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Compressibility Behavior of Tropical Peat Reinfor ced with Cement Columns
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Abstract: This paper presents the compressibility of trapjmeat reinforced with cylin-
drical cement columns. When a cement column isillest vertically in peat, its compres-
sibility is reduced because of the hardened skeletatrix formed by cement particles
bonding with adjacent soil particles in the preseatpore water. The effects of the ce-
ment column diameter on the compressibility havenbimvestigated in this study. The
results indicated that compressibility indéxandC, decreased with increasing diameter
of the cement column. Specimens with 45 mm (aréa ra0.09) diameter and 60 mm
(area ratio = 0.16) diameter of single cement columre cured for 7, 14 and 28 days,
after which they were subjected to Rowe Cell Cadstibn test. Results are also pre-
sented from test conducted on groups of cementhuw@uwising four (area ratio = 0.04)
and nine (area ratio = 0.09) columns of 15 mm ditameach to investigate the influence
of number of cement columns on compressibility eatpsoil. Based on the results ob-
tained, it shows that cement columns can succéssfduce the compressibility of tropi-
cal peat.

Keywords: Cement columns, deep soil mixing, organic soigtmmil, Rowe Cell consol-
idation.

INTRODUCTION Experimental Design and Laboratory Work: The
main objective of this research is to find out é¢ffilect of

Peat represents the extreme form of soft soik & cement column on compressibility when installed in
organic soil which consists more than 70% of organitfopical peat soil. Apart from that researcher|&an-
matters. Peat deposits are found where conditioas g€rested to examine the peculiar engineering behayi
favorable for their formation. In Malaysia, somen@-  tropical peat with respect to their compressibititya-
lion hectares of land is covered with peat. Whildri- racteristics due to variation in fiber content amwdanic

donesia peat covers about 26 million hectares ef tf&/

country land area. Two third of th_e W(.)rld coverage gravity and density of various type of tropical peare
tropical peat are In South East A§|_a. Smce themye  oiained to establish suitable correlation. Undeding
of peat _50|I is quite extensive, utilization of $Ie_emar- the engineering properties and compressibility atir
ginal soil are required in the recent years. Hensable yistics of peat will give hand for engineers inetetin-
geotechnical design parameters and constructiom teGng suitable ground improvement method. Thus, prope
niques needed for this type of ground conditionatPeconstruction and foundation design guide for vasiou
poses serious problems in construction due tooitg-l type of peat could be outlined for future developtae
term consolidation settlements even when subjected in peat ground.

moderate lodd. Hence, peat is considered unsuitable

for supporting foundations in its natural staterivas Sample Preparation: Undisturbed samples of peat solil
construction techniques have been carried outpgpa  were taken from three different locations in Bagt{to-
embankments over peat deposits without riskingibgar cated on the West coast of Peninsular Malaysiayshy
failures but settlement of these embankments resmaitilg & sampling tube. A suitable auger was desigmet]
excessively large and continues for many yearsides fabricated to collect undisturbed peat sampleshas/s
settlement, stability problems during constructarch  in Fig. 1. The handle was formed of a 60 cm craas b

as localized bearing failures and slip failureschzebe and the stem of 100 cm height. The cylindrical tide
considered. 150 mm (internal) in diameter. The upper part ef ¢y-

ater content, organic content, liquid limit, spieci
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lindrical hollow body is fitted with a cover plat®lean-
while the lower part of the cylindrical tube wasash
pened to cut roots as the auger is slowly rotatealthe
peat ground during sampling. The thin tube wagditt
with a valve which is left open during sampling res
lease both air and water pressure. The valve is the
closed prior to withdrawal of the tube with the pea
sample enclosed, thus providing a vacuum effetietp

the sample in place. Soon after the sampler isdnathn

the cylindrical tube was sealed with paraffin wénce

in the laboratory, the top cover on the cylindritathe
was opened to extract the sample into the Rowe. Cell
This sampler is suitable for sampling peat soil tap Fig. 2: The experimental set up of using Rowe Cell.
depth of about 1 m only. The auger enables theaextr
tion of peat core sample of 150 mm diameter by 280
length. The top and bottom of the specimen was _
trimmed. Fibrous soil such as peat is easily distdr Rigid
therefore the trimming process was carried outfalye porous disk
Furthermore, the trimming process was carried out
quickly to minimize a change in the water contefrthe T

soil sample.
Sample was then tested using Rowe Cell to over- Lt/\
come most of the disadvantages of the conventiogal
dometer apparatus when performing consolidatiots tes Fig. 3: Rigid plate to give equal strain.
on low permeability soils, including non uniformmte
sits. The most important features are the abittgan- To investigate the influence of diameter of columns

trol drainage and to measure pore water pressuiegdu a single cement column was placed at the centéneof
the course of consolidation tests. Flg 2 ShOW$ﬂ]E- cell Containing peat samp|e_ A portion of thetmj
rimental set up of using Rowe Cell. This systemdsed \ya5 taken out from the cell using a PVC tube and re
on Rowe Cell consolidation cell and GDS presgaceq with dry cement powder to form the cemeit co
sure/volume controllers. Size of the cell usedhis te- ymn as shown in Fig. 4(a). The diameter of the agme

search was 150 mm in diameter and 50 mm in heig | 45 tio = 0.09) and 60
The hydraulic loading system pressure and vertazed column was <> mm (area ratio = 0.09) an mira(are
ratio = 0.16). The samples were cured for 7, 14 2éd

can be applied to the sample surface either viexibfe i i | ey
diaphragm to give a uniformly distributed presstiree  days in a soaking basin as shown in Fig. 4(b).rAfte
strain) or via a rigid plate to give uniform settient curing days, Rowe Cell Consolidation test was edrri
(equal strain). Rigid plate was used in the regeass out on the samples consecutively. Meanwhile graalp ¢
shown in Fig. 3. Back pressure of 200 kRiiwas ap- umns of four (area ratio = 0.04) and nine (are® rat
plied to the top drain of the cell so that thedilydrau- 0.09) cement columns were formed using 15 mm diame-
lic gradients can be modeled. The bottom drainrds p ter PVC pipe at the spacing of 2d (2 times the evaifi

vided with a tapping to a pressure transducer. column diameter) to investigate the influence ajugr
P cement columns in reducing compressibility of =k
Handle : m » -
1000 mm PVC Fement is filled
tube into the column
S
Cutting edge b ) (a)

Fig. 1: UPM Peat sampler.
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ease of comparison, the apparently most commomgt us
methods of determination of soil basic properties a
@ used in this study.

Water Ring

level Soil description: Peat sample was obtained from marine

Cement column and continental deposits on the West coast of Baelsn
Peat soil Malaysia. It consists primarily of low plasticitynés,
Soaking basin some fine to medium sands and it is dark browrolorc
Based on results of characterization tests perfdrine
(b) ranges from three different types of peat according
Fig. 41a) Method used to form cement column and (b) mehe USDA classification system and Von Post Scale.
thod used to cure peat-cement column sample. Soil classification tests were performed on each so

sample in accordance with accepted BS 1377: 1960 an

Load increment was applied at 20, 40, 80, 160, aSTM ranges. The results of the characterizatigtste
320kN/nf. Additional load was placed on the soil speare in Table 1. The Atterberg limits were deterrdioe
cimen to determine the soil behavior at higher suess  the soil particles passing the 4% sieve.
Each load increment was maintained for 24 hour Th  As seen in Table 1, fairly significant increaseigp
test started with a vertical load of 20 kN/and defor- uid limit with the increase in natural water corten
mation transducer readings with corresponding time Huat” stated that the natural water content of peat in
servations were recorded using data logger which ¥est Malaysia ranges from 200 % to 700 % and with
connected to computer. The load was maintaine@4or ©rganic content in the range of 50 % to 95 %. Tew r
hours. After 24 hours, the same procedure was tepeacrded values in the above table fulfill this statemn
with different applied load. Time-deformation graph Further more the liquid limit was in the range 602%
were plotted and settlements were determined usiffy 900 % as reported by Hifat Engineering properties
GDSLAB control and acquisition software. such as specific gravity, dry density and bulk égraf

the samples were within the range as reported afHu
Testing programs: Index properties of peat soil used inCompr

the classification system of peat namely the WatB- |, osents the results of consolidation parameteirsg us
tent, organic content, specific gravity, fiber et de- 4 entional Oedometer test and Rowe Cell Consolida
gree of humification and Atterberg limits were dete i, test on natural (untreated) peat samples.ySis
mined based on test procedures according to thisiBri tocysed on two consolidation parameters which are
Standard BS1377: 1990, ‘Methods of test for sais f compression IndexCc) and Coefficient of Secondary
civil engineering purposes’. Apart from the clagisiy  compressior{Ca). Three types of peat which are fibric,

tests, compressibility behavior of the peat soisw@- hemic and sapric peat were used in the research.
termined by Rowe Cell consolidation test for batle t

natural (untreated) and cement column installedt pegompression index, Cc: Based on Fig. 5, the compres-
samples. sion index(Cc) values from Rowe Cell consolidation
test for the natural fibric peat were within thenga of
RESULTSAND DISCUSSION 1.878 to 3.627 for consolidation pressure of 40 id’a
20 kPa. Values ofc for hemic peat were recorded as
.34 to 2.99 and sapric peat was 1.24 to 2.63.Thalse
ues were from Rowe Cell consolidation test and meas
water content, organic content and liquid limit. mMust ured higher than the values from conventional oaiom

also be appreciated that compared with soils ofrain ter test results. Results from conventional oedenT_eSt
origin, the peat soils, in particular those of thapical Were far less reliable because back pressure was-no

genesis, have only recently been given attentidts duced and pore water pressure was not measuratyduri
such even determination methods of some of thecbaéfe course of the test. The compression ine) val-
properties are still being researched. In somesas ues from oedometer test for fibric peat was 1.463 t
consensus has been reached, either with respetlie to3.211, hemic was 1.29 to 2.78 and sapric was 1015 t
methods, nor details of any given methods. Howeeer, 2.44. However these values are far smaller thart indes

essibility parameters. The following section

One of the main objectives of this study is to fin
the relationship between the basic geotechnicgbgrro
ties of peat soil with index parameters such asraht
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been reported for peat as 5 to 10 in the literatRe> and sapric. Whereas samples tested using Rowe Cell
gardless of type of peat, samples collected fromm thconsolidation was recorded in the range of 0.0Q.0d.
tropical region possess high compressibility wheh-s These values are generally not in agreement wigh th
jected to higher loading over the time period. values reported in literature. Since the valueCafCc

law for tropical peat is lower than the value @i/Cc
Coefficient of secondary compression, Ca: Based on law reported in the literature, less creep settlenaie-
Fig. 6, the coefficient of secondary compress{@a) velops when the tropical peat is loaded. Howetres,
values from Rowe Cell consolidation test for théurel need to be verified with further research worklking
(untreated) fibric peat was within the range of6D® to
0.0985 for consolidation pressure of 40 kPa to [&28. .
Values ofCa for hemic peat were recorded as 0.0585 ti
0.0959 and sapric peat was 0.0544 to 0.0939. The
values were from Rowe Cell consolidation test ant 3
measured higher than the values from conventioeal o
dometer test results. The coefficient of secondam-
pression Ca) value from oedometer test for fibric peat ;
was 0.0374 to 0.0901, hemic was 0.0225 to 0.0881 ai ¢ 7.

35

~
2

~

ession Index, Cc

. _ —0— Fibric Peat (Rowe Cell)
sapric was 0.014 to 0.0851._ . | o temorentoe oo |
According to MesH!, soil with Ca values of more o emcre e ||
than 0.064 is classified as soil with extremelyhhggc- - Sap e (Oeomete
ondary cgmpressmlhty. The coeff|C|ent. of seconydar °; - - - . . - -
compressiorCa (=4e/dlog t) was determined from the Consolidation Pressure, (Pe)

slope of thee-log t curves during the period of 4 to 24
hours after load increment, assuming that the skogn
compression would have started 4 hours after Igadin
The variation ofCa with applied consolidation pressure
can be seen in Fig. 6. Tk increases as the consolida- " a3
tion pressure is increased. Similar trend was olser f §
with samples tested using oedometer. Thus peatlsamp _'* 7

used in this research will cause high secondanjeset
ments with the increase in loading over the timeogke

Fig. 5: Compression index versus consolidatiosguree.

[m+

>

Compression ratio: Parameter g1+e, is called com-
pression ratio. According to O’Loughlin and Leh4he

compression ratio for peat in the range of 0 tdbd9 u o e oo ||
classified as very slightly compressible followeg b a 0:Hemic Pt (ot
slightly compressible for anything in between 0105
0.10. Moderately compressible peat lies in the eaofiy K @ W
0.10 to 0.20 and very compressible peat has mati®et

tween 0.20 to 0.35. Based on the compression ratig
given in Table 2, all the three type of tropicabpee-
gardless of type of test used was classified ag c@m-
pressible (> 0.20).

R

—o—Fibric Peat (Rowe Cell)
—£—Hemic Peat (Rowe Cell)
—a— Sapric Peat (Rowe Cell)

Coefficient of Secondary Compression, Ca

002

'gg. 6: Coefficient of secondary compression versus
consolidation pressure

long-term consolidation test. A parametric studyswa
conducted assuming a normally consolidated 5 mhdept

N ] peat ground with embankment. Using one dimensional
Law of compressibility: Mesri and Castfd reported  consolidation theory and Anglo Saxon method, ultena

that the value o€a/Cc law for peat and muskeg lies in consolidation settlements were predicted as in &bl
the range of 0.05 to 0.07. Based on Table 2, value ~ Based on the results obtained, it shows that fipdat
Cal/Cc law for tropical peat determined from conventecorded the highest settlements followed by heanit
tional oedometer test was about 0.027 for fibriemie  sapric.

789



Am. J. Applied ., 4 (10): 786-791, 2007

Table 1: Index properties of peat samples

BH Water Con- Liquid Organic  Von Fiber Specific ~ Void Dry Bulk Peat

tent (%) Limit Content Post Content  Gravity ratio, Density, Density, Type

(%) (%) Scale (%) e Mg/m®)  (Mg/m°)

1 266 285 76 H5 65 1.52 7.541 0.170 0.922 Hemic
2 330 350 84 H4 75 1.45 9.535 0.147 0.834 Fibric
3 350 398 88 H4 77 1.42 10.48 0.136 0.811 Fibric
4 181 250 73 H7 55 1.55 5.522 0.238 1.008 Hemic
5 241 275 75 H6 58 1.53 6.536 0.192 0.856 Hemic
6 140 240 70 H8 32 1.56 4.125 0.283 1.019 Sapric
7 286 310 77 H5 68 151 7.895 0.170 0.956 Fibric
8 300 330 80 H8 31 1.49 4.824 0.249 0.996 Sapric

Table 2: Summary of compression parameters andgbeddconsolidation settlements

Type of Compression Compression Coefficient of Law of Predicted
Peat Index,Cc Ratio,C/ 1+¢, Secondary Compressibility, Consolidation
CompressionCa CalCc Settlements (m)
Fibric 2.752 0.422 0.0608 0.0283 2.32
Hemic 2.165 0.253 0.0585 0.0356 1.82
Sapric 1.935 0.217 0.0544 0.0380 1.63

Effect of a single cement column: As for the main ob- the three type of peat which is fibric, hemic aagrg.
jective of this research, cement columns of twoedim
sions were prepared and installed in peat soilmede
column with (45 mm diameter x 50 mm length) and (60
mm x 50 mm length) were formed. They were cured for

7, 14 and 28 days to find out the factors influagdhe ) \\\\
performance of cement columns. Just as expeitted * -
o
X

2

Index, Cc

cement columns cured for 28 days were proven to be:
more effective in reducing the compressibility paea
tersCc andCa when tested using Rowe Cell Consolida-

1

Compres:

08

| [625mm dia. (25 mm \Engts\

tion test. As shown in Fig. 7, single cement colugiti T aa o Gomm M
. . 445 mm dia. (50 mm length)
60 mm diameter (area ratio = 0.16) recorded thd-sma o« {{xemsacmwmn

X Group columns (2 x 2)
lest values ofcc andCa compared to 45 mm diameter | ==t o
(area ratio = 0.09) of cement column. A similamtte Curing Time days
was observed among fibric, hemic and sapric peat.  Fig. 7: Compression index versus curing time foti-va

ous dimension of cement column.
Effect of a group of cement columns. A group of ce-

ment columns of diameter 15 mm each with a spacin . . . .
of 2d were used. Based on Fig. 7 when nine ceme §chn|cal database on index properties, primary and

columns in the form of a 3 x 3 group tested, corsgire  SECONdary compression of peat, a chart as in Rigas3
bility parameters were reduced more effectivelyntha constructed for fibric peat. Data comprisingQf and
only four cement columns (2 x 2) used at the sgmaes C¢ values from fibric peat sample with corresponding
ing. This means that compressibility parameters defrganic content were plotted in this chart. Thiarchs
creased with an increasing number of cement columngitable as a design guide for engineers to determi
in a group. Technically group of nine cement colamn settlements using two compressibility parameters
have larger area ratio of 0.09 compared to grodpwf andCa while the organic content or liquid limit of sam-
cement columns with area ratio of 0.04 which infice  ple is determined from simple laboratory test. Tdtiart
the compressibility. Again the 28 days of curingpdi  is only applicable for fibric type of peat with @ngjc
has significant impact on the final compressibiltg- content more than 70 % and fibric content more #n
rameters values recorded. This pattern was siimnilal %.

esult implications: With the establishment of geo-

790



Am. J. Applied ., 4 (10): 786-791, 2007

Liquid Limit, %

249 255

»
3

o

-&c
a

i
i

Coefficient of Secondary Compression, Ca
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Fig. 8: Organic content (and liquid limit) versusnt
pression index and coefficient of secondary
compression.

Similar chart was established for hemic and saype
of peat. Maximum reduction i€c value with the cor-
responding value of length to diameter ratitu)( of
each cement column is then plotted in Fig. 9. Based
this figure it shows that smdlld ratio of cement column
is effective in decreasing compression ratio vallas
chart could be used as a design guide to seleeffihe
tive dimension of cement column for deep soil mixin
method in tropical peat soil. Effectiv&l ratio can be
determined either by using the chart or from theegi
formula. For example for fibric soil with 75 % orga
content, based on Fig. €c of 1.6 is predicted. Using
60 % of reduction irCc value will give an improved
value of 0.96 using cement column is predicted eRef
ring to Fig. 9 for desire€c of 0.96 the effectivé/d ra-
tio of 0.8 is needed.

Cc =0.721Ln(1/ d) + 1.1436

L

Qompressionindex, @
o S
@ N @ ~

ropical Fibric Peat]

i
I

—
= “‘JT
I I

Tropical fibric peat will cause highest settlements
followed by hemic and sapric when subjected to
any load over the time period.

Compression index of fibric sample was reduced by
60% using single cement column of 45 mm diame-
ter and 80% with cement column of 60 mm diame-
ter. Hence, it suggests that larger diameter cement
column has a higher reduction effect in the com-
pression index. The trend is similar in hemic and
sapric peat.

A group of cement columns had a significant im-
pact in reducing the compressibility parameters
compared to a single cement column.

The influence of curing time on both the single and
group cement columns in reducing the compressi-
bility parameters are significant. Increasing cgrin
time is found to be effective in compressibilityneo
trol.

Compressibility parameters (compression index
and coefficient of secondary compression) are sig-
nificantly improved with cement column.

7.

8.

RECOMMENDATIONS

The current study is of laboratory scale and neeblet
extended to field study. Author is also interested
study the performances of cement column using uario
compositions such as lime and nontraditional admix-
tures. It would be useful to compare testing resisim
laboratory prepared specimens and field prepared sp
cimens in a demonstration project.
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