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ABSTRACT: Peat is considered as a very challenging soil when constructing any structure. It’s known with
high compressibility, high moisture content, low shear strength and long term settlement when subjected to
load. These characteristics always posed constant problem for sustainable construction on peat. This study
aims to investigate the settlement behaviour of peat fortified with concrete slab under embankment loading
through full scale testing at Parit Nipah, Johor, Malaysia. The peat is categorized as hemic with moisture
content greater than 500%. A concrete raft sized 3.6 m x 3.6 m with thickness of 150 mm was built on the
site. The 3.6 m x 3.6 m slab was subjected to non-uniform loading. Results indicated that the installation of
slab on peat able to reduce the settlement of peat under embankment loading. The study shows potential to
mitigate or reduce long term post construction settlement on peaty ground.
Keywords - Peat, Concrete slab, Embankment, Settlement

settlement with a change in volume where gradual
compression and consolidation allow time for the
peat to respond to the applied load. This is the
desired method to improve the bearing capacity
and strength of peat. The second is rapid
settlement without a change in volume where rapid
spread and shear causes failure of the peat.
Peat has large initial settlement and short initial
settlement period, usually days due to its very
permeable
nature
[15]. During primary
consolidation, pore water is being squeezed out
from the peat under the load thus causing the peat
fibers to compress and fill the void left due to the
dissipation of pore water. Therefore, the magnitude
of primary consolidation is dependent on the
weight of embankment and the thickness of peat
deposit. After this phase, the secondary
compression with much slower settlement rate will
take place. The secondary phase is generally
accepted to be the result of peat mass slipping and
re-organizing its fibers to form much denser
medium. It has been stressed that peat should be
loaded gradually enough for the peat to consolidate
and gain strength [15].
Various construction methods and innovative
approaches have been developed to mitigate
settlement of structures on peat [1]-[2]. According
to Ibrahim [12], the construction methods on peat
can be categorized into two aspects – (1)
construction by removal of peat and (2)

1. INTRODUCTION
Geotechnical properties of foundation soil such
as shear strength and compressibility of the soil are
significant for construction of stable civil
engineering structures [1]. Peat is defined as
partially decaying vegetation remains amassed
under saturated surroundings and in the absence of
oxygen [2]. Peat in Malaysia is known as tropical
woody peat and consists of semi-decomposed
plant remains of tree stumps, roots, twigs, leaves
and roots [2]. The colour of peat in Malaysia is
generally dark reddish brown to black.
Approximately 143,974 ha of land in Johor is
covered with peat [3]. High compressibility of peat
due to high void ratio, results in higher values of
compression index, Cc and secondary compression,
Cα compared to other types of soil [5]. According
to Ibrahim [12], the void ratio, eo for peat reported
up to 25 and compression index, Cc value for
tropical peat can be up to 10 compared to clay
which is only between 0.2 to 0.8. Zainorabidin
[21] reports that the Cc value for West Malaysian
peat, East Malaysian peat and Johor Hemic peat
were 1.0 to 2.6, 0.5 to 2.5 and 0.9 to 1.5
respectively.
Such attributes of peat pose
undesirable challenges to the engineers in the field
of construction [1].
According to Munro [15], peat can settle and
consolidate in two ways under load. First is slow
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construction by peat left in place. Construction by
peat left in place is carried out by modifying the
ground using different techniques to increase the
soil strength and thus making it sustainable to
support the intended construction [12]. Five
construction techniques under the peat left in place
method are accelerating consolidation, ground
improvement, stabilization, load modification and
piling [12] & [15]. Table 1 lists the summary of
construction techniques and methods used under
the peat left in place approach.
Table 1 Summary of construction
under peat left in place approach [12]
Construction
Technique
Accelerating
Consolidation

Method

Ground
Improvement







Technique
Concrete
Raft

techniques

Advantage
 Limited site disturbance.
 Provides
long
term
stiff
foundation for the embankment.
 Aids stability.
 Reduce differential settlements
and lateral stress on the peat land
surface.
 Minimizes need for embankment
fill material.

 Preloading
 Stage construction
 Vertical drains
Stone column
Cement column
Soil column
Geopier
Surface reinforcement

Stabilization

 Mass stabilization

Load Modification








Piling

Table 2 Advantages of concrete raft techniques
[15]

Fig. 1 Concrete raft used as a floating housing road
in the Netherlands [15]
2. MATERIAL
METHOD

Profile lowering
Pressure berms
Slope reduction
Lightweight fill
Offloading
Floating foundation

AND

EXPERIMENTAL

The study was carried out at Parit Nipah, Johor,
Malaysia. The thickness of peat at the study
location is about 4 m and the ground water table is
found at less than 1m from the ground surface.
Underlying this layer is silty clay. Peat samples
collected from the site and tested in the laboratory
to determine the index properties of Parit Nipah
peat (PNpt). As shown in Table 3, the index
properties test results of PNpt are within the range
as reported by [6]-[11]. The PNpt is categorized as
Hemic peat according to fiber content percentage
and Von Post scale.

 End bearing piles
 Friction piles
 Settlement reducing
piles
 Tension piles
 Laterally loaded piles
 Piles in fills

Table 3 Index properties of Parit Nipah peat

The concrete raft foundation is categorized
under load modification techniques. It is also
considered as a floating foundation [12]. Munro
[15] stated that, concrete rafts have been used
successfully in Ireland and Scotland from the
1920’s through to the 1950’s. Concrete rafts can
perform effectively by reducing the total and
differential settlement of a foundation by
decreasing the net applied load by excavation [16].
Table 2 lists the advantages of concrete raft
construction. Concrete rafts are still in service over
a deep blanket of bog deposits in Northern
Scotland providing a stable load bearing platform
for modern traffic [15].

Parameter

Moisture Content, %
Liquid Limit, %
Specific Gravity, Gs
Bulk Density, kN/m3
Organic Content, %
Fiber Content, %
Compression Index, Cc
Von Post Scale
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Parit
Nipah
Peat
635
252
1.34
10.45
95.5
37.8
1.48
H6

Range
[6]-[11]
236–784
220-417
1.27–1.56
7.95–11.5
78.77-95.44
40.97-63.77
0.9-1.5
H5-H6
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for at least 24 hours. This process repeated until
the final layer of embankment load was completed.

2.1 Field Test and Monitoring
Figure 2 shows concrete raft built on site sized
3.6 m x 3.6 m x 0.15 m subjected to non-uniform
load.
Settlement staff

Concrete raft

Fig. 2 Setting up of raft for non-uniform loading
Fig. 3 Layout of instrumentation at site
Embankment construction was done using sand in
stages as shown in Table 4. The final loading
applied on the raft was 10 kPa [4], [14] & [18].
The sand was packed in heavy-duty plastic bags
with fixed weight of 20 kg.
Table 4 Multi-stage
embankment
Stage
Concrete Slab
1st Layer Sand
2nd Layer Sand
3rd Layer Sand
4th Layer Sand
5th Layer Sand
6th Layer Sand

loading

for

Mass, kg
4665.6
2880.0
2640.0
2400.0
2160.0
1920.0
1212.0

3. RESULT ANALYSIS AND DISCUSSIONS
The average total settlement of the concrete
raft measured for the duration of 75 days reaches
83.5 mm. As indicated in figure 4, the highest
settlement rate was detected at point A3 measuring
104 mm, whereas the lowest settlement reading
recorded at point C1 gauging 63 mm. After the end
of embankment construction at 1468 hours,
average settlement post construction recorder until
1786 hour was 9 mm. This is in line with the
behavior of peat where it is susceptible to long
term post construction settlement [19].

non-uniform

Stress, kPa
3.53
2.18
2.00
1.82
1.64
1.45
0.92

2.2 Instrumentation
The vertical settlement (displacement) of soil was
monitored using geodetic surveying method.
TOPCON AT-B4 auto level equipment was used
to measure the settlement value with accuracy up
to 0.001 m. Special settlement gauge staffs which
are light and can withstand any weather conditions
were developed and used in this study. Nine
settlement gauge staffs were installed on the
concrete raft and eight settlement gauge staffs
installed on the ground surrounding the raft. Figure
3 illustrates the layout of instrumentations installed
on site. The reading of the settlement and pore
water pressure after application of load monitored
and recorded every two hours during daylight
(from 8 am till 6 pm) every day. The next layer of
embankment load only added to the previous layer
when the settlement readings were stable for more
than 24 hours. Stable reading is considered
achieved when the settlement reading is constant

Fig. 4 Measured total settlements on the concrete
raft
The settlement value of the concrete raft
according to the load imposed is shown in Table 5.
Due to the embankment loading, the raft is found
to be tilting in the direction of point A3. Albeit
tilting towards point A3, it is observed that the raft
experience settlement at all points.
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Table 5 Settlement value of concrete raft

Point

2.18

4.18

A1
A2
A3
B1
B2
B3
C1
C2
C3

2
3
3
3
3
4
4
2
3

8
10
11
8
10
11
8
8
9

Load (kPa)
6.00 7.64 9.09
Settlement (mm)
25
36
58
32
45
72
37
52
84
23
34
55
29
42
67
34
49
80
21
31
51
25
37
61
31
45
73

to 9 mm. The results also show that the increment
of ground water table due to heavy rain causes the
soil to swell and thus reducing the settlement or
increasing the heaving. Nevertheless, the average
settlement and heaving of the surrounding soil
were 9 mm and 4 mm respectively. These values
are still small if compared to the average
settlement of raft, 83.5 mm.

10.0
75
90
104
70
83
97
63
75
89

Figure 5 exhibits the settlement of raft under
various loads imposed on it. Higher settlement
values were recorded for load 6.00 kPa and 9.09
kPa compared to other load groups. The higher
settlement reading is due to the duration that was
taken for the reading to be stable under the
concerning loads. The duration taken for the loads
6.00 kPa and 9.09 kPa were 12 days and 18 days
respectively. Whilst for the other loads, the
duration of the loading were between 7 to 9 days.
Other factor that influence compressibility
characteristics of peat is soil particle arrangements
[20]. The crushing of peat fibers under 6.00 kPa
and 9.09 kPa loads particularly might have caused
increment in volume change of the soil due to the
decrement of void ratio as a result of
rearrangement of peat fibers and drainage of
excess pore water pressure. Therefore longer
duration taken for the settlement reading to be
stable thus producing higher settlement values
compared to other loads.

Fig. 6 Deformation of soil surrounding the
concrete raft
4. CONCLUSION
Based on the review of the experimental results,
the following concluding remarks were reached:
1. Stage loading method alleviates the
immediate settlement of peat thus avoid
unwarranted structural failure.
2. Usage of concrete raft foundation
generates uniform settlement of peat
under the embankment.
3. Fluctuation of ground water table effects
the deformation of peat due to its
shrinkage and swelling properties.
4. The settlement pattern of the concrete raft
foundation is similar to that of punching
shear.
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Fig. 5 Settlement of concrete raft under various
embankment loadings
Figure 6 indicates that the soil surrounding
the concrete raft experience deformation due to the
embankment loading. Settlement gauge staffs
placed at the distance of 0.25B and 0.5B have
settled between 3 mm to 19 mm. Whereas reading
of settlement gauge staffs located at 0.75B and 1B
indicates occurrence of soil heaving between 1 mm
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