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Numerical modeline of unreinforced and reinforced piled
embankments. Parr I: Numerical modeling sequence

Hung V. PHAMI'.lHanoi Linir.ersin* of Mining and Geology, Hanoi, Vietnam

ABSTRACT

The numerical modeling is nowada,vs known as an effrcient and cost-effectiveness tool to deal withgeotechnical issues' There 
^have 

been many numerical studies performed for simulating the behavio, of apiled embankment (unreinforced piled emtankment) or geoslmthetic reinforced piled supported (GMS)embankment (reinforced piled embankment). Howeve., tt e order for a numerical mlie[ng has notclearly been shown in the former researches.
In the part I, the unreinfolced an! reinforced piled embankmenis and their load transfer mechanisms areintroduced' The numerical modeling procedures are then provided, in which the details oleach step arepresented' The results illustrate a flowchart that summarizes the simulating impteme.rtatio;;;,
In-the-part II, an application of the presented works for modeling 

" 
pii"a embankment is conducted. Thebehavior of a piled embankrhent ii described in terms of loai transfer mectranism, 

";-;il" an6 soilsettlements.

Kqtwords: numerical modeling; piled embankment; geosyrthetic reinforced; load transfer; settlements

1. Introduction

The piled embankment 
ilyolves the rigid inclusions/piles (with or u-ithout caps) embedded floatinelror totally in the compressible soil layers. The piles are trpically arrangeci Ln rhe mang.:; ;;,r:::pattems' Next, a sranylq earth platform (embankment o. -u*.rr; ir .niuu"t.a ,pi* iiis larer :r:.,.san important role in the load transfer rnechanism, so it is called the load transfer plart-orn lai; '

complex system is termed apiled embankment (Fig. l.a). The case rhat'.ire eanh platfon: is ::-::::::: :,.one or several geosynthetic layers is known as a geoslmthetic reinforced pile-supi.-.;' ::j,i'embankment, as illustrated in Fig. 1.b. Ttre structures such as rail*.ay svstem. roaci l"i3::r---_,::slab/footing are then placed on the top of LTp.
The load transfer mechanism witnin the embankment of the system is basecl on the pnnciple .rr sc,:iarching' Due to the significant larger stiffiress of the piie than the gr"*a and shearing ,o*g.i, of soii. teshear stress results in an increase in the pressure acting on piliap and a decrear-. ir, ,l-. pressure onfoundation soil' Therefore,.piles ca.rry the iarge percentage ofiotal toads (embankment weight, surchargeor external loadings) (load part A). and the soft soil tales the remaining amount or touEirg (residualloading), as drawn in Fig. 2.a. rn the case of GRPS embankment, the residual load is divided into rwoparts: part B passes through the GR to the piles- and parr c is applied to the subsoil frig. i.uj. Regardingthe load part c, it will be transferred directly to the subsoil and inriirectly the piles i, i"#s oiit 

" 
n.gutiu.skin friction along the shaft of piles. Due to less load applied to the soft soil, the sc,it soil andembankment settlements decrease. The load on pile cap and o.gutiu" skin friction are transferred alongthe pile to deep bearing layers.

Thanks to the simplification in method statement and in design calculation the and given advantages,piled embankments were increasingly applied for_ projects or r,Itn*uys, railways, oil tanks, buildings,retaining walls and wind turbines (Simon and SctrolsseiZO0e).

2. Numerical modeling of piled or GRpS embankments

The numerical simulations have been increasingly used due to some advantages compared to analyticalmethods and experimental works, such as cost-eflectiveness aspects, reduced-calculation time, complexproblem-solving ability, and acceptable accuracv. There are many numerical methods used to solvegeotechnical problems, such as Finite Element \fethod (FE, FEA or FEM), Finite Differential Method(FDM), Discrete Element Method @EN{). Bouncian'Element Method (BEM), and A{aterial point Method
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Trir: gid hdn hE

Email : phamvanhun-q(a)khoaialdune.ed u.r :r


