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ABSTRACT: The bearing capacity and settlement of shallow foundations located on the pipe are
usually not acceptable in sandy soils. Therefore, in order to improve the performance of strip foundations,
various methods are proposed, as a cost-effective alternative is to add skirts to the edges of the shallow
foundation. the addition of the skirt to the edges of the shallow foundation increases the effective depth
of the foundation and soil trapped within the skirts, and loads of the structure are transferred to the
bottom depth at the level of the skirt tip. In recent years, performance assessment of skirted foundations
has become one of the desired topics for civil engineers. In this article, the effect of the burial depth and
horizontal distance from the center of the pipe to a single load have been evaluated using numerical
and experimental tests. Therefore, the skirted foundations located on the buried pipe with skirts B and
2B (B is the width of the foundation) have been used. The results of the laboratory tests show that by
using the skirted foundation with skirts of 2B, the bearing capacity can be increased by more than 300%
compared to the strip foundation. A numerical comparison of the skirted foundation with semi-deep
and embedded strip foundation shows that the bearing capacity of the skirted foundation was less than
10% different from the semi-deep foundation. Civil engineers can be led towards more economical and
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accurate designs by using the skirted foundation.

1- Introduction

Over recent years, geotechnical engineers have created
many methods for the development of foundation behavior
to increase the load-bearing capacity of soil and reduce the
settlement of shallow foundations. One of these methods is
to use skirted foundations in cases where the soil is weak.
These foundations transfer the structural loads to the strong
layers under the skirt, enhancing efficiency. Circumscribed
skirts can have various geometries, i.e., circular, rectangular,
strip, and square, with existing and new shallow piers. They
are also utilized to improve the safety of buried pipelines.

Moreover, skirted foundations can prevent the exit
of the soil under them and any probable damages caused
by excavation in surrounding construction works. When
a load is imposed on a foundation, the soil under it moves
toward the two sides due to the shear failure. Confining the
soil under a foundation can effectively control the failure
mechanism. Given their easy installation and low execution
costs, these foundations have received increasing attention
over recent years. These foundations are alternatives to semi-
deep and deep foundations used to support floating or fixed
offshore structures in the oil and gas industries. Al-Aghbari
et al. (2021) conducted experimental and numerical studies
on the bearing capacity and settlement of skirted shallow
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foundations under vertical and inclined loads. They proposed
a relationship for the bearing capacity of these foundations.
According to the results, the presence of skirts at a depth 1.25
times the foundation width increased the bearing capacity by
407% while reducing the settlement by 17% [1].

2- Methodology
2- 1- Experimental modeling

Since the goal was to evaluate the behavior of a skirted
strip foundation in plane strain conditions, a soil chamber
with internal length, depth, and width of 1200 mm, 800 mm,
and 400 mm, respectively, was used along with a steel plate,
100 mm wide, 395 mm long, and 20 mm thick, as the strip
foundation. The skirts connected to the strip foundation were
considered with lengths of 0, 1, and 2 times the foundation
width at a vertical angle. The PVC tubes with an external
diameter of 63 mm, a thickness of 2 mm, and a length of 395
mm were investigated at the depths of 1, 2, and 3 times the
foundation width with eccentricity of 0, 1, and 2 times it.

2- 2- Numerical modeling

Finite element analysis software called Optum G2 [2]
has been used to validate and compare the obtained results.
Modeling is done in two-dimensional (plane strain). The
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Fig. 1. Modeling and automatic meshing in Optum G2
software

failure mode of foundation and soil are considered rigid plate
and Mohr—Coulomb (MC) failure criterion, respectively. The
boundary between the foundation and the soil is considered
completely rough using the reduction factor, R, so the value of
1 was assigned to the reduction factor. The bottom boundary
is fixed in both horizontal and vertical directions and the side
boundaries are fixed only in the horizontal direction. Upper
and lower limit analysis has been done for each model and
its average value is reported as the final result of each model.
Numerical modeling and meshing are shown in Figure 1.

3- Results and Discussion
3- 1- Effects of the depth and eccentricity of the buried pipe
According to Figure 2, in the case with a D/B of 3 and an
e/B of 2, the stress-settlement curves were fully in accordance
with the case without pipes, indicating no interference
between the stress bulb of the foundation and the buried pipe.
For the shallow foundation without a skirt, the presence of
pipe reduced the bearing capacity by up to almost 57%. One of
the solutions to protect buried pipes is to place them between
skirts. However, since it disturbs the rigidity and integrity of
the soil confined within skirts, the bearing capacity for the
skirts with lengths of 1 and 2 times the foundation width was
lowered by about 58% and 60%, respectively.

4- Conclusion

The obtained results are provided in the following:

Adding the skirts under the strip foundation enhanced
the bearing capacity. This rise was nonlinear, indicating the
greater effect of skirts with larger lengths. The addition of
skirts with lengths 1 and 2 times the foundation width made
the bearing capacity 200% and 300% greater, respectively.

The presence of cavities under foundations reduced the
bearing capacity, while the addition of skirts to the strip
foundations enhanced the performance. In the worst scenario
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of this research, adding a skirt with a length equal to the
foundation width increased the bearing capacity by 92%,
which can be an economical method to improve the bearing
capacity.

In order to verify and control the obtained results, the
laboratory and numerical results have been compared and all
the values obtained from the numerical results are higher than
the values obtained from the laboratory results.
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Fig. 2. Grain size distribution curves for the sandy soil used
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Fig. 3. Installation of a skirted foundation; a) Leveling the soil with skirts b) Fastening the surface
foundation on the skirts with four nails (screws)
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Fig. 4. Modeling and automatic meshing in Optum G2 software
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Fig. 5. The outline of the experiments
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Fig. 11. Comparison of bearing capacity ratio of skirted, semi-deep and buried foundations for L/B
=1 a) D/B=L+B b) D/B=L+2B
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Fig. 12. Comparison of bearing capacity ratio of skirted, semi-deep and buried foundations for L/B =2
a) D/B=L+B b) D/B=L+2B

"



JBas b Jg o9 2Bislejl zuls 5 odel cund 4 pdlie 5l i
ol 039 o 4 Sodp Jgid
@ Comd Brof dad (9 B 4 b alb gl 5Slee ®
wely Jsb & (g3)lge 3 pogad 4 )l (syiin Calid e (g
oy sl 8 SIS S (oo IS o 5 4 gy 5SS

Oyl gy bl Bres dow sl o 4 s dleld

&be
[1] M. Al-Aghbari, Y.E. Mohamedzein, Bearing capacity of
strip foundations with structural skirts, Geotechnical &

Geological Engineering, 22(1) (2004) 43-57.

[2] M. El Sawwaf, A. Nazer, Behavior of circular footings
resting on confined granular soil, Journal of Geotechnical

and Geoenvironmental Engineering, 131(3) (2005) 359-
366.

[3] G. Yun, M. Bransby, The undrained vertical bearing
capacity of skirted foundations, Soils and foundations,
47(3) (2007) 493-505.

[4]M.Y. Al-Aghbari, R. Dutta, Performance of square footing
with structural skirt resting on sand, Geomechanics and
Geoengineering: An International Journal, 3(4) (2008)
271-277.

[5] D. Mana, S. Gourvenec, M. Randolph, A numerical study
of the vertical bearing capacity of skirted foundations,
in: Proc. 2nd Int. Symp. Front. Off. Geotech.(ISFOG),
Perth, 2010, pp. 433-438.

[6] 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.

[71 S.

Experimental evaluation of bearing capacity of skirted

Golmoghani-Ebrahimi, M. Rowshanzamir,

footings, Civil Engineering and Architecture, 1(4) (2013)
103-108.

[8] H.T. Eid, Bearing capacity and settlement of skirted
shallow foundations on sand, International Journal of
Geomechanics, 13(5) (2013) 645-652.

[9] A.E. Elsaied, N.M. Saleh, M.E. Elmashad, Behavior of

circular footing resting on laterally confined granular

VY

Ode (s (gla g 4 Cond alsly sla g ()l aije 5 jlde Ko
ol a3l (65 50 Cold) 3 Slos 4] youd g 009 03508 Hluww

& S Az -7
@ e g plhie So S (i il Gk 5l dlie ol

O3 dlg) wdin Cilises CusBao 3l g aiold youas Caliseo dlayl gawy
w3y awle Sy Bly (oo (gl g ol 5 610k b )b D5 2
Ay g Calizeo Lyl 15 1> aield o 3,Skec sl cpl 3 sl 05
9435 oy g dmlie il (v g Bres das lage b (198de
il ) gy 4 kel Cawd & s oyl 0 &S ol

018 (s )b byl dgn0 Eel ()l (g o Ay (S LT @
Sy 53U odmd LS &S wdg Jad il Gy 4 il ) Ll
Yo ) sl s 4 laaely s ddlsl .l il Job b slaaiels (ly
ORIBI AT g TV Dgas i 4]y b bl o 080
ol 03D

Ll gdice )l cudsl (ial o oy nj dgf 329 @
Crds il o )] 5 Slas dguty o (6)lg5 o s aels (13,8 ddls]
S92 0 41 (g yie gy Hlgse o8 @il il AV ) ()l
LBl gyl cud )l

ORIPl o i e b A Cuns U CojShe gyt @
oSy il et LAy & Sloj g oo )l ey sl g b cud o
g & ndg b ord @ly (g 02y Y Bes 29 2 020 HnY
ol b alg) 515 pie okimd i 48 o] Sy L5l 425l dgeng
oo 0392 (2 Py I

Al Vasly Job bl iy (o sl b cdbbady g5 @
ol yiday 300 el 4 Cuns (o oy

P e il ge S a Cund A (80 Bos IS @
ol gy Sy > il (o o)k cd)b 13, &

wilisee bulyd bl ey (o sl ol cad )b ady g5 %5, @
oSy 3l ze ol b b cud )b ad) £ 5 sl o9 alie Ly 85
Dydsn oS Gl gy g wboe Ll Ay (ghae Bee

2Eiles] 1olie coel Cuwd 4 gl 458 g cons jolaie 4 o

e ol jlotel cawd 4 plie oled g Wlosd duslio wa b (g3de



NUMERICAL ANALYSIS ON THE EFFECT OF A
CIRCULAR VOID ON THE BEARING CAPACITY OF
A STRIP FOOTING ABOVE SAND, Sharif Journal of
Civil Engineering, (1) (2010) 29-35.

[18] M. Kiyosumi, O. Kusakabe, M. Ohuchi, Model tests
and analyses of bearing capacity of strip footing on
stiff ground with voids, Journal of geotechnical and

geoenvironmental engineering, 137(4) (2011) 363-375.

[19] Y. Xiao, M. Zhao, H. Zhao, Undrained stability of
strip footing above voids in two-layered clays by finite

element limit analysis, Computers and Geotechnics, 97
(2018) 124-133.

[20] J. Jayamohan, T. Shajahan, A. Sasikumar, Effect of
underground void on the internal stress distribution in soil,
in: Ground improvement techniques and geosynthetics,
Springer, 2019, pp. 45-56.

[21] G. Wu, M. Zhao, H. Zhao, Y. Xiao, Effect of eccentric
load on the undrained bearing capacity of strip footings

above voids, International Journal of Geomechanics,
20(7) (2020) 04020078.

[22] I. Herle, Effect of grain size and pressure level on
bearing capacity of footings on sand, Deformation and
Progressive Failure in Geomechanics, (1997) 781-786.

[23] O. Kusakabe, Y. Maeda, M. Ohuchi, Large-scale loading

tests of shallow footings in pneumatic caisson, Journal of

geotechnical engineering, 118(11) (1992) 1681-1695.

[24] T. TATSUOKA, Progressive failure and particle size
effect in bearing capacity of footing on sand, ASCE
Geotechnical Special Publication, 27 (1991) 788-802.

[25] K. Krabbenhoft, A. Lyamin, J. Krabbenhoft, Optum
computational

software, (2015).

engineering (OptumG2), Computer

reinforced soil, HBRC Journal, 11(2) (2015) 240-245.
[10] P. Lu, D. Maclaren, Geotechnical challenge of offshore

mudmat foundation stability: combining analytical and
finite element investigation of bearing capacity of sand
overlying soft clay, Geomechanics for Energy and the

Environment, 6 (2016) 58-69.

[11] M.S. Hossain, Y. Hu, D. Ekaputra, Extraction response
of skirted foundations and a spudcan on sand-over-clay

deposits, Géotechnique, 67(5) (2017) 460-465.
[12] K. Esmaeili, A. Eslami, S. Rezazadeh, Semi-deep

Skirted Foundations and Numerical Solution to Evaluate

Bearing Capacity, Open Journal of Geology, 8(06) (2018)
623.

[13] S. Rezazadeh, A. Eslami, Bearing capacity of semi-deep
skirted foundations on clay using stress characteristics
and finite element analyses, Marine Georesources &

Geotechnology, 36(6) (2018) 625-639.

[14] G. Sajjad, M. Masoud, Study of the behaviour of skirted
shallow foundations resting on sand, International
Journal of Physical Modelling in Geotechnics, 18(3)
(2018) 117-130.

[15] M.R. Mahmood, M.Y. Fattah, A. Khalaf, Experimental
investigation on the bearing capacity of skirted

foundations on submerged gypseous soil, Marine
Georesources & Geotechnology, 38(10) (2020) 1151-
1162.

[16] M.Y. Al-Aghbari, Y. Mohamedzein, H. Al-Nasseri,
Potential use of structural skirts towards improving
the bearing capacity of shallow footings exposed to

inclined loadings, International Journal of Geotechnical

Engineering, 15(10) (2021) 1278-1283.
[17] S. Moghadas Tafreshi, A. Sharifpour, A. Ghanbari,

Amirkabir J. Civil Eng., 55(1) (2023) 3-18.

DOI: 10.22060/me;j.2019.15465.6128

M. Mohammadizadeh, B. Nadi, A. Hajiannia, E. Mahmoudli, Laboratory and Numerical Study
of the Behavior of Skirted Foundation Located on a Buried Pipe under Static Axial Loading,

a3 £l sl o ol 4 g

A



