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Abstract

The results of conventional drained triaxial compression tests r:onducted on 100 mm diameter x 200
mm high specimens of sand reinforced with geogrids micro-meshes (GMM), mixed randomly with sand
with various percentages up to 1.4 are presented in this paper. The effect of inclusion of GMM
percentages on the strength of reinforced sand increases with increasing confining pressures, the strength
increases gradually with increasing mesh percentages up to 0.72 beyond this value the strength tends to
approach asymplotic, The strength parameters of the reinforced sand show significant improves. These
expermental data are utiised to assess the overall influence of geogrids micro-meshes on the bearing
capacity of granular trench problems. Granular frenches reinforced with geogrid micro-meshes installed in
clay bed have been analvesed far *‘PSHHQ capacity and bearing capacity ratio. The sand as well as the
reinforced sand with Gl Jiooilhuied ~=adomly is found improves the bearing capacity of granular trench.

Keywords: Geogrid, Reinforcement, Granular trench, Bearing capacity, BCR .
1. Introduction
The technique of soil reinforcement is being extensively used, since the last century, in a variety of
applications ranging from earth retaining structures to subgrade stabilization. It is one of the most sucee -
ssful and reliable techniques used and it is fast rePIacmg the other conventional improvement methods.
Recent research by different workers ! on randomly distributed as well as orented layer
reinforcements is very much encouraging. In view of the above, triaxial tests have been conducted to
understand the strength behavior of geogrid micro-meshes reinforced sand. The results have been used
to assess the influence of reinforced sand on the bearing capacity of granular trench problemns.

Granular trench: bearing capacity of weak clays can be improved by using granular pile or stone column.
The two-dimensional plane-strain version of a granular pile is a granular trench. Madhav and Vitkar™
investigated the latter problem and derived analytical expressions for various combinations of parameters.
The ultimate bearing capacity (q.) of the footing of the granular trench is determined by

qu=CaNc + (y2 B2} Ny+ Df 2Ny )
Where,

Me, My and Ng are the dimensionless factors depend on the properties of french and soil materals.

Cs, y1and Cs, v are cohesion and unit weight of trench material and clay soil respectively, and Df is
depth of foundation .

Bearing capacity ratio : a term bearing capacity ratio”’ (BCR) has been defined to compare the test data

as:
BCR = gumya. (2)
of WgmEiy A, (3)
Qurd Qu="1+AGgJ/q,
BCR =1+ ABCR 4
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Where, quz = ulimate bearing capacity of the reinforced sail .
qu = ultimate bearing capacity of the unreinforced soil

A qu = change in the ultimate bearing capacity due to reinforcement inclusion and
ABCR = change in bearing capacity ratio .

In the case of strengthening the clay bed b

y granular french of sand or reinforced sand with geogrid
micro-meshes the BCR for both is:

BCR =1+ ABCRy, + A BCR (5)
A BCR.:E,] = g;_.i,' = !;I! [z {E}

QIJ[EJ
A BCRygy = gum = Gy (7)

Quicy

Where, A BCR;=change in BCR brought out by unreinforced sand of granular trench |
A BCRz=change in BCR due to contribution of reinfarcement in the granular trench,
Qus =ultimate bearing capacity of granular trench of sand,
Qu= = Ulimate bearing capacity of clay bed and

Qur) =ulimate bearing capacity of granular trench of reinforced sand.
2. Experimental Programme

2.1 Soil

The investigation was camied out on a granular soil, camprising of sub angular particles. The relatve
density, uniformity coefficient and coefficient of curvature are 0.86, 3.35 and 0.84 respectively,
2.2 Reinforcement

The geogrid used was the extruded, unoriented variety made -:f Righ dant™y nolyethylene (HDPE),
manufactured by Netlon India. Geogrids have been used as reinforco: s i u: 10 of micro-meshes
designated as GMM. The micro-meshes are small square pieces of size 50x50rmm cut out of geogrids

Many possible mesh element sizes were subjected to some exploratory tests and from these 50mm
square elements were chosen as suitable. The physical and mechanical

properties of geognds are given
in Table1,
Table 1 Properties of Geogrid Reinforcement
Type CE121
Polymer : Polyethylene
Aperture size 8 x 6 mm
Mass/unit area 730 g/m’®
Tensile strength 7.68 kN/m
Max. extension at max. load 20.2 %
Load at 10% extension 6.8 kN/m
Elongation at peak strength 3.2%

2.3 Triaxial Tests

Saturated sand alone and sand mixed with various percentages up to 1.4 (by weight) of mesh
element were deposited in layers in water into split mould forms. The specimens (100mm diameter and
200mm high) were prepared in a manner similar to that for specimens of saturated cohesionless soil for
conventional consolidated drained triaxial test®, Each layer was compacted to achieve required density
by vibration at a constant frequency. The achieved dry density of sand and sand-mesh mixiures varied

from 17.6 to 18.0 kN/m’, The cell pressures applied were 25, 50, 100 and 200 kPa at a deformation rate of
0.2 mm/minute .

3. Results
3.1 Stress - Strain

Typical stress-strain curves for unreinforced and reinforced sa-c Yo vanct S percentages of GMM
elements are presented in Figs. 1 and 2, under confining pressures of 25, 56, 100 and 200 kPa. In
general, it is observed that the inclusion of GMM reinforcement increased the deviator stress developed at
any strain level which confirms the ability of mash element to strengthen the sand. It can be found that the
residual strength beyond the peak improves better than the maximum. It is seen that the peak stresses in
reinforced sand occumed at slightly higher axial strain than the sand alone at lower confining pressure,
The deviator stress seems to be lineary improving with micro-mesh content.
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Figures also depict the volume change behaviour. These figures in general, reveal that both
reinforced as well as unreinforced sands exhibit similar trends i.e an initial compression and then dilation

as the axial strain increases. In general, it my be inferred that the effect of reinforcement is to decrease
the volumetric expansion.

3.2 Effect of Inclusion

The effects of inclusion of GMM percentages on the strength of reinforced sand are illustrated in
Fig.3, where the relation between major principal stress at failure (sy) and GMM percentage is presented.
The figure shows that as the mesh percentage increases, the strength increases with increasing confining
pressures. The increase in strength is generally inproportion to the amount of reinforcement i.e GMM
percentages. It is observed that in the reinforced sand the strength increases gradually with increasing
mesh percentages upto 0.72 % beyond this value the strength tends to approach an asymptotic.

3.3 Strength Ratio

The values of strength ratio (the ratio of the strength of a reinforced sand to that of an unreinforced
sand under different confining pressures) are given in Table 2. This table in general, indicates an increase
in strength ratio with mesh percentages and also a general decrease in strength ratio with- increase in
confining pressure .

Table 2 Strength Ratio for GMM Reinforced Sand

o I GMM Reinforcement (%)
(kPa) | 024 | 048 0.72 1.4
25 1,25 1.45 1.69 2.19
[ 50 1.07 112 [ 1398 | 172
| 100 1.07 113 118 | 150 |
oy 113 | 121 | 139 | 142 |

3.4 Strength Charactenstuics

The variation between oy and corresponding oy for unreinforced as well as reinforced sand with
various percentages of GMM are shown in Fig.4 _ It is interesting to note from this figure that the failure
envelope is finear for unreinforced sand whereas, it becomes bilinear with reinforcements. The critical
confining pressure (o) s found to be around 25 kPa . The equivalent confining stress increase (As,) due
to micro-mesh reinforcement was detemmnined from the observed increase in major principal stress at
failure (Ao, according to the following relationship ;

Aos=o3(Acs) {8)
T
3.5 Strength Parameters

The p-g plot for unreinforced sand and reinforced sand with v
meshes are presented in Fig.5, for different confining pressures. Th
bilinear. This figure indicates that the range of confining pressure upto 50kPa cormesponds to initial inear
portion, whereas the second linear portion carresponds to the range 50-200 kPa. The values C" and ¢
obtained are presented in Table3. A study of this table reveals the following:

— For unreinforced sand the values of C’is zero upto o= 200 kPa.

— For the range of confining pressure upts 50 kPa, sand when reinforced with mesh percent upto
1.4 %, the value of ¢’ increases from 44 .4° to 54°

— For the range of o3 from 50 to 200 kPa, sand when reinforced with mesh percent upto 1.4 %, C-
increases from zero to 65 kPa .

— In general, ' neary remains constant at the same value of unreinforced sand.

The rafios of reinforced friction angle @:™ were calculated and summarized in Table 2. The
results appeared to indicate that the fricion angle ratio was greatly affected by the increases of mesh
percentages.

Based on the precaded tlasvalians it may be stated that the pseudo-cohesion of reinforced sand
with bond failure, and taiiuie by jack of adhesion and slipping of the meshes were characterized by an
apparent friction angle (ps) which is larger than that of the sand alone, and both (p=) and the critical
confining pressure (s.) were mainly influenced by the soil{inclusion, interface friction and the inclusion
percentages. As shown in Fig.4 the ultimate strength of reinforced sand failed by inclusion was govemed
prmarily by the mesh percentages, with the more extensible inclusion (GMM elements) the improvement

arious percentages of geogrd micro-
e failure envelops are observed to be
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in strength of reinforced sand was significant because the interaction with

the soil particles through
surface friction as well as the interlocking mechanism.

- Te:1 T - Tievgth Parameters for Sand Reinforced with GMM

Ty Para- i ' Mesh, %

(kPa) | meter O | 024 | op/o' | 048 | gele' [ 072 [ pe/9 14 | @alo |

50 C'(kPa) 0 [ 0O B 0 0 | |
' p'(deg) | 444 | @e=488| 1.1 [ 501 113 | 514 1.16 540 | 122
50-200 | Ca(kPa) | 0O G 36 I 38 | 65 |
i | 9fdeg) | 444 | 9e=455] 102 | 455 1.02 | 468 105 | 460 | 104 |
4.Granular Trenches

The use of granular frenches is one of the recent techniques for improving the load carrying capacity
of soft soils. The arangement of such a granular trench installed in a surrounding weak clay deposit is
shown in Fig. , a and b « Madhav and Vitkar™ analysed the problem of a granular trench and derived an
expression for the ulimate bearing capacity of footing on granular trench in soft soil as given by Eqn.1.

Herein, an analysis has been carried out to understand the changes brought out in ultimate bearing
capacity of such a footing on granular trench when the reinforcements are introduced into the trench
matenal (sand, in this case). The analysis is done for geogrid micro-meshes {(GMM) reinforced sand used
for granular trench as illustrated in Fig.6, c « For this, the weak clay deposit has been assumed to possess
cohesion ( C; ) of 20 kPa. Whereas, the values of cohesion Cg, of reinforced material for granular trench
(C, is replaced by Cg, for reinforced material) adopted herein are based on the pseudo-cohesion concept
suggested by Schlosser and Long”™ and used by Gray and Al-Refiea for similar analysis. In this study
the values of Cp = 36 kPa have been extracted from the results of triaxial tests conducted on the
corresponding material (Table 3). The footing is placed at a depth Df = 1.0 m below ground leve| and rests
directly on granular trench(Fig.6) . The foating widths (B) varied are 1.0,1.5 and 20 m « The granular
trench width (A} is to varied as to obtain A/B ratios from 0.8 to 2 in steps of 0.2 .
4.1 Unreinforced Granular Trench

The value of C, remaining constant (20 kPa), Nc values depend on C, which equal zero in this case

sand . Ny based on th = =f the unit weight of the granular trench vy and v, of the clay are 17.8 and

15.7 kN/im® respectively wincin 15 1,75 . The Ng based on the intemal friction angle of the sand (granular

trench @= 44 4%), and A/B ratios. The ultimate bearing capacity values have been computed from Eqn.(1)

for different A/B ratios and are reported in Table 4. The term Que in Table 4 denotes ulimate bearing

capacity of clay bed without granular trench and Q. for ultimate bearing capacity of granular trench for
unreinforced sand respectively .

4.2 Reinforced Granular Trench with GMM

The values of C; remaining constant (20 kPa), Nc values should depend on Cg. Thus, to derive
higher Ne, it becomes necessary to select appropnate mesh percentage so as to achieve higher possible
Cs The expermental results presented in Fig. 3 indicate GMM percentage of 0.72 is optimum to derive
maximum possible increase in strength. The comresponding Cr, value extracted from Table3 (under a:>50
kPa) is 36 kPa and the ratio Cr/Cyin this case worked out to be 1.8 = THe friction angles of reinforced sand
Pr from the triaxial test results is 46 6°(T able3). Adopting these values of Cr/C; and @g and using Madhav
and Vitkar's®™ charts of bearing capactty factors and equation (1), the ultimate bearing capacity values
have been computed for different A/B ratios and are presented in Table 4 . The term q,x, in Table 4
denotes ultimate bearing capacity of reinforced granular trench with GMM.

The table distinctly shows significant improvement in ultmate bearing capacity due to GMM

reinforced sand over unreinforced sand as a granular trench material for all the combinations of B and AR
ratio analysed here.

4.3 Bearing Capacity Ratio (BCR)

The changes in bearing capacity rafios of ABCRy; and ABCRp due to the unreinforced and
reinforced granular trench are computed by using Eqns.6 and 7 respectively and given in Table 4, the
bearing capacity raios (BCR) of the unreinforced and reinforced granular trench are computed by using
Eqn S, are presented in Table 4 .

To understand the individual contribution brought out by sand
changes in bearing capacity ratio (ABCR), the values of BCR are plotte
Bin Fig.7. This fiqura s i
AB ratioaswell as B .

alone and reinforcement towards
d against A/B for different values of
enesi idicate a bilinear increase in both ABCR, and ABCR g, with increase in
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Table 4 : Ultimate Bearing Capacity and BCR of Granular Trench with and without GMM Reinforcements Sand

;' Qus | Qus | Quwy e BCR |
| A | A | kN | KNmME | kNJm? A(BCR)s | MBCR)w | “Unreinforcements | Reinforcerments
i B ! Sand Sand '
B=10m : 5
[08]08 | 118 | 371 | 487 | 214 0.98 | 314 [ 42
10[10[ 118 | 517 | 735 | 338 1.85 438 6.23
12|12 118 | 567 | 830 | 381 223 481 7.04
1414 118 607 | 904 4.14 252 5.14 766 |
16116 | 118 | 643 | 990 | 445 2.94 545 838
18|18 118 | 684 | 1077 | 480 333 580 913 |
20(20] 118 738 | 1151 525 3.50 6.25 9.75 ﬁl
B=15m

12|08 118 [ 3% | 516 | 238 1.02 336 438
(5[0 118 | %83 | 783 [ 386 | 755 4.6 6.64
TE[12| 8 [ 6w [ we i a3 522 7%

2 (1A 18 | 8 | o | ie o5 564 8.25
2416 T8 | 710 0B T 5m 35 6.02 910
ZT[1E | T8 | 7T TRE T SE T 963 |
30 |20 118 | 826 | 1257 | 600 | 365 7.00 [ 1085
B=2.0m : ]
16708 118 422 545 2.58 1.04 3.58 4,62 |
20[70[ 18 | %0 | B0 | 400 T 303 500 703
(2472 118 | 686 | o458 | 45 2.39 564 8.03
2814 | 118 | 725 | 1042 | 513 270 6.14 8.84
32|16 118 | 778 | 1155 | 580 319 | 6.60 9.79 _}
|36 18| 118 838 | 1264 | 6.1 3.60 711 10.71 |
40[20 [ 118 915 | 1363 | 6.75 3.80 l 775 1155 ]
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The variations of BCR with A/B ratio of the granular trench with unreinforced and remnforced sand are
shown in Fig. 8 . This figure clearly exhibits a bilinear increase in BCR with increase in AB ratio for baoti
unrinforced as well as reinforced granular trenches. For any particular value of A/B and footing width (B),
the values of reinforced trench are significantly higher than those for unreinforeed trench indicating a
distinct improvement due to inclusion of reinforcements. For example, granular trench with A/B of 1.2 and
footing width 1.5m (Fig.8), the BCR values are 7.50 and 5.25 with GMM reinforced sand and unreinforced
sand respectively indicating a BCR improvement of the order 2.25 over and above that of unreinforcod
sand, Similar results have been observed for other cases. It is interesting to note from Figs. 7 and & that
the intersection points of linear segments for all these cases invariably appears at A/B of 1.0

The problems of footing and granular trenches in clay beds analysed here on the basis of
expenmental results distinctly show the effecliveness and applicability of reinforcement to improve the
ulimate bearing capacity and subsequently bearing capacity ratios.

It may also be noted that the analysis carmied outin the present study is only indicative of the possible
Improvements as the actual improvement depends on the choice of correct reinforced soil parameters and
the dimensions and depth of foundationftrench. Using these appropriate parameters determined in the

laboratory can only reflect the magnitude of the improvement in BCR or settlement reduction
5. Conclusion

-

1. The geognd micro-mesh increased the deviator stress developad a any sirain including peak
and residual levels

2. The peak stresses in the soil-mesh midure ococurres &t ookt hicvar axial sirain than the
sand alone at lower cell pressure,

3. The critical confining pressure defines two distinct zones for the failure envelopes, (a) o, »o:
depicting an increase in anisotropic cohesion with nearly constant angle of internal friction and
(b) 0.<0: depicting an increase of the internal friction angle only.

4. Without the inclusion of the reinforcement the ulimate bearing capacity of granular trench
increases with A/B ratios

3. Wih the inclusion of the reinforcements the ultimate bearing capacity of granular trench
increases further.

8. Unreinforced as well as reinforeed granulai trenches exhibit a bilinear increase in BCR with
increase in A/B ratio
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