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Abstract

« These structures experiences large cyclic loads in axial and lateral modes

= The lateral cyclic loads may in tumn induce significant cyclic torsional
moments to the pile foundations

« These cyclic torsional loads are induced due to the actions of wind and

waves, ship impacts or moving trains etc,
o XSEEHEINT R, BORGTRAAEE . WEBE, —RESARZEOH R
KPRV, M ATARPRA 8 & Bk P A RO I AR A

Overview

=During wind and wine actions torsional moments in addition to bending moments,
shear and axial forees alleet the load deformation behasiour ol the pile foundations

& Transmission towers, iraflic and sigmal pale structures are subjected (o laleral loads
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ol considerable magnilude

=Siunificant torsional forces can be transfened (o the foundation of these structures
dug tothe laterally loaded hieli tension wires

s can also be transfered Ho the foundativns of ollshore struclures
or ligh speed sehicles

*Torsional mome
dug (o ship imp

=lnadequate consideration of torsiowal moments may resulls in faiture of piles and
ultimately into disastious consequences
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* The pile foundation groups (large structures) subjected to torque |
TR R 5K RS 1 |
Offshore platformsifgi: 7 & &4

Wind turbines R A48 41

= Bridgestf#

= Railway embankmentiZ i 5

= Traffic and signal pole structures 223 {5 5 4T 4544
= High-rise buildingsim /2 B3

Mechanism

= Mechanism of application of torque (0 a model single pile and
@] model (m x n) pile groups ; m and n are the number of piles in
the rows and columns of the group

. Fxpcrlmenldl results of (1x2), {1x2) and (2x2) pile groups

In terms of (orque-Lwist plots for the model single pile and

model (m x n) pile groups

Simulate 3D models of (m x n) pile groups subjecied Lo

torque using finite clement modclling, Abaqus/CAE

= Analyse basis of pile-soil-pile interactions in the model (m
x n) pilc groups subjected fo torque experimentally and
using numerical model

PRI RS HISE Y 4 5
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Overview

*Tall buildings (Mayer-Kaiser, Miami and Great Plains life, Lubbock, Texas) had suffered
permanent damage due (o wind action (Vickery, 1979)

A support pier of (he 6 82 kin long Sunshine Skyway Bridge in Florida was eecentrically impacted
by a bulk cartier and collapsed in 1980 (Backer and Puckell 1997)

aAboul 395m of the bridge (el into he sea, resulling in hirty five deaths (Barker and Puckett 1997)
il PR SR LSS TR AN R
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Review-Torque on Single Piles

= O’Neill (1964) presented the mechanical modal composed of rigid

elements connected by torsional springs

= O’Nei llimtlj NEEEES I'T' w u_lgf ‘JIH‘4

Discrete element mechanical modal

RAY T

*  The equilibrinn equation 1or 1he torsional resp of a pile embédded in a soil nnd modelad
uiing the of subgrode reaction apyp I (Yean K Chow, 1985) is
-GpJ (PYOZ) +K ,y =0 (D)
Where,

Gy~ shear modulus of pile material

J = polar second moment of area of pile section

¥ = angle of twist of pile

Ky = modulus of subgrade reaction of soil undergoing forsion
z = depth coordinate

= Foranclement of Jength, L, the continuous variable, y is approximated (Yean K. Chow, 1985) in
terms of ils nodal values y, and y,.

¥ ={n}T {y} - A2)

1-Z/L,
z. ) and Ay =

HETE L hEGYHLEE wRE 2}

Where; {1} ={

(28
o)
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Assumptions

= A pile was considered as an elastic beam

= Ihe soil was modelled with [wo serics of clasto-plastic springs; one torsional and one axial

= Each pair of springs acls indcpendently until al some depth the veclorial sum of (he langential and axial
reaction becomes equal fo (he ultimale unil pile shafl resistance

Findines

" Georgiadis and Saflekou (1990) modificd the numerical model Lo account for non-linearity of the soil and
to improve (he interaction befween the axial and lorsional springs

" It was found that the application of an axial load reduced (he ultimate Lorsional capacily and increases (he
pile rotation

.

= MERT{EEMER
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L > 3

= HEHIL R RE, T TR T SOl A SRR AL S R B R, Georgiadis and SaNekouiilk T
fun.
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Chow (1985) presented a discrete element approach in which the pile was modelled as a
series of elements

* Soil was treated as a series of independent layers, each with a modulus of subgrade
reaction, K

* ChowiH 7 — MM N —RIUTRABBITH . BB F—RFIMILA L
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Discrete element modal for torsional Typical lorsional discrete element
response of Pile (Chow, 1985) (Chow, 1985)
R M S A B OT AR Y W% E T
»

s Coupling between axial and torsional pile responses were investigated by Georgiadis
(1987)
= Georgiadis (1987) WF5 T HEAERY A ANAUAE 3 & 16 T Ao &2
P

Numerical Pile Model (after Georgiadis 1987)

Review-Pile Groups

= Pile group behavior has been summarized by many researchers
REWFHRE BAIL B GE

O'Neill (1983)

Poulos (1989)

Reese and Van [mpe (2001),

Basile (2003)

Kong(2006)

00 0c 0O

* Accordingly load sharing among piles in a group is influenced by
BEME B AR AL e 5 2 AL A B2 R 3

o Pile-to-pile interactiont [&] 2% B

o Group stiffening effectHEAESR L 2M

o Load deformation coupling# i 21 4 &

o Soil non-tinearity 1= ) JE £k
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* The response of a pile group subjected to torsion is governed by the interaction

between the torsional and lateral behavior of individual piles

AT 520 60 8 AR B FILE 0 2K P e 2 A RO AT EL TR P R

t—= Applied
Torque

Movements in (2x2) pile group under torque and pile head forces in a torsional loaded pile group

HEER R T B Q)M 8 LR TS

Model Test RARE

#  The test models (1x2), {1x3) and (2x2) consist of mild steel pipe piles having 400 mm
diameter cross-section and 650 mm length

#  The thickness of the sleel pipe pile is 2 5 mm

# The pile cap is also made up of mild sieel plale having dimension (200mm x |00mm),
(300mm x 100mm) and (200mm x 200mm) respectively

#  The thickness of the pile cap platc is 5 mm

= The cenlre 1o centre distance between Lhe sieel pipe piles is maintained at (hree limes (he
outer diameter of pipe pile

# The lip of the steel pipe pile is & cone maintained at 45° apex angle

REMA(1x2), (1x3)H(2x2) B EL12 94008 1 E 96508 K 7 08K IR Bt EL

RN B2 5 mm

A& 7R R 451 (200mm x 100mm). (300mm x 100mm)#(200mm x 200mm)it{E 8

SRR AR

AEBMENSmm

T 02 R R B RS R =1

T RS L TR (R T T

Diagrammatical representation of (1 x 2), (1x3) and (2x2) pile group
(1x2),(1 x3)T2 x2) B ) E R TR !

. —=- Single pile & - 1x2 plle group

1x3pilegroup -+ - 2X2 plle group

5 10 15 20 25 30 35 40
Angle of twlst , radlan {e-02)

Plot of applied torque and twist angle in dense sand

RO R SHE AR RN AR

( ; Pulley for hanging weights T T IH§E
: High tensile wire ¥ HIZ
Girder ISMC 100 #1SMC 100
Vertical suspension 3 B &4k
Supporting frame 1% %54
Connecling shaft 43

Pilecap &

(1x2) pile group (1x2) H##E
Weights #15

Holes for moving machine®5 Z)#13L
Loose/dense sand ¥4 B/ & B
Angle of Lwist

Mechanism of applying torque on a model single pile and model (m x n) pile groups,

where m and n are the number of piles in a group (Mehra, 2011)

L0461 FIEEME B R (m x )BRE LR S50, mAmBRAE R
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Angle of lwist, radlan

Plot of applied torquc and twist angle in dense sand
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Numerical Modelling $7{E 3

Three dimensional (3D) plain-strain finite clement analysis was carried oul using Abaqus/CAE to
investigale the nonlinear behaviour of (i x n) pile groups subjected to pure torsional loads

3D modelling was set up {o represent the behaviour of soil-pile interface using interface clements,

In this Ihe soil continuum was divided into number of (volume) clements

Each element consists ol nodes and each node has a number of degrees of freedom (hat corresponds (o
discrele values of unknowns. The boundary conditions were thus applied ta solve the problem

The pile cap and piles were modelled as an elaslic perfectly plastic model in the Abaqus/CAL

TN Abaqus/CARRS (m x n)TRELE S HTLYG i 4R TR AR AL PR P AT 7 = 00 T T 57 2547 LG4 7
SEILT AR, RN S L Pl .

AL AR T LAk A i gE (PR

A CRBLC AR, BEA Y S A S i, X0 PSR R AR R ST
St RE S R

TEAbaqus/CAERK 111, 7R ErAMHE R B UL Fo sl AU (v o R 71 86204

Three dimensional numerical model;
Tet shape mesh
Zofe R B

Boundary conditions used in Abaqus/CAE
wilh lriad and compass;
; {m x n} pile group;
m=1 n=2

Spacial displacement of nodes in x-direction(U1)
(m x n) pile g
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A BRI HE SN D (BREZRRPIIRE 307 5 )

» A strain hardening model using Mohr-Coulomb failure criterion was adopted for the soil

» In the present FE analysis, the authors used 10-noded tetrahedron interface elements
(nonlinear-C3D10) that could capture the interlocking effects to some extent in terms of
strength parameters, effective friction angle, ¢,,; and young modulus of soil, E; of the soil

» A relatively fine mesh was adopted for the pile cap and piles and coarser mesh was adopted

for the sand

» R FER-FE BRI g T + SRR TR AL R

> AL ERTMA IR DA, (EE A -H s PY A S I T, XAy AT LAZE R AR b
BIREE B E BN ¢ 1L PR 17 OB AR 18 — R RR

P REFMER AR, BRI

Rotational displacement (UR) of nodes;
{m x n) pile group; m=1, n=2

TR MR RLFY

Spacial displacement of nodes in y-direction(U2)
(m x n) pile group; m=1, n=2

YT A ALY
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Spacial displaccment of nodes in z-direction(U3)
(m x n) pile group; m=1, n=2
20y 5 RS

Conclusion
Numerical Modelling- Abaqus/CAE

= Numerical results show consistent trend with the experimental resulis

®* Toisional resistance of model single pile and medel (m x n) pile gioups increases with
increase in modulus of elasticily

* The behavior was accompanied by lateial and torsional deformations of individual piles
and soil

® Spacial displacement of nodes shows the soil mass compression in the direction of torque
applied and dilate in opposite direction

B AI-Abaqus/CAE

R LG SRR AR AT — Bt

BURHUAY A (m x n)ERERRHUHLGE 7l BT (35 00T 19

FEDLILFR s SYRL AL e A9 2 2 b 4 JEE R L 2

85 (T RS 2 R LR Ay 1 JRAR, (M7 ek

Any questions?
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Conclusion

Expetimentnl Result

= Model (m x n) pile groups resisiance lo applied torque compared lo the model single pile is at
rale shown by lhe numerical model

* Resistance lo application of lorque is significanlly grealer in dense sand as compared lo
loose sand

= The behavior was accompanied by lateral and lorsional movemenl of individual piles as
shown by the NM

= The patterns in lhe shear zones around the pile in the dense and loose sand were dilative
and densifying respeclively

A RN SEATAR, S5 RPTHEAUTIHEEAL (m x n)s
LRATRARLL, AT (R AL #x.

AEREFEAF AR D 0 NMte 2T 2 URL KT RS RN B8 22
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