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Abstract

The popularity of piled raft foundations is on the rise due to their cost-saving advantages in
construction. These foundations not only enhance the efficiency of pile foundations but also reduce
the number of required piles. This becomes particularly crucial when considering the ability of
foundations to withstand lateral cyclic loads such as those induced by earthquakes, wind loads on
tall buildings, or wind turbines. Therefore, it is imperative to comprehend the behavior of piled rafts
under lateral loads, especially the complex and challenging analysis of cyclical lateral loads. The
finite element method proves instrumental in analyzing such intricate behaviors. This research
employed a 3D finite element model to investigate the behavior of piled raft foundations
under cyclic lateral loading in clay soils. The study involved varying the pattern of lateral cyclic
loading, frequency, and number of cycles. The findings indicated that the lateral load behavior
of piled rafts was significantly influenced by cyclic loading, leading to a decrease in lateral load
capacity as the number of cyclic force cycles increased, and the frequency magnitude changed.
This behavior is attributed to the permanent soil deformation surrounding the piles and
beneath the raft. The value of the locked-in moment in piles, when the lateral load was
withdrawn to zero, will increase with the increasing number of cycles.
Keywords: Piled raft, Finite element method, Lateral cyclic loading, Permanent deformation

of the soil
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loading #3® Symmetric two-way cyclic loading) wazn1aiiign (Haft cyclic loading #38 One-way
cyclic loading) ﬁQLLamqiugﬂﬁ 2 Tnetviunarud (Frequency, Wity 0.1, 1 wag 10 Hz Faduta
AuAveILsaLIazusudesnuiuAulmingsvidelaseaina [25] vuinveaLeundga (Amplitude)
wihdurnveslsansyeuineii s wnwiaduinnisadeusadudisesas 10 vesvuna
urhugudnaaandy aflawvindu 3430 kN Sruauseuindng (Number of cycles, N) gegauiniu
20 50U waz 50 50U dmfuaud 1 Hz lasnendanisnsyivosussinudnsindng sinisliuss
nswuuuadaiefnwmgAnssunmsiunssiudiauuvainnendannnnsiuesinseiuuuindng
dwduusansgiihlunnfsasanisinuazimualifivunawiduussivilhAnnsmgadaluiuasa
whiuSewaz 10 veswuaEduneulilssnszyiiiui1eining ngAnssuvesgrusinueianduniels
wsansgviiuineTpinsannsouandldlaefnwenuduiusseninmsfuusenuiiaasnmaiedou
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A19197 1 ANNTIENDFE19) VBILUUTIBBIAULUY HSsmall AkunseTRdeuiunantsvagauluaus

Parameters Clay
Depth of soil layer (m) 0-30
Unsaturated unit weight, ¥ynsae(kN/m?) 17
Saturated unit weight, ¥sq¢ (KN/m?) 19
Effective cohesion, ¢ (kN/m?) 15
Effective friction angle, ¢ (°) 25
Secant stiffness in standard drained triaxial test, Esrgf (kN/m?) 2x10%
Tangent stiffness for primary oedometer loading, E-¢) (kN/m?) 2.56x10*
Unloading/reloading stiffness from drained triaxial test, Eﬂﬁf (kN/m?) 9.48x10*
Reference shear modulus at very small strains, Ggef (kN/m?) 2.7x10°
Threshold shear strain at which Gs = 0.722G, y¢7 () 1.2x10™
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Parameters of piles Parameters of rafts
Outside diameter of steel tube 0.324 The thickness of the raft, t, (m) 1.00
pile, D, (M)
Wall thickness of steel tube pile, 9.5 Raft size, BrxLr (m?) 3.2x6.4
t, (mm)
Structure behavior 3D Embedded | Strycture behavior 3D Plate
beam

Material type Elastoplastic | Material type Elastoplastic
Elastic modulus, £ (kN/m?) 200x10° Elastic modulus, £ (kN/m?) 23x10°
Max. normal force, N, (kN) 3141 Max. normal force, N, (kN/m) 5485
Max. bending moment, M, (kN m) 350 Max. bending momment, M, (kN m/m) 1583

Wnewe: AnaauURs1eg seaaduldaiannsfinwves [14] wazveagIusinliannnisesnwuy a.a.a.
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Vertical load
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066 m 4@127m=508m 066 i

Piled raft, on-ground raft (PR_OG)

4@1.27m=508m  (Jgg 1
Free-standing head pile group (PG)

UM 1 sluvuvesgusnuaziuudaesnldlunmsiinsgililudeduud

11.6m

3x5 Piles pattern
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\ B
\ Time, t

I Frequency, / N
[S I

—Full cyclic loading (Two-way cyclic loading)

- - - Haft cyclic loading (One-way cyclic loading)

5UM 2 gUuuuvesnTgyiiginsmaneLagaamig
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é’wuéﬁwwé’amﬂ%‘uLLﬁﬁg%’ﬂiaﬂaqLﬁaﬁmauiawaummzﬁwLﬁlwﬁu (50U 1 waz soU 15) 1flo9an
Auldinsgyidsanuannsolunsiuussduinadiesuuseureusinsshdufiunnty Fuanswa
lngn1siinn15de3Ueg190175909RUUT NSO 9 Ll wazRansiadousadudnefiiinannduy
[25-32] N5 E3URE19ANITUBIAUAINITOUAAIDBNUININIEATNIALLAAIT NWUENITLAAY BTN
(Gap) U3amdaandy wazinnsynvesiu (Heave) uinamiiiandy dsuanslusud a(n) 91ngud
4(%) waansa1n FEM wansliidungAnssuainanin1endin1snszyinuesseniugs Inedaaiu

AOAAADINUNINITNAGOU FST hag FEM MIlduanIngfinssusina1nfaenadodnunan1sinunaas
Tuladhar wagae [33] Wae Basack [34]

1600
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1200
1000
800

600

—8—Pile group 1st cycle, FEM
- M -Pile group 1st cycle, FST
—o—Pile group 15th cycle, FEM
-8B -Pile group 15th cycle, FST

400
200

Lateral total group load (kN

0 20 40 60 80 100
Lateral displacement (mm)
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Load

Gap behind pile

‘ (n) FST [14] (1) FEM

UM 4 n3iin Gap uay Heave Aundauazntia iy

3.2 nMsfunssnudisesgusinuialuneldusinseyiigdns

JUT 5 uananginssunssussainudnefiumsidieusiaiudiavesgiusnuriandunigliuss
N3eIinINTMaAed (HCL-Haft cyclic loading) 31ANaNTSANYY WU WaduIusauiInsiiudy
N13LARBUAIVBIFIUTINTANALTY waznelalsanseininInsmiafeInauien 9 (0.1 - 1 Hz)

a a o A l | o A A 1Y) a A a a v o
eilANTsiAd auRaNgINItegumute Waguiumudas (10 Hz) WeRa1sauniuseiud1aauin
Wiy dmsuanuannsalunisulsaiuleainn1enawsingzyinindns (AFC) wuin SAiiuau
Wadnuiusaudininsiiudu WewSsuineuiuwsainnounseyiuseindng (BECQ) 1aaann1evad
nsnseyvessaiudsigdnsmaieadudwaribiduduninandudamawindy Weswwin
Mendsdugansnsvivesaiginsluwiazseutussuialoufuduninandugnuadaauliuiu
WNG9TU v3alAuNTEYINve Preconsolidation pressure dswavinliduiinn1seufL LT UATNTD
Fuussiuteliindu Ineaingui 5 aziuladnneldusinsziaudwadavuinieadussey
N13LARBUAIAIUTINLIAIAAAINIENAITINTEVTNINT LAZEIINTLYIMUUNIBABIIIELAANTS
a a v v v | o 9] o v Y o W . .

LARDUNANUYNUBINIMLUUADINIY d@IUIULTINTENIATUVII)INTADINN (FCL-Full cyclic loading)
Aauanslugun 6 nwudn maedeudinudidiainduiieduiusoukarAIANUATINIANNNTY
dmsungAnsIuMsTuRTIIutainnend N iginsasme wudi dananasegndaauiile
IuseuigInsiiuuntuilawIsumeuiuusainudsaiinnounseyiusedining Faunsaiasan
laannieliusensgiaudnawuuainnouuseindns (BEC Stat A = 3430kN) tu dwmsunnai1ud
srazMsAdeuiiuiswesgIunwiiadnsziaidesnitegndaay WellSsufisuiuszeznis
wdauimsuinwasneliusinssivnudisainniendinisnseinvewssindng (AFC) Jauansliiiu
TilleduuseunazaudIgInTaesmaiuinty Aulagrusnusaziian1sgydemauiesainns
= | a a v A v v v v I Y i
HeogUegea1isvediu tnganansaiansantdainiefioudiniudeasinaesandy daanddusui 7

waz3Un 8
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4000 T

——HCL_10Hz, 10C

4000 ——HCL 0.fz IC ——HCL 0iHz 10C 4000 ——HCL_11z, IC ——HCL_iHz. 10C ———HCL 10Hz IC
———HCL_0.1Hz, 20C = =BEC_Stat_A=3430kN ———=HCL_IHz, 20C == =BEC Stat A=3430kN «—HCL 10Hz 20C = =BEC Stat A=3430kN
- = ~HCL 0.Hz IC_AFC = = =HCL 0.1Hz. 10C_AFC - = ~HCL IHz. IC_AFC - = ~HCL IHz, 10C_AFC = = ~HCL 108z, 1C_AFC = = <HCL. 10Hz, 10C_AFC
3500 = = =HCL_0.1Hz 20C_AFC 3500 = = ~HCL_IHz, 20C_AFC 3500 < = = ~HCL_10Hz 20C_AFC
’ N '] " | e
a5t I " i [ p il
3000 p /I / ; 3000 | /[{, 7 //, 3000 1 L :,//
~ Vol | i ’ ] iR
G 2500 P [ 2500 < . 2500 1 L
= P [ / HIK
2 / ) [ |
S 2000 / ' /, 2000 + / / 2000 1
£ / : I /
JNF A / /f
1500 - 4 /r 1500 + / 1500 |
' y
! ' )|
1000 ' /:l/ 1000 + /'/ 1000 +
: I [
500 " /’/ 500 1 // ’/ 500 1
' / []
i y p
| ]
0 - 0 - . 0 .
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06 0.02 0.03 0.04 0.05 0.06
Lateral displacemet (m) Lateral displacemet (m) Lateral displacemet (m)
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Soil improvement Step pile Embedded raft
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