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Abstract

The Food for the Poor provides hundreds of thousands of temporary housing in the Americas and
the Caribbean for persons in need of a shelter. These temporary houses provide a space in which
many persons can live. Although these spaces are meant to be temporary, in many cases due to the
lack of financial wherewithal, these temporary houses serve as a medium to long-term housing for
those who receive them. The topographical and geotechnical environment in which these houses
are built not only vary across the Americas and the Caribbean but varies within a single country.
This study analyses the current foundation designs used by Food for the Poor in the country of
Jamaica, taking into consideration Jamaica’s unique hilly terrain and geotechnical environment.
The study makes recommendations for the use of alternative foundation designs that are still
economical for construction and are better when considering the life cycle cost of these structures.
The use of bamboo as a reinforcement in concrete for the foundation design is also analysed and
compared against the traditional reinforced concrete and mass concrete designs. The results
demonstrate that when bamboo is used as a reinforcement with concrete it has an increased flexural
strength, but still do not exceed the flexural strength of traditional reinforced concrete, that utilizes
steel reinforcement.

Keywords: Bamboo reinforcement, Bamboo tensile strength, Temporary housing,
Alternative reinforcement.
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1. Introduction

This study involves a comparative study of types of materials that can provide a more sustainable
type of reinforcement in the foundations of the temporary houses constructed by The Food for the
Poor (FFP) Organisation. Currently, no reinforcement is being placed in the raft (slab on grade)
foundation structure of the standard temporary timber houses provided in Jamaica through the
FFP. The FFP is desirous of looking at options in improving the sustainability of the foundations
without having a significant additional cost to the construction of the overall structure of the
temporary housing. This study investigates the use of Bamboo as reinforcing material in concrete
foundations. Extensive research has been done on the structural use of bamboo [1, 2, 3, 4, 5, 6, 7,
8, 9]. Bamboo has a long and established tradition as a building material [1, 2, 4]. It is used widely
for many forms of construction, such as bridges, scaffoldings and houses [1, 4]. The U.S Naval
Civil Engineering Lavatory published a journal about the bamboo reinforcement concrete in 1964
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which highlighted the feasibility of it being used as reinforcement in concrete [2]. Ultimate
strength design procedures that were modified to take into account the characteristics of the
bamboo reinforcement were used to estimate the ultimate load carrying capacity of precast
concrete elements with bamboo reinforcing [2]. This study also investigated the traditional use of
welded wire mesh as a form of reinforcement. The welded wire mesh is made from high yield
strength steel wire by welding machines. For uniformity, the welded wire mesh is manufactured
into flat sheets of mesh. This wire mesh provides proper distribution of tensile strength throughout
the concrete in which it is placed. To study the alternative materials, concrete compressive tests
were conducted on six cylindrical specimens of dimensions 4 inches (dia.) x 8 inches (height).
Tests were also conducted on nine beam specimens, each having the dimensions 5 inches (width)
X 6 inches (height) x 20 inches (length). Three specimens were doubly reinforced using bamboo
strips coated in marine varnish, three specimens were reinforced with a section of wire mesh, and
three specimens had no reinforcement (pure concrete). Beams were tested until failure using the
three-point test and compared to conclude the most suitable alternative.

2. Methodology

The concrete was prepared manually using a 1:2:4 mix design. Formwork of dimensions 5” x 6”
x 20” were created using % inch plyboard, screws and sealant. The forms were lubricated with
oilbefore the placement of the concrete. The concrete samples were tested on the 30th and 31st
day after it was poured to closely represent its 28" day design strength. The following are some of
the procedural application taken in this study:

Procedural application:

e Curing: The bamboo was cut and allowed to dry for a week before using.

e Waterproof Coatings: The bamboo splints were coated with a marine environmental
varnish to reduce swelling when in contact with the concrete and to help bonding between
bamboo and concrete.

e Placement of bamboo: The bamboo strips were placed %2 inch from the sides of the beams
and 1 inch from the bottom before placing the concrete. The strips were secured in the
formwork using wire, before placing the concrete.

e Mix design: A 1:2:4 mix design was used in making the concrete, which represents a M15
grade concrete. This design was chosen to approximate the mix design used in the field.
The design was mixed manually, as typically done on majority of the FFP construction
sites.

e Placement of Wire Mesh: A 18 inch by 4 inch wire mesh was placed % inch from the
sides of the beams and 1 inch from the bottom before placing the concrete. The wire mesh
was secured in the formwork using wire, before placing the concrete.

The test set-up is shown in Fig. 1. Fig. 2 is a schematic diagram of the testing set-up for the bamboo
reinforced samples with the relevant dimensions. The beams reinforced with the wired-mesh is
similar, except, the mesh is positioned in the beam such that there is one longitudinal strand in the
centre of the beam with a cover of 1 inch to the bottom surface.

422



The International Conference on Emerging Trends in Engineering and Technology (/ConETech-2020)
» Faculty of Engineering, The UWI, St. Augustine | June 15t - 5%, 2020

Point Load

Beam Sample

Figure 1: Three-point bending test set-up of beam samples in the Universal Testing Machine
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Figure 2: Dimensions of the set-up for beam samples (reinforced with bamboo strips)
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3. Results and Calculations

Six concrete compression tests were done and the results are shown in Tablel below. The average
compressive strength of the concrete is computed to be 3,238 psf.

Table 1: Concrete compression test results

Specimen Weight of Weight of Rate of load (lb/sec) Maximum load
Specimen () Specimen (Ibs.) (psf)
1 3845 8.477 1360 3480.0
2 3890 8.576 460 2190.0
3 3905 8.609 1515 3240.2
4 3890 8.576 2040 3259.2
5 3850 8.488 990 3221.6
6 3880 8.554 2610 4038.0

The failure loads were determined from the test results done on the Universal Testing Machines
(UTM). Eq. (1) below was used to determine the nominal moment capacity, My [10]. P is the
failure point load applied and L is the distance between the supports of the beam.

PL
M, =—

4
1)

The distances, a, which represent the depths of the compression zones in the concrete beams were
determined using Eq. (2), where Ay is cross-sectional area of the reinforcement, fy is the yield
strength of the reinforcement, b is the beam width and £, is the design concrete strength of concrete
[11]. For this study, the average concrete compressive strength from the laboratory test results in
Table 1 was used to estimate this value.

— Apfp
0.85f!b

)

If d represents the depth to the reinforcement then d — a/2 represents the distance between the
resultants of the compressive force in the concrete and the tensile force in the reinforcement. Now
the nominal moment capacity, Mn, is given by Eq. (3) [11]:

My = Ayfy (d—3) 3)

It therefore means that the yield strength of the reinforcement, fy, can be determined, such that the
nominal moment capacity in Eq. (3) equates to the nominal moment capacity in Eq. (1). This was
done using Solver in Excel, and the results of the computed yield strengths are shown in Table 2.
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Table 2 gives a summary of the results. Eq. (1) was used to determine the nominal moment
capacity, Mn. The cross-sectional area for the bamboo splint reinforcement is the sum of the cross-
sectional areas of the two splints in each beam that is reinforced with bamboo. Egs. (2) and (3)
was used to determine the computed yield strength.

Table 2: Summary of results showing the nominal moment capacity and computed yield strength

Sample | Type of | Reinf. Failure | Failure | Nominal Compute | a(in.) |d—al2
ID Reinf. Cross- Load | Load Moment d Yield (in.)
sectional | (N) (Ibs.) Capacity, Strength
area M (Ibs.- (psi)
(in?) ft.)
Al None n/a 12,300 | 2,765.1 1,036.9 n/a n/a n/a
A2 None n/a 8,108 | 1,822.8 683.5 n/a n/a n/a
A3 None n/a 12,336 | 2,773.2 1,040.0 n/a n/a n/a
Bl Wire 0.029 14.188 103,213.
Mesh ' 3,189.6 1,196.1 9 0.218 | 4.795
B2 Wire 0.029 14114 102,663.
Mesh ' 3,173.0 1,189.9 2 0.216 | 4.796
B3 Wire 0.029 14,554 105,9309.
Mesh ' 3,271.9 1,227.0 9 0.223 | 4.792
Cl Bamboo 0.51 13,994 | 3,146.0 1,179.7 6,128.6 | 0.227 | 4.529
C2 Bamboo 0.40 13,162 | 2,958.9 1,109.6 7,271.1 | 0.211 | 4578
C3 Bamboo 0.42 14,314 | 3,217.9 1,206.7 7,559.9 | 0.231 | 4.561

A representation of the stress-strain curves obtained from the three-point tests done on the UTM
machine are shown in Figs. 3, 4 and 5 for the samples. One for each type of reinforcement.
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Figure 3: Showing stress vs strain of sample A3 (plain concrete)
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Figure 4: Showing stress vs strain of sample B1 (wire mesh reinforcement)
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Figure 5: Showing stress vs strain of sample C2 (bamboo reinforcement)
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4. Discussion

From the results, it can be seen that the computed yield strength of the bamboo is notably lesser
than the yield strength of the wired mesh reinforcement. Nevertheless, the bamboo reinforcement
does add to the flexural strength of a concrete beam that is not reinforced. Coincidentally, the
nominal moment capacities of the beams reinforced with wire mesh and bamboo were all within
10% of each other. The “spacing” of bamboo splints and the sizes of the bamboo splints were
reasonable, with each beam having two (2) splints and cross-sectional areas that were not too large,
having cross-sectional areas less than 0.79 inch-squared, the size of a no. 8 rebar. The yield strength
is relatively low when compared against steel, as was also deduced in M.A. Ogunbiyi et al. [3].
As a result, may not be suitable for main structural elements on permanents structures. However,
since the standard temporary timber structures are as the name suggests, temporary, and since
currently, no reinforcement is provided in the standard concrete raft/slab on grade type foundations
provided for these houses, then one can argue the use of bamboo as an inexpensive improvement
to the foundation structure. Currently, many of the timber structures are outliving their foundations
and so the life cycle of these temporary housing is most of the time dependent on the life time of
their foundations, particularly, since the geotechnical environment for these foundations varies
from location to location.

The wired mesh is a traditional type reinforcement for slab on grade structures. It prevents
temperature and shrinkage cracking and thus hold the concrete together. The wired mesh type
reinforcement is consistent and is predictable from design point of view and would be the preferred
method for reinforcing the foundations for very light timber structures as those provided for
standard housing by the FFP. However, with the increasing cost of steel and a desire to keep the
cost of the FFP temporary housing at a minimal, then the use of bamboo for reinforcing the
concrete foundations may be the answer. Notwithstanding there is a cost in the preparation of the
bamboo for this use. This cost may be absorbed by the sweat-equity of the future owner and
occupant.

5. Conclusion

The comparative study of the types of materials that can be used as reinforcement in concrete
foundations for temporary timber house units was done. The study showed that bamboo can be
used as an affordable and readily available form of reinforcement in the concrete foundation slabs
for the light structures due to its tensile properties when compared with wire mesh reinforced
beams. The use of bamboo reinforcement results in an increased flexural capacity when compared
to an unreinforced concrete foundation slab. However due to factors such as the shrinkage and
absorption rate of bamboo as compared with concrete and brittleness, proper curing methods of
this organic material has to take place in order for the bonding with pure concrete to allow for
greater functionality.
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