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ABSTRACT 

This thesis is a survey of the precast reinforced concrete skeleton system used 

in low-cost housing (SPCSS), which has widely spread to different areas of the world. 

but less studied. The thesis includes three major parts: 1) the development of SPCSS; 

2) the design. performance feature of SPCSS; and 3) cases studies. 

The development of SPCSS traces its origin as the structure of prefabricated 

houses for the housing shortage after the world war in Europe 10 ils spread to developlng 

countries for low-cost housing. 

Design and performance study focuses on ilS fefltures related to low-cost housing -

its special considerations and key points in design as a small component system, ils 

acclaimed system performétnCe features. 

Case studies surveys 15 typical cases. Each case includes general background of 

the system, system design, commenls following the design consideration and example of 

its application. 
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RÉSUMÉ 

CeUe thè se est une étude sur le béton renforcé prémoulv SPCSS qui a été utilisé 

depuis la premier guerre mondiale mais qui u'a pas été très étudié. La recherche 

comprend l'histoire du développement du SPCSS, sa création, les caractéristiques de 

performance ainsi que les études des cas divers. 

L'origine du développement de SPCSS remonte à l'après-guerre quand il y eu une 

pénvrie d'habitations; on innova en evrope la structure préfabriquée de maisons jusqu' 

à son essor et sa commercialisation dans les pays du tiers-monde pour l'habitation à 

loyer modique. 

le design et la performance se concentrent sur les caractéristiques reliées à 

l'habitation à loyer modique. Ils étudient dans le de~ign d'un système de petits 

composants ainsi que les traits reonnus de la performance. 

Il ya 15 cas étudiés. Cela inclut le système de formation général; le système 

dudesign, l'évaluation suivant la réflexion du design et le prototype de son application. 
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INTRODUCTION 

------- ... ----------------------_ .. _--------

THE RESEARCH TOPIC: 

As an alternative to the traditional materials for low-cost housing, concrete 

cornponents are now being used more and more and their use is spreading 10 every part of 

the world. Il is envisaged that this trend will continue in the coming years. 

One of the concrele component system used in the housing construction is precasl 

concrete skeleton system, which basically consists of posts and beams to form a frame. 

According to their application to different housing types and technological level of 

construction, skelelon system can be classified into two types. 

The first types of skeleton system is mostly used in high-rise or apartment 

buildings havlng more than four storeys. This kind of building development with large 

and heavy cornponenls, is usually undertaken by government or big contractors and 

requires good construction conditions. The system in this group is good for a batch and 

repetitive construction processes. Enc.l-users rarely take part in building design and 

cons truction. 

The second types of skeleton system, consisting of relatively small components, is 

used in structures having less than four stories, and the majority of these are one or two 

storey low-cost houses. Il usually appears in the housing process in which building 



components are made by small manufacturers and bought by the users. who possess no 

prior construction experience or skills. to bUild their own hou ses. This type of system 

is called the small precast concrete skeleton system. which is refereed as SPCSS in this 

thesis. and is the subject of this study. Many different types of SPCSS have been 

developed OVf!( the years in different countries. thls study will focus on those systems 

that are specially appropriate for and applicable to low-cost housing technology. 

OBJECTIVE AND SIGNIFICANCE OF THE STUDY: 

As one ot the earliest proposed prefabricated systems for low-cost housmg. SPCSS 

has been developed extensively as early as the 1940'S and has been used ln different 

places. But as a componen! system havmg special features. It has never been 

comprehensiv'ely studied and summanzed as the subject of an independenl sludy _ Il has 

long been an attractive low-cost ho' Ising system and has been proposed repeatedly since 

il was developed. but relevant studies are mostly scattered and fragmented. 

The intention of this thesis is therefore to fill this gap and 10 do a sludy leading la a 

better understanding of SPCSS. Sy means of a literature survey, it intends ta 

summarize and review the previous work done in the field. to find out the design featUi es 

of SPCSS, to analyze its tunction and performance and to collect the valuable information 

on different systems. 

The SPCSS was developed as one part of the system building movement which 

dreamed of mass producing houses in factories similar ta the way automobile and aero

planes were produced. Ils development process recorded the effort of our time ln 
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struggling with the housing shortage by means of a building system. Th erefore , the 

signifieance of this study is not limited to SPCSS itself; it is also representative of the 

diHerent aspects of the industrialized housing technology. 

ORGANIZATION OF THESIS: 

The main body of the research consists of two parts .• general review and 

particular case studies related to SPCSS. The Iwo parts complement each other. By 

bringing together and analyzing the systems developed in different places a.t different 

times, the case studies intend to give a detailed overview of the previous work done and 

provide a convenient reference for future design and further study of SPCSS. The 

genera/ review is presented to describe the origin and deve/opment of SPCSS as weil as 

integrated knowledge on SPCSS. 

The thesis begins with the general study, which includes 1) the historical review; 

2) the design and performance of SPCSS. 

1) The historieal review: this review trace the development process of SPCSS within 

the background of a changing attitude to the solution of low-cost housing. By this 

review, the cases trom different places and different limes can be integrated. 

2 ) The design and performance of SPCSS: it includes a) design study which focuses on 

the design essential related to SPCSS; b) the performance analysis which gives a 

critical review on the performances of SPCSS, especially ilS acclaimed features 

The general study is followed by individual case studies. In the case studies, each 

case is provided wilh its background, illustration of components, eva/uation of 

properties and example of application. 

3 



Lastly, a summary of the previous section is presented. ft indicates the key points 

to the design of SPCSS, and differentiates the inherent advantages of SPCSS trom Its 

designed advantages. It also points out the major drawbacks of SPCSS and gives 

suggestions about its application. 
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CHAPTERONE 

THE DEVELOPMENT OF SPCSS 

This part of the thesis will be devoted to a general historical review of the 

development of SPCSS. Since the historical data on SPCSS is not confined ta one country 

but widely dispersed, and is difficult to obtain or has in man y instances never been 

printed, the writing of this review presented the opportunity of bnnging wlthm the 

covers of a single work the substance of much data that would otherwise have remained 

scattered and unorganized. 

The emergence and development of SPCSS is not a single event, but has been 

closely bound up with social factors and conditions of productlvity. Therefore, the 

author of this thesis has elected to coyer the field trom a wider point of view, including 

the social background of SPCSS's development. In a work of this breadth encompasslng 

such a long period dating trom the end of last century, man y events will unavoidably be 

omitted, but this work is an attempt to highlight those events which are considered to be 

landmarks in the development of SPCSS. 



1 . GENERAL BACKGROUND: THE EARL Y PERIOD 

The "housing problern", which was created by the inability of capitalism to ensure 

adequate housing conditions for ail levels of society, was first identified in the middle of 

the last century1. However, in the 19th century, solutions 10 the "housing problem" 

were largely concenlraled on inexpensive methods of financing rather than on new 

techno/ogy2. At the turn of the 20th century, especially after the First World War, with 

the increasingly severe housing shortage, it was recognized that the imbalance between 

the housing demand and the élbility of the traditional methods to supply housing was the 

root of the housing prob/em. From the development of new methods of manufacturing, 

which introduced mass production of complex artifacts, the pioneer architects, builders 

and politicians of the lime were greatly inspirad and saw the possibility of providing 

adequate houc:ing for ail people: this was to be done by means of technieal innovation in 

the housing industry. Central to this interest was the ambition of mass producing houses 

in the same way as many other products3. 

The underlying principle of the factory-made house is the preparation by mass 

production of as many parts and units as possible, thus reducing erection time and site 

work to the bare minimum. By using this principle, it was estimated that the speed of 

house construction wou/d be faster and the priee reduced, so thaf the housing problem 

would eventually be solved. This was the general social background against which SPCSS 

came into being. SPCSS therefore, was not a single event but a part of the movement 

leading to the industrialization of housing. 

Befora SPCSS was introduced into practice, there were two architects who se 

works are worth noting. The first one was W.H.Lascelles of England with his patented 

"Improvements in the construction" which dated back to as early as 1875. Lascelles' 

intention was "more particularly to reduce the cost of small houses or cottages, and to 
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Fig.I.I The basic Ideas of Lascelles' "lmprovements ln the 
construction of buildmg", 1875 (Morris, 15) 

facilitate the construction in such a manner that they may be erected for the mosl part 

with unskilled labor and in a short space of lime". To Ihal end, he devised a system of 

prefabricated construction based on precast concrele cladding panels fixed on a previously 

erected structural frame, as shown in Fig.1.1 4 . At the same time, Mr.Lascelles suggested 

that the dimensions of his precasl panels should be limited 10 the maximum weight capable 

of being manually handled on the scaffolding by two mens. This probably is the earliest 

recorded system of small precasl concrete componenls, and ils basic form was very 

similar to the SPCSS appearing laler in the same country. 

The second architect worth mentloning in the early period was Le Corbusier. He 

was the first architect to sludy the potential of the precast concrete skeleton being used in 

low-cost housing and to constantly promote il". 

As early as 1914, Le Corbusier worked out a concrete skeleton model cal/ed the 

• Corbusier's knowledgs of the concrele skeleton model most probably derives from his tsachar, 
Auguste Perret, who was the tirst person to skillfully use the concrete frame.(Moms 41) 
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"Domino"··. In this proposai, the structure of the house had been reduced to ifs most 

basic level, and the architectural characteristics of the skeleton and its potential in the 

field of low-cost housing had been analyzed very comprehensively. To sum up the main 

points, they are as follows:6 

(1 ) The separation of structure and infill materials: This allows to use any kinds of in·liII 

wall materia\. The structure is relatively independent and can be mass produced. 

(2) Fast construction but low-cost: due to the mass production of components and 

the specialization of workers, on-site operation is reduced and technology is simplified, 50 

that the speed of construction can be fast and cost can be reduced. 

(3) Free plan: Since they are no longer load-bearing, the interior ~artitions do not 

need to be precisely superimposed from one story to the next, but can be freely 

disposed of at will. The eternal conflict between wall and window is also solved. 

Ten years later wh en Corbusier finally got an opportunity to actually use skeleton 

in a workers' housing project 

known as the Pessac houses, 

he did not completely 

impie ment his idea. The most 

obvious failure of this Project 

was the much higher cost than 

anticipated7. Since then, the 

Domino proposai stayed mainly 

in the realm of architectural 

appreciation and did not go 

into practice. Fig.1.2 Domino system, 1914 (Baker, 631) 

•• In 1902. the concrete frame had bien used for apartment building, but it did not lead to 
SPCSS. (Coleman 114) 
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2 . THE EARL Y DEVELOPMENT OF SPCSS ._- ENGLAND 

As stated above, from the beginning of this cenlury, the severe shorlage of hou ses ln 

ail countries led to a wide effort to IJroduce mass housing by any suitable me ans. 

Architects and politiclans lay their hope on prefabrication, believmg that houses could be 

made in factories, like cars and aeroplanes. However, agamst this general background. the 

evolution of prefabrication in various countries followed different paths according ta thelr 

own conditions. While the other European countries, for example Germany was exploring 

large monolithic concrete slabs construction system8 and America was largely building 

timber houses, Britain developed the SPCSS. 

Being optimistic about prefabrication with ail its benefits in terms of cost, 

improved quality and rapid production to satisfy the great housing demand, particularly 

low-cost housing, the British government heavlly subsidized a "war time housing 

programme" during the interwar period and years after the Second War. With the help of 

this promotion, many prefabrication systems were explored. 

The priority to develop new systems during that time was to improve the 

construction method of the wall; that is, to substitute the method of laying brick walls 

with new methods within the traditional design concept. This was because the low 

efficiency and extensive on-site work made the brick construction the most costly part in 

housing construction9. 

Theoretically, it has been recognized that in order to reduce the erection lime and 

site work to the minimum, the ideal of prefabrication was to increase the size of faclory 

made units to the maximum, but this requires good transportation and construction 

conditions. In this aspect, Brilain mel several obstacles: Ihe railways were run down, 

there was a shortage of trucks, road transport was poor; good machinery for producing 

and erecting components was not developed and there was also a lack of skilled labor10 

9 



Therefore, many concrete systems developed during the inter-war period have been 

found to be too heavy and large for convenient handling11 • 

Oespite man y failures, a system ca lied "Cavity wall" was approved as the improved 

construction method mtended to be suitable for the conditions of the time. Since this is the 

predecessor ot the SPCSS developed later and w~s a widely used system of the period 

between the two wars, a short description of this system is necessary here. 

The mam characteristic of the "cavity wall .. system was that the walls were formed 

with two thin slabs separated by a cavity, This not only reduced the concrete consumption, 

but also provided the house with better thermal and acoustic performance, Ta provide 

" _0 ____ ~ 0'---_--.::... 

(a) 

(b) 

. 
1 1 

Q i 

, 
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1 1 
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(a) Plan lookmg down 
(b) Elevation show\lTg method of erectton 

Fig,l,3 The Duo-slab system of concrete walling (White, 55) 
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1 
adequate support for the slabs and in order to make the slabs sm aller , poured concrete 

posts were laid at certain intervals. Fig.1.3 shows the -Duo-slab system" developed in 

the early twenties by Airey and Son Ltd. , which was a very successful example. 

After the second world war, in many European countries an even more senous 

rebuilding task cou pied with a critical shortage of skilled labor and Iradltlonal malerlal 

contributed to the development of the most important sector of the building industry ._-

building with concrete. In Britain, the "cavity wall" was deveioped into fully precasl system .--

the precast skeleton system. In the new system, precast posts were used tnstead ot the 

poured-in ones. It remained the significant fealure of its predecessor --- space belween 

posts was small so that each post and wall slab could be smaller and lighter. Criteria for 

the weight and size of the components was set up and widely recognized. For example, 

it was stipulated that the components should be able to be handled by three persons12 

The Woolaway system of this time was a good example of the new systems. Not only 

were there sm a" spaces between the posts, aerated concrete was also used to reduce 

the weight. Ali the components in this system including the wall panels could be handled 

by one or Iwo persons (Case study 15). 

According to incomplete statistics"·, there were at least 122,000 SPCSS houses 

built by 1956. Among them, the Airey system (fig.1.4 ) was the ma st successful one. it 

came from the same company known for the Duo-slab system, and its development Irom 

the cavity wall system was evident. Therefore, it was sometimes called the New Duo-slab 

Airey house. However, its production process differed radically tram thal of the firm's 

Duo-slab system. It was no longer a simple process of site casting but a very organized 

complex of faclories producing precast components in various parts of the country13 . 

••• Here only seven types of houses whlch were investigated during 1981-83 by BUilding 
Research Establishment were counted, actually Ihere were more than seven types of systems 
developed. 

1 1 
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Flg.IA Alrey houses al Chmgford (Finnimore. 210) 

The system consisted essentially of pre cast dense concrete posts and slabs. of small 

enough dimensions for ail pieces to be manually handled. This was considered essential for 

the many small, scat ered rural and semi-rural sites that were numerous in Britain_ The 

posts wel'e of singlfJ storey height, 4in. x 2.25in. in section. and were placed at 1ft.6in. 

between centers. They were connected across the house by first floor joists. Thus a series 

of light portal frames was set up 10 which similar frames could be dowelled to form the 

upper storey. From 1945 up to 1955, a production programme of sorne 26000 houses 

was carried out. About 20000 of this total were of the rural type, hence the original aim 

of the system --- to provide an eminently manually handleable construction for 

relatively smalt and scattered sites was realized14. 

The Airey houses are sufficiently typical of concrete precast skeleton systems in 

general in the post-second world war years to avoid the necessity of describing many 

others in detail here. Sorne of the other systems will be introduced in the Case studies. 

12 



1 
After 19605, the situation in Britain changed ---with the higher level of 

industrialization, improved transportation and construction conditions. and the 

withdrawal of governmental subsidies accompanied by market change leading to the 

abandonment of the two story cottage15 --- SPCSS gave way to the other systems. But 

in many developing countries. SPCSS began to be adopted as a popular system of 

construction. 

3 . THE 5PREADING OF SPCSS TO DEVELOPING COUNTRIES --

THE POST 19605 

Aeinforced concrete elements used in low-cost housing appeared at tirst to be 

unsuitable to developing countries. mainly due to the in5ufficient concrete supply. After 

the late 19605, this situation began to change. and SPCSS has been increaslngly 

developed. 

This change --- that of Ihe SPCSS being used in developing countries --- was tlrst 

brought about by the great increase in cement production in many developing countnes 

(Tab. 1 ), while at the same time the traditional building materials had become scarce. 

This condition made concrete to be considered as an alternative mate rial. 
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Tab. 1. Growth of Domestlc Cement Production(1966-1975)16 

Region or country 1966 1975 
(million tones) 

Percentage Increase 
% 

--A"trlca----------------:;-2----·----------23-------------92--------
North America 8 2 9 0 6 
South America 1 7 3 4 1 00 
Asia 8 2 1 6 8 1 a 5 
Europe 176 248 41 
world 457 691 5 1 

--ëhina -----------------:;-f-------------a'o-------------173-------
India 1 1 1 6 4 6 
Philippines 1,6 4.4 180 
Sri-Lanka 0.08 0.393 390 

Besides the factor above, there are other factors which contribute to the use of 

SPCSS in developing countries. The tirst is the existing conditions which determined the 

form of the component system, i.e., the poor transportation systems; lack of skilled labor 

and good machinery for construction; sma", scattered facto ries with relatively low 

productive ability. Under this context, it was realized that the large industrialized 

systems were inappropriate and it was necessary to develop small component systems. 

Second, in these developing countries, the structural part of a building usually 

makes up 80% of the total cost, where as in developed countries it makes up only about 

40% 17. Therefore, the reduction of cost of the structural part is extremely important. 

SPCSS. as a smalt component system, concentrated the structure in a bare skeleton, 

while the in-fill part could use any kind of cheap material available. 

ln the 1960s, SPCSS appeared first in Latin America. At the beginning, systems 

developed there were more or less influenced by the British systems. Many of them were 

of the post-panel type18. For example this influence can be found in a system called 

"Sandino" developed in Cuba in 1970's. This system gained its popularity in many 

14 
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socialist countries, particularly in rural areas by means of Cuban foreign aid19• Sandino 

al50 takes the form of post-panel, but the cavity wall has been replaced by a solid wall, in 

sorne cases, sandwich panels. 

.r, 

Fig. 1.5 Sandino Houses: its main features are slmphclty and the handy 
dimensions of the components: the panels measure about 50x IOOcm, Lhe 
columns have a double "T" section mto whlch the panels can sllde. 
( Segre, 352) 

ln time, SPCSS in developing countries began to gain its own features. It was 

realized thal producing a house as a complete sysiem --- including structure, wall panels, 

interior facilities, etc. --- out of factories in the same way as producing automcbiles was 

not affordable fer the poor populations of those countries, also concrete consumptlOn 

had 10 be reduced due to its high cost. 

The change started trom the separation of structure and infill part. Soon only 

the skeleton part was made of precast concrete, locally technical conditions and loeally 

available materials were considered in subsequent SPGSS designs. 

1 5 



Flg.l.6 Sandmo workshop in Mozambique (Lwansson, 18) 

: ~ 
• 1 

! 
! L-___________________________ . 

Fig. \.7 Sandino house in Managua 
(Mathey, 47) 

F· 1 8 Sandino house in construction Ig .. 
(Segre, 3S3) 
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Fig.1.9-10 shows the "VI MA" system of the 1960s developed in the Republic of 

Argentina20 . The wall mate rial used ta Infill the skeleton was a kind of industrial waste 

instead of concrete panels. Another example is shown in Case Three. This system is called 

"Apopa" and is developed by the German Appropriate Technology Exchange (Gate) in El 

Salvador in the 1970s. The conventional building method in El Salvador is adobe 

construction, which is cheap, climatically suitable and technically simple. But the houses 

can not resist erosion by rain and collapse in earthquakes. Instead of using other 

materials such as cancre te blacks, burnt clay bricks or wood to replace this building 

method, the~1 added a concrete skeleton with an asbestas cement corrugateCl sheeting as a 

roof to the adobe structure ta upgrade it. Thus, theoretically, nat only tne cast of the hou se 

remained moderate but al 50 it was culturally acceptable and kept the advantages of the 

conventional structure. 

Fig. 1.9 The in-fil 1 material used 
in VlMA system 

Fig.1.10 The delail of VIMA system 
(Doth: sistemas,81) 

1 • 
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A corresponding development after the 60's Is that many Third World 

governments and International agencies are participating in large scale low-cost housing 

developments with subsidy to the poor. As a cost effective system, SPCSS was 

frequently proposed for "self-help", "support" houses or "sheU" housing projects. The 

critical reason for its popularity with housing agencies is that SPCSS can provide an 

efficient durable structure wlthin limited finances, and the rest of the house can be 

tlnished by locally available resources --- cheap materials and unskilled labor, usuaUy the 

users themselves. In the future, this house can be easily expanded and upgraded. 

Flg.1.11 shows a housing project in Panama using the ·shell housing" method. The 

shell --- foundation, floor, columns and roof, provided by the housing agency --- needs 

only ta be walled up with different materials according to the wishes of individual families. 

Expansion can be made as income permits. Labor intensive methods were used in the 

new communities for such jobs 3S installation of water lines and for shell house 

construction. This expanded the employment opportunities for people in the 

communities21 • 

ln the 70's in India, and the 80's in China, SPCSS was introduced by public or 

government institutes. This system was promoted for its strength, durability, rapid 

speed in construction, and as an alternative to conventional material. Its application has 

become more specifie, for example, as anti-seismic. flood and wind structure and as the 

structure for mixed use housing which needs f1exibility. This can be seen from case 

3,5,7,8. 
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Fig.U1 Shell housing project m Panama (Foundation, np.) 

The most recent successful example was the "Grameen Bank Housing Project" in 

Bangladesh, which won the 1989 Aga Khan Architectural Award. This housing programme 

was developed from the "Grameen Bank Project" which was started in 1976 to raise the 

incomes and the standard of living of the most disadvantaged sectors of the rural 

community in Bangladesh by providing access to credit. The same policy extended to the 

housing loan aiming at improving the bamboo and reed mats shelters which were 

vulnerable to high winds and flooding. The G.B. housing loan provided a basic housing 
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structure -- a roof to be covered in corrugated iron sheeting supported by four 

relnforced concrete columns -- the structure was simplified so as no professional skills 

were needed. On this basis, the bank members cou Id develop the house to suit the local 

context and used available additional resources to add improvements over the years. To 

pay back the loans, the borrowers set up income generating activities. such as weaving 

and the production of other home manufactured goods. From 1984-1990, 59,000 

Grameen houses were built22. 

Since early this century until now, SPCSS has developed from a supporter of wall 

panel in post-panel system to barely independent structure with any in-fill material in the 

wall, trom a complete system of house to a partially pretabricated system, from a 

technical solution for housing shortage to an element combined with social economic 

development of housing program. Ali these changes, however, have not changed 

SPCSS's basic feature: it is a small component system designed for self-bullt housing 

under simple construction condition. 

20 



Notes 

1. Brain Finnimore, Houses from the factol)" System Building and Welfare State (London' 
Rivers Oram Press, 1989) 10. 

2. Finnimore 10. 

3. Finnimore 9. 

4. A.E.J.Morris, pracast Cgncrete in Architecture, (Bnta,": George GodWin ltd., 1978) 10 

5. Morris 35. 

6. Mauric Besset, Who Was Le CorbUSier? trans Robin Kemball (Ohio: The World Pubhshmg 
Company, 1968) 69. 

7. Brian Bruce Taylor, Le Cgrbusier at pessac' the rasearch for systems and standards ID 

the design of Igw-cost bousing, exhibition prepared al carpenter center for the VISU al arts, 
(Mass., Cambridge: Harvard University, 1972) 11. 

8. John Gloag, Hgysas gut gf factg[y (London: Men and Unwln, 1946) 44 

9. Finnimore 4-5. 

10. R.B.White, prefabrication -- a histgl)' of Its de\'elopment in Great Bntam (Her MaJesty's 
Stationery Office, London, 1965). 

11 . White 52. 

12. R. Coterel! Butler, "War-time BuildlDg Practice" BUilder Nov.10, 1939: 674 

13. White 182. 

14. White 183. 

15. Finnimore 209. 

16. NO.12 Apprgpriate Indystrial Technglogy for Constryctlgn and BUIlding Matenals (New 
York: United Nation Industrial Department Organizatlon) 77. 

17. F. 1. A. Tackie, "The Informai BUlldmg Industrial --- An Underlying Phenomenon of Houslng 
for the Urban Poor" Int. J, Hoys Sei. AlApl, V.9, 1985: 65. 

1 8. Prayectp Pilato de Vivienda en el Islmo CentroameClcana: Evalyacloo e informe dei Grygo 
de Asesores (Limitado ONU·CEPAl·OEA-BID-OPS/OMS-EVAlADI, 1969) 

19. Per Lwansson "Housing Policies in Mozambique" Irialog 6, 1985' 18 

20. Sistemas Constructivos Especiales (Repubhca Argentlna: Banco Hipotecano 

21 



l 
Naclonal) 78-81 

21. program for Change (Washington: Foundation for Cooperative Housing, nd.) pamphlet. 

22. ~The Grameen Bank Housing Loan Projeet- Mjmar34, Mareh, 1990: 36-41. 

22 



CHAPTERlWO 

DESIGN STUDY & 
PERFORMANCE ANAL YSIS OF SPCSS 

There are Iwo sections in this part of the thesis. The first section focuses on the 

design problems related to SPCSS and develops sorne important criteria for the 

component design, which is also a frame of reference for evaluation in the case studies. 

The second section reviews the performance of SPCSS, especially ilS acclaimed features. 

1 • DESIGN STUDY 

The arrangement of the design study will be as follows: first, there is the sludy of 

the general characteristics of the component systems for low-cost housing, with 

emphasis on characteristics of smalt component; second, there is an attempt to answer 

the question as to what the small compone nt means in terms of the design 

considerations of SPCSS; third, there is the study of the special physical form of SPCSS. 



1 .1. THE CONCEPT OF SMALL COMPONENTS 

The major fealure that makes SPCSS different from other systems is that il is a 

small component system. Small component is a broad concept related ta low-cost 

construction. Il does not only reter ta the size of compone nt but also ta the 

praclicality which provides to the whole building process. 

ln his book Industrjalized Housjng, I.D.Terner gave an interesting and accurate 

description of the small component: 

(The smalt component) is principally characterized by a coordinated, 

simple, and non-assemblad system ot components. Such technology gains 

ilS greatest potenlial when it can be utilized not only by professional 

contractors, but also by self-help builders who possess no prior 

construction experience or skills .... l 

The most typical smalt component is hollow block which not only is small and simple, 

but also lends itself ta a range of manufacturing techniques. As indicated by Terner, 

the blocks may be produced inilially by hand, and without any changes in configuration, 

can be fully mechanized and mass produced2 , 

Generally 5peaking, the term "small compone nt" alsa indicates "simple fabrication 

equipment ... or simpler and lighler erection devices or pieces 5mall enough ta be 

handled by manpower alone"3, The 5mall component is a product which. in terms of 

development, lies between the traditional construction method and modern 

prefabrication technology. On the one hand, il uses prefabrication technology to meet 

the great demand for building components that the traditional methods can not meet, 
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~------------------.......... 
and exploits the many kinds of available sources in response to the shortage of tradition al 

building material. On the other hand, it adapts as weil as possible to the convention al 

building form and process. Therefore, the system using small components ditfers trom 

the many building systems in developed countries which often totally change the 

traditional building process and organization. It is of practical application when 

transplanting the idea of industrial technology to low-cost housing in the developing 

areas. Therefore, the small component is the essential concept in the design consideration 

ofSPCSS. 

1.2. DESIGN CONSIDERATIONS OF SPCSS 

The design considerations of SPCSS in terms of the characteristics of 5mall 

component is the focus of this part. Therefore, although the factors listed below were 

mainly referred to "Master lis"" 'rom IF, if has been sort out in ditferent arder to serve 

its own purpose. The aim of this part is to establish sorne important criteria ln design of 

SPCSS. These cretria will also be applied in the evaluation of the cases 10 the followmg 

chapter. 

Manufacturing Considerations 

Transportation Considerations 

Construction Considerations 

Architectural Performance 

Economie Considerations 

• Master list published in IF provide a framework for presenting the information about closed 
systems will be provided. (Roger Camous, 57-60) 
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1.2.1 Manufacture Considerations 

For SPCSS, the principal consideration is that the components must be easy to 

make. Although advanced technology may be applied to a particular system developed in a 

certain area, for most SPCSS systems on the whole, they should be able to adapt to 

different technological levels, especially to the lower level of technology. 

To state it in concrete terms, manufacture considerations include: 

( 1) Components should be able to be made both by hand and by simple machinery: it 

means the components can be applied under different situations. For e)!ample, the hollow 

column in the Singh system (see case 4) was made by galvanized zinc tube manually 

which is suitable under rural conditions; the same component in Xinti system (see case 

7), was made by a centrifugai machine which had been used locally. 

(2) Components should be simple in shape: the simplicity of components make the 

manufacture of component easier for unskilled labor. But, il is hard to draw a line of 

demarcation between simplicity and complexity. Generally speaking, the rectangular 

shape is sasy to control. The more shapes add onto it, the more complicated the form 

becomes. 

The manufacture of columns with corbeis may show clearly the relationship 

between the shape of the compcment and its manufacture. Columns with corbeis on one 

side or on IWo opposite sides are easily cast in fiat beds. If corbeis are required on three 

sides, box forms are set atop the upper side of the column as it lies in the bed. For 

corbeIs on the fourth side, there would be quite a little trouble in making them4 . 
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1.2.2 Transportation Consideration 

SPCSS is usually made by small manufacturer who is usually close to the site for 

the reason to reduce transportation work. 

With regard to its application in rural areas. SPCSS should be easy to transport 

by normal transportation devices used in the countryside, such as push-cars. tractors, 

etc.S (Fig.2.1) Usually, components ln SPCSS are relatively small and there is no 

problem in the load-bearing capacity in these vehicles to transport them. The main 

concern is the damage of component due to poor condi:ion of road. For example. If 

column are too long, such as the two storey high, it m2;y' gee cracking during 

transportation. 

T ,. Donkey can 
(w,th shalts! (0) Horse cart 
(w'th shaHs! 
Ox cart 

ANIMAL DRAWN CARTS Iwlth drallght 
Pole! 

Carts sUllable for pul"ng by dankeys, Forage cart 

horses and oxen are avallable Ail are (Iaw loadlng 

f,tted w,th pneumat'c tvres platforml 

Fîg.2.1 There is no problem ID load-bearing capaclty 
in the simple vehicles 
(Boyd,145) 

i Floor sile Max 'Odt' 

(m! (ka! 

160 x 0 95 400 

i 200 )( 1 15, 1000 

200 x 1 15 1000 

j 2 60 x , 7r: i 1500 

i 
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1.2.3 Construction Considerations 

Since the number of components in a SPCSS are relatively few and the 

construction process is relatively simple, the main concerns for its construction are: 

tirst, whether the components are easy to be moved and assembled when there is a lack 

of mechanical devices; second, whether the design of the system tacilitates its 

construction. For the tirst concern, an approximate result can be achieved by 

examining the weight of the components. For the latter concern, a simple judgement 

can be made by investigating the number of components and the construction speed. 

( 1 ) Criteria for weight: 

ln different arsas, the criterion of maximum weight for manually handled 

components is different. According to the study by the International Labor Office, in 

developed countries this criterion is mainly based on health and safety considerations; in 

most developing areas, usually it is set according to the maximum load~bearing capacity 

of the human body. Sy reviewing and comparing the criteria in different places, it is 

determined that SOkg/per person is the maximum weight for manual handling in terms of 

health and safety considerations, and 80kg/per person is the maximum load-bearing 

capacity of human body6. The maximum number of persons involved to move and 

assemble a component should be not more than four as in the experiment done by 

Marleen Iterbeke7; therefore, it is estimated that the heaviest small component should 

be between 200kg (health and safety criterion) and 320kg (heaviness criterion), and 

components exceeding this limit would be regarded as not convenient for construction. 
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Fig.2.2 Components can be carried by four pcrsons 
(Iterbeke, 5.2) 

(2) Equipment used in c .. lOstruction: 

Simple mechanical devices, especially lifting devices, are usually required during 

construction even if the compone nt can be manually handled. For example, the lifting 

devices used in daily farming work may be utilized if the system were being used for 

farmers' houses. 

(3) The number of dif~erent kinds of compements in a system: 

Normally, the fewer the different kinds of components, the simpler the system. 

The simplicity of a system not only means that the production of components is less 

troublesome, but it also means that the skills required for construction would be fewer, 

thus more suitable for unskilled labor. Also, the smaller the number of olfterent kinds of 

components, the more routine work there would be, and the simpler the installation 

work. 
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(4) Construction speed: 

Increasing the Ctlnstruction speed is one of the main reasons for using precast 

components. Moreover, construction speed also reflects the simplicity and rationality 

of the system design of SPCSS, because the speed of construction can only be 

guaranteed by the rational design of the system, especia"y the design of connections 

between the components. 

1.2.4 JI.rchltectural Performance 

The physical performance of a house using SPCSS is not the consideration here, 

because SPCSS is a pure structure and physical performance can not be measured 

without in-fill material. What is being considered here is only the architectural 

performance of SPCSS. For SPCSS, this means the flexibility for the system, and there 

are mainly three aspects: 

(1 ) Whether or not the structure allows the use of different infill materials. 

(2) Whether or not the system allows different architectural layouts. 

(3) Whether or not the skeleton itselt can be extended horizonta"y and vertically 

1.2.5 Flexlbillty in Application 

Flexibility in application is critical for mass production and low-cost. From 

previous practice, th~ successful systems have been usually the "open" ones. The 
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·open system· for SPCSS means that one system can be adapted to different types of 

buildings and it al50 means that the components in a system are inter-changeable with 

other components or can be combined with others. It can be measured as follow: 

( 1) Total interchangeability: there are no special connections between components. 

Each component in the system can be used independently with other systems. 

( 2) Semi-interch;mgeability: The main structural part in the system is not 

interchangeable, but roof or floor may use different components. 

(3) Zero interchangeability: The whole system is closed. 

The factors listed above are only some common criteria. Sorne other faclors are 

al50 important in design, but have less common charaeter, therefore are not presented 

here. Such as the consumption of materials is a critieal part of cost, but it is related la 

the structural features of the system, for example, the anti-seismic or anti-flood 

system will naturally consume more mate rials. Therefore, man y systems are not 

comparable in these aspects. Actually, the design of law-cast housÎng system IS a 

systemstic work relsted ta local condition and specified project, design consideration 

will be more complicated in praclices. 
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1.3. THE KEY POINTS IN THE DESIGN OF SPCSS 

There are some key points in the design of SPCSS, which shape its form and 

embody the design consideration. They are studied in this section. 

1.3.1 The Type of SPCSS 

SPCSS ccmsi~ts mainly of beams and columns. Theoretically speaking, it can adapt 

to different plans •.. round, triangular or rectangular. But round or triangular plans 

are seldom useel. Fig.2.3 shows a round skeleton housing structure designed in the 

1940s, but it ha~; never been widely adopted8. 

For a reclangular plan, there are three types of systems: 

(1 ) Wall and floor frame 

This type of frame was developed in India, it is similar to a kind of ribbed slab calJed 

the "Ucopan" USf3d in the same area in 1960'5 (Fig.2.4). It intended to save concrete 

but is complicated for manufacture and construction. 

(2) The "LlO ~;haped compone nt combines column and beam together 

This kind of system has the advantages of fast assembly and good monolithicity 

because it has fewer joints. It especially facilitates the construction of pitched roof 

houses. But il would encounter problems in manufacturing and transportation and the 

components are rather heavy for self-building. Il appeared in the 1940s for low-cost 

housing pmjects (Fig.2.5) but has never attracted much attentionSl• 
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Fig.2.S 
L shape component 
skeleton, 1940 
(A system, 393) 

'1 

Fig.2.3 
ROWld Plan Skeleton, 1914 

(A circular, 79) 

l ... 

- 'r[ /,~ : .. 

. '-

Flg.2.4 
UCOPAN uscd 

in South Asia 
(Ziehnska. 9) 
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(3) Post-and·beam system 

Components in the post and beam systems are relatively simple, normally with a 

rectangular, straight form. They are easy ta make and have more flexibility in 

application. Therefore, this system is the most popular. The so called typical SPCSS 

refers to this. There are several basic types as shawn in the foltowing figures: 

Fig.2.6 Basic types of post-beam system 

1.3.2 Column Grld and Component Design 

The critical part of the design of a SPCSS is the choice of column grid, the design 

of its columns and connections. In accordance with different requirements. different 

designs are used sa that a SPCSS will acquire its special characteristics such as speed of 

construction, anti-seismic quality, etc. 
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(1) Column grid 

Compared with the normal concrete frame system, SPCSS has a relatively small 

column grid, sometimes it is called the ·small column grid skeleton system"10. The reason 

for this is that by reducing the column grid the dimension and weight of the columns can 

be reduced. However, there should be a limitation in reducing the dimension of the grid. 

It has proved to be uneconomical for the dimension of the grid to become too small, 

because the column can not be reduced beyond a certain dimension, otherwise, the 

structural capacity of concrete will not be brought into full play. The following formulas 

will explain the situation clearly. 

Fig.2.7 is a typical layout of a skeleton: -$- -$ -m- -Eh-
ln this structure,the strength of compression of 1 1 1 1 

the column (N) is the direct ratio (00) of b2 

i.e. N 00 b2 

+-+-$-4-t 
1 1 IIi 12 

The stability(S) of the column Soob4 -$- -t -tfr --$- +-b++ +-~!-+ 
The bending strength(B)11 B 00 b3 Fig.2.7 Typical layout 

If Il and 12 change in proportion, the compressive load would be the direct 

ratio(oo ) of '1 2 and the bending moment which is caused by wind load would be the 

direct ratio (00 ) of 11 

Therefore, it can be concluded that, when Il is reduced, "b" will be reduced too, 

and eventually the size of the column will be controlled by its stability and not by its 

loadbearing ability , sa that the material can not fully perform its load bearing function. 

From this point of view, the space between columns should not be too small. 
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(2) Footings 

Various foundation can be used for SPCSS, but poeket footing is the most popular. 

There are two advantages in using poeket footing. The tirst is that the placing, plumbing 

and fixing of the column as weil as the subsequent filling of the pack et with con crete are 

simple procedures and require less time. The second is that this method is the least 

sensitive to inaccuracies and errors occurring during construction12. 

The verticality of columns and their accuracy of alignment to suit the grid are of 

major importance. A typical design embodying these consideration is shown in Fig2.8. 

With this footing, a correct position can be achieved by using wedges in two horizontal 

directions and an adjusting boit, bearing on a met al plate13• 

ln general, poeket footing is recommended. But this footing usually is the heaviest 

one in precast system, it is also acceptable to use cast in-situ footing. 

Fig.2.8 
Typical 
poeket 
footing 
(ACter 
Haas. 33) 
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(3) Columns 

ln the convention al concrete frame structure, the columns are usually up to more 

than two storey high so as to reduce the site work14, But these columns are too big 

and heavy for low-cost housing construction, Therefore, in most SPCSS, columns are 

only one storey. maximum two storey high. 

The most commonly used column is the rectangular tie column. This kind of column 

is relatively economical and easy to make15. Sm ail holes are usually pre-laid on the 

column for laying the steel bars. which are used to connect the column with the infill 

wall. For the cavity or solid wall construction method, on the two opposite sides of 

column, tangues or grooves were made for fixing the wall panels. 

A major task in the design of the column is to make if simple and light. As 

mentioned before, the component can be up ta 200-320kg. If the density of concrete 

is 2500kg/m3 , the volume of a column will be O.08-0.128m3 . For one storey, 3.6m high 

column , the maximum side dimension with a square section would be 15 - 19 cm. 

It has been discussed before that the dimension of the column should not be 100 

small so that load-bearing capacity of con crete can be brought into full play. From 

another point of view, the column can not be reduced indefinitely, because usuallv at 

least each corner of the column should have one longitude bars. the bars need a 

distance not less than 50mm (otherwise it would be inconvenient for the pou ring of 

concrets)in between, and alsa that the covering concrete for the bar should be not 

less than 25mm16, therefore, the smallest cross section of a column should be not less 

than 10x10 cmxc.:m. Actually, no column smaller than this has ever been found in SPCSS 

except the post-panel type which has smallest span between the post. 
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Il should be clear that the sma"est cross section is alsa confined by its 

slenderness ratio. However there are different stipulations for this ratio in different 

countries. 

The following calculation is used to examine the load-bearing capacity of columns 

with a cross section of 1 Ox1 0 cmxcm. The basic formula17 is: 

hJb 20 

B 0.75 

KN s B A(R. + JLR. ') 

ln the formula: 
K -- factor of safety, K= 1.55 
N -- axialload of column 
A -- cross section of coJumn 
Ra -- Max. allowable compressive stress of concrete 

say Ra .. 110kg/cm2 

Ra' -- Max. allowable compressive stress of reinforcing 
say Ra'. 2400kg/cm2 

f.I.. A'IA A' is the total cross section of reinforcing 
B -- Longitudinal bending coefficient 

24 28 32 

0.65 0.56 0.48 

Say: h .. 2.8m; A'. 2cm2 

Then: hlb = 28; B .. 0.56 
A .. 100 cmxcm 
JL = 0.02 

Therefore: 

h -- calculation height of 
column 

N • B A(Ra + f.l.Ra')/K 
~ 0_56x1 00x(11 0~·0.02x2400)+ 1.55 
.. 5708 kg b -- small sida dimension 

of column 

Suppose it is a one storey house, fiat usable 
roof, and suppose: 
live load .. 200kglm2; 
dead Joad .. 150kg/m2 

then each column can support: 
5708+(200+ 150) .. 16.3 m2 
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This means the grid of the column can be 4mx4m. This is bigger than 'many of 

SPCSS's grids. From here, it is evident that usually the column in SPCSS is big enough for 

load-bearing. It again demonstrates that it is not reasonable to reduce the grid to too 

small a size, except when the intention is to reduce the size of other components such 

as wall panels. 

To reduce the weight of the column. the following methods were found to be 

used: 

(a) The use of the precast hollow column, which can save considerable amount of 

mate ria/. 

(b) The use of light weight concrete, which can reduce about 1/3 the weight of the 

components. 

(c) The method of breaking the components into several pieces and/or combming 

precast and in-situ together: the precast part may be just the form mould. and then be 

cast on site into complete components at the same time with the casting of the Joints; 

therefore the structure is more monolithic. The potential problem is that as the 

components in SPCSS are already smalt, the method will be hard to apply. 

.. :... . . 

,~ J • 

"~J • 

Fig.2.9 
Column is divided into two 
pleces to Cacilitatmg 
manually handle 

(JPM.1979) 
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(4) Beam and floor/roof 

ïhere is nothing special to the design of beam in SPCSS. Its connection ta 

columns and floor/roof components decides its shape. The beam usuallv takes the 

shape 0' a simple rectangle. "T" or "1". The "1- shaped beam can be partiallv 

prefabricated. and finished on site with the floor/roof components, ta achieve 

integration between beam and floor members. 

Sometimes, concrete beams can be replaced by other mate rials. such as timber, 

bamboo or steel trusses. Because the alternative materials are either more available or 

lighter to handle, lifting devices can be eliminated and on site work simplified. 

The floor/roof compone nt is an important part in a house using SPCSS in ferms of 

structure and cost. but it is also an individual sub-system, which can be a special topie 

for study. Many of the systems have been developed for different conditions, functions 

and costs. The column-beam structure can produee a large range of variety by 

combining with those of the floor/roof systems. 

For a sloped roof, usually no special design is necessary, and the conventional 

Sloped roof components can be adopted directly. In sorne cases, when the slope is 

gentle, the roof can be made by adjusting the height of columns sa that the beams may 

form a gradient by themselves, as in the case of the Apopa system. 

-- - ---- -----"'v-------'---'-----------.l.---L-

Fig.2.t 0 
"NVEVOS 
HORIZONTES" 
developed in 
Argentina 
(After Sistemas. 

42) 
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(4) Joints 

Whether or not a SPCSS system is open or closed is largely depandent ?n the 

joints. This makes the joint design important. 

Typical joints in SPCSS belong to Iwo categories: wei joints, Le., concrete in-situ 

joints, and dry joints. which include bolting joints, mortar joints, welding joints. Wet 

joints usually have a monolithic character, and they require a lower level of precision in 

construction, therefore easy to do for self-builders. But the construction process is 

time consuming for gaining necessary strength, and usually needing temporary 

propping. 

Dry joints, by contrast, have the characteristic of fast construction. A 

structure with dry joints can be load-bearing immediately after assembling. But there 

also exist shortcomings with each type of dry joints. Bolting joints require a high level of 

accuracy in frame assembling; Welding joints are not suitable for man y areas where 

welding machines are unavailable, and mortar joints are weak in strength. 

2 • PERFORMANCE ANAL YSIS OF SPCSS 

As a structural system, the skeleton seems aUractive for low-cost housing mainly 

because of those features which are usually considered inherent in the skeleton. These 

are durability, earthquake and flood resistance, flexibility in choosing infill materials and 

architectural adaptability. The aim of this part is to examine these 'eatures one by one 

to test the accuracy of these assumptions and to have a better understanding of the 

performance of SPCSS. 
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2.1. Durabliity 

Although in general, concrete structures have good durability, SPCSS is a special 

case, which makes its durability less certain. This is because the size of SPCSS's 

components are relatively small, especially the cover of reinforcement is thinner than 

the normal standards. For example, by the North American standard, the minimum 

thickness of the cover for the reinforcement is 1.5 - 2 in <3.81 - 5.08 cm> 18, but for 

SPCSS this thickness can be as thin as only 2.5 cm. Therefore, it is likely that the 

reinforcement in SPCSS will be rusted quicker than that in normal concrete structures, 

thus raising the question of the durability of SPCSS. 

Sirictly speaking, a discussion of durability of the concrete structure can hardly 

be made without a discussion of ail the properties of its material, exposure conditions, 

structural design etc.1g• That is to say, a definite durability is related to a specified 

system used in specifie conditions. 

The durability being understood here means that the designed life-cycle is long 

enough for its purpose20• Since the expected life for different kinds of buildings is not 

the same, there is no universal standard for durability. For housing, especially for low

cost housing, the expected life-span is around 50 years. This means a SPCSS could be 

regarded as durable if it could last about fifty years. For checking whether SPCSS is 

capable of lasting for this period of lime, the best way is to review the houses already 

built. Works done on this aspect is scaree. Fortunately, in 1982-83, BRE (Building 

Research Establishment, England) made a fairly detailed inspection of the early built 

concrete houses in Britain, and among those, seven types of SPCSS hou ses were 

available for inspection. 
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Built between 1945-1950, the houses being investigated were set both in the 

countryside and cities. Their sites were a fiat field, close to sea or hillside, and the 

houses were mostly 2-3 storeys for working class people. The concrete used was 

normal concrete except for one which used light-weight concrete (Woolaway). Sy the 

time they were inspected, most of the houses were already 30-35 years old. The 

seven SPCSS systems were: Unity, Airey, Woolaway, Parkinson, Orlit, Cornish Unit, and 

Ayrshire County Council(Lindsay) and Whitson-Fairhurst. and among these the Orlit. 

Airey and Woolaway are introduced in detai! in the case study. 

The action of inspection of the BRE included the following21 : 

( 1 ) visual inspection of dwellings; 

(2) visual inspection of structural reinforced concrete components; 

(3) examination of components by taking samples of concrete for analysis of 

carbonation, chloride and cement contents. and by uncovering reinforcement for visual 

inspection of reinforcing and measurement of cover. 

The main conclusions arrived at as a result of the inspection are: that the 

majority of SPCSS houses are in good or excellent condition; that sorne houses need 10 

be regularly inspected and repaired; ane that only a few Parkinson hou ses are reported 

to be un-repairable and were demolished. The conclusions are based on the tollowing 

inspection results: 

(1) most components were found to be under good condition and without cracking. 

Even wh en there was cracking the components had not lost their structural capacity. 

(2) Even though in sorne houses, one or more components had lost their structural 
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capaclty, these did not influence the stability of the whole structure. Besides, most of 

these damaged components could be replaced. 

Through the investigation and analysis, it was found that the major facTors 

caused the damage of ".omponents was carbonation. Carbonation does not directly 

cause severe corrosion of steel and cracking or spalht1g of cement cover, but it largely 

increases the risks when carbonated part exposed to wet conditions either indoor or 

outdoor22• 

The figures in the next page show the relationship between depth of concrete 

cover and depth of the carbonated part of the cover in the column in inspected houses. 

This demonstrates that for the majority of houses, the carbonation had not reached 

the reinforcement, but in many cases, it was very close. 

The average depth of carbonation should be conservatively estimated to increase 

linearly with time; i.e., if hait the depth of the cover has carbonated in 30 years, assume 

Ihp remainder will carbonate in another 30 years. Having estimated the time for 

~arbonation to reach the embedded steel it should then be assumed that corrosion and 

longitudinal cracking would commence immediately afterwards and that the column 

wou Id became cracked throughout its length within 5 years23• 

According to the general results of the investigation -- that the carbonation in 

the majority of columns of SPCSS has not reached the reinforcement -- it is believed 

that ail these houses could la st at least another 5 years. This means their Iife-span is at 

least 35-40 years. 

From the study some inferences can be made: since these houses being 

investigated, with the concrete cover of reinforcement of 2-2.5 cm, have a Iife span of 

35-40 years, then most SPCSS houses built later, with CO'1crete cover for 
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rein forcement of minimum 2.5 cm, averaging 2.5-3 cm, shouJd have a life-span of at Jeast 

42-50 years. Considering the estimation is relatively conservative. it is conceivable tha! 

SPCSS is durable for ils purpose as a housing structure. 

The suggestion is: for the areas where Ihere is a humid environment similar to 

EngJand, il is safer to adopt a concrete cover for reinforcement of over 3 cm. This 

would still be suitable for SPCSS in terms of its property of the small component as 

discussed in the design study. 

Jn BRE reports, there are severaJ other points which are worth mentioning . 

( 1 ) Most reports pointed out that there was more cracking found on the lower part 

of the columns on the ground f1oor, because the humid environment accelerated the 

corrosion of reinforcement. This finding suggests the use of relevant treatments on 

columns. For example. concrete cover should be thicker on the bottom of the column or 

a eoai of protective mate rial should be applied. This part should also be regularly 

cheeked or repaired. 

(2) Wh en columns and beams were connected by bolts. the bolts were likely to 

corrode first. A typical example is the Parkinson house24• Signifieant cracking and 

disruption in the joints between beams and columns caused the instability of these 

houses. Therefore, this type of joint needs to be examined regularly. 

(3) For the SPCSS with the ·small span· columns. unless several neighboring columns 

crack simultaneously, a few damaged components would not influence the whole 

structure and the damaged components could be repaired or replaced. 

(4) The overall stability of houses is not always dependent on the condition of the 

reinforced concrete frame. but, in most cases, alsa depends on the infill walls and the 

connection between wall and skeleton. 
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2.2 Resistance to Climatlc Stress 

( 1) Anti ·seismic/wind Structure 

Normally the skeleton is a good structure for resisting earthquake damage, but 

for SPCSS, this is question able mainly due to the loss of continuity in connections of 

structural components. For seismic resistance, the joints of SPCSS should be 

specially designed. Also, il should be noted that with the requirement for seismic 

resistance, the structural components will be bigger and heavier, and the joints may be 

complicated, which mayadd problems in construction. 

Fig.2.12 
Skeleton house in 
Managua aiter 
earthquake 
(Managua. 86) 

Besides, in order that the who le building and not only the skeleton part, be 

resistant to earthquake, the design and construction of the infill parts should also be 

considered carefully. Fig.2.12 shows a skeleton house in Managua. Because the wall 

and the skeleton were inadequately anchored, the wall collapsed in an earthquake. 
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When SPCSS are used in extremely low-cost housing, the walls might adopt any 

klnd of available materials as in-fill. In this situation, the antl-seismic capacity of housing 

is usually conceived of such that even if the walls collapse in an earthquake, the frame 

structure and the roof will remain. Thus the rebuilding task would be much easier. 

Therefore il can be stated that SPCSS is only one of several goOO alternatives for 

an anti-seismic structure, but an ti-sei smic is not its inherent feature. Special 

considerations are needed in the design for this anti-seismic capacity. 

For wind resistant, the performance principle is similar ta earthquake resistant, 

therefore, they have the similar results. 

(2) Resistance ta Flood 

ln flood prone areas, traditional housing has adopted the timber frame to resist 

flood for thousands of years. This type of housing is often built on stilts. Now, timber 

has become scarce, therefore the strong, durable, and waterproof quality of concrete 

structure makes SPCSS a natural choiee to replace the timber frame for an ti-flood 

hou ses. Among the cases reviewed, the Xinti and Grameen systems were designed 

intentionally ta resist flood. For the Grameen system, the houses were built on a high 

platform to protect against the flOOd; even when the flood lev el rises over the platform, 

the concrete columns in the four corners can keep the bamboo matting wall houses 

standing. After the flood, if the land is erOOed, the columns can be easily taken out and 

moved ta a higher place ta rebuild the houses. For Xinti hou ses, if was assumed that 

when the flood came, people could move to the second floor. The walls on the first floor 

might be destroyed, but they would be easy ta replace without changing ttu} basic 
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structure and during the reconstruction as weil as the flood period, people would not be 

rendered homeless. 

As is mentioned earlier, the lower part of a column gets cracked easily. especially 

in the damp condition caused by trequent flooding. For this reason, the bottom part of 

column for flood resistant hou ses should be specially treated. However, this is not found 

in most cases, the intention may be to keep manufacturing simple. 

Except for the methods mentioned in section 2.1 of this chapter, for the 

treatment of bottom part of cOlumn, the design of the Orlit system, with the column 

embedded in the foundation and separated trom the upper part, is another alternative 

for the flood resistant house. In this way, the column in lower part can be bigger and 

have a thicker cover for reinforcement. 

2 . 3 Flexibility 1 Restriction in Choiee of Infill Material 

Since the walls in the skeleton system are not load-bearing, theoretically, they 

can be made of any kind of male rial. Therefore, in places where the matenal for the 

load-bearing wall -- mainly burnt brick -- are scarce or poor in quality, SPCSS would be a 

suitable structure. 

This property of SPCSS leads 10 another popular assumption: that the 

construction priee ean be reduced by using the loeally eheapest materials and that 

houses ean be upgraded in the future with economie growth. 

There were successful applications of this idea. For example. the Grameen 

houses, in which the SPCSS components were used just to reinforce the structure of 

the convention al low-cost houses. the tradition al bamboo matting wall was retained. 
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But there may be problems in sorne situations. Users sometimes do not like the 

idea of using cheap infill wall to maintain cost low. They would often rather use a 

relatively moderate solution, which is cheaper than the concrete structure but looks 

and performs better than the cheapest in-fill materials. 

A typical example is the project done in Panama, which we have already 

mentioned in the history review. This was initially a plan designed to be able to expand 

in a town cal/ed Los Positos. Later, it was developed in 19 other villages in Panama 

with the help tram the U.S. Foundation for Cooperative Housing. In this project. for 

each tamily, a skeleton togelher with a service core was provided. They were 

completed by self·help and could be expanded in the future. The architects involved --

both foreign experts and local archilects -- expected people ta use traditional cane as 

wall materia!. As reported by Charles Dean, the architects .. were attracted to the cane 

because it is romanlic and it looks better -- everybody thinks concrete black is ugly. 

But the people living lhere wanted concrete block because ail the houses in town were 

concrete block25 " 

l,~hlt,." Jq ni 'Of' hOIlJ' '''''''''''tS Iml" and JhIJMt'r an,f 
c'''' rnom lu ft, f'tptl"d"d ail,} campl",r./ ft 1 Itlf ht'Ip 
P.ntIlNII 

Fig.2.13 People prefer concrcle block 
for in-fill wall in Panama 
project (Dean.S7) 
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For the purpose of rapid construction, expensive material may be chosen for the 

in-fill wall like in the post-panel system. This system was reported to be the most 

expensive one in some areas26• But it was a relative success. On close examination, it 

shows that this kind of system was used always in subsidized conditions, such as in the 

post-war period of England, Cuba and other socialist countries. 

Thus, it can be inferred that i" different situations, cost is not the only measure 

of success in the choice of in·fill material. 

2.4 Architectural Adaptabillty of SPCSS 

The ·Pessac housing project" designed by Corbusier has been changed 

dramatically by its users. From the adaptability point of view, the changes made to the 

Pessac confirmed the inherent flexibility of the skeleton system, that aHows users to 

rearrange and reorganize their hou ses according to their own needs. 

The flexibility of, building can be judged mainly from the following aspects: 

Flexibility in Dividing Interior Space 

Flexibility in Extending the Building 

Flexibility in Form and Style 

Flexibility in the Application of the System 
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Fig.2.14 Pessac, 
1925-1969 

The use of 
skelcton has 
allowed for many 
changes in use 
and construction 
(Jencks. 75) 

• ...... P ... ,IIIIIWfl!!llLP"'._""s,"", ... ~(-., ............ ~._ ..... 
~. 

(1 ) Flexibility in Dividing Interior Space 

Theoretically, the wall in SPCSS hou ses can be moved anywhere at any lime, 

because it is non-Ioad-bearing. Actually, this is only absolute for the first floor. For the 

upper floors, however, the flexibility is limited. 

The restraints come from two aspects, except the restriction of design as in post-

panel system and the system in Fig.2.15 which flexibility is even less. The tirst aspect 

is the wall mate rial. For many developing areas the light materials are not 
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readily available. When heavy materials such as bumt brick are used, their layout has ta 

be restricted by the layout of the beams. The second aspect is the placement of the 

staircase, because the staircase usually determmes the entranee and the main 

circulation area. Very often when the stairease in a building is fixed, there appear ta be 

only a few options for change of interior layout (fig. 2.16). 

Fig. 2.15 Fig.2.16 

(2) Flexibility in Extending the Building 

i 
iL,.~==o 

r= l J 
~--__ J1 
1 

Cases have shown that the skeleton is not inherently extendable. That is ta say, 

if a SPCSS house needs to be extended, it is hard ta use the original system in the new 

part, unless a special design has already been made for the skeleton, as in the case of 

the Mitchell trame. The problem is that the new skeleton can not link easily with the old 

ones. When the house is ta be extended vertieally, there is another problem of load-

bearing capacity of the original system. In the Mitchell frame, the load-bearing eapacity 

of the columns on the tirst floor are the same as those on the fourth floor. 
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This overload design would unavoidably waste sorne material. Therefore, for SPCSS, the 

extension is mainly done in horizontal directions. 

ln combination with other systems, extension is easier for the SPCSS house. Since 

the walls in many SPCSS systems are portable, the old house can be totally rearranged 

to blend with the new one, no matter what kind of structure is to be used in the new 

part. This is good for the house which is prepared for future extension 

Fig.2.17 SkeJelon used ln Site and Service projecl in Nicaragua 
(Proyecto, 30E) 

(3) Flexibility in Form and Style 

For the SPCSS house the arrangement of non-structural elements on elevated 

parts -- the placing of windows, decorations, etc. -- is usually free. but the ove rail shape 

of the house is rather restricted due to the limited size and number of skeleton 

components. 
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(4) Flexibility in Application of the System 

There are two aspects to the flexibility in application. One is that the system can 

be used for different buildings. Usually the bigger the structural span. the more 

flexibility it has. For SPCSS, the span tends to be small, and this is ils drawback for 

application. 

The other aspect is that the system should be open or closed. From the existing 

cases, it is elear that the majority of the SPCSS systems are closed, Le. the components 

usually can not be used separately with components in other systems. The more 

complieated the system, the more closed it is. For low-cost housing, this means for 

many situation the SPCSS is hard to be adopted. For example, many people reuse the 

old materials and just buy some new parts to build their new houses. SPCSS would not 

be flexible enough to satisfy their requirements. 

ln conclusion, flexibility of SPCSS means (1) the layout of each floor is 

independent, with the first flocr having unlimited flexibility (except the system in 

Fig.2.15 and the post-panel system) and upper floor flexibility dependent on materials 

and housing design; (2) the SPCSS house usually ean be extended easily but not the 

SPCSS itself; (3) SPCSS does not provide flexibility for the overall shape of the house, 

but it provides the freedom for openings and detail constructions; (4) SPCSS is limited to 

buildings of small spans, and its component system is normally a elosed system. 

Aetually, the majority of hou ses do not need un-limited flexibility. Although SPCSS 

performs best in a well-defined finite situation, the degree of f1exibility is usually 

adequate for housing needs. 
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1 
fhe main body of this part is devc.ted to a detailed survey and analysis of SPCSS. 

It is based on an exhaustive examination of literature from every availab/e source 

libraries, interlibrary loans, and direct contact wlth the designers and re/ated 

institutes. In spite of long development history and wide spread to different counlries. 

majority of the systems have not been ettectively documented. The structural desIgn 

data is especially difficult to obtain. This makes the comparison betweflO dlfferent 

systems more difficult. Among the 41 systems found, 15 systems· have been selecled 

here for presentation. The selection of systems is based on one or morEI of the followmg 

factors: the most important being that sufficient information be avallable for each 

system in terms of system design, prototypes and the design consideratIon in 

manufacture, transportation, construction. architectural features an,j appllcatlonal 

flexibility. There are many systems with similar design and enough mformatlon. but 

only a typical one has been chosen. Some systems may be not typlcal but have been 

widely used or have sorne interesting design ideas. therefore they will also be 

presented. 

The systems are classified into two major groups: one story structure and mufti

story structLAre. The reason for this classification is that the height of the structure is 

the most important factor affecting the design and construction of a system. In each 

group, the cases are systematically arranged from simple to complicated ln terms of 

manufacture and assembling. 

Another potential classification is according to the spec:1:cd structural 

performance ct the cases, such as earthquake-resistant, fast erection, etc.. But th,s is 

more diffjcult, because sorne cases have more than one major feature; sorne may ncl 

have any but can easily accommodate them . 

• The sources for the rest of 26 systems are attached at the end of Case Studles 



ln order to get the basic information easily, a brief description of each system ---

its source, structural type, name, status of system and specified function --- will be 

provided ln the beginning of each case. 

The following systems are evaluated: 

Name of System Functional Classification 

No. For single story SPCSS: 

1. Grameen System Flood-resistant, fast-erection 

2. Shan Xi System Eanhquake-resistant. fast-erection 

3. Apopa System Earthquake-resistant 

4. Singh System Earthquake- resistan L general use 

5. Gupta System Earthquake -resis tant. fast-erection 

For two or over two story SPCSS: 

6. Hanchuan System Flood, eanhquake resistant. fast 
erection 

7. AnJu System Earthq uake-resistant 

8. Xinli System Flood-resi~!.:l."lt. fast erection 

9. Barcares-Ieuate System Fast erection, free expansion 

10. Match Stick System E a rthq u ak e- resi stan t 

11. Mitchell Frame System Fast erection, free expansion 

12. MIT System General use, earthquake-resistant 

13. Orlit System General use, flood-resistant 

14. Aircy System General use 

15. Woolaway System General use 
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SYSTEM'S NAME: Grameen System1 

DEVELOPER: Grameen Bank, Dhaka 

STATUS: Since 1984 to 1990, 59,000 
houses have been built over Bangladesh 

SU8-CLASSIFICATION: Flood-resistant, fast-ercctioll 

1. Introduction 

The Grameen system was developcd for the Grarnccn Bank Housing project. This 

housing project was a part of Grarneen Bank prograrn wl1icll was Stéllt0d in 1976 10 

raise the incorne and tlle standard of living of \110 mosl dlsadv:1Il!<lqod sûctor of Ihe rural 

communily in Bang/adesll by providing access to crcdll The flouscs me built with 

loans; ils alm is not only ta achlove a basic, durable, and flood-rcs/sl;lnl structure, but 

also to suit local context and available resources The Iypical famlly shcltcrs in much 

of Bangladesh are made of bamboo and rcod mats simp/y /llid againsl a makesh/ft frame 

and without foundat/ons. They are prccarious dwellings, pmt/cu/mly vulnerable to 

high winds and flooding du ring rnonsoons. The new flouses arc covcrcd by corrugatcd 

iron sheets, supported by four conerele colurnns manufaclurcd uy l!Je [lank, alld the 

walls still use the same matenal as in traditional housos. The Iloors me raised abovo 

ground level to preven! flooding. The structure was dcsigllcd 50 tl13t 11\ tlle cvon! of 

serious land erosion, Ihe colurn'1s can bo "!lad ou! allowill~ for 1110 wllolo 1I0uso to bo 

moved to higher, safer land This system has no technica! innovation, but il prov/des 

affordable improvements 10 tradilional slleller. 

This projec! won the Aga Khan Arctliloclural Award 1989. 
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2. Description of System 

The system jusi uses concrete in column 10 reduce the cost, the beam use 

bamboo as alternative. This is not only cheap but also easy in assembling the frame. 
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3. The Evaluation from Design Consideration 

Major Con
sideration 

Manufacture 

Criteria 

Form of 
components 

Comment 

The cornponcllls arc vûry sirnple in 
making 

1------------1------ -- -- --
Mochanical dovice Not requirad 

I----------t------------ -------- - - - -

Transportation 

Construction 

Kinds of 
cornponents 

No problcrn in transportallon 

Tllere is only 0110 COl1crcto cornponents 
in the sys tom 

1------------- - - - -- -- --- - - - -

Weight Componcnls arc Iighl 
1---------- - ---

Equiprnent No oquipmollt IS Iloedcd by usor 

Fast in asscmbhng 
~------------- ------------

Special 
requiroment 

Thore is no special rnquirernelll 

-------- ----------1---------- -----

Architectural 
feature 

Interior 
fie x Ibility 

Very flexible ln IIllorior layoul 

1------------- ~------
Exlension System can bo oxtondcd oaslly 

1---------t-----------I--------- ---

Flexibility Total intor-cllnngcable 
in application 

4 . Prototype of Project 

The basic house plan is 20 square matars. It has four concreto colurnns with 

addilional posts of wood, bamboo or concrete. Individual hou ses arc bull! by users who 

choose the layouts and the infill wall malerials. Therefore, 110 Iwo Grarncof1 houses look 

the same. 
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SYSTEM'S NAME: Shan XI2 

DESIGNER OR DEVELOPER: Dong Hong Zhl 

STATUS: No reported utilizalion 
Designed ln 1984, Shan Xi, China 

SUB-CLASSIFICATION: Earth-quakc reslslant, fast-Ncctlon 

1. Introduction 

This syslem was develüped for Ihe Shanxi rural houses, wllicfl, Iradltionally, 

were mainly one storey adobe wall structure. Many of tllCI1l wero to be rebuilt at the 

lime !llat the system was developed. 

Shanxi being a seisrnic area, the rcbuill bouses n(:cd 10 \luopt anll scismic 

structure. At the lime, a structure using load-bcnring brick wall nnd rCllllorcod 

eonerele jOlst roof wittl special anll-selsrnic Irenlmont /md alrcncJy twguli to be used in 

rural housing. 

Applying the policy to use concretc cornponents ta replace cOllvcntional bumt 

brick, tbis system uses a concrele skeleton, which Ilas boIter 311ti-scisnlic 

performance than load-bearing wall structure. 

This system is an open one, i e. components in the system can no Uf,OU by 

combining wittl tlle olher systems The cornponcnts in Ihis system ::Ira also rolatlvely 

simple, and they can be made by un-skillc>d labour. Tho lIlajor cilawctorJ:.lic 01 the 

system is its joint design, which has two advnntagcs. ana is Ihnt il 15 very simple and 

does no! require high accuracy for erection, the ather is tllut it e,H! be lülld bearing 

immediately afler assembling. 
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3 . The Evaluation trom Design Consideration 

Major Con
sideration 

Criteria Comment 

Manufacture Form of 
componenls 

TI18 compol1C'tlts Lire very Silllplo in making 

Transporta
tion 

Mechanical device The bearn in the system is too hoavy to bo 
rnarwally halldlcd, simple lifting device is 
needed. 

No prablelll in transport3tlon 

.--------1------------ -----------

Construction 

Kind of compol1enl Tllem are four klflds of cOlllpononts in the 
system 

1------------- ----- - --
Weight Cornponents are too he<'lvy ta be rnanually 

handled 
1--------- ---------

Equlpment Simple lifting devico is lIeedod 
1------------ ----------

Speed Fast in assernbllllQ, load bcaring 
immedlately after Clssell1blll1g 

1----------------1-----------
Special 
requirement 

There is no special requircrnent 

~--------I------------ ------ ---
Architectural 
feature 

Interiar 
flexibility 

Extension 

Very flexible in interior luyou! 

System can be cxtended in ono direction 
c-------------I----------- --------- ---

Flexibility System is toltllly inter-changeable 
in application 
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4. Prototype of Project 

ln the prototype project. the boltom of the wall was cons\ructed with burnt 

bricks, the upper part was adobe. The wall stlOuld be connocted with Ule bars pre-

mnbcddcd in Ille columns lor rnonolllhicily. 

~~r~'-=·~-"'··"" 

L~ [2 J 
3600 3600 -t ------- -~---- ----- -- t-

-t----------F L ___ --- --- f-

o 
o .., .., 

o 

1 
o 
o .., .., 

l 
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SYSTEM'S NAME: APOPA3 

DESIGNER OR DEVELOPER: J.G. Lippsmeier, 

STATUS: Prototype project was built 
in El Salvador, 1970'5 

SUB-CLASSIFICATION: Earthquakc resistant 

1. Introduction 

/~>l R ~-1' ,," " 

; Il 

During the 1970'5, El Salvador government was resettling the sium Inhabitant5 

by self-help housing. One problem in the resettlement process was t!ln! tho peer 

inhabitanls, who came mainly from rural meas, could Ilot afford Ihe prcvailing 

construction methods used in Hle city for thoir houses. Tradilionally, Ille poople in 

rural areas used adobe building metllOds, bul Ulis metllOd Ilad rmny di:~advalllages, such 

as collapse in earthquakes and shorl life-cycle. To solve thase problams. n research 

program on low-cost housing construction was carried ouI. The !\popa system was ono 

of ils achievements 

The main features of Ihe design of !\popa system arc: 

(a) Resistance to earthquakes and windstorms. 

( b) Suitable for self Ilelp programmes. 

(c) Lowcr costs than the prevailinq metllods. 

(d) Use of local mate rials. 

(e) ~.daptable to the existing building styla, tllere SllOUld bc no radlclli ctlllr,ges. 

( f ) Easy 10 maintain . 
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3 . The Evaluation trom Design Consideration 

Major Con- Criteria Comment 
sideration 

r-----------4---------------~--------------------------------~ 

Manufacture 

Transporta-
tion 

Construction 

Form of 
cornponents 

The componcl1ts arc simplo and light enough 
to be manually made and hnndlcd 

----t--------- - - -- -- - - -- - ---

Mechanical device 

Kinds of 
cornponents 

Not requircd 

Components are oasy to bo transported with 
simple velliclo 

There are five kinds of cornponents in the 
system 

r--------j----------- - -- ------- -- --- -- --

Weight Components are IIgl11 onough 10 bo manually 
handlcd. 

r---------- ------------ - --- -- -----

Equipment For the convenience, a simple lifting dovice 
was developed for the system. 

1---------1-------------- - ---- --- - -
~ed The construction process IS simple and 

quick, but curing process of tho in-situ 
joints take lime 

~----------I---------

Special 
requirement 

No special requiremcnt 

1---------1--------------------- - - ------- - -- - ---- - --
Architectural 
feature 

Interior 
flexibility 

Interior flexibi/lty is very good 

1------------------
Extension System ilselt can nol be oxlondcd 

1----------1-----------1--------- - --- -- --. - --.- ___ o •• --

Flexibility in 
application 

System is totnlly intor-changeable 
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4. Prototype project 

Tho prototype proJoct is a single story house. The roof is of asbestos cement 

corrugntod shccting which is fastoned ta the beams with aluminum wire hooks. The 

wall IS filled by adobe bricks. 

---- -- --; 

r , 

SKELETON fOUSE IN APOPA 

DETAIL OF ELEMENT CONNECTION LI FTING THE SKELETON Cor~PONENTS 
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SYSTEMS NAME: SINGH4 

DESIGNER OR DEVELOPEn: C.S.R.I"., India 

STATUS: Prototype was built in 1976 

SUS-CLASSIFICATION: General use & earthqunkc-rcslslant 

1. Introduction 

Tlle Singll system is designed for one story 110uscs in fural aroas, whoro Hw 

quality of bricks is very poor. It is u50d 10 replace tlle poor qUlllity 10 ad beanng wall 

The design of thls system is based on Ille concept \11(111110 house conslructlon is 

finished by stages. The Ilrst stage f5 erocting tlle skelcto!l as tlle support structure, 

followed by the construction 01 walls, dools and windows Wlll1locally aV~:1I13ble matorials 

Four methods are usod 10 roduce Ihe weiglll of componcnls' srnall space bctwcen 

columns in lengthwise; partially prcfabricated joists in clos5wise; hollow colufTlns and 

curved tile. 

Studios show that the 

system can be applled to seismic 

are as by modlfying the section 

design of column Alter the 

modification, Ihe twavicst 

component, i e the column 15 51111 

only about 245kg and can be 

handled by IIHee persans manually. 

, C.B R.I: Central Building Rosearch Inslitule 
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2 . . ,' Description of S ystcm 
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PRtCAST FOUNOATION 

73 



3 . The Evaluation from Design Consideration 

~--'----------r-----------------~------------------------------------' 

Major Con
sideration 

Manufacture 

Criteria 

Form of 
componcnts 

Comment 

TI18 COIllpOllOlltS [Ire simple and Ilght ollough, 
tlley can bc 11\,1lIu:llIy lIIaL!o allJ handlod 

-----------~- ---------- - - ---

Mechanical davice Not reqLJlfed 
r---------.- ------------- ----- -----

Transporta

tion 

Cme sllould bc takcn Hl 

IrnnsporlinQ tlle pallially prcCélst bC[lllls in 
case of crachlng, eSI)(;clally undor poor 

f------------ ------.- ---'---
1 ___ ~~~r~s~ortQtioll conditions 

Construction 

KlIlds 01 
cornponcnts 

1 TI18le me live kllltlS of cornpOllrmls 111 tho 
, system 

Weight Componen!::. [Ile liull' enouQIl for rnanual 
twndlers 

Equlprnent No cqUlprnellt 1:' Ilecded. 
--------_._.--- --- -- -------

Spced 

1-------- -------

Special 
requiremcnt 

Th8 spced is tow because the jOlsls nord 10 
be proppcd up nI ovcry 1 III intcrvafs untll 
1110 conci ete in tlle llaullcll lias attalncd 
sufllcient slrongtl1 Il lakes about Iwo wooks 

Wtwn building Ille roof, workor should no! 
walk on the Ille nnd have to arrange propor 
"cal wnlks." 

I---.------t.------------- -------- - --. 
Architectural 
feature 

Intcrior 
flexibillly 

Interior flexlbrllly 1'.> very good 

~------------- ----------- - -

Extension System itsclf can not be oxtondod 
1----------11------------ ------------

Flexibility in 
application 

System is not intm ·cllungenblo 
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4. Prototype Projcct 

The prototype project is a single story rural house. tn t!lis prejoct. ail the 

mas0IHy work up 10 pllnlll level is donc wiltl bumt bricks ln 1 6 cement mortar. 

Floorlllg is clay floormg Iiles laid in cernent rnorlar and doors and windows are 

fmmoless wHh local wood sl1Ullers. The roof is finishcd wl\h hme concrete terracing 

'()Id on curvcd Iiles to \lw requimd slope 

50 1111(1( lI"r CONe TrRRACING 
oc TILt nOX7!>O 

7 

HOllOW f'Rrc"'ST 
COL I~OX1S0 

- 230 THICK SUI/ORIEO 
BRICI< 

c 

l
, :g , ... 

,", 
'N 

1 

!ÏIi 
:~ 

l' .. ____ ~loso CI '------+--4-"" l~ 
: : PliNTH/HOOR lE:YEl 1 
1 ~~-~~---- : 
'1 300 3ANO FllllNG 1 
~ 1 

110 ;-

t~ 

200 
10 SECTION AT A-A 

H TIf "UO Pl AS TER 

SUf./ORIEO -
BR ICI( WALL 

5 0 l.E...... 7-' 
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SYSTEMS NAME: GUPTA5 

DESIGNER OR DEVELOPER: C.B.R.1. INDtA 

STATUS: Prototype W<lS bu ilt ln 1900's ~------~--------

SUS-CLASSIFICATION: ElIrth-qunkc rcslstnnt & r .. st crcctlon 

1. Introduction 

Many structural systems and techniques were doveloped for construction of low

cost l10uses in C B.R 1 But special conslueréltioll was Iloodcd wllJle cOfl:.tructing in 

seismic ragions. The most COlll1l10n structural system lor houses in tllOSC reglons mo 

load bearing wall of stone, burnt or sumJflod brick rnasonry supporll]cj ovcr strrp 

foundation. Tt1CSC systems me qUlle vulncrable 10 occasion;}1 but SIOfllflcanl lalcrul 

force developed in seisrnlc region WIIIl nd'.'ancorncill III tf'cl1l1oloqy and Iflcreasing 

demand of Ilousing il was nccessnry ta dcvelop a uurable, IUllctlOflill élnd econolTlical 

structural system lor law-cost !lauses paflly basod on ifluustriallZi11lull. 

Designed for qUlckly erecled low·cost housing, 1118 Gupltl SySICIIl was cheaper 

than locally used 23cm brick load bearing wall and 10crn Fl C C Siau strucluro, and 

there was possibility of employing local rnaterin\ for solf·help hOUSlflg 

ln order to increase Hw rnonollttliclty to rosislant cnrthqU.1KC, t/lis system usos 

frame panel in stead of post and beam The crnployrncnt of Ir ~lrl1n parlcl 1 cuuce tho 

section of structural camponcnts and !Ile cOllsumption 01 ITlLltenal. 

76 



2. Description of System 

1 lJeck Re[nforceù 

Frame 

.':l \.Jn Il Frame " )', 

~<" 

H.C.C.Sl>lid l'l.1Ilk 



3. The Evaluation from Design Consideration 

Major Con
sidera ti on 

Criteria COlllment 

~----------~r---------------~--'-------------------------------------~ 
Manufacture Form of 

components 
Tho cornpono1JI~; aro simple and lighl onough, 
they clin be !l1,\I1ually made alld lJandlod, bul 
duo to \Ile slnnll secllon of Ille frame, good 
supervision Irl man ut actUl a 15 Iloeded 10 
control !Ile quality. 

1----·--------- ------- - - -
Mechanical device 

t-----.----- ----------- - -----------

Transporta
tion 

There is no ulfliculty ln Ir;msportntion 

1--------- --- ----------------

Kinds of 
cornponents 

Weight 
----------- ---

Them mc four hUIUS of cornponûnts in the 
system 

Cornponellts arr' liUIl! 

Construction Equiprnent No cquiprnent is ncoded. 

Architectural 
fealUre 

_._-------
Flexibillty in 
Application 

Spced The conslructlon spoed is high 
1----------- --- - - - ---- -.--

Special No special roquilenwnt 
requirement 

Interior 
flexibility 

Interior Ilexibility ;5 limitcd by existmg 
wall frame. 

~---------_.-- - .. _-- ----- -

Extension System il scif cml flot be extnlJdcd 

System can use dlffcrr;nt 1001 cc.mponents 

78 



4 • Prototype Project 

Tho prototype is a single room 4x3 rn in plan. Ils foundation is a brick masonry 

strip TllO wall frarnes are erectcd side by side over il. Bolting connections are used 10 

/l0/d the wall frame and roof frame together. The vertical jomts betwccn two wall 

frarna is groutod witll cornont mortar. Water sealan! ma!crial stwe! or manila rope 

dipped in bltumcn is uscd belwecn Iwo frames on the ou!side 50 as to make the joints 

watcr Hg/II. The wall inti" rnalerial used bamboo, wooden grills, sundry bricks and 

burnt bricks. 

The actual hou se could only expanded in longItudinal direction. the perpendicular 

dlwctlOIl was flxcd in 3m span by tllC system design 
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SYSTEM'S NAME: HANCHUAN6 

DESIGNER AND DEVELOPER: 

STATUS: Five Prototypes were bUilt 
in 1982, Hanchuan, Hubei, China 

SUB-CLASSIFICATION: Flood and enl thquake 1 csislnnt 
& fast ercction 

1. Introduction 

/ 

ln the Hanclluan raglon wllcre tliiS systC'fTl WLlS tlpp:lc'd, HH'ro PXlsls Iwo kinds 01 

convontional housing structure. Orl8 is tl1llbor framo ildllluu wltil adobe bricks wall 

and covcred uy clny Ille roof. The olhel IS burnt brick IO:ld lWéllÎlIÇ) wa!1 structuro 

witll lJollow slab floor and roof. NowadclYs, tifllbcr structuw 15 110 tOflqnr :Jffordnblc 

and the use of burnt b'ick is nlso to bc rcstrictcd b8cQuse 1\ deslloy,~ cl,lt.vélted Innd 

and consumes much cnergy. 

The Hancfluan system was deslgncd ta repl3co tlw corlVcrlllonal systems. It was 

regarded as bcing durable, nnti·f1ood and soismic, as weil liS ccollornÎcal and fast in 

ereclion. 

The unique feature of Syslem is in tl18 joint design. Tho jOlllls bclwoen colurnns 

and beams in tloor parts are bolted which cnsures !llQ spccd of asscrnbling. The joints 

in tlle roof parts arE; conerele in-situ. This cnsuros tho stlffnoss of tllo structure and 

also no temporary supports arc needcd for tho cu ring procoss of II1-Sltu joint. 
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2 . Description of System 

" " 
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3. The Evaluation trom Design Consideration 

Major Con- Criteria Comment 
sideration 

Manufacture Forrn of 
compements 

This component syslem was not designed for 
the simple small manufacturer. 

1------------- -------- -- - - --
Mechanical device Il nevds simple deviccs 10 rnanufacturo and 

llandle t/le compor18nts 
-------------1------------ ---------- ---

Transporta
tion 

Components aro dllficult 10 Ir ansport 
because tl10y are Ileavy and long 

1---------1------------r---------- ----

Construction 

Kinds of 
cornponents 

Thero are 0lgl11 kmds of cornponents in the 
system 

------------ --------- - --

Weigtll Cornponell15 me very IIü(lVY, tlle footing is 
794kg, the column is 5221\g. 

1----------- --- ------ -- ----
Equlpment The locally nvailablo falllling lifting devlce. 

called "bagélndlao" is uscd. 
------------ - ---------- --

Speed 7-8 persans can finisll t/1O eroction of the 
frame part of Ille prototype 110use in one 
day. 

1------------- ----- --------
Special 
requirement 

No special requirornenl. 

.,..------.--- ------------1-----------
Architectural 
feature 

Inlerior 
flexibility 

Interior flexibility is very (Jood on the tirst 
Iloor. 

1------------ ------- ------ - --
Extension System It 5011 can not be cxtondod. 

r-------t--------------1f-·---- --
Flexibilily in 
application 

System can use diffcrenl roof/lloor 
componenls. 
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4. Prototype project 

Il is a two story suburban farmer's house, built by the farmers themselves or by 

a small contractor employed by them. The floor used hollow slabs which are wildly 

used in th al area. Fly aslJ hollow block (190x190x390, 190x190x190, 

190x190x95) was employed for the wall in order 10 promo le the use of fly ash, whlch 

Is ricl! in the area and was not fully used before. 
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SYSTEM'S NAME: ANJU 7 

DESIGNER AND DEVELOPER: 

STATUS: Prototype houses was built 

SUB-CLASSIFICATION: Earthquake resistanl 

1. Introduction 

ln China, the development of small towns has brought a new study topie -- the 

design of mixed use houses. The key point IS to accommodate the commercial and 

residential activlties wittlln one hou se. The commercial activlty needs large space and 

flexibility in layout while residential activity reqUires indlvidual r(.loms. 

With the tradition al !oad-bearmg wall structure, this requirement is difficult to 

be satlsfied. The Anju system presented here is an innovative technical solution to this 

problem. The skeleton system provldes a flexible ,"tenor space on the tirst floor. It 

can be arranged and re-arranged according to the needs of ils occupants. 

The column in the system is one story high, the erection of column on second 

floor and construction of the in-situ joint are difficult due to the heavy weight of 

components. 
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2. Description of System 

1 

\ 

j 
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1 
., 
~ . The Evaluation trom Design Consideration 

Major Con- Criteria 1 Comment 
1 sideration 1 
1 
1 

Manufacture Form of 1 Components are simple to make 1 

components 
1 , 
1 

Mechanical device Liftmg device is needed for manufacture 
------ - - - - - -

Transporta- There IS no problem ln transportlng the 
tion components 

~- i --- --- --- -

Kinds of There are six kmds of components in the 
components system 

--------- -- - - ._. -

Weight Components are very heavy, the footing is 
662kg, the column 15 374kg. 

1 
-----------. - -

Construction Equipment 1 Lifting device is needed. 
1 
1 
1 - -- -- - -- -- - - - ---
1 

Speed 1 It can not be very quick due to the in situ 
1 jomts. especial!y the joints on the floor 
1 
1 level take tlme for curing 1 

- - - - -

Special 
1 

No special reqUiremenl 
requirement 1 

1 --------- - -- --- - - - -

Architectural Interior 1 Intenor f1exlbilily is very good on the firs! 
feature flexlbility 

1 
floor. 1 

1 ---- -- --- --

Extension 1 System itsetf con not be .. ~t~nded . 
- -

Flexibility in 1 System can use dlfferent roof/floor 
application 1 cornponents 

-, 
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4. Prototype Project 

The prototype project was a two story mixed use house. 

ft used burnt clay hollow blocks for the outside wall and adobe bricks for the 

intenor walls. The pitched roof was built using precast concrete reinforced beams and 

joists covered by clay tiles. These are local products and easily available. 

The structural design was based on the multiple function of the house. For pure 

residential hou ses the reinforcement used ln components can be reduced. 
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SYSTEM'S NAME: Xinti 8 

~ = 
Œ!!D. !~~ 

:---/" , r1 J . 1 

/ 
. 1 

DESIGNER OR DEVELOPER: 

STATUS: Eight prototypes were built 
in Hong Hu County, Hubei, China 

SUB-CLASSIFICATION: Flood-resistant & Fast erection 

l . Introduction 

The Xmti system was developed for anti-flood houses in rural and sub-urban 

areas 

PrevlOusly, people liVing ln traditlonal single story houses would be homeless 

when floods came, therefore more and more people now burld Iwo story burnt brick 

houses, so ti,ey can live on the second floor du ring a flood. But when the bricks on the 

first floor were soaked in the flood and needed to be replaced, the upper floor structure 

would be in danger. 

This problem was proposed to be solved by the employment of a skeleton 

structure. Wlth the skeleton, Ule wall on the tirst floor can be easily repaired and 

replaced wilhout threatenmg the upper tloor. The designer also suggested that the wall 

on the tirst floor could be designed as portable components. Before the flood came, the 

users could move these components to the second floor and assemble them again after 

the flood receded 

Although columns in the system are two story high, they are relatively light. 
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1 
2. Description of System 



r 
3. The Evaluation trom Design Consideration 

Major Con- Criteria ! Comment 
sideration 1 

1 
, 

Manufacture Form of 1 The components are not very simple, but 1 
1 

components 
1 

they are easy to make in a small factory. 
1 - -

Mechanical device 
1 

The centnfugal machine is employed to 

1 

make the hollow columns. Il can be replaced 
by the galvanized Iron tube ta make the 

1 
hollows. 

f---- ------- ----

Transporta-
1 

Components are not easy ta transport 
tion 

! 
because they ,ue longer size 

f-- ------ 1 --
Kinds of 

1 
There are SIX kinds of components in the 

components 
1 

system 
-

1 
Welght The column i~ heavy, about 332kg, this is 

1 

reasonable for .. " two story high column. But 
it may be heavier for improving the thin 

i cover of reinforcement in the bottom of 
1 column 
1 

Construction Equlpment TI locally avaliable larming lifting device. 
called "bagandlao" is used. 

Speed ~,S immediately load-bearing, therefore it 
IS fast to erect 

Special 
requ irement No special requ Irement 

-
Architecturai Interlor Interior flexlbility is very good on the tirst 
feature flexlbllily floor, good on the second floor. 

ExtenSion System itself can be extended 
~-----_. 

Flexlbilily in System can use dîfferent roof/floor 
application components 
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4 . Prototype Project 

The prototype IS a two story farmer's house. The concrete skeleton was used for 

its support structure and 12crn burnt bricks for the extenor wall on tirst 1Ioor. 

Hollow slabs made from magneslte concrete, which was a local product, were used for 

the floor and the rest of the walls. Experimentally, sorne partition parts used bamboo 

or reed marsh malenal 

Eight prototype hou ses were bullt in 1982. Plans were made to gradually 

replace ail the other structures wlth this system 

-~~. ---..... -,- . 

.. --..... --
-, --, 1 
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SYSTEM'S NAME: BARCARES LE'uATE9 

DESIGNER OR DEVELOPER: 

STATUS: Il was applled to different bUildings 
in France 

SUS-CLASSIFICATION: Fast erection & free expansion 

1. Introduction 

This system almed at fast erection. easy manufacture and transportation and 

flexibllity m design It IS sUltable for housmg but not speclally deslgned for II. 

The design of the system 1$ characterized by two pOints' 

1) Minimum number 01 components. whlch are simple and easy to make. Baslcally 

the system has only four cornponents .. a column, two beams and a steel capital. 

Therefore. It IS easy to produce and transport. Also. the beam can be a conventional 

one wlth embedded steel plate That means the new components are only column and 

capital. Thus to adopt thls system do es not reqUire big Investment at Initiai stage. 

2) The design of the Joint between column and beam. Il has Iwo advantages Flrsl, 

the connecllon can be qUickly done wlth a weldmg mach Ille. Second, the beam can link 

with the column ln any direction on hOrizontal level. Therefore It does not reqUire 

high accuracy and allows greater Ilexlbillty ln plan. 
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2. f c"stem t, n 0 ";;v Descnp 10 
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1 
3 . The Evaluation from Design Consideration 

Major Con- Criteria ! Comment 
1 

sideration 1 
~ ..... -------4-----.----------~: ----------------------------------~ 

Manufacture Form of : The form of the componenls 15 simple. but It 

components --4-- needs a special for~~_~~~~ ~~___ _ _ __ _ 

Mechanical dgvice 1 No mechanical devlce is needed 
1-------+--------+----------------------------

Transporta
tion 

Construction 

Architecturai 
feature 

Kinds of 
components 

1 There are no problem in transportation 

1 There are four kmds of co~-p-o~~~t-~-n- -;he 
1 system 
i 1------------1-------------------- -- --
i 

Weight ; No data available 

Equipment , 
I------------+I--,-t -n-e-ed-s-a-w-e-I-d-in-g-m-ac-h-in~-;I ïe~st----

~ Fast. load-bearing Immediately 
~ _______ -----+ ___ . _________________ - --0 _ _ _ 

Special 
requlrement 

Interlor 
flexlbility 

i No special reqUirement 
i 

Intenor flexibliity is very good on the first 
jlvor. 

1------------1---------------- 0 

ExtenSion System ilself can be extended 
t----------t----------+------------------- - - - -0 

Flexibility in 
application 

The components could be used wllh other 
systems 
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4 . Prototype Project 

The prototype project was a youth club and hotel which could be used as a house. 

The system had also been used 10 build other instant buildings ln the tourist are as in 

France. 

Eln gGSchutzter l(,ndftrIPIe-lplalz 

JIHJ jas Jugendh."" ..,on Port 
lttl.lcate 

Su, la plaq:c de Port Leucate ,,H1 

Jbfl pour tes enfants la. cité des 

,Gunes 

A play 5hell", 'or chlJdren on 

'''0 heder- .II Port Leucate the 
yau th club j and haste!) 

/ 
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SYSTEM'S NAME: Match Stick10 

DESIGNER OR DEVELOPER: K.C.Soni 

STATUS: At least 2000 houses were built 
by 1974, India 

sua-CLASSIFICATION: Earthquake resistant 

--_ ... _-_ .. -.-.---_ ... _-_ .... - ... __ ... - .... _---_ ... _-.-. 

1. Introduction 

This system was developed for two or three story apartments in the mountaln 

regions, where conventional construction materials and labour were difficult to gel, 

many laborers were employed from outside. Therefore it was important 10 use local 

material, avoid heavy transportation, reduce on sIte work and make il simple 50 thal 

untrained labour could do the bulk of the work, the use of heavy machinery and 

equipment could be avoided. The system was designed to resistant earthquake. 

To reach the targets, the followtng ideas were applied ln this system: 

a ail the components were prefabricated tncluding the covenng components for the 

wall. The major on-site work was simply bolting the components together 

b. the weight of the components was limited to 240kg and were designed ta be 

handled easily. 

c. roof spans could be up to 4.88m for different buildings. 
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2. . of System Description 
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j 
3 . The Evaluation trom Design Consideration 

Comment 

The components are simple in form. Due to 
the sma" sections, careful work is needed in 
making them. 

J----------t-------------------- -- ----
No mechanical devlce IS needed. 

~-----_+_--------__t-------.--- ------- ----------- -- - - --

There is no dlfflculty in transportation 

J--------+-----------t------------- ------ ---- - - -
There are live kinds of components in the 
system 

~--------+---------_._------- ---- -- --- --
The wall frames are heavy, but no problem 
for manually handlmg by three persans. 

~--------+-------------- ----- -- - - -- - -

No equipment IS needed. 

The assembly IS malnly dry work and load
bearing Immediately, therefore the speed IS 
high 

J----------t------------------- - -- - - -
Special 
requirement 

The frame panels should be ensured to be 
perfectly vertical when being erected 

~------_+_--------t__----------.------- -- - -

Architectural 
feature 

Flexibility in 
application 

Intedor 
flexibillty 

Extension 

Interlor flexlbility is IImited by existmg 
wall frame. 

system itself can not be extended 

System can use different roof components 
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4 . Prototype Project 

The prototype proJect was a three story apartment houses, built by the 

contractor. 

The erectmg procedure of the house was convention al. First foundation was 

completed, then the wall frame of the first floor was erected, and floor troughs was 

placed on the top of the panels. The procedure was repeated for the second and the third 

tloor. 

The external and internai cladding on the wall panel was of lath plaster on G120 

gauge chicken wire netting of 1/~" mesh. The specification for cladding as adopted 

allows for a hollow space of about 3", which could be filled in with any insulating 

material dependlng upon the local requirements. 

, .,...-~ ." ~ . 

A Panoram,c V'ew 01 Houstng Complexes 
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SYSTEM'S NAME: Mitchell Frame11 

DESIGNER OR DEVELOPER: Neal Mitchell 

STATUS: Prototype houses were built 
in Lancaster, U.S.A in the Late 1960's 

SUB-CLASSIFICATION: Fast erection & free expansion 

1. Introduction 

ln 1964, the designer had deveJoped a SPCSS for a one story self-built house for 

developing countnes, almed at simple and easy construction. Later, the basic idea was 

developed mto the Mitchell Frame. This frame allows the growth of the house and can 

sensilively reflee! its users' needs. 

There are three main characteristics in the system. 

1) Flexlbility ln house plan 

This system can be expanded in any direction. The key to thls is in the design of 

components The column IS deslgned for four story load-bearing and the joint is bolting 

with steel plate on the top of column. 

2) The adaptabillty to changes 

The system recognizes that dlfferent building parts wear out at different rates 

and they should be able to be replaced or upgraded with time; on the other hand, the 

users' financial abilitles, tas tes and needs are always changlng. The Mitchell frame 

adapts to these changes by employing different matenals depending on the climate, the 

budget and the owners' taste. In the prototype project, for example, the light panels 
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1 
which can be bolted in or un-bolted are used. The designer !oresees the day when the 

components of the system are a'lailable in local retall outlets, .. A guy could remove a 

wall, take it down ta the hardware store, and trade It ln for a better wall. Then 

somebody else could buy the second-hand wall". 

( 3) Simplify the on-site job 

The system is also specially designed for slmpll!ymg the on,slte Job. First. the 

welght of the components is reduced by using light w81ght "!oam" concrete, which IS 

about hall as heavy as the regular concrete. Only two workers are needed 10 11ft the 

colur. n and the beam. Secondly, the number of the components are hmlted to only !Ive 

kinds -- a column, a cantilever beam, Iwo Ile beams and a slab The column of Ihe !irst 

floor is the same as the colurnn on other tloors. Ftnally, the construction IS slmpli!ied 

by the Simple connectlon system of a step by step boltlng procedure. Ttw columns and 

beams can be eastly assembted and locked together, 50 that un-skilled workers can nol 

make mistakes. The assembltng procedure is as tollows' !Irsl, the columns are locked 

mlo pockets embedded ln precast cyllndrlcal footings, then the beams are !itted mlo Ihe 

connecting hardware on the columns, lastly the tloor-roof slab is placed alop the 

beams, and 2-in layer a! cellular concrete is poured over the precast slabs. Then the 

partition walls are fastened to the concrete frame. 

The design of thls system demonstrateC fully the potentral flexlbllity of the 

skeleton system for low-cost housrng. 
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2. Description of S ystem 
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3 . The Evaluation from Design Consideration 

Major Con- Criteria Comment 
sideration 

Manufacture Form of 
components 

Mechanical devlce 

The form of the component is simple, but 
the Joint parts are compllcated for small 
manufacturer, thelf manufacture need the 
help of the mechanical devlces 

t--------;---------+--------------- -- - -- - --

Transporta
tion 

There IS no dlfflculty 10 transportation 

I--------t----------+----------- - - --- - - -

Construction 

Klnds of 
components 

There are flve kmds of components in the 
system 

t------------t---.-------------- - --- - - --

Welght Components ln the system are light, they 
can be carned by two people 

r---------t--------.--.----- ----- - -
EqUipment For rnulti-story houses, lifting devlce is 

needed 
1----------4-------------- - - -

Speed 
1 

The assemblmg work IS simple, immediate 
load-bearing, therefore the speed is high 

t-----------t--------------- - - --- - -

Special 
reqUirement 

The location of the components should be 
accurate to ensure the accuracy of the 
boltlOg 

t---------t-------------+-.----------- -- - -

Architectural 
feature 

Interior 
flexlbility 

Interlor flexlbdlty is good 

t----------......f------------------- - - - -

Extension System itself can be extended 
------.-;---------.... 1-----.----------- ___ _ 

Flexibility in 
application 

1 System can use differenl roof components 
1 
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4. Prototype Project 

This was a group of one to three story town houses in Lancaster, U.S.A. But they 

houses were nol an exhaustive demonstratlon of the Mitchell system. According to 

Roblson's report, this system has been used ln other developing countries .. 
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SYSTEM'S NAME: M.I.T.12 

DESIGNER OR DEVELOPER: M.I.T 

STATUS: Prototype houses were built 
in Cairo University 

SUB-CLASSIFICATION: General use & earthquake resistant 

_ .... ~ .. _ .... - .. _-_ .. _ .. _------ ... _ ... __ .. ----_ ....... _-_ .. - .. _---_ .. ---- ... --".-

1. Introduction 

Housrng ln and around Cano mostly eonslsl of in-situ cast reintoreed conerele 

frame structure wlth brrck mflll for facades and partitions. It Wê.S deeided to develop a 

rationahzed prototype of "small components", which would consume less steel and 

cement, wlth lightwelght elements, and be capable of accepting alternative mate rials 

for internai partitions other than traditlonal clay bricks. The "Llght Component" 

system was rnrtlally proposed rn 1979 for application to core housing types of 1-2 

storey hrgh only. Consequently, applications for 4-5 story structures were ineluded. 

The design was eoncerved on the basis of the following crrteria: 

1 . Ali of components are light and small enough to be carried by 2-4 workers. 

2. Ali 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 seaffoldlng. 

4 The system dislrnguishes between PRIMARY (structural, long-term use, 

essential) "support" elements, and SECONDARY (non-structural, medium to short 

term use, oplional variable) "infi"" elements. 
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1 
2 . Description of System 
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------ - -----------------

3 • The Evaluation trom Design Consideration 

Major Con- Criteria Comment 
sideration 

Manufacture Form of The torm of the components are complicated, 
components but they are small in slze and can be 

manually handled. It is a sophistir;ated 
Mechanical device design and need more accurate form work 

--------- -

Transportation There is no difticulty ln transportation 
-------- -

Kinds of There are elght kinds of components ln the 
components system 

-------

Weight Components can be carried by four people. 
-- ------

Construction Equipment Theoretically, the system can be built 
manually, but equipments will facllitate the 
assembhng work for multi-story house. 

--------~ --- -----

Speed No report on its speed. But obvlously, it can 
not be fast due to the cornplicated procedure 

-------- --- - --
Special 
requirement No special requlrement 

- -----------

Architectural Interior Interior flexibillty is very good 
feature flexibllity 

------ ----
Extension System itself can not be extended 

-----------

Flexibility in Il IS a closed system 
application 

4 . Prototype project 

There was one experiment project reported, which is used as a shop in Cairo 

university. No details about it have been documented. -
113 

,1 ') , )" " - , " 1 - , 



1 

SYSTEM'S NAME: ORLlT13 

DESIGNER OR DEVELOPER: Orlit Ltd. 

STATUS: Approx.17,OOO houses 
built in UK by 1956 

SUB-CLASSIFICATION: General use & flood resistant 

---------------------------------------------------------.. --

1 . Introduction 

The Orlit system was developed ;n 1940'5. Il is one of the alternative 

construction systems for post war housing approved and subsidized by the British 

Government at the time. 

This system can adapt 10 almosl any plan, elevation and type of buildings, with 

Ihe advanlage in CDst, speed of erection and minimum consumption of timber and steel. 

The benefils of standardlzation are obtained not by offering standardized buildings, but 

by standardized sections of component units of a wide range of sizes. The section of the 

columns, beams and other framing members depend on the number of storeys, spans, 

floor loadmgs, etc., but the same connectlOIl b~tween members is maintained. 

It differs trom the other systems in the way that manufacture of ail 

constructional units were done on the site. Sy using the mobile cranes, the problem of 

the welght of the components was overcomed; therefore il is possible ta make big spar. 

components for differenl building types. 
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2. Description of the System 

The detalls of the system IS varied. and the variations are mainly in floor 

componenls. The system shown here IS a simple one. The space between columns is 

about 10-12 ft. The secllOn of column is around 6.75 in.x 6.75 ln .. 

"'''' / 1\. ..... -""'-

..... .... 

~ ____ .... oto •• 
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3 . The Evaluation from Design Consideration 

Major Con- Criteria Comment 
s iderati on 

1 

Manufacture Form of The form of the components are simple, 
components but the joint design is sophisticated, 

It needs help trom the equipment. 
Mechanical device 

Transportation On site prefabrication. 

Kinds of Basically five components 
components 

Welght The components are very heavy. 

Construction Equipment Mobile cranes are needed 

Speed Slow due to the in-situ joints 

Spflclal No special requirement 
requirement 

Archilectural Interior Interior flexibility IS very good 
feature flexibility 

Extension System itself can not be extended 

Flexibility ln This system has several variations, ail of 
application them are closed systems 

4. Prototype 

There were 17,000 Orlit houses buil!. The details of its construction system in 

different areas were varied, but the sarne princip le of connections between members 

was maintained. The roof of house can be either fiat or sloped. 
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The frame and ft001S complete. 
Sote the mobile cranes. 
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SYSTEM'S NAME: AIREY14 

DEVELOPER: Wessrs. Wm. Airey 
and Son ltd. 

STATUS: Approx.26,OOO houses had been 
built in UK by 1955. It was also 
reported to be bU/if in Netherlands 

SUS-CLASSIFICATION: General use 

1. Introduction 

Airey system IS deve/oped trom the Duo-s/ab system. Duo-s/ab was a precast 

cavity wall system with an in-situ column system. In Airey system, the columns were 

changed to precast and the system became such that il was produced in "highly 

organized" facto ries and served to many sm&II, scattered, rural and semi-rural sites. 

The system conslsted essentially of precast posts and slabs, of sm ail enough 

dimensions tor ail pieces to be manually handled. This IS the main feature of the 

system. 

118 



2. Description of the System 

1 
The A;rey house is a prefabrieated conerete box structure which is formed from 

closely spaced 62.5 cm apart, storey-helght wall columns (104mm x 57mm in cross-

section and remforced longitudmally with a small tube) 10 which thm concrete cladding 

panels are fastened wilh eopper wire. There is internaI spme wall constructed 

similurly wlth columns of 75mm x 57mm cross section. The tlfsl floor and floor 

beams are bolled to the columns. 

The eomponents was made by dense conerete and they were very light. 

Posts 70-801bs 

Slabs 371bs 

Corner slabs 421bs 

Floor beams 

II1U'urailon of an Auey hou\t duno. ,"onslructlon (,round fiUl floor level) 

~ ... 
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3 . The Evaluation trom Design Consideration 

( 

Major Con- Criteria Comment 
sideration 

Manufacture Form 01 No available information to do the judgement 
components 

Mechanlcal device 

Transportation No problem in transportation 

Kinds 01 No available information 
components 

Welght It is very light, Max.80lb 
two persons can handle il. 

Construction Equipment No equipment is needed 

Speed No report on ils speed, but the simple 

( 
assembling procedure and dry on-site work 
will facilitate the speed 

Special No special requirement 
requirement 

Architectural 1 n terior Interior t1exibility is limited 
feature Ilexlbility 

Extension System itself can not be extended 

Flexibility in This system is a closed system 
application 
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4. Prototype 

There were 26,000 Alrey houses bull!. They are rnainly two story semi

detached houses. The roof may be pitched for rural area or fiat for the city. Ils 

external "wall IS covered wlth precast reinforced concrete slab laid dry and wired to 

the posts with copper hooks embedded in the slabs. Each course of slabs overlaps the 

course below 50 giving weathered joints whlch shed the rain. The vertical joints 

which are also without mortar occur always in front of post" (Fitzmaurice 361). This 

treatment gives a tradition al cottage look Using concrete mate rial 10 imitale the 

traditlonal style was popular in thl5 stage of development of SPCSS. 

121 



( 

( 122 

>. , . . . " 



1 
SYSTEM'S NAME: WOOLAWAy15 

DESIGNER OR DEVELOPER: W.Woolaway & Sons Ltd. 

STATUS: Approx.5500 houses had 
been built in UK by 1956 

SUB-CLASSIFICATION: General use 

1. Introduction 

Woolaway is one of the many post-panel precast systems developed in UK ln the 

1940'5. This basIc ide a of post-panel has been wldely used. For example. the Sandino 

system in Cuba was slmilar. In a later development, the cavlty wall was replaced by 

the sandwich panels. 

The use of air-entralned concrete for beams and slab is the special feature of this 

system. It IS an early experlment of uSlng alr-entrained concrete. and its success in 

lasting over 30-40 years up to now show the latent possibllities of this mate rial used 

in SPCSS structure. 
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2 . Description of the System 

The system IS malnly 
~ __ -++-___ '\/ll. '''.111. 

composed of posts and panels. The 

story high posts are spaced at 2 ft 

6 in. cenlers, are 6 ln. square m 

section wiltl 2 ln. square 

prOjectIOns on Iwo sldes, forming 
IIU."L 

rebates 10 recelve the panel 
"UU' •• -H~C/ 

members and the half story hlgh 

wall panels are bolted ta the 

columns wlth SIX bolts. Therefore, 

no mortar is used in erectlon of 

posts and panels. 

Posts .... 2221bs 

Slab .... 1041bs 

(Fitzmaurice 359) 

W JOL A. WA '( HOUSE 
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3 . The Evaluation trom Design Consideration 

1 -
Major Con- Criteria Comment 
sideration 

Manufacture Form of The components are simple 
components 

._--------~----- --

Mechanical device No available information 
--------

Transporta- There is no problem ln transportation 
tion 

------ - -

Kinds of No available information 
components 

-------- -----

Welght It is light, Max.2221b 
two persons can handle il. 

- ._-

Construction Equipment No equlpment IS needed 
---------

Speed Dry work lead to a fast assembling 
--_. __ ._- _.------- - ---

Special Dlmenslonal accui acy is absolutely 
requ Irement essential due to boit connection between post 

and wall slab 
------- --- -----

Architectural Interror Interior f(exlbility is Irmited 
feature flexibrllty 

-------------

Extension Information is not enough. 
--

Flexibility in This system is a closed system 
application 

" 
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4. Prototype 

The Woqlaway hou ses are mainly Iwo slory semi-detached or row houses. It uses 

the conventional pitched roof structure. ThE' gable ends of the roof being infilled with 

block work. The structure of the houses is hidden tram view externally by rendering. 
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Summary 

The information provided in the previous case studies are basically limited to the 

design stage of the systems. Neither is much information available on the systems' 

application, nor on the post·evaluation of the application. The economy of a certain 

system was often mentioned however, either from system design point of view, IIke 

the saving of materials by careful design, or in comparison with the locally used 

systems, but the argument usually lacked enough confidence and general value. 

It is clear that the design of most SPCSS systems is simple, though sorne are 

more complicated. But it is true that they have seldom been put into practice. 

Majority of the systems are closed, which requires to adopt the who le package of 

components in application. The outstanding exception is the Grameen system, which 

is simplest in design, open in application and seems to be the most successful one 

according to the existing literature. 

The general use of SPCSS were found in the early period. Later on the 

application of SPCSS were mainly limited to projects with special requirements, and 

mass application of SPCSS has rarely been reported. 
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THE SUMMARY INFORMATION OF THE SYSTEMS SURVEYED 

Nlm. of Gr.m •• n Sh.n XI APOPA SINGH GUPl 
th. sys'.", Syltem 

--
SI.tu. Since 1984 10 No reported Prototype pro/ect Prototype was bUilt Protot 

1990, 59,000 utllization. was bUllt ln El ln 1976 ln 191 
houses have Deslgned ln 1984, Salvador, 1970'5 
baen bUl11 over Shan Xi, China 
Bangladesh 

O •• lgne .. Flood-reslstant, Earth-quake Earthquake General use & Earth-, 
Funcllon fast-erectlon reslstant, fast- resistant earthquake- reslstéi 

erection resistant erecth 

• Thore is only one • There are four • There are five • There are flve • Thel 
concrete compo- klnds of components klnds of components klnds of components kinds 1 

nents in the system in the system and ln the system and ln the system and in the 
and they are very they are simple 10 they are simple and they are simple and needs 
simple ln making, making, but too IIghl enough to be hght enough, to be ln mar 
light in welght heavy ta be manually made and manually made and control 

.' manuaJly handled handled handled and th 
ara Iig 

• No equipment is • Simpla lifting • For the • No equlpment 15 • No e 
Oe.crlptlon naeded for devlC8 is needed for convenJence, a needed for needec: 

0' System construction and construc-tion and simple lifting construction and the constn 
the system IS fast the system IS Joad devlce IS needed construction soeed is high 
in assembhng beanng immediate- and the assembhng IS low due to the 

Iy, fast in pro cess IS simple cunng of roof. 
assembhng and qUlck 

• Syslem can be • System can be • System Itself can • System llseit can • SySl 
extended eas.ly and extended in one nol be extended and not be extended and can no 
very flexible ln direction and very Interlor tlexlbi/ity Interlor tlexibility and in 
interlor layout flexible ln Intanor is very good IS very good f1exlbil, 

lavout byexii 
frame. 

• System IS tolal • System is totally • System 15 totally • System IS not ·Systel 
Inter-changeable Inter-changeable Inter-changeable Inter-changeable dlfferel 

compol 



PlA 

otype was bUllt 
980's 

h-quake 
~tant & fast 
lion 

ere are four 
~ of components 
e system and Il 
~s SUpervision 
anufaclure la 
roi the quahty 
the components 
lighl 

HANCHUAN 

Flve Prototypes 
were bUllt ln 1982, 
Hanchuan HUbei, 
China 

Flood and earth· 
quake resistant & 
fast erectlon 

• There are elght 
klnds of components 
ln the system, they 
are simple ln form 
but tao heavy and 
big for manually 
handle 

ANJU 

Prototype hou ses 
was bUilt 

Earthquake 
reslstant 

• There are SIX 
klnds of components 
ln the system and 
they are simple ln 
lorm but tao heavy 
lor manually handle 

XINTI 

Eight prototypes 
were bu lit ln Hang 
Hu County, HUbei, 
China 

Flood·resistant & 
Fast eraction 

• There are SIX 

kmds of components 
ln the system, they 
are not very 
simple, but easy ta 
make ln a small 
factory, the column 
IS heavy 

BARCARES 
LEUATE 

It was apphed 10 
dlflerent bUlldmgs 
ln France 

Fast erecllon & 
free expansion 

• There are four 
kmds of component 
ln the system and 
they are simple, 
but nead a special 
form ta make It 

Match Stick 

At Isast 2000 

hOUS9S were bUllt 
by 1974 ln Indla 

Earthquake 
rosistant 

• There are live 
klnds of components 
ln the system The 
wall frames ara 
heavy, but no 
problam far 
manually handhng 
by three parsons 

Mitchell From 

Prototype hOUSI 
were bullt ln 

Lancaster.U SA 
the Late 19/;0'5 

Fast eractlon .\ 
frge expanSiOn 

• There am liv 
klnds af cornpor 
10 the system .11 

Ihey are 'iIHlPlu 

form, Iight ln 
walght, the y C;II 

camed by Iwo 

people. 

r-----------~--------------~--------------~--------------~--------------~------.--------~r_-----------
&qulpment IS 
~andthe 
lrucbon speed 

~h 

• The hfting devlce 
is needed and 7·8 
persans finlshed the 
erecUon of the 
frame of the proto
type housa ln one 
day. 

• The liftinp devlce 
IS needed and It can 
not be very qUlck 
due to the ln Situ 
(Oints 

• The lifting 
devlce 15 neaded 
and the system 15 

Immedlately load
beanng, therefore 
It 15 fast to erect 

• Il needs a weldtng 
machine al leasl for 
assembhng but fast, 
load·beanng 
Immedlately 

• No eqUipment 15 

needed and the 
assembly IS malnly 
dry work, there
fore the speed IS 
hlgh 

• For multl ',fi 

houses, hftlflfj 
devlce IS neo<JOl 
The assembllflq 
wor1< IS SImpiO . 
fast 

~--------~r_--------------~--------------~--------------~--------------~-----------------t~-------
stem II-self 

not be extended 
interior 

:lility is limited 
xlstlng wall 
Il. 

am can usa 
ent roof 

lOnents 

• System It self 
can not be extended 
and ,"tenor 
flexlblhty 15 very 
good on the flrst 
floor 

• System can use 
dlfferent roof/lloor 
components. 

• System Itself can 
not he extended and 
Intenor flexlblhty 
15 very 900d on the 
first floor. 

• System can use 
dlfferent rool/floor 
components 

• System Itself can 
he extended and 
Intenor flexiblhty 
IS very gaad on the 
first floor, good on 
the second Hoor. 

• System can use 
dlfferent rooflfloar 
components 

• System Itselt can 
be extended and 
Intenor flexlblhtV 
IS very 9000 on the 
flrst floor. 

• The components 
could be used wlth 
other systems 

• system Itself can 
not be extended and 
Intenor Ilexlblhty 
15 hmlted by 
eXls!lng wall frame. 

• System can usa 
dlffere nt roof 
components 

• System Il',BII 
be extended .If)( 

Interiar flexlbl 
15 good 

• System C;:HI lJ 

dlfferent mol 
component~> 



',S 
le 

Mltch.1I Fr.m. 

Prototype houses 
ware bullt ln 

Lancaster,U.S.A ln 
tha Late 1960'5 

Fast erectlon & 
Ira9 expansion 

• There are tive 
klnds 0' components 
ln Ihe syslem and 
Ihey are simple ln 

larm, Itghl '" 
W8lght. they can be 
carrred by two 
people. 

M.I.T. 

Prototype hou ses 
were bUllt ln 

Calro Umverslty 

General use & 
earthquake 
reslstant 

• There are erght 
ktnds 01 componen1S 
'n Ihe system and 
,ts form are 
comphcated. but 
they are 5ma/l ln 
slZe and can he 
manually handled 

ORLIT 

Approx.17,000 
houses 
bU11I ln UK by 1956 

General use & flood 
reslstant 

• Baslca/ly flve 
components ln the 
system , the y are 
very heal/y, the 
JOint design 15 

soph,stlcated, It 
needs help from the 
equlpment. 

AIREY 

Min. 26,000 houses 
bullt in U.K. also be 
bullt rn Netherlands 

General use 

• No avadabfs 
Informa t,on on 
number of 
component, they 
are very Itght, 
Max.80lb 
IWO persans can 
handle Il. 

WOOLAWAY 

Approx.5500 
houses had boen 
bUllt ln UK by 1956 

General use 

• No ava,lable 
Information on 
number of 
component, thay 
are hght, 
Max.222/b 
two parsons can 
handle them 

---+----------------+---------------~----------------+---------------~----------------~ 

IV 

Hl 

,d 

v 

• For multi·story 
houses. lifting 
del/lce IS needed. 
The assembhng 
work IS simple and 
last 

1 • The equlpment5 
WIll facllltate the 
assembllng work 
for multl-story 
house 

• Mobile cranes 
was used, slow due 
to Ihe rn-situ JOints 

• No equlpment 15 
needed for 
assembltng, 
the aS5smbling IS 

dry and simple on· 
site work will 
facllitats the spead 

• No eqUlpment IS 

needad for 
construction and 
dry work Isad ta a 
fast assembhng 

--~------------~~------------~---------------+-------------~--------------~ 
• System Iiselt can 
be extended and 
Inlef/Of flEUUbllrty 
15 good 

• System can use 
d,Herent roof 
components 

• System Itselt can 
nol be extended and 
Intertor flexlblll!y 
15 very good 

• It IS a closed 
system 

• System Itselt can 
not be extended 
Interlor flexlblhty 
15 very good 

• Ali the varratlon 
of Ihls syslem are 
closed one 

• System Itselt can 
not be extended and 
IOtenor flel(lblilty 
IS limllad 

• This system IS a 
closed system 

• Interlor 
flexlblhty 15 hmllad 

• ThiS syslem IS a 
closad system 
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This study provides a basis for a better understanding of SPCSS. There is a 

historie overview, specifie design concerns which were used in developing SPCSS, the 

performance and limitations of SPCSS and evaluation of some representative systems. 

ln spite of always being mentioned in sorne literature, detailed information 

concerning the application and design data of SPCSS is rare. The prevlous 

understanding on SPCSS is mostly general or specifie for special task. The basic 

features of SPCSS seems to have been recognized for a long time, but have never been 

fully analyzed. This might be one of the reasons that SPCSS seems interesting in 

proposai but is less successful when put into practice. 

Based on existing information, it is found that for better application, a 

distinction is extremely important between inherent performances and designed 

performances of SPCSS, but this has been rather neglected. Inherent performances are 

intrinsic qualities of ail SPCSS, no special design or treatment is needed. Designed 

performances are the performances of a system gained from special design. 

The inherent performances are: 

( 1) SPCSS is a durable structure for houses, 

( 2) SPCSS houses can use different infill materials and they are easy to be replaced. 

( 3) SPCSS makes the horizontal extension of the houses easier. 

( 4) SPCSS allows the free arrangement in elevation. 

(5) Except the post-panel system and the system shown in Fig.2.15, SPCSS providés 

flexibility for layout in tirst floor and the walls on each floor are independent, 



The designed performances are: 

( 1) SPCSS can be a good structure for earthquake, flood and wind resistance, 

( 2) SPCSS can be a fast erecting component system, 

( 3) SPCSS can be a very fle~ible system in layout and expand vertically and 

horizontally. 

Ta achieve the advantages of designed performances, more attention has ta be 

given ta the choice of the infill materials, to the overall housing design, anel the design 

of the skeleton system ifselt. 

The major drawbacks of SPCSS are: 

( 1) SPCSS lacks flexibility in the design of the over-all shape of ~ouses. 

( 2) The majority of SPCSS are closed systems, especially those with designed 

performances. Therefore, the flexibility in application is limited. This means SPCSS 

is not universally applicable to low-cost housing system, ifs application is only 

suitable ta certain types of project. 

As a small component system, there are four critical points in the design of SPCSS 

1) small column grid; 2) thin column and weight reduction techniques; 3) choosing the 

joint 4) pocket footing. 

Technically speaking, SPCSS is a simple structure without much complication or 

sophisticated details in its design, manufacture and construction. However, SPCSS is 

still a system with high expectation from ifs designers but less successes in practice. 

As a design idea it has become wide spread, but many optimistic proposais have stayed 

in the realm of theory and many experiments have never been developed beyond a few 

prototypes. 
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1 The late development of SPCSS has shown that the suœessful applications are 

characterized by two major factors: one is the organizational aspect of the project, the 

other is the specifie performance demand of the project. 

ln terms of organization, the successful projects always involved the 

centralization of manufacture, proj~ct planning and management, which led to the 

extensive use of SPCSS as a guarantee for bemg low-cost. This factor IS important 

because majority of the SPCSS systems are closed ones, that is why only projects of 

large scale are economic. 

ln terms of performance demand, SPCSS is a beneficial system for certain type 

of houses because of the special functional requirements, for example the Core house 1 

Shell house. The critical point is that SPCSS can simply provide an effiCient durable 

structure with limited finances, the rest of the house can be finished by locally 

available resources -- cheap mate rials and unskilled labor. In the future, this hou se 

T 
.1. can be easily expanded and upgraded. The special performance demand COUld also be 

structural performance including earthquake, flood and wind resistant capaelty, but 

SPCSS is a good structure when this performance are cntiea/. These funchons 

combined with inherent features of SPCSS can make it invaluable in sorne 

circumstances. For example, if SPCS3 is designed for earthquake resistance as weil as 

fast erection, it would be an efficient system for post-disaster reconstruction. When 

there is a mass shortage of housing after an earthquake, SPCSS can provide an Instam 

shelter finished by users and can be upgraded afterwards. Also the houses themselves 

become earthquake resistant in the future. 

However the question remains, why SPCSS has not been largely accepted as Its 

designer expected? 
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Sorne possible reasons are: 

First, SPCSS is mainly suitable 

for specifie conditions as mentioned 

above, which are largely limited in 

their application. 

Second, the many advantages of 

SPCSS could be substituted by different 

systems according to different 

conditions. These substituting systems 

may Flot as goOO as SPCSS in terms of 

puformance, but the y are open 

systems, more flexible in application 

than SPCSS which is mainly closed 

system. These substituting systems 

are also similar to conventional 

construction, therefore, are more 

easilyaccepted. 

Third, studies once suggested 

that precast concrete component 

systems for low-cost housing work 

mainly for floor members; for the 

vertical structural part, il can not 

compate with other kinds of 

a series of cross walls can provide 
enough flexibiJity 

Hollow brick cau have a interna] 
pour-an-site skeleton for 
earthquake resistant 

In·situ skeleton combined with 
precast floor member, has less 
problem in transportation 

Fig.4.1 Examples of subslÎluling 
system 
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1 

construction methods· The situation seems stilllike that. This means, SPCSS may nol 

be economical in general. This could be due to the expensive priee of conerete and 

reinforcement, it could also be structurally uneconomical in terms of malerial 

consumption . 

•••• **** *.*. 

Obviously, contrary to many designers' expectation, SPCSS is not an optimistlc 

structural system for low-cost housing in general. At its best it is a specifie system 

for specific projects. The choice of SPCSS is the result of many factors ----

organization form, housing demand and the availability of resourees. For common 

houses, if other conventional materials, for example burnt brick, concrete block, 

exist, to use these material or their improved form would be a easier adopted option. 

• Eric S. Benson, WPrecast Concrete in Frame Structure: Sorne Observations on 
Recent PracticeW R,I,B,A. Journal Feb. 1956:147. 
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