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ABSTRACT

Numbers of foundation performance improvement igcies are used to overcome settlement problemthéofootings.
Skirted footing is one of the techniques commoeigdused for offshore structures. Now it has atied the attention in
using it for clayey soils. It has been reportedtttiee skirts can be effectively used as one ofdbadation performance
improvement techniques for clayey soils. In thiggt performance of Bi-angle skirts, a special cafenulti skirted
footing has been focused upon. In this study twesyf soils, three locations of skirts, and trad&erent sizes of footings
have been considered. The study shows that pravificemi Bi-angle skirt on two diagonally opposgiteners of the
footing is the most efficient technique to consettlement as well as rotation (differential settént) of footing. Analysis
is carried out using finite element based softwa#d>2000 Vs.18.
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INTRODUCTION

Differential settlement of footing resting on clgysoil is a common but important problem. To ovenecthis problem a
foundation performance improvement technique islede Skirted footing is one of the innovative tdgaes to improve
performance of footing. The skirts help in imprayithe performance by confining the soil under thetihg. Thus,
helping in reducing and restricting the settlemamd rotation of footing within permissible limitki& is an arrangement
of vertical wall projected below the footing plame this paper, three models of Isolated squarérfgs F1, F2 & F3 along
with seven different depths of skirts at three atifint locations have been resting on two typesoi$ diaving bearing
capacities 80 KN/fand 150 KN/ Earlier studies have shown that skirts effecyiielp in reducing the settlement at
some points but may not be able to restrict se@tgrall along the footing. It results in rotatiddifferential settlement) of
the footing. Uneven settlement under the footirgp aksults in uneven pressure distribution. In soases, the pressure
distribution may exceed the safe bearing capadithe soil, which is not desirable. Or even if fhressure distribution is
within the limit but rotation exceed the permissibialues for angular rotation of the footing. € tiotation is within the
permissible limit with the settlement all along tfaoting it ensures that pressure under the foosihgll be within

permissible limits of Safe Bearing capacity of tiod.
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In this study analysis of Isolated square footinghwertical skirt at various locations with diffart depth of
skirts has been modelled using finite element-basaftivare SAP2000 Vs18. For the analysis threeirfgosizes
(F1=2x2x0.5)m, (F2= 2.8x2.8x0.65)m and (F3= 3.6xB8.85)m with seven different depths of skirt rarggiinom O to
1500mm i.e.(0,250,500,750,1000,1250&1500) have bmmmsidered. For analysis three different locatiafisskirts

considered are,
» Single skirt is provided along full length of orides of Isolated square footing.

« Two half length skirts are provided along the adjacides of Isolated square footing with theircfion at corner

termed as semi Bi-angle skirt.

e Two semi Bi-angle skirts are provided at two opfmsbrners of a diagonal of an Isolated squarerfgot
Following three cases have been considered bast#damlocations of skirt:

e Case-l- Footings (F1, F2 & F3) with location (i).

» Case-ll- Footings (F1, F2 & F3) with location (ii).

» Case-lll- Footings (F1, F2 & F3) with location (iii).

The side of footing with skirt is designated astskide and other sides are designated as nonssttes. These
footings (F1, F2 & F3) are subjected to axial lofmsmprises of DL & LL) from columns. The footingéskirt have been
considered to be of the same material. Thicknesskiof is kept 200mm. The study has been carriedconsidering
different parameters such as loads, bearing capatisoil, depth of skirt and location of skirt évaluate behaviour of

footing on the basis of settlement and soil pressetow the footing using SAP 2000 Vs.18.
LITERATURE REVIEW

The research that conducted by Ortiz (2001) indetliscontinuous vertical skirt dowels around erigtioundation. A
marked increase 20 % in the bearing capacity aneblaction of settlement were observed. Mohammed@durvenec
(2002, 2003) applied two and three dimensionatdirlement analysis to assess the behaviour pfatd circular skirted
foundations subjected to combined vertical, momamd, horizontal loading. Al-Aghbari and Zein (20Q006) performed
tests on strip and circular footing models restimg sand. Nighojkar S. and Mahiyar H.K. (2006) haddied
experimentally Bi-angle shaped skirted footing sctgd to two way eccentric load under mixed soihdition.
Experimental study on the Performance of skirteih $boting subjected to eccentric inclined loadswzerformed by
Nasser M. saleh et.al (2008). EI WAKIL (2013) usitg laboratory test of skirted circular footing tthiachined from
steel, with the sand as the media of testing amdluded that the use of skirted footing is vereefifive on increasing the

value of footing bearing capacity.

Thakare Et al (2016) studied the performance ofaregular skirted footing resting on sand bed subjedo
lateral loads and concluded that as the D/B ratioeiases from 0.5 to 2.0, the ability of skirtedtiiog for resisting lateral

load increases up to 300%.

Performance of vertical skirted strip footing o using finite element software PLAXIS 2D by [&.
PUSADKAR et.al (2016). A series of various numericeodel were analyzed using PLAXIS 2D to evaludte bearing

capacity of strip footing with and without strucliskirts resting on sand slopes
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Al-Aghbari and A. Mohamedzeim (2018) investigate tise of skirts to improve the bearing capacity tnd
reduce the settlement of circular footing restingal sand. The improvement in bearing capacity iwgbout 470% for a
surface footing with skirt of depth 1.25Band settiat reduces by 17%.

B. Nail et al (2020) studied the settlement of Erekirt Isolated square footing for different skiarameters and
found that the effectiveness of skirted foundatiervery significant when skirt is provided symmeitiy or coaxial to the
footing side. Whereas the effect of size of footimgl value of net upward soil pressure does netathe settlement of

single skirted footing much as compared to theldepskirt.

S. Nighojkar et.al (2020) have conducted the peréorce study of skirt depth on settlement and netaup
pressure characteristics of single skirted Isolatpshre footing and concluded that at near sidetooh skirt is provided,
the average settlement is reduces by 40 to 60%infdepth 250 mm and by almost 60 to 70% for skepth of 1500 mm.

S. Nighojkar et.al (2020) on finite element modg]liof Bi-angle shape skirted footing resting onyela soil
using SAP2000 Vs.18 and concluded that skirtedrigatesting on clayey soil having low bearing cafyaof 80 KN/nfis
taking load which belongs to 1.87 times higher upglyaressure of soil. Also for various skirt deptbesttlement of footing
comes within the assumed permissible limit of 25.imough the initial settlement of the footings vedieady within the

permissible limit for higher bearing capacity of02RN/n".

In this paper; the comparative study has been pagd on isolated square footing provided with sngkirt at
full length and semi Bi-angle skirt half length a¢ptwo adjacent sides. The model footings (F1, FE3% axially loaded
has been analyzed for different locations and depthkkirts to investigate the utility of skirt ireducing the average

settlement and soil pressure using finite elemeftiveire SAP 2000 vs.18.

MODELLING

Present research study based on finite elementlingdnd analysis of three different sizes of fogt{F1 = 2 x 2 x 0.5)
m, (F2=2.8x 2.8 x0.65) m & (F3 = 3.6 x 3.6 8%). m have been considered. The seven depthsro{@kR250, 500, 750,
1000, 1250, 1500) have been used for model foot{rds F2, F3). Skirts are provided at three défe locations of
model footing F1, F2 & F3. Location —I the skirbpided on full length of model footings at singliége. Location-Il semi
Bi-angle skirt at one corner of model footings. aten-Ill two semi Bi-angle skirts provided at daaglly opposite
corners of model footings. Location-lIl and locatidd both are considered as special case of Biasfpape skirted
footing. The location-I of skirt on footings (F12A-3) may be considered as case-Il. Similarly Lional and location-lIl

of skirt may be considered as case-Il and casesfpectively. The two extreme values of bearingaciies i.e. 80KN/rh

and 150KN/mi have been considered for case-l, case-ll, caseflthodel footings (F1, F2, F3).The material projesrt
mentioned in Table 2 are applicable to model fagsi(F1l, F2, & F3) as well as skirts. The lineatistanalysis of model
footings (F1, F2, F3) along with skirt thick shelement have been considered.

Allowable maximum permissible settlement of modmdting analysis in SAP2000 vs.18 is restricted Smgh.
The modulus of sub grade reaction is a conceptlationship between soil pressure and deflectienwidely used in
structural analysis of foundation members. It iscufor continuous footing, Mat and various typegpitifhg, this ratio is
defined as Ks=p/
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Table 1: Material Properties for Footings (F1, F2 &F3) and Skirt

1. Material Name 1Yis

2. Material type Concrete
3. Weight per unit volume 24.9926
4. Mass per volume 2.5485
5. Modulus of elasticity 22360680
6. Poisson ratio 0.2

7. Coefficient of thermal expansion A 5.500E-6
8. Shear modulus G 9316950
9. FCK 20000

Figure 3: Two Semi Bi-Angle Skirts at Opposite Diagnals of Isolated
Square Footing (Case-IlI).

NAAS Rating 3.04
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RESULT & DISCUSSION

On the basis of modelling and analysis of isolagdare footings (F1, F2 & F3) with and without sldubjected to
concentric load from column considering three ddfé cases based on location and depth of skidakowing

interpretation are drawn.

Settlement for Skirt side & Non skirt Side of
Single Skirted Footing (BCS0)
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Figure 4: Variation of Settlement for Footings (F1,F2 & F3)(Case-I).
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Figure 5: Variation of Soil Pressure for Footings F1, F2 & F3) (Case-I).

Settlement for Skirt side & Non skirt Side of
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Figure 6: Variation of Settlement for Footings (F1,F2 & F3) (Case-l).
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S0il Pressure for Skirt side & Non skirt Side of
Single Skirted Footing (BC150)
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Figure 7: Variation of Soil Pressure for Footings F1, F2 & F3) (Case-l).

Settlement for Skirt side & Non skirt Side of

Single Semi Bi-angle on Footing(BCS0)
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Figure 8: Variation of Settlement for Footings (F1,F2 & F3) (Case-lIl).
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Figure 9: Variation of Soil Pressure for Footings F1, F2 & F3) (Case-lIl).
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Settlement for Skirt side & Non skirt Side of
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Figure 10: Variation of Settlement for Footings (F1F2 & F3) (Case-ll).
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Figure 11: Variation of Soil Pressure for FootinggF1, F2 & F3) (Case-lI).

Settlement for Skirt side & Non skirt Side Semi
Bi-angle on Both Diagonals of Footing(BCE0)
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Figure 12: Variation of Settlement for Footings (F1 F2 & F3) (Case-lll).
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Figure 13: Variation of Soil /Pressure for FootinggF1, F2 & F3) (Case-lll).
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Figure 14: Variation of Settlement for Footings (F1F2 & F3) (Case-lll).
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Figure 15: Variation of Soil Pressure for FootinggF1, F2 & F3) (Case-lIl).

» For case-l, referring figure 4 & 6— showing settéarnhskirt side and non skirt side, it is found thattern of all
footings (F1, F2, F3) at different skirt depth atmost same for both types of soil. This shows thatsettlement

pattern is independent of the values of bearingcifypof soil.

Referring figures 5 & 7 for the variation of soilgssure below the footings (F1, F2 & F3), cleanficates that
pattern for variation of soil pressure is almositofeing the pattern of settlement curves as obthinefigure 4 & 6. In this

case although the footings are subjected to diffeaksettlements but within standard permissilstet|

Impact Factor (JCC): 7.5428 NAAS Rating 3.04
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» For case-ll referring figure 8, figure 10 for settlent and figure 9 figure 11 for soil pressurés indicated that
curve pattern showing the variation of settlemertt soil pressure below the footings (F1, F2 & F® almost
same. When single semi Bi-angle skirt is providddt footings are subjected to differential settlatmiut

obviously within the permissible limit.

» For case-lll referring figure 12 and figure 14 gattlement, and figure 13 and figure 15 for sodgsure. When
footings (F1, F2, & F3) are provided with two seBitangle skirts at diagonally opposite corners does
subjected to any differential settlement of thetifog In this case settlement curves at skirt sidé non skirt side

are coinciding on each other, which show the unifgettlement of footings within permissible limit.

The same is true for variation of soil pressureWwethe footings (F1, F2 & F3). Curves of soil prgssat skirt

side and non skirt side are coinciding each offieis shows uniform soil pressure below the footings

Thus provision of two semi Bi-angle skirts at diaglly opposite corner of footing is found to beweffective

technique to control the problem of differentiattleenent of footing.
CONCLUSIONS

The following points have been concluded form thelg of various cases of footing F1, F2 & F3 regton bearing
capacity of soil 80KN/rhand 150KN/m.

e From the study and analysis of all the three cisissconcluded that provision of skirts resultg@nsiderable

percentage reduction ranging from 20% to 40% grage settlement and soil pressure below the fgotin

« From figure it is clearly indicated that behavidrf@oting is almost same and found to be independ€bearing

capacity of soil.

* In case | and case Il, the provision of skirts ltssin reduction of settlement at skirt side butle same time
results in increase of settlement at non skirt .sileough the differential settlement increasesis itwithin
permissible limit mentioned in codal provision. Téettlement at skirt side reduces with the incrélagtepth of

skirt for all cases; six times increase in deptblafts reduces the settlement by about 33%.

e With increase in depth of skirt from 250 mm to 158@n, the settlement at non skirt side reduces; ghou

reduction in settlement is very less.

e As in case lll, the provision of two semi Bi-angi&irts at diagonally opposite corners reduces wiffaal
settlement of footing by almost 100%.Hence it setortse an effective and efficient option where pneblem of

differential settlement of footing is significant.
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