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SI CONVERSION FACIRS 

This report describes measurements in metric units. It is recommen­

ded that the reader assume the responsibility for applying the appropriate 

conversion to English 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 International 

Standard (SI) units of measurement. 

Lngth 

I meter (m) = 3.281 feet (ft) 

Velocity 

L meter per second (mL/s) = 3.281 feet per second (f/s) 

= 2.237 miles per hour (in/i) 



ABSTRACT
 

The annual progress report presents major NBS accomplishments and 

activities during the third phase (FY75) of a forty month project concerned 

with developing improved design criteria for low-rise buildings in develop­

ing countries to better resist extreme winds. The research study, sponsored 

by the Agency for International Development, commnenced in March 1973. ,;o 

other progress 	reports: NBSIR 74-582 FY73 Progress Report (first phase of
 

the research--4 months) and NBSIR 74-567 FY74 Progress Report (second phase
 

of the research--12 months), document the first 16 month level of effort.
 

During FY75, 6 	major tasks were completed; instrum.entation of remaining 

two of six test houses, continuation of technician training, analysis of
 

extreme wind data, development of draft reports describing project results,
 

participation in regional conferences in Manila and schedule a regional con­

ference in Jamaica during November 1975. During FY76, data collection and 

analysis activities will be completed. A final report will be published by
 

the end of the 	fiscal year. 

Key words: 	 Buildings; codes and standards; housing; hurricanes; low-rise 

buildings; natural disaster; structural connections; typhoons; 

wind loads. 
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INTRODUCTION
 

The FY7S progress report is the third in a series of annual reports
 

describing the National Bureau of Standards' activities in developing
 

improved design criteria for low-rise buildings in developing countries to
 

better resist extreme winds. The research project is sponsored by the
 

Office of Science and Technology, Agency for International Development
 

(AID), under a Participating Agency Service Agreement (PASA) No. TA(CE)
 

04-73.
 

The report discusses the principal activities and acconm)lishments 

during the period July 1, 1974 through Jtue 30, 1975. Information about 

FY73 and FY74 accomplishments are contained in the two National Bureau of 

S'.andards Ii-t-ragency Reports, NBSIR 74-5,l2 and NFSIR 74-567, Project 

Stat!s Reports - Design Critcria and Methodo ogy for Construction oF Low­

rise Buildings to Better Resist Tphoons and HurricZaes. 

The FY73 Project Stuitus Report provides the initial project bac­

ground and discusses the formation o." a Philippin, Advisory Committee. 

The committee was instrumented in coordinating local project research 

activities, selecting field test sites, providing field test buildings 

and selecting appropriate personnel to woik on the project. 

The FY74 Project Status Report covers the instrumentation of test 

houses, the training of technical personnel at the field test sites and 

the wind tunnel facility, the preliminary analysis .- wind load data, 

the four-day NBS international workshop on designing for high winds, and 

an assessment of the state-of-the-art of wind technology on low-rise build­

ings.
 



This report discusses activities performed during FY7S and includes
 

additional technical information resulting from IF75 activities. Draft
 

technical outputs are found in the appendices as listed below. 

During FY75, six principal tasks were conleted. The tasks were: 

a. 	Instrumentation of the fifth and sixth test houses (Quezon City
 

and Laoag City field sites),
 

b. 	Continuation of technician training for full-scale data collec­

tion 	and wind tunnel testing, 

c. Transfer to the Philippine Advisory Conmmittee of a computer 

program developed b), NBS to determine extreme wind speeds for 

various mean recurrence intervals, 

at Kingston,d. 	 Scheduling of a Caribbean regional conference 

for November 6 and 7, 1975 to disseminate projectJamaica 


results to Caribbean wind-prone countries,
 

e. 	Development of draft reports on:
 

* 	 distribution of extreme winds 

" 	 improved design pressure coefficients 

for timber fasteners and masonry connectors" guidelines 

" economic analysis/housing forecasting methodology 

architectural considerations* 	 socio-economic and 

inf. 	 Dissemination of draft reports at regional conferences 

Manila during May 1.,15. 

The Appendices are: 

Appendix 	A - Minutes of the 7th - 10th Philippine Advisory Committee 

Ne tings 

Appendix B - Low-Rise Low-Cost Iousing and Extreme Wind 	Related 

Problems in 	Bangladesh 
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Appendix C - Manila Regional Conference Program 

Appendix D - Estimation of Extreme Wind Speeds in the Philippines
 

Appendix E - A Guide to the Determination of Wind Forces 

Appendix F - A Guide for improved Masonry and Timber Connectors in 

Buildings 

Appendix G - The Economics of Building Needs: A Methodological 

Guide 

Appendix H - Housing in Extreme Winds 
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A. SUMMARY OF PROGRESS FOR FISCAL YEAR 1975
 

Background
 

The project originated from the recognition by AID and NBS that
 

additional research on wind is needed to reduce property losses, human
 

suffering, disruptions of productive activities, and expenditures for
 

disaster relief. Information is needed to supplement the limited amount
 

of existing data on wind effects on low-rise buildings. Existing wind
 

load criteria do not make adequate provisions for steady and fluctuating
 

wind pressures along the edges of roofs and walls where separated flows
 

occur. Extreme negative pressures (suction) acting on these building
 

surfaces are one of the primary contributors to building damages. This
 

research project possesses a potential for reducing building damages
 

worldwide, as well as in the U.S. 

The research centers around field studies (direct measurement of 

wind loads on six low-rise buildings at three separate sites in the Phili­

ppines) and wind tunnel studies (scale models of the field test buildings 

and models of other typical dwelling geometries). 

The primary purpose of the full-scale field studies and the wind 

tunnel model studies is to refine the design pressure coefficients for 

on talllow-rise buildings. Wqhile a great deal of work on wind loading 

buildings has been accomplished during the past 10 years, very little 

parallel work has been devoted to building.,.; having heights less than 10 

meters. Investigations of wind damage strongly suggest that coefficients 

contained in most current codes and standards do not adequately describe 

the pressure distributionsthe wind characteristics near the ground and 

5
 



Highly localized wind pressures on buildings 
tend
 

on low-rise buildings. 


to be underestimated while overall pressures 
tend to be overestimated.
 

This was confirmed from full-scale test 
results obtained in this program.
 

Equally important to the understanding of 
wind pressures on buildings,
 

is the selection of design wind speeds 
ingeographic areas having a high
 

By taking proper account of these frequen­frequency of tropical storms. 


cies and local terrain effects, it
isanticipated that design speeds can
 

be selected which will accurately reflect 
the risk of wind damage to build-


Itwill thus be possible for the building 
designer to specify more
 

ings. 


realistic design loads (from the NBS improved pressure coefficients) 
which
 

should permit buildings to better perform 
during their expected life.
 

The reader isreferenced to Appendix A, "Minutes of 
the 7th-10th
 

review of the Comrittee's
 
Philippine Advisory Committee Meeting," 

for a 


involvement with this research project.
 

Activities at the Field Test Sites
 

Three field test sites (see Fig. 1)were selected for recording wind
 

The sites are Quezon City where 3
houses were
 

load data on buildings. 


Laoag City about 500 kilometers
 
instrumented with wind pressure equipment. 


north of Quezon City is the site of two test houses. Daet, about 230 kilo­

meters south east of Quezon City is
the location of one test house.
 

A detailed description of the three 
field test sites and related in­

strumentation was presented inthe FY74 Progress Report (NBSIR 74-567).
 

These occurred
 
Three site visits were made by NBS personnel 

during FY75. 


Although most of the activi­
inJuly and November of 1974 and May of 

1975. 


routine nature (calibration and main­
ties conducted during FY75 were of a 
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Figure 1 Building test sites
 



tenance of test equipment), several serious problems were encountered which 

required component repair or replacement and certain changes in operating
 

procedures. Summaries of activities at the three sites and the status of 

each site as of June 30, 1975, are discussed below: 

1) 	Quezon City, Science Garden Weather Station
 

This site currently has three test houses which are instrumented with
 

a total of 19 pressure transducers. A delay in shipment of the third test
 

house provided by CARE, Inc., Bangladesh, at this site made it impossible
 

to complete the instrumentation of the house in FY74. This unit was subse­

quently instrumented by the NBS team during July, 1974. Minor problems
 

were 	encountered with the time code generator and pressure transducer signal
 

conditioner. These units were either replaced or repaired with no loss of
 

test data. A more serious problem was encountered in November, 1974, when
 

a numbcr cf pressure lines and signal cables were damaged by rodents which
 

infested the test site following the clearing of a nearby squatter settle­

ment. Approximately one week of repair work was required. A rodent control
 

program was initiated.
 

Approximately eight hours of recordings were obtained during the year. 

These data were recorded during a time ihen significant changes in the wind 

exposure occurred with recent constri ztion of tall buildings southeast and 

west of the test site. The construction provided an ample oj'portunity to 

collect wind pressure data under differing topographic conditions.
 

2) 	Daet Weather Station
 

The single test building at Daet is currently equipped with 10 pressure
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transducers. The Daet test site has been relatively free of problems since
 

the installation of test equipment inMarch, 1974. A fence was erected in
 

July to protect the meteorological tower and guy cables from livestock
 

grazing on the station grounds. Corrosion due to the ocean exposure required
 

the replacement and painting of a number of tower bolts and cable clamps in
 

May of 1975. Itwas necessary to replace most of the exposed flexible pres­

sure tubing at the same time because ultraviolet radiation deteriorated the
 

tubing. Commercial power at the site has been extremely unreliable over the
 

past six months which required a change in data recording operating procedure. 

Rather than keeping the data system in a "power on" mode, the test equipment 

isnow turned on only when a tropical storm is known to be approaching the 

site. If no commercial power isavailable, the system isswitched over to
 

the generator which normally supplies the station radar system. 

Approximately eight hours of records were obtaincd during the passage
 

of Typhoon bidang inNovember and Typhoon Andoy inDecember of 1974. Wind
 

speeds in excess of 30 m/s (68 m/h) were recorded and wind directions ranged
 

clockwaise from north to southwest. 

An additional problem at the Daet test site has been the transfer of 

trained personnel to other Philippine Atnospheric Geophysical and Astronom­

ical Services Administration (PAGASA) Stations. 'Thiis actin required NBS 

personnel to perform additional training sessions for replacement personnel
 

during each site visit.
 

3) Laoag City Weather Station
 

The two test.houses at Laoag City are currently equipped with 10 pres­

sure transducers. Construction of a barrack by the Philippine Air Force has
 

changed the exposure of the test site to easterly winds.
 



As with the Daet test site, construction of a stock fence and replace-


A
 
ment of exposed pressure lines were required at the Laoag City site. 


short circuit in the wind direction data line resulted in the 
loss of some
 

data during the passage of Typhoon Aing on November 
6, 1974 during which
 

More
 
winds with gusts up to 47 m/s (105 m/h) were recorded at Laoag City. 


recently (June 1975), two data lines were accidentally cut by a construction
 

In spite of these problems,
This damage waa rcpaired by the PAGASA. 


the Laoag City test site has yielded several valuable 
records on the first
 

crew. 


station buildings, and on the 
test house, which is adjacent to weather 

Approximately

second test house, which was instrumented in July of 1974. 


Test
 
four hours of valid recordings were obtained this past 

fiscal year. 


tapes from Laoag City have not been fully analyzed.
 

Activitie- at the University of the Philippines Wind Tunnel Facility 

Two building models were tested at the University of the 
Philippines 

They were a 1:80 scale model of Test Wind Tunnel Facility during FY75. 


and a 1:80 scale model of the 
House No. t located at the Qiezon 	City site, 


The house is single story with a plan

RP-US Bayanihan School Building. 

The school building is single story and
 dimension of about 6 by 7 meters. 


Tests were conducted to evaluate the performance
8 by 18 meters in plan. 


of the simulared atmospiieric

of the tunnel and of the cl aracteristics 


in producing pressur_ fluctuations on building models.

boundary layer 


The agreement between model and full-scale indicates that this facility
 

is entirely suitable for modeling buildings in the lower 10 meters of
 

the atmospheric boundary layer at scales of 1:80 or smaller.
 

Following validation of the wind tunnel flow simulation, 
a model
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of the AID funded RP-US Bayanihan School Building was tested at the 

request of the local AID Mission to determine overall load coefficients
 

and localized pressure coefficients. The results of these tests were
 

presented in a draft report which has been reviewed by tbe AID Manila
 

Mission, the Philippine government and other interested parties. The
 

report is currently being prepared as a final NBS document. Although
 

the UP Wind Tunnel Facility has been showm to yield satisfactory results
 

and isfully operational, serious local staffing problems have arisen. A
 

key technician who had undergone continuous training since the initiation
 

of wind tunnel uperations inNovember of 1973, left the University in
 

September, 1974 for an educational opportunity abroad. No si.tisfactory
 

replacement has been found. The University also seems relatively disinter­

ested inestablishing a viable alternative research facility in the area
 

of building aerodynamics. Because the IJniversity lacks trained staff in
 

fluid dynamics or aerodynamics, they do not currently have the capability 

of conducting wind tunnel tests without NBS supervisioa. Some interest 

has been shown by PAGASA (who have appropriate staff members) in assuming 

responsibility for wind tunnel operations; this matter has to be fully 

resolved.
 

Wind 	Tunnel Studies 

Because of the problems outlined above and to keep the project on 

schedule, NBS project staff initiated a series of wind tunnel tests at
 

the Virginia Polytechnic. Institute and State University (VPI and SU) using
 

a flow simulation technique similar to that which was perfected at the UP.
 

Since VPI and SU's test section was larger than that at the UP (2.14 x
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2.14 meters square and 5.5 meters long) the scale ration was increased
 

from 1:80 to 1:70. The tests initiated in April, 1975, have been com­

pleted. They cover 32 combinations of roof slope, height-to-width ratio,
 

length-to-width ratio and size of roof overhang. The test results are
 

still being analyzed. Preliminary data suggest that additional studies
 

be conducted on roof slopes near 10 degrees. The wind tunnel test results
 

and the full-scale test results obtained during previous studies in Montana,
 

and studies conducted by the Building Research Establishment in England
 

including research by NBS in the Philippines provided the basic data used 

indeveloping tentative design pressure coefficients. These data were
 

presented at regional conferences in Manila in May, 1975. These results
 

are discusSed in more detail in a later section and fully reported in Appen­

dix E. It is anticipated that the remaining tests and data analysis can be
 

completed by the end of December, 1975.
 

nalysis of Climatological Data
 

Work continued during FY7S on the analysis of wind speed records in 

the Philippines. Several station data series were fitted with extreme 

value distributions using a computer program developed at the NBS. This 

program is currently being modified for use on the PACASA computer facility 

in Quezon City and is expected to become fully operational early in FY76. 

Features of this program and preliminary results of the data analysis were 

presented at regional conferences at Manila in May. The computer program
 

is available for use by other wind-prone countries. Additional information
 

on the estimation of wind speeds may be found in Appendix D.
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Other Project-Related Activities
 

On December 25, 1974, Cyclone Tracy passed over the city of Darwin,
 

Australia, causing almost areas
total destruction of the residential of
 

the city. Because of the widespread use of corrugated galvanized iron
 

sheet and light timber frames, the behavior of housing in Darwin has a
 

definite bearing on the development of design criteria for housing in
 

other tropical regions of the world, particularly those regions having a
 

high frequency of intense storms. Due to its involvement in wind load
 

research, the NBS was invited to participate in post-disaster studies of
 

Darwin and a close liaison is being maintained with Australian research
 

establishments which are conducting follow-on projects relative to Darwin.
 

It is anticipated that some of these findings will be incorporated in the
 

final design criteria.
 

Regional Conference
 

As previously mentioned, draft project results were disseminated and
 

discussed at a regional conference held in Manila, Philippines, on May
 

16-17, 1975. The purpose of the conference was to provide draft results
 

to the professional building commnity from Asian wind-prone countries. The
 

conference provided the NBS team an opportunity to receive technical feed­

back as an indicator of project research relevence. This information ser­

ving as inputs will assist future data analysis and in developing final
 

technical reports for the completion of this study. The conference ',rogram 

is contained in Appendix C.
 

The first day of the two-day regional conference was devoted to pre­

sentation and discussion of technical results. A short description of each
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presentation is presented in the following section. The second day was
 

devoted to an open forum. The technical reports are contained in Appendi­

ces D - I. 

Information transfer between Bangladesh and the project was performed
 

by Dr. .Jamilur R. Choudhury, Professor of Civil Engineeting, Bangladesh
 

University of Engineering and Technology, Dacca. Dr. Choudhury is under
 

contract with NBS to frovide technical inputs relative to the Bay of Bengal 

Countries. lie presented a paper (based on his latest report to NBS) on 

housing, hocio-economic aspects, and wind distributions in Bangladesh, 

India, Burma and Sri Lanka. This report in Appendix B supplements a pre­

vious report (see Appendix D, NBSIR 74-567). Additional information on 

socio-economic factors, anticipated housing needs through 1985, and data 

on wind speed records and wind danage statistics is discussed. The report 

will he submitted separately to the National Technical Information Service
 

(NrIS).
 

The conference was scheduled just prior' to international conference 

(also in Manila) on civil engineering in disaster prevention and control. 

The draft project results were presented at this meeting. This provided 

-n opportunity to discuss the high wind project with another segment of 

the international and Philippine professior.al building community. 

This conference was sponsored by the Philippine Institute of Civil 

lingineers (PICE). Approximately 450 professionals from seven countries 

attended. Countrie; represented were the United States, Republic of China 

(Taiwan), Philippines, Japan, United Kingdom, Indonesia, and New Zealand. 

Proceedings of the conference will be published by the PICE. 

'he project results were also discussed at the Seventh Joint Meeting 

of the U.S.-Japan Panel on Wind and Seismic Effects, May 20-23, 1975 in 

Tokyo. On June 17, 1975, the project draft results were presented at an 
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AID-sponsored international disaster preparedness seminar.
 

Description of Draft Project Outputs
 

The following is a brief description of the contents of the reports
 

presented at the conferences. Reports were presented in draft form and
 

were circulated to all attendees for review and commnent. 
 These reports
 

included in Appendices D -HI 
are briefly reviewed in the following para­

graphs.
 

1) Basic Wind Speeds
 

The report, Estimation of Extreme Wind Speeds in the Philippines,
 

by Dr. Emil Siniu, is found in Appendix D. The report contains a compre­

hensive review of probabilistic techniques for the analysis of extreme
 

wind speeds. Corrections of annual extreme speeds for the type of instru­

mentation used, averaging heighttime, above ground, and type of exposure 

are covered so that homogeneous sets of wind records can be established. 

Probabilistic models are then described and are applied to wind records
 

for several Philippine stations using a computer program developed at the 

NBS. The results are compared with design speeds presented in the National 

Structural Code of the Philippines.
 

It is concluded that design speeds currently used in parts of Mindanao 

can be reduced while those in use for Northern Luzon and certain coastal 

exposures should be increased. Finally, problems related theto estima­

tion of basic wind speeds for very long mean recurrence intervals in tropi­

cal storm areas are outlined.
 

The reports contained herein were developed for the regional conference

in Kingston, Jamaica held during November 6-7, 1975; the contents contain
adcditional data analysis subsequent to the Manila and Tokyo conferences.
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2) Design Speeds and Pressure Coefficients 

The report titled, A Guide to the Determination of Wind Forces, by 

l)r. R. I). Marshall of the NBS, is found in Appendix E3.The report des­

cribes the basics of wind flow around buildings and the pressures created 

by these flows on building surfaces. Effects of such features as roof 

slope, roof overhangs and building openings are also discussed. This 

paper refers to material covered in the paper by Dr. Simiu and assumes 

that the basic wind speed is known or can be calculated by the designer. 

A procedure for determining the design speed is presented which takes into 

account the general terrain roughness, local topographical features, 

height of building, expected life of building and acceptable risk of fail­

tire.
 

Once the design speed has been obtained, the mean dynamic pressure 

iscalculated and pressures acting on walls, roofs and internal portions 

of buildings are then determined by use of appropriate pressure coeffi­

cients which are tabulated in the paper. Finally, corrections are applied
 

to the calculated pressure to account for terrain roughness and height of 

building. The steps required to calculate pressures and total drag and 

uplift forces are stinmarized and a worked example is presented, It is 

intended that this paper form the basis for wind load design standards in 

developng countries. 

3) lasonry Connectors and Timber Fasteners 

The report, A Guide for Improved Masonry and Timber Connectors in 

Buildings, was prepared by Dr. S. George Fattal of NBS and Messrs. Gerald
 

Sherwood and Thomas Wilkenson of the Forest Products Laboratory and is 
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found in Appendix F. The buildings discussed are one and two stories in
 

height, generally with a gable timber roof covered with corrugated iron
 

with overhangs of up to 1.5 meters. The chapters on connectors lead off
 

with an introductory background discussion. They are followed by a section
 

on buildings damaged by high winds. Examples of wind damages are presented
 

through use of photographs and an analysis is presented in textual form.
 

The report also discusses building damages caused by the December 1974
 

cyclone at Danrin, Australia.
 

A survey and evaluation of some current masonry practices as used in
 

the tropics are presented. Local practices, investigation of building
 

products, and standards compliance are discussed and evaluated with the
 

aid of photographs of buildings during various stages of construction.
 

Current masonry practices in the United States are presented. Also,
 

various types of connectors used in such construction are discussed. This
 

serves as a reference for improving building practices.
 

The last section of the report addresses suggested improvements in
 

masonry construction. The suggestions are based on a review of several
 

masonry documents, appropriate reports, building codes, specifications,
 

working drawings and photographs of Philippine houses and post-disaster
 

surveys of typhoon-damaged buildings. 

The chapter on timber fasteners is similar in format to that for 

masonry connectors; it presents a general introduction to timber fasteners 

and a review of Philippine timber fastener construction practices. Recom­

mendations follow.
 

4) 	Economics of Building Needs
 

The report, The Economics of Building Needs - A Methodological Guide,
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by Dr. Joseph Kowalski of NBS, (see Appendix G) serves as a tool to assist
 

the decision maker in assessing the impact of the development of buildings
 

to better resist winds on local housing needs. This document leads off
 

with a review of the economic background of forecasting housing needs.
 

'Iisis followed by an economic model to forecast housing needs. The re­

port attempts to identify those parameters that define a low-cost house.
 

This is determined by a simple mathematical procedure based on readily
 

avaitable data i.e., family income, housing expenditure, and the established
 

regional poverty line.
 

5) 	Socio-Economic and Architectural Considerations
 

The report, Housing in Extreme Winds, by Steven Kliment, architectural
 

a review of socio-economic and architectural
consultant (see Appendix 1) is 

The reportaspects of low-rise/low-cost buildings exposed to high winds. 


is consumer-oriented in nature and is intended for residents, owners, plan­

ners and builders of low-cost/low-rise housing in developing countries.
 

'ih report addresses the Philippines, Jamnaica and Bangladesh. A 

general review considers socio-economic conditions prevailing in developing 

strong respect for traditionalcountries. These conditions include: 


materials and methods of house construction with a corresponding suspicion
 

ot innovative forms and approaches; a high proportion of rural residents, 

remote from new building concepts as well as from post-typhoon/hurricane 

relief programs; a rising proportion of urban poor who live in squatter
 

(in a range from 60% to 72%
settlements; a very high ratio of citizens 

depending on country) whose incomes are at a level where they cannot afford
 

housing of any kind--either on the open market or government-subsidized;
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and a chronic shortage of capital funds to stimulate or support a national
 

program of wind-resistant housing construction.
 

The report reviews approaches for providing assistance in "sites and
 

services". This concept suggests that squatters and other low income in­

dividuals be provided through gift, loan or lea'e with a site equipped with
 

water supply, sewerage and electricity, on the condition that the beneficiary
 

erect and maintain a house upon it. The importance of land from the social
 

standpoint is stressed. Advantages and limitations of squatter settlements
 

are discussed.
 

Suggested solutions include the placement of buildings to exploit
 

existing land contours and vegetation, and the design of buildings so as to
 

conform to research recommendations concerning preferred configurations of
 

roofs, walls, overhangs and openings. In addition, construction techniques
 

are briefly covered.
 

Materials that are cheap, strong and locally available are recommended,
 

and several innovative methods of construction are mentioned. They include
 

soil that has been stabilized or strengthened by means of asphalt or cement
 

and indigenous fibers and grasses for possible use as reinforcement for
 

concrete, adobe and brick. Plastics have been produced using native and
 

imported raw materials and could serve as an excellent low-cost house once
 

their configurations become more familiar to the population. At first,
 

they may be used for clinics, schools and warehouses.
 

Rural and urban components of population trends for each of the three
 

countries are reviewed. The greatest projected increase in population will
 

be in Bangladesh (a rise of 110% by the year 2000). These percentages
 

tend to conceal actual numbers; the 86.6 million projected increase in
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Bangladesh will raise even further the 1970 average population density of
 

1,361 persons per square mile. The density will be much higher in urban
 

areas and on rural high ground during the flood season.
 

Finally, housing characteristics peculiar to each country are 
summar­

ized through text and in thumbnail sketches, inboth architectural 
terms and
 

The socio-economic functions of
 

the housing characteristics,economics of housing, 

in terms of occupancy characteristics. 

family ties and housing needs are reviewed. The community structure, the 

and fhe housing programs 

arc suituiarized by country. 

Technology Transfer 

The NBS/AID high wind project results should have an impact 
on several
 

key sectors of the local developing country's population--the 
professional
 

both 
conummity, the government policy-making sectors, and the building user 

owners and tenants. 

It is hoped that attendees from the Manila conferences have 
become
 

in applying improved wind technology to low-rise buildings
more proficient 

they in turn can inform others. NBS has a responsibility to the build­
so 

very concerned about establishing effective methods for 
ing tenants and is 

To stimulate the homeowner and
transfer of technical information.the 

the final reports; the documents must be made 
tenants interest to read 

and graphic descriptions, of technological
readily available through concise 

issues, the research, the findings, and the conclusions. 

The use of brochures, pamphlets and other consumer-oriented 
material 

They
is an excellent first step in transferring a glimpse of the project. 


serve as "pointers" to technical information and reports. 
Brochures have
 

been and are being developed to summarize various aspects 
of the project.
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Consumer-oriented information pamphlets for the five draft project 

reports were developed in August 1975. These pamphlets contain about five 

pages of summarized material. They fmy be loosely inserted in a folder for 

ease of removal or annotarion, addition or substitution of infonilation. 

'Ilbi individual. |olduis foiMiiig tie file package may be circulated indi­

vidually or together to users hi government agencies, the professional 

coiiunu ity and individual households within the community. 

A movie, another consumer-oriented package, was completed in April 

.1.975. The movie SUThIMIIi CS thie high wind research project to darva. Through 

illustrating the destrual.ve effects of winds on buildings, it infons the 

viewers of the NBS field -e cting activities and the wind tunnel testing pro­

graIn. '111e movie also useS conlrputer g~aphics to illustrate the (,ffec:t of 

wind on buildings. This 1.6 ma color movie is a transfer of information 

mechanism aimed at, arclhitcc ts, engineers, builing officials and students 

in both developing and .dk'el.oped countries. ihe movie is intended to be 

both educational and entertaining. Copies of the film are available on 

free loan from A.sociaLio, Stoerling Films, 600 Grand Avenue, Ridgefield, 

New Jersey, 07657. Prints of the film may be purchased for $73.25 from 

thU Natioiali AL viVsaISI Center (General Services Acditinistration), Washing-

Loll, D. C., 20409. 

III add.it 101 to these :inforlat i.olla tools, and equall- import'ant to 

th. whole colicept of .nilornItioh trvLisfer, is establishing an effective 

worlding relationsiip w ith t11L! us r:; of the research early in the project. 

Through siuch working ,l aliionshi p:;,. I 'ticient training programs Flor both 

on-site and iii the ]aboi'aotry, provides appropriate continuity through the 

project. IicJ a reutatiol-iip wM ustablished during the past two years. 
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Local Filipinos had responsibilities in the project under the direction of
 

Drs. Roman Kintanar and Ernesto Tabujara, from the Philippine Weather
 

Bureau and University of Philippines respectively. The results of these
 

efforts are significpant. These activities provided the first step toward
 

the preparation of improved wind codes and standards for developing
 

countries. The Philippine National Building Code is currently undergoing
 

revision to incorporate new technology which will lead to improved buil.'
 

ing practices. Section 2.05, Wind Pressures, is scheduled to be revised
 

by September 1975. Results from this project will be incorporated into
 

this Section. Also, test data will be made available to the subcommittee
 

on wind loads of the American National Standards Institute (ANSI) for pos­

sible incorporation into American National Standard AS3.l--"Minimum Design
 

Loads for Buildings and Other Structures".
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B. EXPECTED PROGRESS THROUGH PROJECT CO 4PLETION 

Field Test Sites
 

Operation of test equipment at the three field sites will continue
 

through the 2975 typhoon season (December 19)7. It is quite likely
 

that data collection will continue beyond December 1975 because PAGASA
 

has expressed a strong interest in continuing the field activities.
 

This would be particularly advantageous in the case of the Quezon City
 

Science Garden site since building construction is rapidly changing the 

wind exposure, thus providing a unique opportunity to assess the effects 

of urbanization on the local wind environment. There is also a possibility
 

that instrumentation at the Laoag City field site can be transfered to a
 

new barrack building located adjacent to one of the two test houses. The
 

size and shape of the barrack building is quite similar to typical community
 

service buildings. This transfer will not be made before December because
 

considerable information remains to be collected from the two test houses.
 

Analysis of wind speed and pressure records will continue, using data
 

recorded to date and data acquired during the current typhoon season. The
 

basic procedure for calculating wind loads has already been established.
 

New test results will be used to refine the design pressure coefficients
 

which have been tabulated in the draft document outlining design procedures
 

(Appendix E). It is anticipated that the forthcoming data will be important
 

in establishing internal pressure coefficients since these coefficients can­

not be obtained from wind tunnel tests.
 

Wind Tunnel Operations
 

As indicated previously, some serious problems have been encountered
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with the wind tunnel operation at the University of the Philippines. 

on this matter willDiscussions with the Philippine Advisory Connittee 

effort to obtain local funding and a conititiment from thecontinue in an 

University of the Philippines to establish an active and continuing wind 

to transfer thistuuiel program. Failing this, efforts will be made 

program to another agency.
 

The wind tunnel program at. the Virginia Polytechnic Institute and 

The primary effort will be the analysisState University will continue. 

of extreme pressures on various roof geometries. THe major portion of 

the wind tunnel work has already been completed. lfoweer, the data 

analysis quite likely will indicate the need for additional tests on
 

specific roof geometries.
 

Preparation of Design Criteria 

wind speeds andle draft documents covering the selection of desIgn 

the calculation of corresponding loads have been prepared with the intel.c 

that they will form the basis for codes and standards in developing count­

be followed in preparing the final versions.
ries. This samie approach will 

Additional information will be included concerning site selection, effect 

the Caribbean. The
of clusters of buildings and of extreme wind speeds in 

final version will also include several illustrative exaipLes and a comnmen­

tary on the behavior of certain building materials subjected to repeated 

loading and missile impact. 

Caribbean Regiona I Con ference
 

A Caribbean regional conference is scheduled for November 6 and 7,
 

1975 in Kingston, .Jwlaica. T'he conference will be similar to that held
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during May in Manila. The local conference organizer is Mr. Alfrico Adams 

of Douet Brown and Adams and Partners, 7 Lismore Avenue, Kingston, Jamaica, 

West Indies and a member of the Jamaican Institution of Engineers. 
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C. 	 FISCAL YEAR 1976 PROJECT SCHEDULE
 

The project schedule for FY76 is presented on the following page.
 

The schedule may be adjusted to accommodate, to the maximum extent
 

possible, full-scale and wind tunnel data analysis and publication of
 

project results.
 



Fiscal Year 1976
 

Calendar Months
 

Description of Work Jul Auq Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul
 

Continue Wind Tunnel Testing * * m * * m 

Continue Full Scala I)itaU 
Redi iction/Ana Lys i s 

Field inspect Test Equipment/Continue 
Training
 

Caribbean Regional Conference
 

Prepare Draft Final Report to AID
 

Submit Draft Final Report to AID A 

AID Review 

Prepare and Review Final Report 

Publish Report as a Building Science Series 

FY76 PROJECT SCHEDULE
 





APPENDIX A
 

Minutes of the 7th - 11th Philippine
 

Advisory Committee Meeting
 



MINUTES of the 7th MEETING of the ADVISORY COZhITTEE formed in connection 
with the Research on "DEVELOPNeNT OF DESIGN CRITERIA AND METHODOLOGY FOR
 
LOW-RISE/LOM-COST BUILDINGS TO BEITTER RESIST EXTREME WINDS."
 

Held on 6 August 1974 at the National Hydrulic Research Center, College

of Engineering, University of the Philippines, Diliman, Quezon City at
 
2 p.m.
 

Present: 	Dr. Ernesto G. Tabujara, Presiding
 
Prof. Geronimo V. Manahan, Secretary
 
Prof. Angel A. Alejandrino
 
Mr. Manuel C. Bonjoc
 
Engr. Ambrosio R. Florus
 
Col. Alejandro R. Kcbiling
 
Mr. 	 Wellington A. Mifioza 
Engr. Jose P. Orola
 
Dr. Josefina M. Ramos
 
Col. Manuel R. Rebueno
 
Col. Alberto R. Sanchez
 
Engr. Modesto D. Soriano, Jr.
 

Dr. Richard D. Marshall
 
Mr. Peter Paul M. Castro
 
Mr. Joaquin 0. Siopongco
 

7:01 
The Minutes of the 6th Meeting were read and approved. Dr. Tabujara
 
mentioned that after the November 1973, March and April 1974 Meet­
ings, the membership's attendance in meetings has dwindled. 
He
 
further mentioned that the model houses at Daet and Laoag have
 
been erected and the CuRE House at the Science Garden has been
 
in full operation.
 

7:02 	After a brief review of the Philippines regarding the wind studies,
 
Dr. Marshall gave a comprehensive report of activities from March
 
to August 1974 as follows:
 

a. 	Daet House
 
This model was erected last March 1974. 
 Here, Dr. 	Marshall's

work has been divided between wind tunnel activities and field
 
inspections. The building at Daet has a hip roof, the only
 
one in the whole program. As of July 21, 1974,it has been
 
instrumented. He inquired about the possibility of erecting

another building in the site close to the runway after which
 
instrumentation of the structure can be easily undertaken.
 

b. Laoag 	House
 
The GSIS structure located next to the runway was erected late
 
March. Problems were encountered on the site. Winds coming

from the southwest are obstructed by the CAA and PAL Buildings.

Furthermore, goats grazing in the area have eaten a portion

of the electric cable necessitating the fencing of the area
 
around the mast. Presently the building is being used as 
a
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residence typifying normal domestic functions. The other 
house erected by NHC is in an isolated area and Dr. Marshall 
suggested that th, other house be furnished with plumbing 
facilities so that it can be occupied, too. The house having 
the data system is air-conditioned to control high humidities. 

c. 	 Science Garden Site 
The first model was erected last September 1973 while the se­
cond unit was completed November 1973. These units have
 
experienced frcin 3 to 4 hours of tape records due to strong
 
winds. A 
third unit, thu CARE House, has been instrumented 
during thu last wuek of July 1974. This unit has 4 trans­
ducers, 3 external, i internal. The work on the instrumenta­
tion will be complted by the first week of August. Dr. E.G. 
Tabujara has th.7 complktc technical data on the CARE House. 

7:03 Major points discussed on the model houses were:
 

a. 	The possibility of hiving another unit in Duet. 
Currently

PHHC is not in a position to furnish the building. However,
 
Col. Rebueno will make a last plea with the PHHC Board.
 

b. 	For the possibility of the second house at Daet, Dr. Tabujara
 
will visit Col. Pebuono to negotiate with PHHC. 

7:04 Wind Tunnel Studies:
 

In Dr. Marshall's opinion, the wind tunnel tests are heading to­
wards a critical stage and graver problems may then 6rop-up. The 
problem as he sees it is that he has a limited time in the Philip­
pines and is leaving by Monday. Specific problems are:
 

a. 	Equipment problem: 
Voltagu of power supply greatly fluctuates and a number of 
oquipnent malfunctions have been attributed to the variabi­
lity of the voltage. A voltage regulator has been provided 
for the more sensitive instruments. 

b. 	Availability of the DC power is limited for there are other 
priority projects that have to be serviced with direct cur­
rent. In asmuch as data are needed by January 1975 the for­
mulation of design criteria for major building layouts have
 
to be established early enough to meet planned schedules.
 

7:05 PAGASA's Mifioza mentioned tha: his agency has a wind tunnel under 
construction at the Science Garden, but its specifications are
 
very different from U.P.'s so that PAGiABAs tunnel cannot be used
 
for the program. Thu alternative that was reached is that Dr. 
Marshall and his men will make a day-to-day visit to the tunnel 
to maximize available operational time. 

It was further mentioned that by the end of the year design engi­
neers can apply and make use of the information and initial
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results of the study. By Novuember Dr. Marshall may be back in
 
the Philippines, this time with Mr. Noel Raufaste, Jr.
 

7:06 Other matters:
 

a. 
NBS 	has informed the ccamittue that the Proceedings of the 
recent Workshop are now being printed and each Workshop
participant will bQ given one copy. A mini-brochure of
 
the project is also being printed.
 

b. 	The Regiondl Seminar-iorkshop slated for spring 1975 at

Bangladesh may not push through in that country since Dr.
 
Choudury is on sabbatical leave. The Philippines is again

being considered with Cebu City as the suggested site for
 
the 	activity. 
The 	objectives of the Seminar-Workshop are:
 

1. 	To dessiminate uny results arising from the project.
 

2. 	To concentrate on what was l~arnud on the progress of
 
the project, particularly with activitius in the Philip­
pines.
 

3. 	To improve on the formt of the report before the results
 
are printed.
 

4. 	To assess the overall program and to see what other direct­
ions can be done.
 

5. 
To dessiminate the socio-economic data gathered in conjunct­
ion with the technical studies.
 

It was decided that in two months the Advisory Committee will
mot to finally establish whather the Philippines can host

the 	Regional Seminar-Workshop at Cebu City or any other agreed
 
site. 

c. 	 The NBS wants to receive technical publications from the Phi­
lippines-like a list of engineering and architectural journals,

moiithly journals on economics, consumers' price index and cons­
truction price index.
 

Further to this, NBS is also interested in getting information
 
on connections as well as 
practices on connectors and anchorages.
 

d. 
Mr. 	Mifioza reported that "Bulletin Today" is preparing an ar­
ticle on wind study. He is inviting the members of the Com­
mittee to the PAGjASA's Penthouse on 7 August 1974 at 10:00a.m. 
to sit for the reporter's interview.
 

7:07 The Meeting was adjourned at 3:45 p.m. 

(Sgd.) GERONIMO V. MANAHAN (gdl.) ERNESTO G. TABUJARA 
Secretary 
 Chairman
 



MINJUTES of the 8th MEETIZ G o f the ADVISORY COlilMITTEE formed'in~connoation 
with tfie Re4search 'on 'DEVEP0E.NT. OF .l4PROVED DESIGN CRITERIA TO -BETTERRESIST TRE EFFECTS OF DZEIE WINDS FOR L5-RISE BUILDINGS 1N DEVELOPING 

Hold on, 1?. November 1974 at the PhGAiT Penthouse, Development Bank B "ldg.,
Quezon Blvd.' Ext_QuezonfCity P.14. 2t32:30 


-.. ' 'Present:. Dr. Ernesto G.-Tabujara, Presiding ' 
Dir. Angel A. Alejanduino 

-

Engr. 	Cesar A. Caliwara
 
Mz. Hugo de laCruz 

. n..r. i brosio R. Flores
 
Mr. Rodolfo A. de Guzman
 
Engr. Andres 0. Hizon
 
Col. Alejandro R. Kabiling
 
Ergr. Octavio A. Kalalo
 

, Rmcan L. Kintanar 
Engr. 	Rosalio A. )allonga
 
Dr. Josofina M. Ramos
 
Engr. Joaquin 0. Siopongco

Engr. Modesto D. Soriano, Jr.
 

Mr. Willizm Litt lcwood
 
Dr. Richaurd D. Marshall
 
Mr. Noel J. kaufaste, Jr.
 

8:01 The Minutes of the .7thmeeting held last ihugust 6, 1974 read.were 
Item 7:02-A was corrected by Dr. Marshall in that the proposed
Daet house was not erected, but instead, an existing building was

instrumented for the study. The wereMinutes then approved as corroct­
od.
 

8:02 	 Dr.' Trabujara welccud Mr. William Littlewood of USAID, Dr. RichardMarshall and Mr. Noel Raufaste, Jr. Two new members of the AdvisoryCommittee were introduced; namely, Mr. Hugode la Cruz and Mr. Rodolfo"do Gu,-nan, both of .the PAGASA. Likewise, Mr. Roger Balinong and MissMinda 	 Aguilar, BRS', new Research Aides were introduced to the body.Dr. Tabujara aknowled ed trio dedicition to Mrs. Tompla on the coverof tho Published Proceedings of the Scinar W.orkshop held at the NSD " on Nov. 14-17, 1973. 
 He also thanked Mr. Raufaste, Jr. and Dr. Marshall. 
for their invaluable contribution which includedpublished materials 
aside from editing 'aid printing the Prz.ceedings. 

8:03 	 Mr. Noel Raufaste, "Jr. extended the greetings and best wishes of Dr.
Richard Wright of N53, .Hea130ment ioned that Dr., Marshall, and hewe: re very glad to be back in'the Philippines.< Mr. Raufaste, Jr. then
prcesented a summary of his finding'a on the. three test sitos locatedat Djot, and '_uezon City. He said that the com~plete ins­trr,,.tation cf thz housxs have bee-n acccplished but there are still 
. -. i..!-z, .indTunnel 1.hayo of the program. On the whole ath~v. 	 ~ ~n: Z:x~ icncy theT vd 	 n job and Processing of rclcvant

d.~z~iu2 e.or an 3s goini 	 smoothly. He also emphasized the' 
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neo.d for an cconcmic study of Filipino housing conditions so that
benefits that could be derived front improved design criteria maybe analyzed, With regards to the coming R:gional Conference bymid-next year, he expressed the desire of Dr. Ning of Taiwan to
attend it. Other countries are also interested to participate in
the 	working sassions. 

8:04 
 Dr. X-.rshall reviewed the status of the Wind Tunnel Tcsts; 
 Further
discussions on th:,u tests will have to be taken up during the
Regional Conference. 
He gave a brief summary of the results collect­ed from the test sites since Sept. of 1973.
presently being felt. Most of 	
He cited the problems

these have stnuned from thetyphoons which h;ve caused some 	 recent
damage on materials and 	equipment.The 	damage caused in the Q.C. test site apparently was done by rats
eating into th . plaztic tubing used to protect the wiring systemof the test instrumrnts He passed some partsbody for insp.:cticn. 	 of the tubing to theHe also gave a reportand 	statcd on the Wind Tunnel resultsth-at they are a-bout six monthsminded the body 

behind schedule, He re­that there should be power shdring in order tofacilitate 50'b cut frc: 
time in order to get back in schedule. An­other setback was caused by the departure of one of the trained
technicians assizcnd to the W:ind Tunnel tests.
and solutions to sorie He proposed remedies
of the problems uncountered. The 	Wind Tunnelneeds a new voltage regulator, Dr. T-ibujara proposed to convene
engineers in 
a form of a subconunittee, and the PAG'SA personnel tohelp gather and ev4uate data to facilitate analysis and evdluate
the results. 

8:05 
The body was informed that the following are needed by the NBS:
 

A. 	Building Code Standards.
B. 	Literature on Housing,

C. 	Progress Report on the First four months of the
Project for FY 1974. 
The latter has to be furnished
 

before Mr. Rdufaste, Jr. leaves for abroad on
Nov. 21, 1974.
 
8:06 
Mr. 	Littlewood expressed satisfaction for the job being undertaken
considering the social and ccon-:=:ic aspects involved. The results
of the findings will not only benefit the Philippines but also
other countries within the typhoon belt such as Bangladesh, Ja­maica in the Carribean Area, 
He cowientec that this Research
Project is 
one 	of the most successful so far.
 
8:07. The Committee was unanimous in deciding to host the Regional Confe­rence. 
 It was also decided thtt it is most convenient to hold ithere in Manila or in the Suburbs.
 
8:08 At his 	Jurncturc, a. Caliwn,, iz -th.t-national 	 tr-Civil EnTinLcrs' Ccn.ntion slatc. _riS"',71v' :'. ZO-": l7.~h.... i,,- r. n.. ,* i~is tcr Fr,.:,nicn and C-ritrol". 

initegr1Ation irOfC-1utte.oh...r,.Dj,:'ctiv,-s.
 could
 



8:09 Upon tii sug,,stion of I,*r. Littlwood it was agroed that!,L.r. will 	 the Rcgional. bter-to-bark Kiu.;:;tinj, slated fcr May 16-17, 1975.One d~y ks for actua! diz*-ination 	and anothurand/foer crz.aet s.	 day for recomendations 

8:10 Dr. T u,ujara a;poitc.i .jsub-ccmritte, of five mc.,b to deciders on 
the d-t-ils of Lh / s,..minar. Thk. m .!!Lcrs aru Einr.Dr. .;, 	 Soriano,r,. and i-r. I" Cruz. UIr. rtufcste, Jr.,ttt;n.r, t>. ir iucti: 

iu 	 was invitCd toon M'onday Nov. 18 at 2 p.m. at the GSS. 
8:11 During thc: lreion.U Ccnfcrcnce, a 15 :inute colorod video presentationof the activjts i r tho past 18 mcnths will he presented.w.this w--2 actually 	 Part ofshot during this particular meeting of the4dvliory Cc:-ittee. 

8:12 	 Mr. lid*-tc, Jr. stated that 
they ar,, still in the process of-making
d±study t-, am' maisonry corr,.-ctorstructln o:d 	 ujvd in Philippine cons­any inf.-,:.,ttion aad .taaUr ipri-t~i :. Mr. " 	 this would b highlyJr. also stated their interiust re­gardin eccncmic stu,.-os of Filipino houses and housing needs inth ihij2i :.,!es betW::;cn 1980-85; elso t3 develop de_ initions ofcurtal! r.,is such a "Lc:-Cost house" o.'"Low-Risc uildiig'. 
8:13 Ecfore &:j-urning, Dr. 'Thbujara thankec ir,PI'I*,ZI fir hostin; 	 Rcien Kintan4 r cnd the::r& oth ,,ting. 	 aatTh,. Y'uting s i±journ".d 

(&jd.) Geronimo V. IIanahan 
6ecretary 

(Sgd.) Ernesto G. Tabujaxa 
Chirniun 

LI'-*', . y 



.IiHJT"' of the 9th i',TI [11G of the ADVI30:y COiA'lITT30 formed Inconnection with the L-esearch on "DV2LGPIIZW 0? D22"iGN CZ:ITR2IAAlE I-2T::.OJGLOGY .?C .LOU-,O,.1/L0.-I3Ei, 1UILI-IGG TO 3ETTh 	2,IST 

:ield on 12 DecemberCenter Confer-nce _oom1974 at the P!ational iEydriulic -esearchOO.of 

Present: 	 Dr. :]rnesto G. Tabujara, Presiding
 
Mr. Catalino P. krafiles
 
2ngr. Ambrosio R. Plores
 
Dean Aurelio T. Jug-:ilon
 
Prof. Zero,,imo V. Ianahan 
2ngr. Jose P. Orola

Dr. Josefina M. 1aios
 
Engr. Joaquin 0. Ziopongco
 
Engr. Modesto D. Coriano, Jr.
 

Lr. Ruben 	 1.ucas (representing Col. I. 2ebueno)
ir. Peter 	Paul Castro 
i r. Samuel R. Coran 

9:01 The 	 Einutes of the previous meeting read. Commentswere 
and corrections #ncluded: 
 : -..de 3uzman cited Item8:04, 11th line; as im.)ropc:.,Iy phrased. 1e madc the ne­
cessary suggestion for improvement and the neu statement 
was re-phrased as follows: "There was a K.% cut on theschedule". The finates uere then approved as corrected. 

9:0,2 Dr. '2abujara introducrd 1"r. Pvbuhen Bucas ;ho represented
Col. Pebueno. 'e also welcomed the six Paasa members of
teCorm.itt--e. 

9:03 
Dr. Tabujara mentioned that the. 0ub-comaittee Leeting was
held at Sulo otel to tresh out details for the forthcomingegional Conference on Lay. The Nleeting was hosted by Lngr.
Soriano, Jr.
 

9:04 An updated list of members 
of the Advisory Comzittee vas

distributed. I.r, 
 de 'uzman made corrections on the desig­
nations of his colleagues'.
 

9:05 
Engr. Giopongco suggested that 1.izis Lydia Tansinsin of
PIODB be invited to be member of the Advisory Committee.

14r. Arafiles recalled that Gen. Oingson had expressed in­
terest to 	be represented in the Advisory Committee.
 

9:06 Dr. 	 Tabujara stated that the primary purpose of the "Meeting
was to follow-through Item of the previous8:07 !Veeting.
He said that the 3ody is committed to host the 2egional 
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Conference, -. then precented the Tentative program lre 
pared by the Program sub-corwittee for further comrments, 
and/or revisions for final a:proval. (see attached)
 

9:37 	 Er. ':ugo de la Cruz informd tho body that Dr. Nintanar 
will not be available on lay I? and 17, 1975. The key­
note addresn has to be delivered by sorebody else. Dean 
Juinio's na e was suggestod Jy Zndr. Sorianvq Jr. Thid 
Ias approved "uhnni:.iously. 

9:0C 	The rroject Sackgjround and Sumnary trill be presented by 
Dr. r"abujar. fnot:-ar sugest ion on the program w,-: the 
inclusion of a local g;cup to discuss Structural Connect­
ion Details toDrther ,ith D "fran...ted nme 
were: Jose . do tactro, iiorello stuar and i.omeo _s­
taiero. !-nr. F~ores us :-O'qucted to prepare handouts 
for his part in the program. 

9:09 	Ie su-gestca by i uan JunC_'iloa, the tone for i..egistration 
should start at.3:'3 a.m. ineoad of 8:30 an, the reot of 
the sce;'dule is as follows! 

international Confercace on the £7essimination of Project
i,enulti of the -csearch ,on "Devc.lonmont of Improved Design 
Criteria to 3etter Lesist tbo ]fDfegts of xtreao "finds 
for Low-i-ise -:uildingr in Developing Countries" 

'2EIr'A'N?L[C{::Ai; 

ri'idny, I:c y , 1975 

Part A: Opcnino Cer,mony 

lastcr of Zercz7oriea: Director Angel L. Alujandrino 

8:00 	 •-oist:ation 

9:00 	Thilinine Iational Lnthen
 

tKeynote Address ............ Dean Alfredo L. Juinio.
 

Project Dackground and 
Summary Dr. ': necto 43 -2abujara 

Part 3:- Presentation of ::esults
 

9:30 Diatkibution of 7!xtreme 

1inds 11r. 0odolfo A. do GUM= 

10: 00 21reak 
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1::-3 ,rft D"ritoria for 

1.1:20 Zt c~z oniOct i on 

I~c:i~ct-r2Prac-t,-ior .. 

12:,00 r, U IJ 0 

2: CO 2 conoraic iimlysir, mnd 
,Soci-2-conomiC C-on­
deratmons 

2:30 Th2'LIztion, .'r-isfor-

3:15 -.r eak 

3:45; -Affctzo of §-.Ocarca or 
Bay of 2o~1Co-intries 

4:15 IMplCEIcntc'.tion of.)esults .. 

. atL ci ;, i'ay 17, 1975 

I'Ar Iloc j. 1Thui'wte, J'r. 

I-I.******Hool. J. 11aufacte4r. Jr. 

11'..Ir.N~oe. J. :aufastc, J'r. 

r. 

ngr. Ambrosio R~. Flores 
:Incr. !-ndrea Q'Um:i 

D.. Jamilur- fL. Choudliury 

Part-":Dincusicions,
 

i:acter of~ ac-oinu: -in,3r. Joaquin 0. Siopon-co
 
9:00 Panel Discurt-zion ..... 

10:30 3reak 

11:00 3eneral Dicsco 

11:45 Closino i'ccarhks nm 
Future Projectiono 

12:00 LU 11C U 

Dr. ichrdD. Larcima11 
1~*. Iloal j. hwiatJr. 
ELr. "todclfo I.. Io '-zman 
Engr. 'Lrabxosio ;'-. iores 
22n.-r. F~odonto D. Soriano, Jr. 

by Participantc 

.... Dr. 2Braesto G. r'2abujara
 
'. floel J. iRhufante&, Jr.
 

2:00 Fiold "iri-p to PA3ASA 
ticienco Clardon *..... Col. 

Mairshal 
"Jaro~.Znchezq 

3: 30 Rdrc\:o~ 
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9:10 	 Lppointment of Committee Chairrien.rd MeIrbers for each-of 
the tonking Committes ras made tentatively: 

Overall Chairman: 	 Dr. Crnosto G. Tab-:jara 

Finance Comnittee: 	 Cngr. lodonto D. 3oriano, Jr., Chairman 
Dr. rncto.. G. 'abujara 
Col. Alojandro Y:. Kabiling 
Engri, 	Joaquin 0. Oioiongco
 

Arrangements Cormmittco: 	 Engr. Joe P. Orola, Chairman 
Engr. Iodeoto 3. Soriano, Jr. 
-n-r. Z:ooilio A. l.inllonga 
Mr. Catalino P. Arnfilcs 

Documentation Comnitteo: -,lntr. 1,.nro io .. Plores, Co-Ohairman 
Prbf. Gorozinro V. i-Lanahan, Co-Chairman 
3ean Aurolio "I. Juguilon 
Ir. 2odolfo A. de Guzrian 

-oception and
 
Eospitality Comnittoe. Col. Alberto Oanchez, Chairman
.. 

Arch. 	 Cesar 1. Concio 
Doar Lurolio T. J-guilon 
Col. Mianuel iP4.obuonO 
H'r.. Uellineton L. l'ifioza 

Program and
 
Invitation Coumni.too: 	 ir. Eanuel ". 5.onjoc, Chairman 

1,ngr. Andrea C. :izon 
Prof. Angel A. leanrino

nr.i~iguol 7. Paala 

Publicity Comr.nittoe: 1ngr. Octavio A. 1 aLalo, Chairman 
J'r. . "?aujara"rIbo 
Dngr. Ccsar A. O'.liuara 
i.r. 2'ugo do a Cruz 

9:11 There Joro three suggZstcd pla-.ccs foz- the Conference. The 
CCC, ..2D3 and t-c ?o:Ipulr.tion Center. Th . was finally
prof~rrod duo' to its pro:imity and convenience to moat of 
t-o participants. In this connection t tl-"e help of ZHn • 
Pa-aI 	 was to be zolicitcd. 

9:12 	 'ah documentition and Socrotariat expenses ;ill be shouldered 
by the IL33 as before. 

9:13 	 'h L.eetiig ras adjourned -. 5:S3 Po:3C 

(3gd.) G2RO'IL0 V. IArNA1.ArN 
Secretary
 

Proeurod by: 	 (0id.) DLI!ZCTO G. .UJARA 
(Zdc;.) i-.rs. Cynthia B. nriquez 	 Chairman 

http:Chairrien.rd


--

RIIIUTfES of the 100h I.TIrG of the ADVISORY C0I'4=.IITTE formed inconnection with the 2losearch on "D2VT]LO1iH."I1T P' II.:PPGV3D DEZIGN
C IZT2IA TO DBTTJ. n '1.2 "32775' 0 T' OF EXTR3E UII FCi LO.!-
ISE BUILDINGS IN D.VZL0PIN CCUiTPI-S". 

Ueld on Ilarch 19, 1975 at the Seninar P.oom, 4th floor-, .elchor.Hall, University of the Plhilippinec, Dilimang Quezon Cit at 2:15 P.1.44 

Present: Dr. Ernesto G. Tahujara, Presiding

Prof. Geronino V. 1'anahan, Secretary

2ngr. Iode&oato D, $;oriano, Jr.

I-Ir Catalino P. iL'afiles
 
Or. iHanuel C. 3onjoc

Sro Lugo de la Cruz
 
Engr. Anbrosio L.. Flores
 
iJr, i7odolfo A. de Guzoan
 
Engr. Andres 0. Uizon
 
Col. Alberto :,3anchez
 
Engr. Joaquin 0. Ziopongco
 

1Nr. Peter Paul H. Castro 
I.r. Gansy Coran
 
hIr. 3ayani Lociotan
 

10:01 The iinutes of the 9th Peting were. not nineographed ontine, but wiaa read by Dr. "abujara. The linutes warapproved as corrected. The 2entative Progran for -he -qe­gional Conference to be held on Hay 13-17, 1975 in Manila 
was reviewed. 

LO:02 Dr. Tabujara announced that this.eeting uras convened to
finalize the plans for the 2ogiona_ Conference. The coming
conference is follmoa through of the successful Hovember1-973 "Jorkshop. During that year, the Com..ittee had only
two weeks of preparation, In this egional ConferenceDr. A'ichard D. Earshall and oeelLr. J. 1Uaufasoe Jr, Vrillbe. presenting two important papers. 

10:03 Cince the 23C auditoriun and h!ic all will not be11"D3
available on Lay it1', 1975 vias. agreed that another placebe. choson, instead of canging the agreed date, Cuggestedplaces were the Ponulation Center And the :'orld Health Or­
ganization auditori un. Loicver t upon the suggestion ofEngr. Soriano i. iias agreed that the G31S Social Hall wouldbe 
a better place to hold the conference especially aince.
there is an'adjacent canteen theand -all's marinum seating
capacity is 400 persons. Some membern wore apprehensiveof the parkicnU conlitions in the area. The parking spaceproblem will be ;orked out by .Jngr. Soriano, Any other
related problem would be threshed out by the ArrangeMent-0'Committee wlhich shall convene on the 24 March 1975. 
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10:04 	The Chairmen and menbers of the 3ub-Comittees for this
 
Regional Conference wona read, In addition, Col. Sanchez 
v appointed ncober of the. "eception and Eospitality Com­
nitte- and lhr. Bonjoc. ar. Chai-rrian of the Proiram Comittee. 
The Program Coriuittee nay vork out plano for a guided tour 
for the foreign delogm-tes. IndividuaLly,. the Chairmen wre 
advised to call upon their members to coordinate details 
and irork out problems. 

10:05 	The Finance and Ar-'angemznt Committeam would meet on 1.1on­
day, Iarch 24, 1975 and 'ave luncheon at the office of 
llngr. Grola at the G3IS, anila. Dr. Tabujara offered to.
 
host the neeting, but 7ngr. Soriano insisted to do this 
instead.
 

Tbujara reported ne:-t 
Program, the Einutes of the previous mec"int;s as: tell 
as the up-dated list of the hilippine Advisory Comm-ittea 
Lmembers will be sent o:t. To be included as members of 
the Philip Ane Advisory Com.ittee are the representative 

10:0 ir. 	 that by meck, the '2entative 

of the Civil Aeronautics Ldinistration and .ics Lydia
Tanninnin of I2D3. Gen. "_ngson had previously recommended 
3ngr. Salita as one of his representatives. 

10:07 	E..nr. Flores wanted clarifica-ion on the meaning of: 
"Implementation of 2.esults" as indicated on the Tentative 
program. Dr. Tabujara explained that the first phase 
of this research ends on January 1976 and hot- the results 
can be used have to be discussed. 1;e also stated that 
the title. is still tentative arid can ctill be ad more 
explicit. 

10:08 	On the entative Dr.ogram the phrase "J'here do we go from 
here?" could be changed to "Future plano or -rograas" or 
"Projections" as suggested by Lr. Arafiles and Engr. Flores.
 

10:09 	The Neeting was adjourned at 3:30 .W. 

(,,'i.) T..ci ir;l ..:.i 

Oecretary 

(gd,)~ 2...,~ "- J...;:C . ,._U,. 

Chairman
 

Prepared by:
 
(Ggd.) irs. Cynthia So 2nriquez
 



MINUTES of the llth MEETING of the ADVI6ORY COHMIZITE convened in
oonnetion with the Research bn "DEVELOPMENT OF IMPROVED DESIGNCITERIA FOR 104-RISE BUILDINGS IN DEVELOPING COUNTRIES TO BETTERRESIST THE EFFECTS OF EXTREME WINDS". 

Held on May 8, 1975 at the Office of Dir. Roealio A. Mallonga,

Bureau of 	Public Works, Quezon City at 2:30 p.m. 

Present: 	Dr, Ernesto G. Tabujdra, Presiding

Prof. Geronimo V. Manahan, Secretary

Prof. Angel A, Alejandrino
 
Mr. Catalino P. Arafiles
 
Mr. Manuel C. Bonjoc
 
Archth Cesar H. Concio

Enqr. Ambrosio R* Flores 
Mr. Rodolfo A. do Guzman
 
Col. Alejandro R. Kabiling
Engr. Jose P. Orola
 
kngr, Miguel V. Paala
 
Engr. Joaquin 0. Siopongco
 
Engr. Modesto D. Soriano, Jr.
 
Atty. Jacobo S. de Vera
 
Engr. Ramon R.Veto
 

Dr. Richard D. Marshall
 
Mr. Noel J. Raufaste, Jr.
 
Engr. Isidro Jarabelo, Jr. (Representing Dir. Rosalio
 

A. Mallonga)
 

11601 
The Minutes of the previous Meeting was read and approved.
 

11102 The Tentative Program of the Regional Conference was also

read and reviewed. On the Tentative Program, "Panel Dis­
cussion" was changed to "Open Forum" and "Panel Discussiozr 
Membere to 'Discussants" as suggested by Dean Concio and
Mr. Arafiles. Dean Conaio also suggested that "General Dis­cussion by Participants" in the Tentative Program be changed
to *Continuation of Open Forum" in order to encourage more
participation. 
Dr. Tabujara mentioned the difficulties of

getting a keynote speaker. He ciso mentioned that he has in­vited Gen. Florencio Medina of the NSDB and in case Gen. Me­
dina is not available, the keynote speaker will be one of themembers of the Phil. Advisory Ccgmittee The Closing Remarks
will be delivered by Mr. Raufaste, Jr. Dr. Tabujara alsu 
announced 	that the discussants will have to prepare a 10-mi-,4
nute 0ament and observation. 
The Program as corrected will
 
go to press immediately.
 

11:03 
 Dr. Tabujara welcomed and introduced to the body two new mm­
bers from PHHC, Atty. Jacobo de Vera and Engr Ramon Veto whotook the place of Col.'Manuel R. Rdueno who had retired. 

11:04 
Reports from the different sub-cammittees were asked by Dr. Ta­
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bujara. The Reception and Hospitality Cziitteainfomed 
the body that during the .mib-cammittee meeting, they agreed
that the Social Hour will be sponsored by the GSIS. It was 
also reported that the envelopes for the' Conference are ready.
Dr. Tabujara suggested that the envelopes be printed at the 
same time wit,h the program. Name plates for participants are 
being prepar9d by Mr. Mifioza's staff. Engr..Sorianu mentioned 
that some GSS girls will help the hospitality sub-cammittee. 

11:05 Engr. Orola, Ciairman of the Arrangements Committee reported
that the GSIS Social Hall .isairconditioned and with conplete
facilities. Another member theof Arrangements Cummittee,
Engr. Soriano, Jr. , suggested that car stickers for parking
should be sent out together with the invitations. Banners 
to be placed in fr ,-it of the GSIS Building are also ready. 

11:06 The Chairman of the Finance Committee, Engr. Soriano, Jr.,reported that a check for M00.00 was issued to Mrs. Cynthia
Enriquez as cash advance for.pertinent Conference expenses.
 

11:07" Mr. Bonjoc pf the Program & Invitation Committee informed
 
the body that most of the pa-ticipants who are to be invited
 
are developers. Their addresses in the list in the previvus

Workshop are incomplete. Dr. Tabujara announced that members
 
may ivite anybody they think is interested in the forthcoming

Regioneil Conference.
 

11:08 
Dr. Tabujara also informed the body that International Sec­
retariat Services has submitted a quotation'of i1,600.00.
 
This is composed of 6 stenographers and one Documentation
 
Specialist. The Publicity Ommittee expecs a press release
 
regarding this Regional Conference in two iLewspapers.
 

11:09 At 3:30 p.m. Mr. Raufaste, Jr. showed a 16m. movie entitled

"Development of Improved Design Criteria for Low-Rise Buildings.

in Developing Countries to Better Resist the Effects of ExtremeWinds" about this research project and informed the group that 
one copy of this film will be left with Di. Tabujara. 

11:10 
Dr. Marshall announced that the Wind Tunnel activities is be­
hind schedule by approximately one year and he Asked the Com­
mittee how they may continue Wind Tunnel studies.
 

11:11 The funding problem of this activity was cited although Dr.
TabuJara expressed hi5 appreciation of the value of techno­
logy transfer and took responsibility on some short-camings
of the Ccmittee. However, he expressed the.Co nittee's
desire to continue with this very important undertaking and
wanted Dr. Marshall to spell-out aream of concern and suggest 
a Time Frame of Work. 

http:i1,600.00
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11:12. It was decided that with regards to furirq, a project pro­tted topoal would be su l ? B, 

11:13 
Engr, Flores sqgested: 

a) To extend full. scale ddta with regards to field ins­
trnentat ion,'b) To pinpoint technical gaps in the Wind Tunnel tests,c) Establish a center capable of carryir Wind Tunnel
 
tests in general, 

11:14 Mr, Raufaste, Jr. stated that the Ccmnittee has now thenecessary equipment and the only missing part is the "per­son or persons who'll press those buttons", according toDr, Marshall it would take a year to train such a person andhe can afford to be in the Philippines an aggregate of only
six weeks a year, 

11:15 
Dr. Tabujara mentioned that this projeat is indeed more use­ful and important to us Filipinos. Engr. Paala also mentionedthat materials emanating from this project were alreadycorporated in SSS amended Manuals, 
in-

He also aqgested solici­tation of funds from private corporations, Dir. Alejandrinosuggested that a Trust Fund Foundation like the NIkC would be 
better, 

11:16 Dr, Marshall cctmended the Pagasa personnel who have worked 
closely with him.
 

11:17 The Meoting was adjourned at 5 p.m. with Dr. Tabujara thank­ing Dir. Mallonga and tsst, Dir. Isidro Jarabelo, Jr. and
his staff f or hosting the Meeting, 

(Sgd.) GERONIW V. MtLNAHU 
Secretary 

(Sgd.) ERNESIO G. TABUJAR 
Chajiman 

Preparedl byr. 
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1. INTRDIUCTION 

1.1 Scope 

The first report on "Low-rise Low-cost Housing and Extreme Wind­

related Problems in Bangladesh", presented at the International 

Workshop held in Manila, Phillipines from November 14-17, 1973, dealt 

with the overall housing conditions in the country and gave an outline 

of the extreme wind related problems. The present report furnishes 

further information on Socio-economic factors, the present conditions 

of urban and rural housing, and housing needs for the next ten years. 

It also provides data on available wind speed records and wind damage
 

statistics. Finally, some special problems unique to Bangladesh are
 

ditcussed.
 

1.2 Limitations
 

Originally it was intended to include in this report all the 13/ .j 

;Indian Ocean)countries (viz. India, Ge4", Burma and Bangladesh) 

facing extreme wind problems. The author's efforts to obtain data 

from the first three countries have not been successful. The scope of 

this report is therefore limited to Bangladesh only. SJome information
 

vegarding the other countries ib incluaed in Appendix 



2. SOCIO-ECONOMIC FACTORS 

2.1 Gross Domestic Product (GDP) 

The GP of Bangladesh was estimated to be Takas 42.94 billion 

(equivalent to US # 5.3 billion, at official rate of exchange*) at 

the beginning of FY73
( O) The contribution of housing to this GDP 

was Ta. 2.36 billion or 5.5% of total. The First Five Year Plan 

formulated by the Planning Commission of Bangladesh Government 

envisaged a grovrth of GDP to Ta. 65.42 billion in FY78 with an average 

annual rate of growth of 8.8 . The contribution of housing is expected
 

to go upto Ta. 2.88 billion - i acreasing at 4.10 annually - but its 

share in total GDP would be going down to 4.4%. The per capita GDP 

is expected to grow from Ta. 580 to Ta. 766 increasing at the rate of 

5.7% annually 

2.2 Population
 

Although a census of population was conducted in early 1974, 

the details are yet to be made public. However, various official 

and unofficial estimates of the population and rates of growth have 

been made. According to official estimates, the present population 

should be azound 78 million( 1). The density of population would be 

about 1415 persons per square mile. 

The estimated rate of naturL increase of population in 1973 

was about 37 (with 47 births and 17 deaths per thousand). InsTite 

of efforts to popularize family planning programs in the country, 

this rate of increase has shown very little change. The Five Year 

Plan of the Governmient, however, assumes that the rate of increase of 

'I UL3 Dollar = 9.o8 Bangladeshi Takas.
 

AI- All values are calculated at ?Y73 prices.
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population will fall by 0.05%every year ( . Using this as a basic, 

the projected population in 1985 will be around 100 million. 

2.3 Income distribution 

The Urban Housing Survey(2) carried out in 1970 revealed the 

gross inequalities in income distribution amon; urba-n households. 

Table 1 shows the details of income distribution amorg the representa­

tive sample of 2494 households covered by the survey. 

Table 1 

Income Distribution in Urban Households 

lNtrber of households in the
 
income group expressed in percent


Annual income Income group * of total households in the area
- _ _ 

in Takas designation Dacca Chittagon- All urban 
._Cit_ areas 

Less than 2,400 Low 45.96 37.73 53.89 

2,400 - 5,999 Lower middle 29.63 35.96 30.51 

6,000 -11,999 f.iddle 13.65 19.30 10.44
 

12,000 -23,999 Upper middle 8.08 5.26 
 3.83
 

24,000 and 21
 
above pper 2.69 1.75 1.33
 

* This classification into groups is arbitrary. 

The survey revealed that at least one-third of the urban households 

had income between Ta. 100 to Ta. 200 a month. 
The average annual
 

income of a urban household was estimated to be about Ta. 3900. 

However, 7Q% of the households earned less than this average. 
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K<o reliable estimate of the income distribution among the rural 

population is available. In 1963-64, the poorest 2Q. of the whole 

poouulation received T' of the !Df and the average annual income per 

head of the moorest 2, was (L akiEstani)Rupees 157.50 or 6 US cents 

Layv 3 )  per person per .most t(.e wiole of this income was suent 

in buying food.
 



3. URBAHCU 

3.1 General
 

Results of a Urban Housing Survey, carried out by the Institute 

of Statistical iesearch and Training, University of Dacca, during 

June to Aurmtust 1970, have recently been published . The survey
 

included both urban and potentially urban locations, covering Y8
 

cities, towns an,! townships. A sample of 2500 
 households was selected 

from the " niverse' according to a stratified two-stage random sampl­

inf- desig-. The discussion Viich follows is mainly based on the 

resiJts of the above survey. However, the large-scale dislocation
 

of the whole population during tle war of liberation in 1971 and the
 

subseauent mass 
influx of rural population into the large cities,
 

have changed the housing situation significantly. The population of
 

the cities has greatly increased, in some cases by about 5O,. The 

number of houses has, however, remained almost constant during these 
years. The scarcity and high cost of building materialq has resAlted 

in almost a standstill of new private building construction. Most of 

the additional urban population, therefore, live in makeshift shocks 

in squatter settlements. This has made the housing situation even 

worse than what it 1970, thewas in when Survey was carried out. 

Although a housing census was conducted in late 1973, the results are 

yet to be made public. 
 It is expected that a more accurate appraisal
 

of the deteriorating housing situation may be made when the results
 

of the census are available.
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3.2 Types of Urban Touses 

The mrvey( 2) identified six major types of structures used for 

urbar >ousos: 

Ty:,e I All pucca ; floor usually of cement concrete, wall usta~ly 

of burnt brick and roof usually of reinforced cement
 

concrete.
 

Type I Floor and wall nucca; corrugated galvanized iron (C.I.)
 

roofing. 

Type III Ploor pucca; w.ll and roof C.I. sheet. 

Type 7 Floor I'utcha ; wall and roof C.I. s'eet. 

Type V Floor 'utcha; C.I. sheet roof on walls neither pucca nor 

C.7. sheet (e.g. of split bamboo thatch)
 

an.
 

'ype VI Floor Vutcha; roof and wall Kutcha (i.e. material other
 

than 'pucca' or C.I. sheet).
 

Pable 2 shows the number of households occupying different types of 

houses in urban areas of angladesh. As expected, the percentage of 

houfeholds living in all pucca (Type I) houses increases as the income 

level rises. Only 8 of 'low income group' families live in pucca 

houses. 

It appears that Type V houses, i.e. with Futcha floor, C.I. sheet
 

rcof and walls of various indigenous materials are very popular in all
 

income groups (see Fig. 2, Report no.1).
 

'louses of Typos II, III, IV and V have C.I. sheets as roofing
 

matcrial and these four types account for about 4OI of all urban houses.
 

'pucca' usually means cement concrete, lime concrete or burnt brick.
 

'I-utcha' usually means mud, thatched-bamboo etc.
 



Table 2 
Percentage of urban households of different income 7rours !iving ;n different ty'es of ho'--es 

Income 
groups 

Type of 

Hou 
\T Tye 

All pucca Floor and Wail 
pucca; roof 
C.I. sheet 

I 
Floor pucca; 
'all and reof 
C.1. sheet 

IV 

Floor Tutcha: 
-.".all an' roof 
C.I. sieet 

%IIT 

Floor 
7al! neithcr 
pucca nor C.I. 

Ku4c a 
all an,! roof 

neither rucca 

Others 
hutrsao 

sheet: nor C.i. 
____ Toof C.T. Theet sheet 

Low 7.3 2.99 1.27 5.09 23.95 29.9 2A.3 

Lower middle 24.83 10.57 3.97 7.93 23. 7 12.15 1 .64 
.3. dle 50.19 159 5.79 2.70 5.79 3.47 13.14 

Upper middle 69.47 7.37 2M1 1.05 6. 2 1.05 12. 3 
Upper 63.64 6.06 3.03 6.06 .06 0.0Y 1I-15 

All groups 20.57 7.19 2.62 5.57 23.0 1C.P7 20.29 

-4 
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3.3 	 Vitchen, Bathroom and ;ater supply 

The mrvey revealed that only 4Y of 'low income group' households 

have ro-gular kitchens, 47" share kitchen with other family, 34c cook 

somewhere inside their house, i4-. cook in the Verandah and others 

cook in oren sraces ouLside the house. Only 9' of the households 

in 	the 'low income iroup' had their own bath room; £ had no hathroom 

.at all (own or shared . They usually take their baths in t'e rivers 

or ponds vv-ic- con-monly have a little space enclosed in split bamboo 

thatch for use by womenfolk. The concent of a closed bathroom is 

almo:-t non-existent in rural households and is yet to gain nolu'.rity 

ever in tiil towns of Bangladesh. However, with rising income level, 

the 	households usually have se:;arate bath rooms.
 

kinly 7, of 'low income roup' households had taps for water 

suply anJ 	57C used manually operated tube-wells.
 

3.4 	 Verandahs and Cpen Saces 

A Verandah around a house is a conmon feature in a Bangldeshi 

house. TIoeover, it is common to have open spaces around houses 

even in urban areas. About two-thirds of the houses of 'low income 

group' had open spaces around them, the average area being 280 sq. ft. 

and about 417 had verandahs, the average area beine 77.3 sq. ft. 

3.5 	 Floor Area
 

The average floor area per person of a household (excluding
 

detached VI.C. and kitchen) for different income groups is shown
 

in Table 3.
 



Talble 3 

Floor Area in Urba Households. 

Income group Average floor area per person in square feet 

Dacca city Ciittagong city All areas 

Low 32.08 39.51 37.55 

Lo;'er mi idle 43.93 45.18 42.93 

i:j le 57.59 67.21 63.11
 

7pper miidle 36.37 85.34 90.54
 

77.34 102.49 94.41
 

All groups 47.93 
 53.03 43.93
 

The overall average floor area of 4P',.98 sq. ft. shown above shows 

the -oor condition of urban housing in Bangladesh. 

About 5T' of the surveyed households infomed the investigat6rs 

that their present accommodation was not sifficient. In Jarca city, 

71/: of the househols said that they needed additional space. The 

survey found that the overall average of the desired norm (exiting 

space plus the space demanded) of' the fl-or area was 80 sq. ft. per 

person. However, this value showed a remarkable variation acco,'ding 

to the income level as shown inTable 4. 

Table 4
 
esired "norm" Floor
of area 

SDesired norm of floor area (average) in sq. ft. 
Income group Dacca city Chittagon.: city 
 All areas 

Low 6R.3 71.6 68.3 

Lower mi'dle 79.3 77.3 79.4 
Mi ldle 92.9 112.2 97.0
 
Upp,r middle 125.1 
 112.5 127.9
 
Upper 113.0 102.5 


A.I clasees P88.0 0. 

131.0 
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Cne interesting feature revealed by the survey was that the desired 

norm for Upper middle income group was higher than the Upper income
 

Croup, both in )acca and Chittagong cities. 

It may be concluded from data in Table 4 that the 'low income
 

group' household, with an average of 5.7 persons per household, needs 

a'cut 390 so. ft. of floor area (excluding kitchen and latrine) on
 

tne avera.ve. 

.6 3ent
 

,
Cut of 2494 households interviewed, 1077 (411) lived in rented 

houses. The monthly average rent paid by the 'low income group' 

households vas only Ta. 12.42. Table 5 shows the rent for all the 

income groups. It is seen that the average rent for the "iipper 

inccme group' is at most 10. of their total income. 

Among the total of 1417 households who lived in their own houses, 

it was found that 52_7 of houoeholds of 'low income group' inherited 

their houses, 20" got their houses built and 16" bought their houses 

from others. According to the owners' estimate, the average price 

(Lt the time of procurement) of a house for 'low income group' was 

Ta. 7,00. 

Table 5 

House cents in Urban areas. 

Income group Average monthly rent (-akas) 

Low 12.42 

Lower middle 34.58 

!,:iddle 73.31 

Urpper middle 134.21 

Upper 219.91 

TZents hive gone up by around 10 during the last three years. 

http:avera.ve


3.7 	 Urban Housing Demand
 

The already appalling urban housing situation is further deter­

iorating due to the large-scale migration of landless rural population
 

into the lar.-e cities. This has naturally resulted '.n an increase in
 

the number of slum dwellers and squatters. The situation in Dacca
 

City 	reached a stage where at least a fifth of the population were
 

living.. in slums and squatter settlements. These were mostly concen­

trated in and around the old railwray track (which passed through the 

heart of the city) after it was abandoned due to the constriiction of 

a new trac.e: by-passing the centre of the city,,. The Government has
 

recently evicted these unaut'iorized settlers and has started resett­

linn 	a smal.l fraction of them in the outskirts of the city. 

The urban population was estimated to be 2.92 million in 1961 

(5.,i of total) and around 6 million (, of total) in 1973. Assuming 

that 	the urban population is increasing at a rate between 6-7," every 

year, the urban pop'ilation in 1985 woiuld be around 12 million. This 

means an increase of 6 million over the 1973 urban population.
 

During 1961-73, the urban population increase of about 3 million 

reqiuired the construction of 0.5 million new houses (at the rate of 

6 persons Per household). But durin this period, not more than one 

fifth of the requirement was satisfied and them was a baclo- of 

around 0.4 million hcuses. By 1985 the urban population increase 

of ar,'und 6 million would require the construction of about one million new 

houses (assuming the same modest rate of one house for six persons). 

It is almost inconceivable how a poor country like Bangladesh can solve 

this 	gigantic problem.
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3.' 	 Urban 1fousing Development Plans 

Vhe First Five Year Plan (1973 - 1978) of the Government has 

reco-,ized the enormity of the problem and has directed its efforts 

towa.v6s aciieving chort-term objectives by undertaking the following 

pro Prarns( 1). 

(i) 	 building of multi-stcried apartment houses within the urban 

areas for low and lower middle income groups in the public 

sector. 

(ii) 	 buildling of 'minimum shelters' in a planned environment 

(iiiOdevelopment 	 of 'sites and services' schemes through the 

Urban .evelopment Agencies and local bodies for building 

anartment houses
 

(iv) organization and financing of Co-operative apartment houses 

(v) providing planned environments for temporary settlements 

;with 	a view to develcpini these into proper housing estates 

in future. 

(vi) 	 frar-in;. adequrte legislation and building bye-laws, housing 

codes fer nDiiding and con-rolling the development. 

The Gcvernmcnt views the constriiction of multi-storied flats and 

'minimum' shelters for the low income proups as the desirable long­

term solution especially in view of the extreme scarcit , of buildable 

urban land. The Five-year clan envisages two components in the 

immediate solution of low income urban housing problem: 

(i) multi-storied apartment housing 

and (ii) 'nuclear' shelters providing pucca accommodation - of a 

basic sort at a much lower unit cost than the apartments. 

These will seek to house about 40 families per acre in 

shelters within 50 square yards of space. 
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In view of the r'ising inflation all over the world, 3angladesh, 

which has to import a substantial fraction of foodgrain and industrial
 

raw material requirements, is being,forced to 
spend more and more on
 

feeding its starving population. This has adversely affected its 

housing program discussed above and it is doubtful whether the 115.6 

million takas (2.9' of the total public sector outlay of the plan)
 

allocated to the "TousingSector in the Five-year 'lan can he made
 

available.
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4. 1Jt'fAL MUSING 

4.1 General 

The population of Bangladesh is predominantly rural with about
 

million people (9Z total) living in roughly 64000 rural settlements
69 

scattered all over the country.
 

Ver, little quantitative informnation is available on rural
 

hoisin, except that furnished by the 1960 Housing Census.
 

4.2 Structiral Conditions of Rural :ouses
 

A brief description of the structural conditions was given in 

the First Rero- '. Table 6 gives further detailsSac. 2.2.2 of 

It is felt thatregardi,, the materials used in rural houses. 


years have elapsed since the Census was conducted, the
althourh 1L3 

not chan-ed signific­qua.itative characteristics of the houses have 

an ;] y. 
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Table 6 

(a) :rincipal Yaterials used in Roofs of Houses, (shown as 

percentage of total houses in each District) 

Princival material used in Roof_____ 

Cement Paked CI./ %7ood Bamboo Mud Others 
District Concrete/ files Asbestos Thatch Thatch 

Baked brick/ sheets
 
Stone
 

1. xacca 1.1 0.1 63.1 0.3 1.2 29.6 4,5 
2. Chittagong 0.3 0.3 22.4 0.2 1.2 70.6 4.5 

3,. Dinajpui 0.4 0.1 11.1 0.1 ,0.7 P7.0 0.4 
4. a-.pur 0.2 0.4 21.3 0.2 2.6 74.4 0.8 

5. 'tora 0,3 0.3 43.0 0.1 0.2 55.4 0.7 

6. -Kushtia 2.2 0.7 26.4 0.1 0.( 60.8 1.1
 

7. ,aj shahi 0.9 1.1 24.7 * 1.4 71.5 0.4 

. Pabna 3.4 0.1 44.4 1.5 0.3 49.0 ,1.2 

. Khulna 4.5 1.4 9.9 0.3 0.9 29.9 53.3 
13. Jessor 2.5 1.5 19.2 0.2 0.5 5.370.7 

11. :3arisal 0.5 0.6 37.1 0.5 1,0 33.3 27.0 

12. 'l,,en- 0.2 0.1 39.0 0.2 1.1 7.053.5 
7ingh
 

I '. ri 0.6 0.7 44.8 0.2 o.6 44.2 8.9 

"14. :'Iet 0.3 0.F 23.6 0.2 2.4 70.5 5.3 

15. C milla 3.4 0.1 45.E 0.3 1.2 42.8 9.2 

1S. !c.3&ha.i 0.2 0.2 39,5 0.2 0.9 46.9 12.1 
17. C-itaon * * 75.0* 2.0 3.5 19.5 

ilM 
Tracts
 

• !egligible 
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TC-.ble 6 

sein 'alls of Houses ona 

..co,,,.e of total houses in each District) 

Principal material used in Xalls 
Concrete/ 'tone Earth/ 0.I./ Wood Bamboo Thatched Others 

Oiaked in Kutcha asbestos 

.rick/ iud Bricks sheets 
stone .... 

1. ioa 1.4 0.2 13.3 13.5 1.1 31.2 23.1 16.4 

2..... oon0.9 0.2 32.8 0.5 0.5 63.7 1.1 0.4 

.) ,i r 1.1 0.3 41.3 0.3 0.2 36.3 19.7 0.7 

4. ;pu. 0.5 0.2 6.7 7-4 0.6 49.8 37.0 2.8 
a 0.6 0.1 54.9 2.2 1.6 24.3 12.1 4.3 

* 6. :'tia 3.3 0.8 38.8 0.9 0.4 42.2 7.9 5.5 
7 .. .... .4 .0.2 53.8 0.4 0.1 25.1 16.2 2.8 

,. *":liea 0.7 * 2.4 6.5 1.9 22.8 24.6 41.0 

. i.lna 3.0 0.9 30.3 1.7 6.9 21.9 5.3 30.1 

V'. 1c"..o. 3re 1.0 30.0 1.4 3.9 44.0 3.0 12.7 
"1. , 0.6 0.1 0.7 14.5 6.6 16.3 34.1 27.2 
, -,::rt h 0.3 . 0.1 3.5 8.6 1.0 29.4 30.4 26.6 

I.1iplr 0.6 * 0.4 11.2 4.0 24.6 27.9 31.3 

1':,;>ih't 1.4 0.1 2.0 2.9 1.5 28.9 56.P 6.8 

"j. (rIla 0M8 0.1 4.8 9.8 0.8 27.6 37.5 18.6 

,1; ' ca.i 0.4 0.1 2.1 3.7 0.5 49.8 28.0 15.4 
1. 0.8 * 0.1 98.7 0.2 0.1 

l .o)re:Census or ?akistan, Vol.9, 1960. 
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4.3 	 Rural lousing Demand 

i t is estimated that the ponulation of Bangladesh in 1985, would 

be abcut IY) million. of these, a little less than 90" would still 

he living in the rural areas. The rural population would, therefore, 

increase by about 20 million during the next ten years. At the modest 

rate of 6 person per dwellin:, unit, t-is would mean the construction 

of 3.33 million new rural homes. It was estimated that 3 million 

houses needed replacement due to damage, destruction and natural 

Out 	of these about 0.4 million
dilapidation upto the end of 1971. 


have been reconstructed with the help of voluntary relief organizations.
 

Tnerefore, the total number of riral houses needed in the next ten 

years would be about 6 million. 

4.4 	 Rural iTousinT Development Plans 

The Government Plans are only to provide supporting environumental 

facilities like drinking water supply and sanitation and. to Provide
 

of c. -op:ratives at 'Thanalinstitutional support in the or.anization 

(small administrative unit composed of a number of villa,es) level.
 

The 	 ;overnment envisages the creation of Co-operative Housing iinance 

Corporation wit'hi an authorized share capital of Ta. 25P million to
 

marshall and channel funds for a non-profit housing proiram. A
 

principal function of the CIFC will be to mobilize savin 's through a 

network of branches throughout the country. Seventeen model villages 

12 in other regions - are planned to be- 5 in the coastal areas and 


would be a 400 family nucleated
built 	by the Government. Each village 

settlement, the estimated cost (1973) being Ta. 3 million on average.
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5. S7CIAL SOCIO-CILTURAL CHARACT2ISTICS 

( 2 )The urban housing survey	 revealed that the Bangalees share 

Toilet and kitchen are often preferredbaths but rarely share kitchen. 

by the 13anmalees to be detached from the main house. Taking bath in 

the house is quite popular.community ponds outside 

"Ieligious fastors play an important role in the orientation of
 

The population of Bangladesh is predominantly IMuslim. Ahouses. 

to pray five times a day facing the direction ofIuslim is supposed 

any confusion regarding direction,.ecca (viz. West) and to avoid 

almost all the houses in Banglades have sides either in the North-

South or East-West direction. A LYuslim is not supposed to recline 

pointing towards Mecca - it 	is, therefore,or lie with his feet more 

direction. The sitting arrangementusual to have beds in North-South 

a latrine has also to be North-South and never -ast-7.1est. Thesein 

are important considerations in the architectural design of a Bangla­

de s.L hou re. 



6 rn'n SPEED R73R 

The location of wind-measuring meteorological stations are shown 

in : ig. 1. Feur of these are equipped with P . T. anemometers, but 

these are not capable of measuring wind speeds in excess of 70 mph. 

Table 7 shows the available annual maximum wind speed records. Some-/ . 

of these values are based on eye observations of experienced meteor­

ologists. Using the data in Table 7 and applying the Lieblein Fitting 

Tecirique ( 5 ) , the wind speeds for return periods of 20, 50 and 100 

years have been calculated and is shown in Table 8. 

Tue t' insufficient data, it has not been possible to include 

the tropical frequency factor (5). It is'hoped that a more detailed 

investigation of the meteorological records will throw more light on 

their aspect of the problem. Another anomaly in the data supplied is 

that some of the readings from anemometers are taken at heights varying 

from 37"ft. to 84 ft. above surrounding ground level, whereas other 

readin.,s are estimated at ground level. A further drawback of these 

records is th7.t some of the values extracted from pen-recorder plots 

are probably gust values (of the order of 15 seconds) whereas the 

others are estimates of sustained wind speeds. The values tabulated 

in Table 8, therefore, only give an idea about the magnitude of the 

wind spreeds involved. However, before recommending these values for 

use in the design of buildings, it is suggested that a more thorough 

analysis of existing? wind data should be made. The instruments used 

in measuring wind specd should also be modernised. 

http:factor(5).It
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Table 7 

Annual ?,aximum Wind Speed in f.iles per Hour 

Year 

1961 1962 1963 1964 1965 1966 1967 1968 1c69 1970Station 


Dacca 90 77 78 62 100 74 46 75 90 100 

Chittagong 50 61 125 70 72 74 60 66 62 138 

Cox's 50 51 100 52 131 75 81 75 82 78 
Bazaar
 

Bogra 22 36 32 64 52 59 38 49 41 56
 

Jessore 53 44 17 56 52 68 63 40 32 43 

Ishundi N.A. N.A. N.A. 58 58 62 52 52 63 3 

Banisal 7%.A. 1'.A. N.A. 35 28 51 58 24 52 60 

Syihet "".A. N.A. 46 52 58 73 65 81 69 81 

N.A. = data not available 

Source: 	 -eteorological an,! Geophysical Centre, Ranladesh 
?,eteorological Department, Chittagong. 
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Table P 

,'Jind Speeds for Return Feriods of 20, 5) and 100 years. 

Wind Speed in miles per hour for )eturn Periods of
 
Station
 

20 50 .ears . 100 .rars 

Dacca 123 140 153 

Chittagong 122 140 153 

Cox's Baza.ar 1)P 121 131 

3o&ra 73 84 93 

Jesso e 86 101 113 

Ts7urd i 65 67 69 

Aari sal 69 79 87 

Sylhet 80 96 103 
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rhowrs available 

~.4ndesh since 1795. It iE extremelY] di fficult to ases the 'a: 

to houses, -artic.J]>irl:., in the riral. areas. "o.:t (:f te housnes are 

': -rn,'zav : etven ;noderate 3t rts. ..t~e .:ve, noIVevc'r, been 

a e. ... . ,.. " ;II- r ,.17ard/ thc drn;i'ic to housir ,. 

.ine the c,.dcnic stornsaae icwa.ly accompa.ied with otor; SLutges, 

tiese data sow the corubined effect of wind and ztcrm sur:-e ia-a. 

-

Table o the statictics of da:agin.T c':c]6nes over 

letwee I60 an'd Iq66, the total loss to crops, build-in.9 lires 

an| 'develoxnent works was estimated at more than (Yakistani) Rupees 

13, million (equivalent to US # 2PI million), or an average of U-: 

4.1 miliio" annually. This was about 1.2,' of the GHT. The total 

annual da!7iage including damaire other than mentioned above was estiznated 

at about a, of G!.- of Bangladesh (then known as e"ast "akistan) ( 7 ) . 

(f the many cyclones which have affected -iangladeslh in the recent 

past, available quantitative data regardin- the most severe cyclones 

ar* iiscuosed below. 

Table 10 dhows the area and populaticn affected by the 1960 cyclones 

(CctGlber 0 - 10 and ('ctober 30 - 31) . 



-- 

1961 

Table 

Severely affected the offshore islands
 

Damaging Cyclones over Bangladesh 

Year Month Location Maximum wind Storm wave Tuman lives 2emarks 
speed, mnh. (feet) lost 

1795 May - June Chittagong - Only five brick built houses su-vived 

1797 Chittagong -

in Chittagong town 
ver.r native hut in Chittagong levelled 

to the ground 
1822 May Barisal - - 40,000 -

1831 October Barisal - - - Storm wave hit Barisal coast 
1872 October Cox's Bazaar - - -

1876 October ?Veghna Estuary - 10-45 100,0001 Affected the whole of southern coast 
from 9arisal to Chittagong 

1895 October Sunderban - - - Affecte& Bagerhat sub-division 

1897 October Chittagong - - 14,0002 Dykes along sea boa-d washed away 
1919 September Barisal .-. 

1926 May Cox' s Bazaar - -

1941 May Eastern Veghna 
Estuary 

1960 October Eastern Meghna 10 3,000 
9-10 Estuary 

October Chittagong 130 20 3 8,149 4 

30-31 
May Estuary 90 8-10 11,468 Several buildings with C.I. sheet roofs 

destroyed
 

1. Another 100,000 died in the epidemic that followed. 2. 18,000 died in the epidemic that followed.3. 40 ft. wave estimated by Liberty Ship Charles Dunaif. 4. Another estimate shown in Table 11 puts the 
figure at 16,857. 5. Measured at Dacca. 



1963 

1965 

1966 

1970 

May 

Yay 

October 

October 

November 

Sitakunda 

Bari sal 

Sandwip 

Khulna-
Patuakhali 
coast 

11Meghna Estuary 

> 

125 6 

100 6 
906 

73 

8 

8-12 

12 

20-22 

11,520 

19,279 

850 

Inundation by storm wave alon- coqst 
upto 30 mile s no-th of -­,ittpgons
and off-s-ore islands. 

Area af.ected: 2727 sa. miles. Inunda­
tion hi 'hr than October 31, 1940
cx'clone in Chittagong. 

Some low lving areas of Patualkhali 
Rarisal and Khulna were inundated by 
storm surge of slight to moderate 
intensity 

The entire belt from Khlna to 
Chittagong and off-sliore islands 
experienced hurricane winds for about 
9 hours accompanied by storm surge. 

6. 
7. 
8. 
9. 

Measured at Chittagong. 
: *easured at Dacca. 
Reported by Naval ship. 
Ref. 8. 

(The above Table has been furnished by Mr. S.X. Hussain, Deputy T)irector, meteorology) 
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Table 10 

Area and Population affected by 1960 Cyclones
( 4 )
 

Severely Moderately Slightly Total 
affected affected affected 

Area affected 660 1110 960 2,730
 
(so. miles)
 

Estimated
 
population 650,000 
 1,230,000 1,350,000 3,230,100
 

* 	 By 'severely affected' areas, it is meant that these areas were 

either covered by the tidal flood or that they were devastated b, 
the ravaging winds. In these areas, the number of casualties was 
very high, and the majority of houses collapsed or were washed 
away. In the 'slightly affected' areas, roofs and temporary 
structures experienced minor, reparable damages. 

The number of houses destroyed in the three affected districts is 

given in Table 11. The 'slightly affe:cted' areas in table 10 have not 

been incluled in preparing this table. 

Table 11
 

Areas in Estimated lumber Estimated Houses Houses 
District of population dead number of Destroyed partially 

in 1960 houses _damaged 

Noakhali 790,000 4,742 157,000 
21,100

(13.4;') 
96,600(61.) 

26,700 81,200

Chittagong 840,000 9,163 181,700 


3ari sal 250,000 2,952 50,000 N.A. N.A.
 

In the areas affected by the cyclone in the districts of Noakhali and 

Chittagong, 14.1,' of the houses were completely destroyed and 52./. of the 

houses were partially damaged. 
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Tn':r hil-' fligures of dama e to housing are attributable partly to 

the -:xtrenely poor quallt- of houses themselves, as mentioned in 

"or:. 4.2. The cost of a hcu,,,e for each fatrily was between is. 30 and 

Lls. 50 ani the house consisted of four thin tree or bamboo trunks, 

anchored in the floor, on which a number of straw mats or old C.I. 

sheet are fixed and which supports a orimitive light bamboo grate 

an.1 the t.iatch roof. The houses were of such low quality that the 

District ,M:.agistrate, Noakhali, estimated the average damage per 

houoe completely destroyed or partially affected at ris. 62 (U.S. # 13) 
only. ( 4 ) 

The November 12-13, 1970 cyclone has been termed as the most 

destructive in living memory. About 2000 sq. miles, containing a 

pre-cyclone population of 1,700,0,0, severely affected.were According 

to a survey carried out in early 1971(8), of the 206,500 houses in the
 

area, about 85.y/ were severely damaged by the cyclone. At least
 

224,000 uersons perished in the cyclone. In the worst-affected off­

shore island, 'Tanpura, about 99" of the houses were almost completely 

destroyed.
 

According to figures obtained from the Ministry of Relief and
 

Rehabilitation, Govt. of Bangladesh, about 5 million houses were
 

damaged due to cyclones and tornadoes during the 14 years from 1960
 

to 1973. The estimated value of the houses was Takas 1188.07 million.
 

During the same period, floods demaged 2.58 million houses with an
 

estimated value of Takas 850 million. The detailed statistics is given
 

in Table 12.
 



Table 12 

NuJmber of Dwelling Houses 

1960 ­ 1973 

Depnaged due to Cyclones & Torndoos 

Year 
Number of 
houces 
damaged 

Estimated value of 
damages to housing 
(million takas) 

1960 

1(61 

347,700 

232,292 

69.54 

106.46 

1963 

1964 

1965 

1966 

1.968 

443,737 

15,644 

2.,602)004 

273,250 

6,110 

88.75 

3.13 

520.40 

54.65 

2.24 

1969 i661, 361 13.56 

1970 

1973 

639,012 

269,031 

183.01 

146.33 

Total 4,995,141 1188.07 million Tavias 





'8. IA . BI* 

The rural houses in the coastal areas are usually the worst-hit
 

by cyclones. One of the 
 special problems in this region is the
 

simultaneous occurrence of storm surges and 
 high winds. The wave
 

hei-Ints 
may be 10 - 15 ft. above the ground level. One solution
 

which has been sugpested for minialzing damage to property and lives
 

is the building of houses on stilts which albw water to 
flow under­

neath. In fact, 
 some of the multi-purpose cyclone shelters, Planned
 

to be build in these regions would be 
 two or three storied structures, 

supported on columnsR.C. with the ground floor left open. The wind 

load response of these structures would be different from ordinary
 

structures, 
 with all t;e faces, including the bottom one, being exposed 

to wind. 

The commonly used corrugated galvanized iron sheet roofs perform 

poorly as heat insulating material. With the summer temperature around 

80 -90°P, it becomes very uncomfortable to live in such houses. The
 

houses are therefore built with large number of windc vs and openings 

at eaves level, which results in a highly permeable structure. More­

over, it is common to have Verandahs (about 5 ft. wide covered project­

ions) on at least one side of the house. These projections probably 

adversely affect the wind load characteristics of the structure. 



28
 

C N _TT)lqZ O, ARKS
 

Ar. attempt has been made in this report 
to discuss the housing 
situation in Bangladesh. 
'Uith the majur thrust of the development 

efforts directed towards the agricultural sector and related activities, 

the planners in Bangladesh accord a low-priority to housing development 

sector. It is unlikely that the standard of housing would show any 

appreciable improvement in the years to come. It is anticipated that 

owner-built houses, with traditional materials like bamboo posts,
 

bamboo-thatch walls and C.I. sheet 
roofs would retain their popularity
 

in the rural sectors while 
 the urban areas, particularly Dacca and 
Chittagong City, may have a few 5-storied blocks of small flats for
 

low-income housing.
 

The amount of wind damage to houses could be minimized by proper 

detailing of the connection of roof structure to the supporting wall 

and proper connection of the roofing sheets (usually corrugated galvan­

ized iron) to the roof structure. Proper application of design
 

criteria developed for construction of low-r'se buildings to resist
 

extreme wind loads would go long way ina minimizing the immenre loss 

to housing almost every year. 
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A 'TX 

T .iI, !IOT 0THR flTDIAN' OCEAN C0UNTRIES 

(a) INDIA 

(i) aousing 

The total population of India, according to the 1971 census, was 

547.95 million of which 109 million (19.5) constituted urban dwellers.
 

Between 1961 and 1971, the growth rate of population was 24.8.
 

According to late 1972 estimates, the total shortage of housing in
 

(9)
rural areas, including huts, was around 72 million dwelling units
 

The urban housing shortage, according to statistics computed in 1965,
 

was estimated to be around 12 million units. The total requirement of
 

new dwellirLr units to be constructed in urban areas during 1961-76 

has been estimated at 25 million units inclusive of an estimated 12 

to 13 million units required to meet the increase in urban population 

durin. the same period. The Fourth Five Year Plan (1966-71) allocated 

about Rs. 2420 million to housing (about 1.6k of the total public sector 

investment). During the First Plan, housing outlay constituted 16c!
 

of the total public sector investment, decreasing to 8/, in the second 

plan and 75' in the third plan. This shows that the India planners are 

according a very low priority to housing development plans. 

(ii) Wind Loads 

The 'est Bengal, Orissa and 7adras coast, lying on the eastern 

side of the peninsula, are often affected by cyclones originating in 

the 9ay of Bengal. 

The Indian Standards Institution has well-defined wind-load codes 

for tie design of bWildings ( 10 ) . Figure 2 shows a map of India showing 

the basic wind pressures recommenled in the design of structures. The 

formula p - KV2 has been used in arriving at these pressures, with 
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21, = 0.006, V being in }m./hr and p, in K.g/rm . The code recommends a 
basic wind pressure of 20 'i 094 Ib/t 2 ) along the coastal 

belt uato a height of 30 metres above Vie reLarding mrface. Tis is 

equivalent to a wind speed of 182.6 Km/hr or 113.5 mph. 

The nulrbor of severe cyclones which crossed the coasts during 

1891 to' 1'-6:) is indicated in Fig. 2 by circles in 50 latitude zones. 

A sr..vere crClcne has been defined as one in which the wind speed 

2
exceeds *9 ri./ho=~ corresponding to a wind pressure of 48 K-/n 



Pig, 2 Basiao zimsi Wnd Pressure Map of Zndia , Rxoluding Winds of Shortri2Duation* 
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The number of severe cyclones whioh have approaohed or s1ossed ts-o 
ooasts during 1691 to 1960 is indioated in oircles in 5 latitude sones. 
( A severe cyclone is one in whion the wind speed exceeds 89 km/h) 
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(b) X I:A YON. VO 

Yzom vailahle records, it appears that cyclone damage to housing 

in these two countries is not as severe as that in Bangladesh. 

Althou,3h approximately one out of ten cyclonic storms that occur 

in the Bay of Ben.3al strike the Arakan coast of 9urma, the presence 

of alrakan mountain ranges and the Chin hills near the coast results in 

appreciable reduction of wind speeds as the c;'lcone moves inland. The
 

maximum wind speed of the cyclones before striking the coact was
 

less. ( 7 )  estimated to be 70 miles per hour or The damage caused by 

cyclonic storms was almost negligible when compared to other countries.
 

gowever, in 1939, a cyclonic ctor-a orossed the Arakan coast near
 

Kyaukpyu and caused slight damage, About 300 human lives were lost 

in the storm surge. Again in 1948, a storm crossed the Arakan coast
 

near Akyab causing appreciable damage to crop,and structures due to 

accompanying floods. The damage was about 10 million Kyats (equivalent 

to US f 2.1 million). 

In the last few decades, only two cyclones have affected Ceylon..
 

causing appreciable damage. One was in the early thirties and the 

other in December 1964. In the December 1964 cyclone which hit 

Trincomalee, the average maximum wind velocity was about 70 m.p.h. with 

100 m.p.h. gusts. The cyclone affected a 70 mile wide area. The roofs 

of most houses in Trincomalee were blown off.
(7 ) 
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ABSTRACT
 

Theoretical and practical considerations are presented that are pertinent
 
to the estimation of probabilistically defined design wind speeds. Results
 

of the statistical analysis of extreme wind data in the Philippines are
 

presented and interpreted. Recommendations based on these results are made
 

with regard to the possible redefinition of wind zones, and tentative
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ESTIMATION OF EXTREME WIND SPEEDS -- APPLICATION TO THE PHILIPPINES
 

1. INTRODUCTION
 

In modern building codes and standards [1, 2] basic design wind
 

speeds are specified in explicitly probabilistic terms. At any given station a
 

random variable can be defined, which consists of the largest yearly wind
 

speed. If the station is one for which wind records over a number of con­

secutive years are available, then the cumulative distribution function (CDF)
 

of this random variable may, at least in theory, be estimated to characterize
 

the probabilistic behavior of the largest yearly wind speeds. The basic design
 

wind speed is then defined as the speed corre 3ponding to a specified value F of
 
0
 

the CDF or, equivalently (in view of the relation N = 1/(I-F ), in which N = mean 
0
 

recurrence interval), as the speed corresponding to a specified mean
 

recurrence interval. For example, the American National Standaid A58.1
 

[1] specifies that a basic design wind speed corresponding to a 50-year
 

mean recurrence interval (i.e., to a value F
0 

of the CDF equal to 0.98,
 

or to a probability of exceedance of the basic wind speed in any one
 

year equal to 0.02) be used in designing all permanent structures, except those
 

structures with an unusually high degree of hazard to life and property
 

in case of failure, for which a 100-year mean recurrence interval
 

(F = 0.99) must be used, and structures having no human occupants or
 

where there is negligible risk to human life, for which a 25-year mean
 

recurrence (F0 = 0.96) may be used. A wind speed corresponding to a
 

N-year recurrence interval is commonly referred to as the N-year wind.
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The mean recurrence intervals specified by building codes, rather
 

than being based on a formal risk analysis--which is in practice not
 

feasible in the present state of the art--are selected in such a manner
 

as to yield basic wind speeds which, by professional consensus, are
 

judged to be adequate from a structural safety viewpoint. Nevertheless,
 

it Is generally assumed that adequate probabilistic definitions of
 

design wind speeds offer, at least in theory,the advantage df insuring a
 

certain degree of consistency with regard to the effect of the wind
 

loads upon structural safety. This is true in the sense that, all
 

relevant factors being equal, if appropriate mean recurrence intervals are
 

used in design, the probabilities of failure of buildings in different
 

wind climates will, on the average, be the same.
 

In the practical application of the probabilistic approach to the
 

definition of design wind speeds, certain important question~s arise.
 

One such question pertains to the type of prooability distribution best
 

suited for modeling the probabilistic behavior of the extreme winds.
 

The provisions of the National Building Code of Canada [2] are based
 

upon the assumption that this behavior is best modeled by a Type I
 

(Gumbel) distribution. The American National Standard A58.1 [1], on the
 

other hand, assumes that the appropriate models are Type II (Frechet)
 

distributions with location parameters equal to zero and with tail
 

length parameters dependent only upon type of storm. Finally, Thom [3] has
 

proposed a model consisting of a mixed probability distribution, the
 

parameters of which are functions of (a) the frequency of occurrence
 

of tropical cyclones in the 50 longitude-latitude square under consideration
 

and (b) the maximum average monthly wind speed recorded at the station
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investigated. The question of selecting the most appropriate distribution
 

is one that deserveb cl6se attention! indeed, as Indicated
 

in Refs.4 &5, the magnitude of the basic design wind speed may depend
 

strongly upon the probabilistic model used.
 

Assuming that the type of probability distribution best suited for
 

modeling the behavior of the extreme winds is known, a second important
 

question arises, viz.,that of the errors associated with the probabilistic
 

approach to the definition of design wind speeds. Such errors depend
 

primarily upon the quality of the data and upon the length of the record
 

(i.e., the sample size) available for analysis.
 

These questions will be dealt with in this work, which will also
 

present results of statistical analyses of wind speed data recorded in
 

the Philippines. In the light of the material presented herein, possible
 

approaches will be examined to the definition of extreme wind speeds for
 

purposes of structural design in the Philippines.
 

2. WIND SPEED DATA
 

For the statistical analysis of extreme wind speeds to be meaningful,
 

the data used in the analysis must be reliable and must constitute an
 

homogeneous set.
 

The data may be considered to be reliable if:
 

-The performance of the instrumentation used for obtaining the data
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(i.e., the sensor and the recording system) can be determined
 

to have been adequate.
 

-The sensor was exposed in such a way that it was not influenced
 

by local flow variations due to the proximity of an obstruction
 

(e.g., building top, ridge or instrument support).
 

A set of wind speed data is referred to herein as homogeneous if
 

all the data belonging to the set may be considered to have been obtained
 

under identical or equivalent conditions. These conditions are determined
 

by the following factors, which will be briefly discussed below:
 

-type of instrumentation used
 

-averaging time(i.e., whether highest gust, fastest mile, one-minute
 

average, five-minute average, etc. was recorded).
 

-height above ground
 

-roughness of surrounding terrain (exposure)
 

-in the case of tropical cyclone winds, distance inland from the
 

coastline.
 

Type of instrumentation. If, during the period of record, more than
 

one type of instrument has been employed for obtaining the data, the
 

various instrument characteristics (anemometer and recorder) must be
 

carefully taken into account and the data must be adjusted accordingly.
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Averaging Time. If various averaging times have been used during
 

the period of record, the data must be adjusted to a common averaging
 

time. 
 This can be done using graphs such as those presented in Ref. 6
 

and included in Fig. 1 in which Z is a parameter defining the terrain
0
 

roughness (see, for example, Ref. 7).
 

Height Above Ground. 
 If, during the period of record, the elevation
 

of the anemometer had been changed, the data must be adjusted to a common
 

elevation as follows: 
 Let the roughness length and the zero plane displacement be
 

denoted by Z and Zd' respectively (Z0 , Zd are parameters which define the rough­

ness of terrain, see Ref. 7). The relation between the mean wind speeds U(ZI)
 

and U(Z ) over horizontal terrain of uniform roughness at elevation Z 
and Z1
 

above ground, respectively, can be written as
 

U(ZI) lin Zd
 

____zo 0 (1)
 

U(Z2) ln Z2 - Zd
 

Z 
0
 

Suggested values of the roughness length Z are given in table 1
 
0
 

(see Refs. 7, 8, 9). For example, at Sale, Australia, for terrain
 

descr"led as 
open grassland with few trees, at Cardington, England,
 

for open farmland broken by a few trees and hedge rows, and at Heathrow
 

Airport in London, Z0 = O.08m [7, 8]. At Cranfield, England where the
 

ground upwind of the anemometer is open for a distance of half a mile
 

across 
the corner of an airfield, and where neighbofinglarid'isbroken
 

by small hedged fields, Z = 0.095 m [10]. It is noted that Eq. 1 is
° 


applicable to mean winds and should not be used to represent the profiles of
 

peak gusts. 5
 



Table 1 - Suggested Values of Zo for Various Types of Exposure
 

Type of Exposure Z (meters)

O 

(Castal 0.005 - 0.01
 

Open 0.03 - 0.10
 

Outskirts of towns, suburbs 0.20 - 0.30
 

0.35 - 0.45
Centers of towns 


Centers of large cities 0.60 - 0.80
 

The zero plane displacement Zd may in all cases be assumed to be zero,
 

except that in cities (or in wooded terrain) Zd = 0.75 h, where h ­

average height of buildings in the surrounding area (or of trees) [7, 11].
 

Thus, for example, if in open terrain with Z = 0.05 m, U(23) = 30 m/s, then
 

lOim, using Eq. 1, gives
adjustment of this value to the height Z2 


10
ln ~ 5.30
 
U(lO)= U(23) 0 30 25.9 /s.
 

6.13
1n 23 
n 0.05
 

It is noted that, in most cases, the roughness parameters Z0, Zd
 

must be estimated subjectively, rather than being determined from
 

measurements. Good judgment and experience are required to keep the
 

errors inherent in such estimates within reasonable bounds. In conducting
 

statistical studies of the extreme winds, it is advisable that for any
 

particular set of data, an analysis be made of the sensitivity of the results
 

to possible errors in the estimation of Z and Zd .
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In the case of winds associated with large-scale extratropical
 

storms, the mean wind U(Z) at height Z in terrain of roughness Zo, Zd
 

is related as follows to 
the mean wind U1 (ZI) at height Z1 in terrain of roughness
 

Zol, Zdl [8]:
 

z ­ d

in-

U(Z) =8 U1 (Z1) o (2) 

Zdln z1 

Zol 

The quantity, , may be obtained from Fig. 2, which was developed
 

in Ref. 8 on the basis of theoretical and experimental work reported
 

by Csanady [14] and others [15]. (Note that Zol< Z 
) 

Eq. 2 may be applied if the roughness of the terrain is homogeneous
 

over a horizontal distance from the anemometers of about 100 times the
 

anemometer elevation [12, 13].
 

Let, for example, U(Z1 ) = 29m/s, Z1 10m, Z = 0.05m, Zdl = 0. 

The corresponding speed U(Z) at Z = 40m, say, in open terrain of roughness
 

Z = 0.25m, Zd = 0 is
 

in 40
 
U (10) - xx2 - 0.25 -3.
U~O)-*In1 -12 2 9 10 /=31.1 rn/s
ln 102
 

0.05
 

where 1.12 is the value of 8 for Z01= 0.05m, ZO 0.25m, obtained from
 

Fig. 2.
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in the case of Eq. 1, errors are
It is pointed out that, just as 


inherent in Eq. 2 that are associated with the subjective estimation
 

of the roughness parameters. Also, recent research suggests that
 

in the case ef tropical cyclone winds Eq. 2 underestimates wind speeds
 

over built-up terrain, calculated as functions of speeds over open
 

terrain, by amounts of the order of 15% or more [27].
 

Distance Inland from the Coastline. The intensity of hurricane or
 

typhoon winds is a decreasing function of the distance inland from the
 

coastline. Hurricane wind speeds may be adjusted to a common distance
 

from the coastline by applying suitable reduction factors. Such
 

reduction fa-tors havc,beea proposed by Malkin, according to whom
 

the ratios of peak gusts at 48, 96 and 144 km from the coastline to
 

peak gusts at the coastline are 0.88, 0.82 and 0.78, respectively [16, 171.
 

3. PROBABILISTIC MODELS OF EXTREME WIND SPEEDS
 

The nature of the variate suggests that an appropriate model of
 

extreme wind behavior is provided by probability distributions of the
 

largest values, the general expressi-n for which is [18]:
 

-F(v) = exp (-[(v-)/o] } P < v < 

(3)
 

Y> 0 

where v = wind speed, p = location parameter, a = scale paramter,
 

tail length parameter. Eq. 3 may be regarded as representing
y = 
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a family of distributions, each characterized by a value of the tail
 

length parameter y. As y becomes larger, the tail of the probability
 

curve becomes shorter, i.e., the probability of occurrence of
 

large values of the variate becomes smaller. In particular, as
 

y , Eq. 6 may be shown to become 

F(v) = exp {-exp[--)/a]} -0 < v < 

-W < P< 0 (4)
 

The distributions given by Eqs. 
 3 and 4 are known as the type II
 

and the type I distributions of the largest values, respectively.
 

Two basic procedures for estimating probabilities of occurrence of
 

extreme winds are currently in use. 
 The first procedure consists in
 

estimating the parameters of a probability distribution of the largest
 

values from the series of annual highest wind speeds at the station
 

considered. This procedure has been applied by various authors as 
follows:
 

(a) In Ref. 4, estimates are made of all three parameters, p, a and y
 

in Eq. 3, no specific value being assigned apriori to any of these Darameters.
 

(b) In Refs. 19 and 20, the location parameter is assumed to have 

the value p = 0. Estimates are then made of the remaining parameters, 

a and y. The arbitrary assumption that p ­ 0 entails a sacrifice in goodness
 

of fit; the justification for using this assumption is that it makes
 

possible the application of Lieblein's well-known estimation procedure
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However, in view of the recent de­[211 to obtain values of a and y [19]. 


velopment of alternative estimation procedures applicable to type 
II
 

= 

the assumption that p 0 becomes unnecessary.
distributions with p 0 	0 [4], 


(c) Coirt in th'e United States [22],.Davenport in Canada [23]
 

and 	Kintanar in the Philippines [25] have assumed the universality of the type 

that the tail length parameter is always Y
I disttibution, i.e., 


Estimates are then made of the parameters p and a.
 

The second procedure assumes the universal validity of the mixed
 

distribution
 

F(v) = pEexp [-() 	 + PTexp [ (5) 

The first and the secot' term in the sum of
proposed by Thorn in Ref. 3. 


Eq. 5 represent the probabilities that the winds associated with
 

extratropical storms and with tropical cyclones, respectively, will
 

The scale parameter, a, is
 not exceed the value, v, in any one year. 


the average monthly wind speeds record­an explicit function of the maximum of 


The second parameter of the mixed distribution,
ed at the station considered. 


PT, is an explicit function of the frequency 
of occurrence of tropical
 

cyclones in the 5' longitude-latitude square under consideration,
 

Thus, in this second procedure, the series of annual
auid PE = 1 - PT 

highest winds is not used for estimating distribution parameters.
 

An assessment of the models described in this section will now be
 

presented.
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4. ASSESSMENT OF PROCEDURES
 

BASED ON THE ANNUAL HIGHEST SPEEDS
 

To assess the validity of current probabilistic models, statistical
 

analyses of annual highest speeds were carried out using a computer
 

program described in Ref. 4. The results of the analyses, which are
 

reported in detail in Ref. 4, lend credence to the belief that a sufficiently
 

long record of annual largest speEds will provide an acceptable basis
 

for probabilistic e imates of the N-year winds -- even for large values
 

of N, such as are of interest in structural safety calculations -­

if the following conditions are satisfied. First, the value of opt (y)
 

=
for that record is large, say y > 40 (opt (y) value of y [see Eq. 3] 

for which the best distribution fit of the largest values is obtained).
 

Second, meteorolCgi~al information obtained at the station in question,
 

as well as at nearby stations at which the wind climate is similar,
 

indicates that winds considerably in excess of those reflected in the
 

record cannot be expected to occur except at intervals many times
 

larger than the record length. Wind climates which satisfy these two
 

conditions will be referred to as well-behaved.
 

Assuming that the wind speed data are reliable, lower bounds for the 

sampling error in the estimation of the N-year winds in a well-behaved climate 

may be calculated on the basis of a mathematical result, ViZ., the 

Cramer-Rao relation, which states that for the type I distribution 

[see Ref. 18 , p. 2821 
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1.10867 2 (6)
 
n 

var 0) > 0.60793 a2 (7),n 

where var (0), var (a)are the variances of 0 and 0, where 0 and 8 are
 

the estimated values of v and a, respectively, obtained by using any
 

appropriate estimator consistent with basic statistical theory require­

ments; a is the actual value of the scale parameter and n is the sample
 

size. Using Eqs. 6 and 7, lower bounds for the standard deviation of the
 

N-year wind, SD[v(N)], can be approximated as follows. Eq. 4, in which
 

the parameters I!,a are replaced by their estimates 0, 0 , is inverted to 

yield
 

v(N) - G(l- )( (8) 

where
 

N 1 (9)
 

Then
 

12 1/2
 
SD[v(N)] > (var(O) + [G(1-1)] 2 var(d)1 (10)
 

Eq. 10 is based on the assumption that the error involved in neglecting the
 

correlation between 0 and 8 is negligible. The validity of this assumption
 

was verified by using Monte Carlo simulation techniques.
 

Since the actual value of a is not known, in practical calculations the 

estimated value 6 is used in Eqs. 6 and 7. For example, the distribution 

parameters corresponding to the wind speed data at Davao (n = 24, see Table 2), 
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6 

estimated by using the technique described 
in Ref. 4, are = 38.89 km/hr, 

= 9.40 km/hr. It follows from Eq. 8 that v(50) = 75 km/hr and from Eqs. 6, 

7, and 10 that SD[v(50)] > 5.18 km/hr. Subsidiary calculations not reported
 

here have shown that Eq. 10 provides a good indication of the order of magnitude
 

of the sampling errors.
 

Wind Climates Characterized by Small Values of opt(y). 
Occasionally,
 

a record obtained in well-behaved wind climates may exhibit small values
 

of opt (y); this will occur if that record contains a wind speed
 

that corresponds to a large mean recurrence interval. 
 There
 

are regions, however, in which, as a rule, the statistical analysis of
 

extreme wind records taken at any one station yields small values of
 

opt(y). This is the case 
if, in the region considered, winds occur
 

that are meteorologically distinct from, and considerably stronger than
 

the usual annual extremes. 
Thus, in the regions where tropical cyclones
 

occur, opt (y) will in general be small, unless most annual extremes
 

are associated with tropical cyclone winds. 
An example of a record
 

for which y(opt) is small is given in Fig. 3a, which represents
 

the probability plot with y 
= opt (y)
= 2 for the annual extreme
 

fastest-mile speeds recorded in 1949-73 at the Corpus Christi, Texasairport.
 

For purposes of comparison, the same data have been fitted to a type I
 

distribution [opt (y)
= -, or Eq. 4 1; the fit in this case is seen
 

to be exceedingly poor, i.e., 
the plot deviates strongly from a straight
 

line (Fig. 3b). 
 (As shown in Ref. 4, a measure of the goodness of
 

fit is given by the extent to which the probability plot correlation
 

coefficient is close to unity; 
this coefficient is printed out in
 

Figs. 3a and 3b.)
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To small values of the tall length parameter there frequently
 

correspond implausibly high values of the estimated speeds for large
 

In the case of the 1912-48 record at Corpus Christi,
recurrence intervals. 


= 
for example, opt(y) 2 and the estimated 5- minute average is 327 mph
 

(155 mis) for a 1000-year wind, which is highly unlikely on
 

meteorological grounds. For 20-year records, the situation may be even
 

worse: thus, for the 1917-36 Corpus Christi record, which contains an
 

exceptionally high wind speed due to the 1919 hurricane [22, 24],
 

opt (y) = 1 and the calculated 1000- year wind is 1952 mph (873 m/s)
 

(4], a ridiculous result. Also, the situation is not likely to improve
 

significantly if the record length increases. From a 74-year record,
 

a plot quite similar to Fig. 3 would presumably be obtained, with twice
 

as many points similarly dispersed, to which there would correspond a
 

similar least squares line on probability paper.
 

It may be stated, consequently, that vhile in the case of well­

behaved climates it appears reasonable to infer from a good fit of the 

probability curve to the data that the tail of the curve adequately 

describes the extreme winds, such an inference is not always justified 

if opt (y) is small. 

It may be argued that one could avoid obtaining unreasonable extreme
 

values by postulating that the annual largest winds are described by
 

a probability distribution of the type I, i.e., by assigning the value
 

y = - to the tail length parameter. This has been done by Court [22]
 

and Kintanar [25]. As can be seen in Fig. 4, the corresponding fit may
 

14
 



be 	quite poor. However, the estimated extremes at the distribution tails
 

will be reduced. The drawback of this approach is that unresonably
 

low 	estimated extremes may be obtained. For example, at Key West,
 

Florida, if all three parameters of Eq. 3 are estimated as in Ref. 4,
 

to 	the 1912-48 record there corresponds opt (y) - 3, v(50) - 83 mph 

(37 	m/s), v(100) = 99 mph (44.2m/s) and v(lO00) = 188 mph (84 m/s) ­

see 	Ref. 4. If it is postulated that y = -, then v(50) = 71 mph 

(31.7 m/s), v(100) = 77 mph (34.4 m/s) and v(lO00) = 97 mph (38.8 m/s)
 

[4], an unlikely result in view of the high frequency of occurrence of
 

hurricanes (about 1 in 7 years) at Key West.
 

It may also be argued that since the estimated extremes resulting
 

from small values of y (say y S 4) may be too large, and those corresponding
 

to 	y = may be too small, a probability distribution that might 

yield reasonable results is one in which y has an intermediate value,
 

say 	4 < y < 9. Such an approach has been proposed by Thom and will now 

be 	examined.
 

5. 	 ASSESSMENT OF PROCEDURE BASED ON
 

THE HIGHEST AVERAGE MONTHLY SPEED
 

The procedure for estimating extreme winds in hurricane-prone regions
 

on the basis of annual highest winds at a station was seen to have the
 

following shortcomings. First, because hurricane winds are relatively
 

rare events, the possibility exists that the available data do not contain
 

wind speeds associated with major hurricane occurrences and are therefore
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not representative of the wind climate at the station considered (see
 

the case of Calapan in Section 7 of this report). Second, in regions
 

subjected to winds that are meteorologically distinct from, and con­

siderably stronger than the usual annual extremes, implausible estimates
 

may be obtained.
 

The model proposed by Thorn [Eq. 51 in Ref. 3 represents an attempt
 

to eliminate these shortcomings. It can be easily shown by applying the
 

intermediate value theorem, that if this mode] is assumed, the estimatel
 

extreme winds may be obtained by inverting an expression of the form:
 

F(v) = exp[(-v/o)-Y(v)]
 

in which 4.5 < y(v) 9. If the mean rate of arrival of tropical cyclones
 

in the region considered is ihigh, then y (v) wil I Fe closer to 4.5. 

Otherwise, y (v) will be ,:Ioser to 9; in rugions where hurricanes cannot 

be Uxpected to (1":,'I-r, y ( ) = 9. In ordor that ustimates not be based 

upon poss;ibyv unroepresentative annualI- tiem Jita, Thorn's model does not 

make use oF anc:i! extreiie speeds. Ratlicr, the parameter a is estimated 

from the max:mii fIthe avvrag;e mono LJy wind speeds on record at the 

location considered, presumably a quantity for which the variability is 

small.
 

A few specific cases to which Thom's model was applied were considered
 

in Ref. 5, in which it was shown that estimates based on this model do 

not appear to be always sufficiently reliable for structural design
 

purposes. Also, it was shown in the preceding section that the approach
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which utilizes the series of annual largeat speeds may fail in regions
 

in which hurricanes occur. For such regions, therefore, it may be
 

that alternative approaches need to be developed. Among such
 

approaches is one in which estimates of extreme winds are based upon
 

the following information:
 

- average number of hurricanes affecting the coastal sector considered
 

(per year)
 

- probability distribution of hurricane intensitites
 

- radial dimensions of hurricanes
 

- dependence of wind speeds upon central pressure and distance from 

hurricane center. 

This approach appears to provide useful estimates of extreme winds
 

corresponding to large recurrence intervals - which are of interest in
 

ultimate strfngth calculations - and is currently under study at the
 

National Bureau of Standards.
 

6. 	STATISTICAL ANALYSIS IF EXTREME
 

WIND DATA IN THE PHILIPPINES
 

Through the courtesy of the Philippine Atmospheric, Geophysical and
 

Astronomical Services Administration (PAGASA), 16 sets of data were
 

obtained consisting of maximum yearly wind speeds recorded during at
 

least 14 consecutive years. The data for each of the 16 stations are
 

listed in Table 2. Table 3 includes subjective station descriptions provided
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by PAGASA personnel and the results of the analysis. In Table 3 are listed
 

VNpt(-)= N-year wind based on the distribution for which the best fit of the
 

largest values is obtained and VN = N-year wind based on the type I
 

interval in years.
distribution, N = mean recurrence 


7. INTERPRETATION OF RESULTS
 

The results will be grouped into three classes, according to
 

the wind zone (as defined in Ref. 26) in which the stations considered
 

are located (Table 3).
 

Zone III. It Js noted that for all three Zone III stations listed 

in Table 3,opt (y) - -. It is convenient to adjust the speeds at Davao 

and Cagayan de Oro to open terrain exposure. On the basis of the terrain 

= 3, if it is assumed Z = 0.3Om, Zd 0, Z O= .08m, 

Zdl - 0, Lt follows from q. 2 that 

descriptiors ca' Table oo 

U (10)
 

where U(10), UI(10) are mean speeds above ground in open and town 

exposure, respectively. Thus, in Davao and Cagayan de Oro the calculated 

50-year ncan speeds at 10m above ground in open terrain are 94 km/hr and
 

76 km/hr. respectively, versus 88 km/hr in Zamboanga. If the corresponding
 

highest gusts are obtained by mulciplying the one-minute means by a 

factor of, say, 1.20 (see Fig. 1), the estimated highest 50-yr gusts at 

Davao, Cagayan de Oro and Zamboanga are at most 94 x 1.20 = 113 km/hr, 
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i.e., considerably lower than the value specified for design purposes
 

by the Naticnal Structural Code of the Philippines [26] for Zone III,
 

viz. ,153 kmi/hr. This suggests that the requirements of Ref. 26 regarding
 

wind loading in the Zone III portion of Mindanao at: conservative and
 

might be somewhat reduced. (It can be easily shown, on the basis of Eq. 2
 

and Fig. 1, that this statement holds even if it is assumed that the
 

errors in the estimation of the parameter values Z 0.30m and Z == 0.08m
 

are of the order of as much as 50%.) To validate such a conclusion it would
 

however be necessary to determine, from long-term records of tropical
 

cyclone occurrences, that the 1950-73 data at the three stations analyzed
 

are indeed representative for southern Mindanao.
 

Zone II. Several difficulties arise in interpreting the results for
 

the Zone II stations in Table 3. It is noted, first, that the results
 

obtained at stations in and near Manila (stations 4, 5, 6 in Table 3)
 

are widely divergent. The discrepancies between the results for Pasay
 

City and Manila may be due to the different elevations of the respective
 

anemometers. 
It may also be conjectured that the discrepancies between
 

these results and those obtained from the 1902-1940 Manila Central
 

record are due to differences in the averaging times and in the
 

exposure, elevation and calibration of the instruments, as well as to
 

possibly inaccurate estimates of the maximum speed in Manila and
 

Pasay City in 1970 (200 km/hr, see Table 2).
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The estimated wind speeds at Baguio based upon the 1950-73 record
 

No explanation

are higher than those obtained from the 1914-40 data. 


is offered for these differences; an investigation into their 
causes
 

seems warranted.
 

The record at Calapan illustrates the limitations of the approach
 

to the definition of design wind speeds based on the statistical 
analysis
 

From the data covering the period 1961-72,
of the highest annual winds. 


50-yr wind based on a Type I distribution is 141 km/hr
the E3timate 

[25], versus 209 We/hr, as obtained if the data covering the period 

Since wind loads are proportional to1959-1973 are used (see Table 3). 


the square of the wind speeds, the ratio between the respective estimated
 

=I

wind loads is (209/141) 

2 
= 2.2. 

Although the record at Pasay City Is best fitted by a type II
 

= 2, it is unlikelyas noted previouslyt that
distribution with opt (y) 


such a distribution correctly describes the behavior of the extreme
 

winds. This is obvious, particularly in the case of the 1000-yr wind,
 

which, on physical grounds, could not possibly attain 820 km/hr (Table 3).
 

The National Structural Code of the Philippines specifies, for
 

175 km/hr. In the
Zone II and elevations under 9.15m, a design wind of 


light of the data shown in Table 2, the value appears to be reasonable.
 

It will be noted that Tables 2 and 3, and Fig. 13 of Ref. 26, indicate
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that the extreme speeds and the frequency of occurrence of tropical
 

cyclones, are considerably higher at Laoag than at Cebu. 
This suggests
 

that Zone II could be divided, accordingly, into two subzones, with
 

wind load requirements higher in the northern than in the southern
 

subzone.
 

Zone I. As indicated previously, if y(opt) is large, i.e., if the
 

differences among maximum wind speeds recorded in various years are
 

large, the probability distributions that best fit the data may not
 

describe correctly the extreme wind speeds for large recurrence intervals.
 

The minimum and the maximum winds for the period of record are. at L~gaspi,
 

40 km/hr and 204 km/hr, respectively, and, at Tacloban, 42 km/hr and 194 km/hr,
 

respectively. In the writer's opinion, the reliability of the N-year wind
 

estimates obtained at these stations for N=50. 100 and 1000 is thprpforp
 

doubtful. The same comment applies to the estimates for Infanta, where
 

the record length is quite insufficient (14 years). The writer therefore
 

believes that the results of Table 3 should not be used to assess the
 

adequacy of the design wind speed requirement for Zone I specified in Ref.
 

26. Rather,it is reasonable to base such an assessment on a comparison
 

between wind speeds in Zone I and in areas affected by hurricanes in
 

the United States. In the light of U.S. experience, it is the opinion
 

of the writer that from such a comparison it follows that the 200 km/hr
 

wind speed requirement for Zone I and elevations under 9.15 m is
 

adequate for structural design purposes.
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8. CONCLUSIONS
 

From the analysis of available extreme speed data in the
 

Philippines, the following conclusions may be drawn:
 

1. The design wind speeds specified by the National Structural Code
 

of the Philippines for the Zone III part of Mindanao appear to be con-


For this conclusion to be
servative and might be somewhat reduced. 


validated. it would be necessary to determine, from long-term records
 

of tropical cyclone occurrences, that the data analyzed herein are
 

representative for southern Itindanao.
 

2. Methodological difficulties and uncertainties with regard to
 

the reliability of the data preclude, at this time, the estimation for
 

Zones 1I and I of N-year extreme winds that could be uved, with a
 

sufficient degree of confidence, as design values within the framework
 

of an explicitly probabilistic code.
 

3. Acccrding to the data included herein, Zone II can be
 

divided into two subzones, with wind load requirements higher in the
 

northern than in the southern subzone.
 

4. The data included herein suggest that the wind speed requirement
 

specified by the National Structural Code of the Philippines for
 

Zone I is adequate for purposes of structural design, except as noted
 

below.
 

5. Higher wind speed values than those specified by the National
 

Structural Code of the Philippines should be used--except perhaps in
 

the Zone III part of Mindanao--i.n open, and in coastal exposure.
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6. 
Improved design criteria for Zones II and I, including possible
 

redefinitions of these zones, could in the future be achieved by applying
 

the methodology briefly described at the end of the section "Assessment of
 

Procedure Based on the Highest Average Monthly Speed". 
This would require,
 

in addition to data on the frequency of occurrence of tropical cyclones at
 

various locations in the Philippines, that the following data be availablet
 

a. 
Reliable wind speeds, carefully defined with respect to
 

terrain roughness, averaging time and distance from shore line.
 

b. Approximate radial dimensions of tropical cyclones.
 

c. Approximate dependence of tropical cyclone speeds upon minimum
 

central pressure and distance from storm center.
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ABSTRACT
 

This paper briefly describes some of the more common flow mechanisms which create wind 
pressures on low-rise buildings and the effects of building geometry on these pressures. 
It is assured that the basic wind speeds are known and a procedure is outlined for 
calculating deslKn wind speeds which incorporates the expected life of the structure, the 
mean recurrence interval, and the wind speed averaging time. Pressure coefficients are 
tabulated for various height-to-width ratios and roof slopes. The steps required to 
calculate pressures and total drag and uplift forces are sumarized and an illustrative
 
example is presented.
 



DETER1MINATION OF WIND FORCFS
 

1.0 INTRODUCTION
 

This paper deals with the nature of wind flow around buildings, the pressures generated
 
by wind and the determination of forces acting on building elements as well as on the over­
all structure. It is assumed that buildings designed in accordance with the procedures out­

lined in the following sections and the tables in Appendix A do not exceed 10 meters in
 

height or 50 meters in plan dimension and have a height to width ratio (h/w) not exceeding
 

four.
 

2.0 AERODYNAMICS OF BUILDINGS
 

The flow of wind around buildings is an extremely complex process and cannot be completely
 

described by simple rules or mathematical formulae. Wide variations in building size and
 

shape, type of wind exposure, local topography and the random nature of wind all tend to
 

complicate the problem. Only by direct observation of full scale situations or by resorting
 

to properly conducted wind-tunnel tests can the characteristics of these flows be established.
 

In spite of these complications, guidance can be provided by considering some typical flow
 

situations.
 

2.1 Typical Wind Flow Around Buildings
 

A typical flow situation is illustrated in Figure 1 where the wind is blowing face-on to a
 
building with a gable roof. The flow slows down or decelerates as it approaches the build­

ing, creating a positive pressure on the windward face. Blockage created by the building
 

causes this flow to spill around the corners and over the roof. The flow separates (becomes
 
detached from the surface of the building) at these points and the pressure drops below
 

atmospheric pressure, creating a negative pressure or suction on the endwalls and on certain
 

portions of the roof.
 

Fig. 1 Typical Flow Pattern and Surface Pressures
 

A large low-pressure region of retarded flow is created downwind of the building. This
 

region, called the wake, creates a suction on the leeward wall and leeward side of the roof.
 

The pressures are neither uniform nor steady due to the turbulent character of the oncoming
 

wind and varying sizc and shape of the wake. However, it has been established that the
 

patterns of wind flow around bluff bodies such as the building in Figure 1 do not change
 
appreciably with a change in wind speed.
 

This allows dimensionless pressure coefficients (to be discussed later) determined for one
 
wind speed to be applied to all wind speeds. In general, the wind pressure is a maximum
 

near the center of the windward wall and drops off rapidly near the corners. Pressures on
 

the side or endwalls are also nonuniform, the most intense suctions occurring just downstream
 
of the windward corners.
 

1 
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2.2 Effect of Roof Slope 

The pressures acting on a roof are highly dependent upon the slope 
of the roof, generall.y 

being positive over the windward portion for slopes greater than 
30 degrees. For slopes 

less than 30degrees, the windward slope can be subjected to severe suctions which reach a 

maximum at a'slope of approximately 10 degrees. 'Under extreme wind conditions, these 

suctions can be of sufficient intensity to overcome the dead weight of 
the building, thus 

requiring a positive tiedown or anchorage system extending fromI the roof 
to the foundati-n, 

Intense suctions are likely to occur along the edges of roofs and along 
ridge lines die to 

separation or detachment of the flow at these points, For certain-combinations of-roof slope 

and wind direction, a conical vortex can-be developed,along tie windward edges of the roof 

as shown in Figure 2. This is a "rolling up" of the flow into a helical pattern with very­

high speeds and, consequently,very intense suctions. If not adequately provided for in the 

design, these vortices along the edges of the roof can cause local failures-of the roofing, 
often leading to complete loss of the roof. Areas where intense suctions can be expected 

are shown in Figure 3. - -­

who".W....I.w 

Figure 2 Vortices Along Edge of Roof 

Afeas Whe,. ieh 
"'iChunii. ... t be -

lowod lot wi Ihe" 
c, dding 

Figure 3 Areas of Intense Suctions 

2.3 Roof Overhangs 

In calculating tle-total uplift load on a roof, the pressure acting on the underside of roof 

overhangs must also be included. These pressures are usually positive and the resultant 

force acts in the same direction as the uplift force due to suction on tle top surface of 

the roof. Pressures acting on the inside of the building (to be discussed later) can also: 

contribute to the total uplift force and must likewise be accounted for. 

3.0 DESIGN WIND SPEED 

Several factors must be considered in selecting a wind speed on which to base the design 

loads for a building or other structure. These include the climatology of the geographic 

area, the general terrain roughness, local topographical features, height of tile building, 

expected life of the building and acceptable level of risk of ailure. 'The assessment -of 

climatological wind data and the procedure for obtaining basic wind speeds are discussed 

to obtain the design wind speed are discussed in the following sections. 

- -

- -

S' r 

3.1 Mean Recurrence Interval 

The selection of a mean recurrence interval, with which there is associated a certain 
basic 

wind speed, depends upon the intended purpose of a building and the consequences of failure. 

The mean recurrence intervals in Table I are recommended for the various classes of 
structures. 

2-- -



3.2 Risk Factor
 

There is always a certain risk that wind speeds in excess of the basic wind speed will occur
 

during the expected life of a building. For example the probability that the basic wind
 

speed associated with a 50-year mean recurrence interval will be exceeded at least once in
 
50 years is 0.63. The relationship between risk of occurrence during the expected building
 
life and the mean recurrence interval is given in Table II. It should be noted that the
 
risk of exceeding the basic wind speed is, in general, not equal to the risk of failure.
 

3.3 Averaging Time and Peak Wind Speed
 

It is well known that the longer the time interval over which the wind speed is averaged, tile 

lower the indicated peak wind speed will be. The calculated design loads will thus depend 
upon the averaging time used to determine the design wind speeds. In thi; dLu, eulrkat, it ha­

been assumed that all speeds used in pressure and load calculations are based upon an 

averaging time of 2 seconds. Wind speeds for averaging times other than 2 seconds can be 

converted into 2-second average speeds using the procedure described in Pef. 1. 

4.0 DESIGN PRESSURES
 

4.1 Dynamic Pressure
 

When a fluid such as air is brought to rest by imparting on a body, the kinetic energ; of 

the moving air is converted to a dynamic pressure q, in accordance with the formua3 

q = 1/2 pU2 (W) 

2 3kg/m 
where q = N/m, p is the mass density of air in kg/r and U is the free-stream or e-disturbed 
wind speed in m/s. The mass3density of air varies with temperature and barometric pressure, 

having a value of 1.225 kg/m at standard atmospheric conditions. In the case of tropical 

storms, the mass density may be 5 to 10 percent lower. However, this is offset somewhat by 

the effect of heavy rainfall and the value quoted above should be used for all wind pressure 
calculations, i.e., 

9 
()


q = 0.613 U 


4.2 Mean and FIlictuating Components of Pressure 

As in the case of wind speed, pressures acting; on a bu ilding are not steady. hut fhituate 
in a random manner about some mean value. A tvpical recording ot wind sped ani pr11rsure 
at a poin- on the roof of a house is shown in Figure 4. 

20 

15 

10
 

5
 WIND SPEED = m/s
 

0
 
0 10 20 30 40 50 60
 

TIME- SECONDS
 

200 

= N/m
2 

PRESSURE
100 

0 

-100 

-200
 

Fig. 4 Typical Record .f Wind Spetnd -nd Surface Pressure
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A close inspection of Figure 4 reveals the following characteristics:
 

a) The average or mean pressure is negative (suction)
 

b) Pressure fluctuations tend to occur in bursts
 

c) Maximum departures from theimean are in the negative (suction) direction
 

d) The peak values far exceed the mean value
 

To quantify these pressures, it is essential that a sufficiently long time interval be used
 
to obtain a stable mean, p. The fluctuations are described by their standard deviation or
 
root-mean-square, p , taken about the mean. Finally, the peak pressure fluctuations are 
described by a peak Fctor, g, which indicates the number of standard deviations that the
 
peak pressure deviates from the mean. Thus, the peak pressure can be expressed as
 

Pmax =F+ gP', or p-g . . (3) 

It should be noted that the peak factor, g, is a random variable and has a probability
 
distribution function that depends on the geometry of the building and turbulent structure
 
of the wind. The values of g are selected so that the associated probabilities of being
 
exceeded are in line with the expected building life.
 

4.3 Pressure Coefficients
 

It is convenient to express pressures acting on the surfaces of a building in terms of the
 
dynamic pressure as follows
 

p = C pq (4).
 

where C is a pressure coefficient whose value depends upon the geometry of the building and
 
local flow conditions. Pressure coefficients are specified for particular surfaces or
 
elements of a building and, when multiplied by the surface area and dynamic pressure, give the
 
wind loads acting in a direction nonal to those surfaces or elements. The total resultant
 
forces and moments acting ona building can then be determined by considering the appropri­
ate components of these loads acting on each of the surfaces or elements.
 

As discussed in the previous section, the instantaneous peak pressure can be expressed in 
terms of the mean pressur and a fluctuating component. Since pressure fluctuations are 
limited in spatial extent, it is necessary to consider the size of the building surface 
or element when selecting the pressure coefficient. .- 4 

4.3.1 Pressures on Extended Areas
 

For the purpose of determining wind loads acting on sizeable surface areas such as the walls
 
and roof of a building, the pressure coefficients listed in Tables III and IV should be used.
 
These coefficients have been determined experimentally from measurements taken on full-scale
 
buildings and from wind-tunnel tests and they represent an upper limit of conditions likely
 
to occur on the indicated building surfaces.
 

4.3.2 Pressures on Localized Areas
 

It is to be expected that the smaller the area considered, the larger the effective peak
 
pressure will be. In addition, there are certain surface areas where intense suctions occur
 
as pointed out in sections 2.1 and 2.2. To provide for these cases, pressure coefficients for
 
localized areas are included in Tables III and IV. These coefficients are for the purpose
 
of assessing wind loads on local cladding and roofing elements and should not be used to
 
calculate overall loads on buildings. They should be used in conjunction with the internal
 
pressure coefficients (where appropriate) as described in the following section.
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4.3.3 Internal Pressures
 

As indicated in section 2.3, the net load or force acting on the roof 
or walls of a building

depends not only on the external surface pressures, but on the internal pressure as well.
 
The magnitude of the internal pressure depends upon the building geometry, size and location
of openings, and wind speed and direction. As with external pressures, it is convenient to
 
express internal pressures in terms of the dynamic pressure and a pressure coefficient Cp .

These coefficients can be positive or negative as indicated in Table V. 
The net pressure

acting on a building element is the algebraic sum of the external and internal pressures
 

p = 	q (Cp - Cpi) (5)
 

Thus a positive internal pressure will increase the loading on those areas of roofs and walls
 
subjected to external suction.
 

4.4 Correction Factor for Height of Building
 

The pressure coufficients described above are based on building heights of 10 meters and 
peak wind speeds at 10 meters above ground, aveiaged over 2 seconds. Overall loads calculated
for buid-rgs appreciably less than 10 meters in height (measured to eaves or parapet) will

thus be overeFtimated if these coefficients 
 are 	used without modification. On the otherhand, tributary areas such as doors, windows, cladding and roofing elements will respond to 
pressure fluctuations with duration times considerably less than 2 seconds. 
To account for
 
this, the pressures must be multiplied by the correctioin factors, R, in Table VI. Thus
 
the expression for the net pressure acting on a building surface becomes
 

p = q (C Cpi Ri) (6) 

and 	the force acting normal to a surface of area A is
 

F = q (Cp R - Cpi Ri)A (7) 

where R and Fi are correction factors for external and internal pressures, respectivuly.
 

5.0 Procedure for Calculating Wind Forces
 

The procedure for calculating wind forces on a building is summarized in the following steps.
 

1. 	Select the appropriate mean recurrence interval from fable 1
 

2. 	Check the associated factor of risk in Table II and select a longer mean recurrence 
interval if appropriate. 

3. 	Determine the basic wind speed for this mean recurrence interval and the appropriate 
terrain roughness and type of exposure as outlined in Ref. 1. 

4. 	Convert the resulting basic wind speed to a 2-second mean speed using the procedure 

described in Ref. 1. 

5. 	 Calculate the dynamic pressure q using the expression 

q = 0.613 U2 

6. 	Select the appropriate pressure coefficients from Tables III, IV and V
 

7. 	Select the appropriate correction factors from Table VT
 

8. 	Calculate the pressures from the expressions
 

p=qC R 
or P 

p q(Cp R - Cpi R ) 

5 



9. Multiply these pressures by the respective surface areas to obtain the wind forces
 

10. Sum appropriate components of these forces to obtain net uplift and drag loads.
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APPENDIX A
 

TABLE I
 
Claso of Ftructure MEAN FrCURNCE Il,*TFFVAL
 Mean recurrence intrval
 

-e 
 years
 
All structures other than those set out below 
 50
 

StructFre , il ich have special post-disaster functions, e.g. 100
 
ho:spl; n cat Io 11 dld etc.! ,tI, n'Urn,"i , lCo. ngs , 

Ftructurf-:-: prL'!;nLtir,) 
 a low d.egree of hazard 
to life and other 20
 
propert in t1l,,-
 case of failure 

TABLE IIRELATIONSIPS BETWEEN RISK OF OCCURRENCE, MEN RECURRENCE 
INTERVAL AND EXPECTED LIFE OF BUILDING
 

Diesired 

fLifetime 


Risk of exceeding in N years the wind speed correspondina

to the indicated mean recurrence interval
 

Year., 0.632 - 0.50 0.40 I 0.30 0.0 01
Mean Recurrence Interval in Years
 

110 
 1.0 15 
 20 29 
 45 95
 
20 20 29 39 56 90 190
 
1:0 
 50 72 
 98 140 
 224 475
 
100 
 100 144 
 196 280 448 
 949
 

Note: From this Table it will be seen that there is a 10% risk that the wind speedccrresponding to 
a mean recurrence 
interval of 475 years will be exceeded in a
 
lifetime of 50 years.
 



TABLE III
 

PRESSURE COEFFICIENTS FOR WALLS OF RECTANGULAR BUILDINGS
 

SLocal
 

Building Building Wind Angle C for Face Local 

Height/Width Length/Width a _ _ _ P 

Ratio Ratio (Degrees) A B C D 
-1
-

0 0.8 -0.5 -0.6 -0.6 

-	 90 1 -0.6 -0.6 0.8 -0.5 

h/w<0.5 
0 0.8 -0.5 -0.8 -0.8 

-.
1. 5 < /w<4 
90 	 -1.3 

90 -0.4 -0.4 0.8 -0.4 

0 0.8 -0.5 -0.7 -0.7
 -1.4
1< 1/w<l. 5 
90 -0.7 -0.7 0.8 -0.5
 

0.5<h/w<l.5
 

00.8 ;-0.6 -0.9 -0.9
 
0
 

-1.4
1.5<A/w<4 

90 -0.4 -0.4 0.8 -0.3
 

0 0.8 -0.5 -0.8 -0.8
 
1<d/w<l.51 
 -1.5-1.5
 

- 90 -0.8 -0.8 0.8 -0.5
 

1.5<h/w<4 ___ 

0 0.8 -0.6 -0.9 -0.9
 
-1.51.5<;/w<4 
 90 0.4 0.4 0.8 -0.3
 

Lesser of 1ior 0.2w > 	 . .. . 

h
 
A I B 

i- --A D*5
 

i-- W ----j 	 . -- w ....5b
 

PLAN
ELEVATION 


1) 	h is the height to eaves or parapet, I is the greater plan dimension of theNotes: 

building and w is the leFser plan dimension.
 

2) 	Local Cp values (last column) should be used in conjunction with correction
 

factors for overall areas in Table VI.
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TABLE IV
 

PRESSURE COEFFICIENTS FOR ROOFS OF RECTANGULAR BUILDINGS 

Area 	 Roof Slope 0.3ild ng Wind Angle 

He IgIt/',id th Designation (Degrees)
 

Ratio (Degrees) 	 0 10 20 25 

-1.0 1 -i.0 -0.4 
-0.6 -0.6 -0.8 

0 -1.6 -1.9 -1.9 
I -1.4 -1.4 -2.0 

EC -1.2 	 -1.1 -1.0 
I-11 -0.6 -0.6 -0.6 

9- T _2.0 -1.F -1.8 
K -1.4 -1.4 -2.0 

F -1.0 -1.0 -0.6 -0.4 
C-P -0.6 -0.6 -0.8 -0.8 

0 	 . -1.8 -1.8 -1.8 -1.8 
K -1.4 -1 .4. -2.0 -1.6 

0.5<h/w<1.3
 
-G -1.2 -1.1 -1.0 -0.8
 
M1! -0.6 -0.6 -0.5 -0.4
 

J -1.8 -1.8 -1.6 -1.6 
."-1.4 -].b -1.6 -1.6
 

-F 
CI1 

J * * 

K 
1. 	 5<h/w.<4
 

!'G
 
FP! 

Ew j * * 

K 

F.-- b 
- i . b =lesser of 

....	 h or 0.15w! 	 (Typical)
 

iLJ 	 I . 
I w 	 - w - > w1 

(Extended areas) (Local areas)
 

ELEVATION PLAN
 

Notes: 1) The pressure coefficient on the underside of roof overhangs should be taken as
 

that on the adjoining wall surface. 

2) Local C values 	(J and K) should be used in conjunction with correction factors
 

for overall areas in Treble VI. 

3) * Indicates coefficients unavailable at time of publication.
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TABLE V
 

INTERNAL PRESSURE COEFFICIENTS FOR RECTANGULAR BUILDINGS
 

Condition Internal pressure coefficient C 

Ii. Two opposite walls equally permeable, other 
walls impermeable: 

(a) 
(b) 

Wind i:ormal 
Wind n.,mal 

to permeable wall 
to impermeable wall 

+0.3 
-0.3 

2. Four walls equally permeable -0.3 or +0.2 whichever is the more 
severe for combined loadings 

3. Dominant opening on one 
equal permeability: 

wall, other walls of 

(a) Dominant opening on windward wall, having 
a ratio of permeability of windward wall to 
total permeability of other walls and roofs 
subject to external suction, equal to -­

2 
3 
6 or more 

+0.5 
+0.6 
+0.8 

(b) Dominant opening on leeward wall value of C 

surface 

for leeward external wall 

(c) Dominant opening on side wall value of Cp 

surface 

for side external wall 

(d) Dominant opening in a roof segment value of C for external surface of 

roof segment 

Notes: 1) Internal pressures de'.eloped within an enclosed structure may be positive or 
negative depending en the position and size of the openings. 

2) In the context of Tible V the permeability of a surface is measured by the 
total area of openirgs in the surface under consideration. 

3) The value of C . can L- limited or controlled to advantage by deliberate 
distribution o ipermeability in the wall and roof, or by the deliberate pro­
vision of a venting device which can serve as a dominant opening at a position 
having a suitable external pressure coefficient. An example of such is a ridge 
ventilator on a low-pitch roof, and this, under all directions of wind, can 
reduce the uplift forc.e on the roof. 
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TABLE VI
 

CORPECTION FACTORS (R) FOR HEIGHT OF BUILDING
 

i Terrain Structural System Area h<5 I 5<h<1O 

Overal, 0.85 1.00
 

,alls Elements 1.00 1.20
 

Smooth
 
zo<n. 12 m 

Overall 0.P5 1.00 
Roo fs rementti 1.25.f 1.C5 


InteralP 'ress 0.85
ie 
 1.00 

Overall 0.75 1.00 
Wal1lls Elements 0.90 1.20
 

Rough
 

Zo >0.12 m
 

OveralI.75 1.00 
Elements C.95 1.25 

Internai re.,sure 0.75 1.00 

Notes: i) "he term "Overall" refers to the entire area of a given wall or rcof slope. 

2) The term "Elements" refers to roof and cladding elements, doors, windows, etc. 

3) Tile terra'o roughness parameter Z must be estimated subjectively. The 
following values are suggested for various types of exposure. 

TYPE OF EXPOSURE Z0 (meters) 

Coastal 0.005-0.01 
Open 0.02-0.12
 
Outskirts of towns, suburbs 0.13-0.30
 
Centers of towns 0.40
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APPENDIX B
 

ILLUSTRATIVE EXAMPLE
 

A housing development is 
to be located in flat, open country on the outskirts of Zamboanga
and will ultimately consist of several hundred single-family dwellings of quite similar
geometry. 
The period of construction is anticipated to be from 10 to 15 years.
plan dimensions are 6.2 x 7.5 maters and the height to the eaves is 2.7 meters. 

The basic
 

roof has 
 The gable
an overhang of 0.7 meters on all sides and a slope of 10 degrees. 
Openings for
doors and windows are 
evenly distributed 
on the exterior walls.
 

Because the development is to 
be built over a period of several years, it would not be
appropriate to 
assume a builtup area in selecting the basic wind speed and 
flat, open

country will be assumed here.
 

From Table I, a mean recurrence interval 50of years is selected and it is considered thatthe associated risk of exceeding the basic wind 
deed (0.632) in Table II is acceptable.
 

From Ref. 1, the l-minute average wind speed (N=50) fcr Zamboanga is 88 km/hr (Type I
distribution). 
 Since this is based on data obtained in open country at 10 meters above
ground, this speed 
can be converted directly to 
the design speed. From Ref. 1 the ratio
of the 1-minute speed to 
the 2-second peak speed is 0.82. 
 Thus the design speed is
 

U = 88/0.82 
= 107.3 km/hr = 29.8 m/s
 

The dynamic pressure is calculated from Eq. 2
 

q 0.613U2 = 0.613(29.8)2 = 544 N/m2
 

Wind pressures are next calculated using Eqs. 4-6 and 
the coefficients presented in Tables
 
III-VI. Note that
 

h/w = 2.7/6.2 = 0.44
 
and
 

= 7.5/6.2 = 1.21 

WALLS
 

Inspection of Tables III and V reveals that the worst 
cases are walls A and C with the wind
blowing normal to the ridge. 
 For wall A, C_ 
= 0.8 and for wall C, CP= -0.6. The local Cp
is -1.2. The 
internal pressure coefficients can ran-c 
from 0.2 to -- 3. 
Table VI indicates
 
that the reduction factor is 0.85 for walls and internal pressures and 1.00 for cladding
elements, doors, windows, etc.
 

For wall A,
 

p = (544) [0.8-(-0.3)](0.85)
 
= 509 N/m2
 

For wall C,
 

p = (544) [-0 6-(0.2)](0.85) 
=-370 N/m
 

For cladding elem2nts, the worst 
cases are
 

p = (544)[0.8 - (-0.3)(0.85)]
 
- 574 N/m2
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and
 
p = (544)[-0.6 - (0.2)(0.85)]
 

= -419 N/m2
 

For local pressures acting on strips of width 0.2w = 1.2 meters at each corner,
 

p = (544)(-1.2 - 0.2)(0.85)
 

= -647 N/r
2
 

POOF
 

Inspection cf Table IV reveals that the greatest uplift pressures on extended areas occur
 
When 	 the wind is bloving along the ridge. 

For sectionr; E and C, 

p 	 (5/-)[-! .1 - (0.2)1(0.85) 
-60 7N/M' 

For FecticnE F and U, 

p = (544)1-0.6- (0.2)](0.85) 
= -370 N/m2 

Pressures acting cr roofiny cenents in sections E and G are obtained as follows: 

p 	= (5L./[(.1)(l.0&) - (0.2)(0.85)] 
= -7Z7 ::02 

and 	fc:orsrvt I E F and E,
 

~f-.) 	 (OC.6) - (0.2)(0.85)] 

Wra'l.ized Vcesw.r:' "CL or tr'pn of width .15v = 0.93 meters as shown in Table IV. The 

wort as,_ =vcfr 7-rci M the wind blowing norral to the ridge. Note that the uplift 
pies-urn "cr A ,-" M :0,0 he-. i uded. 

r :- ' ­(5 0)j-'.9 (C.R)] (0.&5) 
=. _.124,9 NO,,r.
 

oi a-, : in ,e, liou ?, this negative pressuru or suction is slightly less
 

p "(90j-li. - (0.8)1(0.S5)
 

= -017 N/O
 

Along the ridge area K), the localizud pressure is
 

p 	 (544: 5-4 -. '.2)1(0.85)
 
-740 brn
 

70TAL UPLT rM'FlCE 

'he total uplift force on the building is calculated for the wind blowing normal to the ridge 
as follows:
 

Area of , e roof slope = r7.5 + (2)(0.7)][6.2/(2C0S l0) + 0.7] 
= (8.9) (3.85) 

2 = 	 34.2 m 
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Note that areas E, F, G and H include areas J and K when calculating overall loads. 

Uplift = (544)(1.0 + 0.6)(34.2)(COS 100)(0.85) + (544)(6.2)(7.5)(0.2)(0.85) 

= 24,918 + 4,300 
= 29.2 kN 

TOTAL DRAG FORCE 

The total drag force (neglecting the roof) is calculated as the sum of the loads on the windward
 

and leeward walls.
 

Drag = (544)(2.7)(7.5)[0.8 - (-0.5)] (0.85) 
= 12.2 kN 

COMMENT
 

The loads calculated above are the loads that can reasonably be expected to occur under the con­

ditions stated in the example. They should be considered as the minimum suitable loads for use
 

with stresses and load factors appropriate for the type of structural material used.
 

For geographical areas exhibiting large variations in annual extreme wind speeds, the basic wind
 

speed should be selected with caution. The application of probabilistic models of extreme wind
 

speeds and some of their limitations are discussed in Ref. 1.
 

USCOMM NBS-DC 
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SI Conversion Units
 

In view of present accepted practice in this technological area, U. S. customary
 

units of measurement have been used throughout this report. 
 It should be noted that the
 

U. S. is a signatory to the General Conference on Weights and Measures which gave official
 

status to the metric SI system of units in 1960. 
Readers interested in making use of the
 

coherent system of Si units will find conversion factors in ASTM Standard Metric Practice
 

Guide, ASTM Designation E 380-72 (available from American Society for Testing and Materials,
 

1916 Race Street, Philadelphia, Pennsylvania 19103). Conversion factors for units used
 

in this paper are:
 

Length
 

I in = 0.0254* metre
 

1 f = 0.3048* metre
 

Exact Value
 

ii
 



ABSTRACT 

The National Bureau of Standards (NBS) through this project is developing improved 
design criteria for low-rise buildings in developing countries to better resist the
 
effects of extreme winds. The project is sponsored by the Agency for International 

Development (AID). 

This report investigates the use of connectors for masonry and timber elements in
low-rise buildings. Connector characteristics and construction details that improve a 
building's response to extreme wind efIects are given primary emphasis. Recommendations 
include iniprovaments; through better utilization of connector teelhnology showing good
feasibility of introduction in developing countries. The building systems considered in 
this study fall within the low to moderate cost category. 

Key Words: Codes and standards; connectors; fasteners; lowrise buildings; masonry walls; 
structural design; technology transfer; 
timber roofs; 
timber walls; wind effects.
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1. BUILDING SYSTEMS
 

by
 

S. George Fattal 1 '
 

1.1 Introduction
 

....- -This report discusses the use of connectors in houses and other low-rise buildings 

to improve their structural response characteristics under extreme wind conditions. The
 

report-is organized into three main sections. Section 1-presents a general overview of
 

masonry connectors and timber fasteners. Section 2 is devoted to a detailed discussion
 

of connectors in building systems using masonry wall construction. Section 3 treats
 

fasteners used in building of timber wail construction. These two types of buildings are
 

most prevalent in housing for low to middle income occupancy in developing countries
 

[1].

located in wind-prone areas 


These buildings are typically one or two story detached units which are supported by 

a continuous wall footing made of cast concrete or concrete block masonry or, in flood­

prone areas, by wooden poles embedded in the ground. The roof is commonly characterized
 

by a pitched timber frame 6ften projecting up to 5 ft beyond the exterior walls, and
 

topped by corrugated metal cover.
 

The types.of building systems of interest to this study are identified by reference
 

to 	 figures 1.1 through 1.5, which also serve as key visual reference for locating specific 

connector details discussed in the subsequent sections of this report.
 

1.2 Roof Systems 

Figure 1.1 exhibits the two most commonly used framing systems for the roof: (a) the 

truss type and. (b) the joist-rafter assembly. The truss type construction employs a
 

series of equally spaced trusses spanning between opposite exterior walls. The corrugated
 

metal roof cover is attached to a series of longitudinal purlins connecting the trusses 

together. The joist-rafter type consists of a system of inclined raftersframing into a 

ridge beam at the top and attached to ceiling joists spanning between opposite exterior 

walls at the bottom. Collar beams attached to the rafters provide stiffness to the roof 

in the vertical plane. The close spacinZ of the rafters permits direct attachment of 

roof cover to the rafters chereby eliminating the need to use purlins. 

1 	 Dr. S. George Fattal is a Structural Research Engineer with the Center for Building
 

Technology.
 

2/ 
- Numbers in brackets indicate references listed at the end of this report. 
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A joist-rafter
The choice of a particular roof system depends on many factors. 


assembly allows better utilization of attic space while the truss system permits prior
 

shop where quality control is generally better
assembly of the individual trusses at the 


to have the desired
than in the field. Structurally, both systems can be designed 

to transmit lateral wind forces to the appropriate shear wallsdiaphragm capability 

(having the same orientation as the wind as in fig. 2.1, ref. [2]). For instance, 

improved by introducing horizontal cross-bracing in the planediaphragm rigidity can be 

of the joists and vertical cross-bracing in the longitudinal ridge plane (perpendicular 

moreto the joists) of both systems shown in figure 1.1. A practical but somewhat 

expensive alternate to the horizontal bracing would be to provide wood flooring fastened 

to the joists in a manner that will insure integral action in the horizontal plane. 

The importance of diaphragm action for roof systems in extreme wind regions should 

the types of roof and wall failures observed that werebe emphasized in the light of 

of the roofing system, as noted in section 2.attributed to a lack of transverse rigidity 


The use of timber fasteners for connecting roofing elements is discussed in section 3.
 

1.3 Pole 'Typu_ Construction 

Figure 1.2 shows the structural layout of a pole type construction. The raised 

infestation and floods. This type of constructionfloor protects the house against insect 

provides generally a lower cost housing than either masonry or wood frame wall system 

since it lends itself more readily to auto-construction (self-help). It also permits 

nondimensioned timber (logs)utilization of less expensive indigenous products such as 

connectors asfor the poles, and cane (i.e. bamboo) framing with rattan or twisted cane 

shown in figure 1.3. The figure also illustrates suggestions for adequate joining of 

be treated against insect infestation and water penetrationmembers. The poles should 

prior to buino embedded into the ground. The length of embedment required to resist 

adequate bearing is determined by localwind-induced uplift or overturning and to provide 

and for the dimensionedsoil conditions. Figure 1.2 shows footing schemes for the poles 

timber post used as an alternative. Note that shallower embedment will require more 

for the same level of resistance against wind-induced uplift forces.substantial footings 

The design should also account for the additional uplift forces under the exposed floor. 

Since the poles are the main pillars of support for the superstructure, they should 

preferably extend to the top and be provided with adequate connections at the roof and at 

the floor level. Because of their unsupported length between the raised floor and the 

ground, these poles should be proportioned to provide adequate flexural resistance to
 

induced by extreme winds. If this is not altogether feasible from a
lateral forces 


practical design standpoint, vertical cross-bracing made of wood, bamboo or wire cable
 

should be introduced to tie the poles together below the floor level. Cables and various 

2 



tiedown straps used in the United States to 
protect mobile home installations against
extreme winds should also b'explored for use in buildings on poles to provide additional
 
stability against uplift and overturning forces. Information' on available tiedown and
anchoring devices may be acquired from the Manufactured Housing Institute-/Design

provisions for mobile home tiedowna are prescribed in Chapter 6 (1974) and appendix D
 
(1975) of ANSI A119, 
 [4], and ref, 
[5] supplies guidelines for their design.

discus.ses fasteners used in pole type housing. 

construction and the structural use 'of 

Supplementary_infor 

ay be 

Section 3 
tion.on.pole -type- -

[6] and [7]. 

1.4 Masonry Bearing Wall System
 

Figure 1.4 displays the structural layout of a masonry bearing wall building system.
The single wythe walls (defined in section 2.2) are built with hollow concrete masonry

units which permit the passage of vertical reinforcement without the need of additional
 
wythes. 
Note that alternate schemes are available for constructing lintels and peripheral

(or collar) bond beams. 
 They are indicated in the same 
figure for generality and convenient
 
referencing purposes.
 

It was 
noted earlier that the type of masonry discussed in this report is generally.
representative of masonry housing construction in developing countries [i]. 
 This makes
 
it unnecessary to consider diverse masonry systens such as 
multiple wythe construction
 
(to permit vertical reinforcing when solid units are used) or masonry veneers and other
 
non-loadbearing elements. 
However, Section 2 does consider one additional masonry

system (generally referred 
to as an "infill frame") which consists of a concrete frame
 
with masonry filler walls.
 

1.5 TimberWall System
 

Figure 1.5 shows a partial view of a timber of'"stud" wall system. 
The studs or
"verticals" transmit gravity loads and the vertical component of wind-induced loads which 
may be rever.sible (bearing or uplift). In addition, the studs provide flexural resistance
 
against direct horizontal wind pressure or suction. 
 The diagonals stiffen the walls in'
their own planes and increase the capability of the system to resist lateral loads. 
 The
 
specific fastener details for the stud wall system are discussed in Section 3.
 

3/ Manufactured Housing Institute, P.O. Box 201, Chantilly, Virginia 22021 

3:­
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ROOF /GUSSET PLATES 

_RAFTER UPPER CHORD 

DIAGONAL CEILING JOIST 
WEB MEMBERS LOWER CHORD 

(a) TRUSS ROOF SYSTEM 

RIDGE BOARD
 

COLLAR BEAM
 

RAFTER
 

CEILIG J(- 3T/--BLOCK 

TOP PLATES
 

(b)JOIST-RAFTER ROOF SYSTEM
 

Fiqure 1.1 Commnon roof .1o.tetNS for low-risoc buidings. 
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ROOF 
TRUSSES 

PLYWOODOR BOAR,\ 
ROO, \\ ROOF SHEATHING,, ROOF , 
BEAMS. _ 

S ...	 COMBINATION SIDING 
AND SHEATHING 

STUDS.- I 

FLOORJOISTS t . 

-. METAL FRAMING 

CONNE.CTORS 

PRESERVATIVE TREATED.
 
WOODPOLES
 

TREATED
 
TREATED /-POLE
 

/ -POLE TREATED 
 TREATED
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2 IFT 

HEAVY
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2. MASONRY CONNECTORS
 

by 

S. George Fattal
 

2.1 Introduction
 

This Section discusses the use 
of masonry connectors 
in bearing wall conatruction
 
for improved structural response under 
severe wind conditions. 
The structures considered
 
are low-rise buildings (i.e., dwellings, small business stores, community centers,
 
schools) in developin, countries. For the purpose of this section the word 
"connector"
 
is used to designate any mechanical device, including reinforcing bars, which can be 
effectively used to connect 
individual masonry walls 
to the other elements of the system
 
(walls, columns, beams, partitions, roof or foundation).
 

The material in 
this section consists of an introductory discussion giving background

information on masonry construction, exhibits and analyses of buildings damaged by
 
extreme winds, a survey and evaluation of current masonry practices in developing countries
 
experiencing high winds, 
a study of current masonry practices in the United States
 
relating 
to high winds and earthquakes with a discussion of various types of masonry
 
connectors employed in 
such construction, and general and specific recommendations for
 
improving high wind 
response of masonry buildings in developing countries through better
 
utilization of existing connector technology.
 

2.2 T pes of Masonry Construction 

Masonry bearing walls used in low-rise buildings in developing countries are commonly

built with hollow concrete masonry units. 
 Figure 2.1 
shows some of the common types of
 
masonry units used in the United States 
[8]. Although the standard unit shown has 2
 
cores, 3-core units are also quite 
common in 
the United States as 
in the Philippines and
 
other developing countries. 
 In running bond construction (vertical joints staggered), it
 
is somewhat easier to 
place vertical reinforcement through 2
the 
 -core units because the
 
cores are in vertical alignment. 
They are also more modular than the 3-core units (less

number of shapes and sizes are required in construction). 
 For additional information,
 
detailed classifications of concrete masonry are found 
in ASTM Designations C90, C129,
 
C140, C145 and C33 
[9].
 

Masonry units 
are laid in mortar which acts as 
their binding agent. Prevailing
 
types of mortar in the United States are cement-line-sand and masonry cement-sand mortars.
 
Different proportions of the constituents in 
these types will produce different strength

properties. 
 Standard mortar designations, such as 
types M, S or N are used for the
 
appropriate mortar identification according to the range of constituent proportions, by

volume, specificed in ASTM Designation C270 [9]. 
 Types M,S, and N are commonly used
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for structural masonry applications. Types M or S are specified for high flexural
 

strength requirements. Various other specifications for mortar and mortar ingredients
 

are found in ASTM Designations C5, C91, C109, C1LO, C144, C157, and C207 [9].
 

Masonry walls are classified according to type of construction and intended use in 

a building. A single wythe wall has one masonry unit in its thickness. A multiple 

wythe wail has several masonry units in its thicknueos. In a composite wall construction, 

at least one Af the wythes isa built with masonry units dissAimiar from those in the 

laid contiguously with theneighboring wythes. Molutiple wythe walls without cavity are 

spaces btwwcn the wythes, called collar joints, f illed with morticr or grout. To 

insure monolithic action of the assembly, additional bonding iS Ntffct ed by the use of 

metal tlies laid horizont ally in bud mortar across the wythes at periodic intervals 

throughout tlihe ight of the wall . A ca Vi'LV Wa ll. is identified n' a continuous vertical 

air space betwnc any two adjacnLt wvtLhcs and by Mctal tics laid as in composite wall 

Reinforcedconstruction and connecting the two wall sections flanking this space. 


masonry walls built with solid units arc reinforced by placing SecN bars, vertically 

and/or longittdinally, ia needed, in tUP space between cLOacCutiVe wvthes and by grouting 

this spare. In hollow blok walls, such as those studied in tiis report, vertical 

reinfiircemen t may be placid as needed, through the hollow cores which are then grouted. 

types of masonry walls are identified by their intended function in a 

building. A loada - supports the vertical loads above it, in addition to its 

The .ollowinop 

5rinjZ wal 

own weight, with or with.ut -he aid of a vertical load-carrying space frame. A non­

"oad bear iop..ol1 supports no vcrtical loads other than ws A shear walli in weight. 

reasists planar forces i eduird b\' ,xtcrbor horizontal loads acting on a building. A 

curtain wall is a ion-lid bear ing wil I., built outsidL the building frame and not 

entirely supportcd aiteach flor. A panel wall is a nonl-load bearing exterior wall 

supported at each floor.. part ition, is a non-load bearing interior space divider which 

will function as aishear wall unless isolated along three edges from the rest of toe 

striucture. Veneer is tiet ucriOr masonry lave r oi a two-layer wall system, connected 

to the interior lay,,r and/or to the primary load-suppiorting structure by horizontal 

ties. Veneer is general Iv designed to be non-load bearing. A pier is a masonry wall 

segment flanked by two adjacent openings or by an opening and the vertical edge of a 

wall. A LItel is a wall segment above an opening. 

A masonry fillr wall or infi 11 wall designates a wall fully enclosed within a 

structural frame or bounded by two columns and wholly supported at each floor level. 

Filler walls may he load bearing or non-load bearing depending on the type of construction. 

In the United States, filler walls are generally non-load bearing because they are 

usually laid after the frame has been erected so that only mortar Load exists at the 

interface. Figure 2.2 shows another type of filler wall construction where the walls
 

are laid first on top of a wall footing, followed by casting of the concrete columns and
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peripheral bond beam. 
 This scheme permits extension of horizontal and vertical wall
 
reinforcement into the surrounding frame so 
that the assembly will act integrally under
 
superimposed loading. 
This system is widely used in the Latin American countries and has
 
shown good performance under severe earthquakes in the past.
 

The latter type of infill wall construction and the single wythe masonry bearing
 
wall construction shown in figure 1.4 are the two types of masonry systems considered in
 
this study.
 

2.3 Analysis of Wind Damaged Buildings
 

Figures 2.3 to 2.12 exhibit buildings damaged 
or destroyed by recent hurricanes and
 
typhoons. The buildings shown in figures 2.3 to 2.5 belong to a group of one-story
 
structures 
 in Northern Luzon, the Philippines, which either sustained severe damage or
 
collapsed 
as a result of the November, 1974. These structures consisted of maosnry walls 
and wood posts, a pitched roof system of wood trusses, purlins and corrugated iron cover, 
and a continuous foundation wall of cast conciete. 

Figure 2.5 exhibits a typcial failure of the fasteners connecting the purlins to the 
top chords of the trusses. Most of the roofing was "peeled off" in this manner. Portions 
of the corrugation iron roofing found on the ground contained the purlins with their
 
metal wire attachments 
 still in place (figure 3.18). Instability of the trusses, few of 
which were still standing, was attributed to the loss of purlins and the absence of other 
longitudinal bracing between the trusses. The collapse of the masonry walls as shown in 
figure 2.3 was likewise attributed to the loss of lateral support at the roof level.
 
However, the 
extent and severity of wall damage is also attributed to the absence of
 
connections between 
abutting walls theand ineffectiveness of the vertical anchorage at
 
the base. As indicated in fi-ire 2.4, 
 the only anchorage consisted of steel plates
 
bolted to 
 the wood posts. Close inspection revealed severe corrosion of these plates,
 
especially at the ruptured section through the holts
bolt (figure 2.4). The masonry
 
walls in these buildings were non-load 
 bearing as they were stopped short of the roof to
 
provide openings at the top (figure 2.3). 
 Thus the wood posts were the only vertical
 
loadbearing elements and the
with loss of the roof many of the corner posts were tipped 
over (figure 2.3).
 

Figures 2.6 to 2.8 
 shows single family housing units cf concrete masonry bearing
 
wall construction, located in Central Luzon, the Philippines, that 
were damaged or
 
destroyed by the November, 1970 typhoon. 
An inherent weakness of these systems is the
 
absence of peripheral support of the masonry walls at the 
top because of a local preference

for large openings at these locations. 
 This practice reduces the effectiveness of the
 
roof to function as a diaphragm and makes it
more susceptible to failure by wind suction
 
or uplift. As indicated in figure 2.6, 
most of the roofs of these units were removed by
 

11
 



the storm. Inspection of figures 2.7 and 2.8 indicates good quality workmanship was used 

in constructing the masonry walls which contained vertical reinforcement in grouted 

cores. Note that the nails between the top window frame insert and the wall below or the 

peripheral wood joist above were not effective in preventing the masonry wall from caving 

in (figure 2.8) or in keeping the inserts from falling down (figure 2.7). In fact, there 

is no evidence that any fasteners were used between the wall panel (in the background of 

figure 2.7) and the peripheral joist on top which was probably removed together with the 

roof by the storm. 

Figures 2.9 to 2.12 exhibit structures consisting of different types of masonry wall 

systems that sustained severe damage or were destroyed by the December, 1974 cyclone in 

Darwin, Australia. These structures represented engineered masonry construction with 

respect to the quality of workmanship and adherence to Australian masonry codes and 

standards (which arc comparable to those in the United States). The Darwin experience 

demonstrated that compliincc with current standards does not necessarily produce a 

structure capable of resisting the estimated 150 mph winds experienced during this 

storm. However, it does indicate the need to reexamine the existing provisions with the 

objective of developing improved design criteria, connection details, and construction 

practices in order to mitigate the extent of disaster associated with extreme winds. 

A damage study of the Darwin structures reveals some features worthy of note. In 

figure 2.10, it appears that failure occurred at the fourth bed joint from the top, in 

the inner concrete masonry wvthe of the double-wythe cavity wall. Since the inner wythe 

is the loadbearing component, its failure was probably caused by an outward thrust of the 

roof under the action of wind. The tilted position of the inner wythe with its top 

leaning against the brick facing indicates the absence of ties between the wythes near 

the roof level. The masonry wall in fiugre 2.9 consists of two concrete block wythes 

with a cavity in between. The condition of the reinforcement demonstrated the ineffectiveness 

the light-gage ties in assisting the integral functioning of the two wythes in out-of­

plane flexure.
 

Figure 2.1.1 shows an infill wall construction with a steel frame and concrete masonry 

filler walls. There is no visual evidence of any reinforcement having been used in the 

filler walls. Note the severity of vertical cracking through the wall on the right and 

also the separation between the steel column and the wall at the left. lt is not possible 

to establish by examination of the figure whether there were any connectors between the 

steel columns and the filler walls. Figure 2.12 shows the portion of a concrete masonry 

wall under the sill of a large window opening that has failed. Note that the top course 

was connected to the window frame with anchor str ps embedded into the grouted cores. It 

is likely that failure was caused by the movement of the window frame, prying the top 

course loose from the rest of the wall. 
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2.4 Masonry Construction in Developing Countries
 

The following discussion pertains to masonry buildings representing the types of
 
construction used in developing countries. 
Local practices, utilization of building

products, standards compliance, etc., 
are discussed and evaluated with the aid of exhibits
 
of buildings at various levels of completion.
 

Figures 2.13 and 2.14 
show two different stages of construction of a single family

house located in Central Luzon, the Philippines. The walls are built with 3-core concrete 
block units (some of which may be seen lying on the ground in figure 2.13). The units
 
are laid in stacked 
 bond to permit placement of reinforcement through the vertically
aligned cores. On the basis of figure 2.14 the ofquality masonry construction is deemed 
inferior by existing masonry standards. Some of the deficincies noted are: (1) use of
 
defective 
 units, (2) partially filled and non-uniform mortar joints, (3) insufficient
 
horizontal reinforcement 
 for stacked bund construction, and (4) insufficient lintel
 
reinforcement 
 above the openings, it shovld be pointed out, however, that this system

utilizes a peripheral concrete 
 bond beam cast directly above the lintel course (see
figure 2.13). 
 From the standpoint of overall structural integrity in a severe wind 
environment, attention is drawn to the practice of using large roof overhangs which are
 
particularly susceptible 
 to wind damage as they are subjected to a positive pressure from 
below and suction from above [2]. A potentially critical condition also exists in tile
 
masonry column supporting 
 a larger overhang at the corner of the landing. Unless substantial 
top and bottom anchorage and vertical reinforcement is supplied in the column, which is
 
not likely 
 to be the case, given the limited available core space in the single unit 
section, there is a high probability that the column will fail under the impact of wind­
borne missiles and/or uplift forces 
 exerted by the roof in a severe windstorm. 

Figure 2.15 shows completed single family houses in another project located in
 
Central Luzon, the Philippines. Figures 2.16 
and 2.17 display the infill wall construction
 
of a typical unit 
which is judged to be superior in the overall quality of construction
 
as well as wind-resistant capacity 
 to that shown in figure 2.13. Structurally sound
 
features include: (1) 
 the use of running bond (vs. stacked bond) masonry construction 
with vertical and horizontal reinforcement, (2) adequate connections between neighboring

elements and 
 (3) the practice of casting the column concrete after completion of the 
infill walls. With regard to item (2), note for instance, in figure 2.16, that the 
vertical bars extend beyond the 
top of the column and 
the walls to provide connection to
 
the roof. A structurally marginal practice identified by reference to 
figure 2.17 is 
the
 
manner in which the lintels are built. A wood form is shored at the top to give the 
desired height of opening, and the space is filled with broken concrete block remnants
 
and mortar. 
After setting, the metal window frame is fitted into the opening. 
 Probably

the window frame is relied upon to carry the weight of the lintel above it in addition to
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any loads transmitted form the roof. It is not known whether any horizontal reinforcement
 

was placed in the courses above the lintel; none appear to be projecting into the adjacent
 

corner column.
 

Another example of reinforced masonry bearing wall construction used in the Central
 

Luzon area of the Philippines is the house shown in figure 2.18. Although it is quite 

similar to the first systems discussed above (figure 2.13), there are some major differences 

that make it a more viable 5ystcm structurally. For instance, the use of lintels cast 

integrally with the bond beam (figures 2.20 and 2.21) gives better integrity to the 

system. LikewLse, the" hip roof is essentially a space truss which has a better diaphragm 

capability because it is braced in both horizontal directions. Also note that the 

amount of reinforcement (figure 2.19) is more substantial, the masonry and workmanship is 

of a better quality and better connections are used between the roof and wall elements.
 

Tle common inherent weaknesses are: the use of slender columns made by stacking single 

units (figure 2.18) and excessive projections of the roof overhangs. 

Figure 2.22 shows a house built in Bangladesh by CARE, Inc., consisting of walls and 
2/ 

pilasters built with cinva-ray-- masonry units. The wall footings are built wider than 

the walls and are raised above ground to protect the house against floodwater. One of 

the attributes of this house is its low cost because it lends itself to self-help construction 

since the skills needed to produce cinva-ram is minimal. One disadvantage of this construction 

is the difficulty of reinforcing it economically. Since cinva-ram units are solid, 

double wythe walls are needed for the placement of bars. This can be compensated to a 

certain extent by using thicker walls built with larger units. 

The foregoing case studies, which were based on information gathered from field 

surveys of ongoing construction projects, indicate the need for a broader dissemination 

of existing literature on building construction practice to the public. The reference 

section lists some of this information that is available through local sources such as 

the Philippine Standards Association [15 to 18], the Association of Structural Engineers 

of the Philippines [20], the Philippine Bureau of Standards [13, 14], and the Carribean 

Council of Engineering Organizations [27].
 

2.5 Masonry Practices in the United States 

2.5.1 Available Masonry Connectors 

Among the broad variety of connectors available for use in masonry construction, a
 

significantly large number are utilized fcr non-structural applications such as for
 

attachment of facing panels, hangers and miscellaneous appendages. Others are used in
 

dual wall systems such as cavity walls, wood framing with masonry veneer and two-wythe was
 

-2 /Units made by pressing a mixture consisting mostly of clay and 

some cement into rectangular units which are then dried in the sun. 
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with reinforced and grouted collar joint. 
Both of these categories are excluded in this
 
study since they do not relate to the single wythe bearing wall construction most commonly
 

used in developing countries.
 

Figure 2.23 shows a variety of metal anchors used to tie masonry walls to interconnecting 

elements. Tiebars come in different sizes and shapes for diverse applications. Where 
used to provide lateral support hetween abutting bearing walls, i/4-in tiebars with end 
hooks are typically placed in alternate courses with the bent ends embedded in cores
 

filled with mortar or grout as illustrated in figure 2.24 (c). A twisted bar without
 
end hooks is used to tie floor or roof oists to the concrete masonry bearing surface as 
shown in figure 2.24 (b). These joists are supported laterally, at specified intervals, 
by the masonry walls of tie same orientation, with tiebars as indicated in figure 2.24 
(a). Tiebars used in pairs provide an effective means of anchoring the roof to the 
walls. At the top the hooks are lapped anu ailed to the rafter or the top chord of tlhe
 

roof truss. At the bottom, thev are embedded in the concrete bond beam or, in tihe
 

absence of a concrete bond beam, into 
 the grouted cores of the concrete blocks in the
 
top course. Steel reinforcing bars can 
 also be used for this purpose. In either cise
 

proper care should be exercised to protect exposed metal surfaces 
against corrosion. 

Plain or corrugated dovetail bars shown in figure 2.23(e) and (g) are made of 

lighter gage metal than the tiebars and are used to tie masonry walls to concrete walls
 
or columns. These anchors 
 rtquiri special metal duct inserts in the concrete to receive
 

the dovetail end in interlock. Although dovetail anchors are generally designed for
 
non-load bearing masonry wall connections, they provide some measure of resistance 
against pullout forces. The corrugated dovetail tie with an end hook shown figure 2.23 
(f) provides an effective means of anchoring door and window frames to the masonry 

walls.
 

Anchor bo]ts such as the one shown in figure 2.23 (h) are mainly used to connect 

wood elements to the masonry. The bent end generally gives more holding power for the 

same length of embedment than the head of a standard straight bolt. Figure 2.25 illustrates 

two anchor bolt applications: (a) anchorage of sill masonryto wall and (b) anchorage 

of stud wall to masonry wall. Also consult figures 3.23 and 3.24 which illustrate the 
use of anchor bolts to connect a stud wall system cast concrete slab footings and
 

concrete masonry foundation walls. 

Figure 2.26 shows reinforcement designed for placement in the horizontal joints of 

masonry walls. The two common shapes are the truss and the ladder shown in (a) and (b), 
respectively. This reinforcement is fabricated from light-gage, cold-drawn steel and 

consists of two longitudinal rods welded together by cross rods. Joint reinforcement is 

used as a means to avoid or control cracking in masonry walls and to improve their 

tensile strength in horizontal flexure. 
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The 
use of joint reinforcement is strongly recommended in walls of stacked bond
construction which are prone to develop cracking in service along the vertically aligned

mortar joints. 
A good practice is to 
use them in alternate courses 
in stacked bond

construction and in every third 
course in running bond construction. 
Special prefabricated

units are also available for 
continuous reinforcement around 
corners as 
in figure 2 .26(c)
and (d), 
and for anchoring abutting walls and partitions as in figure 2 .26(e) and 
(f).
 

There are 
a large number of manufacturers of masonry connectors. 
 The best source

of obtaining names of manufacturers is The Thomas Register 
[26] 
and the best source of
obtaining product information is Sweet's Industrial Consturction Catalog File 
[3]. The
pertinent data supplied by the manufacturer include descriptions of the available products,
their application, technical 
data and 
level of acceptance by building regulatory agencies.
 

2.5.2 Available Technica I Information 

The design and cons 
truction of masonry buildings are governed by the provisions of
various regulatory documents. 
Among these, the principal one 
for concrete masonry is
the NC,.NA Specification 
 128] which comes with a Commentary [29] giving the rationale
 
behind its provisions. 
 The Ai Committee 531 report [30] 
contains proposed reocamnendations 
for concrete masonry structures 
that have been referenced by Jamaican sources 
[1]. This

committee is 
currently preparing 
a revised code 
for concrete masonry. Provisions for
 
maosnry in general, ar. prescribed in ANSI 
 A41 [31] and the Uniform Building Code [32]. 

Information of 
a loss technical nature is 
contained in reference 
[33] published by
NCA, which provides, guidance for vocational training in concrete masonry. NCMA also
published a TEK series [34] 
which supplies technical information on design, construction
 
and detailing aspects 
o concrete masonry. 

Experimental and analyvtical research work on concrete masonry conducted at the
National Bureau of Standards is described in various publications media with the more
recent ones 
incuded in the reference list [35 to 39]. 
 Additional sources of information
 
on concrete masonry-related practices are also listed 
[40 to 46].
 

2.6 Suggested Improvements in asonr Construction 

2.6.1 Utilization of Available Connectors
 

Improvements in building construction can be obtained through a bet.er utilization 
of available masonry connectors. 
 The methods include the use of tiebars as an expedient

means of anchoring masonry wails together 
as well 
as to roof and foundation elements.

Bars of i/8-to i/4-inch thickness which should be locally available in many developing
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countries can be bent or twisted to give them the desired configuration by labor-intensive
 

methods much in the same manner as is employed to hook reinforcing bars in the field.
 

it was previously noted that connections effected by tiebars may also be accomplished
 

by using plain or deformed reinforcing bars which are generally more readily available 

than tiebars. To be effectivs, exposed reinforcing bars should be resistant to corrosive 

agents. Where used to connect the roof to the masonry walls, reiniorcement should have 

sufficient embedment in concrete or grout-in-core at the bottom, and should preferably 

extend over and around the connecting roof element and be secured on both sides by 

straps nailed into the wood. 

To provide anchorage between intersecting walls, reinforcing bars formed into a
 

loop or hooked at both ends may be placed in bed mortar for constructions without using 

bond beams as indicated in figure 2.27(a) and (b). W~here bond beams are utilized a more 

substantial anchorage may be effected by bending and extending the bars into the neighboring 

walls as indicated in figure 2.27(c) and (d). Likewise, walls may be connected to the 

foundation by dowels embedded in the footing (bent dowels are preferable) and extending 

into the grouted core of the wall and lapping with the vertical reinforcement. 

2.6.2 Improved Construction Practices in Severe Wind Environment 

Improved structural response in a severe wind environment may be achieved through 

practices which have been identified through past records to be more effective during 

natural disasters. The more important aspects are: 

1. 	 Use of Peripheral bond beam connecting all load-bearing masonry elements together. 

Alternate construction schemes include the use of a cast concrete beam and the use 

of bond beam masonry units through the top course (figure 1.4). Both schemes 

permit placement of horizontal reinforcement to achieve better integri.y at the 

top. It should also be mentioned that a substantial bond beam relieves the walls 

from resisting forces in out-of-plane flexure and supplements the diaphragm rigidity of 

the roof. 

2. 	 Use of appropriate lintels and connections between lintels and the rest of the 

walls. Alternate cast-in-place and precase lintels are indicated in figure 1.4.
 

A most effective means of achieving continuity of Lintels is to cast them integrally 

with the bond beam as indicated in figure 2.20. 

3. 	 The need for adequate diaphragm capability of the roof cannot be overemphasized. The 

roof system should preferably be braced in both directions to achieve a measure of 

diaphragm rigidity which is needed to transmit lateral wind loads to the appropriate 

shear walls below. 
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4. 
 The use of slender vertical elements such as those built with single stacked concrete
 
masonry units to 
provide columns for the support of large roof overhangs at reentrant
 
corners or 
landings should be avoided in a severe wind environment. This restriction
 
is necessary because these elements are highly susceptible to impact by flying
 
debris and uplift transmitted from the roof. 

5. 
 Large roof overhangs serve as vehicles for attracting and transmitting higher uplift

forces on to the system and therefore require more 
substantial construction provisions
 
against high winds. Considerations such 
as aesthetics, shading provisions and
 
social preferences of dwelling environment should be traded off against precticality
 
of design and increased costs associated with such practices to arrive at a 
reasonable compromise.
 

6. Overall integrity of the system should be assured by providing continuity between 
vertical wall reinforcements and the roof and foundation through appropriate 
utilization of reinforcing bars and anchor bolts and by providing continuity between
 
intersecting walls by means of tiebars and/or horizontal reinforcement grouted
within a bond beam course and extending into the neighboring walls and partitions.

7. 
 The use of infill wall construction in building systems under a severe wind environment
 
should be encouraged. The masonry infill walls should be laid first on top of a 
cast concrete wall footing and attached to it by means of dowels lappel a sufficient 
distance with the vertical reinforcement placed into the grouted cores of the hollow 
blocks. Horizontal and vertical reinforcement should project from the sides and top
of the filler walls to achieve continuity with the surrounding concrete frame which
 
should be cast last.
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Figure 2.3 Collapse of one-story building caused by the
 
November 1974 typhoon in the Philippines.
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Figure 2.4 Failure of metal anchor plate in building destroyed 
by the November 1974 typhoon in the Philippines. 
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Figure 2.5 Roof faiZure in bzuiZding caused by the typhoon 
in November 1924, in the Philippines. 



Figure 2.6 	 Single family houses damagea or aestroyea 

bi. the typhoon in November 1970, in Central 

Luzon, the Philippines.
 



Figure 2. 7 Single family house ohowing collapse of roof and exterior 

walZ during the Philippines typhoon in November, 1970. 
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Figure 2.8 Interior damage of single family house caused by the 
November 1970 typhoon in the Philippines.
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de ,r c?-oz. 



Building of cavity wall construction 
in Darwin,
 

Figure 2.10 

Australia, partially destroyed by the December, 

1974
 

cyclone.
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Figure 2.11 	 Building in Da win, Australia showing partial colZapse
of' roof and " asozr7 inl-7 waZZrs oise2i, the December, 1974 
cycZo)I. 



Figure 2.12 Failure ofrzoai~zcrate nasonry wall in building subjected to 
the Decgmb)e", c§one in Darwin, Australia. 
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Figure 2. 13 Jina -r1t flC.J2~rctcz
Cent ' - ,,a~, t ;ty-: -pic, 



Figure 2.14 Stacked bond crete masonry wall construction 
or single farily occupanc: in Central Luzon, 

the P" - i" 
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Figure. 2.15 	 SingZe family housing development in Central Luzon, 
the PhiZippines. 
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Figure 2.16 	 Concrete columns with concrete manonry 7nfill walls being
 
constructed for single family dwjelling occupancy in
 
Central Luzon, the Philippines.
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Figure 2.17 	 Construction of single family hozsing unit in Central 
Luzon, the Philippines, showing concrete masonry 
filler walls and reinforcement of corner column. 
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Figure 2.18 Reinforced concrete masonry!dwlZZina unit in
 
CentraZ Luzon, the Phiippines. 
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Figure 2.19 Reinforced concrete Masonry waZls under construction 
for hous ng in Centra7 Luzon, the PhiZippines.
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Figure 2.20 
Concrete masonry bearing wall construction with truss type

roof for housing in Central Luzon, the Philippines.
 



Figure 2.21 Single family housing unidr construction in Central Luzon, 
the Philippines, showing concrete bond beam detail over 
openings. 
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Figure 2.2f; ~oarc .~:s <a near D7acca, BanrZadesh 
I ~ ;rzmJazz :?o7Zstr,2t-:O~n :--th ocrruaated 



((b) 

(C)) 

(h) 

Figure 2.23 Various metal anchors: (a), (b) tiebare with end hooks; 
(c) tiebar with hook and split hook; (d) tieLar with 90' 
twist; (e) corrugated dovetail tie; (f) cormgated tie; 
(g) dovetail tie with hook; (h) Anchor bolt. 
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Cross bracing at 
every wall Sldui
 

anchor and at (a) (b)

intermediate
 

Hollow bridging unit
spacingsas required. 

Solid top units in 
course supporting 

joists.
f 

odoitfrinJ ... 

or~~~~underside 
I / of joists. 

side 
anchorsWal~ ~ areuedi~ Nal teral to have m. 

'Joists 

Anchors should have split end
 
embedded in mortar joint or end bent 1"i4 wse te lt
down into block core and core fi;led alhors twisted steel plate
 
with mortar. Length of anchor should anchors with one end embedded
 

be sufficient to engage at in horizontal mortar joint.
 
least three joists.
 

(c) 

Place metal lath or wire 
screen over cores to 
support morar or 

concrete fill. 

Rake out and _ 

caulk to form 
control joint if 

exposed to view. 

Embed bent ends 
in cores filled with 

I'lfi'/30*strap mortar or concrete. 
anchors with 3"right
angle bends at each 

end, at vertical 
spacings not 

exceeding 32 o.c. 

Application of metal anchors in masonry construction:
Figure 2.24 

(a) tiebar anchor to wood joists; (b) twisted anchor
 

connecting wood joist to concrete masonry bearing 
wall;
 

(c) tiebar anchor connecting concrete masonry
 

intersecting walls.
 

42 

3 



--

Sill 

Joist 
Toenail
loist to
 

sill or anchor to
sill with
 
Trip-L.Grip or
 

as show,,.
ah 
Rake out and caulk 

- Metal washer 

Doubleandboltsstuds 
top andbottom courses 

and 32 oc. max. 
Fill hollow 

cores in course
 
Supporting floor
 

with concrete
 

ormortar.
 
:2" WOOD STUD WALLmin. dia. anchor bolts 


extending at least 
15' into
 
filled cells in the masonry
 

and spaced not more
 
than 6'.0"o.c. to
anchor sill to wall. 

Place wire screen or metal lath in 
jointunder cores to be filled to
 
prevent filling of cores 
below. 

(a) 

--woei 4p'' " anchor bolt for masonp:y connection: (a)nection of si"Z~p'ate to ccncre, m7asonry bear'in-? waZZ;
,') ,onnecaion o' concrete mazsonri a o wood stud waZZ. 
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(a) (h) 

(c) (d) 

(e) (f) 

(a) trusn; (b) ladder;Figure 2.26 Joint reinforcement in masonry walls: 

(c) and (d) prefabricatedcorner section; (e) and (f) 
profricated tee section. 



Solid grout
abutting cores 

0. 0 < 

/4 "round ties1 1/4 roundtein mortar joint around vertical brs 

(a) (b) 

P ./C/. G
1-">""'."'/.,," 
 30 bar dliam,. 

S . . .. 30-m u m - i 

Outside bars extend around 
corner- inside bars 
extend as faras possible
& bend into corner core 

tj
 
EXTERIOR WALL BOND BEAM
BOND BEAM AT WALL INTERSECTION 

(c) 
 (d) 

Figure 2.27 Horizontal reinforcement between intersecting masonry walls: 
(a) and (b) without bond beams; (c) and (d) with bond beam.
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3. FASTENERS FOR TIMBER CONSTRUCTION IN HIGH WIND AREAS-A
 

by
 

5 
G.E. Sherwood and T.L. Wilkinson / 

3.1 Introduction
 

Houses and other low-rise buildings in many tropical areas such as Jamaica, Bangladesh,
 

and the Philippines are subject to extreme winds several times each year. Failures that
 

occur in buildings or building elements of wood construction usually occur in the fasteners
 

rather than in the structural members. Buildings that are adequately braced to resist
 

racking forces, and have each element tied together from foundation to roofing, can 

resict high winds without structural failures. This section describes and provides 

sources 
for commercially available timber connectors, existing timber-related building
 

practice n the Philippines, and identification of good and poor timber connector practice. 

It also presents recommended practice, including connectors that can be fabricated by 

the indigenous people. 

3.2 Available Timber Fasteners 

3.2.1 Nails, Screws, Bolts, and Lag Screws 

These common mechanical fasteners for wood come in many varieties. A variety of
 

nails is shown in figure 3.L. Some may be used for several purposes while others are 

intended for special purposes. 

In general, nails resist or transmit smaller loads than screws, and screws resist 

or transmit smaller loads than bolts or lag screws. However, because of their smaller 

size, more nails can usually he used in a joint. A good source of information of the 

design of joints with such fasteners is the National Design Sepciflcation for Stress-

Grade Lumber and Its Fastenings by the National Forest Products Association [47].
 

There are a large number of manufacturers of such fasteners. The best source for
 

obtaining names of manufacturers is the Thomas Register of American Manufacturers and
 

Thomas Register Catalog File [26].
 

4/ This work was done in cooperation with the Natiorial Bureau of Standards, U.S.
 
Department of Commerce, Woshington, D.C. 

Messrs G.E. 
Sherwood and T.L. Wilkinson are engineers with the Forest Products Laboratory,
 
Forest Service, U.S. Department of Agriculture, maintained at Madison, Wisconsin, in
 
cooperation with the University of Wisconsin.
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These manufacturers can provide catalogs which describe the fasLeners they manufacture
 

along with the intended purpose for each.
 

3.2.2 Timber Connectors
 

Timber connectors generally refer to split rings, shear plates, and toothed rings
 

(figures 3.2, 3.3 and 3.4). These are 
intended primarily for heavy timber (members
 

larger than 4 inches in thickness) construction and usually result in bulky joints.
 

Special tools and skills are needed 
for properly constructed timber connector joints.
 

Split rings and toothed rings are used for wood-to-wood joints, and shear plates
 

are used for wood-to-steel joints, and sometimes for wood-to-wood joints. 
 Proper joint
 

design procedures and loads can be found in ref. [47].
 

Manufacturers of timber connectors as 
listed in Thomas Register are as follows:
 

(1) 	Simpson Company
 
1472 Doolittle Drive
 
San Leandro, California 94577
 

(2) 	Woodmack Products, Inc.
 
852 Aldo Avenue
 
Santa Clara, California 95050
 

(3) 	Timber Engineering Company
 
5530 Wisconsin Avenue
 
Washington, D.C. 20015
 

(4) 	Kees, F.D., Manufacturing Company
 

21 High Street
 
,Beatrice, Nebraska 68310
 

(5) 	Cleveland Steel Specialty Company
 
14442 Industrial Avenue, South
 
Cleveland, Ohio 43228
 

3.2.3 Truss Plates
 

These fasteners are made of galvanized sheet metal, usually 20 gage, intended
 

primarily for use as gussets for light timber 
(members 2 inches thick) trusses. The
 

plates may be obtained in many sizes of rectangular shape. Their means of transferring
 

load 	vary from the use of nails in punched holes, plugs or barbs of different shapes, to
 

teeth of different shapes and lengths. Figure 3.5 shows some 
typical plates.
 

Procedures for designing with these plates 
are presented in Design Specifications
 

for Light Metal Plate Connected Wood Trusses by the Truss Plate Institute [48]. 
 This
 

publication also lists 11 manufacturers which are 
members of the Truss Plate Institute.
 

Detailed description of the plates and design loads can be obtained from the
 

manufacturers.
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3.2.4 Sheet Metal Fasteners and Other Special Devices
 

These fasteners include such items as joist and beam hangers, framing anchors,
 

rafter anchors, post anchors, etc., (figure 3.6), which are made of galvanized sheet
 

metal and which require fastening to the framing with nails or screws.
 

A Good reference for descriptions and specifications of these fasteners is Products
 

in Action by the Timber Engineering Company [49].
 

Some of the manufacturers of truss plates also make certain types of special fasteners
 

for use in framing applications.
 

3.3 Philippine Timber-Related Practices
 

Timber-related building practices in the Philippines can be divided into three
 

general categories:
 

serve as
(1) 	Pole-type construction in which poles are set into the ground to 


foundation and extend to the roof (figure 3.7).
 

(2) 	Concrete slab, perimeter, or pier foundation of concrete or masonry with wall
 

and roof framing of wood (figure 3.8).
 

(3) Concrete slab or perimeter foundation supporting masonry or poured concrete
 

wolls, and a wood-frame roof (figure 3.9).
 

3.3.1 Pole Type
 

This 	type of construction is well suited to highwind areas because the major structural
 

member, the pole, serves as the connecting link between all other structural members.
 

If the poles are set 4 feet or more into the ground, they serve as anchors for the
 

building. For long life, all poles must be pressure treated for resistance to decay and
 

inseLt attack.
 

Roof-framing members are either round oz sawn timbers. In remote areas, they may
 

be tied together with strips of bamboo (figure 3.10). This type of conrctor appears to
 

provide good resistancr to wind forces. Nailing is also effective if nails are loaded
 

laterally rather than in direct withdrawal.
 

Covering materials for this type of construction are often thatch roofs and walls 

of thatch or bamboo. There appear.; to be no way to assure anchorage of thatch during 

high winds (figure 3.11). Wood siding nailed to framing members offers good resistance 

to wind, ',:tnails should be corrosion resistant. 
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3.3.2 Wood-Framed Wall and Roof
 

Wood-framed walls often have a single covering material. 
 It may be applied to the 

exterior of the building or set between framing members. Anchor bolts are used to tie 

the w;all to the foundation. Where the foundation is concrete block, the anchor bolt 

should extend through blocks lato the footing. If the house is anchored only to the top 

concrte block, this block may be pulled from the foundation and moved with the house.
 

CJoverint, material applied on the outside of the framing (fig. 3.12) protects the 

wal; frA .ig and connectors from rain. Walls with the covering set 
into the framing
 

have a r.-a:tr potential fr tapping water, and thus promoting dMcay. 
Anchor bolts on 

til: ouci.V of the wall are particularly susceptible to trapping water (fig. 3.13). 

The; can oas ilv be pLaced on the inside for protection. The type of sill plate shown in 

i .e also traps water.i.13 The sill plate should at least be sloped to the outside
 

so water will orain from it, and the 
joint with panel materials should be caulked.
 

Roo: !ra::iing is either nailed to the top of the wall or secured with sheet metal
 

conQCt ,r:s. Good nailing 
Phe"id hold down the roof framing, but sheet metal '.)nnectors
 

proide, a arsrnger joint and have less chance of being improperly nailed.
 

3.3.3 Masour' Wall 

On. method of tying roof framing to a masonry wall is to pour reinforced-concrete
 

columns a7 all 
cornei. and at intermediate locations on long walls. Reinforcement is
 

tied to the foundation and extends above the columns so 
that it can be attached to a 

wood beamu which extends completely around the perimeter of th, house on top of the 

masaonrv -ail. Trusses a~e sometimes anchored to this beam by metal straps nailed to
 

both ,ombers. The metal strop has a 90' twist at its center which weakens it and allows 

the naiL[ to he pul.led out when anything but a direct uplift 
force is exerted on the
 

strap (fig. 14).
 

A Snvot :etal connector that can be nailed to both sides of the rafter and beam 

would provent the type of failure caused by rotation in the single, heavy strap. 

3.3.4 Ro~of ifr. iPg 

Framing for the zoof of any of the types of structures involves use of either
 

trusses or a rafter-and-ioist system. Trusses are fabricated with metal plate connectors
 

or bo.ted joints. In somL larger structures, split-ring connectors are used. Trusses
 

generally are made 
from an engineered design and under controlled conditions, so they
 

have less potnttal for failure than the conventional rafter-and-joist system.
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Where rafters are used, some type of collar tie is important to keep the roof
 

from dividing at the peak (fig. 3.15). Ceiling joists, well nailed or bolted to rafters,
 

prevent the roof from spreading outward (fig. 3.16).
 

Nailed joints are
 

among the most vulnerable beciuce in this application the nail is loaded in direct
 

Purlins are connected to rafters or trusses in several ways. 


withdrawal. Short 2 by 2's nailed to the purlin and the rafter (fig.3.16) provide a
 

stronger joint by loading the nails laterally.
 

3.3.5 Roofin.
 

The major roofing material in the Philippines is corrugated sheet metal. One
 

method of tying roofing to purlins is the use of sheet metal straps (fig. 3.17). One
 

end of the strap is bent at a 90' angle, and that bent portion is riveted to the roofing.
 

iS nailed to the side of the purlin and bent under the purlin. The attachmentThe strap 

of the ;trip to oniv one sidc of the purlin results in an unsymmetrical load so the 

strap can b twistcd off by wind forces. Two straps riveted to the roofing on both 

sides of the purlin and lapped under the purlin, would resist forces due to moment in
 

the connector. 

Figure 3.18 illustrates the effectiveness of having tiedowns sy-nctrically loaded.
 

A wire was tied to a nail in the bottom of the purlin, punched through .he roofing,
 

wrapped over the purlin, and tied back to the nail. This tie held well enough that the
 

purlin-to-rafter connection failed before the roofing connector. However, roof leakage
 

may be a problem.
 

3.3.6 protection From Wood-Destroying Organisms
 

A key element of good performance of timber connectors is maintenance of the strength
 

properties of the wood. In many cases where failures have occurred, some deterioration
 

of the wood is evident (fig. 3.19). Staining is prevalent around many nails and bolts
 

(fig. 3.20), which reduces decay resistance of the wood. Corrosion of nails also results
 

in loss of cross section which loosens the nails. In such a humid environment, all
 

connectors shoulA be corrosion resistant.
 

3.3.7 Summary of Good and Poor Practices
 

Design, construction, and maintenance practices are summarized below:
 

Good Design Practices
 

Design the building to act as a unit by connecting all components together and
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anchoring the whole structure to the foundation. Design joints to resist torsion as
 

well as uplift even whiere it means using connectors in pairs.
 

Good Construction Practices
 

The use of engineered trusses fabricated under good quality control assures structural
 

integrity of the roof framing. Where trusses are not used, collar beams and ceilinp
 

joists must 
be niiled or bolted to the rafters. Sheet metal connectors provide bettLr
 

quality conLrjol Ot joints than nails alone.
 

Pole framing offers a good way of tying componenets together because all majar
 

structural members are connected to the 
poles. In masonry construction, a reinforcing
 

rod extending from the footing to the 
 roof provides the required continuous tie. 

Good Maintenance Pract. es 

All canrctors should be corrosion resistant. Locate connectors where they are 

protected Iron rain, and avoid exposed joints which trap water. 

Poor De! gi Prac t i5es 

Loads shmuld not be concentrated in a small number of connectors. Connectors 

applied to only one side of a member can often be twisted off because they have little 

resistance to torsional loads.
 

Poor Construction Practices
 

Nails loaded in direct withdrawal offer less resistance than laterally loaded 

nails. Roof framing that is anchored only to the top coorse of a block wall may blow 

off taking the blocks with it. 

Poor Maintenance Practices 

The use of connectors that are no. corrosion resistant is poor practtce in a humid
 

location. Exposure of connectors to rain provides a place for water 
to enter the wood
 

and promote decay. Horizontal members exposed as exterior elements form water 
traps
 

which can lead to decay.
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3.4 Timber Fasteners Appropriate for Construction
 

in Developing Areas With High Winds
 

3.4.1 'ole-Tvp? Construction
 

the main vertical framing, major
set in the ground to serve as 


the poles assures the structural integrity
 
Where poles are 


floor and roof framing securely attached to 


members commonly used for indigenous type of construction
 
of the building. Round framix 

the poles with strips of bamboo (fig. 1.3). Sawn timbers 
have been successfully tied to 

or larger bolts, depending on the load. If 
should be bolted to the poles using 3/4-in 

a wider
used with sawn timber framing, notching the pole to provide

round poles are 
meet end-to­

3.21.) may be necessary, especially where two members 
bering surface (fiig. 

end (fig. 1.22). 

boards nailed directly to the framing. Corrosion-resistant
Siding matrialfs iav be 

this application. Indigenous-typc construction 
nails are particularly important for 

walls of bamboo or thatch. These coverings have served well in manyoften employs 

in extreme winds.applcations, but arc difficult to secure 

3.4.2 l.1jtWe)yd-'rarie Construcrion 

not only be anchored to the foundation at its base, but must 
The wod-frame must 

Anchorage of wall framing

also provide i continuous tie from the foundation to the roof. 


with hooked bolts embedded 8 to 12 inches
 
14 concre'te fOundat ion may be accomplishedto 


be used under the nut to spread the load on the
 
in the concrete. A large washer should 


bolt

(1 3.23). Where the foundation is concrete block, the anchor

wood frumiu 


throuh the bLock and be anchored in the concrete footing (fig. 3.24).

shouLd extend 


the anchor bolt should be protected fcom weather. Were a single

The exposed end of 


placed on the protected side
 
covering material is set into framing, the bolt should be 


of the covwring material (fig. 3.25).
 

as well as anchored. Panel-type covering materialThe wall must be tied together 

plate provides this continuous tie. Panel 
nailed to the anchored sill and to the top 

to framing completely around its perimeter also provides racking 
resistance
 

material nailed 


Where siding does not provide such a tie, sheet metal straps can 
be used
 

in the wall. 


as connectors between plates and vertical framing (fig. 3.26).
 

tied to walls with sheet metal brackets (fig. 3.27) or
 
Roof framing is effectively 


wood cleats (fig. 3.28). Where a ceiling joist-and-rafter system is used, sheet metal
 

straps nailed to joists and studs (fig. 3.29) provide a good tiedown for roof framing.
 

In this method, the rafter must be well nailed to the ceiling joists.
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3.4.3 Concrete and Masonr Construction 

Pour.ed concrete posts at corners and intermediate locations in concrete black wall.s 

provide tiedown points for roof framing. Wood plated can be tied down to hooked bolts 

in the poured concrete posts or walls. This is the sane type of connector shown in 

~figure 3.23. Roof framing can then be attached to the anchored plate by'sheetm4etal 

brackets or wood cleats as shown in figure 3.27 and 3.28. 

3..4Roof FraminI,, 

Trusses-may be used for roof framing for any of the types of construction that h~ave 

been discussed. Connectors may be metal plates for light construction or split-rings 

for heavy constru(,tion. Split-rings that are tapered in cross section and wedged into 

place have the highest load-carrying capacity. 

3.4.5 Roofing 

F' 

Thatch roofs are often used for indigenous construction. The thatch is tied to 

small poles which are laid onl the roof in courses with each course overlapping the one 

below. Poles are secure d by tying them to roof framing with bamboo strips which provide 

good resistance to wind loads. However, the thatch Itself may blow off in extreme 

winds. 

• - / " • , - . , L : ,, . - •: ; -. , , . . - . • , . -, , : - , 

--

Thle predominant roofing material is corrugated, galvanized sheet metal. Thle usual 

roof system con,-1sts of purlins (sometimes referred to as root' joists) spanning between 

rafters or trusses, and rouf'ing attached to these purlins. 'Fie purlins should be tied 

to rafters with sheet metal. brackets (fig. 3.30) or with wood cleats (fig. 3.31). In 

either case the tiedowns should be attachable to both sides-of the purlin and rafter, so 

they, cannot be twisted off by loads that are not perpendicular to the purlins. 

-44 - 4i : : i : ,L '¢? !i• 
, : ? : / ; !q i , ~ ¢4: 4/ :,,d -',,i:i. 4i:i i; ,- •44 ,!,!i-< i ': <? w -4 F:; 

-~ 

Corrugated roofing is best affixed by a fastener that wraps completely around the 

purlin. Two sheet metal straps lapped uinder the purlin -and riveted to the corrugated 

roofing on each side of the purlin (fig. 3.32) provide a good connector system that 

resist: moment loads which cause failure when-a strap is used on only one side. 

j 3.5 Fasteners for Fabricition by Indigenous People 

Any of the sheet metal straps could be easily fabricated with a minimum of tools. 

A minimum thickness of 20-gage galvanized sheet metal should be used. A width of 1-1/4 

inches and a length of 20 inches would be suitable-for-many applications (fig. 3.33). 

It may be necessary, to vary this size for specific applications. 

53 



*. j Galvanized strap could be fabricated for roofing tiedowns. This strap should be 

only about,6 inches long, bent at 900 1 inch from one end, anid have a 1/4-in hole 

punched in the 1-in section (fig..3.34)J'These straps should be used only in pairs on 

the two straps lapped and nailed to the bottom as well as sides of the purlin. 

A multipurpose bracket could be fabricated from 20gage galvanized Steel. A suggested 

size is given in figure 3.35; however, this could be varied for other standard sizes of 

wwood framing. Slits cut in the sheet metal permit forming the bracket for a variety of 

uses. 

Split-ring connectors have been fabricated by cutting 3/4-in wide sections from 3­

in steel pipe, and then cutting the ring at an angle. This connector and present 

commercially produced split-ring oncosaesow nfgr .6 For maximum 

strength the ring should be wedged tightly into the circula,:' groove cut in the wood, 

Present commercial split-rings cut from steel pipe should have good load-carrying capacity 

even though its capacity would he somcwhat less than the tapered ring. 

2 *i"'' 3?''' " 
' : 
.. 

Metal plate connectors 'or truss Joints is another possibility for, fabrication by 

,indigenous people. These ire usually fabricated from 20-gage galvi~nized sheet metal. 

The sheet metal is punched in ay that produces barbs or teeth at right angles to the 

plate. Plates with barbns punched in the pattern shown in figure 37 generally do not 

maintain optimum strength aftcr expansion and contraction of the wood with, moisture 

changes ov'er a long4 period of7time. Plates with teeth that penetrate deeper than barbs 

are less affected by moisture cycling of the wood. 

i ;i! 
" 

.. . "s :"...... " " : ::" " 
' 

" " 
I 

S+'" ' :' f! " ;: 
; ; 

q<: :" -,V,- " : ° ,' Y ;< ''..., -. ,,-' 7;I 

3.6 Summary 

W~sind-resistant construction for vood-frame buildings in developing countries can be 

achieved by providing good connctors between all members from foundation to roofing. 

All connectors should be corircsicn resistant and Protected from rain where possible. 

Connectors should be designed to resist being twisted off. VWhere nails are used, connectors 

should be a type that load the nails laterally rather than in direct withdrawal. 

Sheet 

developing 

equipment. 

metal straps and 

countries. Such 

brackets could 'easily be fabricated by 

co-nnectors could be fabricated using a 

indigenous pi-uple in 

minimum of tools and 

3.7 A Caution 

In present tropical cnstruction, the most frequ,nt failure caused by high winds is 

the loss of roofs. It should '--recognized that i~proved design which holds the roof 
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securely will ultimately result in the concentration of greater loads in other parts of
 
the building. 
Details of wall construction and anchorage to 
the foundation which have
 
been adequate when the roof failure relieved the total load 
on the building, may not be

adequate when the roof remains intact. 
 The building will be subjected to a large overturning
 
moment as well as to 
uplift load on walls.
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Figure 3. 1 Various types of' nais: A, bright, smooth wire naiZ; P, cement­
coated; C, zz"nc-coated; D, ahemicaZiy etched; E, annziZarly threaded; 
F, helicaZy threaded; -, heZica'IZ threaded and barbed; a d H, barbed. 



-J 

Figure 3.2 Joint with spZit-ring connector showing connector, precut groove, bolt,
 
washer, and nut. 



L'­
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~~-~zgconnector. 



Figure 3.4 Joints with Bhear-pZate connectors with A, wood side plates; and B.,steel side plates. 
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Figure 3.5 Some typicaZ truss pZates.
 



TECO DU-At-CLIP 
Framing Anchors 

i r. 

TECO TRIP-L.GRIP 

Framing Anchors 

Figure 3.6 
Some exampZes of special fasteners made by the Timber
 
Engineering Company.
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Figure 3.7 Pole-tpe construeti,', 
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Figure 3.8 Wood-frore wal Z and roof. 



Figure 3. 9 Concrete b7Zoc; -27Z ico f ra, roof'. 



Figure 3.10 Roof framing tied down with strips of bamboo. 
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Figure 3.11 Thatch roof with thatch partlaZZy biown off.
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Figure 3.14 .fetaZ strap on onZy one side of to resist 
bending Zoad.
 



Figure 3.15 Collar ties hold rafters from pulling apart at the peak.
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'igure 3.16 
Ceiling joist bolted to rafter resists outward thrust of
rafter. Wcod cleats tie purlins to rafters. 
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Figure 3.17 Sheet metal strap nailed to one side of purlin and riveted to 
corrugated roofing.
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Figure 3.18 Although the roof bZew off of the structure, the corrugated roofing
 
was effectiveZy tied to purlins by wires completeZy around the purlins. 
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Figure 3.20 Staining from corrosion of botts and nails. 



Figure 3.21 Round pole notched for sawn framing member. 

Figure 3.22 TWo framing members butted end-to-end over fiat notch and 
boted to a pole. 
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WOOD CLEATS 

ROOF FRAMING 

--SIDE NAILING 

DOUBLE TOP PLATES 

---STU D 

Fiqure 3.28 Wood cleute naiZcd to each side of roof frw*,nq and to 
top platteo. 
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20- GAGE GALVANIZED 
HEET METAL 

__._•_ ___ 11/4" 

_-_20" 

FIz'jlue 3.-33 MlItipurpose strap. Lent-iz and width C'a be varied for 
spcc.fic applications.
 

1/4" RIVET AND I" WASHER 

GALVANIZED STRAP 
~ 

yI 
5 I 

tig'iaue 3.34 	 Galvanized shect metal strp with rivet and washor for tying 
dowz corrugated roofing. 
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BEND LINES --- _.J 
I 45/alu 

* . 

• -4 "/2" 518"
 

Figure 3.35 MuZtipurpose bracket fabricated from 20-gage gaZvanized steel. 
Bend either direction at bend lines to form desired bracket.
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Figure 3.37 PZate connector with barbs.
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ABSTRACT 

Housing is probably the single most important consumer good in most
 

housing need is a
economics. Measuring the size of a region's unmet 


firqt step to planning and implementin,, improvements in housing condi­

needs in an economictions. This study analyzes the ..oncept of housing 

and projecting housing needs at
framewiwk. A methodology for estimating 

the regiwial level is develaped. The methodology attempts to make 

is the core meaningexplicit the income redistribut ion intent which 

hehind the concept o f housinp teeds, 
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EXECUTIVE SUMI4ARY
 

Determining the size of a region's unmet 
housing needs is an 
im­
portant first step to planning ind enacting public policies and programs 
which will improve 
the condition, 
size and quality of a country's
 
housing inventory. 
The assessment 
of 
current and future housing needs
 
is particularly important in the developing regions of the world where 
the twin pressures of population growth and urbanization especially 

aggravate the housing problem. 

This study develops a basic methodology for estimating and pro­
jecting housing needs. 
 ProceduriO; are developed to compare the costs 
with the potential income redistLi fH)Lion effects of meeting the housing 
need shortfall. This methodology Ia:; been designed to he andflexible 

adaptable to situations in which hou iing and demographic data may be 
sparse. An extended example is pr sented which illustrates this method­

ology.
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1. INTRODUCTION
 

The condition, location, size, and quality of the housing inventory
 

are important elements in the set 
of factors which describes a country's
 

standard of living. 
 This is irrespective of the stage of economic
 

development or the organizational basis of a country's economic system.
 

Housing is probably the single most 
important consumer good in most
 

economies. 
Housing expense is often the single largest component of a
 

household's monthly budget. 
 The public attention given housing often
 
centers around the universal complaint that housing costs too much.
 

Other problems, slums and squatter settlements, congestion, crime, and
 
overcrowding become intertwined with and heighten concerns over the
 

adequacy of 
an area's housing stock. 
Miserable housing conditions are
 

the most visible manifestation of 
an area's poverty problem.
 

Such perceptions, if they 
are to be translated into realistic and
 
effective public intervention, require accurate assessment and defini­

tion of the nature and size of the problems that 
exist in the housing
 

area. Providing such measurement is the general purpose of studies of a
 

country's or region's housing needs or requirements. 

The twin pressures of population growth and urbanization are
 

forcing the developing nations of the world to make careful measure of
 
their present and future housing needs. 
 Such assessments are an impera­

tive input to the efficient allocation of scarce public resources.
 
Public housing programs must compete for the public dollar with other
 

vital social programs.
 

The purpose of this paper is to 
clarify some of the issues that are
 
involved in the measurement of housing need and to 
provide an imple­
mentable housing needs estimaLion and projection methodolDgy. 
First we
 
shall discuss the economic issues 
involved in housing needs estimation.
 

Next we shall present in some detail a step-by-step description of 
the
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procedures for estimating the current level, and projecting the future
 

level, of housing needs. A detailed example will illustrate the method­

ology. Finally we shall discuss the modifications to the methodology
 

that are implied by the development of a building technology for low­

rise/low-cost buildings to better resist extreme winds.
 

1.1 The Normative Basis of Needs Estimates
 

At any particular point in tiLe, a country's or region's housing
 

need is measured by the number or value of additional units that would
 

be required to bring the current inventory tipto some pre-defined stand­

ard of acceptability. Given this definition, the subjective or norma­

tive basis of housing "needs" or "requirements" is clear. What is
 

judged as acceptable housing conditions will vary between countries and
 

between regions of a country. Differences in the minimally accepted
 

standard will be influenced by income, methods of construction, climate,
 

custom, and expectations. Only if the standard of acceptability is
 

clearly defined and the underlying normative basis for it is widely
 

agreed upon, will the meaning of the needs estimate be unambiguous and
 

useful. Often in needs studies the housing standard against which need
 

is measured is not explicitly stated. Housing needs studies usually
 

imply their standard through a process of elimination. For example,
 

often what is done is to examine current housing statistics to identify
 

the number of housing units which are substandard by some physical
 

criteria, and then to count or estimate tie number of families that are
 

living in doubled up arrangements. The sum of these components is taken
 

as the magnitude of unfilled housing needs.
 

The notion of housing need can be clarified and its subjectivity
 

modified by examining the economic meaning behind it. By definition
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an individual is in need if he or she does not have at his or her
 
disposal an adequate amount of housing stock or housing capital. 
 In
 
order for the policy maker or reader to Judge if the need level is
 
reasonable an explicit definition of the housing standard or 
target
 
level must be stated. 
A housing need study which only defines situations
 
in which housing need exists and does not srecify the minimum socially
 
acceptable level that each consumer should have 
(i.e., 
how much should
 
exist) has only fulfilled part of its function.
 

1.2 
 Projecting Future HousingNeeds
 

A housing needs study is concerned with more than the assessment of
 
the size of the housing gap at present. 
 It also is concerned with
 
projecting the future position of that gap given certain assumptions
 
about the path of housing production. Furthermore, 
a housing needs
 
study must identify those sectors in the economy which are 
to receive
 
the subsidie6 that are implied in meeting housing needs. 
 These are
 

difficult research tasks.
 

To make a projection we must 
perform three tasks which are at the
 
conceptual core 
of a housing needs study. 
 We need to 
(1) assess the
 
future standard, which will be influenced by conditions of supply and
 
demand in the future, (2) to determine the gap between the actual per
 
capita quantity and the target per capita quantity, aid (3) tu project
 

the future size of the population.
 

In actual practice, it is very difficult, if not impossible, to
 
obtain accurate projections or 
forecasts of precisely these constructs,
 
given the nature of the existing data. 
 In practice, an analyst will
 
have to rely upon the information that is 
available. 
Nevertheless, 
the
 
concepts of benefits and costs and the use 
of an economic model are
 
useful in defining the nature of the research task and in guiding the
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specification of a projection methodology. In the next section a
 

methodology for estimating and projecting housing needs is presented.
 

The economic concep ual model which guided the development of the
 

methodology is discussed in Appendix I.
 



2. A NEEDS ESTIMATION AND PROJECTION METHODOLOGY
 

Two general research strategies can be used to determine current
 

and future levels of housing needs. 
 The first may be termed the nation­

al approach. 
In this approach the current and future inadequacies of
 

the housing inventory are 
analyzed from a national perspective. A
 

standard or target is determined and a country's housing stock is mea­

sured against this national standard. Usually a governmental housing or
 

planning agency located in the central government is responsible for
 

this type of research.
 

The second basic strategy is a decentralized approach to housing
 

needs research. This approach requires that regional housing cr plan­

ning agencies complete housing needs studies for their respective juris­

dictions and that the local current and projected levels of housing
 

needs be summed to obtaiA the national need.
 

Let us examine some of the factors supporting the regional or
 

summation research strategy for the determination of housing needs.
 

Many of the same arguments used to indicate the inappropriateness of
 

expecting that 
some housing standard would be applicable across count­

ries support the view that a single national standard would be inappro­

priate to apply across the diverse regions within a particular country.
 

Of course, the problems of a single standard have considerably less
 

relevance in a country with a high degree of regional homogeneity.
 

Examples of such countries are rare, however.
 

The existence of wide regional divergences and variations in cul­

ture, weather conditions, levels of income and development, income
 

distribution, methods and costs of construction, degree of urbanization,
 

and expected population growth indicates that a decentralized approach
 

to housing needs determination is appropriate. The regional approach
 

enables these regional divergences to be reflected in the separate
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particular point in time, and 
(b) what role does projecting population
 

growth and housing growth play in housing needs estimated for future
 

years. 
 We shall first concentrate on the question of the determination
 

of current needs, and look later to the methodological issues involved
 

in the projection of housing needs in the future.
 

The calculation of current housing needs involves 11 
basic research
 

steps. These tasks can be apportioned into 4 major areas of 
investiga­

tion or analysis. (See table 2.1) 
 The first major area of analysis
 

involves the 
accurate and relevant description of the housing inventory
 

in detailed statistical terms.
 

TABLE 2.1
 

BASIC RESEARCH STEPS IN THE CALCULATION OF CURRENT HOUSING NEEDS
 

I. 	Description of the Housing Inventory
 

Task 1. 
 Construction of a Housing Characteristics Matrix
 

Task 2. Construction of a Population Matrix
 

Task 3. Construction of a Per Capita (per family) Housing
 
Characteristics Matrix
 

II. Determining the Housing Standard
 

Task 4. Selection of Target Cell from the Per Capita Housing
 
Characteristic Matrix
 

III. Determining the Needs 
or Shortfall Matrix
 

Task 5. Construction of a Matrix of Relative Housing Values
 
and Rents
 

Task 6. Construction of 
a Quality Deflator Matrix
 

Task 7. Cell by Cell Calculation of Housing Needs
 

Task 8. 
 Distribution of Housing Needs by Construction Type
 
and by Income Class
 

IV. 	 Calculating the Cost of Meeting Housing Needs
 

Task 9. Definition of Low-Income Housing
 

Task10. Construction Cost of a New Standard House; Total
 
Annual Public Cost Determination
 

Task11. 
Cost Evaluation of the Redistributive Impact
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The availability and accuracy of the data set will determine the
 

overall accuracy and detail that is possible in the final needs cal­

culations. The second area of analysis requires the specification of
 

the housing standard or target. This will be based on inspection of the
 

data matrix arising out of the first major task area. The third major
 

research area involves the conversion of tle housing matrix into housing
 

standard equivalents, and the calculation of cell by cell shor:Ealls of
 

the housing inventory matrix. Finally, the housing need level has to be
 

costed, and this total cost can then be subjected to an analysis of its
 

cost-effectiveness of redistributing income. If the total income 
re­

distribution gains of filling housing needs is less (more) than the 

implied resource costs, then a new, lower (higher) standard can be chosen 

and the housing needs estimates be reiterated. 

2.1.1 Description of the Housing Inventory
 

2.1.1.1 Task 1: Construction of a housing characteristics matrix
 

The goal of this task is the construction of a data matrix which
 

has the number of housing units arranged by locational/tenurial/physical
 

characteristics and cross classified by the income class of the occu­

pants' households. This matrix ii.effoct will divide the housing in­

ventory into a set of mutually exclusive submarkets.
 

The characteristics of the housing inventory that are of interest
 

will include the location of the housing units (rural or urban), the
 

tenure class of the housing units (owner occupied, renter occupied, or
 

squatter), and the physical attributes of the units (construction type
 

or the soundness of the condition, or the age). 'Table 2.2 illustrates a
 

possible array and organization of the housing inventory. The degree of
 

detailed subclassification will be determined, for the most part, by the
 

adequacy and detail of the available census data. It would be desirable
 

if data were available to classify the housing inventory in even greater
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TABLE 2.2. THE ARRAY OF HOUSING CHARACTERISTICS REQUIRED AS INPUT TO A REGIONAL NEEDS STUDY 

LOCATION 

TENURE 

CONSTRUCTION 

TYPEa 

The 

O-.er 
Occupied 

S 

Number of 

URBAN 

Renter 
Occupied 

Dwelling Units or Total 

Owner 
Squatter Occupied 

M L S M L 

Number of Rooms 

RURAL 

Renter 
Occupied Squatter 

S M L S M L 

Row Total 

a S: 

M: 
L: 

Strong 

Mixed 
Light 



detail than indicated by table 2.2. For example, the subcategory of age
 

could be made a subset of the construction type category. Another
 

subset of interest, if data were available, would be by condition of
 

unit, i.e., sound, dilapidating, or deteriorating.
 

Once the cell totals for an array have been determined, the next
 

step is to distribute the dwelling unit totals in each cell among income
 

classes. It may be that a national census will have the regional dwel­

ling unit data already so classified. If not, a method of distribution
 

is required. Ideally, the data in table 2.2 would be extended into 
a
 

matrix as seen in table 2.3. 
 Each cell in this matrix will contain a
 

measure of the number of dwelling units or the total number of rooms.
 

2.1.1.2 Task 2: Construction of a population matrix
 

The goal of this task is to construct a population matrix which in
 

combination with the housing characteristics matrix of task 1 will
 

enable a cell by cell computation of housing units per capita. The
 

column and row headings of this matrix will be identical to that of
 

table 2.3. However, instead of housing unit data comprising the cellu­

lar entries, population data is required.
 

The construction of the population matrix also may require an
 

estimation or data development procedure. For example, data on the
 

population size of urban renters may be available but not be distributed
 

by income class. In this case it would be reasonable to assume that the
 

1Let u- assume that the analyst only has available an income dis­
tribution by families or households which is cross classfied by urban
 
or rural and not by any other housing characteristic. Two alternatives
 
exist in a situation like this. Either the analyst requests and is
 
able to get an unpublished cross-classification from the census bureau,
 
or he or she employs some method of interpolating the totals that are
 
available, among the construction types. Once again there may exist
 
some description in a related area which will allow the construction of
 
reasonable distribution procedures.
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TABLE 2.3. HOUSING CHARACTERISTICS MATRIX 

The Number of elling Units or Total Number of Rooms 

oousing 

In- Charac-

class o ti 

Occupying 
Household 

LOCATION_________________________ 

TENURE 

CONSTRUCTION 
TYP aM 

-"--- ---------- -,--

Owner 

Occupied 

URB;VN 

T.nter 

Occupied 

L 

Squatter 

S 

Owner 

Occupied 

L 

RURAL 

Renter 

Occupied 

S 
M L 

Squatter 

L
S M L 

Sub­
totaS 

I0,0 0) + 

7 - 10,000 

5 ­ 7,000 

3 - 5 ,000 
0 - 3,000 

Sub totals 

_'_-­ - ii ------------ -­ _ 

Total 

a S: 

M: 
L: 

Strong 

Mixed 
Light 



total or urban renters could be distributed by income classes according
 

to the national distribution of the urban population among income
 

classes. The population of rental income class must then be distributed
 

according to their division among building construction types. Infor­

mation for determining tiis distribution by construction types may be
 

a-ailabl From tangential sources such as reports, surveys, or documents
 

containing estimates of family size by income class. Also data may
 

exist on the extent of "doubling up", two or more families occupying one
 

which in turn is related to the physical characteristics
dwelling unit, 


of dwelling units. These data could be combined using specific assump­

tions in such a way that the analyst would be able to distribute the
 

population of an income/tenure class among tile construction material
 

categories. No set rules for data development are available because
 

each country's data contingencies will dictate the kinds of adjustments
 

which may be required.
 

2.1.1.3 	Task 3: Construction of a per capita (or per
 

family) hc -ing characteristics matrix
 

This task is a straighforward divisic the elements in housing
 

characteristics matrix by the population e. ents determined in task 2.
 

The result will be a cell by cell (or submarket by submarket) portrayal
 

of housing quantity per capita, h j./popij. It permits comparisons
 

between cells of the amount of housing stock or housing service consumed
 

by each income/housing type submarket of the housing stock.
 

2.1.2 Determining the Housing Standard
 

2.1.2.1 	Task 4: Selection of a target cell(s) from the
 

per capita housing characteristics matrix
 

This task is essentially one of judgment. The analyst must de­

signate a target which represents the minimal socially acceptable level
 

of housing consumption per capita. This target, or standard, will be
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relative to the existing conditions in the current inventory. Thus, 

initially the analyst can designate one cell in the per capita housing 

characteristics matrix as depicting ;, reprc-,enting Llhe highest standard 

of housing which should be attained by all household units. Separate 

standards can be designated for the urban population and rural popul­

ation.
 

In effect, the housing needs analyst makes the initial judgment 

that the housing quality and per capita quantity repr'esented by one cell 

of the per capita housing characteri ;t i.s is what shOUld be available 

for all. It could be, for example, Lhe kind of urban (and rural) owner 

occupied housing of mixed construction consumed by the middle income 

class. This particular cell(s) of the per capita housing characteris­

tics matrix is (are) designated as the standard or target cell(s). It 

becomes the point from which the adequacy or inadequacy of housing 

conditions in the region, as portray.,i in the other .ells of the matrix, 

is measured.
 

The advantage of this proceduru I ios in the clcar meaning of the 

standard. Designating, say the honing t-ype and per capita quantity of 

a particular income class as the stanlard is unambiguous and allows the 

reasonableness or unreasonableness of the standard to be perceived by
 

the audience of policy makers. The standard represents an implicit
 

judgment by the housing analysts about the inadequacy of the income 

distribution. The remaining tasks of a needs study can be viewed as
 

translating such an implicit judgment into explicit terms. 

2.1.3 Determining the Needs or Shortfall Matrix
 

2.1.3.1 Task 5: ConsLtuction of a matrix of 
relative housing values and rents
 

The entries in housing characteristics matrix represent housing
 

units which vary widely in quality. Housing is a very complex good with
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many factors determining the quality of one unit relative to another. 

Thus, the units in the different cells of matrix I are in a real sense 

non-comparable. The purpose of this task and Task 6 is to arrive at a 

means by which the quantity units of matrix one can be adjusted for 

quality and thus be susceptible to Oirrct om'narison. 

The simplest and most sensible mejisure of variaLtion in quality is 

recorded in judgments of the market plaice in its determination of rela­

tive price. This means that if quality adjustments are to be made, a 

miatrix of average housing prices is required. This means that a matrix 

comparable to that described in table 3 nust be constructed with housing 

value (if owner occupied), and ren I values (if renter or squatter 

occupied) as the cell entries.
 

This is a difficult task and will require expertise and knowledge 

on the part of the local needs analyst. Because there is wide regional 

variation in the structure of housing prircs, the completion of this 

task is only feasible at the regional level. 

Data may he available on housing prices at the local level. Evi­

dence suggests that such data are difficult to locate. Thus, the 

housing needs analyst will probably find it nocc ;sary to canvass local 

expert opinion in order to ascertaiJn the actual structure of housing 

market prices. Of course sample. survey techniques are more accurate, 

but the cost of a special census of current housing prices at the re­

gional level are prohibitive. 

2.1.3.2 Task 6: Construction of a quality deflator matrix 

The housing price and rental data matrix of task 5 can now be
 

converted into a matrix of relative values -- relative to the value or
 

rent of the price of housing in the standard or target cell. This will
 

result in a cell by cell comparison of the price or rent in any parti­

cular cell to that of the price of standard housing. In dther words,
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this task requires that each cell of this matrix of housing prices and 

rents be divided by the price or rent of the standard or target unit. 

In order that the value cells it, the owner-occupied columns be 

comparable to 	 those in the renter and squatter-occupied columns, the 

housing values In the owner-o.ccupi ed columns must be converted into 

service values or prices. Thus, if4 oi,,nor-occupied unit has a stock 

value of S15,000, it would be necessary to convert this into a gross 

rental value of $1,500. This can bo doner by assuming a gross rent/price 

ratio of a given riagnitude based on the' following equation: 

(2) R/P 	 d + Vk + Vv 

where R/P = 	 the annual gross rental receipts divided by owner occupied 

value, 

Vd = the rate of depreciatin, maintenance, and repair expendi­

tures,
 

k = the tax 	 rate on housing sc-rvices, and 

VV = the rate of return on housine services. 

The rate of return on housing services will. be at least as large as the 

mortgage rate currently prevailing iir thc housing finance market. 

2.1.3.3 	 Task 7: Cell by cell calculation 
of housing needs 

Housing needs now can he cciputed for each cell. This will result 

in a new matrix, the housing needs m'ttrix. The cell-by-cell computation 

is relatively straightforward. For ea:ch cell we wish to calculate need 

level, Nij. It will be the product of two terms: the per capita short­

fall from the designated standard in housing quantity per capita times 

the population in that cell. Equation 3 specifies this procedure. The
 

first term on the right-hand side of equation 3 represents the per
 

capita shortfall in cell ij.
 

(3) 	Nij = (S-hi . Dij) x poPi j
 

popij
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where S = per capita quantity observed in the standard cell.
 

hij/poPi j = per capita quantity in cell ij,
 

Dij 	 = the deflatcr value in cell ij, 

pi j = the population of cell ij, 

that the income row i represents the $3,000
For example, let us assume 


to $5,000 income class and the housing characteristic column j is urban
 

rental housing of medium construction. Assume that the standard cell
 

has an observed per capita quantity ratio of 1/5 while that for cell. ij 

is 1/8. Also assume that the rental value deflator Di is 0.70 (cal.­

the cell contains a population of 5,000culated in task 6) and that 

data results in a need estimate of 562.5(calculated in task 2). This 

units (= [0.20 - (0.125 x 0.7)] 5,000). This means that 562.5 units 

units would have to be added to the housing stockcomparable to standard 

by new construction or in the form of rehabilitationof cell ij, either 

of existing units, in order to bring housing in that portion of the 

housing inventory up to standard. Thus in this ct.ll the 562.5 units of 

standard quality plus the 437.5 existing units of standard qualitv
 

= total of 1,)00 standard quality
(437.5 0.7 x 625) add up to a final 

dwelling units. Thus the goal of 0.2 standard units per capita has been 

attained. 

2.1.3.4 	Task 8: Distribution of housing needs
 

by construction type and by income class
 

The matrix approach has the advantage that the distribtuions of
 

housing needs by income class or by urban/rural and building character­

istic will automatically result from the summation of the row entries 

and column entries. Some cells, particularly those in the higher income 

rows, will probably contain negative entries in the needs matrix. This 
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means 
that housing in those s'ibmarkets surpasses that of the standard.'
 

Thus, when summing the rows and columns of the need matrix the negative
 

entries should be set equal to zero, indicating that no housing need
 

exists in those submarkets because the housing quantity per capita
 

exceeds that of the housing standard specified in task 4.
 

2.1.4 Calculatin_ the Cost of Meeting Housing Needs
 

2.1.4.1 Task 9: Definition of low-income housing
 

Defining a low income dwelling unit is equivalent to defining how 

much the low income pnrt of the population is willing and able to pay
 

for the standard house or dwelling unit which has been defined in task 

4. Thus, this task is essentially one of determining that price or rent 

level which can be afforded by the poorer part of the population.
 

The income-class, price data of task 5 
 can be used to accomplish
 

the analysis of the income 
 and housing price relationship. The data of 

task 5 can be inspected to determine the current average price of
 

housing which is being paid by each income group. Tf facilit.ies are 

available, a simple regression of housing prices (or rents) can be 
estimated as a functi(n of income using the data from task 5. Thus, the 

estimated relationship 

(4) Pi = 10 + cL1 + e 

where P. represent housing prices or rent, Y is the measure of income, 

and ei is the residual, can be used to determine what housing price can
 

be afforded with a given particular family income, Y. Once the low­

income level of income is defined according to the region's definition
 

of ielative poverty, the maximum price of a low income dwelling unit 
can
 

be determined by substituting the low-income cutoff in the estimated
 

iA negative entry will arise in equation 3 when S < hij x D 

popij 
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Any dwelling unit
 
regression and solving for the price or rent level. 


renting for a higher price or whose market value 
implies a higher
 

The dif­
inputed rent can not be considered as a low-income house. 


ferential between the maximum price of housing that the poor can 
afford
 

and the price of the standard dwelling unit describes 
the subsidy per
 

fill the low-income populations'
that will be necessary to
dwelling unit 


housing needs.
 

2.1.4.2 	Task 10: Construction cost of a new
 

total annual public cost determination
standard house; 


task 8 is a detailed estimate of the number of new
 The result of 


to bring the housing stock up to the
 
standard housing units required 


These estimates are categorized two ways:
socially desirable standard. 


In order to determine if these
 
by income class and by housing type. 


housing needs are worth meeting, or, put differently, 
to determine if
 

too high, an estimate of the
 the housing standard or target has been set 


filling these needs is required.
annualized public costs of 


A housing needs study does not require an elaborate 
and detailed
 

cost estimation. Only an order of magnitude estimate of cost is neces-


The cost concept involved is the annual public subsidy required
sa ry. 


those who can not afford the cost of
 to supply standard housing to 


Tile additional standard/needed units
 standard housing (See task 9). 


will not be supplied by the building community unless 
the subsidy is
 

granted since those for whom the housing is intended cannot afford the
 

standard house at Its going market price.
 

The main capital costs that require estimation are 
the average unit
 

costs of land acquisition and development and the average cost 
of con­

struction of a new unit which is comparable to the standard 
or target
 

These total investment costs can then be annualized 
using an
 

unit. 


The

appropriate length of life and an appropriate interest rate. 
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difference 	between these annualized costs and the average yearly rentals
 

that the poor can afford represents the annual net resource costs which
 

must be borne by the public sector.
 

The total size of the annual governmental housing subsidy, the
 

public cost of meeting housing needs, can now be computed. The total
 

public cost 
can be computed either on a cell-by-cell basis and summed or
 

computed only for each income class and then summed. 
 Within each cell
 

or for each 3income class, the total 
cost will be the product of the
 

subsidy per unit times the number of needed units which require sub­

sidization.
 

2.1.4.3. 	Task 11: Cost evaluation of the
 
redistributive impact.
 

The costs discussed above in task 10 have the primary purpose of
 

attempting to 
raise the real income levels of that portion of the pop­

ulation residing in housing which is less than standard. Augmenting the
 

inventory in those housing submarkets where the need is the greatest
 

will generate real income increases in those submarkets. The real
 

income increases will accrue 
to those who will occupy the subsidized
 

housing. Also of importance will be the impact on real incomes which
 

will arise because of the price effect that will occur becuase of the
 

significant increase in the size of the housing stock. 
A fall in the
 

price of housing services should occur because of the increase in
 

supply. 
 This will raise real income levels by reducing rent levels.
 

Thus the primary effects of fullfilling housing needs are to be found in
 

the changes in real income of those at the lower end of the income
 

distribution. The income increases discussed above are in effect trans­

fer payments. 
 This is the case since the lower housing prices while of
 

benefit to those not owning the stock (the renters) are net losses of
 

rental receipts to the holders of the stock. 
The redistribution from
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the landlord to the tenant (in owner-occupied units the landlord and
 

tenant are one and the same) is not done costlessly. The costs dis­

cussed in task 10 represent the public sectors' administrative or income
 

redistribution implementation costs. In evaluating the reasonableness
 

of statements about housing needs the policy makers of the public sector
 

should be appraised of the cost effectivenes5 of these implementation
 

costs since alternative methods of achieving the same level of redistri­

bution may be available. Thus the last task of the needs estimation
 

methodology is to assess the size of the potential income redistribution
 

and to identify the gainers and losers in each cell of the housing
 

characteristic matrix.
 

The amount of the income increase (redistribution) within any
 

particular submarket (or cell in the housing characteristic matrix) will
 

be measured by the gain in consumers' surplus
1 which will arise because
 

of the fall in the price of housing services due to the increase in the
 

size of the inventory needed to bring that submarket up to standard.
 

Thus if the need level in a particular submarket cell has been
 

computed to be x percent of the existing inventory, one must ask: What
 

effect will an x percent increase in the size of the inventory have on
 

housing prices? Answering such a question presumes knowledge of the
 

price elasticity of demand2 for housing in that particular submarket.
 

For the moment, assume reliable information about price elasticities is
 

available. The gain in consumers' surplus can be approximated by the
 

3
 
change in price, Ap, times the existing number of standard units, h,
 

iFor an explanation of consumers' surplus, see Appendix 1.
 

2
Price elasticity of demand is discussed in more detail in Appendix 2.
 

3The price change will be equal to the product of the percentage
 

change in quantity Aq/q times the price per unit in that submarket
 
divided by the price elasticity of demand.
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plus one-half times Ap times the additions to the inventory (i/2Ap ' Ah).
 

The cell-by-cell calculations of consumers' surplus gains will, when
 

summed, yield the income redistribution change thiat would be associated 

with attainment of the housing standard and the tIfinination of housing 

needs. This change in the income distribution c, then be compared to 

the resource costs or implementation costs which have been calculated in 

step 10. It may be that the cost effectiveness of redistribution via
 

the fullfillment of housing needs is competitivw .,ith other proiramnatic 

approaches. If the housing needs levels and thu inacome redistribution 

gains are not cost effective it may be that the huusing standard has 

been set too high. A reiteration of the needs estimate may be called 

for where a lower standard or target has been spucified. The implemen­

cost effectiveness will be
tation costs will be lower and it may be that 


a means of
increased. A table like Table 2.4 below can be c.omputed as 


explicitly presenting these considerations to the policy maker.
 

TABLE 2.4. THE COST EFFECTIVENESS OF MEETINC HOUSING NEEDS
 

AS A MEANS OF REDISTRIBUTING INCOME (SAMPLE FORMAT)
 

(1) (2) (3) (4) (5) 

HSG IMPLEM-- INCOME COST-

NEED ENTATION REDISTRI BUTION EFFECTIVENESS 

STANDARD ESTIMATE COSPS AMOIN f (5)=(4)/(3) 

A 

B 

C 

D 

2.2 Projecting Future Housing Needs 

In the context of the needs methodology discussed above, the pro­

jection of future housing needs involves applying tasks 1 through 11 to 

data which represent values that are expected to exist in the future
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projection year. Thus, the housing need analyst will be required to
 

modify the current needs matrices so they contain projected values.
 

This section discusses ways in which the projections can be feasibly
 

accomplished.
 

2.2.1 Projecting the Housing Characteristics Matrix
 

The problem involved in projecting the housing characteristics
 

matrix is in finding a set of factors which when multiplied by the
 

elements in the housing characteristic matrix of the base or current
 

period yields reasonable projections of the corresponding future values.
 

If we let the current housing characteristics matrix be denoted by HCc,
 

the 	set of projection factors be denoted by matrix f, and the projected
 

future housing characteristics matrix by HC , then the conversion of HCc
 

to HCf can be viewed symbolically as the operation of (in matrix notation):
 

HCf
 (4) 	HCc F 


(ixj) (jxj) (ixj)
 

Thus, the housing needs analyst must find a reasonable approximation of
 

F. 	To further simplify the problem let us assume that F can be a dia­

gonal matrix, i.e., one in which the non-diagonal elements take on zero
 

values. If this is the case, then an element of F along the main dia­

gonal will be equal to
 
hcf.
 

(5) 	 f.= cj
 
hc
 

1J 

that is, that ratio of any ele'c.it i from column j of the future housing
 

characteristics matrix divided by the corresponding ith element from
 

column j of the current housing characteristics matrix. This is equi­

valent to assuming that all the elements of a given column of the cur­

rent matrix will grow at the same rate. In other words we are assuming
 

that urban housing of a given tenure and building characteristic type
 

will increase at the same rate across all income classes. This is not
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as restrictive an assumption as 
it may first appear since it is likely
 

that a particular kind of housing, say owner-occupied of strong con­

struction, or squat ter-occupied oi light contitru,.ticn, will. be colcen­

trated in a few income classes. ihis assumption will considerably ease 

the problem of projection. WithouL such an i1ssumo Cion, the lousing 

needs analysts would be required to make stparate projection of each 

cell of the current housing characteristics matri:.. 

The jth diagonal element of tLhe growth factor matrix will be based 

on the net rate of growth: 

(6) l'. (1 + gj - dj) n , 

where
 

gj = the projected annual average rate of gross additions to 
the
 

housing stock of housing type j, 

d. = the projected annual ave-rage rate of depreciation from the 

housing stock of housing; type j , and 

n = the length of the period in years over which the projection is 

to be made. 

Thus, the projection problem is tessentially one of determining for 

each housing type (for each of tih. :o lumns oF Lh,-_ iousing ch.racteris­

tics matrix) reasonable estimate:5 ,, 
 Che net grcol h rate. The net
 

growth rate is 
 the sum of two rates as seen above. The rate of gross 

additions of housing type j can be based on past cxperienze. Annual. 

data on new construction by building type, location, and tenure class
 

can serve as 
 the basis for calculating ing.. it a trend is observable 

a time series of gj, the value of g. can be modified to reflect pro­

jections of that trend. Annual data on 
Josses from the inventory by
 

housing type may also be available; If not, alternative assumptions
 

about the deterioration rate can be 
substituted. 
 For example, different
 

lengths of life 
can be assumed which are 
based on 
the kind of construc­

tion material used in 
the dwelling unit. Straight-line depreciation 
can
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be assumed and the depreciation rate can be calculated as one over the
 

average length of life of units of a given construction type. Alterna­

tively, an estimate of the projected rate of net additions (naj = gj - dj) 

can be included. This can be based on comparisons of the size of the 

inventory of housing of type j as revealed in the decennial census for
 

1970 and the census for 1960.
 

2.2.2 Projecting the Population Matrix
 

As was the case in the discussion above, the problem is again one
 

of finding a set of factors by which the base period population matrix
 

can be multiplied to yield estimates of future population. A workable
 

approach to determining such factors even where data is extremely
 

limited is to multiply all the cel entries in the base period popula­

tion matrix by a factor, G,
 

(1 + p + nmr)
n
 

G = 
(7) 


where
 

p = the rate of natural increase in the population
 

nmr = the net migration rate of the region
 

n = 
the length of the period in years over which the projection is
 

to be made.
 

Most central governments develop estimates of the projected rate of
 

natural increase by region. Similarly, they may project nmr by region.
 

The population projections cal be refined. As was the case in the
 

housing matrix discussed above, a diagonal population growth factor
 

matrix, PG, can be constructed. For example, the population growth
 

factor matrix could assume that all cellular entries will grow at the
 

same rate of natural increase but that the migration rate within a
 

region will be positive in the urban sectors and negative in the rural
 

sectors. Further subdivisions are possible. For example, within the
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urban sector, the migration rate can be adjusted to reflect differences
 

by tenure class. Specifically, a higher rate can be assumed for squat­

ter occupied housing than for owner occupied or renter occupied housing. 

These rates of migration can be based on recent historical experience
 

and adjusted according to the conditions that arc expected to prevail 

over the projection period. Special studies mav exist which can allow 

the analyst co justify the rates of growth that are entered in the 

diagonal matrix. The employment of a diagonal growth factor projection 

matrix implicitly assumes that the distribution of income will remain
 

unchanged between the current and future periods.
 

2.2.3 Combining tne Projected Natrices 

The above two projection tasks can now be combined and a per capita 

housing characteristics matrix can be constructed for a future period.
 

This step brings us through the analogous task 3 as outlined in section 

2.1.1.3. From this point, there are only slight deviations required 

from the remaining calculations outlined for current needs. The pro­

cedure for selecting a target cell is identical to task 4. Even the 

matrix of relative housing values and rents is best left unchanged from 

that calculated for current housing needs. This does not mean that no
 

price changes are expected to occur. Inflation may in fact exert a
 

large influence on all housing prices. Nevertheless, since our interest
 

is in real relative prices, the assumption that the matrix of relative
 

housing prices and rents task 5 applies to the future period avoids the
 

construction and estimation of simultaneous housing price determination
 

models. The housing analyst can then proceed with tasks 6 thru 11, and
 

obtain estimates of housing needs for a futur period.
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3. AN ILLUSTRATION OF THE NEEDS ESTIMATION METHODOLOGY
 

The purpose of this section is to illustrate the basic logic of the
 

needs estimation methodology developed in section 2 of this paper. A
 

numerical example -- strictly hypothetical and highly simplified -- has
 

been developed so as to illustrate the iterative nature of the needs
 

estimation methodology. This section can not be used as a guide for the
 

data development and forecasting problems that the needs analyst will
 

encounter. However, if the analyst follows this example through, he or
 

she will come to grips with the overall strategy of the recommended
 

methodology and will be in a better position to develop a data acquisi­

tion and forecasting strategy consistent with the goals of this method­

ology.
 

Table 3.1 categorizes the renter occupied housing stock of a hypo­

thetical urban area into 15 submarkets based on structural characteris­

tics and on the income class of the dwelling units' household occupants.
 

Since housing needs will presumably be the most pressing in the lower
 

half of the income distribution, the matrix has a hLghly aggregated
 

income class 5 -- wherein 50 percent of the renter occupied housing is
 

located. As can be seen in this illustrative matrix, 20 percent of the
 

housing stock is of light construction with 86 percent of these building
 

units falling into income classes 1 through 4.
 

Table 3.2 contains hypothetical data on the number of people living
 

in housing of a corresponding construction type and income class.
 

Income class 5, which contains 38 percent of the population, consumes 50
 

percent of the housing services produced by the housing stock. The
 

entries in table 3.1 are then divided by the entries in table 3.2 to
 

obtain estimates of housing stock per capita for each of the housing
 

inventory subcategories. (See table 3.3.) The inverses of the cellular
 

entries in this matrix reveal the population per housing unit within
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TABLE 3.1
 

AN ILLUSTRATIVE HOUSING CHARACTERISTICS MATRIX FOR A
 
HYPOTHETICAL URBAN REGION 
-- RENTER OCCUPIED HOUSING
 

Dwelling Units Per Housing Category
 
Income Strong 
 Mixed Light Total
 

Class (00's) (00's) (O0's)
 

Class 1 9 4 
 21 34
 

Class 2 23 
 12 15 
 50
 

Class 3 21 
 11 27 
 59
 

Class 4 38 20 
 9 67
 

Class 5 131 
 67 12 
 210
 

Total 222 
 114 
 84 420
 

TABLE 3.2
 

AN ILLUSTRATIVE POPULATION CHARACTERISTICS MATRIX FOR A
 

HYPOTHETICAL URBAN REGION -- RENTER OCCUPIED HOUSING
 

Population Per Housing Category
 

Income Strong 
 Mixed Light Total Percent
 
Class (00's) (00's) (00's)
 

Class 1 78.94 
 35.71 190.91 305.56 12.5
 

Class 2 179.69 97.56 125.00 402.25 
 16.4
 

Clas3 3 151.07 84.62 203.01 438.70 
 17.1
 

Class 4 193.88 119.76 57.69 371.33 15.1
 

Class 5 536.89 
 335.00 62.50 939.11 38.1
 

Total 1140.47 672.65 639.11 2452.23
 

Percent 46.5 
 27.4 26.1
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TABLE 3.3
 

AN ILLUSTRATIVE HOUSING QUANTITY PER CAPITA
 
MATRIX FOR A HYPOTHETICAL URBAN REGION -- RENTER
 

OCCUPIED HOUSING
 

Housing Stock Per Capita
 

Income Strong Mixed Light
 
Class
 

Class 1 .114 .112 .110
 

Class 2 .128 .123 .120
 

Class 3 .139 .130 .133
 

Class 4 .196 .167 .156
 

Class 5 .244 .200 .192
 

each subcategory of the inventory. For example, housing of light con­

struction which is occupied by households in income class 1 contains an
 

average of 9.1 persons per unit (1/0.11 = 9.1) whereas housing of strong
 

construction occupied by persons in households which fall in income
 

class 5 contains 4.1 persons per unit (1/0.244 = 4.1). Thus there is
 

considerable variation among the different sectors of the housing stock
 

in degree of crowding.
 

After the construction of the per capita housing matrix, the anal­

yst can either arbitrarily or judgmentally designate one of the cells as
 

the target or standard cell. The analyst asserts that, say, for exam­

ple, the kind of housing and degree of crowding typified by those units
 

which are occupied by households in income class 4 and which is con­

structed of materials of mixed qualities should be the standard level to
 

which all the population should have access. (This judgment may or may
 

not be supported by the rest of the analysis. Thus at this point the
 

analyst is simply setting a standard as a hypothesis.)
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Table 3.4 contains hypothetical value data in dollars for the mean
 

yearly rental value of housing in each of the subcategorie. The cell
 

in row 4 column 2 is the designated standard or target cell. Dividing
 

all the entries in table 3.4 by the rent per unit of the standard cell
 

yields table 3.5 -- the matrix of relative housing prices.
 

The matrix of relative prices represents a set of deflators to
 

apply to the stock per capita quantities contained in table 3.2. Using
 

relative prices as deflators in effect is assuming that the amount of
 

housing services rendered by a unit is measured by the number of target
 

or standard equivalents contained in that unit. 
 For example, if the
 

standard unit has an annual rental value of $1,000, and if another unit
 

is valued at $500, then the second unit is equivalent to 0.5 standard
 

units. Thus multiplying the units per capita in each cell by the 
cor­

responding relative value yields a standardized stock per capita figure.
 

These figures are then subtracted from the standard or target stock per
 

capita which is given by row 4 column 2 of table 3.3 in order to deter­

mine the cell by cell shortfall of stock per capita. (See equation 3 in
 

section 2.) Table 3.6 contains such shortfall estimates in per capita
 

terms.
 

To convert the stock per capita shortfall or housing needs esti­

mates into absolute numbers, the positive entries of table 3.6 are
 

multiplied by the corresponding population estimates of table 3.2. 
 Thus
 

table 3.7 contains the first iteration of a cell-by-cell calculation of
 

needs estimates.
 

This is the critical point of the analysis. The needs estimates
 

must now be evaluated as 
to whether or not they are worth meeting. If
 

not we must lower the standard or target.
 

Information on the cost of constructing a standard equivalent is
 

required. Here we shall assume that the standard or target unit can be
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TABLE 3.4
 

AN ILLUSTRATIVE MATRIX OF HOUSING PRICES FOR A
 
HYPOTHETICAL URBAN REGION -- RENTER OCCUPIED HOUSING
 

Matrix of Annual Rental Values
 

Income Strong Mixed Light
 
Class
 

Class 1 830 510 350
 

Class 2 960 830 500
 

Class 3 1,120 970 680
 

Class 4 1,240 1,000 900
 

Class 5 1,630 1,180 920
 

TABLE 3.5
 

AN ILLUSTRATIVE MATRIX OF RELATIVE HOUSING PRICES FOR A
 
HYPOTHETICAL URBAN REGION -- RENTER OCCUPIED HOUSING
 

Matrix of Relative Prices
 

Income Strong Mixed Light
 
Class
 

Class 1 0.83 0.51 0.35
 

Class 2 0.96 0.83 0.50
 

Class 3 1.12 0.97 0.68
 

Class 4 1.24 1.00 0.90
 

Class 5 1.63 1.18 0.92
 

30
 



-- 

-- -- -- -- --

TABLE 3.6
 

AN ILLUSTRATIVE MATRIX OF THE SHORTFALL IN HOUSING STOCK PER
 
CAPITA ADJUSTED BY RELATIVE PRICE WHEN COMPARED
 

TO THE DESIGNATED STANDARD OR TARGET
 

Shortfall in Housing Stock Per Capita
 

Income Strong Mixed Light 
Class 

Class 1 0.072 0.110 0.128 

Class 2 0.044 0.065 0.107 

Class 3 0.011 0.041 0.077 

Class 4 -- -- 0.027 

Class 5 --

TABLE 3.7
 
AN ILLUSTRATIVE MATRIX OF HOUSING NEEDS FOR A HYPOTHETICAL
 

URBAN REGION -- RENTER OCCUPIED HOUSING
 

Matrix of Housing Needs
 

Income Strong 
 Mixed Light 
 Total Percent of
Class (00's) (00's) (O0's) Existing
 

Units
 

Class 1 
 5.7 
 3.9 24.4 34.0 
 100.0
 

Class 2 7.9 
 6.3 13.3 27.5 55.0
 

Class 3 1.7 3.5 
 15.6 20.8 
 35.3
 

Class 4 
 -- 1.6 1.6 2.4 

Class 5 

Total 15.3 13.7 54.9 83.9 
 20.0
 

Percent of
 
Existing
 
Units 
 6.9 12.0 6!.4
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(The analyst will require a realistic 
construc­

produced for $10,000. 


tion cost estimate and can not rely 
on assumption as is done in this
 

This cost can then be converted 
to an annualized cost of
 

example.) 


$1075.1
 

A cell-by-cell calculation of redistribution 
effects must now
 

'his will require that the analyst 
make some assumptions about
 

ensue. 


each subcategory will have on the
 
the impact that adding new units 

to 


Recall that the main category 
of
 

market price within each subcategory. 


-- as units are
 
impacts to be considered are consumer 

surplus benefits 


to the inventory prices will fall 
on the already existing housing
 

added 


and those who do not experience 
a housing subsidy directly are 

made
 

better off because less of their 
income need be spent on housing. 

(As
 

price falls more, housing can be 
consumed within each cell, and 

housing
 

stock per capita is increasing).
 

Returning to the problem at hand, let us 
see what will happen in
 

terms of real income effects going 
to renters in the row I column 3
 

extra 2,440 units.
 
The need estimate in this cell 

calls for an 

cell. 


The current market price of
 
Currently this cell contains 2,100 units, 


If the price elasticity of demand 
is -1.0
 

housing in this cell is $350. 


(an x percent change in price will 
lead to an x percent change in 

quan­

= 


tity) then increasing quantity by 
116 percent (2,440/2,100 1.16) would
 

Thus consumer surplus gains would
 
lead to a price decline to zero. 


= These benefits
$1.16 million. 

equal 2,100 x $350 + 2,440 x 1/2 

x $350 


1This calculation assumes a 25 year 
life, a 10% interest rate
 

and a scrap value of $3,000.
 

2Zero is assumed because negAtive prices are not meaningful.
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would arise if 2,440 units are produced at an annualized cost of $1,075
 

and given away to the residents of this housing submarket. The annual­

ized cost of implementing the redistribution of $1.16 million will be
 

$2.58 million (2,400 x $1,075). Table 3.8 contains the cell-by-cell
 

computation of redistribution impacts based on a price elasticity of -1.0.
 

The results in 
table 3.8 show that the aggregated redistribution
 

effect of meeting the designated target or standard. 
 Table 3.9 contains
 

the estimates, cell-by-cell, of the annualized cost of administration or
 

implementation. Table 3.10 computs the cell-by-cell ratio of redistri­

bution level to adminifstration costs.
 

For a second iteration we set the standard or target as those
 

housing conditions obtaining in row 3, column 3 (income class 3 of light
 

construction). Table 3.11 recomputes the matrix of housing needs based
 

on this new and lower standard or target. Table 3.12 recomputes the
 

matrix of cell-by-cell redistribution effects and table 3.13 recomputes
 

the matrix of net resource costs. Let us 
assume that the housing in­

dustry can reproduce this lower quality unit for $6,000 because of
 

special scale advantages that are associated with producing such units
 

in large numbers. We shall assume that these units will have a 20 year
 

life, zero scrap value and that 
the interest rate is 10 percent. Thus
 

the gross annualized cost will be $705 
per unit, prior to any rental
 

collections from those occupying the new units. 
Table 3.13 is based on
 

the net annualized costs per unit. 
 Again we have assumed in tables 3.11
 

through 3.14 a price elasticity of -1.0.
 

This second iteration produces a considerably lower need level and
 

an annualized net resource cost approximately seven times lower then the
 

first case. Also the real income gains accruing to the row 1, column 3
 

cell are only 40 percent lower than those computed under the first
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TABLE 3.8
 

THE REAL INCOME GAINS OF THE OCCUPANTS OF RENTER OCCUPIED
 

HOUSING ARISING FROM FILLING HOUSING NEEDS (REDISTRIBUTION 
EFFECTS)
 

(Millions of Dollars) 

Income Strong Mixed Light Total 

Class 

Class 1 0.623 0.296 1.16 2.079 

Class 2 0.887 0.659 0.960 2.506 

Class 3 0.198 0.393 1.366 1.957 

Class 4 -- -- 0.157 0.157 

--
Class 5 

Total 1.708 1.915 3.643 7.266 

TABLE 3.9
 

ANNUALIZED NET RESOURCE COST OF IMPLEMENTING REDISTRIBUTION
 

EFFECTS ASSOCIATED WITH FULLFILLING HOUSING NEEDS
 

(Millions of Dollars)
 

Light Total
 
Income Strong Medium 


Class
 

.414 2.623 3.470
.433 


.422 1.354 2.127
 

Class 1 


.351 


.144 1.228 1.379
 

Class 2 


.007 


-- 0.038 0.038
 

Class 3 


Class 4 


Class 5 


5.243
0.791 0.980
Total 
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TABLE 3.10
 

CELL-BY-CELL RATIO OF REDISTRIBUTION LEVEL TO
 
NET RESOURCE COSTS OF IMPLEMENTATION
 

Income Strong Medium Light Total
 
Class
 

Class 1 1.44 0.71 0.44 
 0.60
 

Class 2 2.53 1.56 
 0.71 1.18
 

Class 3 28.29 2.73 1.11 1.42
 

Class 4 -- 4.13-- 4.13 

Class 5 -- --

Total 2.16 0.51 0.69 
 1.04
 

TABLE 3.11 

MATRIX OF HOUSING NEEDS -- SECOND ITERATION 

Income Strong Medium Light Total 
Class (00's) (00's) (00's) 

Class 1 -- 1.8 14.7 16.5
 

Class 2 .-- 5.5 
 5.5 

Class 3 ...-- --

Class 4 ....... 

Class 5 -- -- -- --

Totals 0 20.21.8 22.0
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TABLE 3.12
 

THE REAL INCOME GAINS OF THE OCCUPANTS OF RENTER OCCUPIED
 
HOUSING ARISING FROM FILLING HOUSING NEEDS - SECOND ITERATION
 

(Millions of Dollars)
 

Income Strong Medium Light Total
 
Class
 

Class 1 -- 0.113 0.695 0.808 

Class 2 .-- 0.325 0.325 

Class 3 ...--

Class 4 

Class 5 --

Total -- .113 1.010 1.123 

TABLE 3.13
 

ANNUALIZED NET RESOURCE COSTS OF IMPLEMENTING REDISTRIBUTION
 

EFFECTS -- SECOND ITERATION
 

(Millions of Dollars)
 

Income Strong Medium Light Total 

Class 

Class 1 -- .076 .875 .951 

Class 2 .-- .210 .210 

Class 3 ...-- --

Class 4 ........ 

Class 5 -- -- --

Total -- 0.076 1.085 1,161 
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TABLE 3.14
 

CELL-BY-CELL RATIO OF REDISTRIBUTION LEVEL TO NET RESOURCE
 

COSTS OF IMPLEMENTATION -- SECOND ITERATION
 

Income Strong Medium Light Total
 
Class
 

Class 1 -- 1.48 0.79 0.85 

Class 2 .... 1,55 1.55
 

Class 3 ........
 

Class 4 ........
 

Class 5 ........
 

Total .... 0.93 0.97
 

set of assumptions. In that cell the ratio of redistribution gains to
 

implementation costs has nearly doubled.
 

Alternative assumptions about demand elasticities could be employed
 

in further iterations. For example it may be reasonable to assume
 

greater inelasticity in the lower income classes. This will improve the
 

redistribution to resource cost ratios because smaller additions to the
 

stock in those -ells will have a greater impact on market price. Thus a
 

lower standard would, with a lower associated annualized cost of imple­

mentation, generate larger income gains. As alternative need estimates
 

are generated under different assumptions a table like that of table 2.4
 

can be generated.
 

This example illustrates that selecting a standard and computing a
 

level of need will not be an easy matter. Hopefully, even though this
 

example 1i3incomplete it should serve to give the methodology outlined
 

in section 2 a degree of concreteness which will highlight the key pro­

blems and issues that are involved in needs estimation.
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4. 	THE IMPACT OF A CHANGE IN BUILDING TECHNOLOGY ON HOUSING NEEDS
 

In thi; section we shall explore the effect that improvements in
 

building technology will have on the level of housing needs in the 

future and we sihall discuss way., in which anticipated changes in housing 

technology can be incorporated into the housing needs estimation method­

ol agy. 

A good examplo of anticipated technology change involves building 

technolo;g': re.,,carch which is related to the impact of high winds on low 

ris, buildLngs. Extreme winds are a primary contribution to building 

damage and destruction in some developing countries. For example, in 

the Philippine' between 1948 and 1971 there were 482 typhoons. Similar 

ex:.riences with high winds arc found in Jamaica and bangladesh. 

If building teclhnolog:- develops methods of construction which are 

relctively low,,-cost and w.'hich result in substantial increases in the 

ability of low-rise bIildings to withstand extreme winds there will be 

two major economic impacts which could be incorporated into a housing 

oceds est iate. 

Fir.st, the units which embody the new technology will have longer 

expected i fetimes than those that do not. This will lower the overall 

depreciation rate for the existing stock and will result in larger 

actual stocks at some future date. Coupled with this technological 

factor is a demand factor. Demand for new construction will also in­

crease. This will be so because the lowering of the depreciation rate 

will cause a basic shift in the relationship between rental income and 

housing value. Longer expected lifetimes results in greater rates of
 

return to a housing investment. This will result in greater demand for
 

housing than would have been the case if no technological change had 

'Any building technology research that leads to buildings more 
resistant to natural disasters could be used in this example. 
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occurred. This means 
that more units will be purchased over time and
 

that the actual stock of housing anticipated to exist at the future
 

projection date will be larger. 
The gap between the desired level of
 

housing stock and the actual level will be 
lower. (These effects will
 

be offset in part if the new technology causes the price of new housing
 

to increase significantly.)
 

The growth factor matrix must be judgmentally modified if the new
 

technology is to be anticipated in the needs projections. The annual
 

average rate of gross additions will be higher because of the demand
 

affect discussed above and the annual average rate of depreciation will
 

be lower because of the increases in exprected building lifetimes. The
 

actual percentage modifications that need to be made to these two ele­

ments will be determined by conditions which differ country by country.
 

The needs analyst could provide alternative forecasts based on high,
 

low, or zero building technology change assumptions.
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5. SUMMARY AND RECOMMENDATIONS FOR FURTHER RESEARCH
 

5.1 	 Summary
 

im-

Determining the size of a region's unmet housing needs 

is an 


planning and enacting public policies and programs
portant first step to 


which will 	improve the condition, size, and quality 
of a country's
 

current and future housing needs
 housing inventory. The assessment of 


of the world where
developing 	 regionsis particularly important in the 

the twiin pressures of population growth and urbanization especially 

aggravate the housing problem. 

This study ha.. developd a basic methodology of estimating and 

to compare the 
prove :t~ng housing needs. Procedures 	 have been developed 

potential red istributive impacts of meeting the housing
costs : rh the 


has been designed to be flexible and
 
shirtfail. 	 This methodologyned 


and demographic data may be
 
adaptable to situations in which housing 


economic constructs
 
sparse. Thu methodology is consistent with the 

meaningful.which make the concept of housing needs 


-inally, thiF study has shown that in countries where natural
 

occur relatively frequently,

s high winds or earthquakesdisasters such 

the development and adoption of new wind or earthquake-resistant 
build­

effect on a region's futurewill have a mitigatinging technology 

housing need.
 

5.2 	 Recommendations for Further Research
 

this paper's housing needs methodology is
 One of the inputs to 


con­
demand for housing information. Housing needs studies could be 


terms of accuracy and reliability, if reliable
 
siderably improved in 


the
 
estimates of price elasticities of demand and 

supply existed at 


Thus, much work could be done on developing 
and esti­

regional level. 


This is parti­
mating regional models of housing demand and 

supply. 


cularly critical in those regions of countries where housing 
problems
 

are the most pressing.
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Further work is needed on understanding, first conceptually, and
 

secondly, empirically, the market process in squatter settlements. 
Both
 

tasks would necessitate special modeling of the squatter settlements as
 

specialized submarkets of the housing inventory. 
Parallel empirical
 

investigations of the economics of squatter settlements would deepen our
 

understanding of the specific problem areas 
and work to feed back a
 

sense of priorities into the conceptual work.
 

Specific empirical research on the housing market impact of the
 

development of new construction methodologies and design criteria could
 

also be undertaken. Although we have some 
idea as to the direction of
 

the effects that 
extreme wind research will have, more detailed infor­

mation on the probable impacts of this technology on both the stock
 

demand for housing and the supply of new housing units would enable
 

those countries affected by high winds to be more fully appraised of the
 

benefits of developing such a new technology.
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APPENDIX I
 

AN ECONOMIC INTERPRErATION OF HOUSING NEEDS
 

The needs estimation and projection methodology of section 
2 has
 

This appendix
been constructed around a basic conceptual framework. 


analyses the economic elements which unuerlie the notion 
of housing
 

"need."
 

for housing is labelled as DD.
In figure 1, the demand curve 


Assume that DD reflects the demand for housing services by a typical
 

The total amount of housing stock per family in existence,
family unit. 


the fixed supply of housing, is represented by the vertical line SS. 

of stock renders one unit of housing service. The
Assume that each unit 

of the demand for housing services curve and the fixed
intersection 

per unit of housing (PE in figure 1).
supply detormines the current price 

SEE 

E
 

I 
I 

Ii
 

hE h 

QUANTITY OF HOUSING
 

SERVICES (STOCK) PER
 

FAMILY 

and supply of housing.Figure 1. The demand 
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Let us assume that quantity of housing per family is measured in
 

square feet of living space. The equilibrium quantity of housing ser­

vices (stock) per family, hE, may be less than that which is deemed to
 

be the minimally socially acceptable amount of housing space per family.
 

Assume for a moment that h* represents the judgment of that amount
 

of housing services per family wnich is minimally acceptable. The total
 

housing need in this instance will then be (h*-hE) x N (number of fam­

ilies). 
 Of course h* may have been defined to be either larger or
 

smaller than shown on figure 1. 
What information could be developed
 

which would help guide the determination of where the standard ought to
 

be?
 

In order to arrive at some conceptual guidelines for determining
 

the standard from which housing need is 
to be measured, it is necessary
 

to discuss the economics of the housing market. The housing market is
 

composed of two basic markets whose interaction determines housing
 

prices and the amount and kind of new construction. Economists gener­

ally describe housing as a stock-flow market.
 

First there is the stock aspect of the housing market. Consumers
 

can be described as having demand for a quantity of housing services
 

which are associated with a particular size of the housing stock. 
 Such
 

demand will be dependent upon the market price, the level of income, the
 

market rate of interest, and a number of other factors. 
Figure 1 por­

trays the interaction of demand with the fixed stock supply. 
In figure
 

2, flow demand (dd), the demand'for new construction, is derived from the
 

demand for housing stock. 
At the price PE in figure 2, given the existing
 

stock of size hE, there exists zero demand for additional units. (See
 

panel B.) 
 The actual size of the housing stock is in agreement with
 

consumers' preferences. 
However, at price PI, consumers would be
 

willing to purchase h1 
units of housing service (stock). Thus, we see
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P E 
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E
E 

hI
h1 UNITS 

(h E I -
NEW CONSTRU''1ION 

OF PER PERIOD 
(A) STOCK (B) 

Figur:e 2. The demand for housing stock and the demand for additions ro the 'tock 

in panel B that the demand for new construction at price PI will be I 

minus hEunits. Smilar].y, if price were P2' consumers would be faced 

with too large an inventory of housing stock. At that high a price the 

flow demand would be negative, h2 minus hE and holders of the stock 

would depreciate the stock by undermaintaining the existing inventory.
 

The housing construction industry responds to the flow-demand for
 

housing. Since hcuiing construction approximates a competitive nmarke-t, 

little reality is sacr:ficed if we add to the flow side of the market an 

upward sloping supply curve which describes the number of new housing
 

units that housing producers would be willing to build at each parti­

cular service price. (Curve ss in figure 3.)
 

Figure 3 portrays the stock-flow housing market in equilibrium.
 

The actual size of the housing stock, hE, is such that at the" equili­

brium price, PEI the desired stock is equal to the actual stock and the
 

level of net construction will be zero.
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Figure 3. The housing market in equilibrium
 

If we introduce into this balanced equilibrium world a change in
 
some underlying factor, be it an increase in income, a fall in the rate
 
of interest, or a change in 
consumer 
tastes for more housing, which
 

causes demand to increase, the service demand function and flow demand
 
function for housing will both shift up. 
Graphically, in figure 4, this
 
would be illustrated by a shift up in demand from DI D 
to D2D 2 and in
 

flow demand from d I 
 to d2d2 P1 was the previous equilibrium price.

It will not be maintained in the face of the increased demand. 
 Price
 

will immediately rise to P2.
 Tie price of housing will fall by the end
 
of the first period to Pn 
because of the new construction activity
 

which is generated in che flow market (panel B of figure 4). 
 The inter­
section of d2d2 aud the flow supply curve ss determines P . At the new
n 

end of period price, Pn, the housing industry will be producing Ah
 
units per year. 
As these units are added to 
the existing inventory the
 
flow demand schedule will fall because the housing stock of panel A will
 
be growing. 
The size of the stock after the end of the first period
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of the housing market to an increase in demandFiguLe 4. The adjustment 

Event-
Ah) and the flow demand will be shifting down.

will be (hE + 

grow and flow 	demand continues to fall
 
ually, as the 	stock continues to 


the housing market will reattain the long-run 
equilibrium price of P1.
 

The meaning of "housing needs" can now be 
put in the perspective of
 

Using such an analysis can shed
 a stock-flow housing market analysis. 


that are involved in determining the minimally
light on the issues 

the target inia housing nee-ds s;tudy. 

some 

which is set asacceptable standard 

i housing standard isthe establisbment of
The obvious principle behind 

needs studies,
a target that 	 is worth filling. Oftoi,, in housingto set 


of attainiig

the standard is -et implicitly without considering the cost 

Determining a hosing standard is equivalent to the specification

it. 


Accomp­
an amount of income redistribution that ought to take place.


of 


lishing a given size of income redintribution 
will entail real resource
 

the income
 
Explicitly identifying the size and beneficiaries 

of 

costs. 


redistribution which is implied by a specific 
housing standard and
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asking how much it will cost in terms of resources will clarify the
 

tradeoffs that are involved when discussing the concept of housing
 

needs.
 

The following discussion provides an approach for determining the
 

resource costs and income redistribution gains associated with reaching
 

a target level of the housing stock. Before the redistributive nature
 

of housing needs can be clearly seen we must consider the notion of the
 

"benefits" associated with any investment, e.g., housing, which has as
 

its object the reduction of the cost of a product or sfrvice. (Primary
 

to the notion that 
a housing "problem" exists is the impression that
 

housing is too expensive.) In these instances the basic measure of
 

benefits can be thought of 
as a measure of "consumers' surplus." In a
 

market situation (see figure 5), consumers purchase x1 units of goods at
 

price P The dollar costs to consumers for these units is given by the
 

D
 

Dnmers' Surplus 

P4 P i 

COST
 

C
 

QUANTITY
 

Figure 5. Consumers' Surplus
 

area OCBA. The total dollar value to co'isun'ers of the OC units can be
 

measured by the area under the demand curv, 
OCBD. Thus, consumers
 

realize a surplus of the amount ABD in their valuation of the x1 units
 

over their costs. This amount, ABD, is known as consumers' surplus.
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The benefits to consumers of a fall in the price of a product due to
 

increased supply can he illustrated in a like manner. In figure 6, if
 

price falls from PI t" P2 consumers will realize an addition to their
 

consumers' surplu' of the amount DCBA.
 

gain in consumers' surplus because 

A B of nrice fall
 

S DC
 

QUAITUTY
Figure 6. ['icrease in consumers' -urpl.is due to a fai(. in market- price 

Programs which Ii,]fill unmet housing needs are of direct benefit to 

those which occupy the new, standard, subsidized housing which has beLe 

biiilt to satisfy the housing need. In addition to these direct lne­

ficiarles, other groups will reat benefits which arise because of in­

creases in consumers' surplus which wil' because of the ofoccur impact 

the needs fulfillment programs on housing prices.!
 

Returning tC the stock-flow framework, the fulfillment of housing 

needs will result in addition to the stock ef housing which will lead 
to
 

lower housing prices for the rest 
of te inventory and corresponding
 

1 In additiL.. to the redistributive effects which arise because of
 
changes in consumers' surplus, housing programs may also generate other
 
benefits. Examples of these are increases in sanitation and subsequent
 
reductions in ill-health, reduction of density and subsequent lowering
 
of crime rates, and increases in worker productivity because of the
 
better housing conditions. These by-products of housing programs may or
 
may not exist. In fact, a new housing program could aggravate crime rates,
 
worsen the sanitation problem, and increase densities. Evaluating these
 
other non-market benefits 
can only be done in the context of a specific

housing program. The-i are not genernlizable like the consumers' surplus

effects. Thus, the iaon-market benefits can not be dealt with in this paper.
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gains in consumers' surplus. Figure 7 illustrates this process. If we
 

start off in an equilibrium position at price PE in figure 7, but assert
 

Gains in Con­

sumers' Surplus P 2 

L A Net Resource Cost 

P PG . 

h h* 0 (h*-h) 

UNITS NEW CONSTRUCTION
 
OF 
 PER PERIOD
 

(A) STOCK (B)
 

Figure 7. An example of the gains in consumers'surplus being greater than costs 

resulting from a program designed to meet housing needs
 

that the housing stock is not up to 
the desired standard of h*, in order
 

to secure h* prices must fall .
to P1 Those occupying the existing units
 

will benefit by an amount of EDBA because of the fall 
in price from PE to
 

P This dollar amount of gain can be considered to come at the expense
 

of the existing owners of the stock since they will experience an equi­

valent loss in rental income. Thus one effect of realizing h* will be
 

to redistribute income from one group (landlords) to another group
 

(tenants). Additionally, area DCB will also be confered 
to those
 

who enter the housing market in response to the fall in price from PE to 
P1.
1
 

'Society need not impose the cost of 
income distribution only upon
 
the landlords. General tax revenues can 
be used to compensate landlords
 
for their losses.
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In figure 7 the shaded area in panel A can be thought of as the
 

amount of income redistribution that is accomplished by tLttining h*.
 

the housing constructionBut in order to provide the extra (h*-h) units 

be P2. The total incre­industry will require that the housj".g price 

cost of the (h*-h) units will be P) x (h*-h). Sincemental resource 

PI, but nct P,, the resource costs which must be met consumcrs will pay 

by the public sector will he (P 2 - P1 ) x (h*-h). (See the shaded area 

in panel B of figure 7.) This subsidy cost per unit times the extra
 

public sectornumber of units represents the resource costs borne by the 

of achieving the incone redistribution effect ot ECBA. 

The income redistribution will arise as these extra units are added 

the rest of the
 to the inventory and a fall in price is dispersed across 

occupied inventory. Price will fall tu P1, given the subsidy, and the 

users of the eXisting stock, will realize a consumers' surplus gain from 

the lower prices.
 

that the amount of redistribution
It will not always b, the case 


will be larger than the public cost of achieving that level of redis­

tribution. Cnsider figure 8, where the subsidy required, PIHTP 2 , is 

greater than the gain in consumers' surplus, DCBH. In this case, meet­

ofing the current housing need of (h*-h) confers much less in the way 

redistribution change per dollar of resource cost than depicted in 

figure 7.
 

Vithin the context of this stock-flow model, three factors interact
 

to determine how expensive the income redistribution associated with a
 

( pecification of h*) will be.
particular minimal standard or target 


T1,_y are: (a) the price elasticity' of the stock demand for housing,
 

1The elasticity of demand is the ratio of the percentage change in
 

quantity demanded divided by the percentage change in prices. 
 The
 

the percentage change in quantity
elasticity of supply is the ratio of 


supplied divided by the percentage change in price.
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Gain in Consumers' 
Surplus P2 T 

H 

PL4 P B 
 - Net Resource Cost
 
PE
 

h, h6* 	 0 (h*--h)
 

UNITS NEW CONSTRUCTION
 
OF PER PERIOD
 

STOCK
 

Figure 8. 	An example of the benefits of fulfilling housing needs being less
 

than the costs of meeting those needs
 

(b) the price elasticity of the supply of new construction, and (c)
 

the relative size (as a percent of the size of the existing inventory)
 

or the housing needs gap. (See appendix 2 to this paper fo7 a more
 

detailed discussion of these conditions.) These factors can be mani­

pulated to describe one upper limit of the housing standard. The size
 

of the housing gap (h*-h) can be expressed as a fraction of the original
 

size of the housing stock, i.e., as 8 x h where 3 is a constant multi­

plier equal to (h*-h)/h. This gap parameter can be used to describe
 

where a housing standard, h* max. implies net resource costs equal to
 

the amount of income redistributed. In equation (1), h* max. is the
 

size of the stock of housing such that any additions to the stock past
 

h* max will result in a housing needs construction program whose public
 

sector resource costs are greater than the dollar value of its redistri­

bution impact.
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~()h*max h + *h 

i,this model 0* depends on the ratio of the stock 
demand price 

"r')asticity of housing to the price elasticity 
of new constructionl 

set in 'a'needs 'study' imp 1it! s- a stnar hr
'supply. If'the'sadr 


then the housing standard specifies that achieving $1 
of income redis-


If 8 < 8*, ful­
tribution entails more than a $lnet resource cost. 


filling housing needs will result in housing programs 
where the redistri­

greater than the net resource costs which must be borne
 bution gains are 


by the public sector.
 

that housing needs studies are bound to
Although it is the case 


there are
 
involve normative elements, the discussion above implies that 


resource costs of redistribution
economic factors relating to the real 


which can guide the setting of the housing standards. 
These factors are
 

rooted in the housing market characteristics of a particular 
economy.
 

The first economic characteristic of impact is the 
price elasticity of
 

It will depend upon the underlying tastes and preferences 
of
 

demand. 


It will be influenced by an area's
 the consumers in a particular area. 


income, Of equal importance is the elasticity of supply. It
 
lvel of 


also will depend upon many institutional factors which 
vary across
 

The degree of competitiveness in the housing industry, the
 
economies. 


production technology employed within a particular 
country, and
 

level of 


the housing industry to innovation are three
the responsiveness of 


1 
and a
 
underlying factors. Nevertheless the desire for greater equity


a tool to increase equity,
willingness to use the housing market as 


A
 
fundamentally lies in the hands of the public policy decision makers. 


specify the real resource costs of
housing needs study can be used to 


1Greater equity is concerned with the redistribution of income 	from
 
the
 

higher income groups in the population to those at the lower end of 


distribution.
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achieving greater equity. 
However, other methods are available to the
 
public sector for income redistributiun, 
e.g., negative income taxes,
 
food subsidy programs, and 
the non-enforcement of laws against theft.
 
The cost effectiveness in redistributing income housing programs must be
 

compared to 
these other alternatives.
 

The income redistribution goals of housing or other welfare-type
 
programs generally are not examples of potential Pareto1 
improvements.
 

Thus care should be taken not 
to interpret cost-effectiveness 
computa­
tions 
as ranking redistribution schemes on the basis of efficiency
 

grounds. Whether or not 
the equity or redistributive effects of such
 
programs are justifiable must 
be decided, not on economic grounds, but
 
on the views of the policy makers towards the desirability of attaining
 
a more equitiable distribution of income at 
some cost 
to real income.
 

A potential Pareto improvement is
arrangement can result in the gainers being able
the losers. to more than compensate
 

one in which an economic re-

In the case of filling housing needs the gainers (the
tenant classes) will not be able to 
compensate the losers (the landlord
classes) and still remain better off.
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APPENDIX 2 - Derivation of the Housing Standard
 

a housing program
The resource costs borne by the public sector of 


designed to meet the gap in housing needs will be distance AB in figure
 

I times the size of the gap, which will be B •h. Distance AB will be
 

s 

L4A
 

dd
 

NEW CONSTRUCTION
 

the sum of the changhn pritc, CB, that moves along the demand curve, 

dd, (Ar)d) plus che :hangu in pricre resulting from moving along supply 

curv, "S, di;tanc. CA, (!lPs). Thus, the subsidy cost, SC will be 

=
(1) ,C (API + ',Ps) I h 

The redistribhti\'C effect can be measured as the increment in 

consumers surplus under th. sock demand function of Figure 2. 

P
j) 

APdI
 

DN
 

h h
 

UNITS OF STOCK
 



It will be the change in price APd times h plus (utilizing straight 

line demand curves) 1/2 APd x Oh. Thus the benefits, B, will equal. 

(2) B = APdh + 1/2 APd ph 

Setting redistribution effects equal to implementation costs, we
 

can proceed to solve for the value of 8 which can be used to determine
 

the housing standard at which implementation costs are matched by income
 

redistribution effects.
 

(3) (APd + APs) 	Oh = APdh + 1/2 APdah
 

Rewriting (3)j
 

(4) 2 APd~h + 2APs Sh = 2 APdh + APdah,
 

Subtracting APd~h from both sides and dividing by h • APd yields
 

(5) 	0 + 2B A Ps/APd = 
2 A
 

P *lP 1
since APd =Sh . E and APs=h E
 
Ed h Es h
 

(where Ed is the price elasticity of demand and Es is price elasticity
 

of supply) then Equation (5) can be rewritten
 
Ed i/ 

(6) 1/2 + d = 
Es
 

which can be rewritten to solve for 0
 

(7) 1/2 Ed - 1,
 

Interpreting equation 7 yields the following conclusions:
 

o the greater 	the size of the gap between the standard and the
 

actual size of the inventory, the less likely it will be that the hous­

ing needs are worth filling,
 

o knowledge of the degree of price elasticity of stock demand
 

and flow supply is an important input in the determination of housing
 

needs,
 

a a combination of very elastic demand and very inelastic supply
 

will combine to 	make housing needs not worth filling, and
 

0 
 a combination of 	inelastic demand and elastic supply combine
 

to make the filling of housing needs socially profitable.
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Housing in Extreme Winds
 



Housing
inextreme 

winds 
A study of the socio-economic and
 
architectural aspects of low-rise,
 
low-cost housing in three developing 
nations characterized by high wind 
conditions.
 

Prepared for the
 
Office of Federal Building Technology
 
Center for Building Technology
 
National Bureau of Standards
 
Washington, D. C. 20234
 

By 	Stephen A. Kliment AIA 

663 Fifth Avenue 
..e., York, N.Y. 10022 

Report Presented at Regional Meeting on Development
 
of Design Criteria and Methodology for Low-Rise/Low-Cost
 

Buildings to Better Resist Extreme Winds
 

Report 





This report reviews the socio-economic and the
 
architectural aspects of low-cost, low-rise
 
housing in three developing countries subject
 
to extreme winds: the Philippines, Jamaica
 
and Bangladesh.
 

The information is based on a review of over
 
30 printed resources (listed on pages 47 - 50).
 
In addition, the following individuals
 
kindly contributed useful information and
 
suggestions:
 

John Edmondson, Paul Campbell (International
 
Cooperative Housing Development Association);
 
Wallace Campbell (Foundation for Cooperative
 
Housing); Ignacio Armillas, Giovanni Carissimo,
 
Evner Ergun, Alberto Gonzales-Gandolfi,
 
Rafael Mora-Rubio, Mario Piche and Ludwig
 
Van Essche (UN Center for Housing, Building
 
and Planning).
 

Stephen A. Kliment
 
June 27, 1975
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trdtin Cutua patensco 

seer hare t novto. hsudr 

. .i i Tabet I tlsw-sostoow-rl. 

vtrydihon. of poatonI ranges 

economic per sq. e 
Yhe ocieconomcpoilccaatvl 

rsons nil 

(or lack of it) can both enhance and be a
 

..evere barrier to innovation. Thus, under­
3176~i~i~4standing453 orson a nation's socio-economic vething, alayshbeeCntr he profile,offacipiestors31prsq iei
 
€bl~i aSof housing- administrationIthe characteristicsavitalits matter. and itsBangladesh, aspect of low-coghst, low-rewold 

housigpae aisways beeilte of5U.ery n 
comparative socio-economlc pocio-asThetrdtheUSiocultur lyatersnsprofilei!'!ii"UOPI0:5A''II;; Ui~~~ii~ii!iIout].inud in Table 1 tells us a good deal', 

" 1 Irl "''I1I4531iiii~! For one thing, all three countries have a " 
Tenoiguresdoint techns il woexpe rs
i.,.Ii.'._,, ̂^ very high density of population. It ranges 

. ,5a . from 317 persons per sq. mile in the 
St hi lippines to 1,361 per sq. mile in ve 

• :. IjI [::: one of tel inj jii~"J Bangladesh, uihst the world. 

of nI t, ih soerns d aer 

Thes [iuredonottel usthe whole story. 
In all three of these developing countries 
there isa strong migration from the country

El to the cities. The major cities in all 

" three have teeming squatter towns. 

. ' ',-I ... n the Philippines, one person in 16 lives 
______________ insquatter towns, which as of 1970 were 

increasing at the rate of 12 percent a year.
 
In Jamaica, squatter towns are illegal but
 
growing. 
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Philinpines 

Jamaica 
 Bangladesh
 

Population (million) 

Population increase (% per year) 

36.7(1970) 2.0(1972) 75.0(1972)

3.01 


1 .4 6AA 2.6 V
 
Density (persons per sq. mile)
Squatter towns common 317* 453 1361


YES 
 YES YES
Squatter population increase (% per year) 
 12.0 
 N.A. N.A.
Percent of population in slums/squatter towns 
(%) 5-6** N.A. N.A.Annual housing need (units) M
 
100,000(urban) 
 14,400 N.A.
 
370,000(rural) 
 N.A. 

8 
Urbanpopulatio (%) 32 34.5 10Rural population (%) 68 65.5 90 

Average household size (persons) 6.0 
 4.0 
 N.A.
Typical number of rooms in household 2.0(Manila:3) &
l.0 1.77"
Number of persons per room 
 2.7(median)

Population under 15 years (%) 3.2(average)

N.A. 
 47*** N.A. W
 
0
 

Population that can afford adequate housing 
.open market (%) 12 

government subsidized (%) 

N.A. N.A. 
23 N.A. N.A.
 

cannot afford (%) 65 
 60-70 
 72
 

*USA=56. United Kingdom = 560. USSR=26 
 N.A. Not available
**Iajor cities: 10-45% 
 A 42% of all urban dwellings have one***Based on limited sampling. See ref. 8 
 room only, compared to 24.9 for rural
ARural: but 53% of rural households have one room only 
 (Ref.4) AARef. 4 puts it at 2.7,
 

but this appears to ignore emigration.
 

Note:

This table is designed to give general comparisons o.ly, based on preiiminary analysis of
available information from references listed at the end of this report. 
Readers should keep
in mind that survey methods and frequency vary from one country to another.
 



s "o'A 4V.P-aPh'i )(p'kC-5
6OSeveral 

h1i O4 -cot. 

Over and above all th.s, the populations have
 
been rising at a steady rate, from a low of
 
1.46% per year in Jamaica (which has suffered
 
emigration of its most skilled workers) to
 
2.6 percent per year in Bangladesh and
 
slightly over 3 percent in the Philippines. 
Furthermore, even though infant mortality 
nas been dropping and Iifespan rising through 
improve health care, Citizens in these 
countries tend to live less lcng and this has
 
led co a very high proportion of youngsters 
unrler 115 years. (For example, in a not 
unt-;pical part of Kingston, Jamaica, known 
as, Delacree Pen, nearly half the population 
is under 15). 

By tradition and necessity this has forced 
onto housing .,oih normally distinct functions 
as day care, education and play to accommodate 
this many youngsters. 

OThere are other ramifications to these 
population patterns. The economics in all 
three countries are highly labor intensive, 
so that children are in the Philippines, for 
example, oee.n as an economic asset. Family 
planning efforts designed to bring population 

-in up against this harrier. This is especially 
true in rural areas where agriculture is the 
main source of income. 

Despite city migration, most of the populations 
are still clasrified as rural (68% in Philippines, 
q in Bangladesh, over 60% in Jamaica). 

oier socio-economic factors stand out 

strongly. Foremost is the tremendous over­
crowding of available housing. In the
 
Philippines, average household size is 6 
persons. The typical household has only two 
rooms (in Manila three). The median number 

of persons in a room in the Philippines is
 
2.7. In Bangladesh, the average number is 
3.2. It is common for several generations 
(so called "extended families") to make up a 

single household. 

*Thee are these other factors: shortage of
 
funds, markets not large enough to stimulate
 
eco7,mics of scale in prefabricated construc­
tion, undeveloped transportation and
 
distribution systems, a shortage of skilled
 
labor and, by and large, low standards of
 

workmanship.
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Another factor is the resistance by the
 
population to certain construction materials
 
and systems. Adobe blocks are not considered
 
"noble" when compared with brick or stone
 
in many countries.
 

An experiment carried out in Peru 
some years
 
ago using igloo-shaped houses made of
 

lespolyurethane
were rejected because families 
Lb were unhappy with the lack of corner areas 

where one could put "things out of the way",~predictably bad interior acoustics, and a
 
lack of normally defined property lines in
 
which to fence in animals. They were
 
eventually abandoned.
 

1I1 c Most families cannot afford housing on the 
open market and in many cases not even

J . housing subsidized by the government. Withp~ 

some exceptions, private housing is better
 
so far as wind resistance is concerned, but
 
those who cannot afford housing of any kind
 
range from 65% in the Philippines, 67% in
 
Jamaica up to a high of 72% in Bangladesh.
 
Consequently, the very poor must fall back
 
on government public housing programs
 
(which are modest in all three countries)
 
or build their own housing according to
 
demonstrably unsound wind-resistant
 
principles.
 

00"Uncontrolled settlements"
 
% % "Uncontrolled settlements", a term which
 

% __covers "bustees", squatter towns, and
 

S
"transitional communities", have come in for
 
sharp comment as to their socio-economic
 
merit in developing countries. Following
 
is a summary of arguments for and against

this complex phenomenon:
 

OContributions to a sound urbanization
 
process: (Ref. 15)
 

t& NA %GVt 1.6 1. They provide migrants with housing at 
.MpW C Y P4 rents they can afford 

V*Vvr. IC" 6 o 2. They serve as a reception center for
 
EA4 " .migrants, helping them to adapt to
 

urban life
 

3. 	Within their own society they are a
 
source of jobs in small-scale and
 
marginal enterprises
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4. 	They provide accommodation at a reasonable
 
distance from sources of jobs in the 
adjoining town or city.
 

5. 	 The conmnunal organizations provide suPFort 
during unemployment and other difficul, 
times (a study by a Presidential Council 
on th Squatters of 'Manila, the Philippines, 
found, in a squatter community of 2,625 
families, 29 organizations, with 65% of 
family heads interviewed i-*2onging to at 
].east one organization -- Ref. 16). 

6. 	 They encourage (and reward) small-scale 
private enterprise in the field of squatter 
housing. 

7. In man.' cases, tiey provide their own 
INO security system o; a caLiber that-overnnent would find very costly to 

-	 furnish. 

OLi;Atation 

Some planning professionals question the 
merits of uncontrolled settlements, due
 
to the public health, educational, family 
health care, circulation and other problems 
which these settlements find hard to solve. 
The absence of "sites and services" aggra­
vates these conditions. 

OSi:x fallacies 

Several fallacies of thought have arisen around 
the squatter town problem: 

1. 	"The more you improve suater settlements, 
the more migrants you attract." 

Response: Social and economic stimuli
 
will continue to attract immigrants to
 
urban areas no matter what the living
 
conditions.
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2. "Improvements in rural areas can signif­
icantly reduce urbanization." (Ref. 17) 

O Response: "Without urbanization and 
industrialization, there is little 
prospect of rural development. The 
real question is: 'how is it possible to 
prevent the exchange of rural poverty for 
urban misery?'" 

3. "Population control measures can substan­
tially effect urbanization in this century." 
(Ref. 17) 

o Response: "...The average age of migiants
to urban areas generally falls between 
20 and 30 ... Therefore, most of those 
who will migrate between now and the end 
of this century are already born. An 
immediate and decisive decline in the 
birthrate would not affect the migrant 
population until the 1990's 

4. "Decentrqlization of urban growth will 
reduce problems of urbanization." (Ref. 17) 

O Response: "Large scale capital investment 
in a number of rural areas designated as 
growth centers, may tend to attract 
imigrants to relatively small towns which, 
at least in the short and medium term, 
would (lack) the financial and staff 
resources for providing community 
services, and otherwise dealing with a 
rapidly growing population." 

5. "Squatter settlements are home largely
for rural and uneducated groups." 

v 
CLew 

io t%
" 

bi-.6 -
W 

0 Response: Squatter settlements vary
widely. Residents of some are close to 
their rural backgrounds. In others, 
there isa notable proportion ofprofessionals, such as engineers anddoctors. 

CI AAM. k V4 6. "Nearly all squatter town inhabitants are 

multi-member families." 
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ORespoase: Ref. 18 indicates that the
 
ratio of single person families is high
 
(in Bangladesh: 15% in Dacca to as high
 
as 29% in the more industrialized
 
Ciittagong). This is seen as 	an undesir­
able trend from :isociological viewpoint.
 

**Sites and services 

A policy that is becoming more and more 
accepted is to focus on improving squatter
 
settlements. This is done by 	 providing so 
called "site and services". Land, water
 
supply, electric power and waste disposal
 
are provided. Better structures come along
 
with appropriate help as the settlement 
becomes morL' established. This way, self­
help is sti.'nulated. 

"Sites and :sLrvices" implicitly recognizes 
that stjtlatzer settle2ments can be viable 
economi cal I , end that their main problem is 
to keep to a iimum their sanitary, educational 
and other nemative aspects. 

Pypes ,F7"sites and services" 

ro11owin-' ,ru fOUr forms of "sites and-JScrvices'' (Rut. 19): 

1. 	Subdivide land alone -- only an unimproved 
building lot is provided 

2. 	 Subdivide land and instal basic public 
utiliti-es and some community facilities 

3. 	Su dvide land w;ith a full complement of 
puilic utilitics and community facilities 

4. 	Install a combination of public utilities 
a,1d ,'onmu.nity facilities in existing 
rnsidCntial areas 

" 	 de&WRa 14 4An inter,.sting variation on the above are the 

so-called "poles" of India. An entire down­

{Mw h7L town ii.lock owned by the Government is leased 
S&V'4 to a private individual or company, which 

- to a then rents space to transient occupants. The 
iov'vt4 block is entered only through a guarded 

gate, with rent collected weekedly. Temporary 

10
 



structures inside the walls serve newly 
arrived migrants who are clo,e to day work 
and temporary job sources, and have the 
opportunity of acquiring more permanent 
jobs and housing. 

Sllierarchy of public utility services 

As the "sites and services" concept evolves, 
a hierarchy has emerged among the public 
utility services a government may provide. 

In the top category are water supply and 
waste removal, since lack of purity in the 
one and improper location and design of the 
other are the primary causes of disease and 
mortality in squatter settlements. 

Water and waste lines, if possible linked 
to a sanitary core, constitute a minimum 
s-standard. 

t: " UI6A.V LV.,e 

Into the second category fall such utilities 

as electricity and public lighting, sidewalks 

and paved roads, gas and telephones. 

VJ 

P 

, 

wV.A 

; M 
) 

c4ye I 
,Acomponents 

Public utilities make up one of three 
of the "sites and services" 

concept. The other two are community 

facilities (or access to them) and the land 
itself. 

*The importance of land 

From a public health standpoint, proper water 
and sanitary systems are supreme. From 
a social standpoint, the security of land 
is supreme. Most families, given technical 
assistance, will find a way to erect a dwell­
ing, so long as they can count on security of 
land. 

To bring down the cost of land to the occupant, 
a variety of arrangements is possible. An 
approach tried in Jamaica offers a 40 year 
leasehold on land at a modest rental; this is 
renewable for 40 years more. The lessee is 
responsible for erecting housing and paying 
for utilities. The only subsidy is in the 
form of technical assistance. 

11 



OUser requirements 

....... 

* 

Research into user tequirements on low cost 
housing can help evolve designs that are not 
only adequate technically but also meet socio­
economic needs. Clearly, as most current 
designs do not meet proper wind-resistant 
criteria;i igh;qiit possibly using 
unfamiliar building materials and methods, 
will have to be used. As'there is no hard 
data on user acceptance of such designs,
this information must be sought out. 

Mrs. Tarja Cronberg (Ref. 1) uses these 
sources of information: statistics of the 
country's population (death rate, size of 
families, average igicome, etc.); interviews 
with local builders, architects, and con­
struction workers; and observation. 

She divides the information Into two classes: 
user characteristics, and user activities. 

0 0 

Under user characteristics, she determines 
the users' typical physiological and 
psychological characteristics, plus such 
socio-econoMic characteristics as family
size and structure, mobility, 'identification 
with a particular ethnic, religious or 
geographic group, and educational background. 

- 0 .UnderQ user activities, Mrs. Cronberg identi­
fies 9 headings: H 

0 Sleeping ORecreation/play 

"L- pe-j 

k,4(.I.'S "i.At 
.UA*VR 

c . ...d" 

3 Food preparation OSocial (receiv'ng of 
0 Storage guests, etc.) 
0 Personal sanitation Odentification/partici­
0 Work pation 

:4.. OLeamning and orienta­
. t i o n 

She now feels that more information is needed 
in four areas: 

OHealth standards in existing environments. 

" Need for personal space and privacy in 
overcrowded housing. 

" Social activities 
community. 

in the neighborhood and 

0 Activities of specific groups such ascid en. 
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This determination, done with aid of local
 
experts, is clearly important in arriving at
 
a clear, objective set of criteria of how
 
families in a given milieu are likely to
 
respond to innovative, wind-resistant
 
design that is new or unfamiliar.
 

*Acceptance and rejection
 

The Cronberg study also indicates that
 
innovative housing designs and new materials
 
are widely accepted in the Philippines, even
 
by low income owners. This is true especi­
ally where the owner is able to make small
 
individual changes on his house after he
 
moves in. Most practicing architects and


4Ij j CU4 tw VM engineers in the country are said 
to accept
 
&. t 	 new materials which have the needed properties
a e----	 and do not cost too much. 

The opposite has been the experience in Peru.
 
Peru is not a part of this report, but is a
 
useful object of study nevertheless. New
 
construction materials always run into a
 
strong initial period of rejection, and
 
only a few have survived this reaction and
kept a place in the market (Ref. 1).
 

% 	 Examples of this re-iection include:
 

0 	A hollow block based on a Swiss patent
 
and made up of mineralized vegetable
 
fibers encased in cement.
 

0 	A panel-sized product made of expanded
 

gypsum.
 

0 Corrugated sheets of glass fiber and
 
polyvinyl chloride (PVC). Plastic
 
bathtubs and basins.
 

o Sprayed polyurethane igloos developed in 
Germany for use after an earthquake (as
 
discussed earlier).
 

The few construction materials (ocher than 
indigenous materials) that are broadly accepted are> corrugated sheets of galvanized steel or asbestos 

K; cement. The former, despite poor thermal 
and acoustical properties, are popular 

,a' because they are strong, do not weigh much, 
S\1 and can be easily and cheaply transported
 

on the backs of mules. The latter, though
 
superior in thermal and acoustic terms, are
 
quite fragile, and the resulting higher
 
breakage also drives up costs.
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-L: .::i ...":::: i ::  : housing,;.It .was carried ,out by students at , : •
 ,,::, .i? .
 

.,.:.,:the Archit~ectuire Depart~ment o f .the National " . :; / :''
 

...... Consumer,.-interest -was, foundto -b because.... 


Nodeal more than adobe houses;' they looked too
 

aprcaete aig nerent in the shorter,
 

civ.....c-OC& As for builders, they.found that a restricted
 
" - ::"market led to high sales costs; financing was
 

" " ifficult; and comp lex transp0rtation sharply
 

: " raised construction .costs outside -the .
 

~immediate area of Lima.'
 

OHousing economics """
 

Housing approaches in developing countries
 

have been Critized on .two grounds.
 

~First, because housing deficits are computed
 
without taking into account, the values or
 

~preferences of those to be housed. Secondly,
 

. . .because
.... the traditional solutions to
 

.... " " -.housing deficits have turned, out to be well "
 

beyond current capital Investment rates.
 
~Even. incountries that anticipate a high 'rate
 

of growth, the competing-demands of agricul­

ture,-industry, and other programs reduce
 

the funds availabl.e for housing to a level far 
below needs (according to a report by William
 
F. reps, Ref. 1). 	 "
 

: ':In cho Plhilippines, for example, demand for 

S Z ... -'] [ :]L] new dwellings would require a capital invest­
----------- '-" about 5.7 percent of the gross national'';'' menit 


•i - - ' " • . . product; in} fact, in 1967 only 2.8 percent
 
- .: •..... 91 . . , - . .. ..As a . . :
Z. 	 ' as so invested. :result, slums-and " 


. . o squatter towns grew -10% of the population
 
.. .At tkT UP IdM6, of.Manila and 30Z of the,population of key 

: ~ ~ ..4 P:i , L4, h,C, @, , other cities lived in squatter areas. . • 

• ', 	 '•::Yet "sites :and sericees" solution referred
[ill ; 	 t~he 


: ;,i :;:: i: to: earlier has been found deialespecially
 
. ,
: , : ' ; '...... 	 ,in-the .:Philippinies,iwhere .self help,i(k o n a
 

:/:!:.; . -;- i- . :'.' building of; dwellings. ti;:t 	 ,
!s !discussed in/ 




Housing_, 
charactenstics 
Four ingredients of housing are discussed.
 
These are: siting, design, construction
 
methods, and materials.
 

Siting 
With the relatively primitive wind risk maps,
 
little regard has been given to the place-­
ment of houses in relation to danger. Good
 
site location or orientation linked to local
 
terrain and natural cover can be, but
 
usually has not been, determined from histor­
ical wind data. This data provides the
 
frequency, velocity and direction of the
 
prevailing winds, especially in their extreme
 
form. Hence, windstorm damage can be cut
 
back a great deal by placing buildings so
 
they are protected by hills, stands of trees
 
and other natural elements.
 

Design 
Windstorm resistance can be notably improved
 

by various simple measures. These include
 
horizontal bracing of certain types of roofs
 
over houses made of adobe masonry and other
 
small unit construction; a more rational
 
disposition of openings in bearing walls;
 
reinforcement of critical areas of a building
 
subject to being overstressed; and the
 
strengthening of connections at joints.
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All this may not be enough. Special studesI
 
on how turbulence in a storm is distributed
 
are required.
 

-Itispossible to'make buildings more wind
 
resistant by improving connection details, by
~ ~learning more about the effects of wind 
Kloading oil buildings, and by avoiding shapes 
or arrangements of buildings in groups so as: ~~~o ~ - ths wt"i g: .. thoeia as g n\'.sex.-primenal
not to cause undesirable aerodynamic effects.
 
wind model study research is currently being
 

conducted as
activities. part of this project's research
 

Certain design elements can be very unfavor­able. Sharp edges, low-pitched roofs, large
overhangs and improper grouping of buildings
will cause problems. Textures, too, are
important, According to R. N. AynsleyIZb it :Ivfaces, (Ref. I), the aerodynamic behavior of 

". ,l4t'g4ie1O,5 buildings can be improved by providingd 

rough

q", hAVio' surfaces or ribs on the exteriors of walls.
"Grass
"Ii.ei.,d4,€ roofs have allegedly served to relieve
pressures, as have smooth transitions
 

between planes of 
a house,
 

Unfortunately, the internal pressures

developed in buildings with openings areusually not considered in design. Roof
 
failures have been caused bv wind which
 
penetrated the structure and pressed up
.on the roof from beneath.
 

Certain configurations (such as cylinders),
 
or igloo-type structures, are far more

stable than box-like structures, but in the
 
few places where they have been tried the
 
cultural attitudes of the population caused
 
them to be abandoned.
 

In Bangladesh, a revolutionary type of
 
design has been 
tried, using materials and
 
shapes new to the country. These are
 
integrated roof and wall elements, made up

of units consisting of polyester resin, and

jute. They have performed well in winds
 
but their final social acceptance is still
 
unknown.
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Construction technique 
In developing countries, it is often hard to
 
separate design from construction. By and
 

Slarge, typical characteristics can be
 
summarized as follows:
 

OFoundations: Load transmission to soil 

77"77 less critical since low-rise dwellings."becomes 

t- prttt laad of one or two stories do not generate a high4 
O ' 	 dead load. Where flooding is not common,
 

rectangular footings of plain or reinforced
 
concrete or gravel are used.
 

In flood-prone areas houses may be built on
 
stilts (e.g. bamboo) driven into the ground
 

to the appropriate depth. Mat footings are
 

sometimes used on unfavorable soil.
 

OWalls: Walls are either 	structural or non­
structural. When non-structural, they merely
 
serve as an in-fill for a frame and their
 

[ - constribution to the overall structural
 
resistance of a building to wind pressure 

4,-h drw should be minimal. 

Structural walls of wood, concrete, burnt
 
clay or soil-cement composition are the most
 

common in low-cost housing construction.
 
Walls are either monolithic or small unit 
masonry type, where units 	are layed in
 

staggered courses, usually in beds of mortar.
 
Clay brick and title, adobe brick and
 

C4 6de R f concrete block are the most common masonry 
be-d K9_ units. Quality control in making these units, 

as well as the mixing of the masonry mortar 
bed, can make or break the 	structural
 
strength of the tctal wall.
 

Wind stresses on walls are eitiner out-of­

plane bending or in-jplane stresses. Out­

of-plane pressures (when wind acts directly 

ip' '.- i call at right angles to a wall) cause deflection 

and eventually failure. Tornadoes common 

$4SE I'44 0(4 kO/ ,a in Bangladesh have pressure drcrps so strong 

cause an actual explosivebb)r(mO4 546d/-v 	 and sudden as to 

action of the wall. 
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In-plane stresses are developed in walls which 
:LLJ.LL. . act as shear-resisting elements within the 

building, the plane being parallel to the
e'ui'Le,~~wind direction, 

.oreover,: incorrectly planned wall openings 
-
COC0O4n tM1E14hk may be critical, especially at corners. In 
a1bLLt5 ti g¢h - . any case, conditions where two walls intersect 
roo c4o0wf. or between walls and foundation or walls and
 

roof, require special design due to the high
 
stresses at those joints. 
 I
 

*Roofs: Roof pitch is an important designI' l bv44 element for good wind resistance. The magni-
I I I a i %I' tude of positive or negative wind pressures 

I on roof surfaces is directly related to roof
 
"", pitch. Wind affects roofs in two ways,
 

" . direct and indirect.
 

Direct local effects are made up of high
 
positive pressures (or suction) over local
 
areas of the roofs. This may lead to
 

• damage to roofing -- .whether shingles, tiles,
 
corrugated sheets, atc. Overhangs, 
common
 
for sun protection, ar(c especially liable
 
to wind damage, as they undergo positive
 

20 pressure from below and suction from above.
 
2D
 

8 Indirect effects occur when wind loads are
 
transferred to lateral walls, causing
 
stresses. If this mix of pressures on the
 
roof is strong enough, the capacity of the
 

1.-connections will be exceeded and the roof will
0.8Z 
 A be lifted off. This brings additional danger
 
since every roof has a structural role as a
+ horizontal diaphragm. This transmits wind-


X €4-Of.6 o iE loads from the front to the side walls. If
 
.R ... . . .a roof is off, both frontal and lateral walls
d • 

pae~r~.~umb-6 ~may collapse. 
-... A _ of re _AiW. Flat roofs (especially with overhangs) are 

,. more subject to wind damage than roofs with
drn roofplchm. a steeper pitch.Prfd. 

0 Prefabrication 

Any method that will produce housing more
 
effectively must, at least in its.first
 
phase, maku the best use of available local
 
labor. And the choice and control of the
 
dwelling environment resulting from any
 
industralized housing must not conflict with
 
individual uses, traditional preferences
 
and outlook.
 

18 



-

73/ 


C1 S 


o A
27 
.r ­

-r~4Lt 

In the Philippines, few companies make
 
prefabricated components; included are
 

private firms producing wall panels and
 
roof trusses, and a government firm
 
which makes lightweight concrete panels.
 
Filipino builders are said to recognize the
 
savings which prefabrication offers, and
 

feel they can make it work. Their problems
 
at present are lack of adeciquate financing
 

and too small a volume,
 

In Bangladesh, reinforced concrete shell
 

roofs in a shape of a hyperbolic paraboloid
 
have been used,using one inch pre-cast
 
reinforced concrete elements, with concrete
 
connections made on site.
 

In Jamaica, the most common form of indus­

tralized construction consists of large
 
precast concrete panel systems. Wall and
 
roof panels are lifted and assembled by
 
crane. Other forms of prefabrication in
 
Jamaica use precast posts combined with
 
precast concrete or timber beams, with
 
concrete infill "boards" between posts.
 

Materials 

The must commonly used materials of
 
construction are those that are found
 

plentiful locally and require little or no
 
sophisticated equipment to convert into
 
building materials. Tn Bangladesh 90% of
 
rural houses (and 90% of Bangalis live in
 
the country) are made of bamboo, thatch and
 

mud. Two out of three houses use the same 
materials for roofs. Only I percent of thesehouses have walls of concrete, baked brick
 

or stone, and these are mostly staff
 
quarters built by the government. The
 
remaining roofs are of galvanized
 
corrugated iron or corrugated asbestos
 
cement sheets. In its cities, only some
 
27% of housing is considered "permanent
 
and semi-permanent."
 



Following are other common materials used in
 

the three nations:
 

*a. 	 Soil: Natural earth is about the most
 
common material used. Sun-dried adobe
 

bricks have been the basic masonry units 
for low-cost housing. These bricks are
 
often untreated against penetration by
 
water. More recently adobe brick has
 
been 	 staIblized by the addition of 
asphalt. This boosts the durability 
and water-repellent properties and is a
 
major breakthrough. The social acceptance, 
however, of adobe, stabilized or not,
 
is still not high. 

*b. 	 Wood: Wood, while popular, easy to 
handle, versatile and strong in tension, 
is not everywhere available. It is use­
ful as a framing material. When not 
available in milled, dimensioned form, it 
is replaced by non-dimensioned lumber -­
as cane, bamboo, palms and thatch for 
structural enclosure and roofing purposes. 
Cane, bamboo or split wood are often used 
to reinforce adobe masonry. Major draw­
backs are moisture, fire and insect 
infestation. Chemical preservatives which 
can be produced in developing countries 
can prevent this kind of danger and 
deterioration. Also, chipboard products 

and ceilings.for walls are used 
Sc. Concrete: Where sand, cement, water and 

various additives are plentiful, 
concrete is a logical and widespread 
local building material. Weak in tension, 
it can be reinforced by a local material 
such as bamhoo as well as by costlier 
imported steels and fiber glass. Concrete 
reinforced with a wire mesh and known 
as flrro-cement has been used with very 

little supervision in some countries, and 
thc materials needed are chea and usually 
readily available. 

Od. 	 Brick and concrete block masonry are 
common.
 

*e. 	 Steel: As i capital-ir.Itensive material, 
steel is rarer. Its most common use is 
as a roofing niaterial (in the form of 
corrugated sheets of galvanized steel or 
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aluminum), and to a small extent as
 
connectors for bolting and anchoring the
 
various structural elements.
 

Of. Plastics: Plastics are a highly adaptable
 
material. Depending on the choice of
 
components, they can be tailor-made to
 
adapt to most structural and enclosure
 
needs of housing. Not enough is known
 
about the weathering properties of
 
plastics in outdoor use 
(as compared
 
to traditional materials), especially in
 
tropical areas such as those in this
 
study. 
 Use is most advanced in the
 
Philippines, which also is one of the
 
chief plastics producing countries in the
 
Far East. They use native as well as
 
imported raw materials and processing

machinery. Several important tests
 
underway in Bangladesh are described
 
later in this report.
 

Still, plastics are resisted 
as a new
 
and unfamiliar material. 
 Solid-seeming
 
and demonstrably durable materials are
 
preferred. Plastics are likely to be
 
more widely accepted in the future as
 
they penetrate the private, for-profit
 
housing market and non-housing uses such
 
as clinics and schools. They can then be
 
observed and their performance seen by

those who presently must rely on housing

provided by their governments or through
 
their owi labors. 

eg. Indigerous fibers, such 
as palm leaves,
 
coconut husks and peanut shells have
 
served as filler materials in spaces
 
between structural supports or between
 
roof rafters; and grasses such as jute and
 
hemp can be used as reinforcement for
 
concrete or adobe masonc 
.
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Review
 
by'cuilry
 

The preceding chapter described the overall
 
picture of housing in the three countries
 
of the Philippines, Jamaica and Bangladesh
 
in terms of socio-economic profile and
 
physical housing characteristics. The three
 
sections that follow are based in greater
detail on documents developed specifically
 
to describe conditions in each of these
 
three countries. In this sense, this 
chapter shoutld be seen as an extension of 
tvh. preceding one. 



The Philippines 
The Philippines is said to have the highest
 

frequency of tropical storms in the world.
 

Average annual frequency is 20.
 

Filipinos have always depended on water
 
(whether river or salt) for food, trans­

portation and for watering their fields.
 

This is still the pattern in rural areas.
 

This attachment to low land and water
 

logged areas led to a unique type of
 
dwelling, with a raised floor on stilts.
 

Communal activities centered around the
 

houses of the village elders, who also
 

were religious and judicial officials.
 

This organization has today been formalized
 

into the barrio, which is the lowest
 

political unit of government.
 

*The Filipino fami'y and its housing needs
 

The family is the strongest unit of society. 

Typical of the family system is bilateral
 
far as
kinship. This is extended often as 


the third or fourth cousins. Families with
 

at least three generations are common. In
 

times of crises, family members are expected
 

to share board and shelter with less fortunate 

members, especially parents in old age and
 

widowed relatives with children. The family
 

acts as the economic unit in rural and urban
 

.ireas. Children are seen as economic assets.
 

A large family is regarded as a means to
 

social security.
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*The community
 

The term "barangay" exists to define this
 
conscious sense of belonging. It is a pattern
 
into which the activities of the family units
"are-_ -woven. -. Extended -families exist.,not 	6 ~if_onl 

in .
the country but also in cities Their
 
percentage in low income areas, around Manila
 
is said to reach 55 percent. Family size
 
ranges from 7 to 11 in these cases, with at
 
least 18 percent made up of 9 members or more.
 

Only 12 percent of urban families can afford
 
housing in the open market; 23 percent can
 
afford home ownership provided they receive
 
long-term financing at low interest rates.
 
The remainder cannot afford adequate shelter
 
even at reduced rates.
 

Ranking cities in the Philippines have between
 
10 and 45 percent of their populations in
 
slums or in squatter areab; the national
 
average is 5 to 6 percent. Filipino squatters
 
are not said to be shiftless people, but well
 
motivated and resourceful.
 

A study made by Jaime Laya, Remedios Balbin
 
and Romulo Neri of the Agno-Leveriza
 
squatters area of Manila (Ref. 10, part H)
 
paints a grim physical picture. Eight
 
hundred dwellings are crammed into two city
 
blocks behind a pro'sperous seeming facade of
 
solid apartments and houses. Most structures
 
are of one or two rooms, without running water
 
or toilet. 11.5% of surveyed heads of house­
hold were unemployed, compared to a 1969
 
national average of 7.3%.
 

Yet the study team noted little active dis­
content; rather, they found an attitude of
 
initiative, of moving on by one's own effort
 
and enterprise. Education level was relatively
 
high (7.1 years of schooling on average for
 
heads of household, more than needed for the
 
Jobs they hold), and income level varied
 
widely, from destitute all the way to
 
families with a refrigerator, television set
 
and telephone service.
 

Another study, by Mary R. Hollnsteiner:
 
(Ref. 10, part I) confirmed a sense of excite­
nient among squatter families after they left
a dull rural existence and moved towards
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economic opportunity in the city ie
 
recommendation of this study, wh 
 ,oked
 
into options for relocating Mani- quatters,
 
was to weigh with care any plan for moving

families off to a site too remote from urban
 
job opportunities.
 

The estimated annual need for urban housing
 
alone averages 100,000 units -- to accommodate
 
population increase, new family formations
 
and replacement of squatter dwellings. 
The
 
cost of land is high and this has a direct
 
effect on the high cost of adequate housing.
 
In addition, wholesale and consumer 
product
 
prices grew sharply between 1970 and 1973.
 
The average increase for all commodicies was
 
25 percent; for most construction materials
 
the figure was 40 to 60 percent.
 

This does not jibe with other, more optimistic
 
reports which indicate that materials and
 
skilled labor for conventional construction
 
methods are said 
to be fairly available. The
 
cost of delivering materials is reported low
 
because production is spread throughout the
 
country.
 

&Economic aspects
 

Only 12 percent of the population (with annual
 
family income over $1490 
-- U.S. dollar
 
equivalent based on exchange rate of the
 
Philippine peso as of August 9, 1974) 
can
 
afford housing on the open market. (Ref. 10,
 
part A).
 

23 percent can afford to 
own a h'use if
 
offered long term cheap financing with modest
 
land, development and construction cost ($596
 
to $1489 annual income range).
 

The rest cannot afford shelter at any cost.
 

Investment in housing rose from 2.8 percent
 
of GNP in 1967 to 4.0 percent in the early
 
1970's. But to meet the country's housing
 
need of some 470,000 units per yeir, an
 
allocation of 5.7% be required.
 

Yet the Filipino economy as measured by its
 
GNP has risen at an average annual rate of
 
6.6 percent from 1968 to 1973. Average per
 
capita income ($130 in 1970) also rose, and
 
is expected to double in the next 10 
to 15
 
years.
 

25 



The amount a family can afford for housing
 
varies chiefly with its income and location
 
along with other lesser factors. For 'example,
 
according to a study by Sixto L. Roxas III
 
(Ref.10, part F), a family with an annual
 

its income, or $390. At an annual income of
 
$450, it can afford a house of 1.8 times
 
its income, or $805. This sets certain 

numerical limits on the cost of low income
 
housing. 


In addition, income varies in different
 
regions of the country, with families in
 
urban areas outside of Manila having a
 
higher pattern of income than Manila and
 
rural areas (Ref. 10, part F). All these
 
economic aspects are important in determining
 
realistic parameters for the design and
 
construction of low-cost, wind-resistant
 
housing.
 

. lousing characteristics
 

Some key housing characteristics are shown
 
in Table 2. Note sharp differences between
 
statistics for metropolitan Manila and for
 
the Philippines as a whole. They are based
 
on surveys by the Bureau of the Census and 

A_ : Statistics and by the Population Institute 
tow 010 National Demographic Survey. They give

r4L L little idea of the actual condition of the 
-dwellings themselves. 

I'7~" eo 'OPopulationtrcnds 

Table 3 shows the results for the Philip-P.Ojy%4M V1/ pines of a world-wide survey conducted by the 

io'4 b... ( United..Nations to identify population trends. 
The information is updated through June 1974;

4.A-i6% I~ Z.OOO - -population figures are broken down by urban 

S -.. and rural, and indicate rates of increase. 
Figures for 5-year periods from 1975 to 2010 

' es "are given. 
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pop Table 2: KEY hOUSING CHARACTERISTICS IN THE PHILIPPINES (Ref. 2) 

Part 1. TYPE OF DWELLING UNITS BY STRUCTURE (PERCENT) 

Type Metro Manila Philippines 

Single Family Dwelling 57.6 78.9 

Duplex 5.5 4.1 

Accessoria 15.1 2.3 

Apartment 8.1 1.1 

Barong-Barong (shack) 4.4 5.4 

Commercial Building 
Other or No Response 

Part 2. NUMBER OF 
(PERCENT)
 

Type 


One Room 
Two Rooms 
Three Rooms 

Four Rooms 

Five Rooms 

Six Rooms 

Seven Rooms 

Eight or More Rooms 

No Response 


1.0 	 1.3 
8.3 	 6.9 

ROOMS IN HOUSEHOLD EXCLUDING BATHROOM AND TOILET 

Metro Manila Philippines
 

11.3 	 14.1
 
22.5 	 28.4
 
23.1 	 25.7
 
19.8 	 14.3
 
8.0 	 6.5
 

3.8 	 2.6
 

1.3 	 0.8
 
1.6 	 0.6
 
8.7 	 7.0
 

Part 3. DENSITY (PERSONS PER ROO1) WITHIN HOUSEHOLD (PERCENT) 

'ipe 

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 

4.00 	to 4.99 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 room 


No Response 


Metro Manila Philippines 

5.1 	 6.1
 

27.8 	 27.4
 

26.5 	 25.4
 

14.1 	 13.7
 

7.7 	 7.7
 

4.2 	 3.7
 

1.5 	 2.8
 

1.8 	 1.7
 

2.7 	 4.5
 

8.1 	 7.0
 



OTABLE 3. Population trends in the Philippines, Jamaica and Bangladesh 1975 - 2000
 

Population (in thousands) 
Percent 

Annual Rate of Increase Preceding 5 Years 
Urban Rural 

Urban Rural Total Urban Urban Rural Total Difference 
*a. PHILIPPINES 

1975 15837 29468 45305 34.96 4.51 2.70 3.32 1.81 
1980 19936 33594 53530 37.24 4.60 2.62 3.34 1.98 
19.85 25106 37990 63096 39.79 4.61 2.46 3.29 2.15 
1990 31272 42132 73404 42.60 4.39 2.07 3.03 2.32 
1995 38369 45633 84002 45.68 4.09 1.60 2.70 2.49 

2000 46068 47956 94024 49.00 3.66 0.99 e.25 .2.66 

Ob. JAMAICA 

1975 830 1199 2029 40.89 3.51 0.22 1.50 3.29 

1980 
1985 

973 
1126 

1199 
1190 

2172 
2316 

44.79 
48.64 

3.19 
2.93 

-0.00 
-0.16 

1.36 
1.28 

3.19 
3.09 

1990 1291 1173 2464 52.38 2.72 -0.27 1.24 2.99 
1995 1460 1149 2609 55.97 2.47 -0.43 1.14 2.90 

2000 1619 1107 2726 59.39 2.06 -0.74 0.88 2.80 

oc* BANGLADESH 

1975 5296 73616 78912 6.71 4.87 2.78 2.92 2.09 
1980 6850 85243 92093 7.44 5.14 2.93 3.09 2.21 
1985 8919 98788 107707 8.28 5.28 2.95 3.13 2.33 
1990 11657 114235 125892 9.26 5.36 2.91 3.12 2.45 
1995 15131 130402 145533 10.40 5.22 2.65 2.90 2.57 

2000 19395 146117 165512 11.72 4.97 2.28 2.57 2.69 

Courte3y United Nations 



Jamaica 
OSocio-economic aspects
 

Virtually all Jamaican housing built by the
 

private sector today falls outside the
 

definition of low-income housing, that is,
 

the cost of house plus a developed site must
 

be under $5,500 (U.S.). Whereas 350 to 450
 

sq. feet is said to be a minimum standard
 

for social housing in developing countrieL
 

a more attainable standard for people with
 

no fixed income brings this closer to 200 sq.
 

feet. In such cases, provision is usually
 

made for the owner to extend the house at
 

some future date.
 

Traditionally, urban low-income housing has 

been in the form of high-density apartments -­

terrace houses or small groups of houses 

closely clustered around a communal yard.
 

Detached houses have been more typical of
 

middle income groups, and have become the
 

goal of upwardly-mobile low-income groups.
 

Over the past 10 to 15 years, this has
 

caused developers of low-cost housing, in
 

order to keep prices down, to erect
 

groupings of closely spaced, single-story
 

detached units on tiny lots.
 

Oddly enough, a middle income trend back
 

to apartment living is seen as encouraging
 

a similar trend among low income groups;
 

these may now be more likely to accept
 

multi-story and terraced housing, with its
 

more efficient use of limited land and
 

resources.
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A useful if not totally representative
 
picture emerges from a survey of housing
 
conditions in the Delacree Pen district of
 

Kingston (Ref. 8). Delacree Pen is the site
 

of an urban renewal project. The survey
 

disclosed among other things that:
 

3 Of the 4,935 households, 68 percent lived
 

in one room; 18 percent in 2 rooms and
 

8 percent in thre, rooms. The most common
 

household size was from 5 to 7 (24 percent);
 

37 percent were of one or two persons, and
 

11 percent had eight or more members.
 

A notable feature of - Delacree Park urban
 

housing pro:.ect (located in the Delacree
 

Pen District) is its character as a housing
 
cooperative. Such a cooperative, established
 

with government, World Bank or other subsidies,
 

is a useful vehicle for erecting housing, in
 
the construction and maintenance of which the
 

occupants have a strong social and economic stake.
 

Eventually some 350 units will be built in
 
Delacree, in the form of wind-resistant
 
2-story garden apartments arranged in clusters
 
of six. The program has been well-received -­

both in its social and its economic context
 

(90 units have been built to date).
 

One difficulty has been adherence to occupancy
 

standards -- a common problem in developing
 
countries. Delacree Park units, which have
 
a living room and 2 bedrooms, may house up
 

to six people, according to government stand­
ards of two to a room. In practice, families
 
sometimes have as many as 7 children; conse­

quently the government, knowing it cannot
 
afford to subsidize such supplemental spaces,
 
will permit its occupancy standard to be
 

exceeded by up to 50%.
 

By and large, cooperatives are now an
 

accepted method for erecting housing in
 
Jamaica. The Jamaican Ministry of Housing
 

has created a Division of Cooperatives and
 

Condominia to coordinate this effort.
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00. Table 4: KEY HOUSING CHARACTERISTICS IN JAAAICA (Ref. 4) 

Part 1: DISTRIBUTION OF DWELLINGS BY TYPE OF TENURE (PERCENT) 

Type of Tenure Total Urban Rural
 

Owned 52.4 29.7 70.8
 

Leased 2.5 3.9 1.4
 

Rented 36.5 59.9 17.6
 

Rent-free 7.9 5.8 9.6
 
Squatter 0.4 0.5 0.3
 
Other 0.3 o.3 0.3
 

Total 100.0 100.0 100.0
 

Part 2: DWELLINGS CLASSIFIED BY TYPE
 

Type of Dwelling Number Percent
 

Separate house 327,656 78.0
 
Flat/Apartment 67,083 16.0
 

Barracks 3,223 0.8
 
Out-Room 4,069 1.0
 

Part of Commercial Building 11,765 2.8
 

Other Private 3,886 0.9
 

Other 2,477 0.5
 

Total Dwellings 420,159 100.0
 

Part 3: PERCENTAGE DISTRIBUTION OF DWELLINGS BY NUMBER OF ROOMS
 

No. of Rooms Total Urban Rural
 

1 32.7 42.3 24.9
 

2 26.3 19.6 31.7
 

3 16.1 11.7 19.7
 

4 8.5 7.5 9.3
 

5 5.3 5.9 4.9
 

6 2.8 3.3 2.4 

7 2.6 3.4 119 

8 or more 5.8 6.3 5.3 

Total 100.0 100.0 100.0
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*Housing characteristics
 
(See also Table 4 )
 

Jamaicans by and large prefer concrete houses
 
and do not like houses made of light-weight
 
materials, unless forced to do so for
 
financial reasons (Ref. 4). Until recently
 
there has been a bias against precast concrete
 
houses (especially those of thin cross­
section) but this is disappearing.
 

The most popular material among all income
 
groups 	is hollow concrete block masonry.
 

Physically, low cost housing in Jamaica
 
falls into six types (Ref. 4).
 

01. Wattle and daub (4%): Until the 1930's
 
rural owners built most low-cost houses in
 

this fashion. The framework of wooden posts
 
and beams, with sticks interwoven horizontally
 
between the posts, was the wattle. This was
 
daubed inside and out with mud from available
 

clay, to create solid walls. The roofs were
 
pitched and made of a thatch made from
 

bundles of dried leaves and tied in place.
 

02. 
Timber stud and horizontal boarding
 
(36.9%): Roofs were pitched, made of timber
 
rafters covered with corrugated iron sheets
 
or wooden shingles.
 

03. Brick or concrete nog (11.8%): Like the
 

r 	 preceding, these are typical of urban areas. 
Wood studs receive a brick or concrete infill 

or "nog" and are covered with a lime or cement
 
plaster. Houses are usually raised two 
or
 

three feet above ground.
 

43.4% of Jamaican housing is concrete-based:
 

04. 	Hollow concrete masonry: Blocks are
 
manufactured locally: cavities are filled
 
with concrete during construction, and steel
 
bars are added to reinforce against wind and
 
earthquake. Poured in-place reinforced
 
concrete stiffener columns should be included
 
in panels over 16 feet long, but are often
 
omitted in low-cost housing. Reinforced
 
concrete belt beams are used to cap walls at
 

roof levels.
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05. 	Large-panel precast-concrete systems:
 
Single panels can extend to the full length
 

height of a unit. Wall and roof panels

lifted by crane and connected by welding


at matching steel inserts. (These systems
 

are not strictly speaking "low-cost" but
 
could be if one stepsup volume of production
 
and accepts a lower standard of finishes).
 

06. 	Small-unit precast concrete systems:
 
Precast concrete posts are combined with
 
precast concrete or timber beams, with an
 
infill of concrete "boards".
 

Remaining housing is of brick or stone.
 

Oflousing programs 

for the 20 percent of needed units 
supplied or aided by the government (Ref. 5), 
there is presently no machinery for providing
 
housing for the very bottom of the income
 
scale. The mechanism used is either the 
continuing growth of shanty towns or the 
creeping subdivision of existing houses to
 
accommodate new households. 

On the other hand, the government now has 
underway a "site and services" project 
which selects land; provides an 
"infrastructure" of utilities; a minimum 
core unit; certain community facilities such 
as a school; possibility of employment and 
skill training. 

Families with an annual income of less than 
$1650 (U.S. equivalent) are eligible (Ref. 4).
 
The goal is to provide 6,000 serviced lots in
 
the next three years. Lots are to be avail­
able in three options:
 

Owith connections for electricity, water­
supply and sewerage, plus materials for a
 
toilet-kitchen-shower core unit.
 

Othe same, but with a built core unit, plus
 
materials for shelter and enclosure for
 
the rest of the house. 

Othe same as the preceding, but with the 
core-unit and shelter being built, and
 
materials only provided for enclosure of
 

the rest of the house.
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Serviced lots are to be owned on a leasehold 

basis, and loans for materials will be 
provided through credit unions. 

Although the main focus of the Jamaican 
government is on "sites and services," 
there are other government programs. These 
consist of a mix of government-built housing 

for sale or lease (1970-1975 goal: 3,125 
units); owner-occupied, government subsidized 
units (3,600 units); rural housing projects 
(4,880 units); indigent housing built on 
land owned by recipient (2,250 units); urban 

renewal projects focused on Kingston 
(4,876 units); plus assistance furnished 
to housing cooperatives (Ref. 4). 

*Wind patterns 

Despite the frequency of hurricanes in the 

Caribbean, direct hits on Jamaica are few 

when compared with the number of tropical 
storms which pass within 150 miles of the 

island (Ref. 4). 

On the other hand, near misses are often 
accompanied by flood-rains which cause 
much damage. Records made between 1886 and 

1967 show that the paths of 19 hurricanes 
and tropical storms passed directly over 
Jamaica and those of 98 (48 of them having 
hurricane force winds) passed within 150 
miles of the island (Ref. 4). About one­

third of the latter brought about flooding 

L27ML and damage. 

r-4. OPopulation trends 

'200 Table 3 shows the results for Jamaica of a 

world-wide survey conducted by the United 

F..-t4 wiV'W Nations to identify population trends. The 
'I information is updated through June 1974. 

Population figures are broken down by urban 

.f 4 tj -4J and rural, and indicate rates of increase. 
Figures for 5-year periods from 1975 to 2000 
are given. 
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Bangladesh 
OSocio-economic aspects
 

*Population trends
 

Table 3 shows the results for Bangladesh of
 
a world-wide survey conducted by the United
 

Nations in an effort to identify shifting
 
population patterns. The information is
 
updated through .June 1974. "opulation figures 
are boken down by urban and rural, and 
indicate rates of increase. Figures for
 

VrI;IA 	 periods from 1975 2000 are given.-3,5-year to 
I-.-D Bangladesh, a nation with one of the highest 

population densities in the world, is also
 

troubled by these additional dilemmas:
Kfo0 	j' t ((, 

(ka-, dlm k P v 0 	 Steady population growth has forced 
families to live on land that is3 .LA. OW 	 increasingly substandard and subject 
to wind-induced flooding. 

O 	 Periodic flooding of low-lying land 
further increases density -- from about 

1400 per sq. mile to a temporary 
40,000 per sq. mile in coastal storm 
regions, as families flee to land left dry. 

O 	 The partition of 1947 left the higher 
land, with its supply of solid con­
struction materials such as stone and 
timber, on the Indian side of the 
boundary, while the Bangali population
 
on 	 the treeless alluvial plain was 
left with few resources for protection.
 

Measured by gross domestic product, Bangladesh
 
is one of the world's poorest countries. 90
 
percent of the population is rural, and
 
industrial output accounts for only 9 percent
 
of the gross domestic product (mostly jute
 
processing). (Ref. 9)
 

35 



The last housing census was done in 1960; 
results from a new housing census are 
imminent. As Table 1 shows, the average 
number of rooms in 1960 per household was 
1.77. 53 percent of houspholders lived in
 
single room dwellings, and the average
 
density of occupancy was 3.2 persons per room.
 
In the case of Illpercent of the population,
 
five persons or more share a room. Clearly,
 
any damage from intense windstorms risks
 
major casualties to a population as densely
 
crowded as this.
 

The rural popilation lives in the patriarchal
 
family compound. When sons marry, a new
 
room is erected for the new household on the
 
same field as the parents, next to the
 
parents' house. Thus, houses occupied by
 
families that are paternally related are
 
grouped together. These clusters provide
 
shelter to families numbering as many as 40
 
members; even higher figures are common.
 
Houses are usually surrounded by dense trees
 
and other tropical vegetation.
 

*Attitudes to disaster
 

A report prepared after the disastrous
 
November 1970 cyclone (Ref. 22) reveals an
 
interesting set of attitudes. 57 families
 
of various economic levels in the community
 
of Galachipa were surveyed. Dr. Aminul !slam 
who compared attitudes after the May 1965 and 
November 1970 storms, found that: 

o 	 After 1965 ne famiily wanted to move, 
La 	 though many [amilies rebuilt their 

houses using higher plinths and 
stronger posts 

A O0 After 1970 only 5 families wanted to 

move; 56 still lived on the site of 
' A bKra t their old home 

O 	 38 families were still living more than 
1 mile from a "pucca" (well-built) 
structure that could shelter them in a 
storm 

O 	 14 were living over 3 miles from a pucca 
structure 

O 	 19 families needed a boat to reach a 
pucca structure 
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O 	 Only 24 families would spend their money
 
first on housing. The others'
 

priorities: 1) food 2) cattle
 

The majority said that if they had the money
 
they would build one small pucca house,
 

rather than several kutchas (or low quality
 
houses) or corrugated iron (CI) houses.
 

In sum, the survey found the families
 

fatalistic and pessimistic over protection
 
measures.
 

ORural housing must be seen as part of
 
agricultural system
 

Bangali villagers see housing as part of
 

their agricultural system, rather than as a
 
building discipline as in the West. Thus,
 
house building and repair is seasonal, like
 
other farm activities. It helps relieve
 
unemployment. Villagers will grow building
 
materials for houses on their own land.
 

A tree, for example, will serve as a fruit­
bearer, windbreaker and fuel, until needed
 
as a building material.
 

Similarly, a man's jute and the earth itself
 
serve him both for agriculture and for
 
building.
 

Due to the climate, the bamboo "kutcha" house 
(described below) itself decays over a 10-year 
cycle, if not destroyed by a storm before then. 

Any 	program for housing that ignores these
 
rural at.itudes risks failure.
 

OHousirg patterns 

0 Rural: The rural population is divided 
into land owners and landless laborers.
 
One out of five villagers is landless.
 
The average land owning villager has 1.5
 

acres and usually rents another acre from
 
well-to-do villagers. houses tend to be
 
scattered throughout the village.
 

Rural houses are known as "kutcha" or raw 
structure, with a plinth made of mud, and
 

walls and roofs of bamboo, straw and
 

leaves. These houses need to be maintained
 
constantly and seldom provide safe shelter
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against rain and wind. 90% of rural houses
 

are built this way. Only about one in a
 

hundred has walls of concrete, baked brick
 

or stone. About one house in three has
 
roofing made of corrugated galvanized iron
 

or asbestos cement.
 

OUrban: As 72 percent of the urban popul­

ation can't afford to pay rent for even the
 

cheapest housing, they live largely 
in flimsy
 

andin so-called "bustees"shackcs, mostly 
This housing is made
 squatter settlements. 


bamboo, often consisting of a piece of
 
split bamboo fencing bent in the shape
 

of a semi-circle. 9eadroom is low and
 

occupants spend most of their time outdoors.
 

Even moderate winds blow these houses away
 
despite efforts to hold them down by putting
 

counterweights on roofs.
 

The stronger urban houses are mostly made
 

of burnt clay brick walls, with flat
 

reinforced concrete roofs. As the walls
 

are usually 10 inches thick, gravity
 
usually precludes failure through wind
 

stresses. Failures occur largely due to
 

substandard mortar or poor workmanship.
 

No damage to the flat roofs has been
 
reported, except in cases of projecting
 

sunshades.
 

*What happens to the houses 

In the 1970 storm, it was the wind that
 

caused initial housing destruction; the
 

surge accounted for people and animal
 

casualties.
 
asastorm 


OHere is how the materials fared (Ref. 22):
 

Material Condition
 

Thatch Destroyed or lost
 

Bamboo matting Usually destroyed or
 
lost
 

Wood or bamboo Broken, recovered,
 

supports reusable
 
CI sheet Damaged, in part reusable
 

5 in. brick Destroyed. If preserved,
 

hard to reuse
 

10 in brick Intact if concrete roof
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A small Bud. ist community builds sturdier
 
houses, but partial losses after a storm
 
often cost more than it costs to replace
 
a kutcha house.
 

Middle and upper income rural families use
 
Cl sheet and wood. These resist wind and
 
water if well-built. If not, owners can
 
retrieve their materials and rebuild, unless
 
the materials are scattered by flood waters.
 

0 Other types of housing 

O So-called CARE types (named after the 
U.S. relief organization) use soil cement
 
blocks and corrugated iron sheets for roofs.
 
Units roughly the size of an American concrete
 
block are made in a simple-to-use machine
 

4 which compresses a mixture 	of 90 percent4-
-- non-saline soil and 10 percent cement to 

make about 300 blocks a day. A typical 
house requires some 1200 blocks. The 
essence is selfhelp, as a minimum of skilled 

yvi., p bK Milabor is needed to put up this kind of house. 
The key to wind safety is to properly anchor

Waacs s - 9 50t the roof to the block walls. This type of
 
4- structure is very popular in the country.
 

Fi4-56 a4 CARE has also developed a new composite
 
C-orebuilding material, made of pulp from the
 

c t 	 buidigatriacoreof the jute plant, jute cloth and a 
7 -- platic resin for binder and facing. This 
, .seeks to combine a locally plentiful
 

material (jute) with synthetic binders which
 
Pcan be manufacturered into panels by domestic
 

industry.
 

I.D6 	 Several variations of material and configur­
ation have been formulated for laboratory 
testing, prototype construction and wind 
testing of full-scale units.
 

Four prototypes have been developed so far.
 
These are:
 

1. A pie-shaped, domed structure made of
 
a 3/4 in. compressed jute-waste board faced
 
with polyester resin and glass. Public
 
reaction was good until the facing was identi­
fied as plastic, for plastic was identified
 
in the public mind with a brand of cheap and
 
brittle crockery. Those who acknowledged
 
the strength of the plastic nevertheless
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faulted the house for its roundish dome-like
 
shape. This made partitioning difficult and
 
made it unsuitable for low-income families -­

especially the 80 percent Muslim families
 

with their tradition of isolating women in
 

one part of the house.
 

2. A self-supporting house, rectangular in
 

6A;ZF- plan and with an elliptical roof profile,

(-T" vI-'.l_ ( with curved panels made of the same combin-

I ation of synthetic resin and jute. No 
c pO- component was to weigh more than 100 lbs.,?A4M t3 Ii i POrt so it could he easily managed by two men. 

A ,IJ h' 	e'i'a,%44q It was designed to resemble traditional house shapes. 

3. A structure using the above materials
 

but geared for use in larger, non-resi­

dential buildings.
 

4. A structure designed to substitute the
 

jute/plastic material for the traditional
 

thatch or corrugated metal roof and its
 

customary wood or bamboo support rafters.
 

The new roof of this prototype was designed
 

to fit over either traditional or new walls.
 

These four prototypes can be anchored
 
directly to the soil or to standard
 

perimeter footing foundations.
 

I Many of these prototypes have been used for
 

other than residential purposes, and as such 

4 -- have been very popular. These uses have 

Sincluded a medical operating theater,
h Ll- Tot dispensary and office. From a socio-economic 

-F-44W ts seen as a useful lesson, inLK 	 view, this is 


that citizens of Bangladesh can get to know
 

the structures in a service role without
 

having to accept them suddenly into their
 

personal lives as homes.
 

Two additional CARE prototypes of more
 

traditiunal appearance were developed in the
 
United States 	using a panel made of a jute
 

[vrlv4 	 reinforced polyester core and a fiber glass 

6-i .	 reinforced polyester facing. The 10 ft. x 
20 ft. two room units successiully passed severe 
simulated wind and water tests. (Ref. 14).
 

-oncite-O&L 0 Reinforced concrete shell roofs of 
/hyperbolic paraboloid shape have been used 

for industrial and suburban housing. The 

roof is anchored to the supporting brick 

1, ac walls by means of half inch mild steel bars 

LO b inC4bue at the corners. 
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OHousing programs
 

The 1971 war of independence left about 2
 
million families homeless. Sizeable housing
 
renabilitation and reconstruction efforts
 
are now under way in rural areas.
 

OThe Delta Housing Program
 

Peginning in 1972, a rural cooperative housing
 
scheme gov underway in the Delta area, a
 
coastal strip of 4600 sq. miles with 4,270,000
 

inhabitants. Its main features have been:
 

O 	 Erection of 7500 10 ft X 20 ft soil-cement 
block houses on burnt-brick foundations 
to withstand svere flooding and sub­
stantial cyclonic winds. 

O A cooperative plan under which farmers 
and fishermen undertake to repay 50% 

I ~of the cost of the house out of 
agricultural income to their local


4 j( .. IO° cooperative society. 1hese societies 
are 	 linked into a complex cooperative 

ILo eI't * LorA- system known as the Integrated Rural 

j eo r o 6- r Development Program (The otherI (IRDP). 


50% of cost is subsidized).
 

hr~#~ ~~l 0 One aim to reduce, the villager'sr0 is 
concern about the annual fate of his 
house, and thus to attend more to long 
range agricultural planning and 
development; ind, .urtlhr, to reduce 
his (and the government's) repair 
expenditures after every cyclone 
season. 

The 	program, its successes and limitations
 

are 	described in more detail in Ref. 23 

0 Siting
 

Creation of either artificial barriers or
 
embankments in low-lying areas (so as to
 
either shield houses or raise them above
 
mean high flood levels) has been proposed
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as part Of any new wind and flood protection
 

Frogram.
 

it was found, for example, that Dutch "polder"
 

type barriers have protected many houses in
 

recent storms. Even when the water breached
 

the barriers and caused flooding it did not
 

destroy the houses.
 

By and large, raised embankments or platforms
 
are thought a be.ter approach. A semi­

private shelter system based on this concept
 

is discLussed in Ref. 22. -Lts main features 
10i &. ar'e:
 

bri r 0 Build a platform 8 ft above mean high tide 
~
 

level. Over it, erect a small (60 sq. ft.) 

e..ucca" qualitv shelter house (10 in. brick) 

with a flat (oof (behind a parapet) 13 ft. 

above this plat,,rm (includes a 3 ft. 
¢ I ,flinth) 

0 Now a man, woman or child standing on 

i -1rfY e-such a roof platform would ,heat least
 

iO l 4 I%,6- 24 ft above mean high tide level, and
 
this is said to be protection against
 

even the worst onslaught of a atorm surge.
 

0 Each 'bari' or community would be
 

responsible for building and maintaining 

such 6 shelter, the interior of which 
could serve as storage. 

*Nucleu,, housing 

Widening the concept of "nucleus" housing has been 
propcsed. A basic, small, wind-secure house 

(such as the soil-cement CARE house) could 
serve as a starting point for adding space 

iorlz', ally or vertically to the taste of 
thownertLhatcf- or additions indeed, beentenant. Open, bamboo-and­hean-to have, 

cre_ _atedsome In others, soil-Ln localitie'. 
A t cement hkoeks havu been plastered to better 

-:;Lst wind, floods and temperature extremes.
 
,casionally, a second and even a third story
 

42e added.
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*Materials
 

Since villagers are inclined by their soclo­
economic priorities to put food and cattle
 
ownership before housing, a plan is
 
proposed in Ref. 22 to ensure building
 
materials delivery. Its main features are:
 

O 	 Government subsidies should be in the 
form of materials not funds. 

O The government should set-up local 
technical assistance units which would 
help with organized harvesting of wood; 
introduce mechanized milling to 
ensure tighter fft; show how to cultivate 
plants that are sources of building 
materials (such as the Nipa palm which 

Vis semi-aquatic and does not displace 
food growing and grazing land); and 

it [ 
1,,,%-" 0 

provide seedlings. 

Clay is plentful in Bangladesh, and 

t4AI.Q there is a 1000-year old tradition 

Icte . L, (A^A of burnt brick construction. Crushed, 
g it can replace the imported cement in 

concrete. It is useful as a foundation 
MiAb - and, in enough thickness, (10 in) better 

resists extreme winds. 

O 	 The making and use of cement-soil block 
has been discussed elsewhere in this 
report and in the base report. 

*Wind and flood patterns
 

The most common sources of wind iv Bangladesh 
are the cyclonic typhoons, tornadoes and 
norwesters. Damage is not only from wind 
pressures but from heavy rain and st-orm surges 
or high walls of water. Thus, the cyclone of 
November 12, 1970 caused storm surges some 25 
fee': high; nearly 100 percent of the kutchas 
and semi-perwianent houses were demolished in
 
the area of the storm. The coastal areas of
 
the country are the most vulnerable to
 
cyclonic storms.
 

Tornadoes are the most destructive storms.
 
They usually happer on land during he warm
 
season in flat areas, with few natural
 
barriers to hinder them. 200 mph winds are
 
common, but maximum wind speeds up to 500
 
mph have been estimated by some experts.
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* Storm surge
 

The 	scorm surge that accompanies cyclones in
 
coastal Pangladesh usually moves inland at
 
about storm speed (5-25 mph). Its mean
 
depth over a particular 	site is determined
 
by 5 variables, two of which are man­
variable (Ref. 22):
 

1. 	Severity of storm (this determines
 
height of water over normal sea level)
 

2. 	Level of daily sea tide at time storm
 
strikes
 

3. 	Land configuration and wind direction
 

(these reinforce or impede rise of water)
 

4. 	Elevation of site (natural plus build-up)
 

5. 	Distance from sea or major inlet (land,
 
trees and other vegetation resist flow).
 

The last two items are man-variable, and
 
should be linked to nature-variables in site
.5Lplanning, 
 design and construction 	policy.
 

S6 	 *Storm warning systems 

The huge death rate of the November 1970
 
cyclone was due in part to a new warning
 
system unfamiliar to the coastal villagers.
 

Since then, the new "danger -- great danger"
 

warning scale has been supplemented with
 
a preparedness system under which 10
 
volunteers per "bari", each equipped with
 

9 	 signals, lights, etc., are linked by radio
 
to Red Cross central HQ inDacca, which
 
receives and disseminates the latest storm
 
information.
 

There are also specially trained local
 

relief teams. (Ref. 24)
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Conclusions
 
A clearcut picture of problems, needs and 
soluticns emerges from the diverse research 
reports, surveys and statistics that served 
as a basis for this report: 

*As to the socio-economic aspects of designing 
wind-resistant low-rise low-cost housing, the -
cultural characteristics and financial 
capacity of low-income groups must be taken 
into account along with the technical 
criteria if sound solutions are to stand 
the te:,t of widespread acceptance. 

This does not mean that new, stronger and 
less costly materials and construction 
techniques must blindly imitate traditional 
forms and processes. Nor, on the other 
hand, should these ignore 
of indigenous building in 

the 
the 

long traditions 
three 

countries of this report. 

N% O0ne emerging result of new low-cost housing 
tests in Bangladesh bears watching. The 
interim use of new prototypes for other than 
,residential unso, in a highLy visible way as 
clinics and community offices, points up a 
viable way of exposing new forms and 

Ii materials to prospective users before they 
must take the big cultural step and live 
in them as families. 

OSimilarly, the so-called "sites and services" 
L[ . Iapproach, if tailored closely to the 

characteristics and outlooks of the 

f.'Qc 4c 
communities involved, can capitalize on the 
proven initi;itive, ingenuity and hardinessof squatter and similar families. This will 

help overcome the chronic barriers of 
insufficient financial and material resources 
in developing countries. 
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OClosely allied with the thinking behind "sites
 

and services" is the wisdom of gearing
 

innovations in materials or method to the
 
relatively plentiful labor supply in most
 
developing countries.
 

*This does not preclude prefabrication, but
 

places new focus on the need to identify,
 

produce, adapt or combine cheap local
 

substances made from natural earth, trees
 
and plants. Bamboo, various kinds of soil,
 

as well as jute, hemp, cane, split trees,
 

straw, peanut shells and coconut husks
 

are among materials that have been combined
 

with manufactured substances such as cement,
 

plastics and metals to produce inexpensive,
 

sturdy building materials.
 

*How the building blocks are assembled is one
 

of the major touchstones for stabl, wind
 

and water damage resistant houses. The
 

chief caveats are adequate anchorage of
 
roofing materials and trusses (if any) to
 

walls. Structural design of roof members,
 

splices and joints must accommodate high
 

wind velocities. Anchorage of houses to the
 

ground must be designed to prevent over­

turning; and wall openings must be placed to
 
avoid weakening the structure at vital
 

points and to prevent wind from entering and
 

exerting interior upward pressure on the
 

roof.
 

Similarly, design features such as roof
 
pitch and overhangs must observe latest
 

findings on positive and negative wind
 

pressure distribution.
 

*Proper placement of houses in groups as well
 

as to accommodate prevailing wind direction
 
and land features will always raise the wind
 

damage resistance of houses. This should be
 

one of the first criteria to observe when
 

planning houses in areas subject to extreme
 
wind.
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