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ABSTRACT: In order to provide constructive design alternatives to improve the habitat of people in arid and seismic 

rural zones, a small Community Hall (CH) is materialized with the support of the Government of San Juan, Argentina, 

intended to hosting the Neighbourhood’s Union of “Balde de Leyes”, basic organization of an isolated village located 

in the southeast of the province inhabited by 10 poor families, who survive through livestock activities. CH is an 

experimental prototype planned in a participatory way with villagers. Based on previous studies of life-and 

construction styles of a large sample on the region, appropriate technologies were developed for walls, roofs and 

openings, solving in a simply manner problems identified in those components. They consist of earth-cement masonry, 

concrete slabs and concrete frames for windows and doors. To analyze its hydrothermal response and natural 

lighting, measurements of temperature, relative humidity and luminance were carried out simultaneously in the CH 

and in the vernacular architecture of three local houses during one month in winter and summer. Also, following 

IRAM procedures the respective coefficients were calculated and contrasted. Results obtained were very satisfactory, 

since it was verified a good performance of the proposed systems, and the feasibility of applied methods.  
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INTRODUCTION 

The spontaneous construction of precarious dwellings on 

suburban and rural areas is a constant truth for vast 

regions of Latin American countries, where poverty does 

not allow its people to achieve better life possibilities, 

being Argentina no exception. 

This reality is exacerbated in those areas which 

predominant environmental qualities are the extreme 

aridity and high seismicity, due to the limited resources 

and rising caused by providing the necessary structural 

strength to the houses. Its highest expression is achieved 

in the rural habitat thereof, has virtually no basic services 

infrastructure (grid of roads, electricity, water, gas, 

telecommunications, health, education, etc.), leading to 

very particular social conditions. 

Find solutions to partial aspects of this complex 

problematic has been object of several research works 

related to earth construction [1, 2, 3, 4], the use of 

renewable energy in its different forms [5, 6, 7], and 

participatory approaches to facilitate the appropriation of 

new technologies [8, 9, 10]. 

In these lines of inquiries stands the present work, 

through which was built with assistance from the 

Government of the San Juan Province, Argentina, an 

experimental prototype for a small community hall (CH) 

corresponding to the second stage of four planned for the 

Centre Community (CC) of Balde de Leyes [11, 12], 

isolated village located in the southeast of the Province 

of San Juan, today inhabited by 10 families who subsist 

by extensive livestock labors.  

This was taking the multiplier effect, typical of 

community activities, in order to demonstrate the 

possibilities offered by the proposed technological 

systems and modalities, both local people and 

government agencies responsible for implementing 

promotional programs for this sector of depressed 

population, to be then transferred to the housing. 

The different instances of the investigation, which are 

part of the PhD in Architecture from the author at the 

University of Mendoza, were developed in the period 

2005-2011, subsidized by the National University of San 

Juan, the National Agency for Promotion of Science and 

Technology and the National Secretariat of University 

Policies. 

 

 

DIAGNOSIS  

The developing of improvements proposals was based on 

the diagnosis obtained on the analysis of polls and 

surveys carried out in a representative sample composed 

of 71 families (400 inhabitants), spread over three 

departments of Southeast San Juan Province located in 

the desert area called "Mount Ecoregion". 
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The study was broad, encompassing social, economic 

and physical aspects in the habitat materialization of the 

people known as "puesteros" and allowed to determine 

the most frequent problems in each one, as well as the 

evaluation of them by the locals. 

In regard to their dwellings, it was found that most had 

been made by self construction with earth, and that its 

most severe weaknesses consisted of not being 

earthquake resistant, and having many construction 

defects in walls, roofs and openings due to acculturation 

processes caused both foreign influences, such as 

precariousness due to poverty. All these components 

their modest homes deserve to conduct researches in 

providing solutions that protect the inhabitant’s health, 

not only economically reachable for them, but also with 

technologies possible to assimilate by the recipients, 

through participatory processes. 

 

 

EARTH-CEMENT WALLS 

For the walls were rescued known settlers practices on 

adobe construction, through a compound rigging (28,5cm 

thickness), made with earth-cement square bricks 

(18,5x18,5x8,5cm) and reinforced masonry, which 

Thermal Transmittance (Uvalue) is lower than that 

stipulated by the standard IRAM11605 (1996). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Detail of the compound rigging and accessories. 

 

The proposed construction system replaces the 

traditional concrete columns with buttresses on corners 

and approximately every 2,4m in stretches of greater 

length, with vertical reinforcements in walls encounters, 

which are anchored in the armed running foundation and 

in the top RBA, being reinforced with horizontal trusses 

up to the window sill and lintel. Drillings for the vertical 

irons allow the setting of the rows by using different 

kinds of bricks, made with pairs of specially designed 

accessories for the press (3 to 8 in Figure 1), as 

complementary devices. It is used a dosing 1:8 (cement: 

sandy soil) for masonry and 1:4 (cement: sand) for the 

cement mortar of the joints. Destructive testing of 

masonry and setting units (2 horizontal and 1 vertical 

brick) made at the National Institute of Earthquake 

Forecast (INPRES) according to standard INP-CIR 103-

III (2008), were satisfactory, corresponding to a class 

"C". 

 

 

SMALL CONVEX SLABS 

Local residents construct the roof in a very rudimentary 

way by using logs, mud and rods or branches, also with 

plates and even a simple nylon, suffering problems of 

heat and water infiltration, as well as seismic insecurity 

and exposure to insects and vermin. To improve their 

techniques are added to them modular small convex slabs 

(59x60cm) of concrete ratio 1:3:3:2 (cement: coarse 

sand: gravel: water), which behave as light shells 2cm 

thick without reinforcement, that resist by its form and 

can be made up to women and children. It is used a metal 

mold that fits the original sample timber produced in the 

INPRES, to which it is added accessories specially 

designed to facilitate the mooring of the slabs to the logs. 

A specific manufacturing procedure is developed and 

documented in a graphical manual a guide on the use of 

molds and the assembly of slabs (Figure 2). The 

destructive testing carried out in the INPRES indicate a 

suitable strength (250 to 300 kg), to support a lightweight 

roof thermal and waterproof insulation. 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Manufacture and assembly of the modular slabs. 

 

 

REINFORCED CONCRETE FRAMES 

In the study area there is limited availability of timber in 

type and appropriate quality, so window and door 

closures are poorly solved by people, resulting strong air 

leaks in their homes. Based on previous models 

developed by the Experimental Center of Affordable 

Housing in Cordoba CONICET [13], it was designed 

new molds for reinforced concrete frames for doors and 

windows to suit local conditions in this desert area.  

They are detachable adjusting to different sizes of 

openings, and allow joinery with minimum material and 
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adequate strength (Figure 3). The dosage used was 

1:3:3:2 (cement: coarse sand: gravel: water) and the 

reinforcement is done with 6mm steel. Details were 

solved to facilitate the tack and the fastening of hinges to 

the leaf, which can be of any alternative material 

(drawer’s boards, plates, rods and paperboard, etc.) used 

in the place. The implemented system is effective, 

aesthetic, and helps increase the resistance of the walls in 

its most vulnerable parts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Molds & installation 

of reinforced concrete frames. 
 

 

 

PILOT PROTOTYPE 

The proposals developed in the laboratory were tested in 

the village of Balde de Leyes, selected among the whole 

studied sample for fulfilling all necessary conditions for 

the research purposes. It is located 160 km Eastern of the 

San Juan city, in the Caucete District, and is accessible 

through 18 km of trail almost impassable south of Route 

141. The distance to neighboring towns are 30 km 

(Marayes), 130 km (Colon), and 100 km (Chepes). 

Its geographic coordinates are: latitude -31 ° 41 '06 ", 

longitude -67 ° 21' 37", height above sea level 557m. The 

community was originated 70 years ago and currently 

home 10 families (30 inhabitants) living in precarious 

dwellings built with adobe, rods, brackets and mud, 

scattered in a radius of 1,5km, each one counting a small 

Solar Home System (SHS) since 1994. 

As community facilities, the place has a school, a 

chapel, a high tank and an Australian which water is 

supplied by a solar pumping plant and a well with a 

diesel engine, there is also a natural dam located 1 km 

from the village for watering livestock (goats, cattle, 

sheep and horses). However, the locals always suffer 

scarcity of the precious liquid, especially during long 

drought periods, when the Municipality must supply 

them by means of trucks. During summers they are 

isolated due water runoff caused for typical torrential 

rains. In previous instances of research were conducted 

participatory design process of the CC with the residents 

[11, 12], having made adjustments for the phase 

described here, both in the methods applied as in the 

tools developed, by extending them to the interagency 

coordination in order to implement the construction of 

the second stage of it. Figure 4 shows the CH plant, with 

the sensor location, and photographs of the building. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4: Plant and photos of CH façades NE (Top) and NO 

(Bottom) of the building built in Balde de Leyes. 
 

 
 

LOCAL VERNACULAR ARCHITECTURE 

It was selected 3 local homes, with slight shape’s 

differences, in order to compare the hydrothermal and 

lighting qualities of the proposals with the vernacular 

architecture.  
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In Figures 5 to 7 are displayed the respective plants 

with the location of the sensors, the codes used for 

monitored local and materials, a brief description of 

them, and a photo of the main view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Plant of Case H1 and photo of its NE view. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Plant of Case H2 and photo of its Eastern view. 
 

The Case H1 was permanently inhabited for 2 seniors, 

2 young, and occasionally were added a couple with 2 

children less than 2 years.  

In H2 the family was formed by a couple and 3 

children aged between 8 and 14. The H3 was occupied 

by 3 to 4 adults intermittently during workdays. Actually, 

this is the chapel and the traditional community room of 

the village, which was built by its inhabitants, but was 

enabled to accommodate the masons belonging to the 

Architecture Department of the Province, while the 

duration of the CC work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Plant of the Case H3 and photo of the NW view. 
 

 

DIMENSIONAL AND THERMAL INDEXES 

Following procedures stipulated in the Standard IRAM 

11604 (2002) by using the developed KG-MOD software 

were calculated for each component its Uvalue and 

compared with that allowable for the area (Table 1), 

proving that for the proposed wall and roof were between 

8,5% and 36% below them, while the roofs of the local 

technologies exceed it between 5,7% and 15,1%. 

 
Table 1: Comparison of the component´s Uvalues with the 

allowable by Standard IRAM. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[W/m
2
°C] [W/m

2
°C] [% ] [W/m

2
°C] [% ]

W1 1,6 0,2 11,1 0,1 8,5

W2 1,1 0,7 37,7 0,6 36,0

R1 0,5 0,2 9,2 0,6 36,0

R2 1,9 -0,1 -5,7 -0,2 -8,7

R3 2,0 -0,2 -11,9 -0,3 -15,1

F1 1,7 -1,1 -59,9 -0,6 -34,6

F2 1,4 -0,7 -39,5 -0,3 -17,5

F3 1,6 -0,9 -52,6 -0,5 -28,6

Wood (4,0cm) 2,3 -0,5 -28,7 -0,6 -32,4

Wood (2,5cm) 2,3 -0,5 -25,5 -0,5 -29,1

Concrete 4,8 -3,0 -168,2 -3,1 -175,9

Glass 5,9 -4,1 -228,7 -4,2 -238,1

Nylon 6,0 -4,2 -235,9 -4,3 -245,5
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The main dimensional and thermal indexes of the 

whole building and the monitored room by each Case are 

summarized in Tables 2 and 3, comparing in the latter the 

Volumetric Heat Loss Coefficient (Gheat) to the allowable 

ones (Gha), showing the Annual Thermal Load for 

heating (Qheat) in absolute values for each whole 

building, and in relative values for its distribution per 

constructive elements. 
 

Table 2: Main dimensional and thermal indexes of the whole 

building and the monitored local by each Case. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 3: Comparison of each Case´s  Gheat and the allowable by 

Standard IRAM. Qheat, and its distribution per components. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

All Cases exceeded the Gha, but CH diminished the 

difference between 31% and 11% respect to vernacular 

architecture. It has the lowest Qheat, by distributed 

thermal mass and thermal insulation of the roof, 

improving natural lighting with more glass area. 

 

 

MONITORING RESULTS 

The program PROMEDI-HTL [14] was applied for 

processing measurements recorded during the months of 

July and December 2011 with HOBO U12 data loggers 

and a DAVIS weather station.  

Dispersion plots linking the temperature and relative 

humidity are shown in Figure 8 for both months, with 

demarcation of the strict and extended comfort zone, 

which allow see that only a limited period had external 

wellbeing conditions, also reached briefly for the 3 

dwellings (up to 20⁰C) and during much time by CH (up 

to 24⁰C) in winter, while in summer H2 remains 25% of 

the time in the strict zone (between 22⁰C and 25⁰C) and 

the rest along with the other monitored rooms reaching 

more than 36⁰C, with CH between 24,8⁰C and 34,9⁰C, 

that when the outside temperature exceeded 40⁰C. The 

houses were inhabited (having a regime of ventilation 

and heating -by coals- usual for its users), but the CH 

remained closed for long periods, being open 

occasionally for finishing and painting works, without 

having a regular ventilation, or heating by any source. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Hydrothermal data dispersion in winter (Top) and 

summer (Bottom). 
 

The analysis of the timely evolution of the temperature 

data is shown in Figure 9, where can be seen the 

temperature ranges variations and the daily periods of 

different conditions for each monitored Case in relation 

to the external clime (temperature and solar radiation). In 

winter, H2 had 4,5⁰C temperature amplitude, H3 9,4⁰C 

and H1 19,3⁰C, whose average temperatures were 

respectively 14,3⁰C, 15⁰C and 14,2⁰C, while CH 

presented a range of 13⁰C and an average of 15,4⁰C, 

mainly due to solar gain by windows. In summer, CH 

had the lowest temperature range (10,1⁰C), oscillating 

around an average of 30⁰C, very similar to H1, but when 

in this Case the maximum reached was 37,5⁰C, CH had 

34,9⁰C. H2 and H3 had amplitudes above 13⁰C, and 

average temperatures higher than 28⁰C. 

DR1 Total DR2 Total B Total CR Total

Heigh [m] 2,20 2,20 2,20 2,20 2,20 2,20 3,00 3,00

Perimeter [m] 19,50 55,20 18,84 35,24 25,20 41,87 25,14 52,81

Floor Area [m
2
] 22,50 72,81 22,03 57,46 37,44 80,04 38,06 58,60

Internal 

Walls
[m
2
] 7,00 14,32 15,49 15,49 6,16 19,23 7,20 11,92

Shell [m
2
] 42,90 59,53 10,34 77,53 44,00 86,66 75,42 139,35

[m
2
] 0,24 0,48 0,37 1,42 0,60 1,08 4,92 32,15

[%] 0,56 0,80 3,45 1,80 1,36 1,23 6,50 18,75

Internal 

Openings
[m
2
] 4,40 4,40 0,24 0,24 2,64 1,80 ---- 4,40

External 

Doors
[m
2
] 1,40 2,80 1,60 4,80 0,00 3,60 3,82 5,62

Thermal 

Mass
[m
3
] 17,82 20,74 9,54 28,47 19,28 38,96 47,65 133,65

Volume [m
3
] 49,50 160,18 48,47 126,39 82,37 176,09 114,18 187,58

Shape 

Factor
[m
-1
] 1,32 0,84 0,67 1,07 0,99 0,95 0,99 1,06

CH

Windows

Concept-Units
H1 H2 H3

CONCEPT
UNITS / 

COMPONENT
H1 H2 H3 CH

Gheat [W/m
3
°C] 4,0 3,8 3,6 3,3

[W/m
3
°C] 2,0 1,8 1,6 1,3

[%] 97,9 89,9 78,6 67,3

Qheat [MWh] 15,2 11,5 15,1 9,2

WALLS 29,8 26,2 24,0 44,1

WINDOWS 0,2 0,9 0,6 10,7

FLOOR 25,0 26,5 28,9 25,0

ROOF 29,7 33,3 34,4 7,9

PERIMETER 15,2 13,0 12,1 12,3

Dif.  with 

Gha
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Figure 9: Timely evolution of temperature and solar radiation 

in winter (Top) and summer (Bottom). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10: Time course of the winter indoor luminance (Top) 

and summer (Bottom). 
 

Figure 10 shows the timely evolution of the indoor 

luminance, with areas of minimum levels recommended 

as reference by the Standard IRAM-AADL J 20-01 

(1969). H3 had values below 35 lux during winter and 

138 lux in summer, being the lowest. CH (only with 

natural lighting) exceeded the values of H1 and H2 in 

both seasons, staying longer by comfort. 

CONCLUSIONS 

The evaluation of improvements proposals developed on 

the design, structure, technologies and procedures, was 

carried out through the construction of the prototype for 

the CH in Balde de Leyes, comparing its behavior in 

analytical and experimental way with local housing 

vernacular architecture. The obtained results are highly 

satisfactory, having demonstrated that the approaches are 

feasible to realize in easy mode thanks of its suitability to 

enhance the resident’s life quality in rural habitats of 

arid-seismic sites like this case, in a sustainable socio-

economic, environmental and institutional framework. 
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