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Fig. 1. (a) Schematic view of the combined loads applied on a strip foundation [28], (b) A special
case of combined loading (V-H) applied on a strip foundation on two-layer clay soil [4]
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Fig. 2. (a) Initial geometry of the model, (b) Numerical simulation and (c) Finite element meshing of the model
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Table 1. Variables used in parametric numerical analysis
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and 2.5

b/B=0,L/B=2,6/p=0, Reinforced (N =2)

AT



VAFY 1 VAYD doiuo VF+Y Lo & oyl D )93 epusS puol 3y (wsbites &yt

wwy SB by SOk Glaswiv ¥ Jgas

Table 2. Mechanical characteristics of clay soil layers
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Table 3. Mechanical characteristics of foundation concrete and geogrid layers materials [17,32]
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Fig. 3. Steps for calculating the failure envelopes in (a) V-H loading and (b) V-M loading
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Fig. 4. Comparison of the failure envelopes resulting from the finite element modeling in the present study
compared to the reference article [4] in the combined loading space: (a) V-H, (b) V-M
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Fig. 6. Failure envelope of strip foundation in the vicinity of a two-layer clay slope reinforced with two-layer
geogrid under V-H loading
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Fig. 8. Failure mechanism of the strip foundation located in the vicinity of a reinforced slope with H1/B = 0.5 and
Cul/Cu2 = 1.5 under V-H loading
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Fig. 9. Comparison of the failure envelope of strip foundation in geogrid-reinforced and non-reinforced slope
modes under V-H loading
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Fig. 10. Failure envelope of the strip foundation in the vicinity of a two-layer clay slope reinforced
with two-layer geogrid under V-M loading
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Fig. 12. Failure mechanism of the strip foundation located in the vicinity of a reinforced slope with H1/B = 0.5
and Cul/Cu2 = 1.5 under V-M loading
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Fig. 13. Comparison of the failure envelope of the strip foundation in geogrid-reinforced and non-reinforced
slope modes under V-M loading
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G S azi -F
Sk cud by 4 3ga5me lodl LTl elizl b pols allée 4
b oddgue cod Spglome 3 (awy Y9 SB p jitie (5)lg slag
i Scuglie Cons 1l jslaie (pty Al B by b S 85 Y
Jsl sy 4Y colbes s 5 (C /C ) oy Y oais oS
= b Cudyl (S (e p (HI/B) sy o voye
V—) calises (6,105 )L Jolds calises iS5 sla s )l8,L 5l cov (gl
g 5l ool (63,0)8 g wtee gl 0 oy (V-H-M 3 V-M <H
el ol BB 5 208 &
Si5wnS slagpe V-H glis5b » C /C, jl@ll, e
Shr Gl L Al s 4 0,5 e alolh K0S 5l i
b oeoren biee GRS B ol cud)b (ol Y oads iSk;
9d g0 jSasS (SimS Lby V-H g)iS)k » C /C, Ll
15 b S HI/B (lacaus 3 (Si5wnS oy > s o) bl
bl oS Jol 4 Cols axpn o dne ol 4 38l 0o T (6 iy
Ol gytde olie 4 S ol cud b Y ol cuglio il L

b oo

V-H-M ¢ )lis,L cdls s gols -¥ Y
b o SnS sbgby 4 baye @bt oy Gl W S
V/V, =0.05,0.1,02, 0.3, 0.4,) 6 b &l oy
S 5 IS L sl 5 (0.5, 0.6, 0.7, 0.8, 0.9 and 0.95
ol 3 B pae & a0 ol @l e e ol V-H-M
J> 4 (SatS cwl) G a4 (Son g andly 32 b
Coows &y (9 500 Jloel (hio g > (H) (81 g5y (35 &l
95 2 658 S o] 8o o &y Cud g 0900 WS
M, /) Si5eus Glos S )38k b ol )3 00,5 o b g
0.6V, 31 35 (V) (o & oa5 Jlacl w36 5l o ebsle (B°C,
Mie cpyitn V=06V 5 Spsb 4 b sl cul
segin V> 0.6V nolie lp Ll (G -V JS3) )l 1) 065
e S @ deg b (o JS8) cul Jop )0 (Sisns
Loy V=0.6V, 10 0.8V slaclls (sl Sisens slads
013,8 63b5 93 s V> 0.9V ool )3 5 oal sy ol
SISk o S i @l @ g b ) oy S ol

ool Spd b6 zgs94 V-M 3 V-H

AL~



VAFY B VAYD doxio VF+Y Jlo & 0yl DO 095 ¢3S ool () yo  saobio 4yl

[6] L.C. Hung, S.-R. Kim, Evaluation of undrained bearing
capacities of bucket foundations under combined loads,

Marine Georesources & Geotechnology, 32(1) (2014)
76-92.

[7]1S. Alamshahi, N. Hataf, Bearing capacity of strip footings
on sand slopes reinforced with geogrid and grid-anchor,

Geotextiles and Geomembranes, 27(3) (2009) 217-226.

[8] D.T. Bergado, P.V. Long, B.S. Murthy, A case study
of geotextile-reinforced embankment on soft ground,

Geotextiles and Geomembranes, 20(6) (2002) 343-365.

[9] C. Yoo, Laboratory investigation of bearing capacity
behavior of strip footing on geogrid-reinforced sand
slope, Geotextiles and Geomembranes, 19(5) (2001)
279-298.

[10] M.A. El Sawwaf, Behavior of strip footing on geogrid-
reinforced sand over a soft clay slope, Geotextiles and

Geomembranes, 25(1) (2007) 50-60.

[11] M. Ghazavi, A.A. Lavasan, Interference effect of
shallow foundations constructed on sand reinforced with
geosynthetics, Geotextiles and Geomembranes, 26(5)
(2008) 404-415.

[12]P. Basudhar, P. Dixit, A. Gharpure, K. Deb, Finite element
analysis of geotextile-reinforced sand-bed subjected to
strip loading, Geotextiles and Geomembranes, 26(1)
(2008) 91-99.

[13] G.L. Aratjo, E.M. Palmeira, {.L. Macédo, Comparisons
between predicted and observed behaviour of a

reinforced

geosynthetic abutment on soft soil,

Engineering geology, 147 (2012) 101-113.

[14]J. Ko, H. Seo, J.K. Lee, Failure Envelopes for Circular
Foundations on Two-Layered Clay under Combined
Loading, International Journal of Geomechanics, 22(7)
(2022) 04022085.

[15] H. Xia, X. Zhou, M. Zhou, F. Niu, X. Zhang, Capacity
of caissons in stiff-over-soft clay under combined V-HM

loadings, Ocean Engineering, 229 (2021) 109007.

[16] B.T. Chua, K.P. Nepal, A new approach to estimate

bearing capacity of strip footings on geogrid-stabilised

ALY

Sy b lSL il cou o p; S (Sisus #5086 o
A3l D939 WS (6,105,L b a5 b s sad e i V-M 4 V-H
GBIk SRl L pioren D98 o wBunS SB I gyl oo il
LK 15 045 S ST ] 555055 a6 i
D)5 0 S5 (i (NS 4 (g g SB
G353 ot @B )l Skl sy (SiS glais @
ol ) iz S sl )8 pas sgrg 5l (S V-H-M oSy
o Coms & (g 1ot S 5> (H) (81 558 Jlosl 515 &5 ol
Jodia |y (65168 (635 )b ol e Sl 4 s g oad anS
o1 Jloc) o35 L 45 _able | SiseunS ol KU el i) )5 9500
V polie ey bl boon Gl sl 0.6V 51 2 (V) o es3)
@ eyl ggsge ool I 250 55 (SeeS i > 0.6V,
ool Spd JB zgs9a V-M g V-H ola 6 )l38)1 5> aiiS i gols
yglre > 4B 18 g)lg (g (SeS Glagis awlie @
2585 S b osdpus g gulud 386 pw) o o 93 )3 o
s &5 aa3e ols VM 5 VEH oS5 clags iS4 5 cow
el curd s a5 g5k ) W38 gk o (oL U G
ORIl ored (sl 0035 B (5 )l byl (G003 1Y 38

il ge Mo pd YO dgas > el S il (4l

&be

[1]JR. Kimmerling, Geotechnical engineering circular No.

6 shallow foundations, United States. Federal Highway
Administration. Office of Bridge Technology, 2002.

[2] A.S. Vesi¢, Analysis of ultimate loads of shallow
foundations, Journal of the Soil Mechanics and

Foundations Division, 99(1) (1973) 45-73.

[3]R. Sharma, Q. Chen, M. Abu-Farsakh, S. Yoon, Analytical
modeling of geogrid reinforced soil foundation,

Geotextiles and Geomembranes, 27(1) (2009) 63-72.

[4] P. Rao, Y. Liu, J. Cui, Bearing capacity of strip footings
on two-layered clay under combined loading, Computers

and Geotechnics, 69 (2015) 210-218.

[5] M. Bransby, G.-J. Yun, The undrained capacity of skirted

strip foundations under combined loading, Géotechnique,
59(2) (2009) 115-125.



Journal, 52(6) (2015) 694-707.
[26] A. Hentati, M. Selmi, T. Kormi, N.B.H. Ali, Probabilistic
HM failure envelopes of strip foundations on spatially

variable soil, Computers and Geotechnics, 102 (2018)
66-78.

[27] A. Haghighi, P. Hu, J.G. Tom, K. Krabbenhoft,
Combined loading of strip footings on sand-over-clay
with layers of varying extents, Soils and Foundations,
59(2) (2019) 433-442.

[28] M. Bransby, M. Randolph, Combined loading of skirted
foundations, Géotechnique, 48(5) (1998) 637-655.

[29] S. Helwany, Applied soil mechanics with ABAQUS
applications, John Wiley & Sons, 2007.

[30] D.S. Simulia, ABAQUS 6.13 User’s manual, Dassault
Systems, Providence, RI, 305 (2013) 306.

[31] D.M. Potts, L. Zdravkovi¢, T.I. Addenbrooke, K.G.
Higgins, N. Kovacevi¢, Finite element analysis in
geotechnical engineering: application, Thomas Telford

London, 2001.

[32] T. Sitharam, S. Sireesh, Model studies of embedded
circular footing on geogrid-reinforced sand beds,
Proceedings of the Institution of Civil Engineers-Ground

Improvement, 8(2) (2004) 69-75.

[33] A. Lashkari, M. Mahboubi, Use of hyper-elasticity in

anisotropic clay plasticity models, Scientia Iranica, 22(5)
(2015) 1643-1660.

[34] S.W. Perkins, M.Q. Edens, Finite element and

distress models for geosynthetic-reinforced

pavements, International ~ Journal ~ of  Pavement

Engineering, 3(4) (2002) 239-250.

[35] G. Altay, C. Kayadelen, T. Taskiran, Y.Z. Kaya, A
laboratory study on pull-out resistance of geogrid in clay

soil, Measurement, 139 (2019) 301-307.

[36] R. Merifield, S. Sloan, H. Yu, Rigorous plasticity
solutions for the bearing capacity of two-layered clays,

Geotechnique, 49(4) (1999) 471-490.

ALY

granular layer over clay, Transportation Infrastructure

Geotechnology, 10(4) (2023) 569-594.

[17] Z. Shen, D. Jin, Q. Pan, H. Yang, S.C. Chian, Effect
of soil spatial variability on failure mechanisms and
undrained capacities of strip foundations under uniaxial

loading, Computers (2021)

104387.

and  Geotechnics, 139

[18] C. Martin, C. Martin, Physical and numerical modelling
of offshore foundations under combined loads, Oxford

University, UK, 1994,

[19] J. Salengon, A. Pecker, Ultimate bearing capacity
of shallow foundations under inclined and eccentric
loads. Part I: purely cohesive soil, European journal of

mechanics series - A/Solids, 14 (1995) 349-349.

[20] H.A. Taiebat, J.P. Carter, Numerical studies of the
bearing capacity of shallow foundations on cohesive
soil subjected to combined loading, Geotechnique, 50(4)
(2000) 409-418.

[21] H.A. Taiebat, J.P. Carter, Bearing capacity of strip
and circular foundations on undrained clay subjected to

eccentric loads, Geotechnique, 52(1) (2002) 61-64.

[22] S. Gourvenec, M. Randolph, Effect of strength non-
homogeneity on the shape of failure envelopes for
combined loading of strip and circular foundations on

clay, Géotechnique, 53(6) (2003) 575-586.

[23] G.T. Houlsby, A.M. Puzrin, The bearing capacity
of a strip footing on clay under combined loading.
Proceedings of the Royal Society of London. Series A:
Mathematical, Physical and Engineering Sciences, 455
(1983), 893-916.

[24] B. Bienen, C. Gaudin, M.J. Cassidy, L. Rausch, O.A.
Purwana, H. Krisdani, Numerical modelling of a hybrid
skirted foundation under combined loading, Computers

and Geotechnics, 45 (2012) 127-139.

[25] C. Tang, K.-K. Phoon, K.-C. Toh, Effect of footing width
on Ny and failure envelope of eccentrically and obliquely

loaded strip footings on sand, Canadian Geotechnical



VAFY B VAYD doxio VF+Y Jlo & 0yl DO 095 ¢3S ool () yo  saobio 4yl

o3 gl | o opl 4 Lo
M. Mahboubi Niazmandi, S. Mirassi, M. Hashemi jokar, M. Momeni, The effect of combined
loading on the bearing capacity of strip footings located on two-layered clayey soils adja-
cent to geogrid-reinforced slopes, Amirkabir J. Civil Eng., 55(9) (2023) 1825-1844.

DOI: 10.22060/ceej.2023.21741.7812

ALY







	Blank Page - FA.pdf
	_GoBack




