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Preface
 

An agreement was signed on April 13, 1971, between the
 

National Bureau of Standards (NBS) and the Agency for Inter

national Development (AID) to conduct a study on the potentials
 

of housing technology to mitigate earthquake and windstorm
 

disasters in developing countries despite their serious
 

socio-economic and cultural constraints. Interim reports of
 

this project were presented at the "Expert Working Group
 

Meeting on the Use of Plastics in the Building Industry", in
 

Vienna, Austria, on September 20-24, 1971, and the "Inter

regional Seminar on Low-Cost Construction Resistant to
 

Earthquakes and Hurricanes," (sponsored by the UN Centre
 

for Housing, Building and Planning and the Government of
 

Yugoslavia) at Skopje, Yugoslavia, on November 1-19, 1971.
 

The AID Office of Science and Technology of the Tech

nical Assistance Bureau provided management and monitorship
 

of the project from the AID viewpoint. The Institute of
 

Applied Technology, Center for Building Research, represented
 

NBS responsibilities in conducting the research and study.
 

The methodology and specific goals agreed upon were
 

as follows:
 

- Establish a steering committee to serve as an advisory
 

group to the NBS in the execution of the project.
 

- Examine the body of existing knowledge relevant to
 

the design, siting and construction of earthquake and
 



windstorm resistant buildings, including recent
 

American technological innovations applicable within
 

the framework of socio-economic and cultural require

ments in developing countries.
 

- Suggest promising technological innovations appli

cable within this context.
 

- Evaluate the potential of these innovations through
 

consultations and on-site investigations in Peru,
 

Turkey and the Philippines.
 

- Identify significant gaps in the technical and socio

economic data concerning construction in earthquake
 

and wind storm areas of developing countries.
 

- Develop and evaluate alternative approaches to
 

overcome technological and socio-economic barriers
 

against more effective building ptactices in each of
 

the selected countries.
 

In order to assess the current state of the art as it
 

relates to low-cost housing technology and to define typical
 

socio-economic constraints in developing countries, field
 

trips vere made to Peru, Turkey and the Philippines, repre

sentative of countries that suffer frequent devastation from
 

natural disasters such as earthquakes and typhoons.
 

This report is based on studies which define the general
 

nature of the problems involved and on the results of
 

investigations carried out during the' field inspection trips.
 

Tentative conclusions based on these studies and results are
 



included in this report, which should represent a first step
 

toward a practical solution of the problems posed by the
 

urgent need for earthquake and windstorm resistant dwellings
 

in developing countries.
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Summary
 

Purpose of the Report
 

The purpose of this report is to determine whether
 

technology is available (primarily in the United States)
 

which might be transferred to developing countries, where
 

it could be practical and effective in programs aiming at
 

building structures better resistant to earthquakes and wind
 

to review and study the technical, socio-economic and
storms; 


cultural constraints specific to developing countries and their
 

effects upon the implementation of technological innovations;
 

study the feasibility of effectively implementing such
and to 


innovations within the context of these constraints.
 

Scope of the Report
 

The report presents a review of the technical problems
 

related to the structural characteristics of buildings and
 

building materials, to the structural performance of buildings
 

under earthquake and wind storm conditions and to the effect
 

of siting on the safety of buildings. Within the framework
 

of conditions prevailing in developing countries, it discusses
 

methods of housing construction, as well as building codes
 

and regulations and their possible improvement. An analysis
 

is made of the social and economic factors which influence the
 

advancement of housing technology in developing countries.
 

A synthesis of feasible technical improvements is presented,
 

and means of communication and transfer of technology to
 

developing countri.es are discussed.
 

http:countri.es


Materials and Sources of Information Used
 

The report includes contributions by experts in the fields
 

of structural engineering, earthquake engineering, engineering
 

geology, wind-resistant design of structuies and the social
 

sciences. In addition, it utilizes results of field inspection
 

trips to the Philippines, Peru'and Turkey, representative of
 

developing countries suffering frequent devascation from natural
 

disasters such as earthquakes and typhoons. The report incorporates
 

information from various bibliographic sources identified at the
 

end of each chapter and, in particular, from socio-economic
 

studies carried oat for this project by consulting organizations
 

in the above mentioned countries.
 

Socio-Economic Studies
 

The format of the socio-economic studies referred to above
 

were developed by the National Bureau of Standards in order to
 

facilitate the collation and interpretation of data. Seventeen
 

work items, with appropriate adjustments for each country, were
 

submitted as follows:
 

1. 	 Review in meaningful and appropriate detail the history
 

of the response of different types of houses to earth

quake (or typhoon) disturbances.
 

2. 	 Identify climatic conditions by region and their effect
 

on the physical requirements for housing and the social
 

and economic patterns of the rural environment.
 

3. 	 Identify gross national product, its distribution, growth
 

patterns and future potential.
 



4. 	 Prepare a demographic analysis which shows:
 

a) How the people are moving;
 

b) Village and urban population ratios;
 

c) Method of settlement;
 

d) Forecasted population trends through 1980.
 

5. 	 Determine the average size of the family in different
 

regions, nature of the family as it grows and how they
 

use different parts of the house.
 

6. 	 Investigate the trends of living space expansion in
 

housing. Determine alternate criteria for expansion
 

in the horizontal or vertical direction and give reasons.
 

7. 	 Define the need for community and municipal facilities
 

as they relate to existing population centers and to
 

newly planned villages or towns.
 

8. 	 Determine the range of prices that people can afford
 

for housing measured by their income and geographical
 

location..
 

9. 	 Prepare a detailed review of the availability of
 

mortgage funds, private and government loans, other
 

capital sources, their terms and interest rates.
 

10. 	 Determine by category, the availability of raw and
 

fabricated construction materials, building elements
 

or components and their delivered costs in different
 

regions of the country.
 



11. 	 Determine the availability of oils and asphalt material
 

for adobe (Kerpic) stabilization. Also, determine the
 

availability of urea, formaldehyde and other chemicals
 

used to produce plastics.
 

12. 	 Determine the scope and capacity of the housing industry,
 

including prefabricated housing, as it exists and as it
 

might be for the period of 1972-1980.
 

13. 	 Compare labor rate trends in different regions and analyze
 

productivity in the building industry including pre

fabricated housing.
 

14. 	 Perform a survey to determine public reaction to the use
 

of new designs and new materials such as plastics as
 

construction materials in housing and suggest a marketing
 

strategy if such innovations were used.
 

15. 	 Investigate the methods and procedures of housing
 

construction in various regions of the country. Prepare,
 

in an order of preference by region, recommendations
 

defining the most favorable types of construction, which
 

would be both economically feasible and socially acceptable.
 

16. 	 Identify the effective level of local building codes, code
 

enforcement and building technology. Identify the existence
 

and extent of illegal practices such as bribery and graft
 

at local and national levels and the effect these practices
 

might have on the successful implementation of this program.
 

Determine trhe flexibility of existing policies and codes
 

to accept new oi innovative building technology.
 

17. 	 Prepare a detailed summary of conclusions and recommendations
 

based on the information and da'ta collected for this study.
 



The conclusions and recommendations of the 
socio-eConomic
 

studies are summarized in Chapter 12.
 

In the opinion of the consultants, the 
major obstacles
 

follows:
 
to meeting housing needs in the Philippines 

are as 


1. 	 Shortage of funds.
 

2. 	 Heavy in-migration of rural population 
to urban
 

centers which offer better economic opportunities.
 

3. 	 Population growth.
 

4. 	 Prefabricated construction markets of 
insufficient
 

size to achieve economics of scale.
 

An insufficiently developed transportation 
and
 

S. 


distribution system in the eleven major islands,
 

resulting in high costs for prefabricated 
components..
 

6. 	 The petro-chemical industry is at this time not
 

sufficiently developed to permit the 
mass production
 

of plastic building components.
 

are often not sufficiently
Standards of workmanship
7. 


high.
 

Building codes allow little room for technological
8. 


innovations.
 

The consultants note, however, that in the Philippines,
 

skilled labor is generally availabl, 
productivity of labor
 

is reasonably high, labor appears to adapt to new construction
 

methods with relative ease, and that 
architects as well as
 

are receptive to new materials and designs.
users 




In the opinion of the Peruvian consultants the major
 

obstacles to meeting housing needs are:
 

1. 	 The high cost of housing.
 

2. 	 The scarcity of skilled labor.
 

3. 	 Insufficient research leading to the development
 

of new construction mateiials and new procedures
 

of construction and prefabrication.
 

4. 	 Resistance to new construction materials on the
 

part of the users.
 

The consultants note that, in Peru, adobe blocks are
 

widely accepted by users and that their improvement through
 

stabilization would contribute substantially to increasing
 

building safety and quality. They also note that social
 

legislation promulgated by the government may have a favorable
 

effect insofar as the acceptance of new materials, construction
 

systems and designs is concerned. A similarly favorable effect
 

may be achieved by structurally and economically advantageous
 

innovative designs.
 

A comparison between the two studies reveals that, while
 

problems common to most developing countries exist, constraints
 

and their ordering differ according to.local conditions. An
 

ad hoc approach to housing-related problems is therefore required.
 



Feasible Technical Improvements. Communication and Transfer
 

of Technology
 

The needs, resources and capabilities in the area of
 

housing vary, sometimes considerably, from country 
to country.
 

It is therefore not possible to present an exhaustive 
list of
 

technical improvements applicable to all developed 
countries.
 

Such improvements may be pertinently discussed only 
within the
 

framework of the conditions prevailing in a given country and,
 

moreover, with reference to specific projects undertaken 
in
 

that 	country.
 

For example, in the opinion of the Peruvian consultants
 

the shortage of housing in the larger cities of Peru 
can be
 

alleviated, at least in part, by building high-rise 
buildings.
 

on the other hand, adobe block buildings are
 In rural areas, 


recommended, this material being both inexpensive 
and widely
 

accepted. In new communities built for industrial employees,
 

buildings using prefabricated components are frequently 
provided.
 

Dwellings in squatter settlements are most often built using
 

quite rudimentary techniques, while certain dwellings 
in
 

emergency housing programs are produced by sophisticated
 

is the case with the "igloo" plastic

industrial processes, as 


dome.
 

Technical improvements,resulting in better resistance 
to
 

earthquakes are feasible in the case of each of 
the building
 

This is true of high-rise
types or systems enumerated above. 


buildings, with regard to the seismic behavior of 
which a vast
 



amount of knowledge and experience is available in the United
 

States; of adobe, whose stabilization considerably improves
 

its qualities and its seismic behavior; of masonry buildings
 

in general, which, if properly designed (with or without reinforce

ment), exhibit superior aseismic properties and to which the
 

considerable body of experience available, particularly on the
 

United States West Coast, may be successfully adapted; of
 

prefabricated buildings to which techniques used in various
 

European countries or in the United States may be applied; of
 

industrialized dwellings, similar to the "igloos," the design
 

ok which would however 'e more compatible with users' requirements
 

than has been the case with the "igloos."
 

In addition, new materials are being or may be developed
 

such as materials using jute, reinforced concrete with
 

vezetal or plastic reinforcement, structural sandwich systems
 

to which American research and development or production
 

experience is highly relevant, etc. The production of stabilized
 

adobe flocks, for example, may be considerably increased - while
 

costs would be reduced - if the equipment used in the manufacturing
 

process could be improved.
 

Communication and transfer of technology is best achieved
 

within the process of interaction between experts of both the
 

assisting agencies and the developing countries involved in
 

specific cooperatire programs. In addition, training, educational
 

and fellowship programs, as well as seminars, play a useful role
 

insofar as communication of technology is concerned.
 



Areas of Cooperation
 

AreAs of cooperation related to design, siting and construction
 

of structures to better resist earthquakes and wind storms
 

include:
 

- research on the behavior of various types of structures
 

under the action of earthquakes and wind storms
 

(inclUding, for example, wind tunnel and full

scale studies to determine the action of typhoon
 

winds on low-rise buildings)
 

- development of improved structural systems
 

and designs
 

- development of improved production and
 

construction methods
 

- development of seismic maps and of wind intensity
 

maps based on seismological and earthquake
 

engineering, and on climatological studies,
 

respectively. The need for seismic maps was
 

proven, for example, by the disastrous
 

consequences of the Fars earthquake in Iran,
 

which were largely attributed to the fact that
 

buildings had been designed for Tehran, rather
 

than for Fars conditions. The need for wind
 

intensity maps is particularly acute in the
 

Philippines [1].
 

development of improved building codes.
 



The report discusses in detail such technical improvements
 

as the stabilization of composite systems (structural sandwich
 

panels, bamboo reinforced concrete) and of industrialized,
 

prefabricated designs and construction.
 

A considerable potential for technical improvements leading
 

to structures with superior earthquake and wind storm resistance
 

exists. Decisions as to which areas should be accorded
 

priority should be based on analyses undertaken in close
 

cooperation with the developing countries involved.
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Chapter 1. Introduction
 

Earthquakes and wind storms are responsible for considerable
 

In the period
loss of life and property throughout the world. 


1926-1972, for example, earthquakes alone caused almost one
 

well as damages to buildings and public works
 million deaths, as 


[1].
totaling an estimated fifteen billion dollars 


Improved design, siting and construction procedures can
 

In

contribute significantly to the reduction of such losses. 


socio-economic constraints
developing countries, however, severe 


make the adoption and implementation of such procedures
 

particularly difficult, resulting in continued losses 
on a
 

massive scale.
 

The purpose of this report is to determine the availability
 

of technology (primarily in the United States) which might 
be
 

transferred and applied in developing countries, where 
it
 

could be both practical and effective in programs concerned
 

with the development of building structures better resistant
 

to review and study the technical,
to earthquakes and wind storms; 


socio-economic and cultural constraints specific to developing
 

countries and their effects upon the implementation of technological
 

innovations; and to study the feasibility of effectively
 

implementing such innovations within the context of these
 

constraints.
 

The report presents a review of the technical problems
 

the constraints 'which exist ininvolved. It examines 


in broad terms to offer an overall
developing countries, 




perspective, and in deiail with reference to specific countries
 

selected as case studies. A review and analysis of available
 

and potential technological improvements which are or would
 

be practical in de eloping countries is presented, and means
 

of communication and transfer of technology to developing
 

countries are discussed.
 

The repoi uses material provided by contributing experts
 

and includes results of investigations made in the course
 

of field trips to Peru, the Philippines and Turkey. The report
 

also includes summary of major conclusions and recommendations
 

submitted by consulting organizations'in these countries.
 

Chapters 2, 3 and 4 provide technical information regarding
 

general characteristics of buildings, building materials and
 

structural performance of bu'ildings subjected to earthquakes
 

and wind forces.
 

Chapter 5 outlines the importance of siting considerations
 

from the geological, seismic and climatological viewpoint.
 

This chapter was essentially contributed by the U. S. Geological
 

Survey.
 

Chapters 6 and 7 review methods of housing construction,
 

building codes and regulations. Chapters 8 and 9 summarize
 

the major social and economic factors that influence the
 

advancement of housing technology in developing countries.
 

These chapters drew extensively from the consultants' reports.
 



Chapter 10 synthesizes feasible technical improvements 
in
 

r.,nstruction materials, composite systems and 
building systems.
 

Chapter 11 discusses communication and transfer of technology
 

and the role of institutions in this work.
 

a summary of conclusions and recommendations
Chapter 12 is 


con
from the Philippines, Turkey and Peru, as prepared 

by the 


sulting organizations in each country.
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General Structural Characteristics of Buildins
 Chapter 2. 


and Building Materials 

by 

Dr. S. G. Fattal 

of StandardsNational Bureau 

2.1 introduction 

for the
provides background informationThis. chapter 

3 and 4 regarding structural technical discussions in chapter 

to wind and ear-h:iuakes.
performance of buildings subjected 

according to structural 
In Section 2.2 buildings are dascribed 

they transfer lateral and 
type and the manner with which 

forces. Secticn 2.3 describes and classifies build.ing
gravity 

elements according to shape and composition. 
Construction
 

their mechanical properties are discussed in 
materials and 

section 2.4. Special attention is given to types 
of construc

tion and materials identified with 
low-cost housing develop

ment.
 

2.2 Structural Types
 

Bearing Wall Buildings2.2.1 

the walls
wall construction,In buildings oi,: bearing 

and )ateral loads to 
'are designed to transmit gravity and
 

elements 

the foundation by, functioning as structural in 

from 

forces
tension and bc-nding. Gravity

compression, shear, 

and vortical livet. structureconsist of the dead ..oad c 



loads from human occupancy, furnishings, snow, ice, or other
 

transient loads. Vertical forces are also induced by wind
 

suction, uplift and direct pressure on the roof (see chapter
 

4) and by vertical movements of the ground in an earthquake
 

(see chapter 3). Lateral forces are produced by winds, floods,
 

tidal waves, debris loading and horizontal earthquake movements 

of.the ground. 

Figure 2.1 offers a simple illustration of the force 

transfer mechanism. Vertical loads from the roof assembly 

produce the compressive forces shown acting on the walls 

below. Resistance against lateral forces is provided primarily 

by walls of the same orientation. For instance, in the figure, 

shearing resistance of walls A and C is mobilized against 

horizonta: forces indicated by solid arrows. Similarly, walls 

B and D are mobilized against transverse forces indicated by 

the broken arrows. In addition, walls provide direct tensile 

resistance against overturning or uplift forces and bending 

resistance against out-of-plane normal loads induced by lateral 

forces. 

2.2.2 Frame Buildings
 

The .main identifying feature of a framed building is 

the presence of a substantially complete vertical load-carry

ing frame consisting of beam and column 'elements. Where the 

frame is also called upcn to participate in resisting lateral
 

forces, the design '.usually Provides fo- bracing or for rigid 



C D *4c 
2 H 

Figure 2.1 Figure 2.2 

(a) (b) 

(c) (d) 
Figure 2.3 



connections so that the rotations'at any joint are collectively
 

resisted by the elements framing into it in proportion to their
 

bending stiffnesses. For example, in the single-cell space
 

frame of figure 2.2, beams A to D are rigidly attached to
 

columns E to H at the top four joints. The deformed shape
 

of the frame under the simultaneous action of vertical and
 

lateral loads is shown exaggerated by the broken lines for
 

the sake of clarity. Resistance to lateral forces is primarily
 

contributed by the simultaneous mobilization of bending and
 

shear capacity of columns and bending capacity of beams. In
 

addition, beams provide bending and s)aear resistance against
 

vertical loads transmitted from the roof through floor joists
 

and other attachments, with columns offering resistance
 

against dxial loads ard any bending moments induced by con

tinuity of joints.
 

Walls of frame buildings are often constructed for the
 

non-structural purpose of providing enclosure. However, when
 

they are attached to, or built integrally with the rest of
 

the structure, as in the case of infilled frames, most of the
 

lateral forces are carried by the walls in shear,since their
 

in-plane stiffness is significantly larger than the combined
 

lateral stiffness of the frame columns.
 

2.2.3 Shell and Membrane guildings
 

Shell type buildings consist primarily of single or
 

doubl.e curvature elements. Figure 2.3 illustrates some of
 



the forms utilized in building construction. The dome shape
 

in (a) provides continuity of roof and wall. The truneated
 

dome in (d) incorporates a flat roof bearing on walls of
 

double curvature (i.e., vertical and horizontal). The struc

ture in (b) uses a cylindrical roof with flat vertical walls
 

and (c) depicts a "silo" shaped structuxe with flat roof bearing
 

on cylindrical wall enclosure. 

The shell is a hiqhly efficient structural form deriving 

its effectiveness from curvature which, when properly exploited
 

by the designer, gives it the ability to transmit loads through
 

membrane action (i.e., in-plane compression, shear and tension)
 

and minimal amount of bending. 

2.3 Structural Elements 

2.3.1 Foundat-ns
 

Building foundations are designed to transmit superstruc-


The type of design is dictated
ture loads to the ground below. 


by the bearing capacity of ground material, intensity of loads
 

levels of tolerance to settleto be transmitted and allowable 

These factors become less critical for low-rise dwellings
ments. 


seldom
of one-to-two stories. Certain types, such as piles, are 


encountered except for houses in frequent flood areas built on
 

bamboo stilts driven into the ground to a length sufficient to
 

develop the required load capacity by friction with the surroundi-


Where flooding is not a major factor, rectangular
ihg soil. 


footings of plain or reinfored conicrete or gravel with soil



cement mortar are quite commonly.utilized. Wall footings are
 

usually laid under the entire length of the wall with widths
 

varying from up to twice the wall thickness for load-bearing
 

walls to slightly larger than the wall thickness for nonload

bearing walls and partitions. Depths commonly vary between
 

30 to 60 cm. Rectangular spread footings, similar to wall
 

footings in composition are used to support individual colu-mn
 

loads of frame buildings on rocks or high-grade compact soil.
 

Combined footings or mat foundations are used with less favor

able soil conditions. 

2.3.2 Frame Elements (Figure 2.2) 

A frame is an assembly of beam, column and bracing
 

elements of small sectional dimensions relative to length.
 

of each element identifies it from theThe structural behavior 

other types. 

A beam transmits vertical loads horizontally to columns
 

and walls through the combined mechanism of shear and bending. 

Shearing may be visualized as the tendency of two surfaces,
 

formed by the splitting of a section, to slide off one another 

in opposite directions. The mechanism is actuated by opposite
 

internal. forces developed in the plane of a section. Bending
 

produces curvature in an element causing compression in longi

tudinal fibers near the con.cave side and tension in fibers
 

near the opposite side. For this reason, beams made of
 

materials of low tensile strength, such as concrete, require
 



reinforcing bars near tensile regions for effective 
action*
 

against bending. Beam cross-sections of reinforced concrete
 

or wood construction are usually rectangular 
while the I shape
 

is more commonly utilized for steel beams.
 

Columns transmit vertical loads and beam 
reactions to
 

Their structural effectiveness is in comthe foundation. 


pression although in most instances they 
are also designed to
 

transmit bending induced by continuity 
of joints or eccentric

loads. Square, circular, rectangular or 
ities of axial 


are common. Columns are
 
I-shaped sectional profiles quite 

made of reinforced concrete, masonry, wood, 
metal, or a
 

variety of other materials and combinations 
thereof.
 

Bracing elements in frames inhibit lateral 
deflections
 

A common
 
and provide resistance against horizontal 

forces. 


application is the diagonal cross-bracing 
illustrated in
 

figure (2.2) where the tensile resistance of element 
no. 1
 

Diagonal no. 2
 
is mobilized against the lateral force 

shown. 


functions in a similar manner when the 
direction of the force
 

Bracing is also used for columns to increase
 is reversed. 


Non-brittle mate
their resistance against lateral buckling. 


rials strong in tension are well suited 
for bracing. Steel,
 

typical examples.
wire, wood, bamboo or even rope are 

2.3.3 Walls 

Structurally a bearing wall is the counterpart 
of a
 

column in that both are designed to support 
primarily vertical
 



In addition, bearing walls develop
 loads in compression. 


substantial shear forces from lateral loads which also 
produce
 

some bending in these elements.
 

The assembly of a filler wall 
with a confining frame
 

Under lateral loads,
 an infilled frame. 
around it is known as 


filler walls alter the basic 
behavior of the frame by inhib

iting lateral deflections and 
assinilating most of the shear
 

in filler walls are 
away from the columns. Axial loads 

nominal. 

The main function of non-structural 
walls such as para

into provide enclosure 
pets and interior partitions is 

to theof these wallsthe contributionTherefore,buildings. 

overall structural resistance 
should be minimal.
 

of wood, concrete, burnt clay or 
Structural walls 

soil-cement composition are quite 
common in low-cost housing
 

The walls may be monolythic or 
of masonry type
 

construction. 


construction where staggered 
courses of basic units are laid
 

Clay brick and tile, adobe brick 
and
 

in beds of mortar. 

Masonry
conventional masonry units. 
concrete block are 


mortar of a desired consistency 
and strength is prepared by
 

using certain proportions of 
cement-lime-sand or soil-cement
 

mixtures.
 

Floors2.3.4 Roofs and Upper 

eval are designed to develop
Floors zabove the ground 

shear Ind bending to transmit direct
insufficient capacity 



2.4 

gravity loads to floor joists, frame elements 
or bearing walls
 

diaphragms distributing lateral
 below. They also function as 


Typical examples of floor
 forces to supporting elements. 


systems are reinforced concrete slabs supported 
by joists or
 

at the edges, and joist supported wood floors.
 

Diverse types of materials and shapes are 
utilized in
 

often attached to a
Pitched roofs are
roof construction. 


Flat roofs are similar to
 wood supporting frame or a truss. 


floor slabs in structural behavior although 
the nature of
 

loads is somewhat different mainly due 
to the presence of
 

A traditional type of roof consuction and uplift forces. 


struction, consists of wood joists or logs, 
spanning across
 

first by bamboo, straw or asphalt
opposite walls, overlain 

impregnated burlap, and then adobe.
 

Materials and Their Mechanical Properties
 

2.4.1 	 Concrete 

Concrete is prepared by mixing certain proportions 
of 

water. At the construction
sand, cement and gravel with 

site, the mixture is poured into preassembled wood forms 

Near full strength is
removed after setting.which are 

Standard size cylindricalusually attained in about a month. 


are removed from different batches during 
construction
 

samples 


susceptibility 

for separate testing to determine the compressive strength of 

the concrete used. This practice is necessary in view of the 

of concrete compressive strength to proportion



ing and quality of its ingredients, rate of curing 
and many
 

other factors. Compressive strengths ranging from 1,400 to
 

3,500 N/cm 2 are typical.
 

Concrete is weak in tension and therefore, seldom used
 

The use of steel, fiberglass and
without reinforcement. 


other high .tensile strength materials for reinforcement,
 

coupled with properties such as durability, fire resistance
 

a most

and mouldability into different shapes, makes concrete 


versatile construction material.
 

2.4.2 Masonry
 

The compressive strength of masonry with a specified
 

type of mortar is equal to the test strength of a standard
 

size prism of the same composition modified by a factor.
 

sometimes expressed as a fraction
Alternately, the strength is 


of the strength of its unit for a specified type of mortar. The
 

range of compressive strengths of brick and concrete block masonry
 

following table.
used in construction is indicated in the 


(N/cm2 ) (N/cm2 )
 
Compressive Strength Compressive Strength
 

Type of Masonry Units of Masonry
 

Brick 1,400-10,000 400-3,200
 

Block 350-2,000 100-6,500
 

Because of its low tensile strength which is in the order of
 

5% or less of its compressive value, masonry requires the
 



use of reinforcement to develop 
any structurally significant
 

bending resistance.
 

2.4.3 	 Soil
 

In many parts of the world, particularly.
in developing
 

countries, natural earth is probably 
the most common material
 

Sun dried adobe bricks con
used in building construction. 


taining sand, silt and clay, 
often untreated against water
 

penetration have been the basic 
masonry units for traditional
 

The more recently introduced
 
low-cost housing construction. 


asphalt stabilized adobe brick 
of high durability and water
 

a significant breakthrough in
 repellent properties marks 


With good workmanship,

improved low-cost construction. 


adobe bricks with compressive strengths 
of 350 to 500 N/sq.
 

are
 
cm. may be obtained. Mortars used with adobe units 


mixtures of soil and cement, 
with asphalt added to give it
 

the desired stability.
 

Several attempts have been made 
in Turkey to provide
 

The following is the summary 
of
 

stabilization with asphalt. 


findings of a study recently 
conducted by the General
 

Directorate of Building Materials 
of the Ministry of Recon

struction and Resettlement:
 

"A laboratory analysis of the 
adobe material is essential.
 

This will help to decide what 
kind of asphalt be used and 

what
 

The analysis should cover a 
sieve test
 

the optimum amount is. 


and a dcter3ination of silt 
and/or clay amount.
 

(gradO.tion) 



Liquid limit and plastic limit should be determined 
to know
 

(PI) of the soil. In general soils,
the plasticity index 


are not suitable
 
with a clay and/or silt ratio of more than 45% 


silt and clay tend to prevent
for asphalt stabilization as 


pulverization.
 

The kind of asphalt is determined by the kind 
of soil, as
 

follows:
 

Cut-back asphalts of RC type and emulsion asphalts, 
are
 

very suitable for sandy soils, with a small silt and/or 
clay 

As non-Soils of PI 5 or less are of this kind.
content. 


plastic soils are cohesionless, the stability of 
the mixture
 

is a function of the binding power of the asphalt 
used.
 

a more homogenous
Cut-back asphalts of MC type provide 


As the
 
mixture in case they are used with soils of PI 6-10. 


Consequently,
plasticity becomes higher, cohesion is higher. 


the stability of the mixture is determined by both 
the binding
 

power of asphalt and the cohesion effect of clay. This kind
 

of soil gives satisfactory results with emulsion asphalts.
 

The stability of the mixture 

Asphalts of SC type are good for clayey soils as they 

are highly penetrative. They can be used with soils of PI 

higher than 10, and silt and/or clay content higher than 30%. 

does not depend much on the 

binding property of the asphalt-, as the soil itself is highly 

cohesive. 

Soil should contain appro::imatcly half of the optinum 

water content, for cut-bck asphalts. In other words, the 



In case
 
asphalt will substitute the remaining one 

half. 


emulsified asphalts are used, the water content 
must be 10%
 

This amount of water facilitates the
 or slightly more. 


mixing of asphalt.
 

In the following matrix the average results 
of two sets
 

(one with 4% and the other with 7% asphalt 
ratio,


of tests 


with 85-100 penetration rate, in form 
of an emulsion contain

on GM type soils:
60% water) were conducteding 

With 7% AsphaltWith 4% Asphalt 


.
 
Unit Weight 1,879 Kg./dn3 . 1,902 kg./dm3
 

Pressure Strength
 

(a) Normal in dry air 2 2
 
11,181 kg./cr 2
Average 8,647 kg./cm2MiniLum 7,070 kg./cm 10,419 kg./cm 

2(b) Absorbed with water 
8,759 kg./cm.,Average 7,145 kg./cm'

Minimum 
Collapsed after
 

(c) After frost 15th repetition. 

riseCapillary ater 

7 cm.
(a) cm/hiour (23 hours) 19 gr.160 gr.
(b) gr/hour (27 hours) 


3.64
Collapsed
Water absorption 


Cost per adobe block 0.738 TL.
 . 0.387 TL.(2"9 x 47 9-

sed for Adobe Stabili.zation in
 Availability of Asphalts 


Turkey
 

Cure) .CuL As-halt: A jiixture of asphalt-1h.ck(a) 11C (Medium 



cement (AC) and kerosene. Grades 0, 1, 2 of this kind can
 

be produced by Batman Refinery of T.P.A.0. The price in
 

Batman is about 750 TL. ($50.00) per ton.
 

(b) RC (Rapid Cure) Cut-Back Asphalt: A mixture of asphalt
 

cement (AC) and gasoline. Grades 0-5 of this kind of asphalt
 

can be produced by Batman Refinery. Unit price is about
 

the same as MC type. It is highly flammable and General
 

Directorate of Highways prefers to produce it locally.
 

(c) SC (Slow Cure) Cut-Back Asphalt: A mixture of asphalt
 

cement (AC) and light oils. Crude oil and fuel oil are of
 

this kind. It is not produced, nor used in large amounts.
 

Can be produced by Batman Refinery. Price in Batman is about
 

600 TL. per ton.
 

2.4.4 Wood
 

The structural uses of fabricated lumber in building
 

construction are diverse and extensive. Wood joists and
 

plywood panels are used for roof and floor systems. Sandwich
 

panels with wood studs and plywood skins are utilized for
 

exterior walls and partitions. However, fabricated lumber
 

may not always be available or be economically feasible for
 

low-cost housing construction. In such cases, non-dimensional
 

lumber, raw timber, cane, bamboo, palm or thatch are used as
 

alternates depending on their local availability.
 

Generally, wood exhibits good strength in both tension
 

and compression in the direction of its longitudinal fibers.
 

This property makes it adaptable to construction of b nding
 



Cane, bamboo or split wood
 resistant elements in a building. 


may also be utilized to reinforce adobe masonry 
walls and
 

Exposed wood generally
elements of poured stabilized soil. 


requires special protection against moisture, 
fire and insect
 

infestation.
 

2.4.5 Metals
 

,Steel in the form of reinforcing bars 
for concrete and
 

masonry elements is used quite extensively 
in housing con-


Individual reinforcing bars of different 
diameter
 

struction. 


usually fabricated with deformed surfaces 
for better
 

sizes are 


bond. Wire mesh reinforcement is fabricated by welding to

(usually 1 mm. or less
 gether two layers of spaced thin bars 


Poultry netting of hexagonal
in diameter) in a grid pattern. 


a relatively inexpensive manufactured
 or triangular pattern is 


product w'Dich merits exploitation as a reinforcing 
material for
 

it may be more readily available locally 
than
 

as
low-cost houses 


other types of reinforcement.
 

Steel exhibits high strength, stiffness 
and ductile pro

a measure of resistance against deformaperties. Stiffness is 


Ductility is the ability to sustain substantial deformtions. 


Both strength and
 
ations beyond yielding without rupture. 


ductility provide a measure of the capacity 
of a material to
 

absorb energy without rupture. Tensile strength of steel
 

reinforcement usually falls within the 
range of 25,000 to 45,000
 

Mechanical properties of steel begin deteriorating
N/sq. cm. 


rather rapidly.at high temperatures beyond 400'C. Also,
 



surfaces exposed to moisture are subject to corrosion. In
 

construction, steel is protected against these agents by
 

painting and coating with fire proofing materials.
 

Other applications of metals in low-cost housing construct

ion includes the use of corrugated sheet metal of galvanized
 

of steel
steel or aluminum for roofing and wall siding, use 


connectors for bolting and anchoring various elements, and
 

of rods and cables for bracing purposes.
use 


2.4.6 	 Plastics
 

Weathering characteristics of plastics in outdoor use and
 

durability in relation to the traditional materials are some
 

of the questions which still remain to be answered satisfactor

ily, particularly in respect of their use in tropical areas
 

such as the Philippine Islands. It may be of interest to note
 

that some of the leading plastics producing countries in the
 

Far East are South Korea, Taiwan, and the Philippine Islands.
 

A range of plastic products, using indigenous and imported
 

plastics raw materials and processing machinery are manufactured
 

in these countries. Lately, plastic products of interest to
 

the building industry have also been introduced in these and
 

other developing countries. However, Peruvian and Turkish
 

Plastics Industries are only in the very early stages of
 

development and thus will require considerable assistance.
 

One advantage of plastics, which has been taken into
 

consideration for use in-the building industry is adaptability
 



to mass-production techniques. Their light-weight, corrosion

resistance, and ease of manipulation in manufacturing building
 

components in any specified design are some of the character

istics which have enhanced their acceptance in building appli

cations. Cellular plastics [1] exhibit excellent thermal
 

insulation and thus reduce temperature fluctuations in hot,
 

arid regions with a wide range of temperature cycling. In hot,
 

humid iegions there is less thermal advantage to be gained
 

in using plastics, except as part of a lightweight system of
 

construction. In cooler regions there is no doubt that their
 

very effective thermal insulating characteristics are an
 

appreciable advantage.
 

Being new material, plastics have to find acceptance
 

into the building industry, which generally tends to be con

servative in its approach to innovative building materials
 

and techniques.
 

As a tradition in Turkey for example, solid and durable
 

materials are generally preferred for building construction.
 

However, recently numerous plastic materials emerged in the
 

used in the newly 'constructed
market, and some of them are 


modern buildings.
 

Replacement of the traditional materials used in the
 

manufacture of various goods and articles by plastics has
 

resulted in rapid development of the plastic industry in
 

Turkey. This industry mostly depended on imports for raw and
 

auxiliary materials, until the end of 1969. However, in
 



recent years certain polymers and plasticizers began to be
 

produced locally. Now the plastic industry is in process of
 

improvement.
 

Of the mentioned amounts [2] of plastic processing
 

production (about 300,000 tons in 1972), only the following
 

items are used in buildings:
 

(a) Vinyl-asbestos floor tiles: Recently vinyl-asbestos
 

floor tiles became popular in the cities and towns, and are
 

substituted for cement and mosaic tiles. Production is growing
 

rapidly and the rate of acceptance shows that this material may
 

well be adopted in villages toc, in near future. It takes an
 

important percentage in total production and has a good
 

potential for export, since it matches established high
 

standards.
 

(b) Clean and/or Waste Water Installation Pipes:
 

Plastic pipes are already used for irrigation and agricultural
 

purposes, in great extent. 'It may well be largely adopted in
 

rural dwellings, for it has such advantages as lightness,
 

workability and durability.
 

(c) Kitchen and Bathroom Fixtures, Water Reservoirs,
 

Wash-Basins, Handrails, Plinthes and Lambris: Use of plastic
 

for such items is constantly increasing.
 

(d) Flat or Corrugated Plastic Sheets: Although
 

corrugated plastic sheets are widely used as roof covering
 

material in t.emporary or urban structures (partly for.decora

tion purposes), they are not accepted yet as a major material.
 



Flat sheets are especially used in signs for decoration and
 

lighting fixtures.
 

(e) Sheets or Bags of Polyethylene Films: Recently,
 

plastic sheets (films) are widely used on roofs (especially
 

on earth roofs, which provide a good thermal insulation but
 

are very weak against water) for waterproofing, or in hollow
 

gables of roofs for windproofing. Plastic bags are used to
 

hold glass-wool in place, for heat insulation. They are also
 

used on tents or temporary structures as an upper cover
 

(waterproofing).
 

(f) Plastic Foams for Heat and Acoustic Insulation:
 

Although several kinds of plastic insulation materials (foam,
 

etc.) exist on the market, they are not used yet in dwellings,
 

but are very popular in furniture and industrial use (seats,
 

armchairs, refrigeration, industrial insulation, thermal and
 

acoustic insulation of few modern buildings).
 

(g) Acrylic Wall and Plaster Corering: This material
 

has not been popularized yet, but seems to be making progress.
 

(h) Styrofoam Beads and Panels: They are used to pro

vide insulation and lightness in prefabricated houses.
 

Such materials as electric cables and plastic wall-papers
 

are excluded here because they are considered non-structural.
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3.1 	 Nature of Earth-cuakes 

Major earthquakes are generally believed to be of tectonic 

origin associated with large strains in the crust of the earth. 

Tectonic motion, which manifests itself as a random shaking of 

the ground, is attributed to slip of geologic faults or to rock 

metamorphosis at greater depths, causing volume changes within 

the crust. Severe earthquakes may extend over vast geographic 

aifea- , re'leaing large energy, creating fissures, cracking and 

sudden relative changes in ground elevation causing damage 

and 	destruction to surface structures. Aftershocks usually
 

following an earthquake are attributed to ground movements to 

relieve high stress conditions created by seismic faulting. 

Tsunai ,is or seismic sea waves caused by local changes of ocean 

floor elevation during earthquakes can be particularly destruc

tive to towns along coastal regions. Increased frequency of 

landslides even long after a major earthquake is attributed to 

cracking produced during the initial disturbance. 

The point from which the first seismic waves propagate is 

known as tha focal point of an earthqualke. The epicenter is 

the )cint on tI., earth's directly aurf.ceabove the focal poiut. 
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Two commonly used indicators of the severity of an 	earthquake 

scale measuresare the 1.ercalli and Richter scales. The ercalli 

the intensity or the local destructiveness of an earthquake and 

varies according to the location of the station from the
 

The Richter scale measures the magnitude or energy
epicenter. 


released by an earthquake. Instrwunents, such as seismometers,
 

installed at various strategic locations are utilized to record
 

amplitudes and frequencies of seismic accelerations and to
 

provide a valuable source of information about the potential
 

severity of earthqua]:es for these regions. Post earthquake 

whichexperience is utilized to develop seismic risk maps are 

adopted by various codes and building regulatory agencies in
 

prescribing specifications for earthquake design of structures
 

(See Cnapter 7).
 

3.2 Seismic Effects on Buildings
 

3.2.1 InfluenCe of Structural Configuration
 

The forces produced in surface structures as a result of 

ground motions are similar, in nature, to those experienced by 

the hu:,ian body in a moving vehicle subjected to sudden manipu

lations of the driving control mechanisms. The distribution 

and relative intensities of seismic forces within a structure 

are influenced, to a large extent, by the type of construction,
 

geometry, mass distribution and stiffness properties. 

In general, heavier elements in a building develop greater 

"dirc:ct" iercx hile stiffer lecm,,tnts recuive a larger share 



eleents. Peak, lateral
of the forces transmitted between 

and floor levelsat massive roofforces tend to concentrate 

and propagate to other levels mostly through 
laterally stiffer
 

For example, in the structure of figure
vertical elements. 


3.1, the lateral force acting on the roof 
is transmitted
 

to relatiely lightweight coluuL;s below,
through connections 

producing critical shear and bending forces 
in these elements.
 

a of gravity load 
Additional column bending occurs as result 

eccentricities creaued by the lateral drifting 
of the roof.
 

The introduction of lateral stiffening elements 
such as cross

in faces paralleldotted on the sketch)" or wallsbracing (shown 

to the direction of ground excitation reduced drift and its 

the force distrj.bu
columns and alters drast'tcaliveffects on 


the bracing acting in tension, or the
 
tion pattern (i.e.: 


in plane shear, assume most of the lateral forces 
walls acting 

transmitted from the roof).
 

The geometry of a building may have a.marked 
effect in
 

For instance, twisting and
 distributing seismic forces. 


warping forces are more likely to occur in 
buildings of irre

(figure 3.2) or with non-uniform arrangement of 
gular shape 


w.ill tend to
 
walls and openings. Forces of high intensity 

openings (stress concentration points),
develop, at corners of 


near attach.ents of
 
at the top junctions of abutting walls, 


or, as a result of "'janwnering" between
 
projecting elorentsi 

In general, buildings
";:lls of deU..c.ed buildings.adjacent 


zand/or geo;onetry tend
 
witi ....:itions in imass 

http:distrj.bu


to develop structurally unfavorable force distribution patterns.
 

3.2.2 Foundations
 

Frequently, structures designed to withstand earthquakes
 

fail as a result of inadequate foundation. In many instances
 

cracking and failure of superstructures are caused not by
 

direct vibrations but rathier, by differential settlements of
 

footings caused by conditions leading to liquefaction of sandy
 

soils specially in areas of high groundwater elevation, or, by
 

slope instability and landslides.
 

Certain types of foundations are more susceptible to 

earthquake damage than others. For example, foundations of 

shallow, individual spread footings are likely to be subjected 

to high differential settlements and "rocking" particularly 

when the supporting ground consists of different types of soils. 

Unfavorable conditions may also develop when mixed types of 

foundations are used for the same structure. 

Many houses in coastal areas are built on poles or founda

tions of treated piles. While this is an excellent practice 

too often the house is not properly fastened Zo the poles to 

give it sufficient stability against lateral earthquake forces.
 

Shallow foundations deteriorate with age as a result of 

exposure to freezing and thawing of the surface ground in 

regions of cold climate and to frequent flooding in tropical 

regions. In seismic areas sonte degradation of foundation 

i.atcrial occurs as a "csult of the. cuwuiaLive effect of past 



even 	 though they may not create .any visible damageearthquakcs 

to the above-ground structure.
 

3.2.3 	 Walls, Frames and Shells
 

Unreinforced bearing walls of masonry or concrete con

while most commonly used throughout the world, arestruction, 

This weakness ishighly susceptible to earthquake damage. 

mainly attributed to the fact that in stiffening a building
 

against lateral seismic forces walls develop critical 
stresses
 

which are likely to exceed their relatively low in-plane 
shear

ing capacity. Further significant reductions in wall strength
 

occurs as a result of openings.
 

in 	 out-of-planeWalls coitonly fail racking shear, 

shear failures arebending or a combination of both. Racking 

recognized by the cross-diagonal cracking pattern 
frequently
 

observed in building walls damaged by earthquakes. 
This type
 

cracks develop at points of
of failure is initiated by which 

centerscorncrshigh 	stress concentration (i.e.: of openings, 

- see
 
of wall seyr tents or piers flanking adjacent openings 


figure 3.2) and quickly propagate outward causing 
complete
 

rupture.
 

a result
Out-of-plane bending failure occurs mainly as 


direct seismic forces which -develop in a direction trans
of 
.verse to the wall. In general' bending and shearing effects 

an 	 since the direction of 
occur sii.ultaneou.ly in eaxt*ICLUI.:*C 


respect to the
seismic excitation is oftun inclined with 

http:sii.ultaneou.ly


orientation of the walls.
 

Bearing wall failures are characterized by sudden, brittle
 

types of partial or coimplete collapse of wall segments followed
 

by the collapse of roofs and upper floors. The results are
 

often devastating as was evidenced by the totality of destruc

tion of adobe wall dwellings during the 1972 Fars earthquake 

in Iran. 

Another major contriJfting factor to bearing wall collapse 

is failure of connections to roofs and other wall elements and 

foundation anchorages. This results in a substantial loss of 

structural integrity of the buildin and the ability to act as 

a unit against earthquakes. Tension cracks between abutting 

walls propagating frcm the r.oof downward (see figure 3.3) -are 

indicative of inadequate wall-to-wall connections.
 

The structural weakness exhibited by bearing walls is 

also inherent to filler walls confined within load-bearing
 

frxncs. Due to the effect of frame enclosure, however, filler 

walls tend to develop increased shear and bending capacity
 

although this is partially offset by the absence of compressive 

loads, which up to a certain level, increase the capacity of a 

wall to resist in-plane shear forces. 

Rectangular frames of the type shown in figures (2.2) and 

(3.1) resist lateral forces through the combined bending and 

shear action of its elements. Collapse of frames under lateral 

foicces r'ay be caused by excessive column bending or by failure 

o2 rigid joints ctween fraiie elements. 



Certain types of shell enclosures such as cylindrical or 

spherical shapes (see figure 2.3), have found their use in
 

low-cost housing construction in the past. These dwellings 

are corLrflonly built with traditional materials such as mud or 

adobe block, without any reinforcement. Under seismic loading
 

conditions failure is likely to be initiated by cracking at
 

of o.penings or near ground or roof attachments where
corners 


high localized bending stresses are dominant, 

3.2.4 Roofs and Upper Floors
 

One of the major concerns in tho mitigation of earthquake 

disasters is the prevention of roof and floor failures causing
 

loss of hum-an lives. The practice of designing roofs ,vithout 

regard to the seismicity of the region and the use of heavy 

non-structural roofing materials account for the high incidence 

of roof failures in low-cost houses in past earthquakes. 

Generally', roof failures are attributed to insufficient
 

strength or to lack of adequate connections. Roof collapse
 

may also occur as a result of rupture of supporting walls,
 

columns and other load-bearing elements. The dIfferent modes 

of roof failures are dependent on the structural configuration
 

of the system. For example, the rupture of the bottom chord 

of a roof truss (see figure 3.4) may trigger a complete 

structural collapse by forcing the supporting .walls outwards 

as indicate'. by the dotted lines. On the other hand under a 

horizontA. scismic C'iisturbance, -the roof transIiits rocking 



forces to the supporting walls causing the formation of tensile
 
1,o
 

cracks and separation at the top corners of abutting walls.
 
This i-ode of failure is also characteristic ,f mcssive flat
 

roofs (or floors) supported by beam joists spanning across
 

the width of a building and "resting" on opposite walls. 

3.3 Luilding; Improvemients to Mitigate Earthquake Effects 

3.3.1 Structural Configuration 

Usually, the configuration of a building is selected on
 

the basis of requirements other th 
an seismic considerations
 

alone. Further, the possibility of withsituations conflicting 

requi rements cannot be ruled out. A case in point is the
 

J.ightaEght rcof system which offers 
certain advantages in
 

a seismic design although it stands a greater chance 
 of being
 

torn off its supports by high wind suc'tion. Another example
 

is the flat roof projecting beyond exterior wall 
 supports.
 

This scheme increases its bending effectiveness against verti

cal seismic excitation but makes 
 its projections particularly 

susceptible to wind-induced uplift and suction pressures (see 

sec&:on 4.2.4). However, these situations seldom occur and, 

in general, it is poss-_)Dle to identify and prescribe certain 

,configurations for improving seismic construction without
 

ccnflicti~n require-:,ents. The following is a list of such 

reco.,.-mmend ations. 

Low-cost housinq cr)nsi :ructic-n should be limited to one 

or at i :ost' uni t - Thin _. rmitss: :V . " o maximum 



exploitation of locally available construction materials and
 

increases the feasibility of producing better seismic-resistant
 

structures.
 

The weight of roofs and floors should be kept to a mini

mum. The shape of the building, the arrangement of walls,
 

partitions and openings should be made in a balanced manner
 

to obtain as uniform a stress distribution in the building as
 

possible. Attachments of heavy elements to walls which may
 

be disproportionately stiff relative to their strength should
 

be avoided.
 

The size and spacing of openings should be governed by
 

requirements of minimum width of piers flanking adjacent
 

openings, maximum permissible length of lintels spanning
 

across the top of openings and uniformity of overall layout.
 

Exterior walls forming a rectangular enclosure may be prevented
 

from separating at the top corners by providing a continuous
 

collar or ring beam having sufficient tensile resistance to
 

forces pulling walls apart at their upper peripheral junctions.
 

Structural damage resulting from hammering of unattached adja

cent walls may be avoided by providing connections between
 

these walls for integral action against earthquakes, or, by
 

providing sufficient space between adjacent buildings to-avoid
 

impact.
 

3.3.2 Foundations
 

For low cost single story housing construction the only
 

type of foundation of reasonable cost in comparison to the
 



In the event when
structure is the superficial foundation. 


soil conditions require the use of deep or piled foundation,
 

or when the possibility of soil liquefaction exists, serious
 

consideration should be given to the selection of alternate
 

construction sites.
 

The following factors are necessary attributes of super

ficial foundations to achieve better earthquake resistant
 

construction:
 

The base of the foundation should be below superficial
 

or "top soil" level, and below the vegetal root level in all
 

cases, where applicable. In locations subject to general
 

freezing as in Peru, Turkey and Iran, the bottom of the
 

foundation should be below the freezing level of the ground.
 

Continuous wall footings should extend under the entire
 

length of the wall and sufficient vertical dowel reinforcement
 

should be proyided between wall and footing to develop con

tinuity and capacity for integral action. This practice should
 

minimize differential settlements and local damage to the
 

walls and should permit a more uniform distribution of bearing
 

pressures in the soil.
 

For single story construction the width of the continuous
 

footing should not be less than one and one-half times the
 

thickness of the wall or 35 cm., whichever is larger (4).
 

Depth should not be less than 45 cm.
 

Foundation materials of gravel mixed with soil stabilized
 

with asphalt or road oil may be used. Stabilization of the
 



foundation material provides protection against moisture and
 

other deteriorating agents. Split cane, bamboo or wire mesh
 

may be used for vertical reinforcement to provide continuity
 

between walls and footings.
 

3.3.3 Walls, Frames and Shells
 

The seismic resistance of walls constructed out of stabi

lized adobe block and mud can be considerably improved by
 

utilizing locally available reinforcing materials. Results of
 

.preliminary tests of several wall sections constructed by
 

traditional methods but utilizing split cane for reinforcement
 

and Oil-stabilized adobe block show an increase of over 100%
 

in resistance to static lateral force.*
 

Unstabilized soil-base materials are not suitable for
 

seismic construction because of the high rate of deterioration
 

and strength degradation resulting from exposure.to rain and
 

This situation can be remedied by using oil-stabilized
flood. 


soil or adobe and seismic resistant construction. Besides
 

providing critically needed tensile strength, the use of cane
 

or wire-mesh reinforcement inhibits brittle shattering and
 

rupture of walls and controls the propagation of cracking. The
 

extension of reinforcement into neighboring walls and foundations
 

provides an effective means of achieving continuity and improved
 

seismic-resistant construction.
 

*Improved Adobe Construction Program at the National University
 

of Engineering in L.ima, Peru.
 



An effective method of improving the strength of walls is
 

to provide a ring beam around their upper periphery. The pur

pose of a ring beam is to tie the top of the walls together
 

and to prevent tensile cracking from developing at the upper
 

corners. In order to function in this capacity a ring beam
 

should be continually reinforced with cane, bamboo, wire mesh
 

or other materials of high tensile strength.
 

The structural resistance of walls is significantly impaired
 

by the location and size of openings. To a certain extent, it
 

is possible to improve the situation by using smaller openings
 

and providing equalized space between openings or between an
 

opening and the vertical edge of the wall. However, in order
 

to reduce the high probability of brittle collapse initiated
 

by the failure of piers flanking adjacent openings it is
 

essential to give special attention to requirements for effect

ive reinforcement around openings.
 

Tests on frames with infilled walls have indicated a
 

considerable increase in strength of the frame-wall assembly
 

as compared to the individual strengths of frame or wall.*
 

The observation was made on reinforced concrete frames with
 

brick masonry filler walls. 'Whether this increased capacity
 

can be realized if the infilled frame were made of poured mud,
 

adobe and cane or other reinforcement should be determined in
 

a following project. One concept related to infilled frame
 

*Design of ,!ultistory Reinforced Concrete Buildings for Earth
quake Motion, by Blume,.Ne%.mark and Corning.
 

http:Blume,.Ne


the energy
construction which would be worthy of 	study, uses 


The system is designed
absorption capacity of filler walls. 


to permit most of the energy released in a
in such a way as 


severe seismic disturbance to be dissipated through the process
 

of cracking of filler walls .leaving the main load-bearing frame
 

relatively undamaged.
 

The feasibility of improving the seismic performance of
 

a structure by utilizing curved wall construction cannot be
 

this time in view of a lack of documented knowascertained at 


ledge of past earthquake history of such buildings.
 

3.3.4 Roofs and Upper Floors
 

One 	of the most effective ways to improve the seismic
 

to reduce the weight of its roof.
performance of a building is 


To a certain extent, this may be achieved without loss of
 

strength by substituting lighter weight materials for roof
 

covering in lieu of heavy materials such as mud or tile which
 

have had widespread use in traditional low-cost dwellings in
 

the past.
 

can also be achieved by using shorter
Reduction of weight 


spans or by increasing the strength-to-weight ratio of the
 

The first choice requires the use of load-bearing
roof.-


This practice may be justified because
interior partitions. 


First, the addition of load-bearing partitions
of two reasons. 


will increase the lateral resistance of the system. Second,
 

greater than the reduction of the
the reduction of weight 	 is 



span, often by significant margins. The increase in the
 

strength-to-weight ratio, if it is to be significant, indicates
 

the use of lightweight panel systems which are highly efficient
 

in bending. Some innovative schemes which appear to be pro

mising both from the standpoint of economy and availability
 

of materials have been discussed in Chapter 10.
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Masonry Buildings After San Fernando Earthquake
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San Fernando Earthquake
 

(United States, 1971)
 



Corner failure of 2-story adobe wall. 



- .4-

Damage sustained by residential units
 
at Chimbote. Stuccoed adobe non
bearing exterior walls have failed in
 
diagonal tension at corners of
 
openings.
 



1.4. 

A damaged dwelling in Casma, a
 
coastal city in Peru, June 1970.
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The town of Ghir after the earthquake
 
(courtesy of U.S.G.S.)
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The structural steel in this new brick
 
building, a malaria control facility 
was
cqnfined to the roof and a bound reinforced 
concrete beam near the top of the wall.
 
(courtesy of U.S.G.S.)
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The partially standing traditional building
 
on the right has walls of sun-dried brick
 
with adobe mortar; the traditional building
 
in the left foreground, which completely
 
collapsed, had walls of rock rubble and
 
adobe. Both types had heavy roofs of logs
 
overlain first by straw or burlap and then
 
adobe. Two-thrids of the people in Ghir 
pecrished in the debris of their own homes. 
(courtesy of U.S.G.S.) 
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This collapsed house had particularly heavy

roof of palur logs, cane and straw, capped
by several inches of adobe. 
The roof rusted
 

-onrock rubble and adobe walls of little
 
resistance to lateral earthquake forces
(courtesy of U.S.G.S.h)
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The use of steel to support heavy static
 
loads of the second floor of this rock and
 
adobe building, without increasing the 
ability of the heavy walls to resist lateral
 
forces did little to protect this building

from the strong seismic shaking.
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The town of Ghir after the
 
earthquake (courtesy of U.S.G.S.)
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Chaptur 4 Structurl Per: ovmance of Duildings Under 

Wind Storm CoicUtions 

4.1 Charactristics of Wind Storms 

Wind storms of sufficient intensity to .cause 
damage to
 
buildings include tropical cyclones, extratropical cyclones, 
orojraphic ,inds and severe local- storms.
 

Tropica cclones, of which 
 the most destructive are
 
called hurrican:s on the North 
A-merican continent and tvDhoons 
in Asia, are most frequcnt during the sun-miier and autumn of the 
henisphure i. which tlhev occur. Upon moving to higher lati
tudes, they tend to issurmc the characteristics of extratropical 
storas, i . e, bccom.- Icss syn,:'etrica! and are accompani.ed by
 
lightcr rainiall. 
 The damage caused by trcpical cyclones is
 
due to 
 the direct action of winds which may reach surface 
velocitics of 150 mph or mcre, to rainfall and to stor
 
surges, i.e. violent piling ofup water by the wind. The
 
dam.:-ge caused by 
 storm surges is restricted to coaslal areas
 
and depends upon 
 the distance from the shore and the elevation 
above mcan tide level. The intensity of storm surge is measured 
in termis of the surge height which depends upon wind speed and 
direction, atmospheric "2ressure, coastline geoietry and bottom 

topography of:ho.e. 

The approxiT,'ae( av'.arge nur:iier of tropical cyclones and 
hur-i.cancs XI'L ycar for ",arious cqgraphical areas is given in 
the o.'.i i ha1]. (c"i;urrio-'" "S./pI 6O0009, 1969) 11]: 
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Tropical Hurricanes
 

Cyclones (Typhoons)
 
Eastern North Pacific Ocean 8 3 

North Atlantic Ocean 8 5 

Indian Ocean 
 15
 

South Pacific Ocean 
 5
 

Central & estern North Pacific 
Ocean 28 20
 

Extratropical cycloncs occur in the middle latitudes and
 

are usually rL:ore intense in winter and spring.
 

Oroga,.rhic wincs are winds intensified by the mechanical 

action of hills or mountains. Damage from such winds has been 

reported froquently on the eastern slope of the Rocky 1-ountains, 

and has Occurred on a cuns.derajle scale in Sheffield, England 

[2].
 

Severe local storms inc].ude thunderstorms and tornadoes. 

Thunderstorms are characterized by violent winds of 

relatively short duration (sometimes on the order of minutes) 

In certain areas of the world as much as 50% of maximum winds 

occur in thunderstoras [31. 

Tornadoes (tatsurmakis in Japan) are funnel-shaped winds
 

attaining speeds estimated at 200 mph or more. The damage 

they cause is due to the direct action of their high wind 

speeds as well as Cc' the vexy rapid drop in ambient pressure 

as te vort.c of the tornado roves over an area. Buildinqs 

lite2:dlly cxpltc....,c o the..intee. -. . re diffci. ...als 



imposed on them.
 

of Wind Storms on Buildings4.2 Effects 

4.2.1 Influence of Building Shape on Magnitude of Wind
 

Loading
 

is dependent,
The magnitude of the critical wind pressure 


to a large extent, upon the geometric characteristics of a
 

A few examples of this dependence are shown in
building. 


Figure 4.1, in which coefficients proportional to the friction
 

shown for various height
intensities for given wind speeds are 


to width ratios and for various roof slopes. Pressures may
 

also depend upon the relative position of buildings in a
 

It follows that the wind resistance of buildings mlay

group. 


or
be improved, sometimes considerably, by avoiding shapes 


configurations which cause undesirable aerodynamic effects.
 

The aerodynamic behavior of a given building or its parts
 

may be determined on the basis of available theoretical and
 

experimental data or by performing a wind tunnel model study.
 

It is noted that most theoretical and wind tunnel studies
 

performed so far are applicable to high rise buildings only.
 

Aerodynamic studies of low-risk buildings especially in tropical
 

These studies
regions are therefore needed in the future. 


on both full scale buildings and wind
should be carried out 


tunnel models.
 

4.2.2 Foundations
 

The mechanical action of Wind forces acting on a building
 

may result in a.sliding or in an overturning effect.
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Storm surges and intense rainfalls characteristic of
 

hurricanes and typhoons may result in floods with damaging
 

effects on the foundation soil or on the foundation itself.
 

Among such effects are scouring, landslides, and loss of
 

bearing capacity of the foundation material.
 

4.2.3 	 Walls, Frames and Shells
 

Wind-induced stresses in walls may be classified as either
 

out-of-plane bending or in-plane stresses.
 

Out-of-plane bending stresses are produced by the direct
 

action of wind pressures or suctions on a wall and become more
 

critical as the wall thickness decreases. Damage caused by
 

tornadoes is largely due to the high bending stresses produced
 

by the explosive action of suctions which develop in the tor

nado path.
 

In-plane stresses develop in walls as a result of their
 

action as shear resisting elements within the building structure
 

considered as a whole (see Ch. 2).
 

For wind acting in the direction indicated by the arrows
 

in Figure 4.2, the frontal wall (ABCD) will be subjected to
 
G 
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out-of-plane bending stresses. The lateral walls (CDEF and
 

ABGH), which prevent the building from racking under the wind
 

action, will be subjected to in-plane stresses.
 

In Figure 4.3, the effect of wind on wall ABCD is shown.
 

The consequence of the absence of adequate shear walls is
 

illustrated in Figure 3.3.
 

BD GE
 

AC
 

Figure 4.3
 

Openings in walls create stress concentrations which may
 

(see Fig. 3.3).
be critical, particularly at the opening corners 


Glass breakage in external walls is known to occur fre

quently during severe storms.
 

Connections at the intersection of two walls, or between
 

walls and foundations, floors or roofs may, if not carefully
 

designed or built, be overstressed under the action of wind.
 

The function of lateral structural walls may be performed
 

by frames, either prefabricated or built on the site. Frame
 

The
joints are particularly vulnerable to effects of wind. 




a tth;:,li:-i o clad.2lir or sheathing to w.'ll or frames also 

requirCs ,:pccial c_ t,, espeic ia.Jy in arcas of high suctions 

nealr t-Ia coic-nrs of the build'cq and near the eavs. 

Shell..type ele::nts are o.et"me- used as I.walls. Rela

tively rig-id sheills have boon used in cylindrical-type con

.;ruction anD ray present considerable advantages over box

lie consruct.onr both structurally and aerodynamically. 

4. 2.4 lRoor, a.nd Upper F2.oors 

The :; ..... . of wind prcesures or suctions on roof. 

sur..faces is a function of the zoof shapm, as was illustrated 

The-,.i.cts o- .wind on roofs may bc direct or :.ndirect. 

Direct effCccts i]ay be local or extend over .he entire roo;" 

Dirct locil. effects consist of high pressurcs or suct'.o*.s 

over locaJlizcd areas of the roof ,nC ivay xesult in la,,age to 

rooi:i1jq (sn... .. , tile: , hc.:t,) or to parts of the roof 

structure. 0ve:,:hanvs a-e pavtij.ar3.',, susceoLW.. to wii:d 

L,:-2 ,.-:Je, as they ar~e stbjecteU LL a positive Dressure from be., . 

and auction from -bov.o (Piglire 4.4. 

\ 
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If the resultant of the positive pressures on the over

hangs and of the suctions on the roof becomes sufficiently
 

large, the capacity of the connections may be exceeded and the
 

roof may be lifted.
 

Since the roof performs a structural function in the
 

a horizontal diaphragm for the
building, in that it acts as 


the lateral
transmission of wind loads from the frontal to 


shear walls, serious damage to roofs may sometimes result 
in
 

loss of support at the upper part, and consequent collapse, of
 

frontal or of lateral wall:.
 

Effects
4.3 	 Building I__rovements to Mitigate Wind Storm 


Aerodynamic and Structural Considerations
4.3.1 


Critical pressures resulting from the action of wind may
 

Sharp

be reduced considerably by proper aerodynamic design. 


edges, low roof pitches, large overhangs, and aerodynamically
 

unfavorable shapes or grouping of'buildings (see section 4.2.1.)
 

should be avoided whenever possible. Improvements in the
 

aerodynamic behavior of buildings or of parts of buildings 
may
 

be achieved in certain situations by providing rough surfaces
 

Grass roofs have
 or ribs at the exterior side of walls [4]. 


been noted to have pressure relieving characteristics. 
Aero

dynamically smooth transitions between planes may also be
 

suctions induced by wind.
effective in decreasing pressures or 


The shape of the building is important not only for
 

reasons. Therefore, the

aerodynamic, but also for structural 




selcCLion of a 	 shape which permits as adirect stress path as 
possible is reco;:jc:nded when 	 the expected wind loads are high.
Experience has 	 .mc\o1in, for eample, that cylindrically shaped 
buildi..n are pa Cticularly well suited for resisting direct 

tornado action. 

4.3.2 	 Foundations
 

The structural integrity 
of a 	building subjected to wind 
forces dras largely upon the resistance capacity of the
 

connect ions 
 and 	 anchorages to the fourndations. Such 	 capacity 
should -iot be lo.-:r than that of any of the building structural. 
elemnts. UndesJ rable stress concentrtions .orstresses should 
beo...c. For e:ai iioJe, ancnorage JeigLhs should not be -less 
than 	deterii.ned by tests performed or; the maLcrials used. 

The danraging effects of storm su9ges or floods on the 
fowuidatio.; itself may be avoided by providing adequate founda
tion 	materials whose proLerties do not deteriorate under the 
pro0n ed action of water, and by adding to the materials used 
if the foundation is constructed of soil, mortar and stone a
 
stabilizing ingr<-.dicnt whicha 
 will improve their resistance to 

such action. Inadecuate soils should not be utilized o- should 
be improve(. In certain cses, the ofuse inexpensive P-otective 
banks or i.,ole-tyne foundations [5] may 	 be warranted by tho sever

ity of stor, surges. 



4.3.3 Walls, Frames and Shells 

Adecuat c cnncctio:,is iuot be provided between walls and 

between walls and foundations, floors and roofs. Horizontal 

or vertical reinforccnm.nt may be required for the strengthen

ing of certain types of walls including adobe walls. Such 

reinercement may be provided by inexpensive, locally available 

materials (for.' example, split cane, bamboo). Where vertical 

reJinforcr is used, adequate crouting should be provided 

using i.ethods and mortars. appropriate to the type of material 

available _-or %,ll. corstruction. Buttressing of walls, bond 

becms for lateral support and vefthical or horizontal bracing 

may be rcquirc5 for the purpose of improving the structural 

capacity of :a.l.s, including walls built with such materials as 

d b Dcuaj..ls at corners opeflilgs shouldand,"or o. -and 

rosu t in dci~cr-;rd stress concntrations through climination of 

sharp tra nsitions bet,;een planes and adequate reinforcement 

should be providud at critical sections. Wind resistant typcs 

of shc:a;,thing and appropriate fasteners should be us3d. 

4.3.4-1 Roofs and Upper Fl.oors 

The c;:itic.L arcas of roofs of various types should be 

identifid ann colnecLLons consi;-en with the magnitude of 

the eNqoctcd l.oad.s should I)- desimed. Roofs knon to be 

fo various reasons cannot othew..ise bevlnenable and N.Ailch 

inp'ov:.,C s-.oucI be anuho.'-d a.ilainc;t a prc'd-iclcd .tori, for 

e::.. ::...J,., L: _,' i., -..5 L... a c...... :,". :i . , 16] cOIL . of 

http:reinforccnm.nt


cocou:,:;- fiber nLt in 2 ft. sqIa cs thrown over the building 

and a:chorc to the ground, or usig anchorage ropes or 

cublus. Large ovc.'rhangs and parapets should be designed so 

that- Jocali eIdamage in case of overstress is kept from 

extcnding to the . ntire roof. This could be accomplishod, for 

ex~pba, by the provisior of specially designed pinned connec

tions. It is a!so possib)e to deoiqzn overhangs which allow 

easy rc-moval and stor ,go of the overhanging roofing sheets. 
'lre ren.val wou.d follow a stoi,, warning and reduce consider

ably th vulnerability of the roof if the storm actually 

Occurs (G] 

Apj.:.opriahu si. e of v,.ahc:-s and thicknes;ses of roofing 

should , , ued in ,e.cl sh...-I.toofs, to aVoid tearing of the
roof slicton. 
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Chapter 5. 	Siting Considerations to Reduce the
 

Effects of Earthquakes and Wind Storms
 

5.1 	 Introduction
 

This chapter consists chiefly of two studies prepared
 

by the U.S. Geological Survey within the context of the overall
 

A brief discussion of regional
objectives of the report. 


geology, seismic geography and potential hazards attributable
 

siting of buildings and structures precedes section 5.5,
to 


which is a discussion of seismic and related hazards to low

cost housing in Turkey, prepared by Arthur Grantz. Section 5.6,
 

a case study of engineering geology and siting problems related
 

prepared by 	George
to the Peru 	Earthquake of May 31, 1970, was 


Ericksen, George Plafker and Juan La Cruz.
 

Studies of seismological data collected during the past
 

70 years have shown that earthquakes generally fall within 
two
 

the Circum-Pacific belt, extending
principal seismic belts: 


from New Zealand to Chile, and the Mediterranean-Alpine belt,
 

extending from Morocco, through the Mediterranean and Middle
 

Other belts of activity
East into Central and South-East Asia. 


as the Mid-Atlantic
 are associated with large rift systems, such 


ridge and the East African Rift Valley. An earthquake as a
 

geophysical 	event is measured in magnitude of energy release,
 

duration and intensity of ground shaking. An earthquakeand in 

humnan event is measured in loss, of life and property. The as a 


scale of the human event is not always proportional to that of
 



the seismic event, for casualties and property damage depend
 

on population density, type of structures, stability of
 

as on
geologic foundations, and time of occurrence, as well 


the magnitude duration and distance of the earthquake.
 

include principally tropical storms-
Destructive wind storms 


hurricanes in the Caribbean Region and typhoons in the western
 

Pacific--and cyclones, which occur most frequently in rather
 

zone. On the
well-defined belts in the temperate climatic 


whole, wind storms cause far greater destruction and loss of
 

life than do earthquakes. Damage may be directly due to
 

action or wind-generated tides at
gale-force winds, to wave 


the sea coast, or to floods caused by heavy rainfall on land.
 

Considerations of siting to lessen the hazard of destruct

than for wind storms.
far different for earthquakes
ion are 


geologic environment
In the case of earthquakes, the total 


must be taken into account--the danger from failure of 
geologic
 

of paramount importance.
foundations and from landslides are 


On the other hand, damage during wind storms is generally
 

indi
restricted to that caused directly by force of wind 

or 


rectly by flooding. As a consequence, site evaluations for
 

complex, time consuming, and costly, whereas
earthquakes are 


those for wind storms are -elatively simple, and deal largely
 

with the climatological characteristics and the topographic
 

configuration of the site and surrounding region.
 



5.2 Identification of Potential Earthquake Hazards
 

Seismic Risk MIaps and Other Earthq_,CKe Hazard Maps 

Estimates of seismic risk may be presented in the form of
 

seismic risk maps, which show the maximum intensity of earth

quakes likely to occur within the area covered by the map.
 

Such maps are based mainly on a statistical analysis of the
 

number and intensity of earthquakes actually iecorded in the
 

area since observations began. Map reliability is a function
 

of the length of the period of observation and of the volume
 

and quality of data collected and is therefore greatest for
 

areas of high seismicity for which much data exists.
 

Unfortunately, instrumental records, which have been
 

available only for about 70 years, are still an. inadequate base
 

for a statistical analysis of earthquake frequency. How

ever, instrumental data can, in many areas, be supplemented
 

by information obtained from historical records. Knowledge of
 

the geology and tectonics furnishes additional information for
 

preparation of seismic risk maps of some areas, as has been 

done with some success in Turkey and Iran. 

A good seismic risk map will contain reliable information
 

on the relative level of risk from damaging earthquakes in an
 

area, i.e. on the probability of occurrence of earthquakes of
 

a given intensity, but it will not tell when such earthquakes
 

will occur. The problem of predicting the time and location
 

of earthquakes, which is of considerable importance, has only 

recently becore the subject of intensive study, chiefly in 



Japan and the United States. There is a critical need for
 

Success in this
extending such studies to other regions. 

research would be a major scientific achievement. It must 

be noted, however, that although the prediction of a: earth

lives of people livingquake has the potential for saving the 


and working in buildings liable to destruction by earthquakes,
 

it will do nothing to prevent damage to or the destruction of
 

the structures themselves.
 

At any specific site, earthquake hazard is governed by
 

foundation conditions, topography, local
seismic probability, 


and regional geology, proximity to surface-water bodies (lakes,
 

All these

bays and streams), occupancy, and structural design. 


can be shown on maps from which interpretations of
variables 


each point on the ground surface may be made.
level of risk at 


Such maps may be of great aid in determining appropriate 
land
 

identify specific or potential
use. They a'lso may be used to 


a guide to engineering design as
hazards and thus serve as 


These types of maps, however, are
well as site planning. 


still in the development stage and it may be many years before
 

standards are established, and still longer before such maps
 

become generally available.
 

a segment of the ocean
When an earthquake occurs at sea, 


wave, or tsunami. Upon approachiig 

floor may be elevated or depressed o.ing to faulting or warping 

of the sea floor, and may cause a complex high-velocity sea 

'land such a wave loses 

localvelocity but gains ar.plitudce, anil depending upon the 



bathymetry, may produce a high wave that may devastate low

lying coastal regions in its path. To evaluate potential
 

disaster from such waves, special tsunami hazard maps should
 

such as those of the Pacific
be prepared for coastal areas, 


Basin, which are subject to seismic sea waves.
 

For better decisions at the community level in seismic
 

areas the public needs to be better informed as to the nature
 

of the earthquake as well as the potential local hazards and
 

means of dealing with them. Such information might be intro

duced into school curricula in earthquake-prone regions. It
 

would be the shared responsibility of officials dealing with
 

environmental hazard and of the professional community of
 

earthqu.ake engineers and scientists to keep community decision
 

makers informed of new knowledge bearing on earthquake hazard
 

and of assessing it and taking the necessary steps to minimize
 

an earthquake.
destruction and loss of life during 


Although the intrinsic value of geologic site plans and
 

their use in community development are widely recognized,
 

such plans have not been widely used, even in Japan or the
 

United States. Preparation and utilization of meaningful
 

site plans could greatly reduce future earthquake destruction
 

of new communities. Of particular importance are detailed
 

site evaluations, by qualified earth scientists, as a prelim

inary phase in construction of large buildings such as schools,
 

hospitals, high-rise apartments and offices, and other impor

tant public buildings or other works.
 



A good site plan will consider both'short and long-range
 

as
expansion needs and take account of potential hazards, such 


low-lying ground liable to flooding, landslides, tsunamis, and
 

active faults, and water-saturated ground subject to compaction
 

and lateral spreading. As a part of site planning it is
 

seismic
desirable to determine soil behavior in response to 


shaking, especially under load and various degrees of satura

tion. Laboratory study of behavior of both dry and wet soils
 

under vibrational loading are essential to site planning and
 

for predicting the potential for different soil types.for
 

compaction or liquefaction duriig an earthquake. The behavior
 

of soils under conditions of load and vibration also may be
 

determined by measuring microseismal characteristics and by
 

in-situ soil study.
 

A microzoning map prepared from these data may greatly
 

aid site-planning. Microzoning maps should give the natural
 

period of the foundation material and portray potential hazards
 

in a manner that is readily understandable to engineers and
 

others who are responsible for construction. A report on
 

"Seismic Microzoning of Chimbote Area in Peru" prepared by
 

the Overseas Technical Cooperation Agency, Government of
 

Japan, March 1971, provides an excellent example of site
 

evaluation. The report provides information about the geologic
 

foundation conditions that allows for planning re-construction
 

of Chimbote. as an "anti-seismic" city. 



a given site may greatly
The positioning of a building at 


influence its behavior during earthquakes. Earthquake damage
 

a building resting on two types of geologic foundation
to 


material, for example, the interface of deep soil and bedrock,
 

may be much greater than that to adjoining buildings resting
 

the other of these materials.
entirely on either one or 


areas of deep soils are less subject
Structures built on flat 


to damage by foundation failure than similar structures built
 

incipient sliding or actual landslides.
on slopes subject to 


5.3 	 Wind Storms
 

Good site location or orientation, in terms of local
 

to some degreetopography and natural cover, can be determined 


by observing historical wind data, which give the frequency,
 

velocity, and direction of wind. This information can be util

ized to locate building sites and position dwelling units to
 

Damage due to wind storms may
minimize the 'hazard from wind. 


be minimized by proper siting of buildings and by protecting
 

them 	by hills, embankments, or stands of trees.
 

Wind intensity maps are required for the rational siting
 

and design of buildings and structures. Such maps, based on
 

wind speed records collected over at least 10-15 years and
 

supplemented by other sources of information, allow for the
 

evaluation of the probability of occurrence of extreme winds
 

of given intensity in a given period of time. 



5.4 	 Siting Considerations for Low-Cost Housing in Turkey1
 

(By Arthur Grantz, U. S. Geological Survey)
 

5.4.1 Geologic and Seismic Setting
 

The geologic, seismic, and hydrologic hazards that
 

pose a threat to low-cost housing in Turkey have their
 

roots 
in the unusual degree of past and present mobility
 

of the earth's crust in the Mediterranean region, and
 

particularly in Turkey. This mobility has persisted, with
 

pauses, for perhaps the last 200 million years of earth
 

history. Although geologic hazards in Turkey 
are serious
 

and widespread, they can to a considerable degree be antici
 

pated and either avoided or provided for in site preparatioi
 

This 	 chapter first reviews the origin and nature of these 

hazards, and then proposes procedures and programs for
 

coping with them at sites of low-cost housing in Turkey.
 

The work in Turkey, on which this report is based, was
 

undertaken by the author during parts of February and March
 

1972. 

Turkey lies astride the Alpine earthquake belt, one of
 

Earth's two major zones of strong and frequent earthquakes.
 

1 Publication authorized by the Director, U.S. Geological
 
Survey.
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to the I-ost suscOptible
applies cn3.y 

is not uniforml along sus
hazardTsunami areas catgo-;:ized. 

tsunamiof iMpinging wave 
. the s:ver.ityoec:,useccptib.-- ccst 

of the
the local ConfiguratL'hont 

. .ra.ns a:,ke~Uy with 
t -ndn and ccasts%varis r old he.a-.landU i-1-

an ti, n e a ;r cshorE: if1C - s h o;-ors rhe l , e 
r affected

deep? ,ater near shore are generally slightly by
havin'.g 


large de. tructive wave
build up andtsunaris, w.:hich g :;al.y 


" lts. Tlhus, soiee s

shoalilgnarro.-'g or

trai's 
h a.it'e 

u ... 1]:..acl c!: narroc,7, 
on low c d 

. ris g .... . - romigibe .D:poS0, to a 
zone may,. .
 

tsunami s.
 

large rocfajlsthe world,aroundearthquakcsDuring soie 
surge waves 

into eecp water have created 
landslid4s .fa]ljinctor 

to recorded heights
adjacent shorelines

that have devastatci 

in deep watert h-avc also 
Sub aqucous slides 

c<f at least 55 w. 

entire coPnn
that have (jostroyedsurgesset in motion local 

surge waves ivcay
Turkey, such 

ities on adjcent 5]ores. In 

topograPhlY
rj.s. in a few areas where bold 

present a 
rocksshoaredintcnsly.ltd or

by po:".y cunderlain 

abut deep tidal. i n'. .c.1S.... lakes.. .-voi2's, or 

http:tabulati.on


o - .......
i, 
 .. 


ccd,difernti.1 coo act~on of dcsrrgul consoli 

hc43 0± OnamdPL'Ostrsssicuo)7srnzii".Ve CuoJiciw 
4 3)'cliu e anfl c:t ofTuk h
 

-4s i...in pO.f o rue Lures-c* al-I-s i.-ey-in-Turkem v
,-veent 
T1(s-Of 1j-l-caac ofc~ it omtos a largeaias 

..e contrysuo'c-pniceart.h lanis f am is) lrrs.i ofab~en~etle f xst Su ldcsfailuresi are especiallyn-

co.....,lmiteo, tseund is rt ionaa..stressesinducedb stron 

ahe,. te p ansid ancimate.rc of T and the 

c nrateof m y.t o: its! e1ogic fo.iationsmake large .-areas 

of the country susceptible, to lc.andides, and i is not-rsurpris, 

. . ,
 s o" *he 

rTur' cliforniaonly mntion ldsliides,l "soil slumps, and !uchig 

in;g-)that 'eld e-fLects of stron. earth ua.es in 

(cr-acking ofsoft .ground. induced1 -yoftera movement) s 

i.....zmporn't, and of t~n, d0Uaqcinlg. zecond_-y oloiCwc-O f fctLs. The 
i< ' ;hazard -fronm - li d"o, r'iudfl.... ;:d rockcia.is is notD,. of 

• . course, liitied t::o site "disruptio0n, but :includes both slow. and 

,extremely ra.pi-d modes of ie m . -d.t,- , 

:i .4. ,3.1 Lands!i1des , ",: 

The. distribution and rclative abundance -of lands J.ides " 

:~ ~. ontroll"od, moas, "s by: sloe. pri-.cipit ation, e.-.t trongl]y ,. Chatr -:. 

ofunc.rlyxrj .oi.l. an ok, :and: cuts and fills, and other.
 

....' ' rtU':bat: C; c :,ett'dr by.. uhc. : tivi tft-s of'man, td s i
 

~i ~~hcr ~'iacd :197.0) 

*: .hat . .. U mae.icc, g :2 on of 150. to 35";~a ]..s,r, . ' 

Caif~a~o (ur~ri~o ,ruch', snow'::,::.:'i l 

) sJ.or:.:; 

.ic'*± b~L~ "on::,J:/,:z of 50 . 15 



less thaii 50,
'c:3: . ic, Lc2'i,, i--

z,~~fn~Lzind C 
or landspread

~ cw<d by lijcufactioai
* and the art cc 

are als~ola_ cdhJiclasCalifornlia,I~t~W~O3iiqgdtrilY >:n 

mecan annualinan of 
r(Ire in aareas rc-c-::viflg l.cr; than 250 pre

abovC 250
precipitat-iocipiat~~fl-'-Tue ol~C332~of 

is theimportanft
dO, F, ICJt hoCV7,2- seem to be )s 

.In per year 

oil and 'rock iii dctl-c.fllflYir the
 

chUrn2 ofteseJy.~ 
ofTli caacoroas.in :-ciiof. lant9ILIidesabilinnc.O 

on thecontrol
;oil. andi rc]&: i2 the~ial

th0 -urICI.-rlyiflg 
Ln aroas3 haviMrf sloi-es.

of lac-'.d.cuunduiflccdi.triXXLOfland 

-iifnvwalpriit
250 ,nji, ofcrcqrc~z3tc:r Liian 50 c. t u 

oia~~orycnoiItc~Jt:~~C) t 

nd. rochts cofnt,-J.fing 
tion. ISot 

~~ or fr&trdicJysv?.uo r lin thIu pr3cflncc 0!cjO: 
s'e..or ciecaw rcadil

~incal~that . gl~pro.-- cif~ 
ICt!J.Io)ccI)Lwaer 

slo)pas by cuts anc: 
oC man in unclermiflJ.1Teactivitizs 

or inzppro-slopc.s b~y cxcessive 
or i.n cve,7rL-acinooC Cav Fti C-)1 

cmii mnl induckO siidiici eand slIx-omng in 
pl. ,ccd fills,pria&-,ly 

water to ccrtLI:1.1"Ih- ackiticon of 
ohriOstebic- sJ)~S 

pipcs, Septi~c SstclVs,
and b)y Soepage) from-j

s).opos by irrigatIn; 
o s.ding Occai-scd

4. co-m?"Of cauc.2 
or oLhr ouCSL;S;pIfInl)s, 


tho ground 'iesrw~a
 .. hto
0h ,'atc'r in"'0hu 

TJur.-I:Cy bcE-,US 
Lan6/ j..,;i a i.ijiiificart prolecm. in 



. ...I :... e 2 per year; many of the rocks 

• L :..L lI-et aria poory? consolidatcd or intensely..
 

:crd;; . s , n'- cl-7s Eire probabJly widesprcead and
 

and soils. The ,x*-ensive tracts of
abundant in thie ro.ck 

ste. p to c<:.o1v L22z:l:~'are unOl.r.Ixii by 1) sQft sedimentary 
.c.... of "'cially of late Tortiry age, 2)ad . ..

....,h 2 rccks are fovund along of the.... that many 

r uI]a!,1:, fault zones in Tui-]:c,. and 3) orhiolite melanges, 

(chaotic .,li:t[urcs o. d-.ersc rock t,,N7,icr. that are characterized 

hy wiod2r::.- ..t1d2..y sheared rocks and by serpentine) , re 
..... to i_. h gross distribution 

a , e s : c ;f y us e . l t o s ] i d i 'n g ": 

I . t-' L.:. L...C.a . ' I .S of CMe cially ids l aie prone 

I J_' An.xo 's> Er rock:.s 16 I,,o 1i I a and the 

(:'.I- potSintia b' lo.. cj sites On such roclks, parti

ctdaxly x;a... ones Cxceed 1.50, shoulci be exainnc). w.itdh 

spe:cia]. care. 

Tur]'<y u.:es nmny of its extensive areas of landsl.de

prcn roc:v:. to ils long history of tectonic zioblJ:.ty and 

iF~tabUi.:iv. '.'he relatively ,. proportion of lk;*.lands in 

large arcws, of rurk.ey will inevitably lead -co more construction 

of. houseo r.oads, and a variety of othe:r engi.cr:ecd wc.;"'zs oi 

1.Ii.]s arid .utan:... ".or;ere the risk of danage due to land

:.id:i.n2 *...; c;.Aif: e:v. ti.y great'L., particul.ar>y during strong, 

c'arthIg . a!.:en: 

http:zioblJ:.ty
http:landsl.de


~~~~.~u .2JLdr;oits 

f romT..c&distribuion and iantenz oE)y shaking damage 


a given o/ithC~u!k7 has beon obscrved by many workers to be
 

;.: ,:stronly~ ,inuermeJby the local. character and thicknesS of
 

h..." .un"lyingos"" unconsolidaeed dpo-itsi and by the.and 

positio'i a-1 t"' ~aC- r table, Tho relationship betvleen these 

Sp r._u, of t substrata at: a: .sit, and the naturc and. 

is ancid one that is)nt;c.nsLtv of dam - Cj coi,pa.x, howevc:, 
.... 	 ucle fcqc" otn.' I---, and"" -i 


strorig, ,.nfluencc, by Lhe fmpctude, cont 

duration o the sc.-.s .c ;ave train at the site. Thus, domi

ozhc-,e.r-icd shakti 

ve.ry ipr . iod-,of sha,3l.l'j, and adversely 

-

* nantly -s L 	 from nea~:by shocks lUdy produce 

c.tci; than 

shaking "hht domirtcs the \.,ave trains frovt mo,:ce dist'ant earth-

q11.es. The study o th relation of'the local distribuzion, of 

affect ve:y d:ifferc.'.'t :hs of s....	 the long period 

eartnqua:ke damage to local 	soil and rock conditions is called 

A discussed in a following section'-,carthq',Ftke "nicrc..-oning' 

soul iSlich s tu,.i. . . ' rO ."d before ceycnsive, lov -cost housing 

deve).op;:',lts are :sited.-

Patterns of oaraage fro,, strong earnthquakes, particularly 

t 

to ult-sLOry uild'[.yq si'ted, on unconsoli datrd deposits,
 

are closely r.l t.d to lat.,:! variations in the thickness,
 

and " 	 of tile u:idrlying. oils. , .
 
the honVar.tio-s in thlese facto. c., for e.. le, cause 

.4o~t1l• vJc ,,,:i t, iu .:ou'- ,.. cm f.o z:, r.odrwL..: e;l: litjuuah, to 

•-.. ",!2);, 'L',' ef.:'W~ .LQ* J~tn *-c:;:'<:j>'.'cc to ..,,..2... si-,t:...on .o, 2.*'; 


http:uild'[.yq


. -. ..... a rospcnse types- ...... .......... ), h tO given of
 

st. u ccS to vary Dy ±'oranrwgingj fronm 3 to 6 (Seed andj 
e 

Idris , 1. "qu'r ac".ifl, differentia aI s ettl h ocnt and.969) ... 

1 iC':3p2rcadj ny,(j of uri6consol idat: d ideposits, and block glides 

and slurp o~n ,nntlc to stzep sJlope!z arc also common geologic 
..... --damage during 

T;i Irate aii large carthquakes 

tr no:topr. .ct tho ant pcriod and relative 2 

E;:-litul-lo of oarthcuake-inducdc Shaking at a particular build

in, site are currcntly under study by i-tany workers, and steady 

... is being toward w-ide].y appiicable analytia.lprorr ess madE-

procedures (for examle, see Seed and Idri.s, 1969; Seed and 

cChlnrs, 19,70) Such edictions, however, re. ire fairly 

" I " tite hic;*;r-s- and . i:.o rti 

ojf tih SOi).F d "-rJj' cIl' "t'cc"'H of the sitc, and a 

rcalistic o'tessiei"tc of area 

.J..:... . . "" hvsic:aI Ls 

o" Ssmicity the (Secd and 

othc-rs, 196G). Some of the analyticaj. procedures are roderatelv 

sophisticatcu, but estimates can be mado. fzom rela'tively siiAle 

fo.-. :. c ern practice requi.res that, in areas) of signif i

cw"t e~.... risk, ].airg( buildings should be designed to h..v

a different fund.a..nt.al fr ucncy of vibrati-on from that of the 

poo con foued,o..,.JcateI:,,terI.al.tion 

Uncco'ii ' Ic.:)us its containing li.que'Lihble (noncoolLc:&i 

.1._r)mteia>hvn.;,. n L later-il variations in 

t c f2 '.aJ\ ~ a.L :iin J"nlpe.ii~ -: .- ii." :' .: .. ' 1 

. - .. ; I(,'" .." - "J.-:.. -'" : 
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w~rn-Ts~tt'~~-,can Lo. recoctrivcc by sufficiontly deItailed 

suu~ic 1 0-x 1.. luc Eii>c:Jot icn. \r in Turke.y th~at 

arc C a iL~o jooic q~ly"zozb~foundlations, 

partir',u-i-ar'y17 er thewao tvbl.co is shil2 o, are those 

b fm~i rai)I, nncrcc&',ic. ve or vcry, Eoft cohesiveJ 1J.~--

th creas Deen thztsofalre 	 nuc1 d),-aac in1 past 

in 	 in bC tLfiuei~rc~u:~1;~5~;tt~t~:v: il Sub'ject 	 h 

fLtuL. 	re. 

Wi?.c-	 hicjh .'ans u1arro;. ztJlluvial v-llc'ys that 

cnra r:'co-,,rXvh~i 	 cJ:3.ai'.od a icnfc: hazard 

Itrc.toca I bL L:ct.io dc tr cti, f~1c . U -~all- hea~vy 

sfl oW 	 ac,, nil,, on hig-c.h);un.i ii my in1 soeycars mclt* at 

* raes hatCxCCe! the ca?~iyof th-e river chaninels, rE-;sultLig 

in 	 oerc adflood dar,..a~c to stlios.The mvagni-t%,dE- of 

th~ i to f rum lit, ,ratirc availlelhlerob~-~-s iicutI lauqe the 

to th won~ r u t!~P'.d~e anc'. --ryhan River systc.i:s, for 

e~a~±c, iii~hdrain liui(,fhi-int~ d.n soutlvcrn Turkey have 

berodi~al~ bonthc., scence of 01-estructl.vc flocods. J CCordiflgly, 

di.c :tl t!:f-o,*coto 	 tructurcp, have Ibc~cn built on at 

http:01-estructl.vc
http:cJ:3.ai'.od


InveA.titon3 for Elarthqua~ke-Resistaflt~ Ilrp~c~-ncviS!"' 

ICn TLurkey~, tho sinificant risk to low-cos~'housing f rom 

tho seismc rDW othcor geologjic hazLards outlined Edbove can be 

sb tanti 1 y reduced by dsingj yologic, hydrologic, and soils* 

cn:n- c~i 'olig bildingri n n A a3prarn 

rapid dva.nces nows.to.. run-h"Y-. i,:, it is cortain that 

n's will h:esult in more effective* 'beini: made in thec discipin.e 

guidance 	 in future seJection of building sites. Accordingly, 

that any l :e-scale program to constructit is rcco..:r.mc.d 

l1o-cost -oq T,,r.ey inv-i':t:gations to guide inn inc.ude 

sites. The program.the selection and pocyaration of building 

of sunch in.vestigat.ons ;prop o scc. below envisions more than a 

pilot tY, , c:,use-tie Usefulness and pra.cticabil2ity of suchi 

-On 	 hand,"in.vCF3ti::ations-a 'ez, to be demonstrt d. the othe 

it is not offcrc as a national program of .land-use analysis, 

lements that would be included in aalthoug:h it contains .. 

5 ",,t.od 	 Site Selection and.... 6 of Guidinq and Controlling 

4 Propara~tion 

Two mathoas exist for insuring a pplication of scientifi, 

and c•gin' elig hnow~edge to th s""ction and preparation of 

/ * * btild..i ng sit.- to. rec . ,isi.c and othor: hazards.. *One 

=3~: . cj'ny. y.i. oic, noiQ. oncnring., h±ydrologi c, and 

01N oYN V niilT	 //V 
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~~C"R.cu 	 pri)oval. of site prcprtifir'~C~'*'T~CCJ *m~'id 

~-' bUJ.MI~p~zvv;~'a bi~dn~official or instpectOr aftc)r a 

(private or gcvernmc-ntal)aOt:q~ so:lected.darn , ad,a, sitcs andS 	ndhai-:s partonbuilC~er 


two are 


' 	. '-- ' ;t:s:C."!: 


prcepar,:d p.Lans- for. i~ts, de\Te~lop-Lnt. Th methods quitc 

cozp~~ibhand can ba uscd in sequcnce. 

as part of,
* Thc- fir strc contrc,7 siting during, aind 

theci 	 planriing: . stL.aqe o-f- a l:cothousing progr~,am. its advan

jages are -t efort devoed to sitngcontro.. is utilize .t th 

sites in an area from all points 
. to help find the- pest building 


this in advance of costly
of view, includincj safety, and does 

.As nart of the planthing
Ssite and biling plz..n pre-c r :tion 

regionaJ. sudCS that cam bep1.ce-)s, t"e.i:,etoid,hazes 	 1" ;-. """tS st. 0 1"7C' 

S 	 i,.de by a relatively sr.aJ.l nuiutber. of .ems of sp.cili~ts. 

d, .....b-ed on iniivi.dual ilisct"on o_ all .it s 

of siting control or .rojcots The pr.ncipa!.disadvantages at 

that it is too &epensivefor isolatedthe planning: stage re 
;-iglo .,. 1..Z' 1 - . , and insufficiently.. detaiLd.r .2. d-v.l 1 

t(to control sitc.sJ. -:cion an," pr.paraLion for largc 'i' r gs 

The second itichcd typi*cally re{lies upon a building code 

or .o gu.ane, is ""i...sterc' by .ocal offices of national 

and -usually recguires, or. by covernments.,r.."ionaJ. c- local 

If based upon
i.,t s vc iin c,,tat on .; for probc c area7 s. 

a;a .e.0re - 1 'a'ed bui.Iii!g .oe', thi. £)ethod has the advntages 

• t in . .has 	 Y C thu 

k . D2. -, 	 rntJ.y' local1; 	, d,-.f ,''.,v r o1 :. :[, (f.1J fit 



unworkably o 1 p~~all,:c:tC)1 i±hu bcmciing 	 : ...:::COIc.O . -. , L,"': " . -a Considerable..:.< 


•-.,~C:Ls.lcJ( , 'c-',,-,a-,,u:,c "control only after a.cons...r.bl.
 
of.. < 


cne c'::-,ib siLe. selection, planning, ando'ffort. pc~w on 


doi-vjtcjd, l-,nd grc'Vjuingy of adequately trained
g)a.ter- nuicbCrs 
0 


to s selection and planning than 
tec6n.ir.al pop:c; r ite 

~ ii~uk~yfor_ ircan yars. In any casa 

ha ardou5 scotdemn./sites only after the
bcst, thm method 


does not provide any

e:2tpin-J of solectioni and planning, and 

i he ill coosing the )'est sitesn,. 


to 	 the safety ofThe bLilding ccde approach assuring 


fod'. i o! i :C":. if i e by ch ,ptc'rs 29 and 70 of the 1970
 

edi.ion o tlw o )']:,uijl6Jinc.i CocC. Chapter 70 deals with
 

ionso-iotI"
E:.diwjan 

sIope, tcainage, and elozion control of cute and 

"fi I Is D .. , -c • .... v. i c,'J.n f..,,1 iIa t io i- . -1 la "*0I-L	 4undati ruCV,..f...i_.J.s,. Chapte. 25 reJ~t.., bui2X.nc f -On 	
" 

soil and geologic formation boneat-hto th& cbarzicte of Lhc 


sexve as general guides to
 
a buildi'ny site. These chapters 

site preparation°. Adherzc-cA to at least theseminimum recom

Inenc*2cn ].p.otice..s cspeci.ly dea for ethquakegad 


.oeologic fo"ndation
resistaIt const:ucs:ior becatus e.re
 

durir:g earthquakes.
a contirO,'j cause of bui]dinc; cn:age and 	 loss 


speciic guid:inus for
i]cw:cver, the U3,C. coesa not p'-ovide 


active faults,
tiha:,ar... as 


offsik uxi tl.,s, cind Neit.4-j r doeCs
:aii~hidc, 	 liquef act-ion. 
o::, due o 	 .

" it V±.o\I. .C: Idc" u t,!' L't "~O ~ ;. '.,U 	c L,cnJt u tot 2.c;"W0 n.I'. . 

,:... ,* ;,, :'z..:ro-.. ard micr'ojCC"Lr ', , . t,: r~i 't'U 

http:cspeci.ly
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of zSO(. Vi .;c all 	 ic., 4 rue Of2Al 

M,'crYV'rq rcqirywa '5pecified by tuUBC r 
!i.co't, 

too restrictive for owc sites'and insufficiently restrictive 

that soils 
!or othcr;. Acogni:ving this, the U.B.C. ,specifics 

eniinwering 9cologic investigations for cuts 
ng.nce.r.ng and 

option of the responsible building.Ald fills b wade at the 

for ac,quateloccal. *c"-ic:l adai"jistra -ivC capacity 

och insccaAd control of buil.Ang sites. Indeed,in:n,:,ction 

rar."ly available for singlc-favily andtion ;nci control is 

in sm3:.aller it.es,, villageos, and
SIMfI.l JoltifZamly dwellings 

th " courn..,n.do,f... n.O,,.. n the world. jl s, dlher, ce to Uhe 

: si.A= 	 cods is a hc.aloful, but insu fficient guida to
U..C. 

site s.ctic... and con.ucto.on in Turkey. 

5.4.7 Proposed Site In.:stiqations 

It 	 is rccof,,ended. that planning-stage studies be the bas.,s 

ad pre ng sires for al. arthquake-rcsistatfor :-electin. 

n~oe thazn one or two a].tc-rn.ative siteshousi.n for which are 

ava.oble. Si.e-insens ivc investigations (detailed studies of 

siteand its environs)foundaticn coniJ1iLicns at a building 

proposed for larg onginceredshould bo n"u, of all , tt:s 

the basis of
bu.i.dings3, vehc'.hor hu sitcs ,ere selected on 

ur for othcr reasons.-tu.osa s 

to, qidc. site selection and prepara-A r.icticaT p 

it M(.."Kca.ist'o tcally
W. fY r - cc'. t j W; "..":c o,,' 	 Lo .i .y 

http:con.ucto.on
http:ng.nce.r.ng


ris ni-,d by theseand te aaem2ut of the Prcs 

evenr a or they are recogjnized, reqiuires a 
pro)lcun, 

hid love! of tachical co. teflc.. 

r-is vaxics widely, commonly evon betwe n
2) The level of 

adjaiccn si~es. 

3) ScuvC-ra3 diszinoirCs (principa2lly geologJy, sail 

rreco~jfiseEncgin.or:ng, an hyd~rol~ogy) are rcquired to 

so;iinsting' problcmsTold evaluate Cuvon thc mnost 

an'G haz~arcds. 

of c.. ,oessionalsin these
4) Thu nurbr :.tent di

short supp.ly in rost countries.Slics.is in: 


5) 50 rel evant '. Cn gi. i re nnwO. in a P)aicd of
 

,•api v touar. b.ttpc, insi. t and m.ore" o n 

to sitihgcOMpleC: diagnosti.c procedures and solutions 

problin- and hazards. 

" cy v, a progaor- of si to i.vcst jn.ticns in Turkey 

rly on EctivS si te invcstigationa by mutidisci
should: 1) 

.ruthe than on the enforcee t 
rlinny- tca.q of 


o . loco! or rcgionnl bui3.ing officials; 2)
ofi:L 

m•! tu,.,qC, on or projorcts that are large enough 

c ,. to th- application of necessaril.Y 
or :.:, n i'- noluh w;"'".int 

Onnv nits .rcig;O . 3.. pr:;opose rgJoal: reaconnaJs,-: : 

L-, ' ;"; tLuda -i3,.v i es for . "::Won'.ayt . ,' to 



L 

: 


4o:.ct~t 

,- . t7;I . 

' .. oI. 1 ,,-: ,t ] u, projecls, ands I) incorpo. te ..... i- " .... a
 

of
t~p~'~&coninungreview 


Sito cva~zin -IdSCl'ction pccursand criteria, and to
 

selection
 

re~C~Wii~d and updating 

S guide co;nt-inu-ng. t aing of the site evaluation, and 

tcanrts. 

i3cs 


'f: J. .."'T li n-.... studio--s require that the entire
 

reqcj.zion.c1r ..... iorza.tiOu for lOW-cost earthquake-resistant
 
~Eperienc.
 

5..cje .. t gat.,on! 

rtouai ng be evalJuated for: suitab!I" bu'Ilding sitc 

in Ca :ia E.,11 eew0ere hnahas sho,;n that spctialists able to
 

ex:tc0nd ornCcCd". .stng s)i, geoJlogic, and hydrologic data
 

"
 
O,, tc ,....,,- t, of .. nl ]o;'ogahs as well as by 


ctar,.dr i-j.d ]',Lei-hods~cah study areas exceeding a few-, sCuare
 

i.i.,,-.. at much less cos'"- than by standard field mreLiods 

alone. Suc- stgudies are primarily geologic, but include- soi.1 

iand at times botanical study. ,,1appong 

ra.Igeo frorSca.es fo-rplnnini.p-stage investigations ordinariJly 


1:10,000 to 1:250,000.
 

s" Invos tigc ation ' " . 

sItcal inve; 

5.4.7..2 Site-int ive t 

Sit-.- i5-1 .LVC: t consO:'ist of standard engineer

i.n. o arid :3oils rgonal'Ln, ficad and lzboratory inves, , 


- tigations of se]:Cce L;%es ard tleir r.evant evironn. 
io mJ iurfl urrouniirg a *:.;' *arc:1 

:; ~"-:,: .,-, "."o"~r-t"c'
enL.--. v2 ; fc 

~ ~iIL n ~,zt~
;Z: x t8.:itoe ~~L 

s- sus-c Li.............................


. . 
. . 

.... . . .. .4.. . . . 
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-v from one or two to a* 	:;'*~ax:~mos. rnges 

cases it miayf On~oLn'~C~tt t in special£*cw~~~ 

Tn11i is n e'c-ar -(cauSc the critical
1~c irnuch Ic-rcicu. 


0 suchn1 as landslides, is
 
.enccl 17fr :inv-.Jing ha a6s 


w site. Subsurf-7,ce
iC~flc.uEICu. t o f in I -L1 n a small 

and geophysical surveys
1i1.O y dr:.illing, Lrcnching,,,iLnvcst.(:WOin ,sen i v:a . ::t--,>:: 

::c u t:d. t-a d-n ar-the:-5-!te".Pa r ii.............. A.. 
; "" 

:fori]:.: Structcro. scales willv.r3lg rdinai.ily rnige 
.al a -f'-c-, jr:, 	 -' .'u ; g l c 

]gnof the il-eg-nc -i
1:1,000. The cvaluationfroO :1M.) 


,,ust take into account the scismic zonc in
 
and ceo!o0ic duta 


the s ~tc, For sites flood plains, or those
 o,hichl occuis. 	 on 
pCOr dra nage,or other v,;ater-re

• ..-.. .. 


: rolcqic rise may be required,f..atdc Up-.b~ *hyd 	 e 

o
 
. 4,,7 ,O f 

and site-intensive investigations
Both plaining--stage 

bold 	 o rati oi of the following possible founda- 
.sh.. iuz luk € 


iving ha,ad:'s, but. a complrnee list for any

andtion . 

0V thfe itself by qualifiecd experts.oX siteite rc--,uire 


and near the site, 2) Land 
\ " w:ll 

Gc c) 1) iActivc, faults atGeologic: 

other s ope failures beneatlh, or upslope fJrO, ' 
slido, orr; 

u.le OLror .eily compactab1o materiali-. 
t ' si.t ; 3) 

th .ite; 	 Tor.oogeni ties in cop-act-4) 	 inatq.a.ivith 


EthlC ..iatc-~,.- "bn-h the s,.to; and 5) Ep:capohsive.
 

-I.., ~ Lc:q..L, " , .*.2.', ; Lt2IVtfl) ,q' or founlat=ion condi.:LO .. 

http:ar-the:-5-!te".Pa


Iiros of qeas,
~r~'' ro capsr 2) Ir 0 j~ing sho r 

riv.cs; 3)"\Flooas, muXIflows,
lakes;, reservoins or 


and. surge wyes.
tsunais, 
a e , L- ' 

n sehllo oun wurto trc'," sear.n 	 durationl,. ..... andI frequency 'yjlQuo j b. .sa:s!'iUC: 1) nagnrituC&E4; dis3tanlce, 

of the busOand 12) Estimaationlof damraging 6arthquakcs. 

a
thoc moo~t &um&gifg crcodible earthquake~ at 

~~ of 

*bui .d'cgiM6. 

.1) Natural. -,-riodof vibrationl of 
*Sc~.l EngCino nn: 


SM5~r; 2) 13euring strengths; of tho ourf ace
 
]builcincj 

l y
and . ,. ';.. 3) .Effect that soil:.; ana poor 

.....<i.btec.ud g.aloqic .Matyrials bensipha AM 

by emost
the c.... ,Mter cf shaking cau.

have on 

wide 
damaginU cr-. dib.Le earthquakes (Mca:. vary wit-.n 

and d.i.t.arco
' " .... "b~oth the' c~h;ar';c'toy

limi -t,-.s, g.":'-.... 

anid the physical properties and 
of the earthNZuk 

3) Slop3 stability;
t-icrs of tho substrata) ; 

Rural ard ': illaqg popula
cuitr. factors:-o"i :ndi 

o economfic und culural faotcr. 
tions:-p.ply a va:iety 

cosonl.y be 
in siting Aair houses, factors that will 

' t a ncu than th, soisJi,
i t or gri tr in iaorti\ 

Seriousoogic consiaC03.tiJoflLs.* 	 geoloc, 2A hydr~ 


be fall the
ia .arship wa'y
conflc L. and n 

without.. 
cf;tn- K:d .c', c n:low-.c., 	 .ohg.p .. ti sited 

culural factors,- •-oIu. 
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'in~hcv.U ~ ~ Whcretllcrc aro clternat.Ave sites,f 

fJl~dby the sit-e-incnsive lr±ves(~.a~iiu-~t~e)study 

-the most suitablc site or sites,.tiuA~O~s c raed aov3- of 

1*c ccS t o. T-r."ny C-t icioIx:t9atoszi 

if tl;he site is selocted through a~cc~~ic~t1~rc6.uccdl 

r.cuiow1 sLuI* 

5.4,7.6 Ir,.:rovement of Existing Houscs 

Sit.tudcscan be of- assistance in pre-Oaring proposals 

toCirv h arthCruakelC roB istan'l-cQ of ex .Sillg houlsin~g by 

.racL~ra> or *&-ouncaion mcificatiens. 1Who1re extellsivc hlouEIsng 

bC!ci -. .r rcgonJ C1~~in-T~a~ .r inolved,Z. 

ca~n b),- uscct to quide expCenditurcs~m ste:Lit~iest~-tiiEi 

2'rOUDiY3.Kicn to tlhose hoiuseslotcd t utb se. 

then bec dcc-ignatcd ""or eventual. conver
ulsuitable ,5itC3 m-icht 

sio. to park~s 'or otherc. low-risk uses. 

5.. 8 Tech nic Lal Supervi F-ion 

should strive for techinicalThe it-rQctflprogrzuu' 

an revie-wC;:Cclel-lce through tlhe- estalh.lis!u'~cft of indcpcrident 

bordcooo~dof scicenti-ts andA engine-rs -,:rom university 

faclt..~.±~ j;:vatecon-ultiflg firms, and govcrmwnns a'- home 

financial as.,-stancc fora116-rrh~ bod.~1rlaifh~ 

C, 
 be. obtainecl.
tocirht2r1iat~f 

~ j:i.x' ~x.n C~K~oi the c~v boctird wcuid be the 

V 



~cst::,2'"•..nt :.-c u(.n.tirlual improvc;i.nt of a set of reco.numlended 

v ".. tiu 3 ::.' site st....."......< thit are rcli.stic to the 

-Q-2.... , e._-,. o-: r-jic of to cc.'unry at eah stage in Jts 

devec :..,. it, and o:wm:;u:.-:tc wJith availab.e budgets and pro

fesic',i <. staif, ;': OP.a. .d shou].d ;.,-o p irovid, the site-

s.lc-t r, teco;.s ,..t consu1tation on difficu.t or special 

0r':o.c.:;, as7sist J r the ro-,,:ruit-.ient and selection of pers.onnel 

C.: s,.. . C a,:j,:tcr a .ogr:.n of coitinuing train

i.ng 0 tof :, .: in t .c.. :st tech'nical .. . in-	 devo1,,n 

-.. C. . ... . .-.. - ": - o .. 21] ...... 

,", .. Cal 
• .'.2 .,V l. V u.' ] ].,, C..,r .-. .- ),- 1) ~ (
 

.5,2K\%.y 'u E LA Cru>'and E I. ' 


5. 5. . .nt:roduc tion 

Tiu 	 1'-ru ear L c~ua]e of :.1ay 31, 1970 offers *a model for 
Ltoft.o environment on destruc

.tion, for t1 e1 'L.r uak c:,.c:(d a wide variety of .colo jic 

fov:n$. .t" c.: at:,, s.o. fail:,, that W:C2re major contributors -to 

the c::Ic,: ive cXes:.'crction a,.d ceatoll. In the affected 

x"_. .,.> ,"inci.: i....L.,, ] ,, .. itof Ancash (figure 1), the 

.:e rc'Jd ,'. ... Ztr :I. 'v .ation i-n, reli, f, promimity to 

the'. so, , a:"J grc,.t cl .. ,..... have civen rise to rnost 

.tz. 	 .. 
. .,.........,..
. .	 ~~. 

... Jl...... S....r..v.v..c'C'.,'. . , : .... :.'. 	 , - -I• .j, " 

http:improvc;i.nt
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crloi hi' that aCIIIL be foundt in any earthquakc-pronea1*zard~s 

rcgion al MA a ro] t' vey small area. This earthqvuake 

pro'~b 3 the vat cw~aastopThic natur al disas.ter in tha 

C) i~t6~yc! the Woctwr Hemisphere and 'ranks higjh amiong the 

wclld.z &eatstnatu?:al disasters. The extent of destruction-

rougjhly 49,000 peoplc killLd and 184,000 buildings destroyed

was~laywy e to unstable terrain and to aobe construction 

thz~tidJ2ttle rosistanco to sciksiic sihaking. Dastruction. was 

fazr out of proportion to the m~agnitude of: the ea.rthquake (As

7,7), 	 ,:*,i:c in hcroas of seismuic enery release Ncow. not pJlacxa 

i.t ...the truly great cart ±cakes of hi 'tor:ial timos. 

Thce in:ntI aI sh~cX ocurrcO on Any~ 31, 970, at 32 ~. 

Pwryvi.vn 	SOP', OccorUinc *To the U.S. Coast and Geodetic Survey 

1card~, Clune :t, 1970) . The epicenter was at lat. 9.20 

G. , Jon.~j 70, 1 W. , at sea 25 km west of the port. city of 

(h.3jhote in 'the northwestQrn part of the Dapartment of Ancuxsn. 

Tlic, hyvpo,.crcmter, or focus, was determinud by thcf Coast an(' 

* Gcsat~ic su::'v'y to We at a Oupth of. 56 kin. M~ost of the after-. 

* s'ioc.kzo having ghito~sbtweon 4 and 6-1/4 and hypocentra).
 

dNpthi Kcx44-66 ?m,. occurxcc in a well-dofined 2ons 25-50 km
 

MYc~ that ontoinds i>:'ut 140 km southwaxd from thpo main shock
 

apicC'ter (A:guro .) . 

TAO Ortos i to sever 'etr octuril and=00!o:ti)?to 	 iaage 

T up.roui efcts eLWn s along tc coast from near 

.zn _ ,a to Pa \na:, andI AN Or a rnium distance of 

(, ).). r-* - .'. *4. -~.c: : Jc; . 7\ 2%-:':j~of 	 W-aihin 2; f 

http:Pwryvi.vn


C~ r13. scaio is ill(icc (a i I- the\dL.h.~&~J;...d 

ourY* -. ~; ~c -('t: on ino~t~~ll earliocr rcpoa3 . 

(E~.k~:~,P~~cr, n~ 'cnacic Coricl-a, 21.70; P3.a'2ier, 

Eri c> 1.1, 2i:C cj~n~ a 1971.) , urvcm ficld wr;caricrl 

ouJtb,. Qi2v - uccoJis t.)~Z! rnL- 0 CW~~2~17",d uo0 

I~I~'U. m C.n i 3. C7-: C C ' Iacu Or':ri.-.T C:~ 3c o t "I 

~ xs'r~ 'r;o:i~s~ C~cL.n~aj3 c: b ln for 

*:~Whi i~.'~W.:;m1 <~c t(21,Y:1) U IS r;i~t2i o.-- S'Ct t 

5. 5.2 Coic. 21.rnt 

2171i . it'~2cand su': cct to0 0 :o 21 31ID1t0f ICeS trUCtiV'-

a J-cE T.1- 4.1r J.ccier-cov,11 C~Z; : .I J.In ~u21' the 

zval 3nch.s a lnCori~.Lc~a2.i~:~ i:Lcjuv .~2) ,rock aid icc 

tl., m tlnan *Lc...1a ~ ,whichc.~:trcQ.h.&za.2d, as aroX norc, 200 

cauc e dlvcttinqj floods andmah:rdu~hring .?n earthquc to 

ek!'bris f! o. ~s. Vco?.c.nJ.c i-id qta ic rocks or; stceep slopcs o 

the 2L~'1C 1c;rci3L cC~P'~~rc locallJy &,'only vwoathcd oi: 

Itoid UVt.v ;trc sil--j !ct to s lidincl du?-.st::oni~: fcct' .'XiSi 

iw , Or c(ur: mu:1 ci(m c o)cat M.anythu 

19.70.c.i.:.C :"~ha: .rn::I.c 

:..: Z...V 1. C t' . iV nd ux . 
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,",rt ., l one of .e q1lccizal la.k0 r-oture. 

"dtrJ: hW.e' co. -i ' ' " 

Th, va!l!., of the lo Santa (figure :) is partly filled 

with anp.). o sc debris.... dcbxis flows, andavalanches, 

rwor:ain.:; Thc beha.:io: o; thesc sediwents, which are the princi

pal founs..n'ma.o ia:lst::.Cls of thle connUunitie:z in the valley varied 

grnt \ in reon- to i.smi" s.paYking. The oldcst sediments, 

cos .trn ua-,,. ,..°, vo.lley fi~ll, are. well cemcnuted and 

... A. . ,-, st;.2 , wh(n.'uz ,oungr::r terracc gravels, gincl a. 

:"''," r , ani all!uv iu L,., poor].v. .,nt. ud and subjcct to 

epic:;Lcr Aci.urca by fs.cld.ing. F:Lna-gr:cainedwater--saturated 

nd sail o fa'ial by d:Lff.e:ront.al cosaction,cudi.nU 


113 : .:C .- ,:. - O d l t I.al s:' cndi,, ,during the ea:t..,quke
i *.*1 .. ... .... 

...... t" (X t .. .... ' " ".J. ..... J.4i. " C- ' .- ~ ""L.LL0 . A &.L-JL 

l..' t.e, bu.l. al luvia.]LOU of Lt: .Aa0. - ,. are an2 M.. 

dKY.WA'. of D~tOd plains ,of the Ma:joh:s;e,;.- raii9 eta 

tie Cordilera.rom Myra. Stream valleys for distances of 5-10 

in . 1(l Jr:o, the coast are oneral.y flat bottomed and have 

\'Ju: hJfu L:j.icu:.ltura). l and many rural sctt.entr Town.-, 

ani c.ic,; a.cn the co-2, Ch ',otc, for cx,?mplu, have exten

si.vc ,nucns un'c::lain by "Agconal and bach deposits, ccnmton-

3v vh'. a 'w .M.'YtC.; aso. fine--grai nad water-satu& s]l t&J.L. 

rntcd Np.:D o;;its, whJ.ch tui, Lo be vcory uns ,-ble under ;e.imic 

h"."' occur..' , ,r. wh.. goi.cJ . c foundation failuremc, 't 'a 

cc: : iI,.~iJ;l L tc: c::tc,'ll2. vu t!.l :cul.i c]'lF~l.c(.c 
n od' totcd ,i.th 

' ' ~ ~ .:i;,)-':.":. L.oon: WyJ nifJi ' 
{"::L. ~ ~ ~ t::",,W r .'-,-:,.v: to ).in\c a n . 
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Figure 2.--View southward along crest of the Cordillera Blanci 

showing scars on north and west sides (arrows) of north 

peak of Nevados Huascaran, the sources of two major 

debris avalanches during the May 31, 1970 earthquake. 



.ic i (-unami raaromoto) of the type that hasor i.:ava 

in Pcru, and elseac.,........ :oi A great coastal cavthquakes 

•-'hre arou,:d thi Pacific margin. This suggests a probable 

sea floor durings.iallow-of dip-slip faulting on the 

seismologic datathe eartcfuak, 	 and is copatible with the 

the was suhcrustal origin.indicatinj that earthquake of 

Surface faulting was not observed anyvwhere in the earth

location of the
quakc-affc!ctcd lrogion, and, to judge from the 

epicenter and 2ajor aftershocks offshore from the coast, major 

faulting w.:ould not be expected onshore. Nevertheless, recent 

vro,.-inent COM....rsefaults are wjidcsDread In he region; the most 

a system of cn echelon normnal faults along the vwest flank of the 

by welJ.-Cd.efined scarpsCoriJ.i].e., Dianca. The faults are marked 

as muon as 20 m high that displace iolceone glacial moraines 

Undcubtedly, moveand beds of ste..,aLs cutting these moraines. 


ment has taken place on some of these faults during the past
 

few hundrod years, but evidently there was none during the 5-970
 

earthquake.
 

5.5.3 	 Regional Siting Problems
 

the. Peru carthquake of
Throughout the area affected by 

May 31, 1970, the degree of destriuCtion in any one co.'mnunity 

of buil"ings, bywas deteriuinod .argel.-; by the type and aqe 

the type of geolocic foundation niwaterial, and by relative 

stb.lity of s2_o C; of nar.. l, . . In 'eneral,old 2- and
 

3.-s tory suo; bu i.1,.:.-n , :,uC.:" Z. Lt '. c. hi.1a.1,. . a va.
 



supor...... ti:: .... by age territes) , or buildingsers .- d and 

very poor quality adobe, such'-as those of Casma 
constructed of 

heavily damaged than well-constructedmore(figure 3), ;ere 

Other types of buildings showezd various 
adcbe bui.dldin:is. 

buildings,but modern reinforced-concretedecgrees of damacge, 

filler 
or buildings wvith rein-orcc--co.-crtc. fraw'es and brick 

little or no damage.
vwzills, gene:':aly sustained 

due to failure of geologic foundations
ExiL..cive anacge 

lateral 
resulted rf- diff.....tial co,,.actlion, slumping, and 

as
r.adig of water-saturated fine-grained sediments such 

azoc.-.a sedi:,.en.ts, beach derosits, and manmade fill. The
 

failure in deposits of
 
m1o'0t notable example of foundation 

To a far lesser degree, sii.ilar 
these: types was in Chiv.bote. 


in several other communities on
tookfoundation failures place 

the coast and in the Andes. Furthermore, buildings constructed 

on dry dune sand and on mudflova material associated withi pied

in the extremely
iiont aprons and slope--dcbris accumulatios 


". greater damage than buildings of
 
arid coastal region, showed 


stream gravels and bedrock.
on ccmpactsimilar contr-uction 


There seems to be no obvious correlation between the
 

and foundation materials in 

intensity of structural damz,,. many 

did not occur. Adobe structures 
area- whre foundation failure 

and saturatedas granodioritefaile- on foundations as. diversc 


So:-c villages were almost totally

a2.lu\iu .: thick soils. 

:v v .. aparcent.y simxilarrc,:,f'..:, t.[:Y ,:as ric, ]- .:iq £;of 

c C..... .'" modertately: only 

http:sedi:,.en.ts


IFi 	ure 3.--Residential street in Casma, Peru, where all adobe-block 
,1 collapsed during the earthquake of May 31, 1970. Adobe used(11ls 

r:onstruction here was of extremely poor quality, containing a 
;,,-percentage of silt and sand, with little or no straw binder. 

.:rumbles easily in the hand. Casma, a town of about 15,000 
,Icbitants before the earthquake, was almost totally destroyed 

.. ring the earthquake. 



damag d. Similarly, in the towns, one could find adobe houses 

that had collapsed next to houses of similar age and construc

tion that were either moderately damaged or undamaged. The 

reason for these striking variations in degree of damage is 

unclear. Subtle differences in composition and (or) water 

content of the foundation material could be an important factor, 

but sJ ight'differences in construction and the pattern of seis

mic-wave propagation may be equally important. 

The most widespread dai.acje due to earthquake shaking was 

to residC:.ces made of adobe blocks, .:hich constitute the over

whelming majority of smaller buil.dings. Significantly, good 

adobe construction, such as the 3-story Hotel Chimu in Chi.r.ncte, 

survived the sha:e w..ithr Iittle or no structural damage. Unre

inforced brick or concrete-block buildings generally wi thstood 

shaking better than adobe, but in soie areas buildings of this 

type were extensively damaged (figure 4). Well-constructed 

houses and most small buildings of reinforced concrete gener

ally showed little or no damage in most towns, even where t'-v 

were entirely surrounded by dumolished adobe-block structures. 

Damage to large reinforced concrete and brick structures ranged 

from negligible to total collapse, depending upon the design 

and quality of constructio. 

5.5.4 FXAhavior of' Unconsolidated Sediments in Flat-lying 

Aru ss 

]'~iluro oi flCf~li.::a~oi:et in flJiitlying aro~as 



pill I 

L/ 

Figure 4 --
Typical destruction of new homes of unreinforced brick
construction in the Buenos Aires suburb of Chimbote; all buildings in this suburb were damaged beyond repair. None of the
homes collapsed, probably because of the reinforced concrete

stairway that connected concrete floor slabs.
 



caused extei!'-,e dac.e to structures during the May 31, 1970 

due compaction andearthauake. The most scrious damage was to 

spreading of f ine--grained water-saturated sediments. Coarse 

and glacialunconsolidated sediments, such as stream gravel 

moraine, were subjected to little or no compaction during the 

Dry unconearthquake, and consequently .caused little damage. 

solidated scdii,.ents were comparatively stable but sonic dry 

as soils coastal containingsediments, such desert of Peru 

highly porous mudflow material or manmade fill, failed by 

wasdifferential coi:.naction and slumping. Such failure, which 

somecoi.monly acco: ,xpanied by fissurinc at the surface, caused 

damage to roads and buildings. Differential compaction of dry 

slope debris containing mudf low material and manmade fill 

caused widesp:c,-ead dariage to the steel plant in Chil'bote, 

breaking of heavy concrete floors and misalignmrentchiefly by 

of heavy equipxment. Tie observed settlement at the steel plant 

ranged from - few centimeters to about 30 cm. 

Although compaction of unconsolidated sediments probabily 

to some degrce throughout the earthquake-affectedoccurred 

region, its effects were most noticeb)e in the Chimbote and 

and along those segnjrnts of the coastal. transporta-Casma areas 

tion routes that cross alluvium-filled valleys. Compaction of 

mat6ulials was locally accompanied by ejectionwater-saturatcd 

Cr t mi:tures and the formation of sandof water or wate:--sedimC 

moYem:ent of mobilized, or "liquefied,"boils. i;ea:-horizontAil 


water-s~t.upa cd s ndv' <l:2 o~i.ts tcx. rdi free faces occur):.d at
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Figure 5.--Compaction of foundation material and destruction of'adobe,

brick, and concrete block houses in low-lying area near the coast
 
in southern Chimbote. Before the earthquake the ground surface
 
was dry, and the water table was reportedly at a depth of about I0 rn. 



a yc~ro?. of 	 -oa-ta! !ocali~tics. 'This orocess has been termed 

" (::cCullcch and Conilla, 1970) to differentiate 

movement.it fro%. lcndslidi:g, h:.ch connotes downslcpe 

and landspread-The most spcctacular exampilcs of compaction 

1)ing of ... tzr-saturatcd sedimcnts in Chirmote include: 

settl.ing and - - of a residential area in the southern 

depart of the city (figure 5), where there was almost total 

ofE nrinforccl buildincjs; 2) differcntial copactiomstruc:tion 

business district (figure 6); 3) co::p:action and
in the do;.ntc:;n 

caused subsideonnC¢"ia,,.:K....d:a'., .ee.r the steel Plant dc}.oc, vhiich 

(fi"ure 7) , and dcam":cci roads and buildings;of ,:out a n2tcr 

resultedand 4) s!rca2i'.g of !icucfiec sand on a beach berm 

in op]ening of a fracture i,.ore than a block long , along wihicn 

ne ear-ttal c .rt (fi'ure') 

Lon of ceetral !uaraz (figure 9)Thecs.Lxuc 

was the rcsult of collapse of old, relatively unstable aCiobe 

buildings cwi to a co:bination of shaking and probable inci

piclit cci:..p= 	 ticon and lonc,.-,rcacrh.ng of wator-saturated fou-nda

tion material. This foun.dt-ion consists of a layer of silty 

least 2 m thick, resting on gravellyand clayey seOir.,Ucnt, at 

fan.matcrial of an alluvial 

Co,mpaction of wacr-sauraL_'i sediments, fissuring, and 

landpft.g at many other ]ocaziit].es ii,Lhe Santa Valley, 

in fields al.ong old terraces or lo.od plains of 
particularly 


the Rio Santa, caused l,:cal d-mi..,: to ro-:C, anJ buildings. A
 
• 
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ofwhere differential compaction
S6.--Street in downtown Chimbote 

fill caused settling of
water-saturated beach deposits and maMkAde 

sidewalks. Here, 2, 3, and
buildings and cracking of concrete 

the 
-story buildings on slab foundations settled 20-30 cm into 

underlying material. 



Figure 7.--Subsidence of roadway fill at side of steel plan., 
northwestern Chimbote. due to compaction and seaward spre, 
of underlying water-saturated sediments. Roadway settled a, 
1.2 m here. The dock, which is on deep concrete piles, did 
subside. 
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. . . . ... . 

Figure 8.--Concrete block house at the Corporacion Peruana del S;mLI.a 
housing development, northwestern Chimbote, torn apart by seaward 
spreading of the underlying beach sands that became liquefied 
during the earthquake. 
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Figure 9,--Typical street scene in a 100-block area of cenrxr 
where nearly all adobe-block buildings were destroyed. Mos. 
were 2 or 3 stories high and had heavy tile roofs, and str.'" 
narrow; thousands of people were buried both in the narrow : 
and collapsed houses. 

, 



field just south of Caraz. Here, an area 50-75
g¢enl7%x oci~n; 

soread downslope, with development of 
mote::.; in diaereLr 

in the soil at the head of the 
an, tilid bloc's 

at toe. 
slu:p areao and a surficial flow of liauificd soil the 

liquefaction! of water-saturated
i*.Z.l1y earti fJows forad. by 

iRud; aLL sa'-ds azmociatcd v:ith extensive glacial outwash and 

of th1e Santa Valley.
I;ora2.n.-. e',:i ists in the s.authern part 

of subdued tono.raphy, and the flcws
"" -; cgra.';y: area epsoe Because:,;-:a tv1 

took pl.ace on ocentj.a to mo ,e_ tl stoep slopes. 

the;e f2i.is dcvo:Qd in a sparsely populated area, thu only 

and trails.d:;xaae tChey cau-Le wOs to roads 

''.'l-slips
 
, C, - Is andC..

'.-. --. . ,,-':a .s
 . 5. :d,] 

''. 'e 3 lndslides and 
the area o about 65,000 km'hcjaart' :rig i:u".: t1hcusands&of 

u outlined
avalanchs thrughout 

a variety of fal.s, 
on fi.gu).c 1. Tho ].andsli.ks includcd wide 


si i-Lc!L zi. fo . involvin'. bedrock, uncoi-.rsoliiated sediments,
 

and ice in vao.-' proportions. The over-.hel:ing

and sn,.: 


the slopes of the

lajorita of the idcCs occurred on steeper 

Negroi, within the area outlined a Blnca CordilleraCordi ..... and 

9, and in the region of deeply incised drainage along
in fi-c.... 

the wasLern flan]: of the Curdillrea I "gra,just west of the out-

End. destructive slide was the
].inc, a.... The la:ciosl: most 

uc.'.. cc.. ..2.nc! • At l,-.-' five of the slides block

. c ~ ),.)Ld:.slide-da,,o la k,", r 

.~:: L ..... 

s tcc'per n at.ura, . S].Op:C.-.
I- -3., : c ,.: "l a!,ngj t]e" 


http:andsli.ks


and in "r ,' thl o'..: arid region,.. in roativeJ.y lyinj coastal 

but non,.. i :a.. to have resulted in not-othi damage. The 

total vorur e o c.terial roved do.;nslope during the earthquake 

is coi Cervativeiv estimated to be betwen 100 and 200 million 

m -- pernaps a quarter to half of which was in the great 

Huascaran d&,bris avajlanche. 

The ove .. el.Lng majori.ty of landslides involved falls or 

slides of rock and slides of poorly consolidated debris and 

soil alon-g steen valley w.alls, stream banks, and roadcuts. 

Thousands, or possibly ten. of thousands, of landslides of 

this ty .e Tere triggered by the Nay .0, 1970, earthcuche. The 

largest slides, which could be discerned on vertical a.irphotos, 
are plotte on figure 10. Some of these are so cJ.ose.ly spaced 

that a single symbol on th. figure may represent many slides. 

In general, the larger slides were mainly in the Cordillera 

Blanca whereas mnost of the smaller ones occurred in the 

Cordillera Ieg'ra, particu.arly near the north end of the range 

and in deeply incised canyons elsewhere. Most of the individual 

landslides are rock]falls and rockslides that involve at least 

several thousand cubic meters of material. Rockfalls and slides 

are so nurerous in and near the Canon del Pato downstream from 

Caraz that it is virtually iropossible to delineate individual 

slides. 

Shallo. soil slips of unconsolidated materials were 

observed th.-ouc. o. t.e rea, but .eor especially co,-mon on 

s].ojx ]-a LJu-]. ;it "\;at2.;--satLurcdc].acia3j ti].l, volcanic ash, 

http:cJ.ose.ly
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and c u11.-%..h. soil lJ rclaracterizd by a SCrics Of 

la~ ool 9sure~s as shown.inl figure 1i and by 
......];i\..rs and slid

ircc1 

broken away and slid 
areas ,ncrc t -in s1.ab-li] soil ;iasscs have 

are subtle features, soil
Although theyor tu1:,].u do.wns Lote. 

damage because they commonl.y developed
slips ca.4sed ....' C 

where th,y disruptcd irrigation canals, 
on ou- 1:.7.e onCu.-.,ated hillsides 

and bui.dings.c wol]. as destroyed fields
trail.z, avcd. -ec as 

o:: the .;est side of the Co-"i'llcra 
ry areasIn soi::c v. stc-ep 


tL thin soil of stecply inclined fields (many having
 
Negra rock.
more) slipCe away, leaving barc

l .r..e c 30, or 

soil sliWs destrovrcd trails that werc th-c 
In this s~r.e area, 


1::y of these fields still wore
 
only acc.s to fi.c-ld. Many 

L. ,er aftc.r tiie earthquake because of the 
not acceSs.ible a. 


ncwly
now trails across 
diff icuty an. c.:,pcse of blasting 


rocy slopes.
exposed ste.p 


slumps and rotational slumps

Only 1. landslides involving 

be identifiedof cohernt materials could
of largy :asses 


area for which
 
within th r, ,-t.ined in figure 10, the ....


It iswo.ere availablc.:cral photographss L,earthtual-e 


these slides contained more than a
 
estim:,,ated that cach of 

slidos appe ar to hwve 
b.c :,.t,": of r:,,.. rial These

mllin 

deposits, pyro
oidate' fluvial-gjlraaloccurlCcl in pcorJ.y, 

" c roc6i:5"thin-b2Qded shaly
Clast ic volcaii.. c ocs:;, and 


e hlcch: located at P::ecuay (fiqu ro"
 

""e -i 


r3 , and3.3.1 o: cubic motors of ratcJ 
12'). v,')iXCU :.t. -.t 

t . u; /C
 

.... IL X.L tdoCU '.)21..1'ni I",
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Figure ll.--Surficial slips in thin grass-covered soil and slope
 

debris along trail on east side of Cordillera Blanca, from
 

Catac-San Marcos road about 2 km north of pass across range.
 



Figure i2.--Rotational slide in glacial outwash and underlying thin-bedded sedimentary rocks at 

Recuay. Ma-ximum height of headwall (arrows) is about 7 meters. The toe (arrows) is a 5-meter 
nigh ridge 'h the Rio Santa and formed the smrll lake in foreground of photograph.blocked 



Avalanche 

Ranrahirc 

Figure 13.--Oblique aerial view of Nevados Huascaran and the Huascaran debris avalanche
 
that destroyed Yungay, part of Ranrahirca, and other nearby communities. Vertical
 

relief between the avalanche source and th9 Rio "anta averages 3,500 m (11,500 ft.).
 

Photo courtesy of the Servicio AerofotogrTfiCo Nacional de FCerd. 



carvatv.x;' ~ dc*t o: thc ,_ai.urc surface. The headwal 

scarp is as ouch as 7 meters high, and the upthrust too is a 

ridge as rmuch as 5 eters high, that formed a dam across the 

rdo Santa. At least 5 of the other rotational slides also 

impounded drainago. 

5.5.6 Dc]ris Aval.anches 

By far the iost destructive and geologically fascinating 

aspect of the earthquake was the cataclysmic avalanche of rock 

and ice from the glacier-covered north peak of evadoc Huasca; n 

(fig-re 13). This avalanche appeari& to be an event that, in 

terms of destructiveness, height of fall, velocity, and probably 

volume, far exceed:s any avalanche kno.n to have occurred durin, 

historic time. 

The debris avalanche originated as a rock and ice fall 

from the sheer west face of the north peak of Hiuascaran, bet

ween tihe altitudes of 5,500 and 6,400 mreters. The original 
s.ide mass, in .. ic the aount of rock apparently far exceecded 

the amount of ice, probabJy involved a volume of rock and *ce 

of aL least 50 nii].ion cubic meters. This mass gained velocity 

as it slid over Glacier 511 (figure 14) for a slope distance 

of 2.4 kycr and vertica! drop of nearly 1 km. Below this glacier, 

part of the debris.,as funnelled along the valley of Qucbrada 
Ariapampa. and 'f:oal~der out the andthe broke of valley sped 

cc!7s_. 4.J on more di7rectlarities a 

c.our. C t .. " ",.:.". ... ! ceJYv:c . the confluence of 
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..r....... anr:. inc,.c th- main tongue of the
b 


avalanche ;.s c:,::nLedt do .;n tle rio Shacsha Valley to the 

Rio Saita. I'Titiin a few minutos afLer the first tremors of 

the eart,-.,:e -ore felt, the avalanche had sped 16 kilometers 

from Huascaran to the Rio Santa. The debris blockcd the Rio 

Santa, tccnpor ri... causing it to back ipstream for a distance 

of about 1 kileter; it also lapped up onto the west bank of 

the river, reachingr and destroying parLi of the town of Matacoto 

and flo;.wed dcv.nst.rcam. Yungay .as buried by a relatively small 

tongue of de bris that swept over the ridge between th city 

and the valley of Rio Shacsha. In overtopping this ridge, the 

avalanche ci ;:ced as miuch as 230 m above the adjacent valley 

floor. 

Acdor din to eyeitnesses, the Huascaran debris avalanche 

was triq reC. w.ithin a few seconds after strong carthTua]:e 

tremors were first felt. It moved downslope at high velocity 

with a deafening noise, and was accompanied by a strong 

turbulent: bla-st of air. An eyewitness account indicates that 

the debris avalanche travelled the 14.5 km distance from 

its source to the vicinity of the cemetery at Yungay in less 

than 3 inut..s and possibly as little as 2-1/2 minutes--an 

" 
average velocity of between 20 and 335 km/h.. (Iateo Casaverde, 

oral co:.munn , 3u.y 3, 1970) Extremely high instantaneous 

velocities are indicated by the distances thaL boulders were 

hurled .crcss the Y"io Shac:Iha valley. For a vacuumr ballistic 

. 1,60). *:......L horizontal distance 



that bo.1u3,:ere thrc..n, the initial projecti.e velocity 

had to be a: .east 450 knM/hr. The effects of air drag would 

some 25-50 percent, sugincrczsc this initial velocity by 


gesting an initial velocity of as much as 600 km/hr.
 

5.5.7 	 Conclusions 

in the PeruThe cxtcnsi.ve destruction and loss of life 

poor construcearthjuake c;2 "lay 31, 1970 was due largely to 1) 

l.ittle resistance:tion of :uildings, chiefly adobe, which had 

to lateral forces ii.nosed by earthquake slock, and 2) the 

1uascaran r.cl:ris avalanche that buried Yungay and parts or 

all of scvrezal smaller co:,n,.uniti:s, and dcstroyed extensive 

arevs of fr::, linds. To a lesser, but significant deg-:e., 

tcst~ructicl '.:as caused by the widespread J,,.nds]...Uks -Lnd by 

di~ffi -,-entiLJ- Cc:paction, landspreadiiig, and fissuring in 

uniconsolidated, geologic foundation materials. Geologic con-

ditions influenced -he distribution of the landslides and 
founidation..aiures durin, this earthquake, and 	will undoubt

edly do so in future carthquakes in the Auncash region and in 

other car-hqua];e-prone regions of the world. Although neither 

lakc hrcek-outs, surface faults, nor a destructive tsunami 

tlhey remain potential earthquakeaccLu,,-icd the orthrua;c, 

hazark..- in this; -ort o' Peru. 

Large .. 'slidos and debris avalanches and flows constitute 

the T.:ajr Cgco!ic)KC ha,. :_:, in the Iv~ot'nta.nou$ regions of Peru. 

, .' ,. .".iv and aL:: ueriodicalv 

http:cxtcnsi.ve


to sliding, particularly %w'henthe 9round beco:ics water satu

rated duri, iw the ann-aal rainy season. Earthquakes often cause 

widespread do,.';nlono movement of unconsolidated matcrial, and 

than those that would normallymay trigver some larger slides 

be expected to occur sporadically in mountainous regions.
 

Failure of unstable dams of moraine, al2uvium, and landslide 

debris that' iipound lakes in steep-walled glacial valleys may 

result in disastrous floods and debris flows during earth

quakes. Such a debris flow, triggered by the January 6, 1725 

wh-ich is locatedeartheuakc, buried the colonial town of Ancash, 

in the Santa val.lev about 3 kmni downrttroeam from 'Yungay (figure 1) 

Differential cc:L;action, landspreading, and fissuring may 

cause extensive dc:.truction du..ing large earthqualles, particu

larly to that built on water-saturated finestructures are 

naturaJlgi-ained unconsolidated deposits or on poorly compacted 

areor arti-ficial dry iuaterials. In Peru, these materials 

generally vost .-idespread in valleys of coastal regions, which 

commi:',only are also areas of highest population density. 

Surface faulting was associated only with the 1946 Ancash 

and 1969 Pariahuanca earthquakes in Peru (Silgado, 1968; 

Ernesto !1. Deza and Daniel Hluaco, oral commun., June 1970), 

in remote,and because most lzno:.n active faults Peru occur in 

spa-sely populz.ted areas, damage by direct fault displace'Arient 

does not apixear to be a major hazard. However, active faults 

a..: er.j.ou:i h,.::aids Jn :lost earthqu aI-k -proIn'2 rcgions; and
 

J:.':'X..:-t,. t.i .Ocan cause o:-tcr'sive (,&..structicai to ',.orks of
 



iotan. 

A major earLhuahe-re.atCCl hazard in coastal regions is 

from dest.: ictivc sea %aves or tsunamis that could be generated 

by sudden large-scale vertical displacement of the sea floor 

waves wereat the continental shelf or s.ope. No such 

ceneratc d. during the 1970 Peru earthquake, presumably because 

the causativ fault displacement was relatively deep seated. 

Nev rthciss, i,.many large destructive tsunamis have accompanied 

prcviouG iajor earthcquakes along the Peruvian coast during 

.histor:ic tive (Silgado; 1968; Berninghausen, 1962), and will 

near-sourceun douhtcdJ.v occuY: in the f'iture. Both distant and 

tsuna:-itis could cause .widclspread inundation of lowlying parts 

as of other- coastal settlements of the -Pacificof Peru, as well 

from tsunar-tis cannot be minimized, and itbasin. The danger 

should be tk.en into consideration in all construction in 

coastal areas of earthqua'ke-prone regions.
 

5. 5.8 Racomr2-endations 

of May 31, 1970The investigation of the Peru earthquake 

has shown the need for systeratic geologic and seismologic 

better construcstudies in Peru in order to select sites for 

tion that will avoid potential gcological hazards. Such 

studies arc needcd in all regions sub)ject to frequent strong 

earthqua kcs, but actually, are being carried out in relatively 

fcw ccu '..riE.;. The following studies and facilities should be 

CI..l .~;. zcJ i.n Per. 



-el Peru should be designated
Geofisico1. The instituto 

agency to undertak.e seismological 
as the princii al goverrm.-fntal 

Ato earthquakes.relatedstudiesengineeringand geological 

should be devoted wholly to earth
ofi this orgalizationsection 

should 
to direct investigations 

quake studics, and in addition 

in Peru thatother agenciesof the several 
act as coordinator 

These aqenc_csstudies.in earthquakeinvolvedare currcntly 
dedel Peru, Servicioingeneria

include CRYIISA, Escucla do 

not be large,staff need
and C-I.R;SIS. The 

y :ineria,Geologia 
andseisiaoloaistsand should include 

perhaps 5 or 6 scientists, 
now hasThe Institutogeologis'ts.and structuralenqi:-,cering 

particularlybut needs more,equip.-2fnt,some Seismological 
Also needed ale 

portab... seisi-ocjraphs.
strong -motion and 

for ;uicro-tremor 
of high sensitivityis...m....Esportae s 

observations. 
and developn~cntfor reconstructionagency2. CRYRZA, the 

IMay 31, 1970, Peru earthquake,
by thearea affectedof the 

in this area.in geologystudiesdiversifiedshould continue 
C.R "A notnt nl should engineeronly continue

s-'-ai.f atTheThegolocgeoloic f 

invesinitiate systematiC 
ing geology studies, but should also 

of ,..?hich could
the exploitation

of mineral resources,tigations 
of the region. Such mine 

to the economymateriallycontribute 
by mine access 

lead to opening of nc'.: a .eas 
coulddevclop,.nt 

industries.
of local riineral(-depndentformationrcads, and 

1 geologic7indcscisro.ogicsystc,Iat.c3. Thc followZ"ing 
of identifyingPulu ;Is a fl:ean:3out inbe carr.dstudJlie"; shculd 

http:devclop,.nt


hazar i,; and corrective Li.easures to minimize destruction and 

]o, of i future 0ife I c I v.ackes: a) Preparati.on of a 

seji.VLc ri.s p of Peru; preparation of a tsunami-hazard map 

foundationofof the Peruvian coast; c) p.ieparation geologic 

maps of ti-e p':Lncipal cities of Peru; investigations should 

and study of ilicroinc1i.udo borci--hie and tronching tests 

tre.,ov char-a:c -i~stic2; d) monitoring of jlaciaJ. lal.es of Peru 

in order to evaluate the potential for breaking of imorainal 

da2:7 Ithat could resu.t in disastrous debris flows; and e) 

identification of arezas or regionc; that are particularly 

susceptible to i-,ajor la.dslidzs or f .ockfalls. 
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Chapter 6. MIethods of Hosingq Construction 

6.1 	 Introduction 

Viable technologies capable of responding to the urgent 

need for large numbers of inexpensive earthquake and storm 

resistant dv.ellings in develojing countries can only be achieved 

of housing constructionif the resources available in the area 

utilized. One such resource, of considerable im
are properly 

portance in view of its availability on a relatively large scale, 

methods are traditional methods and skills. In order that such 

and skills be used effectively, it is necessary that they be 

improved by the injection of appropriate innovative technologies 

requiring limited investments and training programs. The. re. 

iru roved methods v¢ould achieve considerably highersulting 

standards of quality and productivity while being compatible 

with 	 local conditions and needs. 

In recent years, industrialized methods of construction 

have been introduced and used in 	 various developing countries, 

Such methods represent an
often with encouraging results. 


to the problem of pro
extremely promising technical solution 


large scale. Pro
sa:fe, inexpensive construction on aviding 


compatible with local capabilities and

gressive technoloties 


be used in an effort to develop and im
needs should therefore 


of construction.
prove industrialized methods 


a brief review and discussion of

Thiis chapter contains 

traditi4.al and i'ndustia i zed methods of construction in three 

http:traditi4.al


developing countries selected as case studies: Peru, Turkey
 

and the Philippines.
 

6.2 Traditional Construction Miethods 

6.2.1 Basic Mlaterials
 

Stone masonry was used in Peru by the Incas for forti

fications which are still standing today. In the rural areas of 

the country adobre blocks have been for centuries and still are 

the construction material most widely used. 

Due to the relative scarcity of wood, rural dwellings
 

in Turkey are often built with adobe blocks and rubble stone.
 

Thick earth roofs are frequently used. 

A large variety of materials is available in the Philip

pines. Aimiong these, woven thatch is used extensively. 

6.2.2 Aided Self-Helc 

Self-help construction projected on a large scale can
 

provide the dQvelopment of cooperative enterprises, skilled
 

labor and social organization. Self-help construction systems
 

can also generate employment. The community is usually capable 

of building its own housing, whereas the installation of 

public utilities and municipal facilities requires skilled 

labor and supervision. 

The Philippines have developed an interesting custom 

called "Bayanihan" which means "all worl ing together." The 

custom is usually observed on the local village scene where a 

nuiber of men will help construct a hotise for a family or a 

municipal racility such as a school building. ,any of the 



for which materials arc supplied by
Marcos school buildings, 


Government as postwar reparations, are constructed 
the Japanese 

supervision.
in the custom of "Bayanihan" under government 

Technical assistance for aided self-help 
programs is
 

all future construct
important and is considered essential to 


Supervised

ion systems 	employing this method and 

practice. 


of basic building comproductionand technically controlled 

ponents is also essential to quality, reliability 
of structural
 

housing units. 
performance, and timely completion of 

6.3 	 Industrialized Construction lethods
 

Labor-IntenSiVe Industrialization
6.3.1 


to promote a better com-
Within the context of the need 


an
 
bination of 	scarce resources of capital 

and skills with 


it is natural to develop labor
abundant supply of labor, 

a transitional
as the first phase of 
intensive industrialization, 


stimulate, the economy.

technology that will evolve with, and 


a shortage of new techniques

There exists at the present time 


For example,
lend themselves to labor-inteonsive imethods.
which 


lightoffer significqnt promise for 

foam plastics appear to 


in-fill. Honeycomb and corru
weight roof insulation and wall 


sandwich panel configurations

gated cardboards show potential in 

The productionfabrics and foam insulation.using gypsum, jute 

bricks also lends itself to labor-intensive 
of adobe blocks or 

industrialization. 

of a local production sct
actual initiationPrior to the 

of course 
up, a determination 01- econonic feasib lity is 



"hile quality and quantity are important, cost of
 necessar. 


production is clearly' the most critical factor in evaluating
 

a program. In marketing the product,
the feasibility of such 


in addition to considerations of design, construction and site
 

planning, the individual user's requirements, including choice 

anel control of dwelling environment, must be taken into
 

account. 

6.3.2 Prefabricated. Housing_ in Turkey 

Prefabrication of housing in Turkey was first used in
 

firm built a housing c.omplex
1957 when a Turkish construction 

consisting of one, two and three-story units, using the Danish 

Since little
Larsen Nielsen procedure in the Eregli region. 


was achievecl subsequently,progress in prefabrication of housing 

the Turkish Government became involved in this field during
 

the last few¢ years. 

in Turkey uses the following combinationsPrefabrication 

of materials for frame and Wall units: 

(i) Steel skeleton and timber partition walls 

(ii) Reinforced concrete panels 

(iii) Lightweight, reinforced concrete panels 

(iv) Plastered panels 

(v) Steel franes and walls filled with lightweight concrete 

(vi) TirDer panels 

(vii) Prestrcssed concrete units 

(viii) lastic d1o.l elemcnts 

All systers used are based on the "partial" and "open" 

prefabricated concept. 



have increased considerablyPrefabricated 	 housing efforts 

since 1967. This is mainly due to the successive natural dis-


The Varto, Sakarya,
asters occurring in Turkey since this date. 


Demirci, Gediz, etc. earthquakes, the Mersin flood and several 

urgent need for housing. The governmentlandslides produced an 


for the construction
awarded initial contracts to private firms 

of partially precast dwellings. Later the fabrication of
 

started in the workhouses of the
construction components was 
MKE (State !echanical and Chemical Industry Institution) and 

in the plants 	of the Land Resettlei!ient Directorate. 

the housing effort was focused on the establish-In 1968, 


of a new plant with half private ownership. Later two
ment 

plants depending on the General Directorate of Natural Disasters 

were established.
 

At the present time prefabricated units for housing pur

of them belongedposes are mainly produced by three plants. Two 

while 

reserved to preparationis exclusively 

initially to the M.inistry of Reconstruction in Ankara 

the third is owned by the "YTONG" firm in Istanbul. The three 

plants are described below. 

1. The Lodumnu plant in Ankara was founded in 1968 and 

the of timber housing 

plant produced 6 dwellings a day
components. Initially, the 

Kigi, Igdir, Amasra and Bartin.for the disaster regions- of 

was narlyAfter the Gediz earthquake in 1970, the production 

tripled and reached a capacity of 16 dwellings a day. At 

present, 7 dwellings are produced in a normal shift and 10 a 

day ill emergencies 



On a modular size of 1.20 m., several types of timber 

panels are prepared. They can be divided mainly into two 

groups: outside panels and inside panels. Outside panels are 

10 cm. thick of which 5 cm. consist of insulating glass-wool. 

They are covered by hard board of 19 mm. thickness on the 

inner face and by 8 mm. thick asbestos on the outer face. In

side panels are 6.0 cm thick and are covered by thin hard board 

on two faces. The units are prepared to constitute panels 

with and without openings. 

The panels are mostly used in construction of one story,
 

single dwelling units of 48 sq. m. clear surface for urban types 

and 43 sq. m. for rural types, in accordance with prototype 

archite'ctural plans. 

The timber roof system consists of 37 panels, 7 roof
 

trusses, and additional miscellaneous items, and is also iranu

factured and delivered by the plant.
 

Timber prefabricated components are also used in the con

struction of mosques. Minarets are built by prefabricated 

circular timber components. 

The thermal insulation provided by the glass-wool is satis

factory. It has been concluded after laboratory tests, that
 

the external walls consisting of 10 cm. thick panels are equiva

lent to 60 cm. thick brick walls as far as heat transfer is 

concerned. 

The earthquake resis: ince .oC the panels has not been tested 

in the 1ac '-,tory, bit it- is est imated that the earthquake 



hazard risk of these is less than for brick masonry dwellings 

of the same siZe. 

The prices of these panel units vary between 140 and 167 

TL. (1972 prices) for inside panels and between 194 TL. and 

233 TL. for outside panels. 

The components and miscellaneous items required for the 

construction of a dwelling are sold by the plant at a price of 

13,000 TL. With foundation, erection, roffing in place and
 

installation of sanitary and electrical equipment, the price
 

rises to 21,000 TL.
 

For a total construction area of 51.8 sq. m. (a clear 

surface of 48 sq. m.) this corresponds to a unit price of 

approximately 400 TL./sq. m., or 2.5 times less than for simi.lar 

dwellings made by private' firms. 

5.5 cu. m. of timber is used in the construction of such 

a dwelling.
 

2. The Etlik plant, near Ankara, was founded in 1970 

and produces prefabricated light-weight concrete panels. The 

aggregate used in the lightweight concrete is imported Styropor 

a product of the German RASF firm. Styropor will soon be produced 

in Turkey in the PETKI:M (State Fetrochemical Industry) plants. 

Concrete obtained using st)ropor as a light filler material 

has a compressive rupture cube strength of not less than 40 

kg/sq. cm. 

The pnnel components are also ba.sed on a 1.20 m. modular 

size. Thle most typical panels measure 1.20 m. x 2.40 m. The 



thickness of panels is 6 cm. for inside walls and 8 cm. for
 

The panels are covered by 1.5 cm. thick concrete
outside walls. 

at outer faces and by 0.2 cm. thick concrete at inner faces. 

The typical disaster region dwellings built with these panels 

have a prototype plan of 6.08 m. x 7.28 m. (fig. 10). Prices 

of panels vary from 136 TL. to 179 TL. 

A typical dwelling is constructed using 39 panels and 47 

additional elements, including timber roofing elements. The
 

price of all the items is 11,500 TL. Including erection costs,
 

the total price of one dwelling is 17,200 TL. or 400 TL./sq.m.
 

For roofing and door window details, 3.5 cu.m. timber is
 

used in this type of construction, and 9 cu.m. of concrete with

out counting the concrete in the strip foundation.
 

The heat insulation capacity of those panels is equivalent
 

to that of a 50 cm thick brick wall. The earthquake resistance
 

is estimated to be good although no tests have been conducted.
 

The production of the two plants of the General Directorate 

of Natural Disasters is now being used for the construction of 

school buildings, and of dormitory buildings used for the Turk

ish Army. 

3. The "Ytong" Firm of Turkey, founded in 1966, utilizes 

a Swedish process which consists of using limestone instead 

of coarse aggregate and of using alumina powder as an additive 

to portland cement. 

Hydrogen is released in the chemical reaction which takes 

place after the contact of the dry mixture with water. Within 



two hours after the chemical reaction, the material reaches 
a
 

It is then cut out in blocks
sufficient degree of strength.. 


which are sent to autoclaves where steam circulates under pres-


The forced curing and drying process takes about 
10-11
 

sure. 


hours.
 

of bricks, panel
The material can be cut in the shape 

wall units, panel slab units, etc. 

used in the partial precasting can
The "Ytong" products 

be listed as follows:
 

Panel Slab Units are the rectangular prismatic blocks
(i) 

cm. Their length can vary
with standard width of 50 

0.25 Their
in. 6.0 m, in increments of P.

from 1.0 to 

from 7.5 cm. to 25 cm., in increments
thicknesses vary 

of 2.5 cm. 

as precast concrete
The slab panels are also used 

areleft between the panels
joists. Empty spaces 


filled with reinforced concrete joist beams.
 

The width of the panels is 50 cm. 
(ii) Panel Wall Units: 

m. to in., in 
while the lengths vary from 0.50 3.00 

cm. The thicknesses vary from 15 increments of 25 


to 25 cm. 

in the Philippines
6.3.3 Prefabricated Ilousing 


Only two companies are presently involved in the 	 manu

an exhouses, a private firm using
facture of prefabricated 

framc wall systeor and -a government owned enter
trucded a] iwmin in 

Technical diffi
prise pro duc~ng 11gt-weight concrete panels. 

cultics iln the activity of the government owned enterprese have 



6.3.4 Prefabricated Housing in Peru 

Wood Construction.
 

According to the official registers of the Ministry of
 

are two plants for the production
Industry and Commerce, there 

of prefabricated wood houses, one located in Lima and the other 

In 1955 these companiesin Pucallpa in the 	jungle region; 


at a total value of S/6,912,000, i.e. an
produced 123 units 


average value of S/56,195 per unit. In 1968 they produced 190
 

units at a total value of S/25,075,785 and an average unit
 

value of S/131,978. The available statistics include as units
 

not only houses but also temporary sheds erected at the 

beginning of civil construction projects. 

An estimate of the construction capacity for prefabricated 

wood houses shows that between 1965 and 1968 only 30% of the 

installed capacity was used.
 

In the city of Lima there are 50 or 60 carpentry shops
 

about 70%producing wood houses, of which 5 or 10 account for 

of the production. It is estimated that the present installed 

two cancapacity, working shifts, deliver between 500,000 and 

600,000 units a year, provided there is a sufficient supply
 

caoba and "madera compensada"
of the appropriate wood, cedar, 

of "tri-ply" type. 

It is noted that the comsumption of lumber and plywood 

was only 8.5 bdft per capita in 1970, lower than in most Latin 

availableAmerican countries. It was estimated that resources 

in the natural forests of the eastern slopes of the Andes and 



of the upper Amza-on basin amount to approximately 500 bdft
 

per capita ycarly. Their present under-utilization is due to
 

rudimentary exploitation techniques, to transportation diffi

culties and to the presence of heavy mixes of various species,
 

of which it is estimated that over 1,500 exist (only 300 species
 

exist in Europe, and only 25 are exploited commercially in
 

Peru.)
 

Concrete Construction.
 

At Chimbote, where cement is available from the plant at
 

Pacasmayo, large concrete panel and modular systems are competing
 

with conventional permanent construction.
 

The "Unicreto" plant, located south of the city, produces 

a variety of "U" shaped modules averaging 3 meters in width, 

2-1/2 meters in height and 1-3/4 meters in depth. Concrete
 

slab thickness is 7-1/2 cm. and units are placed in an inverted
 

position forming walls and roof. In this fashion three inverted
 

"U's" shipped to the site with trimmed window and floor openings 

form a space of approximately 160 square feet. The present
 

output of this plant is approximately 60 modules per day. An
 

average house consists of 9 basic units. Concrete mix is
 

1:1.5:3.0 yielding concrete with a strength of 210 kg./sq. cm.
 

Presently the "Unicreto" plant is producing 328 complete
 

houses and 872 hasic units under a contract with the 1B.T.D. 

which will probably he extended to include an additional 2,000 

u11its. In adclition, the nationa- plani of Peru calls for an 

additional 6,000 units by the end of 1973. The cost of the 



B.I.D. units currently being built average 70,000 Soles, or
 

square meter complete home ex-factory. Land
$1,630 for a 46 


and service add an additional 50,000 Soles, or $1,160. This
 

averages 06.10 per square foot complete with land and service. 

For a basic unit of 29 square meters these figures are 31,000 

Soles, or $740 ex-factory, and an additional 32,000 Soles
 

for the site and utilities. This averages $5.10 per square
 

foot 	complete. Lot sizes average 150 square meters.
 

The plant as it now exists is a most efficient operation
 

occupying 40,000 square meters and employing 150 persons, of
 

whom four are skilled. Delivery problems cause difficulties
 

because the number of special vehicles available to deliver
 

modules to the site is inadequate at the present moment. Since
 

are accumulating
production is on schedule a large number of units 


at the plant awaiting delivery. Additional delivery vehicles
 

are being adapted from conventional dump trucks. (See photo

graphs in Appendix.)
 

At the Listos plant, also located south of Chimbote,
 

columns and panels are manufactured under a process patented 

in Peru. Four basic units are produced: a hollow wall panel 

of 3 m. x 3 m. x 20 cm., a solid wall panel of 3 m. x 30 cm. 

x 12 cm., a column fifteen centimeters square notched to receive 

the solid wall panels, and a narrow hollow roof panel similar 

to the hollow wall panels. It is estimated that at least two 

crews oF seven mien each and a time of 3 to 4 days would be 

needed per housing unit. 



own large clientele
The manufacturers of 	 "Listos" have their 

also have the public bidding for
in the private sector and won 

(in the area of
the construction of 200 dwellings in Chimbote 

the coast affected by the 1970 earthquake). They are also 

to export their technique to Mexico, where they
negotiating 

have apparently won a public bidding. The Lima factory is 

in order to reach a production of between 50 and 
being enlarged 

100 dwellings per month. 

type is up to
The cost of construction of houses of this 

per square meter for low-cost types of housing.S/. 1,600 

have the advantage
Although it is expensive, this system does 

of a short construction time. 

of complex modules of rein-
The experimental manufacture 

and retaining walls
forced concrete for construction of houses 


has been registered under
 
was started in 1966. The method used 

the basic module which is a
 the name "Unicreto" and covers 


form of an inverted "U"
concrete structtre in thereinforced 


4 meters and with a height
of 	 2 bycovering an area 2 by" 3 or 

The wall thickness is 6 centimeters. The
 
of 2.40 meters. 


or one above the other.
modules can be placed side by side 


long - are closed by

The open ends - either 3 or 4 meters 


on a concrete platform.
units erectedbrick walls. 	 The are 


fi iished special concrete wall paint.

The walls are with a 

This system is quite flexible and for this reason has been 

of the modules is"'Ncrtheess, transportationwell accoItod. 

Assembly
transport costs.difficult which results in high 



fairly simple but requires special machinery for moving the
is 


modules.
 

This system won a public bidding in Chimbote for the cons

truction of 500 houses which have been difficult to sell
 

Recently, it won another bidding
because of their high price. 


in Chimbote for the construction of 200 basic housing units
 

These houses
at an average cost of about S/. 60,000 per unit. 


of 40 square meters, including a
have a constructed area 


patio with a simple roof of corrugated asbestos-cement sheeting.
 

Electric wiring is external with PVC insulation.
 

Miscellaneous Systems.
 

Other systems use wood or steel frames, and panels made
 

of asbestos-cement, fiber-cement, plywood, 
"maderita", "mapresa,
 

reinforced expanded polyure-thane, etc. Systems in which wall
 

also
panels are assembled on a cast in-situ concrete floor are 


used. Extensive studies of roof panels, first developed in
 

both forms and reinforcement for
India, using thick cloth as 


light air-entrained concrete with pumice stone aggregate were
 

the National University of Engineering between
carried out at 


1957 and 1972.
 



$ i l 

Suburb of Bingol, Turkey, 1971 Repaired 
Rural Type House - Home made. Note the 
heavy, flat roof typical for East Anatolia 
region of Turkey. 



Bingol, Turkey, 1971, Three story reinforced
 
concrete, filled cinder block walls made
 
under control of general directorate of
 
disaster affairs.
 



........... 
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"IGDIR" House, prefabricated near Ankara,

Turkey, 1971. Principal components; plywood,

asbestos ,cement, wood frame and floor,

glass insulation and cornugated metal
 
roofing.
 



"IGDIR" House assembled on plant site near
 
Ankara Turkey, 1971.
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Unicrete precast concrete plant at
 

Chimbote. Construction of demon

stration homes.
 



Unicrete precast concrete plant at Chimbote.
 
General view showing transport of precast
 
module from plant to site.
 



Bangladesh 
- Care, Inc. "Plastic 
Prototype House." 
(1971) Interior view
 
of three segments in place. Note
 
variation in segments, 
one at extreme
 
left does not use jute husk laminate
 
but pure fibre glass with the necessary

gusseting for this type of configur
ation. The other two 
sections are jute

hust laminate each with 
some experi
mental variations.
 



Aligning the individual sections of the
 
plaster dwelling in Bangladesh, 1971
 



House under corstruction in Bangladesh using
cinva- ram cement-stabilized soil block
 masonry (courtesy of CARE, Inc.) 
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Chapter 7 Building Codes and Regulations 

7.1 Introduction
 

Building Codes and Regulations contain mandatory require

ments, one of the main purposes of which is to prevent the do

sign and construction of structures deened to be unsafe. In
 

a seismic region, for example, building codes should specify
 

the intensity of the minimum seismic loads that structures
 

must sustain, the quality of materials and workmanship consist

ent with an adequate aseisnic behavior of structures, etc. 

In order that effective building programs be undertaken,
 

it is necessary that building codes be developed which take 

into account local conditions and needs. The compilation of
 

codes published in 1960 by the Organizingnational seismic 

'orld Congress on Earthquake EngineeringCommittee of the Second 

the 70 countries which lie withinreveals that more than half of 

do not have buildcin.codethe main seism.ic zones of the world, 


provisions for aseismic construction or design. "The use of
 

inadequate building codes may have serious, and sometimes
 

disastrous technical, economic, and social consequences.
 

a required
Improvement of existing building codes is therefore 


phase of any effort to provide safe, low-cost housing on a
 

major scale.
 

7.2 Buildina Codes in the Philippines 

Most municipal codes used in the various regions of the 

Philippines provide the basic minimiium specifications--mechanical, 

http:seism.ic


electrical, and plumbing--for the construction of housing units.
 

Code improvements which would contribute to solving the
 

.iubln of providing safe and inexpensive housing on a massive
 

scale include:
 

a. 	more strict provisions on items frequently associated
 

with typhoon-caused damage. Such items include
 

anchorages of roof trusses, purlins and roofing mater

ials, and are described in detail in Chapter 4.
 

b. 	more flexibility to allow the introduction and use of
 

appropriate innovative designs, especially those
 

related to prefabricated structures.
 

Enforcement of code requirements is generally satisfactory
 

as far as the review of plans and design is concerned. In many
 

cases, however, code enforcement in the construction stage is
 

not sufficiently reliable, according to local and UNESCO
 

reports.
 

7.3 	 Building Codes in Peru
 

Until 1971, the planning and building of projects was
 

handled by municipalities or district councils whose inspectors
 

were responsible for checking and approving plans presented by 

engineers, architects, or contractors registered in the former
 

Ministry of Development. The same inspectors verified the
 

conformity of construction with the plans previously approved.
 

In a 	few major municipalities, professional help was available
 

to the inspector. In most unicipalities, however, this was 

not the case. 



1.962 of the College of Engineers
Since the creation in 


asof Peru, only engineers and architects graduated from, or 


sociated with, the College can present construction plans.
 

The regulations utilized were, depending upon the type of 

construction or the judgement of the engineer, selected from 

German, North American, French, or Japaneses sources. American 

Concrete Institute norms were introduced by the Catholic Univ

ersity of Peru and later by the National University of Engineering. 

In 1967 the government named a commission to formulate a 

unified construction code. After the 1970 earthquake the com

same year approved the
mission accelerated its work and in that 


in force in
National Construction Regulations which are now 

all parts of the country. 

a veryThe National Construction Regulations of Peru are 


detailed document which represents a significant technical
 

advance. It is believed, however, that further progress is
 

In addition, progress
possible in the area of aseismic design. 


can be made in the areas of standardization of adobe block
 

etc.
manufacture and construction, of construction elements, 

With respect tothe application of the codes, it must be 

kept in mind that there are still few municipalities staffed 

comwith the professional experts required for verifying the 


pliance of projects and of construction with the established
 

regulations. 



7.4 	 Buildinj Codes in Turkey
 

The Turkish Association for Bridge and Structural Engi

neering is an unofficial professional organization established
 

to supply technical assistance for Turkish engineers working
 

in the fields of bridge and structural engineering. One of
 

the main tasks of this Association has been to publish recom

mendations for design and construction in areas such as the
 

following:
 

(i) 	Design loads
 

(ii) 	 Reinforced concrete
 

(iii) Reinforced brick floors
 

(iv) 	 Steel structures
 

These recommendations proved to be of great assistance to
 

the Turkish engineers until the early sixties, when specifi

cations were published by the Ministry of Public Works and
 

standards were prepared by the Turkish Standards Institution 

The control of construction of buildings in the cities and 

towns is governed by the ".unicipal Construction Offices. 

The architectural design and construction project of each 

private building are examined in accordance with the master city
 

plan and also with the current building codes. If the projects
 

are found to be adequate, a construction license is issued by
 

the 	Municipal Construction Office.
 

During the construction period and after the completion
 

of the buildi.ng, municipal engineers check the building for 

http:buildi.ng


compliance with the approved projects. If the building is found
 

to be adequate, a license for occupancy is issued.
 

The above mentioned system for controlling constructions
 

appears not to be always working efficiently in practice
 

because of shortcomings existing in the current Municipal Regu

lation. For this reason, a more strict Municipal Regulation
 

for controlling private constrfiction is being prepared by the
 

Government. 

Buildinl Code for Natural Hazards Regions: This code is 

composed of nine sections. The titles of the principal sections 

are listed below. 

Section I - Limitations of the Scone of the Code: Not within 

the scope of the code are dams, bridges, minarets, mosques,
 

high chimneys, transmission towers, etc. 

Section II - Land on which Structures cannot be built. 

Section III - Protection against Floods. 

Section IV - Protection against Fire. 

Section V - General Regulations for Material and Workmanship. 

Section VI - Protection against Earthquakes. 

(This section will be discussed in detail below.) 

Section VII - Repairs 

(Under this section it is required that the structures 

damaged by an earthquake be repaired in such a manner that 

they will resist a future earthquake. The section also 

contains regulations concernin, size and location of 

chi-mneys. ) 

'I 



Section VIII - Earthquake Resistant Design for Building Structures. 

(This section will be discussed in detail below.) 

Outline of Section VT - Protection Against Earthquakes 

In this Section five different types of construction are
 

considered. These are reinforced concrete, masonry, semi

masonry, wooden frame and adobe.
 

(a) Reinforced Concrete Building Structures: 

Specific requirements are given for the design of
 

structural elements of reinforced concrete buildings, such as
 

foundations, foundation connections, columns, beams, slabs,
 

and walls. Recommendations on th6 design of a structure con

sidered as a whole are also made.
 

(b) Nlasonry: 

The maximum number of stories (excluding basement)
 

that masonry buildings can have is three in seismic Zone I,
 

and four in Zones II and III. Regulations for foundations and
 

footings are given according to the seismic zones. Minimum
 

wall thicknesses are also given according to seismic zones,
 

number of stories and type of material. Three types of material 

are specified for walls; these are stone or concrete, brick and 

solid concrete brick. 

(c) Semi-masonry: 

These structures can have a maximum of two stories,
 

exluding the basement. Foundation design is the same as for
 

masonry. Minimum thicknesses are specified as a function of 

the number of stories and of the material used. 



(d) Wooden Frames: 

The code requires that wooden frame 
structures have
 

and that each 
of stories excluding the basement 

a maximum two 

three meters. Foundations are 
story have a maximum height of 

be designed using the regulations for masonry structures.
 
to 


(e) 	Adobe:
 

(moloz tasi)

For foundation and basement, uncut stones 


be of clay 
may be used. It is required that bearing walls made 

In seismic Zone 1, 
cannot be used for walls. 
soil. Organic soil 


have a flat earth roof.
the building may not 


2ncountered in the Promulgation and Enforce
7.5 	 Difficulties 


of Codes and Rc(ulations
ment 

and enforcement of building codes and 
The promulgation 

of particular
seismic resistant structures presents 	problems 

For example:

difficulty in developing countries. 


yet been studied 
(a) 	 Many local materials have not 

design parametersTheir technicalscientifically. 


not known.
are therefore 

conditions 
(b) In many regions local geology and soil 

have not been investigated.
 

records areextreme wind
(c) In many regions seismic or 

not available.
 

a reliable system of inspection and 
(d) 	 In many areas 

exist and is difficult todoes notenforcement 


establish.
 



7.6 	 Fuil,.!ing Codes, Local Conditions, and Innovative Technology
 

In order to effectively perform their function, building
 

codes must be co:,-patible with local conditions. This is true
 

not only in the sense that codes in developing countries
 

cannot be based on conditions prevailing in countries with a
 

highly developed technical base. It is in addition necessary
 

that, within the same country, local conditions which may vary
 

from region to region or even within "khe same region, be proper

ly taken into account. For example, modern buildings located
 

in the Fars region of Iran were designed by Tehran engineers
 

using criteria which did not take into account the geologic 

characteristics of that region. In the recent earthquake which
 

devasted southern Fars, over 60 percent of the victims perished
 

as a 	 result of the collapse of such, buildings, which in turn 

was the result of enforcing a building code in a region to 

which its provisions were not warranted by local conditions. 

Building codes must also be compatible with local capa

bilities. If this is not the case, systematic evasion of
 

unrealistic requirements occurs, and the protection offered
 

by the codes becomes illusory.
 

The relationship between codes and the development of
 

innovative technologies must also be mentioned. In order that
 

the protection of the public provided by properly enforced
 

building codes not be achieved at the expense of prohibitive.), 

high cCnstr1ction costs, innovative technical solutions, 



compatible with local conditions must be sought. Rigid formu

lation of the codes may have the effect of hindering the devel

opnent and use of progressive technologies. Properly formu

lated codes should thcrefore exhibit sufficient flexibility 

with regard to the adoption of new techniques.
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Tnf I.tence the AdvancepentFactors ThichChapter 	 z.ocil 

of tHousin ' Techr.ologE) 

8.1 	 Introduction
 

Innovative technologies capable
Socio-Economic Studies. 


storm
the need for lot.:-cost earthquake and 
of responding to 


only if compatible with
 
resistant housing can be successful 


In order that existing
and economic conditions.
local social 


barriers to 	 the successful implementationor 

studies were 
and future constraints 

socio-ecolomic
.of this project be determined, 

Peru, the Phi'lippines,
underta:cn by consulting organizations 	

in 


and Turkey.
 

A study format was developed by the National Bureau of
 

facilitate the collation and interpretation
order to
Standards in 


of ?17work items, with 
The for;-at includes 	 a listof data. 


as follows:
specific country,

appropriate 	adjustments for the 


detail the historyand appropriate1. 	 Review in neaningful 


of houses to earthquake

of the response of different tyl:es 

Cor typhoon) disturbances.
 

Identify climatic conditions by 
region and their effect
 

2. 


the physical requirements for housing and the social
 
on 


of the rural environment.
and economic patterns 


its distribution,
3. 	 Identify the gross national product, 


and future potential.
growth patterns 



Prepare a demographic analysis which 	shows:
4. 


a) Where the people are moving; 

b) Village and urban population ratios;
 

c) Method of settlement; 

d) Forecast of population trends through 1980.
 

Determine the average family size in different regions,
5. 


it grows and how various parts
nature of the family as 


of the house are used.
 

living space expansion in
6. 	 Investigate the trends of 


housing. 	 Determine alternate criteria for expansion
 

reasons.
vertical d'irection and give
in the horizontal or 


Limmunity and municipal facilities as
 7. 	 Define the need for 


they relate to existing population centers and to 
newly
 

planned villages or tums.
 

8. 	 Determine the range of prices that people can afford
 

for housing measured by their income and geographical 
location.
 

Prepare a detailed review of the availability of mortgage
9. 


funds, private and government loans, other capital sources,
 

and their terms and interest rates.
 

Determine, by category, the availability of raw and fabri10. 


cated construction materials, building elements or
 

components and their delivered costs in different regions
 

of the country.
 

11. 	 Determine the availability of oils and asphalt material for
 

Also, determine the availability
adobe (Kerpic) stabilization. 


used 	 to produceof urea, formaldehyde and other chemicals 

p1;stics.
 



h1ousing industr'%, 
12. Determine the scope and capacity 

of the 

as it
 as it exists and
housing,including prefabricated 

for the period 1972-1980.
might be 

analyze
 

Compare labor rate trends 
in different regions and 


13. 


productivity in the building 
industry, including prefabri

cated housing.
 
the use
 

Perform a survey to determine 
public reaction to 


3.4. 

as
as plastics 


new designs and new materials 
such 


of 


construction materials 
in housing and suggest 

a marketing
 

strategy if such innovations 
were used.
 

of housing construction
and proceduresthe methods15. Investigate 

an order
 country. Prepare, in 

in various regions of the 


of preference, by region, 
recommendations defining 

the
 

most favorable types of 
construction which would 

be
 

Socially acceptable.
 
both economically feasible 

and 


Identify the effective level 
of local building codes,
 

16. 

Identify the
 

code enforcement and building 
technology. 


as bribery

illegal practices such
of
extent
existence and 


local and national levels and the effect
 
and graft at 


successful implementation
on the 

these practices might have 

Determine the flexibility of existing 
of this program. 


innovative building
accept new or 

policies and codes to 


technology.
 
and recommendation!of conclusionssummarydetailed17. Prepare a 

for this study.
and data collected 

based on the information 



to discuss the
The objective of this chapter is 


factors which affect decision making on housing
socio-economic 

The following items will be discussed: user

projects. 


requirements, acceptance of innovative designs 
and of
 

new miaterals, and population growth.
 

The sections on User Requirements (S.2) and Population
 

Growth (8.4) were contributed to this report by Mrs. Tarja
 

Guest Worker at the National
Cronberg during her tenure as 


'3ureau of Standards. 
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.......cs.....t.
i.2 .1 c~w r e* , ie o . O) i1 "o 	.

n C0,. 

is defined 
0.2,.1.1 Intrcduc .on, io'i"u, 

Access to decant hCu.i-. t-nc. co::'mur..:'t: serv.ces 

in the U.N. Dcc] trationofl 0 ~r. Ricgts as a basic right for 

all. 
t41( atIt.tiv2 U.N.L4. 

......,,-rt 	 , tinci o:,:housingA~~~I~ grou; cAr- ...... 

assure the universa).reco~mT fnQ,2d that steps should be t,-.. to 
:tal hu:tn ric~ h a that

recognition that housing is a fun 

ho eft and ri "tsxcyr-
.. 

dc nied h....u , c.f 

ro individual ShouJ.d be . t z. 

ct b,.ic '7of et>n.:.c oricLn, ieC,:S , age,
reULctherot" 

sext land2, 	 cor%:ti'-,1 d oco:Coi1C 

:"p:o." ; ." led individual countriCs t oebveir
The 

in sutosJ...IIuch assojes "ccc' ttheir rLsi cc4iv c c 5.s 
s1;. icfous,
" - ,,,rvrnxn cv "' fs housinj ," "he ].tnyv, 

homes of good qua.ity at 
well planned 	and adequately equippcd 


d' Thse oals, at.though defined in very
 
.-


s needs for 
broad terms, not on!>'Lahe into acco'.n:t mail basic 


role played by hous-.ng in the

the creat:Lvcshelter ,)ut also 


man's
 
process of personal develo,:mZnt, As a settingj for 

in fulfilling
the house is an important' instrument

acti,-vit-ic, 	 Slci.l n, ,~s
aciis 


:s> '":ch'-.iCica ancd social noods.
his phyi:o].ogical, 


2.' of role plaved
rococn.tiJonHo\:ever, in soite of the 

world housing situ-tion 
by ho .,u m a , Ck.T nt, the 

http:hous-.ng


worse 	du.cing the second U.N. Developis c.aimod t, he:re becomc: 


mcnt ueccd,. ;i,:ds l.ciie cr.is:.s zxid critical state are used to
 

User 	ncds and thre ..r -elations to eleme-nts in the physical 

c:nv.~rcnmL zr. complex and not well understood even in the 

most LIvVloOn2J countries. The methodological problems encount--

Idthen individual user needs and relating these4tifng 

Lo c" re 'i-:7cr<nts on the physical environrrent arc often con

si.dCired t-o account for this situation. lov..cever, a syst.ematic 

an&J]y:is of L1h- un'sr and his raquirc.o1-.nts d.ring the design 

stZ:;,_2 with in"0Y., -Ftion and mrethods available today will---even 

.Lf it m~l not py'ovc a house coifo-mirig to all uSer needs-

J.ncre.isc our kno ..ledg of the user's preferences and contribute 

to the *lim inzhion f'so.ne of the main causes for the deteri

or)ation of human sett IeMnts 

Factors related to user re-uirral-nts for safety in earth

quake and storci-exposed housing areas will be dealt with in 

other sections o:- this report. The objective of this section 

is to focus on the remaining factors affecting the user s 

safisfaction or dissatisfaction with his physical environment. 

These factors, tocgthe.r with the technical factors concerned 

with earthquake and storm resistance, should form the basis for 

the design solutions and housing systems to be proposed. 

8.2.1.2 	 M2tthods ;.or obtai-ning information on user requirements 

In spite of the lac-. of : valid defini.tion for user needs, 

and t.he claii.,s L.t pezl. o -1"-h r' don 't knew* what they want or 



a da. Of useful infor... 
tend to prefer i.hat they v 

in tiloand his behaviorthze user 
tien ca-,n be ca.rcozd by stvt;.yn 

built cnviron:..-nt. 
this informatJ.onfor obtai.ningtoday availableThe methods 

observations.surVeys or 
o ain catcuories:..belong to 

most widelyare today
interv.. w techniques

- Surve_ or 
groupsactual usereither with 

This ik.plies cc,}-2arationused.. 
are either not 

if the actual users grou-,or with rerfe-ence 


or not accessible.
knowvn 

the use of these techniques usually deal 
Objecti.ons to 

ofand generali.zatiornof interpretationCifJ.cultywith the 
situato other empiricalgroups,(to other userthe results 

- .of consc lucfn c e s 

intervie-' situation'.- freedoi 
tions) and the 

can-"want orwhat theydo noL. knowif the pzop.eHowever, even 
feaactivities,

the ms e l.v " s, as-etinfl concerning 
not e:pres3 

d.islikes andthe occupant's
the existing c1.:elli.ng,tures in 

of a particas feedbackinformation
likes will provide useful 

(proalternativeswith meaningfulfacedular design. Also, 
are ablethe occupants

actual designs, photos, plans),
vided by 

By comparing the survey 
results,
 

to state their priorities. 


for a new design, may be 
the basisto provideregular patLer1ns 

discovered.
 
of the occupant(s)the behaviorboth - Through observa.tio, 

obser
as such may be studied. Direct 

built envircnme-Xntand the 
is

in his actual environmenit
acLivotiesoccupanltvatiol of 

is often limited by
The use

the best ituation.
thceoretically 

http:c1.:elli.ng
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of ann~o~lT:Itc-*I.. :C: to acL in a di{Le."r.nt ,-ay in the presence 

o:.r): . .!c the acv.i Vties .:ill be iitcd by the cOn
-strraintts po'.;cc by th. eijti , cnvJ.ron;- ,2nt which raay not 

receX~rari-lyorrcsE;.:,rd to an 4'timum situation. 

the presence3Some or, these-i ficu'tic:: can b a,Voided: 

ob-cev'2.r by a existir'9 envircnment by simucc-.,aera, r.of an 

lating aJ.'::xttiw env:.ronnx,'nts by" }hores, floor pn.ans and 

dra.Ings. oheout,,.ut of the uEC- of this tcchniciuc should be 

datzi on activitier, tneir durziLion, location and flow, and 

%-;hich family m-nbearE arc participating.information on 

the abo've techiju.s have their disadvantages andEven if 

17 renc0 of the po.,.rson inteJ.preting thercctuire conCdurable 

rtaft da;e.si,.prov:.d tc the designer conccrlningresults, 


the user's of his. activity patterns, the type of
u.-[.ij, 

spaces', used a1d fnr'J.v ren:eies involvcd. 

What is said above about methods to analyze user require

m3rts ap-plies for studies conducted in the developed coun

income groups in conventionaltrics, usually w-.thin the middle 

housing. To study the user requirerents in developing coun

tries, in geographic areas whore the need for earthquake and 

several problems arise:storm resistant housing is most urgent, 

- When housing built by traditional masLhods and using con

ventionaj buildilnr matcria-I. does not exhibit the necessary 

resistant housing,characteristics o-n eartn ue and storm 

new dot;ic:ns and non-trd."tioal building materials will 

http:out,,.ut
http:di{Le."r.nt


most likelv be recommondOd. , No past experience data on 

to these designs andthe usor accnunc-a. 7nd reaction 

materials will thus be available. 

is sometimes pro- Earthquake and storm resistant housing 

vided in an emergency situation. No time will be avai.l

on local requiremcnLs.able for extensive studies user 

surveys of users, and - Th. tchnniques discussed above: 

obsc:vations in the existing building civJ.ronment will 

have to be mocdified due to the occupant's liited exoer

und :.;taiidinqience of various built environments, lack of 

hhe i.nterviewer/of the user's way of life on the pa.cL of 


aufami!.aritv
with strangers.obse.:ver, illitcracy, and 

of informationBecause of these anomalies thrae main sources 

gathering on requiramants in 
are commended when data user 

these areas: 

of inforratioll. Information is
1. 	 Statistical sources 

p.rovided in each countiry concerning: birth rate,usually 

of marriage, size of families, average income, type of age 

average family income, expenditure on housing,employment, 

etc. 

local 	 architects or construc2. Interviews with builders, 

tion 	workers. These pe::sons are probably the best source 

of life, activiof information concerning the user's way 

environment.ties and preferences in relation to the :built 

3. Observations of c:isting built environment. The infor

mation available to ob.ervation. is often ifficult to 



inter:r.. ,'....E.n.. 
 soutd hive previous knowlcdge of 

Ilo CaICcc ,i .,:S.
: 


8.2.3.3 	 Identifying User Rcquirc:!ents 

The rethcCF. and sources of inforri-tation for the study of 

user requircr:.ents were discu'ssed above. Independent of the 

sources 	 used, c?rtain types of data should be provided in order 

conseto enzI:LIe coiclusion:s on user rcquireents and their 

for desictn and choice of technical solutions. Thequences 

informiation needed is discussed below, divided into tw-,/o cate

gories : 

- user characteristics
 

- user activities
 

ics
User 	C>Iracte2Lv 


,hvCiol 	 of -the user, of interest for'.ica1 characteristics 

design and related mainly to the requirements of corifort, are: 

- Physicc-j development: size and proportions 

- Motor development: the ability to move and manipulate 

features in the environiment. 

- Sensory development: sight, hearing, smell, taste and 

tactile sensitivity. 

Data of this type, dealing with differences and variations in
 

these respects among groups of people (age, sex, ethnic groups,
 

urban/rural, social situation, .etc.) can be found in anthro

pom..trical stui.-s, nutritional and medical data and in more 

general terms Jn census data. 



.e... -'.c. such as the occupant's 

£tt±itCt.I: .o..v].'n, iLs inte2.!:ctua, and emc, otional dovelopefnlt 

and the dwelldetei.n~ijhi ;s ijdent ification witl the community 

ing, his , .ire to nma:.nti.in or :-,odifv his physical environment 

and hi.-,:- acc..pt -nce o1 availti-,e technical solutions and 

tvtral. baCkg.round, level 

Sources. of info.ation are the occupant's Da.7t experience 

o hUig, sert lousing conlditions, his religious and cul

of educittion and his soci.l situation 

local survey and obserwhich are available -mainly through 

vations. 

of the user include familySocio-econc-mi-c characteristi.cs 

identificaticn (ethnic,size and structurs, .obility, gro.up 

qe-og : pic) , as well as educaLional backqnround cmd
reli:.oas, 

past and present emn;loyrent and income level. 

on user requirements seemMost conventional studies to 

over emphasize" the physical qualities of an environment at the 

and econormic rccruire:,eiits. Instead of a expense of socia. 

-
minimum standard approach - providing a phiysical shelter 

reflecting the chianginghousing should be seen as a process 

social situation of the occupant. (These aspects of housing 

[2]). Thehave been stressed b-,, both Turner [9] and Hole 

closely related to the occupant'seconomic requirem ents aie 

As poir.ted out by Turner, cost/benefit
social situation. 


r:ot sensitive for social processes and he suganalvsis are 

social economicgests the follc.,Jng f7.ctors to i ndi.catc and 

valucs" 

http:characteristi.cs
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1rc. 

-

sa.e of cw-:l.ing/househol.d income 

i.!~ 2.lC-hot:c.a]oC c '-ceo&(r- COn TS 

of the users isData on the 5Cc1O-CO.1-rlic charactcristics 


avai.lab ........... ernu a.a and sociological studies. owever,
 

these cs ;racteristics should be established for each housing 

these char
projec separately, througih local surveys, since 
-c'- C, .cs .m.. vary to a great extenL even within certain 

incoum,, jrou,_s or gooaraphic regionis. 

Us(,-r iCtJ vitics 

of user needs, forms aUser activities, as an expression 

link Cbetween thc user and the ohysical environm:nt: 

th building is built in order to establish an optimum 

environiv nt for certain activities. 

- the activities of the user express his reaction/adapta

tion to a building. 

design of a house may stimulate certain activities or makeThe 

whreas others will be excluded. Knowledge ofthem eau;er 

studying the spatialactivitLies is not only important when 

attributes of the physical environment but also for the require

ments of safety and comfort as well as the need for privacy and 

social interaction. 

In low-cost or basic housing the core of activities usually 

such as food preparcomprises traditional hou-sehold activi ti es 

ation, eating, sleeping, p'ersonal sanitation, storage, etc. 

it should be stressed that the user requirements related to 



LV, :2.: 	 3:.2i'-'I. :.>n".v v:y to E, ret cxt.cnt, dq.peonding an 

i, ; .;2t.:t st:s, e'70-.-ci.?.ly reliqious and cultural 

ce:.2.<.:- ics and the occurant's aj-aily and social. situation.
 
In adLtic , to thc..e heuseho3.d activities, the activities
 

Ilocm.otive or manipulat-ory skill.s suchreat.d to the uer's 

EIS s "--, (tOf: - -ha the ?olyurct.hPa'er ne Shelter, for 

,F:,..-- ,_s erect standing only in the n.,.dd].c of the 

she r) entcr :ng/goinc out, opning.m/closi.ngq, should be studied 

' activities ofas for th-i_ r-.cuirement in the house. Other 

ii ... .t!t-Cj.%,t t]ot, isvcholo;sc.cal acceptance of the tech
njicaj soutions , arc idcnti fication (pride, security), pattic

7ipaticn, le, rrnc anC orcentaticn. 

....... uld o studied in relation to by ,.;hIe, wAcn 

ai v..here ..... Fre oer-orxed in or.r to est-ablish t activ.-,ty 

::,e rbe the 

en

.a. , .... :of t ,e"amily in house 

Data can be obtained by observing the users in their 

environment as such, or by
viron:e..nt, by studying the built 

intcX.:7.iflg occupa nts or persons (builders/a rchi.ects) involve d 

in the field the coxatrv question.building in 	 in 

Basic Housing: Some Examples.8.2.1.4 	 User Requirements In 

In order to demonstrate how the user requirements identi

fied on the basis of user characteristics and activities can be 

and design, the rela
used as an operationa. tool in planning 


tions 1et:.:cen activities, uscr requirements and design
user 

examples.facto.. -c."t.. ... discussed in vi:.: of some 

http:e'70-.-ci.?.ly


is not to study the user ..s s.
-ctiv 

rc i.Lzt2:relat'.on to oarthqiuake and storms as.,..i. • 


tese .-oc. are treateJ in dotaii in other parts of the re

port, b:,ut r-ti,.c-r to tL,civ h.v conv drations of other user 

rcC.,,U ..-nt;a, incre.e the acceptance of the physical in

vestrcent by :;x.n it rno:-' adajtcd to the user and his way of 

life.. ..,taIlcdas dij.c:uss-on of the former type re

i1 omitte,,as is recocnizcd that there is often;5 it 
a close rah;-on,,,iiD bt.ecn the user recuirmennts on one hand 

an(I factors- ffectinq -Earthqualke and storm resistance on the 
s in the ct .csin (adced on space, etc.)other han". 

made Jater by tlc user to mcet hi s individual Y.erirements may, 

in a cr -ical "', cange the charDctcrist_.cs of the house ar± 

conscc.rUlti.t th.:! buildinq's structj.rai resistiice to dynamic 

stressc2s.
 

The type of d%.clling to be considered in this geperalized 

studcy is 'dcfined by some of the social, economical andcase 

tc-nncal ccnstrc.nts identified in other sections of the re

port as follo,.:s: 

- Family size .. .. . .. .. . .. 4-6
 

. . . . . . . 4-6
- Nur'bcr of rocms . . .
 

. . . . . 55-65 M2
 
. . . . . . - Surface area. 


- Services. . . . . . . . . . . ... may or may not 

be available 

. . . . not included in cost- Land. . . . . . . . . . . .
 

. ".......$3,500-5,500
- Ccst. . . . . 

http:Dctcrist_.cs
http:relat'.on


SifC user cbaract.'st ics are e,.tbished within each housing 

J s - con:-i.Ccrcdre. as an 
g:I C c • 

anfor uto io for identifying user re2quirc
e:Ip).e of a source! 	ot 

[i] the basic activities are listed
In t.h following c:bibit 

form. 
toitjr wNtih the cnvirocflntal 	 altributes in a matrix 

the miin house-ihold activities
ch'Osenl reprOesentTOE ictiVitie's 

which t &.:Lling 	should sknsidc (ither inside the house or 

with activiLies rclated to the 
in the close vicinity) to2tr 


and feeling of
 
uhc -ionS of !he hous-:: Tan's pride

"softer 

security in his ho'e (identifiicati), ability to u1-ise and
 

his physical environment

th infor.t1(; providLd instruc.ture 


family and coradflunt-It

(oricntatIonl) his integjration with the 


orocc:s of learning when it relates to
 
(p -ici.nticn) and 	his 


stimuli provided by it.
the environment and 

http:infor.t1


Food Pr~pration
Sieincj
 

Personal Sani
tation 

StbraczC
 

Work 

ROcrct3.cn/P lay 

,eceivJ.rg of
Visito::s/ 
SuciK-' irnter
action
 

Moving (inside,
 
in/out)
 

IdentificatiOn 

Partic--.-ition 

Orientation
 

Learning and 
personal
 
development
 

Exhibit 1 

lll alth
and 

Sh;lelter
and 

Functional 
CharactCr-

Safety Comfort istics Acceptance 



p~e environr.c..tU..
r1. aLtrahutes c: c'cui for t physical 

Ii'.. tn an~ Szetv -- r!-eferrinc to Lhe protection of the occupant 

any disease, injury,
when 	 Ierforr.inrcvarious activities fromthe 

property.intrusion or: violence as well as loss of 

Shelter ca.- Cc::CorL - related to the creation of optimum cli

mati~c condit or-. for Lhe varicus activities. 

- related to the aspects of usability
F_.imcti.ol.l Characteristics 

as and 
(livability) and accoc;ibility of attributes such space 


and 1-maintain
spatial relations, furnishability, flexibility 

each of the ac-Livities..abiJlity, for 
dedesign solutions accetability t-

Acc ,tanc. referring to t 

of vie;; of appearance, nrivacy/socialthe aser fromt the point 


order the inforhnation in the en
interaction, and ability to 

vironme nt.
 

When considering requirements at the intersections 
of these
 

two dimensions and the design factors affected, 
not only the
 

near vicinity should be considered, as many

house but also its 


of the listed activities may take place 
outside the house as
 

or functionalmore economicalsemiprivate outside space may be 

(food preparation, personal sanitation, 
recreation, etc.). 

procedure is visualized by discussing Lwo 
In Exhibit [2] 	the 

sleeping and food preparation, their corof the activities: 


a
 
responding user requirements and design 

factors affected as 


'junction of the chosen enxironv.nta! attributes.
 



2nts to be .-aLisfied by thenc.f-n c-o.o.nr the user eguiree 

des ignfl, c .'crO -ttCitl should bc ,-.ie their conpatibi]ityL to 

and Fossibi. trade-offs. (Exar!1es are known thewhere occu

pants pre:rrod to sleep outside in the wind which kept the 

insects aww,'; simi]lir.y, the smoke generated by food prepara

tion inside the house is often desirable due to its insect 

protection. ) 

http:c-o.o.nr


2Exhibit
A -CV ,'T.,2EP:,-


-..... ,C.h )dp. in Factors AffcLtcd:Co n .!.. ....
A.'kt:tibu-'c 

location 
- int.Ofl by

Health/Safety openings
i.sets Sdesign - feature ofFor protecvermin 


tion (nets, locks,

rodents 


etc.)
people 

of materials- choice 

- fire 
- to:.:ic gases 
- witer 

(sleeping insid'3)optimum/desiredShelter/Comfor- location (Ihouse)-air tempcrature 

- orientat.Onhumyidity. 
- provision of shades,

air velocity 
etc.
 

- choice of nvtcrials
insects 


(heaL absorption,rain radi.ation) 
- openings (ventilation) 
(siceping outsid in 

eS)
hot dry ' 
_ ' 1:j\..... .- J-I 


- protection (insects, 
rain)
 

Functional
 
for - dimensions of the
 

adequate space
-eristics
Charact house(size ofsleeping' 

num- - location size of
 individuals, 


sleeping sn,.ace (!.)
bcr of family 

(indoors/outdoors)meirbers) 
- storage
- easy access to 

sleeping space 
- storage (daytime) 

(inside)
space-personalAcceptance - number of rooms
 - privacy between 
in - provision of partivarious groups 


the family (family tions 
- location of openings
structure, reli-


(visual privacy)
gion) 
- choice of materials
 

(acoustical.insula
tion) 

(outside) 
- proviion for visual 

privacy 

http:orientat.On


rC.'.ce':-ea 

Health/,-J .v 

S.he].teriCo: .or 

Charactcristics 

Acceptance 

U .: '- 7;:"' ".li 

_______1esi 'n i.ci:ors Affected: 

- firc haard - location/typc of stove 
- ri t.oVal of - openinqs (escape) 

- access to not- - sewage and garbage 
able water (con- disposal
ta.,4 11,4- io) 

- ad-cua'e s~or~aoe - storage sPaCe (pro
for" food tection) 

- odors - openinqs (lic;ht, vent
ilation) 

- smoke - loca'-i.on/typc of stove 
- adequate li.hlt - lighting (otlcr than 

openings) 

- adequate so-ce - dimension of the house 
for food prepar
ation 

- easy access to - spatial relati.ons 
eating space 

- access to stor- - location/siz. of 
age space space
 

- ability to - operings (visual con
supervise child- tact) 
ren (while pre
paring food) 

- religious' con- - depend on individual 

siderations user characteristics 
- tradition
 



andU :*'C~ actvte
JVQ ~t~Lh'Thte e::!E.!.CE 

and choice Of 
•r,, - ..... aff,ct 00.;i gn 

rCs 
sleepingchosen:The activ.ties.ion.tc--c>-idc.sicn and 

of theirbe done, becausc 
and foeed r"s-razioi to 

dCtailcd knowledger, without 
or less iversal charac t 

nmao 
to make similarin order 

c - :Mowever,racterstics.o7 the use--
of suchthe choiceocssiba--andof other activitiesdiscsio 

on user characinformation . .ties.. detailcd 
ac...v. 


available.
should beteristics 


Peru.

for Basic Housing in 

User 'R ecuircmentsSTUDY:8'.2.2 CASE 
in generalbeen outlinedhave user requirCiOfntsAs the 

of this section
the main objectivo

in the above sectionterms 
availableinformatioLto the snecific

,,,ill be to relate these 
to be dealt with in 

prone areascart.aqua-keon Peru, one of the 

Since the information 
available is not related
 

this report. 

occupants,any specificand/or 

to an- specific housing project 
The
 can be provided.
recuiremznts 


no detailcd list of user 
 frame
only provide a broader

will thuspresentedconsiderations 
user requirements

of the individual
the formulationwork for 


process.

within a specific design 

studysocio-economicon the Peruvianis basedThe analysis 
[8]-[ll]referencesthis report,8 and 9 ofin chaptersprovided 

As suggested in sec

and observations made 
on a trip to Peru. 

in two categories: user 
data will be discussedthetion 8.2.1.3 


,nduser activities.
c~ .' a 

http:e::!E.!.CE


8.2..2. U:nr Crc-tcri4tC" 'n P cru 

T.e e " c ..rl use, claracteris-i.Cs for the whole 

!populat.i o are Z.a,--L .b 	 : 

indians, 43% mestizos, 11%
 - ethnic ori,!.-n: 	 46^ 

caucasians
 

- language: Spanish, for the mountain indians 

.Qu2nchua or Aymara 

Roman Catholic- religion: 

years, 32% over 64- ac;e distribution: 	 45% under 15 
years, life expectancy 59 years
 

55% of adult population illiterate
 - education: 


- ru:al/urban 	 53%. of population lives in com
munities oF less than 1000' (68%corium.unitius: 
of the" above in ccrl.lmunities of 
less than 50) , i gration 	 from 
rural to urban areas, from mount
ains to costal area (expecially 
to mentropolitan Lima)
 

average about 5 persons (mostly
- size of family: 

4-7)
 

- economic situation: yearly GNP growth 4.7%. 53% of
 
all families are estimated to have
 
a minimum monthly income of
 
S/4000 of which 16-22% is spent
 
on housing.
 

- occupation/ mainly agriculture, cattle breed

employment: ing in the sierra (only 73% of
 
total agricultural labor force
 
is estimated to be employed)
 

This data, although it gives a general picture of the user
 

characteristics, is too general to be useful for design
 

discussions. This is especially true if the above data is
 

to
compared w..'ith corresponding data for low-income families, 


which ver-y different characteristics may apply. 

http:claracteris-i.Cs


, [1.1 ziout 300,000 persOns or ,t'. .
a-,,to 

the c,c;,-: ,..c.,.t. havc 

a'c. . - 5, :.:.. t.Cn in Peru wLe:' in 1909 living in 

th F, jor~ s" or y c.u -Lowcs - urban coj uunitics , where 

' build their d;;ellings without having 

In 1968 the
 
, ortJ.t-.c:- the 2.z,: zcccss to commiunity services. 

occua ° a survey on thela \";v-c.2d . ub l i s h e d
Jun,..C ,h.ona- de 


in there communities [111 with the 
of0.ae fa.,ly heads 

workers and artesans, 15% merchants,.10,%
. 
employees, 18% other occupations.
12" offic:, an. s ice 

to 30% of thee s is estimatedcommiunitiUn e f!o'. in th:-_ 

provic2 .d hz in-
No statistics are on 

labor Lorce.potcntil 
the 

lioly to be considerably lower than 
come level, which is 

ave-"c.natJlnal 
±t is LJ.5 fraction of the populati.n 'or -,hch the housing 

in tbe objecalso established1n.his was 
neee2 -, are 

1970 which states: 
tives of the Peruvian ,ational Plan 

of housing conditions
the ji:provcei.ntpromote 

through construction of social housing and to create 

and community services in those 
and imprcve urban 

for them."a need 
areas which have 

user characteristics 
urban 

the three groups of 
When considering 

psychological and 
in section 8.2.1.3: physiological,

sugges-nd 
may be drawn (withconclusionsthe %o-lo;.:ingsocio-econor."ic 

information 
to the lo;. income groups) of the 

special regard 

above: 

http:ji:provcei.nt


- physio.-" ,'al ch ac t e r tics: ,Little information is provided 

D' ' L[I] oni' 4.2'. on the dwellings in the young towns 

hz.,ve ot::.2 ;;Ce ~connectL2.Cns in the dVwellindj and only 6.7% 

have sewac2. Those facts imply inadequate health standards, 

.'hy, more F:-:si o].ogical data should be provided. (medical ex

z: user's economic'2o affects the requirements)penditure 

One of the main factors in
psvco3"-..l cha-Mcter.stics: 

is the user's acceptance of the 

-

low iN.co:.: ousing _,_ojects 

A positive
project an" the technical solutions provided. re

pride and identification with the community
action will load to 

at the improvein local activiti.es aimedand to participatCcn 

th2 young towns 
ment of the ,hvsical environment. (Several of 

schools, the
have throu-h 11arLicip.a.-ion achieved roads, and 

straw houses have been replaced by brick constructions.oriqinal 

of the physical environment - is true
The reversc-deterioration 

with lack of identification [9].of communities 

Several factcrs contribute to identification:
 

- Satisfacticn with location: availability and proximity of 

employment being one of the main determinants [91. This ques

tion must be dealt with individually in each housing 
project.
 

to land and the delling.*- Ownership and control: Title 

Turner [9] has pointed the advantages of autonomous housing 

projects built and later improved by the occupant/owner as 

compared to identical projects where the occupant has no in

design, financing and construction and
fluence on the location, 

* (Information on land ownership not provided) 

http:activiti.es


wqhere'. the contx~. cf the £:ttlemc-nt is maint.ained by investment 

inter~ests even :[tcr: occu ,ncy. 

- Acceptnce of teclhnical solution-s and materials. According 

ato Conger [U] the residents of the young towns have strong 

material" - in Lima of
intcrest in building a house of "noble 

shunned as a weak material, perhaps
brick and cemznt ("adcbe is 

This factor will
because it is less prestigeous than brick"). 

in another section of this chapter.
be dealt with in r.-Lore detail 

when considering the
A psychological factor of importance 

is attitude
earthquake and storm resistance of housing the 

the people exhibit towards these catastrophies. When
which 

fear, the occupants ,ill be more motivated
they are nmet with 

and to take precautions,spend more on housing of this typeto 

is that of indiffere-nce.than when the attitude 

As 'stated above in sectioncaracteristics:- Socio-econc:nic 

8.2.1.3 the social situation of the occupant should 
not be
 

of time but also with respect to 
viewed only at a certain point 

order to anticipate future requirements and to predict
trends in 

on the dwelling as reflected by changes
the physical performance 

in the occupants social status and mobility.
 

of GNP gives only a very inadequate
The overall growth 

of these changes in the low income group. Even within 
measure 

pace of social change will vary greatly
the latter group the 

housingstudied within each
and should therefore be individually 

project. Turner discuss e s [91 the you' .I towns in Lima in 

three different categories: comAf.nitJ.es of despair, slums of 



hei- and p dCvc o1ni bo1.nities In each of the 

c.c,:a:.; i:. tn: occu.:'r.nts soci.&a3ituation will be re

flicn.ad i. C.. in the uIlvsical condJ.tions. Factors deter

mfininl5 , to o.cof ta-se groaLips a housing project -.ill belong 

ara: oz:,oV:-1to 1 4ortunitles for the fa:.ily, participation 

andsocial interaction the psychologicalin local activities, 

,,govC. The questions of employment opporLunfactors ... ntioned 

itics and participation in local activities have already been 

discussed. Social interaction is supposed to be vexy limit

ed for newly arrived imr'iL.gran. families without relatives in 

the city. Neichborhlood kinship is develbped only after several 

years. In the young towns the relatiorships are also impeded 

criollo - usually a coastalby cultural differences between the 

an ndian f-rom themcstizo sp.-n; Spanish 	 and the serranc 

or Aymaro. Class lines between thesesierra spez-aking Quenchua 

groups are inaintained in the settlement until the serrano 

needs 3-4 years.beconLes a "criollo", for which he usually 

these groups have been discussed by Patch [10].Differences ; etw;een 

In order to study the economic requirements of the users, 

more detailed information on the income distribution and trends 

should be provided in order to establish the values of the 

factors sucgosted by Turner (section 8.2.1.3) for each
 

individual housing project. 



8.96. .9 22 Us r ; .. "v_. Je i n Peru 

Irf*rCn atlc': C1 u;.-I- c:iij-actri.stics shc'ulc: bu supplementod 

ordor co:,iprewith infr_;2matic.n o'i user activities on to get a 

he-siv2 aictre of the uii-,3r requirements to bo satisfied by 

housing. 

In the infor .... tion sources used very little data is pro

vj..dred on u.ser activities. Some conclusions ,:,av, howv.., be 

drawM on the basics of the information provib.d on exasting 

conditions in Peru. The available data is suriLmar-izedhousin-

below: 

- 68% of the units have one or tw.o rooms, 85% of the households 

living in these units have more than four mcrm)ors 

- 16% of the house-olds i.n the country are estimated to have 

both po.Qab_e w,ater and sevage servlce in the units, 70. are 

-estimated to lack "'-ortab.e,.ater and 50% arc estimated to lack
 

sewage facilities.
 

- 38% of the households have electricity, 45% use kerosene for
 

lighting (re~iaining 17% us-e various other means for lighting.)
 

- 75% of the houses have floors of stamped earth, 54% have
 

adobe walls and 53% have f].anmnable roofs.
 

Corres.onding figures for the residents of the young towns are
 

[11] 

.,2% have portable water service in the home, for 

water is provided by public storage tanks and for the remaining 

.44 3% by trucks se 1 1 ng .;ater. 



- only G.7 of these hiouseho1ds have sewae facilities, 11.8'. 

anrd F . ;. have no service at all. use irriail1:in ditchcs 

S • l23 partial electrical service 

and 6S.72 l.zlc]: all fc ruz of electrical service. 

the houses or theNo dater is availa.ble on the size of 

nurber of fz:ily members but the percentage of households 

in these coimunities is nolivinq in o,,rcro,.dd conditions 

for the whole country.thi' the overall percentage'idou!bt highcr 

receiving visitors, 

Dccause of this mcst of the basic activities of the household 

must be either staggered in time or performed partly outside 

the house. Because of this the question of semiprivate open 

space - where, depending on the climate; laundry, drying, 

recreational activities and in some 

cases eve.n coo-zing can take place - should be considered to

gether with the space inside the house (possibility of trade

offs).
 

When listing activities to be performed in the dwelling, 

and which the design should support, attention should be paid 

a oneto the family size and structure, the activities of 

person household being essentially different of those of a 

family of five. In Peru special attention should be given to 

the fact that over 471, of thepoopulation is under 15 years 

of age, indicating that activities such as recreation and play, 

and education, child care and supervision should belcarning 


provided for accordingly.
 

http:o,,rcro,.dd


t.-'. ; t ].°:,_d in 	 exhibit I. are dis

:,I tC sulq~g stedC0t1.,. s 'F,. 

by cons.. : ara.-,:e o.r tecwical solutlions in

to Le2 ..... "icts in the cxisting housvolved. Tie solut--

The discusson is 

ing w.n corarn .rnc..ng information is available. 

The list is b;,' no cansc:..ausziva, its objective beinj to 

clarify the "r=posed way c id.nti. ing the user reouiroments. 

cof ocd to the J.ow income group of users, 

whose characteristics have been 	 considered above. 

Act.:i vi tv 
Design 	 Pr..sentEnv.i.ron->.ntal 

A I I-bD.. Parameters SolU tionsr 

Sleepict 

a•d'eaithSafet": - .tntLusioll - urban1: iron '-rati gs 

(people/ in windows 
animals) 

- ventilation - rural/coast: providedComfort: 
through holes in the 
structure 

- rural/sicrra: nninimum 
ventilation to avoid 
heat lov.es, windows and 
other oC-nfnis o_ Cn 
blocked by adoo blocks 

- urban: windows 

- heating - coast: not need2d 

- sierra: small space 
( room) , insulat ion by 
use of adobe, c, 
of openingS, additioh2. 
heat orovidcd bv all 

famil, ....... )ers ).71eepi:': g
inh:2 "-:', roc'--i andl 

cookiv;giei.n::idc in 
ev ni .mi 



- Funct.no:l 
C;iira': cristics 

Acceptability: 

Food Prcpaiation
 

Health and Safety 

Comfort: 


Functional 

characteristics: 


- space and 'spa-
tial a]r:angc-
ments 

-

-

-

- privacy -

- fire -

-

-

-

storage of 
food 

disposal of 
wastes 

ventilation 

-

-

-

- lighting -

-

- space -

-

average space provided
 

5-7m2 /pc.:rson majorit'y 
of homes 1-2 rooms 

coast: usually two
 
rooms, one of which is 
used for sleeping
 

sierra: usually only 
one room, providing 
space for all inside
 
activities including 
sleeping
 

family w2,rers sleep in 
one room, no privacy 
provided
 

open fire or kerosene 
stove Used. Since rcofs 
are of flammable Matc
rials, fire Protection 
is probably provided 
throuqh caution and 
experiencc (lerning) 

see storage
 

see personal sanitation 

when cooking inside see
 

above
 

coast: windows, holes
 

sierra: only limited
 
daylight, windows
 
blocked to avoid heat
 
losses, kerosene lamps
 

coast: cooking often
 
done on a patio or semi
private courtyard
 

sierra: indoors, in the 
only room provided, 
adds to heat content 



° - kerosene stove or open _ CdIui.p:nt 
fire 

Stort' ? 

- f iro saf tyHealth and Safety: 
storaqe of 
fue. (kcrc
sene, wood) 

sccuri;y: stor
age of person
al belongings1 

- when no garbac collec
- contaimination: 

provi.de-d (ru-'al/stora:ge of tion is 
thisgarbage some urban ,ro..) 

is either bur~e> or 
dumped outside (road 
nearby field)
 

Functional 
storage s-aco - depends on size of faio

-Characteristics ily, the access toand location 

food (human/ stores/markets and 

animal) whether the fam'i 
.ocedduces its own 

(agriculture or cat-.le) 
In the latter case stor
age space .s necessary 
for the whole season.
 

- when no connection in 
- water 

the home, water is pro
vided by public storage
 
tanks or trucks, and 
stored in 50 gallon
 
tanks outside the house 
(Need 4-5 week)
 

- health and safetyfuel 

- personal be
3.ongin gs 

- sleeping equip

mant (during 
daytime to 
allc'w for space 
for other ac
tivities)
 



- utilities for 
w:ork (a~tisans, 

farm rs3, etc.) 

Personal1 

h1ealth and Safety - access to - washing of body/clothes 
water usually takes place: 

rural: on a river or 
irrigation ditch, drying 
of clothes on the ground 
urban: semiprivate 
courtyard 

- access to sew- - since majority of the 
age/disposal 
of body waste 

low 
any 

income housing 
kind of sewage 

lacks 
fa

cilities, open aia: la
trines in backyards, 
nearby vacant lol-s 
(urban) 'or fields (rural) 
are used to excrete. 

Acceptability: - need for pri- - Most activities per
vacy formed without provi

sion for privacy 

Work 

Functional - need for space 
Characteristics when work done 

at home or in 
close vicinity/ 
artisans, shov
keepers, etc. 

- storage of 
utilities (fart,<-
ers, etc.) 

Acceptability: - location of 
house in rela-

- urban: according to [11]
only 210 of the employed 

tion to employ- work in the vicinity of 
ment opportun- their residences 
ities for the 
family merrJmers 

- possibility - small children are known 
for cldcare to be locked inside the 
and ,u crvi- home when parents are 
sion whJilc working 
away at work 



Recrention /P lay 

to space - most activities per- accessFunctional formed in the street'S,
Char, .2stics 

football i pro
vided in few areas 

- urban: robberies,- possibility toAcceptability: 
creative and thefts bocausC of lack 

of organized &ctivitiesjoint activi-
ties for par- and amount of time 

fro,t. homeents and child- spent away 
ren (family co- by the parent2. 

- rural: parLicir:&ticnes Ion) 
togethicr with T:rarents 
in work (guarding cat
tle)
 

Rece:.V .... of 
Rcc.i.vin: O'
 

Guests, oci-l
-

Intec.. .o.
 

- access to space - because of the lack of
Functionl 

private space, streetc,
Charactcristics: 

shops and markets fu->
tion as ilaces of so
cial contact 

the homes of families
 - access to TV, 

with TV are mz-tingradio, etc. 

points of the neighbor
hood
 

- criollo/serrno- access of so-
Acceptability: 

cial inter
action related
 
to ethnic 
groups, relig
ion, etc. 

Identificatio,/
 
Part]c -'a-ion 

- design para
meters affect
ed should be
 
established 



Le _ri i.nc 

il': -location in - urhan: most "young tc:;ms" 
:'-a;:V scfioc.3,re].;L.iun to have c 

no childcare centersschools 
provided by community 

- urban: expcsur to 
physical and social en
vironm2nt liit-ed ex
posure to di5fferent 
physical and social en
vironments, chiildren 
exposed to dcl.incu!nc-.
in several of the "ycu 'g 
towns" 

Orifnt tionl 

F.unc Uional - location/
 
orientati6nCh ccer istics 

of home
 

- roads, alleys
 

- special char
a c '-e.risL;t ics 

monuments,
 
squares etc.
 

- inside of
 
home: view of
 
the outside
 
world
 



..7-ER..
8.2.3 S :.., Y AOD .- -

physicalthe provision of a 
It is gunerally rccognlized that 

goal for housing. Its acceptabilitY
not a sufficientshelts,-is 

for his personal
- of tne u:ser; to allow 

from the !oint of vi. 

of social needs, is considered to 
and fulfillm'.ntdevc.oprfent 

this latter goal two 
be at least equa!]y i-.ortant. 	 To achieve 

designer:
main con-sirailts are set on the 

user requirements 
- inadequate kncoledge of 

- costs 

the first of 
of this section is to deal with 

The cbjcchiVe 

special importance of the 
conE- L.ints recocnizing th-e

thesc. 
non

cO.:es when new designLs and the use of 
inuser rcquiroilunts 

is the case for
Wil-l be Considered, as

n1aLe~alStiaditioial 
in this report.

t housing discussed
and storm re.,istan earthquake 

Analysis of user requirements 
is discussed from two aspects:
 

find the necessary information
 - how to 


one should look for
 
which type of information
-

fulfillsingle solution exists to 
It is evident that no 

income group's in different
various low

the social needs of 

areas. Therefore housing should 	be 
looked upon as
 

geographic 

andto the user's social 

at all times correspondinga process 

The process will be defined 
both by the
 

economic situation. 


as well as by the trends of devel
social delopmr-:ntlevel of 

similar- to better understand why 
ozpnertt, thus cabibing us 

http:fulfillm'.nt


decay and othersp1ysical environmrelnts in certain tonditions 

up.rza.ic. B.' studying the usr's characteristics - physio

logical, psychological and socio-economic - and his activities, 

which housing is to support, the parameters of this process 

on charactercombined information user can be estali.sJ'ed. The 

istics and user activities will implicitly state the user re

design process.quirements to be considered in each 

The methods used to generate this information based on 

surveys and observations have been developed in the industrial

in the geographic areas
ized countric-.: and may not be feasible 

Therefore, other sources of information are
 to be studied. 


suggested, including statistical data in the country 
in question,
 

with local people involved in the
interviews and discussions 

building'.trade, and observations of existing built environments.
 

proposed for the identifica-To demonstrate the approach 

tion of user requirements examples are discussed both for 
basic
 

housing in general and for basic housing in Peru.
 

RECO-EN DAT ION S: 

1. In order to avoid future deterioration or abandonment
 

of the physical environment to be provided identification of
 

user requirements for individual housing projects is essential.
 

2. This should be done in cooperation with local experts,
 

familiar with the existing conditions and the user's way of
 

life, combined with actual observations of existing built
 

•environme nts. 

http:up.rza.ic


both on
tion .. ovic7-,d should include data 

3. Thi--inforn 

and socio-cconomic 
tLe user ' p.'yioio! t e:l, :cchologica]. 

(all family mom
and on the user's activitiescharactreristics 

is to provide a framework. 
bers) for -,hich the hoome 

for the satisfactionestablish priorities4. In order to 

of user recjuirements more information is generally needed in 

environments 
- health standards in existing physical 


for cou,unity services)
(1rcency 

the generallyand privacy (in
- need for personal space 


conditions)
overcrowded housing 

for social interaction within the 
- contact patterns 

neighborhood and comniiun ity 

groups such as childrenof specific user- activities 
onenvironment

the effect of the provided physicaland 


them.
 

Because of its vital importance 
for the development


5. 


more basic knowledge should 
the. physical environmenttrends for 

be provided on the factors affocting 
the user's identification
 

and his interest in participat
with his conimunity and dwclling 

of the environment.as the improvement
ing in local activities, 



8.3 	 Acceptance of Innovative Designs and of New Materials
 

The Philipnines
 

The economic advantages of standardized designs have
 

resulted 	in their relatively widespread acceptance by most
 

is often
low and middle income homeowiiers, especially when, as 


the case, small individual modifications in the housing units
 

are possible during occupancy.
 

Most practicing architects and engineers readily accept
 

new construction materials which exhibit desirable technical
 

properties and are economically advantageous.
 

Peru
 

The 	introduction of new construction materials in Peru
 

has 	always resulted in an initial period of strong reject-ion,
 

and there are very few products which have survived this reaction
 

and maintained a place in the market.
 

In 1957 an attempt was made to introduce the product
 

"Durisol," manufactured under a Swiss patent, which consists
 

of mineralized vegetable fibers encased in cement and used for
 

the manufacture of hollow blocks for walls, thick panels for
 

partitions, and thin panels for facings. A feasibility study
 

prepared by E. Keller has proved the existence of a market
 

for this line of products, which had been widely accepted in
 

set up
Switzerland and Germany. A "Durisol" operation was 


(about 1.25 million
in 1959 with a capital of 20 million soles 


dollars) but had to close down at the end of 1960 after losing
 

its capital.
 



built fbr the production of
In 1965 a factory was 


products of expanded (or cellular) gypsum, under the "Belroc"
 

2.40 	x 1.20 x 0.10 
patent. The principal product consisted of 


meter panels for building partitions. The product had good
 

easy to handle and install;
structural characteristics and was 


expand its initial market, and
 however, it was never able to 


the demand lessened, gradually until production 
was stopped
 

recently.
 

Other construction materials produced in 
Peru besides
 

reconstituted wood, asbestos-cement products, 
glass


Triply are 


fiber plastics and fiber-cement sheets.
 

"Mapresa" or reconstituted wood, is made of shavings or
 

fragments of soft wood mixed with synthetic 
resins and then
 

sheets of various

It is offered on the market as
pressed. 


5 cm) and in sections of 1.2m x 2.4m
 thicknesses (.6 	cm to 


This product enjoys broad use in furniture
 and 1.2m x 3m. 


duco-painted pieces, but
 
manufacture, generally in veneered or 


its application to the construction of 
houses has been limited
 

A- a construction material it possesses
 to temporary camps. 


the disadvantage of abso.bing moisture.
 

to the above, based on
 a product similar
"Maderita" is 


even more limited
 
Its use in construction of housing is 


sawdust. 


it is very fragile and brittle.
 
than 	that of .MIapresa, as 


Corrugated sheets of.plastic (PVC) and glass fiber for
 

losinginitial acceptance, are
which had considerableroofs, 

mechanical properties.
their mar!-et Ihecausc of high price and. poor 



bathtubs and
Sanitary fixtures of glass fiber, such as 


basins, have not had any better acceptance and their production
 

The prices at which these products were offered
recently ceased. 


did not represent any saving over porcelain or enameled iron
 

and were higher than those of artificial granits. However,
 

supply and sewerage
the manufacture of plastic tubing for water 


(rigid PVC) has had success and its market continues to grow.
 

Fiber-cement is a product extensively used in industrial
 

construction. It consists of wood (shavings) or cane fiber
 

held together by cement. It is made in sheets 1.2 cm to 5 cm
 

Its mechanical
in thickness, 0.50 m wide and 1.00 to 2.00 m long. 


and physical properties are poor.
 

The introduction of "sandwich" panels based on wood has not
 

had much success in Peru, even in building construction, where
 

masonry walls and partitions are preferred, even though their
 

dead weight is considerably larger. The small success of the
 

above mentioned products in the field of housing construction
 

is mainly due to their lack of economic advantages over brick
 

and concrete and to the lower price of construction using the
 

traditional adobe and quincha.
 

The only construction materials which have had broad accep

tance are "calamina" (corrugated sheets of galvanized iron) and
 

corrugated sheeting of asbestos-cement. Alchough, calamina is
 

widely used both on the coast and in the sierra, its physical
 

those of thermal and acoustic insulation,properties, especially 

are very poor. Nevertheless, due to its light weight and 

resistance to fracture, it can be easily and inexpensively 



transported, even on the backs of beasts of burden, and this 

makes it much prized in the Sierra region. 

Corrugated sheets of asbestos-cement have better thernal 

properties than calamina. They are mainly used on the coast 

as, because of their fragility, there is a high percentage 

of breakage during transport on second-class or inferior 

roads. The high number of sheets lost by breakage during 

transport and delivery in the sierra (which can -each 3W% of 

the cargo) makes it an expensive product. Asbestos-cement is 

also used in the manufacture of flat sheets, tubing for water 

posts electric preformedand sewerage, for wires, and other 

products, such as water tanks. 

After the May 31, 197., earthquake, emergency shelters 

consisting of sprayed polyurethane domes, or igloos, developed 

have beenby Farbenfabriken Bayer, Leverkusen, West Germany, 


provided in Caraz. The igloos were soon abandoined by their
 

occupants, for the following reasons: 

.1. The lack of corner areas became a source of family strife 

as, in the opinion of the inhabitants, one could 

never put anything "out of the way." 

2. 	 The interior acoustics were such that the sound 

of two or more people speaking simultaneously 

proved unnerving. 

3. 	 The lack of property lines iiade it impossible to fcncc
 

in animals raiscd for consumption,
 



General view of polyurethane "igloo" homes
 
at Caraz built by the German firm, Bayer, Inc,
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"Igloo" homes at 
view. 

Caras. Exterior 



T* T 

Improvised kitchen facility adjacent
 
to "igloo" home. Note failure of 
polyLurethane shell. 



Owner-built entry to "igloo" home.
 



ILL 

Recycled portion of polyurethane shell
 
forming portion of roof of traditional
 
structure.
 



a report by Dr. Heinz Schultheis
 is noted that, according to
It 


a recent UNIDO Plastics Meeting in Vienna,
of Bayer A.G. at 


Austria, igloos provided by the German Red Cross 
near Gediz,
 

Turkey, after the March 28, 1970, earthquake were also abandoned.
 

In a survey done in 1962 by students of the 
Architecture
 

Department of the National University of Engineering 
with the
 

purpose of finding out the attitude of the public 
toward
 

were reached:
 
prefabricated housing, the following conclusions 


1. 	 The lack of consumer interest in this type of
 

housing is due to the following reasons:
 

a. Prefabricated houses represent only a 

small margin of economy compared to 

brick and concrete houses. 

b. Prefabricated houses are more expensive 

than adobe and quincha dwellings. 

c. Prefabricated houses built enmasse have 

the disadvantage of being of uniform 

architecture. 

d. The public did not truly appreciate the 

savings caused by the shorter construction 

time required for this type of housing. 



2. The lack of interest of builders in this type of
 

housing is due to the following reasons:
 

a. The market was very restricted, and this 

resulted in high sales costs. 

b. Because of limited acceptance of prefabricated 

housing, there was no'system of financing 

prefabricated housing projects in Lima. 

c. Prefabricated housing projects in the 

provinces outside the area of Lima turned out 

to have very high construction costs because 

of the difficulty and high cost of freight 

transportation.
 

Housing constructed by so-called conventional procedures
 

has greater acceptance than any new procedures that 
have been
 

proposed, and at present most approved projects involve
 

conventional construction types.
 



'
 u cc s for Hous..ngS . 4 p::u.aton Grc.:th and Conse 

8.4.1 	 poslatio c-rowth 

the produced 
addition to meeting"t,e user requirerments
In 


occu
in a manner deemed acceptable to the 
housing must do this 

and adapted to his social situation.pant 

to raise housing
It has become increasingly'difficult 

and to maintain even the present quality 
of life in
 

sta.dE-r~s 

the face of the w.Torld's poulation growth, especially in the 

two-thirds of the world's population
 developing countries where 

of the 1972-80 increase in world 
and where fie-sixthslive 

Such increases impose large economic
 population %..ill occur. 


in the mid-
In a 3c,:,ple of 22 developing countries 

burdenc, 

of the total annual investment was devoted 
1960's, about two-thirds 


pzr capita ijj,,con at a constant level, leaving
 
to m.ntifinin 


The corres
only about one-third to raise l.iving standards. 


ponding figures for a representative sample of 
19 developed
 

This shows that
 
countries were one-quarter and 

three-quarters. 


present rates of population growth 
in developing countries are
 

living on the mar
penalizing the hundreds of millions 

who are 


to achieve susif developing countries are 
gin of subsistence; 


tained social and economic development, 
population growth must
 

be controlled.
 

Prior to World War II, the developing 
countries too were
 

rates of 
characterized by high birth and 

death rates, and low 


-natural increase. The dcnmocr)'lic transition becan 
with a
 

decline in dearLth rates unaccompaniod by a 
rapid post..Tar 



Growth rates began
corresponding decline in the birth rate. 


Today, the average is 2.8% with the level in some
 to increase. 


3 to 4%. Developing countries today are
 countries as high as 


In some, fertility
at various stages of demographic 	transition. 


In others (most Asian and
and mortality both remain high. 


African populations) fertility is high and the death 
rate is
 

falling. In still others (two-fifths of Latin America)
 

In a few
fertility is high, but death rates are already low. 


(temperate South America and parts of Oceania, Taiwan, 
Singapore,
 

are low and fertility is declining.
and Korea), death rates 


In the Philippines for example, the already acute housing
 

problem in the urban centers has been further aggravated 
by the
 

heavy in-migration stream of the 	rural populace escaping 
from
 

the underdeveloped economic opportunities available in the
 

rural environs. The additional pressure on the urban housing
 

stock is reflected not only on the required number of housing
 

units which must be constructed annually but also on the already
 

high living space densities within the already existing dwelling
 

in-migrants belong
units. Additionally, because most of the 


to the low-income groups, their housing requirements can only
 

be financed with the assistance of the public sector.
 

To hasten the development of economic opportunities out

side of the major economic centers and to likewise disperse
 

the socially unfavorable concentrations of unskilled and low
 

income migrant families in the major urban centers, the
 



the various regional
gover~:.v:nt: o. the ':ilippines through de

... S a)id through the priority programs of the
V..lop:t. i It author 

with incentives, thosehas favoroed, fiscall3oard of e 

locate in the smaller urban
economic ac-ivitic:- v.ich will 

and mun.icipalities are start
centers. in addition, provinces 

to set. their facilities
ing to Lcmicourage and attract investors 

within their jurisdictions. 

housing facilities is
 The incre-_asing demaind for adeuuaLt 

expected to be slo'..'ly supplied during the present decade but 

are that there may still be a backlog by 1980.
expectations 

The efficint distribution of mass-produced prefabricated houses 

of the objectivesthe achievemertwill definitely accelerate 

these programs, the
of the houoing programs. To implement 

with whatever external assistance may be 
government together 

forthcoming will have participated actively not only in terms 

but also in -terms of financial support.
of project promotion 

8.4.2 	 Family Planning
 

growth being experienced by

The high rates of. population 

most developing countries result from their 
traditional high
 

Improved health
 
birth rates and declining mortality rates. 


further mortality

services and medical technology will cause 


rates to be reduced from
which will require fertilitydeclines, 

avoid. further increases in population
present levels simply to 

growth rates.
 

to the 
The response of governments in developing countries 

has been both encouraging and inadequate;
population problem 



encouragi.ng, because there has bee'n a dramatic increase in inter

est and co1'jcc-rn in the sixties; inadequate because of the size 

of the problem. In 1960, only three countries had an official 

policy design-ed to slow the rate of population growth; by 1971, 

26 countries, with over two-thirds of the population of develop

ing countries, had an announced policy and/or an official pro

gram, and another 24 or so, with 12% of the developing country 

population, supported private family planning programs although 

there was no official policy. By 1970, 30 heads of governments, 

including those of 19 developing countries, had signed the UN 

Declaration on Population, which characterized unplanned
 

population growth as one of the'world's great problems and
 

called on national governments to recognize family planning as
 

one of tneil: Vital interests. 

Despite the present efforts of the Philippine government 

to promote family planning, household size has increased from
 

5.7 in 1969 to 6.0 in 1970 and is expected to further increase
 

to around 6.2 by 1980.
 

Variations in sizes by locality is pronounced in the urban

rural dichotomy rather than among different regions. Rural
 

households are larger than their urban counterparts due to the 

strong extended famnily kinship system practiced in the rural 

areas where relatives live with a nuclear family in the same 

dwelling unit. 

Because the majority of households belong to the low-income 

group, one-bedroom dwelling units ,predominantly shanties and 
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Living space densities are of
common.
"accessorias," are 


necessity high and most of the available spaces in 
these housing
 

units are used as living accommodations. Ideally, the design
 

of typical low-cost dwelling units should provide 
for at
 

least two bedrooms.
 

8.4.3 Urban Growth
 

8.4.3.1 	 General
 

From 1920 to 1960 the urban population of the 
developing
 

world grew by 255 million from 73 to 328 million.
 

Assuming a 2.5% general rate of population increase 
as
 

being fairly typical, if 85% of the population is rural, a
 

migration of one-fifth of the natural rural population 
growth
 

will reduce the rural growth to 2% and produce 
an urban rate
 

If the existing rural/urban population ratio
 increase of 5.3%. 


is 60/40, the rate of increase of the urban population 
will be
 

only 	3.2%.
 

8.4.3.2 Housing
 

Of all the problems of urbanization, that of providing
 

shelter for the expanding city populations 
and of improving
 

housing conditions of a majority of existing 
habitants appears
 

in many respects the most difficult. Housing problems are,
 

in the cities of developed countries; but
 of course, common 


there is a quantum difference in their problems 
from those of
 

In the developed countries, the
 the developing countries. 


concern primarily social and institutional
basic issues 


of national resources.
rigidities rather '.han a basic lacl 


including

In the developing countries, national resources 


are generally grossly inadequate 
for investment of the
 

skills 




magnitudes required while maintaining economically
 

productive investment.
 

Progress in solving the housing problem in the cities
 

of the developing world has been, with few exceptions,
 

conspicuously slow. It is probably true that in very few
 

cities are housing units being constructed at more than one

third of the annual rate considered the minimum required.
 

The housing situation is deteriorating progressively each
 

year. Yet on all evidence the rapid growth in large cities of
 

the last two or three decades, due to the population explosion
 

and to rapid economic development will not slow down significantly
 

in the next two or three decades.
 

In most developing countries, traditional, contemporary
 

housing of types presently provided cannot be offered at rents
 

or mortgagq costs that the poorer population can possibly
 

afford. At least in the case of the poorer countries of the
 

developing world, public provision of new housing for the urban
 

poor is not economically feasible.
 

One may conclude that attention should be directed much
 

more than in the past to improving squatter settlements
 

and slums rather than to their demolition. This in turn entails
 

planning the growth of shanty towns, supplying a modicum of
 

basic services and harnessing the dynamism so evident in shanty
 

town construction and its social organization by providing the
 



essential elements which the shanty town inhabitants cannot
 

Nor is it sufficient to deal with the
themselves provide. 


Unless provision
amelioration of existing shanty towns. 


is made for such settlements on a more organized basis, the
 

of population growth may submerge the improvements
pressure 


achieved.
 

8.4.3.3 	Slums and Squatter Settlements
 

For many of the poorer developing countries, the idea of
 

improving squatter settlements will be difficult to accept.
 

a refusal
Understandable emphasis has frequently been placed on 


to provide less than so-called "adequate housing." In many
 

countries low-cost housing projects have been constructed
 

which are a source of pride. Unfortunately, for many of these
 

countries such schemes are only marginally relevant to the size
 

of the task.
 

typically the,fastest
Squatter settlements and slums are 


growing areas of cities and already frequently cover one-


They exist
quarter, sometimes over a half of the city area. 


because they can be constructed quickly and in a variety
 

of forms to meet rapid population growth, providing accommodation
 

at rents, if any, that can be afforded. The squatters are them

selves providing a housing solution and community development,
 

In their expansion, they are shaping
rudimentary but effective. 


the fundamental structure and character of the urban areas.
 



By dawn what had been a barren parcel of real 
estate
 

becomes one of Lima's new Pueblos Jovenes, 
or young communities,
 

are sometimes called.
 as the barriadas or slums 


This was how El Salvador, Lima's newest slum, 
was born
 

130,000 inhabitants.
last 	fall. Today it has some 


All told, more than a third of this capital's 
three
 

million people live in such shanty towns, despite 
a housing
 

boom that is shattering construction records each month.
 

El Salvador was conceived perhaps three years 
ago, according
 

Probably the idea
 
to social workers interviewed in older slums. 


:ook hold after the birth of a slum at that 
time.
 

After the migration from the downtown mansions 
and other
 

3uildings and older shanty towns took place, 
the squalid
 

1wellings began filling up with new arrivals from 
countless
 

kndean villages and towns.
 

Those who drift down from the highlands into 
older shanty
 

The traditional
 towns quickly become a problem to their hosts. 


organizational ability of the descendents of the Incas, however,
 

produced a ready solution.
 

The elected leaders of the 	older communities organize
 

a new site. A committee is
the newcomers and begin seeking 


formed to survey the site, usually an idle parcel of land.
 

Careful note is taken of existing buildings, if any,
 

Then the site is mapped and divided
and the nearest police post. 


into plots. Major and minor streets, community houses, space
 

for shops, etc., are defined.
 



typical of squatter
Self-help and community action are 


M!ore permanent structures and facilities are
 settlements. 


settlement becomes more established. High

the
constructed as 


evident in most squatter settlements.
 morale of the inhabitants is 


effectively with the housing
This provides hope for dealing more 


problem than has been possible so far.
 

The following is a description of the history 
of a typical
 

squatter settlement in Peru.
 

"On a given day the migrants gather at dusk 
in the
 

courtyards of dozens of former palatial mansions and elegant
 

business houses that today barely hide Lima's decaying
 

downtown slums.
 

As they await the signal from their elected 
leaders; the
 

or woven fiber mats, about
 slum dwellers roll their esteras, 


sturdy poles and put their household goods 
in sacks.
 

night falls, probably in Quechua
The signal is given as 


Then,
 
or Aymara, the languages of Peru's highland Indians. 


quietly, hundreds of people move out of 
the courtyards and
 

alleys to board decrepit trucks for the ride 
to the
 

city's outskirts.
 

joined by hundreds of others fo6m neariy
There they are 


The poles are driven
 shantytowns for a night of frantic work. 


sandy soil and the mats become walls and 
roofs.
 

into the 




Meanwhile, the prospective tenants have begun to gather
 

- poles and
the basic materials needed for their new homes 


fiber mats; and at the given signal the operation begins.
 

Invariably the startled landowner calls the police. The
 

police order the huts removed. Angry words are exchanged, shots
 

fired, and a few people killed and injured and the police report
 

that they have left the area to avoid further bloodshed.
 

The matter is then placed in the Courts and soon forgotten.
 

Leaders
Hundreds of new migrants begin swarming into the slum. 


are elected and committees formed to procure basic services
 

from the city, such as water and electricity.
 

Shops are opened, public and private bus companies extend
 

their routes and within a year or so the new community acquires
 

an established look.
 

Gradually the mats are removed and walls of adobe rise.
 

Billboards from nearby highways become roofs.
 

The committees, using volunteer labor, frequently collect
 

rubbish and pave streets and perform other services normally
 

expected of municipal governments.
 

Lately, with government assistance, the existing slums
 

have been given water, power, telephone service and medical
 

clinics as well as transport facilities. Temporary schools
 

are sometimes included, although the language and culture
 

barriers often make them ineffective."
 

One of the consequences of the emergence of squatter settle

ments is that landlords have given up whatever efforts they
 



previously made to maintain their properties.
 

The following figures present a summary of slum and
 

squatter conditions in selected developing countries at various
 

dates. While the population in developing countries typically
 

grows at 2 to 3% per year, and urban populations grow at S to 6%
 

squatter settlements commonly'grow at rates of 12%, and sometimes
 

20%. At 12% growth per year, the population doubles in less
 

than 7 years.
 

8.4.4 Infrastructure, Municipal Facilities, Sites and Services
 

A.4.4.1 General Problems
 

Major cities in developing countries vary so greatly in
 

their urban characteristics so as to make generalization
 

particularly hazardous. Nevertheless, certain common problems,
 

varying in intensity from one city to another, exist. As a
 

rule, large growing segments of the poorer elements of the
 

town
population are located in pockets on the outskirts of the 


where land is often acquired by squatters as was described in
 

Other segments are concentrated in
the preceding section. 


central districts in dilapidated older buildings. In general,
 

severely limited, and progressively the
central locations are 


poorer elements of the population are forced to live far from
 

their work. Even on the periphery, however, the price of land
 

and construction place the provision of housing of minimal
 

standards at rents sufficient to cover costs beyond the
 

capacity of the poorer elements of the population.
 



to 15%
 
Water and sewage combined probably amount to 

10% 


larger cities. Sewage

of urban capital investment in the 


facilities present a particular problem when 
the city has expanded
 

a metropolis, often by incorporating unsuitable 
ground.


into 


The cost of providing sewage facilities may 
then increase
 

out of proportion with the value of the houses 
to be served.
 

Costs of education and health amount to approximately 
15
 

These costs appear not
 to 20%. of urban infrastructure costs. 


to depend strongly on the degree of expansion 
of a city.
 

The electrical power distribution costs appear 
typically
 

a relatively small proportion of total infrastructure
 to present 


costs.
 

Sites and Services
8.4.4.2 


Given the impracticality of eradicating slums 
and squatter
 

settlements, emphasis should be placed on development 
of innovative
 

low-cost housing designs and of low-cost methods 
of improving
 

existing settlements.
 

What can reasonably be accomplished can only be decided
 

in the local setting.
 

It is suggested that new development areas with minimum
 

services be provided for self-help housing. For example,
 

in the World Bank's pilot scheme in Dakar, Africa, attention
 

is centered on provision of the barest housing infrastructure
 

in actual construction
and the stimulation of self-help measures 


The cost of providing land, basic infrastructure and
work. 


$800 per unit against $4,700 for the
 
utilities was estimated at 


average cost per housing unit in 16 public housing programs.
 



8.5 

8.4.4.3 	 New Committees
 

An alternative to unplanned reconstruction of damaged
 

communities is to construct a new community at a new and, 
if
 

In Iran after the recent earthquake of
 feasible, safer site. 


April 10, 1972, post-disaster plans are being considered whereby
 

the survivors of the earthquake can be resettled in 
three or
 

the basic elements of large
four 	agricultural villages which are 


farm corporations along the lines of 32 such units that already
 

Such a plan might be expanded in the future to identify
exist. 


and designate appropriate new community sites in advance 
of
 

the actual need.
 

The Role of the Social Workers
 

The role of social workers is central in preventing 
any
 

program from being too mechanical and losing sight 
of the human
 

dimension.
 

The social worker should enter into the community long
 

before any program or project is undertaken. Many future
 

projects can be successful if there is someone who 
really
 

feels the pulse of the community.
 

The social worker should be trained and prepared in 
the
 

best professional manner, with an in-depth knowledge 
of
 

the project envisioned for the community.
 

at the same time, have access to
The social worker must, 


those doing technical planning, conveying to them 
the real
 

Subsequent

sentiments and aspirations of the community. 


collaboration depends greatly upon this communication.
 



In the Philippines, the Department of Social Welfare has
 

decentralized and expanded in social services by setting up
 

These offices are authorized to-make
eight regional offices. 


all necessary decisions to suit national programs to local needs.
 

evicted squatters are given special attention with financial
 

and material aid, counselling services, training in vocational
 

skills, self-help projects and relocation to designated sites
 

for rehabilitation.
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9.1 Introduction
 

This chapter will examine the relation between economic
 

conditions and policies in developing countries on one hand, and
 

housing problems and their solutions on the other hand. In
 

addition, economic aspects of.large-scale housing programs will
 

"labor rates
be discussed, as well as economic factors, such as 


and productivity, availability and cost of construction materials,
 

land prices and credit mechanisms, which directly affect the
 

housing construction sector.
 

9.2 National Economic Policies
 

In order that the basis for mass markets for manufactured
 

goods of lower import content be created and that a stimulus be
 

provided to growth and employment, a more even income distribution
 

within the developing countries must be achieved.
 

It is widely recognized that a large gap exists between
 

incomes in the towns and those in the countryside. The average
 

gross domestic product in the major urban centers of the develop

five times that of rural areas, with
ing countries may be three to 


Even allowing
a somewhat lower differential for the smaller towns. 


for higher prices in the towns, the gap is wide and, on somewhat
 

A similar situation
scant evidence, appears to be widening. 


exists with a small and increasingly wealthy group separated
 

socially and often physically from the poorer mass of the popu

lation.
 

This situation reflects the impact of the technological
 

in today's
revolution, an impact much sharper than it was 




developed countries. The differences between productivity in
 

the contemporary and the traditional sector are much greater
 

than they used to be--for production of non-agricultural goods,
 

for agriculture, and for services. Not until modern technologies
 

are accepted much more widely in both urban and rural areas will
 

the underlying causes abate. While the choice of technological
 

alternatives will play a large part in the speed of diffusion of
 

impact, the time required should still be measured in decades
 

for most developing countries.
 

Present trends and the pressures of.population and labor
 

force thus indicate a further worsening of income distribution
 

over the near future at least.
 

Reasons similar to those discussed above dictate that eco

nomic policies be pursued iWhich tend to reduce the gap between
 

various regions within a developing country.
 

One of the effects of helping the development of rural areas
 

is the decrease of the migration from these areas into urban
 

centers. Savings are thus achieved in housing, infrastructure
 

and welfare costs, which are lower in rural areas than in cities.
 

The areas of contrast between the population of the slum
 

community and that of the urban center should also be pointed
 

out. The urban population has a greater degree of urbanization,
 

economic power, health and education. Its labor force is relative

ly organized both for job protection and for salary increase.
 

Generally speaking, the level of skill and the productivity of
 

its labor force are high Its greater degree of urbanization is
 



reflected by a lower birth 
rate, together with lower 

infant
 

The result is that the urban-center 
labor
 

mortality rates. 


force grows more slowly.
 

By definition, the population 
of the slum community is
 

less urbanized, with considerably 
less income and educational
 

The labor force that it 
produces is inferior to*
 

formation. 


that.of the urban center 
in terms of the level of 

its skills
 

The typical slum worker
 
and the degree of its organization. 


is unskilled or semi-skilled, 
and probably is more apt 

to be
 

undernouris;hed and sickly, 
although this difference 

has yet
 

grow proportion-

The slum labor force tends 

to 

to be provred. 


ately to the urban labor 
force, with the result that 

the urban
 

increasing supply of unskilled 
labor in the face
 

market has an 


of a relatively inelastic 
demand.
 

The relative lack of labor 
organization within the 

slum
 

puts the slum worker in 
a weak position in terms 

of job and
 

an unskilled worker, he 
is more likely
 

salary protection. As 


As an unskilled
 
to lose his job in periods 

of recession. 


more likely to find
 

worker unsupported by a 
labor union, he is 


In this
 
his real salary decreasing 

in times of. inflation. 


connection, it is important 
to remember that a substantial
 

street vendors
self-employed as 

proportion of slum workers 

are 


and odd-job workers.
 

The labor force differential 
between the slum and its
 

urban center becomes even 
more important in terms 

of production.
 

Like any developing economy, 
the slum community tends 

to produce
 



primary goods and to export them in order to gain the exchange
 

necessary to import goods and services. In the case of the
 

slum community, its main production for export is unskilled
 

labor. Unskilled labor time is purchased by private enter

prise in the city, by the various Government agencies, and by
 

private citizens in need of part-time labor seivices. There
 

is also a small market for unskilled labor within the slum
 

community, but this may be largely non-monetary.
 

The important market is that of the urban center. This
 

market has several characteristics. First, the urban'center
 

tends to establish the price for unskilled labor based on
 

supply and demand factors within the urban center itself. The
 

individual slum worker is in no position to bargain, nor is he
 

protected by a vigorous labor organization. The fact that the
 

supply of slum labor tends to increase rapidly also exercises
 

a depressing effect on wages.
 

The slum worker has less defense against the salary squeeze
 

resulting from inflation, because he is less organized, both
 

economically and politically, than his urban counterparts. He
 

is therefore an easier target for inadequate, Government-con

trolled, salary raises. This inequity is even harsher for
 

those who work on their own, receiving the wage they are
 

given, or who receive some form of pension which has little
 

anti-inflation protection.
 

Inflation tends to accelerate certain economid activities
 

within the urban center, especially construction activities.
 



In the short run, these activities may 
generate jobs for
 

unskilled workers; but the inevitable 
changes in the rate of
 

inflation immediately affect such 
activities and therefore the
 

Jobs and income of the slum worker
 demand for unskilled labor. 


in economic activity; Govern
are highly sensitive to changes 


ment efforts to stabilize the economy by reducing 
economic
 

activity can increase the economic 
insecurity of the slum labor
 

force.
 

to the special disadvantage of the 
slum
 

Inflation works 


Slum families have the
 
community in its needs for housing. 


least adequate share in the housing market and in the 
output
 

A commonly observed phenomenon is
 of new housing services. 


that costs in the housing sector rise faster than 
other costs.
 

This means that the group of families 
most in need of new
 

construction and least able to defend itself against inflation
 

to the purchase of
comes

is particularly prejudiced when 

it 


improved housing services. The same argument holds
 
new or 


true in relation to rising land prices.
 

The burden of the argument that 
flows from the foregoing
 

analysis is that the incidence of inflation falls 
more heavily
 

on the normal slum family than the normal urban-center 
family.
 

conclude that inflation
 
It may be an over-simplification to 


makes the poor poorer and the 
rich richer; but it is certainly
 

true that a slum community integration 
policy which does not
 

take into account the differential *impact 
of inflation on the
 

economic capacity of the slum family can scarcely 
hope to be
 

successful.
 



9.3 	 Housing Programs in Developing Countries
 

The Inter-American Development Bank (IDB) ("Financing
 

housing in Latin America's urban settlements", working paper
 

No. 11 prepared for the United Nations Interregional Seminar on
 

Improvement of Slums and Uncontrolled Settlements, Medillin,
 

Columbia, 15 February-l March 1970.) distinguishes two basic
 

approaches to the housing prob'lem in Latin American countries.
 

The first approach envisages the problem as one of in

sufficient quantities of standard modern housing units, coupled
 

resources to remedy the situation.
with inadequate financial 


In the second approach, housing is not judged by an arbitrary
 

standard which may be unrelated to the social, cultural and
 

economic levels of the residents. Rather, housing is evaluated
 

on the basis of how well it facilitates access to areas where
 

family activities occur daily, how adequately it provides pro

tection from a hostile environment and to what degree it assures
 

security of tenure. In other words, "traditionalists" are
 

more aware of the appearance o' the housing; while "environ

acmentalists" are concerned with the way in which the housing 


commodates the residents in relation to their life situations.
 

The traditional approach which is frequently used for
 

planning housing programs has been criticized for the following
 

reasons. First, housing deficits are calculated arbitrarily
 

without taking into consideration the values or preferences
 

of the persons to be housed. Secondly, some calculations of
 

housing deficits show the traditional solution to be well
 



beyond current capital investment rates. In the case of
 

Latin America, for example, the traditionally conceived housing
 

deficit in 1967 was estimated to be about 22 million units,
 

projected to be at least 100 million by the year 2000. It
 

was estimated that it would be necessary to build more than
 

3 million units per annum in order to eliminate the deficit
 

over the period to that time. If each unit of land cost only
 

$US 1,800, the annual investment in housing would be $US 5.4
 

6.6 percent of the regional gross domestic product
billion, or 


at 1967 levels.
 

Even in developing countries in which the expected rates
 

of growth are relatively high, the competing demands of develop

ment programs in agriculture and industry leave funds avail

able for housing construction in amounts far inferior to actual
 

needs. It is therefore necessary that self-help be encouraged
 

for the partial fulfillment of these needs. For example, in
 

Peru the Organismo Nacional de Desarrollo de los Pueblos Jovenes
 

has the responsibility of studying, planning, proposing and
 

co-ordinating programs to intensify efforts at incorporating
 

More than 20
slum-dwellers into the development process. 


percent of the urban population (over 1.3 million) live in
 

squatter settlements; some 78 percent are entirely without
 

services, 10 percent have only electricity, and just 12 percent
 

enjoy water and sewage facilities. Under such conditions,
 

"Isite-and-services" type schemes warrant emphasis.' Several
 

laws were passcd in 1968-69 foy the purpose of facilitating
 



improvement of these conditions; the progress achieved has
 

been so far relatively slow. In Turkey, where the urban and
 

rural housing requirements for the period 1968-1972 have been
 

estimated at 900,000 and 300,000 respectively, the second
 

five-year plan aims specifically at encouraging self-help for
 

squatter house dwellers, by providing roads, basic services,
 

etc., and allocating plots and making'long-term loans in order
 

that houses be built by their future dwellers themselves.
 

For the period 1960-1980, it is estimated that 5,790,000
 

additional new houses will be needed in the Philippines, plus
 

another 3,640,000 owing to replacement, obsolescence, disuse,
 

disrepair, and natural disasters. This would call for twelve
 

new dwellings per 1,000 population, requiring about 5.7 percent
 

of the gross national product. Whereas in 1965 only 1.5 percent
 

of the gross national product was invested in housing, 2.8
 

percent was invested in 1967. In either case, the small invest

ment did not create conditions benefiting the low-income groups.
 

As a result, slum and squatter conditions accelerated; and 10
 

percent of the total population of Manila and 30 percent of the
 

population of Jolo City, Luzan, Visayas and Mindanao currently
 

live in slums.
 

In the Philippines self-help (of which some aspects were
 

described in Ch. 6) is used extensively for the construction
 

of dwellings and buildings.
 

The magnitude of the task involved has led to government
 

involvement in the housing construction sector in a large number
 



9.4 

of developing nations, among which are Peru, Turkey, the Philip

pines, and Iran.
 

Economic Factors Affecting Housing Construction
 

9.4.1 Land Use
 

Land use is regulated by building codes, legislation on
 

zoning, on pollution, on public purchase of land, and by tax

ation of land and property. The problems connected with land
 

zoning of industry and housing, consolidation and
use are 


acquisition of land for specific purposes and reduction of land
 

speculation.
 

Ineffective land use regulation and inadequate policies of
 

public acquisition of land present a serious obstacle to rational
 

urban d-evelopment.
 

To the extent that provision of subsidized housing is not
 

feasible, "site-and-services" type schemes, whereby land is
 

provided for self-help housing may offer an interim solution.
 

9.4.2 Labor Rates and Productivity
 

Peru. Salaries paid in civil construction in Peru are
 

fixed by the government. Generally, salary changes are a
 

consequence of long.-standing demands by labor unions and are
 

retroactive, at times up to6 months, producing difficulties
 

In the Peruvian socio-economic
for the construction industry. 


study, Table 1 gives basic salaries for 1969 and 1970. The 1970
 

figures, valid for the whole year, were decreed on February 23',
 

1970.
 

seen that a general increase on
In the table it can be 


the order of 12"% took place during this period, and no further
 



can be noted that there
Also it

increase has occurred to date. 


are no major variations between wages within 
a single region,
 

the case of Metropolitan Lima.
 save for such exceptions as 


Outside the Lima area foremen and specialized 
operators
 

that it is necessary to bring in labor
 are not available so 


from the capital for many projects in the provinces. On projects
 

in isolated areas, which have their own 
construction camps,
 

are given food and lodging at an estimated 
cost of
 

personnel 


In cases involving minor projects,
S/50.00 daily per person. 


an additional amount of approximately
without their own camps, 


S/180.00 is paid per person per day for food 
and lodging.
 

By official decree the Ministry of Labor has 
fixed minimum
 

output standards for labor in civil construction 
for the area
 

of Metropolitan Lima.
 

Table 2 summarizes these minimum output standards 
which
 

are really a measure of the productivity of 
labor at the present
 

time. In practice, to obt'ain a higher output it is necessary
 

some program of economic incentives, which 
even if
 

to offer 


they do not decrease construction costs, do often reduce the
 

time needed for the completion of the project.
 

Decrees of minimum output standards have not been 
issued
 

for work areas outside Metropolitan Lima, but 
in general it is
 

accepted that productivity is about 10 percent less.
 

one of the
 
The construction sector is known in Turkey as 


This. is due to
 
most finar.c'ially unstable sectors at present. 


earn money in the shortest possible
the contractors who try to 


http:S/180.00


time with a minimum of capital. Then generally, the work is
 

hard, and the salaries are medium.
 

Wages of technicians and surveyors are generally between
 

earn.
 one half and two thirds of what architects and engineers 


Salaries of architects, engineers and'technicians employed
 

by the State have been increased by 200 percent in the period
 

1950-1955. Therefore, the salaries in the private sector were
 

increased too, and the members of the construction sector were
 

among the best payed people, for years. But the situation is
 

now quite different and practically no difference exists 
among
 

the labor wages of different sectors.
 

The salaries of craftsmen vary considerably ac-
Turkey. 


cording to specialities (from 40 TL to nearly 100 TL daily).
 

Masons earn slightly more,
Plasterers have the lowest salaries. 


although less than carpenters. The mechanical trades get the
 

highest salaries. No statistical data regarding the differences
 

areas and cities and between regions
in salaries between rural 


are available.
 

For unskilled workers who constitute 70 percent of the
 

manpower employed in the construction sector, the labor law
 

of 1969 had fixed the minimum gross salaries between 15.50 TL;
 

and 19.50 TL daily.
 

Recently, the Government has investigated possibilities
 

While the conflict between
of fixing higher minimum wages. 


on this subject has not yet
trade unions and contractor firms 


a rise of approximately 30 percent
been solved, it appears that 


in all regions will be applied.
 



The unskilled workers in the construction sector are paid
 

at most 20 TL. per day on the basis of minimum rates in Eastern
 

Anatolia (East of the Samsun-Gaziantep line), while the Western
 

region salaries are slightly higher and can reach 30 TL. in
 

July and August.
 

Unskilled Labor in Developing Countries. Relatively small
 

amounts of capital combined with properly utilized large supplies
 

of unskilled labor may result in significant increases of both
 

output and employment. Given the considerable weight of the
 

construction sector in the national economy, particularly in
 

the case of developing countries, such increases produce in turn
 

important beneficial effects on the development of the economy
 

as a whole.
 

9.4.3 Availability and Cost of Construction Materials
 

The Philippines. In the Philippines construction materials
 

together with the skilled labor needed in conventional methods
 

of construction are readily available. Delivered prices of
 

materials are reasonable because production is dispersed through

out the country. The potential for cost reduction exists
 

notably in the area of bulk handling and of delivery. Prefab

ricated construction components are relatively expensive because
 

the current size of Philippine markets is not large enough to
 

achieve economies of scale and because transportation and dis

tribution costs are high.
 

The chemical process industry for plastic products is small,
 

protected by high tariffs and generally produces simple types
 

of household construction materials.
 



Under the recent Investment Incentives Programs, the seventies
 

will witness the development of larger and more complex chemical
 

process plants and of an integrated petro-chemical complex
 

base. Judging from the experience of countries which do possess
 

such a base now, it is doubtful that the capability to produce
 

on the construction
plastic materials will have a strong impact 


industry in this or in the next decade.
 

It may be stated that, in general, material costs do not
 

far as housing constructconstitute an important economic factor as 


ion in the Philippines is concerned.
 

9.4.4 Credit Mechanisms for Housing
 

Turkey. Credits for low-cost housing are mainly provided
 

in Turkey by the Social Insurance Institution, by the Real
 

Estate and Credit Band and by the Pension Fund. A description
 

of the conditions and procedures for granting dwelling credits
 

is given below for two of these institutions.
 

The Social Insurance Institution
The Social Insurance Institution: 


is a large organization that provides medical and social care
 

also provided to the insured.
for workers. Dwelling credits are 


The conditions and the procedures of dwelling credits are
 

shortly given in the following:
 

(a) The insured individuals who want dwelling credits
 

must form a cooperative.
 

(b) 	To be entitled to a dwelling credit, the insured,
 

his. wife or husband or children should possess no
 

dwelling and have received no credit from the
 

Institution.
 



(c) The insured or his relatives should not be members
 

of any cooperatives formed for similar purposes.
 

(d) 	The insured should have paid a certain amount of
 

premium to the Institution.
 

(e) 	The dwellings to be built should befit the social
 

dwelling standards.
 

(f) 	No credit is provided for dwellings outside the
 

of cities or towns or in settlements
municipal areas 


with a population less than 10,000. However, the
 

Institution may approve exceptions after conducting
 

a survey.
 

(g) No credit is given for dwellings with a gross area
 

larger than 100 square meters.
 

(h) The maximum amount of dwelling credit is TL. 60,000,
 

regardless of the income of the insured.
 

(i) The term of credit is 20 years and the rate of interest
 

is 4 %. The term starts from the date that housing
 

permission is given.
 

(j) 	The payment is done according to a payment plan,
 

based on equal monthly payments.
 

(k) 	The dwellings may not be sold to another person for
 

a 10-year period.
 

The credits provided by the Institution in the years 1969
 

and 1970 were as follows: 

Year No. of Dwelling Units Value (TL.) 

1969 1,449 45,527,129.00 

1970 1,649 55,000,495.00 



The 	Real Estate and Credit
The Real Estate and Credit Bank: 


Bank is the main bank that provides credit for dwellings. It
 

is connected to the Ministry of Reconstruction and Resettlement.
 

are shortly given below:
The 	requirements and procedures 


(a) 	The bank opens a "Dwelling Saving Blocked Account"
 

upon the request of the individual.
 

(b) 	This money is not subject to interest or to any kind
 

of lottery for encouraging savings.
 

(c) The quality of the dwelling should conform to the
 

related regulations.
 

(d) 	The person, his wife or husband or children should
 

not possess a dwelling and should have received no
 

credit from the bank.
 

(e) The nominal value of the saving account can be
 

between 10,000 TL., and 50,000 TL.; this is called
 

This includes the amount
the 	contract amount. 


deposited in the bank by the individual as 25% of
 

the total amount.
 

The contract amount can be increased or decreased,
(f) 


provided that it remains between the upper and
 

lower limits, and the approval of the bank is
 

obtained.
 

(g) 	No money can be drawn from this account. Only under
 

obligatory conditions the bank may approve a partial
 

payment. In this case, the priority points of the
 

person are reduced accordingly.
 



(h) 	The individual may cancel the contract at any time
 

with a written application.
 

(i) 	The individuals who can preserve the account in the
 

bank for at least two years, who deposit 25% of the
 

contract amount in cash, are deemed as qualified to
 

receive dwelling credit.
 

(j) 	These rights can be transferred to children, father,
 

mother, wife or husband, provided that the bank
 

approves. A second transfer is not accepted.
 

(k) 	The term is 15 years and the annual interest is 6%.
 

The interest rate maybe, however, subject to change
 

if new rates are stipulated by the State.
 

(1) 	The money can only be used within the boundaries of
 

the municipalities and the-urban reconstruction
 

areas.
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Chapter 10 Synthesis of Feasible Technical Improvements
 

10.1 Introduction
 

The preceding chapters have defined, in broad terms, the
 

various factors to be considered in determining the feasibility
 

of improving the dwelling environment. Social acceptance,
 

national a;.d individual economics, construction methods and
 

materials, codes and regulations, and design modifications
 

comprise the baseline from which a synthesis of feasible technical
 

improvements can begin.
 

Innovation is sometimes a process of simplification or a
 

unique application of existing systems or techniques. 'he fol

lowing sections explore innovation in context with this thought.
 

Section 10.2 on stabilized soil building blocks identifies
 

the existing potential of oil stabilization for the manu

facture of the basic building block component. Polymer and
 

other chemical stabilization procedures appear worthy of fur

ther investigation, particularly in those countries where
 

there is an abundance of lateritic soil.
 

Innovation'in building systems where the structural sand

wich panel is utilized appears to merit serious consideration
 

for application in developing countries where labor intensive
 

production and local materials are used to create new methods
 

of building technology appropriate to the region.
 

The over-all goal of these.innovations can be consumated
 

in the development of building systems utilizing modular
 



components in various schemes, with future provision for the
 

ultimate luxury of complete "mechanical cores" capable of
 

utilizing electrical or solar energy.
 

10.2 Stabilized Soil Building Blocks
 

Among the numerous and varied methods of soil stabili

zation currently in use, the following methods appear to offer
 

the highest potential for innovation and improved performance
 

in low cost housing.
 

10.2.1 Oil-Stabilized Adobe Blocks.
 

The principle of stabilization of adobe is based on the
 

instability of clayey soils in the presence of moisture. By
 

mixing a rapid curing oil or emulsified asphalt with water and
 

a clayey soil, the oil globules cover the surface of the clay
 

particles and remain after the water and curing agent evapo
 

rate. The oil film repels moisture thus eliminating the
 

expansive characteristic of'the clayey soil.
 

Rapid curing road oil or emulsified asphalt stabilized
 

adobe block or bricks exhibit desirable characteristics of
 

good insulation, impermeability, erosion resistance, vermin
 

and termite resistance and durability. The block or brick is
 

relatively maintenance free and need not be plastered or painted
 

which significantly reduces construction time and labor costs.
 

Generally speaking, sun dried adobe block or bricks are
 

less expensive than common fired-clay bricks or concrete blocks.
 



The cost to manufacture the adobe block or brick varies with
 

the method of manufacture, the characteristics of the soil,
 

and the cost of delivery if the block or bricks are not made
 

in the immediate vicinity of the construction site. The price
 

of adobe block manufactured by hand in Cuzco, Peru was about
 

.05€ per block in 1971, and was approximately doubled by
 

delivery costs.
 

10.2.2 Polymer - Stabilized Adobe Blocks
 

The potentials of oil, lime, sulfur and portland cement
 

stabilization of soil have been identified although not
 

always fully exploited as in the case of oil stabilization.
 

An example is the controlled production of adobe block or
 

the use of the "CINVA-RMT process of mixing cement, aggregates
 

and soil and compressing the mixture into a steel mold using
 

a simple hand-operated device. Chemical stabilization techniques
 

of soil for intricate or unstable excavations or lining of
 

deep cavities are also well known and frequently utilized.
 

Polymer stabilization techniques were suggested as a result
 

of preliminary experiments and research into the potential
 

uses of plastic resins in low-cost housing schemes. An applied
 

research project should determine the feasibility of using
 

,polymer chemicals and soil mixed with various organic fillers
 

such as bagasse, rice hulls, and jute, or mineral fillers such
 

as vermiculite and expanded shale for the production of inex

pensive building materials.
 



10.2.3 	 Lateritic Stabilization
 

An example of a recent breakthrough in technology is the
 

production of blocks or bricks from lateritic soils.
 

Laterite is the common reddish soil that can be found in
 

large land areas of the earth's surface, particularly in
 

tropical 	and subtropical areas of South America, Africa,
 

Laterite is the residual product
South-East Asia and India. 


of rock decay with a high content of iron oxides. Lateritic
 

soil is usually considered unsuitable for production of
 

building blocks such as burnt brick or tile because it
 

generally lacks sufficient silicates and also has an excess
 

of aluminates. However, the use of a chemical additive can
 

alter the characteristic reaction of a mixture of lateritic
 

soil and water to produce a sun-cured brick or block that
 

should compare favorably with a baked product [1]. The
 

lateritic soil block is handmade in the same manner as the classic
 

adobe block, using a wooden mold and rudimentary mixing tech

niques. The manufacturing process can be adapted for labor
 

intensive production.
 

10.3 Composite Systems
 

10.3.1 Sti'uctural Sandwich 	Panels
 

10.3.1.1 Characteristics and Uses of Structural Sandwich Panels
 

One of the most efficient structural systems is the
 

a
structural sandwich. Basically a structural sandwich has 


relatively thick, low strength core bonded to thin, relatively
 

high 	strength facings. The structural sandwich system when
 



used as a flexural member in a roof system would consist of
 

three components; 1. the upper, exterior facing, 2. a core
 

material, and 3. the lower, interior facing.
 

The exterior facing material must have reliable com

pressive properties and must either be water resistant or be
 

waterproofed by an applied coating.
 

The interior facing material must have reliable tensile
 

properties and be fire resistant. An alternative to the fire
 

resistance requirement for the facing would be application of
 

an auxilary fire resistant layer to protect the interior
 

facing.
 

The core material must have reliable shear properties
 

and should be of relatively low unit weight, and should pro

vide the required thermal insulation.
 

The bonding medium used in sandwiches must have sufficient
 

strength and durability against moisture and under temperature
 

extremes of the exterior environment.
 

The strength required in this bond depends on the sandwich
 

design, on the materials used and on the loads expected in
 

service. For example, the tensile strength of the bond between
 

the core and the interior facing must be sufficient to support
 

the dead weight of the facing. In addition, the shear strength
 

of the bond must be sufficient to transfer all shear stresses
 

to the facings without excessive creep. The magnitude of the
 

shear stresses is a function of the thickness and span length
 

of the panels as well as the intensity of applied loads.
 



Roof systems for structures utilizing 
low flexural
 

strength wall constructions should be 
of relatively low mass
 

To achieve low mass in the roof there
 in earthquake zones. 


1) either use small amounts of
 are but two alternatives: 


or .2) use lower-strength materials
 high-strength materials, 


High strength materials are
 in a highly efficient manner. 


is often not possible

usually relatively expensive and their 

use 


a result the only method available in many

in many areas. As 


developing areas for construction of 
a suitable roof system
 

is to use locally available materials 
as efficiently as
 

pessible. Structural sandwich panels, which are 
both light
 

and structurally effective, are therefore 
suitable for use in
 

roof systems.
 

Structural sandwich panels may-also be 
successfully used
 

for interior and exterior walls.
 

10.3.1.2 Performance of Structural Sandwich Panels
 

Tests recently conducted on an experimental 
unit con-


Forest
 
structed in 1947 by the U.S. Department 

of Agriculture -

Service, Forest Products Laboratory, 
Madison, Wisconsin, using 

structural sandwich-panels, showed 
that their performance was 

quite. satisfactory.
 
con-


The sandwich panels in the experimental 
unit were 


structed of paper honeycomb cores 
with plywood or other
 

The paper honeycomb

wood-base facings, and other materials. 


cores were produced by assembling 
sheets of Kraft paper
 



weighing about 22 kilograms (45 pounds) per ream, impregnated
 

with phenolic resin. The plywood facings were treated with
 

The walls, floor and roof of the experimental
phenolic resin. 


The Forest Products
unit was constructed of sandwich panels. 


Laboratory issued the following summary of observations in
 

publishing the results of their tests:
 

"Performance of sandwich panels in the experimental unit
 

over 21 years indicates that panels of nominal thickness
 

and construction can be satisfactorily used for housing
 

Minimum stiffness and strength requirements
construction. 


.are easily achieved, and most constructions retain their
 

stiffness and strength properties even after long-time
 

service.
 

Adhesive bonding techniques proved to be adequate with
 

good bonds even after as much as 21 years of service.
 

No moisture problems at the bond were observed. Syn

thetic resins in the honeycomb material also afford a
 

degree of moisture resistance that insures adequate
 

strength and stability even if the material is immersed.
 

Plywood-faced panels have demonstrated excellent per

formance during 21 years of service. They had a minimum
 

of movement due to temperature and moisture changes,
 

and retained stiffness and strength.. Mechanical fasteners
 

used in assembling a house might govern the thickness
 

of facings. In some cases, thinner prefinished plywood
 

with a non-marring plastic surface might be used for the
 

interior facing.
 



Although plywood was relatively stable, 
the other
 

wood-base facing were more.affected by 
moisture and
 

In normal construction, much of
 temperature changes. 


the bowing would be eliminated by fastenings; 
however,
 

restricting the panel edges might 
result in cross bowing
 

or cupping. Therefore, facings that are highly 
sensitive
 

to temperature and moisture changes 
are undesirable.
 

The feasibility of radiant heating 
coils in sandwich
 

floor panels was demonstrated in the 
original experi-


The coils did not cause any deterioration
 mental unit. 


in the core material or the bond between 
core and facing.
 

Minimum insulation requirements for 
many areas of the
 

United States are satisfied by the 
corrugated core;
 

however, this core may not provide 
adequate insulation
 

Expanded honeycomb core provides
for the colder climates. 


The panels with styrofoam core
 even les~s insulation. 


or urethane foamed into expanded 
core both have insulating
 

properties comparable to conventional 
wood-frame house
 

construction with two inches (5 cm) 
of blanket insulation.
 

The long-term durability test with 
panels exposed for
 

21 years has shown the feasibility
periods as long as 


The
 
of using this type of construction 

in housing. 


are
 
requirements for satisfactory sandwich 

panels 


selection of proper combinations of 
facings, core, and
 

careful fabrication techniques; 
and good


adhesives; 


quality control."
 



10.3.1.3 	Materials Used in Structural Sandwich Panels
 

One commonly used core material is paper h6neycomb which
 

is made from a phenolic resin impregnated kraft paper. The
 

phenlolic resin impregnation stiffens the paper, increases
 

the wet strength, and provides fungus resistance. Paper
 

honeycomb is manufactured in both a hexagonal configuration
 

and a corrugated configuration similar to that in cardboard
 

used in making paper cartons.
 

Sheet metals are often used as facing material, but
 

other materials that are available in large flat shapes such
 

as plywood, hardboard, gypsum board, plastic laminates,
 

cement-asbestos board are also used.
 

In evaluating the possible materials for use in the roof
 

system, paper honeycomb as the core material is considered
 

feasible in most countries. Alternative core materials would
 

be a low density pressed fiber board or even bundled reeds,
 

although the density would not be as low as paper honeycomb.
 

Most countries have corrugated paper cardboard plants'in
 

which corrugated honeycomb could be made. These products
 

would have to be impregnated with either phenolic resin, a
 

readily available inexpensive polymer product, or some other
 

material which would provide the required properties.
 

A possible facing mqaterial is gypsum plaster which would
 

have to be reinforced for the interior facing because of its
 

poor tensile strength. Gypsum has good fire resistance, but
 



deteriorates in the presence of water 
although additives, such
 

as emulsified asphalt, can make the 
gypsum more.water resist-


Thus, reinforced gypsum might be satisfactory 
for use
 

ant. 


as the interior facing but would 
have to be well protected
 

from rain if used as the exposed exterior 
facing.
 

The use of cast gypsum faced sandwiches 
appears to be
 

a roof system especially if the 
interior
 

structurally feasible for 


facing is reinforced with woven 
steel wire or glass fibers.
 

see if the expected
 
This concept should be explored 

further to 


benefits of strength, stiffness 
and other properties from the
 

better reinforcement are realized, 
and if the gypsum can be
 

made suitably waterproof.
 

The use of emulsified asphalt and 
other additives in the
 

exterior facing should be studied 
to de,:ermine the effect of
 

weathering on the mechanical properties 
of the modified. facing
 

material.
 

The use of locally available core 
material such as bundled
 

reeds and split bamboo should be 
investigated.
 

Polyurethane foam sandwich panels 
using bamboo cane rein

forcement have been experimentally 
tested at Washington Univ-


Also being evaluated is an
 Louis, Missouri.
ersity in St. 


application of polyurethane foam 
on a woven thatch wall panel.
 

The results of the experiments indicate 
that one may antici

pate difficulties in the production 
and control of the polymer
 

The high comparative cost of the
 and thus the finished panel. 


basic resin appears prohibitive 
at this time.
 



10.3.2 Bamboo Reinforced Concrete
 

Results of recent studies of the feasibility of using
 

bamboo as reinforcement for temporary reinforced concrete
 

structures indicate that bamboo reinforcement can develop from
 

two to four times the ultimate flexural load-carrying capacity
 

of unreinforced members of equal dimensions. The study is
 

based on results obtained from small cane and is believed to
 

be conservative when other species of bamboo are used. The
 

principal problems associated with bamboo reinforcement are
 

swelling and shrinking due to moisture-changes and low bond
 

strength. Pre-soaking split bamboo for 72 hours and applications
 

of surface coatings are effective in mitigating these problems.[2]
 

10.4 Prefabricated Housing
 

Technical improvements which may contribute substantially
 

to the capability of producing inexpensive dwellings better
 

resistant to.natural disasters include the use of prefabricated
 

systems compatible with local conditions and lending themselves
 

to large scale industrial production.
 

Among innovations that may be introduced is the pre-assembled
 

utility core package housing appropriate mechanical, electrical
 

and sanitary systems. These units may contain the kitchen,
 

the toilet or bathroom area and the utility complex. All wiring,
 

plumbing, heating and cooling lines and ducts are pre-assembled,
 

and may include a heating unit, plumbing fixtures, lights,
 

storage units, and sinks. They eliminate from the building
 

site the most difficult and costly portion of the entire con



struction process. Typically, one may erect the utility core
 

on the building site, usually over a foundation or sub-core
 

with the remaining units or components of the house then built
 

core may be stacked like a sectional box, with
around it. The 


all connections between sections of the core made in the field.
 

Solar energy may be used in mechanical cores for the heating
 

of water and possibly for other purposes (water treatment,
 

heating and cooling).[3]
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Adobe wall constructed at National University
 
of Engineering, (U.N.I.), Lima, Peru, 1972. 
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Structural test of split cane reinforcement
for adobe walls. U.N.I., Lima, Peru 1972
 



Experimental adobe dwellings constructed by
 
the Ministry of Development and Housing
 
of Iran, 1971.
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Production of Cinva-ram cement stabilized
 
soil block in Bangladesh (courtesy of
 
Care, Inc.)
 



Self-aligning concrete block, panel and
 
column system developed under the UNDP
"Previ" research project. Wall panels
 
create voids which are filled with grout or
 
insulative material.
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Unicrete precast concrete plant at Chimbore. Wall panels have been cast, tilted
 

900 to a vertical position and are ready
 
At the same time
to receive roof panel. 


reinforcing has been placed for new wall
 

panels which will be cast.
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Experimental mould for fibre-reinforced 
plastic dwelling in Bangladesh. (1971)
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Chapter 11. Communication and Transfer of Technology
 

Specific cooperative programs in the area of earthquake and
 

wind storm resistant housing for low income groups provide
 

the opportunity for an effective interaction process between
 

experts of both the assisting agencies and the developing
 

countries. It is within such a process that communication and
 

transfer of technology are best achieved.
 

In order to illustrate various ways in which such a pro

'cess can occur, the activities of several agencies involved
 

in housing development programs are briefly described in the
 

following.
 

11.2 The Inter-American Development Bank
 

The Inter-American Development Bank (IDB) has played a
 

significant role in the last ten years with regard to urban.
 

development activities by financing two types of.projects:
 

1) basic infrastructure and.2) construction of housing (not
 

including land). Recent bank policy changes, based on mixed
 

results of these programs have resulted in the discontinuance
 

of housing programs per se. The bank is now interested in
 

integrated or total community development wherein all appro

priate infrastructure is provided, including surface access
 

and potential transportation networks.
 

As of December 30, 1970, the IDB had twelve on-going
 

projects in Latin Anerica. These projects range from infra

structure to integrated comunity development.
 



11.3 

The IDB offers technical services along with financing
 

of projects. Transfer of technology is achieved mainly in
 

the process of providing these services.
 

The World Bank (I.B.R.D.)
 

The World Bank does not contemplate direct lending 
for
 

It considers, however, lending
house construction at this time. 


develop housing finance institutions. The
 
for seed capital to 


emphasis here is on the leverage effect in 
prompting savings
 

and developing capital markets in a form which 
will lead to
 

amelioration of the overall housing and employment 
situation.
 

Particular attention will be paid to the income groups for which
 

housing is proposed, the mobilization of 
small savings and the
 

to substandard

possibilities for supporting improvements 


housing. 
In line with these considerations, the urban 

project
 

"site and services"
 
program in this field is concentrated on 


and similar projects to provide urbanized 
land on which the
 

occupants can build their own dwellings 
using self-help methods.
 

One project is already being appraised in 
Senegal and several
 

The first project is illustrative.
 others are envisaged. 


The land provided by the Government will 
be equipped with
 

roads, water, sewage and power facilities. 
Most water and
 

a community basis.
 sewage facilities will be provided on 


Education and health facilities are included 
in the project as
 

industrial, commercial, recreational and 
other
 

well as sites for 


Exclusive of the social facilities and power

develop-ents. 


cover costs 
which 
grid,* charges to occupants are expected to 



will be only a small fraction of those of minimal housing schemes
 

in the city. A new institutional organization will be built
 

up with technical assistance to form the basis of a national
 

program on similar lines. The emphasis on use of local labor
 

and employment will result in a somewhat higher proportion
 

of local costs than has been customary in bank lending.
 

11.4 United Nation Agencies
 

11.4.1 	 The U.N. Center for Housing, Building and Planning
 

The United Nations Center for Housing, Building and
 

Planning (UNCHBP) is performing most valuable work in, for
 

instance, devising housing programs compatible with technical
 

resources and on the social organization of
and financial 


The World Bank is assisting the
sites and services-schemes. 


UNCHBP in instituting regular inter-agency exchanges of infor

mation on activities with a view to sharing information and
 

completing necessary studies by the most appropriate agency,
 

avoiding duplication of effort, and reducing the burden on
 

developing country administrations resulting from numerous
 

An area of Latin America has been
uncoordinated missions. 


selected for trial exchange of information. In the field of
 

water supply and sewerage, a joint program has been established
 

with 	the IAorld Health Organization, and in education with
 

UNESCO.
 

11.4.2 UN Industrial Development Organization (UNIDO)
 

A UNIDO sponsored Expert Working Group Meeting on the
 

"Use of Plastics in the Building Industry" was held at UNIDO
 



headquarters, Vienna, Austria, September 20-24, 1971. The
 

meeting covered the following areas of interest: building
 

systems using plastics, plastics deterioration in building in
 

tropical areas, prefabrication trends with plastics in build

ings, user requirements and.performance specifications, and
 

research and development needs. The basic thrust of the
 

meeting was focused on developing mass produced low-cost
 

housing schemes for the developing countries in Africa and
 

the Middle East.
 

The information and practical experiences exchanges
 

during the conference indicated a significant potential for
 

plastics in low-cost housing schemes. As a result of this meet

ing, experts are currently participating in a practical devel

opment program of a plastic dwelling for emergency use in
 

Bangladesh. Also under way is an applied research effort to
 

investigate the potential of urea-formaldehyde foam for insu

lation in a lightweight roof sandwich panel composed of a
 

cardboard honeycomb core, U-F foam, and an outer skin of
 

gypsum reinforced with a jute fabric. Ultraviolet ray protection
 

is provided by a surface coating of a special water soluble
 

plastic paint.
 

The UNIDO meeting served as a forum for developing
 

working relationships that have produced useful and practical
 

results in a short period of time.
 

As a result of the discussions, the technical experts
 

group formulated certain recommendations for action that might be
 



initiated by developing countries and by UNIDO in cooperation
 

with developed countries with.a view to encourage development,
 

introduction and promotion of the use of plastics in the
 

building industry. Significant recommendations are summarized
 

below:
 

1. 	The use of plastics as building materials should be
 

encouraged wherever found suitable and economical.
 

Also this would help supplement the shortages of
 

traditional building materials in the region.
 

2. 	Keeping in view the varied climatic and socio-economic
 

conditions in the developing countries, the development
 

and introduction of plastics building products should be
 

gradual and systematically organized.
 

3. 	It would be essential to educate architects, engineers
 

and building contractors in the proper selection and use
 

of plastics building components. This would necessitate
 

organizing appropriate education/training programs.
 

4. 	Relevant performance specifications in respect of
 

plastics building components should be formulated to
 

facilitate their ready acceptance by the local building
 

industry.
 

The following recommendations pertain to action by
 

developed countries:
 

1. 	Devote attention to assisting the developing countries
 

to encourage mass-production techniques for housing.
 



Take part in specific projects to encourage dissemination
2. 


of information about plastics for building applications,
 

particularly bearing in mind that this offers opportni

ties for faster rates of house production. This could
 

include the provision of non-commercially oriented
 

literature and specialist advisers and the provision of
 

models and full-size samples of buildings put up with
 

systems suitable for use in developing countries, to be
 

displayed at seminars and building exhibitions.
 

3. 	Participate, as far as possible, in setting up indus

to use present and potential
trialized housing systems 


local resources.
 

The following recommendations pertain to action by United
 

Nations and other international organizations and agencies:
 

1. 	Provide inter-disciplinary teams of experts to develop

ing countries to examine user requirements and relate
 

this information to the possibility of local industrial
 

on
production of housing using plastics with emphasis 


present and potential local resources.
 

2. 	Initiate fellowship programs for experts from developing
 

countries and organize, as early as possible, inter

regional seminars in developing countries on the use of
 

plastics as building materials.
 

3. 	In order to expedite the organization of necessary
 

meetings, consider the joint participation with outside
 

professional organizations in provision of facilities
 

and funds for such meetings.
 



Establish criteria for evaluating housing systems, which
 4. 


of plastics, make available this
 iacorporate the use 


information at the request of developing 
countries and
 

assist them in evaluating the cost, performance 
and
 

adaptability of any proposed system to local 
climatic
 

and socio-economic conditions.
 

United Nations Development Program
11.4.3 


The U.N. Development Progran (UNDP) is the world's
 

In
 
largest program of multilateral technical 

assistance. 


a record volume of development assist1970 UNDP carried out 


3,500 projects in about 130 countries [9].
 
ance, working 	on 


the UNDP Governing Council requested the 
UNDP
 

In June 1968, 


a greatly enlarged program. A report

Administrator to handle 


entitled "A Study of the Capacity of the United 
Nations
 

As a result of
completed in 1969.
Development System" was 


the recommendations of this report five reforms 
were approved
 

in December 1970, which may enhance future 
UNDP efforts of
 

assistance with recipient countries' development 
plans.
 

a United
 
The principal reform provides for the adoption 

of 


a process which emphasizes
National Development Cooperation Cycle, 


coordinate UNDP assistance with
 country programming in order to 


the recipient countries' development plans. 
The cycle also
 

provides new procedures for the formulation, appraisal, approval,
 

implementation, evaluation and follow-up of specific projects.
 

Experimentai Housing Project in Peru: 

Typical of the type of project that the UNDP has initiated
 



in the past is the Experimental Housing Project in Peru which
 

was to assist the Government of Peru in establishing a long

term housing policy through the planning, construction and
 

initial management of an experimental housing project with
 

particular emphasis on the needs of low-income sectors of the
 

population. It consists cf four pilot projects the first
 

three of which are located in Lima. The fourth was added
 

1970 to assist the Government
after the earthquake of May 31, 


in reconstruction and is located in the affected region in
 

northern Peru. The Experimental Housing Project espoused
 

methods and techniques which might be applied on a larger
 

scale as part of Peru's housing policy.
 

The following is an outline of the project:
 

Pilot Project I (New Community)
 

The first pilot project is for the design and construction
 

of a new community of approximately 1,500 low-cost houses
 

complete with all community buildings. The design of the
 

community is based upon the concept of high-density, low-rise
 

houses with internal patios which can expand and adjust 
to
 

accomodate the changing requirements of low-income families.
 

is placed upon improved design, rational-
Special emphasis 


ized building methods and materials, dimensional standardi

use of suitable building plant and equipment.
zation, and 


The first building state of approximately 500 houses would
 

foreign designs
consist of prototypes of 13 Peruvian and 13 


sub-center, kindergarten and school.
including a community 



The first stage has been carefully planned to compare and
 

evaluate the various building methods, house types and group

ings. The favorably evaluated holise types will be repeated in
 

in the second stage which will complete the
larger numbers 


neighborhood with all facilities and appropriate infrastruc

ture.
 

Pilot Project II (Housing Rehabilitation)
 

The second pilot project is to develop procedures and
 

techniques to extend the functional life of existing sub

standard housing stock by rehabilitating older dwellings and
 

urban areas to meet contemporary environmental standards. By
 

a
applying these techniques on a larger scale in urban areas 


substantial contribution to the reduction of housing deficits
 

could be made at considerably less cost than through the alter

selected location a comprehensive
native of new houses. In the 


social and economic survey on all families and'condition-of

structure survey on all hoftses has been carried out and this
 

data forms the basis for the rehabilitation planning. The
 

rehabilitation program provides for structural improvements
 

and additions to sub-standard dwellings, new sanitary and
 

electrical installations and general upgrading of groups of
 

houses and their urban environment. Some new houses will be
 

built on vacant lots and lots with houses to be demolished.
 

A new sub-center will provide a community and spatial focus for
 

the area. Vehicle and pedestrian streets are being replanned
 

and a planting program for landscape improvements will be
 



carried out. In the rehabilitation of the individual dwelling,
 

self-help methods will be widely employed for occupant fami

lies. A community action program will aim at maintaining social
 

homogeneity and obtaining maximum participation from the
 

300 families in the area of the project.
 

Pilot Project III (Sites and Services)
 

The third pilot project is for families whose low incomes
 

a loan to purchase a contractorare not sufficient to amortize 


built dwelling unit. Self-help building methods, which can
 

reduce the cost of a house by 40%, will be fully employed.
 

Families will be organized and trained for building their
 

own houses with new construction methods using small building
 

elements and improved traditional methods. Technical super

vision will be provided to the families. A social plan runs
 

parallel with the training, construction and management aspects
 

of the project. The main work phases of the project are:
 

a) defining socio-economic characteristics of the families,
 

b) development of community plan, house designs and building
 

methods, 3) community development and housing management. 

Pilot Project TV (Earthquake Resistant Housing) 

The fourth pilot project is for low-cost, earthquake 

resistant and fast-to-erect permanent housing and includes 

industries. Twothe development of basic building materials 


groups of dwellings are planned. One group of approximately
 

the coast and one group60 houses is to be located at Casmaon 

of approxi-mately 60 units at Catac in the Sierra. 



Small workshops are located on each building site for the
 

production of building components and the training of families
 

in self-help building methods by technical experts. Manuals of
 

practical building methods have been prepared as instruction
 

aids and for widespread circulation in the region for use by
 

self-help builders. Social workers are collaborating in the
 

training of families and the organization of the groups of
 

families for participation in the project. The project also
 

includes technical assistance to small local industries to
 

improve and expand the productivity of building materials and
 

components.
 

A workshop has been constructed on the site of Pilot Project
 

I, fully equipped with tools, machinery and plant provided by
 

the United Nations, for the development and testing of building
 

materials and methods to be employed in all four pilot projects.
 

The Pro-ject is directed by a project manager in cooper

ation with a national director appointed by the Government. 

A Coordinating Commission of representatives of national housing 

and planning agencies coordinates the Project with related. 

development agencies of the Government. The planning and 

implementation of each pilot project is carried out by a 

separate development group consisting of Peruvian and United 

Nations personnel. An inter-development group and special

ized personnel assist each pilot project as required in technical. 

areas includ ing engineering, productivity, costing and finance, 

trainingj -nd housinc !anagemcnt. 



11.5 Care, Incorporated
 

is
 
cooperative for American Relief Everywhere, 

Inc. 

The 


currently employed in a major relief operation in Bangladesh
 

where, in addition to the many and diverse needs, 
housing has
 

The Care, Inc. Organization conbecome critically essential. 


tacted the National Bureau of Standards as 
a result of prelim

inary conversations with members of the Building 
Research
 

Advisory Board and the National Academy of Science 
in Washington,
 

a new
informal evaluation of 
D.C. 	 Care, Inc. requested an 


core of the
 
composite building material made of pulp 

from the 


jute plant, jute cloth and a plastic resin for binder 
and
 

facing material.
 

From this combination, other variations 
of plastic resin
 

and jute materials have been formulated 
for laboratory testing,
 

a full scale unit.
 
prototype construction and wind testing 

of 


11.6 	 National Institution
 

on this
 
The initial phase or information gathering stage 


project included the establishment of 
appropriate communica

a number of National
 tion and exhange of information with 


areas of
 
Institutions. The opportunity to develop potential 


collaboration in the transfer and utilization of innovative
 

evident in each country visited during this
 

teach improved methods and 

technology was 

phase of the project. 

11.6.1 Peru 

In Peru, for example, local recognition of thi§ Pilot 

Project has resulted in a significant field wi.ssion to develop 

materials for adobe construction. 
and 



of the principal objectives
The program will help fulfill one 


of a current technical assistance project initiated by 
the local
 

U.S.A.I.D. mission in Lima, Peru, in collaboration with the
 

following National Institutions: Ministerio d. la Vivienda
 

(Ministry of Housing); Banco de la Vivienda (Housing Bank);
 

Universided Nactional De Ingenieria (National University of
 

Engineering); and the International Institute of Housing Tech

nology of Fresno State College, California, and the National
 

Bureau of Standards, Center for Building Technology.
 

The specific objectives of the program are:
 

a low-cost, hig-h quality stabilized
1. 	Production of 


adobe block;
 

2. 	Development of adequate structural designs and building
 

techniques for anti:-seismic adobe construction.
 

3. 	Construction of a number of prototype houses and training
 

and technical assistance to families on the new
 

construction methods and promotion of these new methods.
 

After the technical and economic feasibility of
4. 


constructing houses with stabilized adobe have
 

been determined, large-scale projects would be
 

developed and implemented throughout Peru, with different
 

sources of finance.
 



11.6.2 	 Turkey
 

a result of visits by NBS personnel to Istanbul
As 


was possible to establish a sound working
it
and Ankara in 1971, 


relationship with three leading Universities in Turkey:
 

2. Bosphorus University
Istanbul Technical University;
1. 


Middle East Technical University.
(Roberts College); and 3.. 


Ministryhas been established in the 
Also, a 	 working relationship 

of Reconstruction and Resettlement, especially 
with the Earthquakc
 

Research Institute and the General Directorate 
of Natural
 

Disaster Affairs.
 

As a result of meetings and discussions 
with th'ese
 

institutions a joint venture and team effort 
approach to
 

The
 
the socio-economic study in this country 

was proposed. 


stud) provided an opportune mechanism to 
join together, for the
 

first time, many of the leading engineers, 
architects, and
 

The National
 
scientists in Turkey for a common goal. 


Committee of Earthquake Engineering in Turkey was 
thus formed,
 

headed by the Dean of Turkish Engineers, Professor 
Dr. Rifat
 

a Board 	of Research Associates and Consultants
 Yarar. Also, 


contributory experts for the socio-economic
 were formed as 


study, under the guidance of the National 
Committee.
 

The Minister of Reconstruction and 
Resettlement, the
 

Director of the Earthquake Research Institute 
and the General
 

Director of Natural Disaster Affairs 
support and contribute
 

to the socio-economic study.
 

Larthqua'C ngineering in 
The National Cormittee of 

to scismology,
Turkey is planning future projccts related 



geology and innovative technology transfer. An Earthquake
 

Engineering and Training Center is envi'saged in conjunction
 

with symposiums, seminars and other academic gatherings
 

for purposes of teaching and information exchange.
 

The Ministry of Reconstruction, Department of Building
 

Materials, Research and Testing Laboratories in Ankara has
 

expressed interest in construction and testing of prototype
 

dwelling units in their facilities. Interest was noted in
 

applied research of low-cost housing constructed of honeycomb
 

cardboard cores, gypsum and stabilized adobe (KERPIC).
 

The General Directorate of Natural Disaster Affairs
 

in a field mission to develop and teach
expressed interest 

improved methods and materials for adobe constrllctinn Pnd 

other innovative techniques that might be appropriate. 

11.6.3 The Philippines 

The serious consequences of natural disasters on the
 

economic and social development of the Philippines and other
 

developing countries in similar circumstances prompted
 

Institutions such as the W1orld Meteorological Organization (11,:Io)
 

to intensify appropriate action for mobilizing ways and means
 

to mitigate the harmful effects of typhoons and minimize their
 

destructive potential.
 

In the ECAFE 27th Session in April 1971, the Philippines
 

co-M,,mitted itself to support typhoon modification experiments.
 

The Philippine Weather ,ureau has proposed a five-year 

"Typhoon Research" to theintegr.teJ research eroject entitled 



The objectives of the
 
National Science Development Board. 


Assess the prospects of artifical
 
project are to: 1. 


modification of typhoons notwithstanding 
the economic benefits
 

Achieve a bet.ir
 
of precipitation from these storms; 

2. 


understanding of structure of typhoons, 
their development and
 

3. Obtain adequate

motion, and improve their prediction; 


climatological and hydrological 
data for the Philippines to
 

support economic development planning 
[11].
 

The Typhoon Research Project may 
be administered by a
 

number of National Institutions 
including but not limited to:
 

The Department of Foreign Affairs, 
Office of the Executive
 

Secretary, Department of Agriculture 
and Natural Resources,
 

National Science Development Board, 
Weather Bureau and the
 

Philippine Air Force.
 

course of this project there were meetings 
with
 

In the 


members of the National Science Development Board, the
 

These meetings
 
Weather Bureau and the Bureau of 

Public Works. 


engendered considerable interest 
in an applied research
 

program to develop a wind-resistant, 
low-cost house, to
 

selected weather
 or more prototype units at 

construct one 


instrument and measure the
 observation stations, and to 


The
 
prototype units under actual typhoon 

conditions. 


National Science Development 
Board expressed interest in
 

funds for such a project if other proponent
 
sore
providing 


The Weather Bureau has stated
 
funding was made available. 


the sites for the prototypes.
to prcvide
their willingncss 




The University of the Philippines, Department of Engineering,
 

interest in technical collaboration to
has also expressed an 


develop and test a prototype in the University's Building
 

Research Institute-Civil Engineering Laboratory.
 

A project joining together various attributes of the
 

above institutions holds significant promise for successful
 

implementation of an applied research program.
 

11.6.4 	-Iran
 

Adobe brick was developed in Iran almost 5,000 years B.C. [12],
 

and as today, it was formed by hand using a primitive mold and
 

a clay soil mixture. It is estimated that almost 80% of all
 

houses in Iran are constructed with adobe brick, wood, straw
 

and 	stone [13].
 

Under Iran's Third Development Plan (1963-1968) approximately
 

About
17,000 government assisted housing units were built. 


200,000 units were built by the private sector, and private
 

sector investment in urban construction projects is increasing
 

at a rate of about 12% per year [14]. The Fourth Development
 

Plan (1968-1973) calls for a total of 275,000 new housing units,
 

25,000 of these governmentally assisted, not including industrially
 

oriented housing development or rural. housing.
 

Most of the government assisted units will be replacements
 

for slum housing, and efforts are being made to provide more
 

living space per unit. Most of the new housing is built of
 

brick walls approximately 40 centimeters thick. The average
 

size 	of the brick is about 5 x 1.1 x 22 centimeters. 



Earthquake damage is prevalent and virtually continual in
 

several areas of Iran. Many dwellings are lost to earthquakes
 

when they occur, with deaths resulting from collapsing roofs
 

and walls.
 

A visit to the Ministry of Housing and Development in Tehran
 

excellent working relationship.
was informative and established an 


It was learned that the Ministry had completed a program to
 

an experimental village
construct a number of prototype houses in 


located in Narmak, a suburb of Tehran. The houses were each
 

of a different design, with the majority constructed of traditional
 

adobe brick and adobe plaster. One design utilizing a double

w¢ell conceived and innovative in shape and
curved adobe wall was 


form. This prototype and several others are scheduled for static
 

testing to determine their-structural qualities.
 

The Ministry of Housing and Development expressed a strong
 

of technical assistance, including
interest in several areas 


an exchange of technical information, a training program for
 

qualified engineers and an extensive field mission to develop
 

and teach improved methods and materials for adobe construction.
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Summiry of Conclusions and Recommendations
Chapter 12 


of Consultants' Reports
 

12.1 	 The Philip,,ines
 

For the national economy, a better-than past average
12.1.1 


growth of 7% ir GNP is targeted over the next four years 
which
 

is the basis -or strong government programs in the various
 

However, this growth rate and competing
development ,ectors. 


priorities uould still not allow resources to be directed
 

towards the total requirements for adequate housing. The
 

competing demands for agriculture and industrial development,
 

where there are both economic-social and commercial returns,
 

will exert the strongest pressure on the available private and
 

public investible funds in the economy, leaving only a limited
 

amount available for housing construction. This situation may
 

likely continue throughout the rest of the seventies.
 

sources 	would be necessary
Fund assistance from external 


Bilateral
 
to enable extensive achievement of housing programs. 


aid specifically designed for housing would significantly 
bol

ster the actual accomplishment of construction programs for the
 

requirements of the low-income majority of the Philippine
 

population.
 

The already acute housing problem in the urban centers
 

has been further aggravated by the heavy in-migration 
stream
 

rural populace escaping from the underdevelopcd 
econonic


of the 


in the rural environs. 
 The additional
opportunities availablc 

12.1.2 



pressure on the urban housing stock is reflected 
not only on
 

the required number of housing units which must 
be constructed
 

the already high living space densities
annually but also on 


within the already existing dwelling units. Additionally,
 

because most of the in-migrants belong to the low-income
 

groups, their housing requirements can only be 
financed with
 

the assistance of the public sector.
 

To hasten the development of economic opportunities
 

outside of the major economic centers and the likewise 
dis

perse the socially unfavorable concentrations of unskilled
 

and low income migrant families in the major urban centers,
 

the government, through the various regional development
 

authorities and through the priority programs of 
the Board of
 

Investments has favored, with fiscal incentives, those economic
 

activities which will locate in the smaller urban centers. In
 

starting to encourage
addition, provinces and municipalities are 


and attract investors to set their facilities within their
 

jurisdictions.
 

The. increasing demand for adequate housing facilities is
 

expected to be slowly met during the present decade but expect

that there may still be a backlog by 1980. The
ations are 


efficient distribution of mass-produced prefabricated houses
 

will definitely accelerate the achievement of the objectives of
 

the housing programs. To implement these programs, the govern

ment together with whatever external assistence may be forth

of
coming will have participated actively not only in terms 


project promotion but also in terms of financial support.
 



efforts of the government Lo pro
12.1.3 	 b)Lspitc the present 

-old size has increased from 5.7 in 
mote izcuily planninj, housel
 

further increase to
 5.0 in 1970 and is expected 	to
1969 to 


around 6.2 by 1930.
 

pronounced in the
 Variations in sizes by locality is 


urban-rural dichotomy rather than among 
different regions.
 

urban counterparts due 
Rural households are larger than their 

the strong extended family kinship system 
practised in the 

to 


a nuclear family in the
 
rural areas where relatives 	 live with 

same dwelling unit. 

Because the majority of households belong 
to the low

predominantly shanties 
income group, one-bedroom dwelling units 


densities are 
of are cc~mi.on. Li.ving spaceand '"accessorias" 

of.the available spaces in these hous
necessity high and most 

living accom~modations. However, the
 
ing units are used as 


units should provide
ideal design of typical low-cost dwelling 

for at least t.wo bedrooms.
 

Low-cost housing units designed specifically 
for the
 

12.1.4 


major urban centers will out of necessity 
have to be high-rise
 

(about four to six story tenernent buildings). 
The factors
 

the relative scarcity and the high
affecting such design are 


the large magnitude

value of residential land in urban areas, 


and the low average household income
 of the housing problem, 


levels.
 

aoroach to the housing problem
It is exectcd that this 

http:cc~mi.on


whic.hl has al.c.ady bee: ir;plcenioited though still on an unpro

grair:cx oasis, will gro'. rapidly in the future. Commercial 

multi--tor7 con ov.'ini=m apartments, catering more to the higher 

incnrva bracJcts, have increased in popularity in the housing 

market of the Greater 1anila area and in other urban centers. 

For rural housing, the foreseeable trend will still lie 

with the single detachcd dwelling unit because of the dispersed 

natur, of rural settleldents and the availability of land. 

12.1.5 .n most urban are-as, community facilities such as 

powder, corT'.unicEtions and coamercial and recreation services 

provi&@dd *y private enterprise are generally considered ade

quate. Other services such as water systeno and infrastruc

ture, normally taken care of by the public sector, are insuf

ficient due to lack oi capacity and inefficient management. 

In the high growth and high density urban centers, the demand 

for most comunity facilities has far out-paced the development 

of capacity due to high investment costs and oftentimes the 

absence of efficient operation.
 

Most privately promoted housing projects have incorporated
 

as an incegral element in their plans the provision of the 

basic cozuuunity facilities needed by the residents. This is 

apparently a critical factor in the commercial success of these 

projects. 

The rural arcas nave lagged b]ehind in the development of 

the nccssary cov:i'.unity 'acilitios because the concentration 



of purchz.:ng power, essential to'the viable commcrcia! 

devclo-!:.ent of . b- private enterprise, hasI-th.sc facilities 

not becn available. 

12.1.6 ii'-ong the lo,-income households, there is a limited 

portion of budget available to construct makeshift dwelling 

units or to rent living spaces and there is no financial capa

cit to buy and/o. tize a well-built structure mainly 

because the lack of land or available collateral. To counter 

thnis vicious cycl.e of poverty, the governr ,ent has already 

extended the repayment periods for housing loans from 15 to 

25 years cc.Io. households, especially theto -ore lower-incor.e 

ones, to avail themselves of these programs.
 

A pbssible co ,.o.o :nta'. solutioi to this problem is for 

the governm-nt to prex:iote low-ccst housing projects to those 

individuals -ho ould have not only the land on which to con

struct the lo-:-cost housing units but also the capacity to go 

into long-ter.c dcibt financing, using their land as collateral. 

From the rental payments of these low-cost units constructed 

on his land, the landowner will be able to fund his amortiza

tion payments. 

12.1.7 While tne government financial institutions have 

already restructured their portfolios in favor of housing 

-loans, the nced for housing loans is still. so much grcater 

th.n their C"o:ib*n . cap bi.itiCs. 



The governnient agencies are already offering the lowest 

terms currently available (6 to 9% annually) over a twenty-five 

year arrortization period. There is still an untapped source of
 

funds for lo'.-cost housing in the banking sector, but the rates 

are quite high (12') , with short-term repayment. 

There will be great need for externa. sources of funds 

and if these can be reloaned at the minimum government level 

of 6%, it will conuri.bute substantially to the realization of 

the housing nceds. 

12.1.8 The construction materials together with the skilled 

labor needed in the conventional method of construction are 

readily availa) . Delivered prices of materials are reason

able because of the regional dispersal of productive capacities. 

The curr-ent size of Philippine markets for fabricated construc

tion ccmponents is not large enough to achieve economies of 

scale. Furthermore, the transportation and distribution system
 

in the eleven major islands are not developed and will gener

ally result in higher delivered costs for these products.
 

Further fabrication of construction material components
 

must be of sufficient economic scale and must incorporate cost
 

improvements to more than offset the higher distribution and
 

transport costs as compared to the price structure of conven

tional construction components. 

For the distribution of construction aterials used in
 

' co.;v"nn.on.] systcm , thure %,-ouldbe room for cost improve

http:co.;v"nn.on


nw.nts in tE area.s of bulk handling, larger volure or lot sizes 

in de.ivcrv s]ii-.nts and scheduling. 

12.1.9 Thc basic chemical process industry for plastic 

products is small, protected by high tariff and generally 

produce .in. .e. types of hcusehold construction materials. 

Undur t- ro:cent InvesLient Incentives Programs, the 

seventi-.s will witness the development of larger and more com

p2 e% c;'-.-!,i cal process plants and the industry will probably 

develop' an integrated petro-chemical complex base during the 

&eca"'.e. Over the long-tcrd the availabDility of these chemical 

process products can be applied to manufacturing materials for 

usc in mass housincr construction. 

12.1.10 As indicated, the dezaand for housing is great and the
 

financial and technological resources available to supply this
 

are limited. As projected, the total requirements for new and
 

replacemoent housing units will n'.ore than double from 590,000
 

units 	i.n 1972 to over 1,360,000 by 1980.
 

Prefabricated housing is seen as a major approach to the
 

low-cost supply capabilities.
 

12.1.11 Wages in the construction industry are good and
 

productivity is g_..2nraly considered high. There are, however,
 

indications of apathv toward- high standards; short cuts in
 

.;;c'Ji.n; ;ro~ced~ir;. are, in g.:ncral, tolerated.
 



In prefabricated housing construction, the recent 
experi

indicate a ready adaptability by labor 
ence of sc.;e contractors 

systems at a high rate of productivity.
to handling prefabricated 

are foreseen in the manpower develop-
No significant obstacles 


mont for modular construction.
 

Low-cost housing designs for government-sponsored
12.1.12 

the paying capability of a prospectiveprojccts are guid2ed by 

basic cost-saving features in space
hoieownor and have the same 

projects in various regions
allocation and naterials. Private 

offer a broader range of alternative designs. Among the low
 

preferenceand middle inome homeowners, there is still. general 

for individualistic requirements but standardized mass housing
 

designs are accepted for cost advantages since the houses are 

generally subjcct to individual modifications during occupancy. 

Usage of specific construction materials appear to be
 

determined priimarily by availability and secondly by the rela

tive price value of substitute products.
 

Most practising architects appear to be receptive to the
 

of new construction materials and their recommendation is
 use 

a strong determinant in introducing new materials and products.
 

The most effective introductory and sustained marketing
 

effort for new products is through the distribution channels
 

and networks developed by private enterprise engaged in the
 

selling of construction materials. 



12.1.13 T1'h conventional metlioa remains the most accepted and 

cc,i.i:ily uscd,tiod of housing construction in all the regions. 

This is due to the relative ease of securing the materials and 

labor needcd for housing construction which allows housing 

deyc loper-- and individual homeoners much leeway in implementing 

their design p!rfercnces. At the same time, there appears to 

be a receptivity towaris new products and designs. 

Thus, the development of prefabricated systems for low-cost 

housing must o *fer sicgnificant economic advantages in addition 

to structural design efficiencies in order to replace the 

construction method.tradiLtional ,:rofcerencc for the conventional 

It would a.pear that a markcting strategy for prefabricated 

hou sing units, enmpha-sizing "typhoon-resistant" features might be 

thei_- structuralan efectivc p)r'c:otlonal idea Lo highligjht 

by the conventionaladvalitages over d elling units constructed 

sys ter. 

are
12.1.14 Mlost municipal 	codes used in the various regions 


minimu'u. specifications straivhtforyward, providing the basic 

- for the construction ofmechanical, electrical and plumbing 

they are so basic in their a housing unit. At the 	 samre timo, 

is little room for highly innovativestipulations that there 


designs.
 

minimum recuire:m nts is generally
Enforceec.nt of these 


st:ic. in the revic,; of dcsigns and plans. However, there
 

appcars to be laxity in 	enfor-ce:.iet cluringI the actual construc

http:Enforceec.nt


tiorn i.tau, ";heci" pnriodic inscctions by tie enforcing 

agency a;:e su.scd to be !,-'de to detc-jine adherence to the 

codes. 

It i: generally felt thhat with advances in construction 

of prefabricated systcms, the level
 i.aotho's ~a.l/or :nor'c usage 

in the 
-	 improve, particularlyauuld furtherof code enforce. ent 

This may be a
 
ae, -ni. -te throujhout the country. 

and marketing of prefabricatedstrong D int in the introduction 

lousin,3 co .,pon-nits• 

].2.2 Irur:ey 

Turkey is basically financed 
Since houSng construction in 

small businessmen,
eithe. : >by oQ;;A.rs )rC individuals 	 or mostly by 

rapid progress in the methods 
is r.ot much prospect.for ath-e,:c 


rural use of ,-,aterial for low-cost 
of ccnstructicin and in the 

conditions of financing
dwellings. With the prevailing and 

the rural dwellings will. be constructed 
building; r.-cgulatioris, 

methods utilizing cheaply
using the sar:.e old conventional 

available local material.
 

an efficient and reasonably priced pre-fabricated 
systemn


Unless 


of
 
across the country, nothaing will 	prevent 

80% 

is established 


of stone, brick or adobe
 the future houses to be built ouL 


cases possusses little or no lateral
 masonry, which in i-ost 


In a very fcw regions where timber
 load carrying capacity. 


constructthe prosperous builder may
is locallv :ail :,bl(-, 

ti,-.Ar r s z-uct -- 5. 

http:oQ;;A.rs


12.2,]1 Points of Interest and Recommendations 

low-cost housing construction
 Based on the experience of 

of damaged strucfield observationsin Turkey as well as the 

of interest andseveral pointsin recent earthquakes,tures 

areas of possible development regarding 
the earthquake resist

asmay be sumarized follows: 
ant design and construction 

12.2.1.1. A realistic approach 
to the problem of improving
 

in Tur]key,dwelling constructionof ruralthe present nothods 


brick and
 
be to study the earthquake response of stone,

would 


New rigid requireiments of strength
 
masonr structures.adobe 


to these struc
should be im:'.posed in order make 

and ductility 

total
cartlqualkes without 

tures capbDle of resistinJ stronq 


to determine analytically the
 
it is very difficultcollapse. 

frame rural dwelling.
a or timber

earthquake response to lmasonry 

on real or model structures is
researchTherefore, experimontal 

methods ofalternativeIn these experinents,highly desirable. 


bond beams,walls, lintels,the foundations,constructing 

should be investigated in great 
detail.
 

corners, ceilings, etc., 


Geological and sub-soil conditions 
should be taken
 

12.2.1.2 

and also in designing a house. ainto account in selecting site 

soft soils 
period of vibration, especially of 

The predominant 
of funds,n e d on the availability. Dependingshould be dcter:Ci 

.... ii:3 co::'bi-Cyd ,ith !aberaio'y tcsts and field 
ana]yt.Cal 

used this 
....... ,.,. of ,.x.r w:V; velocity i--av be for 




purpose.
 

Coincidence of soil-structure periods should 
best
 

12.2.1.3 


be avoided by following the principle of building rigid 

structures on soft soils and flexible structures 
on hard soil.
 

Care should be given not to use unnecessarily 
heavy


12.2.1.4 


in-fill walls, especially of the kind which do
 partition or 

to the strength of the structure.not contribute 

should be designed and con
12.2.1.5 	 O:e and t..o-story houses 

lateral load of 0.!0 g
structed to -,ithst.nd a minimum static 

in the firstC degree earthquake zone. 

Symmtry in all possible planes as well as uniformity
12.2.1.6 

throughout the structure should be maintained. Uniformity in
 

of rigidity, weight, geometry, materials, etc.,
the arranger..nt 

is most essential for a safe earthquake-proof design.
 

Strength of adobe masonry structures should be
12.2.1.7 


increased by adding stabilizing materials into the mixture,
 

without raising the cost of construction significantly.
 

12.2.1.8 	 Infrastructural faci-lities like roads, sewage systems,
 

should be included
water supply, elect'icity, telephone, etc., 


in tihe overall design and planning of rural dwellings.
 

http:ithst.nd


12.2.1.9 Architectural planning or rural dwellings should
 

take into account the socio-economic needs 
of the people
 

living in different regions.
 

immense need for
 
The Consultant's report emphasizes the 


the development of new techniques of construction 
and material
 

It concludes by expressing the opinion
for low-cost housing. 


that any analytical and experimental research conducted in 
any
 

part of the world and concerned with the 
promotion of better
 

should be regarded
areas
and safer living conditions in rural 


as service to mankind.
 

12.3 Peru
 

at present

The accumulated deficit in housing in Peru is 


is estimated that by
 
on the order of 1.7 milli'on units, and it 


1978 it will reach 2.3 million. It is evident that this repre

a serious social problem which will 
continue to grow as
 

sents 


long as there is no development of a new system for 
construct

ing basic low-cost housing, antiseisinic 
in character, which will
 

on
 
at least satisfy the annual demand 

for housing, which is 


the order of 100,000 units.
 

far in
 
Policies of mass housing construction applied 

so 


this country have not had frankly 
positive results.
 

The solution is difficult mainly because of the low 
level
 

of income of the majority of the population 
and of the low
 

financial capacity of the nation.
 

necessity
At pescnt the National Housing Plan faces the 

at a cost not
 
of massive construction of "basic housing 

units" 



Meanwhile, organizations which
 32,500 per unit.
exceeding S/. 


finance economic housing programs 
in the social interest are
 

It
 
investing on the order of S/. 

200,000 to 300,000 per unit. 


is obvious that these last 
programs can serve only a small
 

percentage of the population.
 

The problem becomes still 
more serious when one recognizes
 

the operative deficiencies 
of the construction industry,
 

principally the scarcity of 
skilled labor and the absence of
 

the development of new construction 
mate

research leading to 


rials and new procedures of 
construction and prefabrication.
 

On the other hand, the housing 
deficit exists both in the
 

urban and the rural sectors, 
and the solutions to these two
 

to be different.
 
types of problem will have 


It is obvious that in the printipal 
cities of the country
 

should not seek the solution 
in the construction of large
 

one 

this greatly increases
 

neighborhoods of single-story 
houses, as 


the cost of expanding and 
maintaining cities.
 

an
 
Taking Lima, the largest city 

in the country, as 


investment necessary to
 
example, it is believed that 

the 


maintain basic services of 
electricity and drinking water 

will
 

3,000 million soles a year
the order of 2,000 to

require on 


The water supply which at 
present
 

for the next 10 years. 


30 in 1980
 
(1970) is IS liters a second must be increased 

to 


the Rio
 
to 40 in 1990, necessitating the diversion 

to 

and 


of water which at present flows into 
a volumeRimac of large 

the Atlantic Basin.
 



The solution to the problem of lowering the costs of
 

services in this city may lie in the erection of high-rise
 

buildings constructed by the method of sliding forms and
 

perhaps with unfinished concrete, or any other system which
 

represents of lowering of costs per square meter of construction.
 

The concentration of the population in less area would lower the
 

cost of public safety, water and electric supply, sewerage,
 

markets, hospital and schools, when transport, trash removal,
 

etc.
 

In general the large cities of Peru have low population
 

density indices, which necessitates an excessive extension of
 

their service networks. There are no recent studies of this
 

important aspect of outlying neighborhoods varied between a
 

minimum of 400 inhabitants per hectare and a maximum to 900
 

per hectare (San Cosme), while the density in the residential
 

zone of San Isidro was estimated to be 20 to 50 inhabitants
 

per hectare, and in the new Neighborhood Units with buildings
 

of 4 stories the mean density was 300 per hectare. Relative
 

to this, it must be noted that the new National Construction
 

Regulations establishes that residential areas of low density
 

should vary between 30 and 140 inhabitants per hectare, those
 

of medium density between 200 and 330, and those of high den

sity between 530 and 1,350 inhabitants per hectare. It is
 

estimated that neighborhoods of high-rise buildings, proposed
 

as the solution to the housing problem in the large cities of
 

Peru, should have between 800 and 1,200 inhabitants per hectare,
 



thus permitting an economic reservation 
of parks and recre

ational areas.
 

In any case the attempt to solve the 
urban housing pro

blem should not be made with rural-type 
solutions, as appears
 

(villa El
 
to have been the intent in recent years 

in Lima 


Salvador).
 

The rural housing-deficit problem has different 
charact-


Public services, except for
 
eristics from the urban. 


electricity, do not require maintenance 
of large networks, and
 

not a major problem. Villages and
 
thus population density is 


towns can be built of single-story houses.
 

the basic element of
 Rural housing should keep adobe as 


Adobe is a material of high thermal and acoustic
 
the solution. 


insulation indices, resistant to the most common grades 
of
 

seismic shock in the country, easy to 
manufacture, and of low
 

should be subject to technical standards 
which
 

cost. Its use 


would assure good construction, both in 
the design phase and
 

It would be necessary to establish the
 in the execution. 


depth and width of foundations, waterproofing 
norms for walls
 

the adobe itself, maximum heights of walls, maximum span 
for
 

or 


roofs, dimensions and forms of making openings 
for doors and
 

windows, and last, to develop an appropriate and low-cost
 

roofing system.
 

Roofing of reinforced concrete should be discarded 
because
 

its characters of rigidity and resistance are very 
different
 

a mud covering or tiles
 from those of adobe. Roofs of wood with 


are very high and expensive. Roofs of asbestos-cement or
 



calamina will satisfy many conditions but give little insulation
 

and require the addition of a false ceiling, which makes them
 

expensive. Roofs ot cane or matting are unhealthy and are a
 

constant fire risk.
 

In order for adobe housing to fulfill the requirements of
 

modern and economical -onstruction it is necessary, above all,
 

to solve the problem of the materials or elements of the roof
 

construction. The conditions that these must satisfy are
 

good thermal and acoustic insulation properties, lightness
 

and ease of construction, freedom from insects, non-flammability,
 

and above all low-cost. In order for these roofs to be appli

cable to construction in the Sierra, they must also be water

proof, and the materials must permit construction of gabled
 

roofs. Maximum span of the units should be 3.50 to 4.00 meters
 

and their design, if possible, should not require the use of
 

rafters, as these raise the construction cost.
 

On the other hand, adobe is a material easily adapted to
 

the climatic characteristics of the environment - Coast and Sierra
 

and is socially acceptable to the great majority of the popu

lation. Technically improving its manufacture and use in con

struction, which would not require more skilled labor, could
 

lower construction costs and could be applied to programs of
 

do-it-yourself construction or self-help. In fact, this
 

system is the most common one in rural areas.
 

The introduction of new construction materials in Peru has
 

always resulted in an initial period of stronp rejection,
 



principally because of lack of confidence in the behavior of
 

such materials in the future.
 

New construction elements, new materials, or construction
 

using prefabrication or other innovative techniques or concepts,
 

may be effectively introduced by using the social laws recently
 

passed by the government.
 

Houses built with new materials and/or using new methods
 

of construction, which have adequate antiseismic properties
 

and the cost of which is relatively low, have a guaranteed
 

initial market in the industrial, mining, and agricultural
 

corporations which are required by law to build housing appropri

ate for the needs of their employees. Once their economic advant

ages and comfort are proven, the market for such houses would
 

later extend into broader sectors of the population. A con

servative estimate of the potential market during the intro

ductory per' d indicates that there is a need for the construction
 

of approximately 20,000 to 40,000 housing units in mining
 

camps and 100,000 to 200,000 units in the fields of agriculture
 

and fishing. Nevertheless, acceptance in these fields would
 

be on the condition that savings in construction cost would
 

be on the order of 10-20% over the present minimum for traditional
 

construction, which in Lima is on the order of S/. 1,500 per
 

square meter.
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