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ABSTRACT: After summarizing a new proposed reinforcing system for adobe housing 

using straps cut from used car tyres, the paper outlines a period of research in Peru to 

continue to develop the technology. Three full-scale experiments and some field work are 

described and qualitative results presented. Full quantitative analyses are yet to be 

undertaken. The most significant outcome consisted of a one room adobe house 

reinforced by tyre straps successfully withstanding strong shaking that would have 

definitely collapsed unreinforced adobe dwellings. 

1 INTRODUCTION 

Typical earthquake damage patterns of adobe housing have been widely documented and include: 

 Poor connections between different building elements that lead to walls separating at corners 

and falling outwards, 

 Falling of gable and other walls due to out-of-plane forces, leading to collapse of roofs, and 

 Diagonal tension shear cracking due to in-plane forces. This weakens walls and leaves them 

vulnerable to out-of-plane forces. 

These failure modes were again observed as recently as August 2007 after the Pisco, Peru earthquake. 

In Pisco, the city closest to the epicentre, more than 80% of the adobe houses collapsed or sustained 

heavy damage (EERI 2007). 

The challenge is to find or develop low- or even no-cost tension-resistant materials to reinforce such 

vulnerable construction. Due to economic realities, adobe buildings utilizing readily obtained and 

naturally occurring materials will continue to be built. However, in urban areas with limited land 

availability and greater aspirations for modern materials the need is to retrofit the substantial existing 

adobe building stock. One possible solution to this challenge as outlined above, is to use material from 

used car tyres. At least in the so-called developed countries, used car tyres create a huge 

environmental problem. They require disposal at a rate of approximately one used tyre per head of 

population per year. 

Once the technical adequacy of the concept has been fully developed and rigorously tested, both 

theoretically and experimentally, the vision is for tyre straps to be mass-produced in developed 

countries and then transported to developing countries, where, at no or minimal cost homeowners will 

incorporate them into their new or existing houses. Two very desirable outcomes eventuate. Both 

existing and new adobe buildings are strengthened at minimal cost with a material that is simple to 

install and plentiful in supply. Secondly, the proposed system goes some way in dealing with the issue 

of used car tyre disposal. 

The concept is to circumferentially cut straps from the treads of used car tyres to provide tension 

resistance and therefore improved seismic safety for adobe construction. The initial focus is upon 

single-storey residential buildings with light to medium-weight roofs. Figure 1 provides a pictorial 

summary of the system. After approximately five metre-long continuous straps have been cut from 

tyre treads, they are joined on site by a specially developed yet simple nailed joint. Once the walls of 

an adobe house have been constructed and holes formed to allow straps to pass through, the straps are 



2 

then wrapped horizontally around walls at approximately 600 mm centres vertically to provide in-

plane and out-of-plane force resistance. Pairs of vertical straps passing under the foundations rise up 

the walls to be nailed to roof timbers.  

 

Figure 1 Steps in the process of reinforcing an adobe house with tyre straps. 

2 SUMMARY OF PREVIOUS WORK 

Structural and other concepts at the basis of this research have been reported on previously (Charleson 

and French 2005and 2008, and Charleson 2006), but because of the innovative use of materials they 

are outlined briefly so readers can appreciate the general approach being taken. 

2.1 Tyre straps 

Tensile tests have been conducted on tyre straps cut from steel-belted radial car tyres. These straps 

have their strength and stiffness enhanced greatly by the presence of two layers of very fine steel wires 

that are orientated at approximately twenty-three degrees to the length of a spirally cut strap. 40 mm 

wide straps possess tensile strengths of approximately 15 kN, but since most designs are expected to 

be deformation-critical, strap stresses will generally be well below their ultimate tensile values. 

Straps are butted together and connected via two short lengths of overlapping straps to form a butt 

joint. Nails on each side of the joint are bent carefully to prevent a premature nail pull-though failure 

mechanism (Figure 2).  

 

Figure 2 A completed nailed joint showing the bent nails. 

2.2 Out-of-plane and in-plane forces 

At regular 600 mm intervals up the height of a wall, straps are wrapped horizontally around walls to 

resist wall face-loads and transfer them to cross-walls. The composite system, which can be described 

as a strutted-catenary, can be thought of as the opposite of a tied-arch. The tension force in a tyre strap 

that is developed as a wall bends out-of-plane is equilibrated by a horizontal compression strut within 

the outer thickness of the wall (Figure 3). In buildings with light-weight roofs lacking effective 

diaphragm action, most face-loads will be transferred horizontally in bending and shear to cross- or 

return-walls.  

 

Pairs of vertical straps running up the sides of walls are located at approximately 1200 mm centres 

along wall lengths. As well as providing some out-of-plane resistance, particularly in the vicinity of 

door and other wall openings where they function as vertical trimmer-beams, they also perform other 

roles. They enable the roof structure to be reliably tied to the wall. This prevents the roof being 

separated from the wall, and its ensuing collapse. Also, they improve the sliding-shear capacity of 

walls due to their nominal clamping force and increased tensile strain at large wall horizontal 
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deflections, and finally they help in-plane wall diagonal compression struts develop (Figure 4). Free-

standing elements like short walls and piers surrounded by openings might require vertical straps to 

facilitate vertical transfer of face-loads to horizontal tyre strap reinforced bands at eaves and lintel 

levels. In the unusual situation of achieving reliable roof diaphragm action, vertical face-load transfer 

will become a more significant component of the seismic force path.  

Unanticipated dynamic behaviour of a reinforced face-loaded wall was observed during testing. When 

loads were suddenly released the wall slowly sprung back towards its original position. Calculations 

indicate an out-of-plane natural period of vibration of approximately 1.5 seconds. This flexibility 

results in a relatively low seismic acceleration response. However, a disadvantage of such a flexible 

system is the magnitude of lateral displacements and subsequent damage to the building fabric. P-∆ 

effects need to be accounted for in subsequent design development.  

      

Figure 3 An out-of-plane test set-up with the wall pushed towards its              Figure 4 A dry-stacked brick wall 
supports.                               subject to cyclic in-plane loading. 

Diagonal-tension shear failure is commonly observed in earthquake damaged adobe construction. 

Regularly-spaced horizontal tension reinforcement has the potential to create a rational strut-and-tie 

shear force resisting mechanism. Horizontal and vertical straps work together to improve in–plane 

shear strength. Horizontal tyre straps act in the same way as horizontal reinforcement resists shear 

forces in reinforced concrete walls, but due to their considerable axial flexibility they are only partially 

effective.  

2.3  Economic considerations 

The application of tyre straps to reinforce adobe construction will eventuate in developing countries 

only if the cost of the material is absolutely minimal, if not free.  A detailed economic model has been 

based upon the premise that a NGO manages the four primary activities of site establishment, used 

tyre collection, tyre processing, and packing and shipping. The model shows that the costs of sending 

straps to developing countries is greater than the cost of disposal in landfills and that some sponsorship 

by car tyre manufacturers or other parties is necessary if straps are to be available to developing 

countries free of charge. 

3 ADOBE TESTS IN PERU 

Given encouraging results from the New Zealand experimental tests the next stage was to apply the 

strap reinforcement to full-scale adobe structures. The Catholic University of Peru, Lima, was chosen 

as the venue because of its extensive experience in adobe research. Over the past thirty years its staff 

have conducted static and dynamic tests on adobe structures, some of which can be used to benchmark 

the performance of the proposed tyre strap reinforcement system (Ottazzi 1989).   

3.1 Dynamic test of a full-scale house 

The purpose of the test was to verify that the reinforcement system could meet the performance 

objective of preventing building collapse in a moderate to severe earthquake. 

The house consisted of one room, 3.25 m square in plan with walls up to 2.25 m high. Built upon a 

reinforced concrete foundation beam, the 260 mm thick sun-dried adobe blocks were fabricated from a 
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mixture of clay, sand and straw, and laid in mud mortar of the same material. The three openings in 

the walls consisted of one door, and a window in each of the side walls. Roof cladding was omitted in 

order to avoid it improving the house performance. Walls were reinforced with tyre straps as discussed 

above. Straps were anchored to the foundation beam (rather than passing under it as is intended in the 

field) and were generally nailed to the roof framing (Figure 5). 

 

 

Figure 5  House being lowered onto the shaking table. 

Instrumentation consisted of a total of thirteen LVDTs and accelerometers as well as fourteen optical 

markers whose displacements during the shaking were recorded by a newly developed Japanese 

measuring system. 

The house was subject to one-directional shaking of the Lima, May 1970 earthquake whose peak 

amplitude was scaled to three predefined maxima.  The peak shaking table amplitudes for different test 

phases were set at three values; 50 mm, 90 mm and finally a maximum of 130 mm. These steps 

produced peak table accelerations of 0.4, 0.7, and 1.2g. A mild, moderate and a severe earthquake 

were simulated. The damage potential of the largest amplitude shaking as determined by its Arias 

Intensity exceeds that of the renowned 1940 El Centro record (Ottazzi 1989). 

Given that the design philosophy was collapse prevention, the seismic performance of the reinforced 

house exceeded expectations. Virtually no damage was observed at the lowest level of shaking. At the 

medium intensity of shaking (90 mm amplitude) vertical cracks opened at the corners of the rear wall 

(which would have collapsed had it not been restrained by horizontal straps), and the rear wall 

experienced cracking due to out-of-plane forces. No cracking occurred in the in-plane laden piers. 

Extensive damage occurred at the maximum amplitude of movement. The rear (out-of-plan laden) 

wall suffered large cracks and piers sustained moderate cracking.  Just one adobe block fell, from the 

top of the rear wall. Compared to identical non-reinforced adobe houses which completely collapse at 

this intensity, the performance of the specimen can be considered a success. (A video clip of a house 

test prior to this current research will be shown during the presentation.) 

Even though the house had been moderately damaged by the third phase of shaking it was 

immediately subject again to the same earthquake record. Cracking grew more severe and although 

two relatively small areas of adobe fell from around the mid-height of rear wall as it swung too-and-

fro during the test, there was no danger of collapse. Figures 6 to 8 illustrate the house performance 

during and after the first severe shaking.   

The test highlighted several areas requiring further attention: 

 Improved wire tie detailing to the top course of adobe blocks is required to prevent them 

dislodging, 

 Wood or cane lintels above openings increase the local out-of-plane stiffness of their walls. 

This causes a stiffness discontinuity with respect to another wall without a lintel and reduces 

the wall natural period, increasing seismic response. 
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 Light nylon mesh could be embedded into wall plastered surfaces at locations of maximum 

cracking. This would reduce the severity of damage in those local areas. 

No damage was observed to any strap, strap connection or the interface between strap and adobe.  

 

Figure 6 Plot of the displacement of point 4 (top and middle of the rear wall) and point 2, midway along the top 
of a side wall. Note the large out-of-plane deformations of the rear wall and its permanent off-set. 

 

      

Figure 7 Damage to the rear wall at the end of the first      Figure 8 The most heavily damaged pier 
phase of maximum shaking due to out-of-plane response.     after the first phase of maximum     
View from inside the house.               excitation. 

3.2 Static cyclic load test of a 1.2 m long reinforced adobe wall 

Although several in-plane tests have been conducted on dry-stacked brick walls it was necessary to 

repeat them on adobe walls which could exhibit very different seismic behaviour. The post-elastic 

performance of the dry-stacked walls was dominated by both sliding shear displacement and diagonal 

tension cracking. The main unknowns were whether sliding shear would be as prominent in adobe 

construction, and what were likely strength values. 

The first wall, shown in Figure 9 was 1.2 m long and 2.4 m high. Its construction was identical to that 

of the test house, namely adobe blocks laid in mud mortar. The surface was not plastered but painted 

white. The unusual aspect of this test was the loading method. Since adobe houses rarely possess a 

structurally adequate roof diaphragm, another method of applying the load was used. The cyclic 

horizontal load was applied to the top of a steel post, pin-jointed at its base. The post transferred loads 

acting to the right to the wall via wooden compression blocks located at each horizontal strap and 

nailed lightly to it. Loads acting to the left are transferred to the wall by the tyre straps that wrapped 
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around the vertical post that pulled away. This method of load application reasonably realistically 

simulated the loading of an in-plane wall where one return wall presses along one vertical edge and a 

second return wall, which tends to fall away from the other edge, has its inertia forces transferred 

through the tyre straps acting in tension. In unreinforced adobe construction these tension forces rarely 

occur as return walls fall away from bracing walls as soon as the weak or non-existent tension strength 

between them is exceeded. A more realistic representation of in-plane loading could have been 

achieved by simultaneously pushing the wall on one edge while pulling it on the other, but this was 

not possible given the limited resources available. 

As shown in Figure 9, under cyclic loading of steadily increasing amplitudes, the wall responded to 

lateral load by rocking on its base. Unlike the dry-stacked brick specimens, no sliding shear or 

diagonal tension cracking occurred. Since this behaviour was not providing any information about the 

ability of the adobe wall to resist internal forces, the compression blocks and horizontal straps were 

progressively removed from top down. This had the effect of reducing the height of the point of 

application of horizontal load. Eventually, when all the load was transferred through the lowest block 

attached to the lowest strap, 600 mm above the foundation, a diagonal shear failure was induced. 

3.3  Static cyclic load test of a 2.4 m long reinforced adobe wall 

The same loading configuration and cyclic sequencing was applied to a 2.4 m long wall. Although 

severely damaged after five cycles of load, the wall continued to resist approximately 30 kN (Figure 

10). Most of the deterioration was due to diagonal tension cracking but some sliding shear was also 

evident. Due to the short hydraulic ram stroke(± 130 mm), the capacity of the wall when pulled to the 

left could not be reached. The final push-over displacement of 250 mm to the right was achieved by 

pushing to wall to 130 mm, retracting the jack, then inserting wood blocks between ram and post, and 

reloading. 

Near the end of the test the bottom horizontal strap failed in tension. Its width was found to be on the 

limit of acceptability (40 ± 5 mm), but the width of its internal steel fibres was only 30 mm.  

     

Figure 9 In-plane wall test set-up. The       Figure 10 Wall damage after five cycles of load.  
horizontal load is applied to the top of the                           
vertical post pin-jointed at its base. The wall                           
is subject to a horizontal displacement of                            
100 mm to the left. 

4  FIELD OBSERVATIONS 

The other type of research undertaken in Peru consisted of informal field observations in several 

coastal areas where the seismic risk is considered highest, and also in the Andian region in the vicinity 

of Cusco. These studies included observing adobe construction that had suffered seismic damage, 

gaining an understanding of the construction and configuration of adobe houses, and reflecting on the 
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practicalities of applying the proposed tyre strap reinforcement into both new and existing houses. 

At some coastal areas damage to adobe housing that occurred during the 15 August 2007 Pisco 

earthquake  was still evident (fifteen months later). Studying buildings that were damaged yet still 

standing (Figure 11) enabled more appropriate structural details to be developed. For example, the 

observed damage to parapets must be addressed in any tyre strap reinforcing system. 

 

Figure 11 A badly damaged corner house in El Carmen. The side wall has almost separated from its return wall. 

The Andian region, where most houses are adobe, provided opportunities to study construction details 

and configuration, as well as the opportunity to observe adobe houses during construction and be 

reminded of their extreme seismic hazard (Figure 12). 

 

Figure 12 A seismically vulnerable adobe house under construction. 

5 FURTHER WORK 

The next phase of the project is to analyse the test data. Emphasis will be upon using it to refine the 

current design approach and to define the boundaries within which the proposed reinforcing system is 

applicable. Work will continue on a simple mathematical model of a house to ascertain limits of wall 

thickness and openings, roof weight, and horizontal distances between return walls. The intention is to 

produce a manual that can facilitate the application of the proposed system in the field.  

The project would definitely benefit from further research. For example, the shaking table test was 

uni-directional. What modifications might enhance structural performance under more realistic two or 

even three dimensional shaking? 

In conjunction with the technical development of the system, economic issues need attention. The 

hope is that some sector of the car tyre industry might become involved to the extent of making the 

free delivery of tyre straps to developing countries a reality. 
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6  CONCLUSIONS 

The period of research in Peru yielded a large source of information necessary for the eventual 

implementation of car tyre strap reinforcing. Once quantitative experimental results are analysed, more 

rigorous and refined designs can be undertaken. However, the main conclusion from the work reported 

upon is that the proposed reinforcing system has been shown as having the potential to prevent 

collapse of adobe houses in moderate to severe quakes, and is worthy of further development. 
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