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Abstract. Bamboo becomes a promising engineering material widely
utilized for constructions. It is likely a composite material with fibred
reinforcement in one direction to make its good flexural strength. Bamboo
has been traditionally made use for structural components. Recently, the
applications of bamboo for earthwork constructions are reported both
experimental and real project. Pile foundations for houses, bamboo pile
and nail for slope stability, foundation grid for embankment, and bamboo
pile-mattress for railway and reclamation project are among others of the
application. This paper discusses the use of bamboo for earthwork
construction. Particular discussion is addressed to bamboo pile-mattress
that successfully installed for various project in Indonesia. The appropriate
field characteristic for bamboo application is specified. The design step
and theoretical based are discussed as well.

1 Introduction
Bamboo has a long history to be used as construction material all over the world, especially
in tropical and semi tropical countries. It is characterized by its strength and low weight.
Bamboo is also easy worked even with very simple tools. Bamboo can be formed to almost
all part of traditional house [1], footbridge over small stream, and river bank stabilization
(Fig. 1).
Of the author knowledge, research and implementation of bamboo for structural element
reinforcement has been reported about five decades ago [2, 3]. Since then many works to do
intensively to improve the application of bamboo in structural element [4-11] focusing on
bamboo concrete reinforcement and its durability both with and without treatment. The use
of bamboo for earthwork construction has a long tradition also as well as for structural
construction. Fang and his colleagues reported their work on soil reinforcement for slope
stability on highway project [12-14]. However, scarce publications of bamboo application
on earthwork construction have been recorded afterward. In the last two decades, the
earthwork construction using bamboo has increased significantly. Various applications
have been reported either in laboratory scale or field implementations. Bitumen-bamboo
mesh composite [15], sheet pile and soil nailing [16, 17], bamboo cell [18, 19], bamboo
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grid or network [20 - 23], bamboo chips [24,25], bamboo pile [26, 27, 28], bamboo
mattress [29,30], bamboo piled - mattress [31,32] are among others.
This paper intends to discuss the use of bamboo on earthwork construction. Various
applications both laboratory and field scale are elaborated as well but limited on bamboo as
earthwork structural element only. The design step and theoretical based are discussed as
well.
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Fig. 1. Traditional use of bamboo in Indonesia.

2 Mechanical properties of bamboo
Bamboo becomes a promising construction material because of its mechanical properties
are comparable with other construction material. The properties strongly depend on
bamboo species, growing conditions, and culm position [33]. Bamboo has density about
700 – 800 kg/m3 in which the fibbers contribute about 60 – 70% of total weight.
Bamboo has very strong tension compare to woods but low to medium modulus of
elasticity about 35 – 70 kN/mm2 depends on bamboo diameter and wall thickness of the
culm [34]. The high tension is in fibbers direction but more critical in perpendicular one.
Since only lignin matrix takes place for bamboo endurance during loading in transverse
direction. [35] suggested treating bamboo as structural element instead of material,
therefore bending stiffness (EI) is more appropriate than modulus of elasticity. The moment
of inertia (I) was calculated as follows:
𝐼𝐼 =

𝜋𝜋

64

[𝐷𝐷4 − (𝐷𝐷 𝐷 2𝑡𝑡)4 ]
2

(1)
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D and t are the average external diameter and the average wall thickness of the culm
respectively.

3 Earthwork Application of Bamboo
3.1 Bamboo Cell
The use of bamboo for bamboo cell was reported by Hedge and Sitharam [18,19]. The work
was on laboratory scale. Fresh bamboo culm was sliced to obtain a thin strip with 25 mm
width. The strips were then woven together to form a grid. The grids were fixed together
using wire to form a shape which similar in shape and size with commercial geocell. The
bamboo cell and bamboo grid were utilized either individually or in combination.
Performance of the reinforcement is represented by ratio between footing settlement (S)
and footing width (B) (Fig. 2). The bearing capacity of soil reinforced with bamboo cell and
grid increased about 1.2 – 1.5 times than one that reinforced by geocell and geogrid. This
high performance may be due to higher tensile strength and surface roughness of bamboo
element compare to geosynthetic ones. Bamboo had tensile strength and surface roughness
about nine times and 3.5 times respectively compare to that of geosynthetic [19]. However,
one should criticize that bamboo strip that being tested for tensile strength was much
thicker than one for bamboo cell and bamboo grid.
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Fig. 2. Bearing pressure – settlement curves for various reinforcement (adapted from [19])

3.2 Bamboo Pile
Bamboo pile can be used as stabilization and reinforcement system instead of being used
for direct support of building. [28] suggested to install bamboo pile behind sheet pile wall
to reduce active earth pressure or at excavation base in front of sheet pile to increase
passive earth pressure . Though the mechanism was unclear, if such assumption is true, then
the stability of excavation slope will increase due to the change of the working pressure.
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Fig. 3. Stabilization of excavation using bamboo pile (adapted from [27]).

[26, 36] had investigated the behaviour of bamboo pile to support shallow footing in the
laboratory scale. Instead of placing the bamboo below the footing, they install the bamboo
piles around the footing (Fig. 4). [36] reported that the bearing capacity increased with the
pile extend (R) and pile length (L) but decreased with pile spacing (S). However, the
bearing capacity converged when the spacing equal to footing width. [36] conducted
experiments with only a row of bamboo pile to fence off the footing but with various
distance from it. The bearing capacity improved when the bamboo piles closer to the
footing. However, it decreased if the pile row was beneath the footing.

Fig. 4. Bamboo pile plan for footing reinforcement (adapted from [36]).

3.3 Bamboo Soil Nail and Sheet Wall
Bamboo grid that served as sheet wall has a long tradition in remote area of Indonesia (Fig.
1c). However there is no scientific investigation reported. Recent works of Dai and his
colleagues [16, 17] combined bamboo soil nails and bamboo pile wall. The bamboo
construction was applied to stabilize a 5 m excavation slope on loose silt resting on a deep
layer of sludge (Fig. 5). The system consisted of bamboo grid reinforced shotcrete to cover
the excavation slope; bamboo soil nails to support the shotcrete; and bamboo piles in a row
to serve as sheet wall. Two rows of bamboo piles were installed with 40 cm space in
between. The piles were put in through soil boring every 20 cm. Four series of bamboo soil
nails were applied and connected to the bamboo grids. The detail installation and
calculation method can be found in [16].
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Fig. 5. Combination of bamboo soil nails, bamboo sheet piles, and bamboo reinforced shotcrete for
slope stabilization (adapted from [16, 17]).

[16] reported the numerical analysis of bamboo reinforcement system and its
monitoring results. The bamboo reinforcement system provided better reinforcement than
ones from steel pipe. The bamboo soil nails produced almost 2.8 times of capacity than that
of pipe nails. The new bamboo wall brought better stability performance than that of
conventional steel pipe both numerically and in real project. The inclusion of bamboo
branch during soil nailing had contributed higher soil-structure friction to provide large
both soil nail and sheet wall capacity. However, in contrast to conventional soil nailing
wall, bamboo soil nails should increase the length of the nail with increasing its depth.
3.4 Bamboo Grids and Mattress
Marto and her colleagues examined the performance of bamboo-geotextile composite
(BGC) and high strength geotextile (HSG) for soft clay embankment reinforcement [29,
30]. The bamboo grid was laid down under the geotextile to provide a platform for laying
and sewing it and forming a BGC. The reports were rather contradictive since both papers
had showed different results. One reported BGC conceded lesser vertical and lateral
deformation but another provided the opposite one.
[37] evaluated the bamboo grids and bamboo pile-mattress application for soft soil
reinforcement. 4 layers of bamboo grids (Fig. 6) were extended over deep layer of soft soil
to support 6.2 m embankment. The grids pattern had a space of 1 m x 1 m and regarded as
embankment foundation to increase subgrade stiffness. The numerical analysis provided
safety factor of 1.9 for embankment slope stability. The analysis as well as analytical one
predicted similar induced consolidation settlement. The prediction was comparable with ongoing field monitoring. The reinforcement succeeded to increase the bearing capacity but
not to reduce the consolidation settlement.
Bamboo piled-mattress evaluated in [37] was also discussed in detail in [31, 32]. The
bamboo mattress was bamboo culm that being set up in parallel with very minimum space
in between. The bamboos were tied up with either natural or fibre wire. In case more than a
mattress required, the mattresses were set up in zigzag with the adjacent ones. The bamboo
pile contained 3 – 5 bamboo culms that were bundled with wire. The top of the pile was
fixed to the mattress to form the piled-mattress system. The system served various
functions when installed for soft soil reinforcement. The mattress distributed the working
load to the soil, change the critical failure surface location, and provide uplift buoyance
force. The pile works as friction on to support the mattress.
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Fig. 6. Bamboo grid for soft soil reinforcement (adapted from [37]).

For design calculation, EIm of the mattress is easily calculated by multiplying elasticity
modulus of bamboo with mattress moment of inertia of the mattress Im. The inertia is
following the equation:
𝐼𝐼𝑚𝑚 = ∑𝐼𝐼 + ∑𝐴𝐴𝐴𝐴 2

(2)

I is bamboo moment of inertia and can be calculated using (1). A is cross area of bamboo. d
is the distance between bamboo element and the reference point of the mattress. In plane
strain modelling, the bamboo pile should be treated as node to node anchor instead of pile
beam in which the pile stiffness is replaced by bamboo pile bearing capacity.

Fig. 7. Bamboo piled-mattress system (adapted from Prof. Masyhur Irsyam presentation)

Following the described procedure, [31, 32, 37] showed that the soil bearing capacity
increased significantly to support the embankment. The embankment factor of safety also
improved as well. However, the settlement occurred similar to one without reinforcement.

4 Discussions
The most problem of the bamboo is its durability. Without treatment, bamboo durability is
less than 2 years. Preservation can make the durability last 4 – 7 years. Soaking bamboo in
the flowing water is able to increase the durability. According to Indonesian local belief, it
may last more than 10 years. This belief was also reported in other country [38]. The
durability restricts bamboo to suit only for temporary structures. Bamboo will serve longer
time in case it always in submerged condition. Using bamboo for earth retaining structure
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can be considered if it is temporary structure [16, 17]. For permanent one, the maintaining
schedule and methods should be prepared in advanced to provide sustainable level of
services.
Bamboo reinforcement for embankment support can be applied both for temporary or
permanent one. The most problem of embankment is excessive strain during embankment
process. The soil strength increases with time when consolidation takes place. When the
bamboo serviceability reduces, the soil mobilized soil strength alters it.
Bamboo serves its full strength when the culm is in its original condition. Slicing and
cutting will reduce bamboo strength significantly. Using bamboo grid or mattress will
provide better strength than that of bamboo strips.

5 Conclusions
A review on earthwork construction using bamboo was conducted. Bamboo can be utilized
for various earthwork constructions, such as sheet pile, soil nailing, shotcrete
reinforcement, grids, mattress and pile. Bamboo reinforcement will increase soil strength to
provide adequate stability and bearing capacity. However it cannot reduce settlement. Since
durability is a major concern, the use of bamboo for permanent earth structure requires
more factors to be considered.
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