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PREFACE

This Overview is Volume 1 of a five-volume éeries !
The series describes the activities and accomplish-
ments of a research project undertaken by the Na-
tional Burcau of Standards for the Agency tor Interna-
tional Development to develop improved desipn cri-
teria for low-rise build:s g5 to better resiat extreme
winds,

The purpose of the Overview is to provide the reader
with a complete summary of this three and-a half year
project. Itis presented for the benefit of the decision
maker. The information in this velume is arranged in
gradually increasing degrees of detail from an
abstract, to an executive summary, to a detailed sum-
mary. Detailed technical information is présented in.
the four companion volumes noted below-

The first section, Iatroduction, contains three parts:
poals and objectives of the project; bachground infor-
mation (imeluding selection of the three developr:
countries that participated in the project—the Philip-
prmes, jamaica and Bangha.sosh) and a review of pre-
paratory projpect agtivities: Thewe activitios included
estatlishment ot the Philippine Advisory Committee
to coardinatedocal activities in that country, where
the bulk ot the wind measurement activities were
pertormed. ’

Grouped under the heading Review of Project Ac-
tvities, the reader will ind a discussion o the two
mrthods used to collect data during the course ot this
project. The tirst addresses the accomplishments of
the wind measutement program through tull-scale
tield tests and through wind-tunnel modeling,. The
second summarizes the process ot colledting data
through other means, including hiterature searches
and workshops, Thisscctiva also summarizes the con-
tentsof the four companion volumes, The essence of
other related work carried out by individuals and in-
stitutions not connected with the NBS/AID projeet
alw s presented. Included areresults of complemen-
tary studies performed by the Massachusetts Institute
of Technology and the Carnegic-Mellon University.

The neat section, Information Transfer, is devoted to a
review of actions aimed at disseminating dratt project
findings to the users Workshops, a 1o-mnisound tilm
and user-oriented materials arie deseribed.

LThe ithes ut the other tour volumes are Volume 2 Estima-
tion of Extrente Wind Speeds and Guide to the Determinalion of
Wimd Force., Volume Y A Grade for Improved Masonry and
Timber Corsections i Burlitings: Volume 4. Forecasting the
Econemics of Housing Needs A Methadolegtcal Guide: and
Volunie 8 Housirg in Extreme Winds: Socio-economic and .
Architectural Consideralions,

i

Thereport concludes with twa sections, Accomphish-
ments and Needs and Recommendations,

The reader also will find appendices that provide
supporting information. The firct lists the participat-
ing organizations in thie three participating countries
and organizations fiom other countries who cos-
tributed to the outcome of the projeet. A second ap-
pendix references publications arrang. d under four
categories: publications and articles developed-durimg
the course of the research; wind measurements.and
design loads; socio-economic factors and housing
cheracteristics; and planning, design and construction
technology.



ABSTRACT

This document presents the background, goals, pro-
cedures and results of a project to develop improved
design.criteria that.can lead to low-rise buildings in
developing countries that can better withstand the
effects of extreme winds. The project stemmed tiom
the belief that additional research on wind foads was
needed to reduce loss of life and property, human
suffering, disruption of prod.ctive capacity and costs
ot disaster relief. The three and a half year project
began in early 1973. Results from the projectinclude:
a methodology for the estimation of extreme wind
speeds; the development of wind tunnel modeling
techniques; a heightened awareness of the wind
probiem and the need to guard against it; and the
.documentation of information in the areas of design
wind speeds and pressure coefficients, economic -
forecasting, socio-ecoromic and architectural cons
cerns, and construction detaiting practices. Also dur-
ing the course of the project, a program began in the
training of professionals and techrician<in develop-
ing countries to carry out wind measuremenis and
analyses. In addition. methods to enture transfer of
information to user groups were empioyed.

Project results ars presented in fiv e volumes, Veiume
2 presents a methodology to estimate design wind
speeds and a guide to the determinadion ot wind
forces. In Volume 3, a guide is presented for mproved
use of maconry connectors and timber fasteners,
Volume 4 furnishes a methodology to estimate and
forecast housing needs at a regional level. Socio-
economic and architectural conwiderations applicable
to the Philippines, Jamaica and Bangladesh are pre-
sented in Volume 5,

Key words Codes and “andards, disaster mityzationshouse
g low-rse buddings, soco-economes, strutural connec-
tions, technology transter, wind loads,

v

Cover: Laborers erect a prefabricated wood test house, do-
nated by the National Housing Corporation (Philippines),
Quezon City.
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- EXECUTIVE SUMMARY

The eftects of natural disasters are alltoo well knewn,
Cost-ctiective improvements in building designs (such
asimproved roof-ta-wall connections, roof geometry
and structural bracing) tailored to the chimates of
developig countries can greatie redyce loss of
human life and property, disruption ot development,
and-the cost of disaster relief in those countries

This research project originated tromy a recognition of
the'need tor additional rescarch to supplement
Himited evisting data regarding the effects of wind on
low-rise buildings, especially in developing countires,
This research and the resultant developmient of design

criteria and methodelomes widl reduce foss ot e and
property damage in the countries whiere the eritern
are properlvapplicd Asoresultof thes project the
Natwnal Bureau or Standards INBS developaed and
transferred improved know ledge onthe pettor
of buildings under extreme wind conditions wah |
resulting benetats to commumitios world wide that e
threatened by high winds.

LRI

I
Th.v purpose of this Overview reportis to RUUIORIEPRY
the efforts of this project and toserve as a punde to the
other volumes of this pubhication and related articles
and reports published during the course of the project
(see page B-10. :



BENEFITS

The activitics.and: resultsof the pro;n. <t have produced

the follow ing benetits:

® Improvea wind had design eriteria have been
deseloped to guide members of the butlding com-
munityan dvvoloping countries

e Vital traimimg of professionals and technicians has
begun in deseloping countres for carrying out wnd
measurement and analy s '

® v means of workshops and other torms of informa-
tion transfer, there is a growmg sensitivity o the
desipn profession te the need toramproved waas to
puard agamst the effects ot extreme winds, and
methods to improve bulding pradtices,

o Techmcal intormation has been tanlored tothe user's,
needs in developimg countries

® I wwential but scattered dovumentation on pood buld-
ing practices hasbeenadentined torse by the buld-
g community,

o Interaction between members ot the butldimgcom-
UMY Fepresenting peverment, mndustry. profes
wonalund academic organzations was ~hmur.m «d by
this project mvall participating countries

FIELD TESTS AND WIND TUNNEL STUDIES

Threv field test sites in the Philippines were selected
tor recording wird load data onbui dings. The wind
tunncl at the National Hvdraulic Research Center,
Univeraty efthe Pluhippines, wwas used to carry out a
series of test an maodels of full-scale test bunldines,
These model studies were used in the planning of full-
scale studies and the imterpretation of test results, NS
projectstatt alsoarranged tor a series of comprehen-
cve wind tunnel tests torbe carried out at the Virginia
Porytechnic Institute and State University where a
more accurale simulation of atmospheric surface
tlows was estabhished. The results of these and other
studies are discussed in detaib in the NBS Interageny
Report NBSIR 75-790, reterence 8, page B-1.

ADDITIONAL PROJECT INVESTIGATIONS

To complement the information collected from full-”
scale tests and wind tunne! studies, NBS staff and con-
sultants developed special intormation in key subject
areas. Thisinformation s in the form of four compan-
ion volumesto this Overview. These companion
volumes are further described in section 2 of this
Overview,

Volume 2 consists of two reports. The first, Estimation
of Extreme Wind Speeds—Application to the Philippines,
reviews prebabilistic teehnigues for the analysis ol ex-
isting data and theselection of design wind speeds. It
also states tiat design speeds currently used in the
Phalippines can be tedudced insome areas but should
be imcreased inothers, The technigues may be used to
pertorm similar analyses inather countries.
Simplitied procedures for the calcubrtionof wind

pressures acting on building surfaces were develaped,
Theée procedures and associated design criteria pro-
videbuitding professionals with more reliable design
loads. This intormation is presented in the second
report, A Guide to the Determination of Wind Forces. The
report describes the basics of wird flow around build-
ing: and the pressures creatad by these flows on build-

"ing surfaces. The data can tor.n the basis for wind load

desizn standards in developing countries,

Volume 3 of this wries, A Guide for Improved Masonry
and Timber Connections in Buildings, presents recom-
mendations for good construction practices and
details, especially for countrics experiencing extreme
winds, Thereport serves as a reference for ifnpraving
building practices,

The pr(vj'cct also.produced a method to allow a coun-,
try's planners, economists, public officials, and other
decision makers to assess housing necdsfor up to 20
vears into the futere. The method is described in
Volume 4 of the series, Ferecasting the Econamics of
Housing Needs: A Methodological Guide.

Info aation on tae cultural and socio-economic fac-
tors Lhat atfedt bunlding practices was developed as
Vooome 5, Howsing in Fxtreme Winds Socia-cconomic
and Architectaral Constderations, 1t <hows how strong,
ineapensive, locally available bullding materials can
be integrated with good building desipn. The report is
user-oricnted and addreswes the l‘hxlxppim\, amaica
and bangladesh. Matenals that are chicap, strong and
locallyv available are recommended, and several in-
novative methods of construction are discussed.

TECHNOLOGY TRANSFER

Project results were discussed at two repional con-
ferencesyone in Manila, Philippines (May 1975) and
the other in Kingston, Jamaica (November 1973),

 Theseconterences provided linkages tor transterring

project results to the building community composed
of povernment agendies, private developers, design
professionals, gepulatory ottictals, as well as univer-
sity statt trom Asian and Caribbean wind-prone
countries,

Sunimaries o the workshops are discussed later in
this Overview and are described in further detail in
NBS Interagency Reports 74-367 and 75-790 cited
below. Tostimulate the general public to improve
thetr buildings to better resist extreme winds, user-
oriented material has been developed which contains
cancise and praphic deseriptions ot technoelogical
issues, and research findings, One such item titled,

43 Rules: Hoe Houses Can Better Resis? "ligh Winds, has
been published asan NBS Interagency Rc;\nrt aod
could be translated and modified by the tocal AlD



missions and;or appropriate in-country housing
urganizations to meet cach country’s unigue require-
ments,

Another user-oriented product is an 18 minute, e
mm movie sammariZing the project and it results.
Starting with the destructive effects of windson
blnldmgs, it moses to tire NBS field-testing activeties,
the wind tunne!-testing program and the project’s
outputs. Additionalinformation about the movie may
be found i section 3.3 of thisx olume.

OTHER PUBLICATIONS

Several important vehicles communicating the recults
of this project have been made available to the public.
Chicfamong these is a series of three NBS Interagency
Reports (NBSIR) which deseribe in detail the progress
of the project through Fiscal Years 1973, 1974 and
1975, Each report includes not only a progress sum-
mary for that year but alse the full texts or associated
papers, reports, minutes of ireetings and workshopr
agendasdeveloped during the fiscal vear. Thev are
cited as references I 2and 8, page Bl

Inaddition to these d scumients, the procecdingsota
special 1973 workshop i Mamila which vlentitied the
state-of-the-art of wind technology in developing
countrivs was pubiiched as NBS Butlding Science

Series 3o, Devceleprrent of Improved Deswgn Critenia to

or Reseshine Fifects of Exiveme Wods ror ] oio-Rese
Ruild |

ttied as reterence 3, page B-1

NEEDS AND RECOMMENDATIONS

tigs o Developing Countri-s. Hasteportisaden-

Several recommendations evolved from the project
They include the need for comprehensive post-dis-
aster surveys and prompt reporting of findings.
further improvement of transfer ot user-oriented in-
formuation to local crafismen; incorporation of project
test results in the codes and standards of developing
countrivs; and recognition by US standards-generat-
ing committees of the findings o. this project as they
consider the development of new or revised stan-
dards for wind loading






1. INTRODUCTICN

The US Agency for International Development (A1D)
and the National Burcau of Standards (NBSi recop-
nized a need tor design criteria that wouldrinprove
the ability of low-ris: buildings in developing coun-
triesto withstand theeftects ot extreme winds, By
1976, over three years after it egan, the project thot
grew out of this recognition drew toa close, Among,
its acconyplivhments svere the development of im-
proved design criteria for wind loading: a
methodology for the estimation of extreme wind

speeds; a greater awareness of the urgent need for bet-

ter ways to guard against the ravagss of extreme

Dk ekt ik e el A

winds; the productive interaction between members
of the building community in the three developing
countries involved with the project; and the docu
mentation ot essential informationin the areas ot
design wind speeds and pressure coetticients,
economic forecasting, sccio-economic and architec-
tural concerns, and construction detailing practices.

The project also inaugurated the tramiag af vrofes-
sionals and technictans ' developing countries to
carry out wind measurement and data analvsis Inad-
dition, the project set out dei.dvrately to credte

linkages for transfer to, and information vse by mem-

i s it DA, KaNAE:




bers of the building mmmunii-_v, including the general
public.

The following text presents the goals and objectives of
this.project. reviews the procedures used to carry out
the assignments, and ide nhflcs benchits an { future
needs.

1.1 GOALS AND OBJECTIVES

The project’s primary goal was to réduce loss of life
and property. human suffering, disruption of produc-
tive capacity, and expenditures for disaster relief
resulting from the effects of extreme winds on low-
rise buildings.

The objectivesfor carrying out this goal were: 1) to
learn more about the effects of high winds on low-rise
buidings; 2)to develop improved siting design, and
construction information which would improve the:
resistance of huildings to extreme winds ar.d be
culturaly-acceptable to the general public; 3)to pro-
vide training to local protessionals and technicians in
performing wind-load measurement and analysis and
wind-tunne! testing: and 4)to provide a large-«cale
transter of technology to promote use of these im-
provements in design-and construction, as well as
new climatotogical, socioiogical and economic find-
ings.

12 BACKGROUND

Wind loading »f talf builldings has recieved considera-
ble attention during the p.‘M ten years, bt hittle
paratlel work has been devoted to buildings less than
10 m huph. Post-disaster investizations of wind
damage sirgsest that design pressure coethicients con-
tained in most current codes and standards do not
adequately retledt wind characteristics near the
ground, nor the true nature of pressure fluctuations on
low -nise buildings, Highly localized wind preasares
on buildings tend to be undcro«nm.md whereas
overall pressurestend to be overestimated. Thisisin
agreement wath the results of tull-scale tests carcied
out during this program.

No less important to understanding.wind loadeon
buiidiogs s the selection ot appropriate desiyre wand
speeds inareas having a high trequency of tropical
storme By taking into account local storm treguencies
and terram etiects, desipnspeeds can be speeitied such
that the nisk ot wind damage to properly deapned
and constructed butldegs is acceplable This wall
allow the butlding designer to specity more reahistic
desiereloads and should result in better portormance
ot buitdings during therr expected hite,

High-level deasion mchers in the Philippines,
BanglideshandJamaca took partin the study. The
mdividieads participating in thas prowect were selected
on the basis ot therr potential tor carrying out this

rescarch effort and their ability to transferresearch
results, including, thmrxmplcmcmahon tothmr

- respective geographic areas,

The project was centered in the Philippines. There,
Luzon Island experiences the highest annual frequen-
cy of trupical storms? in the werld, and 50 percent of
the Philippine population lives within this area.
Becaus: of the area’s climatology and the variety of
problems created by the ruridly spiraling population
{36.7 million peopl~ estimated by the (970 census,
with an annual growth rate of three percent), ss of
life and property can be expected to increase in the
years ahead. Post-disaster reports on the impact of
typhoons indicate millions of dallars of property are
damaged annually, and hundreds of lives lost due to
these typhoons. In 1170, the Philippines experienced
four typhoons; these caused over 1,000 deaths and $45
million damage to property, including, the loss of
9,000 public school classrooms. Over 300,000 school
children were affected by the storms. The Philippines
therefore is a natural laboratory to measure wind
loads on buildings.

The other areas selected also are heavily popdlat‘ed
and experienced extreme winds; they include the Bay
of Bengs! countries and the northern Caribbean 1s-
lands (see fig. 1). Starson figuré 1 denote countrice
directly participating in this project.

1.3 PREPARATORY ACTIVITIES

Parhvan the project the NRS prosedt team traveled 1o

seven devebiping and developad nations toamtrod

¢
the study to members et the local bunlding comn ity
and to asess the abihity of buildiny resrarch ongeniza-
tions in developing countiies to carry vt research
into the eftects of wind on banldings

Atter the Philippines had been selected as the site tor
the principal measurement eftort the need arose to
establish a board ot leading otticaalsin the Philippines
toadvise and participate in the project. Thisboard,
called the Phuhippine Advisory Comnnttee (I'AQ),
consistsofover 20 leading individuals representing
povernmental aencics. an academic institation,
housing authorties, building research laborataries, -
nancial e ndm; mstitutions, profe ssienal sociehies
plus the AID Misson to the Py ihppines and the NBS
Representanives of CARL Inc in Banglalesh and
l*unldm}, consultants from Jamane and Bangladesh
also took part in PACS discussions, PAC has met
repulariy durimgthe project, and s evpected to con-
tinue tomeet, to contuae the data collect:on and
anatysis program and to further integrate the project’s
resultsinto that nation's exeryday planning, desgn

“Wand spoads greater thar I mos
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and construction practices, Similar advisory and sup-
port arrangements were set up with the binlding com-
munities in Bangladesh and Jamaica,

Early in the prowct, sites were identified by PAC for
conducting fullsscale tests, The three sites chosen were
weather stations operated by the IBilippine At-
mospheric Geophysical and Astrononnical Services
Adminstration ('AGASA) at Quezon City, Dact and.
Laoag City (e g2, 2) Site selection criteria included:
frequency of extreme winds, casy access, rehable com-
mercial power, ty pe of wind exposure and site
security. Arrangements with indrvidual representa-
tives ot PAC were'made to build test houses at the
sites and toanstrument these for measuring and
recording wind speed and pressure,
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FIGURE2 FIELD TEST SITES.

Full-scale field tests were supplemented by wind tun-
nel model studies at the Universaty of the I’H;lnp‘plm-\'
National Hydraulic Rescarch s onter An acronautical
tunnel was mod:fied to make it surtable for simulating
atmeosphenic surface Hows, Madels of the tull-« ale
buildings were bt by localtechnicians an . tested in
the tunnel. These model tests were designed to aid in
the positioning of instrumentation on the full-scale
test houses and interpretation of teld test results

Finally, since research findings are valuable onty iy
the technical, economic and cultural environment is
right for their acceptance, NBS retained consultants
from Bangladesh, lamaica and the US todevelop in-
tormation on the wocio-econonic teatures ot the three
countries being studied, on the economic aspects ot
predicting beusing need, and on recommended siting,
design and construction practices,

Facing Page: These houses have been instruomented with -
pressure sensors (round disks) to help understand the wind
loads they experience. 7 &



2. REVIEW OF PROJECT
ACTIVITIES

2.1 DEVFLOPMENT OF INFORMATION
THROUGH MEASUREMENT '

The bath ot the rescarch centered around ticld studios
(directmensurement of wand loads on v fow-rise
buildings ot the three separate sites in the Philippimes
and wind tuiinel studies tscale models of the teld tesr
butldings and miodels ot athertypical dwelhing
geometries). The chict purpose obthese studies was to
devetop design pressare covttionents for fow-nse
bunldings.

2.1.1 Full-Scale Field Tests

Singlesstory test houses voere bult at the Queson City
site three houses)and at the Laodg City site ftw o
houses) An existing single-story weather bureau

bz ldimy was used ot the Daet site.

The houses were instrumentedavith pressure sensors
and vach field site was equipped with a propelier-

SRV
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vaneanemometer to nieasure wind speed and direc-
tion and a data acquisition system developed at Nis
The data acquisition cquiptivent used in thefuli-scale
test program consisted of five basic systems; 1) the
sensors.o- transducers, 2) a logic system, 3) a signal
conditwner, 4) a recorder, and 5) a power supply.
These systems were designed to continuously monitor
wind specd and to initiate-a recording sequence when
the speed exceeded a preset tevel (about 20 mfa). The
system then would record speed and. pressure data for
approximately 20 minutes and then enter a 30-minute
“hold” period. The total revording time available on a
reel of tape was approximately six hours. Thus, the
total time period between changes in tape reels (six
hours of recording plus six hours of “hold” periods
during continuous high wind conditions) was over 12
hours; this was enough tape for most typhoon
passages.

Wind speed and direction were measured by a pro-
peller-vane anemometer mounted on a 10 m.mast lo-
cated far enough from the test buildings to register un-
disturbed wind speeds. The recording <ections con-
sisted of 2 H-track analog te, e unit with reels con-
taining 1ot m of magnetic tape.

To ensure uninterrupted power in a storm, all three
sites were eowmpped with a back-up system of bat-
teries, Whenever commercial power is imterrupled,
the batteress automatically pick up the [0ad for about

ciht hoursof centinuous operation

Smee typhoon winds can come trom any direction, 1t
is dithicult to determine a “best™ configuration or ar-
ray of pressure transducers, Because roof structures
are the most susceptible to wind damage, they were
allocated the preatest number of transducers. Dxtreme

pressures actiig along ridge Hines, eaves and roof cor-
ners were o mterest, as were the average ui‘li ft
presuresocting en the overall root area, Prossure
transducers were arranged ditterently on each tost
building to provide a wider range of transducer com-
binations for the assessmient of localized anid overall
pressure fluctuat:ons, Transducers also were installed
inside the burhdieg to measure mternal presaures, as
these pressures strongly intluence the net roof up hit

loads

Overthe three y carsot the study, approvimately for-

ty hours ol recordings were obtained and processed.
212 Wind Tunnel Studies

While tutlscale tests provide valueble intormatio non
the nature ot wind forces and the response of buld-
ings to thewe torces, they penvially do not aflow
detailed and sy-fmatie stedy ot the various

parameters involved, IHis usually necessary to resort

tomod

A

n technigues to provide satficient data on
w hich fobase desien criterna, using the full-scale

10

results to check the validity of the model. For this
reason, and also to provide a tacility to raeet future
research needs, the wind tunnel ot the National Hy-
draulic Research Center INHIRC), University of the
Philippines, was modified so that the lower partion of
the atmospheric boundary laver could be modeled.
Techniques used to establish an acceptable degree of
simihtude were developed for this particular applica-
tion in a similar swind tunnel at Celorado State
University and involved the installation of tapered
spires at theentrance to the-test section, followed-by
surface roughness elements placed on the floor.ot the
tunnel and extending downstream to the location ot
the building model. Details of the modeling teckmique
are described in Simudation of Atmospheric Flows in
Short Wind Tunnel Test Sections, which may be tound
in reference 2, page B-1.

The NHRC wind tunnel has a test section 1.2 m square
and 3.7 m long. Maximum air speed with a clear test
section is approximately 30 mfs. While a tunnel with
alarger test section would have simphified the model-
ing problem, surface pressures measured o a 1:50
scale moded of Test House No. 1 at Queson City (s
fig. 3 correlated well with the full-scale measure-
ments. Thismodel, instatled on a turntoble at the
downstream end of the test section, is shown ia hgure

4 Inaddition 1o providimg pindan-e for the
t Lt 5

P
location of pressure transdecers i the full-sealbe

studiesand anding in the interpretanion i records ob-

areehwasalso

tained trom these studies, the N
used to study 2 model of a Bayap b o Sonood Buidd

Alarge number of these builldingsowere constracted
with AID tunding foltowing the typhoons ot 1970 and
the ehjective of this wind tunne! stedy was to evalu-
ate the loads wed in the ongmal dewgn and refine
these loads for future construction. A typical
Sayanihan School Building ischownin fzure S and
results of the study are presented in a repoat, Wimd
Tunne! Studics of RP-US Bayanihan Permarent Schoel
Buildinglwe reference 17, page B-1),

The NBS initiated o series of comprehensive wind
tunnel tests at the Virginia Pelvtechnic Institiete and
State University (VP and SUYwhere o lareer test siee-
tion was availabie and the atmospheric boandary
Laver had previoue!v been modeled successtully The
tests covered 32 combinations of 1ol slope, heeht-tos
width tatio, lenpth-to-width ratio and size of roof
overhang, Detadled disewssion of the test resdts is
reported in the VIband sU report, Wend Tunsiel Model
Investzeation for Rasie Deceiling Geomelries {see
reterence 1208 1L The intlueno e of root slopeonwind
loads for the models tested is saimmari zod below.,

Zero-degree roof slope.l’cak pressures becur at points
close to the upstream root edge with the wind nornral
tothe edge and deviating -+ 60 degrees from the nor-

mal direction. Towards the center of tw rout the mag:



FIGURE3 TWO TEST HOUSES AT QUEZON CITY SITE.

FIGURE4 PHOTOGRAPH OF SCALE
MODEL OF FIELD TEST
HOUSE INSTALLED IN
UNIVERSITY OF
PHILIPPINES WIND TUNNEL,
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FIGURES5 BAYANIHAN SCHOOL BUILDING.

nitude of the peak pressures deerease and the sector in
which these peak precsures occur becomes emaller.
The presence or the wosence of roof overhangs does |
not seem to intluence the moagnitude of the peak
pressures or the sector in which theyv-ocer, The same
istrue for the length-width ratio, this variable does
not seem to affect the peak pressures.

Ten-degree roof slope.Apain, the peak pressurés oc-
cur at the upstream edges of the roots and decrease in
magnitude towards the middle ot the roof. The pre-
sence of the roof ridge does not show any effect on
pressures near the ridge. The maximum pressures oc-
cur along the upsts Jam sloping edpes of the roots with
the wind direction parallel to the roof ridge.and ina
sector deviating %50 degrees from this direction. No
signiticant effects due to the presence of root over-
hangs canbe detected except for the case with winds
paraliel to the roof ridpe. The magnitudes of the peak
pressures along the slopimg upstreans edge of the roof
are smaller than in the case where no overhangs are
present. There is elearevidence that the larpet length-
width ratio decreases the magnitude of the peak
pressures,
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Twenty-degreeroof slape.For this geometry, the
presence of the roof ridpe becomes important. Ex-
tremely large negative pressures do occur on the
leeward side of the ridge with the wind direction
makingan angle of 45 degrees with the roof ridge.
The overhangs and the length-width ratio do not
seem to have anv effect on the magnitude-of the peak
pressures. Winds parallel to the roof ridge create low -
prak pressures at the leading and sloping edges of the
roof. In general, the magnitudes of the pressures
towards the center of each roof slope are larger than
previously experienced with winds normal to the
ridge, both on the windward and leeward side.

Thirty-degree roof stope. The puak pressures occur at
the leading edge of the reof with the wind . =allel to
the roof ridge in 3 sector of approximately S degrees
on ¢ither side. Inaddition, large nepative pressures
are encountered on the feeward sidie of the roof, with
the wind direction making an angle of approvimately
15 degrees with the roof ridge. Howover, these peak
wepative pressures are notas low as those encoun-

“tered at'the same location and with the same wind

direction for twenty-degree roof slopes. In cases



where the winds are.normal te the roof ridge, the
upstream (horizontal) edge of the roof is not exposed
to the large negative pressures encountered with flat-
ter ropf slopes. The largest negative pressures are en-
countered over the entire leeward roof area with the
wind direction making an angle of approximately
forty-five degrees with the roof ridge. Overhangs and
length-width ratio do not seem to have any apprecia-
ble effect on the peak pressures in this case. These
studies indicated that additional researciv is needed
for reof slopes near 10 degrees.

In addition to the wind tunnel investigation of basic
dwelling peometries just described, studies were also
conducted at the test site in Quezon City. Results indi-
cated that there was no unusual sensitivity of the
building geomety to extreme winds. These studies,
were published as, Wind Tunnel Investigation of CARF,
Inc. Single-Family Dwelling, (see reference 14, page
B-1). ’

2.2 COLLECTION OF COMPLEMENTARY
DATA

Throughout the project the systematic use of literature
searches, workshop/conferences and consultants
yielded comprehensive information en listings of
_printed resources, socio-economic data. and
guidelines for siting, design and construction detailing,
practices,

2.2.1 Literature Search

Reports comeerned with wind eftects and building
technology were collected from the NBS, the Depart-
nient of State, AID, the Natwonal Qceanic and At-
mospheric Administration, the Forest Troducts
Laboratary, the Portland Cement Association, the Na-
tional Technical Information Service and various US
and overseas universities. Additiona! documents
came from the Building Rescarch Establishment in the
United Kingdom through a collaborative research
program with the NBS on wind loads on buildings.
Copivsof approxinately 75 documents collected in
thivwearch were transferred to the PAC and the
bibliography was sent to other participating develop-
ing countries, Alist ot all these documents appears as
Appendin Cot NBSIR 74-567 (reference 2, page B-1).

2.2.2 Workshop/Conferences
p

One workshop and two conferences were he! Fduring
the course of the project, two in the Philippines and
one in Jamaica. These served to elicit information on
wind design, construction and socio-economic ex-
periences; the conterencesserved as a key vehicle for
the timely dissemination of project findings.

The workshop was held in Manila November 14-17,
1973. Entitled “ An International Workshop on Effects

of Extreme Winds,” it addressed the state-of-the-art in.
mitigating biiilding damages caused by winds. Four
themes were discussed: climatology and aero-
dynamics; structural engineering; socio-economic and
architectural considerations; and codes and standards.

The workshop, attended by 130 professionals from
Jamaica, Bangladesh, the United Kingdom, the Philip-
pines and the United States, identified defects in data
gath ring procedufes, identified gaps in wind loading:
data and the building process. developed recommen
dations to correct these defects and suggested im-
provements for good building practices The proceed-
ingsof the workshop were published as NBS Building
Science Series 56 (see reference 3, page B-1),

The first of two regional confererces was held in
Marila, on May 16-17, 1975, The second was held in
Kingston, Jamaica, on November 6-7, 1975, The pur-
pos - of these conterences was to provide project
results to the professional uilding community in
wind-prone developing couniries. This was done to
avoid long lag-time unti} publicatzon ot results {about
1 1:2 vears i this case), thus allowing the cotntries to
begin to implément results as quickly as possible, At
the san.e time, # gave the NBS team a chance to
recenvetechnical feedback asto the relevance of pro-
jevtresearch to date  This teedback was of asaistance
i subsequent data collection and analvsis and cuided
the preparation of timabtechmical reports, The cone
terence programs are contamed i reterence S, page

I-1.
2.2.3 Surnmaries of Companion Volumes

The other volumes in this Building SCeace Seres deal
with destgn wind spreds and pressure coefhoents,
timber tasteners and masonry connectors leading to
impm\'\'d construction pr.wlicva; farecasting l\nu\m;_:
needsand sodie cconomic and archnectural implica-
tions. Fachis published separatehv, A summary ot
cachis presented below.

Nolumie 20 Bstimution of Fxfreme Wand Speeds and Gurde

fo the Determination of Waond forces, contamns two rel-
ated reports The st report, Fafimation of Fytreme
Wond Speeds—Application to the Plabippees, concludes
that destgn speeds currenthy oeed i parts of M.
danav can be reduced, w hereas those 1o use tor North-
crn b uzon and certain coastal exposuresshould be -
creased The report also toacuses on problemas of
estimating basic wind speeds tor very long mean
recurreiice intervalsin tropical storm areas w here
wind records are often ,il.llxl\‘n\}‘!l‘h‘ and many
Lphoons pass w thoeat ey recordued.

The reportcontains a comprehensive review of prob.
abithistic technmques tor analvzang extreme wind
spevds Ttalso provides forthe cerrection of annual
entreinespeeds tor the type ol instrumentapion used.



averaging ime, height above ground, and type of ex-
posuse sothat homogencous data sets can be
established. The two tyes of eatreme value distribu-

“tions in common use (Fisher- Tippett Type Land Type
I arethen applied to the annual extrémes for several
Philippine stations using an. NBS developed computer
program. The author then compares the results of the
analysis with desin peeds currently specified in the
National Structural Code of the Philippines

The second report, A Guide ta the Determinstion of
Wind Farces, presents a method for caleulating wind
pressuresacting on building surfaces. This report also
deseribes the badics of wind tlow around butldings
and the pressures ereated by these tlows on building
surfaces. Ftfects of such features as roof slope, roof
overhang, and building openings are discussed. The
report reters to material covered initscompanion
report and assames that the'basic wind speed either is
known or can be calculated by the designer. A pro-
cedure for determining the desyn speed s presented.
It takes into.account general terrain routhness, local
topographical teatares, height of building, expected”
hite of butldin i and risk of exceeding desicn loads.
Once the desin speed hasbeen obtained, the meen
dynamic proessure may be calulated and pressures act-
mzon walis, ronls and inteena! protions ot bunldings,
mas be determined by use ob appropriate pressure -
coctiiaents presented i the report Corrections then
canbeapphied to the calculated pressire to account
tor tereain rouphness and heht otbaldmg, Finally,
the precaures are multiphied by tie appropriate sur-
face areas to obtain wind torces, The steps required to
caleutate pressures and total drag and uplift forces are
stimmatized The paper concdludes with worked ex-
amples These improved design eriteria provide
building protessionals with more reliable design loads
and are intended as the bass for wind load desian
standards in developing coantries,

Volume 3in thissenies, A Guide for Improved Masonry

and Timher Connections in Bunldmgs, contamns matenial
on recommended construction practioes, The seport
discusses three basic structural systems pole type,
masonry bearing walb and timber. Fvamples ot wind
damaye are included throegh use of ot and photo-
praphs.Casesin w hichanadequate tasteners and im-
propes design contributed to root damage or hift on
follivs od by coliapse of the entire structure are
descnibed.

Theauthors, from NS and Forest Products Laborato-
ry, e\ aluatecarrent construction proctives i the tro-
pics, and discuss foco tunlding products and stan-
dardsconpininee with the aid of photographs of
butldings during varions stages of construetion. They
also present curreit bundding practice in the United
States, along withillustrations of various types ot con-
nectars and tasteners. While many of thise connectors

&

and fasteners are not currently used in developing
countries, they serve-asa reference tor improving,
local practices and customs,

Volume 4, Forccasting the Economics of Housing N.- Is; A
Methodalogicul Gulde, presents a method for deaision
makers in government and the private housing mdus-
try to determine the size of a region’s unmet housing
needs. Thisisanimportant first stepin planming and
enacting public pohicies and programs designed toim-
prove the size, condition and quality of a nation’s
housing inventory. The procedure makes use of
readily available data such as famuly income, housing
expenditure-and the established regronal poverty line.
Procedures are developed to compare the costs with
the potentiakincome redistribution ctfects of meeting
the housing need shorttall, They have been dL";ignvd
tobe tlenible and adaptable to situations in which
housing and demographic data mav besparse, The
calculation of current housing needs s divided into 11
steps or tasks, These in tusn are grouped into tour ma-
jor areas of investigation—deseription ot housing in-
ventory, determunation of the housing stondard,
determination of the need for “shorttall matrin ) and
calculation of the cost of meeting the housing needs,
An evtended example sinduded

Volume SCHows g on b utreme Wonds: Socio-econenii
and Arclite tiral Cousiidezitions, review s the rmpor-

1

tance ot cuitural acceptonse ot planns desgin and

construchionmmprevements that ditter trom trads-
tonal practicesin developimg countr’ s The repart
tocuses on the Phalippines, Jamaico and Baveladesh
and pinpomnts topreal socio-cconomie conditions thot
planners chordd take mto account Thewe conditions
mclude strong respect tor traditiona materiais and
methods o hose construction and susprcion ot m-
novatine torms and approaches; a risimy proportion ot
urban poor who hve i sqeatter settfements a <l
higl proportion of rural restdents, remaote both trom
new butdding concepts and trom post-typhoon
hurvicane relict programs avery bagh tate ot
cirzensfina range trom o0 to 72 percent, depending
on the countredw hose imcomesare at a level w here
they cannot attord housimg otany Kind - either on the
open mathet or posernment subsidized and a
chronicshortage o copital tunds to stimatate or Sup-
portarational program tor the constrochion ot wind
resistant housing e impartance of land toma
socalstandpot s stiessed . The report ertes benetits
of the "sites and services” cong eptwhereby fow e
come personsare provided Ghroegiy eitt, loan or
Teaserasite equipped with water supply, sew erage
and clectnoty, but mosterect and mamtain a house
upon at,

Architecturaliv, recommendations include placement
ot buildings to explont the bencticiel ettects of terrain,
and adherence to principles ot good practive in the



configuration of roofs, walls, overhangs and openings,
These recommendations are shown in the report by
drawings.

Materials that are cheap, strony and locally available
are recommended, and several innovative methodsof
construction are mentioned. They include stabitized
or strengthened soil, ana indigenous tibers and
grasses for reinforcing concrete, adabe and brick.
Plastics have been produced using local and imported
raw materials, If used for shelter, plastics could result
in an excellent low-cost house once the housing con-
figurations become more familiar to the population,
At first, plastics may be used for community service
buildings such as clinics and s¢hools.,

2.2.4 Summaries of Other Related Reports

At the mid-point of the project, additional informa-
tion was collected from the December 25, 1974,
cyclone which struck Darwin, Australia, and almost
totally destroved the city's residential areas. Due to
the widespread use ot corrugated galvanized iron
sheet and light trame construction, the behavior of
housing in Darwin will havea definite bearing on the
devetopment of desiyn criteria for housing in other
tropical regions of the world, espectally those with
frequent intense storms, NBS was invited to take part
in posi-disaster studies of Darwin, Close liaison
developed and continves with Australian rewcarch
establishments as they carry out follow-on projects
related to Darwin, Some of these findings and recom-
mendations such as improved fasteners for corrugated
iron roofing <heets should work well inother coun-
tries which are prone to tropival storms fsee reference
21, page B-4).

Dr. Jamilur R. Choudhury (BangladeshYand AL D.
Adams (Jamaica) were retained by NBSte prepare
bact round reports on the wind conditions, socio-
economic protile and construction circumstances oy
their respective countries and geographic regions

Dr.J. R Choudhury prepared a report entithed Tow-
rise, Low-cost Housing and Extreme Wind-related
Problems in Bangladesh. He seesa need tor six million
new rural houses over the neat 10 vears, The author
points tothe foliowing projections and facts: enor-
mous expected rise in populationan hiscountry over
the next decade, to produce a high population den-
sity, a high'freguency of disastrous ty phoons: and
neplipible natural resources, Inspite ot an intluy ot
rural femlios to the large aities raising urban vopula-
tions by as mudhase S pereent, the number of houses
has remained aboat the samwe, Fusthermore, biv

mid- 1975, the highcost of bilding materials had
brought new private building condtruction to a virtual
standstill.

Reliable wind speed records are lacking and weathy

stations are poorly equipped. The report suggests
wind speeds tor return periods of 20, 30and 100 yvears
at eight stations, but the author calls tor a more
:horough analvsis of existing wind data befere using,
the values for building desipn.

The author also reportsbriefly on housing and vind
conditions in India, Burma and Sri Lanka. Existing,
data suggests lower design wind speeds for these three
ceuntries except for the West Bengal Orissa and
Madras coasts of India where speeds compare with
those for Bz igaadesh. This repart appeared as Appen-
dix B of the NBSIR 75-790(see reference 8, page B-11 1t
may be todered seperately trom the National Techae-
cal Information Service as PB 2536-771 (see page B-1 for
the NTIS address).

Mr. A. D Adams, a Jameicanm consulting engineer pre-
pared, Low-Cost Housing and Extreme Wind-Related
Problems in Jamaica and the Northern Caribbean Islands,
This two-part report identifies low-cost housing
trends and their design problems in the region, It
notes the intluenc of socio-economic factorson hous.
ing patterns and presents an analvsis of housing needs
overthe nestten vears,

Between 1975 and 1985, the author sees anaverage
annual need of about 15,000 units, twosthirds of them
for use by new households the rest o reptacément,
These estimates are based on an anticpated poputa-
tion imncrease of 300,000 over Hie decade.

The private sector provides housing tor'muddle and
upper income groups. Only a small part of the
government’s housing eftort has been directed at the
lowest income groups. To relieve these pressures, the
Ministry of Housing in 1972 began its Sites and Ser-
vices Project aimed at providing 6,000 serviced lots in
three years, The objective is to encourage self-help
projects for prospective home owners who are-tan pely
unemployed.

The author presents eatreme windsand waind damage
statistics, Included are maximum gust speeds tor
return periods of 10,20, 25, 50and 100 vears, The
author notes that a basic wind speed ot 34 mis hasbeen
recommended for design purposes in the region, This
isathree-second gustspecd at 10 m above ground tor
arcturn periosd of 3 yvears.

In his conclusion, the author oiters several solutions
for mitigating losses due to high winds, These include:
an adequate hurricane warning systemy; 2 strict
adherence toaccepted stractural standards accom.
panicd by tight inspection during constroction; 3 siny
phein ructions set out ing “Manual of Accepted
Practice” to guide enpmeers, architects, developers,
ete. asasupplement to building codes; 93 profes. -
sional (‘nginccr'ing registration Jaw for those nations
without one; dnd 5Fspecial emphasis on the major



problem area of roof fastenings and anchoring provi-
stons. Accurate data on design forces, or recom-
mended +andard details, would ensure both economy
and a consistent and adequate standard of satety- The
complete two-part-report appears in reference 2, page
B-1.

The paper, Socio-LEcomontic aud Architectural Considera-
tions inf Housing, was delivered at the November
14-17, 1973 Manila workshop by Geronimo V,
Manahan and Dr. Josefina M. Ramos. The authors
nete that 85 percent of the potential wage carnersin
the Philippines have basic economic problems—no
jobs or not enosgh income. This has led to malnatri-
tion, il health and environmental heahlth-hazards,
Only 14 percent of urban famibies could atford hous-
ing in the open market; 36 percent could aftord home
ownership provided they were extended long-term
financing at a reasonable rate of interest. The remain-
ing 50 percent could not aftord shelter even at
reduced rates,

The problems are too basic ta be resolved-merely by
upgrading shelter; rather, what isneeded according to
the authorsis asystem o ehminate urban poverty
and lack of education. in addition, there s annual
need for 100,000 units to cover new househaolds
population increases and replacement of slunmvand
squatter houses. The problems are aggravated by the
hiph cost ot land and bunllding materials,

The authors otfer four recommendations, 1 the fong
tradition of indigenous building <hould be exploi ed
to deveiop concepts for archifectural adaptativns to a
harsh eavironment; 2V not only economics and tech-
nology, but the cultural practices and benefitsof the
people should be parameters in the design ot their
shelters; M environmental design and Tandscaping ap-
proaches may offer major benefits by reducing wind
loads on structures; and 1) a systematic analysis of
building components, for resisting not only high:
winds but also floods and carthquakes, should be un-
dertaken. The proceedings, which include this paper,
appeared as NBS Building Science Series 56 tsee
reterence 3, page B 1.

Arelated low-cost housing desipn project was carried
out by a Carnepie-Mellon University team headed by
Dr. Charles Ho Goodspeed and Professor Volker H,
Hartherpt Results have been published as, Feasibulity
Testof an Approach and Prototype for Ultra-Low Cost
Hewsizg, In 1974 and 1975 the team—which included
architects, engineves, planners and sociologists —
developed a prototype, very low-coct (goal: ST per
person per shelier) housing unit for use ina variety of
rehiet and rural development situations in
Bangladesh. The prototypean “A” trame modular
housingsystent, accomodates a wide variety of Tocal,
indigenous materials, The structure is cheap, labor in-

tensive casily erected and reportedty resists wind and
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floods. The prototy pe structure has vet to be
systematically tested.in g high-wind situgtion, soits
performance under such conditions is Largely
unknown,

Dr. Vijai Singh, a sociologist on the team underscores
atheme found in Volume 5—that of importance of
cultural acceptance. He believes that the structures
could be made more acceptable by lowering their
height and changing their appearance to éontorm to
thetraditional structures. In this 1egard, several
different door styles were tried, but none proved
popular and residents suggested a bigzer entrance and
a door that coutd be shut and locked.

Local people complained about the tightness of space
inside the structures and felt they had been buiit with-
out due concern for the needs of the families hving in
them. Most complaints centered on lack of storage
and kitchen space. Residents in some areas felt the
windows were too lugh, and should be-lowered <o
some air could flow at the floor level. It was difticult
te sleep inside in hotand humid weather.

Three related ecomomic reports came to the NBS
team’s attentiont as this project propressed and thev
deserve mention here, Al are by Professor Fried
Moavenzadeh, Departme ot of Civil Engineer i
Massachusetts Institate of Lechnology . These un-
published reperts, prepared for various United N -
tionis agencies, otfer the interested reader a usetul
overview ot the ts pical cconomic status of housing, in-
dustries in developing countries. The author examines
these industries from the view points of their manage-
ment and financing problems as well as construction
technology and materials, He points out that technicanl
solutions to housing should mvolve a high labor con-
tent since labor is plentiful but foreign exchange,
needed to import manufactured materiads or to brild

-elaborate domestic production plants, isscarce In this

n*gard', the author tavors several new materials, such
as plastics, that require a reasonably simple produc-
tion technology. He advocates that the sites-and-ser-
vices concept be included in municipal or regional
zoning-programs in developing nations,

Moavenzadeh, bred, Butlding Operation and the Choree of Ap-
propriate Technologies for Conditioms Precarling i Dieveleping
CountriestUecember 1975), Shelter: Fxperience, Problems amd
Soluttons Kekated to Formal Busidirg Indistey2nd Diatt,
Drecember 1975% and Industriadizatzon of Produ tion and Assers
bly of Prefatricated Ficsent, and Components Prepared for fomt
Consultation an Prefabrecation for Industrial Construclion 80N
Industriad Development Organization, Poiand, Septotet,
1975),

Facing Puge: Millions worldwide live in houses highly
vulnerable 1o winds. Activitics such as these under tech-
nology transfer wiil make future Komes, and lives, safet,



3. INFORMATION TRANSFER

A bhasicconcernof the NBs AT hagh wind project has
been the need to transter the projedt findings to the
vonous oranzations and indovaduals in developing,
copntries who tace the possibility of human and pro.
perty Toss due to high winds Phese target proups of
Users are:

Government policy makers
Private developers
Repulatory ottreials

Financial lending brstitutions

Design professionals
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Manutacturers

Protessional architectural and Chygineering

Soctios
University stant

L oeal crattsmen

The peneral public—as building user and ten-
ant

The propesed plan for transterring information to

Sthesegroups recopnizes their diftereat backerounds
I Cal fal

andantormation requirements, For examyple, tocal
craftemen and the general public insome cases may



need rather unsophisticated writterr information but
will readily comprehend various typesof - isual
material Thus, drawings with minimum text are es-
sential, By contrast, design professionals require in-
formation at.a higher technical level. Intormation
transfor, was imtiated through several approaches.
They are discussed below.

3.1 RLGIONAL WORKSHOP/CONFERENCES

As noted in section 2.2.2, one workshop and two con-
ferences were held during the course ot the project—
two'in Manila and one in Kingston. These meetings
gave individuals from the building community: the
opportunity to present papers, to fearn about research
results to date, to ask questions, and o speak out as to
the future direction fo the project. Another benefit
was that of establishing solid working relationships
with many ot the prospective usersof the research
findings.

The results ot these communication effortd are sipmfi-
cant. In the Philippines, project information provided
the first step in revising the National Buiiding Code
(Section 2.05, Wind Pressures) wad this will lead to im-
proved building practices. The Commonwealth
Caribbean countries are inthe process of upgrading
their buildimy -ode. This project’s inférmationr will be
considered as thorr buildimy code is revised.
Bangladesh, Haittand ther developing countrivs will
use portions of the technical information in revisions
of their building code.

Transfer is not limited ta developing countries. Test
data will be made available to the subcommittee on
wind foads of the American National Standards In-
stitute for possible incorporation into American Na-
tional Standard ASS. 1—Minimum Design Loads in
Buildings and Other Structures.

3.2 WIND REFERENCE COLLECTION

Two copieseach of 753 documents, dealing with wind
effects on buildings and other engineering structures
were transferred to the Phulippines Advisory Com-
mittee. One copy was placed.in the Univerity ot
Phitippines Library. These reportsserve asa com-
prehensive hbrary collection. The reparts are listed in
Appendin Cot NBSIR 74-507 {see reterence 2, page
B-11, )

3.316-mm SOUND MOVIE

An 15-minute user-oriented 1o-mm color and sound
movie, entitled” Extreme Wind Study.” was pro-
duced by NES (see reterence 9, page B-1) which sum-
marizes the high wind research project. luis aimed at
several audiences, technical, seon-technical and the
general public,

By illustrating the destructive etfects of winds.on
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buildings, the fiim tells viewerszbout the NBS field
testing acitivitics as well as the wind tunnel testing
program. Compuer graphics are used to depict the ac-
tual effect of wind on builldings. Filmed mostly in the
Philippines, it shows the three test sites, the wind tun-
riel, and the participatior of the NBL team as well as
architects, engineers, building officials and university
staff at the workshop and test sites.

Through December 1976, 28,000 individuals had
viewed the film. These people represent protessional
societies, academia, trade groups, US. Federal Agen-
cies and schools. The film was awarded a Silver Cup=
First I'lace. at the 10th International Educational and
Television Film Show at the Rome Fair held from
May 29-June 13, 1976.

Facing Page: Technicians install pressure sensor on a fest

housc at-Dact, Philippines.



4. ACCOMPLISHMENTS OF
THE NBS/AID BIGH WIND
PROJECT

The project has demonstrated that it is possible to project:
design and build sater fow-rise buildings at an accept-
able cost by a) using improved eriteria in determining,
wind forces on low-rise buildings; b rehoble plan-
ning, design and construction pre ctices; chusing a
simphified method for forecasting housing needs: and
d) providing sound princples which allow for local
housing pieterenees and traditions.

e [mproved design criteria have been developed
to puide architects, enginvers and bu ders.

6 By mwansolworkshops and the various other
information transter vehicles, greater concern
has emerged in developing countries tor im-
proved wav<to guard against the effects of ex-
treme winds, and for the methads ta do the job.

There have been six major benefits as a result of this 8 “Interactions Betwsemmenbersof the building



community representing povernment, indus-
try, protessional and academic groupsand
decimon rakersin the particpatimg wind
prone deseloping countries swwere stizaulated by
thos prosect,

Vital trarning of professionals and techinicians

has begunin developing countries tor carrving

oul wind mweasterenent and analyaas pro-
cedures.

Essential but «attered docuimentation on good
practices hasbeensdentitied for uwe by the
tulding community,

Techmcal intormabion hasbeen tailored to
meet the user’s needs,

2u

foomr fory”

C

Porsis for i



5.NEEDS AND
RECOMMENDATIONS

Important tasks remain to be completed if annual
losses of ife and property doc to extreme winds are to
be broaght under control. To this end nineteen recom-
mendations were developed

Extablish a national center indeveloping coun-
tries to promote information exchanges with
meteoralogists and chmatologists, the design
professions, regulataryothicials, building
authortties and local craftsmen on matters
concerming the design of buildings to fesivt
wind lorces . :

12

Latablish comprehensive programs of ime
proved and use 'pl.nmin}; toredoce the
damape potentul ot extreme winds and heavy
rauntall : ] .

I Encourage meteorclopal apencies and related
proups to collectmean-hour v wind specd and
preak st dara and dissenunate this intorma-
tionan a usetal torm to private and govern.
mental groups iny elved with building designe

and construction, ¢

4.« The mctearological services in desveloping
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countrics which reputarly experience hur-
ricanes.or typhoans should take the lead in
improveng the distribution, density and siting
of wind obery ation stations,

Buildings having-unusual shapes and struc-
tural charactenstics that are not covered by
recognized codes of practice should be sub-
jected toappropriate wind tunnel model
Stuoaes.,

Provide for conducting post-disaster surveys
by appropriate government and private
groups,

Estabhish aninternational wind research
center and support it through appropriate
organizations to study the etfects of winds on
buildings.

Incorporate project test results in the codes
and standards of developing countries and
have these done in a format casily
understandable by loca! urban and rural ofti-
cials.

Recommend that standards-generating com-
mittee in developing countries take note of
the findings of this project as they consider
development of new or revised standards tor
wind-resistant construction,

Arcintects and eoveneersin publicand private
provinee entrested woh baddines despgn and

construction su covison showd be ticensed By

anapproprite pretessionad Leensmy board,
The profesional enganeening and architectural
socigtios shoutd ¢ ork dosely with collepes
and universities to develop courses of study
tor engineering and architectural students re-
lated to the effeets ot wind on bu . ldings,
Developand carry eut programs of coatinuing
educationat all levels of society forin-
dividuals involved in the design and construe-
tion of buldings,

Structural design for wind loads should take
into account the local wind climate and the
cftects of surroundimg terram and nerghboring
structieres on the charadteristicos of surtace
winds,

The design ot rooting ond cladding clements
should consider the ettects ot local pressae
thectuations mear the corners ot walls, along
theedpes ot rootsand under caves., B
Conducta pilo! poogram to develop. desgn,
build and evaluate heusing i selected regrons
subject to high winds, using recommiende d
good practice, and based onmajor mvalve
ment of locat peope in site selection, plan-
ning, design. manufacture ot components and
crectivn,

t9
1

Explore furiher the problems of main'taining
soundly built housing to preserve itsresistance
to high winds. : :
Evaluate the actual use in participating nations
of the content and format as r. . .uired to obtain
the broadest possible dissemination in each of
those nations,

Explore chamnels for expanding information
linkages with all nations and regions subjected
to extreme winds, '

Investigate further the transfer of information
to the local craftsman level.



Appendix A PARTICIPATING
GRGANIZATICNS

The following erganizatiors participated in and made
valuable contributions to the research project.

Philippine Standards Association®
Socral Security System®

PRangiadesh
Bangladesiv University of
Enpgineering and Tedhnology
CARE, Irc., Bangladesh
Hartt
Ministry of Pubtic Works
Jarmawca
Douet, Brown, Adams and Associates,
Consulting Envineers
Sbkoy
Jamaican burcau of tandards
Jamaican Institution of Engineers

University of the Philippines®
Republic of Chuna{Taiman®
National Bureau of Standards
United. Kingdom
Building Research Establishment
Department of the Environment
United Natians
United Nations Economic Commission
for Asia and the Far East
United States of America
Agency tor International Development,
United States Department of State

- ‘ oo Vi e R
lamaican Meteorological Office (Project Sponsor)

Kingsten and St. Andrew Cerporation, Agency for International Development

i B NPT gt . . .
. City f-l-.\f”-ﬂ"ﬁ Missions; Manila, Philippines: Kingston,
! try fousing i ‘a, B
Almu rv of Housng Jamaica; Dacca, Bangladesh; Port-au-’rince,
Socnal Action Center Ha:ti

faran -
! Care, Inc.

Kyoto Universty . . : :
: - Colorado State Unrversity

£ .

. e
Minsstry of Coenavtruction .
The et e t

Ssvwratberer Saotere! Enenireers

Poveoorment Comirmasson®

Covernment Service isaranse Sydten®

Fand ond Hlogse s D \‘3\‘{‘17‘.::::

Frocinoens”




Appendix B REFERENCES

This appendiv is divided into four sections; akproject
output references, b) wind measurements and design
loads, ¢) socio-cconomic factors and housing charac-
teristics and d) plan~ing, desigm and construction
technoloyy. Each section lists reports and other docu-
ments under various reader interest headings. Under
the first section are reportsihsted in chronological
order asthey were developed during.the course of the
project. The other three headings list reports used
during the course of this project and documents
which contain information relevant to the planning
and design of low-rise buildings in wind prone areas,

Documents noted in the list of references by NTIS
may be ordered from National Technical Information
Service, US Department of Commerce, 5285 Port
Royal-Rd., Springfield, Va. 22161. Likewise, dogu-
ments noted by Superintendent of Documents may be
ordered tromthe US Government Printing Office,
Washington, DC 20402, ther reports may be ch-
tained by writing the anthor or borrowed from an ap-
propriate library.
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SOCIO-ECONOMIC FACTORS AND
HOUSING CHARACTERISTICS
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NBS TECHNICAL PUBLICATIONS

PERIQRICALS.

JOURNAL OF l(}_::.\'l'l;\l{('lf reparts Nationa) Rureau
of Standards resciarch and development in- physics,

mathemaces, and chemistry, It is published in two

sections, available separately:
® Phynies and Chemistry (Section A)
Papers of interest primuwily to scientists working in
these tields, This section covers a broad range of physi-
ul ownd chemical research, with major emphasis on
standards of physical measurement, fundamental con-
stants, and properties of matter. Issved six times a year,
Annual subseription: Domestic, $17.60; Foreigpn, 821.25.
® Miathematical Sciences (Section B)
Studies and compilations desgned nisinly for the math-
ematician and theoretical physicist, Topies in mathemat.
ical statistics, theory of experiment design, numerical
analysis, theoretical physics and chemistry, logical de-
shayn and programming of computers and computer sys-
tems, Short numerical tables, Issued quarterly. Annual
subscription: Domestie, $4.00; Foreign, $11.25.
DEMENSIONS/NBS (formerly Technical News Bulle-
tin)—This monthly magazine is published to inform
seientists, engineers, businessmen, industry, teachers,
students, and consumers of the latest advances in
science and technology, wite primury emphasis on the
work at NBS. The magazine highbiphts and reviews
such issues ax enerey research, fre protection, building
technology, metric conversion, pollution  abatemerd,
health and safety, wnd consumer product perforeiance,
Inosudditiomat reports the results of Rurenu programs
in measutenent stamdards and teckniques, properties of

r standards and serve
data

metter and materids, engrinestin
wes, nstogimentation, and sutomatic processing.

Annuzl subseription: Dowestio, ST200 Faretpn, 315 60

NONPERIODICALS

Maonographs - Muajor contribiutions to the technical iter.
ature on various subjeets reliaded to the Burcau's scten.
tifie and technical aetivities,
Handbooks -~ Recomnmended  codes of  engrineering and
industriad practice Gnelndings safety codesy develuped
in cooperation with mterested industries, professional
organizations, sl repulatory bodies.

neinde prm'«-t:«!ings of confetences
NES annual reports, and. other
appropriaste to thas groupmges such
1 eands, and bibliographies,

Special Publications -
by NUBN,
speeiil publications

:«p.nn.\'lnl'ml

as wadl charts, pock
Applied Mathematies Neries - Mathematival taliles, man-
uals, and studies of special interest to, physicists, engi-
neers,  chemists,  biologists,  mathematicians,  com-
puter programmers, and others engaped in seientitic
and techuica! work.

Nationa! Standard Heference Datas Series - Provides
quontitative data on the phyvacal and Genucal proper.
ties of materuds, compnied from the world's Lterature
wind critically evaluated, Developed under o world-wide
program contdimated by NES Peograns under aethorty
of Nutiona! Standard Data Act (Public Law 90308,

asrds Regestes, Repister senv

NOTE: At present the principal publication outlet for
these data is the Journal of Physical and .Chemical
Reference Data (JPCRD) nublished quarteriy for NBS
by the American Chemical Society (ACS) and the Amer-
ican Institute of Physics (AIP). Subscriptions, reprints,
and supplements aviulable from ACS, 1155 Sixteenth
St N WL, Wash, DL€ 200585,

Bu'. hing. Science Series—Disseminates technical infor-
mation developed at the Bureau on bwilding materialg, |
components, systems, and whaole structures. The series
presents research results, test methods, and perform.
ance eriteria related to the ~tructural @nd environmental
functions and the durability and safety characteristics
of huilding clements and systems.

Technical Notes—Studies or reports which are complete
in themselves but restrictive in their trestment of a
suhjeet, Analogous to monographs but not so compre-
hensive in seope or ddefinitive in treatment of the sub.
jeet area. Often serve as a vehiele for final reports of
work performed at NBS under the sponsorship of other
government agencies.

Voluntary Product Standards-=Developed under proce-
dures published by the Department of Commerce in Part
10, Title 15, of the Code of Federal Repulations. The
purpose o the stundards is to establish nationally rec-
ophizes requirements far products, and to provide all
econcertyd interests with o basis for common under-
standing of the characteristies of the products. NBS
wbministers this program as a suprfement to the activi-
lardizing: orpanizations

tiex of the private sector sta

Consumer Information Series- Practical information,,
based on NBES researeh and experience, covering a s
of intere Ut the consumer, Fasily understandable lange-
wipe aned fluvtrations provide usef sl bachpround hnowl.
vdpe for shopping in today’s technologicad marhetplace.

(rder above NON publicetions from: Superintendent
af Dacemiorts, Govorvment Printing Ogfiee, Washington,
[EN TR

Order following NIS publlcotions—NRSIR's aed FIPS
from  the Nelioal Techreeal Information
Npiacgretd, Va, 22107,

Services,

Federal Information Processing Standards Publications
(FIPS PUBSY- - Publications in this series collectively
constitute the Pederad Information Processing Stand-
) s a8 the official souree of
formation in the Federa! Government regarding stand-
ards ssued by NRS pur<uant to the Federal Property
and Adnunistrative Services Act of 1949 ax amended,
Pablic Faw xtiasd (79 Stat. 1127), swnd as hmplenmented
by Fovecutive Order 11717 038 FR 12015, duted M
i and Part 6 of Titde 15 CFR (Code of Federal
Repnbtionsy,

NES Interagency Reports (NBSIR) -=A specind series of
terim or final teports on work performed by NBS for
eatstde sponsers hath government and non-povern-
ment), o generad, initial distribution is bandled by the
sponsery public distribution is by the National Techni-
el Inforpmtion Services 1 Springield, Va. 22161 in
paper copy ur microfiche form.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

The foltowing curtent-anarencss and literature-suryvey

biblingraphies arc issued periodically by the Bureau:

Cryogenic Data Center Current Awareness Service. A
literature survey issued biweekly., Aunual subscrip-
tion: Doemestic, $25 07 Foreign, §inoa,

Liquified Natural Gax. A literature survey issued quare

terly. Annual subscription: $20.00.

Superconducting Devices and Materials. A literature
survey issued gquarterly, Anmual subseription: &0,
Send subseription orders and remittances fur the pre-
ceding Inbliographic gervices to National Bureau of
Standards, Cryogenic Datu Center (275.02) Boulder,

Cuolorado 802302,
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