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Field Monitoring of Suction Distribution Due to Grass Cover
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Abstract — A field-monitoring program was conducted to increases from 0 kPa (RC = 70%) to 40 kPa (95%R(T)
investigate the suction induced by Axonopus Compress in  the influence zone is reduced to less than halhefroot
Sandy silt under tropical climate. Matric suction dcata were depth (Shallowest) A case Study was pub“shed rals%
;eccc%rf.ft?néﬂfre|e2esrtﬁ§r¥ Igog‘erﬁ)‘éiua égnﬁﬁgsg?;LgZ%%S evapotranspiration (ET) induced suction in slopd.[The
longer than 5 days over 5 months of measurement. €h study investigated responses of suct!on in grasered

slopes based on knowledge of soil, water, and root

highest suction occurred on 3-Sept with 12 days afrying . ) . .
duration. However, the grasses failed to retain thesoil Interaction. In three case sites, ET-induced sociio

suction, which dropped to a minimum magnitude at 4 grassed slope is not always higher than that ofbdre
depths after a rainfall event. This may due to thehigh slope during insufficient soil aeration for wet Isofhe
infiltration rate of the dry soil after 12 days of drying. For  grass-covered slope could retain higher suctionsity
comparison between Axonopus Compressus and Cynodon clay during rainfall but no discernible differenfce sandy
Dactylon, the data was obtained from two differentsites.  ggjl. However, the studies do not cover many types
However, the rate of evapotranspiration for both saidies was .y 1mon grasses. Thus, the field data of suctiostils

assumed similar because of the similar hot and sugn . . ; .
weather conditions in Malaysia and Hong Kong. The esults |nsuff|C|_ent to understand, especially for desidnsiope
cover with grasses.

from both studies showed similar suction profile dung 6 A . . L .

days of the drying period with maximum difference & 10 kPa In this study, a continuous field monitoring wasrieai

at 10 cm and 30 cm depths. This shows that thesedigrasses  OUt to obtain suction changes in grass-covered {agas

may produce similar suction profiles when monitoredunder ~Compressus) residual soil. This could enhance the

similar conditions. understanding on suction mechanism induced by gsass

o when subjected to raining and drying processes. The

Keywords — Evapotranspiration, Grass Water Uptake, qpiectives of the study were to determine the meisha

Axonopus Compressus, Suction Profile. of suction changes under wetting and drying procasd

compare the suction induced by grass with findin§s

. INTRODUCTION other similar research.

Vegetation could be beneficial to a slope stability
terms of root reinforcement, soil moisture depletislope
buttressing and arching [1]. The use of convention
reinfforcement can be very safe but bioengineerin

application is inexpensive, environmentally friendIyAX c hat i in thi
method and proven to be more cost-effective [2], [3°XONOPUS Compressus that Is most common in this

Many researches had been done on mechani#ﬁﬁeamh campus, Universiti Teknologi Malaysia .(UTM
reinforcement due to root system [4]-[9]. Studies ot s Iocqted in front of BIO_k P18 at Facul_ty Elkical
hydrological effect were also carried out previgydlO]- Engineering of UTM, Skudai. The Iogatlon W.'th respe
[15] to investigate the response of water contérainges the globa_l positioning system (GPS) is at Ia.t't('ﬂ6614)
in several conditions. In addition, suction woule pand I(_)ngltude (103.6458). The study area IS agfatind
increased in ground during root water uptake psoce ontains only grasses and of least disturbanceaeweept

resulting in changes of unsaturated propertieoibfs6]. ne effect of trees as shown in Fig. 1.

Therefore, the study on suction also received great

attention at soil slope, riverbank, and ground {[27].
Recently, [23] has done field and the Ilaboratory

investigation on grass-induced suction. The rebearc

shows the matric suction retention in soil afténfedl due

to Cynodon Dactylon (Bermuda grass). Reference [20]

investigated the magnitude and the distributiomdficed

suction in silty sand covered by Cynodon Dactylowler

identical laboratory controlled atmosphere conditiand

the grass samples produced different shoot lengtits

different suction values. Reference [21] studiec th

influence of soil density and rainfall on grasstined

suction distributions. The result showed that thetien

retained in vegetated-covered soil is 100% highan that

of the bare soil at 95% relative compaction (ROnohg

the vegetated samples at various RCs, suctionnestai

Il. RESEARCH M ETHODOLOGY

tudy Area
The study area is located at a grass field of gyras

i

, NS
Fig. 1. The location of the field monitoring
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Soil Characterization is equal to unit Kilopascals (kPa). The limit of a
The soil samples were collected to determine thHiensiometer is about 85-90 kPa due to cavitatidacef
characteristics of the soil of the field througlbdeatory The reservoir was filled when the water level sf@rto
experiments according to British Standard guide]2®]. drop below the service cap. The installation and th
The soil samples were collected from the field-rtantig  operation were done by following the instructions
site at ground surface to a depth of 40 cm. In génthe provided by Soil Moisture Equipment Corp. Firsthale
soils exist at the study area are classified apidab With 2.2 cm diameter or smaller was created to @thde
residual soils. The physical index tests condustede desired so that tensiometer fixed into soil witlghti
particle size distribution, Atterberg limits, spfecigravity, —contact. The O-rings were inserted at connectiams t
and void ratio. prevent leakage. The ceramic cup was locked byriede
The liquid limit (LL) of soil was tested by conethe tensiometer and the gauge with face in upward
penetrometer with five-second drops. The rangdirection. Then, the tensiometer was filled withtevaand
penetration of 15 mm to 25 mm was obtained togethtgcated vertically until ceramic cup was fully satied.
with the increment of soil moisture content. Thaspic Next, a vacuum was pulled inside the tensiometér 4-
limit (PL) was determined by obtaining the minimumtimes by using the vacuum hand pump from serviteoki
moisture content when the soil start breaking diedo ensure all air had been removed and there wasakage
thread of 3 mm diameter. The property of specifiavijy ~ at the connection. Installation was done immedjaaéter
was obtained by small pyknometer method. locking the jet fill reservoir and the tube surfasas
From observation, the soil sample contain a lidfleand backfilled tightly. The tensiometers were instalkedfive
and the soil is cohesive. According to the wet isigv different depths: 10 cm, 15 cm, 20 cm, 30 cm andmi0
result, the sedimentation analysis is required imeanore (Fig. 3).
than 50% of soil passed through 63 pm sieve for two
trials. About 40 g of dried soil passing 63 pum sievas
mixed with dispersion agent. Some distilled watersw
then stirred in high speed with machine to mixgbi into
suspension. The soil suspension was then placed 0tt0
ml measuring cylinder for the sedimentation test by
hydrometer as shown in Fig. 2.

3

Fig. 3. Field monitoring at different depths by
tensiometers at the study area

The reading was checked daily to ensure a reassnabl
data and no leakage of the connection. Maintenarase
done in the first week and the readings showedredse
response. Then, the reading was recorded twicdgefor
five months (August 2015 to December 2015) and the

q 9rass was cut to appropriate height twice per maath

btain the measurement data. Lastly, some sampgles o
grasses were removed from ground carefully to okteé
Lrlooting depth of grasses.

Fig. 2. Sedimentation test by hydrometer in watghb

Soil Water Characteristic Curve

It is an important relationship between soil suttam
water content. A mathematical model [24] was used
obtain the soil water characteristic cure (SWCChe T
important parameters required, saturated and rasid
water content was obtained through laboratory eémpant.
Residual water content was obtained by measured the lll. R ESULT & DISCUSSION
minimum water content in several soil samples ursdier . o
drying. Meanwhile, saturated water content wasiobth SOl Classificaton _
through soil properties calculation from the UD @ub The result of particle size distribution was pldtte Fig.
samples. Calibration between matric suction andemat4. With results of liquid limit, plastic limit, andpecific
content was carried out to determine some points @favity of 56%, 36%, and 2.60, respectively, thé so
SWCC. The coefficients (m & n) andwere tried until the samples were then classified using Unified Soil
curve matched with the calibration. The completeveu Classification System (USCS). With the liquid linof
will be shown in following section. over 50%, the plasticity index fall below ‘A’-Iinand_the
Monitoring Setup percentage of sand is higher tha.n.tha'g of gra\hﬂz. Soil at

Tensiometer is a tool to measure the force withcwhi field was classified as high plasticity silt wiittle gravel.
water is held in the soil as soil suction, tensiam,
potential. The model of tensiometer used is jédil
tensiometer 2725ARL; the unit Centibars shown ingga
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Fig. 4. Particle size distribution of soil at fiedtl 20-40 cm

depth

Soil Water Characteristic Curve

depth could be more than 100 kPa between 1-Sep to 3
Sep.
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Fig. 6. Measured suction profiles at various depths
August 2015

According to the experimental result, the residaati ~On 4-Sep, a 7 mm rain wet all the soil profile dotwn
saturated volumetric water content is 0.577 and2.040 cm and the suction dropped to 1-4 kPa as showigi
cmPlen? respectively. The coefficient m and n was set as 1here were 4 drying patterns in September. Tiogan
0.75 and 4 with shape facta)(of 0.15 to obtain a smooth fémained under 10 kPa in first few days of the ryyi
curve which matched the calibration points as shawn period. This indicates that it takes almost 4 daystart an

obvious increment in suction. However, the wates il

F1g. 5. extracted or lost from soil every day, although ¢thange
0.7 of suction is small because it is mainly dependsthan
06 relationship between soil water content and sugctsmil
' water characteristic curve (SWCC). The suction peap
£ 05 1 —m—sweC to level below 10 kPa again after the end of Septrdue
€04 - to the rain. In short, month of September undergb&s
‘é* 03 | e Calibration periods of wetting which could reduce the suction t
3 ' almost zero (saturated condition).
= 0.2 -
0.1 - 100 - 100
0 . . : X 90 ] - 90
0.1 1 10 100 1000 80 - 80
_ . H (cm) __70 - 70 E
Fig. 5. Soil water characteristic curve of the gtatta § 60 - L 60T
- (=]
Soil Suction Profile 5= e
G 40 - - 403
The measurements were taken at the end of July, 201 3 3] | 531
during a rainy period, with the matric suction dt a &
measured depths under 10 kPa. Fig 6 shows theddduc 20 1 5D
suction slightly increased from 1-Aug to 5-Aug whibe 10 - oo W - 10
soil started drying. The increment was not moren tba 0 ' P fLo=al Q
kPa, the suction at depth 15 cm was 12 kPa andetite 1-Sep 85ep  15-5ep  22-5ep  29-5ep
were 7-8 kPa. The drying period was not long. Thezee Fig. 7.Measured suction profiles at various depths in

frequent raining events in early August. The fobtious
drying occurred from 12-Aug to 20-Aug; the suction

September 2015

induced reached 50 kPa at 10 cm depth but veryfdow  There were two major drying periods in October;enc
the rest, 25 kPa at 15 cm, 15 kPa at 20cm, andPd2ak early in the month and from 14-Oct to 23-Oct. Dgrfinst
30 cm and 40 cm. There was another drying cunr aftdrying period of October, suction at 10 cm deptiched
heavy raining (5 mm) on 21-Aug. The suction stafteth 48 kPa but suction at depths below 15 cm was 16F22
2-4 kPa and increased to 91 kPa at 10 cm, 76 kPE5 a only. The suction produced was a bit small at lodegth;
cm, 56 kPa at 20 cm, 51 kPa at 30 cm, and 43 kR atthis might be because the evapotranspiration wes
cm on 3-Sep. Rains of 1 mm occurred several tinues bstrong enough at that particular period to affeet bower
the suction continued to increase. This shows ligat level of soil. A heavy rainfall (>10 mm) on 15-Osftis
rain would not reach and affect the soil suctiomigpths followed by a drying period until 23-Oct. The sodti
of below 10 cm. However, the reading at 10 cm depsfarted from under 10kPa, and took a few dayseaki0
reached its limit of 87 kPa on 31-Aug due to caivta kPaon 19-Oct, 23 kPa at 10cm, 16 kPa at 15 crkPaat

and limit of tensiometer. Therefore, the suctiol@tcm 20cm, 10 kPa at 30cm, and 10 kPa at 40cm. It showed

more obvious increment after 19-Oct and the graddiear
Copyright © 2016 IJEIR, All right reserved
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to surface was higher. The gradient of suctionamant
decreased with depth as shown in Fig. 8; this atdit the
rate of suction induced is higher near to soil atef(with
grasses). The highest suction effect was 87 kR#® am,
56 kPa at 15 cm, 40 kPa at 20cm, 25 kPa at 30cdhl@n
kPa at 40 cm on 24-Oct. After that, heavy rain thetsoil
profile, resulting in a low suction profile at tead of Oct.
Despite the hot tropical climate, there was frequaim in
November and the suction was all under 10 kPalfafa
November as shown in Fig. 9. In short, the sucéffact
is possible to be very low during raining seasooweler,
the monitoring field is natural, without compactiand
void during tensiometer installation. Therefores guction
induced and retained could be higher if it is carded

with certain percentage of relative compaction and

density.

During December, it rained often until middle of mtw.
The suction had increased quickly on 19-Dec, takinky
3 days to reach 10 kPa at lower level. It was ngjran 24-
Dec but the soil profile was able to retain suctiaith
only a small drop, and continued increasing to P@ lat
10 cm, 60 kPa at 15 cm, 48 kPa at 20 cm, 26 kB& am,
and 24 kPa at 40 cm. After wetting, the suctiorpgeal to
minimum again, but the suction at 40 cm retaine@Gat
kPa, as the rain did not reach the lower elevaliefore
31-Dec (Fig. 10).
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Fig. 8. Measured suction profiles at various depths
October 2015
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Fig. 10.Measured suction profiles at various depths in
December 2015

Maximum & Minimum Drying Condition

Other than overall suction produced by
evapotranspiration of Axonopus Compressus, the
maximum suction induced is an important data which
reveal the contribution of this grass in a speaifiging
period. The highest suction induced for each marsls
recorded in Table I.

Table IThe highest suction (kPa) induced by
evapotranspiration of Axonopus Compressus

Depth  AUG SEP oCT DEC

(cm) (318)  (319)  (24/10)  (28/12)
10 88 91 87 90
15 57 76 56 60
20 31 56 40 48
30 28 51 25 26
40 24 43 18 24

There were two obvious suction increments in August
one in middle and another at the end. It took atrBatays
to achieve such suction from a wet condition bdfidtnot
stop and continued to increase to 3-Sept. Thestetaed
suction at depth 10 cm increased from 88 kPa t&FH,
but the suctions increased at the lower level vedmgost
20 kPa. This means the tensiometer at depth 10 cm
reached its limit on 31-Aug at morning (87 kPajraybe
earlier because the increment became smaller. fonere
the real suction at 3-Sept should break 100 kPahbend
around 150 kPa. The estimated suction produced. Zor
days of drying was 130-150 kPa at depth 10 cm hed t
rest as shown in column September. The maximum
suction produced in October was located on (24/409,
was a 9 day drying result in which data did nottothe
limit until last day. The suction at 10 cm deptlereased
from 77 to 87 kPa and 44 to 56 kPa at 15 cm ddjdbked
on the previous trend of increment, the suctiodGim
increased higher than that of 15 cm depth. Thus, th
suction 87 kPa could probably reach 95 kPa or highe
The continuous rain in November did not allow thet®n
in soil to raise over 10 kPa at the depth measurbds
situation continued until middle of December ane th
suction was produced only after 18-Dec to 28-Ddus T
was the last month of the suction profile measurgnand
similar situation occurred where tensiometer atch®
reached its limit before 28-Dec. In short, tensitenés not

Copyright © 2016 IJEIR, All right reserved
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appropriate to measure the soil suction at deph tlean Suction (kPa)
15 cm (shallow) when subjected to long drying pekrio 0 10 20 30 4 50 60 70 80
(more than 7 days). 0 ' ' : ' : : ' :
Table Il The lowest suction (kPa) retained by grass 10 N6 a / -
Axonopus Compressus _ \a N
Depth AUG SEP oCT DEC Eoqy / = === CD-Initial
(cm) (21/8) (9/9) (8/10) (13/12) £ ni — + 3days
10 2 0 0 0 £ 30 {44 —+— G days
15 7 4 5 5 r\ / AC1- Initial
20 2 2 4 4 a0 | 1|68 3 days
30 2 0 1 2 ’ / 6 days
40 4 4 3 2 50 - ¢ = e = AC2- Iniitial
s 3 days
On top of that, the minimum suction could be regdin 60 - 6 days

in the grass field also a major consideration. @albl
shows the lowest suction distribution recorded dach

Fig. 11. Comparison of matric suction profiles bedw
Cynodon Dactylon (CD) in Hong Kong and Axonopus

month. The suction came to a lowest point after som Compressus (AC) in Johor, Malaysia for 6 days dyyin

rainfall events which wetting the soil and redudbe

period

suction. The suction was remained below 10 kPa in

November due to rain as discussed previously. TheFrom the data measured, the initial suction aftetting

minimum suction that retained was lower than 5 kRa is not similar most of the time. There were thregind

shown by the data obtained from August to Decemberofiles, one for Cynodon Dactylon (CD) from [25)ch

2015. This indicates that the effect of grass imtef two for Axonopus Compressus (AC). The initial sooti

suction to soil enhancement is very low or no éftdter for AC was slightly higher than that of CD. Afteryihg

the wetting of sail. for 3 days in period 1, the suction induced atrhOfar CD

Comparison of Suction Induced with Another Study and AC1 was close but AC2 had lower increment of 12
Fig. 11 shows the responses of matric suction fnem kPa. For 30 cm depth, the suction increased olklyal for

different sites and grass-covered measured duyipigai CD, 4-6 kPa for AC. This could possibly because the

drying periods by jet-filled tensiometer (Table)lll rooting depth of CD tested was shorter or rate of
evapotranspiration was low at that moment. The arnoi

Table Il Details comparison between both studies ~suction increased at 40 cm and 50 cm depth wa&Ra3

Author Woon [25] This study only. In period 2 (6 days drying), the suction eese at 10
Country Hong Kong Malaysia cm was very obvious. It increased from 22 to 65 fd?a
Tropical CD, 23 to 76 for AC1, and 16 to 70 kPa for AC2. Bor
Climate Subtropical rainforest cm depth, the amount increased was about 8 kP&or
Soil type Silty sand Sandy silt and AC. The increment of suction at 40 cm depth #as
Cynodon Axonopus kPa for AC and 1 kPa for CD at 50 cm depth.
Grass Dactylon Compressus . . .
Rooting depth By comparing the suction induced by Axonopus
(cm) 7.10 20-25 Compressus and Cynodpn_ Dactylon, the suction psofil
Depth of during 6 days of drying indicated that both grassesld
tensiometer (cm) 10, 30, 50 10, 30, 40 produce similar suction at depth of 10 cm, whiclreve
Solar irradiance AUG-4.27, affected by both root water uptake and evapotraaispi.
(KWh/n/d) JUN-4.52 OCT-4.51 Rooting depth of grass Cynodon Dactylon at sitelimg
~ Evapotrans- Kong was only 7-10 cm, so it had little or no effdoe to
piration (mmy/day) 2-5 2-6 evaporation to the deeper depth, such as 50 crmh.dept
temAp\é?;?L?rZ"(:) 08.20 08.20 Meanwhile, the rooting depth of grass Axonopus
Average wind Compressus at UTM campus reached 25 cm, and it has
(m/s) 2 1 some effect to suction at 40 cm depth. The sut_a_iono
Relative humidity cm depth reached 24 kPa and 43 kPa after dryingdser
(%) 85-90 81-91 of 9 days and 12 days, respectively.

The suction induced depends on types of sails,the.
soil water characteristic curve, which means tramnes
amount of water content loss from two soils woudduit
in different suction, if the initial condition ofoth soils
were not similar. Fig. 10 shows some slight differes in
initial condition of the soil. By considering thaitial
condition of soil moisture or soil suction and #ol water
characteristic for both sites, the grasses may ginvelar
soil suction profile for 6 days of drying period evhthe

Copyright © 2016 IJEIR, All right reserved
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grasses are monitored under identical or simild#l

conditions.

(9]
IV. CONCLUSION

A monitoring program was carried out in order toad 1
and investigate suction induced by Axonopus Congouies
in sandy silt under climate of tropical rainforedthe
suction profiles produced were showed and discussed 1]
previous section.

The suction induced could reach up to 90 kPa dwaing[12]
long drying period, but the grasses fail to retaimy
suction induced and drop below 10 kPa with heainfaitk
event. Field monitoring of suction distribution dde ;3
Axonopus Compressus shows that suction profile Is
influenced by relative duration of drying and wmedti
period and antecedent moisture content. 4

From the comparison between suction induced due 5!
Axonopus Compressus and Cynodon Dactylon at two
sites, the results from both studies showed sinsil&tion
profile during 6 days of the drying period. Bothtbese
grasses may lead to similar suction profile if theye the
same rooting depths when monitored under similar or
identical conditions. [16]

(18]
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