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Abstract

Settlement and bearing capacity of foundation medeth different vertical cross-sectional shapesnom-
cohesive subsoil bases under the action of vetiegdplied load are presented. Models of foundatiaith
rectangular, wedge and T vertical cross-sectiohapss were experimentally studied. The study g#pera
showed foundations with rectangular vertical cresstional shapes having higher bearing capacity lessl
settlement as compared to those with wedge andapesh from which lower bearing capacity and higher
settlement were recorded. Although, wedge and Pesfaundations showed less bearing capacity, theg the
potentials of actively mobilizing soil, both lonketir vertical trunks and beneath their bases iivactesistance

of structural loads.
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1. Introduction

Shape and dimension of foundations, their embedmepth, physico-mechanical properties of soils kadl
geometry, all affects settlement and bearing céypa€ithe soil bases. Foundations are generallysdiad into
shallow and deep foundations. Those foundationstthasmit structural loads to the soil strata aelatively
small depth are considered as shallow foundatibeszaghi (1943) defines shallow foundation as taith is
laid at a deptlD; not exceeding the widtB of the foundation, that iB¢/B<1. Subsequent studies conducted
since then have shown tHa¥B can be as large as 3 to 4 for shallow foundatidas(1999; Das, 2010; Shakiba
rad,et al, 2011).

Different types (shapes) of shallow foundationskarewn, with strip, square, rectangular and circblkeing the
most commonly and widely used. These types of @walbundations have different shapes that only ¥eoyn
each other plan-wise or by horizontal cross-sesti@epending on their design thicknesses, thecatrtiross-
sectional shapes of these foundations are basitelgame. This makes their mode of interactioh wie soil
bases trunk-wise basically the same. Load-settlemadationship is the common method, used in sthuglyhe
interaction of foundations with soil bases. Manydgts (Fellenius and Altaee, 19%riaud and Jeanjean, 1994;
Montrasio and Nova, 1997; Zhet al 2001; Awad and El-Mezaini, 2001; Cerato and Letgger, 2007;
Mahantaet al, 2008; Kumar, and Khatri, 2008; Jahanandistal, 2010; Al-Khuzaei, 2011; Nareeman, 2012)
have been conducted on the effect of foundatiopestmm settlement and bearing capacity of soilssé&gast
studies mostly considered the shape of the foumasiplan-wise. The interaction of these shapeswidations
with the soil bases is such that the soil abovér th@ses contributes to the resistance of the tstraicloads
mostly by surcharging the soil below the base a fbundation. Therefore the study of other shallow
foundations’ shapes, which can both partly disteinesist structural loads vertically along theirnks and
bases, is presented. V (wedge) and T shape foondatiere considered along with the conventiondbregular
shapes. The study presents pattern of load-setiteralationship of non-cohesive soil bases undendations
with these shapes and acted upon by vertical loids. commonly believed that settlement (deformayi
criterion is more critical than the bearing capadcbe in the designs of shallow foundations (D&€)72, this
study is therefore anchored on this fact. Genetaky settlements of shallow foundations such asquastrip
footings are limited to 25 mm (Terzaghi, 199Bgcent studies on (especially small scale) shaltamdations
have shown that allowable bearing capacity occsetitement of between 5 to 10 % of foundation kidit line
with the reasons advanced by Cerato and Lutendg@6i7), for this study, bearing capacity at setdatrof 10

% of foundation width (i.e., s/B=0.1) was adoptecaiowable.

2. Experimental M ethodology

Four wooden models of shallow foundations were dsedhe study: the first model was a rectangulzape
block (marked rectangular shape-1) with dimensibB@x60x60mm for width, length and height respectively;
the second was a rectangular shape block (marladngular shape-2) with dimension ®x60x60mm for
width, length and height respectively; the thirddals was a wedge-shape block of 60 mm height withthw
and length for top and lower sides &60mm and30x60mm respectively; while the fourth was a T-shape
block of 60 mm height with width and length for tapd lower parts a80x60mm and30x60mm respectively
(figure 1). The dimensions of the models were chose as to be withilD#/B<2 (D; and B are depth of
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foundation embedment and width respectively). Udiwg types of non-cohesive (sandy) soils, three-non
cohesive subsoil bases were modeled in the gedtathaboratory of the Department of Geotechnicg an
Environmental Engineering of Belarusian NationakAmcal University, Minsk, Belarus. The experiménta
stand used for the study was a rectangular comtaiheimension1100:600x250 mmfor length, height and
width respectively, with a transparent front side.

Note: all dimensions in mm
Figure 1: Foundation models: a & b- rectangulapsisac- wedge-shape; d- T-shape

Two types of non-cohesive (sandy) soils were usadadeling the subsoil bases. The first and seeoiid used

in the study, were classified according to Russimmdard [OCT 25100, 2011) as coarse and medium grain
sands respectively. The subsoil bases were modgiedmpaction of the soils at various moisture eot# to
predetermined densities. Figures 2-4 show the redd®ibsoil conditions.

The experimental stand was filled with the soil¢aipers of 25 mm, with each layer compacted todtpective
unit weight (density) and at its respective moistwontents. The foundation models were placed durin
placement and compaction of the last three uppersaas shown in figures 2-4. Using 1:10 loadingteloads
were vertically, centrally and uniaxially applieal the foundations models in an incremental mameeqrding
corresponding settlement for each load incremesifgudial gauges of 1/100 mm division. Subsequeatl |
increments were made when the rate of settlemem the previous applied loads becomes less thah 0.0
mm/min.

The results are presented graphically as loadesettht curves for the respective foundations modelshe
respective modeled subsoil conditions in figures 5-

v w
Soil type depth
(mm) | (kNA) | (%)
Coarse grain 17 3
sand 60

Coarse grain
sand 18 8

Figure 2: First modeled subsoil condition
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Figure3: Second modeled subsoil condition
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Figure 4: Third modeled subsoil condition
3. Resultsand Discussion

Results of the load-settlement relationship for filnendations models on the first, second and thiatleled
subsoil conditions are shown in figures 5, 6 armdspectively. From the figures, it is observed thatbearing
capacities of rectangular shape foundations arerg#y higher than those of wedge and T shape fatiowis
models. The highest bearing capacity was observbdrectangular shape-1. This can be attributdtstemaller
width. The recorded results for rectangular shapadl2 are similar to those obtained by Ceratolaridnegger
(2007), Al-Khuzaei (2011) and Nareeman (2012). Tdweer bearing capacity generally observed with veedg
and T shape foundations can be attributed to thpesbf their lower parts, which caused high setlethunder
the same load magnitudes, in comparison with rgctian shapes. The width of the lower parts of wealge T

shapes are smaller, compared to the width of tigger parts, resulting to more pressure on therefgarts as
compared to those on the upper parts.
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Figure 5: Load-settlement curves for foundation elsan the first modeled subsoil condition
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Figure 6: Load-settlement curves for foundation aele@n the second modeled subsoil condition
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Figure 7: Load-settlement curves for foundation etsan the third modeled subsoil condition

From the graphs (figures 5-7), it is possible taleate the effect of the shapes of the foundatioodels on the

settlement and bearing capacity of the soils. $tutlave shown that for shallow foundations on stiiks
maximum settlement at which the bearing capacitpissidered allowable can be taken as 10 % of fatiml
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width (Briaud and Jeanjean, 1994; Cerato and Lggee 2007; Jahanandishal, 2010; Al-Mosaweet al,
2009; Budhu, 2012). Thus, the maximum permissietdesnent of the studied foundation models wasrtase
10 % of the width of the models, i.e. 3 mm, 5 mnm®, and 6 mm respectively for rectangular shape-1,
rectangular shape-2, wedge shape and T-shape motelefore, from the graphs (figures 5, 6, 7), the
allowable bearing capacity of each foundation medekhe given settlements is presented in table 1.

Table 1: Allowable Bearing capacity of foundationdaels

Bearing capacity (kPa)
Foundation type First modeled soil Second modeled Third modeled
condition soil condition soil condition
Rectangular shape -1 295 330 323
Rectangular shape -2 260 351 386
Wedge-shape 250 255 265
T-shape 243 242 270

From table 1, it can be observed that on all theletexl subsoil conditions, the highest allowableringa
capacities were recorded with rectangular shapad@ation models. The lowest allowable bearing cdpami

the first and second soil conditions was recordéth W-shape foundation, while on the third modetel
condition, the lowest allowable bearing capacityswacorded from wedge shape foundation model. The
observed trend in the bearing capacity of T-shapedation on third soil conditions can be attriloute location

of the top part (flanges) of the foundation in &atigely denser soil as compare to the first ancbed soil
conditions.

4. Conclusion

Settlement and bearing capacity of foundation medeth different vertical cross-sectional shapesnom-
cohesive subsoil bases under the action of velgtiegiplied loads was studied. The study generdigwsed
foundations with rectangular vertical cross-sectl@hapes having higher bearing capacity and Efemsent as
compared to those with wedge and T vertical cressianal shapes, from which lower bearing capaaity
higher settlement were recorded. Although, wedgkTashape foundations showed lower bearing capabity
have the potentials of actively mobilizing bothldong their vertical stems (trunks) and beneatirtbases in
the resistance of structural loads.
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