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complex problems is one of the most powerful numerical mett
which can be used for piled raft foundeti analysis. These mode
can consider the complex interaction between soil and struc
Among available 3D FEM software for

modelling pield raf
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foundations, in this paper MIDAS GTS is used due to its var
element type and modeling abilities. In shiarticle, different pile
modeling techniques in MIDAS GTS software (like pile model
by solid elements, modeling by beam elements connected to
elements and modeling by EBMare compared with a real pil

loading test data. Results showed that dire¢ methods hav
excellent compatibility with the results of loading test in the lin
area of the loadettlement curve, and SEMind EPM kept thei

conformity further in the nofinear area as well. One of the mc
critical problems in 3D FEM modelingprocess of piled raf
foundations with SEM was an increase in the number of elen
when the number of piles increases and that leads to mc
slowness and convergence problem. Piles modeling by EPM
much lower elements; using this method, skinctioh resistance
tip resistance and displacement between pile and soil can be
calibrated with a pile loading test data which facilitates piled
analysis with a large number of piles. After comparing differ
pile modeling techniques through DS GTS software, the
ability of the software for modeling piled raft foundations had b
verified; Results show acceptable agreement between sof
output and monitored values and also outputs from other met

13D Finite Element Analysis

2 Embedded Pile Method
8 Solid Element Method
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and software.

1. Introduction

For a |l ong time,cdesideertswassedparate options
foundati on consisting of raft foundati on and
have found out that combining these two syste
groampd r aft (in contact with the soillosj ngwoul

efficiency and safety. These foundations are
raft foundati ons. Bearing capacdtphpy ohh pobmpdt
interaction between soil bel ow the structure
bet ween different el eme[n]s which are shown in
T So-Pile Interaction
T Pi-Pel e I nteraction (the distance between ¢
whetphielres reach failure in singular or grou
1 Ra-fStoi | I nteraction
T Pi-Raft I nteraction (imposed |l oad from the
and, consequently, increases the bearing c¢
Being atwaaseet ef aodi ¢ me wuse of analytical met h
design of pil.ed raft foundati ons

Di fferent met hods had been developed for the
briefly categorized as foll ow

T Met hods based omatBiompl i fied cal cu
T Co mp thtaeshepdp r o xmentaht oed s
T Mor e Ri gor ebuass ecdo nmpeuttheord s

Simplified methods co[ng]i Ranqdd! poenv iismpadridd cR ceu lk
Ber |I[abnjdt hods. Each of these methods has si mpl
raft bearing.

Compthtassred approxi mate memnhpogsoepsasi st of the

T The met hod which is based on" strip on spr
foundati ons and pil es [ag] springs (for exam
T Met hods which are based on "plane on strir
pl amed piles as springs (flgrPoalomspl e Cl ancy

Mor e Ricgpanrpaebiassed met hods are as foll ow:

T Simplified finite el ement anal ysi s

These models usually consider [ Bdundcatnisordes s ti

ax-sgmmetric systlemanfdHooipeirte difference analy
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strainsymmeaxriisc conditions in ¢commer cpilaalc egr o
category. (for pgampl e Hewitt &Gue

T 3inite el efmennitt eandd f3fDer ence anal ysis

Usedcammerci al sof twar e l i ke PLAXI S 3D, FLAC
PLAXI S 3D FOUNDATI ON

T Boundehempment s met hods:
(i ke Butter flilJl1¢8[ m)pd Baner i
T Combimetdhods:

Met hods t hat ceol nebmennet sb onuentdhaordys f or piles and
rafts. (foramrdeibf |aealimhall 4 |Fr anklgs]Jet al

€ Ppile-soil interaction
€) Ppile-pile interaction

@ Raft-Soil interaction

D

@ Pile-Raft interaction

Raft Load Share = Rp,5, = J‘ O(ry) dA

Pilei Load Share = Rp;j,;
S:oc = total load on piled raft system

O(xy) = Soil stress under raft

Fi.gPi |l ed raft f oundtatofo nbse amhiincgh ealreemecnotnssiosf soi | ,
bet ween t hleksle el ement s

Simplified met hoadssedamdppcomxpmaer met hods both

considering the interaction between el ements
met hods al wayosr sh avlieh esrcemieo reer,r t hese met hods ar
design and t hemEMssofatvvadar e bfl ®r 3mel i abl e resul

are of the most reli abl e methods for the ana
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compl ex interaction between el enseumnsariyn otfh etst
di fferent methods of .piled raft foundation an

Hooper 1973
Desai 1976

Methods of

piled raft
foundations

’.
. ‘ analysis
.‘
Combined
boundary

Hoin&Lee 1973
To&Smoll 1996
Franke etal
1994

Russo &viggioni
1998

Fi.gQRummary of the different methods of pile

Sinha and Hannap@2@me)t rper seamumegd oam pil ed raft
software and the€rmgdrfredsDruokeve | aw. The r
the effect of the governing par ametleér]s on t he

Deb and Kumar Pal (2019) used ABAQUS software

foundati on dunldeetre rcaolmbamd vertical |l oading and
on the | ateral responls7e] of a piled raft found
Mal i and Singh (2018) si ml dtiend ta® ledregnenpi Ime:
PLAXI S 3D. The objective oaft et hteh ep reefsfeenctt sotfu dpyi
l engt h, pil e -sdaialmes$ €r f fameds sr arfat 4 & aroinn gt, h eb esned

moments, and shear f earacdfe bieghdaBdiacturonof | arge p
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Deb and Kumar Pal (2020) used 3D finite elem
studymphex cboad sharing behaviour due to the
t his study they proposed a simplified mod el
considering both the saff®®ly and serviceabil it

Onef the main prodlEeMmpriomgrams! yiomg ahdl ysi s o
i's that these model s arnaumberry otfi mpa | esn sanmi red e
|l eads to convergence problems for the numer.i
modern MIDAS GTS software for piled raft four
pil e modelingatiechhsni @l e nemtys vin this softwal
compared. MI DAS GTS has many abilities for p
el ements which can analyze the piled raft ffou

2. Researchmethod

Since MIDA%®aiGdSi soused in this research, at
di scussed; it is a comprehensive program for
ability which I S used for model i ng of geot e
fodamti ons, excavations, | eakage studies, Slop
and so on. It has an extensive I|Iibrary of roc
perform various analyses.

I n this softwareailpablee mosliehgn@EMs madel s, B
significantly reduce the analysis time 1in coc
model ing met hods. I n gener al finite el ements
axial forceseand beneciacdg mome requires writin
However, MI DAS GTS introduces Gauging Shell t
axial forces and bending moments in each pile
of gpraons have such abilities. I n summary, t he

softwar e:

T SEM model s for piles
1 BSCN™hodel

T EPM (or in other words I|line to solid inter
2. Modeligh solid el ements
I n Figure 3 the @omrceptosvnef stolils amadeli | es ai
el ement s. I n these model s, the connectidon bet
soi l i's necessary (the interface).

4 BeamSolid Connectivity Method
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%

ST T AT [

Model = Soil (solid) + Pile (solid) + Interface (surface)

Nodal connectivity is required on pile outer surface
Fi.gShcemat iac 3D model of [p20J with solid e

| f it'"s needed to consider the displacement
resi stance between pile and soil isn sthhoewsne i mo
Figure 4 can be used [f2Ir, ZDInnecting solid ele

(a) topology (b) displacements
Fi.4Shcematic of Surface interface e[l2e3ents for
Some | imitations of these models are as ment.
1T Defining the geometry of the model and me:
consuming.
T Many el ements are created in these model s
especially in piled raft foundatdomputwiirnd
ti me which is impractical for parametric s
T Axi al Forces and bending moments in piles
should be <calculated by the wuser whi ch m

foundati on anal ysi s.

2. BSCM model s

Il n these model s, as its shown in Figure 5, s o
as a beam or a |l inear el ement , and i f i'ts nee
or reduce the contarcdg ifntiertfiadone belteveemt &€ hvwehmi, ¢
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can be applied; in these models nodal connect
required.

Some of the di ssaodviadn tcaognense cifn2 ybjetaym model s ar e:

1T Nodal connectivity requirement makes the

processes difficult, although in MIDAS GT
meshing features wihnvedistoing gt iremuabout mesh ¢
T For piled raft foundations with a | arge ni
bigger models with more computing ti me, al
much | ower than SEM models for piles.

I
Y N
Model = Soil (solid) + Pile (beam)  + Interface (line)

Fi.sShcemat inoodefl 3Dhe pi-bel wdt cobeam20OyVity el e me

e .
¥ 2 3
;J‘Hl
(a) topology (b) displacements
Fi.eShcematic ofelleimeemtiscbentetateng bearm28llement t
2. BPM models (line to solid interface mode
Il n these model s, as it's shown in Figure 7, t
with a beam or | ine intppdaeebet eenemtpi IF®ramao
friction resistance | ine to solid interface i
bearing capacity, point to solid interfaces a

choosi mg pidree &t ement option in the software.
defining the min contact surfaces | ocated bet
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on between Pile and soil and | ater a

type of a "contact surflhate'i ¢ hased sf ars e
icti

r
e

p contact surfaces'’ that is wused i s [
p bearing ocaeprenitt yoeanwk edii splid and pil e at t
fining connecting surface parameters and el
t ween pile and soil. I n these model s, nonbdal
qguired, and soil meshing can be done separa
itable for | arge piled raft foundations.

Model = Soil (solid) + Pile (heam) + Interface (line-to-solid)

No Nodal connectivity required
Fi.aShcematic of 3D model of piles Wi2tOoH embedded p
Line-to-solid interface elements for beam-to-solid connection:

—
/

/ e ———
/ Mother /

/ element /
'. /

| zZ Y

[

% :Line-to-solid interface eleménts

A PP, Ll

Fi.gLi heteefFements fof 283ateral friction
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I n these models wusing point t oi Isiotlyi df cirntmeao d e
bearing capacity. Figure 8 shows these el emen

of the pile.

Auxis of pile tip bearing
() Pile tip sping

Model = Soil (solid) + Pile (beam) + Interface (point-to-solid)

The pile tip can be arbitrarily placed in the solid element.

It acts as an orientated spring connecting the soil to the pile tip.
Fi.gPoi nt ctomngiohia@nface el emen[tx3]f or topside

Features of modeling by embedded pile el ement
T Geometrical dedilnimeshi agdcpnllee done sepal
T Crossing and intersection betweennd ise@ili nt

el ements can be calcul ated automatically.
T It i's possible to models!|dlpi pppraogpee rwiitelrs rf cormrl
el ement s.
T Mesh refinement for the soil in these mode

cal cul ati ons.

Theummary of the comparison between three mod

bearing capacity of piles are presented in ta
Tabl el
Compari son between three kinds of models for side
Model Ty SEM BSCM Sl e e [pithkes
solid interf
I nterf acc¢ Sur fac Line Li nteeSol i d
Nodal <cont Requir Required Not requir
Coul omb Defining the Defining the
Shear | & . . . . .
plastifriction and s friction and s
Frictidn | ocal Averaged over Averaged over
settl ement <
Transver Gap ope . . . . . . .
behavioul Possib Rigid(high el Ri gi de(lha sgthi c

Vari ati on

. Consi de Not consi d Not consi d
circumfer
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Taba e
Compari son betwees tbrepi kendspobeapdeply capacity.
Model Ty SEM BSCM s eeleee [P Hles
solid interf
I ntetfype Sur face Point spri Poi-nesol i d
Nodal <con Require Required Required
(Hi h roef Il s consider e I s consider e
Tip fai gn relation betwrelationrlkatwe
required
and settle settl ement

Beari ng
settl eme |l ocal Averaged ove Averaged ove
di spl ace

Coul omb f

|l ater al tOver 0il e Slipping SIlipping
Variati on

surface ol Consider Not consi d Not consid

tip

The main difference between (SEM) and (EPM) i
tip bearing capacity, and slip parameters are
as ptosionlti d ima@dl i d for connecting surfaces,; w I
before applying EPM for piled raft foundati on
results of a pile test in a specefscwislolh | facie
the modeling of | arge piled raft foundati ons
analysis also would be reduced, significantly
axi al forces, bendi ng emovmeemt spidnmed adids psl caicle ma
information are automat i cakplryo cdeestse rnngi nseedc th yo nt,
calcul ation is needed in contrast to SEM.

3. Results analysis and discussion

FiguBdows the r esgulttesstofi npiGQGeer maonayd iwahi ch i s p¢
prreei nforced dllady in Frankfurt

The grouthadwat e¢dwe |li csvg rtohsend ev el ; pil esl.itbageda di
l ength of 9.5 m and placed in a consolidated
jack that generates force over a reaction bea
pl aceal Vegr tait c a2 0d enpettherosf alned a di stance of 4 m

which minimizes the interag®2bdé¢n between the p
Loading is done stepwise, and the amount of |
smaApgplied | oad and related displacement are

settl ement is measured at different depths n
mounted at the top of the phéeboraee. cipabtel
| o-adttl ement curve and the related fragmenta
Fi gilr e
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Levelin,
[ ] P 1 =
Ay 00 0
GW Z{Z 05
Clay :E: -E_ L-5.0
4.0 40 :::
= el —— 95
13m’ Settlement points
o O
0.5 05 0503
a- Layout of the load test b- Details A
Fi.goODet @ifl st he pi l[d5l]oading test
Load (MN)
0 1 2 3 4
0 T\ ' )
~ 10 \
= Base load Total load
£
= 20 i
=
2
o 30
L
4() . .~ .v .
v \Skin friction
Fi.gllo adet t Iceumremes f or pl.b | oading test

Tablreep3 esents the
model s.

Tabl e 3
FeEatures of

t he nbaethearviiaolrsa |i

materi al propefinese artleme

nmotdheel painlde' s 3d | oading

Constitutive

Mo hr coul omb

Type of beha

Drained

Unsaturated s Yunsat 20 k3N/ m
Saturated soi Ysat 2&N/PmM
Soil EIl astic E 6 x 1kON /2 m
Poi sRsaotni o \Y 0.3
Cohesi on C 20 KN/ m
Friction An ) 22.5
Soi l dil atan Y 0
At rest | ateral ko 0.6
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30 A.
Figure 12 represent the model di mensions and
of pil e uskERmMN mM&tvh cadnsd. The mesh refinement we
model s.
t SEM Model
9.51
16 m
Pile
Total Number of Elements= 15761
Total Number of Nodes= 23003
4,
EPM Model
9.5m
16 m
v
Pile
Total Number of Elements= 5459
Total Number of Nodes= 8645
Fi.g2Modgdopdrotri eSEM and. EPM model s
Figure 13 represents t h e-s ectotnhpeantei nsto nc ubrevtewse e inn
t echni quense aasnudr epmelnet'ss. | oadi ng test

model i ng
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COMPARISON BETWEEN DIFFERENT PILE
MODELING TECHNIQUES ANDPILE LOADING TEST

DATA
4500
—¢— Midas GTS
4000 Beam-Solid
Connectivity
3500 Model
3000 Midas GTS
= (embedded
Z 2500 pile)
a
& 2000
- ’ Pile with solid
1500 A Elements
1000
500 Measured
0
0.0 10.0 20.0 30.0 40.0 50.0 60.0
SETTLEMENT(MM)
Fi.g3A compari stdmei be'twemomdel i ng techniqgues ani
As it can be seen, ad¢ d n amodted rsc ys hwiwteldi ma etcleg t lait
settl ement curve. Wbén ohbaeti moarel belsdawird werd,
connected to solid elements) shows more rigid
surface i nt err feancuek eadl esmednet sr esi st ance reducti c
bet ween pi lch afnidnasloliyl Iwhaids tsemblrememntgi dutye
model . However, in the following section thr
piled raft f owndataino nb emoodbestesravge s tadfaart n letehteb @ & m
model shows acceptable consistency with the r¢
prominent researchers.
Asi tmesnti oned earl i er about comparing di ffer
techniques, the side regiatenocetacdnsi debedran
results and instead applied as model's inputs
model s, these two parametes®i Andnoehénceamathe
cal i br alteed ovaidai npgi t est results. When calibrati.i
number of pil es can be done very =easily and
el ement s, the values of forces, mo me rots g and

processing section of MIDAS GTS software and

Fi gidsdhhows the results -scefttflreangemd ntcautriveers o fpill ee
base resistance) which ar e EWwsve dnofdcerl sc alni bMIlaDA
software.
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3500
3000 _
—&— Midas GTS
Embedded Pile
2500 Total
— —#— Measured Total
€ 2000
<D( Midas GTS
o 1500 Embedded pile
1000 easure ase
500 —¥—Midas GTS
Embedded pile
0 Skin
0.0 10.0 20.0 30.0 40.0 50.0
SETTLEMENT (MM)
Fi.gy4Cal i brati on and validation of skin resistance
t he -sleotatd ement curve. of the pile | oadi

Asit can, btehesreeeni s a verymgodeldi mgreesmehts bienhwe
and pile |l oading test measurements

3.1.3D Modeling and validation of a piled raft foundation in MIDAS-GTS

3. 1Filr.st exampl e

This example had been analysed by different
S nha [12] (a combination of boundary and fini
via different techniques and di f fFe rgemisté oswsf t wa
the modelfi nition and geometry

E,=E,= 30000 MPa Py
von

RN e

im
v, o, P 1 om .
P P Pl om  E=20MPa -]
il v=03 L
Py 2 13 1m
J
T T T

20m

L
im 4m  4m 1m

P2=2P1=2MN

coit = Yorie = 20 KN/m?
=50 kPa

=0

=0.5 m (pile diameter)

skin = C.TLD = ~ 78.5 kN/m ...........assumed single pile skin capacity

ip = 9., IL D?/4 = ~ 88.4 kN ........assumed single pile tip resistance

nmoe n

30m

Fi.g5Def i ni t itchretafcalypoxampl e by Poulos [1] which
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The average settlement value cal culRitgelur eoy Ml
shows the comparison of MIDAS GTS settl ement
byhet methods and researches.

BFE+BESinha WFETa & Small W Plate(GARP) B Strip(GASP)
® Midas Gts ® Randolph B Poulos & Davis ® Plaxis3D Fnd

FE+BE Sinha

FE Ta & Small
Plate(GARP)

Strip(GASP)

MIDAS GTS RESULT
Randolph
Poulos & Davis

Plaxis3D Fnd

0 5 10 15 20 25 30 35 40 45

Average Settlement (mm)

Fi.y6Compari son of t e imnmegyshuol dtss wiatlhc uclaaltceudl at ed average s
Poul os's hypothetical probl em

31. Zecond exampl e

The second example is theMesade dtacwem Ipuiolcegissg;
is constructed on a piled raft foundation wit
200MN | oad. Overly, in this piled raft founda
0.9 and 20 cmevV2ebrFgi,g Grespws t 1se dmd,dgeeliotmiednmdy
resudlhtts maxi mum measured settl ement is 140 mm
calculated in MIDAS GTS software is 166mm whi
measurednsebf!l eme buil ding.
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130 m
=

100 m
=
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TP3

Pile2 | 4 Pile 3 4
e o o e @& O
@ ]
() Instrumented piles L L] - e e
d Contact pressure cells ¢ & o ¢ o o
Pile 1 g Plle 4
@ Multi-point borehole e o o e o, og
extensometers ° o o TP1 e o o
Section of the raft e o .P e | @ .Plle 50
modelled with @ @
finite elements P2
Symmetry axis
® & & & ¢ o o
T e o o o o o o
U e & o o o o o
e @ @ o o o 9
e & @& & & & o
e @& @ o o o 0

Frankfurt clay

Fi.g7( a) ,eo(nbe)tG vy
Torhausnt MWBAS GTS

(€)

det ai I[s26f¢or,

4. Summary and conclusions

| mpl ement ati
significant
conventional

on of
reduct
pil e

moder n

24-5m

T(oer phlchaurisd o (mrew@nr 0 eesud t f
software

pi

17-5m

Physical |

0

e

mo d e |

ng

met ho

on

model

n

geometry

ng techni

ques

it o mpl etxhiet y
which
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S I n these met hods, pile forces and m
be no need for ma-baakdcalbhdelea tpiidnres ,moun
gues which consi st of solid el ement, B
n 3, and the following results have obt

e main difference between SEM and the tuv
nsi demoablt eofh cal cul ations required in SE
d moments are not calculated in the soft

extremely tedious for a | arge number of

EPM, paramet-bear iradiattcyagatt os Kiorm,d base,
nsidered as model's inputs. As a result
met hods. Prior inputting these parameters
be calibrated; ldi ndhet eetsudtes avaial phll e, |to
the weasy application o f pil ed raft mod el
computations and analysis would be much 1| o
For comparing the resethadejyc dipeaeree d i wiet hm
actual dat as eotft lae npeinlte tleosaad whi ch showed an
l' inear ar-satol emeadi cgr ve.

this research titse VvMIrdrX Spe@Tesd srod fttwafrrueadat i

w acceptable conformation for software ou
culated the settlement with iladso tvlean f1&d|]
| os hypothetical example whichlrerisasande eretihro
unt of Settl ement was an inacceptable agil
hods and softwar e; the settlement was Vvirt
ndation software.
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