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Abstract

Highly organic soil and peat are problematic soils due to their low bearing capacity and high compressibility. In tropical
regions, the presence of woody material in these soils often affects the stress-compression and time-compression curves in
load-increment consolidation tests, leading to unusual shapes. Consequently, conventional inorganic soil theory and the
C«/Cc concept are inadequate for analyzing their compression behavior. As an alternative, the Gibson and Lo model can
be used to obtain compression parameters from single-load consolidation tests. However, this method introduces
considerable discrepancies when predicting the primary settlement. To address this issue, this paper proposes a formula
for predicting the primary settlement in highly organic soil and peat in the field, especially in tropical regions. Samples
were collected from several locations in Indonesia. The formula was constructed from the stress-strain relationship during
the primary compression stage, obtained from numerous single-load consolidation tests. Long-term field settlement is
predicted by combining this empirical equation for primary settlement with the Gibson and Lo model for secondary
settlement. The proposed formula was verified using field soil monitoring data, demonstrating reasonable accuracy in
predicting the primary settlement of highly organic soil and peat.
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1. Introduction

Highly organic soil and peat are composed of fragmented and decomposed plant materials [1]. These soils are
classified according to their organic content. Peat soil has an organic content exceeding 75% [2], while highly organic
soil has an organic content ranging from 50% to 75% [3]. The parent materials characteristics of highly organic soil and
peat vary depending on the climate region. Highly organic soil and peat in temperate and cold regions are predominantly
composed of Sphagnum moss [4]. Meanwhile, woody materials originating from rainforest trees are mainly found as
the parent materials of highly organic soil and peat in tropical regions [5, 6]. The woody materials can be categorized
into branches, stems, rootlets, roots, and rhizomes; each of them has a different rate of decomposition depending on the
lignin content [4, 7]. Although leaves contribute significantly to peat accumulation, they have the lowest lignin content,
which leads to rapid decomposition. In contrast, the high lignin content present in roots and stems results in a much
slower rate of decomposition. Thus, roots and stems are reported as major components of peat in tropical regions [4, 8-
10]. Tropical, highly organic soil and peat are widespread in Indonesia, covering approximately 13.43 million hectares
across Sumatra, Kalimantan, Papua, and Sulawesi [11]. These soils are considered problematic due to their low bearing
capacity and high compressibility [6, 12, 13]. Despite these challenges, constructing infrastructure on such soils is
sometimes unavoidable. Therefore, soil improvement techniques should be employed to reduce compressibility and
increase the bearing capacity of the organic layer.
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To enhance the role of carbon storage systems, it is crucial to evaluate the impact of improving the engineering
properties of highly organic soil and peat on carbon gas emissions [14]. Organic material in these soils is continuously
decomposed by microorganisms under aerobic (oxygen-rich) and anaerobic (oxygen-poor) conditions, releasing carbon
dioxide and methane gas, respectively. The decomposition rate increases significantly under aerobic conditions, which
naturally occur near the soil surface, where oxygen from the atmosphere can diffuse into the highly organic soil and peat
layer [5]. However, aerobic conditions can also occur when the groundwater table decreases, leading to significant land
subsidence [5, 6] and releasing sufficient carbon gas emissions [15]. To avoid these environmental issues, soil
improvement techniques should not involve the process of lowering the groundwater table in the organic layers or
absorbing the natural water content of highly organic soil and peat. Therefore, preloading is considered a more
sustainable technique for improving bearing capacity and reducing long-term compression in highly organic soil and
peat.

Typically, highly organic soil and peat exhibit a short duration of primary compression and significant secondary
compression [16-18]. Unlike inorganic soil, the void space of highly organic soil and peat is comprised of both
macropores and micropores. Primary compression occurs due to water draining out from macropores. The primary
compression is then followed by the secondary compression, which involves the drainage process of water from
micropores into macropores [19]. The primary settlement of highly organic soil and peat in the field will be completed
within a few weeks or months [17] and is followed by secondary settlement. Therefore, the long-term settlement of these
soils must be considered to prevent infrastructure collapse due to excessive settlement [20].

Unfortunately, since highly organic soil and peat exhibit significant differences in compression behavior compared
to inorganic clay, Terzaghi’s one-dimensional theory developed for clay is almost not applicable to these soils [21, 22].
Several studies have indicated that the void ratio (e) versus logarithmic effective stress (c”) curve for highly organic soil
and peat, obtained using the load-increment method in one-dimensional consolidation tests, often consists of two
straight-line segments [1, 23-27], as illustrated in Figure 1. The unique compression behavior is also obvious in the void
ratio (e) versus logarithmic time (t) relationship curve. The short period of primary compression followed by a high rate
of secondary compression in highly organic soil and peat often causes the e-log time curve to deviate from the typical
S-shape observed in clays [16, 28-30]. Consequently, determining the primary compression index (C¢) and secondary
compression index (C,) using conventional inorganic soil theory proves to be challenging.
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Figure 1. The unique shape of normalized void ratio versus effective stress curves of peat [31]

To address the challenge in predicting the compression of tropical highly organic soil and peat, C./C. concept
proposed by Mesri & Godlewski [32] and the Gibson & Lo model [33] proposed by Edil & Dhowian [20] are commonly
used as alternative methods to predict the compression behavior of highly organic soil and peat. However, applying
these methods to tropical highly organic soil and peat are challenging due to the influence of coarse fiber characteristics.
For instance, Figure 2 illustrates the e-log time relationship of tropical highly organic soil from Riau, Indonesia under a
load-increment consolidation test. The sample, with an organic content (Oc) of 72.40%, water content (wc) of 213.68%,
and initial void ratio (eo) of 3.715, exhibits nearly linear e-log time relationship curves for each load increment. This
curve shape indicates a very short duration of primary compression, followed by high rate of secondary compression.
Additionally, several studies have reported that a linear e-log time relationship is also observed when the coarse fibers
of the woody materials experience the apparent fiber reinforcement [29, 31]. The apparent fiber reinforcement refers to
the temporary strength of the coarse fiber to retain the applied load. This phenomenon causes several stages of load
increment to exhibit a short period of primary compression followed by a relatively small total compression magnitude.
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Due to the linear shape of the e-log time relationship curve, identification of the end of primary compression (t,) to
determine C, is only possible once the excess pore pressure has dissipated or becomes negligible [34]. As a result,
determining C, for tropical highly organic soil and peat with a conventional Oedometer apparatus is challenging, which
limits the applicability of the C,/C. concept when excess pore pressure data is absent.
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Figure 2. e-log time relationship of tropical organic soil from Riau under load-increment consolidation test

In 1979, the Gibson & Lo model [33] was first applied by Edil & Dhowian [20] to predict the secondary compression
of peat. This model can be applied with both load-increment and single-load methods in one-dimensional consolidation
tests. To address the linear shape of the e-log time relationship often observed in tropical highly organic soil and peat,
the single-load method in one-dimensional consolidation tests appears to be more advantageous. Moreover, applying
the Gibson and Lo model with the single-load consolidation test method for field predictions of long-term compression
has yielded satisfactory results [35]. Unfortunately, this model assumes that primary compression occurs without
considering the dashpot effect, which contributes to significant discrepancies during the early stages of compression and
leads to an overestimation of primary compression [28, 35, 36]. Consequently, current methods for predicting the
primary compression behavior of highly organic soil and peat in the field remain inadequate.

Considering the described problems above, this study aims to develop a rapid method for predicting the primary
compression of tropical highly organic soil and peat in the field. To achieve this objective, time-compression data from
single-load consolidation tests were collected. The samples used were tropical highly organic soil and peat from various
locations in Indonesia. Subsequently, the stress-strain relationship in the primary compression stage, under numerous
single-load consolidation test data, was analyzed to develop a new empirical equation. The applicability of the proposed
formula is assessed by comparing settlement predictions with field settlement monitoring data. Additionally, the
proposed formula’s applicability is compared to the Gibson and Lo model to assess its performance.

2. Material and Methods
2.1. Laboratory Investigation Data

Figure 3 shows the peatland map of Indonesia [37]. Physical properties and single-load soil consolidation test data
of tropical highly organic soil and peat were collected from several provinces in Indonesia, including Central
Kalimantan, South Kalimantan, Riau, Aceh, and West Sumatra, as secondary data. Additionally, primary data samples
were obtained from Central Kalimantan, Riau, and North Sumatra. The locations of sample collection sites are indicated
by red points in Figure 3. The classification of organic soil and peat follows to ASTM D2487 [38] and MacFarlane and
Radforth [39]. Initial physical properties such as unit weight (y), specific gravity (Gs), fiber content (F), water content
(wc), and the void ratio (e), are presented in this paper.
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Figure 3. Locations of tropical highly organic soil and peat sample collection

Legend

The strain of primary compression (gp) was determined from the collected single-load consolidation test data as
follows:

_ Dep
& = 1+eq @)

where Aey is the magnitude of primary compression (excluding immediate compression) and e, is the initial void ratio.
The strain of primary compression (gp) and the effective vertical stress (¢”) are then plotted together. The plotted data
will be analyzed using the least-square method, and a new empirical equation will be developed. When the thickness of
tropical highly organic or peat layer in the field (Hrieid) is known from field investigations, the primary compression in
the field (Spied) can be estimated using the following approach:

Sp,pred = g X Hfielq 2

The accuracy of the proposed formula for predicting the primary compression of tropical highly organic soil and
peat in the field is then compared with that of the Gibson and Lo model. Predictions of strain at specific times are
calculated using the procedures described by Edil & Dhowian [20], as detailed below:

e(t) = Ao [a +b (1 - exp_(%)'tﬂ 3)

where Ao is the stress increment, t istime, A/b is the factor of secondary compression rate, a is the parameter of primary
compression, and b is the parameter of secondary compression. The empirical parameters (a, b, and A) in the Gibson and
Lo model are determined by plotting the logarithmic strain rate [log (Ag/At)] versus time (t). The resulting curve should
form a straight line within the range corresponding to the secondary compression. The values of a, b, and A are then
obtained from the slope and intercept of this straight line as follows:

Slope of the straight line = —0.434 (%) 4)

Intercept of the straight line = log;,(Ac. 4) (5)
A

a= % —b+Db. exp_(ﬁ)'t" (6)

where tx is the last time reading of compression taken in the laboratory.

2.2. Field Settlement Monitoring Data

Field settlement monitoring data were collected to assess the applicability of the proposed formula for predicting the
primary settlement of tropical highly organic soil and peat in the field. Three sets of field settlement plate monitoring
data were collected from Indonesia: one from a trial embankment constructed in Palangkaraya, Central Kalimantan, and
two from the Padang-Sicincin highway project in Padang, West Sumatra. The geometry of the embankments and soil
properties data are presented in this paper.

3. Interpretation of Result and Discussion
3.1. Physical Properties

The physical properties of tropical highly organic soil and peat samples are summarized in Table 1. All physical
property data are presented as average values. As indicated in Table 1, the organic content (Oc) of the samples varies,
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with the lowest value being 48.48%. The unit weight of the tropical highly organic soil and peat studied is approximately
10 kN/m3. The fiber content ranges from 31.35% to 74.92%, classifying these soils as fibrous highly organic soil and
peat according to McFarlane and Radforth [39]. The presence of fiber in highly organic soil and peat contributes to its
higher water absorbance capacity compared to inorganic soil. The water content of tropical highly organic soil and peat
in this study ranges from 367.52% to 1171.36%, indicating a moderately to highly water absorbent capacity [2].
According to visual observations and previous research, the parent materials of each sample presented in Table 1 are
classified as woody materials.

Table 1. Physical properties of tropical highly organic soil and peat samples

Organic Unit weight, y Spesific Fiber content, ~ Water content, Void

No. Origin content, Oc (%) (KN/m®) Gravity, Gs Fc (%) W (%) ratio, e Ref.
Palangkaraya, Central Kalimantan 98.91 10.00 1.44 53.33 536.33 8.17

! Banjarmasin, South Kalimantan 95.38 9.64 1.38 61.33 449.84 6.89 40l

2 Indragiri Hilir, Riau - 10.04 1.50 37.61 612.83 10.70 [41]

3 Indragiri Hilir, Riau 95.54 9.80 1.50 44.48 715.44 11.52 [25]

4 Kampar, Riau 72.40 11.00 1.57 41.08 306.92 3.95

5 Pulang Pisau, Central Kalimantan 97.46 10.06 1.42 - 641.73 9.45 [42]

6 Palangkaraya, Central Kalimantan 97.64 9.84 1.69 44.84 746.62 15.54 [43]

7  Palangkaraya, Central Kalimantan 99.14 9.81 151 50.91 511.27 7.51 [44]

8 Palangkaraya, Central Kalimantan 98.72 10.56 1.46 46.09 649.78 9.70 [45]

9 Palangkaraya, Central Kalimantan 92.77 10.97 141 31.35 657.01 9.19

10 Aceh Barat, Aceh 92.27 9.98 1.36 46.13 1171.36 15.80 [46]

11  Serdang Bedagai, North Sumatra 88.21 10.13 1.45 67.44 513.87 7.50

12 Padang, West Sumatra 48.48 10.7 1.64 42.00 367.52 5.30 [47]

13 Padang, West Sumatra 68.00 9.96 1.29 74.92 468.15 5.93 [48]

3.2. Relationship between the Strain of Primary Compression and Effective Stress

The analysis of the relationship between the strain of primary compression (gp) and the effective stress (6”) began by
determining g, from each single-load consolidation test using Equation 1. Samples from North Sumatra that exhibited
apparent fiber reinforcement were excluded. The values of €, were then plotted against the logarithm of ¢’ for 62 single-
load consolidation tests, as shown in Figure 4, where the effective stress (6”) ranges from 10 kPa to 640 kPa. A positive
relationship was observed, indicating that an increase in effective stress leads to a greater magnitude of primary
compression. This linear relationship will be used to estimate the primary compression magnitude of tropical highly
organic soil and peat in the field based on the design load. Using the slope and intercept parameters from Figure 4, the
gp value can be determined using the empirical equation as follows:

g, = 0.1062 In(c") - 0.238 (7)
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Figure 4. Strain of primary compression versus effective stress relationship (semi-logarithmic scale)
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3.3. Field Investigation Data

The first field investigation data was collected from a trial embankment located between Tumbang Nusa & Bereng
Bengkel (KM. 35+000 to KM. 42+000), Palangkaraya, Central Kalimantan, Indonesia. At this site, the natural soil layers
consist of 3 meters thick peat layer at the top and clay underneath (Figure 5-a). The physical properties of the peat layer
are presented in Table 2. According to ASTM D4427 [2], the peat at this site is classified as hemic peat with moderate
water absorbent capacity. Visual observation in Figure 6 indicates that the peat studied is composed of leaves, roots, and
stems, classifying it as woody peat.

corduroy settlement plate
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Figure 5. Trial embankment in Palangkaraya: a). Cross section and soil stratigraphy, b). Settlement plate configuration

Table 2. Peat physical properties of trial embankment in Palangkaraya

Parameters Unit  Average value
Unit weight, y KN/m?3 9.84
Water content, w; % 746.62
Specific gravity, G, kg/m3 1.69
Organic content, O¢ % 97.64
Fiber content, F, % 44.84

Fiber Size Distribution

Foreign % 10.8
Coarse % 19.1
Medium % 1.8

Fine % 68.3

Figure 6. Coarse fiber of peat from Palangkaraya
An embankment with a total thickness of 4 meters was constructed above the natural soil surface, as illustrated in

Figure 5. Sand was used as the embankment fill material and compacted to achieve a unit weight of 19.15 kN/m?3. A
corduroy was installed prior to embankment construction to reduce differential settlement. Fifteen settlement plates were

3498



Civil Engineering Journal Vol. 10, No. 11, November, 2024

installed on the embankment, with their configuration shown in Figure 5-b. The trial embankment was constructed to
height of 4 meters, corresponding to a total load of 76.6 kN/m2. The soil settlement was measured over a period of 590
days. The data recorded for settlement plate No. 8 (SP-8), as shown in Figure 7, indicate a total settlement of 0.994
meters at the end of the measurement period.

5

1
=

Height of embankment (m)

Settlement (m)

0 100 200 300 400 500 600
Time (days)

Figure 7. Step loading and recorded soil settlement at settlement plate No. 8 (SP-8) of trial embankment in Palangkaraya

Another field investigation was conducted at STA. 7+450 [47] and STA. 10+400 [48], Padang-Sicincin section of
the Trans-Sumatra highway project. The soil stratigraphy for each section is shown in Figure 8-a and 8-b. According to
Figure 8-a, the organic layer with a total thickness of 3 meters is laid above the silty clay. Meanwhile, Figure 8-b shows
two layers of organic soil at STA. 10+400: 2 meters thick of top organic layer lies between soft silty clay layers, and 7
meters thick bottom organic layer. Table 3 presents the physical properties of the organic soil, taken at 1.5 meters depth
for STA. 7+450, and 2 meters of depth for STA. 10+400. All physical property data are presented as average values.
The fiber content at both locations is notably high, at 42.11% for STA. 7+450 and 68% for STA.10+400, respectively.
This high fiber content is consistent with the presence of woody materials observed during on-site inspection, as shown
in Figures 9 and 10. The noticeable stem on this soil also correlates with the high percentage of coarse fiber presented
in Table 3.
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Figure 8. Soil embankment cross-section and stratigraphy on the Padang-Sicincin Highway: (a) STA. 7+450, (b) STA. 10+400

Table 3. Physical properties of highly organic soil in Padang-Sicincin Highway

Parameters Unit  STA.7+450 STA. 10+400

Unit weight, y kN/m? 10.5 10.1

Water content, w; % 367.52 468.71
Specific gravity, Gs kg/m® 1.591 1.283

Organic content, O % 48.48 68
Fiber content, F¢ % 42.11 76.69
Fiber Size Distribution

Foreign % 244 3.25
Coarse % 70.39 40.64
Medium % 23.43 27.27

Fine % 3.74 28.84
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Large Woody
Materials

Figure 10. Woody materials of highly organic soil at STA. 10+400, Padang-Sicincin Highway

The embankment fill materials in each section have a density of 18.5 kN/m3. Surcharge preloading was chosen as
the soil improvement method. However, due to the thicker compressible organic layer at STA. 10+400, the surcharge
preloading was combined with prefabricated vertical drain (PVD). The preloading at STA. 7+450 was completed in 64
days with a total height of 5.889 meters (equivalent to a total load of 108.95 kN/m?). Meanwhile, the preloading at STA.
10+400 was completed in 180 days with a total height of 8.2 meters (equivalent to a total load of 151.7 kN/m?). The
settlement measurements were recorded at the centerline of the embankment. According to the recorded data, the final
total settlement at STA. 7+450 and STA. 10+400 is 1.056 meters (Figure 11-a) and 2.752 meters (Figure 11-b),

respectively.
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Figure 11. Step loading and recorded soil settlement on the Padang-Sicincin Highway: (a) STA. 4+750, (b) STA. 10+400
3.4. Assessment of The Proposed Formula

The applicability of the proposed formula is assessed by comparing the predicted settlement magnitudes of tropical
highly organic soil and peat with those obtained from field measurements. Additionally, the predicted primary
settlement magnitudes from the proposed formula are compared with those predicted by the Gibson and Lo model. In
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order to determine the settlement of tropical highly organic soil and peat, the total settlement recorded on the
racted by the predicted primary settlement of clay, as shown in
highly organic soil and peat (indicated by the ash dashed line in
Figure 12) is then re-plotted as settlement versus logarithmic time for the purpose of analyzing its primary settlement

settlement plate shown in Figures 7 and 11 is subt
Figure 12. The resulting settlement data for tropical

magnitude, as shown in Figure 13.
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Figure 12. Recorded total field settlement, predicted clay settlement, and predicted organic or peat settlement: trial

embankment in Palangkaraya and Padang-Sicincin Highway

3501

Vol. 10, No. 11, November, 2024




Civil Engineering Journal

Vol. 10, No. 11, November, 2024

Time (days)
1 10 100 1000
100
1 r 80
<
Q
1 L 60 X
)
1 F40 B
o
|
1 r 20
0.0 0
—~ -0.2 1 3
B Vo[
g -0.4 1 __\:___ +
§ -0.6 '.‘ } Sp,z 3
0.8 1 ‘ (a) Trial embankment (SP-8) ‘ ' i
|
Time (days)
1 10 100 1000
125
: L 100
<
o
1 s 2
©
i t50 QB
o
|
1 r 25
0.0 0
— 02 ] . So L
£ N
=2 04 -
g s
S 06 1 \ = -
=1 A
[eb] r T\
n 08 + S LR e L
: :‘ (b) STA. 7+450 Padang-Sicincin ‘
-1.0 L
Time (days)
1 10 100 1000
200
1 L 150 T
o
] <
+ 100 ©
i he]
(5]
o
| tso =
0.0 0
— 05 1 \ Soa |
€
2 -10 =\
\“\ s L
£ 15| = B2
=1 S
13 o EE
9D o0 £ o [ = I
: :‘ (c) STA. 10+400 Padang-Sicincin ‘
25 L

Figure 13. Determination of field primary settlement (Sp,meas) for the trial embankment in Palangkaraya and Padang-
Sicincin Highway

Due to the step loading in the field, which causes the soil to undergo multiple phases of primary and secondary
settlement, each settlement phase of the tropical highly organic soil and peat is identified separately. For practical

3502



Civil Engineering Journal Vol. 10, No. 11, November, 2024

purposes, the step loading is simplified into two loading stages for each site. Subsequently, the primary and secondary
settlement phases of tropical highly organic soil and peat are separated by identifying an intersection point on the
projection of the two straight lines, as indicated by the dashed line. The magnitude of primary settlement in the field
(Spmeas) is determined based on these step loadings, and the results are presented in Table 4.

Table 4. Comparison of primary settlement magnitude: field measurements versus predictions

Load,6 Hrmg Field measurement, Predicted Field Primary Settlement

(kPa)  (m) Sp.meas (M) Proposed formula (m)  Error (%) Using Gibson & Lo, 1961 (m)  Error (%)
A. Trial Embankment in Palangkaraya (SP-8)

45.96 3 0.44 0.506 14.9% 0.929 111.1%
76.6 0.69 0.668 3.1% 1.561 126.3%
B. STA. 7+450, Padang-Sicincin Highway
24.75 0.3 0.308 2.8% 0.273 9.1%
108.95 3 0.7 0.781 11.5% 1.022 45.9%
C. STA. 10+400, Padang-Sicincin Highway
81.40 0.86 2.048 138.1% 2.255 162.2%
151.70 ® 1.33 2.610 96.2% 2.984 124.4%

The comparison of the primary settlement predictions from the proposed rapid method and the Gibson and Lo model
with observed field settlement measurements is presented in Table 4. The influence of the depth factor is considered to
determine the load distributed in each soil layer. The strain of primary compression (gp) and the magnitude of predicted
primary settlement (Sppred) for the proposed formula are calculated using Equations 7 and 2, respectively. The Gibson
and Lo compression parameters (a, b, and A) for samples from trial embankment in Palangkaraya and Padang-Sicincin
Highway are shown in Tables 5 and 6, respectively. These parameters are determined based on the load-increment
consolidation tests. Since soil consolidation data for organic soil at STA. 10+400 in Padang-Sicincin Highway are only
available for the top organic layer, the Gibson and Lo compression parameters for the bottom organic layer are assumed
to be the same as those for the top layer.

Table 5. Gibson and Lo compression parameters of peat at trial embankment in Palangkaraya

Effective Stress, ¢' (kPa)

Parameter
5 10 20 40 80

L (m%kN)  2.05x10° 2.07x10° 2.00x10° 2.00x10°® 1.51x10°
b (Mm?/kN) 0.0016 0.0021 0.0015 0.0016 0.0009
a (m2/kN) 0.0029 0.0060 0.0063 0.0074 0.0065

Table 6. Gibson and Lo compression parameters of highly organic soil in the Padang-Sicincin Highway

Effective Stress, ¢' (kPa)
25 50 100 200

Parameter

A. STA. 7+450, Padang-Sicincin Highway

A (m?/kN) 1.38x10°  4.65x107 7.55x107 6.55x107
b (M?/kN) 0.0010 0.0007 0.0005 0.0003
a (m?/kN) 0.0037 0.0074 0.0058 0.0041

B. STA. 10+400, Padang-Sicincin Highway

A (m?/kN) 1.25x10° 3.12x10° 1.99x10° 1.13x10°
b (M?/kN) 0.0011 0.0019 0.0012 0.0005
a (m¥kN) 0.0039 0.0080 0.0076 0.0055

The error percentage value in Table 4 indicates that the proposed primary settlement prediction method yields results
closer to field measurements than the Gibson and Lo model. The proposed formula has an error percentage of less than
15% for trial embankment in Palangkaraya and STA. 7+450 in the Padang-Sicincin Highway, while the Gibson and Lo
model shows an error percentage of up to 126.3%. Notably, significant errors are observed at STA. 10+400 in the
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Padang-Sicincin Highway for both methods. Although the proposed formula demonstrates a smaller error overall,
caution should be exercised due to a large discrepancy between predicted and field-measured settlements at STA.
10+400 in the Padang-Sicincin Highway.

The overestimation of primary settlement predictions at STA. 10+400 in the Padang-Sicincin Highway can be caused
by two factors. First, the settlement of the bottom layer of the organic soil is predicted using data from the top layer, in
which the top organic layer is more compressible due to lower overburden pressure. Second, the substantial amount of
large woody materials in the organic soil at STA. 10+400 in the Padang-Sicincin Highway (as shown in Figure 10)
contributes to apparent fiber reinforcement, which reduces compressibility. Therefore, field investigations, such as
boring and sampling, are essential to identify the presence of large woody materials in tropical, highly organic soil and
peat.

The long-term settlement prediction of the tropical, highly organic soil and peat studied is shown in Figure 14. The
primary settlement is predicted using the proposed formula, while the secondary settlement is predicted using the Gibson
and Lo model. The secondary settlement is calculated as the difference between total settlement and primary settlement
predicted by the Gibson and Lo model. Figure 14 indicates that the secondary settlement predictions closely match field
measurements. The slight difference between the settlement predictions and field measurements arises because the
prediction method assumes that primary compression occurs without any time delay effect. Overall, the long-term
settlement can be predicted by combining the proposed formula for primary settlement with the Gibson and Lo model
for the secondary settlement.
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Figure 14. Evaluation of the proposed formula and the Gibson and Lo model for predicting long-term settlement of trial
embankment in Palangkaraya and Padang-Sicincin Highway
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4. Conclusions

Based on the analysis of numerous single-load consolidation test data and field settlement measurements of tropical
highly organic soil and peat, several conclusions are made as follows:

o The parent materials of the tropical highly organic soil and peat samples studied are classified as woody materials.
The organic content varies, with the lowest value being 48.48%. All samples are classified as fibrous highly organic
soil and peat, with moderate to high water absorbance capacity.

e The proposed formula that describes the relationship between strain of primary compression (gp) and effective
stress (c”) is given by: g, = 0.1062 In(0") - 0.238.

o The field primary settlement can be predicted using the proposed formula (No. 2) if the thickness of the tropical
highly organic soil and peat layer in the field is known.

e The field secondary settlement can be predicted by using the Gibson and Lo model. The empirical parameters (a,
b, and A) for this model are determined from the single-load method of one-dimensional consolidation tests, where
the applied load must match the load applied in the field.

e The total settlement of tropical highly organic soil and peat can be predicted by combining the primary settlement
predicted using the proposed formula with the secondary settlement predicted by the Gibson and Lo model.

o Caution should be considered when dealing with the tropical highly organic soil and peat containing large woody
materials, as these factors can lead to an overestimation of primary settlement predictions.
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