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Abstract The objective of this research was to studyi n unpaved r Bhaablsantagesdiatdral fiberd c .
experimentally the effect of rice straw fibers on slope sength. A in comparison with metal andpolymer materials are
sand boxed model was used to simulate the slope failuraunpollution, easily available and cesffective[6].
mechanism under reinforced and unreinforced soil using rice
straw fibers. Analysis takes into account three factors. Slope II. LITERATURE REVIEW
angle( B) , | oad edg epercentage efnice straw( X ) and
Constant water contents wereused in all samples. Laboratory Prabakar and Siridihar (2002) used 0.25%, 0.5%, 0.75% and
results showed that soil stress increases significantly byl% of sisal fibers by weight of raw soil with four different
increasing the percentagef rice straw fibers up toa certainlimit. lengths of 10, 15, 2@nd 25 mm to reinforce soil. They
concluded that the percentage of fibentemt improves the
Index Terms— rice straw, settlement, slope stability, Shear strength. Beyond 0.75% fiber content, the shear stress
strength. reduces with increase in fiber content. They concluded that
fiber length has an effect on shear stress. The shear stress is
I. INTRODUCTION increased nofiinearly with increase in length obfer up to 20

Slope resistance to failure due to loading on soil ha[z] Ravishankar and Raghavanthey (2004) used coir fiber to

become a problem threatening watercourses due to the w&iforce soil and thefpundthat the compressive strength of
nature of soilSoil can often be regarded as a combination ¢f€ COMposite soil imeases up to 1% of coir content and

four basic types: gravel, sand, clay, and silt. Soil has r{Hrther increase in coir quantity results in reduction of the
tensile strength and has significant shear Str(_:,I,]gtylalues[s].Ahmad et al (2010) used palm fibers to reinforce

Reinforcement of soil by incorporating materials such as ricelty Sand. Specimens with 0.25% and 0.5% content of palm
straw fibers increases strength of sdil]. Therefore, soil [loers of different lengths were used.

reinforcement is defined as a technique to improve the . . 0 .
engineering characteristics of soil in order to develop thEl€ concluded that siltyasd with 0.5% coated fibers of 30

parameters such as sheaesgth, compressibility, density, mm Ie_ngth gives 25% increase in friction angle an(_j 35% in
and hydrauliconductivity[2]. cohesmn_ compared to those of unremforc_ed silty sand

[9].Abtahiet al. (2010) found that barley straw fibers are most
The primary purpose of reinforcing soil is to improite effective on the shear strength of the soil than Kenaf fibers

stability, toincrease its bearing capacity, to reduce settlemefifd the optimum content of barley straw was[1%.Anusha
and lateral deformation [3-5].The concept of earth R., Emmanual C. Kindo (2011) found that using bamboo as

reinforcement with natural fiber materialsszeen originated soil reinforcement increased unconfined compressive strength

in the past. Date palm fibers, wood, bamboo and animal's sk 175% compared with the unreinforced §bl]. P.G.
have been used for improvement of bricks mechanicq€eshma and Mariamma Joseph (2011) used samples

properties and increase in foundation bearing Capaci‘gepared with rice straw fibers of random length added in

Natural fibers such as Kenaf, Coir, Banana, Jute, Flax, SisAfrcentages of 0.25, 0.50, 0.75 and 1%.They concluded that

Palm, Reed, Bamboo anwood fibers have been used forthe unconfined compressive strength of soil reinforced with

improvement of soil mechanical properties. Fibers have be3p?0 riceé straw of raiom length gave an increase of 1.94
usedto increase tensilesompressiomndshearstrength of times with respect to that of unreinforced gjil

soil. Fibers have been also used to prevent soil erosion in

canals slope and stedines and to reinforcembankment. In this research rice straw fibers were used as soil

Fiber reinforcement helps to grow plant on slopes, applicatiéﬁ'nforcemem' Rice straw was chosen because of its

availability in Egypt.Egypt is a highly successful producer of

rice with average yield of morihan 9.5 t hal in 200506.

The options for disposal of straw are limited and include
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Fig.1 Burning Rice Straw id-DahIiyah, Egypt
September 2014

Fig.3 Sand Model

Fig.4 Slope Failure (1H: 1V, R.§0.5 % and x = 6 cm)

. EXPRIMENTAL WORK

A. Materials

The materials used for this study were Sand and rice straw
fibers.

1) Soil
Air dried sand soil was used in this study and its properties
are given in Tablel.

2) Rice Straw
Air dried rice straw to remove moisture was collected from
El-Manzala, AdDaqgahliyah,Egypt as showin Fig.2. Rice
straw properties are given in Table 2.

B. Preparation of Samples

The samples were prepared with rice straw fibers of random
length added in percentages of 0.25, 0.50, 0.75 and 1%.And
water content added was constant 3 % by weifbbil. Sand
was mixed with straw fibers and water. The slopes used,w
1H:1V, 3H:2V, 2H:1V and 3H:2V. And the loading plate 5*5
cm constant.

C. Placement of Soil

Mixed soil with straw fiber was put in tleand boxed model
in layers .Each layer was 5 cm height to reach a total depth of
(d = 21 cm). Each layer was compattaith a tamper
consisting of a circular steel plate (6 cm in diameter)
connected to the end of steel rod. A sand model used for
experiments is shown iRig.3 andthe slope failure is shown
in Fig.4.

D. Testing

Experiment on sand mixed with rice straw wagied on by
loading soil with static load 1kg per minute. The load was
acted at the edge of slope, 3cm, 6cm and 9 cm from edge of
slope.Settlement §) was recorded foeachload
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Table.1 Sand Properties

stress (kg/'em?2)
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Optimum moistureContent (%) 9.00
Maximum dry density kg.cm®) 1.73<10°°
Minimum density(kg.crm®) 1.48*10°
Relative density kg.cm®) 1.62*10°
Angel of intern 32.49
Table (2) Rice Straw Properties
Average Diametercfn)
0.25
122.32
Average Tensile Strengthd.cm?)
_ _ 5 0.38107
Fiber demsity( kg.cm®)

Fig. 5 Stres§ Settlement Depth Curves (X= zeslope

1H:1V)

IV. RESULTSAND DISCUSSION

A. Effect of Rice Straw Proportion on Stresst
Relationship

Figs.5 through 8: soil stress increases by adding rice straw
the sandy soil. Generally, whenever rice straw proportid
increases the stresncreases. For slopd:1V in Fig.5 for
load distance X= 0.0 cm, soil stress increases by increas
R.S percentage from 0.0 % to 0.75 % by 87.72 % ai
decreases for R.S percentage 1% consequently. The ratio
decreases by 24.64 % on increasing pe&entage from 0.0
% to 0.75 % and increases for R.S percentage Hg.6

shows that for load distance X=3.0 cm soil stress increases

stress (kg'cm?)

Xx=3cm
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increasing R.S percentage from 0.0 % to 0.75 % by 72.16 %

and decreases for R.S percentage 1B6.ratio S/d decrease
by 33.33% on increasing R.S from 0.0 % to 1.0 %

Fig.6 Stresg Settlement Depth Curves (X<, slope

1H:1V)

Fig.7: for load distance X=6.0 gnsoil stress increases by
increasing R.S percentage from 0.0 % to 0.75 % by 34.09
and decreases for Rj®rcentage %. The ratio S/d also
decreases by 30.86 &fiincreasing R.S percentage from 0.0
% to 0.75 % and increases for R.S percentageFi§®: for
load distance X= 9.0 cnsoil stress increases bgcreasing
R.S percentage from 0.0 % to 0.75 % by 56.82 % ar
decreases for R.Bercentage 1%. The ratio S/d dece=aby
35.71 % on increasing R.S percentage from 0.0 % to 1.0 9

The increase isoil stresdAttributed to the distributed rice
straw fiberdehaves as a spatial network. Soil particles mixe
with fibers interlocks to form a unified matrix. This mixtuke
sandy soil and strafibers makes a coherent structure that ca

resist settlement of soil. This is attributed to the combinatiq

stress (kg/cm?)
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of the friction generated between soil particles and the tensile Fig.7 Stres§ Settlement Depth Curves (X= 6 cm, slope

strength of confined straw fibers mobilized by the retativ
movements of soil particles.
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cmto 9 cm.Fig.11 with R.S = 0.5 %soil stress increases by
63.73 % on increasing) from 0.0cm to 9 cm. Fidl2 with

R.S = 0.75 %soil stress increases by 93.46% on increasing
(X) from 0.0 cm to 9 cnFig.13 with R.S = 1.0 %soil stress
increases by 132.18 % on increasing (X) from 0.0 cmto 9 cm.

01 ——=10%RS §,
0 =
0 0.05 0.1 0.15 0.2 0.25 g
S/d w =—=—x=2ero
Fig.8 Stres§ Settlement Depth Curves (X=9 cm, slope xS em
1H1V ) Xx=6cm
- —=—Xx=9cm
6]
0 0.05 0.1 0.15 0.2 0.25
12 S/d
11 §
! // Fig.11 Stres§ Settlement Depth curves &= 0.5 %, slope
09 g 1H:1V)
a 0.8
 or _
=)
§ ——x=z6r0 ‘_-(‘w-‘
=fl=x=3 cm B
x=6¢m %
=9 cm g
0.1 0.15 0.2 0.25 g o rsero
s/d =fl=x=3 cm
x=6cm
Fig.9 Stres$ Settlement Depth Curves (R.S =zero %, slopg e
1H:_’]_V) 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
s/d
14 Fig.12 Stres$ Settlement Depth curves (R.S = 0.75 %, slope
' o 1H:1V)
11 f/(
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é 0.8 )‘,4-’ -
= 07
2 o6
% 05 P
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Fig.10 Stres$ Settlement Depth Curves (R.S =0.25 %, slop 0 005 0.1 0.15 02
1H11V) s/d
B. LoadEdgeDistance Effect on Stres$Al Relationship Fig.13 Stress Settlement Depth curves (R.S =¥%0slope
Figs. 9 through 13: The improvement of StressS/d 1H:1V)

relationship increases by increasing load distance from edg
of slope. Soil stress increasen increasingload distance
from edge of slope. For slope 1H:1VRig.9 with R.S=0%

soil stress increasey 31.58 % on increasing load edge Figs.14 through 16 shows the effeof rice straw fibers on
distance (X) from 0.0 cm to 9 crRig.10 with R.S = 0.25 % soi stress for slopes (18Y, 3H:2V, 2H:1V) respectively.

soil stress increases by 141.79 % on increasing (X) from 0S®il stress increases by adding rice straw to the sandy soil.

%. Relationship Between Soil Stressl RiceStraw
Content
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Whenever rice straw proportion increases the stress increa
For slope 1H:1V inFig.14 for different lad distance from
edge of slope, soil reinforced with 0.75 % of rice straw give
the maximum soil stress. For slope 3H:2V Rig.15 for
different load distance from edge of slopeil reinforced
with 1.0 % of rice straw gives the maximum soil stress. Fq
dope 2H:1V inFig.16 for different load distance from edge of
slope, soil reinforced with 0.75 % of rice straw gives th
maximum soil stress. Increasing rice straw content more th
0.75 % leads to decreasing in soil stress. This decrease in
stress whn using 1 % rice straw content may be attributed

stress (kg'em?)

10

x (em)

the decrease of the degree of homogeneity causi

fig.15 Effect of R.S Content on Soil Stress (slopeZ3H:

irregularity in soil arrangement.

D. Relationship Between®and Rice Straw Content

Figs. 17 through 19 show the effect of rice straw fibers o
settlemen / depth ratio (S/d) for slopes (1H:1V, 3H:2V ,
2H:1V) respectively. (S/d) ratio decreases by adding rig
straw reinforcement to the sand. The (S/d) decreases
increasing rice straw proportion.

For slope 1H:1V irFig.17 for load distance 0.0 cm andi®
from edge of slope, soil reinforced with 0.75 % of rice stray

Slope 2:1
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gives minimum (S/d) ratio, but for load distance 3 cm and
cm from edge of slope soil reinforced with 1.0 % of rice stra

9Fig.16 Effect of R.S Content on Soil Stress (slope 2H:1V)

gives minimum (S/d). For slope 3H:2V kig.18 for load
distanced.0 cm and 6 cm from edge of slope, soil reinforce
with0.75 % of rice straw gives minimum (S/d) ratio, but fo
load distance 3 cm and 9 cm from edge of slope s(
reinforced with 1.0 % of rice straw gives minimum (S/d). Fo
slope 2H:1V inFig.19 for loal distance 0.0 cm from edge of
slope, soil reinforced with 0.0% of rice straw gives minimun
(S/d) ratio, but for load distance 3 cm and 9 cm from edge
slope, soil reinforced with 0.75 % of rice straw gives
minimum (S/d) and for load distance 6 cm fredge of slope

Slope 1:1
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0.18
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012
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o

Sfd

soil reinforced with1.0 % of rice straw gives minimum (S/d).

Fig.17 Effect of R.S Content on S/d Ratio (slope 1H:1V)

E. Effect of Slope Angle on Soil Stress

Tests were made on sand slopes with diffepeoportion of
rice straw with sl ope aFggl
20 through 24howthat as the load far from the slope cres
the soil stress increases. The soil stress decreases \
increase the angle of slope.

This can be attributed the decrease in shear resistance @
supporting soil adjacento slope face due to boundary
confinement effect with increasing slope angle.
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Fig.18 Effect of R.S Content on S/d Ratio (slope
3H:2V)
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Fig.14 Effect of R.S Content on Soil Stress (slope 1H:1V)

127

Fig.19 Effect of R.S Content on S/d Ratio (slope 2H:1V)
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Fig.20 Effect ofSlope Angle on Soil Stress (R.S 0.0%)
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Fig.21 Effect of Slope Angle on Soil Stress (R.S 0.25%)
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Fig.23 Effect of Slope Angle on Soil Stress (R.S 0.75%)
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V. CONCLUSIONS

It can be concluded that Soil stress may increases
significantly by adding rice straw to sandy soil.
Generally, whenever rice straw proportion increases
the stress increases.

The optimum rice straw content that gives the maximum
stress is in the range of 0.75 percentages by weight.
The (S/d) ratio decreases by adding rice straw
reinforcement to sandy soil andecreases by

increasing rice straw proportion.

The minimum (S/d) ratio has been noticedieg straw
percentage of 0.75 hweight. The soiftress decreases
with increase of the slope angle.

Sand mixed with 1.0 % by weight of rice straw leads to
increasing the angle of internal friction (&) by 46.63%,
as compared by sand with rice straw 0.00 % by weight.
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