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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 (AIDj 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 Industzry", in
Viepna, 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 Instifute 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 applibable within
the framework of socio-economic and cultural require-
ments in developing countries.

- Suggest promising technological inno&ations 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 socioc-economic barriers
against more effective building practices 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 fypical
socio-economic constraints in developing countries, field
trips were made to Peru, Turkey and the Philippines, repre-
sentative of countries that suffer frequent devastation from
natural disasters such as carthquakes 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



jncluded 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
storms; to review and study the technical, socio-economic and
cultural'constraints speéific 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.

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,
énd means of communication and transfer of technology to

developing countries 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 earthquakés and typhoons. The report incorporates
information from various bibtliographic sources identified at the
end of each chapter and, in particular, from socio-economic
studies carried out for this project by consulting organiiations
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 daga. Seventeen
work items, with appropriate gdjustments 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 climétic 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 diétribution, growth

patterrns and future potential.
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Prepare a demographic anélysis which shows:

a) How the people are moving;

b) Village and urban population ratios;

c) Method of settlement;

d) Forecasted population trends through 1980.
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.

Investigate the trends of living space expansion in
housing. Determine alternate criteria for expansion
in the horizontal or vertical direction and give reasons.
Define the need for community and municipal facilities
as they relate to existing population centers and to
newly planned villages or towns.

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 funds, private and government loans, other

- capital sources, their terms and interest rates.

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.

12.

13,

14.

15.

16.

17,

Determine the availability §f 0ils and asphalt material

for adobe (Kerpic) stabilization. Also, determine the
availability of urea, formaldehyde and other chemicals

used to produce plastics.

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.

Compare labor rate trends in different regions and analyze
productivity in the building industry including pre-
fabricated housing.

Perform a survey to determine public reactibn 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.

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 censtruction, which
would be both economically feasible and socially acceptable.
Identify the effgctive 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 tic flexibility of existing policies and codes

to accept new 01 innovative 5ui1ding technology.

Prepare a detailed summary of conclusions and recommendations

based on the information and data collected for this study.



The conclusions and recommendations of the socio-economic
stud‘es are summarized in Chapter 12.

In the opinion of the consultants, the major obstacles
to meeting housing needs in the Philippines are as follows:
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.

5. An insufficiently developed transportation and
‘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 permif the mass production
of plastic building components.

7. Standards of workmanship are often not sufficiently
high.

8. Building codes allow little room for technological
innovations.

The consultants’note, however, that in the Philippines,
skilled labor is generally availablz, productivity of labor
is reasonably high, labor appears to adapt to new construction
methods with relative ease, and that architects as well as

users are receptive to new materials and designs.



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 materials 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 throﬁgh
stabilization would contribute substantially to increasing
building safet& 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 €conomically 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 exhéustive 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.
In rural areas, on the other hand, adobe block buildings are
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 uéing
quite rudimentary techniques, while certain dwellings in
emergency housing programs are produced by sophisticated
industrial processes, as is the case with the "igloo" plastic
dome.

Technical improvements. resulting in better resistance to
earthquakes are feasible in the case of each of the building
types or systems enumerated above. This is true of high-rise

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 maéonry buiidings
in general, which, if properly designed (with or without reinforce-
ment), exhibit superior aseismic properties and to which the
considerable body of experiehcg 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
of 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 teéhnology is best achieved
within the process of interaction between experts of both the
assistiﬁg agencies and the developing countries involved in
specific cooperative programs. In addition, training, educational
and fellowship programs, zs well as seminars, play a useful role

insofar as communication of technology is concerned.



Areas of Cooperation

Arens 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,
respecti&ely. 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.



1

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
loss of life and property throughout the world. In the period
1926-1972, for example, earthquakes alone caused almost one
million deaths, as well as damages to buildinés and public works
totaling an estimated fifteen billion dollars [1].

Improved design, siting and construction procedures can
contribute significantly to the reduction of such losses. In
developing countries, however, severe socio-economic constraints
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 earthquakes and wind storms; to review and study the technical,
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
involved. It cxamines the constraints ‘which exist in

developing countries, in broad terms to offer an overall



perspective, and in detail with reference to specific countries
selected as case studies. A review and analysis of available
and potential techno’ogical 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 d.scussed.

The repor.: 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 buildings 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 metnods 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
ﬁonstruction materials, composite systems and building systems.
Chapter 11 discusses communication and transfer of technology

and the role of institutions in this work.

Chapter 12 is a summary of conclusions and recommendations
from the Philippines, Turkey and Peru, as prepared by the con-

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

and Building Materials

by
Dr. S. G. Fattal

National Bureau of Standards

2.1 Introduction

This. chapter orovides background jinformation for the

technical discussions in chapter 3 and 4 regarding structural

1

wn

performance of buildings subjected to wind and earthquakes.

In Section 2.2 buildings are dascfibed according 'to structural
type and the manner with which they trancfer lateral and
gravity £forces. Secticn 2.3 describes and classifies building
elements according to shape and composition. Construction
materials and their mechanical propertiés are discussed in
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

2.2.1 Bearing Wall Buildings
In buildings ot bearing wall construction, the walls
are designed toO transmit gravity and lateral loads to and

from the fcundaticn by functioning as structural elements in

Iy

compression, caear, tension and hecading.  Gravity forces

consist of tn2 dead joad of Lac structure and vertical live



loads from human occupancy, furnishings, snoﬁ, ice, or other
transient loads. Vertical forces are also ihduced 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 forges 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 scme orientaticn. For instance, in the figure,
shearing resistance of wallé A and C is mobilized against
horizontal. forces indicated by s0lid arrcws. Simllarly, 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 cut-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 lcad-carry-
ing frame consisting of beam and column elements. Where the
frame is also called upca to participate in resisting lateral

forces, the design usually provides for bracing or for rigid
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connactions 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—éell 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 exaggerate@ by the broken lines for

the sakg of clarity. Resistance to latéral forces is primarily
contributed by the simultaneous mobilization of bending and
shear capacity of columns and bending capacity of beams. 1In
addition, beams provide bending and sheaf resistance against
vertical loads tranémitted from the roof through floor jcists
and other attachments, with columns offering resistance

against axial loads énd any bending moments induceé 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 Buildings
Shell type buildings consist primarily of single or

double curvature elements. Figure 2.3 illustrates some of



the forms utilized in building construction. The dome shape

in (a) provides centinuity of rcof 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 structure with flat roof bearing
on cylindrical wall enclosure.

The shell is a highly efficient sfructural form deriving
its effectiveness from curvature which, when properly exploited
by the designer, gives it the ability vo transmit loads through
membrane action (i.e., in-plane compression, shear and tension)

and minimal amount of bending.

2.3 Structural Elements

2.2.1 Foundatlons

Building foundations are designed to transmit superstruc-
ture loads to the ground below. The type of design is dictated
by the bearing capacity of ground material, intensity of loads
to be transmitted and allowable levels of tolerance to gettle-
ments. These factors become less critical for low-rise dwellings
of one-to-two stories. Certaiq types, such as piles, are seldom
encountered except for houses in fregquent flood areas built on
bamboo stilts driven into the grcund to a length sufficient to
develop the required load capacity Dby friction with the surround-
ing soil. Where flocding is not a major factor, rectangular

footings of plain or reinforced concretc or gravel with soil-



cement mortar are quite commodly.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, siﬁilar to wall
footings in gomposition are used to suppert individual column
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 keam, column and bracing
elements of small secﬁional dimensions relative to length.

The structural behavior of éach element identifies it from the
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 mgchanism 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 concave side and tension in fibers
neéar the opposite side. For this reason, beams made of

materials of low tensile strength, such as concrete, require



reinforcing bars hear 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 stéel beams.

Columns transmit vertical loads and beam reactions to
thé foundation. Their structural effectiveness is in com-
pression although in most instanceé they are also designed to
transmit benéing induced by continuity of joints or eccentric-
ities of axial loads. Square, circular, rectangular or
TI-shaped sectional profiles are quite common. Columns are
made of reinforced concrete, masonry, wood, metal, ox a
variety of other materials and combiﬁations thereof.

Bracing elements in frames inhibit lateral deflections
and provide resistance against horizontal forces. A common
application is the diagonai'cross—bracing illustrated in
figure (2.2) whe:e the tensile resistance of element no. 1
is mobilized against the lateral force shown. Diagonal no. 2
functions in a ;imilar manner when the direction of the force
is reversed. Bracing is also used for columns to increase
their resistance against lateral buckling. Non-brittle mate-
rials strong in tension are well suited for bracing. Steel,

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

2.3.3 Wwalls
Structurally a bearing wall is the counterpart of a

column in that both are designed to support primarily vertical



loads in compression. In addition, bearing walls develop
substantial shear forces from lateral loads which also produce
some bending in these elements.

The assembly of a filler wall with a confining frame
around it is known as an infilled frame. Under lateral loads,
filler walls alter the basic behavior of the frame by inhib-
iting lateral deflections and assimilating most of the shear
away from the columns. axial loads in filler walls are
noﬁinal.

The main function of non-structural walls such as para-
pets and interior partitions is to provide enclosure in
buildings. Thereforg, the contribution of these walls to the
overall séructural resistance should be minimal.

structural walls of wood, concrete, burat clay or
soil-cement composition are guite commén in low-cost housing
construction. The walls may be monoiythic or of masonry type
construction where staggered courses of basic units are laid
in beds of mortar. Clay brick and tile, adobe prick and
concrete block are conventional masonry units.  Masonry
mortar of a desired cﬁnsistency and strength is prepared by
using certain proportibns 0f cement-lime-sand or soil-cement

" mi.xtures.

2.3.4 Roofs and Upper Floors
Floors above the ground level are designed to develop

sufficient capacity in shear and bending tc transmit direct



gravity loads to floor joists, frame elements oOx bearing walls
below. They also function as diaphragms distribuﬁing lateral
forces to supporting elements. ”Typical examples of floor
systems are reinforced coancrete slabs supported by joists or
at the edges, and joist supported wood floors.

Diverse types of materials and shapes are utilized in
rcof construction. Pitched roofs are often attached to a
wood supporting frame or a truss. Flat roofs are similar to
floor slabs in structural behavior although the nature of
loads is somewhat different mainly due to the presence of
suction and uplift forces. A traditionai type of roof con-
struction, consists of wood joists or logs, spanning across

opposite wvalls, overlain first by -bamboo, straw or asphalt-

impregnated burlap, and then adobe.

2.4 Materials and Their Mechanical Properties

2.4.1 Concrete

concrete is prepared by mixing certain proportionsaof
sand, cement and graval with water. At the construction
site, the mixture is poured into preassembled wood forms
which are removed after setting. Near full strength is
usually attained in about a month. Standard size cylindrical
samples are removed from different batches during construction
for separate testing to dé{ermine the compressive strength of
the concrete used. This practice is necessary in view of the

susceptibility of concrete compressive strength to proportion-



ing and quality of its ingredients, rate of curing and many
other factors. Compressive strengths ranging ffom 1,400 to
3,500 N/cm2 are typical.

Concrete is weak in tension and therefqre, seldom used
without reinforcement. The use of steel, fiberglass and
other high .tensile strength materials for reinforcement,
coupled with properties such as durability, fire resistance
and mouldability into different shapes, makes concrete a most

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.
Alternately, the strength is sometimes expressed as a fraction
of the strength of its unit for a specified type of mortar. The
range of compressive strengths of brick and concrete block masonry

used in construction is indicated in the following table,

(N/cmz) , (N/sz)
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

§% 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
used in building construction. Sun dried adobe bricks con-
taining sand, silt and clay. often untreated against water
penetration have been the basic masonry units for traditional
low-cost housing construction. The more recently introduced
asphalt stabilized adcbe brick of high dﬁrability and water
repellent properties marks a significant breakthrough in
improved low-cost construction. With good workmanship,
adobe bricks with compressive strengths of 350 to 500 N/sq.
cm. may'be obtained. Mortars used witﬁ adobe units are
mixtures of soil and cement, with aséhalt added to give it
the desired stability.

geveral attempts have been made in Turkey to provide
stabilization with asphalt. The following is the summary of
findings of a study recently conducted by the General
Directorate of Building Materials of the Ministry of Recon-
struction and Resettlement:

np laboratory analysis of the adobe material is essential.
This will help to decide what kind of asphalt be used and what
the optimum amount is. The analysis should cover a sieve test

(gradation) and a determination of silt and/or clay amount.



Liquid limit and plastic_limit shoﬁld be detgrmined to know
the plasticity index (PI) of the soil. In general soils,
with a clay and/or silt ratio of more than 45% are not suitable
for asphalt stabilization as silt and clay tend to prevent
pulverization.

The kind of asphalt is detormined 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
content. Soils of PI 5 or less are cf this kind. As ncon-
plastic soils are cohesionless, the stability of the mixtﬁre
is a function of the binding power of the asphalt used.

Cut-back asphalts of MC type provide a more homogenous
mixture in case they'are used with soils of PI 6-10. As the
plasticity becomes higher, cohesion isfhigher. Consequently,
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.

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 siit and/or clay content higher than 30%.
The stability of the mixture éoes not depend much on the
binding property of the asphalt, as the soil itself is highly
cohesive.

Soil should contain approzimately half of the optinum

water content, for cut-back asphalts. In other woxds, the



asphalt will substitute the femaining one half. In case
emulsified asphalts are used, the water content must be 10%
or slightly more. This amount of.water facilitates the
mixing of asrhalt.

In the following matrix the average results of two sets
of tests (one with 4% and the other with 7% asphalt ratio,
with 85-100 penetration rate, in form of an emulsion contain-

ing 60% water) were conducted on GM type soils:

Wwith 4% Asphalt Wwith 7% Asphealt
Unit Weight 1,879 Kg./dm>. . 1,902 kg./dm°.

Pressure Strength '

(a) Normal in dry air 2 2
Average 8,647 kg./cm2 11,181 }:g./cm2
Minimum 7,070 kg./cm 10,419 kg./cm

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

(c) After frost - Collapsed after

15th remetiticn.

Ccapillary water rise

(a) cm/hour (23 hours) 7 cm. -
(b) gr/hour (27 hours) 160 gr. 19 gr.
Water absorption Collapsed 3.64

Cost per adobhe block
(29 x 14 x 9.5 Ci, ) 0.387 TL. 0.738 TL.

Availability of Asphalts Used for Adobe Stabilization in

Turkey

a) MC (Madium cure) Cut-hack nsghalt: A mixture of asphalt
: P




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 abouf

the same as MC type. It is highiy flammable and General
Directérate 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 dépending on their local a#ailability.

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



resistant eiements in a building. Cane, bamboo or split wood
may also be utilized to reinforce adobe masonry walls and
elements of poured stabilized soil. Exposed wood generally
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-
struction. Individual reinforcing bars of different diamcter
sizes are usually fabricated with deformed surfaces for better
bond. Wire mesh reinforcement is fabricated by welding to-
gether two 1ayers.of spaced thin bars (usually 1 mm. or less
in diaﬁeter) in a grid pattern. Poultry netting of hexagonal
or triangular pattern is a relativeiy inexpensive manufactured
product which merits exploitation as a reinforcing material for
low-cost houses as it may be more readily available locally than
other types of reinforcement.

Steel exhibits high strength, stiffness and ductile pro-
perties. Stiffness is a measure of resistance against deforma-
tions. Ductility is the ability to sustain substantial deform-
ations beyond yielding without rupture. Both strength and
ductility prcvide 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
N/sq. cm. Mechanical properties of steel begin detevriorating

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-
jon includes the use of corrugated sheet metal of galvanized
steel or aluminum for roofing and wall siding, use of steel
connectors for bolting and anchoring various elements, and

use of rods and cables for bracing purposes.

2.4.6 Plastics

Weathering characteristics of plastics in outdoor use and
duraﬁility 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 trépical 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, anﬁ the Philippine Islands.
A range of plastic products, using indigenous and imported
plastics raw materials and protessing 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
Piastics Industries are only in the very early stages of
develepment and thus will reqdire 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-

jstics which have enhanced their acceptance in building appli-

cations. Cellular plastics [1] exhibit excellent thermal

insulation and thus reduce temperature fluctuations in hot,
érid regions with a wide range of temperature cycling. In hot,
humid regions 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
market, and some of them are used in the newly ‘constructed
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.

0f 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
Tapidly and the rate of acceptance shows that this material may
well be adopted in villages toc, in near future., It takes an
impoftant 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, 1in great extent. ‘It may Qell be largely adopted ir
rural dwellings, for ‘it has such advantages as lightness,
workability and durability. |

(¢) Kitchen and Bathroom Fixtures, Water'Reservoirs,

Wash-Basins, Handrails, Plinthes and Lambris: Use of plastic
for subh items is constantly increasing.

(d) Flat or Corrugated Plastic Sheets: Although

corrugated plastic sheets are widely used as roof covering
material in temporary 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 Polvethylene 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 uscd 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 Covering: 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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Chaptcr 3 tructural Performance of Buildings

Under Eartnguzkes

by
Dr. S. G. Fattal

National Rureau of Standards

3.1 Nature of Earthaquakes

Maior 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 slié of geologic faults or to rock
metamorphosis at greater depths, causing velume changes within

the crust, Severe earthquékes may extend over vast geograpinic
areas, reieaaing larée 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
relicve high stress conditioﬁs created by seismic ﬁaulting.
'Psunaiiis or seismic séa waves caused by local changes of ocean
floor elevation during ecarthauakes can be particulariy destruc-
tive to towns along ccastal regions. Increasea frequency of
landsli@es even long after a major earthaguake is attributed to
cracking produccd during the initial disturbance.

The peint from which tha first seismic waves propagate is
known as the focal point of an earthquake. The epicenter is

the peint on thoe carth's surfuce directly above the facal poaint.
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Two commonly uscd indicators of the severiﬁy of an earthguake
are the Mercaili and Richter scales. The Mercalli scale measures
the intensity or the local destructiveness of an earthquake and
varies according to the location of the station from the
epizenter. The Richter scale measures the magnltuue or energy
released by an earthquake. Instruments, such as seismoneters,
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 carthguakes for these regions. Post earthquake
éxperiencc is utilized to develoé seismié riék maps which are
adopted by various codes and building regulatory agencies in

prescribing spac1f1catlons for eartnquake de51gn of structuxecs

(See Cnapter 7).

3.2 ¢Seismic Lffects on Buildings

3.2.1 Influenc¢e of Structural Configuration
The forces produced in surface structures as a resu’t of

ground motions are 51mwlar, in nature, to those ehperlench by
the human body in a moving vehicle subjected to sudden manipu-
lations of the driving control mechanisms. The distribution
and relative intensities »f seismic forces within a structure
are influenccd, to a large extent, by the type of ccnstruction,
geonetry, mass distribution ana stiffness properties.

1n general, heavier clements in a building develop greater:

"direct" forvos while stififer claments reccive a larger share



of the forces transmitted bctween elements. Feak lateral
forces tend to concentrate at massive roof and floor levels
and propagate to other levels ﬁostly through laterally stiffer
vertical elecments. For example, in the structure of figure
3.1, the lateral force acting on the roof is transmitted
through conncctions te relatively lightweight coluins below,
producing critical sheax and bending forces in these clements.
Additional column bending occurs as a result of gravity lcad
eccentricities created by the lateral drifting cf the roof.
The introduction of lateral stiffening elements such as Cross-
bracing (shown dotted on the skeltcn) or walls in faces pﬁrallel
to the direction of ground excitation reiuced drift and its
ceffects on columns and alters drastically the force distribu-
tion pattern (i.e.: the bracing acting in tension, oOx the
walls acting in plane shear, assume most of the lateral forces
transmitted from the roof); .

The geométry cf a build;ng may have a2 marked effect in
distributing seismic forces. Ior instance, twisting and'
warping forces are rore likely to occur in buildings of irre-
~gular shape (figure 3.2) or with non-uniform arrangement of
walls and opcnings. I'orces of high intensity will tend to
develop.at corners of openings (stress concentration points),
at the top junctions of abutting walls, near attachrients of
projecting elerents, o, as a result of "hammering" hetween
adiacent walls of Jetached buildings. In general, buildings

marked witn sharp tropsitions in mass and/or geometry tend
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to develop structurally unfavorable force distribution patterns.

3.2.2 Foundations

Frequently, structures designed to withstand earthquakes
fail as a result of inadequate foundation. 1In many instances
cracking and failure of superstructures are éaused not by
direct vibrations but rather, by @ifferential settlements of
footings caused by conditions leading to liquefaction of sandy
soils sfecially 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
tc hign 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 praétice
too often the house is not properly fastened to the poles to
give it sufficient stability against lateral earthquake fofces.

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 floodipg in tropical
regions. In seismic arcas some degradation of foundation

material occurs as a resulit of the cunulative effect of past



earthquakes even though they may not create .any visible damage

to the above-ground structure.

3.2.3 Walls, Frames and Shells

Unreinforced bearing walls of masonry or concrete con-
struction, while nost commonly.used throughout the world; are
highly susceptible to earthqurake aamage. This weakness is
mainly éttributed 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.

Walls commecnly fail in racking shear, out-of-plane
bending or a combination of both. Racking shear failures are
recognized by the cross-diagonal cracking pattern frequently
observed in building walls damaged by earthquakes., This type
of failure is initiated by cracks which develop at points of
high stress concentration (i.e.: corners of openings, centers
of wall seyrents or piers flanking adjacent openings - see
figure 3.2) and quickly propagate outward causiﬁg complete
rupture. | ' |

Out-of-plane bending failure occurs mainly as a result
of direct scismic forces which -develop in a direction trans-
:verse to the wall. In general, bending and shearing effects
occur simultancously in an carthquake since the direction of

scismic cxcitation is often inclined with respect to the
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orientation of the walls.

Bearing wall faeilures are characterized by gudden, brittle
types of partial or couplete céllapse of wall segments followed
by the collapse cf 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 contriiiting 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
structurel integrity of the building and the apility to éct as
a unit against earthguakes. Tension cracks between abutting
walls propagating frecm the roof downward (see figure 3.3) .are
indicative of inadequate wall-to-wall connections.

The structural weakness exhibited by bearing walls is
also innerent to filler walls confined within load-bearing
frames. Due tb the effect of f;ame 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 thé capacity of a
wall to resist in-plane shear forces.

Rectangular frawmes of the type shown in figures (2.2) and
(3.1) resist lateral forces through the combined bending and
shear action of its elcmeﬁts. .Collapse of frames under lateral
foices may be caused by axceszive column bending or by failure.

of rigicd joints betucen frauie clements,



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. Thesé dwellings
are comnmonly 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
corners of openings or near ground or roof attachments where

high localized bending stresses are dominant.

3.2.4 Roofs and Upper Flcors

One of the major concerns in the mifigation of earthquake
disasters is the prevention of roof and floor failures causing
loss of human lives. The practice of designing roofs without
regard to the seismiﬁity 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 ccllapse
may also occur as a result of rupture of supporting walls,
columns and other load-bearing elements. The different wodes
of roof failures are dependent on the structural configuration
of the system. For example, the rupture of the bottom choxrd
of a roof truss (sce figure 3.4) may trigger a complete
structural collapse by forcing the suépcrting.walls outwards
‘as indicatecd by the dotted lines. On the other hand under a

ilorizontal scismic disturbance, the rocf transinits rocking



forces to the supporting walls cuu51ng the formation of tensile
cracks and separation at the top corners of abutting walls.
This mode of failure is also characteristic of mzssive flat
rocofs (or floors) supported by beam joists spanning across

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

3.3 Euilding Improvements to Mit igate Earthquake Effects

3.3.1 Structural Configuration

Usually, the configuration of a building is'selected on
the basis of requiremznts other than seismic considerations
aione. Further, the possibility of situations with conFllctlnc
reguirements cannot be ruled out. A case in point is the
lightweight reof system xhich offers certain.advantages in
a seismic design although it stands a greater chance of being
ﬁorn Ooff its supports by high wind sucticn. another example
is the flat roof projecting beyond exterior wall gupports. .
This scheme increases its Dendlng effectiveness against verti-
cal seismic excwtatlon but ma}es its projections particularly
susceptible to w1nd-3nduced uplift and suction pressures (see
seccion 4.2.4). However, these situations seldom occur and,
in general, it is possible to identify and prescribe certain
configurations for improving seismic construction without
cenflicting requirements. fThe following is a 1list of such
recoimendations.,

Low-cost nhousing eonstructicn should be linited to one

or at wost Lo sloxy units. This Fraciice poermits 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 build%ng, 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 piérs flanking adjacent
openings, maximum permissible length of lintels spanning
across the top of openings and uniformity of ovérall 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 pcripherél junctions.
Structural damage resulting frbm hammering of unattached adja-
cent walls may be avoided by providihg 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



structure is the superficial foundation. In the event when
soil conditions require the use of deep or piled foundation,
or when the possibility of soil liquefaction exists, serious
consiceration 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 1ocati6ns subject to general
freezing as in Peru, Turkey and Iran, the bottom of the
foundation should be below the ffeezing level of the ground.

Continuous wall footings should extend under the entire
length of the wall and sufficient vertical dowel reinforcement
should be proyvided between wall and footing to develop con-
tinuity and capacity for integral action. This practice should
minimize differential settlements and local damage tc the
walls and should permit a more uniform distribution of bearing
pressures in the soil. u

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 fesulting from exposure to rain and
flood. This situation can be remedied by using oil-stabilized
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 constructicn,

*Irproved Adobe Construction Program at the National ”nlver51fv
of Engineering in Lima, Peru.



An effective method of improving the strength of walls is
to provide a ring beam around their upper périphery. 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 funcfipn 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 usihg smaller openings
and providing equalized space between openings or between an
opening and the vertical edge of tﬁe 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-wail assembly
as compared to the individual strengths of frame or wall.?*

The observation was made on reinforced concreté 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 Multistory Reinforced Concrete Buildings for Earth-
quake Motion, by Blume, - Newmark and Corning.
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construction which would be worthy of study, uses the energy
absorption capacity of filler walls. The s*stem is designed
in such a way as to permit most of the energy released in a
severe seismic disturbance to be dissipated through the process
of cracking of filler wallé leaving the main load-bearing framc
relatively undamaged.

The feasibility of improving the seismic performance of
a structure by utilizing curved wall construction cannot be
ascertained at this time in view of a lack of documented know-

ledge of past earthquake history of such buildings.

3.3.4 Roofs and Upper Floors

Cne of fhe most effective ways to improve the seismic
performance of a building is to reduce the weight of its roof.
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.

Reduction of weight can also be achieved by using shorter
spans or by increasihg the strength-to-weight ratio of the
roof. - The first choice requires the use of load-bearing
interior partitions. This practice may be justified becausc
of two reasons. First, the addition of load-bearing partitions
will increase the lateral resistance of the system, Second,

the reduction of weight .is greater than the reduction of the



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
(United States, 1971)




Reinforced Concrete Building After
San Fernando Earthquake
(United States, 1971)



Corner failure of 2-story adobe wall.



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



A damaged dwe111ng 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.)



The structural steel in this new brick
building, a malaria control facility was
confined to the roof and a bound reinforced
Cconcrete beam near the top of the wall.
(courtesy of U.S.G.S.)



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
perished in the debris of their own homes.
(courtesy of U.S.G.S.)



This collapsed house had particularly heavy
roof of palur logs, cane and straw, capped
by several inches of adobe. The roof rusted
on rock rubble and adobe walls of little
‘resistance to lateral earthquake forces
(courtesy of U.S.G.S.)



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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Chapter 4 Structural Performance of Ruildings Under

Wind Storm Coaditions

4.1 Charscteristics of Wind Storms

Wind storms of sufficient intensity to .cause damage to
buildings include tropical cyclones, extratropical cyclones,
crographic winds and severe local storms.

Tropical cvelones, of which the most destructive are

called hurricanes on the Horth American continent and typhocens

in Zsia, are most frequent during the sunmer and avtumn of the
henisphere ixn which thicy occur. Upon moving to'higher lati-
tudesz, they tend to assume the characteristics of extratropiceal
stoms, i.e., bhccome losg symmetrical and are acconpani.ed by
lighter fainfall. Tiic damage caused by trepical cyclones is
irect action of winds whiéh may reach surfacsz
velocities of 150 mph or mcre, to réipfall and to storm
surgee, i.e. violent piling up of water by the wind. The

damzge caused by storm surges is restricted to coastal areas

.

tance from the chore and the elevation

it

and depends vpon the dis
above mecan tide level. The intensity of storm surge is measured
in terms of the surge‘height which depends upon wind speced and
direction, atmospheric rressure, coastline geowetry and bottom
topagraphy of fshore.

The approxiuvate aV¢ra§e nurder of tropical cvclenes and
Murvicanes pev year feor varicus ¢2egraphical areas is given in

the folloewing table ("Marriconan RUEL/PT 670009, 1569 1]
. 4 ’ .
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Tropical Hurricanes

Cycloncs (Typhoons)
Bastern North Pacific Ocean 8 3
North Atlantic Ocean | 8 5
Indian Qccan 15
South Pacific Ocean 5
Central & Western North Pacific
Ocean 28 20

Extratropical cycloncs occur in the middle latitudes and

are usually iore intense in winter and spring.

Orogravhic winds are winds intensified by the mechanical

action of hills or mountains. Damage from such winds has been
reported ireguently on the eactern slope of the Rocky Mountaing,
and has occurred on a considerable scale in Sheffield, Ingland
[2].

Severe local storms include thunderstorms and Lornadoes.

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 maximumhwinds
occur in thunderstorns [3].

Tornadoes (tatsumakis 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 to the very rapid drop in ambient pressure
és the vortex of the tornado moves over an area. Buildings

literally ecuplode bhroavse of the intenso pressuvre differentials



imposed on them.

4.2 Effects of Wind Storms on Buildings

4.2.1 Influence of Building Shape on Magnitude of Wind
Loading

The magnitude of the critical wind pressure is dependent,
‘to a large extent, upon the geometric characteristics of a
building. A few examples of this dependence are shown in
Figure 4.1, in which coefficients proportional to the friction
intensities for given wind speeds are shown for various height
to width ratios and for various roof slopes. 'Pressures may
also depend upon the relative position of buildings in a
group. It follows that the wind resistance of buildings may
be imprbved, sometimes considerably, by avoiding shapes or
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 tuanel 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
regions are therefore needed in the future. These studies
should be carried out on both full scale buildings and wind
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-cf-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 preduced
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




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-planc stresses.

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

The consequence of the absence of adequate shear walls is

jllustrated in Figure 3.3.
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Openlngs in walls create stress‘concentratlons which may
be critical, particularly at the openlng corners (see Fig. 3.3).

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

joints are particularly vulnerable to effects of wind. The



ttachment of cladding or sheoathing to walls or frames also

reguires cpeeial cure, especially in arvcas of high suctions

f.‘)

nedar tae coracrs of the building and near the eaves.
Shell-type elenents are sometimes used as walls. Rela-

tively rigid shells have beer used in cylindrical-type con-

siruction and may prescint censiderable advantagces over box-

like construction, hoth structurally and aerodynamically.

4.2.4 Rocfy and Upper Floors

-

The magsitude of wind preseures or suctions on rcof -

th

suxfaces is a function of the roof shapz, as was illustrated

Tha'effccts of wind on roois may be direct or indirect,
Dircet effcots may be local or extend over %ne entire roof.

Direot local effects consist of high pressurcs or suctions
aver localized areas of the roof and may resclt in lamage to

.e:'

rt
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—
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roofinag (shinslos, cheatz) or to parts of the roof
structurc. Overhahcg ar paLuw cularlily susceotible to wind
Conage, as they are subjected Lo a positive pressure Lrom below

and zuction from above (Figure 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 connecticns may be exceeded ana the
roof may be lifted.

Since the roof perfdr@s a structural function in the
building, in that it acts as a horizontal diaphragm for the
transmission of wind loads from the frontal to the lateral
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 walicz.

4.3 Building Improvements to Mitigate Wind Storm Eiffects

4.3.1 Aerodynamic and Structural Considerations

Critical pressures resulting from the action of wind may
be reduced considerably by proper aerodynamic design. Sharp
edges, low roof pitches; large overhangs, and.aerodynamicélly
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
or ribs at the exterior side of walls [4]. Grass roofs have
been noted to have pressure relieving characteristics. Aero-
dynamically smooth transitions between planes may also be
effective in decreasing pressures or suctions induced by wind.

The shape of the building is important not only for

aerodynamic, but also for structural reasons. Therefore, the



selection of a shape which permits as direct a stress path as
possikle is recciivended when the cxpected wind loads are high.
Experience has shoun, for cizample, that cylindrically shaped
buildings are particularly well suited for resisting direct

tornacdo aztion,

4.3.2 Foundations

The structural integrity of a buildirg subjected to wind
forces depends 1 rgely uapon the resistance capacity of the
connecticns and anchorages to thg foundations. Such capacity
should rot be lower than that of any of the building structural

5 or stresses should

pee

elenznts,  Undesirable stress conceatrotion
bo avoidedi. Por example, anchorage Jengths should not be -less
than detcermined by tests performe& cri the materials used.

The demaging effects of storm surges or floods on tre
foundation itselr may be avoided by providing adequate founda-
tion materials whose properties do not deteriorate under the
proleaced action of water, and by adding to the materials used
if the foundation is constructed of $01l, mortar and sténe a
stabilizing ingrodient whicn will improve their resistance to
such action. Inadequate soils should not be utilized or should
be improved. In ccrtain cuses, the use of inexpensive protective
banks or pole-type foundations I5] may be warrantegq by thec sever-

ity of storm surgos.



4.3.3 Walls, Frames and Shells .

Adectate connections must be provided between walls and
betueen walls and foundations, floors and roéfs. Horizontal
or vertical reinforcement may be required for the strengthen-
ing of certain types of walls including adobe walls. Such
reinfecrcerent mey be providéd'by inexpensive, locally available
matericls (for example, split canc, bamboo). Where vertical
reinforccnent is used, adeguhate grouting shouléd be provided
using mothods and mortars appropriate to the type of material
available for wall corstruction. DButtressing of walls, bond

s

21 or horizontal bracing

[
0y
+

beams for eral support and vertic

1\

méy pc reguired for the purpose of improving the structural
capacity of walls, including walls'built with such materials as
adobe and/or bauboo. Details at corners and openings should

result in decroased stress concentrations through elimination of
sharp transitions between planes and adequate reinforcement
should be provided at critical scctions. Wind resistant types
4

of shoathing and appropriate fasteners should be usazd.

4.,3.%4 Doofs and Upper Floors

The criticel arcas of rcofs of various types should be

L.J

identificd and conncotions consistent with the magnitude of

the oxpected loads should be designed. . Roofs known to be

o

valnerable and which for various reagons cannct ctherwise he

inprevaed should be anchorad against a predicted storm, for

PO B A P ) oy P . v e Yol e 1 el -
ananola, v ovlng wind-slom anede coge Rits [6] consiisting of
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'
I

coconun fiber nots in 2 ft, Sq&uLLﬁ thrown over the building
and anchiored to the ground, or using anchora age ropes or
cables.,  Large overhangs and parapets should be d¢esigned so
that Jocalized damage in case of overstress is kept from
extending to the entire roof., This could be accomplished, for
exawple, by the provision of sp pecially designed pinned connec-
tions. It is . also possible Lo desig gn CVGThdnUJ which allow
casy removal snd storage of the overhanging roofing sheets.

e removal would follow a storm warning and reduce conzider-

=

r—

-

ably the vulneravility of the roof if the storm actually

accurs [6].

r

sines of wazbors and thickneases of roofing

]

ApLRrropriaie
should e uzed in wmetal sheal roofs. Lo avoid te aring of the

reoi sheeting,
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Chapter 5. Siting Considerations to Reduce the

Effects of Farthquakes 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
objectiveé of the report. A brief discussion of regional
geology, seismic geography and potential hazards attributable
to siting of buildings and structures precedes section 5.5,
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 gecology and siting problems related
to the Peru Earthquake of May 31, 1970, was prepared by George
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
principal seismic belts: the Circum-Pacific belt, extending
from New Zealand to Chile, and the Mediterranean-Alpine belt,
extending from Morocco, through the Mediterranean and Middle
East into Central and South-East Asia. Other belts of activity
are associated with large rift systems, such as the Mid-Atlantic
ridge and the East African Rift Valley. An earthquake as a
geophysical event is megsured in magnitude of energy release,
and in duration and intensity of ground shaking. An earthquake
as a human cvent is measured in loss:of life and property. The

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
geologic foundations, and time of occurrence, as well as on
the magnitude duration and distance of the earthquake.
Destructive wind storms include principally tropical storms-
hurricanes in the Caribbean Region and typhoons in the western
Pacific--and cyclones, which occur most frequently in rather
- well-defined belts in the temperate climatic zone. On the
whole, wind storms cause far greater destruction and loss of
life than do earthquakes. Damage may be directly due to
gale-force winds, to wave action or wind-generated tides at
the sea coast, or to floods caused by heavy rainfall on land.
Considerations of siting to lessen the hazard of destruct-
ion are far different for earthquakes than for wind storms.
In the case of earthquakes, the total geologic environment
must be taken into account--the danger from failure of geologic
foundations and from landslides are of paramount importance.
On the other hand, damage during wind storms is generally
restricted to that caused directly by force of wind or indi-
rectly by flooding. As a consequence, site evaluations for
éarthquakes are complex, time consuming, and costly, whereas
those for wind storms are velatively 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 Maps and Other Larthy..xe 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 recorded 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 aﬁd 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 fﬁrnishes 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 become the subject of intensive study, chiefly in



Japan and the United States. There is a critical need for
extending such studies to other regionms. Success in this
research would be a major scientific achievement. It must

be noted, however, that although the prediction of a: earth-
quake has the potential for saving the lives of pcople living
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
seismic probability, foundation conditions, topography, local
and regional geology, proximity to surface-water bodies (lakes,
bays and streams), occupancy, and structural design. All these
variables can be shown on maps frem which interpretations of
level of risk at each point on the ground surface may be made.
Such maps may be of great aid in determining uppropriate land
use. They also may be used to identify specific or potential
hazards and thus serve as a guide to engineering design as
well as site planning. These types of maps, however, are
still in the development stage and it may be many years before
standards are established, and still longer before such maps
become generally available.

When an earthquake occurs at sea, a segment of the ocean
floor may be elevated or depressed owing to faulting or warping
of the sea floor, and may cause a complex high-velocity sea
wave, or tsunami. Upon approaching land such a wave loses

velocity but gains anplitude, and depending upon the local

<



bathymetry, may produce a high wavé that may devastate low-~
lying coastal regions in its path. To evaluate potential
disaster from such waves, special tsunami hazard maps should
be prepared for coastal areas, such as those of the Pacific
‘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 ef
earthquake 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
destruction and loss of life during an earthquake.

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 éarthquake 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.

[ 2ad



A good site plan will consider both short and long-range
expansion needs and take account of potential hazards, such as
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
desirable to determine soil behavior in response to seismic
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 during an earthquake. The behavior
of‘soils under conditions of load and vibration alsoc 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 engincers and
others who are responsible for construction. A report on
"Seismic Microzoning of Chimbote Area in Peru' prepared by
the Oversecas Technical Cooperation Agency, Goverament of
Japaﬁ, 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.



The positioning of a building at a given site may greatly
influence its behavior during earthquakes. CEarthquake damage
to a building resting on two types of geologic foundation
material, for example, the interface of deep soil and bedrock,
may be much greater than that to adjoining buildings resting
entirely on either one or the other of these materials.
Structures Euilt on flat areas of deep soils are less subject
to damage by foundation failure than similar structures built

on slopes subject to incipient sliding or actual landslides.

5.3 Wind Storms

Good site location or orientation, in terms of leccal
topography and natural cover, can be determined to some degree
by observing historical wind data, which give the frequency,
velocity, and direction of wind. This information can bhe util-
ized to locate building sites and position dwelling units to
minimize the hazard from wind. Damage duc to wind storms may
be minimized by proper siting of buildings and by protecting
them by hills, cmbankments, 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 informationm, allow for the
evaluatiorn of the probability of occurrence of cxtreme winds

of given intensity in a given period of time,



5.4 Sitina 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 Meéiterranean region, and
partfcularly 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 cither avoided or provided for in site preparatio
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.

1Publication authorized by the Director, U.S. Geological

Survey.
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Thio helt dis thoughi to cwe 'its seismicity to continued

differculinl notion Liotueon the Durasiaen and Afro-Arabian
crustal plates, whose collision in early Tertiarf time ({(avout
50 to 60 millicn years ago) preoduced much of the intense
structural deformation that characterizes the present-doy
geology of 'Turkey.. Rzcenpt advances in obser?ational seismology
hove demonstrated that nost earthguakes, worldwide, occur in
narxow nones at tho bhoundariss betwecu)just such large crustal
plates. The strongar @nhocks are ygeneratedq Ghere the plates
axe in airect or oblique collision, or slide past one another
nnder positive normal etross ox compres sion. The weakcr
shochs ayve generatod whexe the plates are pulling apart or
slide paslt one ancuher wndes negastive nonnal stress, o ten-
Sicn. I is Turkay's misfortune that it siraddles the suturc
sone aleng which biie Furasias end Afro-Arabizn plates are in
cellision. In addition, there are strong earthguake-generating
mavenants between large subsidiary plates elong the junctura of
he wain plates.

Turkoey lies aliost wiclly within a btelt ol strongl&
deformed nedimentary rochks thet were deposited in a complex

Tertiary timce. Intoense conpression of the rocks laid down in

this scavay was caunscea by the prograssive drifi: of Furasia

and Afro--hreshbia towanrd ecaclt othicr during the lact 200 millicn

yaersiof rth hiscory. this Caupression produced 2 geaenally
A R TGO ey EVANGEE ¢ S st e RV ER FAT | PO (T 'j.‘z‘-ult.-:.;‘:, and locally
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intemsaly shered wad hro ken 11U‘a, to which the nawme Alpine
orugenic balt nas been applied.  In many places, large voluwmes
of submarine volcanic and intrusive igncous rocké vere added
to {(and churned into) the sedimzntary rocks of the Alpine
boll. When the collision of Burasia and Afro-Rrebia clos ed
the intervening sesxway apbout 50 to 60 million years ago, what
is now Turkay heceme a complex of mountains, seaways, and
lovilands. “he seaways and lowlands recaived locally thick
accuanulations of merine, lagoonal, and terrestriol sediments,
part of which are still poorly consolidated, and volcanic
rocks. Centinued uplifit and locally intense Alpinc structural
deformation during sthoagquent Tertiary time contributed furthnes

to the foldive, dismenberment, and crushing of the nra-Testiary

[ SR L S ?
Sy SN

A lcaally produced complex structures in thae PTertiaxy

.

rochs thonaplves.

The uplift, folding, and shearing have continued into
modern times, producing the mountailnous terrain that dominates
muich of the Turkish laandscapc. Otherx manifestations of this

yvouny crustsl nobilivy arve reneatad fault displacements, with

asscoiated castiquakes anéd tsunanils, and volcanic activity.

5.4.2 Scismic ond Related Hazavds to Low-Cost Housing in

Pfurkey

Building sitas in L. seisnic zonos of 'Turkey are subject

- ohe »

to four tupes of seicnic and reiatod hazards. L timates of
(A D s S e S R O Dl T T R O QU S TG poncd by el
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hezard in the four scinsmic zZones'shown in Figure 7 .are given

in table 1. The seiswmic »ish catogories used in the table @
arc analcgous to those adeped by Algermissen (1969) for the

Scismic Risk Mep of the United States. They are based,

howeva, on judgrents derived from a comparison of recent

faulting end seinmicity of Turkey and the United States,

rather than.on a dotailed analysis of Turkish seismicity.
These relative ratings are prescnted only as a guicde to the

-

application of the lateral force reqguirements of the 1970,

Und fornm Ruilding Code (0.1D.C.) of the International Coniexence

uilcing Offic i, tolithe Uum_gn o' low-cost housing in

=

Ol

. ]

Twcley, aind not as & substitute for a carefully considercd

smic visk e of that couatsy.  The U.B.C. uses the Seismic

©
(8]
| P
"

Rigl Map: of the Duited Stateés esh tne haesigifor its lateral
force reguirements.
in table 1, the sawe risk categories also are applied to

tsunamis. Thé risk categorics fox tsunamis cannot, of course

he spplicd to building desicn in terms of latelll forca

roguirements. TFor fomndation failures, the cat&gorieslrefer
to the ris): of numcrous ox widesprcad failures, and are
analogous to the risks from ceismic shaking. Other potential :
giting hanzands, sueh as volcanism, shallow ground water, and .
swelling scils axe not considered here,

Future meltistorzy-mudtifanily low-cost housing plans, if
designed for durkey, should strave fox lateral foxce xcquire-

e s gt iaga i as st yerntecaiivhos elisiec il cARH YR the RUSB LS
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Such rocailronents rmust he suphorted by a modern seismic risk

wrohov.  Suck @ mamn does not now exist, although one is
n preparabion by the Darthiuake Research Institute of the
liinistry of Reconstruction and Resettlement. To be realistic,

this map will have to he based upon geologic and tectonic

criteria of

recent seismic events, cnthe loﬁg historic reccxrd
of Wurkish earthqualios, and oa nodern s ,mcév"uhlc recoxds
=nd field invescigabtions of carthquakes.

It may not be economically and culturally fcasible to
design single~fanily, lou-cozt rural and traditicnal town and
villagz housing for Tarrkey tiiat wil% mecet the lateral feorce
requirencnts of the U.E.C. The greatcst challenge (and the
qreatest poiential fox a nojor cqntribU'icn) +hat cthe project

P da -y mm e e L - e oyt e — A . -~
oy CO @piroaca, and PEIALs Mu, U.B.C.

renuireuencs for sueh housing.
With respact to siting of low-cost housing near active

faulte, it isrecomaendéed that: (1) New low-cost housing in
Turioy he sited at lezst 50 and preferably 100 moters from
main feults, foult ctrands, ond branches that con be ob arved
or inferred to have displaces! geologic for nhtwon* or dcposits
of lolocensz age (the last 20,000 years). (2) all high-popu-
lation-dersity (muliistery-nulitifamily) low-cost houwsing le
aited al lezst 100 moitcrs, and preforably 150 meters from

faults, fanlt strands, and brunches that can bo cbsex ved or

formations or acusposits

9!

juforred Lo have dissloccd goologl

e olocen dan, enc Gb denndt Bmelersifvon faults that can
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L osheorved oy inferred to have displacod deposits of pre-
Poelocons Cuotormmouy age (the last 2 or 2 1/2 million years).
(3) ALl critical structures (ﬁhose with many people per unit
avea, such os scheols; avditoriws, and hospitals, and those
thet provide esrential services, such as pover plants or water
trezatment plants) should, in “ddition to the requircments in
cutegony 2, -he sited at least 50 meters Tfrom any fault tha
cannot e proven to have becn inactive (i.e., has not under-

gone dizplacerment) since the reginning of Quaternary time.
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who Gifference betwaoaen categeries 2 and |
of the cvidunce zecuired for judgaent. In category 3, definite

evidonee of lach of Guaternary aectivity is required; in catcgory

9 lack of cvidarce for Quaternary activily ic accepted in
Lieu of fofinite esvidonce -of lack of such activity. The dis-
“inction is necessary bhecause Ledrock in Turkey is broicn by
so many faults that uppllcatlon of catcgory 3 to all multistory
huildings LOLlQ he unrcalistically restrictive.

The width of the setback zones along faults of Holocene
or Quaternary displaccmzpt is adequate for nost, although not
all, faulcs or fault zones. It is rather conservative, however,

for faults that show repeated surface rupture in the same loca-

tion during past dinsplacenent cpisodes. Thercfore, the sctbacks
could propcriy boe considerably reduced whore detailced site

stadles, vhich should inc ludu the excavation of trenches across

ileoxr soetbuols wou. d be safe
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Dotailed investigatlons
smmzp]:on;scuxckﬁ
fied above.

The relative ha card from ts

cnly to the nest susc

arcas catcgoxrized. TS unani haza
céptible cogsts peCRiSe the sueve
troins varlies e vkedly with the

shoreline and neai-shore » bhathyn

having decp water near shore are

tgunamis, which gererally bhuila

M t
will undoubtedly also

should bhe aven larger the

aptible parts of

NCLLY .

show that in

.n these speci-

unanis given in the tabulation

the coastal

.rd is not unlform along sus-—

rity of impinging tsunami wave

10cal configuration of the

P
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Bold headlands and coas
generally s glightly affected by

up large and dectructivae wave

frains only in norrcsing o hoaling inlats. Thus, sowe sites
on low ground St tho haad of narrod, shoaling ialets in the
Avgean-iirnara Z0one may he cunosed to a significant rigk from

tsunamis.

puring scme earthquakes axo

or landslidoes

that have devastated adjacont sh
cf at least 555 m. Subagueous s

scet in motion jocal surges tho

ities on adijacent shores. In Tu
present & significant risk in a
anderlain by wpoorly consolidatad
abut deep tidal inlats, reservol

£411ing into decp water have cre

und the world, large rochkfalls

eated rge Wwaves

orelines to recorded heights

licdes in deep watoer have also

£ have dostroyed entire commun-

rkey, such surge Wwaves way

where hold topography

foew areas
of Sntcnscly shcared rOCES

1re, or lakes.
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5.4.3 TI‘eilure cf Geoloaic Poundations

Landslides (sluwps, mudflews and rc k11lls), landspreading,
anrd diffexrcntinl compaction of weakly or irr@gularly consoli-
dated alluviunm and other surficial deposits locully pose serious
siting problens for struccures of all sizes in Tuikey, ceven
in the absence of carthquakés. Suchi failures are especially
coumail, howeaver, under the dynand.c stresses induced by strong
cartihguwakes., The vhysicgrapiny and climate of Turkey and the
character of many of its geologic formations make large areas
of the country susceptible to landslides, and it is not suzpris-
ing that ficld ropests of the efficcts of strong earthauakes in
Turkcoy commonly mention landslides, soil slumps, and luxching

1.
'

(cracking of soft ground indunced Ly lsteral movement) os

inportant, and oftun danaging secoudarzy geologic effeclis. The

hazard from lencslides, nudrlous, and rockfalls is not, of

course, limited to site disruption,; but includes both slow and

-~ .

extrenaly rapid wmodes of site inundation.

+A.3.1 Landslides

(57]

The distribution and rclative abundance of landsl.ides
15 controllcd most thongly Dy slopeL precipitation, characters
of undcrlyinﬁ 50313 and xccks, and cuts and £ills and othor
perturﬁaticnn crodatad by the activitcies cf man. Studics in
California and elsoewhere {summarized by Radbruch, 1970) show
teiss el g Nds P GERE N o NS T onan N o fib]i5 e o B350 i, lesser,
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and groaver dhian Rz o oyl f T C IS slopes less than 5°,
and these ocre corwonly causad by licuefactich or landspread-

ing during carthipuakes 1n California, landslides arc also

rare in areas receiving lcos than 250 wm of mean annual pre-

cipitation. The ssolutce auount of precipitation above 250
1 per year doef notl, howover, seen to be as important s the

£ the undenrlylnd s01) ., and rock in dof-ermining the

mho character of
{the underlyind aoil and rock ie the deominant control on the
S|

distribution and ebundance of landelides in areas having sloBpés

0 it of saan annvel pracipilta-

(8]

greater vhan 59 zind mero than
tion. H£oft, wanex ~gaturatnd poorly consolidated formations,
cr intennely sheore r froctured xocks, and x ocks contuining

Lhe presance off ground
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Tha activities of man in undernining
crcavolions, or in ove loading slopes Dy eXNCess ive 0¥ ingppro:
priately placed fills, connonly induce sliding and slunping in
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ctherwice stable slopts. e additicn of water to certain
pipes, septic systoms,
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alaost =0l Yaaokey enceods 200 m per year; many of the rocks
fhal wunde slic Turley are poovly consolidated or'intcnscly
s.cered; ond swelling cloys afe probably widesprcad and
abundentc in the rooxe and soils. The cxtensive tracts of
stesp topography it are underlaiu by 1) soft scdimentary
vocks of Teitiary, and espacially cf late Tertiary &ge, 2)
ineared rocks that are foynd along mauny of the
meazreus favlt zones in Turkey, and 3) cphiolite melanyes,
(chaotic miituxes of diverse rock types that are characterized
by widesvread intensaly shearcd rocks and by serpentine) ; are
41l espoeds ALy suscowntible to sliding.  The gross dis ribution
of two of thuce broad cuategoenicz of eswpecially landslide prene
rocks (Lhe Tsrtiarj voeks end cehiclite neolangas), and the
Stub|l1L” i poLrn+Jul building sites on such rocks, parti-
cularly uhcrae slopes cxcead L5°, should be examined with
special. carc.

Turlcw ddcc mony of its cxtensive areas of landslide-

prone rocin to its leng history of tectonic mobility and
instability. he relaotively small proporiion of lawvlands in
large arcas of Turkey will inevitably lead cwo more construction
of housove, roads, and a variety of other enginecored werks on
nills and nountainsides wiere the risk of damage due to land-
£3iding iu clgailficantiy groater, perticularly during strong

carthqurakes,
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5.4,3.2 lUhcoscoligated hoposits

Pae Gistribucion and intensity of shaking damage from
a given eoavthguaikae has been mbﬁcrvcd Ly many workers to be
strongly influcncow by the local character and thickness of

the underlying soile and unconsolidated deposits, and by the

positionfiofithcivateritableitne relationship between these

ny

propertics of the substrata at a site, and the nature and
intensity of damage is complex, however, and one that is
strongly influsnced by the aunplitude, freguchey content, and
duration of the scismic wave train at the site. Tihus, domi-
nontly shork pericd shaking from ncasby shOCKS nway proguc
very Gificrent auplitudes and periods of shaking, and adversely
affect very differont hinds of structures than the long periocd
shaking that 1omina:ﬁs the vave trains from more distant earth-
ES fhe study of tic relation of tne local distribution of
earthquake damage to local soil and rock conditions is called
carthquake “micrcxaning." As discussed in a following sectioi,

such etudices should he mrae before extensive, low-cost housing

L&

developinonts are sited.

Patieorns of damage frow strong ecarthquakes, particularly

i

to muiti-story puildings: sitod on wceonsolidated deposits
4 - P f

¥y

ave closcly related te lutesal variations in the thickness,

oils.

"l

CONDOB 2o, S andivatei=sattiistionBofltn e viderlying &
Voriatioans in these rectors can, for cxample, cause the hori-

cpontal veleasity o cround nonion from o omoderaiss caxtiuaie to
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boarou: (Borcherdt, 1870), and the response to given types of

structures to vary by factors ranging from 3 to 6 (Sced and

el

Idrics, 1969). Liquefoction, differential settlenmont and
londspreadiig of unconsolidated deposits, and block glides
and slunws con gentle to steep slopes are also common geologic
foundation fcilures tnat have created extensive damage during
noderate and large carthguakes,

lietnods te predict the dominant period and relative
arplitédc of ecarthguake-induced shaking at a particular build-

ing site arc carrently under study by many workers, and steady

progress is being mede towaxd widely appiicable analyticol

i .

procedures (for example, sea Seed and Idriss, 1969; Sced and
cchers, 1970). Such predictions, however, requixe fairly
delailed nnowledos of the thichness and physical properties

of thce 'soils @xdipsoriy consolifated yochkulicfithe 'site,and a
realistic assessnent of the seismicity of the arca (Secd and
othefs, 1966). Somce of the aralytical prccedureé are nodarately
sopalsticatad, but estimateg can be made fxrom relacively siuple
forxrulas. ‘ilodern practice requires that, in areas.of signifi-
cant seismic risk, la:ge buildings should be designed to have

-
.

=

fferent fundamcntal froguency of vibration from that of the

l-l.

poorly conscaidatod foundation material,
Unconsclidated deposits containing liquetiable (nonco-

wasive) materiuls and having abrupt lateral veriations in

.

aansity endl ecttinaetibiittvl Bandivitiichitherelforefareisusceptible
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anzingficiethoudieshcangle ‘CLO”PI?CG by sufficiently detailed
Sursson end sulavricce site exvloration, Areas in Turkey that

Lo failure of gcologic foundations,

!_.l

ars ¢spacially suscepeib
particulariy wicre the water table is shallow, are those

:iain by fine-graincd, noncoiicaive or vary coft cohesive
scuiments of alluvial, plnvial, or lestuarine origin. Many of
thicse arcas nave been tne sites off failures and damage in past

subject te failure in the
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The high aountains and narrow alluvial valleys that

e mae - am oy e Ly a Let Flymamleiiat -y e P i = - Y= ]
characrerize mach of Furhéy have cresated a significant hazard
:
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$rom local. bub sewetimss destructive f£locds. Unusually hceavy

snow accumulaticons on nig mouniaing may in some years melt at
rates Lhat exceszé the capacity of the river channels, resultiag
in overficy and £flood deonage to sattlements. The megnitude of

iterature availahle
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1¢ Saeyhan River sfstnﬁs, for
anample, which deain nigh wountaing in southern Turkey have

seriodicaliy boen the scene of dsstructive flcods. Rccordingly,
dilres and cther flood-control structurcs have been puilt on at

leasclsaneitavesiinsiturka,
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18 Decowmoanded 8ila Investigations for Farthouake-Resistant

W L |

o QS Holinan g LN TR A
Tn ‘Murkev, the sighrificant risk to low-cost housing from
+he snisnic and othoer geologic hazaxds outlined wahove can be

supscantially redveed by asing geologic, hydrologic, and soils

-

cngincering principles in sclecting and preparing building

5ites purthermore, it is cortain that rapid advances now
being made in these disciplines will -csult in mere effective
guidance in future selection of building sites. Accordingly,
it is recomnendod tinat any large-scale program to construct
lov~cost nonsing in Turkey include invastigations to guide in
the selection and prevaration of building sites, Tie progcam
of such investigations proposed below envisions wore than a
psilot study, boczuse the uscfulnuss and practicability of such
ations cpucar to be denonctrated, On the othes hang,
it is not offcred as a national program of land-usc analysis,
although it centains clements that would be included in a

natcional vroaram.

5.4.6 lothods of Guiding and Controlling Site Selection and
Proparation

myo mathods exist for insuxing application of scicntific

"

and cigincering knowiedae to thae sclecticn and prepairation of

building sites o reduce seismic and okher hazaxds.  One

uscn rcgionsn wennogle, seils ongipcering, lydrologic, and
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second consiots of inspoction mnﬂ apu3oqu of site preparation

andibutltihie iy a building official or inspector aftex a

=0
Pl
v
-t

oo
1,_l
.

builder (wrivats or gevernmental) has selected a site and

preparcd plans for its development., The two methods are quite

iy

compalible, and can be used in sequence.
The Firs: me 10d controls siting during, and as part of,
the planning stage of a loyg-cost houcging pregram. Its advan-

tages are that the efifort devoted to siting control is utilized

i e

.

|
I
|
|
I
|
I
|
] . 4o help find the best building sites in an arca firom all points
|
|
|
|
I
|
|
|
|
|
|

of view, including safety, and does this in advaince of costly

of the planning

B
of

gite and building plen prevaration. . As pa
piceess, the methed aip rhasizes regional studicc that can lsa

. wade by a nelatively small nuiber. of teums ol specialists., It

-

Aand professionals than the second

1Y aas e 1O T 4 T . . AL
LHUD dejulres ool WedloLLd

i)

rernodwiiien st izasedion individual inapsction of all zcites

r projects. The principal disadvantages of siting control at

the planning stage are that it is too czpensive for isolated

ded

I-»l-

single houwas or smell developiants and insufficiently cota
- I .

| to control site selection and preparaticn for large nuildings.

The scoond method typically xelies upon a building code

~

for guidance, is adninistered by local offices of national ox

intensive site investigations for probloi areos. If based upon
a vell-preparad bullalng code, this nethed has the advantages

has tho
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condiidons and excaptions without boconing unworkably comples,

a considerable

of wnereising roview and control only afitern
offort has been cupended on site selection, planning, and
gieater muibers of adcquately trained
tecnnical people to review site sclection a;d planning than
will be aveilable in Wurkey for many yeaxs. In any case, at
best, the method condemns hazardoue sitcs only aftexr the
expense of soloction and plonning, anﬁ does not providc any

direct help in choosing the hest sites.

The building ccde approach to assuring the safety of

foundation is exemnlificed by chapters 29 and 70 of the 1970

odition of the bniform Building Cedc. Chapter 70 deals with

qrading practices and muios specd fic recomtendations on the

limensions, slope, drainagoe, and erczion control of cuts and

fills. Chapter 24 reilates huilding foundation reguirenants

to the character of the soil and geologic formaticn benzath

-

a building site. These chapters scive as generad guides to
cite prepavation. Adhercnca to at least these minimun recon-

pecially desirable for carthquale-

()]

menced grading proctices is c

resistaat constsuciion because geoloylic foundation failures are
a commol cause of building dumage and loss during eartiiquakes.

ilcuever, the U.B.C. does now provide specific guidelines for

treating such scismic and yalated hauzards as active faults,

off-site landslides, medéloss, and liquefaction. Neith2xy does
sely for heszoydous conditions due to loca

S oMt el A d G tvEsie
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clitiabe, and topouvapie.  As is tiue of all gencral-purpose

Codnt , tha grading rasullnai@ites specified hy the U.B.C. are

o4 restrictive for sowe sites’ and insuffici ntl“ restrictive

fics that soils

‘_l.
-

erngincering and engincering geologic invcstiaations for cuts
end £ills be made at the option of the re,pﬁr ible huilding
o@micialy O; necessity, the code neglects lccal customs and

Jocal technical and administrative capacity for adequate

Cdalvi eln gt

I
I
|
|
|
I
I
I
I
I
| for others. Recognizing this, the U.B.C. spec
|
I
I
I
I
|
|
I
|

insoection and control of building sites. Indeed, such inspoc-

tion ¢nd ¢ontrol is raxrely available for ¢ single-fanily and
emold 1 dtifaaily duellings in amaller citics, villages, and
the countrveide anywiicne in the world. %hus, adherence to the

U.LLC. on sinilar cedes is a helpivl, but inaufficient guidc to

i date ~ . . ’ \ . g e ! -
gito salecticn and conscruction in Turiey

5.4.7 Propcsed Site Invcastigations

It is rocommended that planning-stage studies be the basis
for selecting end prepacing sites for all carthqgualke~resistant
housing for which nore thaazn onc or two altcrnative sitcs are

availoble, Site-insensive inves {igations (detailed studies of

foundation conditicns at a building site.and its environs)

showld he made of all sites propozed for larxge ongincered
buildings, whevher the sites vexe seleccted on the hasis of

~ S e

I- planning-stage stucics O for cliicr reasons.

-

' A practicari prograit Uo guicd. site selection and prepara-

il desnd nealistically
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Psh el Eol deing:

I Ehelidcoqit e anfo iy citing orchleoms is difficult,
andlthedassessmantiorithesrish presu%tcd hy these
prublens, even aftor they are recognized, reguires a
nign Level of teoeiinicals comnoienco

2\  The level of visi verics widely, commonly even between
adjacent sites.

2) | Severall disciplines (principally geology, scil
enginesiing,and hydrcloay) axe reouired to recognirne
and evelvcte even the most common siting problams
andihazacds, |

4)  Wae nunheor of comnctent professionals in these dis-
cinlingsSielan aﬁsrt supvly in most countr ie

Saliiiine S rallenrantiie el logles ave now i a vavicd of
rapid dvolution Lowexds Baltcd insight and nore
conplen dizgnostic preceduras and solutions to siting
problatisiandii ;nuwru ‘

neccndingly, o prograw of site invcstig:ticns‘in Turkey

should: 1) wely on active site irvestigations by mult tidiscils

nlinaxy tcans of proiass lornls, racher than on the enforcement
of Aapnailed coden B local oxiregional building officials; 2)

coveantrate on housing uiiils o projects thiat are large erough
or omxitonsive cnough to werzant tho application of necessarily

an el i s st dgat Sonn g 35 proposal xegional roconnal.s-

2 R IR alla i m e v e s tudics fou



L

some Lypus of lav-cost bousing preojects; and 4) incorponate a
reviow board to previde fow continuing review and updating of
site cvaluztion and geloction procedures and criteria, and to

guide coatinuing training cf +he site evaluation and selection
- (S S|

5.4.7.)  Planunin ~stage Investigations
Bffcctive mlanning-stage ctudics require that the entire
region under consideration for low-cost earthguake-resistant

T Var

nouzing he evaluated for suitable building sites. L¥perienco
in Calicornia end elscwhcere has shown that spacialists abl
ontend or detail oxisting soil, geolouic, and hydrologic data
by the extensive use of aurial phou ographs as well as by
ctandard field methods can study areas exceeding a few cduare
kilomaters at much leéss cost than by standard field methods
alone. Such studics are primavily geologic, but includz soil
enginecring, hydrcloyic, and at times botanical study. HMHapping

scales for planning-stage investigat ions ordinarily range from

1:10,000 to 1:250,0CC0.

5.4.7.2 Site-inteasive Investigations
Site-intensive investigations consist of standard engineer-

ing geolegy, and s0ils cagincerxing ficld and leboratory inves-

tigations of selocted sites and their relevant environs.
nelevant ernvirons! refocd to the mininum arca sSury ~ounding a

it thel masis po studiad U oviluate its scismic and relatoed

[}
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hasardas., Whis araa KWOsC cunfmnlylrangas from one or two to a
few bong of nachksoros in entont, but in special cascs it nay

be mach larger. This is necessary because the critical

ovidence fer many aiting hawards, such as landslides, is
conmonly difficult to find within a small site. Subsurface
investication by drilling, txenching, and gebphysical surveys
woula ondinmrily e conducted at and near the site, pariicularly
for lairje structures. Mapping scales will ordinarily range
frow 1:100 to 1:1,000. Tae cvaluaztion of the soil—cnginaering

1

und geologic data wust taxe

nto account the scismic “one in

.

ot
=

cs O

(as

which tue site occuxs. For si y flood plains, ox those

naving shallcow ground water, poor drainaqe, or other watcr-re-
: 91 [ L gy

lated vrebliens, hydrolagic expertise nay be required.

©

2 2 Sy £ ey Tl
5.4,.7.3 Scope of Inyvesiuldation

Both plauning--stage and site-intensive investigations

should include consideration of the following possible founda-

tion provlems and Siting hazards, but a complete list for any

te wili resuire siudy o the

- -

w
-
H|
1.

.te itself by qualifieﬁ xperts.,

Geologic: 1) Active faults abt and near the site; 2) Land-
slidon o) other slope failures beneath or upslope from
tiie site; 3) Liquefiable or easily compactable materials

Loneath the gite; 4) Latzral innonogenities in compact-

and Zox erteping SIS
IGa oA digiddinagi jox foundaiion condition
: ]



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

due Lo permdieic Gk
SpRinE, OF SUapna; 2

lokes, LesServoirs or

and £

Vg e
513 {3

Saismic: 1) lagnitudc,
of damoging cartihjuakes;
motion of the mest d
) bullding sice.
Seoil Brgingering: &) Natu

(Y

shullow ground watexr,

scasonnlly

yoding shorelines of s2as

[J

r

3) JFloods, mudflows,

rivers;

WAVES .

distance, duration, and frequency

znd 2) Dstimation of the base

i)
Cad = ne

amnaging crodible earthqu at a

wral period oOF vibration of

surface

hutlding sites; 2) BCuz ng strengtius of tha
and substrano; 3) Efifect tnat soils and pooxly

consziidated wanlogic

hava on the g¢haxacte
damacing crrdibla ea

lind

of the eaxtiguah2

dalsy
i

-\
(=)

thichiness of o sub

o Ny v e
Ji" 9] \.\_,-.c’.k-t.lu'!h

and 4)

Lcononic

factoxrs

¢ matcriels benzath a siie

r of shnaking caused by tie, wost :
rthguekeas (can vary within wide

bet Yo cheractes: and distance

qu:t

entlial.

.
-

Rural and village ponuli-

tions opply a variety ol ccononic ond cultuzal fachors

L]
in sitang their houses, factors that will comnionly be
cquivalent cx graater in importance than the scismic,

gzologiac, and 1rol

confiiciy and

e

conomic

ogic considerations.

erdship bafall

PSR

G QUM TSR SINEL RO i qoveing that ds sited without
3 Ml ceomsrie and culinral factoxs.
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Accordingly, tho pianninc—gtage site-selection teams
shoula include @ person or persons krowledge? able

about tile life styler and economic pursuits of the
relevant populations. Intcrvicws with the people
10 Getermine their needs and wishes are impoxrtant
so that the technical studies can éonsentrate on

f;nding asafe sites that are also Qcmnomically and

=

calturally acceptable and satisfying tc the peo le.
. ] <

5.4,7.4 Single-femily Rural and Traditional Town Houses

gitc conirol for single-fanily and small multifamily

housing is practical only by planning-stagc investigations; the

cost of site-intonaive studies is too great for such buildings.

Piamning-stage imvesticaticus, however, ars in turn only prac
tical for larac housing projects. Siting control for isolated
individual units (or small groups of units) of low-cost earth-

quake-resistant housing should be limited to existing procedures,

i

if any, until suitehle reglonal studies arc mcde on behalf of

Jarger houvsing projects, ox for other purposes.

5.4.7.5 lultifamily Houses
Site investigations fox large, engineered multifiamily -

mpltistory low-cost housing shoulkd follow o patterns. fThere

G

the choice of gities is limited or prodetesmined, sitc-inten-

give duvestications of the geclegy, soils enginecring, and

Seh condidEnsiatRthii st andiithefrelevantEcon i guouns



L] S ey 1 4 . .
o irmaniiie hichElali milntaad o wvhaore thoere are zlternative sites,
scAd on @ regional onvironioental

(nlanning-steage) stuedy followed by the sit.e-intensive inves-

tigetions xacciiandaed above of the most suitable site or sites.

ede b e

'y

Tho cost Of many of the site-intensive investigations will
bs significantly reduccd if tne site is sclected through a
regional stydy,
5.4.7.6 Improvement of Existing Houses

Site studics can be of assistance in preparing propesals
to improve tihe carthouake resisﬁnnce of existing housing by

exl:ensive housing

(et

1
&

ructural or foundation modificaticns. \hex
trocis ox lavgsz buildings aze dnvolved, rogional plaming-stage
ond ©ite-intensive studics can be used to guide expenditures

for rodificuticn to those houses located atc suiteble sites.

tes might then be designated for cventual convex-

sicn to parks 'or othex low-risk uses.

5.4,8 Techiical Supcrvision

The site-selection program should strive for technical
cscelience through the estal:lishment of an independent review
borrd compossd of scicntists and engineers from university
facultics, poivate consulting firns, and governments at home

and perhaps abroad. Tternational financial assistance for

obtainiag forcion  techulcal participation might be obtained,
niha s G tant: Stasiiioithe yoviow board would be the



cstohiraviont and continual ihprovem:nt of a set of rccormended
invesioootions ond site stonaards that are realistic to the
senific oren o regicn of the country at each stage in its
devaleinont, and coomsensurete with available budgets and pro-

fessionnt stoff, he leard should clso provide the site-

cselection teawms with consultation on diffi cuit or special
mrehlaus, a;sist ir the recruitment and selection of personnel
for stulr teaas, ond oindndster a program of continuing train-
ing of teaws wmenlzors in the novest technical developimants in

thedr vaiious cdiccivlines.

L]
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5.5 Coon Stuedves Dcdnocvineg Czolooy and Sitine Puebhlomy
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urvey and Tuen La Conz L, CRYRIAT.
5.5.1 1ntroduction

The Poru.eartihguanre of Hay 31, 1970 offerz a mecel for
eroaaining the eficcts of tha geoiogic environmant cen dostruc-
tion, for the corihcuake coused a wide variety of écoldgic
fevndinticn aud slevs fallures that vere major contributors to
the ciutorsive destruvction and death Eoll. In the affccted
region, wrincipollc the Dewartimcat of Ancash (figure 1), the
xuggcd.trpﬁgrapny, cuwtrone varxiation in relief, proyimity to

he sca, and great climevic wvarintion have OlV'ﬂ rise to most

i Gl Y R, vy e Y ey e 3 . ST, 1 R, . T
Penlio ot lon aueaerinad be b Diveccor, U.8. Ceolooical Survey,
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Figure l.--Fegicn of northern Feru affected by the May 31, 1970,
earthquaze. The erpicenter of the main snock and the region
of vrincipal aftercitocks (dicronzl line pattern) are from
the U, 8. Const unce Ceodetin Survey P.DLM, listincs. Houvy
dashad line shows ths aprroximete ldmit of comioction and
fissuring of unconsolidnated sedirants, of iundslides, aad
of widespread dum=pe of bulldings.



geolovnic hazards that sdgint be found in any earthquake-prone

e

n a rolatively small arca. This earthcuake

woe probahly the ozt catastrophic natural disastex in the
histozy ol the Westvern lemisphere and ‘ranks hicgh among the
world'ls czeatezt natural disasters. The extent of destructicn--
roughly 49,000 pecple killed and 184,000 kbuildings destroyed--
wagtlaugelyare totungitable £er“3in and to adeoke construction
that had little resistance to scismic sghaking. Destiuction was
fur out of propoxtion to the nagnitude of the eartihguake (Ms =
7.7), wvaiceh in terms of seisnic energy release does not placa

Lt ranaig thie truly great. carcacuaics off higstoxical times.

.

Pheshstesct SIS e ot eusie dEo il aulis I F et 07 (/FSia 83/ 28 1% 1 'sr,
Poruvian (i, cceonaing o the U.S. Coast and Gaodetic Survey
(p.DUN, cavd, Jgune 1, 1970). The epicenter was at lat. 9,2°
Sl dong. 73,80 1., at sea 25 km ves L of the poxrt city of
Chinkhote in the noxthwestern part of the Department of Ancash.

The hypocontesr, or focus, was deuleldud by the Coast and

Gacdebic Sumyey to be at a depth of 56 ki, Mozt of the after--

chocks having magnitudas betweon 4 and 6-1/4 and hypocentral
depuns of £4-006 Xm, occunrrxed in a well-defined zone 25-50 km

wida that axtends ehout 140 Kk southward from the main shock

The ¢rea of modaiate to severxe structural damage and
peolsuntedSarounaEnEicctsiertendsiallongithefcoast i froninecar
Graind oSt osR & v i an g L ardBf ool e rinunddi st ance s of

- Iy a] 0N XY, LS e e wEAY . S ey e L " . ATy 5 10 ¥, A s e
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VTS e the modificd Mercealii scale is indicated in the

whie reporv is basod on informatien in ocur earlicr reporis

(richoci, Dlaifker, and “crnandez Concha, 1870; Plaiker

Lricloon, end Doraandez Concha, 1971), upon field worl carricd

.’\

out b, Jvnd Lo Coveoand oiher geoloagists of CRYPZZL, and upon

ficlcwesi b Fuielsen an? Plafior during Juae and July 1972,

-

sn internscicnal project of cartchauake

nroblon: cpongored by the Asonay for

Ioternotional Dovalopnont (A3D), U.8. Deportmznt or Staetae.,

o
(8]
.
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Ceolegic Invironnonk

phe padean rocion of Ancosh hos extrencly rusged topog Uiy

and ¢roat relicd; overs tconened slopes tend to be extrencly

wmobtabhle and subicct to davelopment of destructive Landslicde
J

and roehialls duwing 7. In the hich aglacierc-covarcd

vre 2), rock and dce covalonchos. are an
cutroms hazord, as are thoe more than 200 gl lacial lases, which
may burct during an earthquore to cause devastating floods and
Gobris flews. Voleanic and qraniiic rocks on SLOCH slopes of
ihe Cordillora Negra (figure 1) axe locally deeply weathered ou
strongly fractrrod and sonseouoently are suuject to sliding dui

ive fhae ainy seeson, o duning s oscisweic cvert.  Many thouoands

o Loessnados dovelorad in bhoth thoos rangLr Guyiner the 1970

T, onunino orhoroiuva oanoe te Do fands and rural
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cove e ltion.  Portutnetely, none of the glacial lakes ruptured

Graing bhe caznlarola

ho vallers of the Rio Sante (figure 1) is ﬁartly fillead
with doposils of shreams, debris avalenches, debris flows, and
LoFainsg.  The benovior of thesce sediments, wnich are the princi-
pal foundation wmaterials of the communitie:lin the valley varioed
groeotly in reopoenso Lo LCQLGRILG shaking. The oldect sediments,

constitviing the carlicoe valley fili, ore well cenented and

\
-2

codetivaly abtoldoe, wherceas youngor torracc gravels, ¢lacial
rorainas, and alluviwa awe poorly comentea and supjoect to

~

opioontior foirura by sliding.,  Fine-grained vator—-saturated

,_.-

At ontn and soil bendsd to fall by differential commecticon,

T4 - : oo oy Ao g,
ifoverection, ound loter

By 3.

most of tho coastald COLMUNITICES axc iit on
dononits of flood plaivns of the Lajor streqams draining vestwarc
fyom the Cordillera Koura. Stremn valleys for distances of 5-10

ki inlond frow the coast are cenerally flat bottomed and have

valu: ble cgricnltural lerds and
and eivices alerg tho cowzsi, Chinbote, for axample, have exten-

P

sive aveos widernlain by lageonal and beach de its, counnon-

P
Iy with a shaliow water table.  These fine-grained water-satu-
ratod depesits, which tend Lo be very uastzble under selemic
alinking, cccur in spost areos whcre geolegic fouad tien failure
conbuibuted to ontensive structural damago.

. Ve ! WY sy aed Y e EETITIE PECT L ven g v A PR > 5.
N dateol lo vertionl cosetai uplift wes associohod with

the ©f Fhouate, 1o s dono thesme pppoow Lo have Loon a significennt
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Figure 2.--View southward along crest of the Cordillera Blanca
showing scars on north a}nd west sides (arrows) of north
peak of Nevados Huascaran, the sources of two major
debris avalanches during the May 31, 1970 earthquake.



soiuinio caa wave (tsunani o maremoto) of the type that has
acconpainiced zoue great coastal cazthquakes in Peru, and else-
where around the Pacific margin. This suggests a probable
ahsence of shallow dip-slip faulting on the sea floor during
the ecarthguake, and is compatible with the seismologic data
indicating that the esrthguake was of subcrustal origin.
surface faulting was not cbserved anywhere in the carth-
quakowqffcctcd region, and, to judge from the location of the
epicenter and major aftershocks offshore from the coast, majorx
faulting would not be cxpected onshore. Nevertheless, recent

faults are widespread in the region; the most proninent comprice

o

a svstem of cn echelen normal faults along the west flank of the
Corcdillera Dlanca. The faults arc marked by vwell-defined scazps
as mach as 20 m higa that displace Holocene glacial wmoruaines

and beds of strcams cutting these moraines. Undcubtedly, move-

ment has teken place on some of these faults durirg the past

few hundred years, but cvidently there vas none during the 1870

earthquake.

5.5.3 Regicnal Siting Problems
Throuchout the area affccted by the Peru earthquake of
iay 31, 1970, the deyree of destruction in any one community
was determined largely by the typce and age of buildings, by
the type of geologic foundation matecrial, and by relative
stabality of slopes of nearby hills. 1In general, old 2- and

J-gtory adobu buildings, suda ao thosoe of Huaraz (many having



sunporting tirmbers wealened by age and termites), or buildings
constructed of very poor quality adobe, such -as those of Casma
(figure 3), werc more hecavily ¢ damaged than wel 1-constructed
adcbe buildings. Other types of buildings showed various

degrces of damage, but wodern reinforced-concrete buildings,

or buildings with reinforced-concrete frawes and brick filler
wzlle, gencrally sustained little or no damage.

Exiensive damage dues to failure of geologic foundations

ki

resulted from differcncioal compaction, slumping, and latcral
sproading of crater-saturated fine-grained sediments such as
lacocnal seaiments, beach deposits, and manmade fill. The

rozt notakle erample of foundation failure in deposits of
these types was in Chiuvbote. To a Tar lesser degrce, similar
foundation failures took place in several other communities on
the coast and in the Andes. Furt nprmOLQ, puildings constructed
on dry dune sand and on raudf£liow material associated with pied-
wont arrons and slope- ~dcbris uCCL”UlaLlOﬁ in the extremely
arid@ coastal regicn, showed greater dawage than buildings of
sinilar conztruction on compact stream gravels and bedrock.
There seems to DC no cbvious correlation between the
intensity of structural damage and foundation materials in many
areos ﬁhere foundation failure did not occur. Adobe structures
failcd on foundations as Giverse os granodiorite and saturated
alluvivn or thick soils. Sone Vi 1lages were almost totally

Conirowud, Wnaread neavhy villages of appa rently similar

coustrusbion and cqeologie foundall Loi were only wmoderately
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rigure 3.--Residential street in Casma, Peru, where all adobe-block
hnuses collapsed during the earthquake of May 31, 1970. Adobe used
construction here was of extremely poor quality, containing a
wh-percentage of silt and sand, with little or no straw binder.
rumbles easily in the hand. Casma, a town of about 15,000
abitants before the earthquake, was almost totally destroyed
+uring the earthquake,

'
.
[



damagad, Similarly, in the towns, one could find adobe houses
that had collawsed next to houses of similar age and construc-
tion that were either moderatély damaged or undamaged. The
reason for these striking variations in degrec of damage is
unclear. Subtle differences in composition and (or) water
content of the foundation naterial could be an important factor,
but slicint differcnces in construction and the pattern of seis-
mic~waye wropagation may be equally important.

The nmost widaespread danage due to earthquaiie shaking was
to raecidences made of adobe blocks, which constitute the over-
whelming majority of smaller buildings. Significantly, good
adobe construction, such as the 3-story llotel Chimu in Chimbcote,
survived the shake with Little or no structural damage. Uare-
inforced brick or cbncrote~block builidings generelly withstocd
shaking better than adobe, but in some areas bhuildings of this
type were extensively damaged (figure 4). Well-constructed
houses and mést snmall buildings of reinforced concrete gener-
ally showed little or no damage in most towns, cven where t™-~v
were entirely surrounded by demolished adobe-block structures.
Damage to large reinforced concrete and brick structurcs ranged
from negligible to total collapse, depending upon the design

and guality of construction.

5.5.4 RBchavior of Unconsolidated Sediments in Flat-lying
Arcas

Pailure of unconselidated scediiments in fletlying arcas



Figure 4.--Typical destruction of new homes of unreinforced brick
construction in the Buenos Aires suburb of Chimbote; all build-
ings in this suburb were damaged beyond repair. None of the
homes collapsed, probably because of the reinforced concrete
stairway that connected concrete floor slabs.



causcd oxtensive damange to structures duri ng the May 31, 1970

1 O]

crious damage was due to compaction and

earthguake. The most
sprecading of fine-grained water-saturated sediments. Coarse
unconsolidated sediments, such as stream gravel and glacial
moraine, were subjected to little or no compaction during the
earthquake, and conseqguently-caused little aamage. Dry uncon-
solidated scdiments were comparatively stable but some dry
sediments, such as desert soils of coastal Peru containing
highly porous nudflow moterial or manmade fill, failed by
Gifferential coupaction and slumping. Such failure, whicn was

Fissuring at the surface, caused some

"h
o

cormonly accoxwpanicd by
damage to roads and bulldings. Differential compaction of dry
slope debris containing mﬁdflow material and manmade f£ill
caused widespread damege to the steel plant in Chimbote,
chiefly by breaking of hcavy concrete floors and misalignment
of heavy ecuipwent. The observed settlement at the steel plant
ranged from & few centlmuters to about 30 cm.

Although ccmpaction of unconsolldated sediments probabily
occurred to somz degree throughout the earthquake—afféctcd
region, its effects were most noticeable in the Chimbote and
Casma areas and along those segments of the coastal transporta-
tion routes that cross alluvium-filled valleys. Compaction of
water-saturated matewials was_locally accompanied by ejection
of water or water-sediment mixtures and the formation of sand
boils. HRear-horizontal movement of mebilized, ox "ligquefied,"

wator-soturated sondy deposits toward free faces occuryaed



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 surfuce
was dry, and the water table was reportedly at a depth of about 50 cm.



a nanmber of coastal localitics. * This orccess has becn termed
$landsureaaing® {leCullech and Cenilla, 1970) to differentiate
it from landsliding, wihicn connotes doxnxlc“b movenent.

The most spectacular examples cf compacticn and landspread-

ing of wator-saturatoed sediments in Chimbote include: 1)

-

settling and flocoding of a residential arca.in the southern

pari of the city (figure 5), where there was almost total de-
striction of unreinforcca buildings; 2) diffe rential compaction
in the downtewn busincss district (figure 6); 3) compaction and
landenieading neer the stecel plant doclky which causcd subsidonc
bf aimout a moter (Ligure 7)), and dancgsd roads and buildings;
and 4) spreading of licucficd sand on & beach berm resulted

in opuoning of a fracture nore than a block long, along which
i apart (figure B8).

The near-total destructicn of central Huaraz (figure 9)

¢suit of collapse of old, relatively unstcble adobe

-
=
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n
o
3
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buildings cwing to a combination of shaking and DlO) able inci-
picnt coimpaction and landspreading of water-saturated founda-

tion material. This Foundation consists of a layer cf silty

and clayvey scdiment, at least 2 m thick, resting on gravelly

~

material of an alluvial fan,

Ccmvaction of water-saturated scdiments, fissuring, and
landspreading at many other localitics in the Santa Valley,
particularly in fields along old terraces or ;lood plairs of
the Ric Santa, caused lecal damacs to roads and buildings. A

notalle coca 2F shuaping ane Janenpioatidan oczurred 1n &
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“igure 6.--Street in downtown Chimbote where differential compaction of
water-saturated beach deposits and panuade f£ill caused settling of
buildings and cracking of concrete sidewalks. Here, 2, 3, and

L-story buildings on slab foundations settled 20-30 cm into the
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 al.:
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 Suanta
housing development, northwestern Chimbote, torn apart by seaward
spreading of the underlying beach sands that became liquefied
during the earthquake.



Figure . 9.--Typical street scene in a 100-block area of centr’
where nearly all adobe-block buildings were destroyed. Most
were 2 or 3 stories high and had heavy tile roofs y and strec:
narrow; thousands of people were buried both in the narrow st
and collapsed houses.



ganily closing field just scuth of Caraz. iHere, an area 50-75

oters in diancter spread downslope, with davclopment of
Ficsures and tilted blocks in the s0il at the hecad of the
sluwap arca and a surficial flow of liguified soil at the toe.

tony eaxth flcwvs formaed, by liquefaction of water-saturated

muds ard sands associated with extensive glacial outwash and
morainal dﬁpouits in the southern part of the Santa Valley.
tuin is a grassy avea of subdued tovography, and the flcws
“took pluce on gentlae to noderstely steep slopes. Because
these floes develored in a sparscly populated avea, the only
damage thoy causca wes Lo roads and trails.

.5.5 Jwondslicdes, Rochiaal. and S0il-slips

oy
c

The earihoune wriggured thicusands of landslides and

. ‘ . . - 2
avalanches througihout the arsza of about 65,000 km” outlined

on {iguvc 1. The landslidces inciuded a wide vaxiety of falls,

sliCes, ana flows involving bhedrock, unconso Led sedinents,

and snovw and ice in varying proportions. The overwihelning
majority of tie slides occcurrad on the stecper slopes of the
Cordillera Blanca end Cordillera HNeyra, within the arca outlined
in figure 9, and in the reuion of deeply incised drainage along .

the wvestern flank of the Cerdillora Hegra, just west of the out-

lincd ayoo. The largest and most destructive slide was the

Huascorat dobris o clanche. At leace five o£ the slides block-

oG sli drodaogn, therchy forming lLandsiide-dammed lakes.

Many oiallorosklells occuryad alony the stecper natural slopes
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and in roodeuts in the relatively low lying arid coastal region,
but nonc is knoun to have resulted in noteworthy damage. The
total volunie of material moved downslope during the earthquake
is conscrvatively cstimated to be between 100 and 200 million
m3-—pcrhaps a guarter to half of which was in the great
Huascaran debris avalanche.

The overwheluing majority of landslides involved falls or
slides of rock and slides of poorly consolidatod debris and
soil along steep valley walls, stream banks, and roadcuts.
Thousands, or possibly tens of thousands, of landslides of
this tywve wore triggered by the May.3l,.1970, CcanChu“L. The
largest slides, which could be discerned on vextical airphotos,

are plotted on figure 10. Some of these arc so closaly spaced

-

that a single syabol on the figure may represent many slides.
In genecral, the larger slides were mainly in the Cordillera
Blanca wherecas most of the smaller ones occurreced in the
Cordillera Negra, particularly near the north end of the range
and in decply incised canyons clscewhere. Most of the ipdividual

andslides are rockfalls and rockslides that involve at least
several thousand cubic meters of material. Rockfalls and slides
are so nurierous in and near the Canon del Pato downstrcam from
Caraz that it is virtually impossible to delincate individual
slides.

Shallew soil slips of unconsolidated materials were

observed LJLuzbhout the arca, but were cspecially coumon on

slopes mantled with water-saturated glocial till, volcanic ash,
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and colinvium., 7he soil slips are characpcrized by a scries of
irrogulac transyvorsa open Lissurcs as shown.in figure 11 and by
arcas vhore thin slab-like coil masscs have broken away and slid
or tunbled Gownsiope. Althougn they are subtle features, soil
slips caused ¢xtons ive danage because they conmonly developed

on culiirated hillsides whore they disrupted irrigation canals,
trails, and. fences, as well as dcs;ro;cc fields and buildings.
Th some vary shteop areas on tae west side of the Corcillera

Negra ithc thin soil cf steoply inclined £

'.J.

elds (many heving

£ 20° or more) slipped away, leaving hare rock.
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Tn this sane area, soil slips destroyed.trails that werce tno
only accise to many ficlads. dany of thesc ficlds still were
not accassible o year after the earthquake becausce of the
aifficuity and enpeonse of blasting ncw trails across nowly
exposed stesp rociy slopes. |

only 11 landslides involving slumps and rotational slumps

of laryc massés of coherent materials could be identified

within the arca cutlined in figure 10, the area for which
pos b-aarthgaake cerial photographs were available. It is

estimated that cach cof those slides contained more than a
millicn cubic moters of noaborial. fThesce slides qﬁpaar to have
occuircd in pueorly con solidated fluvial-glacial ¢eposits, pyxo-
clactic voleanic rouis, and ihin-bodded shaly sedimentary rociis.

-

The largeost vatabiennl slide blcck, located at Recuay (figure

123, drvolvod st Jeast ¢ million cubic wmelers ol maid orial, and

. . e o . .
poshons Lnoauc g &0 3] 1o cubie meters, doeweiding Upod



Figure 1l.--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.
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Figure 12.--Rotational slide in glacial outwash and underlying thin-bedded sedimentary rocks at

Recuay. Meximum height of headwall (arrows) is about 7 meters. The toe (arrows) is a S-meter
nigh ridge the* blocked the Rio Santa and formed the sm=ll lake in foreground of photograph.



Avalanche
source

s,

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 tgg Rio fanta averages 3,500 m (11,500 ft..).
Photo courtesy of the Servicio Aerofotogrdfico Nucional de Pera.



carvatvse and dontir of the failure surface. The headwall

&}

carp is as much as 7 meters high, and the upthrust toe is a
ridge as much as 5 meters high, that formed a dam across the
Rio Santa. At lecost 5 of the other rotationel slides also

impounded drainagoe,

5.5.6 Debris Avalanches
By far the most destructive and geologically fascinating

aspect of the earthqguake was the cataclysmic avalanche of rock

-

and ice Irom the glacier-covered north peak of MNevades Huascaran

(figure 13). 7This avalanch

-

e)

appears to be an event that, in

©

terms of destructiveness, height of fall, velocity, and probably
volure, far exceoads any avalanche known to have occurred during
historic tinme.

The debris avalanche originated as a rock and ice fall
from the sheer west face of the north peak of Huascarin, bet-
ween the altitudes of 5,500 and 6,400 meters. The original
slide mass, in which the amount of rock apparently far cxceeded
the ammunt cf ice,; probably involved a volume of rock and ice
of al least 50 nillion cubic meters. This mass gained velocicty
as it slid over Glacier 511 (figure 14) for a slope distance
of 2.4 km and vertical drop cof nearly 1 km. Below this glacier,
part of the debris was funnclled along the valley of Quebrada
Armapampa, and the renainder broke out of the valley and sped
acress najor tepegrophic ix rgu”lu]'“l?c on a more direct

-

course bowoard @noebnroda Imcoyeoce.  Below the confluznce of
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Quebradas and Incavoc,

?LI"I" CAmpa
-

9]

avalanche was chinannelled down the

Rio Santa. Within a few minutes
the earthgueke were felt, the ava

]
!

- O
from Huazcaran to the Rio Santa.

Santa, tewnorarily ceusin
’ 0 9

of about 1 kilcucter;

it to back

the main tongue of the

Rio thC&hd Valley to the
aftexr the first trenors of
lanchie had sped 16 kilometers
The debris blocked the Rio

tpstream for a distance

it also lapped up onto the west bank of

the river, reaching ard destroying parv of the town of Matacoto
and flowed dewnstrcam. Yungay was buried by a relatively small
tongue cif debris that swept over the ridge between the city

and the valley of Rioc Shacsha.

avalancire climbed az much as

floox.
According o CV“TlunC A5ES,
was triggered
trenmors were first felt.
with a da
turbulent blast of air. An éy
its source to

than 3 minutes and pogsibly

witness

the vicinity of the cemctery

In overtopping this ridge, the
230 m above the adjacent wvalley

- " .
the Huascaran dcbris avalanche
within a few seconds after strong carthuuake
It moved downslope at high velocity

afening noise, and was accompanied by a strong

account indi:ates that

travelled the 14.5 km distance from

at Yungay in less

as little as 2-1/2 minutes--an

average velocity of between 280 and 335 km/hr (Mateo Casaverde,
oral corzmun,., July 3, 1970). Extrxemely high instantancous
4 R 14 -

velocities are indicated by the distances

hurled ccross the

rance of L,000 i, the ostinated

Pio Shaczha valley.

Mol

that boulders were

For a vacuum ballistic

Pasee

nti norizontal distance



that bouidcsirs were thrown, the initial projectile veloclty
had to be at least 450 km/hr. The cffects of air drag would
increasc this initial velecity by soma 25-50 percent, sug-

gcsting an initial velocity of as much as 600 km/hr.

5.5.7 Conclusions

The entensive destruction and loss of life in the Peru
earthguake of May 31, 1970 was due largely to 1) poox construc-
ticn of buildings, chicfly adobc, which haa little resistance
to lateral Torces inposed by ea*hbcuane shock, and 2) the
Huascaran dchris avalcnche that buried Yungay and purgu or

all of scveral smaller cosrmunities, and destroved extaensiv

arces of farm lands. %o a lesser, but significant degreg,

[
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de ticn was cawsed by the widespread landslides 2nd by

differenticl compaction, landspreadinyg, and fissuring in

“f‘.

wnconsolidated geologic foundation materials. Geclogic con-
ditions influcnced the dist;ibution‘of the landslides and
foundation failures during thisg carthquake, and will undoubt-
edly do so in future carthquakes in the hncash regicn and in
other carthquake-prone regions of the world. Although neither
lake breek-outs, surface faults, nor a destructive tsunami
acconpanica the earthcuakxe, they remain potential earthquake
hazards in this port of Peru.

Large landslides and debris avelanches and flows constitute
the najor geolecic hazesd in the mountainouws regions of Peru.

Srocy slores are exiressiy ungoable and oo periodically subjoct


http:cxtcnsi.ve

to sliding, particularly when the ground becomes water satu-
urine the annual rainy scason. Earthguakes often cause

widespread downslopc movewrant of unconsolidated material, and
may trigger some larger slides than those that would ncrmally
ba expected to occur sporadically in mountainous regions.
Failure of unstable dems of meoraine, alluvium, and landslide
lobris that' impound lakes in steep-walled glacial vallcys may
result in disastrous floods end debris flows during earth-
quakes. Such a dcbris flow, triggered by the January 6, 1725
earthaouake, buried the colonial town of'Ancash, which is located
in the Santa velley about 3 km downstream from Yungay (figure 1).
Differential compaction, landspreading, and fissuring may
cause extonsive destruction during large earthqualies, particu-
larly to structurcs that arc built on water-saturated fine-
grained unconsolidated deposits or on poorly ccmpactad netural

or artificial dry meterials. In Peru, these materials are

generally rost widespread in valleys of coastal regions, which
conmonly are also areas of highest population density.

surface faulting was associated only with the 1946 ~incash
and 1969 Pariahuanca carthquakes in Peru (Silgado, 1Y68;
Erncsto l. Deza and Daniel Huaco, oral.commun., June 1970),
and bocause most known active faults in Peru cccur in remote,
sparscly populated areas, damage by direct fault displacement
does not appear to be a ﬁajor hazard. However, activae faults
w0 sorious hasavds in mogt earthguake-prone rcgions; and

Fovennab of then can couse entengive Guoatruction to works of



wan.

A mojor earthguake-related hazard in coastal recgions is
from dest:ictive sea waves oY teunamis that coula be generated
by sudden large~scale vertical displacement of the sea floor
at the continental shelf or slope. No such waves were
generated. during the 1970 Peru carthquake, presunably because
the causative Fault displacament was relatively deep seated.
Neverthzless, many large destructive tsunamis have accompanied
previous major earthguakes along the Peruvian coast during
historic time (Silgado; 1968; EBEerninghausen, 1962}, and will
undoubifedly cccur in the future. Both distant and neafvsourcc

¥
-

tsunamis cculd cause widespread inundation of lowlying parte

of Peru, as well as of other coastal settlenents of the Pacific
basin. “he danger from tsunamis cannot he minimized, and it
should be tzken into consideration in all construction in

coastal arecas of earthqualke-prone regions.

5.5.8 Recommendations

The investigation of the Peru earthqueake of iay 31, 1870
has shoun the need for systematic geologic and seismologic
studies in Peru in drder to better select sites for construce
tion that will avoid potenitial gcological hazaxds. Such
studies arce needcd in all regions subject te Iregquent strong
earthguanes, but actually are being carxried out in relatively

fevw countries. whe folleouing studies and facilities should be

crphasized in pora:



1. The Instituto Geofl sico del Peru should be designated
as the principal gov arnmontal agency to undcrtahe seismological
and geological enginecring sLudlc% related to carthqua. . A
section of this organization should be devoted wholly to carth-
quake studies, and in addition to direct invcstigations should
act as coordinator of the several other agencice in Peru that
are currently involved in carthquake studies. These agoncies
include CRYRZRA, Escucla de 1Ing ~eria del Peru, Ser ~vicio de
Geologia ¥y sineria, and CHR:SIS. The staff necd not be large,
perhaps 5 0¥ 6 scientists, and should include seisnclogists and
enginecering and structural geologlists. ‘The Instituto now has
some seismological cquipnent, but needs mMoxe, particularly
strong-motion and portable selsmographs. Also neceded are
portable seismometers of high sensitivity for aicro-trcemoxr
ohservations.

2. CRYRZA, thc agency for rcconstruction and developnent
of the area affected by the May 31, 1970, Peru carthquake,
should continuc diversifiecd studics in geology in this area.
The geologic gtaff at CRYRZA nol only should continue éngincer»
ing geology studies, but should also initiate systematic inves-
tigations of mineral resources, the exploitation of which could
contribute materially to the ccchony of the rogion. Such mine
developmont could lcad to opening of ncw arcas by mine access

roads, and formation of local mincral-dependent industries.
3. The fellowing systematic scismologic and geologic

studices sheuid be carried out in Pexu as & ReANS of identifying
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hazards and corrective measures o minimizec destruction and

by

t

Joss of 1ife in future carthquakes: a) Preparation of a

scisiic risk map of Peru; prepatation of a tsunaﬁi—hazard map
of the Peruvian coast; c) preparation of geologic foundation
maps of the principal cities of Peru; invest;gations should
include bore-hile and trenching tests and study of micro-
tromor charcecteristics; @) nmonitoring of glacial lakes of Peru
in order to cvaluate the potential for breaking of morainal

dan~ that could result in disastrous debris flows; and e)

Y
r

dentific

-

ation of areas or regicns that are particularly

(

i

usceptible to major landslides or rockfalls.

w
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Chapter 6. Methods of Housing Construction

6.1 Introduction

Viable technologies capable of responding to the urgent
need for large nurbers of inexpensive earthquake and storm
resistant dwellings in developing countries can only be achieved
if the resources available in the arca of housing construction
are properly utilized, One such resource, of considerable im-
portance in view of its availability on a relatively large scale,
ave traditional methods and skills. In order that such methods
and skills be used effectively, it 1s necessary that théy be
inproved by the injection of appropriate innovative technelogics
requiring limited investments and training programs. The.re-
sulting improved methods weuld achieve considerably higher
standards of quality and productivity while being compatible
with locel conditions and nceds. |

In recent years, industrialized methods of construction
have been introduced and used in various developing countries,
often with encouraging results. Such methods represent an
extrernely promising technical solution to the problem of pro-
viding safe, inexpensive construction on a large scale. Pro-
gressive technologies compatible with local capabilities and
noeds should therefore be used in an effort to develop and im-
prove industrialiced methods of construction.

This chapter contains a hricf review and discussion of

traditional and industriaiized methods of construction in three
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developing countries selected as case studies: Peru, Turkey

and the Philippines.

6.2 Traditional Construction Methods

6.2.1 PRasic Materials

Stone masonry was used in Peru by the Incas for forti-
fications which are still standing today. In the rural areas of
the country adobe 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 carth roofs are frequently uséd.

A large variety of materials is available in the Philip-
pines. Among these, woven thatcﬂ is used extensively.

6.2.2 Aided Self-Help

Self-help censtruction projected on a large scale can
provide the development of cooperative enterpriscs, 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 working tcgether." The
custonm is usually observed on the local village scene where a
nunber of men will help construct a2 hotse for a family or a

municipal facility such as a school building. Many of the



Marcos school buildings, for which materials are supplied by
the Japancse Government as postwar reparations, are constructed
in the custom of "Bayanihan' under government supervision.
Technical assistance for aided sclf-help programs is
important and is considered essential to all future construct-
ion systems employing this method and practice. Superviscd
.and technically controlled produbtion of basic building com-
ponents is also essential to quality, rcliability of structural
performance, and timely completion of housing units.

6.3 Industrialized Constructiorn Methods

6.3.1 Labor-Intensive Industrialization

Within the context of the need to promote a better com-
bination of scarce resources of capital and skills with an
abundant supply of labor, it is natural to develop labor-
intensive industrialization, as the first phase of a transiticnal
technology that will evolve with, and stimulate, the economy.
There exists at the present time a shortage of new techniques
which lend themselves to labor-intensive methods. For example,
foam plastics appear to offer significant promise for light-
weiéht roof insulation and wall in-fi1l. Honeycomb and corru-
gated cardboards show potential in sandwich panel configurations
using gypsum, jute fabrics and foam insulation. The production’
of adobe blocks or bricks also lends itself to labor-intensive
industrialization.

Prior to the actual initiation of a local production sct-

up, a determination of econcmic feasibitity is of coursec



necessary, Vhile quality and quantity aré important, cost of
production is clearly the most critical factbr in evaluating
the feasibility of such a program. In marketing the product,
in addition to considerations of design, construction and csite
planning, the individual uéey‘s requirements, including choice
and control of dwelling environment, must be taken into
account,

6.3.7 Prefabricated Housing in Turkey

Prefabrication of housing in Turkey was first used in
'1957 when a Turkish construction firm built a housing complex
consisting of one, two and thrce-story units, using the Danish
Larsen Nielsen procedure in the Eregli region. Since little
pregress in prefabrication of Lousing was achieved subseauently,
the Turkish Government became involved in this field during
the last few years.
Prefabrication in Turkey uses the following ccmbinations
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 frames and walls filled with lightweight concrete
(vi) Tirber panels
(vii) Prestressed concrcfe units
(viii) Plastic done clements

A1l svsters uscd are based on the "partial" and "open"

prefabricated concept.



Prefabricated housing efforts have increased considerably
since 1967. This is mainly due to the successive natural dis-
asters occurring in Turkey since this date. The Varto, Sakarya,
Demirci, Gediz, etc. earthquakes, the Mersin flood and several
landslides produced an urgent need for housing. The government
avarded initial contracts to private firms for the construction
of partially precast dwellings. Later the fabrication of
construction components was started in the workhouses of the
MEE (State Mechanical and Chemical Industry Institution) and
in the plants of the Land Pesettlement Directorate.

In 1968, the housing cffort was focused on the establish-
ment of a new plant with half private ownership. Later two
plants depending on the General Nirectorate of Natural Disasters
were established.

At the present time prefabricated units for housing pur-
poses are mainly produced by three plants. Two of them belonged
initially to the Ministry of Reconstruction in Ankara while
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
is exclusively reserved to the preparation of timber housing
components. Initially, the plant produced 6 dwellings a day
for the disaster regions of Kigi, Igdir, Amasra and Bartin.
After the Gediz earthquake in 1970, the production was nearly
tripled and rcached a capacity of 16:dwcllings a day. At
present, 7 dwellings arce procduced in a normal shift and 16 a

day in cmergencies.



On a modular size of 1.20 m., several types of timber
panels arc prepared. They can be divided mainly into two
groups: outside panels and inside panecls. 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 thih hard board
on twa 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
architectural plans.

The timber roof system censists: of 37 panels, 7 roof
trusses, and additional miscellaneocus items, and is also manu-
factured and delivercd 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 concluﬂed 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
concerncd.,

The carthquake resistance of the panels has not bLeen tested

in the laboratory, but it is cstimated that the carthquake



hazard risk of these is less than for brick masonry dwellings
of the same si:ze.

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. UWith foundation, erection, roffing in place and
installation eof sanitary and electrical cquipment, the price
rises to 21,0060 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 then for similar
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
aggregcate used in the lightweight concrete is imported Styropor
a product of the German BASF firm. Styropor will soon be produced
in Turkey in the PETKIM (State Fetrochemical Industry) plants.
Concrete obtained using styropor as a light filler material
has a compressive rupture cube strength of not less than 40
kg/sq.cm, .

The panel components are also based on a 1.20 m. modular

size. The most typical panels measure 1,20 m. x 2,40 m, The



thickness of panels is 6 cm. for inside w511§ and 8 cm. for
outside walls. The panels are covered by 1.5 cm. thick concrete
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 pancls 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 dwclling.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 consfruction, 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 resisténce
is estimated to be good although no-tests have béen conducted.

The production of the fwo blants 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
tc 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
sufficient degree of strength. It is then cut out in blocks
which are sent to autoclaves where steam circulates under pres-
sure. The forced curing and drying process takes about 10-11
hours.

The material can be cut in the shape of bricks, panel
wall units,.panel slab units, etc.

The "Ytong" products used in the partial precasting can
be listed as foliows:

(i) Panel Slab Units are the rectangular prismatic blocks

with standard width of 50.cm. Their length can vary
from 1.0 m. to 6.0 m, in increments of 0.25 m. Their
thicknesses vary from 7.5 cm. to 25 cm., in increments
of 2.5 cm,

~he slat pancls arc also used as precast concrete
joists. Empty spaces left between the pancls are
filled with rcinforced concrete joist beams.

(ii) Panel Wall Ynits: The width of the panels is 50 cm.

while the lengths vary from 0.50 m. to 3.00 m., in
increments of 25 cm. The thicknesses vary from 15

to 25 cm.

6.3.3 Prefabricated Housing in the Philippines

Only two cempéanies are presently involved in the manu-
facture of prefabricated houses, a private firm using an ex-
truded alumininm framc wall systen and .a government owned enter-
prise producing ljeht-weight concrete pancls. Technical diffi-
cultiés in the activity of the govermnent owned enterprese have

heaon ronorted.



6.3.4 Prefabricated liousing in Peru

Wood Construction.

According to the official registers of the Ministry of
Industry and Commerce, there are two plants for the production
of prefabricated wood houses, one located in Lima and the other
in Pucallpa in the jungle region: In 1955 these companies
produced 123 units at a total value of §/6,912,000, i.e. an
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 crected at the
beginning of civil construction prejects.

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 therc are 50 or 60 carpentry shops
producing wood houses, of which 5 or 10 acccunt for about 70%
of the production. It is estimated that the present installed
capacity, working two shifts, can deliver between 500,000 and
600,000 units a yeaf, provided there is a sufficient supply
of the appropriate wood, cedar, caoba and 'madera compensada"
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
American countries. It was estimated that resources available

in the natural forests of the castern slopes of the Andes and



of the upper Amazon basin amount to approximately 500 bdft

per capita yecarly., Their present under-utilization is due to
rudimentary explcitation 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 permancnt 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 an& 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 fcet. 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 vielding concrete with a strength of 210 kg./sq. cm.

Presently the "Unicreto'" plant is producing 328 complete
houses and 872 basic units under a contract with the R.T.D.
which will probably be extended to include an additional 2,000
units. In addition, the national plan 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
$1,630 for a 46 square mecter complete home ex-factory. Land
and service add an additional 50,000 Soles, or $1,160. This
averages $6.10 per square foot complete with land and scrvice.
For a basic unit of 29 square meters these figures are 31,000
Soles, or $740 ex-factory, and an additional 32,000 Soies

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 arc 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
production is on schedule a large number of units are accunulating
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 pancls are manufactured under a process patented
in Peru. Four basic units are produced: a hollow wall panel
of 3m. x 3m, x 20 cm., a solid wall pénel of 3 m. x 30 cm.

x 12 cm., a colimn fifteen centimeters square notched to receive
the solid wall pancls, and a narrow hollow roof panel similar

to the hollow wall panels. It is estimated that at least two
crews of seven nen cach and a time of 3 to 4 days would be

nceded per housing unit.



The manufacturers of '"Listos'" have their own large clientele
in the private sector and also have won the public btidding for
the construction of 200 dwellings in Chimbote (in the area of
the coast affected by the 1970 earthquake). They are also
negotiating to export their technique to Mexico, where they
have apparently won a public bidding. The Lima factory 1s
being enlarged in order to reach a production of between 50 and
100 dwellings per month.

The cost of construction of houses of this type is up to
S/. 1,6CC per square neter for low-cost types of housing.
Although it is expensive, this systenm does have the advantage
of a short construction time.

The experimental manufacture of complex modules of rein-
forced concrete fer construction of houses and retaining walls
was started in 1966. The method used has been registercd under
the name "Unicreto'" and covers the basic module which is a
reinforced concrete structure in the form of an inverted "U"
covering an arca of 2 by 3 or 2 by 4 meters and with a height
of 2.40 nmeters. The wall thickxess is 6 centimeters. The
modules can be placed side by side or cne above the other.

The open cnds - either 3 or 4 meters long - are closed by
brick walls. The units are erccted on a concrete platform.
The walls are fiuished with a special concrete wall paint.

This system is quite flexible and for this reason has been

well accented. vevertheless, transportation of the modules is

difficult which results in high transport costs. Assembly



is fairly simple but requires special machinery for moving the
modules.

This system won a public bidding in Ciiimbote for the cons-
truction of 500 houses which have been difficult to sell
because of their high price. Recently, it *on another bidding
in Chimbote for the construction of 200 basic housing units
at an average cost of about S/. 60,000 per unit. These houses
have a constructed area of 40 square meters, including a
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 polyurethane, etc. Systems in which wall
panels are assembled on a cast in-situ concrete floor are also
used. CExtensive studies of roof panels, first developed in
India, using thick cloth as both forms and reinforcement for
light air-entrained concrete with pumice stone aggregdte were
carried out at the National University of Engineering between

1957 and 1972,
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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.



""IGDIR" House, prefabricated near Ankara,
Turkey, 1971. Principal componénts; plywood,
asbestos ,cement, wood frame and floor,

glass insulation and coriugated metal
roofing.



"IGDIR" House assembled on plant site near

Ankara Turkey, 1971.



Unicrete precast concrete plant at
Chimbote., Construction of demon-
gtration homes,
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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 construction in Bangladesh using
cinva- ram cement-stabilized soil block
masonry (courtesy of CARE, Inc.)
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Chapter 7 Ruildine 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 de-
sign and construction of st;uctures deemed 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 ascismic behavior of structures, ctc.

In order that effective building programs be undertaken,
it is necessary that building codes be Jeveloped which take
into account local conditions and needs. The compilation of
national seismic codes published in 1960 by the Organiczing
Committee of the Second World Congress on Earthquake Engineering
reveals that more than half of the 70 countries which lie within
the main seismic zones of the worlﬁ, do not have building. code
provisions for aseismic constructicn or design. The use of
inadequate building codes may have serious, and sometimes
disastrous technical, ccoromic, and social consequences.
Improvement of exisfing building codes is therefore a required
phase of any effort to provide safec, low-cost housing on a
najor scale.

7.2 Building Codes in the Philippines

Most municipal codes used in the various regions of the

Philippines provide the basic mininum specifications~--mechanical,
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electrical, and plumbing--for the construction of housing units.

Code improvements which would contribute to solving the
viobluil 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
énchorages 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 énd design is concerned. In many
cases, howvever, code enforcement in the construction stage is
not sufficiently rcliable, 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
confornity of construct?ou with the plans previously approved,
In a few major municipalities, profcssional'help was available
to the inspector. In most wmunicipalities, however, this was

not the case.



Since the creation in 1962 of the College of Engineers
of Peru, only engincers and architects graduated from, or as-
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 thc 1970 earthquake the com-
nission accelerated its work and in that same year approved the
National Construction Regulations which are now in force in
all parts of the country.

The National Construction Regulations of Porﬁ are a very
detailed document which represents a significant technical
advance. It is believed, however, that further progress is
possible in the area of aseismic design. In addition, progress
can be made in the areas of standardization of adobe block
manufacture and construction, cof construction elements, etc.

With respect to-the application of the codes, it must be
kept in mind that there are étill few municipalities staffed
with the professional experts required for verifying the com-
pliance of projects and of construction with the established

regulations.



7.4 Buildine Codes in- Turkey

The Turkish Association for Bridge and Structural Engi-
ncering is an unofficial professional organization established
to supply technical assistance for Turkish engineers working
in the fieclds of bridge andlgtructural 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 engincers until the early sixties, ﬁhen specifi-
cations were published by the Ministry of Public Works and
standards were prepared ty 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 CQffice.

During the construction beriod and after the completion

of the building, municipal engineers check the building for
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compliance with the approved.projects. I{ 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 Rogﬁlntion
for controlling private construction is being preparcd by the
Government,

Building Code for Natural Hazards Recions: This code is

composed of ninc sections. The titles of the principal sections
are listed below.

Section I - Limitations of the Scone of the Code: Not within

the scopc 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 cetail below.)
Section VII - Repaifs
(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 concerning size and location of

chimieys.)



Section VIII - Earthquake Resistant Design for Building Structures.
(This section will be discussed in detail below.)
Outline of Section VI - Protection Against Earthquakes
In this Section five different types of construction are
considered. These are reinforced concrete, masonry, semi-
masonry, wooden frame and adobe.
(2) "Reinforced Concrete Puilding Structures:

Specific requirements are given for the design of
structural clements of reinforced concrete buildings, such as
foundations, foundation connections, columns, beams, slabs,
and walls. Recommendations on thé design of a structure con-
sidered as a whole are also made.

(b) Masonry:

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 aré given according to the seismic zones. Minimum
wall thicknesses are also given according to seismic zbnes,
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. .Foundatiqn 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
a maximum of two stories excluding the basement and that each
story have a maximum height of three meters. Foundations are
to be designed using the regulations for masonrty structures.
(e) Adobe:

. For foundation and bascment, uncut stones (moloz tasi)
may be used. It is required that bearing walls be made of clay
soil. Organic soil cannot be used for walls. In seismic Zone 1,
the building may not have a flat earth roof. -

7.5 Difficulties Incountered in the Promulgation and Enforce-

ment of Codes and Regulations
fhe promulgatiocn and enforcement of building codes and
seismic resistant structures presents problems of particular
difficulty in developing countries. For example:
(a) Many local materials have not yet been studied
scientifically. Their technical design parameters
_ /
ére thcrefore not known.
(b) In many regions local geology and soil conditions
have not been inyestigated. \
(¢) In many regions seismic or extreme wind records are
not avaiiabie.
(d) In many areas a reliable system of inspection and
enforcement does not exist and 1is difficult to

estahlish.



7.6 PBuildine Codes, Local Conditions, and Innovative Technology

In order to effectively perform their function, building
codes must be compatible with local conditions. This is true
not only in the sense that codes in developing countries
cannot be based on conditiops prevailing in countries with a
highly develcped technical base. It is in addition necessary
that, within the same country, local conditions which may vary
from region to region or even within the same region, be proper-
1y taken into account. For example, modern buildings located
in the Fars region of Iran were designed by Tchran 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 vercent of the victims ﬁerished
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 werc not warranted by local conditions.

Building codes must also be compatible with local capa-
bilities. If this is not the case, systematic evasion of
unrcalistic requirements occurs, and the protection offered
by the codes becomes illusory.

The relationship between cedes and the development of
innofative technologies must also be mentioned. In order that
the protection of the public provided by properly enforced
building codes not be achiefed at the expense of prohibitively

high censtruction costs, innovative technical solutions,



compatible with local conditions must be sought. Rigid formu-
laticn of the codes may have the effect of hindering the devel-
opment 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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hapter &. ocial Factors Waich Influence the Advancement

of ilousine Technology

8.1 Introduction

Socio-FEcononic Studices. Innovative technologies capable

of responding to the need fot low-cost earthquake and storm-
resistant housing can be successful only if compatible with

local social and economic conditions. In order that existing

and future constraints or barriers to the successful implementation
.of this project be determined, socio-economic studies were
undertaken by consulting organizations in Peru, the Philippines,
and Turkey.

A study fornmat was developed hy the MNational Bureau of
Standards in order to facilitate the collation and interpretation
of data. The format includes 2 list of 17 work items, with
appropriate adjustments for the specific country, as follows:

1. Review in meaningful and appropriate detail the history
of the response of different types of houses to earthquake

(or typhoon) disturbances.

(o8]

. Identify climatic conditions by region and their effect
on the physical requirecments for housing and the social
and econonic patterns of the rural environment.

5. TJdentify the gross national product, its distribution,

growth patterns and futurc potential.



10.

11.

Prepare a demographic analysis which shows:

a) Where the people are moving;

b) Village and urban population ratios;

c) Mcthod of settlement;

d) Forecast of population trends through 1980.

Determine the average family size in different regions,
nature of the family as it grows and how various parts

of the house are used.

Investigate the trends of living space expansion in
housing. Determine alternate criteria for expansion

in the horizontal or vertical direction and give reasons.
Define the neced for community and municipal facilities as
they relate to existing population centers and to newly
planned villages or towns.

Determine the range of prices that people can afford

for housing measured by their income and geographical location.
Prepare a detailed revicew of the availability of mortgage
funds, private and government loans, other capital sources,
and their terms and interest rates.

Determine, by category, the availability of raw and fabri-
cated construction materials, building elements or
components and their delivered costs in different regions
of the country.

Determine the availability of oils and asphalt material for
adobe (Xerpic) stabilization. Also, determine the availability
of urca, formaldchyde and other chemicals used to producc

plastics.



12.

13.

14.

15.

16.

17.

Determine the scope and capacity of the housing industry,
including prefabricated housing, as it exists and as it
might be for the period 1972-1980.

Compare labor rate trends in different regions and analyze
productivity in the building industry, including prefabri-
cated housing.

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.

Investigate the methods and procedures of housing construction
in various regions of the country. Prepare, in an order

of preference, by region, reconmendations defining the

moét favorable types of construction which would be

both economically feasible and socially acceptable.
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 Jocal and national levels and the effect

these practices might have on the successful implementation
of this program. Determine the flexibility of existing
policies and codes to accept new or innovative building
technology.

Prepare a detailed summary of conclusions and recommendations

based cn the information and data collected for this study.



The objective of this chapter is to discuss the
socio-economic factors which affect decision making on housing
projccts. The following items will be discussed: user
requirements, acceptance of innovative designs and of
new materials, and populatioﬁ growth.

The sections on User Requirements (8.2) and Population
Growth (8.4) were contributed to this report by Mrs. Tarja

Cronberg during her tenure as Guest worker at the National

Burcau of Standards.
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is claimed ©o hazve beécomc worse during the second U.N. Develop-
qept Docaas.  Words like crisis end critical state are used to
derenibe it.

User ncocs and their relations to elements in the physical
cnvirenmant are complex and noet well understood even in the
rost doveloped countries. The methodological problems encount-
cred when iGentifying individual user needs and relating'these
to.uscr reqﬁi:emﬁnts on the physicél envircnnent are oifiten con-
siGoered to account for this situation. However, a systematic
analysis of the user and his reguirements during the design
stege with inforaation and methods available today will-~even
if it may not provids & houce comforhing te all user nceds--
incrcase our knowledge of the user's preferences and contribute

EORSTY

to the eliminatiorn of scme of the main causcs for the deteri-
oration of human settlenents,

Factors related to user reguirements for safety in earth-
quake and storim-exposed housing areas will be dealt witi in
other scctions of this report. The objective of this section
is to focus on the remaining factors affecting the user's
safisfaction or dissatisfaction with his physical envirorment.
These factors, together with the technical factors concexned

with carthqguakxe and storm resistance, should form the basis for

the design solutions and housing systems to be proposed.

8.2.1.2 Mati:ods Ffor obtaining information on user requirements
In spitc of the lack of a valid definition for user needs,

and the clains that peoplz ejbtiorn don't know what they want or



tend to profer what they pove, a nreot deal of uscful informa-
tion can be gailnad DY ctudying the user and ﬁis behavior in the
built cnvironrant.

The methods today availakle for obtaining this information
belong to two main catcgories: SUrVeYys or obscrvations.

- Suxvey ov interview technigues arc tocay mest widely

used. This implles cooper ration alther with actual user groups
or with_rcfcxence grouss if the actual usels are c¢ither not
known or not accessible.

. Objectiocns to the use oOf the ;¢ technigues usually deal

ion and qcneLalJvatLon ‘of

‘-I
o)
=
(]
o
o
e
-

with the cifficulty of int
the results (to other user_grOups, to cther empirical situa-
tions) and the intervicw situation's freedon of consciucnces.
Howaver, even if tuc people Co nobt know what tihcy wanv ocr can-
not CeMPIEsSs themzelves, guesticng concerning activities, fea-
tures in the existing dwellirg, the occupant's likes and dis-
likes will provide useful inﬁormation as feedback of a partic~
ular design. ALs0, faced with meaningful alternatives (pro-
vided by actual designs, photos, plans), the occupants are able
to state their priorities. By cerparing the survey recsults,
regular patterns to ptovidc the basis for a new design, may be
discovdred.

- Througn ochservation both the behavior of the occupant(s)

and the built envircanont as such may be studied. Direct obsor-

('T‘

yvation of occunant activitics in his actual environment is

theorotically ting sest situation. The use is often linited by
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nrople tending to act in a difderant way in the prescnce of an
v s

ohLervary “lee the activities will be linited by the con-

straints posed by tha eoxicting environmont which may not

necessarily correswend to an oy imum situation.
somo of these difficultics can bn avoided: the presence

of an chserver hy a camera, tse existing onvircnment by simu-

lating alt:rustive environmonis by photoes, floor plans and
drawings. The output of the vuse of thie technigue should be

data on activities, thelr duration, location and flow, and

information on whicn fomily moeniers arc participating.

.

Fven if the above technigues have their disadvantages and

rh

require concidsrable experience of the perscn interpreting the

nt data is provided tc the designex CoONnCerning

o
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the user's way of iife, his activity patterns, the type of
spaces uszd and farlly memsers involved,

What is said above about iethods to analyze user regulire-
ments applics for studics conducted in the developed coun-
trice, usually within the middle income groups in conventional
housing. To study the user reguirements in developing coun-
tries, in geographic areas whore the need for carthquake and
storm resistant housing is most urgent, several problems arise:

- When housing built Ly traditional methods and using con-

ventioral building materials does not exhibit the necessary

characteristics on earthoucie and storm resistant housing,

jon)

new dosicns an

non~traditional building materials will
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most likelv be recommendbd.' No past expcrience data on
the veer accoptancas znd rcaction teo these designs and
laterials will thus be available,
- Barthguake and storm resistant housing is sometimes pro-
vided in an emergency situation., Yo time will be avail-
able for extensive studies on lecal user raquirements.
- The icchnigues discussod above: surveys of uscré, and
ohsesrvations in the existing building cnvironment will
have to be modified duve to the occupant's limited exper-
jence of various built environments, lack of understanding
of the user's way of life on the part ol ;he intervicwer
obscrver, illitcracy, and unfamiliarity with strengers.,
bBecause of thcse anomalies three main sources cf information
are recowmnended when gathering daﬁa on user requiramants in
these arcas:
1. Statistical sources of information. Information is
usually provided in cach country concerning: kirth rate,
age of marriage, sizc of families, average income, type cf
employment, average family income, expenditure on housing,
etc.
2. Interviews with local builders, architeccts or construc-
tion workers. These pefsons are prohably the best scurce
of information concerning the user's way of li.fe, activi-
ties and prefercnces in relation to the built cnvircnment.
3. Observations of oxisting built environment. The infor-

ration availablo to ohcorvations is often difficult to
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internyat. Luperts should have previous knowledge of

-

local ceunditions,

8.2.1.3 Identifying User Requireiants
Phe methcds and sources of information for the study of
usecr reqguirerants were discussed above. Independent of the

data should be vrovided in ordex

[ &)

»

L]
sourcaes used, cartain tyvpes of
to enzble conclusions on user rcguirements and their conse-
guences for desion and choice of technical solutions. . The

information noeded is discussed below, divided into two cate-

[0}

gories:
- user characteristics

~ user activitics

7 Tn ey qa e ke oy qeq gt
User Chuaractarisuescs

Phveioleocical characteristics of 'the uscr, of interest for

design and related mainly to the requiremeants of confort, aré:
- Physical development: size and propoxtions
- Motor development: the ability to move and manipulate
features in the environment.
- Sensory development: sight, hearing, smell, taste and
tactilec sensitivity.
Data of this type, dealing with diffcrences and variations in
these respects among groups of people (age, sex, ethnic groups,
urban/rural, social situation, etc.) can be found in anthro-
pomatrical studies, nutritional and medical data and in more

genaral terms in c2nsus data.
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groand, level of education and his social situation

mainly througn local surveys and obser-

characteristics of the user include family

size and structures, nobility, group identificaticn (ethnic,

religious, geographiic
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pata on the sccic-cconcmic Ci
avoilable throuch census data and sociological studies. However,
theee churacteristics should be established for each housing
project separatcly, througn local surveys, since these char-
acterictics may vary te a great extent even within certain

incomne rouss or geographic regions.

Uscer hcetivities

User activities, as an expression of user necds, forms a
1ink between the user and the physical cﬁvironmcht:
- the building is built in oxder to establish an optimum
environmsnt for certain activities.
- the activities of the user express his reaction/adapta-
tion to a huilding.
The design of a house may stimulate certain activities or make
them easier wheoreas others will be excluded. Knowledge of
activities is not only important when studying the spatial
attributes of the phvsical environment but also for the reguire-
ments of safety and cquort as well as the need for privacy and
social interaction.
In low-cost or basic housing the core of activities usually
‘compriscs traditional household activities such as food prepar-
ation, cating, slceping, versonal sanitation, storage, etc.

1¢ should be stressed that the user requirements related to



Lheno aonivio)os may vary to LL grc\ft oxtent, depending on

indisorvaus Cloracteristies, especinlly rcligious and cultural

conoicerations, and the occupant's family and secial situaticen.
In acditict to thosze household activities, thie activities

rolai £ %o the user's loconotive or manipulatory skills such

as suarding (vhe shape of the Bayar Polyurcthane Shelter, for

cermits erect ctanding only in the middle of the

0]
-
[0
(7

shelisr) entering/going out, opening/closing, should be studied
as fcr their cuiremants in the house. Othex activities of

intcrest relating to the psycihological acceptance of the tech-

nicnl sclutions, are identification (pride, sccurity), partic-

rotivitics chould bo studied in relation to by whom, vhen

oy T e Tm e, P T P . e _— - LT ~ ot 2 tla iy e el =

and waere thev ere serformzd in order to establish tne actlvity
...... £ )

petverng of the family nowbers 10 tiie housc.

Data can be obtained by observing the uscrs in their en-
vironmont, by studving the built cenvironment as suci, or by
intervicawing occupaiats 0 persoas (builders/architzots) involved

in the building field in the coantry in question.

8§.2.1.4 User Requirexents In Basic Housing: Some Examples.

In order to demenstrate how the user roquirements identi-
fied on ihe basis of user characteristics and activities can be
used as an operational tool in planning and design, the rela-

tions botwoen user activities, uscr requirements and design

factors affocted are discussed in vicw of some exanples.

PR


http:e'70-.-ci.?.ly

A shoted pefora, the ohjective is not to study the user
reguircncnt of soicty in relation to carthguake and storms as

theso zsonces are treated in Getail in other parts of the re-
port, bLut rather tc ctudy how congicorations of other user
reauircnents may increzse the acceptance of the physical in-
vestrant by miking it more adapted to the user and his way of

1ife. ELvern as o éotailod discussion of the former type re-

guirecients is omitted, it is recognized that there is oiten

close rolatienship between the user requirements on one hand

a
and factors affccting earthquake and storm resistance on the

other heud. Thus, changis in the dopign'(addcd on space,.etc.)
wade later Ly the user to mcet his individual requiremants nay,
in & critical wev, change the charascteristics of the house-and
conscquently the building's structural resistance to dynamic
stressoes.

fhe type of dwelling to be considered in this gereralized
case study is ‘defined by some of the social, economical and
tecnnical constreints identified in other sections of the re-
port as follows: |

- Family 8128 . ¢« ¢ « v o o o + o« o« o 4-6

- Numbcxr Oof YOCmS &+ « &« o o « o o o » 4-6
2

b SLII'fE'.CG area. . . ° . . . . . . . . 55"65 I"I

- SCYVICOS. + 4 « o o« o o s s+ & « « o Ray or may nct

be available
m LaNA. + v 4 o 4+ e o s s o s s « o o« mnot included in cost

- Ccst. . - . - - . - . - . . Y 'c . . $3,500_5,50b
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Sinas user characteristics are catablished within each housing

wetoet sentvavaly a hoaic activizy list is conzicdered as an

+re

exonple of a source of information for identifying user regquire-

mIaes.

In the Following eoxbibit [1] theo basic activities are listed

together with the onvirornmental attributes in a matrix form,
The cotivitios chozon reprosenc the main houschold activities
which the @gwzlling should suppoce (clthor ingside tlhe house or
in the clo“v vicinity) togathor with activitics rclated to the
ngofter" iunctions of the housa: man's pride and feceling of
security in nis home (identificaticn), a@bility to use and
structurce “he information provided in his physical cnvironment
(orientation) his integretion with the familv and community

to

U]

- oo

(i). K LlL: 2.

2

ticn) end his process of lecining when it relate

'd
rﬂ'

the environment and stirmuli provided by it.
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ACTIVITIES,/EUVIRCIMENTAL ATTRIBULLES

rpalth shelter runctional
and and Charactexr-
Safety Comfort istics Acceptance

Sleeping
Food Dranaration

Eetin

n

Personcl Sani-
tation

Storage

Work

Recreetion/Play

Receiving of
Visito:rzs/
Sociel inter-
action

Moving (inside,
in/out)

Identification
Participation
Orientation
Learning and

perscnal
develovient




e physical environmen

cr
-
o

fha envircuronital atitributes choesen for

LA

2

lig: “tn ang Safcly - referring to the protection of the occupant

wnen perforning the various activitics from any disecase, injury,
intrusion or violence as well as loss of property.

Sholter arni Cosforc - reolated to the creation of optimum cli-

ot i 0 e eyt e o 3 et ¢

matic concitiors for the varicus activities.

Furctional Characteristics - related to the aspects of usabilit

(Livability) and accessibility of attributes such as space and
b 1
spatial relations, furnishability, flexibility and maintain-

or cach of the activities.

th
L

abllity,

Locantance - reforring to tne design solutions accentability to
1§ S] G S Y

the user from the point of view of appearance, privacy/sociai
interaction, and ability to ordexr the information in the en-
vircnment.

When considering requirements at the intersections cf these
two dimcnsioné and the design factors affected, not only the
house but also its near vicinity should be considered, as many
of the listed activities may take place outside the house as
semiprivate outside spacce may be more economical or functional
(food preparation, personal sanitation, recreation, etc.).

In Exhibit [2] the proccdure is visualized by discussing cwo
of the activities: sleeping and food preparation, their cor-
responding user rcquircmehts and design factors affected as a

‘function of the chosen environnental attrihutes.



When ¢hoosing the user reguireirrents to bLe catisfied by the
design, clene attention sheuld be peid to their compatibility

and possiblc trade-offis. (Examples are known where the occu-

pants prescerred to sleep outside in the wind which kept the

insects away; similarly, the smole generated by fcod prepara-

tion inside the house is often desirable due to its insect

protcction.)
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ACTIVITY: “ﬂTIPT"" Exhibit 2

Usery wooulromiat
Atiribuie Conzouned R Design Factors Affecled:
Health/Safety ~ intrusion Y - location
insoces - design of openings
vermin - feature for protec-
rodants tion (nets, locks,
people etc.)
' - choice of materials
- fire

Sheltecr/Comfort - optimum/desired (qlccpwng inside)
air temperature - location (house)
humidity - orientation
air velocity - provision of shedes;
~ etc.
- insects . chojce of matgrials
- rain (heat absorption,
radiation)
- openings (V’“LllathI)
(slcenlnc outoidn in
hot dry c imates)
- OTr lL,u.\_ut_.LL” \‘u'.:'_n\'l)
- protection insects,
rain)
Functional
Characteristics - adequate space for - dimensions of the
slecping (size.of house
individuals, num- - location size of
ber of family sleeping space(s)
meinhers) (indoors/cutdoors s)

- easy access to - storage .
sleceping space

- storage (ddvilun)

Acceptance - personal spact (inside)

- privacy betwecen - number of rooms
various grouns in - provision of parti-
the family (family tions
structure, reli- - location of openings
gion) (visual privacy)

: - choice of materials
(acoustical insula-
tion)

(Oll"..a ide)

- p:ov1flon for visual
privacy
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ATTAIVIOY

' .
TN DUTUWARNTION

User »onuircroant
Abtribute Corncoerad Wit Nagiri Faclors Affected:

Shelter/Comfoxt

.
o3
0

o
p)
ja})
3
™Mot
DI LS
ot
0
L
e i
)
S_‘.
Q
n

Acceptance

- {fire hazard

- reneval of
wietes

- access to pot-
able water {con-
tamination)

- adz2guate storace

for food

- adeguate liviht

- ad2guate space
for food prcpar-
atiorn

- e@asy access to
eating srace

- access to stoxr-
age space

- abhility to
supervise child-
ren (while pre-
paring food)

- religious con-
siderations
- tradition

location/tyne of stove
openings (escape)

0]

sevage and gaxicage
dispcsal

storage space (pro-
tection)
openings (light, vent-

ilation)
location/type of stove
lighting (other than
ovenings)

dimension of the house

spatial relations

ac
opeirings (visual con-
tact) :

depend on individual
user characteristics




The cuan;les givan doronustrate hew usex activities and
fho corrosnondinyg Leed fsj‘ircm:nts aff0ct’écsign and choice of
dosicn ana sachricel solution. mhe activities chosen: sleceping
noyation enabic this to be doneg, hecausc of their
more or less niversal characiel, without detailed knowledge

of tihe user characteristics. Mowaver, in order to make similar

on of other activities pcssib]o——and +ho choice of such

n

discuss
activities sdoguate--nore getailed information on user charac-

teristics should bhe veilable.

o

§.2.2 CASE STUDY: Uscr Reguircments for Basic Housing in Peru.
As the uscr requirecnents have been outlined in general
terrs in the above section. the main objective of this scction

b

c information available

.

si1l ke to relate these to the specitf
on Peru, one of the carthgnake prone areas to be dealt with in
this report. Since the information available is not related

to anv specific housing project and/or any specific occupants,
no detailed list of user requirem:nté can be provided. The
consideraticns y:csented will thus only provide a broader framec-
worr for tne formulation of the individual user requirements
within a specific design process.

Tbe analvsis 1is based on the Peruvian socio-economic study
providcd in chapters 8 and 9 of this report, references (81-111}
and cbservations made on a trip to Peru. As suggested in sec-
tion §.2.1.3 the data will pe Giscussed in two categories: user

charactoristics and usel activitics.
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1 Urar Chaovoctoristics 'in Poru

Thoe followiny ceneral user characteristics for the whole

1 4 s

population are absiractoed:

- etbnic origin: 46% indians, 43% mestizos, 11%
caucasians

- language: . spanish, for the mountain indians
o] ) A
Quenchua or Aymara

- yeligion: Roman Catholic
- age distribution: 45% under 15 years, 32% over 64
years, life expectancy 59 vears
- education: 55% of adult population illiterate
- rural/urban 53% of population lives in com-
communities: munities of less +than 1000 {68%

of the' above in comnunities of
less than 50); migration Irom
rural to urban arcas, from mount-
ains to costal arca (expecially
to matropolitan Lima) '

- size of family: : average about 5 persons (mostly
4-7)
- economic situation: yearly GNP growth 4.7%. 53% of

all families are estimated to have
a minimum monthly income of

$/4000 of which 16-22% is spent

on housing.

- occupation/ mainly agriculture, cattle breced-
employrent : 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 especcially true if the above data is

compared with corresponding data for low-income families, to

which very different characteristics may apply.
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fooeserdioe t0oan actinnsa [11) about 30b,000 persons or
ahout Lo S5 oL i goratasicn in Feru whcrﬁ in 1969 living in
the "puoklios jovirrs! oY young towns = urban communitics, wherc
the ¢roct majornty have heild their dwellings without having
£itlc =o tha lo. or &CCCSS to community services. In 1968 thc
published a survey on {he occu-
paticns of ‘ae family hoads in there communities [11] with the
follcwing results: 408 workers and artesans, 15% merciants,
12% offics and service employees, 13% other occupations.
Unemployment in tnere communitics 1is agtimated to 30% of the
potential labor force. WO statiétics are providcd on thi in-
come lavel, wnich 1s likolv to be considerably lower than th

£
d-

ch the housing

‘.J.

\OJ
vy

]

i+ is this fraction of the populaticn iIC
neals are most urgaent. vhis was also established in the ohjec-
tives of the Peruvien Latienal Plan 1970 which states:

w, ., . promote the jmprovement of housing COﬂQlth

through consc uctlon of socwa] housing and to creace

and imprcve urban and community services in *hos~

urban areas which have & need for them."”

vhen considering the +hrce croups of user characteristics
suggested in section 8.2.1.3: physioleogical, psychological and
socio-zconomic the following conclusions may be drawn (wit

special regard to the low income grovos) of the information

above:
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- pn's1o]‘r;cal chavacteristics: ,Little *nforma ion 1is prov1dod

s o o it @ e

fcoording o {11 oaly 4.207 on the dwellings in the young towns

have potallc water connechions in the dwellin g and only 6.7%

have sewag:2 mhese facts imwly inadequate health standards,

why mere zivsioleogical data should be provided. (medical ex-

penditure also effeces the user's economic requirements).
L]

tics One of the main factors in

(I)

- psycholerical character

low inco.c nousing projects is the user's acceptance of the
project and the technical solutions provided. A positive re-
action will lcad to pride and id entificecion with the ccmmunity
aﬁd tc participaticn in local activities aimed at the improve-
ment of tha vhvsical environmant. (Several of the young towns
have through varcticipation: achieved roads, and schools, the
original straw houses have bLeen replaced by brick constructions.
The reversc-doterioration of the physical envirohment - 1is true
of communities with lack of identification [(91).

several factcrs contribute to identification:

_ gatisfacticn with locationi availability and proximity of
erplovrment being one of the main determinants [9].'.This ques-
tion must be dcalt with individually in each housing project.

- Ownership and control: Title to land and the dwelling.*
Turner [9] has pointed the advantaces of autonomous housing
projectg built and later imprcved by the occupant/owner as
conpared to identical projects where the occupant has no in-

fluence on the locaticn, design, financing and construction and

* (Informaticn on land ownership not provided)


http:activiti.es

wihers the control cf the sattlement is mainitainced by investmant

intcrasts oven aiflcy 2ccupancy.

-

- Acceptance of technical solutibns and materials. According
to Conger [11] the residents of the young towns have a strong
interest in building a house of "noble material® - in Lima of
brick and cement ("adcbe is shunred as a weak material, perhaps
because it is-less presticcous than brick"). ‘This factor will
be dealt with in more detail in another section of this chapter.
A psycnological factor of importance when considering the
carthquake and storm resistance of hovsing is the attitude
which the people exhibit tcwards these catastrophies. When
they are met with fear, the occupants will be more motivated
to spend more on housing of this type and to take prccautions,
than when the attitude is that of indifference.

s stated above in section

- Socio-cconcmic chare acteristics

g.2.1.3 the social situation of the occupant should not be
viewed only at é certain point of time but also with respect to
trends in order to anticipate future requirements and to predict
the physical performance on the dwelling as reflected by changes
in the occupants social statuvs and mobility.

The overall growth of GNP gives only a very inadequate
measurc of these changes in the low income group. Even within
the latter group the pace or social change will vary greatly
and should therefore be individually studied within each housing
project. Turner discusscs [9] the yow g towns in Lima in

three differcnt categories: communitics of despair, slums of



hovra end preryessively dﬁvcloéing bommunitiés. In each of the
Growps, chantis in tho oCeuIints social situation will be re-
flected in changes in the physical conditions.. Factors deter-
mining, to which of those groups a housing project will belong
ars: employront opportunities for the family, participaticn

sraction and the psychological
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discusced. Social intcraction is supposed to be very limit-

ed for newly arrived immigran. families without relatives in
the city. WNeighborhood kinsghip is dgvelbped énly after several
years. . In tihe young towns the relationships are also impeded

by cultural differences between the criollo - usuallv a coastal

}=-

the serranc - an

ndian £rom tne

~s

[

mestizo spsaking Spanish an
sierra speaking Quenchua ox Aymaro. Class lines hetween these
groups are maintained in the settlement until the serrano

becomes a "criollo", for which he usually needs 3-4 yecars.

.

“ferences

-
!

D >2twean these groﬁps have been discussed by Patch [10].
In ordar to study fhe economic requirements of the users,

more detailed information on the income distribution and trends

should be nrovided in order to cstablish the values of the

factors suggested by Turner (section 8.2.1.3) for each

inaividual housing project.



jcs in Peru

6§.2.2.2 User fotivi

T

Infornation ¢f user characteristics should be supplementad
with infcrmaticn o1 user activities on order to get a compre-
hensiva picture of the user requircments to be satisficd by
houvsing.

In the information sources used very little data is pro-
vidad on user activities. Some cpnclusions mav, however, be
drawn o the pasics of the information provided on existing
housing ccnditions in Peru. The available data ic sumuarized
below:

- 68% of the units have cne or two rooms, 85% of the housecholds
living in these units have more then four members

- 163 of the nouwscholds in the country are estimated to nave
hoth poutable water and sawage scrvice inm the units, 70% are
estimatcd to lack vorteble water and 50% arc estimated to lack
sewage facilities.

- 38% of the houscholds have clectricity, 45% use kerosene for
lighting (reaining 17% use various other means for lig

- 75% of the houscs have fleoors of stamped earth, 54% h
adobe walls and 53% have flammable rcofs.

Corresponding figures for the residents of the young towns are
[11]:

- 42% have portable water service in the home, for

.

water is provided by rublic storage tanks and for the remaining

3

44.3% by trucks selling watar.



- only 6.7% of thcse houscholds have sewage facilities, 11.8%
use irricaticn ditchcs and 81.5% have no service at all.

- 7.5% nowve clcctrical lighting, 23% partial electrical service
and 68.77 lack all ferms of electrical service.

No data is availeble on the size of the houses or the
numbar of familv membexrs but the percentage of houscholds
living in overcrowded conditions in these communities is no
doubt highcer then the overall percentage for the whole countrv.
Rocause 'of this mest of the hasic activities of the household
must bz either stacgered in time or performed partly outside
the house. Dlecausc of this the qguestion of semiprivate open
space - where, depending on the climate; laundéy, drying,
receiving visitors, rccreational activities and in some
cases even cooking can take place - should be considerea to-
gether with the space inside the house (possibility of trade-
ofifs).

When listing activities to be performed in the dwelling,
and which the design should support, attention should be paid
to the family size and structure, the activities of a one-
person houschold being essentially different of those of a
family of five. In Peru special attention should be given to
the fact that over 47% of the population is under 15 years
of age, indicating that activities such as recreation and play,
lcarning and education, child care and supervision should be

provided for accordingly.
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or techrical soluticens in-

cxisting hous-

ion is available.

““austive, its objective being to

ying the user reguircements.

ors,

ractoristics have been considered anove,

Environmoncal Dasign Pr.sent
Attribule Parameigrs Solutions

Siecenina

Bealtn and Safety: - intrusion urben: iron gratings

Comfort:

(people/
animals)

- ventilation

heating

in windows

crovided
the

rural/coast:
through holes in
structurc

- rural/sicrra: minimum
ventilatica to avoid
heat lcwes, windows and
other openinus often
blocked by adobe blocks

- urban: windows

- coast: not necedzd

~ sierra:
(1 roonm),

small space
insulztion by

use of adoboe, nlecking
of openings, additionzi
heat orovided Ly all
family rmoubers floeping
in tht oon2 rocm, ana

incide in tche

cooiing
evening



- Functiona’
Characteriscics

Acceptability:

Yood Preparation

llcalth and Cafety

Comfort:

Functional
characteristics:

- space and 'spa-~
tial arrangce-

ments

priveacy

fire

storage of
food

disposal of
wastes

ventilation

lighting

space

average space provided
5-7m2/person majority
of homes 1-2 rooms

coast: usually two
rocons, one of whicih 1s

"used for sleeping

sierra: usuzlly only
one rocm, providing
space for all inside
activities including
sleeping

fanily members sleep in
one room, no privacy
provided

open fire or kerosene
stove uscd. Since rcois
are of flammable maltc-
rials, fire protecticn
is prohanly provided
through cauticn and
experience (lerningj

see storage

see personal sanitaticn

when cooking inside sce
above

coast; windows, holes

sierra: only limited
daylight, windows
blocked to avoid heat
losscs, kerosene lamps

coast: cooking often
done on a patio or semi-
private courtyard

sierra: indcors, in the
only room provided,
adds to hcat content



"
Storace
ghesels

Health and Safoty

runctional
Characteristics

keroscene stove ©r opcn

cauilpment
fire
fire safety:

storage of
fuel (kerc-
senc, wood)

secCiurigy: Stor
age of person-
al belongings

contamination: = when no garbace collec-
storazge of tion is provicded (rural/

garhage some urban arcias) this
is eithor burnreh or
dumped outside (road
nearby field)

storage spaco - depernds on size of fan-

and location ily tiiec access to

ores/marxets and
whc;ncx the
duces its own focd
(agriculture ox cattle).
In the latter case stor-
age space is necessary
for the whole secason.

food {(human/

animal) family

o ol

water : - when no connection in
the home, water is pro-
vided by public storage
tanks or trucks, ana
stored in 5C gallon
tanks outside the house
(Need 4-5 week)

fuel -~ health and safety

personal be-
longings

slecping equip-
ment (during
daytime to
allcw ’ov space
for other ac-
thlLl e)



Personal

Sanitation

Health and Safety

Acceptability:

Work

et e

Functional
Characteristics

Acceptability:

utilities for
work (artisans,
farinzrs, etc,)

access to -
water

o

access Lo sew— -
age/disposal
of body waste

need for pri- -
vacy

neced for space
when work done
at home or in
close vicinity/
artisans, sihop-
keepers, etc.

storage of
utilities (farm-
ers, etc.)

location of -
house in rela-
tion to employ-
ment opportun-
ities for the
family menmbers

possibility -
for childcare
and cunorvi-
sion waile

away at work

washing of body/clothes
usually takes place:
rural: on a river or
irrigation ditch, drying
of clothes on the ground
urban: semiprivate
courtyard

since majority of the
low income housing lacks
any kind of sewage fa-
cilities, open air la-
trines in backyards,
nearby wvacant lots
(urban) or fields (rural)
are used to excrcte,

Most activities por-
formed without provi-
sion for privacy

urban: according to [11]
only 21% of the employed
work in the vicinity of
their residences

small children are known
to be locked inside the

- home when parents are

working



Recreqﬁion/?lay

Functicenzl

*, .oy pele o .o S e
Charagtoriatics:

Lccertabilitys

Recei!ina of

et - e i - s

Guests, social
interacilon

Functicnal
Characteristics:

Acceptability:

Identification/

Particirnazion

accoss to space - most activities per-

possibility to
creative and
joint activi-
ties for par-
ents and child-
ren (fanily co-
esion) .

access to space

access to TV,
radio, etc.

access of so-
cial inter-
action related
to ethnic
groups, relig-
ion, etc.

design para-
meters affect-
ed should bhe
estanlisned

formed in the streets,
football fields pro-
vided in few areas

urban: robberics,
thefts because of lack
of organized activitioes
and zmount of time
spent away from home

by the parents

rural: participaticn
together with rarcnts
in work (guarding cat-
tle)

becausc of the lack of
privatce spacc, streevs,
shops and mariets furnc-
tion as vplacces OL sO-
cial contact

the homes of fanilies
with TV are mucting
points of the neighbor-
hood

criollo/serrano
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Orienﬁation
Funcltional
Chareacteristics

JQocation in
relation to
schools

location/
orientation
of home

roads, alleys

special chazr-
acteristics:
nonuments,
squares etc,

inside of
home: view of
the outside
world,

arban: most "voung tcuns”
have elementary SChOCt3,
no childcare centers
provided by cemnmunity

urban: expcsurc to
physical end social en-
vironmant limited ex-
posure to diffarent
physical and social en-
vironments, caildren
exposcd to dclinquency
in several of the "young
towns"
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SUIVRY S

Tt is guencorally recognized that the provision of a physical
sheltar is not a suific ient goal for housing. Its acceptability
from the voint of view of tne uscr; to allew for his personal

devcloprent and fulfillment of social needs, is considered to

i

be at least cgually important. TO achiove tnis latter goal two
main censtraints arc set on the designer:
- inadeoquate knowledge of user reguirements
The chjcctive of +his section is to deal vith the first of
these constreints recognizing the special importance of the
user roquxruL_n ts ip cases when ncw desiqgns and the use of non-
tladltlonal ma;erialé Wwill be considered, as is the casc for
earthguake and storm renistant housing discussed in this report.
Analysis of user requirements 1is discussed from two aspects:
- how to find the necessary information
- which type of information cne should look for
It is evident that no single solution exists to fulfill
the social nceds of various low inccme groups in different
geographic areas. Thcrefore housing should be looked upon as
a process at all times corresponding to the user's social and
econonic situation. The process will be defined both by the
jevel of social govelopmont as well as by the trends of devel-

opment, thus cnabling us to better anderstand why similar
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pliveical environments in certain tonditions decay and others
upgrade. By stuadying the user's characteristics - physio-
logical, psychological and socio-economic - and his activities,
which housing is to support, the parameters of this process

can be established. The comdined information on user character-
istics and ucer activities will implicitly state the user re-
quirements to be concidered in cach design process.

| The methods used to generate.this information based on
surveys:and observations have been developed in the industrial-
iwed countrice and may not be feasible in the geographic areas
to pe studied. Therefore, other sources of information are
suggested, including statistical data in the country in question,
interviews and discussions with local people involved in the
building trade, and observations of existing built environments.

To demonstrate the approach proposed for the identifica-

tion of user rcquirements examples are discussed both for basic

housing in general and for basic housing in Peru.

RECOMIENDATIONS:

1. 1In 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
1ife, combined with actual obscrvations of existing built

environments.
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3. The infermoiicn pxovidcd ;hould include data both on
the user's whvslological, rovehological and socio-cconomic
charactoristics and on the usex's activities (alI family mem-=
hers) for which the home is to provide a frameworx.

4., 1In order to establish priorities for the satisfaction

of user reguirements more information is generally needed in

health standanrds in existing physical environments
(nrgency for corununity services)

- nead for personal space and privacy (in the generally

overcrowded housing conditions)

- contact patterns for social interaction within the

neighhorhocd and comnunit

- activitices of ;pecific user groups such as children

ané the cffect of the provided physical environment on
tnemn.

5. Because of its vital importance for the development
trends for the. physical environment more basic knowledge shcould
be provided on the factors affectinyg the user's identification
with his community and awelling and his interest in participat—

ing in local activities, as the improvement of the environment.



8.3 Acceptance of Innovative Designs and of New Materials

The Philippines

The ecoromic advantages of standardized designs have
resulted in their relatively widespread acceptance by most
low and middle income homeowners, especially when, as is often
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 rejection,
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
Switzerland and Germany. A "Durisol" operation was set up
in 1959 with a capital of 20 million soles (about 1.25 million
dollars) but had to close down at the end of 1960 after losing

its capital.



In 1965 a factory was built for the production ef
products of expanded (or cellular) gypsum, under the "Belroc"
patent. The principal product consisted of 2.40 x 1.20 x 0.10
meter panels for building partitions. The product had good
structural characteristics and was easy to handle and install;
however, it was never able to expand its initial market, and
the demand lessened, gradually until production was stopped
recently.

Other construction materials produced in Peru besides
Triply are reconstituted wood, asbestos-cement products, glass
fiber plastics and fiber-cement sheets.

'"Mapresa' oT reconstituted wood; is made of shavings or
fragments of soft wood mixed with synthetic resins and then
pressed. It is offered on the mafket as sheets of various
thicknesses (.6 cm to 5 cmj and in sections of 1.2m X 2.4m
and 1.2m x 3m. This product enjoys broad use in furniture
manufacture, generally in veneered or duco-painted pieces, but
its application to the construction of houses has been limited
to temporary camps. A a construction material it possesses
the disadvantage of abso:bing moisture.

miaderita" is a product similar to the above, based on
sawdust. Its use in construction of hecusing is even more limited
than that of Mapresa, as it is very fragile and brittle.

Corrugated sheets of plastic (PVC) and glass fiber for
roofs, which had considerable initial acceptaﬁcc, are losing

their market hecausc of high price andpoor mechanical properties.



Sanitary fixtures of glass fiber, such as bathtubs and
basins, have not had any better acceptance and their production
recently ceased. The prices at which these products were offered
did not represent any saving over porcelain or enameled iron
and were higher than those of artificial granits. However,
the manufacture of plastic tubing for water supply and sewerage
(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
in thickness, 0.50 m wide and 1.00 to 2.00 m long. Its mechanicel
and physical properties are poor.

The introduction of "sandwich" panels based on wood has not
had mucﬁ 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 arc "calamina" (corrugated sheets of galvanized iron) and
corrugated sheeting of asbestos-cement. Alchough, celamina is |
widely used both on the coast and in the sierra, its physical
" properties, especially those of thermal and aconstic insulation,
are very poor. Nevertheless, due to its light weight and

resistance to fracture, it can be casily and incxpensively



transported, cven on the backs of beasts of burden, and this
makes it much prized in thc Sierra region,

Corrugated sheets of asbestos-cement have Letter thernal
properties than calamina. They arc 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 reach 305 of
the cargo) makes it an expensive product. Asbestos-cement is
also used in the manufacturc of flat sheets, tubing for water
and sewerage, posts for electric wires, and other preformed
products, such as water tanks.

After the May 31, 1971, earthquake, cmergency sheiters
consisting of sprayed polyurcthanc démos, or igloos, developed
by Farbenfabriken Bayer, Leverkusen, West Germany, have been
provided in Caraz. The igloos were soon abandonecd by their
occupants, for the following reasons:

1. The lack of corner areas became a source of family strife
as, in the opinion of thc inhabitants, onc could

never put anything 'out of the way."

2. The interior acoustics were such that the sound

of two or more pecople specaking simultancously

proved unnerving.

3. The lack of property lines made it impossible to fence

in animals raiscd for consumption,



General view of polyurethane '"igloo'' homes
at Caraz built by the German firm, Bayer, Inc.



"Igloo'" homes at Caras. Exterior
view.



Improvised kitchen facility adjacent
to "igloo" home. Note failure of
polyurethane shell,



Owner-built entry to "igloo'" home.
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Recycled portion of polyurethane shell
forming portion of roof of traditional
structure,



It is noted that, accordihg to a report by Dr. Heinz Schultheis
of Bayer A.G. at a recent UNIDO Plastics Meeting in Vienna,
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
prefabricated housing, the following conclusions were reached:
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 dweliings.

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 th;s 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 ouf
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.



§.4 pozulation Grewth and Consequences for Housing
§.4.1 Donalation Crowth

In aGdition to meeting the user requiremante the produced
housing must dc this in a manner deemed acceptable to the occu-
pant and acapted to his social situation.

It has become increasingly' difficuvlt to raise housing
standarés and to maintain evan the present quality of life in
the face of the world's population growth, especially in the
developing countries where two-thirds of the world's pdpulation
1ive and where five-sixths of the 1972-80 increase in world
1 incrcases impose large ccononic

population will occur. Sud

o

o
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s, In a souple of 22 developing countries in the mid-

1960's, about two-thirds of the total annual investment was devoted

-~

to maintéining per capita icom: at a constant level, leaving
only ebout one-third to raise living standards. The corres-
ponding figures for a representative sample of 19 developed

countries were one-quarter and three-quarters. This shows that

N

-

present rates of population growth in developing countries are
penalizing the hundreds of millions wno are living on the mar-
gin of subsistence; if developing countries are to achieve sus-
tained social and economic development, population growth must
be controlled.

Prior to World War II, the developing countries too were
characterized by nigh birth and death rates, and low rates of
natural increace. mhe demograniic sransition began with a

rapic postvwar decline in daath rates wnaccompanicd hy a



corresponding decline in the birth rate. Growth rates began

to increase. Today, the average is 2.8% with the level in some
countries as high as 3 to 4%. Developing countries today are

at various stages of demographic transition. In some, fertility
and mortality both remain high. In others (most Asian and
African populations) fertility is high and the death rate is
falling. In still others (two-fifths of Latin America)

fert111ty is high, but death rates are already low. In a few
(temperate South America and parts of Oceania, Taiwan, Slngapore,
and Korea), death rates are low and fertility is declining.

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 preséure 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
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 out-
side of the major economic centers and to likewise disperse
the socially unfavorable concentratiohs of unskilled and low

income migrant families in the major urban centers, the



goverarcent of the FTlhilippines, throuch the various regional de-
valopnant zuthoritics and through the priority programs of the
toard of Investmentw has favorad, with fiscal.inqentivcs, thos=
cconomic ackivities wihich will locate in the smaller urban
centers. 1n additiou, vrovinces and municipalities are start-
ing to encourage and attract investors to set their facilities
within their jurisdictions.

The incwrcasing demand for adeguate housing facilities is
expected to be slowly supplied during the present decade but
expcctaticns are that there may still be a backlog by 1280,
fhe efficicnt distribution of mass-produced @refabricated houses
will definitely accelerate the achievement cf the cbjectives

of the houging programs. To implement thesa programs, the
government together with whatever external as SJStanPP may be
forthcoming will have participated actively not only in terms

of project promotion but also in terms of financial support.

g8.4.2 Family Planning

The high rates of population growth being experienced by
most developing countries result from their traditional.high
birth rates and declining mortality rates. Improved health
services and medical technology will cause further mortality
declines, which will require fertility rates to be reduced from
present levels simply to avoid.further increases in population
growth rates. :

The rcsponse of governments in deVulOOlng countries to the

ovulation problem has been both cncourcrlna and inadedquate
P N o q



encouraging kecause there has been a dramatic increase in inter-
est and concern in the sixties; inadequate because of the size
of the problem. In 1960, only three countries had an official
policy desicgred tec 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 }2% of the developing country
population, supported private family planning programs although
there wés no official policy. By 1970, 30 heads of gévernments,
including those of 19 developing countries, had signed the UN
Declaration on Population, which characterized . unplanned
population growth ‘és one of the'world's great problems and
called on naticnal governments to recognize family planning as
one of tHeir 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 1270 and is expected to further increase
to around 6.2 by 1980. :

Variations in sizes by locality is prohounced in the urban-
rural dichotomy rather than among cdifferent regions. Rural
households are larger than their urban counterparts due to the
strong extended family kinshié svstem practiced inlthe rural
arecas where relatives live with a nuclear family in the same
@welling unit.

Because the majority of households belong to tﬁe low-income

group, cne-bedroom dwelling units ,predominantly shanties and
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"accessorias," are common. Living space densities are of
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 1970 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 populatioh is rural, a
migration of one-fifth of the ﬁatural rural population growth
will reduce the rural growth to 2% and produce an urban rate
increase of 5.3%. If the existing rural/urban population ratio
is 60/40, the rate of increase of fﬁe 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 thé most difficult. Housing problems are,
of course, common in the cities of developed countries; but
there is a quantum difference in their problems from those of
the developing countries. In the developed countries, the
basic issues concern primarily social and institutional
rigidities rather “han a basic'lack of nationai résources.

In the developing countries, national resources including

skills are generally grossly inadequate for investment of the



magnitudes required while maintaining economically
productive investment.

Progress in solving the ﬁousing 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 mortgage costs that the poorer population can possibly
afford. At least in the case of the poorer countries of the
developing wérld, 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
themselves provide. Nor is it sufficient to deal with the
amelioration of existing shanty towns. Unless provision

is made for such settlements on a more organized basis, the
pressure of population growth may submerge the improvements
achieved.

8.4.3.3 Slums and Squatter Settlements

For many of the poorer developing countrles, the idea of
improving squatter settlements will be difficult to accept.
Understandable emphasis has frequently been placed on a refusal
to provide less than so-called ""adequate housing." In many
countries low-cost housing projectg 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. '

Squatter settlements and slums are typically the fastest
growing areas of cities and already frequently cover one-
quarter, sometimes over a half of the city area. They exist
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,
rudimentary but effective. In thelr expansion, they are shaping

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, OT young communities,
as the barriadas or slums are sometimes called.

This was how E1 Salvador, Lima's newest slum, was born
last fall. Today it has some 130,000 inhabitants.

All told, more than a third of this capital's three
million péople live in such shanty towns, despite a housing
boom that is shattering construction records each month.

E1 Salvador was conceived perhaps three years ago, according
to social workers interviewed in older slums. Probably the idea
-0ook hold after the birth of a slum at that time.

After the migration from the downtown mansions and other
>uildings and older shanty towns took place, the squalid
jwellings began filling-up with new arrivals from countless
Andean villages and towns.

Those who drift down from the highlands into older shanty
towns quicfly become a problem to their hosts. The traditional
organiza:ional ability of the descendents of the Incas, however,
produced a ready solution.

The elected leaders of the older communities organize
the newcomers and begin seeking a new site. A committee is
formed to survey the site, usually an idle parcel of land.

Careful note is taken of existing buildings, if any,
and the nearest police.post. Then the site is mapped and divided
into plots. Major and minor streets, community houses, space

for shops, etc., are defined.



Self-help and community action are typical of squatter
settlements. More permanent structures and facilities are
constructed as the settlement becomes more established. High
morale of the inhabitants is evident in most squatter settlements.
This provides hope for dealing more effectively with the housing
problem than has been possibie 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
slum dwellers roll their esteras, or woven fiber mats, about
sturdy poles and put their household goods in sacks.

The signal is given as night falls, probably in Quechua
or Aymara, the languages of Peru's ﬁighland Indians. Then,
quietly, hundreds of people move out of the courtyards and
alleys to board decrepit trucks for the ride to the
city's outskirts.

There they are joined by hundreds of others from nearby
shantytowns for a night of frantic work. The poles are driven

into the sandy soil and the mats become walls and roofs.



Meanwhile, the prospective tenants have begun to gather
the basic materials needed for their new homes - poles and
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.
Hundreds of new migrants begin swarming into the slum. Leaders
are elected and committees formed to procurevbasic 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 pa&e 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 consequendés of the emergence of squatter settle-

ments is that landlords have given up whatever efforts they



previcusly made to maintain their prOpertie§.

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 5 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

8.4.4.1 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
population are located in pockets on the outskirts of the toﬁn
where land is often acquired.by squatters as was described in
the preceding section. Other segments are concentrated in
centrél districts in dilapidated older buildings. In general,
central locations are severely limited, and progressively the
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 provisicn of housing of minimal
standards at rents sufficient to cover costs beyond the

capacity of the poorer elements of the population.



Water and sewage combined probably amount to 10% to 15%
of urban capital investment in the larger cities. Sewage
facilities present a particular problem when the city has expanded
into a metropolis, often by incorporating unsuitable ground.
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
to 20% of urban infrastructure costs. These costs appear not
to depend strongly on the degree of expansion of a city.

The electrical power distribution costs appear typically
to present a relatively small proportion of total infrastructure
costs. |
8.4.4.2 Sites and Services

Given the impracticality of eradicating slums and squatter
settlements, emphasis should be placéd on development of innovative
low-coét 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 providéd 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
and the stimulation of self-help meaéures in actual construction
work. The cost of providing land, basic infrastructure and
utilities was estimated at $800 per unit against $4,700 for the

average cost per housing unit in 16 public housing programs.



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
feasible, safer site. In Iran after the recent earthquake of
April 10, 1972, post-disaster plans are being considered whereby
the survivors of the earthquake can be resettled in three or
. four agricultural villages which are the basic elements of large
farm corporations along the lines of 32 such units that already
exist. Such a plan might be expanded in the future to identify
and designate appropriate new community sites in advance of
the actual need.

8.5 The Role of the Social Workers

The role of social workers is central in preventing any
prograﬁ 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.

The social worker must, at the same time, have access to
those doing technical planning, conveying to them the real
sentiments and aspirations of the community. Subsequent

collaboration depends greatly upon this communication.



In the Philippines, the Department of Social Welfare has
decentralized and expanded in social services by setting up
eight regional offices. These offices are authorized to -make
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 =
be discussed, as well as economic factors, such as "labor rates
and productivity, availability and cost of construction materials,
land prices and credit mechanisms, which directly affect the
housing construction sector.

9.2 Natiohal 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 countrysidé. The average
gross domestic product in fhé méjor urban centers of the develop-
ing countries may be fhree to five fimes that of rural areas, with
a somewhat lower differential for thg smaller towns. Even allowing °
for higher prices in the towns, the gap is wide and, on somewhat
scant gvidence, appears to be widening. A similar situation
exists with a small and increasingly wealthy group separated
socially and often physically ?rom the poorer mass of the popu-
lation.

This situation réflects the impact of the téchnolbgical

revolution, an impact much sharper than it was in today's



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. Whiie the choice of technological
alternatives will play a large part in.the sﬁeed 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 which 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 labcr force is relative-
ly organized both for job érotection and for sélary 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
mortality rates. The result is that the urban-center labor
force grows more slowly.

By definition, the population of the slum community is
l1ess urbanized, with con51derab1y less income and educational
formation. The labor force that it produces is inferior to’
that .of the urban center in terms of the jevel of its skills
and the degree of its organization. The typical slum worker
is unskilled or semi-skilled, and probably is more apt to be
undernourished and sickly, although this di;ference has yet
to be proved. The s1um labor force tends to grow proportion-
ately to the urban labor force, with the result that the urban
market has an increasing supply of unskilled labor in the face
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
salary protection. As an unskilled worker, he is more likely
to lose his job in periods of recession.l As an unskilied
worker unsupported by a labor union, he is more 1ikely to find
his real salary decreasing in times of inflationm. In this
connection, it is important to remember that a substantial
proportion of slum workers are self-employed as street vendoré
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 aﬁd to‘export them in ordef 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 characteris&ics. First, the urban center
tends to establish the price for unskilled labor based on
supply and demand factofs within the urban certer 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 ies§ defense against the salary squeeze
resulting from inflation, becausé he is less organized, hoth
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.

Inflafion tends to accelerate certain eéonomic 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
demand for unskilled labor. Jobs and income of the slum worker
are highly sensitive to changes in economic activity; Govern-
ment efforts to stabilize the économy by reducing economic
activity Ean increase the economic insecufity of the slum labor
force.

Inflation works to the special disadvantage of the slum
community in its needs for housing. Slum families have the
least adequate share in the housing market and in the output
of new housing services. A commonly observed phenomenon is
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
is particularly prejudiced when it comes to the purchase of
new or improved housing services. The same argument holds
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 moze heavily
on the normal slum family than the normal urban-center family.
It may be an over-simplification to conclude that inflation
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 sium 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-1 March 1970.) distinguishes tﬁo basic
approaches to the housing probiem in Latin American countries.

' The first approach envisages the problem as one of in;
sufficient quantities of standard modern housing units, coupled
with inadequate financial resources to remedy the situation.

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, hqw 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 of the housing; while "environ-
mentalists' are concerned with the way in which the housing ac-
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 followirng
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



bevond current capifal 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
billion, or 6.6 percent of the regional gross domestic product
at 1967 levels. |

Even in developing countries in which the expected rates
of growth are relativeiy 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 encouiaged
for the partial fulfillment of these needs. #or example, in
Peru the Organismo Nacionél de Desarrollo de 10§ Pueblos Jovenes
has the responsibiiity of studyihg, planning, proposing and
co-ordinating programs to intensify efforts at incorporating
slum-dwellers into- the development process. More “than 20
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,
nsite-and-services" type schemes warrant emphasis. Several

laws were passcd in 1968-69 for 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 fespectively, the second
five-year plan aims specifically at encouraging self-help for
squatter hquse 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 populatién, requiring about 5.7 percent
of the gross national prcéuct. 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 involvéd has led to government

involvement in the housing construction sector in a large number



of developing nations, among which are Peru, Turkey, the Philip-
pines, and Iran.

9.4 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. Thé problems connected with land
.use are zoning of industry and housing, consolidation and
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 development.’

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 to 6 months, pfoducing difficulties
for the construction industry. In the Peruvian socio-economic
study, Table 1 gives basic salaries for 1969 and 1970, The 1970
figures, valid for the whole year, were decreed on February 23,
1970.

In the table it can be seen that a gencral increase on

the order of 12% took placc during this period, and no further



increase has occurred to date. Also it can be noted that there
are no major variations between wages withiﬁ a single region,
save for such exceptions as the case of Metropolitan Lima.

Outside the Lima area foremen and specialized operators
are not available so that it is necessary to bring in labor
from the capital for many projects in the provinces. On projects
in isolated areas, which have their own construction camps,
personnel are given food and lodging at an estimated cost of
$/50.00 daily per person. In cases involving minor projects,
without their own camps, an additional amount of approximately
$/180.00 is paid per person per day for food and lodging.

By official decree the Minis£ry of Labor has fixed minimum
output standards for labor in civil construction fof thé 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 obtéin'a higher output it is necessary
to offer some progrém of ecopomic incentives, which even if
they do not decrease construction costs, do often reduce the
time needed for the completion of fhe 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.

The construction sector is known in Turkey as one of the
most financially unstabie sectors at prcsent. This.is due to

the contractors vho try to earn money in the shortest possible
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time with a minimum of capital. Then generally, the work is
hard, and the salaries are medium.

Wages of technicians and éurveyors are generally between
one half and two thirds of what architects and engineers earn.

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.

Turkey. The salaries of craftsmen vary considerably ac-
cording to specialities (from 40 TL to nearly 100 TL daily).
Plasterers have the lowest salaries. Masons earn slightly more,
although less than carpenters. The mechanical trades get the
highest salaries. No statistical data regarding the differences
in salaries between rural areas and cities and between regions
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
of fixing higher minimum wages. While the conflict between
trade unions and contractor firms on- this subject has not yet

been solved, it appears that a rise of approximately 30 percent

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 ﬁroperly 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 iﬁ

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 indusyry for plastic products is small,

protected by high tariffs and generally produces simple types

of houschold 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
plastic materials will have a strong impact on the construction
industry in this or in the next decade.

It may be stated that, in general, material costs do not
constitute an important economic factor as far as housing construct-
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 Institutidn, by the Real
Estate and Credit Band and by the Pengion 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
for workers. Dwelling credits are also provided to the insured.
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.
(») 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.



(¢)
(d)
(e)

(f)

(g)
(h)

(1)

(3)
(k)

The

The insured or his relatives should not be members
of any cooperatives formed for similaf purposes.

The insured should have paid a certain amount of
premium to the Institution.

The dwellings to be built should Befit the social
dwelling standards.

No credit is provided for dwellings outside the
municipal areas of cities or towns or in settlements
with a population less than 10,000. However, the
Institution may approve excepfions after conducting
a survey.

No credit is given for dwellings with a gross area
larger than 100_square meters.

The maximum amount of dwelling credit is TL. 60,000,
regardless of the income of the insured.

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. |

The payment is done according to a payment plan,
based on equalvmonfhly payments.

The dwellings may not be sold to another person for
a 10-year period.

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 Rank: The Real Estate ahd Credit

Bank is the main bank that provides credit for dwellings. It

is connected to the Ministry of Reconstruction and Resettlement.

The requirements and procedures are shortly given below:

(a)
(b)
(c)

(d)

(e)

(£)

(g)

The bank opens a '"Dwelling Saving Blocked Account'
upon the request of the individual. |

This money is not subject to interest or to any kind
of lottery for encouraging savings.

The quality of the dwelling should conform to the
related regulations.

The person, his wife or husband or éhildren should
not possess a dwelling and should have received no
credit from the bank.

The nominal value of the saving account can be
between 10,000 TL., and.S0,000 TL.; this is called
the contract amount. This includes the amount
deposited in the bank by the individual as 25% of
the total amount. | .

The contract amount can be increased or decreased,
provided that it remains between the upper and

lower limits, and the approvai of the bank is
obtained.

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)

(1)

(3)

(k)

(1)

The individual may cancel the contract at any time

with a written application.

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.

These rights can be transferred to children, father,
mother, wife or husband, provided that the bank
approves. A second transfer is not accepted.

The term is 15 years and the annual interest is 6%.
The interest rate may be, however, subject to change
if new rates are stipulated by the State.

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 aid 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. The fol-
lowing sections exﬁlore innovation in context with this thought.
Section 10.2 on stabilized soil building blocks identifies
the existing potential of o0il 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.

Inncvation’ in building systems where the structural sand-
wich panel is utilized appeafs 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.

70.2.1 0il-Stabilized Adobe Bldcks.

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 watér 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
relati&ely maintenance free and need not be plastered or painted
which significantly reduces construction time and labor costs.

Generally speaking, sun aried 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 épproximately doubled by

delivery costs.

10.2.2 Polymer - Stabilized Adobe Blocks

The potentials of o0il, lime, sulfur and portland cement
stabilization of soil have been identified although not
always fully exploited as in the case of o0il stabilization.
An example is the controlled production of adobe block or
the use of the "CINVA-RAM" 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, pafticularly in
tropical and subtropical areas of South America, Africa,
South-East Asia and India. Laterite is the residual product
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 latefitic
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 Stsuctural Sandwich Panels

10.3.1.1 Characteristics and Uses of Structural Sandwich Panels
One of the most efficient structural systems is the

structural sandwich, Basically a structural sandwich has a

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 ha?e reliable shear properties
and should be of relatively low unit weight, and should pro-
vide the required thermal insulation.

" The bonding medium used in saﬁdwiches must have sufficient
strengfh and durability against moisture and under temperature
extremes of the exterior environment.

The strength required in this bond dependé 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 in£erior 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 iﬁtensity of applied loads.



Roof systems for structures utiliziné %ow flexural
strength wall constructions should be of relatively low mass
in earthquake zones. To achieve low mass in the roof there
are but two alternatives: 1) either use small amounts of
high-strength materials, or :2) use lower-strength materials
in a highly efficient manner. High strength materials are
usually relatively expensive and their use is often not possible
in many areas. As a result the only method availablé in many
developing areas for construction of a suitable roof system
is to use locally available maferials as efficiently as$
pessible. Structural sandwich panels, which are both light
and structurally effectiﬁe, 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 Pahels

Tests recently conducfed bn an experimental unit con-
structed in 1947 by'the U.S. Department of Agriculture - Forest
Service, Forest Products Laboratory, Madison, Wisconsin, using
structural sandwich-panels, showed that their performanée was
quite satisfactory.

The sandwich panels in the experimental unit were con-
structed of paper honeycomb cores with plyﬁood or other
wood-base facings, and other materials. Tﬁe paper honeycomb

cores were ﬁroduced by assembling sheets of Kraft paper



weighing about 22 kiloérams (45 pounds) per ream, impregnated
with phenolic resin. The plywood facings were treated with
phenolic resin. The walls, floor and roof of the experimentai
unit was constructed of sandwich panels. The Forest Products
Laboratory issued the following summary of observations in
publishing the results of their tests:
nperformance of sandwich panels in the experimental unit
over 21 years indicates that panels of nominal thickness
and construction can be satisfactorily used for housing
consfruction. Minimum stiffness and sfrength requirements
-are easily achieved, and most constructions retain their
stiffness and strengfh 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 bondrwere obsefved. Syn-
thetic resins in the hénefcomb material also affo;d 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 faciﬁgs. In some cases, thinner prefiﬁished'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
temperature changes. In normal construction, much of

the bowing would be eliminated by fastenings; however,
restricting the panel edges might result in cross bowing -
or cupping. Therefore, faciﬁgs 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-
ﬁental unit. The coils did not cause any deterioration

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

for the colder climates. Expanded honeycomb core provides
even less insulation. The panels with styrofoam core

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
periods as long as 21 years has shown the feasibility

of using this type of construction in housing. The
requirements for satisfactory sandwich panels are
selection of proper combinations of facings, core, and
adhesives; careful fabrication techniques; and good

quality control."



10.3.1.3 Materials Used in Structural Sandwich Panels

One commonly used core material is paper honeycomb 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 boara, plastic laminates,
cement-asbestos board are also used.

In evaluating the possible'materials for use in the roof
system, paper honeycomb és 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 material is gypsum plaster which would
have to be reinforced for the interior faciﬁg 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-
ant. Thus, reinforced gypsum might be satisfactory for use

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
structuraliy feasible for a roof system espécially if the interior
facing is reinforced with woven steel wire or glass fibers.
This concept should be explored further to see if the expected
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
extericr facing should be studied to devermine 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-
ersity in St. Louis, Missouri. Also being evaluated is an
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
and thus the finished panel. The high comparative cost of the

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
sweliing and shrinking due to moisture-changes and low bond
strength. Pre-soaking split bamboé for 72 hours and applications
of surface coatings are effective in mitigating these problems.[2]

10.4 Prefabricated Housing

Technical improvemeﬁts 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 fiitures, 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
around it. The core may be stacked like a sectional box, with
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 purpoées (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



bExperimental 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
colum system developed under the UNDP
"Previ" research project. Wall panels
Create voids which are filled with grout or
insulative material,



Unicrete precast concrete plant at Chim-
bote., Wall panels have been cast, tilted
90° to a vertical position and are ready
to receive roof panel. At the same time
reinforcing has been placed for new wall
panels which will be cast.



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 efféctive interaction process between
experts of both the assistiné agencies and the developing
countries. It is within such a process that commurication 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)vhas played a
significant role in the last ten years with regard to urban.
develcpment activities by financing two types of projects:
1) basic infrastructure and-2) consfruction 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 éommunity cevelopment 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 America. These projects range from infra-

structure to integrated community developrent.



The IDB offers technical services along with financing
of projects. Transfer of technology is achieved mainly in
the process of providing these services.

11.3 The World Bank (I.B.R.D.)

The World Bank does not contemplate direct lending for
house construction at this time. It considers, however, lending
for seed cépital to develop housing finance institutions. The
emphasis here 1s 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
possibilities for supporting improvements te substandard

housing.
In line with these considerations, the urban project

program in this field is concentrated on ''site and services"

and similar érojects 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
others are envisaged. The first project is jllustrative.

The land provided by the Government will be equipped with

roads, water, sewage and power facilities. Most water and
scwvage facilities will be provided on a community basis.
Education and health facilities are included in the project as
well as sites for industrial, commcrcial, recreational and other
developments. [xclusive of the social facilities and power

grid,” charges to occupants are expected to cover COsts which



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
prdgram 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 1ending;

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 compatiblé with technical
and financial resources and on the social organization of
sites and services schemes. The World Bank is assisting the
UNCHEBP 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
uncoordinated missions. An area of Latin America has been
selected for trial exchange of information. In the field of
water supply and sewerage, a joint progfam has been established
with the World 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 houéing 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 effert fo
investigate the potential of urea-formaldehyde foam for insu-
lation in a lightweight roéf 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
encouréged 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 céuntries, 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 develobing countries

to encourage mass-production techniques for housing.



Take part in specific projects to encourage dissemination
of information about plastics for building applications,
particularly bearing in mind that this offers opportmuni-
ties for faster rates of house production. This could
include the provision of non-commercially oriented
literature and specialist advisers and the provisiﬁn of
models and full-size sampleé of buildings put up with
s&stems suitable for use in developing countries, to be
displayed at seminars and building exhibitions.
Participate, as far as possible, in setting up indus-
trialized housing systems to use present and potential
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
production of housing using plastics with emphasis on
present and potential local resources.

Initiate fellowship programs for experts from developing
countries and organize,‘as early as‘possible, inter-
regional seminars in developing countries cn the use of
plastics as building materials.

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 mectings.



4. Establish criteria for evaluating housing systems, which
iacorporate the use of plastics, make avéilable this
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.

11.4.3 United MNations Development Program

The U.N. Development Program (UNDP) is the world's
largest program of multilateral technical assistance. In

1970 UNDP carried out a record volume of development assist-

ance, working on 3,500 projects in about 130 countries [9].

In June 1968, the UNDP deerning Council requested the UNDP

Administrator to handle & greatly enlarged program. A réport

entitled "A Study of the Capacity of the United Nations

Development System' was completed in 1969. As a result of

the recommendations of this report five reforms were approved

in December 1970, which may enhance future UNDP efforts of

assistance with recipient countries' development ﬁlans.

The principal reform provides for the adoption of a United

National Development Cooperation Cycle, a process which emphasizes

country progranming in order to coordinate UNDP assistance with

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 llousing 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
after the carthquake of May 31, 1970 to assist the Covernment
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 aﬁ 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-dernsity, low-rise
houses with internal patios which can expand and adjust to
accomodate the changing reqqirements of low-income families.
Special emphasis 1is placed upon improved design, rational-
ized building methods and materials, dimensional standardi-
zation, and use of suitable building plant and equipment.

The first building state of approximately 500 houses would
consist of prototypes of 13 Peruvian and 13 foreign designs

including a community sub-center, kindergarten and school.



The first stage has been carefully piannéd to compare and
evaluate the various building methods, house types and group-
ings. The favorably evaluated house types will be repeated in
larger numbers in the second stage which will complete the
neighborhood with all facil}ties and appropriate infrastruc-
ture.

Pilot Project I1 (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
applying these techniques on a larger scale in urban areas a
substantial contributicn to the reduction of housing deficits
could be made at considerably less cost than fhrough the alter-
native of new houses. In the selected location a comprehensive
social and sconomic survey on all families and ‘condition-of-
structure survey on all houses has been carried out and this
data forms the basis for the rehabilitation planﬂing. The
rehabilitation program provides for structural improvements
and additions to sub-standard dweliings, 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 providé a community and spatial focus for
the area. Vehicle and pedestrian streets are being replanned

and a planting program for landscapc 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
are not sufficient to amortize a loan to purchase a contractor-
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 tréined for building their
own houses with new construction methods using small building
elements and improved traditioﬁal 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 IV (Earthquake Resistant Housing)

The fourth pilot project is for low-cost, earthquake
resistant and fast-to-erect permanent housing and includes
the development of basic building materials industries. Two
groups of dwellings are planned. One grouﬁ of approximately
60 houscs is to be located at Casma‘on the coast and one group

of approximately 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 Prcject 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 jinter-development group and special-

ized personncl assist each pilot project as required in technical

as including engineering, productivity, costing and finance,

ar

¢

training and housing management,



11.5 Care, Incorporated

The cooperative for American Relief Everywhere, Inc. is
currently employed in a major relief operation in Bangladesh
where, in addition to the many and diverse needs, housing has
become critically essential+. The Care, Inc. Organization con-
tacted the National Bureau of Standards as a result of prelim-
inary conversations with members of the Building Research
Advisory Board and the Natioral Academy of Science in vashington,
D.C. Care, Inc. requested an informal evaluation of a new
composite btuilding material maée of pulp from the core of 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,
prototype construction and wind testing of a full scale unit.

11.6 National Institution

The initial phase or information gathering stage on this
project included the establiskment of appropriate communica-
tion and exhange of information with a number of National
Institutions. The opportunity to develop potential areas of
collaboration in the transfer and utilization of innovative
technology was evilent in each country visited during this
phase of the project.

11.6.1 Peru
In Perh, for example, local recognition of this Pilot

Projecct has resulted in a significant ficld mission to develop

and teach improved methods and raterials for adobe construction.



The program will help fulfill one of the principal objectives

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 de¢ 1la 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:

1. Production of a low-cost, high quélity stabilized
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.

4. After the technical and econonmic feasibility of
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

As a result of visits by NBS personnel to Istanbul
and Ankara in 1971, it was possible to establish a sound working
relationship with three leading Universities in Turkey:

1. Istanbul Technical University; 2. Bosphorus University
(Roberts College); and 3.+ Middle East Technical University.

Also, a working relationship has been established in the Ministry
of Reconstruction and Resettlement, especially with the Earthquake
Pasearch Institute and the General Directorate of Natural

Disaster Affairs.

As a result of meetings.and discussions with these
institutions a joint venture and team effort approach to
the socio-economic stﬁdy in this country was proposed. The
study provided an opportune mechanism to join together, for the
first time, many of the leading engineers, architects, and
scientists in Turkey for a common goal. The National
Committee of Earthquake Engineering in Turke} was thus formed,
headed by the Dean of Tarkish Engineers, Professor Dr. Rifat
Yarar. Also, a Board of Research Associates and Consultants
were formed as contributory experts for the socio-economic
study, under the guidance of the National Committee.

The Minister of Reconstruction and Resettlement, the
Director of the Larthquake Resecarch Institute and the General
Director of Natural Disaster Affairs support and contribute
to the socio-economic study.

The vational Committec of farthquake Engineering in

Turkey is planning future projccts related to scismology,



geology and innovative technology transfer. An Earthquake
Engincering and Training Center is envisaged 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.Tgsting 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
expressed interest in a field mission to develop and teach
improved methods and materials for adobe constructinn and
other innovative techniques that might be appropriate:

11.6.3 The Philippines

The serious consequences of natural disasters on the
econonic and social development pf the Philippines and other
developing countries in similar circumstances prompted
Institutions such as the World Meteorological Organization (WMO)
to intensify appropriate action for mobilizing ways and mcans
to mitigate the harmful effects of typhoons and minimize their
destructive potential.

" In the ECAFE 27th Session in April 1971, the Philippines
comnitted itseif to support typhoon modification experinents,
The Philippine Weather Pureau has proposed a five-year

integrated research project entitled "Typhoon Research'" to the



National Science Development Board. The objectives of the
project are to: 1. Assess the prospects of artifical
modification of typhoons notwithstanding the economic benefits
of precipitation from these storms; 2. Achieve 2 bet .=T
understanding of structure of typhoons, their development and
motion, and improve their prediction; 3. Obtain adequate
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 Exécutive
Secretary, Department of Agriculture and Natural Resources,
National Science Develcpment Board, Weather Bureau and the
Philippine Air Force.

In the course of this projett there were meetings with
members of the National Science Development Board, the
Weather Bureau and the Bureau of Public Works. These meetings
engendered considerable interest in an applied research
program to develop a wind-resistant, low-cost house, to
construct one or more prototype units at selected weather
observation stafions, and to instrument and measure the
prototype units under actual typhoon conditions. The
\ational Science Developrent Board expressed interest in
providing sore funds for such a project if other proponent
funding was made availahle. The Weather Bureau has stated

their willingness to provide the sites for the prototypcs.



The University of the Philippines, Department of Engineering,
has also expressed an interest in technical collaboration to
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. (121,
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
17,000 government assisted housing unifs were built. About
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 deveiopment aor 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 centimecters thick. The average

size of the brick is about 5 x 11 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
was informative and established an excellent working relationship.
It was learned that the Ministry had completed a program to
construct a number of prototype houses in an experimental village
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-
curved adobe wall was well conceived and innovative in shape and
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
interest in several areas of technical assistance, including
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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Chapter 12 Summury of Conclusions and Recommendations

of Consultants' Reports

12.1 The Philip'ines

12.1.1 For the national economy, a better-than past average
growth of 7% ir GNP is targeted over the next four years which
is the basis ‘or strong government programs in the various
development tectors. However, this growth rate and competing
priorities would 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.

Fund assistance from external sources would be necessary
to enable extensive achievement of housing programs. ~Bilateral
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.

12.1.2 The already acute housing problem in the urban centers
has been further aggravated by the heavy in-migration stream
of the rural pepulace escaping from ‘the underdeveloped econonic

opportunitics 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 units. Additionally,
because most of the in-migfaqts 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 fiscaliincentiveé, those economic
activities which will locate in the smaller urban centers. . In
addition, provinces and municipalities are starting to encourage
and attract investors to set their facilities within their
jurisdictions.

The- increasing demand fof adequate housing facilities is
expected to be slowly met during the present decade but expect-
ations are that there may still be a backlog by 1980. The
efficient distribution of mass-produced prefabricatéd houses
will definitely accelerate the achievement of the objectives of
the housing programs. To imblement these programs, the govern-
ment together with vhatever external assistence may be forth-
coming will have participated actively not only in terms of

project promotion but also in terms of financial support.



12.1.3 lLaspite the prescnt'efforts of the government to pro-
note family planninyg, household size has increased from 5.7 in
1969 to 5.0 in 1970 and is expécted to further iﬁcrease to
around 6.2 by 1980.

Variations in sizes by locality is pronounced in the
urban-rural dichotcmy rathexr than among different regions.
nural households are larger than thedr urban- counterparts due
to the strong extended family kinship éystem practised in the
rural areas where relatives live with a nuclear family in the
same dwelling unit.

Because the majority of households.ﬁelong to the low-
income group, one-hedroon dwelling units predominantly shanties
and “accesscrias" are ccmmon. Living space densities are of
necescity high and most of. the available spaces in these hous-
ing units are used as iiving accommodations. However, the
jideal design of typical low-cost dwelling units should provide

S
for at least two bedrooms.

12.1.4 Leow-cost housing units designed specifically for the
major urban centers will out of necessity have to be high-rise
(about four to six story tenement buildings). The factors
affecting such design are the relative scarcity and the high
value of residential land in urban areas, the large magnitude
of the housing problemn, and the low average household income
levels.

It is expectcd that thie approach to the housing problem


http:cc~mi.on

which has elicady been inplemented though still on an unpro-

rameece basis, will grewr rapidly in the future. Commercial

[le]

multictory condominium apartiments, catering more tc the higher
incomz Dbraciicts, have increased in popularity in the housing
market of the Greater lianila area and in other urban centers.

For rural housing, the foresceable trend will still lie
with the single detacned dwelling unit because of the disversed
naturﬁ_of rural settlciiants and the availability of land.
12.1.5 :n most urban arcas, community facilities such as
power, communications and commercial and recrzation services
providaced by private enterprise are generaolly consisdered ade-
quste, Other'services such as water systems and infrastruc-
ture, nofmally taken care of by the public sector, are insuf-
ficient due to lack of capacity and inefficient management.

In the high growth and higﬁ density urban centers, the demand
for most community facilities has fdr 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 intecral element in their plans the provision of the
basic eomuunity facilities needed by the residents. This is
apparcntly a critical factor in the commercial success of these
projects.

The rural arcas nave lagged bchind in the development of

.

the necessary cormunity facilitics hecausce the concentration



of purchssing pover, essential to'the viable commercial

developuent of these fZacilities by private enterprise, has

not becn availuble.

12.1.6 ifmong the low-incoeome households, there is a limited
portion of buvdget available to construct makeshift dwelling
uniie or to rent living spaces and there is no financial capa-
city to buy and/or amortize a well-built structurc mainly
because the lack of land or available collateral. To counter
this viciocus cycle of poverty, the government has already
extended the rewayvinent periocds for hpusing loans from 15 to

25 years to «llow wmoere households, especially the lower-incore
onas, to avail themselves of these programs.

A possilzle con?icmantaxy solution to this problem is for
the govexrnrmint to pronste low~cest housing projects to those
individuals wiic would have not only the land on which to con-
struct the lowe~cost housing units but also the capacity to go
into long-torm debt financing, using their land as collateral.
From the rental payments of these low=-cost units constrﬁcted
on nis land, the landowner will be able to fund his amortiza-

tion payments.

12.1.7 While tne government firancial institutions have
alrcady resiructured their porticlics in favor of housing
.loans, the need for housing loans is still so much greater

thian thelr conbined capanilitices.



The government agencies aré alrcady offering the lcwest
terms currently available (6 to 9% annually) over a twenty-five
year arortization period. There is still an untapped source of
funds for low-cost housing in the banking sector, but the rates
are quitc high (12%), with short-term repayment.

There will be great need for external sources of funds
ahd if theso can be relcaned at the minimum government level
of 6%, it will contribute substantially to the realization of

the housing ncods.

12.1.8 The construction materials together with the skilled
labeor needed in the conventional method of construction are
readily available. Delivered prices of materials are reason-
able becausc of the'regional dispersal of nroductive capacities.
The current size of Philippine marketé 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 comparcd to the price structure of conven-
tional construction conponents.

For the distribution of construction materials used in

the conventional systen, there would be room for cost improve-
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mants in tlie areas of bulk handling, larger volume or lot sizes

in delivevy shipmonts and schicduling.

12.1.9 Tilc basic clicnical process industry for plastic
producis is small, ovrotected by high tariff and generally
produce simple tvpes of hcocuschold construction materials.,
Under tue recent Investlueont Incentives Programs, the
seventies will witness the development of larger and mere com-
"plex chamical process plants and the industry will probably
develor an integrated petro-chemical complex base during the
accade. Over the long-terni the availabili£y of these chemical
pracess products can be applicd to manufacturing materials for

use in mass housing construcition.

12,1.10 Az indicated, the demand for housing is great and the
financial and technological resources available to supply this
are limited. Aé'projccted, the total reguirements for new and
replacement nousing units will more than doukle from 590,000
units in 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 goenerally considered high. There are, however,

indications of apathy towards nigh standards; short cuts in

working proccedaras are, in guncral, tolerated.



In prefabricated housing construction, the recent experi-
ence of soue contractors indicate a réady adaptability by labor
to nandling prefabricated systems at a high rate of productivity.
No sionificant obstacles are foreseen in the manpower develop-

-

ment for modular construction.

12.1.12 lLow-cost housing designs for government—sponsoréd
projects are guided by the paying.capability of a prospective
homeowncf and have %the same basic cost-saving features in space
allocaticn and materials. Private projects in various regions
offer a broader range of alternative designs. Among the low
and nidcle income homeowners, there is still general preference
for individualistic reguirements but standardized mass housing
designs are accepted for cost advéntages since the houses are
generally subjcct to individual nodifications during occupancy.

Usage of specific censtruction materials appear to be
determined primarily by availability and secondly by the rela-
tive price value of substitute products.

Most practising architects appear to be receptive to the
use of new construction materials and their recommendation is
a strong determinant in introducing new materials and products.

The most effective introauctory and sustained marketing
effort for new prcducts is through the distribution channels
and networks developed by privatc enterprise engaged in the

selling of construction materials.



12.1.13 The conventional method remains the most accepted and
cemgronly usced wathod of housing construction in all the regions.
This is due to the relative ease of sccuring the materials and
labor necded for housing construction which allows housing
devclopers and individual homeowners much leeway in implenmenting
their design preferences. At the sane time, there appears to
be a receptivity towards new products and designs.

thus, the development of prefabricated systems for low-cost

¢ oifer siganificant economic advantages in addition

L.
O]

housing mnu
to structural design efficiencies in order to replace the
traditicnal preference for the conventiohal construction method.

It would avpear that a marieting stratcgy for prefebricated
housing units, cmphasizing "typhoon-resistant” features might be
an effective promoiional iqga to highlight their structural

advantages over dwelling units constructed by the conventional

systiems.

12.1.14 liost municipal codes used in the various regions are
straichtforward, providing the basic minimuin speciiications -
mechanical, electrical and plumbing - for the constxruction of
a nousing unit. At the sawre time, they are so pasic in their
stipulations that there is little room for highly innovative
“designs.

Enforcement of “hese minimum reguiremsnts is generally
gtrict in the revies of designs and plans. However, there

apwoears to be laxity in cnfeovecunoent during the actual construc-
|92 ¥ 3
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{ion stayo, whercln periodic irnspections by the enforcing
agency aie susposcd to be nz ~de to detormine udhpxcnce to the
codsas. |

It is generally fclt that vith advances in construction
lnotheds and/or more usage of prefabricated sygtcms, the level
of codc enforcenent would further improve, particularly in the
smailer nunisipalities throughout the country. This may be a

strong voint In tha introduction and marketing of prefabricated

nousing componants.

12,2 Turiey

Since housing construction in Turkey is basically financed
eithier by ouaers and indiﬁiduals cr mostly by small businessmen,
there is not much prespect.for a rapl id progress in the methods
of ccnstructicn and in the use of material for low-cost rural
dwzllings. With the prevailing conditions of financing and

building rogulations, tne rural dwellings will be constructed

using the same olad conventicnal methods utilizing cheaply

available local material.

Unless an =fficient and rcascnably priced pre-fabricated systen

js established across the country, nothing will prevent €0% of

the futurn houscs to be bulli out of stone, brick or adobe

1 5]

masonry, which in most casss POSIeSSes little or no lateral
4

oad carrving capacity. In a very fcw regions where timber

-

s locally available, the prospercus bhuilccer may construct

[

tiviyor framwme scructuares.
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12.2.1 Points of Interest and Recommendations

Based on the expericnce of low~-cost housing construction
in Turkey as well as the field observations of damaged struc-
tures in recent earthquakes, scveral points of interest and
areas of possible development regarding the earthquake resist-

ant design and construction may be summarized as follows:

12.2.1.1° A realistic approach to the problen of improving

the present metheds of rural dwelling constructicn in Turkey,
would be to study the carthguake response of stone, brick and
adobe masonry structures. New rigid requirbm_nts of strength
and ductility should be imposed in order to make these struc-

tures capable of recisting strong carthquakes without total

-

-t

collapse. £ is very difficult to determine analytically the
earthguake response to a rasonry ox timber frame rural dvelling.
Therefore, experl inental research on real or model structures is
highly desirable. In these experiments, alternative methods of
constructing the foundations, walls, lintels, bond becams,

corners, ceilings, etc., should be investigated in great detail.

12.2.1.2 Geolegical and sub=-soil conditions should be taken
into account in selecting a site and also in designing a house.
The predominant period of vipbration, especially of soft soils
should be detormined. Depending on the availabiliéy of funds,
analytical studics corbined with laboratory tests and field

mcesurenents of shonr WAave velocity may be used for this



12.2.1.3 Ccincidence of soil-structure periods should best
be avoided by following the principle of building rigid

structures on soft soils and Fflexible structures on hard soil.

12.2.1.4 Care should be given not to use unnecessarily heavy
partition or in-fill walls, especially of the kind which do

not contribute to the strength of the structure.

12.2.1.5 oOne and two-story houses should be designed and con-
structed to withstand a minimum static lateral load of 0.10 g

in the first degree carthguake zcone.

12.2.1.6 Symmetry in all possible planes as well as uniformity
througiiout the structure should be maintained. Uniformity in
the arrangenent of rigidity,“weight,"geometry, materials, etc.,

is most essential for a safe earthquake-proof design.

12.2.1.7 Strength of adobe masonry structures should be
increased by adding stabilizing materials into the mixture,

without  raising the cost of construction significantly.

12.2.1.8 Infrastructural facilities like roads, sewage systens,
wvater supply, elecctricity, telephore, etc., should be included

in tihe overall design and planning of rural dwellings.
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12.2.1.9 Architectural planning or rural dwellings should
take into account the socio-economic needs of the people
living in different regions.

The Consultant's report emphasizes the immense need for
the development of new techniques of constrﬁction and material
for low-cost housing. It concludes by expressing the opinion
that any analytical and experimental research conducted in any
part of the world and concerned with the promotion of better
and safer living conditions in rural areas should be regarded

as service to mankind.

12.3 Peru

The accumulated deficit in housing in Peru is at present
on the order of 1.7 million units, and it is estimated that by
1978 it will reach 2.3 million. It is evident that this repre-
sents a serious social problem which will continue to grow as
long as there is no development of a new system for construct-
ing basic low-cost housing, antiseismic in character, which will
at least satisfy the annual demand for housing, which is on
the order of 100,000 units.

Policies of mass housing construction applied so far in
this country have not had frankly positive results.

The solution is difficult mainly because of the low level
of income of the majorigy of the population and of the low
financial capacity of the nation.

At prescnt the vational Housing Plan faces the necessity

of massive construction of "basic housing units'" at a cost not



exceeding S/. 32,500 per unit. Meanwhile, organizations which
finance economic housing programs in the social interest are
investing on the order of $/. 200,000 to 300,000 per unit. It
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
research leading to the development of new construction mate-
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
types Qf problem will have to be different.

It is obviocus that in the principal cities of the country
one should not seek the solution in the construction of large
neighborhoods of single-story houses, as this greatly increases
the cost of expanding and maintaining cities.

Taking Lima, the largest city in the country, as an
example, it 1is believed that the investment necessary to
maintain basic services of glectricity and drinking water will
require on the order of 2,000 to 3,000 million soles a vear
for the next 10 years. The water supply which at present
(1970) is 18 liters a second must be increased to 30 in 1980
and to 40 in 1990, necessitating the diversion to the Rio
Rimac of a large volume of water which at present flows into

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 électric 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 3C 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
to have been the intent in recent years in Lima (villa El
Salvador).

The rural housing-deficit problem has different charact-
eristics from the urban. Public services, except for
qlectricity, do not require maintenance of large networks, and
thus population density is not a'major problem. Villages and
towns can be built of single-story houses.

Rural housing should.keep adobe as the basic element.of
the solution. Adobe is a material of high thermal and acoustic
insulation indices, resistant to the most common grades of
seismic shock in the country, easy to manufacture, and of low
cost. Its use should be subject to .technical standards which
would assure good construction,.both in the design phase and
in the execution. It‘would be necessary to establish the
depth and width of foundations, waterproofing norms for walls
or the adobe itself, maximum heights of walls, maximum span for
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 arec very different

from those of adobe. Roofs of wood with a mud covering or tiles

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 fulfilli the requirements of
modern and economical :onstructipn it is necessary, above all,
to solve the problem of the materials or elements of the roof
constrhction. 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 réquire 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 rcsulted in an initial period of strong 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 byilaw 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 perf'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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