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Fin pile
Square pile
pipe pile

H pile

A I Loose sand Medium dense sand Dense sand
(mm?)  (mm*) 2T (mm) 4T(mm) 2T (mm) 4T (mm) 2T (mm) 4T (mm)
134 5470 449 889 357 710 303 607
134 6900 470 940 374 748 318 636
134 5270 446 892 354 708 300 600
134 3600 412 824 328 656 278 556

Table 1. Characteristics of piles used
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Fig. 2. Views and cross sections of piles used, (a) fin pile, (b) pipe pile, (c) H pile, (d) square pile
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D[() (mm)

0.14

D30 (mm) Dso (mm) D6() (mm) Gs Cu Cc gdmax (kN/ m3) gdmin (kN/m3)

0.23 0.32 0.38 27 271 099 17.51 14.81

Table 2. Characteristics of sand used
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(a) ()
dalfﬁi.ibﬂ L;LA()}A)'T PRIV S PRES
variable Type of pile Relative Le/Dp
density
Pile Fin pile, 12.5,
Shape square pile, Loose 25
pipe pile, H
pile
Relative Fin pile, Loose, 12.5,
density square pile, medium 25
of sand pipe pile, H  dense, dense
pile
Fin pile, 12.5,
Pile square pile, dense 25,49
length pipe pile, H
pile
Table 3. Experimental tests plan
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Fig. 4. Variation of lateral load of short rigid pile versus
normalized deflection of pile head
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AL ) 5 sl glamad e Caglie s (1Y) S
Sladlan b 3l allas s o 655 gk s S 1y s
ool 3L 358 e 0dys aS 4 S0k . lal o anslis [14] 28
Sl gl LB laie 4 o il Sk ot Jsb
adlas ol Coglie Aul58l glacas s ols L e
Sbped dsb 5o Dsls Cla [14] jad Ollles b S5
4y Sllanil bsb (sl mad J b o) ol o3lizul 3 50

(il 0350 Y/87 350 jeas Slallas 53 s ol S

lejul*"ujs@*;“&jbc‘*zg“l"‘;‘}u‘w\vp
BV VPP RPI S WA PUIN Slaped

m Nasr (2013) m Peresent study

ratio of lateral
resistance of long
flixible to short rigid...

Pipe Pile Fin Pile

Pile shape

Fig. 12. The ratio of lateral resistance of long flexible pile to
that of short rigid pile for pipe pile and fin pile

S5 axi-f

aA

chie S L st S o Sl (V) S
L oS me e 53 e Jla s Jsb ial5d) Llie 55 & sline
o=l LS cl jasie 1Kl edalin b das e 0L
Sl e oS b aslie e es Jl g b
Slaged il Caslie Al WS St sl
I st e Glagad 4 S lilanl b
YOV s o s sS Slaped 4 o 5 dos B8
Gl s gl (s Y&r Lawge k) doys YY)
Lo glaged il Cuslis WS ot il
S ko ol 55 slamad 5l Ao 55 WA 5 b sie sk
25
R Sage s et sl el bl pslie (55,0 4 S
S Lo plycbllasil iy Glaped (55, Bl axe s
Oler [14] ol iy Sl ol S slamad 4y s Sl
sdylasl Lsb glaaad ol 5o 55 phie
Sl Ll e Jele e ) S5l e 5B
Olee anslae ey 513 50 Cod 1) e 0k
04> (1) Jsde s oalisial 3,50 ilisn sblin (sla w4l
P93 L ol Olas i e plae aST L2 5 o0
a5 pdyolenl bbb med shie Sl Caslis
Goars b b aed S e B dles ) ol i
o Slanl fsb aed blis oad LS8 o slis 550
s e 0L Gl (g s

DL lamad 5o Gl eglie Gl s b S8
g el o oS laged Sl S pdilasl b
o olsS Gl glaped 4 Jb 035331 L oS sl sS
ol P S el Ll Cuslie 4 dogs £ 50
Wi dioilesl b gl lapad s Rl
DS e [18] s Sl s 5, cpl el Aoy

RGO P W4



\YaA JL.»:/-\ a)L«.;/V.AJjj.; 09>

ke Olpas (pudige 2y — (ele dlre

[2] Vali R., Shams G., Porhoseini R., Saberian M.
& Beygi M. 2019 Lateral behavior of pile
located on top of a slope. Australian
geomechanics, 54(1), 103-114.

Briaud J. L., Smith T. and & Meyer B. 1984

Laterally loaded piles and the pressuremeter:

comparison of existing methods, in Laterally

loaded deep foundations: Analysis and
performance. ASTM International.
Reese L.C. & Van Impe W.F. 2001 Single

piles and pile groups under lateral loading. A.

A. Balkema, Rotterdam, Netherlands: CRC

Press.

[5] Zhang L., Silva F. & Grismala R. 2005 Ultimate
lateral resistance to piles in cohesionless soils.
Journal of Geotechnical and Geoenvironmental
Engineering, 131(1), 78-83.

[6] Smith T.D. 1987 Friction mobilization F-y

curves for laterally loaded piles from the

pressuremeter. in  Proceedings of the
international symposium on predictions and
performance in geotechnical engineering,

Calgary, Canada.

Pedram B. 2015 Effects of pile shape in

improving the performance of monopiles

embedded in onshore clays. Canadian

Geotechnical Journal, 52(8), 1144-1158.

Zomorodian S.M.A. & Dehghan M. 2011

Lateral resistance of a pile installed near a

reinforced slope. International Journal of

Physical Modelling in Geotechnics, 11(4), 156-

165.

Abbasa J.M. & Ibrahim H.Q. 2018 The Effect

of Pile Cross Section on the Lateral behavior of

Piles Under ombined Loading. Journal of

Engineering Science and Technology Review,

11(3), 174-179.

[10] Abbasa J.M., Chik Z. & Taha M.R. 2018
Modelling and assessment of a single pile
subjected to lateral load. Studia Geotechnica et
Mechanica, 40(1), 65-78.

[11] Bustamante G. 2014 Influence of Pile Shape on
Resistance to Lateral Loading. Brigham Young
University - Provo.

[12] Russell D.N. 2016 The Influence of Pile Shape
and Pile Sleeves on Lateral Load Resistance.
Brigham Young University - Provo.

[13] Duhrkop J., Grabe J., Bienen B., White D.J. &
Randolph M.F. 2010 Centrifuge experiments
on laterally loaded piles with wings. in Vol. 2,
Proceedings of International Conference on
Physical Modelling in Geotechnics (ICPMG).

[14] Nasr A.M. 2013 Experimental and theoretical
studies of laterally loaded finned piles in sand.

(3]

(7]

(8]

19

ol sl it (S ST aalln ) s
5o (SIS Omer e Ll s SSoglased
2l s 38 I bl s med cilise lad b
A el

chie IS L ad (bl BBl slaped (-
Coaslie o e ML ) et o aale s il
Lsls glad 1y Sl caslie o S H = s Sl
s o) Clo b S aad Sl Caglie o
STV AT L ol o oole ) el o H e
el ey /AY

Ol oS 20 4 oo s S 51 o oS1 5 2181
‘_;\ﬁv\ﬁp,_sw’o\/k:rmU,\;-LA@.:&;L;-L;]UQ&;:A}
b ;s H o Al Rl el il gle IS
St ol Seaslie (Al 3 s aile 4 s (ST 2
.glsomu@;ﬁﬁ>gw\)
4ol o Dl Sl med Sl (et Jsb Rl 580 L
Slaget il aslie bl i el b
£ T s osline haie S L sillanl bk
Loy TV Yo ;)»,Ly@;gww,;
ot o ol (5l 4 S (o3 YA0 Lo )

.Jﬁ

Hlo oyl pilel
3y ple (2ol p g s S LS e oDl Q8 5

FYIRY
&l 9 mbe

[1] Baziar M.H., Rafiee F., Sacedi Azizkandi A. &
Lee C. J. 2018 Effect of super-structure
frequency on the seismic behavior of pile-raft
foundation using physical modeling. Soil
Dynamics and Earthquake Engineering, 104,
196-209.



Q\)K_«A_;)Lwri:»

b b e sl el aRabT L5

[23] Terzaghi K. 1955 Evalution of conefficients of
subgrade reaction. Geotechnique, 5(4), 297-
326.

[24] ASTM, Standard practice for classification of
soils for engineering purposes (Unified Soil

Classification ~ System). 2010, ASTM
International West Conshohocken (PA).
[25] Poulos H.G. & Davis E.H. 1980 Pile

foundation analysis and design. Wiley, New
York, NY, USA.

[26] Rao S.N., Ramakrishna V. & Rao M.B. 1998
Influence of rigidity on laterally loaded pile
groups in marine clay. Journal of Geotechnical
and Geoenvironmental Engineering, 124(6),
542-549.

[27] Dong J., Chen F., Zhou M. & Zhou X. 2017
Numerical analysis of the boundary effect in
model tests for single pile under lateral load.
Bulletin of Engineering Geology and the
Environment, 1-12.

[28] Kim B.T. & Yoon G.L. 2011 Laboratory
modeling of laterally loaded pile groups in
sand. KSCE Journal of Civil Engineering,
15(1), 65-75.

[29] LeBlanc C., Houlsby G. & Byrne B. 2010
Response of stiff piles in sand to long-term
cyclic lateral loading. J Geotechnique, 60(2),
79-90.

[30] Muthukkumaran K. & Begum N.A. 2015
Experimental Investigation of Single Model
Pile Subjected to Lateral Load in Sloping

Ground.  Geotechnical and  Geological
Engineering, 33(4), 935-946.
Dp C«.wj.]aﬁ
Do L5505 O 51 b3 doys Ve S anile 6,3 had
Dso L5505 O 513 o3 ¥ S ale 0,3 i
Dso L5505 O 513 Aoy 0 S als 0,3 ks
Deo L5505 OF 51 b3 doys e S anile 6,3 ki
Yd Sl KLis J:-\) Q)j
Ydmin S Ses PP (55 S
Y dmax 6\;—&.;;-Up)..a>uﬂ 09 dudn
Gs Sk gl Gl J&
Cu S
Cc S &ils oo
RLR 6\4}3@,:@@@@4@&{;@@;@}@)@@

Yoo

Canadian Geotechnical Journal, 51(4), 381-
393.

[15] Babu K.V. & Viswanadham B.V.S. 2018
Numerical Investigations on Lateral Load
Response of Fin Piles. International Congress
and Exhibition" Sustainable Civil
Infrastructures:  Innovative  Infrastructure
Geotechnology", 317-329.

[16] Peng J. R., Rouainia M. & Clarke B. 2010
Finite element analysis of laterally loaded fin
piles. Computers and structures 88(21), 1239-
1247.

[17] Memar M., Zomrodian S.M.A. & Vakili A. H.
2019 Effect of pile cross section shape on pile
group behavior under lateral loading in sand.
International Journal of Physical Modelling in
Geotechnics,
https://doi.org/10.1680/jphmg.19.00020

[18] Ugural A.C. 2007 Mechanics of Materials.
John Wiley and sons.

[19] Wood D.M., Crewe A. & Taylor C. 2002
Shaking table testing of geotechnical models.
International Journal of Physical Modelling in
Geotechnics, 2(1), 1-13.

[20] AISC, Manual of Steel Construction. 2005.

[21] Amde A., Chini S. & Mafi M. 1997 Model
study of H-piles subjected to combined
loading.  Geotechnical &  Geological
Engineering, 15(4), 343-355.

[22] Broms B.B. 1964 Lateral resistance of piles in
cohesionless soils. Journal of the Soil
Mechanics Foundations Division, 90(3), 123-
158.

OhHlas1 9 mie
T e S
E, 15 b b et llas anen VI J s
I Jo ot whaie elacs o 3l Ole
I s e b ped alade o oo ol Oles
ny b S 53 e S STy b
L i S dsb
Le @JJ}&MJ}J?
Wi L et JG 5,0
Lt WL mes Jb Jsb

Q b 03 ol S



WA U/ Vsl / 00355 353 oot Olas pligs Lags — el e

RLRP il sla o (515 5 ) g (il Comslin S i Y e

Experimental investigation of effective parameters on lateral
resistance of single piles

M. Memar !, S.M.A. Zomorodian **, A.H. Vakili 3

1. PhD student, Department of Civil Engineering, Estahban Branch, Islamic Azad University,
Estahban, Iran

2 - Associate Professor, Water Engineering Department, Shiraz University, Shiraz, Iran

3_ Assistant Professor, Department of Civil Engineering, Faculty of Engineering, Zand Institute

of Higher Education, Shiraz, Iran

* mzomorod@shirazu.ac.ir

Abstract
Assessment of bearing capacity of single pile under lateral loading has been always an attractive matter for
engineers. Piles are usually subjected to moment, vertical, and horizontal loads. The Lateral loads are including
wind, earthquakes, ship decking, earth pressure, wave, and ice thrust. The behavior of laterally loaded single
pile is complicated and still is a useful research area. There are a lot of parameters which affect on pile behavior
under lateral loading. One of these important factors is cross section shape of pile. When a pile is subjected to
lateral loading, the passive force performed in front of the pile, has an important role on lateral resistance of
pile which is exactly related to cross section shape of pile. Physical modeling is a reliable approach in
geotechnical engineering to take into account all of these factors simultaneously. In this experimental study
the effect of cross sections shapes of pile on single pile behavior under lateral loading in sandy soil were
assessed. Four different cross sections shapes of pile which are commonly used in real projects were employed.
These pile shapes were including: H pile, and closed-end square, pipe, and fin piles. In concept of optimum
design the surface areas of all different cross sections shapes of piles were considered to be the same but with
comparative moment inertias. In this condition the amount of material used for pile construction was the same
for all different pile shapes used in this study and thus it was possible to comparison the results and find the
best pile shape in any conditions. The lateral resistances of these single piles were investigated in different
conditions such as different soil relative densities including 35, 65, and 85 % corresponds to loose, medium
dense, and dense sand and different embedment pile lengths including 250, 500, and 980 mm corresponds to
short rigid, intermediate, and long flexible piles. Results revealed that the ratios of lateral bearing capacity of
short rigid H pile, square pile and fin pile to that of pipe pile in loose sand were 0.82, 1.21, and 1.43
respectively. The lateral resistances of single short rigid piles in medium dense sand were about 150 to 155%
(152 % in average) higher than loose sand and they were in dense sand about 335 to 356 % (348 % in average)
greater than loose sand for different pile shapes. When the soil relative density changed from loose state to
medium state the lateral resistance of single piles were about 74 % higher in comparison to the case which soil
relative density changed from medium state to dense state. The increase in lateral resistance of H pile in dense
sand in comparison to loose sand was higher than fin pile, pipe pile and square pile by about 2, 10, and 22 %
respectively. The lateral bearing capacity of long flexible piles and intermediate piles with different pile shapes
in dense sand was respectively by about 290 % and 179 % greater than short rigid piles. The efficiency of fins
in long flexible fin pile on improvement of lateral bearing capacity was lower in comparison to short rigid fin
pile.
Key words: Pile Shape, Lateral Resistance, Sand, Relative Density
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