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Fig 2. Facilities for laboratory tests

OLSy Ll bl 5 e 3 oy 05 iie 2 ke

oslinal L S 55 5 S A s iy sl @l Alk
035 «B) g 2o U U5 L @) b b b o5
Dr) 5 o () S Shaol 4515 (y) S o sase

AL ey (S sl STl (@) g ol 4l

f(quﬁy'd)'Df:a) =0 M

Olgi e day Oy Slaaie b b ) daly LS L
HGSN P

s I

oo owilin sl oK1 .x,:b.% e wlia wlis S

s opl 53 oy 3l Sl 5l S S LN (S5

:V'i)‘:'
B
PN ™)
B,
dry o e el 0135 Rl b lis (B 4 a5 L
R PRCRT
(B =(2) - Z=Zav ©
B/, B/ Dfn Bp
@) () - 22y
¢/, \o/, Am Pm
(q_u) =(q_“) N Dp _ Bo¥p _ 1 )
By/, \BY/,  Qum Bm¥m

o8 Cand Gl g ulidls &S diagh Ol 55 o & b

Cumdly 53 o Osbde Ges w0y dale= N oo 0
S A e OLi 0 dlaly a4 S ks Jue ol s N WL
Slavl i b Jle & ol 53 ol sl oo
Sl g by col ol Jie 5 coadly s S s

Sl 415 0lea sl Jia 3 ek eslizul St Y gana



Ve JL /D U‘.o..ﬁ‘:/r".: S 6393

iote Ol jes pwdige Lbgh — sele dome

i anle Sdtes € o Sist anle s Sl 45050

G| MLA&L}J;-U Qj}'yd}

ewﬂujéué.@«jb@j}:dm.i Jse

o3l @lao -1-Y
Syl anle andlas ol 53 ol eslinal S i S (A

)'\) 03 4 uf.,\.mg- Ok awle U'il S (NO.160) oﬁjjﬁé

syt ol 0L G0 Jad 5 0S5 gd slas

. J‘ﬁub&.ﬂuﬂ@dwud.u{ul;@j}:w‘(i)Ji;
F g 035 53 (USCS) towte (st s olil 2 S o
B Sl S5y ple s e duail (SP) sdssuails L anle
s JﬁJﬁESASJJNM.CA.N\@J.Z;J%]&}’(\)JJJ}JASB
Size (mm)
Fig. 4. Particle size distribution of the soil WOl Caed U (KL Je) S glanls S Sz
Slawls St gla el Y J g
E
(kN /inz) (Poissog's ratio) ¢ (deg.) ¢ (kN/m?) va (KN/m?) Yamin (KN/m?) Ydmax (KN/m?)
70000 0.3 34 0 14 13.4 16
Table 1. Sandy soil parameters
Mesh Weight  Thickness L oPsiIe Axial S ol % s ol oS (
Code Size  Color /g2 Strength  Stiffness ¢ S CL"‘ ook« o2 e cL”A <
() om0 w6 Lzl CE-121 (¢ Lz 0S8 ) b ol L el 53
slis ) . - - LSt
e Green 730 33 7.68 0.18 > <o SO sl L b S S

Table 2. Geogrid specification

o3l wigy Y-
Gl oesS Ll s il BT YY (Ghasy ol gl
53 bRl A (b a5 b e slaes Sl
O3 es i) De/ B =0 O gl 3 Gas Cilises Ll 2
(0s84e slaes JL2) D/ B=0.5 5 (Sbs haw (555 5 a3 S
5 (Dg /' B = none) sliico s Sl glacll s 5
Glaods L el (Dg /B = 0.5) by 8555 Lok y 5
sy BB ) Jsds s el pll slailesl Ll )

Ll

o plonil sla_tlesT 4ot ¥ Jguer

Test Series D¢ /B D, /B

WL adls b s oSTre sl b 51 s (0) IS el e
KN/m 228 Cuglis gl 5 ol ol atle (HDPE)

L;K;;qu}mwd\ﬁJejfjjj)'l@.;w\.wl\//‘\/\

Sl S LS)'LW@-»A B 3}""& PrEaieng o)b aS u’iYL
))éLﬁﬂw\C)W" ﬂb.};_j@)‘}b}@\))}ﬁ‘&:ﬁj
el o S1(Y) J s

Lo ialesl 53 o eslinad 058 0 55 .0 K&

Fig 5. CE-121 geogrid used in tests

LS55 B lanie ¥ Jsir

9. high-density polyethylene

R

8. netlon



bb&w 9 w.;A‘ﬁ‘ 0‘,0\5 ...‘5\.&;5‘.4- Pr ji.".«us 6‘4.".‘:‘5,: 6&0},.»‘)3}5 '_53‘ Jﬁo&

Gla el 48 ol ol iy w0 G« ilesT e gl 1 0 None
4 CL-180 & yas Ulye 4 LS o et |y s OF il 2 03 None

. _ 3 0 0.5
loasls b b s e Jla g, sl g o bl sme ; P Iy

. CA.MA‘ 4> 2 VA
Table 3. Laboratory tests summary

Clédjl .,li;)jj MGDg}oJ)juwadsL;?)M @
.M:L;a wl.‘u b Dg)Df 6\.&&)1.’-)\

Sla sy 0ol sh SSled S5 0 IS

GO Dl Y
olitl 5 (o Gos oS SU Jold dul 3 pl s 5 sl
2855 e AN 12Dy /B =1.0) b 8555 oY 5l
s Cow ey SOl sl cw b N
Sl e a3 S L e Ol glatdls il a2 )—G wué
ol Wye b g o 5l eslinal b (8) Jsd L3 odis 2

A giledis (g a3 o Olal g5 4 1——3 —-—,L

VL}J}L;LQ(_;)_,,‘J‘Mw‘)aaﬁaéwﬂ‘bwy}aﬁ |

Fig 6. Schematic view of shell foundation

/— Geagrid

033 (S b glagsleds Sl yu @u Lol rt?u'\ $sds

ol planil (ade sladu CI8uS 8 Jgu

Types of Number of Foundations depth to width ratio

Foundation geogrid layers Apex angle Dy/B=0 D/B=0.5 Dy/B=1
180° C0-180-D0 C0-180-D0.5 C0-180-D1
120° C0-120-D0 C0-120-D0.5 C0-120-D1

Without geogrid
90° C0-90-DO C0-90-D0.5 C0-90-D1
60° C0-60-DO C0-60-D0.5 C0-60-D1
180° C1-180-D0 C1-180-D0.5 C1-180-DI
' One layer of 120° C1-120-D0 C1-120-D0.5 C1-120-D1
Conical id
geogrt 90° C1-90-DO C1-90-D0.5 C1-90-D1
60° C1-60-DO C1-60-D0.5 C2-60-D1
180° C2-180-D0 C2-180-D0.5 C2-180-D1
Two layers of 120° C2-120-D0 C2-120-D0.5 C2-120-D1
geogrid 90° C2-90-DO0 C2-90-D0.5 C2-90-D1
60° C2-60-DO C2-60-D0.5 C2-60-D1
180° P0-180-D0 P0-180-D0.5 P0-180-D1
120° P0-120-D0O P0-120-D0.5 P0-120-D1
Without geogrid
90° P0-90-DO P0-90-D0.5 P0-90-D1
60° P0-60-DO P0-60-D0.5 P0-60-D1

Pyramidal 180° P1-180-D0 P1-180-D0.5 P1-180-D1

One layer of 120° P1-120-DO P1-120-D0.5 P1-120-D1
geogrid 90° P1-90-DO P1-90-D0.5 P1-90-D1
60° P1-60-DO P1-60-D0.5 P1-60-D1

180° P2-180-D0 P2-180-D0.5 P2-180-D1
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120° P2-120-DO P2-120-D0.5 P2-120-D1
Two layers of 90° P2-90-D0 P2-90-D0.5 P2-90-D1

geogrid
60° P2-60-D0 P2-60-D0.5 P2-60-D1

Table 4. Numerical models coding
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Fig. 7. Comparison of results of numerical modeling with
physical modeling for conical foundation
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Foundations depth to width ratio

Types of Number of A
. . pex angle
Foundation geogrid layers Di/B=0 Di#/B=0.5 Di/B=1
180° 10.57 19.23 26.82
120° 12.28 19.76 26.93
Without geogrid

90° 13.09 19.79 26.95
60° 14.66 19.94 27.04
180° 23.34 28.69 33.17
) one layer of 120° 23.6 29.41 33.19

Conical d
geogrt 90° 23.88 30.13 33.23
60° 242 30.26 33.27
180° 24.39 28.88 33.93
Two layers of 120° 24.45 30.89 33.96
geogrid 90° 245 30.91 33.96
60° 24.51 30.92 33.99
180° 13.56 21.47 28.75
120° 14.51 21.63 28.84

Without geogrid

90° 15.5 21.61 28.93
60° 16.79 21.73 29.04
180° 24.14 31.7 38.51
Pyramidal One layer of 120° 24.77 32.02 38.53
geogrid 90° 25.94 32.17 38.65
60° 26.09 32.33 38.68
180° 26.19 32.93 38.82
Two layers of 120° 26.24 32.95 38.85

geogrid
90° 26.25 33.02 38.85
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60°

26.29 33.04 38.87

Table 5. Bearing capacity (kPa) of shell foundations resulting of numerical modeling
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Abstract

This study presents the experimental results and numerical analyzes on the conical and pyramidal shell
foundations located on loose unreinforced and reinforced with geogrid sand. The results have been compared
with the values studied for flat circular and square foundations. Laboratory studies were performed on different
types of shell foundations with different apex angles using small-scale physical modeling. In order to extend
of study for determination of the effect of various conditions of foundation’s depth to width ratio and the
number of geogrid layers on bearing capacity ratio, numerical analyses have been done by limit analysis
method. The results have shown that, in general, increasing the depth of the foundations and the use of
reinforcing structures ameliorate the geotechnical performance of foundations in both flat and shell models,
although this enhancement is more evident in plane foundations. The load bearing capacity for the foundations
with 180°, 120°, 90°, and 60° apex angles is put up to 40%, 36%, 32%, and 28%, respectively by rising in the
foundation depth to D¢/B=0.5, and is raised to 76%, 67%, 61%, and 55%, respectively by the growth of the
foundation depth to D¢#/B=1.0. The use of geogrids increases the bearing capacity of plane foundations more
than the shell foundations. The use of a single geogrid layer increased the bearing capacity of the foundations
on the soil surface by an average of 79%, while the use of two layers of geogrid increased the bearing capacity
by 86%, reflecting the fact that the use of two layers of geogrid will not significantly improve the bearing
capacity in comparison to the condition when the soil is reinforced with a single geogrid layer. Bearing
capacity of buried foundations with D¢#B=0.5 is increased to 50% and 53% by using a single geogrid layer and
double geogrid layer, respectively, and with D¢/B=1.0 is increased to 28% and 30% by using a single geogrid
layer and double geogrid layer, respectively, in comparison to foundations which are built on surface
unreinforced soil. For foundations on the soil surface with 180°, 120°, 90°, and 60° apex angles, using a single
geogrid layer increases the average bearing capacity to 99%, 81%, 75%, and 60%, respectively, and the use of
two layers of geogrid increases to 110%, 90%, 78%, and 62%, respectively. These conditions are less
pronounced for buried foundations and the increase in load bearing capacity for footings with all apex angles
is about 50% for D¢/B=0.5 and 29% for D¢B=1.0. The use of two layers of geogrid will have less impact on
the foundations with smaller apex angles.

Keywords: Bearing capacity, Settlement, Conical and pyramid shell foundations, Geogrid, Reinforced sand
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