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Abstract: Bamboo is one of the raw materials exhibiting the greatest potential for construction 
applications, especially in rural areas. According to its physical and mechanical properties, 
several species of bamboo can be employed in building elements design. In order to verify the 
material performance, in the year 1999, on the campus of the Unicamp, it was designed and 
built an experimental house employing several bamboo species as Dendrocalamus asper 
(columns and beams), Guadua angustifolia (beams), Bambusa tuldoides as well as Bambusa 
vulgaris (walls) and Phyllostachys aurea (windows, door and closing). In addition, the protective 
sidewalk and undulated tiles were made from mixtures of plant biomass and Portland cement 
mortar (Biokreto®). In the structure they were employed G. angustifolia stems; D. asper 
columns were treated in 5% solution of chromated copper borate (CCB). Walls of bahareque 
from B. tuldoides splits were protected by Portland cement and sand mortar, modified by sugar 
cane bagasse fibers addition. Windows and doors were made from natural P. aurea culms 
recovered by polymer. Sidewalk and undulated tiles were made of Portland cement and sand 
mortar, reinforced with bamboo particles and rice husk, respectively. Past 17 years, the housing 
components were evaluated by visual aspects. It was observed that D. asper columns have 
been completely destroyed by termites; due to the fungi´s action the aerial structure of D. asper 
crushed. Wall of bahareque from B. tuldoides and B. vulgaris showed black spots only at the 
bottom and they supported the roof loads due to horizontal steel reinforcement. Windows and 
doors were damaged due to cracks generated in the polymer matrix. As a positive aspect, 
sidewalk and undulated tiles did not decay. 
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1. Introduction 

Bamboo is a plant with large number of applications possibilities, particularly in the building 
construction sector. However, although it is possible to construct only with bamboo, several 
drawbacks were found in its direct application and in the most of the cases bamboo must be 
combined with other materials such as wood and soil (Janssen, 1995). 

The aim of this study was to evaluate the post- occupational behavior after 17 years of a 
prototype design involving several possibilities of bamboo employment, with an objective of 
proposing a model for smaller households, especially for rural areas (LOPES et al., 2000). For 
the prototype construction the following bamboo species which are of common occurrence in 
Brazil were employed: Phyllostachis aurea Rivière & C. Rivière, Guadua angustifolia Kunth, 
Dendrocalamus asper (Schult.) Backe, Bambusa tuldoides Munro and Bambusa vulgaris 
Schrad. 
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2. Methodology 

 

In June 1999, mature bamboo culms (over 3 years old) were collected and soaked in water for a 
week. Then, only the stems of D. asper, 3 m long, were treated for one week by vertical 
diffusion of copper sulphate and sodium dichromate solutions, both at 1.5% concentration. 

The foundation walls consisted of two rows of hollow blocks of concrete, reinforced in the upper 
region with steel bars. Columns of D. asper were surrounded by barbed wire and placed into 
concrete drills (80 cm deep) (Fig. 1a). The subfloor was carried out in conventional manner, 
being manually compressed. Floor and the sidewalk protection were produced with cement and 
sand mortar modified by rice husk addition. The ratio, in volume, was 1 : 3 : 2 ( Fig. 1b ). 

 

Figure. 1. a) Details of column placement; b) Concreted surface. 

 

Ceiling panels were manufactured with a wooden frame, in which bamboo strips (from B. 
tuldoides and B. vulgaris) were nailed with their faces arranged alternately to enhance bonding 
with mortar (Fig. 2a). The components, designed as window-panel, door-panel and blind-panel, 
were connected to the D. asper columns with the aid of two steel bars placed parallel to the 
foundation (Fig. 2b). Bamboo panels were coated with tar and sprinkled with coarse sand to 
improve bonding with the coating mortar (Fig. 2c and 2d). The panel coating was performed with 
cement and sand mortar modified by sugarcane bagasse fibers pre-treated in a diluted solution 
of 5% sodium hydroxide (Fig. 2e). At the regions showing non- adequate contact between the 
panels and columns of bamboo it was inserted pieces of wood and sisal fibers. Finally, the walls 
were painted with lime-based mixture (Fig. 2f). 
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Figure 2. Panels assembling details, tar covering and mortar application. 

 

For the roof structure, columns of D. asper were connected by steel bars to the G. angustifolia 

and D. asper culms. On the bamboo culms it was positioned a wooden structure to support the 

tiles (Fig. 3). Bamboo-to-wood connection was done by metal pins. 
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Figure 3. Details of the roof´s structure. 

 

In the roof, undulated tiles, fabricated in a device comprising a vibration system (Fig. 4a), 
according to the recommendations of Skat (1989), were employed. Tiles were prepared with 
mortar of high initial strength cement (CP V - ARI) and sand modified by G. angustifolia particles 
addition. Particles were previously treated in diluted sodium hydroxide solution (5%). The weight 
ratio was of 1 : 1.25: 0.05 (cement, sand and bamboo fibers). Tiles remained in moist cure for a 
week. 
 
Windows were made of wooden frame in which they were embedded P. aurea culms, arranged 
diagonally, and coated with crystal resin (Fig. 4b). On the door, the culms were coated with 
polyester resin reinforced with fiberglass. 

 

 

Figure 4 – a) Device employed to produced undulated tiles; b) Window assembling. 
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3. Results and Discussion 

In February 2016, this non-conventional building was demolished to carry out expansion works 
at the School of Agricultural Engineering (Feagri). The building components were carefully 
separated so that it was possible to assess each one after almost 17 years of exposure. 

a) Roof structure: G. angustifolia culms showed no signs of degradation even when partially 
exposed to the sunlight. However, D. asper culms did not support the roof load, and they 
were crushed, even expelling the mortar reinforcement (Fig. 5). 

 

 

 

Figure 5 – Details of the roof´s structure. 

 

b) Walls: the adopted system, similar to a bahareque wall, proved to be very efficient, 
since only part of the walls showed dark spots, but without visual structural 
degradation. The rigidity of the wall has been demonstrated at the moment of the wall 
demolition by means of a steel cable pulled by a farm tractor. The wall fell, but it did 
not disintegrated, showing only irregular cracks on the surface; its dynamic behavior 
allows proposing its application for seismic zones.  By the other hand, the 
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impregnation system of bamboo splits by tar and sand showed to be not efficient 
because there was no efficient bonding among the components (Fig. 6).  

 

 

 

Figure 6 – Bahareque wall demolition and detail of the bamboo split recovered by tar and sand. 

 

c) Columns: these components were those exhibiting the worst performance, because all 
of the columns were completely destroyed at bottom region by xylophage’s organism’s 
actions. D. asper culms placed in contact with soil was totally destroyed due to 
leaching of chemical elements of the preservative solutions. Even at the upper culms 
part, only at the “green” region the chemical treatment showed to be effective (Fig. 7). 
The mortar did not show bonding at the inner part of the culm wall and this negative 
fact must be considered by bamboo structures builders, such as bridges and others 
special structures. For enhancing bamboo culm durability it is necessary to avoid its 
contact with the soil by employing as support others materials as concrete, stone or 
durable wood. For this evaluated building, if bamboo columns had been replaced its 
durability will be enhanced for several years. 
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Figure 7 – Details of the damaged D. asper culms. 

 

d) Door and windows: polyester resin with glass fibers did not showed bonding with P. 
aurea culms, and also decay by exposure to sunlight was observed. Windows showed 
two different behaviors: the one with a thick layer of resin cracked and also important 
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early bamboo decay was observed; on the other hand, the window with a thin layer of 
applied resin showed a proper aspect, without cracks, and the natural color of bamboo 
culms was maintained (Fig. 8). 

 

 

Figure 8 – Door and windows details. 

 

e) Floor: cement and sand mortar modified by rice husk addition showed good behavior, 
although they have been observed some cracks at the surface. At the upper layers 
rice husks was also decayed by the sunlight’s action, showing a blackened color.  
 

f) Undulated tiles: among the construction’s components evaluated in this work this ones 
were those showing better appearance. Although the top layer has been blackened by 
pollution, the lower layer remains intact and still waterproof showing its suitability for 
application in small residential roofs. A small bee’s house at the lower region confirms 
the thermal insulation provided by this kind of tile (Fig. 9). 
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Figure 9 – Upper and lower surfaces of the undulated tiles. 

 

4. Conclusions 

 

After 17 years of exposure, the evaluation of this non-conventional construction showed 
different behavior according to its constituent elements. Columns of D. asper were totally 
destroyed, in the other hand the beams of G. angustifolia, the walls of bamboo splits 
recovered by mortar and the undulate tiles of cement and sand mortar modified by 
bamboo particles addition still retained an excellent appearance. The door and one 
window were damaged due to improper resin-to-bamboo bonding.  
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