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This report from on-going research ie a part of a gseries of
publications which deseribe vavious studies undertaken under the
sponsorship of the Technology Adaptation Program at the Massachusetts
Institute of Technology.

In 1871 the United States Depavtment of State, through the Agency
Jor Internaiional Development, awarded the Massachusetts Institute of
Techmology a grant, the purpose of which was to provide support for
the development at M.I.T., in confunction with institutions in select-
ed developing countries, of capabilities useful in the adaptation of
teehnologies and problem-solving techniques to the needs of those coun-
tries. At MI.T. the Technolegy Adaptation Progran provides the mecns
by which the long-term objective for which the A.I.D. grant was made
can be achieved,

This research is carried out by Cairo University/M.I.T.
Techmological Planning Program, under the auspices of the M.I.T. Tech-
nology Adaptation Program, which i funded by the United States
Agency for International Developmeni (USAID), Caire, Egypt. The
views and opinions expressed in this rveport, however, ave those of
the quthors and do not necessarily reflect those of the sponsors,
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2 HOUSING WORKING PAPERS 1979/80

INTRODUCTION

This section of the report contains a summary,bf the
work carried ocut in the third phase (July 1, 1979 - June 30,
1980) of the Housing and Construction Industry Research
Project.

This summary of the working papers of 1979/80 only pro-
vides an overview of the work and the reader is directed to
the remainder of the report for the complete text of the

individual subprojects.

CONTEXT

The underlying constraints which affect all sectors
in Egypt have been well known for many years. Population
growth, limited habitable land, and a lLack of developed eco-
homic resources other than agriculture are the three aspects
with the strongest impacts on the country.

The land available for agriculture, the traditional
backbone of the country, represents 3% of all 'Egypt.
The population growth rate of Egypt is 2.4%, but in
urban areas it is approximately 4%, of which half is due
to natural increase and half is due to migration. This
growth, together with the Jure of the cities, have both
forced and attracted the excess population to the larger
cities of Egypt, and in particular to Cairo. It is esti-
mated that each day 1000 new migrants crowd into Cairo
alone. This shift is very clear from the statistics: in
1960, 38% of the population was urban; in 1970, 44%.

This increasing growth of the urban areas has placed
- & severe demand on housing, and most believe that Egypt is
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experiencing an acute shortage of urban housing in most of
the cities, affecting people of all incomes, Moreover,
it is predicted that the demand will double within 10

The shortage is attributed to several interacting

the rapid rise of urban population coupled with

years.
factors:
the inability to produce sufficient units fast enough:
shortage or misallocation of basic construction materials,
loss of skilled laborers to other
the destruction of housing in

in particular, cement;
Middle Eastern countries;
certain areas during the 1973 war; the large percentage
of people (estimated at 76% of the population in a recent
study for a standard public housing unit) whe would require
substantial subsidization to be able to afford standard
housing; and the discouragement of new construction be-
caugse of apparant barriers in the economic structure.
There is a genuine desire by the govermment of Egypt
to respond to the housing needs of its people. The govern-~
ment has recognized the serious nature of the problems and
has directed 211 available resources inte the housing ef-
fort.

made, there is a continuing committment to housing action.

Although significant achievements have already been

The high priority of housing is reflected by the committ-
ment of personnel directed toward exploring pelicies toward
alleviating the shortages and through continued budget sup-
port which has remained high despite cutbacks in other
areas. Various studies have been undertaken to provide
a reference for, and to suggest policy alternatives.
al new laws have already been enacted concerned with the
housing shortage, including enpactment in 1976 of a law
creating a Wational Low Cost Housing Fund.

The research on the Housing and Construction Industry
is directed towards assisting the government's efforts in
the development of appropriate policies alleviating the

serious housing problems.

A

Sever—

SUMMARY 3

I Gl o e Lt 5 ey Ly ol lime G Tudle Lanylt
g+ Lol e b Al Pl disliy o) Gzl gu ol ells o
rlas il 1L s G st YGRS Lol LYl el
Sl 3% e sl 6 Sl et lamgd L e IS e il T L
by ¥ Gyl Jys J1aall ALl en o e 2ulsy 5 )Ll
MWW o GRLIT pams § Y ol J s T 5L 6 s
b (e oy 37 VT lay i o) QU8 pai ST gy

< Fa b Jox ol g g Gelel e

sobai¥laalletipad Taandl Ll bVl bongants o Ll

e o pig G D Loz W iyl 1ol Lcle o 2allsig, dlin

ol ¢ Ll pou B0l ypndl pn gy Al L b Lyl Sy 01 iy
ey - PN R FYTPC CIFTI PO ] 588 apandldlin o} o i )1
o Tl Yl GEGI Lalt Gells b, 51 )8 denl o 1L YT 2SR, LI
o Lad 5, B LS YT Jod 3 ame Yo oo Gl § rmmiiadl 8
eblaVl adss g 201 B itkeldb Gall ol €U Laasule ) Lt Y5

_:J.:.a-.:‘.c.l..b_d"«,...?u,_-_,.’l.‘,_‘:ﬂlr: By ¢+ s VeI GE 3
o—s L ilga ] liadldd i e puliid e G 3 3 Wil alle L Ll LK)
o Joab up e I0Y ALl anall slesY YAV ok olall pelil elds

i Fl Sl Yl b Y Gl sy i ol el
o G L Ll e L Ll bty el G aufoll yin o0 g gy
s olfaVidtse, J» G osls



LETEER ]

Lt “LI. HOUSING WORKING PAPERS 1879/80

TECHNOLOGY ADAPTATION PROGRAM (TAP)
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

The Technology Adaptation Program 1s a major program
at M.I.T. concerned with the technological issues involved
in the transfer and adaptation of technology to the condi-
tions prevailing in other countries. TAP was initiated
under a grant from the Office of Science and Technology
of the U.S. Agency for International Development.

Its objectives are to develop an understanding of the char-
acteristics of technologies that are appropriate to countries
in various stages of development; to identify criteria for
the selection and adaptation of appropriate technologies;
and to develop an understanding of the processes by which
technological knowledge and skills can be effectively intro-
duced, disseminated, and used in nations. The program is
concerned with promoting an awareness of and expertise in
the technolegical problems facing developing countries on
the part of both faculty and students at M.X.T. as well as
foreign students and scholars who attend M.I.T. TAP's
activities thus lie in three interacting areas: d&evelopment
of institutional ties between M.I.T. and educational and
governmental organizations in various countries; collabora-
tive research; and educaticnal opportunities at M.I.T.
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TECHNOLOGICAL PLANNING PROGRAM (TPP)
CAIRO UNIVERSITY/M.1.T.

Under the auspices of TAP, the Cairo University/M.I.T.
Technological Planning Program, which is funded by
the USAID Mission in Egypt, began several years ago with a
a focus on improved planning of development projects in

Egypt.
the capabilities of Egyptian ministries and other govern-

The overall objective of the program is to expand

ment agencies to formulate and implement technical pro-
The
research projects focus on a broad range of engineering,

grams designed to achieve national development goals.
economic, and social service topics. The key element in
each of these efforts is the interdisciplinary team drawn
from faculty and staff from M.I.T., Cairec University, and
government projects in the topic area. Effective utiliz-
ation of the Egyptian academic and government resources
has been one of the principal reasons for the success of
the program to date. In addition to the specific research
projects, emphasis has been placed on the training of in-
country personnel in the technigues of project identifica-
tion, evaluation, and management, and the development and
maintenance of the data necessary to design and monitor
their projects. To provide a channel for continuous, con-—
venient communication between government agencies and the
academic expertise involved in this program, a permanent
institute for technological planning is being established
at Cairo University. This institute will eventually org-
anize a centralized body of technological, economic, and
social science expertise both internal and external to

Egypt in the general area of development planning.
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HOUSING AND CONSTRUCTION INDUSTRY RESEARCH PROGRAM
CAIRC UNIVERSITY/M,I.T.

The provision of housing in Egypt today is a diverse
and complicated sector in which both private entérprisé and
public regulation are struggling to adapt the country's li-
mited resources towards solving serious housing problems.
The several closely-linked research projects reported here
attempt to assist the Egyptian government in developing a
housing policy which better enables it to cope with the
country's housing needs.

The overall objective of the research on the Housing
and Construction Industry is to provide a set of pragmatic
recommendations and guidelines for the public agencies con-
cerned with housing and to construct a methodelogy through
which these agencies can organize and monitor performance
in this sector.

The research intends to develop the technical and eco-
nomic basis for a national housing policy. The focus is on
investment policies, controls and regulations, provision of
services, and other instruments of government intervention
in housing. The goal is to assist the Egyptian government
in developing a housing policy which better enables the
various supply institutions to meet the country's housing
needs.

The research was directed toward a wide range of issues
in several disciplines. The initial year was spent in re-
viewing and identifying critical issues and proklem areas;
and the subsequent years were devoted to more focused

research in each of the areas with the goal of making
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separate but complimentary problem areas were investigated:
1) Public Policy and the Economics of Housing, with
focus on investigating policy options affecting housing;
2) Management of the Resources of Construction, with
focus on the inter-relationships of the prime actors in

the construction industry.
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(4) The comparative -costs of alternate building tech-
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policy in Egypt today is less than desirable. The subproject
has found that there does not exist a housing shortage per
se in Egypt, rather a large amount of unregistered building
in fact provides everyone with a home. 1In spite of rapid
rising construction costs, the level of housing consumption
has not fallen - due to high government subsidies on new
housing, and rent control in existing units. Given a sig-
nificant increase in the real cdst of housing, consumption
should fall for efficient resource allocation. Current pol-
icy, therefore, is encouraging "over consumption® of housing-
at least where the policy is being applied. The subproject
has found that little is being done in Egypt to assist the
housing of the truly pooxr, rather the rent control system
and subsidized new construction seem to be benefiting pri-
marily the middle c¢lass.

On the third guestion, current Egyptian policy strongly
emphasizes the preservation of agricultuzal land, by redir-
The

subproject's report suggests that the costs of this plan

ecting urban growth to new communities in the desert.
are very high. Even when valued at its true shadow price,
farm land at the edges of existing cities cannot compete
with tﬁe higher urban rent. Such rents in many ways reflect
the productive advantages of large cities in the developing
economy. Smaller towns in the desert, will therefore regquire

enormous subsidization. This money would probably be better

spent on agricultural reclamatiorn, allowing urbanization to
continue around existing settlements.

On the final issue, the subproject has found that the
prefabrication technologies, imported into Egypt in the
mid-1970's, are more expensive - even in operation - than
are present building techniques. With the current system
of government housing subsidies, however, contractozs do
not bear this additional expense - the government does.

The Egyptian reaction to these findings has also been
fairly constant over the last three years. Many goverament

officials and colleagues agree with the conclusions
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cof the reports, but at the same time feel that there are
considerations which make it difficult to readily change the
current policy. The view seems to be that the research has
touched on the most important and pressing housing policies
in Egypt, but by their very nature, such policies will be

difficult to change.

@ Memagement of the Resources of Comstruction

This area grew out of the previous year's research on
Institutional and Organizational Aspects. The previous
work focused on defining and understanding the basic na-
ture and 1nter-relationships of the prime actors in the
housing and construction industry: the owner/investor,
the architect/engineer, the contractor/subcontractor,
the material/egquipment supoliex, and the government.

From this initial research it was clear that the issue
of project management/organization was recognized as impor-
tant. One serious constraint, however, to developing
appropriate research on these 1ssues and possible associa-
ted policies ig the lack of a well-organized group of
Egyptian experts in the project management area. Interest
and support of organizing these experts comes f£rom diverse
areas related to construction.

Therefore as a means of establishing this base of con-
cerned construction professionals, a symposium on Engineer-
1980.

The overall symposium goals were 1) to create a better un-

ing Management was held in Cairo during Januvary,

derstanding of the basic management issue; 2} to allow key
people to assist in defining future research; and 3) to

create a setting for future research (See report:
Proceedings™, TAP 80-6, Spring 1980).

"Seminar
Subsequently, based
in part on the ideas, issues, and contacts which arose during
the Seminar,several possible areas were identified on which
to base research efforts. A proposal was made, and fTunding

was sought to support the work in the coming year.
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e Materials and Techniques of Construction

The principal goals of this subproject were (a) to com-
plete the research work on gypsum blocks and panels and to
desigh a small components and framing system with possible
development of a fullwscale model at Cairo University,

(b) to complete the research work on surface bonding of
masonry, {(c) to continue the investigation of low-cost ce-
ment and lightweight aggregate as opportunities develop,
and (d) to collaborate in the proposed overall small-compo—
nents program.

The primary efforts were directed as follows:

a, Gypsum and small-components framing system. Current
laboratory investigation of unreinforced and reinforced
gypsum blocks and panels was completed. Design of a small
reinforced-concrete framing system was completed and fabri-
cation was begun of molds for the production of sufficient
components for a full-scale prototype to be erected at
Cairo University. Possible commercial exploitation of the
gypsum components was explored with commercial and finan-
cial interests.

The gypsum blocks and panels are technically feasible
appear to be economically promising on the basis of
They can readily be f£itted into

and
preliminary studies.
standard construction processes, and require no particular-—
ly new or exceptional skills. They can easily be adapted
to the small-components framing system currently beang
developed.

b. Laboratory work on surface-bonding masonry units
{instead of mortar between units) including various types
of bricks, was undertaken, employing fiber-reinforced mor-
tar and fiber-~reinforced sulfur.

Problems associated with handling molten sulfur and
poor properties of the resulting fiber-reinforced surface-
bonded masonry, led to a decision to suspend this approach
in favor of fiber~reinforced mortar.

Surface honding of masonry units with fiber-reinforced
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mortar is technically feasible. Properties of the result- - s el gl r‘mhz-:’ulolb}u bl Galil Sl 01 w2y
ing panels wexe tested, Relatively unskilled labor can . S st Ll b Jle L‘"’t‘ﬁ“" ol oty Ll 2od, SLIYL

be utilized. Procedures for on-site adaptation by either

e Lnsion L1 Joadl gl Lo Pl 1S 3,10

fabrication in place or by prelaid panels need further

study but no great difficulties are anticapated. u——--—-"'mcﬂc"'):-_'\}‘:i-l)-‘-' Eh”bk?ﬂ&bdvgba‘sléﬂt

¢. Studies of low-cost cements as produced in the cipS clyno
United States and elsewhere were begun. Low-cost cements
and lightweight aggregates should be feasible in Egypt, o—— LU Fop 1 IR P IS AT | <11 HPEATIC AN § JEPSCSS DS FORTCR S o
but await the availability of manufacturing facilities. Y1 oo i) angy ¢ I Goal bl gy dasadle LY,

A survey of protective and decorative coatings was under-
: it Y LB M G assese Y Lin Jeazae o1 |
taken. Possible studies of stabilized earth were deferred - == gl - RO

until an actual construction site is selected. Studies = L-*b"*:‘“:"}?_-::‘ﬂl loy gl i o o ye 3 ojyl! Bl
of lightweight aggregate were deferred until facilities e . Iu"’f“ojlfﬁ‘[ubd‘:-l'-‘rﬁ LS o sl 5y Lbis  Jou
for their production are available in Egypt.
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© Housing Construction Systems wnd Design Norms : r_..d.J_ 1| SR PPRCTL o L L ) SN Y e
Past and current production of the eleven prefab- — ."HL;.,L.H'LL‘.UI Zw s ..u-)U(_;.._L.Jl, u]l”‘-” E.L"‘:\“ .¢.._r_‘

rication factories has not besen a function of effective

3 P | -4 11O 1 o i aels 5 Lty il Libs]
demand, but is largely based on technical and design il —lipeeatliptllehadl o duel b, B Lo, 4 =
characteristics of their respective European country . 114‘1&-.' i, Jedl 3
of origin. Thus, the factories are able to produce f—‘-i:\}-.s-:\“rf—d-ﬂ‘l-'-:” E‘-’L" E":CJ" Y | ﬁ-YC;L"‘” dn gl el

only subsidized apartments of layouts not fully suited

¢ ta ittt @ bl @ agiuallc e laa Y

to the needs of the target user groups. {See *Interim

Report 1978," TAP 79-5, Spring 1979.) [T R 2l bl on, e oI5 w2 w i o s Oy
In cxder to alleviate this probhlem, one of the . .
e s bl . ; > ¢ Lohasy yobadl vue

major recommendations was to normalize and simplify t d'h” = blo L"“ dsu’i" = et
the proliferating number of elements, each suitable t ldls Ll Bk Gizdl joliall o L5 g 0l oo ¢ Dili.
only for application in proprietory closed systems in o { Zmpzidl) r‘*“JL‘-"“ s skl (0

such a way that a few simple and glcbally standardized -
P g it Y 5 3 Bl e el g Les M, ST 20l oty (X

elements would be capable of : {1} application in so-

called "open" {non-proprietory) systems; (2} producing * t"lJ’JIJtJ‘-’.?‘” Ehﬂl u!"':“-"'ﬁ‘“ d’-lgﬂL.
a greater variety of plan options, without sacrifice . .o
. . A P | I T O | - g g o ST Lin impoats
of the advantages of rationalization and mass production. Y ’-""l ‘ J S ’ - )J N '—g.’
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e, In order to prove this point, the efforts of the c——‘-": U;”( Jl:"” J-""Uh) E“JH‘LIJ“’JC":”UHC"‘JI d:"’"
_- tdam during this phase of the research were directed : b.’;_;‘,jl:_ll;.._ll4,;,1.-,. g kel :i,;_.]ih_‘,?.:]li;,_l. wlad! ole rlu.:'-:...L
towardé the elaboration of a methodology (by example) o 1 ol

which would allow the utilization of prefab large
reinforced concrete elements in the above recommended
manner.

In view of the realities in Egypt, it was decided
that the best way to demonstrate the merit of an "open"
approach to housing systems is by example,

The factory in Helwan was chosen as representative
of both the capacity and the nature of large reinforced
concrete panel production in Egypt.

The aim was to combine the wersatility and adapta-
bility of conventional construction methods with the
mass-production capacity and rationalized standards of
the prefabrication sector by designing a set of general
"supports" {(i.e., primary, pexmanent, and predominantly
structural elements), which have the spatial and
technical capacity to accept a wide range or preé—-coordi-
nated (secondary, less permanent, and predominantly non-
structural elements) "infill" elements, which can be
combined into variable and flexible plan configurations,
without sacrifice of economy and design efficiency,
thus leading not only to a better utilization of
existing construction technigues, but alsa to a closer
satisfaction of user needs in a situation of rapid
change and g¢rowing expectations for a higher living
standard among all segments of the Egyptian population.

Based on the methodology developed by Prof. N.J.
Habraken—--called the SAR method--both conventional and

prefabricated housing sclutions were analyzed to determine

which elements were to be considered as "support™ and
which could be allocated as "infill."”

This analysis led to the adaptation of both conven-

tional and modified prefabrication elements to flexible/

variable "basic plan variants," which--in turn—-were
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‘elaborated into a series of possible "sub-variants."

All plans, as well as all structural and non-struc-
tural elements, obey the rules of a band-grid position
coordination system (modular "tartan®™ grid), thus allowing
interchangeability of elements as part of an "open”
system of standardization.

As a result, a great variety of plan types becomes
possible, while the number of standarxrd, primary structural
elements was reduced by more than one half. The resulting
precast concrete elements are not only saimpler in shape,
but also consume less steel and cement, as stipulated by
the recommendations of the materials sub-group of the
housing reseaxrch team. The analysis of traditional plans
helped as well to design a "Modular Pattern" that could he
used for large housing projects. In order to show the in-
herent flexibility of the proposed "pattern", it was used for
the design of four different housing types, and imn a study of
the variations in layouts that could be achieved.

A simple cost estimating format was developed to pro-
vide the builder or developer with: (a) a separate record
for both the "support and "infill" elements of a project;

(b) a means by which to estimate "trade-off" options (viz
1977 report) for various finishing operations.

Part of the advantage of separating both conceptually
and technically the "support" from "infill" is the feasibil-
ity of offering "pre-coordinated"” plan variants of great di-
versity, and also the possiblity of staged completion, based
on explicit or implicit user requirements {(over time or in
space}, or on economic ability to afford certain options of
dwellings (i.e., trade off space against finishes, etc.}

As a corrollary to the fact that much 1f not the
majority, of recently completed housing in and around
Cairo is built by conventional means, consisting of an
in-situ cast reinforced concrete frame structure with
brick infill for facades and partitions, it was decided

to develop a rationalized prototype of "small components,”
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which would consume less steel and cement, of lightweight
elements, and capable of accepting other materials for in-
ternal partitions than the traditonal clay bricks, the con-
sumption of which needs to be reduced for various reasons.

A prototype system of relatively simple and light
weight concrete components was developed, forming a basic
frame for 1- 4 storey structures, similar to those
produced by conventional technigues, but capable of being
cast in series either off-site or on-site, and able to be
erected quickly.

A one bay prototype version of this system is now
The

test production and

being erected on the grounds of Cairo University.
purpose of the prototype is to:
assembly characteristics (i.e., form—work, steel
placement, tolerances, ease of erection, etc.):; obtain
feedbhack from potential users of the system by actual
field demonstration, rather than publication of paper
documents; test viability of modular coordination (posi-
*ion) band grid system to accept rationalized "infill"
elements, etc; demonstrate to the ministries and large
construction companies that the erection of demonstration
systems and experimental projects 1s not only essential
+o research and progress, but relatively cheap (consider-

ing overall volume and investment in the housing sector).

@ Housing for the Low Income and Informal Sector

The objectives of the continumed woxk were focused
towards a further understanding of the mechanisms and opera-
+ion of the informal sector which represents the vast major-
ity of +he housing stock in urban Egypt. Focus has been on
developing and providing an apprropriate reference for hous-
ing for this sector; specifically, on site and services/

core housing types of programs. The scope of the work in-—
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cluded an evaluation of the proposed project designs and
the design of the core house units. In addition - within
the imposed limitations - basic reference studies were un=-
dertaken to provide essential data for determining appro-
priate policies.

The tasks were directed into several areas:
1) Study of coxre housing to develop an understanding of
the design of the units as has been used or proposed in
projects in Egypt.
2) Determination of the size, growth, and patterns of devel-
opment of the informal sector of the Greater Cairo area,
with the goal of providing basic data for determining appro-
priate government intervention; specifically, toward poli-
cies of control and direction, and perhaps upgrading of
these areas. This study experimented with LANDSAT
digitalized computer images and aerial photographs as a
tool for providing basic data in policy determinations.
3) study of the family/dwelling/location cycle in cairo
to determine how the proposed site and services project £it
the requirements of the low income.
TASK 1: Comparative studies of existing and proposed site
and services/core housing projects.

Evalunation was at two scales: the lot/core house,
and the block/lot subdivision. Projects that were evalua-
ted included: Sadat City New Town (core housing sector),
Amerivah New Town, 10th of Ramadan New Town (core housing
sector} , Cabanon New Community (Suez), El Hekr Demonstra-
tion Project {Ismailia), Helwan New Community {(MOH-AID},
Alexandria Project (MOH-World Bank), and. Poxt Said New
Community.

a) Comparisons of core house and lot. The study evalu-
ated and compared the design proposals in their context as
a solution for low income people. A detailed assessment of
the characteristics and an analytical review of their poten-
tialities was undertaken. For each proposal, 2 examples

were selected: one small lot situation and one large lot

g
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situation. Comparisons were made for the following: width/
depth relationship of plot; core area/total plot area ratio;
location of core and number of initially bui.t rooms; wall
areas; functional relationships in plots; growth and flexi-
bility: stair access/location; maximum potential develop-
ments; construction; utilities: and doors and windows.

A similar type of comparison was made for a "vertical”
Said,

This study deals with

core house type proposal in Port

b} Block layout comparison.
the comparison and evaluation of the basic land subdivsion
element - the block.

house/lot are used, with the addition of three reference

The same 8 projects as in the core

patterns from the spectrum of low income areas in Cairo:
Medieval éairo, public housing (Ain E1l Sira), and informal
housing (Imbaba sector}.

The goals were: 1) to determine kKey elements and
factors that disproportionately influence a layout through
obvious cost penalties or advantages, 2} to point out a
possible methodology for evaluating projects in order to
improve performance, i.e., lower costs without sacrificing
design parameters, and 3) to increase awareness of the cost
implications of physical layouts, to shift away from aesthe-
tic reasons as a rationale for land subdivision.

The block or patterns of blocks, determines the essen-
tial street/lot relationships and effectively fixes the ba-
sic capital costs of urbanization: water supply, sewage
disposal, electficity networks, and street paving, as well
effects the continuing costs of operation and maintenance.
An inefficient block width/length relationship can never
be improved through a clever arrangement of other land sub-
division elements (open spaces, schools areas, etc.). Con-
versely, however, the cost effectiveness of an efficient
block is only partially mitigated through wasteful practices

in allocation of other land areas. The land subdivision
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ten. The geometry determined costs of operation and main-  +{ alle~o,ladighlu e PSR FLUD BPIES PR | r.‘-"““"-')“L"‘J anlt

tenance will always continue. A Li_:'l, il g o o dpue s
General conclusions were as follcws:

1) Maintain narrow streets, perhaps 6 meters, with wider S| NUNPRy PRER- | 1 o) BN VEJIOR Rt MENYLCE N0 2% 9N [

streets only at clear vehicular circulation streets and - p¥lelale B JES JRURTSRGI-255) R Wy ) ES

at large intervals, minimum 200 meters. -
2) Keep block lengths a minimum of 75 meters, with 100-125 Ll sl any Nsbe Laslle il oy ¥ s gk LLoGgadsy

meters desirable. - oldiLb U ‘__:.E:JI, s1a¥, s

3) Avoid undefined, smaller open spaces; combine open spaces . . .
i . . . - | FUSCON | I 3 Frcladly Sl Gl Lels ol
into larger useful sports fields, preferably in combination o ileal Giosndilalhy i ! Jolyzicy

with other facilities (schools, etc.) which can provide a Pk Lyalail Eﬁtﬂ‘c"‘;ﬁ’
minimum responsibility and control. Bleock layocuts inter- - l’”f)‘ sllids Lk JLT.I by Loy, @5l &Jl’_:_jluk s ()

spersed with many small open spaces {(of ambiguous use) tend - il = . W
s JEY 7 sl < Bles Sy LSl 50 sl T Lid il
4) Use cluster lot layouts to lower public streets and A A

utility network lengths, this readily allows staged provi- Jozi¥ly BYE e fevo milad il SO e tolal Llis=Y1 (Y
sion of services.

to lower any advantage which a layout may otherwise have.

e e 1Y 6 Vee oo laslanboatol
TASK 2: Exploratory studies in the size and growth of the T o oo

informal sector in Cairo. Two approaches were used in this el ,_éu"—l&',i.]lc._..?ud ) 3J»J‘;§3inwiﬁﬁglaul}‘ s (7
part of the research: a) LANDSAT digitized computer data IR IR L PIERY 50 | —;le_hﬁy-ol JaaVh ;_-,:;l;ﬁfl S
for the larger Cairo region, and b) time-phased aerial
photographs of a selected informal area. i U':LP'”' Gt ¢ ihtudly LEI e Y anl Li“lf?z'ﬂ (T

a) LANDSAT EXPLORATORY STUDY: Because of the diffigul- . NS 1 P IR ,l[;;:t[,,;ll,_-,.:w.,.;,lg.l.... Locias oo Llads
ty in acquiring sufficient time-phased aerial photograph . . . w

: : . . Paedllon e olote

coverage of Cairo, 1t was decided to experiment with LANDSAT
imagery as a means of determining the siae and as a means - 4 _,tugg_-\ﬂ} LJ1 &JI,.:JI it 7 sgizall L;L..:Ylfla:z-:;...l (<
of monitoring the growth of urbanized Greater Cairo. The . . . . .
. . . . L_:.ID-J..C-L..IQ-JIAJ’J J.,!Jl kJ‘l‘ LJ.Q W’ L?Jl ,b‘
imagery was to be used for exploratory studies in three . .
ways: 1) to calculate the aggregate size of the urbanized - 1 5
. R ld.._f‘.c.”
area, 2) to determine the growth of built-up area over a
several yvear pez::iod, and 3) to determine if specific housin C)L.‘."'("‘"f"‘j‘:‘.“"‘l g iUl L,,,-..‘.JltLEEJI,.:,‘;.aJ:.ngiL.IQL.IJJ

types/sectors —!particularly info;rmal and formal - coula ‘o .‘0‘ “j:rr” |j.n.L§
be identified. toomy]
v el aha fasdl etalle bl ( 1

Close monitoring of the growth -~ directicn and magni-
tude -.through LANDSAT imagery would provide a readily ac- * '-'Jl:’-“;-:—:-":""'k':‘j ‘%JIJF“” (-
cessible and inexpensive tool to update Census data, and . -
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to provide relatively accurate information on the housing
situation. Yearly monitoring perhaps would be readily fea-
sible. This study essentially intended to identify the
problems with this promising technigue and to establish a
base from which a definitive method could be developed.

The facilities of the Remote Sensing Center in Cairo
were used for all of the technical work. All technical
assistance was provided by personnel at the Center.

The years 1978 and 1973 were used as the base with
which to experiment. Several supervised and unsupervised
categorizations of agriculture/desert, build-up areas and
housing types were carried out for both years. 1977
aeria) photographs (scale 1/5000) and 1867 aerial photo-
graphs (scale 1/10,000) were used as ground data controls
to determine specific housing sectors/categories, and to
determine urbanized/agriculture/desert edges.

The research indicated the following conclusions:

1) LANDSAT is a feasible and very attractive method for
monitoring urban growth on an aggregate basis. Quick, rela-
tively inezpensive images and area calculations ¢an readily
be generated; 2) There was limited success in determining
various housing categories. Although some types were readi-
ly identifiable, (for example, old, very dense areas like
Boulak), it is still unclear if the types can be consistent-
ly differentiated throughout the urban area and from other
types; 3) Change could readily be ascertained, in terms of
urbanized land, agriculture land, and desert land. Satura-
tion of housing areas was not readily apparent, only change
in built-up areas could be seen.

b) TIME-PHASED AERIAL PHOTQGRAPHS STUDY:
were used at the more detailed scale to trace the growth
of a selected informal area over an approximate 30 year
The goals were: 1) to detexmine if aerial photo-

Photographs

period.
graphs are a useful tool in data cellection and in area
development predictions; and 2) to determine growth rates

of the informal area using a specific area as a test case.

Jsad! paal b a5laf. Y1 rampsar ol,s (1
g2 % o LB En I Ghis palfl llige e b
ipnlil) g pand] gaild 20005 2l & eodl e b Y Jus
eVl 23 Gaislat e Lol g Jsel  asall 8y 6,31

s yandl bl Jla¥l pedloled ()

v o doeg e Ghitpdl bl g geadl (X

ol e itne blil G oSl g OB 151 L paea] (Y
it iy it io s Bagye e il

Jee JYs e Llaiy Labeslg ol gl G55 Wl a3L01 5
2o ple e bpbae frin Lol Wi Lo Vla byl § JLJl A das) dlol
¢ it igbeecl il STLSLUN sdn 08y Y e Tl e

(G A— KA | § I-{ .- | I SPPRCOR [ PN | I JOP1| B TSP
e Fodma b ok Ll Gl oG @ wli fly,Ly 3 L1550 0 &y

ez VS e, Wl baslibadl JLe¥l Gewssa]
« it dle el JS;,S,Jl.:(nLL.JIr.:S .G_,:)_nlﬂl.._ oy 45

le%ﬁbw_’q\:u:&li YAYA ¢ HAVYY mﬁ.hJ‘s:,.;:'n:l
e allebalay ¢ ol gebal il e iy Gl 3 o i

Sl (eeee 1y lin) VY r!cs.i,s.'l.s.,%,,.,c,...s.:..l aiy oY1 B L,

auor G wle Wlelpladd QLY (1o ove 71 0eli) 14y (B3 gsl
oL e bgws £ cbls wuss G agbmall 7 LsLpl 7 iglaadl GLLYE
+ 3..1.:_:-..."

il el Nesldl ol

ey Lt By B o il g Ll L
s e lbahalll



The Imbaba sector was selected because of the avail-
ability of aerial photographs.
are 1957, 1966, and 1977. The latter two years are of high
qgquality and at a large scale.

It was clear from the data that the area, very approxi-

The time periods considered

mately, more than doubled in each of the 10 year periods,
a growth rate of over 10% per year in area. In addition,
the photographs allow the monitoring of the dwelling changes:
those which are being constructed, or in the process of ver-
tical ewpansion. This data aids in predication of expected
densities, market demand/interest in the area, the level
of construction activity, and perhaps - when coupled with
field checks - an indication of the type of area, whether
a recption area for new migrants, a stable center, etc.
A growth model was developed for informal areas consisting
of three steps: initial rapid, scattered horizontal devel~
opment, slower horizontal infill, and a final vertical
saturation.

A brief field check was undertaken in the Imbaba sector
of 20 dwellings at various stages in the development (1857,
1966, and 1977).

images with other “real”™ data.

The attempt was to relate the photographic
Particular interest was to
investigate the process of area selection (why did people
settle in Imbaka?) and land and dwelling development.

TASK 3:

in Cairo.

Study of the family/dwelling/location trajectory

There are indications that the bulk of the low income
sectors, which surged into Cairec starting in the 1940's,
follow a specific trajectory in securing housing in the
Greater- Cairo Urban area. This trajectory may be simply
describad through functional characteristics relating loca-
tion, dwelling characteristiecs (tenure, size) and family
characteristics (age, size of family, skill level). The
success of any housing policies proposed would be greatly

enhanced through recognition and consideration of this tra-

K€
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jectory, particuiarly those bolici‘..es concerned with the J—-——’-i;-dhiu‘j Yj-'-- ,_;,.._;-:._-J 'i.;l.,.ltlﬁ g_;'h'.‘;""' uﬂ"*_--...d-'—‘-i &;—’.-' iy
. upgrading of older sections in Cairc and the development - o2 4liezidl ol bl 3elidy (1YY 6 V411 6 VA0Y )yl

of housing projects on the periphery.

i ) i shidi Lol i le * et ¥l &y " adds T ou,slel
A paper prepared in this area only briefly addresses ,l.,;- ‘*‘L; "kfl“'n ‘5" 2 T = L'“"
the dynamics of the internal migration issues in Cairo, and . QSL...”,UE:J\“ » .J!‘J( 5-11-;-1-;9-[1”;11-‘ 15L)
was not intended as a detailed study but only to raise

o Thmendad s : . PR IR PO

basic issues: it 1s not included in the full report. .

The basis of the study was drawn from existing sources. |k, ol JleYVall pazdalidl G50l / LI/ kLIl 0 dh o

For simplici j ith - I - . . -
plicity of dealing with areas and to relate data to ) Sleloa I o Hlagl ol Jbedi o aloaiscd! s allsy dekils
census events, the kisms had been used as basic units of - -

identification. In addition, a small f£ield survey was 0—{‘=:)J‘“"““f * Lﬂbﬁﬂiiﬁwlw L(":Li"1 L-"‘-:"h REEE LI

undertaken of 20 families in the Imbaba low income area to oS atlas, e ('_;"“ J:..J: d'dli_ji.:.‘la,ﬂ tlasdl J)B.o..ijﬁ_...: LT

be used as a field check. . (t;l,l.i.Jl R '.Ji,s"” s -0 :.l:L-JLI,a:l Sy (: ..ﬂ o o 1)
The migration trajectory in Cairo tended to follow a

similar pattern as in other rapidly urbanizing areas: a PN WA | |99 5. 9 ) ,]A::-lpﬁl.._.m‘n 13n jctem, Al o 9,

1‘:ypical migrant settles in dwelling units which tend to be - | Lf,dlw,fn._,..l.*)“-"lli‘,ljl e '“aKJ:r“'—m J’-.:B'h”

inexpensive (the result of no income, little savings), . .

centrally located (for access to casual, marginal employ-

ment, with no transportation, expenses, etc.) and rental t...._....J_..L..‘.” o] Meaaz dy2ge ol oo Lhulbllcalzal b 5y
properties (desire for realtively short term, guickly - . L.li..b-,fl.iﬂu' ml;e’l"""tt"b‘}lh C'L:L.-:” J:a.u.l, FIREA]

terminable tenure). These families or individuals may be bk | ol ——
- she salsk 5.2l . nr -t . A
characterized as being nonurbanized (strong, traditional, ~ 3 O st Pldm e ST J ‘-"l e Chae?

conservative views), no marketable skills and poorly edu- JU | b SO WL R W S B | | S Shy L.l pasal Js s, d
cated, if at all. At a later stage, these families undergo " N "”h_,-d-bh” 3 s ”"‘-:L:-.JL-t[e"'Lg" ;).hl.':." é:__..l:'-l.d[

an internal migration, most often to the outskirts of the _ ) L shssl . . L. bl LG
cities into the wast "informal® or sguatter areas since —inelldy ) pandlpbisel paz i Al d sy d)’-"*'_.'-"“u.. Sl 2l

they are effectively excluded from the formal housing mar- i byl Ml Jyed! Jupudd ) il 5Shzy (e hsadlaly Joall laasy
ket. eNelale dn piziadndiledl ge (o Jlee s GIIE Jedola gy sl
Variations exist in Cairo, which do not £ollow the

LY L 4 “I:. l H * o AL ” . - 1 -
"classie" pattern: In the initial reception areas, one O’ das l '-‘J ’!b'bul = ot ‘-’>|""‘ 'J'" “'-"I"*I‘“)'-’-"'f"!
finds a more stable population than one would expect. The . ) — Loyt s] U.‘:,.:'IiJ‘oli.’ild,.
trajectory is slower than in other countries, for several
reasons speculated as follows: 1) the general shortage bl 3% AL 2t Y Y e Bas | S nlill ) anes o,

of housing, there is no place to go; 2) the reluctance to N L.'lLul l.:..-»..dli é’z‘”"" ,151 LK i_,l_,?:....l wns Y1 JLaza vl

leave relatives and their familiar surroundings; and - . .
. poa—sYle LU g,al Jea
3} rent control, which encourages people not to move be-
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cause of the rent advantages. ) - pladiadicai, ol oS L Y SlaldlizR YLt O
Several tentative conclusions - for further discussion- o Lol gpazdibodl 28l o BT e JlaiYl3s (Y
ere considered: is cl hat a "classic™ : - ol g . . =] .3
uexe con ed 11“11; s clear that o cisssic pa;:ern ¢ g lale bl LYt ke dle bl pls (7
exists in a “"typica ower income family in Cairo; Se- . .
i L 2le g elabsndioe I J Wl =5 5
condary reception areas have been forming in Cairo, due to 3 e L‘.._,g === J ’J o
the saturation of central areas in Cairo. Shoubra and Zei- . N Ve - LA
toun, as indicated by thelr density, may be classified as 5, dinl sl Js allsyd ek L;:"i MSalatimlill G ooms al ()

in this category; 3) the more mobile, better educated, high-
exr motivated families tend to move {(and more guickly) to

iyl Loy 3bli adad donkided ilitmasblodnlll §oststa, (Y

the outskirts &f Caire. Several studies point out that in- v Uienll liﬂﬁwwﬁ\{)’]%o}:ﬁj‘b ‘n-‘ 'l?"&“:o“-')i‘ﬁ
dexes indicate that people in the 2nd stage "consolidating” Pl poslye J JLY) I L Js5Y]) S 21 MLl L (¥

housing areas are of a generally higher level of education | sok aslN a5,y 1l olgl o1 1 o ladl e
PRI PO Ry FCH & W I3 901 1) -SCK U ) IR L ) L S | =

and socio-economic pesition {income, persons per room,

degree of illiteracy, articles owned}- aly Y we Jsall 3 oo ) J);"‘JIL!‘L:"-'VISG"L’:‘;“J%“”“‘JJ
Some possible policies which are suggested as a result - (eblle Ul e dashian, o e el 3

of the stndy include: 1) To prevent further inflow of rural : L?':” =i i)l oy Mo bolud | Juetcy

migrants into congested center city Stage 1 reception areas

{Gamalia, and now Shoubra) short term rental housing should :-—"JS)“” Jl-:;;*\ib-]’h‘ Uls‘-;""'ﬂ‘”l:)‘ L'J‘::;-'J'HO-‘J’!'L!‘JI o ( !
be inlcuded in peripheral areas which already are shown i1 G L etz ol W (et ol aledl) il 3

to generate sufficient employment opportunities to sustain

ey yiyn) JaVlapde hlaYhe 5 oY B GLLT

a transient labor force. 2) The 3 new towns proposed adja-

cent to Cairo are already considered to draw off the popula- ! J.;?;%_:',.L:HO_:.E‘E,HL&I:\'EQJKJL:
tion from Central Cairo but this would happen only if suf- o la sl e bos slecdiz o axdianlll adt wad 85 (¢
ficient reception area housing and transient employment : &1 Ja..., JJ::I.:.J U:liJlfL*Jjﬂc.u 2oy d‘i.nfia-dbb.
opportunities are included. This would imply small, rental 1yt L
units in central locations, coupled with sites and services * Jeallng J‘:.’J_':C"'L‘-‘u"‘"d"i"ol’mf’ S¥ s 3o, oy
type of opportunities on the periphery. Existing public i LR c;l,.oﬂin_-‘..pf'u_’,l;ﬂi elasy Ll 2a, lin,
housing type of development would not he appropriate. - . . . " ctaf =

g P pprop t"”"" d o e lasdly sl Lol Lase 3 e i1

3) Proposed upgrading attempts to stabilize, "improve®,

i, n J:J.::.J‘»L,E,l..\g-r.s J‘DJ‘ U‘J:JIUK‘.Y! .k‘}:,._:_‘,l ..,:G,‘

center city areas - as in Gamalia, etc. - would perhaps

only result in shifting short-term rental housing else- . . ad...“
where. At the same time, a large percentage of the tran- - . = e = ] m . .

sient labor force would I;e lost(-:,I tE the deiriment of the 4__3”.:?” J—‘. 4‘!"‘“ L-,OLL“GJI)MYILJ e u‘ﬂ,la.. (J'-
small scale industries now heavily ccncentrated in that G—ble U”‘Ja'\“;f‘-”:’.c'lﬂ‘r"-’w’j‘:’l‘i“\!l J‘ﬂ’:‘-”' “#Y o
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ORGANIZATION OF THE RESEARCH

The research was structured intoc several subprojects,
The staff was
drawn from the wide range of expertise available at both

each addressed to a specific housing area.

universities and assigned to the subprojects appropriate to
their background. Counterparts were selected from each

University to assure collaborative research and interchange
of skills.

guestions allowed a broad research base encompassing a wide

This multi-disciplinary approach to housing
spectrum of issues and fields simultaneously. Co-principal
investigators, representing each university, coordinated the
overall efforts, and provided the long term strategies of
the projeet. Affiliates -~ ministry officials, as profession=-
als in the housing field - were identified in the course of
the research to serve in an advisory capacity, to provide
genexal assistance, and to allow direct communication with
the government ministries.

Specific tasks of the project were established in joint
meetings, which were held at both Cairo and Cambridge. Addi-
tional meetings were held at appropriate intervals to coor-
dinate and discuss the progress of the work. Meetings were
to
coordinate overall efforts, to develop long term strategies;
2) Between counterparts of subprojects:

of three types: 1) Between principal investigators:
to assist and dis-
cuss individual tasks, to collect specific data, to initiate
contacts with Ministry officials; 3) Full team meetings:
to assure integration of efforts, to avoid duplicating data
collection, and to ensure communication among personnel.
ﬁhderlying all ,of the research was the intent of assist-
ing the govermment in development of national housing poli-
cies. To this end, all of the subprojects stressed frequent
meetings with ministry officials to keep them informed as
well as to seek their advice. Whenever possible, strong
relations were set up with the ministries to ensure long
term interaction/invelvement in the continuation @f the

research.
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L1ST OF KEY PERSONNEL

Principal Investigators:

Housing Economy:

Materials and Technigues

of Construction:

Management of the

Resources of Construction:

Housing Construction
Systems and Design:

>

Dr. Ahmed El-Erian, Head,
Department of Structural
Engineering, Cairo University

Professor John Habraken
Head, Department of Architecture
M.I.T.

Dr. Abdel Mohsen Barrada
Professor of Architecture
Cairo University

Dr. William €. Wheaton,
Associate Professor of Urban
Studies and Economics, M.I.T.

Mr. Philippe Annez,
Ph.D. candidate, Department of
Urban Studies, M.I.T.

br. Albert G.H. Dietz, _
Professor of Building Engineering,
M.I.T.

Dr. Mahmoud A. Reda Youssef,
Assistant Professor, Department
of Structural Engineering,
Cairo University

Dr. David Ashley,

Assistant Professor of Construction
Management, Department of Civil
Engineering, M.I.T.

Mr. Omar El Gamal,
Engineer, The Arab Contractors

Mr. Tarek Selim,
Graduate Student, Department of
Civil BEngineering, M.I.T.

Ms. Soraya Abdallah,

Graduate Student, Department of
Structural Engineering,

Cairo University

Dr. Nasamat Abdel-Kader,
Lecturer, Department of Archi-
tecture, Cairo University
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Housing for the Low Income
and Informal Sector:
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Dr. Eric Dluhosch,
Assoclate Professor,
Department of Architecture, M.I.T.

Dr. Waclaw Zalewski,
Professor of Architectuvre, M.I.T.

Dr. Sayed M. Ettouney, - X LR g
Lecturer, Department of Archi- sglendlic an iy oy
tecture, Cairo University 3l
Dr. Sawsan Helmy, . L_h‘fl;‘__']"_'-"‘l'-"f”ﬁ”'"
Department of Architecture, o dﬂJ s
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Research Assistant, Lol 5
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Professor of Architecture
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HOUSENG AND CONSTRUCTION INDUSTRY RESEARCH REPORTS

INTERIM REPORT WORKING PAPERS 1977, by the Joint Research Team on
The Bousing and Construction Industry, Cairo University/Massachusetts
Institute of Technology, Spring 1978. (TAP Beport 78-3)

PROCEEDINGS: SEMINAR ON DEVELOPMENT OF NEW APPROACHES T0 HOUSING
POLICY AND PRODUCTION IN EGYPT, co-sponsored by the Cairo University/
Mogsaachusetts Inatitute of Teehnology Technological Planning Progrem
and the Ministry of Housing end Reconstruction, Government of Egypt,
Spring 1978, (TAP Report 7§-4)

INTERIM REFORT WORKING FAPERS 1978, by the Joint Research Team on
The Housing and Construction Industry, Caivo University/Massachusetts
Institute of Technology, Spring 1979, (TAP Report 79-5)

SEMINAR PROCEEDINGS: CORE HOUSING AND SITE AND SERVICES PROJECTS FOR
LOW INCOME GROUPS, co-sponsored by the Cairve University/Massachusetts
Institute of Technology Technolegical Planning FProgram, the Ministry
of Housing, and the Minisiry of Development and New Communities,

Government of Egypt, Spring 1978, English and Arabie.

{TAP Report 79-6)
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by the Joint Research Team on the Housing and Construction Industry,
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SUMMARY

For the last three years the Housing Economy subproject

has investigated the housing market in Egypt and the role
of current and past public policy in that market. The
research has focused on four issues, considered of pri-
mary concern today, by Egyptian policy makers.
(1) The shortage of dwelling units and the rapid
rise in their cost.
{(2) The impact and repurcussions of Bgypt's wide-
spread system of rent control.
(3) The economic advantage of constructing new
towns in the desert.
(4} The comparative costs of alternative building
technologies.
In each of these areas, the subproject has written
a paper analyzing and evaluating the issue. These reports,
dealing respectively with the four topics listed above,
are included as attachments to this summary, except for
the paper on building technologies, which was included
in the last year's report.
1978")
The conclusions of each of these reports, while dif-

(See "Interim Working Papers

ferent, do appear to have a common theme - that current
housing policy in Egypt today is less than desirable.
The subproject has found that there does not exist a
housing shortage per se in Egypt, rather a large amount
of unregistered building in fact provides everyone with
a home. In spite of rapid rising construetion costs, the
level of housing consumption has not fallen - due to

high government subsidies on new housing, and rent con—
trol in existing units. Given a significant increase
in the real cost of housing, consumption should £all
for efficient resource allocation. Current policy,
therefore, is encouraging "over consumption" of housing -

N
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at least where the policy 1s being applied. The sub-
project has found that little is being done in Egypt to
assist the housing of the truly poor, rather the rent
control system and subsidized new construction seem to
be benefiting primarily the middle classes.

On the third question, current Egyptian policy
strongly emphasizes the preservation of agricultural
land, by redirecting urban growth to new communities in
the desert.
costs of this plan are very high.

The subproject's report suggests that the
Even when valued at
its true shadow price, farm land at the edges of exist-
ing cities cannot compete with the higher urban rent.
Such rents an many ways reflect the productaive advan-—
tages of large cities in the developing economy. Smal-
ler towns 1in the.desert, will therefore require enox—
mous subsidization. This money would probably be
better spent on agricultural reclamation, allowing
urbanization to continue around existing settlements.
Oon the final issue, the subpreoject has found that
the prefabrication technologies, imported into Egypt
in the mid~1970's, are more expensive, even to operate,
With the current

system of government housing subsidies, however, con-

than are present building techniques.

tractors do not bear this additional expense ~ the go-~

vernment does.

1978 Report.
The Egyptian reaction to these findihgs has also

The complete paper was included in the

been fairly constant over the last three years. Many
government officials and colleagues will privately agree
with the conclusions of the reports, but at the same time
feel that "political™ considerations prevent changing
current policy. The view seem to be that the most im-
portant pressing housing policies in Egypt have been
studied, but by their very nature, such policies will

be difficult to change.
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APPENDIX A: PUBLIC POLICY AND THE "SHORTAGE" OF HOUSING
IN EGYPT
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I. INTRODUCTION
In the last three years-, there has been a growing
view in official circles that housing in Egypt has become
some kind of a "problem". The press speaks of a housing
"shortage" and the government describes a housing "crisis"
which is second only to that of food. A number of consult-
ing studies have been commissioned and most have recommended
several standard and well-known changes in the way housing Table 1: RECORDED PRODUCTION OF HOUSING
1s priced, built or financed. These studies have not really

investigated the nature or character of the housing shortage

nor have their recommendations been particularly sensitive "Urban" 1860-64 (1) 1965-76(2)
to the various financial or politiecal constraints that might Dwelling Units
exist 1h Egypt. The objective of this report, then, is to Low 6.8 218.7
first evaluate the nature of the housing "problem" in Egypt, Middle 1.0 76.9
then to evaluate the nature of the government's current High 9.7 11.%6
attempts to deal with the problem, and fanally to suggest Total 137.5 307.2
some alternative actioms. Estimated "Uxban"

Based on our experience in Eqypt, four various pheno- Populataion Growth(3) 1.6 million 5.1 million

mena are often cited as being evidence of a housing “"short-
age”. BEach of these definitions of the housing "problem”
is quite different, although they are not mutually exclu-
sive = that s t all may be at leas artial tributors . .
1ve . hey 4 tp _1 corllrJ. u (1) Arab Republic of Egypt (ARE}, Central Agency for Public Mobilization
to the perceived crisis. The validity and implications of and Statistics (CAPMAS), Statistical Handbook. Cailro, Egypt:
June 1967, p. 158.
{2) 1965-66: ARE, CAPMAS. Statistical Handbook. Cairo,Egypt; June
1967, p. 158.

each phenomenon are discussed in turn below.

II. A PHYSICAL SHORTAGE OF UNITS OR SPACE? 1967-68: ARE, CAPMAS. Statistical Handbook. Cairo,Egypt: June
. . . 1973, p. 126,
The most common definition of a housing shortage is 1969-71: ARE, CAPMAS. Statistical Handbook. Cairo,Bgypt; June
that there are too "few" units. Few in this context means 1974, p. 14z. 3
X A ; 3 . 1972-76: ARE, CAPMAS. Statistical Handbock. Caira,Egypt; June
that housing production is not keeping up with population 1978, p. l42. .-

(3} ARE, CAPI'AS. Family Budget Study, Resuvits of the farst-round in
Family Budgek Study 1974-75. Cairo,Egypt; December 1976, p. 28-29.

growth. As a consequence, household formation slows, cou-

Ples "double up", and housing units start to become infor-
mally partitioned and then sublet as rooms.

There is a strong belief today in Egypt that this has
been a serious problem over the last decade. The belief
was initially encouraged by many early studies of the Egypt-
ian housing problem which relied on data concerning recorded
housing production. Such data is displayed in Table 1.



As can be seen, the number of "urban" housing units
recorded as being bualt has been totally inadequate to house
estimates of the growth in "wrban" population. In fact,
when the estimated 200,000 (The Joint Housing Team, Immedi--
in Egypt, p. 56) or so
the 1960-76 periocd are added

the net growth of the hous-

ate Action Proposal for Housing

demolitions which occurred over

to the picture, 1t appears that

Table 35
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GROWTH OF THE HOUSING STOCK

7

ing stock was less than 300,000 while urban population in- 1960 1364 1966 1976

creased by roughly seven million. On the average, each new "Urban®

unit would have to have been occupied by at least twenty Bwelling TUnits

new people! From this data then, it ce?tainly appears that Cairo 585(1)  goo?? - 1140¢3)

there has been an inecreasing physical shortage of housing. Giza - 117(2) - 33g(?)
In the last year or so, there has been some recognition Alexandraia 230¢1) 34402 - a77¢%

that the official production statistics may substantially TOTAL 1675(1) 2307{2) - 3587(3)

understate the actual construction of housing. It 1s argued "Urban® & “Rural”

that much housing is built without building permits, al- Rooms

though the extent of this activity is uncertain. Govern— Cairo 1439(% - - 267614

ment officials downplay such ideas - contending that most of Giza 662 - - 1344¢%

this "informal" housing is just that - mostly temporary, Alexandria 7524 - B 1230¢%/

mud brick structures. Surveys by MIT staff, however, clear- TOTAL 13’473(4) - - 20’364(4)

1y suggest that an enormous number of permanent brick and Population

cement structures are being built without permits. While Cairo 3349(5) - 402315) 5034(5)

many of these have been constructed by the lowest income Giza 1336(%/ B 1650% 2419¢%)

groups, a great deal of conventional, middle-class housing Alexandria 1516% - 1717% 2318 (%)

1s also so built. To estimate the role of this activity, TOTAL 25'934{5) B 28’681(556’658(5)

Table 2 compares the stock of housing, as defined by census

counts, at three points in time. (1) Arab Republic of Egypt (ARE), Central Agency for Public Mobilization

and Statistics (CAPMAS) . Building and Housing Statistics in the
year 1960 and Investments in the New Buildings 1954-58. cCairo,
Egypt; 1962, p. 8.

(2) ARE, CAPMAS. ARE Statistical Indicators, 1952-72. Cairo,.Egypt:

December 1273, p. 211.

ARE, CAPMAS. Statistacal Yearbook.

.. . . 34.

The most common official reaction to {4) gRE, CAPMAS. ‘The Preliminary Result of the General Populdtion
and Housing Census, 22/23 November 1976 in Egypt. Cairo,Eqypt:
1976, p. 51.

{5) Ibid, p. 24.

As can be seen in the first part of Table 2; there has
been an
1976.

urban units built, the net change in the stock is four times (3)

enormous expansion in urban housing between 1960-

In fact, while official statistarcs show only 550,000
Cairo,Egqypt; July 1978,

that or 2 million!

these figures is to suggest that much of the growth in urban
it this
were true, however, the average rooms/unit should have taken

dwellings has come from self made, one-room units.

a sharp drop over the 1960-76 periocd. Unfortunately, the

2
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room data that exists is not separately reported for "urban” \§T\
and "rural" housing. In the case of Cairo and Alexandria, Cc\
in 1976, there were 1,150 thousand dwellings (Arab Republic

of Egypt, Statistical Yearbook, p. 80} which had more than

one room. If fully 50% of these units had halls then Table 3: CHANGES IN HOUSING QUALITY
575,000 rooms could be considered "halls" in 1976 - a gener-

ous count by any stretch c¢f the imagination. If all of

these "halls" are subtracted off of the 1976 room count, 1960 1964 1366 1976

then the growth in rooms is still 52% - in this case exactly

Pexson/room
matching the population growth in Cairo and Alexandrial cairo 5 3(3) _ 2.0 1.g(2:3
In summary then, it appears that between 1960 and 1976 Alexandria 2 o3 _ - 1.9(3
there has been no significant '"lag" or shortage in the con- TOTAL 1,903 _ _ 1.8 (3
struction of either dwelling units or rcooms. The true na-
ture of Egypt's housing shortage must lie elsewhere - at % Building with Sewage
least if the census data is to be believed. cairo 54(5) ~ 57(1,4) 58
Alexandria 53 (% - - 58
III. A DETERIQORATION OF HOUSING QUALITY? TOTAL 21(5) - _ 29
An alternative view of the housing problem is that
while the actual construction of housing may have kept up % Building with Electricity
with population, the housing built has been "informal” hous- cairo 55(5) ~ 59(1,4l 17
ing - of a distinctly smaller size and lower guality. The Alexandria 27 (5] - - 79
ability of local governments to service such housing has TOTAL 37(5) _ _ 52

also lagged, and thus infrastructure standards have declined

as well. Such a hypothesized decline in quality could rep-
(1) % of dwellings meeting criteria rather than buildings
(2) Countaing halls as rooms. If 50% of multi-room units have halls
construction. Fortunately, the 1960 and 1976 census allow then the 1976 corrected person/room figures are almost identical
to the 1960 numbers.
arab Republic of Egypt, Central Agency for Public Mobilization and
housing stock in those two years. These results are report— Statistics. "The Preliminary Result of the General Population and

- 3 Housing Census, 22/23 November 1976 in Egypt." Cairo, no date, p. 51.
ed in Table 3. (4) The Joint Housing Team: Ministry of Housing and Reconstruction,
The first aspect of howsing guality in space, and as Ministry of Planning, Arab Republic of Egypt with OEfice of Housing,
Agency for International Development, USA. Immediate Action Proposal
for Housing in Egypt, Cairo, Egypt, June 1976, p. 55.
room ratic decreased and space consumption increased! Offi~ (5) Pravate communication, CREMAS, Caire, Egypt, January 1980.

resent every bit as much of a "crisis"™ as a decline in unit

some comparisons between the gualitative aspects of the 3)

can be seen in Table 3, between 1960 and 1976, the person/

cials have pointed out, however, that the 1976 figures in-
clude "halls" as space. If a correction is made {as was

suggested in the previous section), it still appears that
space cgnsumption has remained constant. Of course space



usage is measured in rooms, and 1f room sizes were decreas-—

ing, then space consumption would be as well.
2

Unfortunately
there is no data on m* in the stock, but one does sense that
in the last few years, at least public housing units have
become somewhat smaller.

The second aspect of housing quality, for which there
is data, concerns the provision of utilities, With respect
to sewage {and water), there have been slight imprcvements
over the 1960-1976 period.
tic, a greater percentage of units have sewage now than in
1960.

a rather dramatic improvement.

While the figures are not drama-

With electricity, on the other hand, there has been
During the 16 yvear period
reported on, the national electrification rate jumped from
37 all the way to 62%.
ger gains while in Alexandria the rate increased only
slightly.
ful in bringing electricity to the majority of Egyptian

In Cairo, there were similarly lar-
Clearly, the Government has been very success-
families.

In short, 1t would seem difficult to

has been any deterioration in the guality

argue that there
of the housing
stock - at least as measured by space and utility provision.

Rather in some areas, it seems that there have been signi-

ficant gains. Thus the nature of the perceived housing
"problem" in Egypt involves neither a guantitative pnor a

qualitative “shortage" of housing.

Iv. LESS FOR MORE - HOUSING INFLATION AND THE GROWTH OF INCOME

The preceding sections have fairly clearly demon-

strated that the per capita consumption of housing in
Bgypt, as broadly defined, has probably
This

ever, might constitute a problem if real incomes have

remained roughly

constant over the 1260-76 pericd. in itself, how-
been rising at the same time. Where is the promise of
econcmic development? Shouldn't income growth improve

housing consumption?

SN
45‘\
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Turning to Table 4, GNP per capita has risen 170%
from 1960 to 1976.
(113%), and so the net effect has left real GNP per capita
29% higher at the end of 16 years.
family income, on the other hand, rose 62%, from 274 to
446 LE, between 1964 and 1976.
same period rose 77% and real family income seems to have

Of course prices have also increased
Median disposable
Retail prices over this
declined. Based on this modest, if any, growth in real
income, little improvement in housing consumption should
have been expected.

uUnfortunately, this lack of real income growth undexr-
states the problem because the price movements in housing
have far exceeded those for the general price index. In
fact, as Table 4 makes clear, housing construction costs
300%
half
only

rose
than

lies

while the consumer price index rose by less
of that.
slightly more than doubled, while housing became

The nominal income of Egyptian fami-

four times as expensive. In terms of housing then, the

real purchasing power of Egyptian income sharply decreased.
To afford the same house, the typical Egyptian would have
had@ to have svent twice as much of his income in 12376 as
he did in 1560.

The reascns for this sharp inflation are now quite
apparent. From 1960 until 19706, the cost of housing con-
struction rose only slightly more than the overall retail
It is therefore in the more recent years

In terms of building

price index.
that the "problem" has occurred.
materials, it is clear that the war effort from 1969 to

1975 drained enormous supplies from private construction =
From 1972 to 1975,

building materials increased at close to 30% per year.

sharply raising prices. the cost of
Since then, the inflation rate has dropped off to

15%.
following the formation of OPEC attracted an enormous

In the labor market, the boom in Arab Construction

number of construction workers abroad. Eckaus et al. has
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Table 4: TRENDS. IN INCOME, WAGES. AND HOUSING COSTS <:2;k“

1960 1.966 1870 1872 1873 1974 1975- 1976 1977

RETAIL PRICE INDEX 100 128 144 152 - 176 - 213 -
2
Housing Costs (M®}(2) 10 12.5 15.4 17.0 24.3 28.7 33.0 40.0 47.0
Constxuction Wages Index (3} 100 121 159 - 220 262 374 492 523
Cconstruction Material Index (3) 100 137 160 178 - 278 328 382 440
GNP/Popultion (4) 55 82 92 93 - 115 - 152 -
Median Family Income - 274 (5) - - - - - 446 (6) -
Average Wages (Annual} ({7) - (1964) 142 168 180 195 ‘231 246 -
{1) International Bank of Reconstruction and bevelopment (IBRD}.. Action Proposal for Housing in Egypt. Carro,Bgypt; June 1276,
World Tables 1980. Baltimore, Maryland; The Johns Hopkins 1975-77: author’'s estimates.
University Press, 1980, p. 74-75. (4) IBRD. World Tables 1980. Baltimore, Maryland; The Johns Hopkins
(2) 1960-75: The Jownt Housing Team: Ministry of Housing and Recon- Univexsity Press, 1980, p. 74-75.
struction, Ministry of Planning, Arab Republic of Egypt with Office (5} The Joant Housing Team, op. cit., p.46.
of Housing, Agency for International Development, USA. Immediate {6) Arab Republic of Egypt (ARE), Central Agency for Public Mobilization
action Proposal for Housing in Egypt. Cairo,Cgypt; June 1976. and Statistiecs (CAPMAS). Family Budget Study, Results of the farskt-
1975-77: author's surveys with builders, January, 1980, round in Family Budget Study 1974-75. Cairo,Egypt; December 1876, p. 5.
{3) 1960-74: The Joint Housing Team: Minmistry of Housing and Recon- (7) 1970: BARE, CAPMAS. Statistical Yearbook. Cairo,Egypt; 1975, p. 206-07.
struction, Ministry of Planning, Arab Republic of Egypt wath Office 1972-77: ARE, CAPMAS. Statastical Yearbook. Cairo,Eqypt; 1979,
of Housing, Agency for International Development, USA. Immediate p. 224-25. )
estimated that 50% of the 1970 construction work foxce Persian Gulf appear to be fully satisfied, so that as more
in Egypt moved abread, and that only by 1978 did the Egyptians become trained in construction, the domestic
domestic supply of workers expand to replace them. The work force will grow while real wages stabilize.and per-
result obviously has been a sharp increase in construc- haps even fall. It would seem guite likely that overall

tion wages — fully 40% per veaxr from 1%73 to 1976. Again construction costs could stazbilize in the 50 LE/m2 randge
with the growth of domestic supply in the last two years, for the next several years. Given continued inflation and

this wage inflation has subsided now to under 10% per income growth, this could mean that the real cost of
year. housing would start to slowly fall.

Fortunately, it seems that the rampant housing infla- What is perhaps most interesting about the Egyptian
tion of the last seven years should be coming to an end. housing inflation of the last decade 1s that it had no
With peace, and greater investment in current production, effect on housing consumption. Any reasonable housing
the cost of materials should stabilize near their inter- demand functicn would suggest that with a 300% rise in

national values. Similarly, the labor markets in the costs and only a 100% increase in income, housing consump-



There “would
appear to ‘be three "Fedasons why th¥s did ‘not océur.
‘Egyptian

tidn per ‘family should have fallen rn half!
'ffrst,
rent control ‘meant that the brgher costs were
‘paid only by those new households added to the population
during the inflationary period. Fully '‘80% or more of

the population mever had to -pay the higher costs - as long
a5 they remained 4in their existing awelilngs. Tt was pri-
marily the young, “and the poor rural-tg-urban migrants who
bore much of the bufden. -Secondly, in periods ‘of ‘housing
‘inflation, ‘the demand for housing sometimés seems to rise
‘as investrient becomes a motive +in addition to ‘consumption.
Many Egyptians who could mot afford to conSume housing at
such ‘high costs, wére willing to invest spéculatively in
housing rather than other forms of enterprise. <Finally,
‘the primary -cause of housing inflaticn - worker immigra-—
tion abroad - alsco brought‘ngpt an enormous flow of
scarce foreign exchangz. Remittances sent home by these
workers ‘have now become the largest source of export
garnings in Egypt. What is especially important to Te-
member is ‘that the propensity to -Save and invest such
funds is extremely high - -and in Egypt, the best and
gasiest ‘ihvestment was -housing!

As intriguing as this configuration is, it still does
not fully explain tHe nature of the ‘BEgyptian ‘housing
"problem." To be ‘sure, no one likés housing imflation,
‘but omly 20% oFf the pobuiatlén ‘(those dccupying new units)
vere affected, and the remittdrcés flowing into the
country provide fzr moré than endugh wealth to purchase
The answer, it ‘would seem,‘ries in the
distribution o6f.those benefits .and. burdens.

such heusing.

The price “of

obtaining the valuvable remittanceés was domestic housing

inflation, but those benefitting from the remittances may
+ af~
fected by the inflation, need not have benefitted from the
remittances.

not have experiencéd the -inflatiom, while those mos

P2

‘benefit lS clearly posmtlve.

‘an apartment £or 10 LE/m
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V. THE ALLOCATION OF “HOUSING AND THE INFLATIONWARY BURDENS

‘The ‘immigration of Egyptian workers abroad has vielded
the country an eésent*al £low of remittances and wealth.

'fhehpriéé paid for these advantages, however, has been the

‘rapld hOUSlng inflation of the last decade.

It i's impor-
tant to remember that for the country as a whoIe,'the net
Inflation in hou51ng repre—
sents only a transrer of resources, within Egypt, f£rom
tenants and Home buyers to landlords and construction wor-
kers. The reﬁiftaﬁce ‘income from abroad constitutes an in-
crease ‘in natlonal ‘income. While the count*y as a Qhore
may have galned from this chain of events, partlculat 1ndl—
The

crucial determimant is How housing is priced and allocated

viduals may have 'been made much Better or worse off.

1n the Fegulhteéd Bgyptian ‘housing market.

The Sssentizl ‘feature of the Egyptian housing écbnéﬁ&
fs‘that:houéiﬁg'rénts are officially controlled, but that
this s fully c1rcumvented for newlky constructed uhits or
vacant units. The vehlcle of c1rcumvent10n is an initial
cash‘ﬁéyﬂént, or key money, and most units changlng hahds
since 1870 have involved substantial payments of this typé.
A little intiition validates this, for ‘both formal and in-
formal private constructioh have continued (Tdbles 2 and 3)

deépfté the fact no one could afford to cover current hou~

'sihg dosts with the meagrfe rental income allowed by law.

The ‘Egyptian system of rent control-with-circamven—
tion has both advantages and dlsadvantages. The main ad-
Vantage‘has Been that the enormious windfall prof*ts which
would ‘have accruéa to landlords in the face of h0u51ng in-

flation have been curtalled. Why should someone who built

suddenly be able to séll it for

50 LE/m ? Rent on exlstlng units is just that, a pﬁre

“transfer of income, and since landlords are surely weal~-

their ‘than tendnts, allowing a full pass-through of infla-
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tion would have been enormously regressive. Thus, rent
control protected the 80% of the population that existed
prier to 1970 from the impact of housing inflation.

The disadvantages of rent control are unfortunately
several, but it is important to remember that a disincen-
tive to construction is not one of these. Circumvention
has apparently allowed construction to fully continue.
What rent control has done is to freeze the use of the
existing housing stock - preventing subdivision, adapta-
tion and rehabilitation. Higher prices, without the pro-
tection of rent control, would have led tenants and land-
lords to more efficiently use existing housing - thereby
perhaps necessitating less new construction. A second
advantage of the rent control system is that the inherent
avoidance which occurs, requires that wealth be used to
"buy" an apartment - not iIncome. Without legal collateral,
no one would lend or finance a tenant's key money payment.
In all societies, wealth is far more cencentrated or un-
equally distributed than income. In some sense, the main
disadvantages of the rent control system is that the 20% of
the population which has been added to Egypt since 1970
has been worse off than they would have been without any
rent control. For this group, key money is harder to come
by than higher rents would have been, and the inefficient
use of the existing stock has probably necessitated more
{costly}) new construction.

Thus the current system of allocating housing in Egypt

has created a great deal ¢f horizontal inequity in the way

different families have experienced the esvents of the last
decade. Some have benefitted greatly, while others have
only suffered. & young, college graduate, working for the
government has received no remittances, his salary has
barely kept up with inflation, and vet he is expected to
En older skilled

craftsman has either received remittances or benefitted

pay the staggering cost of key money.

greatly from a substantial real growth in his wage - all of

QN

this while at the same time payving almost nothing for an

apartment! The gap between these two is enormous.

VI. THE GOVERNMENT'S RESPONSE AND ITS COMSEQUENCES

The current housing policy in Egypt is essentially to
try and protect the population from the impact of housing
inflation. Continuing rent control will protect the 30
million people who already had apartments by 1970, and re-
of those occu-

But what

cent laws relating to the inheritabilitw
pancy rights will perpetuate this protection.
about the six or eight million inhabitants added to the
population since then, and the million or more people to
come each year in the future? The Government's hope has
been to expand the construction of subsidized new units.

In general, the government is trying to build housing
which costs 4000 LE/unit, and rent or sell it to families
For the
average household in Eqypt, these payments would be between
50 and 120 LE per year.

for somewhere between 7 and 20% of their income.

The annual costs of a 4000 LE unit
are closer to 400 LE per year, so the magnitude of the sub-
sidies planned is enormous. If this policy is successful,
it could insure that all Egyptians enjoy the housing

they expected to have in the late 1960's - at the

low rents which prevailed then - despite the housing in-
flation of recent years. Is this reasonable, is it fea-
sible, and what are the likely conseguences?

The reasonableness of the policy depends to some ex-—
tent on whether the housing inflation is viewed as tempo-
rary or longér term. Even the staunchest economist would
admit that buffering a market from short term £luctuation,
and the windfall gains or leasses that accompany it, can be
very desirable. Unfortunately, it seems that the housing
inflation occurring in Egypt is also being experienced
throughout the Middle East -~ as a2 permanent

change. Mar-

ket parity c¢learly requires that domestic workers receive



the same net compensation as holds in the Persian Gulf.
as long as construction activity and wages hold up there,
Egyptian wages will have to remain at their current real
levels. Thus, unless there is some sigrnificant change in
the larger regional labor market, construction costs in
Egypt should stabilize but prcbably not decrease by much.
Only with a long run increase in aggregate labor supply
would the regional wage begin to fall. It would seem
likely, therefore, that the cost of housing in Egypt and
mumerous other middle eastern countries will stabilize at
its high current level over the foreseeable future. If
this is true, then any long run government policy of sub-
sidizing new construction will have four important con-
sequences.

1) Subsidization will encourage people to consume
more housing than they would choose on their own
were they simply givem the subsidy as a cash
transfer. In other words, the hous=sholds re-
ceiving the subsidized housing would rather have
the money than the housing., There is an obvious
"loss® in "forcing™ them to choose housing.

2} Subsidization on a large scale will probably
cause further housing inflation. By concentra-
ting the country's resources in construction
(where there have been shortages), the government
will probably only exacerbate that sector's past
inflation. Encourazging people to build more hou-
sing than they would otherwise should only in-
crease the costs of housing materials and labor
even Imore.

3} Attempting to provide subsidization on a large
scale will use up scarce government tax revenue.
As in many developing countries, the Egyptian go-
vernment has had difficulty raising taxes from

general broad-based sources such as income or sales

Expanding the subsidization of housing may make it

o’
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more difficult to assist other commodities - such
as basic foods = which are extremely important to
the very poor.

4} Subsidizing housing on a large scale will also use
up scarce capital and probably inhibit economic
growth. Were the government to attempt to insure
that 4000 LE housing was provided to each newly
formed family in Egypt (roughly 250,000 per year},
the total cost would be 1000 mLE - or the entire
1976 investment budget and roughly '50% of last
vear's budget. Industrial development and other
infrastructure would have to be seriously cur-
tailed as a consegquence.

5) Trying to restrict the subsidized housing to se-
lected groups in the population would cause sharp
horizontal inequities and exacerbate social tension.
If only urban housing is subsidized, for example,
rural migration would increase, further exacerba-
ting urban crowding and unemployment. If only the
employers oI government or nationalized industries
receive subsidized housing, then wages in the pri-
vate sector will have to increase to maintain parity.
Productivity differences between sectors will be
worsened, and so selective subsidization can only
further eracerbate the duality of the Egyptian

economy.

VII. AN ALTERNATIVE APPROACH

In considering an alternative housing policy for
Egypt, it would seem of paramount importance to at least
partially accept the housing inflation of the past decade.
Rather than trying to insulate the population from i, a
realistic policy should help the country adapt to it. It
seems to me, that a socially responsikle adaptation to

higher housing costs, would eliminate subsidization and

try’ to achieve the following four objectives.
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1) Any responsible pollcx of adaptation must avoid These policies are of the greatest urgency. Second, though,
the transfer of large rental payments to landlords 1t is believed that the first three objectives can be
that might occur Without rental control The re- achieved by carefully restructuring the current legal rela-
gre551ve hardshlp this would cause is S tionships between tenant and landlord. A specific policy
POl;t;qalix unpalatahlei morall¥ unjustﬁ and eco- reconmendation, in this respect, is suggested in an accom-
nomically unwise. panying paper.

2) The stock of existing housing should be better
maintained and more fectively used Families

should u5e existing houSing as if it cost 40 LE/m .
To do otherWise, is to waste the real resources of

3} The financing of housing, particplarly for. the

- xoung,‘ﬁgst-be made easier ‘apd npre equitahlet
Families must be able to acquire housing services
from their income rather than only. thrOugh saved
Qr inher1ted wealth.

4), Whenever pOSSible, the goverment should assist in
eaSing the houSing inflation at its source ~ the
cost of factors- To do this the government can con-
tinue to expand labor training pOllCleS and perhaps
encourage college graduates to enter skilled trades.
It can also invest more I&SOuUrces, in material pro-—
duction - and perhaps most. importantly - Signifi—
cantly increase the SerV1Clng of land. Qurrent
lang seruicing 1ags far hehindidegelopnent d@nand
creating land shortages and price inflation. At
the same time antiouated suodiViSion laws create
great uncertainty about tenure and}property riohts.
RectiEYing_these prpble@s Wpuld greate more planned
nousing}-openlup new land, and‘tnerefore‘hring )
dosh land and‘housing sosts. ) o

In order to accomElish these ohjectivesd two major

changes are neceSSarﬁ. First, better ggvernnent policies
in the areas of labor training, land servicing and,housing
rinanpe haye all been suggested by numerous other,studies.
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APPENDIX B A PRDPOSAL FOR INPROV[NG THE LEGAL RELATIONSHIP
BETWEEN TENANT AND LANDLORD 1IN EGYPT
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I. HISTORICAL BACKGROUND

Since the early 1950's, the A.R.E. has enacted a
series of laws which defined the rents for housing and
changed the rights of tenants and landlords. Under
Egyptlan law, the ownership of property normally carries
with 1t all the rights of occupancy, use and utilization.
Between 1952 and 1961, the rights of property owners were
successively restricted in two ways. First, the rental
income received by the owner was limited to a fixed amount
- set by law. Second, the owner was denied the right to
determine the utilization of his property within this
rental income. The latter right was lost since the
current tenants of a property were given the permanent
rlgﬁt to occupy it as long as they paid the rents specified
by law. The owner, therefore, was unable to: change tenants,
alter the use of his buildings, or collect a market rent.
At the same time, these utilization rights were not wholly
transﬁerred teo tenants. The tenant acquired only the
right to use the property himself -~ not to utilize it in
any other manner economically desirable. Thus, the rights
lost by landloxds were only partially given to tenants.
The residual power - to use property in ways besides self-
occupancy - was lost altogether.

During the early years of these laws, their impact
was relatively modest. With little inflation occurring,
the difference between market income of property and that
allowed by law, was small. In addition, the number of
tenants wishing to move, and the number of owners desiring
to change the use of property was alsoc few. As time pro-
gressed, however, the effect of the laws became moxe severe.
Housing costs, and therefore, market rents, grew substan-
tially greater than those permitted under rent control.
The growth of Cairo and other Egyptian cities created new
needs and demands for buildings, which could not be met,
since no 6ne has full control over utilization. Under these

circumstances, the implicit “"value” of the utalization

CE“\
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rights lost by landlord, began to grow. In an attempt to
recapture some of this new "value", landlords began to
charge black market key money for new or vacant apart-
ments. Tenants objected, but made payments, realizing that
the occupancy which they were achieving was in fact worth
more than the coffiejal rent. Both parties seemed to be
growing more dissatisfied with the system.

This paper presents an analysis of how the Egyptian
rent control system currently wWorks in practice as well as
law. The paper also presents a proposal to remedy the
growing dissatisfaction with the system. The proposal has
two objectives. First, to at least partially compensate
property owners for the loss of the uwtilization rights that
occurred with the original law. Second, to alter the nature
of tenants rights so that full utilization of property is
allowed. In this sense, the proposal is to recapture the
full right of utilization that was originally lost to both
parties, and insure that the benefits which result are
equitably distributed between tenant and owner.

II. THE EFFECTS OF EGYPTIAN RENT CONTROL

The impact of Egyptian rent control may well be
different from that in other countfies because it appears
to be widely circumvented in a particular manner. Since
the rights of tenants in Egypt are fully preserved as
long as the official rent 1s paid, landlords are unable
to c¢harge any additional black market rent. On the other
hand, the widespread reliance on cash, in business trans-
actions, makes it very difficult to prevent the charging
by landlords of an initial entrance fee (key money) to
cover some or all of the unit's cost. Qver the last decade,
housing costs have increased to four or five times the
level which can be financed with official rents alone.
The current evidence is that during this peried, key money
has become very widespread, and in fact has been the major

source of income - especilally in newer buildings. Much



of the analysis of rent control in Egypt, therefore, is
based on the assumption that this particular form of ecir-
cumvention widely occurs. The effects of rent control are
not likely to be similar in other countraes unless com-—
parable systems of avoidance exist.

(1} Rent control has had a very beneficial effect on
the distribution of income by preventing enormous windfall
profits to Egyptian landloxds. Without control, the housing
cost inflation of the last decade would have increased the
rental income from existing real property five-fold. Since
landloxds as a class are much wealthier than tenants, any
such transfer of income would have been extremely regressive.
Any change in tenant-landlord relationships that maght
release enormous profits, muszt in turn insure that they
are redistributed in a manner which 1s socially eguitable
and economically progressive,

(2} A system of rent control which is circumvented
with key money acts implicitly like a "turnover® or trans-
action tax. Xey money payments are made only when a vacant
unit (either new or old} is occupied or re-occupied. In
the case of an existing apartment, a tenant can bargain
with his landlord for only some fraction of the key
meney a new tenant might offer, while being forced to
pay the full amount himself to acquire a different apart-
ment. Thus, there is a strong incentive not to move.

This prevention of turnover creates several serious
inefficiencies in the operation of the housing and labor
markets. a) The movement of labor may be inhibited
between cities. By discouraging relocation, rent control
with key money can prevent the utilization of labor in
the most productive regions. b} Within cities, the rent
control system discourages families from seeking a new,
and presumably closexr, apartment if the family head's
job changes. Over time, this may force workers either to
commute farther, or seek better employment less often,
than would be the case without rent control. ¢) As family

=
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structure varies over time, the housing needs of people
change substantially. By encouraging people to live in
the same apartment over their life, and then their
children as well, the rent control system prevents the
best utilization of housing. Families will normally
exchange housing in the market to better satisfy their
needs. Such trading is discouraged with rent control.

(3) The rent control system with key money circum-
vention creates a great deal of horizontal inequity,
that is, there is unegqual treatment of otherwise egual
families. One’s fate in the Egyptian housing market may
depend more on chance, inheritance, history, or the
presence of relatives with housing - rather than effort
or work., This can result in envy, spite and general
social tension.

(4) The current rent control system penalizes younger
families and those who migrate while benefitting families
which are older and more established. The vyoung and the
migratory (mostly rural-to-urban} are generally poorer,
and so the implicit effect of requiring payments for only
new or vacant housing is probably regressive. Equally
important, among the new families trying to acquire
housing, those with wealth are far better off than those
working hard to earn good income. Cne cannot finance
key money and, therefore, pay for housing from income,
since there 1s no collateral to secure the leoan. Instead
the payment must come from saved or inherited wealth. In
all countries, wealth 1s much more concentrated and
unegually distributed than income. This is an additional
reason why the current system is regressive.

(5) Because of circumvention, rent control has not
had as serious an effect as it might have on the incentives
for constructing new housing. The official rents allowed
for newly constructed units do not come.near to covering
costs. The major redeeming featuxe of the key money

circumvention system is that it allowed some new con-—
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struction to continue thereby avoiding a more seriocus
housing shortage,

(6) Rent control, even with key money circumvention,
has hastened the deterioration of buildings and prevented
the more efficient adaptation or conversion of the exist-
ing housing stock. Since key money is a lumpsum payment,
there is no incentiwve for a landlord to maintain a building
after the payment has been made. Similarly since tenants
cannot move, it is impossible to convert or subdivide older
units into a number of newer, smaller ones, Only if a unit
becomes vacant, and the key money is higher for improve-
ments or alterations, will the landlord have.an incentive,
during vacancy, to remodel. Since the key money system
prevents turnover and vacancies, however, such improvements
rarely occur. Thus fewer, and less useful housing units
are obtained from the existing stock of buildings.

III AN EVALUATION OF SOME ALTERNATLIVES

The M.I.T./Cairoc University Housing Economy Subproject
has qonsidered five alternative changes in the current
Egyptian rent control system. While all of them may not be
politically feasible or economically desirable, each has
at some point been either discussed or implemented in
other countries. As will become apparent, the subproject
team clearly believes that the last alternative is feasible
in Egypt, and would represent a marked improvement over

the current system.

A. The Status Quo -~ Continuing Control with Circumvention

The subproject team believes that circumvention is at
present an inherent aspect of the current rent control
system. In effect, then, continuing the present system
amounts to continuing the six impacts discussed in the
previous section. The advantage of doing so is clearly
that excessive profits to landlords, and economic hardship
to tenants, is avoided. The disadvantages are that the
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housing stock will continue to detericorate and be ineffi-
ciently used, mobility will be inhibited, and selected
groups in the population will suffer, while other groups

benefit, more than would otherwise occur.

B. Complete Deccontrol

The .complete decontrol of all housing in Egypt would
exactly reverse the effects discussed before. Mobility
in the housing market would increase, maintenance and
conversion would occur, and young people seeking new
apartments would be better able to afford the high rents
than current key money. The majority of the population,
however, would experience great hardship while a smaller
minority of landlords would greatly benefit. As between
this and the status guo, the subproject prefers the latter.
The team does not advocate complete decontrol.

C. Adjustments an Legally Specified Rents

This alternative has been frequently suggested to the
team in Egypt. It would raise the controlled rents on
existing units slightly {so as to encourage maintenance),
and then set the rents of new units to cover true cost
{so as to prevent key meoney}. This proposal would not
seriously change the distribution of income between tenant
and landlord (impact 1}, but then it would also not improve
the efficiency and mobility of the existing stock or restore
horizontal equity (impacts 2 and 3). What it would do is
to alléw young pecple to pay for new apartments more from
their income rather than wealth (impact 4). Finally, the
project does not believe that raising official rents would
have the desired effect of improving the maintenance of
units. For there to exist an incentive to building owners,
rent must visibly change as a consequence of maintenance.

Any fixed rent does not have this incentive.



D. Adjustments in Legal Rents with the Proceeds going to
New Construction

This option, like that above, would increase the rents
somewhat on exXisting housing, but unlike option ¢, the
increased rents would go mainly to the government fund
rather than landlords. The govermment, in turn, would use
the fund to subsidize the cost of new construction. This
proposal would not encourage greater housing mailntenahce,
nor would it increase residential or employment mobility
{impacts 2 and 6). It would, however, assist younger
families through subsidization (impact 4} and this, in turn,
could encourage new construction {impact 3). In these
respects, then, it is like option C, except that through
the govermment fund, the higher rents in older units are
transferred to younger families in newer units. This may
at least somewhat improve horizontal equity (impact 3},
although it continues a policy of subsidizing new construc-
tion. The costs of this subsidization would increase over
the years becoming an ever larger burden. Administering
this system would also he a problem, begause at some time
after construction, each unit must switch from receiving
a subsidy to paying for them, and the rents on all old
units must be adijusted upwards.

E. Vacancy and New Construction Decontrol

This system has been used sometimes in developed
countries as a way of eliminating rent control gradually
over time. New units are completely decontrolled, and
0ld units are as well, whenever the current tenants move
or pass away. It again does not change the relative
income of tenants and landlords, nor does it improve
horizontal equity, mobility and occupancy efficiency (im-
pacts 1 through 3). Like option C above, however, 1t would
allow new familles to rent housing with their income
rather than being forced to buy occupancy from their wealth.
Finally, slowly over time, vacancy decontrol would allow

J. JU
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portions of the existing stock to be upgraded, improved
or converted. To this extent, it is slightly superior

to option C.

F. Reforming Ownership and Tenancy Rights

The M.I.T./Cairo University Subproject believes
that by carefully restructuring the legal rights of
property owners and tenants, all of the adverse effects of
rent control can be overcome without losing any of its
advantages. The suggested restructuring of rights involves
four points:

(1) an occupancy right or permanent legal lease will
be created for each housing unit - separate from the
property or ownership right. The occupancy right and the
property right are fully transferrable and any individual
may own either, neaither or both of them.

(2) The property right to a unit is a legal entitle-~
ment to permanent rental income — as specified by law -

o be paid by the holder of the occupancy right.

(3) The occupancy right is a legal entitlement to
the use of the apartment in any manner. It may be lived inm,
sublet or rented, altered or improved. The holder of the
occupancy right is legally responsible for; paying the
fixed rent to the properity owner, paying taxes, maintaining
the unit in any manner specified by other laws.

{4) For units now under constructicn, or to be con-
structed in the Ffuture, the developer and/or builder will
receive both the initial property and occupancy rights.
For existing units, there could be two options: a) Owners
would receive the property right whose fixed income would
egqual the official remt. Tenants would be able to acquire
the proposed occupancy right 1f they accepted a modest
increase in the official rent -~ to be specified hy law.
This new rent would then become the fixed income of the
property right. Lf tenants chose not fto exercise thas
option, their rent and rights remain as currently specified

by law.
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This proposal attempts to accomplish two objectives.
The first is to free up the housing market and make 1t
easier for young people to acquire units. This is achieved
in the proposal by making the occupancy rights transferrable.
Since tenants can sell their right and buy another, or
convert and sublet their existing units, personal mobility
and the adaptability of housing arxe improved. Subletting
will create market rents, whose variability will also pro-
vide an incentive for maintenance and allow young families
to find rented housing without the constraint of wealth.
New construction should also be somewhat encouraged because
owners can charge rents to cover their costs without
engaging in any "illegal™ activity. Thus is most respects,
the proposal creates a free housing market with zll of its
advantages.

The second objective of this proposal is to divide the
profits or gains that result from this market activity
in a way that is socially just. In proposal 4a, landlords
would be no worse off, while most of the gains would to
to tenants. The income to landlords would remain constant,
and an fact would be freed from the current burden of
taxes. Tenants, on the other hand, would receive the en-~
tire "value" of é transferrable occupany right. In the
market that develops, these should be worth no more than
current key money payments. As progressive as this scheme
might be, two objectives could be raised., It might deny
landlords too much to be politically acceptable, while at
the same time the gains to tenants would vary substantially
by when they acquired their apartment. Older tenants have
a lbwer official rent andso their occupancy right would
be worth more. Thus, in a sense, the horizontal inequity
of the present system would not be corrected. Option 4b
attempts to rectify both ¢f these issues. By giving laad-
lords some increase in rent, they receive, in effect, some
of the "value® In fact,
official rent associated with the owners property right

which accrues to tenants. as the

(
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goes up, the market value of the occupancy right will fall*.
At the same time, it would seem possible to specify the
pattern of new rental payments so as to correct current
horizontal inequities. For example, a tenant in an old
building might obtain his occupancy right by doubling his
rent (from say 5 to 10 L.E./month} while tenant in a new,
similar, unit could do so with no rent increase (because
his rent was already 10 L.E.). If the rent, increases
necessary to obtain occupancy rights are equal, then the
gains to all landlords will bhe the same, while the walue
of occupancy rights for identical houging will wvary across
tenants. If the increases in rent equalize payments for
identical housing, then the gains to landlords will vary,
while the value of tenant occupancy rights for equiva-
lent housing will be the same. Clearly, the exact system
used must be discussed and debated at some length.

In summary, the proposal would seem to overcome all
of the inhibiting effects that the current system has
had on the housing market, while at the same time not
adversely affecting the distrabution of income. Land-
lords would gain from a higher received rent, and tenants
would gain from finally acquiring the true value of their

occupancy rights.

* See example following.



EXAMPLE SITUATION
Assume two apartments similar in all respects, guality,

size and location. Assume that the first is rented out now
for L.E.

the rent to be high enough not to ask the new tenant for

40 a month. Assume +hat the landlord has estimated

key money. Since the landlord expects to receive 5% from
his real estate assets, the apartment is worth L.E. 9,600
to him.

Assume now that the same landlord owns another apart-
ment. It was rented out 15 years ago at the official rent
of L.E. 10. Since at that time L.E. 10 appeared a fair
rent, the landlord did not request any key money. Since
the landlord expects a return of 5% a rent of L.E. 10 a
month is worth L.E. 2,400 to him. He also perceives that
hé has a slight chance, let us assume it is 1:10, that he
can either receive key money or an increase of rent because
the tenant wishes to move. If we assume that the key money
is worth roughly L.E. 7,200 (the difference of the worth
of the partment rented at market rent and at official rent)
and that key money is egually shared between tenant and
landlord, the chance of receiving key money is worth about
L.E. 360 to the landlord. He thus estimates the total worth
of the rent controlled apartment at L.E. 2,760 (L.E. 2,400
+ L.E. 360).

The tenant, on the othexr hand, knows that he holds an
apartment worth L.E. 40 a month. The tenancy in the rent
controlled apartment i1s an asset worth L.E. 30 a month or
L.E. 7,200 if one assumes a 5% return on real estate assets.
However, the tenant can only cash in this asset to the
landlord.

Let us now analyze the effect of our proposal. Let us
assume that the official rent is doubled and that the
tenant is granted a leasehold. The value of the building
to the landlord will almost double from L.E. 2,760 to L.E.
4,800. The tenant can remain in his apartment and pay the
new official rent, or he can move and let out his apart-

=
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ment for L.E. 40 and rent an apartment somewhere else for
the same price. He can also sell the leasehold right for
L.E. 4,800 and use the proceeds to invest in another
leasehold right either more or less expensive. Alternatively,
he can use the money to invest in business, or car or any-
thang else he wishes.

The main result is that the landlord will be partly
compensated for the loss of ownership he suffered through
rent control and the tenant will finally have_ the
opportunity to cash in the leasehold he has owned since
the beginning of rent control or the chance to move

without losing money.
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APPENDIX C: AN ECONOMIC APPRAISAL GF THE NEW TOWN POLICY IN EGYPT

Prepared by:
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Hisanobu Shishido, Ph.D. Candidate, MIT



I. There 1s a remarkably widespread view in the devel-
oping nations that current rates of urbanization and spatial
concentration are by some standards "excessive", and that
major cities have grown "too" large. The reaction has been
a range Of proposals to encourage rural development, regional
growth poles and new towns formation. Initial experience
with such policies, however, has made planners aware that
successful decentralization schemes frequently involve mas-—
sive infrastructure investments and heavy initial subsidiza-
tion. The Arab Republic of Egypt is currently facing many
of these same decisions. The purpose of this paper, there-
fore, 1s to study the relative merits of a proposed decen—
tralization policy involwving the construction of several
new cities in the desert regions closely adjoining the Nile
valley. The hope is that by carefully evaluating the argu-
ments for and against this program, some general insights
will be gained@, possibly applicable to the situation in
other developing countries.

The next section of the paper briefly reviews the pat-—
tern of urbanization in Egypt and the proposed new towns
plan. Sections III through V then discuss, in turn, each
of the three central arguments used in the new towns debate.
The first of these 1s that valuable farmland is being used
up by current urbanization, and that imperfect market pri-
The

analysis donz here, however, suggests that the rent for

cing does not capture the true costs of this loss.

land at the urban fringe deces roughly equal the shadow rent
from the more lucrative vegetables and fruits grown there.
Black markets is these crops are commonplace, and conseguent-
ly actual land rents seem to reflect “real" econcmic profits.
It 1s mainly in the cotton crop c¢ycle, where government pri-
cing prevails, that agricultural rents may be below their
true shadow value. Land devoted to this use, however, 1s
generally far away from the larger cities. Any price dis-
tortion in these areas should exercise little influence over

urban development decisions. As a first estimate then, the
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current pattern ¢f converting rural land to urban use seems
to be based on the correct evaluation of costs and benefits.
Computed shadow rents from agraiculture, however, appear to
exceed current reclamataon costs, and so the conversion of
desert land for farming probably should proceed faster.

A second argument, normally used against the new towns,
is that theilr per capita infrastructure costs are excessive-
ly high.

ferent problem wmay underlie this issue.

An analysis of this argument suggests that a dif-
The unit price, or
cost of a given level of infrastructure, is roughly equiva-
The

level of infrastructure proposed for the new towns, however,

lent in both new towns and the current urban fringe.

is higher than current and planned infrastructure around
existing urban areas. Thus there is no technological rea-
Rather,

argued below that the high standards may be a necessary

son for why the new towns are so expensive. it is
form of subsidy which reflects a different kind of cost.
The final arguments involve the very difficult calcu-
lation of economic benefits. Based on a comparison of in-
dustry specific wages in different sized Egyptian cities,
it does appear that larger urban areas offer significant
agglomeration economies. Thus there will be a cost (re-
quiring a compensating subsidy) to locating employment in
at the
same time, wage differentials indicate that living costs

Thus it might be argued that

new towns as opposed to existing larger cities.

may be lower in small cities.
workers in the new towns could be willing to accept the

This latter line
The

to migrate between areas is far from

lower wages necessary to attract industry.
of reasoning, however, has to be regarded skeptically.
willingness of labor
studies have failed to find signifi-

elastic, and several

cantly hagher living costs in larger cities. 1In fact, a

common view in Egypt is that the new desert towns will have

lower amenity levels than the larger cities. To measure
thais difference, it 1s suggested that the higher standa¥ds

of infrastructure which have been planned in the new towns
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could he viewed as "necessary subsidies" to encourage
families to move.

Combining these results, it is difficult to find many
economic merits to the new towns. For at least the first
years it will be necessary to subsidize both labor and in-

dustry in the ttle . t j i in from
s ¥ in se ments, and the major social gain © Table 1: Egyptian Population Distribution

this would be a preservation of agricultural land. The ana-
lysis suggests it might be better to reclaim the desert for

Population Growth Rate
agriculture and continue developi a nts of exist-
g ure an nue developing small amou Total Urban Population 16,000,000 3.2%
ing farmland on the fringe of urban areas. .
| i . Cairo-Giza 7,800,000 3.8%
IT. The Arab Republic of Egypt is a realtively poor
) . . Alexandria 2,350,000 2.8%
country (per capita income $250.00) with about 36 million
. i . Ismalia 358,000 2.82
inhabitants. The population has been growing recently at
- . . Port Said 266,000 2.0%
about 2.2% annually, although urban population is growing
. : . R A Suez - 198,000 4,02
faster, at 3.2%. The spatial distribution of Egypt’'s six-
. . . v ox . . . Other cities 5,000,000 2.87%
teen million "urban" inhabitants is quite concentrated. 2s
. Rural Population 20,000,000 1.27
Table 1 makes clear, close to 502 of the urban population
. . i R TOTAL 36,000,000 2.2%
lives in the greater Cairc area along. Another 15% lives
in Alexandria. Five smaller cities account together for
10% and the remaining 25% is spread over many towns, most
less than 50 thousand in size. Table 2: Typical New Town Profiles
Against this background the E tian government has pro-
g ) g gYP ] g P Year Population Industrial Emp. Service Emp.
posed buildang three new towns. Two will occupy land rough-
ly 50 miles east and west of Cairo in the desert. The third 1 10,000
will be located along the Mediterranean Sea, 50 miles west 5 75,000
of Alexandria. Each is intended to be a self sufficient in- 10 150,000 20,000 20,000
dustrial development rather than a commuting satellite for 15 300,000
the larger existing city. The planned population profiles 20 425,000
of each are identical and these along with employment tar- 25 500,000 60,000 90,000

gets are shown in Table 2.

The impact of the new towns on Egyptian urbanization
¢an be discerned by comparing Tables 1 and 2. If the three
new towns are built, together they will accommodate between
50 and 100 thousand new urban occupants annually - or about
fifteen to thirty percent of the new growth that presently
occurs around Cairo and Alexandria each year. The policy

*



choice confronting the Egyptian government, therefore, is
whether there is a net gain from constructing these new
towns and concomitantly slowing the growth of the two lar-
gest existing cities by about 25%.

III. The most freguently-heard argument in favor of di-
verting development to the new desert towns inveolves the
loss of agricultural land. Most existing Egyptian cities
are located in the Nile valley, and as such are surrounded
by fertile farmland. Continued urban expansion comes at the
expense of some of this land. While Egypt's farming is
highly productive, domestic capacity has not been able to
feed a growing population in recent years. In addition,
cotton is still the nation's most important export commodity.
There is, therefore, considerable goncern over the gradual
loss of farmland to urban develcpment (estimated at 25,000
acres or four tenths of a percent annually).

It must be remembered that urban development alse has
a "value" or rent, which can easily make agricultural con-
version profitable. The physical and human capital that
exists in the larger cities is a valuable base for commer-—
cial and industrial expansion. Allowing existing cities to
grow may increase gross national product by more than the
loss of farmland. The correct test for determining this
is a comparison of the true economic rents for agricultural
as opposed to wrban land. If urban development brings a
higher shadow rent to the land than farming - then conver-
sion should occur. At the urkan fringe, of course, the
two uses should yield roughly comparable revenues.

Individual decision making in a competitive land market
will follow this efficiency criteria, if there are no price
distortions in other parts of the economy which may use
land as a factor. Sinece these conditions do not always pre-
vail in Egypt, a more direct computation of shadow rents is
necessary to determine if the current conversion of rural
land is, in fact, optimal.

The use of urban land in Egypt is largely determined

>
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by a competitive market, on which is relatively free of
darect regulation. Houging, on the other hand, is highly
regulated, and so there is some guestion about whether pri-
ces 1n the land market reflect the true economic value of
urban uses. The existence of rent control, for example,
reduces the supply of housing and this in tuxn decreases
the demand for housing inputs such as land. With housing
rents controlled, prices in the land market should be below
their shadow value. Despite such housing regulations in
Egypt, several studies have shown that widespread black
market activity exists and that this substantially circum-
vents the controls. Thus current market prices for urban
land are in fact probably only slightly below their economic
shadow values. With this in mind, several sources suggest
that the following market prices prevail for urban land.

Unlike the urban land market, the rents for rural or
agricultural land are directly controlled - at least in
theory. Tenants, by law, need pay only a multiple of the
land's tax. Despite this formidakle control, recent stu-
dies by the Ministry of Agriculture suggest that most price
controls are effectively circumvented. Much land is now
leased per crop rather than per year ( a loophole in the
law allows crop rents to go unrequlated). Landlords also
appear only to pay tenants to vacate the land - at which
point it becomes unregulated. Thus there is good reason to
expect that the market price of farmland does not at all re-
flect an allowed rent which averages 20LE. In fact, unoffi-
cial estimates of productive farmland prices are vastly
higher - in the 4,000~6,000LE range.

Even if the land market does circumvent direct govern-
ment controls, there is good reason to believe that the
This

is because the prices received by farmers for their crops -

prices which evolve are still not true shadow prices.
are also set by law. In the case of cotton, for example,
the government is the major buyer (for export) and the
market rent for cotton land 1s based on the official rather
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Location

Table 3:

Urban Land Prices

Fringe (No access to services)

Fringe (access to paved toad)

Built wp intermediate area

Central, city

Table 4:

Price (LE/Acre)

6,000 — 12,000
40,000 - 120,000
120,000 - 600,000
600,000 +

Estimated Agricultural Rentsl

Cotton Rice Wheat T..Ber. 8.Ber. Tomatoes {ranges

Export Price 600/800 120/200 60/120 3.5 3.5 150-200 80-120¢
(1972-76,ton)
Farm Gate Controlled
Price {1976, ton) 480 45 50 3.5 3.5 40 35
Yield
(tons/harvest/acre) .3 2.3 1.5 10 28 6 7
Harvest Cost 85 65 45 17 24 90 130
Harvests/year 1/3 2/3 1/3 1/3 /3 3 2
Annual Shadow

Rent 212/383 2400/3300 830/1400
Annual Regulated

Rent 84 450 420

Ta11 monetary values in Egyptian pounds (1LE - $1.50)

N

O

than shadow price of the crop. For other farm products,
however, there £frequently exlists a black market, and in
these cases it might be possible that land prices would
reflect a shadow value of the produce grown there. Given
this range of possibilities it would be best not to rely
on market prices, but to compute agricultural shadow rents
directly. To do this, the true value of crop revenues 1s
estimated and growing costs are subtracted off.

volve mostly labor (which is unregulated), chemicals, and

Costs in-

water. Estimated shadow prices for the latter two are used
and the net revenue is then multiplied by annual yields per
acre. The results are shown in Table 4. Regulated rents
are based on government crop prices while shadow rents use
estimated export prices. These latter are average contract
prices over several recent years taken from the cheapest
export countries located in the North Africa-Middle East
region. The first five crops represent a typical 3-year

(6 harvest) rotation scheme, while tomatoes and oranges are
grown similarly.

The first result of Table 4 is that export prices drama-
tically increase the profitablity of farming - so muach so
that guestions should be raised about the valadity of the
data and calculaticons. The harvest costs, yields and ex-
port price figures all come from annual World Bank statis-
ti¢s, although the computations in Table 4 do not ainclude
domestic transportation costs nor farm-to-port crop losses.
Both of these could reduce profits somewhat.

The second conclusion drawn from Table 4 is that Egypt
may be overlooking some haghly profitable export products.
The potential revenues yielded by fruits and vegetables
dwarf those of the cotton-rice-berseem cycle. While some
such crops are perishable, a large export market for many
of them has developed recently in the Middle East.
discount rates off 10-15% suggests that land planted in

fruit and vegetables might be worth from 5000 to 15,000LE/

Using

acre.



Comparing Tables 3 and 4 reveals a predictable Von
Thunen location pattern. The shadow price of land farmed
in the cotton cycle is far below that of urban land - and
Ministry of Agriculture data shows that most such cultiva-
tion occurs in portions of the Nile Valley away from the
larger cities. The shadow price from fruits and vegetables
on the other hand, is rcughly comparable to the estimated
urban price for unimproved land - and much cultivation of
211 of

this suggests that the land market is working remarkably

these crops occurs just bheyond the urban fringe.
well. The shadow price of farmland ranges from around
2000LE in the heart of delta {cotton crops}) to about 8000LE
for fruites and vegetables around the larger cities. The
market price profile for wurban land {a lower bound on sha-
dow prices) starts at about 8000LE on the outer fringe and
steeply rises towards the urban center. If rural iand costs
were based only on the returns from official farming, then
Thus

it appears that urban development at least approximately

urban land prices at the fringe would be much lower.
faces its true opportunity cost, This is because black
markets for many crops bring agricultural land prices clo-
ser to their shadow value (reported farmland praces are in
the 5000LE range}. Thus while it is still possible that
urban development receives some subsidy, it is not likely
to be very large.

The f£inal issue here 15 how these results bear upon the
new towns policy. The answer is that even in the unlikely
case that urban development were receiving some subsidy -
the solution would be to eliminate the subsidy - not to cor-
rect the distortion with a forced policy of redirecting de-
velopment. This argument receives further support when de-
sert reclamation is considered. Recent studies suggest that
the total cost for reclaiming desert areas varies in 1200-
1800LE per acre range. Assuming such costs occur over an
initial five year period, and that after that, net revenues
on the scale of Table 4 occur, reclamation has internal

rates of return ranging from 14% to 40%1. Wow Oof course re-—

U
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Per Capita Capital Costs, Hew Townsl

Table 5:
Sadat City 10th Ramadan

Investment Category (10 years) (25 years)
Housing 354 i 441
Utilicies 316 209

Water 147

Sewage 61

Electricity 42

Telephone 19

Other 47
Transportation 231 134
Education 205
Cultural 640 92
Health 132
Total T 1540 T1213

lFrom official Planning reports, all figures in Egyptian pounds.

1Solving for i in the equatrion:

i

5 —-it
{ 300e ~ dt = { Re ~dt

where R is the net revenue from

Table 4.
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Table 6: Per Capita Investment in Infrastructure Expansion

5-Year Plan 1978-82

in Existing Urban Areas:

Reported Investment Expansion Invest-
(MLE) for New or Ex— ment divided by

Investment  Average Invastment panded services {non~ population growth
Category Annually (MLE) replacement) (LE)
Housing 208 165 273
Utiliries 380 135 225
Water 62 37 61
Sewage 56 44 73
Electriecity 185 36 60
Telephone 71 15 25
Othert 7 3 5
Transpertation 154 16 26
Education 82 55 91
Culture 29 15 25
Health 26 14 23
Total 879 399 - 665

1Based on project descriptions in 5-year Plan

2Assumes 18 million urban inhabitants growing at 3.25% annually.

Table 7: Urban Pxpansion-vs-New Touns

1
Infrastructure Costs

Sewage Water Total
Cairo/Alexandria 140-160 42 192
Sadat City/10th Ramadan 55-60 110-145 185

1
All figures In LE per capita of service bemeficilaries.

™

claimed land may have lower yields than those of Table 4,
but by using estimated agricultural shadow prices; the sug-
gestion is clearly that it may be more desirable to reclain
the desert for farming than for cities.

IV. The second question raised by the new towns 15
is their enormous expense. Turning to Table 5, per capita
infrastructure costs are reported for the two most likely
new cities. To give an idea of how large these figures are,
several calculations can be made. To begin with,if such
investment levels were provided for sach of Egypt's estima-
ted 600,000 new urban residents annually, the yearly expense
would be between 750 and 924 MLE.
product is only 8,000-10,000 MLE, so roughly 1l0% of GDP

would be reguired to construct this infrastructure, for all

Egypt's gross domestic

of the incremental growth in population. The cost of pro-
viding such infrastructure for every inhabitant is even
greater. Using a "low" interest rate of 10%, the annualized
cost per person would be 120-150LE. Per capita income in
Egypt is currently around 175LE. In short the country
would eventually have to devote 75% of its total output
every vear to afford such infrastructure outlays.

Clearly expenses of this magnitude would create an im-
possible drain on the Egyptian economy. The guestion of why
the new towns have turned out to be so expensive could have
two possible answers. First, the price of a unit of infra-
structure might be much more expensive in the desert than
in existing cities. A different technology and the absence
of scale economies could generate excessive costs. Secondly,
for a variety of reasons, the level of infrastructure plan-
ned in the new towns may be far higher than that which ex-
1sts arocund already develcoped cities. As an example of
this difference, the Egyptian government's 5-year investment
plan (1978-82) has been analyzed in Table 6.

investment category, a project-by-project evaluation was

Under each

made to estimate the fraction of investment going for main-

tenance and replacement as opposed to capacity expansion.



The results vary widely.
In transportation, for example, most investment is
Little

is being spent on new routes and expansion of the overall
level of service.

being used to replace a very deteriorated bus fleet.

With regard to sewage, on the other hand,
new treatment plants and lines are clearly. aimed at handling
population growth. If it 1s assumed that expanded services
are meant to handl the inecrease in urban population, then
expansion arcund existing cities is less than half of that
anticipated in the new towns.

The guestion still remains, in comparing Tables 5 and
6, whether the differences in dollar investments are due
to unit price differences, as opposed to planned differen-
ces in level of infrastructure consumption. To investigate
thas, the water and sewage expansion plans for the Cairo and
Alexandria areas were compared with those in the new towns.
All water systemsg were designed to essentially identiecal
capacity and guality standards. The per capita cost compar-
isons are shown in Table 7, and by definition these reflect
only differences in unit prices.

In the case of sewage, new town construction is chea-
per because of its desert location. Sewage can be treated
less there and 1s used to fertilize and help reclaim desert
lands. As for water, the new town desert sites are more
expensive, again because of their desert location rather
than any size-associated economy or diseconomy. Conversa-
tions with contractors, planners and utility companies re-
vealed similar conclusions - that it was generally diffi-
culty to identify significant overall differences in unit
costs between the smaller desert towns and the fringe of
larger existing cities.

The only concluslon that can be drawn from this analy-
sis is that most of the difference in infrastructure costs
between the new towns and current cities 1s due to "over
Planning". ‘The level of utilities, guality of housing,

miles of roadway and particularly numbered social services

-
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far exceed what the current Egyptian population enjoys.

on first examination, such overplanning could reflect the
failure of consultants to properly consider the resources
of Egypt. The Egyptian government, however, appears to be
Thus it may well be that

such "over planning™ is not really a problem, but rather

aware of thenew towns' high cost.
an implicit policy. The govermment may feel that workers
and their familieg will have to receive substantial incen-
tives to take up residence in a small town, with few ameni-
ties, at a less desirable desert location. Since wages in
the new towns are to be comparable with Cairo, 1t seems rea-
sonable to suggest that "over planning” is really a form of
subsidization. This is particularly true when the pattern
of "over planning" is examined. Again comparing Tables 5
and 6, it is clear thatprivate consumption is not as over-—
planned as are public goods. Housing and utility investment
is only slightly greater in the new towns, while transporta-
This
could well represent a calculated attempt to make up for

tion, education, culture and health are 300% greater.

the low level of social amenities normally associated with
smaller sized cities, Ifthis is the case, then the new

towns have an inherent cost which is not due to poor plan-
ning, but rather may be thought of as an initial subsidy to
The magnitude of the subsidy is at least 600-900LE

per person, or in annual terms roughly 30-50% of the aver-

labor.

age Egyptian wage.

V. While the previous section suggests that the move-
ment of labor to the new towns may require subsidization,
there 1s even better evidence that industr§ will as well.
In fact, much of the research done to date on the general
1ssue of urban decentralization has focused on the guestion
of urban agglomeration. Larger cities are normally felt
to have greater productivity, at least over a large range.
Although the explanations offered for such agglomeration
effects are varied {(scale effects, risk pooling, diversity)

all suggest that output per unit of input increases with
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Table 8: Wages by Industry and City or Regionl

Area

Cairo/Giza Alexandria Canal Cities2 Gharbia/Dakahlia

City Size 8,000,000 2,500,000 200,000 200,000
Average Wages:s
-~ Wholesale/Retail
Clerical/Tech. 21,20 19.00 16.7
Laborer 7.2 7.0 8.9
~ Manufaceuring
Clerical/Tech. 20.3 16.7 - 9.8
Laborer 6.2 5.5 - 4.05
— Finance/Business
Clerical/Tech. 26.5 18.4 - 13.2
Laborer 8.5 8.4 7.2 5.4

lSource: Survey of Area Wapes 1971, Central Agency for Mobilizarion
Cairo.

ZSuez, Port Said, Ismalia

3Equal to average weekly earningsadjusted by average hours worked.

=

city size and so factor payments should as well. The
theories receive generally strong support from empirical
evidence which shows that incomes and wages almost invaria-
bly are higher in larger caties. If firms are willing to
pay these higher wages, then the argument is made that they
must reflect comparable differences in marginal (or average)
productivity.

To examine the degree of agglomeration present in
Egyptian urban economies, data was reviewed from a recent
survey of wages conducted by the Central Organization for
Mobilization and Statistics. Average weekly wages are re-—
ported in Table 8 by industry, skill, and city, for the
private sector only. Egypt has nationalized many enterpri-
ses - especially in manufacturing, and although such indus-
tries face the same competitive labor market as private
firms, they may not compete against one another. Waithout
such competition there is no guarantee that wages reflect
productivity.

The results of Table 8 are remarkably consistent and
quite significant. Wages for ostensibly identical employ-
ment are 50-100% higher in Cairo than in the smaller towns.
Even with respect to Alexandria, Cairoc enjoys an average
20% greater productivity. In fact the only inversion in
the size ranking occurs with wholesale/retail laborers in
the canal cities. It should be pointed out that this obser-
vation came only from a Port Said sample - and did not in-
clude the two other canal ¢ities. Thus based on the infor-
mation in Table 8 it seems reasonable to suggest that indus-
trial location in the new cities will have to be subsidized
the eguivalent perhaps of 35% of current Cairo wages.

While Table 8 strongly suggest less agglomeration and
hence lower productivity in the new towns, it can also indi-
cate lower costs of living. Just at the table suggests that
firms are willing to pay labor more in Carro, it also sug-
gests that workers are willing to accept less in smaller

towns. 1In such a case why couldn't the workers be paid less



in the new towns as well? Might this not compensate in-
dustries for the loss of agglomeration,
there profitable?

tion.

and make location
There are several answers to this dques-~
First, costs of livaing and amenity levels are not
strongly related to city size in western countries. To
be sure land rents and transpurtatlgp’are more expensive
in larger cities, but food and clothifpg tend to be less
(because of retailing econonies). There is strong evidence
therefore that the lower wages in smaller towns probhably
reflect imperfect labor mobility - and differences in wor-
kers' skills. Small towns and cities are normally the fairst
destination of rural-to-urban migrants, while large cities
in turn receive their labor primarily from these smaller
urban centers. The relative rates of migration flow can
be quite different - creating continuing wage differences.
Even if labor flows are fairly elastic, the amenity level
of an existing city of 200,000 will be different than a
new town in the desert. There are family ties in an exist-
ing city which tend to keep younger workers there, and
these will not be present in the new towns for at least a
generation. The labor market is far more imperfect and
idiosyncratic than the capital market. Therefore the wage
differences in Table 8 probably provide good evidence for
estimating productivity loss in the new towns, but little
evidence for estimating any labor subsidies or surpluses.
Vi, Of the three arguments examined in the new towns
debate, this paper has shed considerable light on two. It
would seem to be di1fficult to argue that an imperfect land
market significantly underprices farm land and therefore
leads to overly rapid urban expansion. In fact, housing on
the urban fringe appears to roughly pay its true opportunity
cost. Even if some distortion is present, the correct solu-
tion 1s to change agricultural pricing policy not to force
urban development into the desert. It seems also clear from
the previous ection that industries will have to be signi-

ficantly subsidized in order to locate in the new towns -

AN
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perhaps the eguivalent of as much as 50% of their wages.
Finally, the cost of the new towns is high because the level
of services provided there appears yreater than is found in
existing cities. There is the suggestion that this may also
be an implicit subsidization to labor 1n order to ensure
This latter poant 18 only a hypoth-
Based

on these arguments then, an alternative to spending large

occupancy of the towns.

esis, however, it cannot, at this stage, be verified.

sums of woney op the new towns would be to reclaim desert
1and for agriculture and build more modest levels of infra-

structure around existing urban areas.
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1. INITiAL RESEARCH 1977
The part of reseatféh activites undertaken by the Ma-

terials Group ih 1977 was divided into threé gehetral phiasés.
The first Phasgé consisted of thé overall st¥icturing of tlie
research, the idefitification 3f the matefials Eraditiondlly
isdd ih tle héusihg Hoh&triction in Egypt and thosé which
might beé uséd; ahd the classification of data required.
Thé Seednd phase was detailed dats svllestisn and compila=
tion; with effdrts fociised on cémént; stéel, bricks; and
extended to §lass, lumber, sanita¥y fiktures and fléor ce-
mehit 1165 as time peihmitted: Adtivities of this phase weié
also extended t6 éover noén-ewohventional materials, such as
gypsuii; stfoRg Wortars, lightwéelght concrets, stabilizZéd
&arth; blastics and sulfa¥: The thifd Phasé was concéFhed
with the identificakion of apparént fiatérials thortages and
inefficiénciés in their Wsé ih houding Const¥ustibn and the
méndations to alléeviate Ehesé difficulties.

Thé sumflaty of thé fifst yea¥'s findingd was Yresented
a5 & workifig paper in the Inte¥in Ré&poft "Housing and Goh-

o

trugtioh Industiy in Bgypt Projest”; 1977.
2. RESEARCH_IN 1978/1879
Based 6h thé studies of alternative materialz earried

out during 1977; and 4in light of the indigations redeivad
from othef subgrodps; it was decidéd to éonceéhtrate most
efforts of thé Matérials Grdup bn gypsum and gypsum products,
foamed 513§ as lighiweight aggretatés; Stabilized eatrth; and
Bome édthe¥ additidnal topics as time might permik:. The Fe=
search work unde¥fakén through the perisd danuary 1978=June
1979, wasé thus divided into thrée phases as follows:
Phase A:

This phhBe was Tonceindd with an overall feasibility
agsegimént of the following toplcs:
i. Gypsum _Znd_ Gypsun Components:

This in&luded data on modes of applicatiohn in ethar
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countries, gypsum industry in Egypt, prefabricated gypsum

. panels formerly locally manufactured under the name "Bell-
rock", future plans for the gypsum industry in Egypt, review
of available pertinent research on reinforced gypsum panels
and components, and some advantageoys characteristics of
gypsum, such as its fire resigtance and suitability for use

with walls and partitions.

ii. Foamed Slag as Lightweight Agrregate;

Data on this-téﬁgg_iﬁéluded ﬁ;iﬁ.;ethods of slag foam-
ing, local preduction and future expansion of slag, chemical
analysis and different characteristics of locally produced
foamed slayg, main advantages of using foamed slag as light-
weight aggregate 1in concrete components, and review of a-
vallahle pertinent research work on foamed slag as light-
weight aggregate; ineluding two full-scale mpdels erected
in Cairo.

iii. Stab%}}ggd Earth:

This covered the main methods used for soil stabiliza-
tion,

types of stabilizers, determination of soil suitabili-
ty for stabilization, soil formation of Egypt and in Cairo,
examples of previous experience in praducing Egyptian sta-
birlized mued-bricks, and description of an experimental rural
house built in Maryg, Egypt, twenty yvears ago and still in
existence.

iv. Feasiblity Exploration of Local Materials:

A feasibility expioration &55 uﬁderﬁaken in the local
market to study the availability of gome materials suggested
for use as reinforcement, filler or paint faor gypsum; as
strong moxrtar for masonry, and as stabilizers for soil.

In most cases, the survey convered the producing com-
panies, the annual production and expected expansions, the
The study
included date=palm midribs, bamboo, reeds, jute and burlap,

current market prices, and dimensional ranges.

polypropylene woven mats, stretched metal mesh, glass wool,
expandable polystyrene, (styrofoam beads), plastics, sulfur,
sodium silicate (waterglass), plastic paints, asphaltic e-

L

mulsions, and lime.

v. Utility Infrastructure:

Compilation of data on this topic was intended to fo-
cugs interest on a new vital area of reasearch, to clarify
and collect basic redumentary information, and to provide
a basis for Euture more detailed research.

The study covered water supply, sewage disposal, refuse
collection, electricity and street lighting, and streets and
sidewalks.

The information compiled included general data pexti-
nent to the overall ntility infrastructure, such as the ini-
tiator, designer, constructor and maintainer of each utility
the sources of funding, the standards applicable, and the
general problems encountered. The study included, as well,
specific data related to tiems and components of each util-
ity surveyved.

The detailed outcome of Phase A was included 1n the

progress report of the Materials Group dated Rpril 30, 1978.

Phase B:
This phase covered the following two main activities:
i. Preparaticn of a brief technical report ont he potenti—‘
alities and techniques of earth stabilization for upgrad-
ing unpaved roads within sites of informal and low-income
groups.
ii. Compilation of data on alternatives for flooring materi-
als, and on finishes for internal walls and facades cur-
rently used in Egypt and in other countries.

Phase C:

This phase covered an extensive experimental research
program on gypsum, intended to assess the suitability of
the material for use as blocks for walls, panels for parti=-
tions, and reinforced planks for roofs and flooxs.

The undertaken experimental investigation was divided
into two parts. The first part was carried out an locally-

produced plain gypsum to determine its physical and mechani-



cal properties and to assess its resulting modified charac-
teristics as affected by the percentage of mixing water,
the degree of compaction, the method of drying, the amount
of setting retarder, the addition of sand, the presence

of sawdust, and -the amount of sodium bicarbonate added to
foam gypsum.

The second part of the program was undertaken on rela-
tively small gypsum panels with varying thicknesses ranging
"between 1.0 and 8.0 cm. The panels were tested mainly under

flexural and impact loading to determine the effect of the
type and amount of reinforcement and panel thickness on the
strength and deformation characteristics. The studied rean-
forcing materials were either natural fibers; namely reeds,
bamboo, date-palm mid-ribs, and burlap, or artifical; namely,
glass wool, polypropylene woven mats, and galvanized stretch-
ed wire mesh. The gypsum mix used in manufacturing all the
tested panels was the optimum determined from the fixst part
of the program.

Based on the findings attained from the undertaken ex-
'perimental program, the most suitable panel thickness with
the most efficient reinforcing material could be chosen de-
pending on the intended usage, as an outer layer fox
a sandwich system, for planks in roofs and floors, or for
partitions and walls.

The detailed results of phases B and C were presented
as a working paper in the Interim Report of "The Housing

and Construction Industry in Egypt Project, 1978."
3. RESEARCH IN 1979/1980

The research program undertaken during the pericd

(July 1979 - June 1980) covered the following main activities:

i. Continuing the on-going study on gypsum by dewveloping
masonry sclid and cored blocks of unreinforced gypsum, o
which a filler could be added, to decrease weight, cost
or both.

ii.Preparation of a technical report on the potentialities

and possibilities of producing low-cost types of cement

Q™
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characterized by an adequate strength suitable for many
applications which currently employ costly types of cement
of higher guality and strength.
iii.Undertaking & research program on surface-bonded bricks
and blocks for walls and partitions using available local
materials.
iv,Studying the suitability of a new technique of construc-
tion compraising a system of small structural components.
A full-scale model is to be erected to test and demon-
strate the advantages of the system.
The papers following cover two aspects of the research:
"Gypsum Masonry Blocks" and "A New Technique of Surface-Bond-
ing Brick Walls for Housing."



11. GYPSUM MASONRY BLOCKS

HATERTALS AND TECHNIQUES

'Thie undertaken résearch program was ifitehded
o develop masonty wall units made of unréinforced
gypsum,to which a £illeF «buld be added, if neéeded, to
de¢rease weight,cost;Dr both.

"The dimensitns 6% wall units had to Give a
thatkness allowang the girip of the hand ahd at tha
same time give @ reasonable stiffness and impact resist-
ance to the plaii gypsum wail wnit. The overall size
had to bé -as large as poisible %o -decrease ‘handling
labor during ‘constructaon -and thée guanhtity of morta¥
téquirad. Yet; the 'sizé was limitéd by weight, allowihg
‘the unit td be Lifted by one 6Ff two hiahds. Taking the
above ‘tonsiderationh intd account, a wall unit with
overall damensions 11.42 % 11.42 x 3.94 in. (29 x 29
% L0 &m.) was chosen, satlsfying a mbdule of 11,81 in.
130 -cm.} and allowing For 0.39 in. (1 cm: thitk
mortar joints.

1. MANUFACTURING 'OF ‘GYPSUN WALL UNITS
Gypsum wall units wére cast in ‘aluminum forms

consisting of A bagse and four &ides connected by guidk=
télease bolts. Thike types -0f forms were used. The first
gave & tongué-and-grdove ‘type bloék -as ‘shown in Fagare
{II=1), the 'sécond gave -a blotk wath £lat srdes., and

the third hal flat sides containing circalad openings
in ‘two opposite sides through which plastic pPipes

tould be ihséxrted and rembved, giving a torzd gypsum
block ag shown ifi Figure (II=z2).

Sand,sawdust and Sodium bicartbonate were tEaed
as filleks or additives th yypeum for pioducing both
$01lid -and cored gypsim wall units. Thé mix ,prop‘értion‘s
afe redorded 1n Tables (IT-1) and (I§~2). In all fiwes,
4he percentage ‘of settinhg retarder {kératin) ‘to gypsum
was 0.1 percerit by weights Sand used passed a No. 14
and sawdust a 3/8 in. (0.95 -cm) sieve.

7
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The cast gypsum blocks could be demolded

30 to 45 minutes after casting.

2. TEST PROCEDURE
The gypsum blocks were weighed just after

demolding and placed in relatively high humidity for
24 hours, then removed to the open air and weighed
every day untll completely dry. All types of solid
and cored gypsum blocks were then tested in compress-—
ion up to ultimate failure. Blocks with tongue and
groove were first prepared by trimming the protruding
tongue and filling the groove on the opposite side
with appropriate mortar.
3. TEST RESULTS

The effects of type and percentage of
additive on the resulting compressive strength and dry
weight of s0lid and cored gypsum blocks are plotted
in Figures (IXI-3) to (II-8). The resulting material
cost of solid and cored gypsum block as affected by
the added percentage of sand or sawdust is plotted
in Figures (II-9) and (II-10)*.The effect of the
existence of cores on drying taime needed for pure
gypsum blocks and blocks of gypsum mixed with sand
is illustrated in Faigures (II-11} and (II-12).

The tests indicated that cored bhlocks dry
eight to terr days earlier than equivalent solid
blocks, and that higher percentages of filler or
additive, especially sawdust, result in shorter drying

periods.

* These two figures were prepared before January. 1980,
when the price of gypsum was suddenly raised to
25 L.E./ton.

o

4. RECOMMENDATIONS
Based on these test result, the following

types of blocks are recommended :

a} 50lid blocks with a sand filler, where sand to
gypsum ratio by weight is 2.8, are recommended for
load-hearing walls ; as their expected compressive
strength is about 639 psi (45 kg/cm’) and their weight
is about 32 1b. (14.50 kg.) per block, whereas the

-c0st 15 about 0.063 L.E. ($0.09) per block. The requir-

ed water to gypsum ratio as ©.77 by weight to give
excellent workability .

b)Cored blocks with a sawdust as a filler and sawdust
to gypsum ratic of 0.8 by volume may be used as non-
bearing wall as their compressive strength is about
213 psi (15 kg/cm2). The corresponding weight 15 about
15.4 1b. (7.0 kg.) per blcock and the cost is nearly
0.078 L.E. ($0.11) per block. The reguired water to
gypsum ratio by weight is 0.66 to give excellent
workability.

¢) Whenever welght is not a problem, a lower cost

can be obtained by using cored blocks for non-bearing
walls with sand to gypsum ratio by weight of 2.5 giving
an approximate cost per block of only 0.05 L.E.{($0.07).
The corresponding weight 1s 24.2 1b. (11.0kg) per

block and the compressive strength about 213psi

(15 kg/cmz). The water to gypsum ratio by weight is
0.75.

The cost of all the above recommended blocks
compares guite well with the cost of an eguivalent
wall area of traditional red bricks, which would be
not less than 0¢.15 L.E. ($0.21).


http:L.E.($0.07

5. MORTAR FOR SUGGESTED GYPSUM BLOCKS

In an effort to study the type of mortar
suitable for the suggested gypsum blocks, and avoeiding
the uge of cement mortars to save cement for better
usage, several gypsum mixes were prepared with different
percentages of sand and lime. Keratin was added in
all mixes as o.l percent by weight of gypsum. The
resulting compressive and tensile strengths after
7 days were recorded for the different mortar mixes.

The water to gypsum ratio by welght was varied for
different mixes to attain good workability. The compress-—
ive strengths for the.different mortar mixes are

plotted in Figure (II-13). Test results indicated that

a mix proportion of gypsum: sand: lime by volume

of 1:1:0.2 and a ratio of water to gypsum by weight

of 0.70 would give a compressive strength after 7

days of 1107 psi (78 kg/cmz) and a corresponding

tensile strength of about 255 psi (18 kg /cm®), which

1s quite satisfactory for use as mortar.

The average maximum bond strength between
gypsum blocks and the recommended type of mortar,
tested on six bhond samples as shown in Figure (II-14},
was found to be 64 psi (4.5 kg/cmz) which is satisfactory.

6. GROUP ACTION OF SUGGESTED GYPSUM BLOCKS

Tn an effort to study the group action of the
developed gypsum blocks, a series of test walls were
built using the suggested blocks and recommended mortar
and tested in compression and flexure. Six test walls
were built using locad-bearing gyvpsum blocks with con-
nections, two to be in pure compression, one in pure
flexure and the rest in combined compression and flexure
with ratios of applied compression to ultimate
compression (P/Po) of 0.71, 0.41 and 0.28. Three test

pure

walls were also built using load~bearing gypsum block,

with tongue and groove connections, with one to be

5
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tested in pure compression, one in pure flexure and
the third in combined compression and flexure with
(B/P_) Of 0.50.
cored blocks of gypsum with sawdust as a filler and was

A test wall was built using non-bearing

All the above ten test walls
23.62 in.

To provide for comparison, a

tested in pure flexure,
were 3.94 in. (10 cm) thick,
47.29 in. (120 cm) high.

test wall of sandlime bricks and two test walls of con-

(60 cm) wide and

ventional red bricks were built with the same dimensions
as the gypsum test walls except for the thickness which
(12 cm),
used for thear construction.

was 4.72 in. and conventional cement mortar was

A full descraiption of the different test walls
and their corresponding recorded test results is given
in Table (II-~3) while the characteristics of the types
of blocks used in building the test walls are given
in Table (II-4).

A test set-up shown in Figure (II-15) was
specially constructed in this investigation to be
mounted on a 500-ton Amsler Compression Testing Machine

to give a simultaneous flexure leoad on the tested walls.

For walls tested under combined compression
and flexure, the total predetermined compression load (P}
was applied first, then the flexural load was applied in

increments up to ultimate failure.

An interaction diagram between flexural and
compressive stresses was experimentally developed for-
load-bearing gypsum blocks with plane connections, and
15 shown in Figure (II-16). Such an interaction diagram
gives the different combinations of flexural and com-
pressive stresses causing failure of the loaded gypsum

wall.

9
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Thé program on tést walls indicated that the Table (IFf=1)=Mix Proportrons 0% Tested $o6lid Gypsui
Blocks.

pure compressive strength of load=bearing gypsum waills
is nearly twice that of convéentional red=brick waills,

and is greater by at least 30 percent than that of e e e el e o s o el o fen
sand=lime brick walls. 8.4 ) Wik Propbrtioiis By Weight
1 " > 3 . . : Foeeie Do o A 4 mims o am o emi s o sk e =M i g vord e
. gJ',"uﬁ-l' BLloCk : } ) a5 =
. s o Raaee - 1= 8o T e Sedivmn .
The pure flexural strerigths of thé different . .qﬂ-.qf Number B o séw;* Blcar— -
HplT- Gypsum || Wate¥® ok A
bearing and non-béaring gypsum walls ‘weré found to be o = 3.‘2 4 Gypsum atex | Sand dwst j| bonate ¢
. g5 ( ' s | p J -
nearly equal, -and greater by about 60 percént thah thé L o= 41 & IR A R J—
pure flexuiral strength of a «corresponding Cconventional 2 1.2.3 . £l ) ‘0.5 : S =
. I : ‘e ; o | Tt . - X .
red-brick wall, On the other hand, gypsSum walls with d 2. T s R R I I,
both plane and tongue-and groove conneétitns seemed f e ma iz v , .o : {
4 . . g ; s . . . 81,52,.53 N 1 i 0.7 s 2 3 = : - -
to have no particular difference ih behavior tinder E } 54, 5556 1 ) B8 H 3 f H i
- . ¥ § 1t 1+ 1G5 : : | M H H = P ,
load. Tongue-and-groove blocks, however, regairéd ’ 'E 5'7158""9 . 1 1 - g : " ! i :
= - - _ P E ‘o 1 ¢ 3 .S p 1 Q. i ‘ - _
more care during ‘construction and conifuméd A donger wo ’ 2 ——e d . . o } :
- : . - ’ 1 8170 ;81,512 1 1. 0 5 - -
time and a larger amount of mortar than thé blocks : i ; ' :
with plane fiat &ides. § N : J ,
4 | Bl,F2,¥3 ! 1 ] 0.5 = f = 0.006 -
| me 1. . 3 . 1 . - :
N : é £ | F4,FPS4F6 ? 1 0." = ¢4 = .00 ¢
.o LUSIONS 1 ZF I . . - ‘ o - !
7. CONCLOSIONS | B2 | Enfe,Fe ] 1 0.5 | = | = |0.015
PR s . . = . ey d L™ . s - K N i e i
Baséd oh the foreégoing tests, 1t 15 recommended E 2 'FlO',FJ.:l(,FlAé 2 1 i 0.5 ¢ -y - ;| 0.020 f
that - :_,_‘Fﬂ.".\_-..-._, PP S m_:,..__..,._.,—.;....w_...:,J_.,. 0
3 § L v .
: A B2 1 9. 1 «— Ja.5 | =
1. solid gypsum-sand blocks be -taréfully &énsidered . i Dy D2-y3 g L ] 0.6 | : s :
- : # Y 3. mE..NE * i 6.5 : e 49 W . e
for load-bearing walls and partitions ‘¢arrying moderate : g ’ D47 D54 D6 : 1 ! 0.7 ¢ 1.0 ; :
Ioads ‘at léast edual to those traditionally Suppdrted : g | D7+D85D9 ; 1 1 08 ° = : 1.5 = i
. ar . e . 32 ird il - ; o s f - f ., i " no A > . t
by conventiohal .sand-1imé and red=bricks- 1 @ j Dl0yD11yDl2 | L (AR B L
. it T e I T THNTI e B R I P p
. 2.' Cored gypsum blo?ks with Sawdust :_Elllfic wht_ere 3 T“",‘a’“—? 71-11,!4."2—,’1'103 ; 3 | 0.5 = 1o ovoos f
weight is amportant, or sand where cost predomihates. ! E =it 2 R H - 3 L | R I
] . . X - F 0o = M4, W5,M6 ; 2 ¥ o6 ) = 0.5 02010
be -similarly considered £Or non-bearing walls and i Tasd ! . 1. : g
| T Ty < - . i - w oz Hoen man ;
.= L . oG m M?",MB H al 4 0.7 4 1,0 G, 010 !
partitionss R O : . : 1 - T

*Sawdust to Zypsum ratio is by volume.
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GROOVE & TONGUE
GYPSUM WALL UNIT
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Table(IT-2) -Mix Proportions of Tested Cored Gypsum

Blocks.
1 Mix Proportions by Weaight
m M
=0 g Block Sodi
L3 Qclvam
oo Number Gypsum | Water | Sand gi:t Bicar-
ang bonate
o8z G W S D N
a
g cl,c2,c3 i 0.5 - - -
=
- Cs1,C82,C83 0.7 - -
= £S4,CS5,C56 1 - -
@ Ccs7,cs8 1 ) 5 - -
E !
58
50 e ol CF1,CF2. 1 8.5 - - 0.010
o+ Q4
MmO o
o CP1,Cp2,CD3 1 a.6 - 0. -
§ CD4,CD5,CD6 1 - 1.0 -
£ | cp7,cD8,CD9 1 - . -
@ CD10,CD1l,cp1l2| 1 . - .0 ~
]
P ] E
ég‘zg CM1,CM2,CM3 - 0.3 | 0.00%
=™ 3 H] CM4,CM5,CM6 . - 0.5 0.0190
g o~
waoo D

*Sawdust to gypsum ratic

is by volume.
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Fig. (LI-3)~ Effect of Sand/Gypsum Ratio on Compres-
sive Strength of Solid and Cored Gypsum

Blocks.
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Fig. (II-5)- Effect of Sawdust/Gypsum Ratio on Com- . .
€ pressive Strength/o¥pSolid and Cored Fig. (II-7)- Effect of Percentage of Sodium Bicar-—

Gypsum Blocks. bonate on Compressive Strengtn of
vE ooks Foamed Gypsum Solid Block.
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Table{IT~ 3 )-Test Resulrs of Wall Samples Loaded in
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Combined Compression and Flexure

Type 4y | Average Overall Dimensions Hix {imum Hax lmum Ultimate PEL lmakn
of :j?;ﬂ B/p Camprosaive | Bending | Compreaslva| Flrxural n "
Hall ; E‘g Height | Width |[Thlckness o Load Homank Sktmna S5trens emALKS
Block M
ocka LR {cm} {cm) fem) P (kgl (kg . cm) (kg/cm?l (kq/cmzl
cypsum | P! 120,01 59.0 10.0 1 18,500 0 3k.4 0 Vertical crack through wall
Load-
Bearing P2 120.0 59,0 10.0 1 21,000 0 35.0 a Vartical crack in uUpper row
Blocks only
(plane Nlorizontal fallure ak mid
conneee | F3 120.¢| 60.0 | 10.0 0.71 14,000 28,675 23.3 28.66 halqhe
Liong]
ed 120.0 6.0 10.9 0.41 A, 100 32,250 13.11 3z.135 Ditko
3] 120.0] S9.0 1o0.0 0.28 5,500 27,750 9.17 28.22 Ditto
T Worizontal spllt at mid
P6 120.0 60.0 i0.0 1 1] 4,625 0 4.62 hrzlght bet. block and mortar
Gypsum A R
toad- Gl 120,0| 6€0.0 | 0.0 L 23,000 0 30,11 0 vattlcal erack In upper row
Bearfng P - only
Blocks Hocizontal fallure at mid
{grogve G2 120.0 60.0 10.0 0.5 11,500 31,450 19.{3_ ) _J{:if__ helfght
asnd — T Horlzontal spllt at wmid hE.
tongue) Gl 120,00 &0.0 10.9 0 ] 4,440 1] 4.44 between black and mortar
Cored ™ IGcLzontal spliEt aE mid RE.
Cypsum cl 12¢.0 60.0 10.0 0 0 4,625 0 4,463 between block and mortar
L]
Tradi- -
tional Rl 120.0 60.0 12 0 1 10,600 0 17.72 1} Vertical crack through wall
g?:ck S llorfzontal split at mid HE.
8 na 120.0] &O0.0 12.0 a 0 2,405 ] 2.89 batween block and mortar
sand-1img
Bricks sl 120.0 60.0 12.0 1 18,500 0 25 §9 o vartical crack through wall

* BfF, ~ ratlo of appiled compressive load to the nitlmate pure compres<ive 1nad
4* Hon-baaring blocks.

17
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Table (IT-4) Characteristics of Block Types Used in Tests

Aversge Overall Dimensions Weight/ Ultimate
Weight Compressive

Type of Block (ka} Length | Width | Height ‘(’Elﬁ“ng) Strength

g (cm) (cm) (cm) g (kg/cm?)
Load-bearing Gypsum Block 14.45 29.0 10.0 29.0 1718.1 48.0

Cored Non~bearing Gypsum *
Block 6.50 29.0 10.0 29.0 772.8 15,5
Traditional Red Brick 2.62 24.0 12.0 6.0 1516.2 37.3
Sand-I.ime Brick 3.22 24.0 12.0 6.0 1863.4" 171.3

*Based on gross area of cored block,

ok
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A HEW TECHNIQUE OF SURFACE-BONDING BRICK WALLS
FOR HOUSING

. MATERIALS AND TECHNIQUES

1. INTRODUCTICN

The conventional technique of brick-wall con-—
struction by placing mortar between successive courses
of bricks and between individual bricks of the same
course, proved tc have many disadvantages. On one
hand, the erection time including the process of
plastering 1s relatively long, resulting in less pro-
ductivity of labor. Considerable amcunts of cement
are consumed in binding mortar and trowelled plaster
raising final cost. Furthermore, the moxrtar used
usuzlly has low strength properties and poor adhesion
to the masonry bricks, affecting the service l1life and
bearing capacity of the resulting wall.

Many trials were made, therefore, to replace this
conventional technique of construction by newly-deve-
loped methods. The new technigue of surface-bonding
of masonry units utilizes a surface-bonding cement
moxtar or a sulfur-based mixture to bond the bricks
together In one step.

The main goal of the undertaken study described
below was to investigate the possibility of adapting
the new technique of surface-bonding for the construc-
tion of brick walls and partitions for housing using
available indigencus materials, in an effort to
overcome the different disadvantages of the conven-

tional construction technigue.

2. OBJECTIVES

To achieve the ultimate goal of the study,
the following main objectives were set forth

a) To recommend a new mix of appropriate local
materials as a surface bonding mortar achie-
ving desired strength characteristics and

reasonable saving in cost.

21
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b} To investigate the suitability of locally.
available jute and sisal fibers as rein-
forcement added to the surface~bonding

mortar mix.

¢} To study the main characteristics of surface-
bonded brick walls as expressed by their com-

pressive, flexural and impact strengths.

d} To undertake a compardtive study and cost
analysis between surface-~bonded wallg of
sand-lime or shale bricks and conventional
red brick walls,

e) To conduct a limited preliminary study to in-
vestigate the suitability of utilizing sulfur
as a surface bonding material.

3. RESEARCH PROGRAM

The research program was divided into three
main stages, In the first stage, the work was devoted
to the study of different characteristics of trial mixes
of mortar to determine the most suitable mix for use
as a surface bonding material. The second stage was

concerned with the study of the effects of incorporating

reinforcing fibers in the mortar on the resulting
characteristics. The third stage included the study
of the main properties of the types of bricks used
and the behavior of brick walls built both by con-

ventional methods and surface-bonding technigque.

3.1 Preliminary Test Program On Plain Mortar

The following were considered the main
requirements that need to be fulfilled by the most-

suitable surface bonding mortar :

- Adeguate strength in tension, flexure, com-~

pression and impact;

~ BSufficient bond strength between mortar and <;-’
bricks; S\
~ Good workability during mixing of the in-

gredients:
- Reasonable cost;

~ Water proofing as much as possible.

Trials were first made on plain mortar
without fibers and the effects of varying the ratios
of cement to sand, lime to cement, and the type of
cement, were studied on the resulting compression,
tensile and flexural strengths of mortar.

All tests were carried out OR two types of
Egyptian cement, namely ordinary portland and slag
cements. Three ratios of sand to cement by weight
were used: 0.0, 0,5, and 1.90. No lime was added to
slag—cement mortar. For ordinary cement, however,
four ratios of lime to cement yere used:0.0, 0.1, 0.2
and 0.4 by weight. The water tocement ratio by weight
necessary to give the desired workability was kept
constant for all mixes and was 0.40. 8Sand used in
all mixes passed sieve No. 14.

Cubes 7%7x7 cm for comprestion test, stand-
ard briguettes for tension test, and beams 4x4X16 cm
for flexure test were cast from each trial mix, de-
molded after 24 hours, then left in a humid atmosphere
for 7 days before testing. Beam specimens were tested
on a span of 12 cm using -one central load.

The obtained test results shown in Figs.(III-1)
to (ITI-=6} indicated the following =

1. Increasing sand to cement ratio from zero to
1.0 decreased the resulting compressive
strength of mortar by about 253 to 37%,
depending on the ratic of lime added.



2., Increasing lime to cement ratio from zero to
0.1 decreased the compressiyve strength by
about 30%, and the increase of lime ratio
to 0.40 resulted in as high as 70% decrease
in the compressive strength.

3. Compressive strength of mortar tend
decrease significantly by increasing both
sand and lime in the mix.

i, I decrease in tensile strength of mortar of
about 45% was recorded for an increase of
lime to cement ratioc from zero to 0.40. The
corresponding decrease in tensile strength due
to increasing sand to cement ratio from zero
to 1.0 was only about 20%.

5. In mixes without lime, slag cement gave
lower values for the tensile and flexural
strengths of mortar than those of ordinary
portland cement for the same sand tg cement
ratios.

6. Increasing lime t¢ cement ratio from zero to
0.40 decreased the flexural strength by up
to 53%.

7. An increase in sand to cement ratio from zero
to 1.0 decreased the flexural strength by up
to 32%.

Based on the above inferences, it was recommended
to use a mortar mix with the following proportaons by
welght :

Cement Sand, Water
1.0 : 1.0 ? 0.4

This mix proved to give acceptable results in
compressive, tensile and flexural strengths as well
ag desired workability.

A\
R
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3.2 Test Program On Fiber-Reinforged Mortar

The intention was to replace the expensive
imported fiber glass, which is usually used elsewhere
as the reinforcament for mortar, by indigenous materials
that are commercially available and of low cost. Sisal
and jute were the two kinds of fibers chosen for this
study.

The parameters studied were length of fiber,
percentage of fiber by volume, and percentage of a
water-repellent agent (Bara) added to the mix to de-
crease permeability. The effects of different para-
meters on compressive, tensile, flexural, and impact
strengths were studied. The mortar mix chosen from
the preliminary test program was used in this experi-
mental part after adding the fibers in different
percentages by volume varying from 1.0 to 3.0%.

Fiber lengths used were 1, 2, 3, and 4 cm.

3.2.1 Compressive strength tests

Specimens used were cubes 7x7x7 cm. The

m1x was prepared in the following procedure :

1- Cement and sand were mixed for 2 minutes then

fibers were added and mixed for one minute.

2- Water was then added and mixing continued for
four additicnal minutes, then molds were filled

and vibrated for one minute.

3- The cubes were demolded after 24 hours and all
specimens (6 for each group) were left in a

humid atmosphere for six days before testing.

Results of tests are shown in Pigs. (IIXI-7}
to (III-10).
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3.2.2 Tensile strength tests 4,

(ITI-11) were
used for casting the tensile test specimens.

Wooden forms as shown in Fig.

The mix was prepared and cast in the same
Bolts fixed to the
base were removed after half an hour leaving two holes

way as for cornpressive specimens.

in the specimen to be used later in fixing to the
graps of testing machine. The forms were demolded 5.
after 24 hours and specimens were kept 1n a humid

atmosphere for six days before testing.
Results of tensile tests were plotted into

curves shown in Figs, (ITII-12)} to (III-15).

3.2.3 Flexural strength tests 6.

Flexural test specimens 5 cm wide, 1 cm
thick and 30 cm long were cast in wooden forms and
cured an the same manner as the tensile specimens.
Each specimen was tested on a 20-cm span using one
central load.
Flexural test results are plotted in

Figs. (III-16} to (III-19).

The following inferences were drawn from
the obtained test results :

l. For both sisal and jute fibers, the result-
ing compressive strength of mortar was de-
creased by the increase in fiber length and

fiber percentage by volume.

2, Mortars reinforced with sisal fibers exhibited
haigher values in compression than those for

jute fibers.

3. The tensile strength of mortar reinforced
with sisal or jute was increased by increasing
fiber length.

MATERIALS AND TECHNIQUES 29

Incorporating fibers in percentages up to 1%
increased the tensile strength of plain
mortar to almost four times for the case of
sisal, and about 2.5times, when jute was used.
Beyond thas percentage, however, a remarkable
decrease in the tensile strength was recordedt
for both types of fibers.

For the same fiber percentage, increasing the
length of sisal fibers increased the flexural
strength of morxtar, while the opposite was

tree for jute fibers. This may be attribu-
ted to the observed tendency of longer jute

fibers to gather and interlock together.

Adding fibers in percentages up to 1% in-
creased the flexural strength of plain
mertar but to a lesser degree gompared to

2N Beyond
this percentage of fibers, a decrease in
flexural strength was recorded for both types
of fibers. ’

Based on the above-drawn inferences, sisal

fibers were chosen for further experimental study.
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3.2.4 Impact strength tests

Impact tests were carried out on plain
mortar as well as mortar reinforced with sisal
fibers with different fiber lengths varied from
1 cm to 4 cm, and percentages by volume of 1,2 and
3%. Mixing procedure was carried out as previously
described. Specimens were 4 X 4 X 16 cm, tested as
simple beams with 12 cm span. Impact lead acting
at mid-span was provided by a steel ball weighing
180 gm, falling freely from a height of 30 cm as
shown in Fig. {III-20). The average number of blows
causing failure of specimens of each mix was recorded.
Results are illustrated in Fags. (I¥I-21) and (TII-22).

The impact test results indicated the
following :

1. Faiber-reinforced mortar gives higher aimpact

resistance than plain mortar.

2. For the same fiber length, the increase in
the percentage of sisal fibers by volume in-

creased the impact strength considerably.

3. The increase in fiber length for the same
percentage of fibers by volume caused a
considerable increase in the impact strength
of mortar .

MATERIALS AND TECHNIQUES 35

Roliers
=
i<
wail
<
, | Vertical scale
i |
String—— ] 3
<
steel ball{i804g
ocm
SPecimen e
Base __T i -WC\QA;ITWW_

Fig. {III-20)~ Arrangement for Impact Test on Hortar



36 HOUSING WORKING PAPERS 1979/80

40 |

—H—#— 4em fibers
—o——¢— 3-cM fibers

Aty 30/, fibOrS ~o—o= 2-cM {ibersg

~—t= 2/, {lbers —t—{.¢m {ibers
2 ~o—ir= 1%/, fibers
/

30 // ! 30 / :

40

o %]
g %
o o~ ’
. Uy
o [=]
H H v Welg0 gm
2 / § =180 gm £ 4 ) ? -
3 —_ = | z / =
20 = 20 |
= =__E /7 L | 35“?
Y s P g
ey / [ 298
- I & q, — [ L0
130 L ==
<0 S0 C—/———
J

§io — 3 4% "
Ao —+ [2cm -+ +—=12em —
! ] 10 I i
0 1 2 3 4 5 0 1 2 3 & 5

Sisal fiber 1
er length (em) Percentage of Sisal Fibers by velume

10

Fig. (III-22)- Effect of Percentage of Sisal Fibers by

Fig, (III-21)- Effect of Sisal Fiber Length on
Volume on Impact Resistance of Mortar

Impact Resistance of Mortar



Water Absorption (% by welght)

Fig.

30

g 2G-RY0OUr

20

,,/*

10

- 48hour

=i J2-hGUIN

R
<
S~

(IXI-23)~ Effect of

Q
Qrd

2

Lol

8

Ratio of Bara to Water (% by volume)

Absorption of Mortar

10

{Bara/Water) Ratio on Water

MATERIALS AND TECHNIQUES 37

3.2,5 Effect of addation of water—repellent agent

Based on the results obtained from the
previously-described tests, the following mix pro-

portions were decided upon to give a suitable surface-
bending material :

Cement H Sand H Water

1.0 1.0 0.40

with sisal fibers of 4 cm length added as 1% by
volume.

For +this mix, a locally-produced water
repellent agent commercially known as Bara was added
to mixing water in different percentages by volume
of 2, 4, 6, and 8%, For each of these percentages,
three groups of test specimens were cast, comprising
twelve cubes 7x7x7cm, six standard tensile briguettes
and six flexural beam 4x4x4cm. The cubes were divided
into two setg; one tested 1n compression after 7 days,
and the other for determining water absorption after
submersion in water for 24, 48 and 72 hours.

" The effect of the addition of Bara on
water absorption of mortar was plotted inte curves
shown in Fig. (III-23). The corresponding effects
on the compressive, tensile, and flexvral strengths
of mortar are shown in Figs. (IXI-24} to (III-26).
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The obtained test results clearly indicated
that the addition of Bara caused a marked decrease
in the compressive and flexural strengths of mortar,
and an even greater decrease in tensile strength. It
was that reason, in additiom to the cost of Bara, that
led to the decision to exclude the water-repellent

agent from the surface-bonding mixture.

3.3 Experimental Program On Surface-Bonded Walls

This part of the research program covered
the main characteristics of the bricks used in tests,
the bond strength between bricks and suggested surface
bonding mortar, and the behavior of surface-bonded
brick walls under compression, flexure and impact

loading.

3.3.1 Characteristics of used bricks

The test program was carried out on sandlime
bricks, and shale bricks newly produced in Egypt, com-

pared with conventional red clay bricks.

Randomly chosen samples of the three types
of bricks were tested to determine the compressive
strength and water absorption after submersion in
water for 24 hours. The results of tests.are given
in Table (III-1) as an average of ten test specimens.



4 mouszrwmg

WORKING PAPERS 197%/80

Red, Sand-Lime and Shale Bricks

Table (III-1) - Compressive Strength and Water Absorption of

. . . Volume Average crushing| Water absorption*
Type of Brick Dimensions Weight Weight Strength
(cm) (gm) (kg /m3) (kg/cm2) {$ of dry weight)
Conventional red
bricks 5.5X11.6X23.8 2550 1680.0 38.2 20.0
Sand-lime bricks 6 X 12 X 25 3520 1955.0 178.0 23.2
Shale bricks 10 X 12 X 25 3500 1166.0 109.3 12.7

*# After submersion in fresh water

for 24 hours.




3.3.2 Bond hetween brick and mortar

Six test specimens were prepared for each
of sand-lime and shale bricks, as shown in Fig. {(IILI-27).
Each test specimen was composed of two bricks placed
with their longitudinal axes prependicular to each
other, with l1-om thick freshly mixed mortar in between.
The mortar used was the surface bonding mix with sisal
fibers recommended earlier. The test specimens were
cured for 14 days by sprinkling daily with water,
then tested for bond failure. The average ultimate
bond strength for sand-lime bricks was 3.6 kg/cmz,
and for shale bricks was 4.7 kg/cmz, which are sat-
isfactory.

3.3.3 Testing of surface-bonded walls

A total number of 18 test walls were constructed
using sand-lime, shale, and red bricks; and adoptang
two methods of construction of surface bonding and
conventional technique. All test walls had the same
nominal dimensions of 12 cm thickness, 60 cm width
and 110 cm height. The walls were divided into three
groups depending on the type of hrick used.

The first group consisted of elght sand-
lime brick walls, three of which were built by the
conventional method to be tested in compression,
flexure , and impact, and the remaining five walls
were surface-bonded using the recommended mortar mix
containing sisal fibers of 4 cm length added as 1%
by volume. Cne surface-bonded wall was tested an
compression, two in flexure, and two under impact
loading.

The second group consisted of eight shale
brick walls, three of which were built in the con-

ventional way, and five were surface-bonded and tested
similar to the sand-lime brick walls.

D
o~

MATERIALS AND TECHNIQUES I]

The third group consisted of three red brack
walls built in the conventional way to provide basis
for comparison in compression, flexure and impact.

A summary of the experimental work program
on walls is given in Table (III-2).

a) Manufacturing of test walls

Each test wall was bvilt on a 10~-cm steel
channel to facilitate handling and placing in the
testing machine.

The exact verticality of the wall was ensured
through a wide vertical wooden framed board placed in
contact with the back of the wall during its con-
struction. The exact dimensions of the wall and
thickness of surface bonding mortar were ensured
by using a wooden frame as a guide.

In the conventional method of wall construction
the mortar used had a cement/sand ratio of 3 by weight,
with water/cement ratio by weight of 0.40. A thick-
ness of approximately 1.0 cm was used fov the mortar
in all joints between successive courses of bricks

and between individual bricks of each course.
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Table (III-2) ~ Summary of Experimental Work Program on Walls

Types of bricks Red Sand-lime Shale
Type of construction|conventional [surface-bended |conventional |surface-bonded [conventional |surface-
bonded
Compression
type | ot R-C —_— L -C LS - C S -cC 58 - C
of flexure R - B L - B Ls - BL S - B ss - BL
test LS - B2 85 - B2
test Impact R - T L~ I LS =~ I1 S - I 8S ~ Il
test LS - I2 S8 - I2
MHMortar
1 em Thickness
12 cm
T\k\\\ >
C‘;;, o
\fy{’
Fig. (III-27) - Specimens for Bond Strength Test

Between Mortar and Brick



In preparing the surface-bonded walls, the
bricks were stacked side-by~-side inside the guide
frame and wetted with water. The freshly-mixed
surface bonding mortar was then applied to one
vertical face of the wall using a regular trowel
to give a flat smooth surface. The thickness of
the surface-beonding coat was ensured to be 1 em
with the aid of the guide frame which protruded by
1 cm from the wall vertical face. The wall was left
for 24 hours before the guide frame was slipped back-
ward to give a protrusion of 1 cm from the other
vertical face of the wall, which was thoroughly
wetted. The surface-bonding mortar was then applied
similar to the other face of the wall. The wall was
then daily sprinkled with water for two weeks before

being tested.

b) Compression test

The axial load was transmitted to the top
of the compression test wall through a 20 cm steel
I-beam resting on a 3-cm thick fiberboard strip
20 em wide. The contrxaction at mid-height of wall
was recorded and plotted versus the applied load,
as shown in Fig. (III-28).

The analysis of obtained test results led
to the following inferences :

1. The compressive strength of surface-~bonded
walls is slightly higher than that of the
corresponding conventional walls.

Lead - tons

20
RC: red bricks traditional wall
18 IC: sand-lime bricks tradrtional wall
§.C.; shale bricks traditional wall
16 85.C: shale bricks surface bonded wall
LS.C: sand ldme bricks surface bonded wall
s5C
14 5
Lc
LSC
12
10
RC
8 V f
6
4
2
0
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A—15 mm——

Fig.

Contraction — mn

(ITII~-28)

- Load-Contraction Diagrams of the
Dirfferent Wall Samples Tested in

Pure Compression

43



Uly ROUSING WORKING PAPERS 1979/80
Surface~bonded walls experienced lower con-—

traction values than the corresponding con-
venticnal walls, which implies that the
stiffness of such walls is higher.

3. The compressive strength of conventional
shale and sand-lime brick walls was almost
twice that of conventional red brick wall,
This is primarily due to the higher quality

1.4
of these two types of bricks.

&y
szv

In summary, it may be stated that the surface

H
ra

bonding technique has no considerable effect on the

1.0
compressive strength of wall, as the increase in
strength was not more than 10% compared to the con-

ventional walls. However, the effect was more pro-

nounced on the deformation and stiffness character-

o
=}
Ed

istics.

s,

¢} Flexure test

Each flexural test wall was supported on

Load p -- ten
.O =]
=~ o

g
"'"-—-r—n_...__,_____

a 100-cm span and loaded at the span third-peints
using a turnscrew lever, fitted to a loading frame
0.9 and attached to a 5-ton capacity calibrated load cell.
+2 mn~4 The central deflections of the wall versus the applied
Central Deflection——3 flexural loads were recorded and plotted into curves

[
3]

o
ot

shown in Fag. (III-29).

The analysis of test results indicated the

following :
1. Red brack conventional wall had a significant
low flexural strength, as the load resisted
by the wall was only about 20% of those of

surface-bonded walls.

Pig. (ITI-29)- Load-Central deflection Curves of
2. The maximum flexural load resisted by conven—

the Different Wall Samples Tested
tional sand-lame brick walls was almost doubled

in Flexure
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when the surface bonding technique was adopted. The following inferences were drawn from

. a resulits :
3. Shale brick conventional wall had higher flex- obtained test

ural strength than conventional sand-lime 1. The impact resistance of conventional sand-
brick wall. This may be possibly attributed lime brick wall was increased to almost

to the reinforcing action of mortar filling seven times when the surface bonding tech-
the holes in the shale bricks and forming nigue was used for constructing the wall.

dowel~shaped rods participating in the wall

resistance to lateral loads. However, this 2. The surface-bonded sand-lime brick wall

has the disadvantage of consuming higher exhibited a hagher impact resistance than

quantities of mortar the surface-bonded shale brick wall.
3. Red brick conventional wall had the lowest

value of impact resistance among all types

In conclusion, it can be stated that the of tested walls.
surface bonding technigue has a significant favor- 4, The impact resistance of shale brick con-
able effect on increasing the flexural load resist- ventional wall was about three times that

ance of brick walls. of surface-bonded shale and sand-lime brick

walls. This could be attributed to the high

d) Impact test reanforcing action of mortar £illing the holes

b test set-up shown in Fig. (III-30) was in the bricks and forming dowel-shaped rods
constructed to give impact loads on the test wall considerably increasing the wall resistance
from one of three fixed heights of 30 c¢m, 60 cm and ) to impact loads.

122 em. BAll tested walls were supported on a span
of 100 cm. The impact force actaing on the wall at
its mid-height was applied by a sand bag, weighing
8.8 Rg, fixed to a steel rod hinged at its other end

to have a free movement like a pendulum.

The number of blows required to cause impact
failure was recorded for each tested wall and the im-

pact enerqgy calculated therefrom.

A complete record of the results of tested
walls in compression, flexure and impact is given 1in
Table (III~-3).

——r

) ,
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Fig. (III-30) - Set-Up for Impact Test of Brick Walls
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Table (III-3)~ Results

of Tested Walls

MATERIALS AND TECHNIQUES HNF

failure compressive failure ultimate Impact
type of type of compression strength ** flexural load |flexural strength|Resistance
Brick construction |Load (kg) {kg/cm2) P - (kg) {kg/cm?2) {kg/.m)
Red conventional B00O 11.1 75 0.86 2.64
Sand- conventiconal 13000 18.05 480 5.50 18.40
1000

Lime Surface-bonded 13500 18.75 1200 9.26 128.83*

Conventional 14000 19.44 700 8.02 339.15
Shale

Surface-bonded 14500 20.13 1200 9.66 113.00*

* Average of two test walls

** Based on the whole cross section of bricks {12 X 60) cm
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In conclusion, the test results clearly in-
dicated that surface bonding technique has an extreme-
ly significant effect on increasing the impact re-
sistance of brick walls, and this is more pronounced
for sand-lime bricks.

3.4 Sulfur Surface-Bonding Of Walls

Some preliminary trials were carried out
in this study to test the possibility of using sulfur
These
trials, however, were faced with the following diffi-

as a surface bonding material for brick walls,

culties :

1. Melting sulfur has to be in a special clayey
container to avoid any possible chemical

reaction if a metallic container is used.

2, Tt was difficult to prepare a controlled
heating source that can maintain a constant
temperature below the burning lamit of molten
sulfur.

3. Molten sulfur exhibits a bad cdour that causes
chest irritation for those handling the

melting process.

4. Brushes used for painting brick walls were
burnt easily and could not be used more
than once.

5. Trials made to mix sisal fibers with molten
sulfur failed since fibers would burn the
moment they are added in the molten sulfur

container.

Y

4. ESTIMATION OF COST G)

¥n this section an attempt is made to
undertake a comparative cost analysis on the surface
bonding technigue as compared to the conventional pro-

cedure for wall construction.

The cost estimates include construction and
labor cost, and is based on current prices of materials

asg well as labor wages.

4.1 cConventional Red@ Brick Walls

In the conventional technigue of wall con-
struction, the materials cost includes, beside the
brick price, mortar for jointing bricks and for wall

plastering.

4.1.1 Materials cost

Cement current price 45 L.E./ton
Red brick current price 33 L.E./1000"
Lime current price - 12 L.E./m3
Sand current price 2 L.E./m3
Area of wall considered 1.0 m2
Thickness of wall 12 cm

Average dimensions of red

brick 6 X 12 X 25
Average number of bricks/m2
of wall 50

. 2
Net area of 50 bricks 0.75 m
Brea of joints filled with

2

mor tar 0.25 m
Volume of mortar for joints 0.25 X 0.12 =

-

0,03 m3



Assuming mix proportions by weight for
mortar used for joints as follows -
Cement : Sand : Water
1 : 3 : 0.4
and assuming a specific gravity of 2.65 and 3.15 for
sand and cement, respectively, the materials needed
for 0.03 m3 of mortar would be :

Cement 16.22 kg
Sand 48.66 kg
Water 6.50 kg

Assuming two centimeters thackness of
plastering for each face of wall, then

Volume of mortar for plastering = 0.04 m3

According to common practice, the following

mix proportions by weight are adopted

Cement : Lime : Sand H Water
1 3 5 0.5
The corresponding materials for 0.04 m3

mortar would be :

Cement 10.8 kg
Lime 32.4 kg
Sand 54.0 kg
Water 5.4 kg

volume welght for lime 1.2 t/m3

Total materials of mortar for joints and

plastering comprising cost elements would be @

o
—
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Quantity (kg) Cost (L.E.)

Cement 27.02 1.215

Sand 102.66 0.124

Lime 32.40 0.324
Total 1.663 .

4.1.2 Labor cost

Based on an 8-hour shift, one mason and

two assistants can produce about 25 mz/day of brick

2
walls. Three workers can produce about 30 m /day

of plastering of walls.

The average wage per person is about

4 L.E./day.

4.2

Total cost of brick laying and

plastering 0.88 L.E.
Cost of bricks 1.65 L.E.
Total cost of materials and labor 4,193 L.E.

surface-Bonded Walls

Cost estimates are presented herein for

surface-bonded walls of both sand-lime and shale

bricks.

4.2.1 Materials cost

2 x1

Consadered surface-bonded area of wall

= 2m2. While the thickness of mortar coat

will be 1.0 cm for the case of sand-lime brick walls,
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an average thickness of about 1.5 cm will result for
shale brick walls due to the corrugated surface of

the bricks. Hence,

0.02 m>
0.03 m°

Volume of moxrtar for sand lime-brick wall

Volume of mortar for shale brick wall

The mix proportions by weight for suxface
bending mortar
cement : sand : water
1 1 0.4
with sisal fibers 4 cm long added as 1% by volume.
Specific gravity of sisal = 1.5

The materials needed for 2 m2 of surface -
bonded wall wall be

Sand-lime brick wall Shale brick wall
Cement 18.1 kg 27.15 kg
Sand 18.1 kg 27.15 kg
Water 7.24 kg 10.86 kg
Sisal 0.30 kg 0.45 kg

Sisal current price in local market = 100 L.E./ton
35 L.E./1000
35 L.E. /1000
Average dimensions of sand-lime brick 6 X 12 X 25 cm

Current price of sand-lime bricks

Current price of shale bricks

Average dimensions of shale brick 10 X 12 X 25 cm

a) Case of sand-lime brick walls -
Number of bricks/mzof wall = 50
Cost of bricks 1.759 L.E.
Cost of cement 0.815 L.=.
Cost of Sand 0.023 L.E.
Cost of sisal 0.030 L.E.
Total 2.618 L.E.
b) Case of shale brick walls
Number of bricks/m2 of wall = 40
Cost of bricks 1.400 L.E.
Cost of cement 1.220 L.E.
Cest of sand 0.033 L.E.
Cost of sisal 0.045 L.E.
Total 2.65%3 L.E.

4.2.2 Coastruction orocedure :

The suggested constructicen procedure

of surface bonding technigue lies in the following

steps :

1)

The first course of bricks is laid in a
mortar bed and levelled horizontally. The
succegsive courses are then stacked on top
of each other to a height of approximately
1.0 m along the axes of partitions all over
the housing unit, without usaing any mortar
between horizontal or vertical joints.
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0.60 + 2.618
0.60 + 2.698

3.218 L.E.
3.298 L.E.

2) The stacked courses of bricks are then wected For sand-lime brick wall

thoroughly with water. For shale brick wall

3) The surface bonding mortar with added sisal

. . . Based on the above cost estimate, 1t can be
fibers is then prepared in the reguired h '

. . i ai .
quantity and with the recommended proportions, clearly stated that the surface bonding technigue results
and applied to one face of the short wall to

the height and shape shown in Fig. (IIi-31),

in a considerable saving in cost of more than 20% as

compared to the conventional braick laving construction

(Step I). The slope of surface bonding mortar technique.

at top would ensure better overlapping and Sand-lime bricks proved to be the most

bond with the new surface bonding cocat to be appropriate type of brick for such a new technique,
applied to the next group of brick courses giving lower cost and less brick and mortar waste than
on top. shale bricks.

4) After allowing for the proper time for setting
of the applied mortar (about 3 hours), surface )
bonding mortar is applied to the other face
of wall to a less height, as shown in Fig, (ITT-31)
{(Step II).

5} Wext day, another height of approximately 1.0m
of brick courses is added to the top, and
coated from one face, as indicated by (Step III)
and similarly the second face will be coated

later during the day (Step IV}.

6) This procedure will be followed until the
full heaght of the wall is attained.

4.2.3 Labor cost

hccording to the above mentioned suggested
procedure, three workers of skilled labor canm daily
2 .

produce a minimum of 20 m“~ of wall,surface-bonded from

both sides, based on an 8-hour shift.

The labor cost, then, for 1 m2 of wall surface
bonded from both sides would be 0.60 L.E.

The total cost of materials and labor for
both sand-lime and shale surface-~bonded walls will be:

N
S
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(III-31) - Svggested Procedure of Wall Copstruction

Using Surface Bonding Technigque



5. CONCLUSIONS AND RECOMMENDATIONS

1.

The technigque of surface honding of brick
walls, which is new to local practice, is
recommended for the construction of walls
and partitions in residential units due to
its practicality, lower cost, speed of con-
struction, and the significant saving in

cement consumption.

Sand-lime brick proved to be the most appro-
priate type for use with the new technigue
of surface bonding, giving lower cost and

less brick and mortar waste than shale brick.

The surface bonding technigue coupled with
the use of sand-lime bricks would achieve a
considerable saving in cement of about one
third of that consumed in a similar wall of
red brick constructed by the conventional
technique. In other words, an equal amount
of cement would produce an area of surface-
bonded wall 1.5 times that of a conventional

wall.

Shale bricks are alsc suitable for such a
new technigue achieving almost an egual
saving in the total cost as for the sand-
lime bricks, although consuming 1.5 times
the gquantity of cement needed for surface-
bonded sand-lime brick walls.

The recommended surface-bonding mortar is
composed of one part by weight cement, one
part by weight sand, and 0.4 part water, to
which 1% by volume sisal fibers of 4 cm
length is added.

The construction procedure suggested in detail

in section 4,2.2 and illustrated in Figq. (III-31)

MATERIALS AND TECHNIQUES §3

is recommended for erecting walls and partitions
by the surface-bonding technigue. This proce-
dure avoids the possible collapse of brick
coursés during construction and ensures
sufficient bond and monolaithic action between

sucecessive layers of surface bondaing coats.

The surface bonding mortar coat, a day after
application to the brick wall, needs to be
sprinkled with water twice a day for a mini-
mum period of 3 days, to ensure proper setting
of cement.

Preliminary trials conducted to study the
possibility of utilizing sulfur as a surface
bonding material indicated the impracticality
and difficulty of such usage due to many

problems encountered.



IV, LOW-COST CEMENTS
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1. INTRODUCTION

The studies initiated by the Materials Group in
1977 on materials technacal ceefficients, and continued
later by the Economy Group in 1978/1979, clearly indicated
that at least 40 to 60% of the total cement consumption
in different housing categories goes to many applications
that do not require cements of high strength gqualities.

Mortars for brick and tile laying, plastering
of brick walls by cement surface coatings, concrete
masonry blocks, and base layer (back) of cement tiles,
are all examples of such applications currently utaili-
zing costly portland cement of needless high strength
cqualities.

The production of portland cement clinker an
Egypt, on the other hand, is no longer able to meet the
continuously growing demands. The lack of necessary
funding and new investments allocated to the cement
industry added to the problem.

The need has become, therefore, more urgent to
start producing new types of low-cost cement achieving
the full utalization of the yearly local prxoduction of
clinker. The idea is to intergrind and blend portland
cement clinker with various additives of percentages
higher than those currently used in Egyptian slag and
blended {Karnak} cements. The percentages of additives
used would depend upon the application needed and pro-
perties required, and can be determined by trial mixes.

2. LOW-COST CEMENTS IN OTHER COUNTRIES

Various types of blended cement were produced
by some countries during the Second World War for economy
reasons, and this practice is currently adopted all over
the world by many developed and developing countries, in-
cluding the U.5. and Russia,where different types of

blended cement are produced according to special standard
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specifications giving their specific recommended applica- A principal difference between furnace slag and
tions. The practice is to intergrind and blend standard fly ash, on one hand, and portland cement 1s that the
portland cement clinker and various additives such as slag and ash are more variable in their properties. In
blast-furnace slag, fly ash, crushed limestone, and sand. the small percentages commonly used, these varaiations do
The resulting products are called Blended Hydraulic Cements not cause great variability an the final product. Larger
or Masonry Cements. The additive is usually an available percentages cause greater variability, which may or may
low—cost material or a by-product and essentially a waste not be impertant
material. Blast~furnace slag 1s produced in the manufacture Another common practice for producing Masonry
of pig iron in the first step of the steel-making process. cement is by direct intergrinding portland cement clinker
Because of its constituents and the high temperatures at and crushed limestone 0 a high degree of fineness. -

which it is produced, blast—furance slag has properties
similar to portland cement in that it can be made to
set in the presence of water. Similarly, fly ash is
produced at high termperatures by the burning of fuels
and is collected in smoke stacks. It also has hydraulic
properties not unlike portland cement or, more nearly,
like the volecanic pozzolans used by the Romans. It can
readily be blended with portland cement.

Blast-furnace slag is granulated and interground with 3. TECHNICAL ASPECTS

In Egypt, two types of blended cements are
produced. Portland blast-furnace slag cement containing
35% slag, and Blended cement {Karnak) containing 25% sand.
These two percentages, however, need to be increased to
produce cements of lower strength qualities and much lower

cost but still suitable for many applications.

portland cement clinker in a mill following the burning of 3.1 Composition

the clanker in a kiln. There is no essential change in the , .
. - . s . A blended low-cost cement consists essentially
kiln operation itself, only the grinding operation needs to i

- of the followi onents :
accommodate the addition of the slag. The resulting product OWing componen

is called Portland Elast-Furnace Slag Cement. — Ordinary portland cement clinker

Fly ash is blended with portland cement. Again - An additive material such as sand, basalt, limestone,
there is no essential change in the kiln operation. The sandstone, granite, air-cooled slag, fly ash, and
resulting product is called Portland Pozzolan Cement from diatomite.
the ancient Roman pozzolans. Replacement of standard port- ~ Gypsum added in normal proportions to retard setting.
land cement with 15 to 20 pexcent of fly ash is common in 3.2 Process
the manufacture of concrete blocks, with reportedly little Blended cement can be obtained by either of
or no effect upon properties. Ready-mix concrete producers the following two processes :

frequently use the Portland-Pozzolan Cement or add 15-23

. . . , < t i i
percent fly ash directly to their mixes with little or no ) The components are blended in the required

effect upon properties of the concrete. proportions and interground in the ordinary
cement mills to the desired degrce of fineness.
This technigue is preferable in the case of

Lard additives where the material helps in



grinding the clink=r to a high degree of
fineness without the need for additional
grinding capacity. This technique is locally
used to produce (Karnak) cement.

b) Clinker is milled with gvpsum to a high degree
of fineness. The additive matexial is ground
separately and then the two components are mixed

in the set proportions.

3.3 Importance of Intergrinding

The reaction between cement and water takes
place only at the surface of the solid particles. The
continuation of thig hydration process is hindered by
the accumulation of a gelatinous impervious layer covering
the internal part of bigger par%icles. It was found that
cement particles of 20-micron size or less can fully react
with water, while larger sizes usually representing about
35% by weight of cement can only partially react with
water. Much larger sazes, evenmore, may not react at all.
Hence, the more finely ground the cement and the greater
the surface area exposed in proportion to its weight, the
more rapid is the rate of hydration and the greater is the

portion of cement which reacts.

In the case of blended cement, when grinding
portland cement clinker with an additive to the same
degree of fineness of ordinary portland cement or finer,
the added material helpg during milling +0 grind the
clinker until all its particles are of approximately
the same size below 30 microns. The bulk of bigger part-
icles, however, exceeding 30 microns would be of the added
material itself., This means that intergrinding a solid
additive with the clinker would@ turn the latter into an
active material effective with its full proportion in the
hydration process, while the additive replaces the in-

effective internal parts of the bigger particles of clinker.

~
/‘
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Obviously, the addition of inactave material such
as sand to the cement in the field without grainding, in the
same proportion as in the blended cement, would be no more
than changing the ratio of sand to cement in the concrete
mix, and it would not lead to the realization of the same
resulting properties and advantages of blended cement.

4. ADVANTAGES OF PRODUCING LOW-COST CEMENTS

Many advantages can be realized by producing

low-cost blended cements, among which are the following :

1. Increasing the total annual production of cement
without any increase in the existing furnaces,
and with full utilization of the surplus milling
capacity in the existing factories.

2., Meeting the continuously increasing local demands

for cement and avoiding cement imports.

3. Realizing a significant reduction in cost of
produced cement, as well as the total construc-

tion cost.

4. Achieving rationalization of national resources
by producing various types of low-cost cement
of different levels of strength qualities, each
suitable for a particular application, and
saving more portland cement for reinforced con-
crete worksvwhere high strength is a major re-
quirement.

5. Satisfying the needs of projects consuming laxge
guantities of cement, but where the utmost in
cement strength is not reguired and wvariability
in properties can be permitted. These projects
are such as the lining of irrigation and drainage
canals, land reclamation, and rural housing.
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1. DESCRIPTION OF LIGHT COMPONENT SYSTEM

1.1 Some Aspects Recommending the System to the Egyptian
Housing Sector

Based on previocus studies of prevalent construction
practices, widely used in and around Cairo, the system
represents a raticnalized and dimensicnally coordinated
"kit of parts", which may be precast either on site, or
off site, used as a complete set, or selectively.

Rationalization has been based on the following
criteria:

1. Use of skeleton elements for the main supporting
structure. 'This reduces the use of deficit ma-
terials, 1.e., steel and cement, if compared to
reinforced concrete conventional structures
{systems) .

* 2. Non-bearing wall elements may be selected from
non-deficit materials, or new materials, e.g.,
brick, block, gypsum, etc.

3. Skeleton design offers more flexibility, both in
terms of overall layout and shape, and internal
distribution of spaces (plan).

4. Based on the proposed modular band grid, position-
2]l and dimensional coordination permit standardi-
zation of all elements, without giving up flexi~
bility and variability.

5. Positional coordination allows the integration
of standard non-structural elements with a minimum
of waste, due to unnecessary cutting, fitting,
bending, etc. at joints.

6. The system can be adapted to a variety of structu-
ral grid patterns, and hence be used for other
functions than housing (e.g., garages, small
industrial facilities, schools, storage, etc.)

The system was initially proposed in 1979 for appli-
cation to core housing types of 1-2 storey height only.

/
/-"
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CONSTRUCTION SYSTEMS

Consequently, applications for 4-5 storey structuxes
were included, resulting in a number of modifications

of the original concept. The following document shows
only the latest 4-5 storey version, which remains appli-
cable to 1-2 storey solutions as well (with minor reduc-

tions in cross-section and reinforcing steel).

1.2 Prototype

Currently (spring 1980), a one bayv prototype of
the system is being erec¢ted at Cairo University under
the supervision of Dr. Mohmoud Reda.

This prototype will serve two main purposes:

(1) Test casting and erection sequences,
including ability to be assembled by
relatively unskilled labkor.

(2} Test application of experimental "infill"
materials, such as cored gypsum panels
developed in the previous phase of the
research, as partitions and/or enclosures,
as well as other materials for facades,

finishing, stairs, etc.

1.3 happlication

Once tested in prototype, drawings and specifica-
tions of the system may be published for use by public
or private bhuilders to be used for the construction of
1-4 storey houses.

If vtilized in large projects, mass casting facili-
ties will have to be designed for guaranteeing a steady
flow of components to the site.

If wtilized in small projects, relatively simple
and inexpensive on-site casting may he done on-site in
wood forms prepared as per specifications.

The following documentation includes:

1. Engineering drawings of the structure and its

3
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components.

2. Assembly sequence drawings.

3. Architectural plans for various generic appli-
cations.

4. Coordination by means of modular band grid.

Note: All generic plans are based on examples surveyed
and found to be prototypical for each generic type in
and around Cairo during the preceding research phase.

1.4 Prototype Design Criteria

The proposed "Light Component" system has been con-

ceived on the basis of the following design criteria:

1- 211 elements of the system are light and small
encugh to be carried by 2-4 workers.

2= all elements of the structure may be cast either
on or off site in simple wood or metal forms.

3- The system acts as its own scaffolding.

4- The system distinguishes between PRIMARY (struct-
ural, long-term use, essential} "support' ele-
ments, and SECONDARY (non-structrual, medium to
short term use, optional, variable} "infill"

elements.

Note: Formwork for one bay of the system has been built
in the shop of Caixo University under the engin-
eering supervision of Dr. Mahmoud Reda.
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2.0 POSITIONAL CORRDINATION

2.1.2. Location of Compodnents

2.1 The Tartan {(Band) Grid as a Positional Ccordination

System ,
2.1.1. General Rules
{a) All structural elements will be placed in the 20

cm bands, or their intersection.
(b} All partitions and/cr "infill" elements (second-
ary elements) will be placed in the 10 cm bands (or end

in 10 cm-bands).
(c) The vertical module is based on a simple 20 cm all Components Are Placed

line grid (i.e., no bands). With Their Edges in the
10 cm Band.

A Component is located
within a Band

Faces of Components occur

Vo

3
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2.1.4. Nominal Dimensions

2.1.3. Thickness of Components

MIN .N X 30 - 10

=

MAX N x 30 + 10
P

A nominal dimenSioh is always a multiple of the Module

Dependaing upon the distance between the two bands, there
of the Grad that is béing ¥s&a:

is a series of possible thicknesses.
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2.1.5. Locating Dimensions

The locating dimensron is the distance between the
component and the next grid line.

L=A0

The locqting dimension 1s the distance between the
outer limiting dimension and the hext grid line.

& GRID LINE

f-7— OUTER LIMITING DIMENSION

> LOCATING DIMENSION

>

2.1.6. The Vertical Plane

Advantages of band method of modular posxtioning:

(1) Engineer works on center-lines (of bands), i.e.,
10 cm and 30 cm = s£aﬁda;d‘internationally accept=
ed meodular order.

(2) Architect works with bands (i.e., from band edge
t0 band edge). Positioning of walls and parti-
tions can be done independently of technical and
structural determinations, without necessary
major adjustments later.

(3) Supplies of other elements are provided with guar-

anteed "“free" space (1.e., space between bands).

0",“%‘%
AV
AL
0
9
OO

()

%
e
R
R
(X
o

IR
%
4
3@@@

¥,

YA
\

;F
)
A
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Schematic of Location of Columns on Band Grid
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Relationship of Structural Elements to Basic

Plan
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3.0 BASIC PLAN DETERMIMNANTS sz;”

3.1 STRUCTURAL

The basic struetyral hay dimensigns of 300 x 360 cms
is based on the waight to span ratio, which, in turn is
the result of portability.

Two opticns fer cantilevered elements are provided:

(1} A full width 120 x® 300 cms cantilever, which
allews either a full terrace, or an extension of the 360

cm dimension to 480 cms.

(2) A balgony cantilever of 120 x 240 cms.

eombinations of these dimensions allow different
basic size variations, as shown on facing page. (3.2)

3.2 Dimensional
The internatiqnglly acoepted 30 cm planning module

(3 x 10 ¢m) has been accepted throughout the study as the

bagic increment for room size,
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4.0 FLEXIBILITY, VARIABILI?Y, aDAPTABILITY
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4.2 VARIABILITY BASED ON COMBEINATIONS OF BASIC VOLUMES (FROM 4.1)
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4.3 BASIC HOUSING TYPES VARIANTS
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5. GENERIC HOUSE TYPE PLANS

5.1 Types of Plans

The following generic plans have been selected to
test the versatility of the Light Weight/Small Component
System:

1. Core House

2. Higher Income Apartments

3. Traditional Private Developer Town House

4., Conventional (Concrete Panel) Prefabricated

System

5.2 Origin of Plans

B11 the above listed plans have heen found to bhe
widely used in and around Cairo, as determined by surveys

and actual site visits during preceding phase of research
{viz.: "The Housing and Construction Industry in Egypt;
Interim Report Working Papers, 1977 and 1978").

£E.3 System Application

The plans shown here have heen "adjusted"™ to conform
to:

(a) The band grid (10 cm/20 cm})

{b} The structural span of the horizontal components

Care has been taken to avoid inecreasing the overall
floor areéa, and to maintain the basic integrity of the
layouts, while at the same time integrating the structural
system with the plans with the least disrupticon of its
structural and construction integrity.

Joint conditions between the primary structural com-
ponents and the secondary "infill" elements will be elabo=
rated in conjunction with the erection and tésting of the
prototype at Cairo University,

\5\
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6. EXAMPLES OF GENERIC PLANS

6.1
6.2

Core House

Traditional; Conventiconal Construction by
Private Developers

Apartment Building

4-5tory Walk-uap Court House

Prefabricated Large Concrete Panel System
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6.0 EXAMPLES OF GENERIC PLRANS
6.1 CORE HOUSE
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Expansion

Open Court
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Expangion

BASIC UNIT

(low income housing)
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6.2 Traditional: Conventional Construction by Private -{i/7
Sector
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Traditional Plan Redrawn on a 30 cm Grid

—]'— 4+

TYPE "A" "Original® traditional plan
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6.3 Apartment Building
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6.4 4 Story Walk-up Court House
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6.5 Prefabricated (Panel) System -~ Helwan
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1. Introduction

In the first report by the Joint Cairo University/
MIT Research Team {"ITnterim Report 1977"), section on
"prefabrication (p. 15), user categories were defined not
only by income, but also by other socioeconomic factors.
Based on these, "supply and resource categories" and
"demand or user categories" were related to "locality/
dwelling systems." It was suggested in the "Conclusgion”
that, rather than compiling "a full list of the "content"
of the various user needs of the various income and life
style groups in Egypt,"... an outline for a general
methodology £or the establishment of basic performance

standards (emphasis added) for these user regquirements

should be provided.

As mentioned on page 17 of the same report, standards
in Egypt were set in a somewhat ambiguous way until 1976,
at which time a new law was promulgated, covering grade
of finishes in a more or less general way. Since the law
did not attempt to "prescribe" finishes in detail, but
rather established grade of finish by categories, such as
"economic," "average," and "above average," this may be
construed as an incipient "performance standard," ewven
though no precise details were given, concerning the def-
inition in technical terms of these categories, nor tests
to determine level of performance (other than "grade of
finish on a scale of 0-10).

The following pages are an attempt to demonstrate the

method used to establish performance criteria, based on

specific user needs (i.e., use of balconies in Egypt}. and

translated into a set of quantitative as well as gualita-
tive as well as gualitative performance terms.
The underlying rationale for the elaboration of a

specific set of performance requirements for building

elements is the ability to express uUser activities by means

of user requirements, which -- in turn -- are defined as

performance requirements for a building or its parts, to be

—

A
AN
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realized in the design of a building in use.

The case study presented here is praimarily a
demonstration of method, rather than attempt to promulgate
or formulate a legal standard.

Illustrations 1.1 to 1.10 are a photographic record
of the way in which facades and balconies have undergone
change as a result of user needs in Calro, both in space
and over time.
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Illustration 1.3

A Street in 0l1ld Caireo Anonymous Apartment ih Downtown Cairo
Here street itself furnishes shade. Balconies are kept small Urbanized life-style renders small balconies adequate for
with shutters to doors behind. Maximum height of houses is air, dusting and view of street. Adeguate size of apartment
four stories. Streets are narrow, thus need for visual privacy. prevents "spilling over" of activities. No animals kept,.

N
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Illustration 1.5
New Private Sector Apartment in Giza.
"Designed” balconies, to provide formal aesthetic pattern, without much thought given to perf-
ormance, While expected to provide adeguete shading, depth of balcony and orientation reguire
help of air-conditioners behind. Thus, first cost may have been minimized, but at thz expense
of high life-cycle cost for years of energy consumption. Also note that "aesthetics™ mitigate
against adaptations and modifications by users.




~ ities indicates this inadequacy.
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Illustration 1.6
Public Heousing Near Citadel in Cairo
Here, inadeguacy of balconies to perform adecuately as extension of space behind, shading dev-
ice and support for desirable uses is clearly evident. "Spilling over" of objects and activ-
User medifications provide clear clues for design criteria
and performance criteria for this user category. BAs ig, the modifications are not only illegal,
(WY but potentially dangerous, due to inability of supporting elements to adapt +¢ needed change.
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Illustration 1.7
Conventional Private Sector Apartment in Cairo
Even though the building is not yet finished, already user generated changes in the
being made. Zlso, note provisicns for adding another floor, by leaving reanforcing
rude from roof slab, vhich is used as open terrace in the interim.

facade are
steel prot-
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Illustration 1.9
Informal Sector Dwellings in Cairo
Balconies provide only space to accommodate change and ocutdoor activities for apartments. They

may alsc be walled in to extend room size beyond facade. Also note that the finishing of facade
ig carried ocut only where needed most, and as financial ability allows.
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Illustration 1.10

Conventionally Constructed Typical 3+ story Dwellings
House is being comleted while in use.

financing is awvailable, and after satisfaction of other priority needs.
open terrace until addition of one or two stories.

Facades are finished in stages, and only when adequate

Roof acts as large

In the meantime, it is wvseful for drying
laundry, keeping animals, and accommodating service personnel in temporary dquarters.
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2. Performance Concept

2.1 General Principles

The Performance Concept as a tool for generating a more
responsive basis for the design and evaluation of buildings
and their components, 1s recognized as a prerequisite for
integrating user needs and reguirements into all phases of
the production process in comtemporary buildlng.l

The implied goal of the performance concept i1s to ful-
£111 implicitly as well as explicitly stated user reguire-
ments and heeds in terms of space and equipment provided,
while at the same time providing maximum leeway for inno-
vation in the building industry. Therefore, it 1s impor-
tant to specify user reguirements in such a way as to
aliow for a variety of design solutions to develop, rather
t#han faveoring a single option or a single solution only.
In the process of specifying environmental characteristics
for dwellings, the aim of using performance standards is to
offer a sufficiently broad range of solutions which remain
open to both the user's and the puilder's interpretation
on the one hand, while mandatory or imposed constraints,
on the other hand are introduced only 1f a clear case can
be made for the protection of the user or to guarantee tech-
nical compatibility between the various building subsystems.

"Phe performance approach demands a statement
of performance in terms of function. Since
buildings serve people, function is defined
by the attributes necessary to satisfy human
requirements. . . In the performance approach,
a specific system, component or material is
subservient to the delivery of an attribute.”

EXAMPLES OF

C%

ACTIVITIES, SUBSYSTEMS, AND TECHNICAYL SOLUFTIONS

ACTIVITY ATTRIBUTES OF THE SCME TECHNICAL SOLU-
BUILDING WHICH IN TIONS WHICH BELONG
COMBINATION MAKE TO THE SUBSYSTEM
UP THE SUBSYSTEM

TO HEAR/ -sound insulation -walls, partaiticons

LISTEN -sound reflection -floor-ceilaings
~sound generation —openings
-potential for -sources of sound
screening off {installations etc.)

TO PREPARE -cocking facilities -stove, heating equipment

FOOD -storage space ~refrigerator, cabinets
-lighting =lighting fixtures,
-ventilation windows
~sewyage —-fans, windows
e e s —gargage disposal, pipes

ACTIVITY Ag
[user]
A
SUBSYSTEM
[building]
SUBSYSTEM SUBSYSTEM J__‘ SUBSYSTEM
85, 8§82 -~ 55n
B @& 5
TECHNICAL TECHNICAL - TECHNICAL
solution TS, solutionTS» solutionTSn
TECHNICAL
solutionTs;
C. P —form
MATERIAL
Mi
Fig. 2.1.1 Transformation of user reguirements f{activities)

into performance requirements for subsystems (&),
technical solutions (B), and materials (C),
in a building.



Consequently, the form of the performance specifica-
tions is gquite different from the form of prescriptive
specifications which often fix solutions for the varaous
parts of the building in terms of material, dimensions,
shape and so forth, 1.e.:

"performance specifications do not
describe dimensions, materials, finishes,
or methods of manufacture--they describe
the performance the user/consumer requires.'3

Accordingly a different procedure is required to set
up other performance specifications than those used an
the elaboration of prescriptive norms and regulations.

A survey of Egyptian housing norms and standaxds, made
durxing precedaing phases of the research,? provides suf-
ficient evidence that many--if not all--can be traced to
EBuropean prescriptive specifications and/or regulations
of the past decades, and that few, 1f any, have been re-
vised or updated to be brought into conformance with pre-
vailing conditions and needs in the housing sector. Vir-
tually no effort has been made to consider the introduc-
tion of performance specifications in Egypt, where this
would be most appropriazte or useful, in spite of the
wide acceptance of the performance’ concept in Europe,
e.g., England, France, Holland, Sweden, and other coun-
“tries, including the U.S.A. .

Starting wath the above objectives, the satisflaction
of users' requirements and needs in technical terms must
first be described in terms of the activities anvolved.
Based on the relationship of specified (or assumed) user
activities and/or actavity patterns, performance require-
ments for corresponding spaces, and/or building subsys-
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tems and selected environmental characteristics can be
stated in performance terms. These are subsequently

translated into spatial and technical performance cri-
teria, which may also be used to establish performance

standards for design and post-construction evaluation.
Based on these criteria, a range of hardware -solutions
can be established, even though not all performance stated
in behavioral terms is capable of direct translation in

technical terms. See figures 2.1.2 to 2.1.4.
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I = /"15\' LI | I 05 | cemedi iles sprayed plaster ?%Qn%gc? n 2 %
ime wash o]
[l A+ [0 [S{EEL . [k ol
sojmn| 010 board] | x terrazo tiles u 3
! render and
l a|/m| |0 « I t!fg% rand u water painl |4
term Pock w
I 20 llliﬂfls‘l O | winl | vinnl | termom u it 5l &
l O 1O} oo ' g
1
h Elu| []ﬁglij [ " 1 [nimbeq vinl |ceram n u 6| &
20m T
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Figure 2.1.2
Egyptian Ministry of Housing
Standarts 1976
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ardware sclutions by means use of performance

of performance criteria. i criteria in process



In general, any formal attempt to translate

human factors into performance specification {and thus.

into technical performance criteria), should include the
following elements:
1. A simple method to detérmine general

human factor data requirements, based

on the realistic needs of the target
user group.

2. Existing information of operational and

e€guioment information (i.e., technical
hase data and specifications) should be
developed to reveal their potential

for being translated in performance
terms,

3. Formats for user surveys need to be
designed to aliow eventual translation
cf the data obtained into technical
criteria or performance specifications,

4. TImpact on industry operation, practices,

skills, training, design, etc. needs to

be assessed in terms of aswitch to per-
formance standards from prescriptive
norms.

The above procedure has been used by applying the
performance conecept for user oriented and environmen-
tally appropriate solutions for elements of the external
envelope for housing projects based on the “"support/
infill" concept in Egypt.5

Using balconies, loggilas, terraces and open roofs as
an example, the followang steps were taken to develop a
performance-based set of design criteria for these

behavior settings:

o

e~

1.
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A set of criteria for appropriate user
requiremasnts in the Egyotian context was
developed.

The elements of the external envelope
subsystems were analyzed in view of
selected physiological and anthropometric
criteria, thought to be appropriate to the
Bgyptian situation.® On a more empirical
level, users' activities, as found in
existing residential urban environments
in Cairo were used to check assumptions
made on the basis of other sources.
Traditional, prescriptive approaches to
environmental control were taken into
consideration, to check their validity,
and to propose improvements.

Based on the above, a systematic coordi-
nation of the activities and their need
for related equapment was carried out for
different types of outside spaces,
generally found adjacent to the house
facade. Based on the behavioral inter-
relationship between inside and outsige
spaces near the -facade and using the
"Helwan® prefab system as an example,7
rules for a variable system of facade
configurations were established.

Finally, after examining dimensicnal and
technical compatibility criteria between
various facade elements and components,

a number ¢f subvariations for each set of

previously catalogued facades was vroposed.
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The above procedure has been used by applying the
performance conceépt for user oriented and environmentally
appropriate solutionsg for elements of the external
envelope for housing projects based on the "support/
infi1l1l1l" concept in i‘.‘gypt.B

I?mamHMs

=

2.2 Performance Criteria

The first step was to develop a set of basic general
envirconmental characteristic¢s for elements of the external
envelope, i.e., openings, exterior walls, shadings, and
balconies, and Felate these to a set of essential user
requiiements: Table 2.2.1.

The combination of user-need criteria and their impact
oh facade-related space and elements led to the elaboration
of a set of essential performance critexria foxr the sub-
sequent design proposals. Most are stated in general
spatial terms, and are relatively independent of any
specific hardware solutions.

The following table of criteria represents the first
Step in providing a generic check-laist for subsequent

elaboration of more detailed performance criteria.

Z_Nym

NDILLY311ddV
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R
l»
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I
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-==| J_components

A._Blemignts
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Figure 2:1.5

L________t_____._l
N0/L)N00bd

USER'S PRIMARY

SECONDARY

PERFORMANCE

REQUIREMENTS | CRITERIA CRITERIA CRITERIA
PHYSIOLOGICAL *ajr *adeqguate ventilation

through opénings

Module of Possiblé Production/Apﬁlication

System

*protection*illumination

*adequate illumination
thourgh openings

Facoustic *acoustic insulation
(affecting openings,
materials, shading)

Fstability *safe constructlon
materials

*health *selection of

materials maintenance

and upkeep
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USER'S PRIMARY SECONDARY PERFORMANCE USER'S I -

i - 2 E MAN
REQUIREMENTS RCRITERIA  [CRITERIA CRITERIA REQUIREMENT CRITERTA 3§§$§§?§Y CRrTaRIA
PHYSIOLOGICAL *temperature *:@erm?lf%nsg}af PS&CHbéOGiCﬁi *;élf- o %user'é - %poséibilitgrfég

lon ia e; tng_ expression | control cheice, variety,
openings, mater= changeability of
ials, shadings) facade elements
*1ife style [*family type *changeability
*safety *windows, parapets due to change of
with safety heights family needs
* - = $ s *
anthyopo activity roon fo? external SOCTOLOGICAL *behavioral *traditional rural
metric support activities patterns vs. urban patterns
*accessibility|*dimensions of
iﬁliZiagggﬁlzgih *oommunity [*community *contextual design
the external, patterns relationshipsg
internal activities. *community patterns
*provision of instal-
lation _ _ _ _
*yisnal *provision of means
privacy for visual protec-
tion (shadings)
FCONOMICAL *income *materials, compon=
B ents, finishes
PSYCHOLOGICAL| *privacy *possibility for correspondiig *°
visual isolation income
of rooms
*acoustical *provision of acous- ) S i T ‘
privacy tical privacy *maintepnance | *corponents easily
(affecting openings, *change manipulated by
materials, shadings) - the user -
Fig.2.2.1 General Performance Criteria for Spaces Near Dwelling Facades
g
a
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ACTIVITIES
ISSUES

disturbance
influence

PERFORMANCE
CRITERIA

.activities sensitive
to wview

.activities requiring
view

«acoustic

—
activities—noise
generating

.climatic

relationship with
internal

activities
i

ENVIRONMENTAL
CHARACTERISTICS

.possibility for temporal
protection of the balcony
from the view e.g, movable
shadings

.no disturbance of quiet
internal activities
separation of balcony areas
according to each activity
subgroup {e.g. kitchen
balcony from bedroom balcony)

.activities sensitive
to wind and sun

.communication with
related internal
activities

installations

.water and electricity
supply

possibility for protection
of the balcony from climatic
conditions

.available accesses to balcony

+water supply for washing
and planting

Chart 2.2.2

Relation BRetween Activities, Performance Criteria, andEnvircnmental
Characteristics.



3. Hierarchy of Elements of the Building Task

For the purpose of this study, and to provide a
basis for an actual example, related to Egyptian con-
ditions, the "Helwan" Concrete Panel Prefabrication system
(described in "Interim Report Working Papers 1977,
section Prefabrication,"”) was used as an example for the

possikle application ¢f the results of this study.

The following elements were considered:

- Materials

~ Sections

- Units or parts (assembly of materials and sectaion)
~ Components (assembly of parts, e.g., walls panels,

doors, window)

Elements (assembly of components, e.g., facade
elements)

Spatial units (assembly of elements, e.g.,
halceony spatial units).

For a detailed description and catalog of the
above elements, see: T.A.P. Report 79-5, the Housing
and Construction Industry in Egypt, Interim Working
Papers 1978, published Spring 1979, Section: "Construc-
tion Systems," pp. 80-93.

In fact, given the separation of "primary" (struc-
tural/support) elements from "secondary" (infill) elements,
this portion of the report is contiguous with and depen-
dent upon the rules and method developed in the 1978
report.

For example, Figure 2.4.3 of the 1978 report, en-
titled "Facade Elements," represents the conceptual
basis for the evolution of the contextural and case-
specific solution presented at the end of this chapter
(see Figure?7.1l).

/
o
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Fig. 3.1
Balconies, Loggias, Terraces, Etc.

Fig.3.2
External Envelope
Balconies, Loggias, Terraces, Etc.
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4, Physiological/Anthropometric Criteria

Typology of User Activaties, Related to Physical
The external envelope functions as an interface

Elements:
between the interior and the outside world, and/or between
internal and external use spaces. In oxder to propose a
set of design solutions, based on essential performance
criteria as shown in Table4.7 a comprehensive analysis was

carried out for the activities occuring in habitable spaces,

located adjacent to the extermal envelope--inside and cutside.

For the purpose of this analysis, existing dwelling
habits in the Eygptian urban context (i.e., Cairo) were
considered. Activities and related equipment were classi-
fied into three spatial categories, i.e., bathrooms,
kitchens, and balconies.

The following Tables show how the various sizes of
each of the three categories affect facade elements. All
layouts are based on a 10-20 tartan grid, which has been
accepted as the best and most efficient means of positional
and dimensional coordination throughout the whole process
of research. TFrom the above typology, minimum and maxi-
mum sizes of various components of the external envelcope
(walls, openings, balcony floors) were Gerived, and exam-—
ples showing their free but coordinated combination are
shown at the conclusion of the report.

Matrix 4.1 shows the general relaticnships between
"User Needs" and "Subsystem Affecting Satisfaction,"
with elements dealt with in this study emphasized by
dark lines.

Flow Charts 4.2 and 4.3 show the example of one
activity—--cooking--as translated into sub=activity
regquirements, and eguipment to satisfy these require~

ments. Figure 4.4 shows an example of standard European

=

_—~

kitchen types, which include all the equipment required
by Chart 4.3.
for balconies is attempted by this study, but bhased

on Egyptian needs and requirements, which clearly dif-

A similar determination of requirements

fer from those of Northern European sclutions,
Figures 4.5 and 4.6 show the influence of internal
functions on size {(width) of balcony.
Table 4.7 summarizes activity patterns related to

expected performance of balconies in Cairo,

SUBJECT| SUBSYSTEM AFFECTING
SATISFACTION

5

MATRIXY 4.1
Measurement of
Functional
Performance

tion

i

X =Primary effect
¢ ~Secondary effect
-No effect

direct user
indirect user
structure
exterior wall
roof/ceiling
fFloor/ceiling
interior part
plumbing

HVAC
electrical

good lighting
condrtions

>
Qo
o}
o]
£

o
>

good appearence] X Xjx|xtxlx|]o

good acoustical]
environment

bodily comfort | x XX X

odox control X X

USER NEED

short-term
flexibility

long-term
flexibility

expendability X|X|x|x|o|lOo}l0o]o]lo

Matrix 4.1



A COOKING

ACTIVITIES |

B COOKING + EATING

BALCONY ACTIVITIES

CHILDREN PLAY

COQOKING

DINNING
LIVING
COOKING ACTIVITY/RELATED EQUIPMENT
WASHING = sink
| FOOD _|main warking
P REPARATION surface
| COOKING _ lcooker
_ - ‘cupboards’
STORAGE | shelves

Flow Charts 4.2 and 4,3
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RELATIONSHIP TO DWELLING INSTAL-|
ACTIVITIES DISTURBANCE INFLUENCE TIME DURATION FUNCTIONS LATION OBJECTS
GROGPINGS = LCL'l % fgenerating N " :g::ee ::z::t‘::g |=—_ RELATIONSHIP To ACTWITY AREAS WITHIN nplln
B -baby ) w = <ans1 Liva I woakly y (INSIDE) OF APARTMENT MEANS BY WHICH @tory jna
SCzsmallchild | B & M ceseary ®) oty . RESPECTIVE OBJECTS,IMPLEMENTS OR ®|0
C :zchid o= FURNITURE ARE ACHIEVED z
A = adult B g LIGHT | ACQUSTIC CLIMATIC ol ofjel® 8| | |FrECUEN. 5| E
O -oldpersen| 2 5 dl Al Sl dlefeler g3
sieep
rest
privacy
eat,drink
sport,exercise
play,hohbies
pets,plants
parties
talk
radio, tv
visitors
read
fix
store
work
o o 14 % 2| AcTvimEs EvaLueTeD on
CONSEQUEN _ § 2E[oly 2| 8 i |g2| tHEBrsIS OF FREGUENCY AND
CES -BF] § E‘—:,E 38 g 2 % g 2:2:‘:0»: IN A SEQUENTIAL
o CONSTRUCTION, POSITION . MINIMUM SIZE ASSIGN EQUIMENT MINIMUM SIZE
N ORIENTATION {depends on fumiture and space)

Table 4.7
Activity/performance Characteristics of Balconies in Cairo



and
and

Figure 4.8 shows the levels of feasible functaonal
spatial options for balconies, loggias, terraces
open yvards.

1=Generally feasible
2=Partially feasible
3=Not feasible

Deep

Shallow

Small area

Large area

Accessible from cutside

Open to sky

Covered

Orientation E - W

Orientation free

Subdividable

Addition and modification

Changing use

Keep domestic animals

All year use

Sitting

Storage of large items

Sleeping (over night)

Individual, private activities

Group activities

Eating {with groups}

Reading

Worshipping

Bathing

Passive play

Active play

Parties, gatheraings

Barbecueing

Physical work

Gardening

Noise

S[olal~lolr|aloriw|a|m|miv[o]=|o]= ] ] & o|w]o|o]«]w|efoe]<]=fLoggla
mirmfaf=]|=f=| || efe]n|n[a[<[=[=r]=]=]<=]=]m[e]re[n[r]e] ]| 2] Terrace

Drrect contact with earth

wlwla]2lnlwleirlelel el 2T 2] =]w] 2] ~]w]eimjwju]e]2je|wip|e]=]21Balcony

me_._._..-NNQNN_..A.n.-n.a.A....-L.n.-nm-w-l-—l-lmn-topeny:ard

No direct contact with earth

3

Figure 4.8
A Comparison Among Balcony, Loggia, Terrace
and Open Yaxrd
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Figures 4.9 to 4.11 show possible activitaies that
take place on balconies, as observed in Cairo (see
Illustrations 1.1 to 1.10 ) and the minimum space
{(dimensions) required to accommodate each activity.
Dimensions were adjusted to conform to a 30 cm. center-
line to centerline grad, with 10/20¢ cm. bands :super-
imposed (tartan dgrid).
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Figure 4.9

Possible Activities on Balconies and Space Redquired
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EATING- 2 PERSONS

EATING. 3 PERSONS

EATING. 4 PERSONS

Figure 4.10

Possible Activities on
Balconies and Space
Required
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Figure 4.11

Possible Activities on Balconies

and Space Required
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5. Climatic Factors

5.1 Sunlight

In BEgypt, the need of capturing sunlight inside the
dwelling is less important than the need for an additional
(shaded) outdoor space, which supplements adjacent indoox
functions, and which acts as a shading device to help
cool and ventilate the interior of the dwelling—-especially
during the hot months of July and August.
pnother factor of climatic importance is the possibility
to use the balcony as an extension of functions or activi-
t+ies recuring near or adjacent to the balcony location an-
doors, or to enclose the balcony permanently to expand
inadequate indoor spaces. The enclosure may also sexrve as
a climatic device to insulate the unheated indoor spaces
against the night chills of the cold months of January and
February.

Given the above possibilities, the current tendency--
especially in public housing projects--to provide minimum-
size balconles on the model of North-European solutions
seems not only inappropriate in functional terms, but es=en-
tially uneconcmical as far as the life-cycle of dwelling
layouts is concerned.

While view and the possibility to step out into fresh
arr justify to some extent the modest size of European
balcony solutions, the Egyptian context must respond to
different environmental and/or life-style imperatives., It
is the purpose of this study to determine both environmental
and 1ife-style factors in terms of their impact on the

performance criteria for Egyptian urban conditions.
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Apart from satisfying functicnal and technical perform-
ance criteria, the balcony also performs as a year arocund
shading device, depending on the position of the sun in a
particular geographic location, e.g., Cairo: 29952 '8 lati-

tude, 31°21'E longitude. Sun path charts should be used to

determine both solar altitude angle ( ),
angle ( ),

and solar azimuth

(see faigure 5.1.5., below).

Position of sun in selection
to wall surface of any oraien-
tation:

§=a-a (wall azimuth)

angle of incidence (F£):

Cos 8 = Cosd x Cosv

vertical shadow angle:

Tan ¢ = Tany x Secéd

y
§= horizontal shadow angle €

]

solar altitude angle
vertical shadow angle

Solaxr shadow Angle Calculations
Fig. 5.1.5
(Sourcé: Koenigsberger et al., "Manual of Tropical Housing.”

Part 1, Longman Group Ltd., 1973, p. 112}
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5.2, Wind
While cross—-ventilation in hot climates is a desirable

feature in generic terms, the Egyptian climate is charac-
terized by additional wind-related peculiarities, such as

periodic wind-sand storms (kamsim), wind-borne dust,
and considerable wind-borne pollution, especially in

Cairo. Thus, the balcony must not only fulfill the func-
tion of shading and/or ventilating, but must ke capable to
provide devices for preventing sand and dust to be blown

into the interior of the dwelling. In performance terms,
the following environmental functiong must be satisfied by

NP

the balcony design:

shading
ventilation and cooling
deflection of air-borne dust and sand

FEnti ALV s

- possibilaity of full closure.
Technically, these performance specifications affect

balcony elements in the following manner:

shading--balcony slab and side enclosure

ventilation—-railings and facade openings

closure——facade openings or special enclosures.
Balcony size and shape will relate to shading and to

functional performance criteria of use.
The following analysis of the various spatial and

structural elements of a “generic" balcony is an attempt
to provide a method for the translation of performance
criteria based on varying user requlirements, environ-—
mental Ffunction, and the exigencies of standardization
and production coordination, without producing single
option solutions, or solutions based on Northern climate

precedents.

AIR FLOW: THE WIND SHELTER ZONE
Fig. 5.2.1



6. The Balcony as a System of Elements betermined hy

Performance Criteraia

In order to be able to translate both environmen-
tal and behavioral performance regquirements into spatial
and technical performance criteria, the balcony may be
analyzed as a system of spat:al and material elements,
responding to both Ffunctional and structural reguire-
ments, defined best in terms of volumes and planes,

both having positional and dimensional characteristics.

AR
I/-.---- »
// //
4 s
f’ /,
e B s (
N
al
Figure 6.1
x Spatial Axes of Balcony

CONSTRUCTION SYSTEMS

lelr

Axis

structural Criteria:

The ability to support dead and live loads.

The ability to cantilever beyond the line of
the facade.

The ability to be supported by bearing walls
or columns.

Functional Criteria:

Fuction and use of available space (horizontal
plane}.

“Y“

Axis

Structural Criteria:

Joint between external enclosure (facade) and
balcony. Size of bay defines structural system.
May or may not coincide with structural bay
size. ;

Functional Criteraia:

Relationship of indoor to outdoor functions.
Room size and function adjacent to balcony.
Nature of opening or openings.

Environmental protection.

nle

Axis

Structural Criteria:

Support of slab(s) above
Possible foundation for bearing walls or columns.

Functional Criteria:

Enclosure function and type for balcony.
Possibility of alteration or adaptation.
Environmental sheilding.
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Conceptually, a balcony consasts of the following
generic space-enclosing elements:

1. Horizontal pilane (slab)

2. Vertical (saide) plane /;f;ﬂ //;;‘
3. Vertical posts (columns) i | ) f;/
4. vVertical (front) plane P Jéf/’ E é;./
plus, combinations of 2 and 3 r“fi i Lf
The manipulation and combanation of the above 'E ! " :

elements 1n response to a specified range of environ- ;!

mental and functional performance criteria leads to T %

the following basic potential performance functions: it

- Horizontal planes as shading devices, to hang

objects, or to fasten temporary or permanent
enclosure elements.

e T

' v
1
1
i
|
L
RV
by
ok~
b

~ High vertical planes as surfaces on which to . ce e
place furniture, or to attach devices, and/or - |
attach objects. i

- Low vertical planes acting as railing, shelves, .
grilles, privacy shields, viewing openings, etc. = { ! e

Figure shows the basic three ways in which a
balcony enclosure may be realized. 4 . . i

Figure shows possible variations of type C. ;_ 1 ) ;

Thus, depending on orientation, structural system,
building height, plan configuration, and various func- I
tional requirements, a number of coordinated design

strategies for variable and adaptable balcony solutirons i

may be developed, based on a set of performance criteria,
which are compatible with the scocial, technical, and
economic context of the problem to be solved, rather
than imported prototypes and solutions.

Figure 6.2

Genexac Space Enclosing Elements
of Balcony
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Beyond that, and given a basic rule system for posi- Fig. 6.3 Schematic Balcony Configurations
tional and dimensional coordination, a typology of sub-ele- Fig. 6.4 Schematic Balcony Front Configurations
ments and/or sub-variations may be evolved over time, to
allow adaptation both in terms of changed user needs, higher
tachnical standards, or functaonal change.

Fig. 6.3 i Fig. 6.4

x | —

——




10lt HOUSING WORKING PAPERS 1979/80

7. Design Proposal: Typology of the Elements for
Spaces Near the External Envelope

For all design proposals, the so-called support/
infill concept was considered.

In addition, the proposed support system of Phase
IT of the Cairo Univ./M.I.T. research project, was used
to show how the variable plan solutions can be imple-
mented technically by equally variable facade-balcony

solutions.
Variations that deal with facade elements common

to all uses were proposed for the support structure.

As various facade infill elements were considered,
those 1n the activities/spatial unit typology {(see Part
4} were assumed as variable, such as balcony floor,
exterior walls, openings, doors, etc.

Traditional Egyptian patterns for ventilation and
sunlight were also considered for specific proposals of
the support/infill elements. As a result, the meaning
of the facade system may be defined as the meaning of 1ts
basic structure plus a set of conventional infill (or
secondary) elerents, responding to performance criteria
which xespond to social roles or cultural traditions of

the Bgyptian user.
Based on this analysis, an example of a possible

facade subvariation was desagned, showing the compati-
bility of the various proposed "standard" elements 1in
terms of an alternative and flexible overall facade
organization. Here the "sectors" formthe global space for
the arrangement of the elements of the facade system.

The result 1s a proposal for a set of compatible types
of the infill elements, to be developed by the workshops,
craftsmen, or andustry, as an economi¢ and viable sub-
stitute to the inflexible, monctonous and functionally

inappropriate solutaions imported from Europe.
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GENERAL
CATEGORY TYPES MATERIAL
700 700 _, 1400
shadings E% °
:
windows I n I 4 wood
(=]
a
v % Vi i
%% SIS %%
. (=}
shadings %% %%%% S
BB ) EEN
doors 700 4—1400 — wood
3
v Y i: A

Example of Basic Modular Shutter Types.

Tabhle
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GENERAL
CATEGORY TYPES MATERIALS
500 500i
D g 8. wood
skylights L . “ metal
| 1
; 700 bob 700 y 700 1400 |
= L\ § wood
w I ndows metal
| I i v
—
L 700 . . 700 , , 700 . _, 1400 !
1 L | T ‘1-. T 1 T A
/ g
“ wood
doors A metal
] T " <=y

Table 7.3

Example of Basic Modular Window/Door Types.
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TRADITIONAL PATTERNS

Support
elements
mirll
elements t:l
!
VENTILATION -
B
h=l
Qa‘a 3
(=]
o
o
§h.
2
=
(=]
(=]
SUN SECTION ~
PROTECTION mashrabyyya
Illustration 7.4

Traditional Elements:

Qa'a, Mashrabiyya, and RecesSed Shading
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2nd FUDOR

==

1st FLOOR
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Tllustration 7.5

Example of "Support" with Basic Modular Facade Element Variations.
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8. Concluding Remarks

The Performance Concept, as an analytical tool forx
generating design proposals, is characterazed by both the
advantages and problems that occur whenever systematic
approaches are used in architectural design.

There 15 no gquestion that the performance concept is
a powerful tool, when used in lardge scale (1ndustrialized)
building projects. It allows a more flexible and adaptable
approach to the establishment of criteria for the trans-
lation of user needs (which are becoming ever more complex
in contemporary society) intc technical performance stan-
dards, without fixing results, while at the same time estab-
lishang the possibility of new directions for innovation
in building production. In addition, and related to the
above issues, variety and compatibility in buildings has
become a universal regquirement for any program i1n mass
housing, to avoid mindless repetaticn, wvisual monotony,
and lack of opportunity for plan variation, equipment
upgrading, and adaptation to improved orxr changing life-
styles.

Obviously, it cannot be considered as the sole deter-
minant of the complete design process, since the establish-
ment of performance craiteria is limited to providing an
ampetus, rather than a prescription for the elaboration of
alternative design solutions and/or element options. Con—
sequently, designers need other, related conceptual tools
to integrate performance specifications into the overall
design process (e.g., for the previous example, the SAR
methodology was used to generate the overall “"support”
elements for accommodating alternative facade solutions) .

One of the problems in applying the performance approach

is that the architect may become completely bogged down in

-S>

p——

N

exhaustive analytical procedures, and thus lose sight of
the need to creatively collate and synthesize the infoxmation
by judicious choice of only those factors relevant to a

particular use or situation.
Another important point is that the objectivity of

the preliminary analysis does not necessarily insure an
"objective" overall solution (namely, there is no iron-clad
guarantee that the user needs will always be satisfied;.
Thus, the quality of the solutions still depends to a large
degree on choice of values and subjective interpretation
by the various participants involved in the design process.

Furthermore, the concept itself is not value free. It
agsumes the existence of an industrialized soclety organized
in certain ways and accepting certain formal and/or informal
relationships among the pecple involved in the design pro-
cess, (i.e., specialists, usexs, contractors, manufacturers)
which may function well in one soclety, but may function
less well, or not at all, in another. Only testing the
concept 1n prototype or experimental situations in Egypt

can provide an answer to these guestions.
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Summarz

This work briefly presents one possible approach for
a rationale for site plans generation in residential areas,
comprising some physical and selected non-physical factors,
while at the same time combining order and modularity
required by contemporary appreaches to industrialization
and advanced construction technigues in the housing andustry.

Selected physical determinants, affecting the site
planning are discussed and the proposed generation process
reviewed. A theorxetical site provides the setting for
the presentation and demonstration of the suggested
approach to site plans genexation.

Examples of three housing projects demonstrating the
practicality and applicability of the rationale and
the design criterial for residential areas with special

reference to Egypt are also included.

1. Introduction

Egypt is suffering, as most developing countries, from

the chain of interrelated problems caused by the papulation
explosion and rapid urbanization. Topmost among these
problems are: an acute housing shortage and a continuous

deterioration of urban environmental guality.

Great efforts and positive steps have been undertaken by
the government of Egypt to provide practical solutions to
these problems and to effectively implement some of these
solutions. The manifestations of these efforts are evident
in the Egyptian new towns movement, the reconstruction
prolects, the revitalization of urban areas throughout the
country, the number of large-sc¢ale housing developments

for various income groups that were completed during the
last decade, and the newly planned ambitious housing

programmes currently in progress.

(dv

S
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The scale and magnitude of the construction activities in
the housing secter is unprecedented in the country's modern
history. Thig boom in the housing construction industry
is characterized by adaptation of modern construction
techniques, introduction of new materials, industrializa-

tion of products and prefabrication.

In spite of the unprecedented activities in the housing
sector and the number and scale of housing projects, design
of the house units and planning of the space between houses
(housing layouts and site plans) has remained very much the
same; intuitive, casual and far from attempting to
incorporate the complexity of new factors and aspects
affecting the form of the contemporxary house and its

1mmediate external environment.

Site-planning of residential arxeas is, in most cases an
aftexrthought, and a casunal exercise often neglecting the
physical, environmental, technical and soclro-economic

factors affecting the site-planning process.

This work is an attempt to cogordinate and compile some of
the more important factors and criteria affecting the
design of new housing layouts and to formnlate a possible
rationale for the generation of site plans. This rationale
also includes order and mogdularity; as regquirred by indus-—-
trialization and the introduciton of advanced industrial

techniques in the housing industry.

This is not to be interpreted as a call for dogmatic and
rigid approach to exterior space oxganization in housing
areas, 1t is rather a reacticon against casuality and indaf-

ference in the generation of site plans.

The suggested rationale 1s presented in a simple and straight-

forward manner; highlighting the chosen physical determi-

nants and important design criteria affecting the site-
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planning generation process.

The rationale is based on a flexable sequence of actions,
comprising:
~ definition of objectives,
— formulation of briefs and programmes,
- definition of the design context: pbysical and non-
physical
- definition of the design criteria,
-~ development of design alternatives,
~ comparative analysis and evaluation of the design
alternatives,
- reviewing design objectives and criteria,
- selecting final design.

Emphasis in the present work is on the physical aspects
of the rationale evolved and a methodical approach to

site plan generation.

The work falls into two sections:

1. Physical Determinants and

2. Generated Siteplans.

The two sections briefly definte the structure of the

rationale and how 1t may be used for siteplan generataion.

The design c¢rateria for residential areas, which is the
backbone of the rationale for siteplans generation, is
briefly introduced in the main text. In Appendix 2 ig

an extended review of the multi-faceted nature of the design
criteria, highlighting the complexity and variety of factors
involved, detailed discussion of which is outside the

scope of this work.

2. Physical peterminants

In this section a brief account of the physical determi-

nants affecting the site plans generation will be briefly

o

the {theoretical

reviewed. These are:

- getting, the physical context, 1.e.
site),

~ modular grid,

~ house types used, and

-~ design criteria.

The physical determinants define the frame-work for the
generation process of the site plans and together with the
design criteria provide the basis for the design/planning

rationale.

2.1 The Setting: the theoretical site
The question of choosing a site(s} to use as a setting for
the grouping and external organization of the house types

selected represents the first problem encountered in this

work. Two options were avallable; to choose a real site
with its boundaries, relations, ecolegy and complexities
and to use it as the setting for accommodating a given

house type. Alternatively a theoretical supexrblock may be

used to provide the setting.

A real site may add a sense of realism to the study and
may suggest the practicality and applicability of the

approach. - It was felt that this,
subordihate to the objectives of this work: to outline

albeit important, is

the structure and components of a rationale for site plans
generation taking into consideration the contraints of
industrialization and recent developments in modern con-
struction techniques, which call for some degree of

standardization and modular coordination.

A theoretical site will make comparison between alternative

solutions earlier; its abstract nature will provide a
better chance to make comparisons. It will aveoid compli-
cations in the process of comparison which an existing site

feastuere may impose, and finally it will not assume the



form of a psuedo-realistic exercise, that may eventually
turn out to be detrimental to the initial objectives of

the study, i.e., to establish generically valid site plan-
ning guidelines, rather than an exclusive and i1diosyncratic
case study.

The applicability and practicality_of the rationale is

presented and highlighted in Appendix 1, showing selected
projects and applications. |
A square city block, 108x 108 m, (i.e., 1.116 hectare
= 2.78 acres) in area and surrounded by roads on all

sades (Fig. 1) has been chosen as the theoretical site.

The area and dimensions are justified on the following
grounds :
— It provides a reasonable social unit, a residentaal
group "HETTAH" *

lies or so and is big enough to contain a nursery

r socrety of approximately 200 fami-

school.

- It coincides and agrees with the superblock dimen-
sions suggested in new towns and community studies
planned for Egypt (see, for example, 6th October City,
Second Reporti; and the New Ameriyah c¢ity Farst Stage
Report; MODAMNC, Egypt}.

- The 108 meter dimensioh accommodates many modular
series and respects the basic design and structural
grids dimensions based on the 300 m?2 basic module.

108m = 3 x 36m = 3 x 10 x 2.6m

2 x 54m = 2 x 15 x 3.6m

(L x 72m} + (1 x 36m)

.

*
Hettah: an Egyptian word refering o a coherent urban

social unit characterized by 1ts coherence and bondage

with clearly defined territory.

QTD
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2.2 Modular basis: The Tartan Grad

The house types used in the site plans were developed
on a modular basis; a tartan grid (1.2m - 2.4m x 1l.2m
- 2.4m), i.e., a 3.60m sguare grid provided the modular

basis for the design of the housetypes and their details.

The same grid was used to provide the dimensional basis
for site plans generation and groupings of the house
blocks as well as for layouts details.

The modular grid provided the behicle for the creation of
a variety of form and configuration of external spaces.

It guided, but never impeded the generation process. The
modular graid 1s a direct reflection of the modularity and
order inherent in andustrialized products and construction
techniques, and hence a cornerstone in the suggested

rationale for site plan generation.

2.3 The House Types

Four house types were used in the site plans. Two five
story walk-ups, a cross shaped 10 story tower and three
story row-type maisonettes ("villas"). The house types

were developed by Dr. Nasamat Abdel-Kader, to demonstrate

the use of a modular pattern."?

B brief description of the major features of those house
types is presented below.

2.3.1 House Type A:
- direct access type
- staircase serving two apartments
- 5 stories high
- dual aspect apartments

*
A modular pattern for the design of Mass Housing Projects

Cairo Univ. & M.I.7., Cairo, Cambridge, 1980.
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- apartmént areas vary considerably (43m2——120m

2

Ccr more.

- ground floor may provide accommodation for public

uses; a corner shop, parking, nursery-—if needed.

- distance between the vertical circulation cores may

vary to control the area of apartments.

- split levels may result in this type as a result of

2ccess on each landing.

~ linear.

2.3.2

. House Type B:

direct access type-—5 stories high

staircase serving four apartments

dual aspect apartments

apartment areas vary according to the distance
between vertical cores, and units are of fixed
areas.

apartments may be grouped to contain an internal
court, thus restricting the aspects to one external
and one internal, each.

linear.

House Type C:

- direct access

- 10 stories high or more

- 2, 3, and 4 aspects for sach flat according to

its location and the grouping adopted.

- point plan

- linear grouping in two directions is possible

2.3.

4. House Type D:

— terrace houses (row Houses) maisonettes

— three stories high

~ e@ach two houses occupy three modular bays
~ linear

IS

2.4 The Design Criteria

In site planning the design criteria serve two functions:

1 Translate the design objectives into qualitative and
guantitative criteria which c¢an be incorporated in
the design and more generally provide the basis for
the form generation process.

2. Provide the means of evaluating alternative forms:
i.e., the generated environments and site plans.

The design craiteria for planning Residential Sites are
multi-faceted and comprise numerous factors, both qualita-
tive and guantitative as well as those of environmental

and psychological nature.

The guantitative aspects of the design criteria involve
the contraversial question of standards and norms, their
real value, and touch upon the problems of cultural
variability, not to mention the importance of cost effec-
tiveness. Similarly, the qualitative aspects of the
criteria are copen-ended and undefined, e.g., 1t is
difficult to put a quantitative value judgment on the
visuwal character of a given site development, on visual
privacy, views, amenities or safety in a proposed design
for a residential site. The precise definition of these
factors is, however, beyond the scope of this work, but
has not been ignored in that a thorough review of design
criteria for housing areas applicable to the Egyptian

A selected list of the literature
review is 1ncluded in Appendix ITI. The format highlights
problems and facts on the subject of design criteria for
residential areas and’lends itself well to the purpose of
this work and can be used to re-evaluate the layouts

context was undertaken.

generated and assessed in this work.
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Some of these aspects are further discussed in the following

design criteria used comprise the following factors:

Environmental Criteria:

sunlighting in and around house blocks

- daylighting in and around house blocks

— provisions of shadows in the spaces between houses;
e.g. 1n walkways and play areas

— provisions for shelter from wind and sand storms

- air movement and penetration of breezes

- noise

Privacy

- visual privacy; freedom from visual intrusion

- acoustic privacy; freedom from outside noise and
the need for acoustic privacy

Views from the house units outward and from spaces
in~between

Amenities and the provision of open spaces
Accessibility and circulation:

~ vehicular access

- service access

- parking provisions

- pedestrian access

- safety.

Security (the defensibility of the site), Newman (14)

- territoriality: the question of identity and belonging

~ gurveillance: house blocks=-open spaces and their
inter-relation

Visual Form and Aesthetics:
- structure

- components

- proportions

- scale

- details

- intricacy and complexity
— character and identity

- rhythm and segquence

section and in Appendix IT.

5>
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The Generated Site-Plans

Introductiocon

In this section,
that were developed for each

(reviewed in Section 2.3) is

a selaction of the housing layouts
of the four house types

presented and svaluated.

The site layouts are presented as a set of alternatives;

each alternative comprises a site plan, a cross section

followed by two tables: site data and site evaluation.

The site plan shows thé arrangement of the blocks, the

hierarchy of spaces,
limited access roads
cars and pedestrians
illustrate the space
and drawbacks of the

3.2

public and private (1f any), the
and services and mews courts, where
may safely mix, The cross—sections
configuration, highlighting the merits

spatial organazation.

Site Data

The

site data comprise:

The house type: e.g., walk-ups, towers, villas. A
letter (A,B,C,D) is given for each type and a
serial number indicating the order of the alternative.

number of floors
site area in square meters and hectares (10,000 sq.m)

number of units;
housing units

1.e., number of apartments or

number of persons; e.g. an average fam:ly number of
4.5 persons was used throughout, i.e., number of
units times average family number

ground coverage:
square metexrs

the area occupied by buildings in

total built area
site area
of persons/site area

floor area ratio =

density: number

open spaces:
(b) area of
sq. meters;
s5q. meters.

roads: area in square meters

(a) area of public open spaces (sg. m);
Private and semi-private open spaces in
(c) area of incidental open spaces in

parking: area of parking and services in square meters
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3.3 Site Evaluation

Each site is evaluated qualitatavely and quantitatively
when possible. A three—graded scale was used (good, fair,
poor) together with a fourth grade, indicating problem
areas. The site evaluation 1s based on the design criteria
for residential areas presented in Section 1 and highlighted
in Appendices 2 and 3. It includes the following aspects:
3.3.1 Density:

No comment on density was indicated. However, in practice
the success or failure of a given layocut to achieve a tar-

get densaity may be commented on.

3.3.2
The spacing between blocks 1n relation to height, the angle

Daylaghting and Sunlighting

between the ground floor flats and the top eduge of the
facing block and the orientation of the blocks and their

interrelations.

Bs a general rule no major problems of daylightang will be
encountered if H/D £ 1.5, where H 1s the height of the
facing block and D is the spacing between the two blocks.

3.3.3 Provision of Shade

This is related to the external spaces around the blocks:
it depends on the orientation of blocks, spacing wversus
height,

season}.

landscaping and sun angles (i1.e., time of day and

It can be calculate@ for a given pericd. It
should be kept in mind that this criterion clashes with
the provisior of sun—~light and day-light indoors.

3.3.4 Wind Shelter

The protection of exterior spaces against sand storms and
this depends on the height of the blocks,
their spacing and oraentation in respect to the prevailing
unwanted wind. The golden rule hexre 1s: the smaller the
spacing between blocks the greater the shelter (H/D < 1/4

windy weather;

B

where D is the spacing between blocks and H 1s the height).

3.3.5 Air Carculation
The freedom of air streams to penetrate and reach the vari-
ous house blocks. This may ¢lash with the provision of

shelter and shadows externally.

3.3.6 Oraientation
The preferred orientation in Egypt is north/south (ax.e.,
the long axis of the block runs east/west}, see also

Evans (6) and Koenigshbergex (8).

3.3.7 Privacy (Visual)

By means of distance: the greater the distance between
parallel blocks (18 meters and more) the better the chance
of visual privacy (gaven opposite openings).

By means of design (e.g., perpendicular parallel blocks)

3.3.8 HNoise
A multi-~faceted criterion comprising:
- exposure of the long side facades to major roads
= distance between blocks
— house type characteristiecs
— number of the house units overlooking external
spaces (courts}
- density {physical and activities)

- relation between car parks, roads and dwellings

3.3.9 Views
Open versus restricted views; variety and contrast

3.3. Amenities, Open Spaces
Efficlency, adeguacy, hierarchy, territoriality, relation

between blocks and spaces, safety. etc.

2.3.11 Aceessibility and Circulation
Provisions of cax parks, access for garbage collection,



services and emergencies; pedestrian safety, pedestrian
routes, efficiency of road network, length and area of

roads.

3.3.12 Flexabality and Adaptadility
House type grouping and exterior organization., Spatial
characteristics, possibilities of future growth and modi-

fications.

3.3.13 Defensibility and Security
A. Terrrtoriality:

Relation between bhlocks and their immedaiate envirpon-—

ments; the guestion of a space not belonging to anyone

{no man's land), and the ¢lear functional and terri-
torial identification of spaces.

B. Suxveijllance:
Spaces overlooked by blocks, distance between windows

and spaces, routes unrelated to blocks. . . etc.

3.3.14 Visual Form

ldentity, character, proportions, building line, silhouette,

detarls, complexity, enclosure variety and contrast,
structure, etc.

Each site has been separately evaluated in the light of
the above criteria. It should be kept i1n mind that the
site evaluation procedure was simplified because of time
limitations and the nature of the present study. It 1s
only presented to highlight and illustrate the structure
and segquence of the suggested approach to site plans
generation.

Q0
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4, Epilogue Ijgj

The structure of the rationale appears simple enough in
that it comprises a flexible sequence of steps leading to
siteplans generation. However, the simplicity is only
skin deep; the complexity of the interrelated compenents
will always call for a more thorough detailed investi-
gation, in-depth critical analysis and hard follow-up
work. The flexible sequence of actions suggested is
the following:

- definition of objectives

— formulation of a programme,

— definition of the design context
{physical and ngn-physical)

- developing design alternatives

— evaluation of the alternatives using elaborate
criteria

- seeking fitness between context and form and selec-
tion of final design

The sequence of actions is not rigid or linear. Alternating
between steps, the review of earlier actions, and feed-back
are inherent in the nature of any design process and hence

an important feature of the raticnale.

The rationale for siteplans generation presented here is
not a guarantee for sequring good design nor will it auto-
matically produce successful siteplans. It merely attempts
to define a course of action and set out the rules of a

game in which scoring and winnring is another story.
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APPENDIX 1

Selected Applications

The rationale for siteplans generations, presented in this
study, provided the basis for the creation and development
of a number of housing layouts, designed by the author
together with Dr. Nassamat Abdel Kader for different
clients in Egypt.

Three examples of these layouts are presented here to
highlight the suitability and applicability of the rationale.
The selected examples are:

—~ a residential community,‘Maasara, Cairc Egypt

- Cairo Unaiversity staff apartments, Phase 2, Giza,
Egypt
- residential community, Phase 1, Heliopolis, Cairo,
Egypc
Each project is briefly introduced, together with the site-
plan and synopsis of the site data.

HELIOPOLIS: A RESIDENTIAL COMMUNITY
Client: Arab Contractors

Designers
Dr. Nassamat Abdel Kader
Dr. Sayed M. Ettouney Apral 1980

This was a pilot project, to demonstrate the efficiency
of the designers'appreach to create a livable housing
environment that respects the requirements of sophisti-
cated construction techniques calling for modularity and
order (fig. A.1.6).

SITE DATA

SITE AREA: 27,625sa.m= 6.6 acres or 2.76 h.

HOUSE TYPES USED: direct access 5 story walk-ups,
one stair serves two flats or
one stair serves four f£lats

NUMBER OF UNITS: 440 apartments

NUMBER OF PERSQNS: 1,980

DENSITY: 330 ppa or 750 ppha

FLCOR AREA RATIO: 1.9
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MASARA, cAIRd, EGYPT
A residentaial community for 5400 persons
Client: aArab Contractors
Designers
Dr. Nassamat Abdel Kader
Dr. Sayed Mohamed Ettourney

(for Sabbour Associates) April 1979

The site is loecated to the sourth of Cairo in MAASARA
District by the River WNile. It 1s envisaged to provide
housing accommodation for ownership (upper middle income
group). The project was developed under a number of
constraints, namely:

- limited time for the preparation of tender documents
and execusion.

- the use of sophisticated construction technigques,
prefabrication and industrialized components.

-~ the site is to contain a shopping center, a primary
school, two kindergartends.

- service and parking facilities should be provided
{a separate study was to be conducted to examine the
possibilities of underground parking). Figures?i..l,
A.1.2, A.1.3 and A.l.4 show the site plan and some
analytical studies.

SITE DATA

SITE AREA:
HOUSE TYPES USED:

59,200 sgq. m; 14 acresor 5.92 hect.

direct access, 5 story, slab
blocks; cross—shaped, 10 story
towars

NUMBER OF UNITS:
NUMBER OF PERSONS

1,200; densaty: 3285 ppaor 912ppha

5,400; floor area ratio: 2.4

=
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CAIRO UNIVERSITY STAFF APARTMENTS
{Second Stage)

Client: Cairo University, Staff Housing Socirety
{limited competition)

Designers
Dr. Nassamat Abdel Kader
Dr. Sayed M. Ettouney
Structural Engineer
Dr. Aly Abdel Rahman

November 1979

The brief for this project called for the provision of
about 220 housing units to be accommodated in the Northern
part of the site; respect for the almost completed first
stage, comprising direct access slab and T-blocks was a
The brief also asked the
designers to allocate some public facilities: e.q.,

prime facter in the proposals.

shopping centre, kindergarten, administrative offices as
well as parking (fig. A.1.5).

SITE DATA

SITE AREA:
HOUSE TYPES USED:

1,700 sg. m = 4 acresor 1.72 h

direct access, 6 story walk-ups
and cross-sahped 1l story
towers

TOTAL NUMBER OF UNITS:
NUMBER OF PERSQONS:
DENSITY: ‘ 250 ppa or 625 ppha
FLOOR AREA RATIO: 1.53

220 apartments
1000 persons (approx.)
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GENERATING ALTERNATIVE STRATEGIES FOR THE PREFABRICATION
INDUSTRY IN EGYPT

This chapteris an attempt tc assess the position of the
industrialized (prefabrication) sector in relation to
the industrial sector as an agenht of modernization in
so—called developing countries, using the case of Egypt
as an example. Structural and generic differences between
the operational and organizational characteristics of

the conventional and industrialized sectors are noted,
including the need to account for "phasing-in" and ‘'phasing
out” of new techniques and methods, in the assessment of

the efficiency of the industrialized sector.

It is the main hypothesis of the papex that the industri-
alization and mechanization of the construction aindustry
can only be fully assessed, if viewed as an integral
part of meodermization goals on the naticnal level. One-
to-one cost comparisons with conventional construction
methods are of little walue, since there is no objective
way ©of assessing global effects over long period of

development time.

As a corollary of the above, choice of technology should
be made in the context of overall industrialization, and
should be based on multiple-choice policy options, rather
than simple choice ones (e.g., “open" vs. "closed"

systems) .

In conclusion, the notiaon that industrialized building
has “"failed" should be set aside until a more compre-
hensive evaluation of the efficacy of industrialized
building can be made, based onh overall development and
modernizatioen, not only an Egypt but in many other

developing countries all over the world.

be

S

Currently, it has become not only fashionable, but (}Tﬁ
apparently "objectively" proven by many critics of indus-
trialized bunilding and prefabrication, that conventional
construction technigues and methods are more economical

and of better overall guality than industrialized systems.l
While much of the cxiticism is justified in detail, and

while conventional construction methods no doubt are

superior to industrialized technigues for certain building
tasks,2 the tendency to dismiss industrialization, pre-—
fabrication, mechanization and rationalization in con-
struction as a "failure" is not only disguising the true
nature of industrializataion, but does not hold up logi-
cally and methodologically. The following discourse is
an attempt to correct some of the conceptual and methodo-
logical errors which have contaminated much of current
thinking on industrialized building as part of the over-
all modernization process in developing countries, espe-
cially Egypt.

One of the major problem areas of current research concern
1s to eliminate bottlenecks for the utilization of the 12
prefabrication facilities which have been established in
Egypt3 and to overcome difficulties encountered in "phasing
in" this new technigue of housing production, along with

a technology assessment concerning 1ts relationship to

(a) the general economy and (b) the construction industry

at large.

The former (a) represents a formidable task of economic,
resource and policy analysis, and can only be resolwved
after a rigorous and therough investagation of all factors
determining the economic modernization of Egypt and their
social, technical and economic interrelationships.

The latter {b) is not a question of a simplistic and
static comparison between conventional technigues of house
building and industrialized technagues of building produc-



tion, but a gquestaon of assessing the development of
industraialization in housing as an integral component of
the declared policy of overall modernization and aindus-
trialization in Egypt, whose purpose it is to provide

a2 haigher living standard and greater preoductivity for

its economy and for its people.

Consequently, the construction industry must be considered

as only one among many sectors of the overall economy,

where the prefabrication industxy represents a subsection

of the building industry.

Flow Chart 1 demonstrates a number of important features:

--the structure of the organization of the industrializa-
tion sector is generically different from that of the
craft-based conventional method, in terms of activities,
work flow, and technique.

-—-The i1ndustrialization sector contains elements whaich
are not only structurally but also technically an ex-
tension of industrialized process at large, rather than
representing a transfer of conventional craft processes
into the factory (even though this may inatially
happen).

~—the organization of the industrialized sector requires
generically different production and assembly processes
than craft-based construction. This means that a
direct comparison between craft-based activities and
industrialized processes 1s not very appropriate,
since each obeys different requirements for quality
standards, quality determination (i.e., minimum,
optimum, maximum output per unit, etc.) and substan—
tially different time and motion rythms.

-—the craft-based, conventional sector is essentially
an agglomeration of discrete and diversified production
units, forming temporary and multi-faceted alliances
Ior each gaven construction project, while the indus-

trialized process reguires long-term management and

KR
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control of all the phases of planning, programming,

production, assembly, etc., by pre-determined flow

fregquencies. This means that each sectér operates on
the basis of different criteria of evaluation and that
an optimization of their respective inate efficiencies
must cbey separate criteria of efficiency and perfor-
mance.

-~~the main issue of industrialization is not -a one-to-
one comparison of conventionally conceived discrete
tasks broken down by either building functicn or
material elements, but their respective overall capa-
city to satisfy the demand for quantity production at
controlled levels of quality and performance ({which
need not necessarily be minimum levels).

~—the industrialization of the building sector is not
only developed by guantitative considerations, but
represents gualitative re-orientation of all aspects
of the economy of which prefabrication i1s an integral

part.

Thus, any evaluation of the prefabrication sector will
make sense 1f it is related to the overall development
level of the industrial sector as a whole. Another rea-
son why direct comparison is suspect is that craft-
criented, conventicnal constructicn and industrialized
prefabricated production cccupy different levels of the
development cycle, with craft-oriented proéuction repre-—
senting a "mature" technigue, with built-in and histori-
cally developed "efficienciles.," which are being "phased
out" as the neuv technigues and technologies of moderniza-
tion (e.g., mechanization, prefabrication, etc.), are
being "phased in"; the former obeying efficiency factors
which are determained by habit and craft-oriented behavior
while the latter are subject to accelerated "leaxning
curves” of scientific management and pre-engineered pro-
duction organization., See Figure 2
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CONSTRUCTION INDUJSTRY

Varyxous branches of the building industry
depending on construction task and/or need.

I

I

' Heavy" Industrral bwelling
Construction Constructaon Construction
Conventional {craft) Industrialized
Housing Sector Construction Sector
Craft-based Industrialized Housing
Production Processes Industrialized Préduction
Progesses
da__ T -
Crafi-based Craft=based Prefabrication Assembly On-
Production Production in Factory site On-site
On-site partially off-site {eventually ("dzy" work
with on-site "“pre- pre-assembly) Asseibl )
fabh" elements Transport o
1 1 |
Shop Pre-—fabricataon Serial Production Automated Production
| I
L i | I
Mobile Shops Stationary Shops || Mobile Pre- Stationary Exclusively
Mechanyzed fabrication Pre-~fabracation Stationary
Pxocesses Mobile plants in factory Factory
. Pre-fabrication

Flow Chart 1

Schematic Flowchart of Construction Industry With
Industrialized Sector in Housing Added {(European
Model)
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Thus, any comparison of craft-oriented, conventional
construction methods with andustrialized methods of pre-—
fabrication does not yield very useful results, since
the criteraon of comparison is primazrily focused on the
image of a conventicnally conceived vroduct, rather
than concentrating on mass production criteria of

process.

There is another reason for cautioning against direct

comparisons, using conventional building technigues as

a base: Such comparisons are more a matter of convenience
than the result of rigorous methodological determinations,
since known and easily understood (also relatively simple)

factors of the conventional construction processes are
easier to account for than the more complex determinants
of industrralized building. It 1s evident that any
radical change in materials, methods, processes and pro-
duction flow, which are inherent features of industriali-
zation, will call for a complementary re-definition of
most, if not all of these factors. In other words, a
change in technique (and/or technology) causes radical

problem-shifts, and cannot be conceived as a one~to-

cne comparative cost-accounting exercise without expli-
citly stating its inherent limitations. Problem shifts,
generated by any new technique and/or technology generate
as a matter of necessity dislocations, insecurity and
sometimes temporary chaos, especially in the early phases
of change, and thus are difficult to assess on the basis
of conventional categories of guantity surveying and cost

accounting.

The causes for these changes are an themselves radical
and "non-conventional," i.e.:

1. short-term, cyclical and excessive demand for
quantity production of finished dwellings to
"catch-up" with amenity levels set by the "deve-
loped" countries and perceived as desirable

S

—

"standards" by the rest of the world. This leads (%Qb
to choosing housing industrialization as the most
promising candidate to achieve these goals.

2, Parallel development of overall economic growth,
seen as a pre-requisite for improving living stan-
dards, which means higher wages, higher demands on
services, etc., and thus a "natural"” increase in
the cost of construction. The result 1s, that the
increase in wages etc,. must be offset by increasing
productivity, by mechanization and andustrialization
in all sectors of the economy, i.e., by transforming
the whole production base of the economy.

3. Population increase and urbanization, requiring
rapid methods of producticn to provide housing in
guantity,i.e., by industrial methods. (N.B., this
does not specify type of industrialization but
involves techniques of mass-production, which may
or may not include the house as such. Thus the
provision of sewers, water, electricity, roads, etc.,
is merely another facet of industrialization with
another "technology.™)

4. Overall organizational patterns and management of
large complex social, economic, and technical
entities regquire "learning period," which took
centuries to develop for the so-called "developed"
countries, but which now must be compressed to
decades or even years in the so-called "developing™

world.

The concentration of the above factors leads to social
and economic distortions and dislocations or so-called
"bottlenecks," which cccur during the process of andus-
trialization:; both on the macro-economic and subsedquently
at the sectorial levels. The recognition of these
"bottlenecks" i1s central for the analysis of the progress
of industrialization and cannot be predicated on a com-

parison of che essentially different problem areas



represented on the one hand by the conventional craft-
oriented sector of the building industry and the newly
emerging industrialized mass-production sector on the
other hand.

The preceding discussion leads to the following tentative
conclusions:

Only by makaing explicit the course, nature and functional
locus of a given bottleneck, a valid statements or state-
ments about the future development of the industraialized

housing sector can be made with any degree of probability,

including the question, whether industrialization repre-

sents a necessary development or stage in modernization

{industrialization} as a whole or by segment, and if so,
to what extent 1t can be "managed" to "pass through”
certain bottlenecks with least difficulty. This reguires

the application of conditional and gradated categories to

the problem, leading tc multiple-choice strategies,

rather than categorical conclusions based on an inherently
unstable situation which by its very nature does not and
cannot conform to a conservative and static perception

of development. Thus, the only possible conclusion or

set of conclusions from a point by point comparison of

conventional with prefabrication techniques is the i1denti-

fication of bottlenecks and not categorical single-option

policy statements, especially since the overall explicit
objective of industrialization is the conscious pursuvit
of a policy of modernization as a national goal. The

pursuit of this goal is only partially a matter of eco-
nomic concern, and therefore cannot be staéed in purely
economic terms. On the constrary, it is the function of
economic analysis to provide alternative strategy options
leading to this geoal, which may ox may not include the
recommendation for the abandonment of a discrete sub-
sector of the economy to strengthen overall econcimic

performance, but only if the elimination of cne element

Q&—L\P
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can be compensated by a more efficient replacement at a
haigher level of (industrial) performance of the economy
as a whole or other sectors in the long run. $So far,

there is no evidence that this state has beenreached 1in
the prefabrication sector, based on the data currently

avallable.

As a matter of intermnal policy, based on cooperative team-
work, the most fruitful strategy to be followed may be
best served by defining and analyzing the systemic rather

than the particularistic causes of the bottlenecks which

prevent the optimal utilization of the prefabrication
factories, in order to determine options-Ffor their miti-
gation or correction. The fact that steel and concrete

presently represent a serious bottleneck for currently

cost-effective development of housing prefabrication is

an insufficient reason to condemn the technique in its

entirety and to counsel the abandonment or conversion of

producticon to other uses without the most careful and

broad-based consideration of all other factors, such

as the technical and organizational abkility of the industry
to convert their production to other uses, the existence

of a real market for these new products, and the cost of

a possible conversion (piled on top of capital expenditures
already expended to set up the factoraes for the purpose
they were degsigned for i.e., the production of flat, large

reinforced concrete panels in rectangular molds).

Only by defining the precise nature, origin and relation-
shaps of the existing bottlenecks, a tentative prognosis
can be made about the markets to be served by the pre-
fabrication industry and the new types to be produced
within the overall producticn capacity of building indus-
try as a whole and by carefully considering short, medium

and long-term needs of the housing market.

To abandon or drastically change the output of this sector
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even before it has commenced production on the basis of a

one-dimensional single cost comparison, based on incomplete

and admittedly inaccurate data of as yet unconfirmed

production costs of a single factory is an extremely
dangerous position to take and must be considered scientifically
as well as methodologically suspect.

Acside from the above, the “discovery" of bottlenecks as
problems of "appropriate technology™ and their contribution
to the preoblem of housing must be seen in the context of
long~term "snap-sho ts" of possibly only temporary

difficulties and marginal dislocations.

It may also ke argued that industrialization in the con-
struction sector is already inevitable, since it has
occurred in all developed countrieg and even in other
branches of the Egyptian construction industry, {(viz.,
widening of the Suez Canal, industrial projects, hotels,
road construction, etc., etc.). Given this hypothesis,

it may be possible to extract different conclusions from

the comparison than those conventionally arrived at, e.g.:

—-Manipulate the economy to supply cheapter and more
plentiful quantities of cement and steel (by increasing
production in that sector, or re-allocation of resources,
or other options to be tested by appropriate economic
modeling) .

——Accelerate the "learning curve" of the industry by
providing sites and large projects to absorb full
production of carefully monitored prototypes of dif-
ferentiated characteristics for different income groups.

—Provide training and other incentives to labor to be-
come "skilled" as factory workers with prospects of
steady employment and increased status.

—Test alternative industrialized elements and components
during periods of decreased activicy or slack production
periods.

-—Reduce content of steel and cement by decreasing area

of panels by masonry or gypsum "inserts"”. Cf*b
—--study alternative inventory and dastribution strategies.

Aside from the necessity of recognizing the existence of
the factories in Egypt not only as a given economic fact,

but more so as a new institutional element and as an

instrument of modernization, there is an inherent assump-

ticon in the recommendations of conventional technology
proponents that 1t is in the power of a single individual
(technical advisor ox policy-maker) or a small academic
team of advisors to state categorically whether a country
should or should not industrialize any sector of its
economy. It seems a more productive course to proceed on_
the assumption that industrialization has been accepted

as an imperative of national policy and that only by a
careful integration of social, polatical, technical,
psychological and economic complexities of the situation
can any suggestions be made (cautiously) on policy, and
only as a matter of presenting multiple choice alternatives
to the course already taken, with the understanding that
the existing situation is—--in fact--determined to some
extent by other factors than "pure" economics (which by
1tself is not entirely without "extra" economic bias),

not only in terms of how much and where capital should be
invested, where man-power should be committed, and what
organizational structures should be developed, and so
forth.
or even its radical transformation will create not only

In other words, the abandonment of any sector

economic consequences which are diffaicult to predict, but
equally-—if not more so—-may lead to devastating political
and social side-effects which may or may not transcent
purely economic considerations. To abandon or transform
a whole sector of the economy, simply because of its
initial "phasing-in" difficulties, without exploraing

first every possible feasible alternative is irresponsible

and dangerous.



Thus, the "discovery" of bottlenecks in the prefabricated
sector by means of single option comparisons merely
reinforces and justifies resistance to change {i.e., by
focusing on conventional construction technigues asg the
only alternative). A better strategy may be to contrast
the industrialized sector with conventional craft-based
building and conseqguently evaluate the advantages and

disadvantages of each within the context of the total

demand of housing, allocating to each only those tasks

which can be managed best by either in the short, medium

and long-term, i.e., anticipating change, rather than

responding to an existing situwation. This would require

a dynamic model of economic analysis, with a network of

alternatives rather than single option yves—-no recommenda-

tions. Such a strategy would consist of two elements:

1. Distillation of those limiting factors (bottle-
necks) which may be considered as generic to
industrialization and modernization as such (1r.e.,
macro-economic analysis).

2. Determination of those limiting factors (bottle-
necks) which are specific to industrialized prefab-

rication, on its own terms.

This may provide a better model than the comparison of
two sub-sectors of the construction industry, as part of
the larger economy. Such a strategy should lead to the
development of multi-options, based on the refinement of
the argument by establishment of the base of assumptaion by

integrattive strategies rather than exclusionary ones.

This does not mean that the building sector does actually
behave like any other consumer industry or that certain
options will have to be eventually exlcuded. However,

this should happen if and only if the discarded option

does not contraibute even marginally to overall industriali-
zation, and only after careful assessment of the magnitude

of this margin, including social, political and technical

S
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considerations.
METHOD

The argument concerning alternative or appropriate
technologies is not a fruitful base upon which to deal
with assessing the efficiency of industrialization, since
1t takes existing difficulties as a point of departure

by either comparing them with "successes" 1n mature indus-
trialized countries, or with conventional craft-based
production (which has demonstrably failed to provide
guantity production of acceptable gquality housing). The
first strategy--i1.e&., comparison with mature industrialized
countries—-is preferable to the latter, although the

element of maturation over time presents great methodolog-
1cal difficulties. Since planning for industrialization
is both long-term and dynamic, the determination of
difficulties (bottlenecks) at time A does not necessarily
have a direct bearing on the behavior of a developing
industrialized context at time B. Aside from that, the
assessment of the dafficulties in the building industry
is too limited a criterion to make reliable statements
about long-term development, let alone long-term trends

in one of 1ts sub~sectors.

For example, it is guite conceivable that a given
technique of industrialization, e.g., large prefabricated
concrete housing may prove less effective than anticipated
during the early phases in the industrialization of a
"developing" country, but that during later periods, under
different circumstances parts or wholes of the industry
may perform at very high levels of productivity—-or vice
It should be remembered that the use of mechanized
and automated machinery represents not only a change of
technology, but will affect the whole process of constzuc-
tion oéer long pericods of time, and thus cannot be

"tested" on the basis of currently prevailing notions of
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efficiency.

Both methods of comparison have a common feature, i.e.,
due to the complex nature of maturaization of industriali-
zation, it is difficult to assign "efficiency crateria"

in an unbiased and scientifically "value-free" manner.
Intrusions of unpredictable and/or unanticipated factors
make a truly "scientific" forecasting of trends difficult
and thus must be viewed with great caution if not outright
skepticism. Economic analysis provides tentataive indi-
cators of probable trends, not necessarily a trend as
such. The only approximation possible is to assume that
the Qevelopment of the industrialized construction sector
can be expected to follow in a more or less orderly way
the industrialization (modernization) of the whole economy,
and thus at can he safely assumed that it will fail if

the economy as a whole fails, while success will 1inevitably

It is
on the latter assumption that one must proceed, the former

offex not one but many options for its survival.

being unacceptable as a basic¢ premise ipsc facto. Since
there is no "scientific" way to assure that events will
proceed according to either path, peclicy advice based on
the projection of present trends in the conventional
sector is actually not very useful, except as an indicator
of the existing gap between supply and demand. Thas
creates a difficult situation, since there is really no
firm methodological basis to use the existing situaticon

in the conventional building sector as a basis for compari-
son for policy statements concerning the future of indus-
trialization, and to assign to the present condition of
the prefabrication industry in Egypt bottlenecks or
difficulties which are-—in effect--inherent in the pro-

cesses of overall economic development as such.

A better methodology may be to construct a desirable model
tor industrialization, taking into account the development

in the other sectors of the economy, while at the same

.
<

time testing the experience of other industrialized C4t>
sectors against the peculiarities and constraints of the
building sector. In other words, difficulties and bottle-
necks in one sector can only be overcome by a systematic

and detailed analysis of 1its relationship with other sectors
{(1.e., the whole economy). To analyze or compare a single
case as a sub-sector of a larger system seems ill-suited
to gain an insight into either the whole or its parts.
After all, it is the explicit aim of any serious research
project to create the conditions for generating knowledge
which hitherto has been 1naccessible by conventicnal
methods.

to create a certaln "distance" when confronting difficul-

Thus, 1t seems that economic analysis needs

ties in a given sector or sub-sector, whach focuses
beyond the narrow concerns of intuitive "conventional
wisdom"” of those already too close to the problem (and
who are empirically quite aware of the difficulties and
bottlenecks encountered}. By creating this "distance™
it may be possible to effect a "problem shift” which
avoilds the trap of a mvontic assessment on the basis of
conventional "empirical givens” and which allows for
beld but affirmative conjecture as a mechanism for

generating alternative additional options, rxather than

capitulation in the face of the existing status guo.

To predicate a model of industrialized housing on con-
ventional craft-oriented techniques and processes is
erroneous and does not provide us with any useful state-
ments about the future development or direction of
industrialization in housing, or in the construction sector

at large.

NQTES:

==It 15 important to include in the concept of "building
system" all those elements and components required for
transport (1.e., determining the optimal radius of
market accessibility).



--8ize and configuration of factory-produced elements is
determined by:

a. transport limitations

b, maximum level of pre-assembly, based on
functional considerations.

Both in combination, determine the level of prefabrica-~

tion possible at a given level of ({industrial) infra-
structure.

~-Unl:ke 1n conventional construction, systems building
requires the co-ordination of elements, components,
assemblies, etc., already in the factory. Only minor
adjustments are expected to be necessary on the site
during agsembly. Thus, coordination by drawing,
becomes coordination of production.
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1. The low income majority of the population comprise
and cause severe problems which require immediate

direct action.

2. The larger cities act like magnets drawing people from
rural agricultural areas. The level of education, medical
centers, entertainment, and- - of prime importance - the
availability of jobs and employment, is the lure.

3. The central areas in Cairo are already very crowded,

new housing developments, if built after demolishing slum
areas, would need to be middle income or even high middle
income people, due to the present high prices of bualding

sites.

4, Public housing built by the government can barely house
the low income people from slum clearance areas. The cost
of new construction has nearly tripled over the past few

years.

5. Low income people move to the peripheries of Cairo; the
agricultural land is subdivided into small plots and sold
cheaply to indavidvuals. They build a minimum shelter, move
to the new area, and gradually they complete the buxlding,
first the ground floor and eventually 2 or 3 more floors,
which are rented out.

6. The owners have neither applied for a building permat,
as they are building on agricultural land outside the city's
building cordon, nor are they building according to by-laws
and regulations. These newly developed areas have been
called "informal housing". ’

7. Over the past 25 vears the informal housing has increased
and spread all around Cairo, spreading guicker in the least
resistance areas, west and north of Cairo; the Giza gover-—

norate taking most of the population overspill of Cairo.



8. It 1s apparent that the Informal Sector is capable

of building and does build houses sulted to their needs
and within their income capacity, not withstanding the
shortage of labor or the scarcity of building materials
during the past 15 years. (See: Interim Report Working

Papers 1978, page 71.)

9. Rapid, undirected urbanization is having deteriora-—
ting effects on Cairo., The city's infrastructure facila-
ties have been overloaded. The size and rate of growth

of these informal urban peripheral housing areas encroach-
ing on agricultural land has been studied, and the magni-
tude of the problem i1s apparent. Accordingly, practical
planning policies to direct, control, and upgrade these

growth areas are more realistic.

10. In an exploratory study of satellite images for 1973
and 1978 of the Greater Cairo urban area, some sense of the
rapid expansion can be seen. Approximate results indicate
a growth rate of 5.68% per year, with agriculture land

being developed at a rate of 4:1 over desert land. (See:

Exploratory Studies with LANDSAT IMAGES Of Cairo.}

11. The rapid growth is particularly apparent in the informal
sectors. Some studies have indicated that the built-up area
(See: Growth of

Imbaba.)

in these sectors doubles every 10 years.

an Informal Area over a Thirty Year Period:

12. The economic drive of the Informal Sector clearly
points to a shift in emphasis that could be applied to
housing policies for the low income. Instead of erecting

fully finished dwellings, infrastructure facilities and a

minimum of shelter could be sold to individuals, giving the
owner the responsibility of future development, minimizing
public authorities' expenses and maximizing individual par-
ticipation by money and effort in the urbanization process,

still within necessary planning guidelines.

LoW INCOME HOUSING 3

13. Core houses or apartment types, depending on the
iocation of area to be developed, are the implementation
of a new policy for public housing where the responsibility
of building or completing the dwelling is shared by the

low income owner and the public authority.

14. Small plot, or small core house areas do not necessarily
mean cheaper building. Certain layout or dé51gn charac-

teristics influence the cost, especially when considering
The

detailed study of the layout and dwelling characteristics

a long term economigal appraisal of a developed area.

of 16 core house examples and 2 apartment examples, built
or proposed in urban areas in areas in several localities
in Egypt, outlines the trend in coére house designs from
which future government policies concerning this type of
development could be referenced.

(See: "Comparison of

Core House Designs Proposed in Egypt.")
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INTRODUCTION: CORE HOUSING

In the master plans of many of the new desert ci-
ties, sections of the residential areas were allocated
to core houses, i.e. in Sadat City, Ameriyah New Town
and 10th of Ramadan.
rebuilding the canal zone cities after the 1373 war,

Also, in the initial stages of

i.e. Suez, Ismailia; sites and services projects with or
without core houses were outlined in their planning propo-
gals. 1In addition the Agency for International Development
(AID) is financing a housing development in Helwan for low
income inhabitants, and core houses of different sizes are
proposed. The World Bank also is financaing several core
houses projects for very low income 1inhabitants; two sites
were chosen, one 1n Alexandria and the other in Assiut.
In the CU/MIT research team, the members dealing with
housing for the low income and informal sector outlined
proposals for core house designs (see: "Intexrim Report
Working Papers 1978") which were based on the study of the
informal housing areas around Cairo, (see: "Interim Report
Working Papers 1977% which includes a survey of 6 low in-
come areas in Cairo). This wide range of designs - usually
with the paxticipation of outside expertise - provides a
unique opportun:ity to study the use of the coxe house for
the low income.

This paper compares and evaluates the core house
design proposals in their context as a proper building
type for low income people. 2 detailed assessment of their
characteristics and an analytical review of their potenti-—
alities is undertaken. From each of the proposed core
houses in Egypt two examples were selected from the fore-
mentioned planning, design, or research groups; one small
lot situation and one large lot situwation.

The 16 examples selected do not, by any means, repre—
sent all the types proposed but rather provide a similar

or analogus sample in order to facilitate comparisons,

Qg
s
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while at the same time covering a wide range of the differ-
ent design aspects. The ground floor and first or typical
floor plans of the 16 core houses selected are included in
Appendix A.

Economy plays a great role in core house design.
It is the goal of the planner and designer.

Views may differ on methods of application whether
it 1s for economy in the 1nitial gost or the long term.
But all should offer the most appropriate dwelling for
low income inhabitants. The range for minimum expenses
of low income may vary from one situation to another; from
the lowest low income to middle low income. This may ac-
count for the wide range of differences that was apparent
1n some of the analysis results. But it also displays the
potentialities of the core house, and points out that this
dwelling type could be appropriate for a wide range of low

ingome inhabatants.
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CONCLUSIONS

1. small plots do not necessarily mean cheaper infra-
structure costs per built-up mz, unless there is the
possibility for future vertical expansion. Accordingly,
there 15 a wide range of plot areas. The width is usually
6m; this is more consistent as 1t is one of the governing
economical factors for infrastructure cost. Small plot

areas average 54m® and large ones 130m2.

2. Not withstanding the plot size, there is a marked trend
to allocate about 30% of the initially built core unit.

3. The number of habitable rooms in the initial coxe is
usually one room plus bath and cooking area, or kitchen.
Usually, the core area in small plots is 15 or 20m2 but
in larger plots it maght go up to 30 or 4Om2. This means
that the initial cost paid by the public authorities covers

a minimum of built area.

4. The location of the core unit at the front of the plot
is the most logical solution for econocmic reasons. The

cost of connecting pipe lines is minimized. Alsc from
the urban point of view, a more unified facade is main-

tained, which also makes it more acceptable to politicians.

5. It is much more economical if the designer takes into
consideration the iniportance of future growth of the core
house, whether horizontal or vertical. The core house
with its minimuem habitable facilities 1s only "Phase I"
Thus,

the easier is the process of expansion, the gquicker the

in the process of urbanizing a residential area.

owner would build in the future, and the gquicker would be
the growth of the area thus making full benefit of the
costly initial infrastructure. 1In the long run it might

be more economlcal to have larger plots than smaller ones,

T

for the cost of infrastructure per family when the maximum
contemplated built-up area is reached would be less for

larger plots.

6. Flexibilaity of growth is closely tied with the con-
struction. In skeleton construction if columns are placed
shifted from the sides the building process for vertical
expansion would be facilitated. Load bearing walls should
This is in the case of

If the core

not run parallel to the facade.
the core occupying the full width of the plot.
is adjacent to one long side of the plot the duplication

of bearing walls running the whole long length of the plot

is awvoided.

7. It is not enough to reduce the area of core unit for
economy, the geometric shape of the core itself has a

strong bearing on the wall surface necessary to enclose
that space. One compact rectangular area is more economi-

cal than several combined rectangles.

8. The design of core unit which takes into comsideration
the possibility of vertical expansion of the habitable

area as a separate entity {i.e., separate dwelling per foot
floor) is much more economical in the fauture. This 1s
assured by the proper placing of the staircase outside the
dwelling unit on the ground floor, but not occupying the
facade which is more appropriate for habitable rooms (see:

"Interim Report Working Papers 1978").

9. For economic reasons, the kitchen and bath are some-
times placed at the front of the plot. This is not advi-
sable as habitable rooms fronting on a street have far
more value to the inhabkitants. Not only should the kitchen
and bath be placed adjacent to each other in the core, but
also cores should be built as mirror 1mages so that an eco-

nomy in street man-holes could be maintaned.
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It is evident that in all of the types proposed,
plot lengths do not exceed 20 meters and width is not
less than 9 meters. The range in width dimensions ©of the
varions plots of the 16 types are more limrted (5 meters
minimum - 9 meters maximum). Fifty percent of the plots
are 6 meters in width, and eighty percent are between
6~7.50 m,

Plots proposed vary in area; while plot areas sug-
gested by the World Bank in Assuit and MOH-AID in Helwan
are quite small, those designed for the New Towns and
the redevelopment areas in the Canal zone cities are
much larger in contrast.

The small areas are approxXimately between 55 and
70 m2, while the larger ones are between 90 and 130 mZ,
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Figure 2: CORE AREA/TOTAL PLOT AREA RATIO

The design of the core itself - although composed of
a few simple functional units - has many alternatives,
except that in all of the 16 types the kitchen and bath
are planned adjacent to each other. )

Motwithstanding the variety in plot dimensions and
plot area, or the location ¢f the core within the plot,
the ratio of core area to total area of is 30% (ranging
from 272-322), and in 75% of the types the ratio ranges
from 27% to 368%.
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LOCATION OF THE CORE ON THE PLOT AND NUMBER
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The 16 core house examples are drawn at the same scale,
each with the plet. The habitable area is shown dotted,
while the core service area (kitchen + bath) is shown hatch-
ed. The area of each plot is indicated and alsoc the width
and depth of the plot.

There is a large variatiom in the location of the
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core on the plot, although in 50% of the cases the core is
located at the front. The other locations are: slaghtly
shifted from the front (Suez), in the middle (MOH-AID,
Proposed Model), at the back {Sadat City), at the side
{10th of Ramadan, Ameriyah) or even split having the room
oh the front and the core service at the back (Alexandria).
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ASSUIT PROJECT PROPOSED MODEL

(MOH-WORLD BANK)

In all of the small plots only one habitable room
serves all purposes. In the larger plots, a hall and one
or two rooms are provided.
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KEY:

L = outer wall length

S = outer wall surface area
A = core area
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It is clear that the shape of the core affects the
relationship between the surface area of its enclosing
walls and the area of the enclosed space itself. Thus, for
areas nearly egual but different in their geometric shapes,
we find a difference in the surface areas of their outer
walls. Also, foxr the same surface area of walls, we find
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that it can enclose functional spaces of unequal'area.
To illustrate, compare most World Bank Type 1 with
vpe 1, having nearly the same core area

the Pxro
of 15 m

Bosed Model
and 16.2 m<.

ler area needs mog

3 m height =

&2
S

57 m

We find that the first with a smal-

e enclosing outer surface walls (19 m x
), while the second requires less
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(17-4 m x 3 m height = 52 m2).

Also, comparing Sadat City Type 2 with the Proposed
Model Type 2 both with the same outer wall length of 25 m,
and an outer wall surface area of 752m , we f£ind the en-
closed corE area of the first 26.6 m“, while the second
has 40.5 m“.
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Figure 5: FUNCTIONAL RELATTONSHIP OF PLOT

The 16 examples are drawn in a uniform rectangle, rep-
resenting 100% of the area, with their specific functions
of core service A (hatched horizontally), habitable rooms B
(hatched vertically)., and circulation C (not hatched)

AL k
10TH OF RAMADAN NEW TOWN %QSQN?N NEW COMMUNITY
Z

drawn as a ratio to the total plot area in order to facili-
tate comparison. The offset rectangle illustrates the
same functions (core service hatched horizentally, habitable
rooms dotted) when full horizontal expansion is realized,
i.e., when the ground ficor is totally built.

In Type 1 the circulation area in the initial core
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unit is negligable, and in 40% of the cases the circulation
is either through the court of through the habitable room
itself. There is a uniform pattern for allocation of func-
tions within the plot except in Sadat Caty Type 1 which

has a very large core area in comparison to habitable room.
In Type 2 it shows the lowest intensity of use of the site

)

row INcoMe Hovsrng 15

ASSUIT PROJECT PROPOSED MODEL
(MOH-WORLD BANK)

which does not reflect the low income economy, which is
guite in contrast to Ameriyah Type 2.

Phe area allocated to circulation for the ground f£loor
in the finished phase is larger in some types than in others
because of the space allocated for staircase access to the
upper floors.
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TYPE 1

TYPE 2

SADAT CITY NEW TOWN AMERIYAH NEW TOWN 10TH OF RAMADAN NEW TOWN %gBANl))N NEW COMMUNITY
UEZ

Figure 6: GROWTH FLEXIBILITY The 16 examples are drawn in isometric form with con-

tinuous arrows indicating horizontal expansion and dotted
arrows indicataing vertical expansion.

The location of the core unit in the middle of the
site offers several options and possibilities of expansion,
while the location ¢of the core at the front or at the back
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ISMAILIA DEMONSTRATION PROJECT

HELWAN NEW COMMUNITY
(MOH~AID)

offers one direction only for expansion.

The larger the width of the site the more flexible
is future expansion. It offers many options and several
varieties for expansion (see Proposed Model Type 2, Appen—
dix A).

The more compact the core unit, the easier it 1s forxr

3

,ﬁ )

ASSUIT PROJECT

PROPOSED MODEL
{MOH-WORLD BANK)

future vertical expansion. In the MOH-World Bank Type 1
and 2 with a split core, vertical expansion is not a typi-
cal plan of the ground floor, it is on the front with a
different location of core sexvice (see Appendix A).
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STAIR ACCESS TO UPPER FLOORS

10TH OF RAMADAN NEW TOWN CABANON NEW COMMUNITY

(SUEZ)

The 16 examples are drawn with an indication of

contemplated or possible staircase location (a hatched
circle is drawn).

For possible (but not planned} staircase location a
gquestion mark within a circle is drawn. The black arrow
indicates the entrance from the street.
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It is obvious from the examples that some of the
designs take into account the location of the staircase
for future vertical expansion as a separate dwelling hav-
ing a direct access from the street, while in others one
crosses the core unit in order to reach the staircase.
Thus privacy can not be maintained and vertical expansion

C*5>
%
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ASSUIT PROJECT PROPOSED MODEL
{MOH-WORLD BANK)

would be a continuation of the same dwelling on the ground
floor and not a separate dwelling, which would be used for
rental purposes.
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SADAT CITY NEW TOWN
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Pigure 8:

MAXTMUM DEVELOPMENT/INITIAL DEVELOPMENT

RELATIONSHIP

A

AMERIYAH NEW TOWN

LY

.
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~
e
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10TH OF RAMADAN NEW TOWN

“
e

CABANON NEW COMMUNITY

The 16 examples are drawn in rectangles at a constant
width while maintaining their true area for easier compari-
son. The initial core area is striped A, while the maximum
contemplated built area is shown dotted B.

floors is written beside each rectangle.

The number of

It is evident that an Type 1, which has a small plot,
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ISMAILIA DEMONSTRATION PROJECT HELWAN NEW COMMUNITY
(MOH-AID)

the finished area is rather small as it has a limited pos-
sibility of expanding vertically.

In 10th of Ramadan New Town, no vertical expansion is
apparently contemplated. .

In Type 2 there is a marked variety in the expected
intensity of use of the site while in Ameriyah and in

o

&

LOW INCOME HOUSING 2]

i Il

L]

ASSUIT PROJECT : PROPOSED MODEL
(MOH-WORLD BANK)

the Proposed Model maximum built-up is a ground floor +
3 floors, while the others only expect vertical expansion
for one or two floors.
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TYPE 1

TYPE 2

SADAT CITY NEW TOWN . AMERTYAH NEW TOWN 10TH OF RAMADAN NEW TOWN %ABANON NEW COMMUNiTY
SUEZ

FPigure 3: CONSTRUCTION The 16 examples are drawn isometrically showing

their construction.

1. Load bearing walls, which are found in the majokrity.

2. Skeleton construction, MOH-AID, and in the Proposed
Model

3. Prefabricated 1oad bearing walls, in Ameriyah New Town.
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ISMAILIA DEMONSTRATION PROJECT HELWAN NEW COMMUNITY
(MOH-AID)

It is inhevent in the idea of core house that the
owner will eventually expand his dwelling horizontally,
and alsc vertically as proposed in many of the types.
If the columns are slightly shifted inside the site
in the skeleton type, the owner can easily expand vertically
and the number of columns are reduced from 3 in a row to

S>>

=

S

ASSUIT PROJECT PROPOSED MODEL
(MOH-WORLD BANK)

2 1n a row. Thus, reducing the total number from 9 to &
reinforced concrete columns (see Proposed Model Type 1 and
2}. This, of course, is dependent on the structural re-
quirements of the width of the lot. Moreover, the width
is critical to ensure that columns do not penetrate rooms,
or in other awkward positions.
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TYPE 1
-

TYPE 2

SADAT CITY NEW TOWN AMERIYAH NEW TOWN

Figure 10: UTILITIES/SEWAGE

\}/

|
]

CABANON NEW COMMUNITY
(SuEz)

I

!
L

10TH OF RAMADAN NEW TOWN

The 16 examples are drawn with their core service
{(bath + kitchen or cooking space) hatched horizontally.
Note that the location of the core service within the plot
has a direct bearing on the construction length of plumbing

lines.
- Core service at the front of plot: piping is minimum
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ISMATLIA DEMONSTRATION PROJECT ELWAN NEW COMMUNITY
MOH-AID)

and simple. It is connected directly to the main papes

in the street.

- Core service within the middle part of the site: piping
is longer; they are laid through courts or entrances
{MOH-AID Type 2, Sadat City Type 1, Suez Type 2), or they
are laid under the already built habitable room (1l0th of

N

%
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. —

ASSUIT PROJECT PROPOSED MODEL
(MOH-WORLD BANK)

Ramadan Type 2, Proposed Model Type 1,2)}. This is to
avoid the area anticipated for future construction.

— Core service at the back: Long pipe lines pass under
habitable areas and connect to the main street system
{(Ameriyah Type 1,2), or connect to pipes in easements
running along the back of the plots {MOH-AID Type 1,2}.
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Figure 11: NUMBER OF DOORS AND WINDOWS The 16 examples are drawn with the doors indicated by

squares and the windows by c¢ircles.

There is a wide variety in the number of doors and
windows allocated within each type. HOH-WB Type 1,2 are
the most economical but the bathrooms do not have a window,
relying on ventilation through the door. Sometimes cooking
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ELWAN NEW COMMUNITY
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is done under shelter in the open court, i.e., no walls,
doors aor windows are necessary as in MOH-WB Type 1,2, 10th

of Ramadan Type 1, MOH-AID Type 1.

Sometimes cooking is undertaken within the habitable
area or adjacent to it as in Ismailia Type 1, Propesed

Model Type 1, Ameriyah Type L.
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Mostly the kitchen occupies
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ASSUIT PROJECT
(MOH-WORLD BANK)
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a special space and is not closed by a door.



INTRODUCTION: VERTICAL CORE HOUSING

In the planning for rebuilding Port Said after the
1973 war limited sites appropriate for low income housing
projects were available. In addition, soil conditions were
A site

For low-

generally poor and required expensive foundations.
adjacent to surrounding lake was finally chosen.
ering expenses, a core house "apartment type" was designed
instead of the core house "plot-type”. Essentially, this
type is a semi-finished structure: Floor slabs and a cen-
tral stairway and utility core are completed, but further
internal divisions and the outside walls aré built by the
users as desired.

Previous research (see"Interim Report Working Papers
1978") has also proposed core house apartment type which
has a flexihble plan and could eventually accommodate apart-
ments of different sizes, expanding from a central service
core (Appendix B)}. ‘This model is also included to show
another variation of the same approach with & more gener-
ous {hagher cost) design.

A detailed assessment of the characteristics and an
analytical review of the potentialities of the wvertical
core house follows, in order to point out the differences

between core house "apartment type" and core house "plot

type".

7
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CHARACTERISTICS OF VERTICAL CORE HOUSING

1. The economic argument against using core houses is

the alleged high initial cost of infrastructure compared
to the low density of inhabitants of the initial phase in
the development. "Core House" apartments could be the an-
swer. The core unit is the only finished area in the 4
story building, and the users expand as needed, within the

floor area limitations.

2. Unkept waste land between blocks in the usual public

dwelling types is aveoided.

3. Horizontal flexibility of expansion 1s maintained for

each owner.

4. contemplated non-built area could vary in the same build-
ing, thus giving a variety of different dwelling sizes.

5. The design pattern of the apartment buildings could gen-—
erate variable layout designs, these could create more in-

dividual identifiable communal spaces. They also could be
planned in sites of different areas and proportions. Their
flexibility to adapt to many patterns of layout is contrary
to the usually raigid pattern applied in public housing lay-

outs of paralleled and perpendicular thin, slab blocks.

6. Construction could be by any structural methods, tra-
ditional = skeleton or load bearing, or prefabricated ccl-
umns or walls and ceilings in factories or on site, i.e.,

tunnel form, ete.

7. Cost per dwelling is more reduced than in the core house
by the increased sharing of the users, i.e. stairs, walls,
and water and sewage networks.
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2100

PORT SAID PROJECT

Figure 1: CHARACTERISTICS

The two types are drawn the location of the core
within the built-up area. Both cores are located near
the stair entrance.

The number of habitable rooms are one in both cases.
The Port Said design has just a roof shelter over a room.

The Proposed Model has an enclosed space with 2 doors and
a window.
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PROPQOSED

The area of core for the Port Salg design in 11.25 m
and in the Proposed Model it is 21.6 m The Port Said
design does not include a kitchen, cOOklng could be done
under the shetlered roof within the habitable area or on
the open roof. Outer walls are 24 x 3 = 72 m* for the
Propgsed Model while in the Port Said design it is only

15 m?. This is due to the habitable room having two open
sides without walls.

2
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Figure 2Z: CORE AREA/TOTAL AREA RATIO

The area of the core is drawn as a ratiB to the area
of the plot; i.e., Port Said 12 x 21 = 252 m*“ divided
by 4 = 63 mé. Area of core = 11.25 m2

11é§5 x 100 = nearly 18%, and in the Proposed

Ratio =
Model, 2B%.

The latter is more in accordance with the core house
plot type.
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PORT SAID PROJECT

Figure Z: FLEXIBILITY OF GROWTH

The two types are drawn indicating the possibilities
of horizontal expansion as shown by the arrows.

Both can expand in two directions, but the amount of
expansion is limited in the Port Said design and guite vari-
able 1n the Proposed Model. (See Appendix B)
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Initial Room .
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Urility Core || <] 1

-PORT SAID PROJECT PROPOSED MODEL
Figure 4: BLLOCATION OF AREAS TO SPECIFIC FUNCTIONS include a separate space for a kitchen. The ratio of core
service area when compared to the finished dwelling is more
The total built-up area is drawn as a rectangle rep- reasonable in the former proposal.

resenting 100%, indacating core service (hatched horizon-
tally), habitable room (hatched vertically when representing
core, and dotted when representing the final dwelling in
the shifted rectangle), and circulation.

The area of core service is larxger in the Proposed
Design than in the Port Said design as the latter does not

o>
L
—_—

——
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PORT SAID PROJECT PROPOSED MODEL
Pigure 5: MAXIMUM BUILT AREA design concept, thus offering different possibilities of

expansion.
The area of the core, in both of the two types, is
drawn as a rectangle hatched vertically, having the same
width for easy comparison, while the finished core is drawn
in a shifted dotted rectangle. In the Proposed Model the
maximum puilt area at completion shows three different N
areas. This 1s because flexibility is inherent in the
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P 21 P 20.85
A 11.25 A 21.6
PORT SAID PROJECT PROPOSED MODEL

Pigure 6: CONSTRUCTION

The two types are drawn showing their construction.
Both are of skeleton type construction. The regular grid
with 3 meter spans of the Propesed Model could easily be
adopted to load bearing walls, in which wase the flexibility
of dafferent design alternatives for expansion would be
limited., Prefabricated wall panels could also be used or
even the tunnel form type of ¢onstruction system.
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.

PORT SAID PROJECT

Figure 7: STAIRCASE ACCESS

The plans are drawn showing the stairs with thear
access to the flats. 1In the Port Said design, the stair-
case gives access to 4 separate dwelling units. In the
Proposed Model each staircase gives access to 2 dwelling
units only, but in the first example the staircase can
only reach one floor so each stair case serves only one

(&

PROPOSED MODEL

Jevel or 4 individual dwellings while in the Proposed Model
it can serve 3 or 4 floors.
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Pigure 8&: UTILITIES

The two types are drawn showing their sanitary fix-—
tures and plumbing within the flat and the main pipe lines
for waste. The distance to the manhole in the street is
essentially the same for both cases.
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iD

PORT SAID PROJECT

Pigure 9: DOORS AND WINDOWS

The two types are drawn showing their doors by sgquares
and the windows by circles. In the Port Said design the
number of doors and windows are less than the Proposed Mo—
del as the habitable room has no walls but just a roof.
Oonly the bath room is closed by a door and window.
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APPENDIX A

Q)‘u

LOW INCOME HOUSING

Core House Units:

Sadat City New Town

Ameriyah New Town

10th of Ramadan WNew Town
Cabanon New Community (Suez)
Ismailia Demonstration Project
Helwan New Community (MOH-ATID)
Assuit Project (MOH-World Bank)
Proposed Model

Vertical Core House Units:
Port Said bDemonstration Project

Proposed Model

39
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FRONT ELEVATION: GROUFP OF UNITS AT VARIOUS STAGES
Proposed Model Core House Units

CUT-AWAY VIEW SHOWING ROOM ARRANGEMENT
Proposed Model Core House Units
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INTROBUCTION

This study deals with the comparison and evaluation
This
evaluation is a part of a larger study of site and ser—

of the basic land subdivision element -~ the block.

vices/core housing projects in the process of being designed
and constructed in Egypt. (See also "Seminar Proceedings:
Core Housing and Site and Services Projects for Low Income
This
study takes advantage of the unique opportunity which

Groups" for detailed information on each project).

exists in Egypt to study and to learn from the examples
of the several prjects designed by experts throughout
the world.

The goals are: 1) to increase awareness of the cost
implications of physical layouts, 2) to determine key ele-
ments and factors that disproportiocnately influence a
layout through obvious cost penalties or advantages, 3) to
point out indeces for evaluating projects in order to im-
prove performance,

i.e., lower costs without sacrificing

design parameters. In this regard, three indeces arxe
proposed to be included into the basic design procedure.

Eight projects are compared: Sadat City New Town,
Ameriyah New Town, 10th of Ramadan Wew Town (core house
sector}, Cabanon ¥ew Community, El Hekr Demonstration
Project (Ismailia}, Helwan New Community, Alexandria Project,
and Port Said New Community. Three patterns from the spec-
trum of low income housing areas in Cairo are also included
as a reference with real situations: Medieval Ciaro, pub-
lic housing (Ain El Sira), and informal housing (Imbaba
sector}. A block or a basic block pattern is selected
for each.

Three basic indeces are determined for each of the
blocks: (public or private
revenue producing), length/area ratio, and expected densi-

ties.

<50

N

land wtilization perxcentages

These indeces are simple enough to be readily cal-
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culated for any layout, yet they provide a basic reliable
tool of evaluation and assist in cost prediction.

The block, or patterns of blocks, determines the
essential street/lot relationships and effectively fixes the
bagic capital costs of urbanization: water supply, sewage
disposal, electricity networks, and street paving, as
well as effecting the continuing costs of operations and
maintenance. An inefficient block width/length relation-
ship can never be improved through a clever arrangement
of other land subdivision elements (open spaces, school
areas, etc.). Conversely, however, the cost effectiveness
of an efficient block is only partially mitigated through
wasteful practices in allocation of other land areas.

Focus is onh the geometric considerations of the block
for two reasons: 1) only two of the 8 projects have pro-
gressed to the construction phase, and making assumptions
as to more detailed construction, social and economic
aspects has no merit, and 2) the land subdivision pattern
and utility networks will remain, long after financang:
construction, and allocation issues have been forgotten.
The geome%ry determined costs of operation and maintenance
will always continue.

The indeces discussed in this section have limited
validity for comparison with larger segments of a layout.
They only relate to the basic "building block"” which
generates the overall layout. Public spaces - pazxks,
playgrounds, etc. - are not considered, and consequently
all of the values are higher than one might find in other
sources. The values determined here are only valid for
comparison among each other, unless a similar methodology_
is used for other projects.
the

first presents a summary and basic data, the second dis-

The report 1s presented in three sections:

cusses each of the three indices in turn, and the third -
the appendix - provides supporting information including
hypothetical lot/block layouts with their corresponding

values as another reference.
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DIAGRAMATIC SUMMARY OF INDECES

The eight projects and the three reference layouts
are arranged In ascending order according to per-
centage of private land - land that is for -sale in
a project. The 3 basic indeces for each project
are included in both diagrammatic and numerical
form. The scale of the sketches is the same for
comparative purposes.

LAND UTILIZATION PERCENTAGES

Percentages are given for private land: 1land which
is usuwally for sale and direct responsiblity of the
user, the lots; and public land: land which is the
responsibility of the government for maintenance
and control;. usually streets and open spaces.

The diagram represents 1 hestare; hatched is pri-
vate, white is public.

CIRCULATION LENGTH/AREA RATIO

Indeces are determined for meters per hectare of
land. The indeces parallel the amount of streets,
walkways, and in most cases ‘the utility network.
It represents initial capital costs as well as
recurring costs. -

The diagram represents 16 hectares, with the re-
sultant regular grid derived from each project.

MET DENSITY (3 FLOORS)

Indeces are given for an expected average saturated
denisty for 3 floors, irregardless of initial de—
sign of the project. Denisty is an indicator for
required communal sexrvices: schools, clinies as
well as utilities. Very high densities overload
services, very low demsities are wasteful.

The diagram represents 1 hectare, with each deot
equal to 5 umits.
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COMMENTS AND OBSERVATIONS

The comments are directed with a-bias toward minimi-
zation of public (government oxr institutional} responsi-
bility and contrel. In the context of limited rescurces -
both in capital and administrative and technical personnel -
this becomes a major issue in land development. Regardless
of the type of housing, an efficient layout which minimizes
the costs to the government is desired. In site and ser-
vices types of projects, however, this becomes more cri-
tical in that the "first costs" should ba as low as possible
in order to reach a wider range of the low income sector,
and operation and maintenance costs also be minimaized, since
low income neighborhoods tend to be overlooked in these
aspects.

It is clear from the comparisons that land subdivisions
make a difference, and an appreciable difference, in the
eventual cost of a project, assuming that the indeces are
a fair indicator. Keeping in mind that ali of the projects
includaing the reference layouts, are antended for a similar
low income sector, land utilization and cireculation length/
area ratios vary by approximately 2% times from the highest
to the lowest groups, and density varies by 3 times. Average
lot sizes vary from 139m? to 44m2.

No consistent approach 15 noticed. Even when the
new towns on desexrt lands are looked at separately, no
pattern emerges.

It is suggested that land utilization, circulation
length/area ratio and density be calculated for all projects
during the design process to assist in decision-making in
the design. Obviously these indeces should not be the only
Criteria, but deviations should be carefully analyzed.

At the minimum, a lyout should match the indeces of
the typical, regular patterns found throughout Cairo.

{See Reference Indeces in Appendix.) In all of the indeces,
the traditional and informal layouts exceeded the minimums

0
©
&

suiggested; conversely, again in all cases, the planned public
housing layout was worst than most of the other cases.
If planned areas result in a larger cost burden to the
city and to the user, it is best to let the "anformal"
development process take place and not interfere.

Combining two of the basic indeces - length per
area and unit density - the average length of infra-
structure per unit may be approximated, keeping in
mind the assumption that the utility networks and
services parallel circulation. Obviously, the less

length per unit the more cost effective.

TABLE OF CIRCULATION LENGTH PER UNIT rassuming 3 floors)

m/unit
10th of Ramadarn 4.72 ({(would be 7.08 if 2 floors as designed)
Afn El Sira 3.69 (would be 2.21 if 5 floors, 2.77 if 4 floors)
Ameriyah 3.55
Cabanon 3.08
Port Said 2.38
Helwan 2.38
Medieval Cairo 2.40 (would be much lower if tenements considered)
Sadat City 2.19
El Hekr 1.98
Imbaba 1.85 (would be 1.38 if 4 floor average)
PReference models 1.2-1.8
Alexandria 0.50 (would be 1.15 if cul-de-sacs public}

Clearly the argument of public housing defenders
that 4-5 floors are necessary to Justify the costs of
infrastructure has little merit. However, at 5 floors,
the designs of hte site and services projects cannot com-
pete and are more expensive except for the large lot situ~
ation of Sadat City and El Hekr. The informal sector again
builds more advantageously considering infrastructure costs.
From studies with the reference models, enlarging the
block length £xom 75m to 125m, a 16% drop in length per
unit occurs; changing the street width from ém to 10m,
a 3% increase occurs. Adding another floor is the most
beneficial, with a 25% drop in length per unit.


http:assum.ng

SPECIFIC DESIGN RECOMMENDATIONS: It is clearly seen from
the comparisons that .blocks with larpe lots, marrow streets, and
a long length result in lower indeces (Note Sadat City). However,
in the context of housing for the low income - particularly core
housing — the smaller the lot, the more affordable it will be, but
the more extensive (and expensive) is the required utility network,
and less (proportionally) is the amount of private land available to
be sold {(Note Cabanon). This basic dilemma is difficult to over-
comes but grouping small lots into cooperative cluosters has the geo—
metric effect of duplicating a large lot, large block situation
with its lower costs. This approach can be seen in the case of
the traditional city pattern (Medieval Calxro) as well as in the
Alexandria Project. A variation in the scheme to overcome initial
high inflation costs, is net to provide individual utilities ini-
tially, morepver, it cam be argued, that the resultant shared ser-
vices would be superior to what is now provided in most cases,
which is none!

Specific recommendations for more cost effective layouts are

LOW INCOME HOUSING

as follows. (In all cases it is assumed tht there would be a
sultable lot proporition at least 1:2 with the lesser dimension
fronting the street.)

1) Maintain narrow streets, perhaps 6 meters, with wider streets
only at clear vehicular circulation streets and at large inter—
vals, minimum 200 meters.

23 Keep block lengths a minimum of 75 meters, with 100-125 meters
desirable.

3) Avoid undefined, smaller open spaces; combine opem spaces into
larger useful sports fields, preferably in combination with other
facilities (schools, etc.) which can assume a minimum responsi-
bility. Block layouts intersperced with many small.open spaces
(of ambiguows use) tend to lower any advantage which a layout

may otherwise have.

%) Use cluster lot layouts to lower public streets and utility
network lengths; this layout readily allows staged provision of
services, which parallels the progressive nature of core housing,
both in physical and economic terms.

GRAPH OF LAND UTILIZATION VS CIRCULATION LENGTH/AREA RATIO

Maximum acceptable Iimit of
length/area ratio, Sece
"Reference Indeces, page 78.
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902 i] (+;+) I (+;‘) (:
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Minimum acceptable
1imit of private
land, See "Reference
Indeces"”, page 78.
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SELECTED BLOCKS USED AS MEASUREMENT BASE

Note: All blocks are drawn to the same scale.

T"— Collector Road -A‘\

i~ N 3}
i .

Sub-group Area

]
—]

|
|-

- )
L 2

Local Road

SADAT CITY NEW TOWN AMERIYAH NEW TOWN

SYNOPSIS OF PROJECIS

SADAT CITY NEW TOWN: The City is located 95 kilometers north of Cairo
on the Alexandria desert road. ©OFf the 30,000 Ha. site, only 5000 will
be used for the aventual population of 500,000. The goal is to draw
off excess population from the major cities and to atktract rural mi-
grants. Various house types and sizes would be provided, emphasizing
lowrise comstruction and demse ground coverage to provide shade and min-
imize unirrigated open space. Progressive expansion through self-help
methods is anticipated.

¢ AMERIYAH BEW TOWN: The proposed new town is located approximately 25
kilometets sonchwest of Alexandria. At full development, the population
is expected to reach 500,000. The city is a part of the government's
strategy of decentralization and desert development, and it will be com—
plete and self-contained. Housing will be developed according to the
socio-cultural factors and to supply factors, which is contrary to
others.

L SR h

CABANON NEW COMMUNITY

10TH OF RAMADAN NEW TOWN
(SUEZ)

(CORE HOUSING SECTOR}

+10TH OF RAMADAN NEW TOWN:  This new town is part of an overall strategy
of stressing new urban centers, decentralization and rural development.
The site is approximately 5,600 hectares, located 50km east of Cairo en-
tirely in the desert. By the year 2000, it is expected to reach 500,000
people at a density of 180 people/hectare. The housing policy is ori-
ented to providing a large supply quickly, to utilizing conventional and
prefabricated methods, to allowing all forms of investment while providing
housing at five cost levels.
+CABANON NEW COMMUNITY: The expansion area is part of a regional program
to reduce population pressures in Cairo and Alexandria. The 200 Ha.
area is located to the north of Cabanon Beach in the Western Sector of
Suez. 40,000 people at a gross residential demsity of 67 dwellings/Ha.
are expected. Individual services are provided through four core op-
tions. The units are intended to facilitate the traditional pattern
of continuous expansion and improvement through owner initiative.
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Major Street
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L 1
;} , __l, ‘l“ _]' = — L Perzmeter Road -
—_— Major Street
!
EL HEKR DEMONSTRATION PROJECT HELWAN NEW COMMUNITY ALEXANDRIA PROJECT PORT SAID NEW COMMUNITY
(1sMAiLIA) (MOH-AID) (MOH-WORLD BANK)

‘s E], HEKR DEMONSTRATION PROJECT: The project was set up to demonstrate help” or by small contractor selected from a prequalified list. A stan-
policies and proposals of the Ismailia Master Plan. It is an upgrading dard level of services has been provided.
and expansion area on the northern outskirts of the city. It is rela-
tively flat, with uncompacted sand cover, with an area of 226 ha. The
primary goal is to strengthen and improve the area's functions of pro-—
viding low cost lots for owner builder construction and low and moderate

cost rental accommodations. Plots with various utility service levels
would be provided.

s ALEXANDRIA PROJECT: The "South Metras™ site covers 15.3 hectares, with
a design population of 9,000. It is part of a swamp and requires sever-
al meters of Ffill before use. A standard level of service would be pro-
vided. Two house options are offered: a basic perimeter wall and ahlu-
tion unit with toilet and faucet, and the wall, ablution unit and 9m
room. Construction of the dwelling unit would be through self-help.

*HELWAN NEW COMMUNITY: The 150 hectare site is adjacent to the southeast ePORT SAID NEW COMMUNITY: The site area is 63.55 hectares, located in a

corner of Helwan City. The site is planned for 6,500-6,800 dwellings reclamation area of Lake Manzala, approximately 3 kilometers to the city
to accommodate an ultimate population of 100,000 at a netr density of center. Final population 1s expected to be 35,000. A site and services
1,770 persons/hectare. A& standard utility core of 4.2m? is proposed for solution is provided with "apartment type" core housing based on an un—
all of the lots. 5ix to seven options will be offered to buyers accord- finished framed dwelling with minimum sanitary facilities on more than
ing to their mortgage payment capacity. Contruction will be by "self- one level.
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LAND UTILIZATION AND LENGTH/AREA RATIO
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REFERENCE LAYOUTS

Each of the three reference layouts are represented by a 400m x 400m seg—
ment (16 Ha.). Both plans and aerial photographs are at a scale of 1/5000,
from 1976.

CURRENT PUBLIC DEVELOPMENTS: This type of “economic" housing is the stan-—

dard product of government housing efforts for the low income, but represents i e O E
only 7% of new construction in 1966-1976%. The basic form and design is re- e e i e A E e L slopgpinityet-yws
peated throughout Egypt. Basis of the design is the "Garden City" approach, ;

but the costly plantings are goreand the high maintenance necessary for suc—

cess is non-existent. Adin El Sira is one of the esarliest projects built in

1951 south of Cairo on a reclaimed garbage dump. The blackened blocks were

used in the calculations. Original plans were used.

PRIVATE AREA: 27% ©PUBLIC ARBA: 737%

CIRCULATION LENGTH/AREA RATIO: 675 m/Ha.

UNIT DENSITY: 61 una‘.ts/ya. (1 floor), 183 umits/Ha. (3 floors) (actually 4-5 floors)

AVERAGE UNIT STZE: 4&5m CURRENT PUBLIC DEVELOPMENT:
AIN EL SIRA PROJECT

INFORMAL. DEVELOPMENT: This type represents the vast sections of housing builg wd| 3 :i  D—|

around the outskirts of Cairo, outside of the formal legal housing market. Im 1 -

1966-76 it represented 77Z* of all new housing construction. Small agriculture C i S wwovoms JY ssvveve [ v B wovenn

plots surrounding Cairo are sold and subsequent housing development is in pro- L ECY

gressive stages, from a single story unit to 4-5 stories which provide rental AR, .
units for extra income. The Imbaba sector to the northwest of Cairo is typical 3 A
of these areas. Detailed 1/500 field survey plans were used as the base for 3
calculations.
PRIVATE LAND: 73% PUBLIC LAND: 27% a
CIRCULATION LENGTH/AREA RATIO: 471 m/Ha. a
UNIT DEKSITY: 85 units/Ha. (1 floor), 225 units/Ha. (3 floors) 9
AVERAGE LOT ARFA: 86m 2
o |
a
TRADITIONAL DEVELOPMENT: The Gamalyia section of Cairo is used as the example e ot e
of this type. Although much of hte area is in disrepair, and data 1s very tenta- T_ T
tive, sufficient plans exist from which to approximate the basic ipdeces. 1952 =23
plans at scale 1/500 were a base for the calculations. _m
PRIVATE LAND: &8% PUBLIC LAND: 127% —
CIRCULATION LENGTH/AREA RATIO: 296 m/Ha. P —
UNIT DENSTITY: 41 unitséﬂa. (1 floor): 123 wnits/Ha. (3 floors) q“,
AVERAGE LOT AREA: 216m YWrm=m |,




INFORMAL DEVELOPMENT:
IMBABA SECTOR

] NNy

;ZJKD E?

/ F“—ﬁll_:a“.na [y T
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400m.

TRADITIONAL DEVELOPMENT!
MEDIEVAL CAIRO
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LAND UTILIZATICN

The index of land utilization is a gqualification of
the land in relation to user, physical controls, and re-
sponsibility. The index here considered is different from
"land use", which considers the function of a parcel of land
{commercial, residential, industrial, etc.). Land utiliza-
tion looks at how land is actually used, irregardless of
legal tenure considérations. Two types of utilization are

considered: 1)public: that land which is essentially
used for cilrculation - streets, walkways, paths, and left
over open spaces. The user here is anybody, an unlimited

number, with minimum controls {mostly legal) and clear re-

TABLE OF LAND UTILIZATION

Project Private Land Public Land
Medieval Cairo 88% 12%

Imbaba 73% 27%

Sadat City 72% 238%

E1 Hekr 71% 29% Group 1
Blexandria** 65% 35%

Port Said 65% 35%

Cabanon 63% 37%

Helwan 54% 46%

ameriyah 48% 52% Group 2
10th of Ramadan 31% 69%

Ain El Sira ark 73%

* Projects in italics are included for reference.

** Alexandria has lots grouped around a circulation
area/court which is considered private.

RN

that land
industrial

sponsibility of a public agency. 2)private:
which 1s used for residential, commercial,
purposes; land which is sold, usually through freehold
tenure. The users are very limited, usually ownexrs or
tenants with maximum controls,physically, legally and
socially, and clear responsibility of the individual or
user. (See URBANIZATION PRIMER, by Caminos, Goethert; MIT
Press 1978; pages 92-95 for further discussion).

A coherent relationship among users, responsibility
and physical controls is necessary in any project. Proper
controls should define the extent of a territory, facili-
tate its specifie function, and allow and encourage users

to assume their responsibility in terms of maintenance and

operation.
GRAPH OF PERCENTAGE OF PRIVATE LAND
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Excessive public land places an undue burden on the
limited government resources for both initial capital costs
and continuing maintenance costs, which could better be
directed elsevhere.

Calculation of private and public land is very simple
by 1nspection: in most cases, the lots are private and
the re@alnder is public. In public housing the buildings
become the only private areas. Block areas are considered

to extend to the centerline of the hounding streets.

OBSERVATIONS

There is a 2.3 times difference between the highest
and lowest values. Disregarding both extremes (Medieval
Cairo and Ain El Sira), the difference drops to 1 1/2
times.

The layouts with the higher percentages of private
land tend to be those with large lots, relatively narrow
streets, long blocks, and az minimum of ambiguous, unspeci-
fied open areas.
10th of Ramadan.)

of very narrow streets, and inconsiderate long blocks

(Note Sadat City and E1l Hekr, compared to
Imbabe has a high percentage because

(difficult for pedestrians, which is the common mode
of movement). Medieval Cairo uses cul-de-sacs to achieve
the high amount of private land.

The bias in the index penalizes two situations:
1) blocks with "mini-parks®™ and ambigucus open spaces.
It is felt that parks, playgrounds, etc., should be com-
bined in function and location to focus the limited main-
tenance efforts of the public authorities. Small, dis-
persed open areas ("parks") invite neglect by their ovexr-
wheilming number and limit their useful recreational func-
tien by inviting unwanted activities (car parking, garbage
blocks

that are very short with superfluous cross-streets. The

dump, etc.). 2) blocks with redundant circulation:

extra streets make channeling of movement difficult and

they generally de not enhance movement either. Many

WO
Yo

LOW INCOME HOUSING

cases have been seen where these areas were blocked with
refuse and resulted i1n a complete waste of land and in
addition to being health hazard.

67



68  wHousznG womxInG PAPERS 1979780

CIRCULATION LENGTH/AREA RATIO

Circulation length is the total of streets, walk-

ways, and paths in a project.

For comparative purposes,

the unit circulation length is derived in terms of meters

per hectare.

The lengths are determined for both formal,

paved areas, as well as the informal, non-planned areas

which in actual fact are also pure circulation elements.
The length of circulation is directly related to

costs in a project.

Paving and maintenance of streets,

etc. are direct costs, as well as the utility networks
which invariably follow the above ground circulation.

TABLE OF LENGTH/AREA RATIOS

Project

Alexandria
Medieval Cairo
El Hekr
Sadat City
Tmbaba
Ameriyah
Cabanon
10th Ramadan
Helwan

Ain El Sirg
Port Said

*Projects in

m/He.

217%%

g6 Group 1l:
321
342
471
533
554 Group 2:
609

656

875 Group 3:

757

Average 294
60% Lese than Group 3
48% less than Group 2

Average 565
24% Tess than Group 2

Average 696 .

italics are included for reference.

**Alexandria would be 508 m/Ha. and rank between Imbaba

and Ameriyah

public domain.

if shared cluster courts are considered
Alexandria would shift to Group 2.

s

Although a precise 1:1 relatlion does does not exist, both

paral
costs

lel sufficiently to allow this assumption. Indirect

that result from the street network are mail delivery,

fire protection, police protection, garbage collection,

etc.

{(Many of the services, however, are not actually

provided in most of the existing neighborhoods.)

Too many streets are redundant and wasteful, but

allow enhanced pedestrian access; few streets lower utility
network costs, but make pedestrian access less convenient.

the actual lengths.

Calculation of the index is through measurement of
Perimeter streets count as one-half

since they are properly shared with the adjacent property.

All circulation avenues are counted, whether paved or

GRAPH OF LENGTH/AREA RATIQS
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not, whether formally decreed or not.

Ways to improve the length/area index is through
extending of the blocks to a minimum length, perhaps
75 m {note Cabanon) and avoidance of blocks with only

a sangle row of lots (note 10th of Ramadan}.

OBSERVATIONS

The layouts readily divide into three groups: Group
1 with an average of 294 m/Ha.; Group 2 with an average
of 565 m/Ha.; and Group 3 with an average of 696 m/Ha.
GCroup 1l 1s two and one half times less than Group 3.

In Group 1, the low ratio as characterastic of wvery
large lots and long blocks (Note Sadat City and El Hekr)
or hecause of a "clustered" arrangemenkt of lots, as in

Medieval Cairo, and the similar recent use i1n Alexandria.

The use of large lots is a luxury, and is probably
an atypical situation which cannot be £followed in future
projects. Arranging small lofts in a clustered fashion
around a shared court as in Alexandria is a device which
should perhaps be adapted more extensively. (See also
"1978 Interim Housing Report, page 71.)

In Group 2, lot sizes tend to be similar in all of
the examples, but blocks are either short (Note 10th of
Ramadan and Cabanon) or spaced widely apart requiring
extra infrastructure lines (Note Amerivah). Improvements
could readily be made by combining lots into longer blocks
and adjustaing their arrangment.

In Group 3, clearly excessive ratics follow the use
of walkup apartments {Note Ain E1 Sira and Port Said) or
excessive ambiguous open spaces, requiring extra infrastruc-

ture lines (Note Helwan) .

LOW INCOME HQUSING
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UNIT DENSITY

Density is the ratio of the total number of units in
a given area and the area. Density is used as an index
for determining the amount of utilities and services to
be required. Services include schools, health cliniecs,
parks, and utilities include water supply, sewage dis-—
posal, electricity, and streets. Low densities imply
a larger amount of land for a given population and result
in a higher per capita cost for land and infrastructure.
can put an excessive lcad

time can create negative social

Very high densities however
on services but at the same

TABLE OF NET UNIT DENSITIES

Project 1 Ploor 3 Floors Av. Lot
Units/Ha. Units/Ha. m
Medieval Cairo 41 123%* 218
10th Ramadan 43 129 72
Ameriyah 50 150 97
, Group 3:
Sadat City 52 156 139 Average 155
El Hekr 54 162 131 (3 floors)
Cabanon 60 180 105
Ain E1 Sira 61 183 45
Imbaba 85 285 86 -
Group 2:
Helwan 92 276 3%  Average 283 -
Port Said 106 318 61 (3 floors)
Alexandria 147 441 44 Group 1:
Average 441
{3 floors)

*Projects in 1talies are included for reference.

**Misleading unit density because of wvery large
avarage lots (many mosgues) and many tenements
which result in wvery high population density.

Units/Hectare

>

5
o

conditions. Limits which cause negative social situations
are difficult to determine.

Density also provides an index on how much land is
required in housing a given population. For example, low
density neighborhoods {generally for higher incomes) redquire
more land than housing an equal number of people at a
higher density.

In Cairo, the tendency is for all types of dwellings
to eventually expand vertically intc multi-story dwellings.,
in wealthy and poor districts, for housSes originally de-
signed as villas to those which were one-rocom informal
dwellings. Most of the expansions occur many years after

their initi1al construction, and it is unclear if the founda-

GRAPH OF MET UNIT DENSITIES (THREE FLOORS)
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tion were originally designed to accommodate the extra
floors. Utilities and public services alsc would be
affected, since an additional unplanned fast load is
added.

Because of the variance in the number of floors among
the projects, and since invaraiably all of the progressively
built dwellings will expand - desplte restrictions and
designs to the contrary — a uniform 1 story density is
used for comparisen. A 3 story density is also included
as the saturated average density of an area.

Calculation of density was made by simply counting
the number of lots and dividing by the total area of the
block from the centerlines of the bounding streets.

OBSERVATONS

Group one follows the expected pattern in that the
smallest average lot size results in the highest density..
It 1s interesting to note that Ain El Sira with a lot size
almost the same has a denisty 2 1/2 times smaller. Thas
18 because Ain El Sira has only 27% of the land for dwel=-
lings, as cpposed to 65% for Alexandria.

The lowest density found in Medieval Cairo is mis-
leading. The very large average lot size(216m2) results
in each lot being further subdivided into multi-un:it tene-
ments. Sadat City, El Hekr, and Cabanon may also face
a ruther subdividing of the lots. The 10th of Ramadan
design with an average lot size more appropriate to Group 2
remains in Group 1 because of the extensive open areas.

The very high densities of Group 2 and 3 are balanced
with large open areas which do not show up in the block
calculations. Imbaba, however, does not have any larger
open spaces and little relief from the high density is
available.

G
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LOCATION OF PROJECTS IN EGYPT
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LOCATION OF SELECTED BLOCKS s
oS

17T E%Eﬂ-rm—h—l ]lllli

SADAT CITY NEW TOWN AMERIYAH NEW TOWN

SOURCE OF INFORMATION: "The Planning of Sadat City', Final report: SOURCE OF INFORMATION: “Expandable Minimum Ameriyah Dwelling™, New

Elements of the Plan, September 1977, working drawings, summer 1980. Ameriyah Ciey, Summer 1979.
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& Community
Centre

el
il

e

(CPASERA

e

10TH OF RAMADAN NEW TOWN CABANON NEW COMMUNITY
{CORE HOUSING SECTOR) (SUEZ)

SOURCE OF INFORMATION: "First State Final Report", 1978. "Draft Master SOURCE OF INFORMATION: 'Cabanon New Community, Suez Demonstration Pro-

Plan Report™, January 1976. Uorking drawings of the core house area, jects, Volume 2," Draft final report, February 1978.
1979.
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L HEKR DEMONSTRATION PROJECT HELWAN NEW COMMUNITY

ISMAILIA (MOH-AID

SOURGE OF INFORMATION: “Ismailia Demenstration Projects, Final Report™, SOURCE OF INFORMATION: "Final Engineering Feasibility Report," the
Volumes I, II, III, April, 1978. Joint MOHR-USAID Housing and Community Upgrading Program for Low Income
Egyptians, September 1978.
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REFERENCE TNDECES

Length/Area Ratio
Land Utilization Percentages
Net Densities

The reference indeces are developed from the sketches

on the right. They represent typical configurations found

in Cairo. Each of the blocks/lot layout sketches are shown

to the same scale as those of the projects compared.

Parameters for the layouts are as follows:
LOT SEZES: A width of 6m was selected as an average dimension
ysed in Egypt, as well as being a "standard” frontage for a lot deter—
mined by a Ewo room width. The depth varies from 8m ( a 48m“ lot) to
20m (a 120m™ lot)}, which encompasses the range of lot sizes used in

PERCENTAGE OF PRIVATE LAND

LENGTH/AREA RATIOS

&
Ity
the site and services projects, The larger the lot areas, the more
efficient is the layout. With larger lots, private land increases
from 20-30%; circulation length ratio drops approximately 40%; and
densities decrease approximately 50%, but this is not a completely
reliable indicator in that the larger lots would probably contain
several units per floor.
STREET WIDTHS: Two widths are assumed, a 6m width for 2 minimum
situation allowed by code, and 2 10m width for more major streets,
with clearly vehicular circulation. Widths are generous in that
3-4m wideh are not uyncommon in the informal areas (mote Imbaba). The
larger width results in a 10% drop in private area, a 10% decrease in
the circulation length ratio, and a decrease of 10-20% in density.
BLOCK LENGTHS: 75m and 125m lengths are chosen as being "desirable"
from a utility line length standpoint and still appropriate for pedes-
trian circulation. (see URBANIZATION PRIMER, Caminos and Goetherk,
MIT Press 1978, for further discussion on block lengths). The block
length increase results in 2 negligible 2% decrease in private land,
a 8-14% decrease in the eirculation length index (hence more economi-
cal) and a negligible increase in density.
DENSITIES: WNet unit density for both 1 floor and 3 floor situations
are derived as in the cases compared. (See discussion under '"Net
Densities™.)

NET UNIT DENSITY (THREE FLOORS)
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EXPLORATORY GROWTH STUDIES OF CAIRO
WITH ’LANDSAT’ SATELLITE IMAGES

Reinhard Goethert

Massachusetts Institute of Technology
with

Dr. Zakia Shafie

Cairo University

and

Ahmed Ayoub, Hassan El Shazly and Hoda Onsz
Remote Sensing Center

Dr. M. Abdel Hady, Director

Remote Sensing Center

Academy of Scientific Research and Technology
Cairo, Egypt
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INTRODUCTION tized form on magnetic tape for computer manipulation or
in image form, either black and white or color.
Experiments were undertaken with imagery recorded by Four spectral bands are used, labeled 4, 5, 6, 7;
satellites in order to explore theixr use in determining with band 8 added in LANDSAT 3 for thermal data. Bands
the size of urbanized Greater Cairo and in monitoring its 1, 2, and 3 are for bockkeeping purposes. Bands 4 and 5
growth. Specifically the images were used for exploratory are from the visual spectrum (0.5-0.6, and 0.6-0.7 mrcro-
studies in three ways: 1) to calculate the aggregate meters, the green and red) with Band 5 emphasizaing cul-
size of the urbanized area, 2) to determine the growth tural features as metropolitan areas. Bands 6 and 7 are
of the built-up area over a 5-year period, and 3) to in the near~infrared spectrum (0.7-0.8, and 0.8-1.1
determine if specific housing types or sectors - particu- micrometers). Various combinations of single bands are
larly informal and formal - could be identified and moni- used to identify specific categories of interest.
tored. The underlying goal throughout was to identify The standard image frame contalns an area 185 km x 185 km,

problem areas and to establish a base from which a defini- composed of 3240 picture cells or "pixels" horizontally and

tive approach could be developed. 2340 scan lines vertically. Each pixel approximates 79m x 36m

landsat imagery provides a readily accessible and on the ground.
i . . fe——— 185k, ———
comparatively xnexpensive tool for updating census infor-
mation and monitoraing the growth of a city, Yearly moni- :1 Fixels - 32"*0
. s . 1
i s ible. Th e ious - ! ! f 1 [
toring 1s feasibie e repetitious, uniform and con Sean dizection
sistent data provides a ready resource for easy use.
Trends are readaly identified, and an up—to-date anven-— /57 /
m
i Scan
tory would be easy to maintaan. line Picture element

{Pixel) 185km
LANDSAT IMAGES: The first satellite designed for

public use in exploring the resources of the earth was

launched July 23, 1972, and called "Earth Resources Techno- 2340 .

] .
logy Satellite 1%, abbreviated to ERTS5-1. (Later the name EEL .
was changed to "LANDSAT 1" to distinguish it from a simi- . Files —n

lar satellite designed for oceanigraphic resource called
YSEASAT"). A second satellite was launched January 22, 1975

. . . £ )
(ERTS-2 or LANDSAT-2) and a third March 5, 1878. Each 18 days; about 20 times a year, at the same time of day
It 1s a sun Synchronous orbit, allowing clear moxning light

The satellite repeats its rotation of the earth each

experimental satellite improved upon the other, with the
eventual goal of developing a public worldwide operational for the images.

system. , . .
ystem (For detailed additional anformation, see the following two Sources:

Images genexrated are in two forms: 1) Return beam "Remote Sensing and Image Intexrpretation”, by Thomas Lillesand and
Ralph Krefer, John wiley & Sons, 1979, and "The EROS Data Center”,
Allen H. Watkins, U.5. Department of the Interior, Geological

and 2) Multi-spectral scanner image (MSS) available in digi—  Survey, 1978.

RN

—

vidicom (REV), an image similar to a video "TV" image;
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BOUNDARIES: It was impossible with present eguipment
and techniques to match the boundaries of the semi-official
Greater Cairo Urban Area with the Landsat imaﬁe. Therefore,
a rectangular section (sector 11) of 510 paixel width and 585
scan line depth was selected as the base for comparison to
minimize extraneous areas. The upper limit was placed above
the village of Qalyub, the lower limit below Helwan (the image
is abbreviated but Helwan is still included in the calculations)
The left and right edges were then visually adjusted to mini-
mize the amount of agriculture area. The resultant values of
built-up areas ainclude the surrounding villages; therefore,
growth is a combination of village expansion and urban dev-—
elopment on the fringe of Cairo.

., There is not a precise match between the 1973 and 1978

images. The 1978 is shifted slightly to the west,

EQUIPMENT;
at the Remote Sensing Center, Academy of Scientific Re-

All of the technical work was carried out
search and Technology, Cairo. Technical assistance was
provided by personnel at the Center. The cdtegorizations
were done during two periods: 1 week in March and 2 weeks
in June.
The equapment available was a Bendix Multi-Spectral

Data Analysis System (M-DAS), with a CONRAC CRT screen and

a Digital Equipment Corporation PDP 11/35 central processing
unit with DEC magnetic tape input, 9 channels. Qutput was
through keyboard or through an Optronics system P~1700 di-

gitizexr and photo-writer for negatives.
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4) Coaincidence with ground planes could be solved by re-
lating the data to some universal geo~-coding system.
Several systems exist, and examples are available at
different scale of mapping. Computer routines also
exist which straighten the skewed rhomboid pixels

into a map-true rectangular format. Both of these
technigques should@ be further investigated in future
research.

5) Research is suggested in establishing the sensitivity
¢of the Landsat images. At what point does a prxel indi-
cate "built-up"” when the area 1s in early stages of
development. Do large open spaces {parks, playgrounds,
and open spaces common to "garden city" type of layouts
favored by planners) shift the spectral response to
indicate "agraiculture"?

6) A clear handicap emerged through the limited hands-on
time with the computer in Cairo, Ready, frequent access
is necessary in experamenting with different techniques.

LOW INCOME HOUSING Q5
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GROWTH OF AN INFORMAL HOUSING AREA OVER A THIRTY YEAR PERICD
CASE STUDY: IMBABA SECTOR

Reinhard Goethert
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Assisted by:
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M.S. candidate, Department of Architecture

Fileld Surveys by:

Ms. Mervat E1l Kady

Ministry of Houslng

with
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Reinhard Goethert
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INTRODUCT ION

This section looks in detail at the growth of an
infermal area - El Mounirah - which is located on the
outskixts of Cairo. It 1s in the Imbaba section, and 1s
just cne example of the vast low-income housing areas
Although it cannot be ¢laimed that all

or even most of the informal areas are similar it is

surrounding Cairo.

believed that the growth pattern is essentially the same.
(See previous studies of informal sector which included
Matarayah and E1 Haram.)

This study attempts to monitor the physical growth of
a specific informal area over a 30 year period. The
purpose is to develop a better understanding in order to
contrel and direct informal development into - perhaps -~
moxe desirable modes and lecations. It was not possible
to include other informal areas because of the lack of
sufficient aerial photograph coverage.

Despite the rapid growth of the so-called "informal®
areas, little definitive information 1s known about their
size, growth and development, although 1t has been
estamated that 77} of all new construction in the period
1966-1976 was the result of this "informal" process. (1)

"Informal" 1s considered here as the developments on
the outskirts of Cair¢ without full legal authorization,
generally because of their location on agriculture land,
their absence of a building permit, improper land
subdivision (too narrow streets, total lot goverage, lack
of land reserved for schools, parks, etc.) and absence of
public utilities. They are clearly outside of the
"formal" (western oriented, generally higher income)
market structure. Apparently the land is purchased and
construction 1s by small contractors, generally of a very
high qualaty (in a study now heing carried out 1t was
found better than even that of the largest contractors.(2))

The Imbaba area 1s assumed to be "informal" since it

ASE%?\
meets the above criteria in all aspects. However, law 29
of 1966 - legalizing previously unauthorized development
on agriculture land - is considered to include the earlier
sections of Imbaba. But, from the pattern of development,
and from the responses of people interviewed in a sample
field survey, legalization had no real effect and was of
little concern to the people.

The large magrations antec Cairo started in the mid

1940's.
Imbaba section (based on field interviews) but most of the

early informal development is believed to have taken place

Some devyelopment was already apparent in the

in areas closer to Cairo. In 1957, twenty-nine hectares
of land were already settled in Imbaba representing -
approximately -~ a ten year growth. In the next 10 years
ninety additional hectares were developed, a threefold
increase, and in 1977, seventy-one hectares, for a total
of 190 hectares per year - 3.3% per year, varying from
&.72% (1957-1966) to approximately 1.5% (1947-1957).
These figures represent'the total urbanized areas and

include vacant lots as part of the urbanized area.

METHODOLOGY

Growth was pramarily determined through aeraal
Photographs taken in 1957, 1966, and 1977 (3).
supplemented by sample field surveys of families from each

These were

of the three time periods. Twenty families were
interviewed, for the intent was not statistical relevancy
but only as indications of basic 1ssues.

The report first shows the development in the three
time pericds through aerial photographs. A narrative
interview of a hypothetical family is abstracted from the
interviews and 1s included with each aerial wview to
provide a sense of reality to the abstraction. The three
types of growth are then identified and a general
hypothesis of growth is proposed. An AppendiX includes
the field survey forms and an item by item summary of the

interviews.



Imbaba is an informal development located in the
northwest of Cairo, on the west side of the Nile. It is
well located, adjacent teo several industries, but poorly
served by public transportation. Many small artisans and
small scale industrial activities are found in the area,
as well as many small shops and cafes. The mean income is
49 LE per month, with the primary occupations ¢of laborers,
craftgman, and preduction workers representing
approximately 40% of the employment (4).

There are few schools in the area. Children
reportedly walk 3 kilometers to the nearest school. There
1s no clinic, post office or telephone office.

The area has some utilities, mostly along the main
"roads" and adjacent to the older sections of the
development. As a rule the newer the settlement the less
supplied with utilities and services, and Imbaba follows
this pattern. Some standpipes have been installed by the
government but limited to areas parallel fto the canals.
Only very few dwellings have individual piped water
connections. Electricity is avadlable throughout, however
(84% of the households). Sewers do not exist. Sewage
disposal is generally through heolding tanks (72%) leocated
in the streets and periodically emptied. 99% of
households have private toilets of some kind. Beoth water
and sewage networks are in the process of being installed
in the area by the General Organization Greater Cairo
Water Supply through a U.S. AID grant.

The land has been purchased from farmers but the
dwellings have been 1llegally constructed in contradiction

to subdivision and agriculture land use law,
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102
IMBABA 1957

The area is helieved to have started to develop after
1947 (probably by 1950} when the first housing project for
government employees was initiated. By 1952 1,100 units of
the project were completed - approximately 2/3 of the intend-
ed area — and it was planned to be later further expanded.(S)
It is speculated that at this time the first informal
dwellings were built by the construction workers from the
nearby housing preoject, occupying areas intended for expan-
sion. (Tt is customery in Egypt for laborers to live near
the construction in crude self-built “temporary" shelters.)
The initial stage of the project was on land composed
of large properties. (See property plan.) The area intend-
ed for expansion was composed of many small holdings, making
expropriation for expansion more difficult. In addition,
since this was the beginning of the Nassar period, politi-
cally it would have been difficult to evict them.
Essentially then, it is speculated that the informal
development started in Imbaba as a result of a "spill-over"

from the government housing project.

1st étage
Construction as planned

TMBABA WORKERS'
HOUSING PROJEGT

Scale 1:20,000

2nd Stage
Not built
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HYPOTHETLCAL FAMILY WNARRATIVE
(based on interviews, see Appendix)

"I am 60 years old and I have lived here since 1955. I am among
the first to settle in this area. I am married and have 5 children.

My younger children still go to school, for I want them to read and
write like I can. My wife never had the chance to learm. I used to
work for the government as a deiver, but now I am retired. My eldest
sons are working, and I receive some money from renting one of the
floors. We make about 105LE a month.

"When I first came to Cairo T rented a small 2 room apartment in
Shoubxra for about 1.5LE a month. It had water, electricity and sewage.
I was lucky because some of my friends could only find one room and paid
about the same and then without water or sewage, although some had elec—
trieity. We finally moved when the flat became too small as my family
grew,

"Most of my relatives also live close by. The land was very cheap,
and I only paid 2 LE a square meter. I like it here because all of the
utilities are available and there is good transportation. However,

I am glad L am retired because my job was tcoo far away.: My meighbors
complain that the water pressure is weak and the electricity always goes
out, but they should be thankful for much of the area has mothing. They
are right however about the umpaved roads and the garbage dumped in

the streets which attracts enormous numbers of flies.

"I am proud to say my house is 4 stories high with concrete floors,
plastered brick walls, and cement floor tiles. My famrly moved in after
only one room was finished so I didn't have to pay rent any lomger. I
got the money to finish the house from savings and selling my wife's
jewalry, but my merghbor claims he got a loan from the cooperative.

"I kept expanding the house as my sons got married. They live on
two of the floors and the other is rented.

"My neighbor helped me to find a contractor to build my house.

L watched him all the time to make sure he did a good job. I planned
the house after the others around me. Just the other day I was sur-—
prised to learn that I had ko have a building permit, but I really
don't care.

"I wish the government would pave the roads and repair the water,
sewage and electricity, and arrange for street c¢leanrng. It gives our
neighborheod a bad image, and we can't do much about it."

(right) AERTAL PHOTOGRAPH of Imbaba sector in 1957.
Scale 1:10,000; Worth is up.
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In the Imbaba example, the time aintervals of the No attempt has been made to correlate growth and
study are somewhat large and unfortunately do not <oincide choice of leocation with the installation of the few
with presummed increases in growth; for example, in the utalities which already are available.

period after 1973 when a new c¢onfidence surged through the

country. (It would be interesting to determine 1f and PATTERN
what correlation exists between surges 1n the economy and The subdivision pattern is a function of the width of
surges in informal development, particularly in the agriculture land parcel. The diagrams indicate the
determining if a time lag exists). variety of widths and their resultant layout pattern.
PATTERN
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2, INFILL: HORIZONTAL GROWTH PATTERN OF INFILL (

The second type of development is pramaraly a AREA I
horizontal activity, characterized by an initial rapid but !55 55‘: e
scattered settlement pattérn and the subseguent infillang e 5;"‘
of the area. This development mode is a function of land 3-:5 .h's
prices, crop prices, demand for housing, and boundary 'J ng‘ INITIAL PERIOD
b" f bl { (first 10 years)
constraints. A Haf '
An imitial scattered development indicates that only 2y red :aﬁ:. e

a few lots are sold in each of the agriculture parcels

offerad for sale. It is speculated that once several lots

MIDDLE PERICD

are developed in one parcel, a price increase in adjacent
(second 10 years)

lots encourages prospective buyers te shift to other
parcels still undergeing the transition from agriculture
use to housing use. Prime lot locations probably sell
first - prime beang defined as adjacent to streets, water
sources, proximity to relatives, or lowest cost, dependent

t LATER PERIOD

on the buver's viewpoint. (thizd 10 years)

At some unknown point, the vacant lots gradually are
sold. Again, it is speculated that this occurs for the

following reasons, dependent on viewpoint: proximity to

relatives, lowering of prices an adjacent parcels to

attract buyers, perceived distance to employment RATE OF INFILL

opportunities, or a relatively higher income group which

desires a more developed community into which to move. 10%
In order to monitor the infill proc¢ess, a 200m x 200m 9%

sector from each of the 10 year time periods was selected a% A |6.1Z

_and traced through its stages. For each, basic indeces 8 7y e Av: 3.78%

{for the most recent stage) and the lot distribution : 6z | 1119 | av: +2.0%

according to area and size are developed. 4 53 I1e l

PATTERN: g &% ¢ Hedian rate
The a2nfill is essentially similar for each of the & gy Ol pssmssnumasamese=l 3.3% per Year

three time periods, irregardless of when the development a2 )

was initiated. ©Only in Area III, the most recent case, is ’ 2% o

the pattern broken, since it more closely approximates the ;% A A ]

middle period of development. Perhaps because of distance INITIAL MIDDLE LATE

the infill process is more accelerated than expected. 10 Year Periods
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Example of Infill:

AREA I

200 Meters

Housing [°

Projeet /

-

200 Meters
4 ce
| P
.
L

LOCATION PLAN - AREA I PROPERTY LINES 1940's 1977
AGRICULTURE LAND
5 %
3 N
=3
LAND CIRGULATION LENGTH/ DENSITY s M L
UTILIZATION ; .. AREA RATIO ;0 .. (3 floors} I Ha. 51% 39% 10%
SANEENENEER
JIILITIITT |®*ecoeee 5 ]
NENEREENESN ©%00000
LLLEL I RN T L A A XX X T | —
AEEEEENEDY I XXX XXX ) =
EamENEEEREN 'YX X
SEEERENNENSE .....‘...°.
ERENANEEER
NENBENENED L E X XN R N
. -
82% Private land 500 Meters/hectare 238 Units/hectare 5 % %
18% Public land 5 Units @ B Sp e[

BASIC DATA
(For latest stage)

LOT AREAS LOT SIZES**

LOT DISTRIBUTION
*Under construction: expanding or new.
**S: below 60m?; M: 60~100m?; L: above 100m?.
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gxample of Infill:

AREA 11

This area experienced the largest total expansion
in 10 years, and the guickest rate of growth of the
three example areas. In comparison to Area I and III,
1t parallels the pattern of III in the first period
of development (49% vs 47%), but more closely
parallels the saturated, mature stage of Area III

instead of the middle 19 years. -

LAND

UTILIZATION 1 Ha

73% Private land
27% Publice land

BASIC DATA
(For latest stage)

Housing
Project

LOCATION PLAN - AREA II

CIRCULATION LENGTH/
AREA RATIO

16 Ha.

471 Meters/hectare

DENSITY
(3 flooxs) 1 Ha.

od200 000
9090000
®500000
00O 06O
20000090
00900 0O
0000009

255 Units/hectare
5 Units @
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200 Meters

L

g
oo
- )
e 38T
=& . o
Y ®BET
8
I~ »BEZ
s
o
—
%7 %92
2w
l (=¥
-

5 M
27% 53% 20%

LOT AREAS

D
D
[@)]
—
%ES
—
LNVOVA LTInd

PROPERTY LINES 1940's
AGRICULTURE LAND

S19319 002

10T SIZES™**
LOT DISTRIBUTION

LOT AREAS

above 100m2,

LOT SIZES **
L:

LOT DISTRIBUTION
*Under construction: expanding or new.

*+5: balow 60m2; M- 60=-100m<;
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“Example of Infill:

" AREA TI1T

Phis 1s the oldest settle-
ment area of the three ex-
amples. Today, it repre-—
sents an informal settle-
ment at maturity - maturity
in development but stil
severely limited in basic

utilties and services.

—
Yo

200 Meters

200 Meters

LOCATION PLAN - AREA III

LAND
UTILIZATION  ; po .

S

77% Private land
23% Public land

BASIC DATA
(For latest stage)

CIRCULATION LENGTH/
AREA RATIO 44 Ha.

568 Maters/hectare

PROPERTY LINES 1940's
AGRICULTURE LAND

DENSETY
(3 floors) 1 Ha.

00000 e

235 Units/hectare
5 nits @
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LOT SIZES™*

LOT AREAS LOT SIZES** LOT AREAS

LOT SIZES**

LOT AREAS

LOT DISTRIBUTION

LOT DISTRIBUTION
*inder construction: expanding or hew.

LOT DISTRIBUTION

**g: below 60m2; M: 60-100m?; L: above I00mZ.



116 HOUSING WORKING PAPERS 1979/80

3, SATURATION: VERTICAL GROWTH

The last type of development may be considered as a
"vertical™ activity. Once an area has bkeen rapidly but
sparsely settled, and subkseguently vacant lots have been
largely filled, owners expand vertically for additional

housing space.

Housing 1s built by essentially two groups: the
owner/builder and the small contractor/entrepreneur. Each
group builts in different periods of development and at
different rates and modes.

OWNER/BUILDER: The majority of structures are believed to
be built by this group, with the primary purpose being fer
family shelter.

The initial construction tends to be a single story,
with subsequent additien of floors as the family expands
and perhaps in order to supplement their income by renting
rooms or floors.

SMALL CONTRACTOR/ENTREPRENEUR: This group is believed to
construct a significant proportion of units, but figures
are not available,

Generally the building is constructed in one stage of
several floors with the intention of renting units for
income generating purpeses. The lots tend to be purchased
during the initial stages of development when the land is
Cheap. ©Only when a sufficient population exists to allow
gquick and higher rental opportunities, the dwelling is
constructed.

The leocation of the lots tend to be in choice

Positions: fronting major streets, and on corners,

In both cases, construction is the same: reinforced
concrete frame, brick infill, and concrete floor and roof
slab. Various brick types are used, dependent on

availability and cost. In some cases brick bearing walls

&
RS

are used, particularly by owners to lower costs. All

buildings achieve 4-6 stories in heaght.

Measurement of the rate of vertical growth was not
undertaken saince data 1s not available and i1t would be
diffacult to determine. However, it may have been
pessible to use shadows as indacators of the heaght, but
the gualilty of the earlier aerial photographs precluded
this option. Also, the sample family anterviews
unfortunately omitted the time aspect of dwelling
expansion.

PATTERN:
It may be speculated that dwellings built on prime

locations - corners, fronting larger streets - tend teo
develop quicker, since the owner is more likely to have
extra income from shops or cafes and therefore can invest
cquicker. This has not been quantified, and only
supported by personal observations.






OBSERVATIONS

1. Informal land developnment appears to follows the
agriculture land patterns. Because of the extensive
1rrigation systems, a relatively regular, rectangular land
subdivision exists, guiding development in a simple grid

pattern, facilitating future infrastructure installation.

2. The physical layout apparently follows the simalar
pattern as in the villages: a minimum area for streets,
little public open space {(1f any), and a very dense

development.

3. The initial horizontal growth apparently starts
relatively slow, surges after the initial occupataon
stade, and then slows when distance (accessability)
advantages are less. Outlying land prices may be elevated
also, in anticipation of the expansion, further slowing

the late stages of horizontal growth.

4. The high init:4l infill rate indaicates that if nothing
1s done guickly to prevent informal development in a
specrfic area, the number of people involved will be too
great to take any positive action. After the initial
rapid settlement, the rate of infill steadily declines,
approximately by one-half in each of the sugsequent 10
yéar periods (6.1% to 3.8% to 2.0%).
that the lots tend fo become smaller in the latter time
periods, perhaps because of the increase of land values,
or the rise in prices from inflation in the economy in
general.

It may also be noted

5. In any given area, there would obviocusly be
gonsiderable overlap of the threé development modes. The
factors influencing their congruence are housing demand,
land values, size of agraculture parcels, and boundary
constraints.

7
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6. Using Imbaba as a modél, thé primary att¥action for
recently séttied areas would be the proXimity to
relatives, inatially a¥vailalile cheap iland and easy access
to work opportunitites. The bridgé atross thé Nilé by
Imbaba and the large road paralleling the Nilé with direct
access to the south are perhaps thé main factors for
location of the Imbaba séttlement.

7. En the fﬁfure, thé Imbaba area will probably cohtinue
to grow, and to grow much more rapidly, since: a) a héw
international airpért for Cairo hds beén planned 1h the
viecinity, although admittedly this may Bé far in the
future, if then; b) The propoged cuter rihg road is
planned to pass west of thé aréa with a major interséctaon
at Imbaba; and c¢) a wholesdle markét is considéred a5 a
possible use for thé land around thé intérseétion. In all
cases, the land values will most probably rise Very
quickly, and attract other typés of developrient: Tlie
settlement itself would chahge, and informal dévelépments
would spread further out, most probably €6 thé rioérth whére
the Imbiba alrport dées not block dévélopment.
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SUMMARY OF SURVEY RESPONSES

Survey (uiéstidnnaire

o

Supmary of Responses

1,0 FAMIEY GHARACTERISTICS

1.1 How mary avé in the family?

1.2 What is the age of the Fomily members?

3.3 What ie the education levél of the family membeérs?
1.4 What ié the émployment of membévs working?
1.8 Wheve ave the membébs émployed?

1.6 What is the total fa@nily ivcome?

1.7 What ave the éipéctations for the ohiidren?

Famiiies were large 5-9 member; particularly those who lived there
longest, with head of family in garly 60'5.7 More recent families
génerally yousiger, with head in tmid 30's. Oeccupants varied: go-

veriment drivers, pguards, military, shop keepers, etc.

Generally

father cduld read and writé, mother illiterate.
to atténd school.

Children expected

Tncdtes ranged from 30-105 LE/month, with most

fiear 30 LE,

Children were expected to finish school duickly so

théy cotild contribute to family inéome, however,; if grades very
good, expected to go for furcher schéoling.

5.0 PRESENT DWELLING CHARACTERISTICS
2:1 What 18 thé tenuve of land and dwellitig?

2.3 Hod lotig have you livéd thers?

2.3 What ubilities aré available?

2.4 How maiy §tovies will dwelling be at dempletion?
2.6 When will dvelling be sompleted?

Building land {is held in freshold. Tew utilities, 1f any, are
available in newer areas; generally, electricity is provided. .
Height is usually 3=4 stories; sometimes higher. Completion

time dépendant on moéney available, and necessity of providing

homé for don and family.

3.0 BREVIOUS DWELLING CHARACTERISTIOS

Rental units, 1=2 tooms, with payments from .80 to 4.5 LE, with
2.5 LE uSual. Half havé all uvtilities, half have none. In gen-

o S " _
3.1 ??at was the t%nﬂl%. eral, a higher level of utilities than inh present dwelling.
3.8 What was the §ike?

5.3 How much did you bay?

3.4 What utilities wére available?

d: 0 LOCATTON AND CHOICE OF AREA Cheap land #as primary¥ teason, followed by proximity te rela-

0
4.1 Whit fastor led t0 choioe of drea?
2 Héw WaB location found?

+3 Wheré is location in felation i émployment?
Did you haie job befove moving?

How much did you pay for lond?

Whon did you pay?

P What is Tiked about avda?

What is not 1iked about avéa?

tives., Relatives invariably guid;_d choice of location., Bay=
ménts of land were From 2-10 LE/m” over a 30 year peried, with
payment géperally by installments. The laek of utilities,
servicés; and 16 garbagé cleaning Were biggest drawbacks of
aféa. TFor many, it wat far from their ésmployment.
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5.0 STAGE IN FAMILY TRAJECTORY

5.1 Where did you live before?

5.2 How long did you live there?

5.3 Why did you move?

5.4 What size was your family when you moved?

Families came from central Cairo areas:
Boulak. Their stay ipn the previous area was usually over 10
years. An increase in family size (need for more space) and
desire for ownership were main reasons for moving. ‘Familigs
generally were small, young.

Gamalila, Shoubra,

6.0 DWELLING DEVELOPMENT PROCESS

6.1 How much of dwelling was completed when moved in?

6.2 Did you own land before building dwelling?

6.3 Where did you live while dwelling was being built?

6.4 At what stage did you move in?
& eongtruction:

Families moved ipto the dwelling after the first floor was
completed; sometimes when only a room was finished. Somerimes
liyed in temporary room oy site during construction.

6.5 How was building eonstyucted?
6.6 What was built in first stage?
6.7 Did you contribute in construction? Hew?
6.8 How did you find contractor?
6.9 Where doés constractor live? In qrea?
> fingneing: =

Dwelling usually constructed by small local contrgctor referred
by friends. Owner usually contributed by material purcha
with occaSLDnal 3551stance on site.

6.10 Where did you get money for fzrst stage? -
6.11 Where did you get money for subsequent gtages?
6.12 Will you rent rooms to help pay? 7

I+ expangion: - -

Generally sayings, selling of wife's jewelry, znd sometimes
cooperatives" As further savings accumylated, building was
continued. One floor usually rented, the rest reserved for
family members. A third of ingome usuglly from rental units,

6.13 How will you dem.de when to e.rpand dwellmg"
6,14 When do you expect tp expand?
o building regulations: — I

Expansion generally determined by finances and need for proyiding
home for newly mar rled son.

6.1§ Did you follow building Pegulatwns?
6.16 If not, dogs this worry you?
butilities: - — e

Regulations always ignored, mot a sonrce of wotry singe no one
in area follows them.

6,17 When do you expect to get utilities?
6.18 How do you expect to get utilities?
b assistance: -

Unclear when utilities will come although all were hopeful that -
the government will eventually provide them.

8,19 What assistance would be mgst desired?

Utilities, paved roadg, sehools and health center b}r almost
all respondents (ng mention of dwelling assigtance).

3
2p
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IMBABA SURVEY FORM

'5_,&5«."3.13.1.” Ujldﬂqgh_-..,

1.0 FAMILY CHARACTERISTICS

1.1 How mony ave in the family?

1.2 What s the age of the family members?

1.3 What is the education level of the family members?
1.4 What is the employment of members working?

1.5 Where are the members employed?

1.6 What is the total femily income?

1.7 What are the expectations for the children?
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2.0 ERESENT DWELLING CHARACTERISTICS

2.1 What is the tenure of land and dwelling?
2.2 How long have you lived there?

2.3 What utilities are availabls?

2,4 How many gtories will dwelling be at eompletion?
2.5 When will dwelling be completed?
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3.0 FREVIOUS DWELLING CHARACTERISTICS
3.1 What was the fenure?

3.2 What was the size?

3.3 Aow mueh did you pay?

3.4 What utilities were available?
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4.0 LOCATION AND CHOICE OF AREA

4.1 What factor led to choice of area?

4.2 How was location found?

. 4.3 Where is location in velation to employment?
4.4 Did you have job before moving?

4.5 How much did you pay for Tand?

4.6 Whom did you pay? )

4.7 What is liked about area?

4.8 What 28 not liked about crea?
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5.0 STAGE IN FAMILY TRAJECTORY

5.1 Wheve did you live before?

5.2 How long did you live there?

5.8 Why did you move?

5.4 What size was your fomily when you moved?

! ¥l g b Jats = 0

€ U5 pegheaantl gl 190

§ Dl s W5l ab Y0

§ JEuY! enh 3 ¥ e

§ JBnYic s bak dhpal pas g 15k €40

6.0 DWELLING DEVELOPMENT FPROCESS

6.1 How much of dwelling was completed when moved in?

6.2 Did you cwn land before building dwelling?

8,3 Where did you live while dwelling was being butlt?

6.4 At vhat stage did you move in?
construction:
8.8 How was building constructed?
6.8 What was buzlt in first stage?
6.7 pid you contribute in construction? How?
6.8 Bow did you find contractor?
6.8 Where does constractor live? In area?
Finaneing:
6.10 Where did you get money for first stage?
6.11 Where did you get money for subsequent stages?
6.12 WLll you rent roome to help pay?
expansion:
6.13 How will you decide when to expand dwelling?
6.14 When do you expect to ewpand?
building regulations:
6.15 Did you follow building regulations?
6.18 If not, does this worry you?
utilities:
6.17 When do you expect to get utilities?
6.18 How do you expeect to get utilities?
assistance:
6.19 What assistance would be most desired?
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