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Abstract: This paper describes, discusses and compares three new breakthrough types of 
reinforcements for soft soil: a combination of gridded matrass and piles of bamboo, a combination of 
tightened mattrass and piles of bamboo (Irsyam et. al. 2009), and a group of minipiles connected by 
small H-beams with a top compacted layer to hold top minipiles.  First, illustrations and applications of 
the three types reinforcement are described from three (3) full scale field works.  Next, technical bases 
for the three types are presented. Technical comparisons will next be discussed. Finally,  Conclusions 
and Potential Future Research are developed.  The case studies, analysis results, and the full scale 
field work verifications show that the three reinforcement systems have their own advantages and 
disadvantages in terms of construction duration and cost, capability/effectiveness and material 
availability especially at rural area.          
 
Keywords: soft soil, soil improvement, soil reinforcement, minipile, gridded mattrass, mattrass, 
simple technology. 
 

1. INTRODUCTION 

In recent years, various geotechnical reinforcement systems in problematic soils, particularly soft soils, 
have been well developed.  Through several experiences in embankments on soft soils, efforts have 
been made to establish new reinforcement systems which could approach these criteria. Also by 
considering them, three types of soft soil reinforcements have been proposed which offer capability to 
overcome, or significantly reduce the soft soils problems. In this paper, Gridded Matrass and Mini 
Piles; Tightened Matrass and Mini-Piles; and Top Connected Mini Piles will be respectively presented 
and technically discussed. 
 
The major works which are discussed in this paper cover three embankment cases over Indonesia. 
Prior to the embankment design and analysis, proper geotechnical investigations have been 
conducted, which found typically large deposit of soft soil at the sites. While the challenging condition 
cannot be avoided, the reinforcements which have been explained in the previous paragraph came up 
with better quality, instead, have been technically proved in several field cases. Figure 1 shows the 
site locations of different reinforcement utilizations. 
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During the design stage, the embankment stability were analyzed by using a professional finite 
element software Plaxis 2D v.8.2 (for overal performance) and Terzaghi’s 1-D Consolidation Theory 
(particularly for consolidation settlement). This software accomodates thorough yet simple analysis in 
order to observe embankment’s behaviour which laterly known suffered from bearing capacity 
problems and excessive settlements for unreinforced embankment. The performances are sensitive 
to height of embankments that contribute to loading increment due to construction sequences and 
service life. The reinforced embankment performance analyses were verified by field observations. 
 

 

Figure 1. Locations of Field Discussed Cases 

 

2. PROBLEM DEFINITION – SOFT SOIL 

A well known problematic soils – soft soil – are generally described as high compressible, low shear 
strength and low permeability soil. It brings major problems such as low bearing capacity and 
excessive settlement which lead to unstable structures and deterioration on them. Therefore, the need 
and use of proper reinforcements are highly recommended. 
 
On the embankment performances over soft soils, height of the embankments that corresponds to the 
weight of embakment fill directly induce increase in soil stresses, as well as pore water pressures 
which are continously accumulated and occured in fine-grained soils. As consequences of material 
properties such as low permeability of fine-grained soil, the dissipation of pore water pressure cannot 
occur quickly, just like sandy soils which have high permeability.  Susila and Apoji (2013) have 
performed numerical simulations verified by data from field trial for embankment on very soft fined 
grain material showing the power of numerical simulation as long as soil parameters are appropriate.  
At this state, the loading is quick relative to excess water pressure dissipation, therefore it is 
categorized as undrained condition.  The mechanism of loaded soil caused by embankment is 
described as follows: as the soil compressed vertically by the embankment, it expands horizontally 
until resisted by adjacent soil. Althought the soil is deformed, for undrained conditions, its volume is 
constant. 
 
Later on, when the excess pore pressure starts dissipating, the volume reduces. Consequently, the 
consolidation settlement begins to occur. It comprises primary consolidation and secondary 
consolidation and could cause a serious problem due to the deformation and rate of consolidation. An 
emphasis should be taken on the stress transfer that sometimes requires considerable time. This 
condition also influences the failure mechanism (progressive failure). During this process, additional 
strain often occures when the soil has reached its failure. Because of the low strength of soft soil, the 
bearing capacity failure usually occurs. The increased stress that cannot be resisted by the soil 
strength will suppress laterally and develop the slip-circular failure mode in the adjacent area to the 
embankment toe.  
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Covering approximately 30 % of Indonesia, this type of soil can easily be found in Indonesia. It is 
usually described as clay and peat soils. Even so, there are many alternative solutions that have been 
developed. The decision depends on the criteria, local condition, and material availability. 
 

3. PROPOSED ALTERNATIVES – SIMPLE AND CHEAP BUT POWERFUL 
METHODS  
 
Proposed alternatives which are discussed in this paper have been applied in the field scale works to 
overcome the issues related to the embankment stabilities. Compared to the conventional 
reinforcement or remediation on the same case, these alternatives have been proven to be cheaper 
and simpler because could often utilize local materials, yet technically considered as powerful as the 
conventional reinforcement by deeming the embankment performance in the full scale works. 
 
A key point that is taken into consideration on the proposed reinforcement is the stress distribution. 
On the bearing capacity problems, as elucidated in the previous section, the shear stress induced by 
the embankment is directly transferred and resisted by the subsurface soil strength. By applying the 
mattrass (gridded mattrass) reinforcement, the shear stress can be intercepted and distributed to the 
reinforcement. Figure 2 describes the mechanism of stress transfer from unreinforced embankment 
which causes failure to applying reinforcement which can significantly increase its bearing capacity. 
The resistance of the soil stress by the mattrass involves mechanical properties of the reinforcement 
material.  

 
Figure 2. Mechanism of Embankment Failure 

 
Mini-Piles are deemed to provide potential solution to solve stability problems on embankment. As 
clearly presented by Figure 3. Vertical Stress Distribution under Embankment, the differences are 
increment vertical stress area spread from embankment through the foundation. The large deposit of 
soft soils will surely cause the embankment more prone to suffering excessive settlement. The vertical 
stress can be transferred into deeper layer by assuming that the mini-piles have the behaviour as 
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group piles, at least partially. As deeper the vertical stress is transferred, the contact pressure area 
will be larger and the pressure will be smaller. 

 
Figure 3. Vertical Stress Distribution under Embankment without amd with Mini-piles 

Reinforcement 
 

4. CASE STUDIES 

4.1. Gridded Mattrass and Mini-piles Application. 
 
In this first case, the discussion is focused on the embankment construction for a causeway in North 
Sumatra. The planned causeway was designed for 400 meter long and the embankment height was 
planned to reach ± 6.30 meters. The challenging part during design phase in this case was the 
geotechnical condition of the site which is dominated by very soft to soft silty clays. However, the most 
critical condition of embankment case occured at the end of construction. In other words, the 
embankment will be stable or even more stable because of gain strength as a result of consolidation 
process as long as there will be no load increment. At the beginning of the construction, prefabricated 
vertical drain (PVD) was applied as a first response to this condition. 
 

 
Figure 4. The Planned Causeway and Embankment Cross Section, North Sumatera. 
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By basing the soil layering presented in Figure 5, the subsurface-soil condition was dominated by 
silty clays, specifically, very soft to soft silty clay to the depths of 22 to 30 meters below the existing 
surface. The clay layer was followed by medium stiff to very stiff silty clay and hard clay respectively 
at various depths until the end of boring at a depth of 40 meters below the existing ground surface. On 
the other hand, for analysis necessity, the undrained strength  parameters for each layer was 
determined based on field vane shear test results, laboratory test results and SPTs. The soil profile 
and the undrained shear strength profiles are presented in Figure 5 and Figure 6, respectively. 
Additionally, the laboratory test results indicate that the surface layer was categorized as medium to 
high compresible clay layer with the compressibility index and void ratio ranged from 0.6 to 1.1 and 
1.5 to 2.0, respectively.  
 

 
Figure 5. Soil Layering of Pangkalan Susu Case Study Site. 

 

 
Figure 6. Relationship Between Undrained Shear Strength and Depth 

 
On this case, gridded matrass that used to support the embankment is detailed in Figure 7. The 
reinforcement was consisted of 4 layers of bamboo pile and set in a grid pattern with a space of 1 x 1 
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m2. It is placed and considered as an embankment foundation to increase the stability and stiffnes of 
the subgrade. This type of reinforcement was proven to be effective. Later on, we realize that mini-
piles of bamboos will significantly increase their effectiveness of reinforcement. 
 

  

 
 

Figure 7. Gridded Matrass Bamboo for Reinforcement 
 
Stability analysis was performed by using Plaxis 2D v.8.2 package by emphasising on the bearing 
capacity and excessive settlement. In addition, Terzaghi 1-D Consolidation theory was also included 
in the analysis to verify the consolidation settlement of the planned embankment. In order to observe 
the reinforcement performance, the analysis model accounted the embankment with gridded matrass 
reinforcement and the construction sequence. Besides, the soil replacement from existing surface to 
depth -3.0 meter was also taken into account in calculation as a better combination with reinforcement. 
At the first stage, gridded matrass bamboo was applied over the soft soil. Afterwards, the embankment 
was constructed in three stages: 3.0 meters of, 1.75 meters, and 1.50 meters of thickness. At the end 
of the calculation, the safety factor that obtained from the reinforced embankment model was 1.29. 
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Stage  : 1 , Embankment 3.0 m 

 

Stage  : 2 , Embankment 1.75 m 

 

Stage  : 3 , Embankment 1.50 m 

Figure 8. Construction Stages of The Embankment Analysis 
 
The results of the settlement analysis are summarized in Table 1. Firstly, elastic settlement due to 
increasing embankment heigh (construction stage) resulted total elastic settlement at the end of 
construction of 157 cm. Still in the same stage, total consolidation settlement from FEM analysis result 
shows to approach 172 cm. Verification results of the consolidation settlement by using Terzaghi 1D 
theory tend to be close to the FEM analysis with the magnitude of consolidation settlement 182 cm. 
However, the stability performance can still be increased which means by combining the gridded 
matrass bamboo with piles. Field observation during construction show that the values are comparable 
to field condition. Unfortunately, field settlement records are still not available. 
 
 
 
 
 

Table 1. Analysis Results of Settlement Prediction. 
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No. Analysis Type 
Settlement Total 

Stage 1 Stage 2 Stage 3  

1 Elastic settlement - FEM 105 cm 34 cm 18 cm 157 cm 

2 Consolidation settlement - FEM 85 cm 49 cm 37 cm 172 cm 

3 Consolidation settlement – Terzaghi 1D 107 cm 42 cm 33 cm 182 cm 

 
4.2. Matrass and Piles of Bamboo Combination (Taken from publication of Irsyam et. al, 2009) 
 
A highway road embankment was constructed on high deposit of soft soil in Tambak Oso, Surabaya, 
East Java. According to the soil investigation report (Irsyam, et.al, 2009), very soft to soft soil was 
discovered with thickness of approximately 30.0 meter. Within this layer, cone resistance (qc) ranged 
from 1 – 4 kg/cm2. Illustration of geotechnical condition is shown in Figure 9. 
 

 

Figure 9. Geotechnical Condition of Tambak Oso Site (Irsyam et. al, 2009) 
 

A reinforcement system which consisted of matrass and piles of bamboo were constructed. Prior to 
the construction and application of the embankment with reinforcement, a trial embankment 
experiments had been conducted. The performance was observed by placing instrumentations in 
which specified to monitor ground settlement and pore water pressure. After the settlement records 
for 3 months reading had been obtained. It was then compared with finite element analysis and 
analytical method results. 

VERY SOFT TO SOFT 

qc= 1-4 kg/cm2 
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Figure 10. The Full Scale Trial Embankment Model Using Combination of Matrass and Pile of 

Bamboo (Irsyam et.al., 2009) 
 

As shown in Figure 10, the full scale trial embankment was reinforced by matrass and piles of 
bamboo. The matrass systems were are assembled from four layers of bamboo and intersected each 
to another for an embankment foundation. It combined with piles consisted of three vertical bamboo 
with a length of 10 meters and placed with a distance of 1 meter. The total trial embankment height 
was 3.25 meter which was constructed in two consecutive stages. The first stage was carried out to 
achieve 2.5 meter height, while the second stage was started after 75 days by adding embankment 
height until reaching 3.25 meters. During the construction, the instrumentation reading was also 
conducted. 
 
The results of this experiment to determine whether the reinforcement is reliable or not are presented 
in Figure 11. To verify the settlement reading from the field, two analysis results are included. Based 
on this experiment, it can be concluded that the embankment with 3.25 meter height was stable in the 
hight deposit of soft soil with application of matrass and pile of bamboo. 
 

 
Figure 11. Settlement Comparison of Field Monitoring and Analytical Results (Irsyam et.al., 2009) 
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4.3. A group of Mini-Piles of Woods and/or Mini Spun Piles Connected by H-beam 
Application 
 
From the beginning to the middle of 2013, a jetty embankment with an approximate height of 2.8 
meters was built on the soft ground in Riau. Special attention should be carried out because it was 
designed to retain the load of several massive power plant machines which are very expensive. Similar 
to the previous cases, a large deposit of soft soils was discovered. The condition was worsen due to 
the location of the embankment itseft which was in the riverside. To avoid bearing capacity failure 
during both construction phases and service life, several reinforcements had been proposed but no 
one satisfactorily increase the stability. 
 

 
 

Figure 12. Illustration of Site Location and Condition 
 
A new idea has came up by applying a combination of mini-piles of logs and mini spun piles, wooden 
block, H-beam, and sand bags. Systematically, the consideration of using those reinforcement 
elements takes into account the performance and mechanism of load carrying caused by the machine 
in order to avoid any factor leading to failure. The axial load will be retained by mini-piles which were 
set to an approximate depth of 6 meters and placed in a grid pattern of 1 x 1 meter2. To increase 
mechanism of group and to increase rigidity of pile top, wooden blocks were used by deeming that the 
composition of mini piles with such pattern plays important role in assuring the stability. The group of 
mini-piles were then connected by H-beam on the heads of each pile in order to sustain any lateral 
load induced by the embankment and passing machine load. 
 

 
Figure 13. Embankment Construction 

 
 

Jetty Location 
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To investigate the effectiveness and mechanism of the reinforced embankment, an finite element 
analysis was carried out. The soil data were taken by CPT data of the location as well as the structural 
parameter regarding to the reinforcement elements. The result of the analysis shows that the 
embankment was stable represented by SF of 1.28.  Field construction and the passing machine has 
proven the results of analysis and the effectiveness of the reinforcement system. 
 

 

Figure 14. Failure Mode of Finite Element Analysis Model 

 

5. DISCUSSION AND TECHNICAL COMPARISSON 

Selection of appropriate reinforcement material does not only depend on technical aspects, but also 
cost and material provision. For instance at several soft soils cases in particular area, cheaper material 
is more preferable. Talking about cost aspect, the discussed cases which focus on reinforcement 
selection are also emphasized on cost-saving criteria, but technically proved in increasing 
embankment stability. 

6. CONCLUSION 

Three different embankment cases on soft soil have been elucidated in the previous section. Moreover, 
the reinforcement of the combination of bamboo piles are proven to provide potential solution to solve 
soft soils low bearing capacity on embankment construction. The numerical analysis and full scale field 
test discussed in this paper shows how the three reinforcement systems technically improve the 
stability and safety of the embankment.  
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