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Abstract: Problem statement: Organic soils and peat were believed to be geotealiy problematic

due to their very high compressibility, very lowesi strength and difficult accessibility. Although
conventional soil mechanics theory could be appitethe soils, it was found that important anonslie
existed which required special considerations. €ations between geomechanical parameters for the
soils were known to be important for geotechnicadieeers to be able to obtain suitable design
parameters, as well as to find suitable constradehniques on these soft materidlpproach: To
evaluate the geomechanical characteristics ofdhg, $ield and laboratory investigations were &zr

out according to the organic contents. To achiaweh purpose, the soils samples having different
organic contents from several locations in Malaysere collected to determine the correlations of
various geomechanical properties of the soils. dlhssifying tests were determined based on the test
procedures according to the British Standard ustih. The compressibility behavior of the soilsswa
determined by Rowe cell consolidation td3esults: The test results indicated that the natural water
contents, organic contents, liquid limits, specii@avities and bulk densities ranged from 150-700%,
50-95%, 180-500%, 1.05-1.9 and 0.8-1.2 Mgmespectively. The compression indexes of thessoil
were higher than Hobbs and Skempton’s approximstiGonclusion/Recommendations. The soils
properties were highly dependent on the organidesis. With an increase in organic content, the
natural water content, liquid limit, compressiodeéx and void ratio increased and the specific tyavi
and bulk density decreased. Furthermore, the handcsapric peat had lower shear strength than the
fibrous peat. The first-of-its-kind study was thestf step on the road to persuade researchers to
improve these problematic soils.
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INTRODUCTION However, the cutoff value of the percentage of
organic matter necessary to classify a superficial

Peat is a mixture of fragmented organic materialdeposit or soil as peat varies throughout the world
formed in wetlands under appropriate climatic andusually depending on the purpose of classificafidns
topographic conditions and it is derived from vegieh  cutoff value also serves to differentiate peat from
that has been chemically changed and fossffizéteat  superficial deposits or soils with lesser amounts o
is partially or totally decomposed remains of deadorganic content. The terms peat and organic sasied
plants which have accumulated under water for tens for describing soils with an organic content, wenee
thousands of year. Decomposition or humificationsynonymous but term organic soils is presently dsed
involves the loss of organic matter either in gasno  superficial deposits or soils that contain organic
solution, the disappearance of physical structarethe ~ mattef.
change in chemical state.

Peat is generally found in thick layers in limited Development of peat land: These soils are found in
areas, has low shear strength and high compressiveany countries throughout the world. In the UStiea
deformation which often results in difficulties whe found in 42 states, with a total acreage of 30iomill
construction work is undertaken on the deposit.t Peahectares. Canada and Russia are two other countries
represents the extreme form of soft soil. It isoaganic  with a large area of peat, 170 and 150 million &exg,
soil which consists more than 75% of organic mdffer respectivel{!. For cases of tropical peat, or tropical
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peat lands, the total world coverage is about 30omi RESULTS
hectares, two thirds of which are in Southeast Asia
Malaysia has some 3 million hectares, about 8%hef t Correlations of index properties:

country’'s land area covered with tropical peat. Inwater content-organic content: Figure 1 shows plot

Indonesia peat covers about 26 million hectarethef of organic content with natural water content opical

land area, with almost half of the peat land totel organic soils.

Kalimantan. The natural water contents of these soils were
found to the range from 150-700%, with organic

Classification of peat and organic soils: The soils content in the range of 50-95%. Empirical relatldps

with organic content of greater than 20% are gdlyera between organic content with natural water contént

termed organic soils. Peat is an organic soil whichropical organic soils could be written as:

consists more than 75% of organic matters. Theiggec

classification of peat however varies between soil OC(%)= 0.0592m (%} 54.3

science and engineering, as well as between cesntri

The geomechanical engineering definition is esabyti  \y/here:

based on geotechnical properties of the soil. m = Water content

~ However Hobb¥ and Edif!, suggest the oc - Organic content

important following characteristics should be irzd

in a full description of a peat: Color, degree of

humification (fibric, hemic, sapric), water content

organic content, Atterberg’s consistency and fibe

content.

The content of peat soil differs from location to
location due to the factor such as the origin fiber
temperature and humidity.

These soils are geomechnically problematic due to
their high compressibility and low shear strength.Where:

Hence, suitable geomechnical design parameters and. = Liquid limit
construction techniques needed for this type ofigdo OC = Organic content
condition.

This study presented correlations of engineering  _°_ ]
properties and compressibility behavior of various 5 -
types of tropical peat soil from several locatidns
Malaysia.

Organic content-liquid limit: Figure 2 shows the
rgraph of organic content versus the liquid limit.

Empirical relationship between organic content and
liquid limit was found as:

OC(%)= 0.1747LL (%) 20.37

1004
+ Bkt Changgang peat
2 Seri Medan

* Parit Sulong
* Kg Jawa Kelang

30 - * Kg. Samak, Perak
40 +Kg. Kelembu
MATERIALSAND METHODS 304 OC (%) =0.06m (%) = 54.34 o Kyala-Sepetang

Organic content, O
\
=Y

+ Kuala Langat Peat

The main objective of this research was to fintl ou 0 20 400 60 800
the effect of organic content on geomechnical Naturalmoisture content, m (%)
parameters. Geomechnical properties of peat sedl us _.
in the classification system of peat namely: Theewa ™9
content, organic content, specific gravity, fibentent,
degree of humification, Atterberg limits and shear
strength parameters were determined based on test
procedures according to the British Standard
Institutio®.  Apart from the classifying tests,
compressibility behavior of the peat soil was
determined by Rowe cell consolidation test.

1: Water content-organic content

1104 4 Bkt Changgang peats

1004 o KualaLangat peats
90+ + Seri Medan

o Parit Sulong

* Kg Jawa Kelang

+ Kg. Samak. Perak

o Kg. Kelembu

( H'g,uni\; content, OC (%)

Peat soil samples collected from several locations 1 0C (%) =0175LL (%) 2037, Kyala Sepetang
in Malaysia, namely Johore, Perak, Sarawak and o7 0 00 P
Selangor. These soils represented tropical ocgani Liquid limit. LL (%)
and peat soils with organic content ranging from 50
95%. Fig. 2: Organic content-liquid limit
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Fig. 3: Natural water content-liquid limit

i Fig. 5: Bulk density-organic content
Based on the experimental data obtained in the
laboratory, our observations approximately agregtd w
Gs=5.2636 (OC)-0.2848 correlation proposed by Den H&&nwhich is:

[
n

ra

G, =1(0.36% OG- 0.371)

Speatlic gravity, Gs

1.5
S Bulk density-organic content: Figure 5 shows a graph
+ Dutch soils ¢ Ko JawaKelang % , Kuala Sepetang . . .
1 o . : of bulk density and organic content of the tropipaht
Tropical soils - Kg. Samak Perak o Kuala Langat . . .
. o o and organic soils of this study.
* Parit Sulong Kg. Kelembu o Bkt Changgang . . . .
0.5 : The following relationship was derived from
0 20 40 60 80 100 H HP
QOrganic content OC (%) troplcal pea‘t soils:
. eps . . _ -4.9032
Fig. 4: Specific gravity-organic content OC=57.266xy,

Based on this study, the range of liquid limit wasWhere:
from 180-500% for the Malaysian peat soils. OC = Organic content
Vo = Bulk density
Water content-liquid limit; Figure 3 shows a plot of

water content versus the liquid limit. The bulk density of organic soil was in the raofe

0.8-1.2 Mg m® compared with the bulk density of

Specific gravity-organic content: Figure 4 showed a inerg)| soils which is in the range of 1.8-2.0 Mgm

graph of specific gravity with organic content, foeat
soils. Compressibility:
The average specific gravity of organic soil c Fe)l fy ibilit ties
particles could be calculated from: orreiations of compressibitl y_proper I€S.
Compression index-liquid limit: The plot of found

compression index (& versus the liquid limit of the
organic soils (Fig. 6) shows that JCincreased with
increase in liquid limit of the soils.

Gs = 5.2636 x (OCJ?*

Where:
Gs = Specific gravity

Void ratio-liquid limit: Figure 7 shows a plot of the
OC = Organic content

initial voids ratio versus liquid limit values olitad for
tropical peats from Malaysia together with those

Specific gravity of the peat was in the range ofnormally consolidated peat found By The general
1.05-1.9, in about the same range to that of Dearifla trend was the void ratio that increased with
observations. increase in liquid limit.
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Fig. 6: Compression index-liquid limit
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Fig. 7: Void ratio-liquid limit
Its relationship is:

e=3.2093 Ln (LL (%)) 11.83

Where:

e = Void ratio

LL = Liquid limit

limit:

Compression ratio-liquid

The values of
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Fig. 8: Compression ratio-liquid limit
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Fig. 9: Vane shear strength-moisture content

DISCUSSION

Peat and water: For organic soil, the water is held in
the organic matters and cells of the plant remain.
Organic soils had very high natural water content,
which could be in excess of 700%, compared with
mineral soils (sand, silt and clay), whose valueshie
field may range between 3-70%, but with values of
greater than 100% are sometimes found in soft soils

(C/1+&) determined from the laboratory test on below ground water table.

tropical organic soil samples from Malaysia arevamo

in Fig. 8.

Shear strength:
Vane shear strength-moisture content: The plot of

moisture content against vane shear strength wasrsh

in Fig. 9.

These observations agreed with what have been
carried out by McBrier)!, but the maximum water
content, found in tropical organic soils with high
organic content is less than Irish peat

Organic contents and peat index parameters
relationships: The natural water contents and liquid
limits were found to increase with increase in oiga

At the same moisture content, the high fibrous peacontent. The specific gravity of peat decreasedh wi
(Hi-Hz) gave higher strength compared with thejncrease in organic content. According to the test

medium and low fibrous peat gHH;g).

results, the bulk density increased with decrease i
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organic content. This was due to the lower specific
gravity of the particles and the higher water huoddi
capacity in peat compared to mineral soils. Theltes
revealed that organic content played a key roléhen °
soils properties.

Deformation characteristics of peat: The empirical *°
relationship between the compression index and
liquid limit suggested for organic soils
(C. = 0.009(1.-10)) gave a reasonable approximation of®
these parameters. Hobbsstimated the compression
index of fen peat was about 0.007{10), which gives
slightly lower value of (Q.

Compression index of tropical peat samples tested
(Fig. 6) however, were apparently little higherrthithe

The bulk density increased with decrease in
organic content. The bulk density of organic soils
was in the range of 0.8-1.2 Mg
The compression index {C increased with
increase in liquid limit of the soils. The void it
increased with increase in liquid limit
Despite the large variations, which occurred within
organic and peat soils, the variation in the rafio
(C/1+e&) was relatively small
In general, fibric peat (HHs) had higher shear
strength than hemic @Hg) and sapric (KH1g)
peat
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higher, which is likely due to higher in situ voidtio

(eg). The value of (§ depends on the in situ vertical
stress; hence, {eshould be that appropriate to the very
low effective stress conditions. 1.

Correlations between shear strength properties:
Figure 9 showed a decreasing behavior of shear
strength with increasing water content. Determomati  2-
of shear strength parameters for organic soilsyits
other soils, is important and somehow a difficalb jn
geomechnical engineering. For organic soils, séverad-
methods have been used to determine the undrained
shear strength namely; laboratory Swedish fall-cone
test, triaxial test, shear box test and vane skesir
Presence of fibers and their varying interactiothimi

the shearing mode imposed by the particular testing
procedure however creates difficulties in assestieg
true operating strength value. The fibric peat-tH) 5.
had higher shear strength than hemigKt) and sapric
(H7-Hio) peat.

CONCLUSION 6

* The natural water content was found to increase
with increase in organic content. The natural water
contents of organic soils were found to range from
150-700%, with organic content in the range of 50-/-
95%

e The liquid limit of the organic soils increased hwit
increase in organic content. The range of liquid
limit was between 180-500% for the Malaysian
peat soils

e The liquid limit of tropical peat and organic soilé
this study was found to increase with increase irB-
water content

e The specific gravity of peat decreased, with
increase in organic content and Specific gravity of
the peat was the range of 1.05-1.9
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