean currents are attributed to the difference in insolation the ocean received 
and due to the driving effect of winds upon contact with the surface layers. The tempera
ture at the surface of the sea in the vicinity of the country is relatively high. Thus, air
passing over the warm sea surface becomes impregnated with water vapor.

3) Thunderstorms
Thunderstorms are relatively small scale and short period disturbances as compared to 

tropical cyclones. They are usually triggered by the presence of the moist and unstable air
streams coupled with orographic lifting. They affect the country practically all months of
the year.

4) Geography and Topography
The country is made up of approximately 7000 islands which are grouped into three re

gions namely: Luzon Region, Visayas Region and Mindanao Region. The islands are mostly
oriented north to south and completely surrounded by large bodies of water. Luzon, the 
largest island, consists of several mountain ranges of more than 500 meters high. The 
Sierra Madre Mountains are located along the eastern coast of Northern and Central Luzon.
The Ilocos Ranges are located along the Western coast of Northern Luzon, while the Cordil
lera Ranges lie between the Sierra Madre and the Ilocos Ranges. The Zambales Ranges are 
situated along the western coast of Central Luzon. Most of the bigger islands of the 
Visayas also have 500 meter elevations or more are situated in western, central and eastern 
portions of the island. These topographical features may serve as the orographic obstacles 
to the air streams affecting the country. Figure 22 shows the geographical and main topo
graphical features of the Philippines.

5) Linear Systems
The Philippines is also affected by fronts, the intertropical convergence zone, and 

easterly waves which are referred to as linear systems. The behavior of each of these 
systems is as follows:

(a) Fronts
Frontal systems affect the northern portion of the country during the winter season 

only. They are oriented west-southwest to east-northeast cutting across the island of Luzon 
during January. The diffused tail ends of these systems move as far south as Mindanao.
These fronts are considered as the interfaces between the Northeast Monsoon and the North 
Pacific Trades. Coupled with topographic effects, they are responsible for the portion of 
rainfall and cloudiness over the country where they are oriented.

(b) Intertropical Convergence Zone
This zone is also known by such names as intertropical front, equatorial trough, dol- 

drum belt, etc. It is a relatively low pressure zone which serves as the zone of discon
tinuity between the Northern and Southern Hemisphere air streams. It starts affecting the 
southern portion of the country during May, oriented generally from east to west and moving 
northwards. It is at the northern tip of the country during the month of July and well to 
the South during November. The variations of the position from day to day are quite large 
and disorganized. Over this zone the weather is quite disturbed consisting of widesprea 
cloudiness, occassional precipitation, and moderate to strong surface winds.



(c) Easterly Waves

to  w e «? Se^ ;  a H : « 1 h e ec o u n tr f™ th eva?ytag tetens^M  “T l  Bhlch mOVe f r ° ”  eastsummer months. These waves are accompanied bv M o d *  b®lng more fre<luent during the
the orographic obstacles on the eastern coastal portionsSorthercoun“ y“ °n “SUally al°ng

ANALYSIS OF THE EXTREME ANNUAL WIND SPEEDS 
a) The Theory of Extreme Values

p r o b a h i l i t ^ L l t L I ^ c h l s ^ g i v I n l s I  0“  b* ^  * Fisher-Iippett Type t
P(x)= E*p(-Exp-(J^S)

.(1)
; Wil1 be x. Taking the

the recurrence interval, T which in turn k  \  3 3nd e2p ressin8 p(x) as a function of
bility of non-exceedence, that is, 3 S° exPressed as the reciprocal of the proba-

T= l-P(x) .(2)
Then expressing for x, equation (1) becomes:

X = CC~P JU )
I “I * • • • • • • • * ,

where x depends upon the recurrence interval t anj +.t,
tion CC and R  . The method of fitting * he Parameters of the initial distribu
tee estimates of the parameters cC and/3. * ^  fUnCt±°n needs only Priori value of T and

.(3 )

b) The Lieblein Fitting Technique

original time order series and subgrouping them int^a *nV°lv®S "Staining carefully the 
These variables in each subgroup are then^rranved ? ^ i m u m  of five or six variables each, 
that the whole series will form into a matrix dfnnt-Pd Z**** ofuincreasiag magnitude such
the number of subgroups and j Z i 2 3 m dfnotef t ^  XijL Where 1 = i.2^ ..... k, denotes
group. Thus, if N - 30, k =5, and m - V  ’This wonid^ “““ ** °f variables in each sub- 
x in Table 1 is first summed ^  to obtain S f tT "  T ® "  33 in Table la Ea<* column of
ponding values of a. found in Table 2 the’llhl^ f multiPlied bY the corres-
will be summed up aglin horizontally to obtain rbp° °rder Statistics Weights. The results 
table. Next, the sf, are again m u l t i p l i e d ^ b v ^  £  3*iS*:l 38 indicated in the 
in Table 2, and summed up again horizontallyytohobta” eanother ̂ row1.!™ vl bQ j lik®"ise found 
the estimates of <£ and £  are as follows: 2 biS i • Thus-

m
(4)

*T^|b-jS-J
(5)

Equations (4) and (5) are then substituted in 
tain priori values of the recurrence interval, equation (3) T. to get the estimates of x at cer-

each, the rJLtaders S  bT trea  e Y ™ ^  *  f  Sub" ng » f five or six  variables 
variables for the w h o l e ° f P - lo u s l y  30
then formed Into an additional subgroup of m- -  3. These ^ l u e T a ^ e l ^ ^ r r a n g e ^ l n  *
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X11 X12 X13 xll+ X15 Xl6

X21 X22 X23 X2k x25 X26

X31 X32 x33 x 3b x35 X36

i—1 Xl+2 XU3 xl+l+ XU5 XW

i—1Lf\
X

x52 X53 X5U x55 X56

s-i S.2 S°3 S-H s*5 S*6

a*l a*2 a*3 a*l| a*5 a*6

a,1s*l a*2S*2 a*3S*3 a*us*li a.5s.5 a.gS.6

s-i S-2 S"3 s-i+ S* 5 S*6

b -i b -2 "b • 3 b -u b >5 b.6

b.-jS.1 b -2S*2 to3S°3 H 8'k bo5 S*5 b *6S*6 =S * j s*j

Table 1

m X *1
x . 2 X*3 X°l+ X*5 Xo6

1 -

2 .91637 
- o72135

.08363

.72135
8L • •
b-j

3 065632 
- 06305I+

.25571

.25582
.08797
.37^73 •3

1+ .51100 
- .55862

.2639^

.08590
.15368
.22392

.07138

.21+880 a*J
b"3

5 .1+1893 
- .50313

.21+628

.00653
.16761
.1301+5

.10882

.18166
.05835
.181+1+8 a,J

b‘3
6 .3551+5 

- .1+5928
o255^9

-.03599
.16562  
007319

012105 
012673

.08352

.11+953
.01+887
0IU581 a*Ja‘J

Table 2 - Table of Statistics Weights (after Lieblein)
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order of increasing magnitude. Hence, it would appear as' in Table 1 •
procedure as in the earlier paragraph, the final estimates of S1,nilar

m  «  m*
° N'|L| JS i+  N"fsla JS-J ( 6 )

_ _ m . m1
R  * -  *  = HLy hic-4_m v k  „ 
P  N^=,b JsJ+ N ^ b jS.j .(7)

Equations (6) and (7) are likewise substituted i
of x. in equation (3) to obtain the quantile values

Table 3 X 6I x 62 *63
°l °'2 °-3

a lX6l °*2 X62 a’3 X 63 = ̂  a j x 6j

X 6I x 62 x 63
b-, b.2 b.3

b lX6l b,2X62 b*3X 63 = S  b i x 6j

sustained S ^ 1 ^ 8“a “ T h ^  <* * *  —

IS at 10 meters since, records of wind data used in L  the®? COmputed ^ximum wind speeds 
the standard anemometer height of 10 meters above the ground! § analysls are observed at

Estimates of maximum wind speeds for places in pi.-,, 
ted in Table 4 can be obtained by interpolationfrL ?-P“ eS. er than those indlca-
speeds drawn in as shown on Figures 14 to 19 in the th ^Sollnes of computed maximum wind 
mum wind speeds for places considered in this at a apPen^,X' ^olines of the average maxi-
ure 20 for referencePpu r p o s e T “ er^ tLse t a L X  J ^  ?  ** Sh°”  ln Flg-
values interpolated therein r*y need c o i l s i d e r a b l e ^ u ^  ^ ^ £ ^ ^ 1^..

C) ^ n c e i a i t o r 6 Ma*lmUm Wlnd EStlmPP

causedirtropicaliycl^es.SPa e Sfrequ^cy of tropical PT S °f ^  PhillpPlnes “ e mostly 
out the archipelago from 40% in Northern Luzon dow£ to slightly n” ™ ' 8 VarieS through- as shown in Figure 13. In other words, in those areas whe?e t n?ar ^ro percent in Mindanao

u ^ t d ' . T r  Ch“ : r  f -
the design may likewise be considered in t h i r ^ T o f ^ i S . t ^ S S ' l S S ^ r

stillion-meteorological factorfti ^ c o n s J d ^ i f 1̂  inCreaSe c°nsider“ 8 that there are 
to take into account the tropical cyclone^equencv Î 1*3 a^ h°r believes lt: is reasonable 
noted by ft, for different places P 7 fact0r/ Values of this factor, de-
are evaluated from Figure 13 which are based o ^ t h ^ ^ ^ e a r 0™  ln Table 5‘ These factors 
quency study in different places in the Philippines. P<2 topical cyclone fre-
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frequency factor is considered, equation(8) To obtain the maximum wind speeds where the 
can be used. This is given as

0 " Ut (1 + ft)
.(8)

where U is the desired wind Speed, U 
tervals found in Table 4, and f„ is £h 
Table 5. The above expression is only

is the maximum wind speeds at certain recurrence in- 
e frequency factor for tropical cyclones presented in 
a simple estimate using linear relationship between

Places in the 
P h i l i p p i n e s _____
1. Vigan
2. Lucena
3. Infanta
4. Casiguran
5. Legaspi City
6. Ambulong
7. Puerto Princesa
8. Surigao City
9. Calapan
10. Baguio City
11. Cagayan de Oro City
12. Cebu City
13. Davao City
14. Iloilo City
15. Tacloban City
16. Manila
17. Pasay City
18. Quezon City
19. Zamboanga City
20. Laoag City

Frequency
Factor, f--- -̂=-2--1

0.25
0.15
0.15
0.35
0.25
0.15
0.15
0.15
0.15
0.15
0.05
0.15
0.05
0.15
0.25
0.15
0.15
0.15
0.05
0.35

Table 5 - Tropical Cyclone frequency factor in different places in the Philippines.

the maximum wind speeds and the frequency of troDiral
rigorous and note accurate method nay be^ade by^he u2 ' 3 " ° "  
d) Estimates of Maximum Wind Speeds in the Vertie.l

information i " ^ a t i ™ a u “ ng8th r r is k ai f yfa ? lire 8o ft t r SHand CltlaS requlre climatological 
above the ground. Thus, i t  appear n e c L f » ™ T  , 6 deSl8n at these Places and heights
thea3'i. U  should be mentioned that records of maximum31̂  a**3 dealgn wlnd speeds at these than the standard anemometer level are nil Th„ xim™  wlnd speeds in the Philippines higher
varies exponentially. Hence, it is possibie S  e s S  r°h the'vertical

fcr^la^h ich ^s^referred^to^s^h e^logarith m ic3! 810311^ * ^ ^  velocity -h eigh t^elation -wlnds speeds higher than the standard as

U z/U ' ° =r r r £^ Z I0/Z0
where: Jj*. is the desired wind speed at any height, Z

f  level
IS the6 roughness ^

(9)
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For large towns and cities, the roughness parameter as found out by 0rlenko(12) is 100 
centimeters and 200 centimeters respectively. These values are used to evaluate the right 
side of equation (9). The results are shown in Table 6.

Height above 
the ground

Towns Cities

15 meters 1.18 1.25
20 meters 1.30 1.43
25 meters 1.40 1.57
50 meters 1.67 1.94

Table 6 - Computed values of In Z/ZQ-r-ln Z^q /Zq

The values presented in Table 6 may be used to estimate the maximum wind speeds at 
levels and places indicated therein. These values serve as factors to be multiplied to the 
values of maximum wind speeds shown in Table 4 to obtain the design wind speeds. Suppose a 
design is desired at 50 meters high in Baguio City and that the lifetime of the design will 
be up to 50 years, the climatological factor for such design will be based on the maximum 
wind speeds of 155 knots or roughly 80 meters per second wind speed.

5. Conclusions and Recommendations for Further Studies
This study was based on the well-known methods of statistical analysis for building 

design purposes as discussed in the earlier paragraph. Therefore, the results obtained can 
be used operationally in the design of all types of buildings situated in the Philxppines, 
provided the limitations in the use of the data are noted and taken into consideration.

It should be mentioned that the use of simple estimated linear relationship between the 
maximum wind speeds and that of the tropical cyclone frequency may be sufficiently accur-- 
ate, but the quantitative analysis or approach by the use of regression technique is highly 
recommended. It is likewise recommended that the actual profile of strong winds in the 
vertical and the actual values of local roughness characteristics of the ground be deter
mined for this country.

The future plan of this author is to conduct further research along this line so that 
problems which may lead to a design not achieved due to some climatological causes may be 
eased.
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Fig. 1 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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Fig. 2 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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MARCH

Fig. 3 Prevailing Surface Wind. Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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APRIL

Fig. 4 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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MAY

/

Fig. 5 Prevailing Surface Wind Streamlines (Bold Lines) aifd Isotachs
(Broken Lines-knots)



JUNE

Fig. 6 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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JULY

Fig. 7 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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Fig. 8 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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Fig. 9 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines -knots)
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OCTOBER

Fig. 10 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines -knots)
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NOVEMBER

Fig. 11 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)

51



DECEMBER

Fig. 12 Prevailing Surface Wind Streamlines (Bold Lines) and Isotachs
(Broken Lines-knots)
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Fig0 13 Mean percentage frequencies of tropical cyclone passage in the 
different parts of the Philippines
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Fig. 14 Isolines of Annual Max. Wind Speeds at 10 Years Return Period
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Fig. 15 Isolines of Annual Max. Wind Speeds at 15 Years Return Period
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Fig. 16 Isolines of Annual Max. Winds Speeds at 20 Years Return Period
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Fig. 17 Isolines of Annual Max. Wind Speeds at 25 Years Return Period
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Fig. 18 Isolines of .Annual Max. Wind Speeds at 50 Years Return Period
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119° 120°

Fig. 19 Isolines of Annual Max. Wind Speeds at. 75 Years Return Period
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Fig. 20 Average Annual Maximum Wind Speeds
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Fig* 22 Geographical and Topographical Chart of the 
Philippines
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AERODYNAMICS OF STRUCTURES AND WIND TUNNEL 
MODELING 

by
Richard D. Marshall

Center for Building Technology, Institute for Applied Technology,
National Bureau of Standards, Washington, D. C. 20234

This afternoon I would like to get into some of the technical aspects of the program 
and what people in other countries have been doing with the problem of wind effects on build
ings and structures. But I think, in view of the fact that we had a very delightful lunch 
just a few minutes ago and because it is fairly warm in here, I find it better to reduce the 
scope of this presentation so that I won’t put you all to sleep.

I would like to talk in terms of a flow chart in discussing the general problem of wind 
effects (Fig. 1). I think this is a rather convenient way to bring all of the aspects to
gether. It is an interdisciplinary problem that involves many people of different back
grounds. In fact, that is probably the main reason why we find ourselves somewhat late in 
developing criteria to insure the satisfactory design of buildings to resist wind. We have 
climatologists, aerodynamicists, and structural engineers involved. I suppose that actually 
one of the most difficult problems to overcome has been one of communication rather than 
those of a more technical nature. But basically what is involved here is to take the clima
tology for the area in which the building site is located and the terrain of the area —  
that is, the surrounding buildings, hills and trees, and establish the properties of the 
wind for which we are designing. These properties include such things as the mean velocity 
profiles and intensity of turbulence. As you all know, the wind speed increases with height 
above ground, up to a certain level which we call the geostrophic level. However, we gen
erally do not use the wind speed at that level as a basic measure or basic reference for 
wind speed. Rather, as Dr. Kintanar pointed out this morning, we take the 10-meter height. 
This is pretty much standard, and although it might not be the best choice, it is one that 
has won universal acceptance —  and it is doubtful that we shall cease to use it in the near 
future.

The next item is to determine how the wind is going to influence the structure and for 
this we must know something about the building geometry. In the case of tall structures, we 
must also have some information about its dynamic characteristics. The wind tends to make 
the structure vibrate or oscillate —  and if the oscillations reach significant amplitudes, 
they can modify the wind field around the building.

I would like to confine this discussion to those cases where elastic properties are not 
important; to low-rise structures where building geometry is of primary importance. Knowing 
the building geometry and the properties of the wind, we can develop what is called an effec
tive aerodynamic input. Ideally, we would like a mathematical model that could be entered 
into a computer; I say "ideally" because the nature of the problem is far from ideal. We 
could then enter the pertinent information and come up with design loads. While this is 
certainly a possibility in the future, we are not at that point with our present level of 
technology.

We have some theories that we can use on various parts of the problem, but we currently 
have no comprehensive1 theory that will carry us down to the lower boxes in this diagram. To 
do that, we have to resort to other techniques, particularly analogue techniques such as 
wind tunnel models or by measurements on full scale structures. And, of course, that is 
what I intend to address today.

We can think of the wind tunnel model as essentially constituting an analogue computer. 
We simulate, at a reasonable scale, all of the phenomena that are relevant to the problem, 
make the appropriate measurements, and by means of laws of similitude, scale this informa
tion up to the full scale case. Once we have the aerodynamic input, the next step would be 
a typical application of design, including the frame, the cladding, and the other elements 
such as windows and roofing elements.
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very strongly that the spires themselves would not induce a proper flow. It takes both the 
spires and the roughness elements.

This is another wind tunnel model study, using essentially the same technique (Fig. 4); 
I believe this is a 1 to 600 scale. This particular tunnel is located at Monash University 
(Australia). It has a 2-meter square test section with a length of approximately 15 meters.

Obviously, there is quite a bit of sophisticated instrumentation needed to make the 
measurements, but I shall go into this subject this afternoon when we visit the field test
site.

Here we have some typical mean velocity profiles that were obtained in a wind tunnel 
for two classes of roughness, and they show two rather interesting things (Fig. 5). First 
of all, the agreement between the experimental data and the theoretical variation of wind 
speed with height, following the power law, is quite good. Certainly, one can argue that a 
power law is not a good approximation of the mean velocity profile. In fact, it has no 
theoretical basis whatsoever and one might argue that the log law is a better approach. My 
only comment here would be that the power law is somewhat simpler to use, and it does seem 
to work. The other interesting thing about this is that it gives you some feel for the dif
ference in velocity profiles for different surface roughnesses. They are all plotted on a 
non-dimensional scale at the bottom —  that is, the local mean velocity divided by the wind 
speed at the top of the boundary layer. You see that for the grassland case we reach the 
top of the boundary layer much faster than we do over an urban area. So that all matters 
being equal, the wind speeds are lower for rougher surfaces at a given height. This is 
somewhat offset by the fact that the gustiness is higher in an urban area.

Wind tunnel modeling is a very powerful tool. The only problem is that no matter how 
hard we try and no matter how ingenious we are, we simply cannot satisfy all of the simila
rity parameters simultaneously. There is simply no way to do it. So, we are forced to re
sort to full-scale measurements, mainly to confirm the validity of the wind tunnel results 
And that, by and large, is the strongest argument for doing full-scale studies. Of course 
there are other arguments if we get into those cases where we have dynamic response of t e 
structure. We have to model the structure both geometrically and dynamically, and that 
again is not an easy matter.

This is an aerial view of a test site at Great Falls, Montana, where we have in the 
past conducted full scale studies on two houses (Fig. 6). The area is rather interesting in 
that we have quite different exposures, depending on the wind direction. If the wind is 
coming from the top of the picture, it is rather open country. If it comes up from the 
bottom left hand side, we have a number of 2-story buildings upstream and the ^ p r o p 
erties are going to be significantly different. Subsequent to the full scale studies, we 
conducted some preliminary wind tunnel studies and attempted to correlate the two sets of 
data with some success. I will get back to this in a moment.

This is a detailed plan of the immediate area around the test house, the test house 
being on the left (Fig. 7). There are similar houses in the immediate area. All of these 
houses were modeled in the wind tunnel.

The next figure (Fig. 8) will give you some idea of the geometry of the structure, 
is what we in the United States refer to as a ranch style house. It is rather low, only 
some 2.6 meters to the eaves, and the roof pitch is quite flat. In the upper right corner 
are the locations of the transducers that were used in both model and full scale.

The model scale that we used was 1:50, which is rather unconventional. We were forced 
to that by the fact that a scale of 1:200 or 1:400 would have resulted In a minuscule model, 
and there would be absolutely no way to get the pressure transducers Into th,e mod.el^ We^a 
now looking at non-dimensional velocity spectra obtained from full scale and from ^ e  wind 
tunnel model (Pig. 9). The straight lines on either side represent the slopes of a theore- 
tical expression for the velocity spectrum.

Here we have a couple of pressure spectra (Fig. 10). 
for a typical point on the roof.

Again, in model and full scale
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Fig. 1 Wind Effects on Buildings



*

Fig. 4- Monash University Wind Tunnel, Australia
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REMARKS
by

Angel A. Alejandrino
Director, National Hydraulic Research Center,

University of Philippines, Quezon City, Philippines

As Noel pointed out this morning, this project of ours on wind effects, a complementary 
portion of the full scale tests on the building is the model investigation in the wind 
tunnel. My own contribution to the workshop at this stage, since our work has not yet 
started, is to commit the personnel and facilities of our research organization.

We must admit, however, that the bulk of our work is on hydraulic model testing, and we 
have very limited experience along wind tunnel investigation. There is always a first, 
however, and for which we are willing and very enthusiastic about this project. We hope 
that the transfer of experience in hydraulic model testing would be of help in the wind 
tunnel tests. After all, water and air exhibit some common properties of fluids in general.

Our wind tunnel at the Hydraulic Center has a 4 feet by 4 feet test section, 12 feet 
long. As Dick has pointed out, this is in the marginal size. But since this is available 
at this time, the tests will be conducted there. The tunnel proper is constructed of wood 
and plywood panels with transparent glass windows in the test section. We are able to 
achieve wind velocities to about 75 feet per second by means of a 60-inch axial flow fan 
whose speed is controlled by a direct current motor. The instrumentation for this project, 
consisting of among the latest in sophisticated measuring equipment —  which, as Dick 
pointed out, he would like to have himself - is being provided for by the National Bureau of 
Standards through U.S. AID. With the expert guidance of Dick, we are quite confident of 
attaining the desired results of this project.

Another factor which should work in our favor is in the unique managerial structure of 
our research organization. What follows, therefore, Ladies and Gentlemen, is a word from 
our sponsors.

The National Hydraulic Research Center is recent. It has been organized about the past 
three months only. It is a unit of the University of the Philippines under the management 
of a private, non-profit organization —  the U.P. Engineering Research and Development 
Foundation, Inc. This unique arrangement enables us to respond quickly and effectively to 
the challenging demands of research since we are able to avoid the many bureaucratic 
constraints of a government organization.

Although this structure is quite recent, the nucleus of our personnel and facilities, 
however, have been drawn from the Hydraulics Laboratory of the University of the Philippines 
where we have conducted hydraulic studies for the past 20 years.

With this project, we shall be expanding our research capability - and that hopefully 
by the next workshop, we should be able to convey more information on the results of our 
investigation rather than on the promise and propaganda we have presented. Thank you.
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SOME PROBLEMS IN THE ANALYSIS OF LATERAL WIND FORCE 
RESISTING SYSTEMS 

by
Jose Ma. de Castro 

Associate Professor of C.E.,
University of the Philippines, Quezon City, Philippines 

Consulting Engineer, Geotechnics Philippines, Inc. 
and DCCD Engineering Corporation

1. INTRODUCTION

The conventional design process for structures is divided into several phases:
1* The determination of an equivalent static lateral force 

system to replace the dynamic effects of the wind;

2. The analysis of the structure under the action of this 
force system, of the vertical loads, and such appropriate 
loading conditions;

3. The proportioning of the individual members of the struc
ture (design) to resist, with the requisite margin of 
safety and acceptable magnitudes of deformations, all 
pertinent force system combinations; and,

4. When necessary, re-analysis and redesign of the structure 
when initial guesses as to member sizes prove to be too much in error.

This paper will not cover the first topic, even though it may well be the most 
important phase, since other papers in this workshop will discuss this aspect extensively.

Attention will be devoted solely to the second phase and such aspects of the third 
phase as directly affect analysis in order to emphasize two points, first, that the analysis 
of a structure, particularly of a tall structure, is far from being a cut-and dried 73 S 
procedure, and second, that many problems and even uncertainties are present in currentlv
p a p e r ' N°tMng ls H°»“ thfs
the many problems that have been encountered ± T t h T anilItTs Tf Ttrullurts* ^

For lack of a definition as to what constitutes a "low-rise" si-mri-irro 
arbitrarily, set any structure below 20 stories.as a low-rise structure; 20 to 50 stores as

2 . BEAM AND COLUMN STRUCTURES

methods^of^analysis°is ^ “diff^ ^  f  £°r Whlch the neatest nutfcer of
groups: m a n u a l ^  ^  ^  "P ±nt° tW°

utron, become too laborrous to be practical when used for large structural systems,
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even in plane rigid frames. Approximate methods such as the portal method, the cantilever 
method, the Factor method, (MORRIS and WILBUR, 1960) etc., which are still being used in 
this country can also yield acceptable, albeit approximate, results provided that the 
assumptions on which they are based are reasonably well satisfied. The author of this 
paper knows of only one manual method for analyzing a three dimensional, rectangular rigid 
frame (PCA, 1954). This method makes the assumption, the method then derives formulas from 
which a convenient tabulation based-solution will yield end moments for each member of each 
floor due to the imposed lateral load including torsion due to any eccentricity between the 
lateral load resultant and the computed center of rigidity. All the foregoing manual 
methods are severely restricted in that calculation of displacements are very tedious. This 
computation of displacements is now receiving much attention particularly in tall structures 
(CHEN and ROBERTSON, 1972) because human comfort is affected by their magnitude. Another 
factor which may severely restrict the use of manual methods based on planar frame analysis 
is the requirement of new building codes of an analysis for torsion even for nominally 
symmetric structures.

It is the considered opinion of the author therefore, that for meaningful results to be 
obtained in structural analysis, both for internal forces and deformations, a digital 
computer solution is an absolute necessity.

Fortunately, there are a large number of digital computer installations in existence in 
the Philippines although only three, as far as the author knows, have the necessary software 
(programs) for structural analysis. These are:

1. The computer Center of the University of the Philippines,

2. The Data Center Services of IBM Philippines, and,
3. The Computer Services Center (of the Meralco Securities 

group of companies).

From the point of view of software there are two types, the general type which can 
handle any type of structure; truss, grid, rigid frame; whether planar or three-dimensional; 
and, the special type which can handle only one type of structure.

The general type of program package is available in all three computer installations 
and is the MIT-developed STRESS (Structural Engineering Systems Solver) program (FENVES, et 
al, 1964). Since the size of the core memory is the major factor limiting the size of the 
problem that can be handled and since the computers in the foregoing installations are of 
different sizes and models not to mention different types, it is best for the potential user 
to consult the particular installation as to the maximum structure size that may be handled 
using stress.

The special type of programs, being restricted to specific kinds of structures, can 
handle a much larger-sized structure than STRESS. The author knows of only two and these 
are both at the U.P. Computer Center and were developed by Dr. Salvador F. Reyes (REYES,
1973) to analyze planar, rectangular rigid frames (program named CE550020) and 
three-dimensional, rectangular rigid frames (program named EQANAL).

All the digital computer methods yield displacements as well as internal forces.
The foregoing discussion has made one tacit assumption that only first-order effects 

are of importance and that secondary effects are negligible. These secondary effects are 
due to stability effects (moments due to column axial loads, P, acting over lateral sway 
displacements, D; i.e., P x D) and to axial shortening of columns (due to axial forces in 
columns or temperature differentials between adjacent columns) which if unequal induce 
additional fixed end moments in beams Fig. 1. Several studies (GRUNDY and WATHEN, 1971; 
FINTEL and KHAN, 1965; KHAN and FINTEL, 1966; KHAN and FINTEL, 1968; WEIDLINGER, 1964) have 
shown that these are not negligible particularly for tall buildings. All the references 
cited discuss either necessary modifications in the stiffness matrix of the individual 
member or the approximate methods to be used to account for these secondary effects.
However, existing digital computer programs, those mentioned in particular, can be used in
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T V a!!hi«  t0 aC^ Unt f°r th6Se eff6CtS Wh±ch are non"linear in nature. In the case of axial load effects and temperature differentials between columns, the axial length
changes can be calculated from the first-order solution. The necessary fixed-end moments in 
the beams can be calculated by then multiplying the axial load in the particular column by 
the sway displacement between the ends Fig. 1. These fixed-end moments than can be input into 
the computer program and another analysis run. Examination of the changes in the final mo-

^ placeme"ts due the secondary effects can then be made and a decision made as to 
hether further recalculations need to be made. These are then superposed on the first- 
order analysis. The procedure is relatively rapid in convergence and does not require, except 
for unusually proportioned structures, as a maximum, more than four cycles. Grundy and ? 
Wathen recommend as a matter of routine the use of the second order analysis even for medium 
rise structures specifically for stability effects.

3. TUBE STRUCTURES

This lateral force resisting system is characterised by a single cantilever recH 
system for lateral loads. There are different types of tube systems currently in use. §
Tube Structures of the Shear Core Type

The first type consists of a central core, usually the elevator and utilities shafts 
m d e  up of shear wall assemblies. This has become quite popular in particular In 
“  “ “ 10n Mlth sl±Pform construction where the central co« is constructed first and the 
oors then constructed in such a way that they are supported jointly by the core andLies 

which are in turn suspended from a supporting member at the top of the core, Fig. 2.

The analysis of the bending moments, shear and axial forces for this lateral forrP 
th" lateral^force^are'determined^1106 “  h ™  ^  analySlS °f * once

The distribution of bending and shear stresses, in combination with the normal 
component due to axial force, among the different elements is an entirely dif“  matter 
It is this regard that many uncertainties exist.

The core which is made up of shear wall assemblies is essentially a thin-wall 
structure. Structural steel textbooks (McGUIRE, 1968 and TALL, et ali 1964) indicate that 
for a given aspect ratio (i.e., the ratio of the lesser dimension of̂  TrectanguJar panej to
c r i t i c a f ^ 0, elpStlC br kling Wl11 t3ke Place "hen the compressive stress Laches the 

no buckling took place and instead failure compressive stress of S e  S S S T S T s S r ' I o ' ? "
^ ‘^ ^ ^ n ^ s S L —  *  «suiti L /  •

in v W ° o f eL UnCef ain^  13 T ' . much 0f the £lan«e elements of a core assembly is effective 

steel~ieL ^ n^f°^a”°^a0abe^ abaSaae^ rta°ba^°akaaW:£a£aUaaa°uP£‘In0̂ 8aL ^ efromastructural

r i r d “ r ^ ’a ' L s u i r i o ^ u d i n S L t ^ s ' ^ i nmagnitude of these stresses will vary from that nhom u ' -> place. ihe
openings in the core structure are so flexible that the b p h ^ r  elemeats sPanning the 
that of a closed tube, when the beam eiements a « I n c i t e  ta siiHness^ ° « f  Tb" ^  ^  
deformations in the neighborhood of a core structure A stud, , w  v ' i 8 ’ w E
torsion o, members made up of thin-wall elements‘^ T H ^  S S ^ S S S l S . ' Tsi?) stws
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that normal stresses due to warping are of the same order of magnitude as the primary 
bending stresses and should, therefore, always be taken into account. This study derives 
some formulas which can be used for calculating these longitudinal stresses. Methods of 
taking into account the stiffening elements of the floor bridging the openings are also 
given. It is interesting to note that the presence of beam or slabs bridging these openings 
can produce a significant reduction in longitudinal stresses. Another investigation (TSO and 
BISWAS, 1973) using the continuous connection techniques derives a 5th order linear differen
tial equation which when solved with the appropriate boundary conditions yields for a general 
three-dimensional shear wall assembly, the deflections and rotations along the height of the 
structure as well as the effect of axial deformations.

A fourth uncertainty is: should the analysis of a core be based on the uncracked state
of the wall elements (a state in which the core is at its stiffest) or should they be based 
on the cracked state (a state in which the core is least stiff) considering that at one time 
or another in the lifetime of the structure the lateral loads can conceivably reach values 
which will produce an excursion of the structure into the cracked state. This is 
particularly important when one considers the associated problem: if the stiffest state is 
used, the deflections which may be critical will be understated; on the other hand when the 
most flexible state is used, the deflections may be overstated. In either case one’s judg
ment is distorted and unnecessary measured may be taken in the design.

A number of other problems for this type of lateral load resisting system exist but 
will be discussed in conjunction with the frame-shear wall system where these problems occur 
more frequently and are more serious in nature.

Framed-Tube Structures

This lateral load resisting system is of fairly recent vintage but has been applied to 
what is now the world's tallest structure at 1454 ft. above ground level, the Sears Roebuck 
Building in Chicago (Iyengar, 1973). Complicating matters in reinforced concrete is that 
repeated excursions into the inelastic range which can take place throughout the loading 
history of the structure can lead to an increasingly degraded resistance of the component 
elements of the structure. Whether a modified limit analysis similar to that of structural 
steel taking this into account can be developed or not remains to be seen. A typical plan 
°f this structure is shown in Fig. 4. One will note immediately that although for practical 
purposes this is essentially a conventional frame structure, spacings of columns are much 
closer than in ordinary rigid frames. Also stiff spandrel beams are used. The columns and 
the spandrels then form a rigid exterior grid which is designed to exist the entire lateral 
load. This explains the use of the term "framed tube". The behavior of the tube system has 
been described (KHAN and AMIN, 1973) as consisting of two resistances: a resistance to 
overturning which results in compression and tension in the columns and a resistance to the 
shear from the lateral load which is provided by frame action by the two sides of the 
building parallel to the direction of the lateral load, Fig. 4. Because these frames are 
not solid webs, considerable shear lag takes place and distribution of compressive forces in 
the columns is non-uniform. Khan and Amin in their paper have proposed an equivalent 
channel flange" to account for this and have provided influence charts which are of 
sufficient scope to allow a reasonably accurate preliminary design. The final analysis of 
such a system needs to be done by computer. This constitutes a considerable problem because 
of the number of joints resulting from the configuration which will require a large 
computer. The reference listed in the foregoing presents a means of approximating the 
full-sized building into one with fewer floors to fit available computers but which still 
attains sufficient accuracy for final design purposes.

Other variations of this system exist. Among them is the use of a shear core system 
inside the building so that in effect the whole structure is a tube within a framed type. 
Another variation is to subdivide the interior or the building into sections by interior 
columns spaced at the same distances as the exterior columns so that the whole system 
becomes a system of "bundled" framed tubes.

The use of the framed tube has not yet been tried in the Philippines perhaps primarily 
because existing computer facilities do not have the size of core memory to handle the 
structure without too much approximating.
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4. SHEAR WALL STRUCTURES

This category is by far the most popular in the Philippines and if one were to judge 
from the number of papers in existence is also the most popular in the world. Several 
subtypes are found in this system.
Shear Wall Systems

In most apartment and residential structures where the partitions walls are fixed in 
identical locations from floor to floor, the walls themselves become the load bearing, as 
well as lateral force resisting elements.

As long as the walls are solid without any openings, the analysis is straightforward 
but is complicated only by the problem of what effective width of the slabs are to be used
^ d tSCiroIlGHOFER'ySfi^ f°me pr°P°sal= have been made, ranging from the whole span (BARNARD and SCHWAIGHOFER, 1967) to variable effective widths depending upon properties of slabs and
walls (QADEER and STAFFORD SMITH,,. 1969). To date, this remains a problem (DERECHO, 1973).

When walls have openings then the problem becomes more difficult. Actually, the 
existing computer programs can be used for the analysis (SCHWAIGHOFER and MINORS,’ 1969) by 
considering the component walls and the beams spanning the opening as a wide column rigid 
frame with the individual centerlines of the walls and the beams defining the centerline of 
t e equivalent frame; by considering the cross-sectional properties of the walls as the 
cross-sectional properties of the equivalent columns; and, finally, by using the 
cross-sectional properties of the central portion of the beams as the cross-sectional 
properties of the central portion of the equivalent beams but now using an infinitely rigid 
portion of the ends of the equivalent beams framing into the walls. There is some divided 
opinion on how much is to be considered infinitely rigid. Originally, the whole portion 
starting from the intersection with the face of the wall up to the centerline of the wall 
was so considered. However, recent work (MICHAEL, 1967) has shown that this is not correct.

rigorous method is proposed along with an acceptably accurate simplication of assuming the 
infinitely rigid portion to start within the wall an amount equal to 1/4 the beam depth 
beyond the intersection of the beam and the wall at ends intersecting the wall.

The only drawback in using the computer solution directly is that one has to guess the 
initial properties of the walls and the connecting beams. If the guesses are grossly in 
error, the continual iterative use of the computer can be quite expensive. So there is 
need for a rapid manual method that can be used to arrive at a preliminary solution suf-
the"1 final design^ ^  flnal ^  S° “  t0 minimize the number of computer runs to arrive at

m Jh£\ £ eSt k?fra °f the 1113111131 methods is the technique known variously as the continuum 
5® ^ 3tlnu°us connection technique, Rosman’s method, etc. The method originally 

credited to Chitty has been elaborated on by Beck (BECK, 1962), Rosman (ROSMAN, 1965) and by 
oull and Choudhury (COUL and CHOUDHURY, 1967a and COULL and CHOUDHURY, 1967b). The method

the^alls^w-f 3°nsists °f substituting of the connecting beams spanning the openings between 
the wails with a continuous medium with an equivalent stiffness per unit of height to that 
of the beams. A whole series of papers showing how different loading conditions can be

^S±ng diff^ Te3t coitions of supports are available (in addition to the foregoing 
Cijel referenCeS’ COULL, A., 1973, COULL, A. and ADAMS, 1973; COULL and IRWIN 1969* COULL 
and IRWIN, 1972; COULL and IRWIN, 1973, COULL and PURI, 1968; GLUCK J 1969*’glUCk ’ J 
1 70; MacLEOD I 1970; PAUIAY, T., 1970). This procedure fields t h ^ n o r ^  and shea;’ 
stresses m  the walls, their deflections and rotations as well as the shears and therefore moments in the connecting beams.

Frame-Shear Wall Systems

m  er°m the prevlous Cype of shear wall astern is the combination of shear walls with rigid frames.

Here the primary problem is the analysis of the proportion of the shear that is
lateral ,oL l Tt ^  l7 ^  “a11' F1S‘ 5a sho"s P ^ t e m  of a shear wall resistinglateral loads alone. But when both are combined, Fig. 5c, the deflection pattern of each
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component system is different from that when each resists its own share alone. Thus it is 
absolutely necessary to analyze the systems in combination if meaningful results are to be 
obtained.

The analysis can be performed by any of the computer programs now available in the 
Philippines (STRESS and the Reyes programs). The major limitation is the maximum size of 
structure that can be handled because of the size of the computers available. One way 
around the problem is to find a substitute frame which results in a smaller size problem but 
which can represent the original structure adequately. Several approaches to the problem 
are available (WYNHOVEN and ADAMS, 1972; BAZANT and CHRISTENSEN, 1973). While perhaps no 
exact substitute frame can be found, for practical purposes, that indicated by the quoted 
references can be used.

Again, a computer solution can be very expensive if used in the iterative procedure to 
arrive at an optimum final design. Some convenient manual procedures using either formulas 
(HEIDEBRECHT and STAFFORD-SMITH, 1973, MacLEOD, 1970b) or charts (KHAN and SBAROUNIS, 1964) 
are available which allow the structural engineer to guess at an initial solution analyzed 
by these methods and revise as many times as necessary until the frame shear wall system is 
judged to- be sufficiently close to the final after which a computer solution can be used.

In all of the previous discussion, it has been tacitlv assumed that the walls are all 
in the same plane as the frame to which it is connected. When shear wall assemblies are 
connected to two or more frames, then the problem of modelling the system becomes very 
difficult. All the problems discussed under tube structures of the shear core type along 
with the problems discussed under frame-shear wall systems come into play primary of which 
is the adequate representation of the assembly of the shear core elements. Perhaps a 
modification of Tso's method (TSO and BISWAS, 1973) which is slightly more convenient to 
handle than that of Taranath (TARANATH and STAFFORD-SMITH, 1973) could be used in developing 
a stiffness matrix for the assembly before use in a standard computer program.

Another serious problem common to all of the lateral load resisting systems so far 
discussed has been the assumption that floor slabs will act as rigid diaphragms. A 
computer-based solution which includes in-plane deformations of slabs is available 
(GODLBERG, 1967). Inclusion of this effect can increase the size of the problem to be 
handled and can be limited by existing computer facilities but may be necessary since errors 
in the frame analysis can be serious particularly when shear walls or lateral load resisting
systems in use are of the same order of magnitude in stiffness as the slabs.

A serious problem that is not even mentioned in most papers is that of providing 
adequate foundation anchorage for the lateral load resisting system. This is particularly 
true when the system resists a major portion of the lateral load while at the same time is 
supporting a very minor fraction of the vertical load. This normally requires very stiff 
foundation beams in the order of magnitude of that of the components of the system. It is 
thus necessary to analyze footing tie beams as part of the frame in order to take into
account automatically the effect of the stiffnesses of these tie beams rather than make some
arbitrary assumptions as to the fixity of the lateral load resisting system at the 
foundation levels. The two Reyes programs have provisions for this as well as for including 
elastic resistance of the footing-soil system.
One and Two Story Structures

In the Philippines, one- and two-story structures are usually not specifically analyzed 
for lateral loading. The resistance to lateral loads is assumed to be there and is taken 
for granted to be adequate.

Structures of this type rely on diaphragm action to provide the lateral resistance to 
wind action, Fig. 6. For a great majority of cases, the use of sophisticated computer-based 
analysis is not justified. There exists, however, a manual method of calculation based on 
principles of strength of materials (BENJAMIN, 1959 and BENJAMIN and WILLIAMS, 1958a) which 
is very convenient for use and can handle openings in walls such as doors and windows. 
Although not completely rigorous because compatibility conditions are not fully satisfied, 
the technique is very attractive due to ease of application and to acceptable accuracy.
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Diaphragm action can be provided in a number of ways. Walls made of brick, concrete 
hollow block properly reinforced, thin precast concrete panels, infilled frames (reinforced 
concrete columns and beams with space surrounded by them filled with masonry), plywood 
walls, wall studs and lintel beams sheathed, etc.

Theoretical and experimental studies on the strength of diaphragms made of brick 
(BENJAMIN and WILLIAMS, 1958b), reinforced concrete walls (BENJAMIN and WILLIAMS, 1959), and 
Infilled walls (STAFFORD SMITH, 1967) are available.. A design "manual" for timber and ' 
plywood diaphragm construction is also available (AMERICAN PLYWOOD ASSOCIATION, 1957).
Actual field experience on behavior of timber and plywood diaphragms have been recorded 
(AMERICAN PLYWOOD ASSOCIATION, 1964) and show that this method of resisting lateral loads is 
extremely good.

The computational procedures of the foregoing references can be used immediately 
without any modifications. However, there is need for more research locally to develop 
allowable values for use in design. Two cases in point may be cited. Take the infilled 
frame diaphragm system. Stafford Smith has shown that the infill panel between the 
reinforced concrete columns and beams can be represented fairly well by an equivalent 
diagonal strut having a thickness similar to that of the infill itself. The width of this 
in the plane of the panel is variable and is influenced by the stiffness of the framing 
members relative to that of the infill, which in turn is affected by the proportions of the 
panel. The strength of the panel, whether failure is by diagonal cracking or by crushing is 
also influenced by these factors. While the properties of brick and reinforced concrete 
have been discussed by Benjamin and Williams and by Stafford Smith, no counterpart studies 
on crete hollow block masonry are known to be available locally by the author. Considering 
that concrete hollow block masonry is the most popular material, next perhaps only to wood, 
for one- and two-story structures in the Philippines, the need for such data is immediately 
obvious. In the case of plywood diaphragms, their resistance is shown by the design 
"manual" of the American Plywood Association to be dependent upon the thickness of the 
plywood panels, the nail spacing at the plywood panel edges and to some degree on the width 
of the wood framing members. Again no comparable data on Philippine plywood diaphragms is 
known by the author to be available locally.

While it may be argued that it is conservative to disregard the effects of infills and 
plywood panels on the strength of the structure and to let the primary members be designed 
to handle the entire lateral force, it is obvious that economy can result if these 
contributions are taken into account. Also, since diaphragms are very much stiffer than the 
frames made up of columns and beams, it may well be that under the action of lateral forces, 
these diaphragms can so change the distribution of lateral forces among the resisting 
elements, that the actual distribution may be sufficiently different from that assumed in 
the analysis to be dangerous.
One Final Problem

Conventional design is based on the idea that if the worst combination of the working 
load multiplied by a certain load factor is ever reached, the structure fails. Structural 
design in steel recognizes other possible modes of failure (NEAL, 1956 and SUIDAN and 
EUBANKS, 1973): incremental collapse, alternating plasticity and fatigue. A start along 
those lines has been made in reinforced concrete the predominate structural material in the 
Philippines.

5. CONCLUDING REMARKS

The problem raised in this paper can be divided into two broad categories, regardless 
of the type of lateral-load resisting system in use. All of these are indicated as fruitful 
areas for further study.

The first category is the need for simplified models of the different systems: (1)
those that can be used manually, to arrive at a sufficiently accurate preliminary design and
(2) those that can accurately reduce the size of the problem to fit existing and 
foreseeable computer systems for the Philippines.

The second category of problems is how to design individual component elements so that 
the assumptions made in the analysis as to their behavior can be realized.

84



A final note is that except for a few papers, no general analysis of structures in an 
actual dynamic situation has been carried out for the lateral load resisting systems 
mentioned. As has been borne out by experience the dynamic behavior of structures is very 
different and often disastrously so from the static behavior used as the basis for design.

On the note that so much more needs to be studied, the paper is closed.
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Fig. 6 Distribution of Lateral Loads on a 
One-Story Building
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SOCIO-ECONOMIC AND ARCHITECTURAL 
CONSIDERATIONS IN HOUSING 

by
Geronimo V. Manahan 

and
Josefina M. Ramos

Building Research Service, University of Philippines, 
Quezon City, Philippines

1. Housing Is Not Mere Shelter
It is in the home and its physical environment where the broadest range of man's 

existence is fulfilled. It is also in the home where the largest part of his experiences 
are made. The house therefore becomes the physical shell upon which the basic 
socio-economic need of man and his family is met.

The World Health Organization (1) defines "shelter" as an enclosed environment in which 
man finds protection against the elements, is safe and secure from hostile forces and can 
function with greater vigor, more efficiency and increased comfort and satisfaction, and in 
which he can safeguard his possessions and be assured of privacy for himself and his family.

On the same subject the WHO refers to "housing" as the "residential environment", 
"neighborhood" or the physical structures that man uses for shelter including the environs 
upon which the structures are disposed. This shall also include all necessary services, 
facilities, equipment and devices needed or desired for the physical and mental health as 
well as the social well-being of the individual and his family.

Clearly housing is not merely shelter, nor is it only the physical entity. It is more 
of a complex process involving various aspects and tasks like research, health, planning, 
architecture, engineering, economics, culture and social relations as well as the political 
and behavioral sciences. These are so inter-related and inter-twined that they become 
difficult to analyze in isolation. It is patent to state that since housing comprises a 
number of facilities, services and utilities which a family takes advantage of as its link 
to the community and eventually to the region, the more relevant approach for the 
development of housing is through community planning, design and management.

Inherent in the proper approach to the socio-economic considerations of housing is a 
study of the basic social elements and how these interact in the socio-cultural mileu upon 
which they survive.
2. The Filipino Family and Its Housing Needs

In most cultures, the basic unit of social organization is the family. In the 
Philippines, it is considered the strongest unit of society. In order to determine the 
housing needs of the present Filipino family, it is important to know, at the outset, what 
constitutes the Filipino family.

The Filipino family system is generally characterized by bilateral kinship which is 
extended to include not only families' of both parents but also o-ther blood relatives, often 
as far as the third or fourth cousins. It is, therefore, not unusual to find families with 
at least three generations.

To help one's relatives is also an obligation that is expected not only of the family 
but the society as a whole. This means that in time of crisis, one is expected to share 
his roof or his meal with the less fortunate members of his family. He is dutibound to 
extend support to his parents in their old age or to a widowed sister and her children.

The Filipino family also serves as the economic unit in the rural areas, as well as in 
the urban areas. Children are regarded as "economic asset", and a large family is 
considered as a means of achieving social security.
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., ?°mmynlty bas been described as the simplest first grouping beyond the family. In
t e Philippines the community grouping has been recognized as the springboard for local 
J“ ±!iy \ l baran8ay has been formallzed to systematize the conscious sense of belonging

we feeling. This social grouping has shown its positive uses during times of crisis 
where community mobilization is of importance. In its physical sense a Residential niJgh-
wlth it«iSnr ag8regat? of houses but is a system or pattern into which the family unitith its occupations, specializations and activities is woven. The neighborhood or his 
community is the grouping besides the family into which the individual is inducted into

An examination of families in any community will reveal great differences in the familv 
composition as to the number of persons, age, or nature of membership within the family. 
While national figures indicate that about 80 per cent of all families are nuclear families 
several, studies reveal, a different picture. (2) In a survey of selected low-income areas ’ 
around Metropolitan Manila, the percentage of extended families, embracing parents, in-laws 
married children, and other kinsmen, varies from 42 to 55 per cent. (3) This is an ’
evidence that a relatively large number of extended families exists in the urban sector.
The same survey shows that family size ranges from 7 to 11 with at least 18 per cent 
consisting of 9 or more members.

Another important consideration in housing is the economic nature of the family for 
the most important factor that affects the choice of housing is the income of the family. A
LRrh?1 ^  °f thumb tells “s that a family should spend no more than one-fifth of its monthly income for rent, or no more than twice its yearly income to purchase a house. This
F i l i n g  r ,  6 &aST ^  adaptable if we consider the general economic situation of the 
InlnR Ifc is an unusual case that as income increases, the proportion of income

decreases* How urban families can afford to spend 20 per cent of
their monthly income to get decent housing at minimum price? Housing experts and economists 
estimate that only 14 per cent of urban families can afford housing In S e  opeRmaRkeR; 36 
percent can afford home ownership provided they are extended long-term financing at
at deduced mes ? * '  “ t“ S “ “ reSt~ 5° ^  Cent ~  Catm0t afford ade<uate *•!*.. «™»

. This general housing situation reflects the way the underprivileged Filipino family is 
housed. Housing statistics shows that ranking cities in the Philippines have from 10 to 45
average K -  °r in squatter areas/although L  nation^average Is only about 5 to 6 per cent.

In a research study made of Metropolitan Manila in 1972 (4) some 85% of the low wage 
earners had basic economic problems. The families either had no jobs or not enough income. 
2 .1th / arn<ng capac,C-' has spawned other dysfunctions for living like malnutrition, ill
reso2 ces l i t e C ^ d ta t?ea shf arf '  1The low-ln“ me limited personal and community
the l 2  L i lk 1 educatlon and lo" levels of “than skills. This is expected since most of the low wage earners are mostly new migrants from the rural countryside.

On the positive side is that their resourcefulness is unlimited, and they can rely
fL°dingrof HoliestS?1Vln?5?heirhPreSenJt predl“ s. This is full; substantiated by the findings of Hollnsteiner (5) in her study of Magsaysay Village. They are generally
optimistic and they want to work and improve their family's level of living! Contrary to 
common belief that squatters are a thieving, shiftness, dangerous slum dweRier RheRare a 
manifestation of an economically deprived social structure where rising expectation7 
motivates them to try their luck where probabilities of success are great.

s h e l t e ^ S  V m o R f R f ^  ^  P°°^ u n0t °f reneWal and uP8radi*g the conditions, of the Xt ia more of strategies of how to arrive at a system where urban poverty, deprivation and miseducation can be eliminated. p y
The general housing 

need of urban housing in 
provision of housing due 
slum and squatter houses, 
increases at the rate of 
rate of 12 per cent. The 
of the family need not be

aborbag® wi}1 8ive us a wider picture of the situation. The yearly 
the Philippines averages 100,000 units. This need includes the 
to population increase, new family formations, and replacement of 
An interesting phenomenon is that while the population in general 

3.01 per cent per year, the squatter population increases at the
effects of poor housing conditions to the social and economic life elaborated.
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Another major factor that affects the family housing need is the high cost of land and 
building materials. The cost of land is coupled with the problem of lack of available land 
for development within the urban areas. In many cities, the cost of land has also affected 
the cost of rental.

A marked increase in wholesale and consumer price indices occurred within the last two 
or three years. Although the average increase for all commodities is only about 25 per 
cent, the cost of most construction materials increased by 40 to 60 per cent.

The foregoing discussions have shown the various socio-economic factors affecting the 
provision of housing for Filipino families. Through an understanding of these factors lies 
the desirability of any design for housing, whether architectural and structural.

Man always expresses his social and economic aspirations through the physical 
improvements he places in the environment. This is greatly manifested particularly in the 
domestic structures that shelter his family.
3. Housing Characteristics

How are families in the Philippines housed? There are several ways by which dwelling 
units may be classified. The Bureau of the Census and Statistics classifies dwelling units 
into the following categories: ownership, type of structure, type of construction
materials, and type of drinking water, lighting, cooking and toilet facilities. (6) In 
addition to these, the Population Institute National Demographic Survey (7) includes the 
number of rooms occupied per household, density (persons per room), type of refrigerating 
method and lot ownership. Using the latest available data Tables 1 to 10 in Annex A show 
some general housing characteristics.

These statistics alone do not, of course, reflect a wide perspective of the housing 
situation. The accuracy of the data is even subject to scrutiny. For one thing, not any of 
these data give the actual condition of the dwelling themselves, except the barong-barongs, 
which comprise only 4.4 and 5.4 per cent in Metropolitan Manila and the Philippines, 
respectively.
4. The Right to Housing

Because housing brings into focus the social, economic and aesthetic aims and needs of 
a country, it is considered a major government responsibility. The housing activity takes 
place within a legal framework delineated by the Constitution of the land together with 
other laws of the country. Santiago (8) states that in the Philippines, while there are no 
explicit declaration of the right to housing, there are enough provisions which show that * 
the right is amply recognized. She further states: "Aside from such Constitutional
provisions concerning the right of a person to property; the right against arbitrary 
deprivation of property; right to security within their houses; liberty of abode and travel, 
there is the newly incorporated provision in the 1973 Philippine Constitution which declares
that: 'The State shall establish, maintain, and ensure adequate social services in the
field of education, health, housing, employment, welfare and social security to guarantee 
the enjoyment by the people of a decent standard of living."
5. Occupancy Schemes of Urban Public Housing in the Philippines

Occupancy schemes in urban public housing in the country are: tenant,
tenant-purchasers, purchase, hire-purchase or mortgage. (9)

Tenant occupancy refers to rental housing wherein the dwelling units are leased to 
eligible applicants. A tenant-landlord relationship exists between the occupant and the 
housing agency. The tenant is obliged to pay rentals fixed on the basis of the residual of 
capital and recurring cost minus subsidies given by government.

The "tenant-purchase" or "rent-to-own" scheme is where the tenant is given the right to 
ownership if he pays rent for a certain length of time. Discount adjustments are 
occasionally made for early payments. The tenants who would have occupied their dwelling 
units continuously for a certain number of years and have faithfully observed the conditions
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the1" : :  ::r:::sceh?se thelr dwelllng units and iots at the appraised «

The purchase type of public housing outrightly awards the units from the start of t-hpi 
occupancy The purchases are obliged to pay monthly installments for a period of years 1
“ ™ L Sha11 beC°me the abSOlUte 0WnerS °f thelr dwellln8s and the lots on which

The hire-purchase scheme have awardees who are required to deposit with the housine 
agency a lump sum the amount of which is a proportion of the capital cost or subsidy §

?a S on the deposit are credited to the awardee until he e a L  the rig^t to ^ h e
specified p ^ L d 1§ ̂Sntil l ^  C°mpleting the installment payments within aspecified period. Until such payments are completed, the occupant is considered a lessee
The required period to earn ownership is reduced if the occupants pay the full cost of the 
house under certain stipulated conditions. The PHHC has not implemented thL to

awardee 8 ,th6 £inancing »* the agency is considered a loan to the
the Jf m S ,  S  fully repaid by the occupant the property is mortgaged. Many of
f i L S ^ t a u ^ s t o u s r n g  projects have mortgaged their house and lot to government 

ancial institutions. The homeowners who are either members of GSIS or SSS mortgage their 
p per y o secure loans for financing the improvements of their dwellings.

ln^egra^ed social development scheme where housing is used as a component for 
development is being studied by some entities. The project aims to utilize^he integrate 
approach for increasing the resources of the household and for increasing the confidence of 
the community to manage its own activities. Some aspects of this scheme are! C°nfldenCe °f

1. A financing-construction package that will deliver 
dwelling units of acceptable standards at a price 
affordable by the worker qssuming the income maxi
mization component of the project produces expected results.

2. A social services staff as part of the management 
group of the housing complex to assist the resident 
community and to provide opportunities for acquiring 
the capability for managing the housing complex it
self, the industrial and commercial components, the 
community affairs and programs, as well as their own 
family and business affairs.

3. An income generating component in the project that 
will offer the opportunity to members of resident 
families to augment the breadwinner's income through 
employment right at the housing site.

6* Roots of Settlement Forms in the Philippines

emailArckeologlcal flndlngs indicate that Stone Age settlements in the Philippines were 
small and scattered. The settlements were located by the sea or by rivers and other bodies
orientations"forSthey°depended' “ tantS t0 pick settlements with riverine or coastalrientations tor they depended so much on water for their livelihood. They made use of

transportation, as a source of their food, and for watering t h S  U e l d s  This is still the situation in the rural areas of the country. rieids. This is

6500 :8550 %  " s 8 roalSe?he£1:h0ri°n .T?1S dwellln8 'H* appeared in the area some
tropical living8"Sixteenth6 ? mtertals and designs reflect the adaptations toepical Irving. Sixteenth century communities in the Philippines were formed essentially
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by independent households based on extended kinship structures. The size of a community 
would not be much larger or smaller than the barrios found in today's agrarian settlements. 
Association would normally be based on political, social and economic activities as well as 
on ritual obligations and ethnic attributes.

The Pre-Spanish community was called a barangay, after the name of the boat used by 
Southeast Asian migrants. There were no public buildings upon which community life can 
focus.

The communal activities normally clustered around the houses of the village elders who 
were also the religious and judicial functionaries. The major affairs of the village 
generally rested in the hands of the chieftain. Today the same community organization has 
been formalized into a barrio, the smallest political unit of local government.

One always asks why are there no stone structures or buildings of worship in 
pre-Spanish Filipino settlements. Authorities have cited numerous reasons, but cogent are:

a. The Philippines was in a marginal position in relation 
to Chinese or Indian centers of culture, thus receiving 
no direct impact.

b. There was no strong political or religious structure 
which can capably direct the erection of massive edifices.

c. The people had impermanent settlement for they had a 
shifting form of agriculture.

d. Religion was centered on kinship groups called anitos 
and ceremonies were conducted in abodes of religious 
functionaries.

7. Conclusions and Recommendations
In the development of criteria for the study of the effects of high velocity winds on 

low-rise structures the following considerations have to be taken:

1. The long tradition of indigenous building can help in 
the development of concepts towards architectural adop- 
tatlons in a harse environment. This subject could form 
part of tropical design which is offered in architectural 
schools.

2. Cultural practices and beliefs of the people should be a 
parameter in the design of their shelters. It is not 
merely economics and technology that should be considered, 
but also the sociological and psychological implications 
of space. This is particularly important in the rural 
areas where building beliefs border towards fantasy.

3. Environmental design and landscaping approaches may in 
the over-all analysis give better benefits in finding ways 
to optimize resistance of structures to harse winds. The 
proper grouping and siting of structures can assist in 
the development of wind shields. Similarly, the proper 
application of landscaping can develop windbreaks which 
can help minimize the harse effects of gusts.

4. The systematic analysis of building component not only 
for resisting harse winds but also other environmental 
elements should be the approach in the development of 
the study program.



AMEX A

Table 1. Type of Dwelling Units by Structure (Percent)

Type Metro Manila
Single Family Dwelling 57.6
Duplex 5.5Accessoria 15.1Apartment 8.1
Barong-Barong 4.4
Commercial Building 1.0
Other or No Response 8.3

Philippines
78.9
4.1
2.3
1.1
5.4
1.3
6.9

Table 2. Number of Rooms in Household Excluding Bath
room and Toilet (Percent)

Ty^e Metro Manila PhilippinesOne Room 11.3 14.1Two Rooms 22.5 28.4Three Rooms 23.1 25.7Four Rooms 19.8 14.3Five Rooms 8.0 6 SSix Rooms 3.8 2.6Seven Rooms 1.3 0.8Eight or More Rooms 1.6
No Response 8.7 7.0

3.— Type of Toilet Facilities for Household (Percent)

Type Metro ManilaFlush Toilet 4 4 . 4
Antipolo 29.1Pail 3.3Open Pit 4.9Surface or None 4.6Public Toilet 5.8No Response 7.9

Philippines
10.4
16.1
3.5

30.7
30.7
1.6 
6 . 8

■Table — S Te of Cooking Fuel Used by Household (Percent)
TypeElectricity

Gas (piped or tanked)
Kerosene
Wood
Others
No Response

Metro Manila
17.5
16.3 
45.2 
13.0 
0.2
7.9

Philippines
2.5
3.8
8.9 

77.6
0.6
6.7
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Table 5. Lighting Facilities of the Household (Percent)

Type Metro Manila
Electricity 88.7
Kerosene 3.3
Oil 0 . 2
Others 0 . 1
No Response 7.8

Philippines
22.2
69.7

0.8
0.6
6.7

Table 6. Type of Refrigerating Method in Household (Percent)

Type 
Electricity 
Petroleum 
Ice Box 
None
No Response

Metro Manila 
26.0 
0.0 
2.1 

6k. o
7.9

Philippines
u.u
1.1
1.0

8 6 .8
6.7

Table 7. Source of Drinking Water for Household (Percent)

TyPe. Metro Manila
Private Faucet Waterworks 
Private Pump or Artesian

63.0

Well 7.2
Public Faucet Waterworks 
Public Pump or Artesian '

1 9 .2

Well 2 . 8
Spring 0.0
River or Stream 0.0
Rain 0.0
Well 0.0
Other or No Response 7.8

Philippines
10.2

16.9
lU.i
13.8
8.3
k.6
2.3

23.0
6.9

Table 8 . House Ownership (Percent) 
•pe Metro Manila

Owned ^3.3 
Rented ^3.3 
Rent-Free 5.5 
No Response 7*9

Philippines
81.3
6.7 
5.3
6.7
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Table 9» Lot Ownership (Percent)

Sage
Owned 
Rented 
Rent-Free 
Wo Response

Metro Manila 
2k. 3 
k l .b  
2 0 . k 
7.9

Philippines
50.0
15.2
28.1
6.7

— -le 10‘ Density (Persons per Room) Within Household
Sore.

Less than one person 
;per room

1.00 to 1.99 persons 
per room

2.00 to 2.99 persons 
per room

3.00 to 3.99 persons 
per room

^.00 to k.99 persons 
per room

5.00 to 5.99 persons 
per room

6.00 to 6.99 persons 
per room

7.00 to 7.99 persons 
per room

8 or more persons per
Wo Response

Metro Manila 

5.1

27.8

26.5

lU.l

7.7

k.2

1.5

1.8
room 2.7 

8.7

Philippines

6.1
2 7 . k 

25.it 

13.7 

7.7

3.7

2 .8

1.7 
it.5 
7.0
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LESSONS LEARNED FROM POST WIND DISASTER INVESTIGATIONS
by

Edward 0. Pfrang
Chief, Structures, Materials and Safety Division 

Center for Building Technology 
Institute for Applied Technology 
National Bureau of Standards 

Washington, D. C. 20234

I wish to depart completely from the paper which I prepared for this morning's seminar 
after viewing your construction methods and your type of housing. Rather than talk about 
the subject of my prepared paper I thought it would be more useful to talk about lessons in 
housing that we learned in the United States after observing natural disasters and the 
resulting wreckage.

We will view a series of slides which were taken after certain hurricanes struck the 
U.S. Gulf Coast. One of the most interesting lessons about hurricanes is that we are 
getting the same lesson over and over again. So, it is about time that the knowledge we 
learn, in seminars like this, is put into practice.

One of the simplest lessons one learns after visiting the site of a hurricane, re
gardless of whether the buildings involved are low-rise or high-rise or low-cost or high- 
cost, is that it is not the individual members of the structure that cause problems. Very 
rarely does one find failure in a structural member per se. It is almost invariably the 
connection details which give the trouble.

To illustrate, let me relate our findings in post-hurricane investigation involving the 
two-pole type house, a house that is popular in our coastal regions for two reasons: 1) the 
additional comfort one gets by having air circulation along the house; and 2) the fact that 
water passes under the house and all we are faced with in terms of forces on the house 
itself are the wind effects themselves.

In some instances we have found such houses in reasonably good shape after being sub
jected to hurricanes. But sometimes we found only the poles remaining. The reason for 
this is that the tension ties-the proper bolting of the house to the poles-were missing.

What was the cost difference of two similar vacation pole type houses in the same 
seashore neighborhood, one of which was blown away while the other survived? Frankly, 
the owners of the houses spent exactly the same, although the contractor spent a little 
more effort on the one house. But we have the same type of house. Certainly we need to 
tie the frame to the supports at the various junctures. We need adequate ties at the 
point where the poles themselves are connected to the ground.

In the United States, we established some standard building details to prevent losses 
as described above. The value of establishing the standard details is that one can simplify 
the whole design procedure for the house. One does not have to worry about details that we 
know are workable.

Secondly, and probably even more important, is the enforcement official of the building 
regulation system. In the United States he is not a highly trained individual. He does 
not have an engineering degree. He is generally a former carpenter, or other craftsman.
If we change the details very frequently his job will be much more difficult. This way 
he knows that by referencing the standard, he will need a 5-inch bolt for a certain situa
tion. Economically this is a more feasible approach than trying to be sophisticated about 
constructing a building.

Next, we must tie down roofing materials and properly connect the truss or the rafters 
to the walls of the building. We should use details which are clean, simple, and where 
there is a straight-line transfer of load. Usually, you start getting structural problems 
as you tend toward indirect lines of load transfer. Clean, straightforward details are also 
preferable from the standpoint of enforcement and inspection. We have tables available 
which indicate for example, the capacity of a specific connection detail in terms of the
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you during a previous trip. They are available in the university library, but some of 
you may not have visited the library. What this report does in essence, is establishes a 
national blueprint or plan for the United States with regard to building practices for 
disaster mitigation. It addresses both the seismic and the wind aspects. I think that you 
might find this to be a useful document for your own planning here in the Philippines. Un
fortunately, we do not have enough copies to make them available to all of you, but we could 
probably spare about a dozen copies. So, if those of you that have a real priority interest 
in this report would leave your names with me, particularly if you would be willing to share 
them with others, I would be very happy to make this available to you.

Thank you.



LOW RISE LOW-COST HOUSING AND EXTREME WIND RELATED PROBLEMS IN BANGLADESH
by

Jamilur R. Choudhury
Associate Professor Civil Engineering, Bangladesh University 

of Engineering and Technology, Dacca, Bangladesh

ABSTRACT
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1. INTRODUCTION 

General
Bangladesh is one of the youngest nations in the world. Formerly known as East Pakistan, it 
emerged as an independent nation after a short but violent war of liberation lasting about 
nine months from March 1971 to December 1971.
Geographically, it is located on the north-east of the South Asian Sub-Continent between 
20°30’ and 26°45’ North latitude and 88° and 92° 56’ East longitude. The total area is 
55,130 square miles. Almost the whole of the country is a network of rivers, constituting 
the delta of three of the world's biggest rivers - the Brahmaputra, the Ganges and the 
Meghna.
The country is surrounded on the west, north and north-east by India, on the south-east by 
Burma and on the south by the Bay of Bengal.

Population
The present population is about 75 million. With an average of about 1360 persons per 
square mile, Bangladesh has one of the largest densities of population in the world. The 
annual net rate of population increase in Bangladesh was estimated to be 2.6 per cent in 
1961. By the end of the present decade the population is expected to be about 95 million.

Economy
Bangladesh is one of the poorest countries in the world. The Gross Domestic Product 
(constant factor cost at 1959/60 prices) was about 4.57 billion dollars* in FY 1970.
The economy of Bangladesh is traditionally and predominantly agricultural. About 90% of the 
population is rural and about 80% of these are engaged in agriculture. Agricultural output 
accounts for about 55% of the GDP. The per-capita real income is about $64 (at the official 
exchange rate), a figure which has remained almost constant since mid-sixties. Total in
dustrial output accounts for only 9% of the GDP out of which jute processing and manufacture 
is the major component.

2. THE HOUSING PROBLEM
Introduction

The last housing census was conducted in 1960. Arrangements for a population and housing 
census in Bangladesh have been completed and the census data collection should be completed 
by the beginning of 1974. In the absence of up-to-date reliable data, most of the following 
discussion is based on the results of 1960 census. The basic characteristics of house 
types, structural conditions, occupancy, etc. have not changed significantly during the last 
decade.
In 1960, there were about 9.60 million residential houses in Bangladesh. The average number 
of rooms per household was 1.77. A majority of households (53%) lived in single-room 
dwellings and the average density of occupancy was 3.2 persons/room. Table 1 gives the 
number of households classified according to number of rooms:

* The figures quoted are unofficial estimates
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Table 1
Number of Houses of Different 

(Figures in thousands)
Sizes*

Number of 
households 
of all sizes 1

Number of 

2 3 4 5

rooms

6 7 8 9 10

9603 5166 2652 1063 443 161 65 28 13 6 7

Five or more persons share a room in case of 31% of the population, 4 persons in case of 13% 
of the population and 3 persons in case of 21% of the population.

The poor housing conditions of the general populace is evident from the above figures.
Rural Housing

The bulk of the rural population of about 67.5 million belong to the poorest income group. 
Since the majority of this population depend on agriculture as their means of livelihood, 
the distribution of agricultural land holding has a marked effect on the pattern of rural housing.

The rural population may be broadly classified into two groups: (a) land-owners, and (b)
landless laborers. It is estimated that about one—fifth of the villagers are landless, who 
work mainly as field hands or laborers in various projects. Out of the gross area of 55,130 
square miles, about 25 million acres (70.8% of the gross area) is cultivable. The average 
land owning villager possesses only 1.5 acres. He usually rents another acre from 
well-to-do villagers and therefore cultivates 2.5 acres. This area is usually fragmented 
into ten or more plots, some of which may be a mile or more away from the homestead. The 
houses, in general tend to be scattered throughout the village.

Most of the rural population in Bangladesh live on the patriarchal family pattern. Peasants 
usually establish their households on their own fields. When the sons get married, their 
wives move in with them, and a new house (or room) is erected for them, on the same field, 
next to the parents house. As a consequence, houses occupied by families paternally 
related are grouped together. The clusters of houses normally provide shelter to families 
of relatives numbering 20 - 40 members, but higher figures are not infrequent. The groups 
of houses are usually surrounded by dense tropical vegetation and trees. Fig. 1 shows the 
layout of a typical rural house. The central courtyard is the centre of almost all family 
activities.

Dwelling Units
Most of the houses in rural areas are 'kutcha' (which literally means raw) structure, whose 
plinth is made of mud and whose walls and roofs are built of bamboo, grass, straw and reeds. 
These houses require constant maintenance and often do not provide a safe shelter against rain and storm.

According to the last census report (1960), there were 9.13 million residential dwelling 
houses in rural areas^of Bangladesh. The increase in number of rural houses between 1950 
and 1960 was about 10%. Assuming the same rate of growth the number of houses in 1970 
should have been about 10 million.

* Source: Census of Pakistan, Vol. 9, 1960.
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Structural Conditions of Rural Houses

According to 1960 census data, about 90% of the total rural houses are made of bamboo, 
thatch and mud, and 64.5% of the houses use the same material for roofs. Walls of concrete, 
baked bricks or stone are used in only 1% of the total number of houses. These are mostly 
the staff quarters built by the government. An average of 34% of the houses have C.I. 
(Galvanized corrugated iron) sheets or corrugated asbestos cement sheets as roofing 
materials.

Urban Housing
The conditions of dwelling units in urban areas are no better than those in rural areas. A 
vast majority (72%) of the urban population cannot afford to pay the rent for even the 
cheapest form of acceptable housing. They have, therefore, to live in makeshift shacks and 
huts. These distressing conditions under which the low income families live present a 
problem which is seemingly beyond solution. The total number of urban dwelling units, 
according to 1960 census, was about 471,000 and it is estimated that there were about 
520,000 units in 1970. Approximately 27% of the houses are permanent and semi-permanent in 
character, the rest being temporary and unclassified. Quite a large fraction of the urban 
population live in the 'bustees' and squatter settlements in the larger towns and cities.
They live in bamboo shacks, often consisting of a piece of plaited split-bamboo fencing bent 
in the shape of a semi-circle. The headroom in such houses being low, their occupants spend 
most of their time under the open sky, taking shelter under the shacks only in case of rain 
and during night. The houses are blown away even by moderate winds, despite efforts to hold 
them down by putting counterweights like bricks on top of the roofs. The government is 
making efforts to rehabilitate these squatters and has already built 4500 semi-permanent 
one-room houses on the outskirts of Dacca city.

Common Types of Houses
A very common type of construction used for rural houses is shown in Fig. 2. The roof 
consists of C.I. sheets screwed to timber purlins, usually about 2" x 2" section. The load 
bearing skeleton consists of bamboo posts. The walls are of bamboo fencing consisting of 
split bamboo woven diagonally. Galvanized steel wire is used in joining the different 
pieces. These houses are never designed from the structural point of view, and are usually 
built by local craftsmen, the owner sometimes providing unskilled labor.
A stronger type of construction used for low-cost housing projects on the outskirts of Dacca 
by the Housing Directorate of the Government uses brick walls with C.I. sheet roofing (Fig. 
3). The C.I. sheet roof is anchored down to the wall through 1/8" x 1" x 5" twisted steel 
clamps and 1/2" diameter 'holding down' bolts. These bolts are about 2 ft. long with a 4" 
square 1/8" thick mild steel plate welded at the bottom end embedded ,in the brick masonry.*
The stronger houses in urban areas are mostly made of burnt clay brick masonry walls with 
sand cement mortar (usually 10" thick for buildings up to 2 stories high) with .reinforced 
concrete roofs. The roofs are almost invariably horizontal. In the design of such 
buildings, no account is taken of the wind forces. The walls being much thicker than 
necessary from gravity load considerations, even extreme winds do not produce stresses large 
enough to produce failure. Most of the buildings of this type which have suffered damage 
due to cyclones were either made of sub-standard quality mortar or the workmanship was poor. 
No damage to R.C. roofs have been reported. In the island of Manpura, one of the worst- 
affected areas of the November 1970 cyclone, the only R.C. elements which suffered damages 
were ’sunshades’ which were about 2" thick, 1' -9" projections above window level. These 
failures might have been caused by uplift wind pressure or the pressure generated by storm 
surges.

* Source: Housing Directorate, Government of Bangladesh.
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Some New Types of Houses

In recent years, efforts have been made by different relief agencies as well as Government 
departments to evolve new type of houses to better resist the natural calamities. Some of 
these use traditional materials like C.I. sheet roofing whereas others are completely new in concept.

A very popular type of structure called CARE type houses (after the U.S. relief 
organization Co-operative for American Relief Everywhere) uses soil cemfent blocks for walls 
and C.I. sheets for roofs. The primary emphasis is on promoting housing on ’self-help' 
basis, a minimum of skilled labor being necessary for its construction. However, the 
problem of properly anchoring the C.I. sheet roofs to the wall still remains.

Hyperbolic paraboloid reinforced concrete shell roofs have been used in both industrial 
housing and suburban housing. One system uses 1" thick precast R.C. elements with in-situ 
concrete interconnection. The roof is anchored to the supporting brick walls through 1/2" 
M.S bars at the corners. Cast-in-place hyperbolic paraboloid shell roofs have also been 
used in a recently constructed industrial housing project in Jessore.

CARE is experimenting with a revolutionary type of house design. Both the shape and the 
materials used are completely new in Bangladesh. The integrated roof and wall element is 
semi-elliptic in shape and is made of pre-formed elements of polyester resin, jute and 
polyurethane. These elements are anchored to the underlying soil and their performance in 
severe winds-has so far been satisfactory.

Current Housing Programmes

Bangladesh had the misfortune of suffering two disastrous natural calamities in 1970. In 
August 1970, flood waters destroyed about 80,000 rural houses completely; moreover about 
224,000 houses were partially damaged. In the severe cyclonic storm of November 12, 1970, 
about 100,000 houses were completely destroyed. The liberation struggle of 1971 left about 
2 million families homeless. Attention of international relief agencies and humanitarian 
organizations were naturally focussed on Bangladesh after this series of destructions. 
Sizeable housing rehabilitation and reconstruction efforts are now underway in rural Ireas. 
The Government of Bangladesh through its Rural Housing Rehabilitation Project envisaged-the 
construction of 155,000 semi-pucca rural houses and 21,0»0 pucca houses in the coastal areas 
in 19/2 73. The Government has also undertaken construction of 2-storied cyclone shelters 
m  coastal areas which will also serve as community centres, schools, dispensaries and post-offices.

Table 2 shows the summary of housing programmes undertaken by the different relief agencies during the last two years:

Table 2

Housing Programme of Different Relief 
Organizations in Bangladesh*

Name of Organization
Number of Houses

Target 
up to 
1972-73

Construction 
up to

August 1972
1. CARE 12,500 5,6002. CONCERN 2,000 503. R. K. MISSION 1,500 1,0004. BERRS 45,220 24,0035. CORR 300,000 185,2606. Uncle Erik's Children Help 31 317. Service Civil International 925 1358. SAWS 2,730 200
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9. AUSTEARS 2,668 2,668
10. Baptist Mission 1,494 1,264
11. Danish Association for Inter

national Cooperation 125 15
12. EFTCOR 581 95
13. ICRC 991 991
14. RDRS 15,060 2,960
15. Salvation Army 2,331 1,081
16. IPS 1,000 -

17. BVSC 5,000 -
18. BRAC 1,000 -

Total 395,156 225,153
3. EXTREME WIND RELATED PROBLEMS 

Types
Extreme winds affecting houses in Bangladesh may be classified into three categories:

(a) The Norwesters (Kalbaishakis')

(b) Cyclonic Storms , and

(c) Tornadoes

The Norwesters
Norwesters are violent thunder-storms and occur during premonsoon months, i.e. March to May. 
They are most frequent in the month of April (which corresponds to Baishak, the first month 
of the Bengali calendar - hence the name 'Kalbaishaki'). They originate over land and 
marshy areas and occur mostly in the central and eastern districts.
In a study of Norwester squalls over Dacca, it was observed that before the onset of a 
Norwester, the prevailing surface wind was southerly or south-westerly but with the onset of 
the squall, a sudden shift to the west, south-west and even south-east was observed.
Some of the Norwesters originate from West Bengal and Chotanagpur in India and move in a 
north-west to south-east direction. Another category of Norwesters originate from Assam in 
India to the north of Dacca and move more or less in a southerly direction.
The distribution of Norwester squalls over different areas in the months of March-June are 
shown in Figs. 4,5,6 and 7.* It is observed that in the month of March, an area around 
Dacca and north-east of Dacca has the highest concentration of squalls. In the month of 
April, the March cell expands in area and another cell near Sylhet near the north-eastern 
boundary starts developing. In the month of May, three cells are observed:

(a) the Dacca Cell well expanded,
(b) a cell near Pabna and around, possibly extending to Calcutta in 

India; and
(c) Sylhet cell in the north-east becoming prominent.

* Source: Report on the National Workshop on Low-cost and Co-operative Housing in Bangla
desh, Nov. 29 - Dec. 5, 1972, Prepared by International Co-operative Housing 
Development Association.
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In the month of June, only two cells are observed, both with considerably reduced frequency 
distribution. These are the decaying Dacca and Pabna cells.

The maximum wind velocities encountered in case of Norwesters is in the region of 40 - 80 
miles per hour.

Cyclonic Storms

Storm Tracks and Frequency

The south-west monsoons, over which the entire agricultural production of Bangladesh is 
dependent, is ushered in pulsations, through the agencies of 'depressions' and cyclonic 
storms. High winds with frequent squalls, heavy rain and storm surges are the destructive 
agencies of a cyclonic storm.

A study of the storm tracks in the Bay of Bengal between 1891-1923 reveals that the cyclones 
may originate anywhere in the Bay of Bengal and then travel either North-west towards the 
Madras coast in India or North and North-easterly towards the head of the Bay. The Bay of 
Bengal is practically free of cyclonic storms in the months of January, February and March. 
In the months of April and May, Bangladesh has occassionally been struck by cyclones 
affecting the Cox s Bazar coast and the area East of Barisal. During the monsoon months of 
June, July and August, cyclonic storms are frequent but of moderate intensity and they do 
not affect Bangladesh; they form at the head of the Bay of Bengal and travel in West and 
North-westerly direction to the Orissa and West Bengal coast in India. Cyclonic hazard is 
greatest in Bangladesh in the period starting from September and ending in December. 
Cyclones are then most frequent and severe and may attack any of the coastal areas at Madras 
and West Bengal in India, Bangladesh and Burma.

Table 3 shows the frequencies of cyclonic storms and depressions in the Bay of Bengal at 
different periods of a year. Although more depressions were formed in the months of July, 
August and September, the number of cyclonic storms was much higher in the month of October.

Table 3*

Frequencies of Cyclonic Storms and 
Depressions in the Bay of Bengal 

(1948-1960)

The total number of cyclonic storms by decades is given in Table 4.

* Source: The Climatology of East Pakistan by M. A. Quadir, Govt, of East Pakistan
Publication, 1962.
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Table 4*

Total number of cyclonic storms in 
Bangladesh

(1890 - 1959)

1890-1899 : 68 of which 2 were
1900-1909 : 65 of which 0 were
1910-1919 : 48 of which 1 was

1920-1929 :: 77 of which 3 were

1930-1939 : 81 of which 8 were

1940-1949 : 89 of which 4 were
1950-1959 : 76 of which 0 were

Disastrous Cyclones of the Past

Coastal regions of Barisal and Noakhali districts have been subject to severe cyclones and 
destructive storm surges in the past. In such severe cyclones, thousands of human lives and 
cattle were lost, houses and crops worth millions of Takas were destroyed. Some of the more 
severe cyclones of the past 400 years are mentioned below:

(a) Cyclone of 1584: The cyclone hit the districts of Barisal and Patuak-
hali. There was a huge storm surge and nearly 200,000 people perished 
in the calamity.

(b) Cyclone of 1797: The cyclone affected the islands south of Noakhali and
has been described as the "most destructive".

(c) Cyclone of 1822: Unlike other cyclones, which generally occur in October,
a great cyclonic storm ravaged the southern areas of Barisal, Patuakhali 
and the islands of Hatiya on June 6-8, 1822. In the district of Barisal 
alone about 72,000 people were killed.

(d) Cyclone of 1876: The coastal districts of Barisal, Patuakhali, Noakhali
and Chittagong were hit by a cyclone on October 31, - Nov 1, 1876.
Storm surges up to 40 feet deep have been reported from the coastal 
areas. A total of 215,000 people were probably drowned. This repre
sented 20% of the population of the affected areas.

(e) Cyclones of 1960: After a comparatively quiet period in the first 
half of the century, two severe cyclones hit the coastal regions of 
Barisal, Noakhali and Chittagong in October 1960. The cyclones 
occurred in quick succession - the first one on October 9-10 and the 
second on October 30-31. The areas affected by both the cyclones were 
almost the same in both the cyclones.
A maximum wind speed of about 140 mph was reported from Chittagong 
port.

* Source: Op. Cit



(f) Cyclone of 1970: The cyclone of 12th November 1970 is the most disas
trous in recent times. It affected the southern regions of Barisal, 
Patuakhali, Noakhali and the islands of Hatiya and Manpura. The 
accompanying storm surges were upto about 25 feet in height. Almost 
100% of the kutcha and semi-permanent houses were destroyed in the 
affected areas. The extent of damage indicates that the maximum 
wind speed was more than 120 mph.

Probable Areas of Attack by Cyclonic Storms in Bangladesh

The coastal areas of Bangladesh are the most vulnerable to cyclonic storms originating in 
the Bay of Bengal. The southern parts of Barisal, Patuakhali, Noakhali and Khulna districts 
and the western coast of Chittagong have suffered extensive damages in recent cyclones. The 
severest damage is caused in the off-shore islands of Hatiya, Sandwip and Manpura, which are 
often completely inundated by storm surges accompanying the cyclones. Areas of Dacca and 
Comilla districts are also affected but the intensity is less severe than in the southern regions.

Fig. 8 shows the probable storm tracks in different parts of the year and Fig. 9 shows the 
track of a typical cyclonic storm with maximum wind velocities in different regions.

Tornadoes

Tornadoes are the most destructive of all storms. They generally occur on land during the 
warm season of the year in flat areas, where there are few topographical barriers to impede 
their movement. The approaching storm may be recognized by a dark funnel-shaped cloud whose 
small portion extends downwards to the earth's surface. Usually such storms cover a narrow 
path of up to about half a mile in width and their force is spent in 20 to 100 miles of 
travel. The major flow of the air in motion at ground level during a tornado is basically 
circular and translational at the same time. The average translation speed is about 50 mph 
but the peripheral wind velocities are much higher. In 1961, the Task Committee on Wind 
Forces of the American Society of Civil Engineers concluded that the peripheral velocities 
would be in excess of 300 mph. However, maximum wind speeds up to about 500 mph have been 
estimated by some authors.

One of the severest tornadoes in recent memory hit the outskirts of Dacca city in April 
1969. A textile mill at Demra, about 10 miles from Dacca, built of brick masonry walls with
C.I. sheet roofing on steel trusses was completely destroyed. It is estimated that the 
maximum wind speed in the tornado was in excess of 150 mph.
4. PRESENT DESIGN CRITERIA

Most of the existing houses in Bangladesh have never been designed from a structural point
of view, but their form and use of various materials have evolved over decades of experience and tradition. y

For permanent and semipermanent structures, a very popular form of construction uses steel 
trusses or timber trusses as the load carrying element of the roof. Corrugated galvanized 
iron sheets are commonly used as covering although in some cases corrugated asbestos cement

■Hie trusses are designed to withstand wind forces which were usually calculated in the following way:

*f Sp6ed °f Wlnd in “P*1 for which the structure is to be designed, the pressure pin lbs/ft* is taken to be

p = 0.003 V2
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Duchemin's formula for sloping roofs was then used to calculate the component of wind force
normal to roof surface .„ 2 Sin d>

. -,t Pn “ — Sin2 * >
where <j) is the angle of inclination of the roof with the horizontal.

Use of the above formula implies that wind forces act only on the windward slope of a roof 
and ignores the effect of suction in the leeward slope.
However, most of the structures designed to withstand wind forces calculated from the 
above formula with a wind speed of 100 - 120 mph have withstood the forces generated by 
severe cyclones. It is worth noting that no account is taken of vertical uplift forces 
which may be generated by the cyclone.

Current design practice, however, uses a more realistic pressure distribution. In the 
absence of a unified code of building practice in Bangladesh most of the 'permanent' 
buildings are designed either according to the British Standards Code of Practice No. 3 
(Chapter V) 1952 or according to American Society of Civil Engineers report on Wind Loading 
(1936).

The B.S. Code recognizes the influence of roof slope as well as the height to width ratio of 
the building and the recommendations are based on results of wind tunnel tests on scale 
models carried out at the National Physical Laboratory.

The A.S.C.E. recommendations give wind pressures for a given wind velocity with the angle of 
inclination of the roof as the only variable.

2The velocity pressure is taken as q = 0.002558 V where q is in lbs./sq.ft. and V is in 
mph.

The leeward slope is assumed to be subject to a suction of 0.6 q for all slopes whereas the 
windward slope pressure (or suction forces) are given by the following expressions:

<|> 1 20° 
20° £  4 £  30° 
30° <_*}>.£. 60° 

<t> > 60°

p = “0.7q
p = (0.07 4> -2.10)q 
p = (0.03 4) -0.90)q 
p = 0.90q

(Positive values of p mean pressure and negative values mean suction)

The above pressures and suction forces are assumed to act in a direction perpendicular to 
the surfaces on which they act.

The internal pressures developed in buildings with openings are not usually considered in 
the design of such structures.

The most commonly used slope for pitched roof is 4 span to 1 height or 2:1 slope. This 
gives an inclination of 26.5°. Both the windward and leeward slopes, will, therefore, be 
subject to suction forces. This calls for secured fixing of the rafters to the walls and 
the covering sheets to the rafters. A wall plate runs on the top of the walls parallel to 
the ridge and rafters are generally nailed to it. The roofs usually have projections at the 
eaves to ensure that the rainwater from the roof does not drip down the walls. The presence 
of these projections may alter the distribution of wind pressure on the roof and there is a 
possibility of increase in the suction force due to these projections.
It has been observed in recent cyclones that most of the failures of roofs were due to the 
wind having gone inside, pressed from underneath and lifted up the roofs.
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Fig. 1 Lay-out of a typical Rural house
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Fig. 2 Details of a typical Rural house with bamboo.
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Fig. 3 Details of a typical low cost house with brick walls
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BANGLADESH

Fig. 4 Area distribution of norwester squalls (March)
(Figures indicate total no. during the period 1955-61)
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BANGLADESH

Fig. 5 Area distribution of norwester squalls (April)
(Figures indicate total no. during the period 1955-61)
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Fig. 6 Area distribution of norwester squalls (May)
(Figures indicate total no. during the period 1955-61)
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BANGLADESH

Fig. 7 Area distribution of norwester squalls (June).
(Figures indicate total no. during the period 1955-61)
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Fig. 8 Storm tracks in the Bay of Bengal Affecting Bangladesh
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Area wind force more than IOO miles per hour 

Wind of hurricane force 80-100 miles per hour 

Wind of gale force 4 0 -5 5  miles per hour

Fig. 9 Typical cyclone in Bangladesh (9th May, 1961)
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REMARKS
by

William Woudenberg 
CARE, Inc, Dacca, Bangladesh

Good afternoon, ladies and gentlemen. As Dr. Choudhury has mentioned I have been 
actively involved in housing in Bangladesh. In the past three years we have contributed 
approximately 15,000 units which are located mostly in the southern area of Bangladesh. Our 
primary interests are in certain regions in which Dr. Choudhury described as most prone to 
strong cyclonic conditions that prevail in the area. One thing we found is that as we 
proceed to other regions, the problem of building masonry houses becomes rather formidable.
For that reason then, we have decided to investigate the use of other materials.

I have set up a small shop outside of Dacca where we have experiments with various 
approaches to this problem. Some of the disciplines involved are the availability of 
materials. There exists practically no stones in Bangladesh and bricks are very expensive.
The supply of wood is becoming increasingly scarse and the price per cubic ft. of wood 
almost approaches the price of steel. In fact, in recent purchases for wood, we have to get 
government priority before we could buy.

S°.for that reason, the only material that we find easily available and we could use is 
jute which Bangladesh is supplying the world. I decided on a configuration of jute
saturated with polyester resin. In 1971, the first four houses were built and we decided
that a circular configuration would give the best resistance to violent winds. We developed 
that in exploring the use of these houses in the villages. The circular configuration 
proved to be quite unsatisfactory, however, for their social customs. They are primarily 
Moslems and in the villages the privacy of the women is very important and the circular area 
made uhe delineation of the living area quite difficult. For this reason, we changed to a 
rectangular configuration, although we still hold on to the curved shape which gave so much 
strength to the first prototype.

I have a few pictures here that describe the different models. This is the second house 
we built (Fig. 1). This is an example of a one family residence. It is 14 feet in width,
22 feet in length and it costs approximately $300 - with about 50% hard currency and 50% local 
currency. It is extremely light in weight. It can be transported very easily and it can be
floated for ease of transport in river areas. This particular one has already withstood
storms that Dr. Choudhury described and it seems that there is no ill effects on them. This 
particular building, because of its configuration, can lead to a lot of different shapes by 
adding sectional structures. This unit can be made to any length, in 3 foot increments to 
accommodate perhaps warehousing, etc.

This slide shows the veranda. Verandas in Bangladesh are extremely important because 
if a man wants to invite you to his home for tea it is very important to give you the 
hospitality of the house. He cannot bring you inside because you would invade the privacy 
of his wife.

We have a large house constructed of segments from the one shown previously (Fig. 1) 
and it illustrates that this material can accommodate the needs of larger buildings. This 
house is 33 ft in width, 44 ft in length and 22 ft high and cost approximately $1 per square 
foot. It can be brought to the site and assembled perhaps within one week at most.

All these materials are manufactured in Bangladesh.

We have a scale model or the building and the specimen or the insulation used. The
insulation serves as a filler for the fiber glass and further strengthens the material. It 
serves as an insulation and its serviceability is very important. It can be used either 
with a foundation or without a foundation.

One very important thing I forgot to mention is that we hope to be able to deliver one 
unit to Manila at the early part of next year.
Thank you.
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by
A. D. Adams

Partner, Douet Brown Adams Associates, 
Consulting Engineers, Kingston, Jamaica

LOW-COST HOUSING AND EXTREME-WIND-RELATED PROBLEMS
IN JAMAICA

1. Scope
This report presents an outline of low-cost housing and low-rise building—related problems 
of Jamaica and data gaps both in the design (e.g. structural systems, connection details, 
design loads, etc.) and construction phases. It identifies the related socio-economic 
considerations as they effect the design of structures. It presents also, a discussion of 
extreme—wind-related problems as found in Jamaica.
Due to the shortage of time mentioned, the practice and problems mentioned in this paper are 
based on Jamaica only and does not include other Northern Caribbean Islands.

2. Limitations and Assumptions

General
This is the first of two reports. It is intended to present information of a more general 
nature here and to present more detailed information and substantiating data in the second 
report. This is partly necessary because of the short time that was available for
developing this report.
In addition, there is a lack of technical reports on the effects of past occurrences of 
extreme wind in Jamaica. For aspects connected with the observed effects of extreme wind, 
some reliance has had to be placed on newspaper reports and photographs and other records 
and papers. Not all of these sources are engineering-oriented, hence they have been 
interpreted with some caution.
Data Gaps in Design and Construction
For identifying data gaps in design and construction, the author has mainly drawn on his own 
experience as a consulting engineer and his association with other engineers in Jamaica.
This means that data gaps are indicated where information may conceivably exist, but is not 
known by or readily available to, the majority of Jamaican engineers. The second report 
will, of course, re-examine any statements made in the first.

Socio-Economic Considerations
For socio-economic considerations, statistics and economic analysis are based on government 
reports unless stated otherwise.
Observations on social and sociological aspects are often subjective but where supported by 
other reports or studies, this is noted by reference to the sources.

3. Common Low-Cost Housing Systems in Jamaica

A Look at the Past
As examination of common housing systems in Jamaica should perhaps be preceded by a 
historical look at 'low-cost' housing as it existed before the advent of modern 
industrialized buildings and building materials This seems even more 
considered that at the time of the last severe hurricane m  1951, most houses were 
'early' construction as described below:

In the rural areas, most 'early low-cost' houses (say up to the 
1930's) were constructed by peasant owners, using techniques 
described as "wattle and daub" (See Fig. 1). This consisted of
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A Look at the Past.

PART ELEVATION  
OF W A TTLE

Fig. 1 WATTLE AND DAUB

Early Low-Cost Housing Construction in Jamaica



a wooden skeleton frame of posts planted in the ground, tied at 
eaves level with wooden beams and with sticks interwoven hori
zontally between the posts, to form the "wattle". This "wattle" 
was "daubed" both inside and out with mud formed from readily 
available clay, to create solid walls. Roofs were of pitched 
wooden framing and battens. The roof covering was generally 
formed of ’thatch', made from bundles of dried leaves of certain 
plants, tied in place.
In urban areas, houses were mainly of timber studs with lapped horizontal boarding to 

walls (See Fig. 2). Roofing was of pitched timber rafters with corrugated iron sheets or 
wooden shingles, either on battens with a thin suspended ceiling, or in boardsheathing 
without a ceiling.

As a variation in some cases and also as a further development as time passed, many 
houses in the urban areas came to be built of brick-nog or concrete-nog construction (See 
Fig. 3). This consisted of masonry or concrete in-fill between the studs and a rendering of 
lime or cement plaster. A feature of both types was that in most cases houses were elevated 
at least 2 or 3 ft. above ground on concrete or masonry piers or sleeper walls.

Hollow-Concrete Masonry Construction (See Fig. 4)
The introduction of the hollow-concrete block as a cheap masonry unit for walls, marked the 
development of the first major construction method using locally manufactured components as 
a basic building material for low-cost houses.
Selected vertical cavities in concrete blocks are usually filled with concrete during 
construction and vertical and horizontal steel bars are introduced as reinforcement to 
resist earthquake and wind effects. Poured-in-place reinforced concrete stiffener-columns 
are generally introduced in unrestrained panels of wall exceeding about 16 ft. However, for 
low-cosi housing, these stiffeners are often omitted and both cavity infill and 
reinforcement are generally restricted to corners and edges of openings. Reinforced 
concrete belt beams are based to cap walls at roof level.
Roofing Systems are of various types and include poured-in-place reinforced concrete slabs, 
and battens on timber joists covered with aluminum sheeting or wooden shingles. Foundations 
are of strip-footing type.

Large Panel Precast Concrete Systems (See Fig. 5)
These consist of full size concrete wall panels, with the largest panels being as large as 
the full length of the housing unit in one direction and the full story height in the 
other.
In the most common local system of this type, wall and roof panels are lifted and assembled 
by crane and connected by welding at matching steel inserts. Overall thicknesses of wall 
units vary from 3" to 6" but ribbed panels are often used for the thicker units with 
rectangular panel thicknesses of as little as 1 1/2 between ribs.
Roof waterproofing is usually of a bituminous compound or waterproofing felt.

Small Unit Precast Concrete Systems (See Fig. 6)
These consist mainly of precast concrete posts and precast concrete or timber beams with 
concrete in-fill "boards" between posts.

Timber Systems (See Fig. 7)
These are mainly of timber studs and 1" thick horizontal boarding on both internal and 
external wall surfaces. Roofs are generally of timber framing and aluminum sheeting.
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Fig. 2 TD.ffiER STUD AND BOARDING

Early Low Cost Housing 
Construction in Jamaica.
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/
Wooden
beam

o rs.

Wooden
^stud

XConcrete 
nog or 
brick noa 
(rendered)

Fig. 3 BRICK NOG AND CONCRETE NOG
EARLY LOW COST HOUSING 
CONSTRUCTION IN JAMAICA
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COMMON LOW-COST HOUSING SYSTEMS IN JAMAICA CONTD.

Hollow-Concrete Masonry Construction

Aluminum sheeting or shingles (wooden)
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COMMON LOW-COST HOUSING SYSTEMS IN JAMAICA CONTD.

Anchor Bars

Fig. 5 LARGE PANEL PRECAST CONCRETE SYSTEM

The most established, fully prefabricated 
Housing System in Jamaica.

129



COMMON LOW-COST HOUSING SYSTEMS IN JAMAICA CONTD.

Felt on precast concrete boarding or aluminum sheeting on timber battens

Fig- 6 SMALL UNIT PRECAST CONCRETE SYSTEM

NOTE

Government Owner occupier
Scheme Uses Timber Beams and Rafters.

Roofing are generally of timber framing with aluminum 
sheeting. In some cases, precast concrete joists and "boarding" 
are utilized with felt waterproofing.
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COMMON LOW-COST HOUSING SYSTEMS IN JAMAICA CONTD.

Timber Systems

Fig. 7 TBiBER SYSTEM

STUD AND LAPPED BOARDED WALLS

These houses are usually elevated on piers or sleeper 
walls at least 2 ft. to 3 ft. above ground and provided with 
a flooring of timber joists and boarding.
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Other L i g h t weight Systems

Apart from timber boarded systems, other lightweight systems have been proposed and 
promoted, particularly by commercial or manufacturing interests. These types generally 
utilize a stud system either of tin or aluminum. Some of the boarding materials proposed so
far are: -

(a) Particle board consisting of cane fibre (bagasse) bonded 
by a resin.

(b) Thermo-wall panels consisting of bagasse and gypsum bonded 
by a resin.

However, to date, very little if any houses and certainly no large scale developments have 
been done using such lightweight systems.
Other Low-Rise Buildings

For buildings under 3 stories and requiring substantial external walls or partitions, filled 
hollow-concrete masonry is the most popular construction method in Jamaica. This is usually 
in conjunction with poured-in-place reinforced concrete floor slabs. Roofs are either R.C. 
slab or timber framing with aluminum sheeting.

For office and commercial buildings and for low-rise buildings above 3 stories, the most 
popular construction system is cast-in-place reinforced concrete slabs and frames. Less 
popular variations are for slabs, composite pretensioned/reinforced concrete or 
post-tensioned slabs, and for frames, steel skeleton or R.C. shear wall construction.

4. Problems and Data Gaps in Design and Construction of Low-Cost Housing
Local Building Regulations

Most of the building regulations now legally in force in Jamaica, were first passed in the 
early 1900's. Despite a number of amendments of individual sections, the official building 
laws are out of date and far behind modern building design and construction technology.
There has been a tacit acknowledgement of this by most local authorities and today a lot 
more observance is made of a Proposed Draft Building Regulations - 1971 than of the original 
regulations. These Draft Regulations issued by the Kingston and St. Andrew Corporation 
(which administers the affairs of the Capital City) is not yet available to the general 
public, but is well known to the initiated such as Engineers, Architects and Builders.
These regulations have been mainly based on the series of British Standards and British 
Standard Codes of Practice dealing with the design and construction of buildings. This is 
due to the fact that, so far, Jamaica has not had the financial or man-power resources, 
which would be needed to undertake the intensive study and research necessary to produce a 
comprehensive set of truly indigenous codes of practice.

One consequence of this has been a lack of detailed guidance in regulations on special local 
phenomena, such as earthquakes and extreme winds. There is, therefore, a lack of uniformity 
in the treatment of these design problems by Jamaican Engineers. The most popular 
resource has been to turn to areas such as the United States with its areas of similar 
naturally occuring phenomena e.g. to the Structural Engineers Association of California for 
earthquake design.

An encouraging development in this area, has been the efforts of the Engineering 
Institutions in the Commonwealth Caribbean Area (CEO) to cooperate in developing 
individually, separate sections of a comprehensive building code, which would eventually be 
compiled to serve the entire Commonwealth Caribbean region.

One such effort by the Barbados Association of Professional Engineers, has produced "Wind 
Loads for Structural Design" Draft Code of Practice - August 1970. This too, was largely 
modelled on a British Code of Practice BSCP3 Chapter V: Part 2: 1970: Wind Loads, with
respect to design lift of buildings, topography, ground roughness, building size and height

132



above ground. However, most importantly, it proposed basic wind speeds for various islands 
in the region, based on analysis of local wind data.

Local examination of this code has raised one or two unresolved points; namely, the size of 
hurricane gusts for the proposed averaging times and modifications to wind speed factors 
which allow for variations in return period. Nevertheless, although the document is not yet 
widely used by practicing engineers in Jamaica, it should represent the most reliable 
guidance on basic wind speeds in the region for design purposes.
Structural Systems

Difficulties common to all construction methods will be dealt with further in this report 
but problems and data gaps associated with various structural systems are best discussed 
under their individual headings.
Hollow-Concrete Block Masonry

For the more usual single-story buildings involved in low-cost housing construction, load 
stresses are usually quite low, so that the tendency has been to design in accordance with 
certain nominal rules set down in regulations to ensure minimum standards. The provision of 
reinforcement, belt beams, poured stiffener columns and the filling of selected block 
cavities to improve earthquake performance, goes even further towards increasing factors of 
safety under wind and vertical loads.

For low-rise buildings with more highly stressed wall elements, local regulations provide 
little guidance for a rational working stress design except to state in the draft 
regulations! that "allowable working compressive stresses in masonry walls shall not exceed 
—  100 lb. per sq. in. gross area in the case of hollow concrete blocks" and to specify a 
minimum crushing strength on gross area at 28 days, of 750 lb. per sq. in. For such 
buildings, therefore, the practice has been to design in accordance with foreign standards 
such as the American Concrete Institute Report of Committee No. 531 or British Standard 
Code of Practice No. III. These standards are, of course, not applicable in every respect 
to entrenched local practice. As a result, the local Institution of Engineers is at present 
engaged in preparing recommendations for the design and construction of this type of 
building.
One area of uncertainty, unresolved to date, is the necessity for a maximum spacing of 
poured-in-place R.C. stiffener columns and their effects in enhancing the strength of the 
masonry walls under vertical loads or wind and earthquake loads.

Large Panel Precast Concrete Systems

Although there are foreign standards and design codes 3,4 which give general guidance on 
precast concrete work, there are no comprehensive codes which cover the various types and 
combinations of precast assembly systems and connections. However, these systems are 
generally mass produced and are usually manufactured by large, highly organized building 
concerns. For this reason, they are also usually designed and supervised by qualified 
engineers and architects. Nevertheless, there is a great need to develop standards for the 
use of local authorities and design engineers.
Among the specific items which can be solved only by individual engineering judgment at 
present are: -

(a) The design of welded metal connections with bar anchorages 
to achieve ductility;

(b) Joint waterproofing and the avoidance of rain penetration 
in ’flat* thin section, precast concrete roofs;

(c) The design of welded metal connections with bar anchorages, 
subjected to combined shear and tension forces.
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Small Unit Precast Systems

These fall in a somewhat different category from the large panel systems. Although mass 
production is usually necessary for economic reasons, in this case erection does not demand 
large lifting equipment.

This lends itself well to the erection of small numbers of houses in scattered locations.
The Jamaican Ministry of Housing in its "Owner Occupier Scheme" has been erecting a few 
hundred of these annually for the last ten years.

The main problem with such units is the design of robust joints for members of such small 
dimensions. Where all members are precast, connections between posts and beams are 
generally made by half-lapped and dowelled joints. Boarding is usually slotted into place 
along vertical grooves in posts. This would generally provide doubtful overall lateral 
stability under wind or earthquake shears, so that great reliance has to be placed on the 
embedment of the posts in deep concrete footings.

Where timber beams are provided with concrete posts, connection is provided by bolted 
U-shaped mild steel straps.

Timber Systems

Local draft regulations provide for the design of timber buildings using some 
cross-referencing to British Standard Code of Practice No. 112.

Formerly, the problem with timber was poor durability due to rot and decay in our 
sub-tropical conditions. This problem has been largely solved by the use of modern 
pressure-applied preservatives^.

Recognized local practice is to provide straps at roof and floor levels to resist the 
uplifting effects of extreme wind, but this is not explicitly mentioned in the local draft 
regulations.
Other Lightweight Systems

As mentioned before, there have been too few examples of the use of resin bonded cane (or 
wood) fiber for external work to provide an assessment. The patent-holders and 
manufacturers claim the following attributes: -

(1) Dense surfaces

(2) Termite and rot resistance
(3) High Water repellence

(4) High screw and nail holding properties.

In the constant search for very cheap housing systems, these materials represent attractive 
possibilities because of their lightness and consequent cheaper construction cost. However, 
the local government authorities and engineers in general, are still uncertain of the 
durability, strength, stiffness, weather-resistance and fire-resistance of these materials. 
Data on the performance and capabilities of these materials is limited and very restricted 
in circulation. They consist mainly of laboratory tests commissioned by the manufacturers 
themselves. As would be expected, there is no mention of these materials in the available 
codes of practice or regulations for the design of buildings. In the present situation, 
there is a natural reluctance on the part of our understandably conservative government 
authorities, to approve such designs, even where submissions are made by qualified engineers.
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General Comments on Lightweight Roofing

The greatest single problem in the wind resistance of buildings in Jamaica is in connection 
with lightweight roofs. This was very evident from newspaper reports^ of damage resulting 
from the last severe hurricane in August, 1951. The damage usually falls into two 
categories: -

(a) Stripping of roofs due to inadequate fixings to roof 
coverings (particularly of metal sheeted type)

(b) The lifting and removal or destruction of complete roof 
assemblies due to inadequate holding-down force at tops 
of walls.

Since the 1951 event, general building practice has been improved e.g. to provide fasteners 
with large heads and/or washers and to provide mild steel "hurricane straps" tying rafters 
to walls.

Design codes and local regulations give no explicit instructions for these provisions so 
that design is not done on a rational basis except where an engineer is engaged. At present 
the majority of houses (excepting large housing schemes) are done without the use of 
engineers so that such provisions are detailed nominally.
5. Socio-Economic Considerations in Design
Definition of Low-Cost Housing

The classification "low-cost housing" refers to different cost categories in different 
countries. Furthermore, in each particular country, the cost category can vary drastically 
with time as inflation pushes up the cost of construction.

The current definition of "low-income" housing in Jamaica, including land, on a developed 
site, is a house, the cost of which must be under J$5,000 (US$5,500)11. This implies a 
construction cost by the author's estimate of J$2,300 (US$2,530). Virtually all housing
being built by the private sector today can be said to fall outside of this category. Up 
to the present time, therefore, low-cost housing can be described as government-built or 
government-financed housing.

Corresponding space requirements of 350 - 450 square feet have been quoted for "proper 
minimum standard, small housing units" as an international standard for minimum social 
housing in developing countries. However, this is not envisaged as an attainable standard 
for people with no fixed income and here in Jamaica, such houses reach a minimum of 200 
square feet.

It should be noted that for the smaller houses, space and provision are almost invariably 
made for future extension by the owner.

Corresponding Income Group for Low-Cost Housing

This is, of course, determined by the ability to make downpayments and mortgage repayments 
for privately—financed houses (usually 20 year mortgage). Even amongst the least costlv 
estates built by private enterprise, the down-payments effectively eliminate those earning 
much less than J$30 (US$33) per week or J$l,560 (US$1,723) yearly. Government-housing, 
however, is within the financial capabilities of persons with two-thirds that income in the 
urban areas and in some types of schemes even less in rural areas^.
Annual Figures for Construction of Low-Cost Units

In the following table is some figures for low-cost housing units completed by the Ministry 
of Housing^ or under Government Mortgage Insurance Scheme.
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SOCIO-ECONOMIC CONSIDERATIONS IN DESIGN CONTD. 
Annual Figures for Construction of Low-Cost Units

TABLE 1 *

SCHEME
STRUCTURAL
CATEGORY

NO. OF UNITS COMPLETED UNDER
CONSTRUCTION

1970 1971 1972
AT 31st DEC., 
1972

Government
Housing
Scheme

Hollow-
Concrete
Block
Masonry

463 453 422 83 6

Slum
Clearance
and
Rehousing

- do - - 63 22 570

Owner/
Occupier

Small 
Section 
Precast 
Cone. Units 454 380 253 37

Farm
Housing - do - 287 91 .

Indigent
Housing Timber 26 187 354 94
^Mortgage 
Insurance 
Scheme 
(Inspection 
only)

Large
Panel
Precast
Concrete

Figs.
not
avai
lable

427 378
Figures
not
Available

* Approximately 700 houses annually in this category have been 
built by the private sector during the last 10 years. However, 
few of these could be defined as 'low-cost’ 5,15
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/
Housing-Purchase Preferences in Construction Materials

There is a well established preference in Jamaica for concrete houses^. There is a 
considerable consumer resistance, for instance, against the purchase of houses made of 
lightweight material financial restrictions make this unavoidable.

A similar prejudice exist against precast concrete houses (especially those of thin section) 
but to a far lesser extent and this prejudice is rapidly disappearing. Hollow concrete 
block masonry Remains the most popular material for all income groups.

6. Discussjbn of Extreme-Wind-Related Problems

General 
i /
Jamaica/enjoys the unwelcome distinction of being in an area of frequent hurricanes and also 
being An an active earthquake belt. A more rational approach to design against both 
phenomena has developed over the past 20 years; the general conclusion has developed that 
wheye construction, is in concrete, provisions to create good earthquake resistance will 
tend to produce adequate wind-resistant buildings.
This is mainly for single story residential construction, where it is assumed that stability 
against overturning will hardly be a problem, but that instead, the main concern is local 
suctions and pressures. This is mainly true where both walls and roofs are in concrete, 
but is certainly not true of the very popular lightweight roofing used in such construction.
In the case of total lightweight construction, such as timber, wind is, of course, critical 
and Jamaica has experienced wide-spread damage in the past when this was not fully 
recognized. Where adequate fastenings and holding-down devices have been provided, 
buildings have performed well both here and in other adjoining islands.
Another minimizing factor in the effect of hurricanes on Jamaica, is an effective hurricane 
tracking and warning service, administered by the Meteorological Office, Jamaica. In the 
hurricane season, the public is constantly reminded of the necessary precautions and this 
minimizes greatly the effect of any hurricanes.

Summary
The following is a summary of extreme-wind-related problems which require attention or 
further examination:

(a) Wind Loads: Determination of gust sizes in hurricanes.
(b) Hollow-Concrete Block Masonry: Necessity for and effects of

poured stiffener columns.

(c) Large Panel Precast Concrete Systems:
(i) The design of welded metal connections with bar 

anchorages to achieve ductility.

(ii) Joint waterproofing and the avoidance of rain 
penetration in flat thin-section, precast concrete 
roofs.

(iii) The design of welded metal connections with bar 
anchorages, subjected to combined shear and tension 
forces.

(d) Timber Systems: Simple minimum requirements for providing
resistance against uplift.

/
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(e) Other Lightweight Systems:

(i) Durability

(ii) Strength and stiffness

(iii) Weather Resistance
(iv) Fire Resistance

(f) Light Roofing Systems

(i) Effectiveness of fasteners in resisting uplift forces 
on metal sheets.

(ii) Simple rules for minimum provision in preventing uplift 
of overall roof system.
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WIND PRESSURE PROVISIONS 
OF THE NATIONAL BUILDING CODE 
REPUBLIC OF THE PHILIPPINES 

by
Ambrosio R. Flores

President, Philippine Standards Association, 
Consulting-Structural Engineer, Quezon City, Philippines

SYNOPSIS

The Philippines lies in an area subjected frequently to typhoons, the most severe ones 
usually occurring during the months of October and November. The tremendous losses of life 
and property due to three successive typhoons in 1970 prompted the Philippine Government to 
review existing regulations and formulate new ones to avoid repetition in future typhoons. 
The help of relevant International Institutions with facilities and expertise like UNESCO 
was sought by the government, so as to produce a National Building Code incorporating the 
best practice in design and construction of buildings and structures to withstand WIND 
FORCES.

1. Introduction

It was an invisible, violent lady named "YOLING" that broke her temper on November 19, 
1970 and blew up the roofs of many of our low buildings, residences, schools and industrial 
plants, broke the window glazings and vision panels, toppled power transmission and 
telephone poles, television towers and signboards, disrupting communications and causing 
blackouts.

For more than half a century, we were contented and felt safe using the WIND- PROVISIONS 
of the Building Ordinances of the City of Manila specifying the use of 30 pounds per square 
foot pressure, on a vertical plane surface for all structures, regardless of their 
geometrical forms, locations, ground topography and presence of vegetation and man-made im
provements. But in 1970, the Philippines was the victim of three Typhoon musketeers of 
death:

SENING on the middle of October wrought havoc over the Bicol Area; TITANG on the last 
week of October smothered Mindanao and the West Visayas; YOLING hit the Greater Manila Area 
in November. It seemed like a well-planned military strategic attack. Add all the losses 
and deaths caused by these typhoons to that of the Earthquakes of April 7, 1970, and that of 
August 2, 1968, and you have more than One Billion Pesos worth of property. Something must 
be done to minimize the tremendous loss of property and human lives. One of the avenues is 
to review our Building Regulations and relevant aspects of direction and control.
2. Building Code Background

The oldest Building Ordinance to cover the consideration of Wind in the design of 
structures is that of the City o$ Manila which dates back to the early years of the 
twentieth century during the American occupation of the islands. This has been followed in 
other cities and the same one followed by the Bureau of Public Works.

The Code required the use of 30 pounds per square foot of wind pressure against a 
vertical plane surface of the structure. On inclined surfaces, the Duchemin'a Formula was 
the only guide which is obsolete today.

Then on November 11, 1950, pursuant to Executive Order No. 367 of the President of the 
Philippines, a Building Code Committee was created to prepare a "Basic Building Code" under 
the National Planning Commission. The Committee was composed of ranking Engineers and 
Architects in both the public and private sector. The final draft was sent to Malacanang 
for approval in 1954, but it died a natural death. However, the Code Provisions was an 
improvement over that of the City of Manila.
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The pertinent provisions on WIND LOADS are quoted hereunder:

"Sec. 209 (c). The Wind Pressure on vertical plane surfaces shall 
be taken at not less than 20 pounds per square foot for the 
portions less than forty (40) feet above the ground and at 30 
pounds per square foot for portions more than forty (40) feet 
above ground."

"Sec. 209 (e). Where it shall appear that an isolated building or
structure may be exposed to the full force of the wind through
out its entire height and width, the pressure upon the vertical 
surfaces thus exposed shall be taken at not less than thirty 
(30) pounds per square foot."

"Sec. 209 (g). On roofs having a rise more than four (4) inches 
per foot of run the wind pressure normal to the surface be 
taken as two (2) pounds per square foot for each inch of rise  ̂
on one foot when the rise exceeds twelve (12) inches per foot.

Note that nothing is mentioned about negative pressure or better understood as SUCTION, 
so that it is also obsolete as of now.
3. The Present National Building Code

Time passes on bringing with it not only changes in science and technology but also 
calamities and disasters that result in human misery. The August 2, 1968 Earthquake, which 
caused the collapse of the Ruby Tower killing more than 322 persons, injuring more than 300, 
and damaged more than 30 buildings, triggered the formulation of the New National Building 
Code through the initiative of Senators Gil J. Puyat and Helena Z. Benitez. Thirty (30) 
representatives of Architectural and Engineering professions, City Engineers and Fire Chiefs 
of the Metropolitan Manila area sat in continuing workshops to produce the National Bu ing 
Code. The result is R.A. No. 6542 which establishes the purposes of the Code and the 
creation of a joint Building and Environmental Planning and Standards Commission to 
supervise the implementation.

The WIND PRESSURE provisions were formulated by making reference to the Uniform 
Building Code, 1967, of the U.S.A., American Society of Civil Engineers Transactions, the 
ALJ Structural Standards of Japan, and the Building Code of Switzerland, all of which are 
supposed to embody the results of the latest scientific researches and studies.

The astounding losses due to the Typhoons SENING, TITANG and YOLING, all within a 
period of less than two months in 1970 moved the Philippine Government to request the 
UNITED NATIONS EDUCATION, SCIENTIFIC AND CULTURAL ORGANIZATION (UNESCO) to send a team to 
study at first-hand the nature and extent of the damage caused, in consultation with the 
authorities, to formulate recommendations for action designed to prevent or reduce damage to 
buildings and structures in the event of the future typhoons .

Accordingly, Messrs. S. Mackly, C. Finney and T. Okubo were commissioned as a team 
which arrived on December 1, 1970. They spent two (2) weeks for the survey and 
investigations with the help and guidance of our local government officials. Their report 
was submitted on May, 1971.

For the benefit of those who do not have access to this report, a concise excerpt of 
the relevant observations are given below:

"5.3 LOW-RISE DOMESTIC BUILDINGS - small houses of one or two- 
stories
a) Poor attention to structural and roofing details to resist 

wind effects, not necessarily the effect of higher velocities.

b) False economy in construction.
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c) Low-pitched roofs, cantilevered to a considerable degree 
beyond the exterior walls to form large awnings."

"5.5 PRE-FABRICATED BUILDINGS - School Houses

The Marcos Type 1 (Post 1969) with Z-Section columns and rafters, and 
channel purlins as well as the Marcos Type 2 (Pre 1969) with double 
steel channel columns, channel rafters and purlins were damaged due 
to the inadequacy of lateral bracing to withstand the racking action 
of wind inadequate anchorage of the portal-frame column
based into the supporting piers or footings with poor quality concrete 

. As a result, under the lateral wind forces, the end-portal 
unsupported and severely distorted portion of the roof structure re
sulting in longitudinal racking of the building as a whole and buck
ling of several portal legs along its length.

In a case of the ARMY Type (3) and (4) the nature and the amount of 
damage was erratic in character and depended very much on the quality 
of workmanship displayed in the construction - - - - . What should' be 
inferred is that good building construction results from a combina
tion of adequate design and good-quality workmanship."
"5.7 DAMAGE TO ROOFS

In the Philippines, the vast majority of the buildings are built with 
roofs having very flat slopes, with the result that the full roof 
area is exposed to negative pressure or suction. In view of the type 
and quality of roof construction generally used (light-gauge galvan
ized corrugated-metal sheeting, corrugated asbestos or aluminum alloy 
sheeting) fastened to either timber or steel purlins which are sup
ported in turn, on timber or steel rafters, this leaves them particu
larly vulnerable to damages from wind attack."
"6. GENERAL CONCLUSIONS AND RECOMMENDATIONS
"6.4 EDUCATION AND TRAINING

(1) UNESCO, in collaboration with the Government of the Philippines 
should sponsor a National Seminar on "Design of Buildings and 
Structures to resist Typhoon Winds" to be held in Manila at 
an early date. Such seminar should be essentially practical 
in its outlook and should cater for the building as a whole 
embracing architects, structural engineers, building inspec
tors, meteorologists and building contractors. Topics for 
discussion might include:

a) nature and characteristics of natural wind;
b) its effect on buildings and structures;

c) selection of suitable design criteria;

d) exposure factors and local sheltering effects;

e) likely damage patterns in relation to specific types of 
buildings and structures;

f) structural design and detailing to avoid such damage;

g) relative costs of improving design and detailing of build
ings to resist wind damage; and

h) design of glazing to resist wind forces."
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Acting on the above UNESCO Teams' recommendations, the UNESCO National Commission of 
the Philippines organized a Regional Seminar sponsored by the UNESCO Field Science Office 
for South East Asia in cooperation with the World Meteorological Organization.

4. Regional Seminar on "Wind Effects on Buildings and Structures"
In this Seminar, I presented a paper on "Design Methods for Wind Effects on Buildings 

and Structures" wherein I presented the following causes of failures as a result of my 
personal occular inspection of failures of various types of structures.

1. Inadequate Structural Design of members, splices, joints and 
anchorage.

2. Poor quality or substitution of materials.

3. Poor construction methods.

4. Lack of supervision.
5. Lack of periodic inspection and maintenance.
Lack of properly designed details for splices, joints and connections leaving the 

supposedly "simply" job to the Fieldman resulted in miserable failures. Substitution of 
rolled steel sections with built-up members with poor welding and inaccurate alignments and 
warping caused collapse of towers and signboards in addition to inadequate horizontal and 
diagonal members to resist torsion. Use of inferior grade and defective lumber as well as 
anchorage details without the proper analytical designs caused failure and collapse of roof 
trusses. Lack of supervision was revealed by uprooted members exposing crude anchorages or 
excessive sagging. Lack of maintenance and periodic inspection resulted in deteriorated 
members due to weathering. Billboards over roofs when these were not considered in the 
original designs caused overloads - a fault of the Owners for allowing dealers to advertise 
their products -without the necessary professional design and responsibility to save on the
expense.

Revision of the National Structural Building Code
The National Building Code was revised in its presentation by separating the 

Engineering Sections as a separate Volume entitled "The National Structural Code for 
Buildings" to which the National Building Code makes reference. In this manner, the design 
criteria and methods of design can be revised periodically as may be required by advances or 
developments of science and technology without going through the grind of legislative 
processes. This was made possible by the joint action of the Association of Structural 
Engineers of the Philippines (ASEP) and the Philippine Association of Civil Engineers 
(PACE).

The impact of Typhoon YOLING on its effects on various structures led to the revision 
of the UNIT PRESSURES due to WIND by increasing the values by 50 kilograms per square meter 
or 10 pounds per square foot in all areas under ZONES I, II & HI.

The various Professionals who formulated the National Building Code are open-minded and 
receptive to valid proposals for a more realistic code justified by scientific study and 
research. What we have now represents our best thinking and judgment. A Building Co 
serve its purpose must be dynamic.

The "National Structural Code for Buildings" was approved on June 23, 1972, while the 
"National Building Code of the Philippines" was enacted without Executive Signature on 
August 26, 1972. The Presidential Decree No. 1081 Declaring Martial Law on September 21, 
1972 has affected its proper implementation.

Included herewith is a Copy of the WIND PRESSURE provisions of the National Structural 
Code for Buildings as approved on June 23, 1972.
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Finally, let us all cooperate to bring out the best results in this Seminar where 
preparations were made within a short time. We look forward to a continuing session after 
more data are secured and analyzed and reduced to'actual applications in design and construction. 6

BIBLIOGRAPHY:

1. UNESCO - "Philippines - The Typhoons of October and November, 
1970", by S. Mackey, C. Finney/ and T. Okubo - May 1971.

2. A. R. FLORES - Design Methods for Wind Effect on Buildings and 
Structures" - UNESCO Seminar - 22-26 November, 1971.

3. National Structural Code for Buildings - Approved 23, June, 1972.
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NATIONAL STRUCTURAL CODE OF THE PHILIPPINES 
WIND PRESSURE

APPROVED August 26, 1972
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National Structural Code of the Philippines
Section 2.06 Wind Pressure

(a) General Buildings or structures shall be designed to withstand the minimum
horizontal and uplift pressures set forth in Fig. No. 2.06-C to E and this Section allowing 
for wind from any direction. The wind pressure set forth in Fig. No. 2.06-C to E are 
minimum values and shall be adjusted by the Building Officials for areas subjected to higher 
wind pressures. When the form factor, as determined by wind tunnel tests or other 
recognized methods, indicates vertical or horizontal loads of lesser or greater severity 
than those produced by the loads herein specified, the structure may be designed accordingly. &

(b) Horizontal Wind Pressure. For purposes of design, the wind pressure shall be 
taken upon the gross area of the vertical projection of that portion of the building or 
structure measured above the average level of the adjoining ground.

(c) Uplift Wind Pressure. Roofs of all enclosed buildings shall be designed and 
constructed to withstand pressures acting upward normal to the surface equal to
t ree-fourths of the values set forth in the calculations below Fig. No. 2.06-E for the 
height zone under consideration. An enclosed building shall be defined as a building

at1.the pe^ mf eur with solid exterior walls. Openings are permitted in the solid exterior wall provided they are glazed or protected with door assemblies. Roofs of 
unenclosed buildings, roof overhangs, architectural projections, eaves, canopies, cornices 
marques, or similar structures unenclosed on one or more sides shall be designed and
f o r t h T ^ h  "11th®tand ap”ard Pressures equal to one and one-fourth times those values set forth in the Tabulations below Fig. No. 2.06-B.

The upward pressures shall be assumed to act over the entire roof area.

of A^cho^a§e Requirements. Adequate anchorage of the roof to walls and columns, and
provided S  all cSes foundatioaa to resist overturning, uplift, and sliding, shall be

Moment of Stability. The overturning moment calculated from the wind pressure 
shall in no case exceed two-thirds of the dead load resisting moment. The wieght of earth 
superimposed over footings may be used to calculate the dead load resisting moment.

vprMrfl Co“bln(rd ^ind and Live Hoads. For the purpose of determining stresses all 
vertical design loads except the roof live load and crane loads shall be considered as 
acting simultaneously with the wind pressure.

146



147



(ii) (12)
In case the roof surface forms 
quarter points of the arc„ an arc, changes in pressure may be assumed at the

Fig. No. 2.06-C
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r

In case of wind in direction 
of side wall girders.

c>
0 .9

(13)

Type of structure 
in open form0

In case slope of roof 
has intermediate value, 
interpolate by straight- 
line method.

Self-supporting
shed

o-7 o.?

77^77

(17)

10° .

0.? o.<

77^77?
(18)

Lattice 
structures.

fr;1.6: 1.6

3 "  " 3
—- , 2rS , 6zd!3

(2 0) (21: (22) (23)

P  - H

( 2 U )

The above figures indicate cross-section of latticed beams and columns. For area 
acted on by wind pressure, the projected area of the latticed member on the plane 
normal to the indicated directjjauof wind pressure shall be taken.

0
Circular, Polygonal 
structures such as 
Chimney, Gas Tank, etc,

Circular
(25)

Octagonal
(26)

0 .8 0 — -

Hexagonal
(27)

Fig. No. 2.06-D
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Fig. 2.06-E
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L = Length of Arch Rib

Wind Load Distribution which may be used for 
Parabolic Arch Ribs of H Approximately 0.55

b

MULTIPLE OrABLE ROOF BUILDING

Fig. 2.06-F
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RECTANGULAR PLAN WITH FLAT ROOF

-0 .8 0  for H /B  = 2 .5 --------

-0 .7 0  for H/B = 1.00 ------

-0 .5 0  for H/B =0.25 -i

Fig. 2.06-G
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Standardization in the Philippines Today
by

Ambrosio R. Flores*
Standardization of industrial products and consumer goods in the Philippines today is way 
behind other developed countries, like U.S., Japan and Germany. As a developing country, we 
still lean on them for guidance. The tremendous challenge to us, scientists and 
technocrats, is serious, yet how often do we hear someone say that we have one of the 
highest proportion of professionals per capita and that we are one of the heaviest exporters 
of Engineers of various disciplines, Doctors and Nurses to other countries?

There is a gap somewhere between the government institutions and the relevant private 
institutions as regards Standardization. Unless such link is furnished by government 
initiative and thereafter implemented with adequate organization and logistics, our present 
situation will continue to move with turtle speed.

For the proper understanding of everyone, Standardization, in general, is the act of setting 
up certain standards, specifications, or regulations covering dimensions, weights, 
proportions or compositions, characteristics or qualities to serve as models or criteria for 
evaluation to achieve uniformity and quality within tolerable limits of variation in raw 
materials or finished goods.

As early as 1901, the Bureau of Science was established and served as a states symbol in the 
Far East. In the same year, Great Britain started to move towards Standardization, being 
the first industrialized nation in the world, but it was only after the first World War when 
other European nations followed from 1918 to 1928, while others followed even during the 
Depression period after 1930. The Philippine Government created a Committee on 
Standardization in 1936 under the Division of Purchase and Supply of the Department of 
Finance with a very limited scope covering government requirements. Then on June 20, 1964, 
R.A. 1109, the Division of Standards under the Bureau of Commerce was converted into the 
present Bureau of Standards. This marked the beginning of a serious attitude towards 
Standardization. Its objective was to prepare standards for products used by the 
government, for expert and local consumption.

To develop the scientific research and technological phases, the National Science Board was 
erected by R.A. 1808 on August, 1956. The implementing agencies are the NIST (National 
Institute of Science and Technology) and the PAEC (Philippine Atomic Energy Commission).
Well and good. However, the NIST and PAEC are most concerned with researches, although the 
Test and Standards Laboratory of the NIST accepts tests from any party. Still the arm for 
producing Standards and Specifications is very weak.

There are other offices which produce their own standards relevant to their own functions 
such as the Bureau of Supply coordination under the Department of General Services; Armed 
Forces of the Philippines; Forest Production Research Institutes; Food and Drug 
Administration under the Department of Health; Materials Testing Laboratory of the Bureau of 
the Public Highways; Metallurgical Laboratory Services Division of the Bureau of Mines.
Add to the above the Testing and Research Laboratories of Industrial Firms and 
Manufacturers. All the above offices that formulate their own specifications and standards, 
including PHILSA, form a heterogeneous group that should be under one Administrative Control 
to prevent confusion due to overlapping of activities and to expedite the production of more 
standards.

* Consulting Civil - Structural Engineer, F. ASCE, NSSEEP, ASEP, PACE, PHILSA
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The need for coordination is, therefore, obvious, 
"voluntary basis."

Sustaining Members - - - - - - - - - -
Company Members - - - - - - - - - - - -
Associate Members - - - - - - - - - - -

Individual Members - - - - - - - - - -

Life Term Members - - - - - - - - - - -

There are: 24 Technical Committees,

61 Sectional Committees, and

PHILSA has for its Membership on a

- 3 
• -32 
•4 
82 

7

51 Working Groups

As of today, PHILSA has been patiently and persistently engaged itself in the formulation of 
Standards as reflected in the following as of 1972:

Number of Specifications Published ------  - 35
Number of Specifications being Printed - - - 10
Number of Specifications approved by

the Board for Printing - - - - - - - - - -  H

Number of Specifications approved by
the Board of Review - - - - - - - - - - -  n

Number of Specifications under discussion
by Technical Committees - - - - - - - - -  117

Considering that PHILSA was founded in 1955 by the leading technocrats then, the 
accomplishment seems low and the progress leaves much to be desired. However, let us look 
at the leading world organization for Standardization like the ISO (International 
Organization for Standardization). It has 70 Nation Members and the Bureau of Standards 
celebrated ISO's Standards day last October 17, 1972.

It has published 2,000 International Standards, 1,330 of which were published during the 
last four (4) years. The above data furnished by no other than Mr. Olle Stures, Secretary 
General of ISO, means that ISO has only prepared 1-1/8 Specifications per year per nation, 
against PHILSA's two (2) Specifications per year. Again, ISO has 1,200 Committees in the 70 
Countries or 1.7 Committees per nation against PHILSA's 24 Technical Committees, PHILSA 
seems to move faster than ISO.

The scope of work is very broad and time consuming considering that there are about 150,000 
Standards in the whole world that must be harmonized as to their uses and functions. And 
there are at present seven (7) sets of National Standards that are similar to ISO in their 
basic format, namely, U.S., England, Germany, France, Sweden, Japan, and Russia.

The Philippines, a comparatively new member of ISO, therefore, has a long way to go to be at 
par with the leading developed nations. We are trying to adopt International Standards, 
but modified to suit our local conditions, because of lack of logistics by way of financing, 
the lack of personal and national discipline to refuse and condemn substandard products and 
consumer goods through publicity, common action, and refusal to buy or entertain inferior 
commodities, the enforcement of the observation of standards will be a failure.

Standardization and quality control are the prime requisites for reducing costs to maximize
production and increase exportation. If we lack those factors, the progress of the country
will be consequently small. When we except substandard or inferior articles because of
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lower prices we are in effect subsidizing mediocrity, that will lead to less production, 
lack of competition to upgrade quality and finally, less gross national production.
Adoption of the Metric System

It is relevant to mention here the "Presidential Decree No. 187 prescribing the use of the 
Metric System of Weights and measures as the Standard measurement for all products, 
commodities, materials, utilities and services and in all business and legal transactions 
that the Metric System shall be fully adopted in all sectors throughout the Philippines by 
Jan. 1, 1975." To implement this he created the "Metric System Board" composed of the Top 
Government Officials composed of:

Sec. of Trade as Chairman 
Sec. of Finance
Sec. of Agriculture and Natural Resources
Sec. of Public Works, Transportation and Communication
Sec. of Education
Sec. of Justice
Chairman, National Science and Development Board

The Department Undersecretaries and the Board Vice-Chairman concerned 
shall serve as alternates.

PHILSA, being a Private Organization was appointed as Member of the Advisory Board and 
Technical Committees.

There is also a need for an Organization, be it a Semi-Government or Government in 
character, to coordinate, administer, formulate or enforce such Standards prepared by the 
various bodies, public and private, mentioned above, with the objective of promoting and 
developing*our national economy, similar to the practice in Japan, which make her the second 
best industrialized nation in the world today.

Let us hope that the New Society under the aegis of the Martial Law can change the present 
status from a gloomy, frustrating atmosphere to one with clear and orderly direction and 
implementation. PHILSA will do its best to continue the good work it has done and is ever 
ready to cooperate^.with other bodies of similar objectives.
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WIND RESEARCH IN THE UNITED KINGDOM 
by

Keith J. Eaton
Building Research Establishment, Department of 

the Environment, Gerston, Watford, United Kingdom

First of all, ladies and gentlemen, I should like to thank the Workshop for inviting me 
to participate here, because for sometime now we have been working on wind loads. For the 
last two or three years, we have been working on a joint project, with the staff of NBS, on 
wind loads on low-rise buildings.

When I arrived here yesterday, I was asked to talk about this subject. I have prepared 
some slides, and I would like to give you some idea of what we are doing in the United 
Kingdom.

To start with I would like to show you a short film. This will run for only about nine 
minutes. And I will discuss this a little bit further afterwards.

(Showing of the film.)

I would like to spend a little time on the points that were made towards the end of the
film.

The gap in our knowledge was caused by the lack of information on wind pressure, on 
loads on low-rise buildings. In the United Kingdom in 1968 there was a great deal of 
controversy because we increased the loads on low-rise buildings.

We had no reliable information on which to base this and so we started full scale 
measurements on the estate of houses that you just saw.

I would like to show some slides and talk about these houses a little more.
(Showing of slides)

The houses on the screen are located in the Southeast of England, at Aylesbury —  the 
several houses in the estate there, as well as the experimental building in the field.

Here> (indicating) we have another view from the southwest; from this direction you are 
looking at the open field. We got the present distribution of isolated buildings in this • 
situation.

We started constructing the experimental building. This is a steel-framed building 
with timber cladding. Of course, we had a trial erection back at the B.R.S. The buildings 
constructed were on six load cells at ground level. And, likewise, with the structure shown 
In this film, another six loads cells up at this level. Now you see it in its 2—story 
configuration. We also have the possibility of reducing this to 1—story or even adding a 
3rd story. At the moment this seems a remote possibility as we have to leave this site 
sometime next year. There is a possibility that we might move to some other location.

In its finished configuration as you saw in the film, we have this variable pitched 
roof on top. This slide also shows the fixed anemometer mounts, the anemometers being at 10 
meters; the other main anemometers are at 5 meters and 3 meters. In addition, we have a 
couple of other special anemometers in there, but they are not part of the main network.

Now I could just briefly say something about our thinking behind this change of roof 
pitch.  ̂ What we wanted to do was get as near to a multi-geometric building, the same sort of 
situation that is easy to undertake in a wind tunnel —  as near to the situation as we 
could. We devised this roof which can vary between 5—degree and 45—degree pitch. So once 
the wind blows, we will take a record, say, for 20 minutes. Then it takes about five or ten 
®i^utes to change the roof pitch to any other angle we so desire. Before the wind 
conditions have changed appreciably, why, we essentially get the same wind speed and 
direction. We change the pitch, then take another record for another 20 minutes, and we 
carry on like that as long as the wind is blowing.
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You can see we can get quite a range of aspect ratios and overall shapes of buildings, 
and we are already finding some completely different pressure distributions over the roof 
and on the walls as well with the different roof pitches. You can see the locations of the 
pressure transducers. They are all over the four walls and both roof surfaces. They are 
larger diaphragm transducers than those we saw yesterday. They are about 120 milimeters in 
diameter. We set these flush with the surface of the building, so that then we are 
measuring the pressure integrated over that area.

These were designed at the Building Research Station some 10 or 12 years ago. The idea 
of having a large diaphragm like that was to give a cladding load representative of the 
loading over that sort of size of cladding, and yet at the same time be manageable to 
install in buildings. There is one other feature that this slide illustrates —  and that is 
the slats or louvers which are on all four walls. The building is a sealed structure, but 
we do have a facility to open these openings to a known degree so that we can introduce 
various values for permeability in the walls and also in the roof of the structure. This 
will affect the measurement of internal pressures and, hence, the differential loading on 
the different parts of the structure. And from looking at some of the damage photographs 
this morning, it is this internal pressure which often causes us so many problems.

(Another slide) It is a very similar set up with transducers, as we said yesterday, 
with solenoid valves, inside the building. This is the back of the transducer. As Dick 
said, he copied this idea from us. We didn't patent it, unfortunately. This gives us a 
zero position at the beginning of each record automatically, zeroing the pressure on the 
outside of the transducer, with a tapping point just at the side of it.

We can't record on all 130 channels at the same time. This has cost us enough in the
first place. We can accommodate 96 channels, and we have to select the channels that we are 
recording on. At the current time I have finished most of the work on the houses in the 
estate. When I say, "finished," I have the various wind directions and speeds that I am
likely to get —  and I removed a lot of the transducers on the houses. I am now
concentrating in much more detail on the experimental building itself.

(Another slide.) This is the recording room inside the experimental building. All 
these tape recorders are switched on automatically when the wind exceeds a preset level, or 
we can go there and switch them on manually. And this is the control panel that does all 
the switching, operates all the solenoid valves, puts on zero and calibration pulses, prints 
out the time of day. And then we have an inhibit switch down here just to give us a 
cooling-down period before it switches on again. We again test the strength of the wind 
before we would switch on.

To say a little bit more about the houses, these are pretty traditional local authority 
houses in the U.K. —  brick cross-wall, timber stud frames on the windward and leeward 
faces, built-in terraces, 22 1/2- degree pitch roofs, individual clay tiles. This is quite 
typical in the U.K., quite a bit heavier than other forms of roofing, but we still lose many 
tiles due to wind damage, particularly if they are not clipped, and most of these are just 
laid in place, relying on their dead weight on the battens to hold them down.

(Another slide.) This was the estate you saw modelled in the wind tunnel on the film, 
and one little interesting factor has come out of that straightaway. There are garden sheds 
in the back gardens of these houses, and in front of the houses you can see some carports.

In the first set of tests I did, I modelled all these —  and then I repeated the tests, 
taking these garden sheds, carports and the fences, taking these away from the model; and 
this had quite a tremendous difference or quite a tremendous effect on the wind loads, the 
pressure distribution on these windward row of houses here.

The effect is that these garden sheds are already raising the on-coming flow over this 
windward terrace and tending to reduce the pressures on the windward wall. In the absence 
of these, then the pressures on the windward wall increase considerably. And certainly, 
when you compare the pressure distributions going into the estate —  because you will 
remember we have parallel rows of houses —  it is this windward row which receives the 
greatest loading; and the rest of the half a dozen parallel rows, going back into the 
estate, in general had just a bit of turbulent suction and received very little loading.
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This then raises other problems. You could possibly design sheltered houses for lower wind 
loads. But then if you take down that shelter sometime in the future, you will get 
problems.

What we have elected to do on these houses is to install our transducers in dummy^roof 
tiles rather than put them on the outside of the house as Dick Marshall does; and we had 
quite a bit of water leakage here and the mastic compounds smeared all over the place. But 
we just took the roof tiles out and put in fiber glass tiles in place of them. We also had 
some troubles on these particular roofs, with grit washing down the roof from these concrete 
tiles and getting into that narrow gap there around the diaphragm and causing some sticking. 
So we had to open that annular gap so that we could wash it. We washed it out easily, and 
we had no trouble since then.

(Another slide.) And this is the sort of configuration in the walls of the houses 
where we just install the box, once the houses were being constructed, to take the 
transducer. This is the .trouble with this sort of installation. We have to get in once the 
houses are being constructed —  and this poses quite a problem, knocking holes in buildings 
later on. And this is why there are many good points to be said for having these screw-on 
discs on the outside of buildings. They are certainly not restricted so much in the way 
where you can put them.

This house in particular is on the southwest corner of the estate and receives a lot 
of direct winds. So on this roof we installed 10 transducers —  I think it is six on this
side and four on the other side —  and we are looking at the distribution across that roof 
in some detail.

You will notice that in these houses there is very little eaves overhang, compared with 
the other slides that you will be looking at this week —  and we copied these on the 
experimental building. But one thing we are going to do this winter is extend the 
eaves-overhang on the experimental building so that we can get some pressure measurements 
underneath and on top of that —  and this will give us some more results which we can 
compare with the work here.

Within the loft space of this house, as I have already indicated, it is important to 
measure the internal pressure. The underside of those clay tiles are lined with a felt 
roofing liner. So we have two membranes of variable permeability. And I am measuring the 
internal pressure in here with respect to my assigned reference pressure —  and I am also 
measuring the pressure at the intermediate space between the roof tiles and the under-tile 
felting. That is causing us some problems as well, but I won't go into that now.

The other aspect of this work is looking at wind speeds in between the houses. But 
going back to the code of practice, this was the big area where we had very little 
information. The Meteorological Office in our country —  and probably in many other 
countries as well —  measures wind speeds down to 10 meters or 10 meters above the level of 
obstructions. So if it is in the middle of a city, they would probably put an anemometer 
upon a mast on top of a building. They took the attitude that below that level, below the 
general level of obstructions, if engineers put those obstructions up, they could measure 
the wind speeds themselves. Hence, this wind speed unit which we now have at BRE.

We have this vehicle with a mast on it, and this can extend up to 20 meters height in 
total. We see it at 10 meters. In fact, in that photograph, there is one anemometer on the 
top there at 10 meters, another one at five meters. If you put it up to 20 meters, we in 
fact keep them at 5-meter intervals. So we have 20, 15, 10 and 5. And we record for about 
10 minutes at a time —  and at the same time, we compare the measurements with simultaneous 
measurements taken with a similar mast out in the open country. So that we are getting the 
velocity ratio between our open country measurements —  either the same as that which the 
Met office provides us with or we are getting reduction factors; not always reduction 
factors, becuase sometimes we are getting increased speeds within the built-up area. Then 
we will compare these sites in between houses, in narrow gaps where we get a lot of 
channeling.

And in fact, since we started this work, we have increased the number of anemometers; 
and we have two more on the small tripods —  and we set these at 1-1/2 meters. We have
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taken this as a standard height for an average human being. It is sort of this height and 
the sort of level at which we get effects on pedestrians in built-up areas. This isn't 
directly relevant to loading problems;-but once we have taken the measurements, we can 
provide information for our colleagues in the environmental division. So we get a complete 
idea of the velocities in built-up areas, compared to those in the open country.

All this information, as I have said —  the pressure measurements and the load 
measurements on the experimental building, the velocity measurements in between houses in 
urban areas —  will eventually provide us —  well, not too long I hope —  with information 
for the next revision of the British Code of Practice. Perhaps, I can just digress there 
and say that two or three people from various countries this week have not heard of the 1972 
version of our Code of Practice. I regret to say that Bangladesh is still using the 1952 
version which is very much out of date. And also, I want to put the record straight that we 
are entirely using SI units for the last four or five years and I think this is quite gen
eral in structrual engineering and meteorology in our country. So I hope I haven't 
mentioned anything unusual while I am speaking. We are revising this as I said during the 
next three or four years and we hope to improve the data in the next few years.

Just one other aspect of the work of the Research Establishment that I would like to 
mention, and this concerns the investigation of wind damage whenever we get strong winds 
such as tornadoes as we do get quite frequently, although not in the same experience as you 
get out here. We do investigate the damage to try to get some of the answers to the prob
lems. Now, I don't have to show the slides on this because I think you have seen identical 
slides this morning and as I said these slides are almost identical to yours and that we 
have the same problems.

We have been battling on these problems for years and we run educational seminars with 
architects, designers, engineers and so on in our country. We hope we have been winning 
slowly. There are, however, some people who are not aware of the problems - students in 
colleges and other engineers and so on who can help in getting the message across.

BRE has produced this slide package. This consists of some 40 slides which we sell, I 
think, for about $15. So we put the slides in there, translate your notes on wind damage, 
wind flow on buildings and solar instruments. This works well in our country and we hope 
this will help and will find interests particularly to students where this knowledge will 
help in their background when they become future engineers, we hope, and will save them a 
lot of travel time in the future.
Thank you very much.
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A P P E N D I X  C

Units of Measure and SI Conversion Factors

This workshop proceedings describes measurements in both U.S. customary units and metric 
units. The United States of America, as a signatory to the General Conference of Weights and 
Measures (which gave official status to the metric SI system of units), recognizes the Inter
national Standard (SI) unit of measurement.

The reader should use the appropriate conversion factor (presented below) when convert
ing from one system of units to another.

LENGTH
Metric

1 milimeter (mm) = 0.039 inch (in)
1 centimeter (cm) = 0.394 inch (in) 
1 meter (m) = 3.281 feet (ft)
1 kilometer (km) = 0.622 mile (mi)
U.S.

1 inch (in) = 2.540 centimeters (cm) or 25.4 milimeters (mm) 
1 foot (ft) = 0.305 meter (m)
1 mile (mi) = 1.608 kilometers (km)

AREA

Metric

1 square meter (m2) = 10.753 square feet (ft^)
1 square kilometer (km2) = 0.387 square mile (mi2) 
1 hectare (ha) = 2.471 acres /

U.S.

1 square foot (ft2) = 0.093 square meter (m2)
1 square mile (mi2) = 2.586 square kilometers (km2)
1 acre = 0.405 hectare (ha) or 4.046 meters (m )

VELOCITY
/

Metric
J1 meter per second (m/s) = 3.279 feet p$r second (fps) /

1 kilometer per hour (k/h) = 0.278 meter per second (m/s) or 0.622 mile per hour (mph) 
1 knot (kn) = 0.514 meter per second (m/s) or 1.150 miles per hour (mph)
U.S.

1 foot per second (fps) = 0.305 meter per second (m/s) 
1 mile per hour (mph) = 0.447 meter per second (m/s) or 1.608 kilometers per hour (k/h)

PRESSURE
1 pound per square inch (psi) = 6895 newtons per meter2 (N/m2)
1 pound per square foot (psf) = 47.88 newtons per meter2 (N/m2)
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