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AR g LA Bee spR 2 42 P 2 T Modeling of Batter Pile Behavior under
Lateral Soil Movement ;- Pile foundation is frequently used when structures are
located on weak sublayers or are at risk from lateral loadings such as earthquakes. The
design of pile foundations has recently become crucial to stop slope movement. To
understand the behavior of pile foundations subjected to lateral soil movement, the
three-dimensional Fast Lagrangian Analysis of Continua (FLAC3D) program was
used to perform numerical simulations, which can reduce the cost of field testing.
Vertical piles and batter piles were combined into 3 x 3 pile groups, and the response
of batter piles to soil movement was analyzed. The outer batter piles led to an
increased bending moment in the middle, vertical pile row. Increasing the pile spacing
and the presence of battered piles reduced the pile group’s displacement. The batter
pile group’s maximum bending moment was smaller than the vertical pile group’s in
sand soil, but 5-8 times higher in clay soil.

M4tz : batter pile, numerical analysis, soil movement.
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P “Session 4: Geotechnical Engineering and Structural Mechanics —(7 Presentations) Tl R

’ Time: 16:00-17:45
Sso Location: PEYTO HALL (2nd Floor) .

Shih-Tsung Hsu, Wen-Ta Hsiao. Ke-Ting Chen, Wen-Chi Huand Ssu-Yi Wu

Department of Construction Engineering, Chaoyang University of Technology, Taiwan ROC

Abstract—Soil anchors are extensively used in geotechnical applications, most commonly serve
as tieback walls in deep excavations. To investigate the anchorage mechanisms of this tieback
anchor, a constitutive model that considers both strain hardening and softening and volume
dilatancy entitled SHASOVOD model. and FLAC3D software are used to perform 3-D numerical
analyses. The results from field anchor tests are compared with those calculated by numerical

EMO026 analyses to enhance the applicability of the numerical method. After the calibration, this research
16:00-16:15 | carried out the parameter studies by numerical analyses. The numerical results reveal that
whether the yield of soil around an anchor develops to ground surface and/or touches the
diaphragm wall depending on the overburden depth H and the embedded depth Z of an anchor.
this study suggests the minimum overburden and embedded depths to avoid the yield of soils
develop to ground surface and/or touch the diaphragm wall. When the embedded depth.
overburden depth or fixed length of an anchor increases. the anchorage capacity also increases.
Increasing fixed length should be the optimum method to increase the anchorage capacity for
fixed length less than 20m. However, when the fixed length of an anchor exceeds 30 m. the
increasing rate of anchorage capacity per fixed length decreases, and progressive yield occurs
obviously between the fixed length and surrounding soil.

Analysis of Lateral Buckling of Bar with Axial Force Accumulation in Truss
Arthit Petchsasithon, Nuttapon W.. and Suwat D.
King Mongkut’s Institute of Technology Ladkrabang, Thailand

Abstract—This research studies the lateral buckling behavior in fruss and lateral buckling

EM023
16:15-16:30

coefficient of truss. Lateral buckling analysis of truss is performed by simulating the structural
model with both end supports being pinned and roller-supports. The analysis is indirectly
conducted using Elastic Theory to evaluate the length of lateral buckling by calculating the
determinant of the Matrix [K]. Results from the analysis are marginally different from those
obtained from finite element program and are considerably less than those obtained from
Eurocode standard. This can be concluded that using elastic theory to evaluate lateral buckling

coefficient of truss member will result in more economical section.
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Modeling of Batter Pile Behavior under

Lateral Soil Movement Introduction

Py * Pile foundation is commonly used for support
— loadings from super structure of lateral forces. e.g.
wind, earthquake. and hydraulic forces.
= The applications of road signs. bridge pier. electric
tower, and sheet pile wall are examples of piles

support lateral forces transferring to underneath
soil.

National Chiayi U., Chiayi City, Taiwan R.0.C.
Dept. of Civil & Water Resources Engineering

Professor/Chairman Chien-Yuan Chen

27 May 2017 | | I I
ICCEMS 2017 o — ICCEMS 2017,
Outline Active pile
. + Pile lateral reaction forces are concerned with the pile displacement (y)
@ Introduction which is the stifiness characteristics of pile material Thus, a pile
- Purpose of study subject to lateral forces (p) is a soil-structure interaction mechanism (p-
s y curve)
- Applications of batter pile I

- Disadvantages of batter pile
@ Assumptions and Numerical Validation
@ Results and Discussion
@ Conclusion
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Passive pile ) - m
« Uplift forces on the bottom of |/ |/ EF

the pile cap caused higher _ | .S
vertical displacements on the
leading piles than the trailing
piles. 3
For the case of embedded pile cap. i -
significant of passive loading at the
pile cap induced by soil movement ”_
causes a smaller of pile response than =~

Applications of batter pile
= Batter piles are used to superstructure subjected to inclined
loading for bridge abutments. retaining walls, and
platforms.
Examples of batter pile used (a) Vertical and batter piles
used beneath the retaining wall. (b) Two batter pile
supporting bridge piers.
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Arching effects Forces on a batter pile
N + Forces on a batter pile include

horizontal components of the axial
reaction and horizontal resistance due

to soil.
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Disadvantages of batter pile
= Barter piles should be avoided in simations where negative skin frictional
forces can be present. Seting soil could induce large bending moments in
batter piles (Rajapakse, 2008).
Assumptions and Numerical

Validation

= The mumerical analysis showed that batter pile can be beneficial to seismic
response (Gerolymos et al, 2008). It is conchuded that considerable

caution should be exercised if vertical and'or lateral ground movements
«can ocour for piles nesr bridge sbumments, piles within settling ground, and
piles within a seismically active area (Poulos, 2006).

Model tests Methods of analysis

*  Three types of amangement for leading Vertical rear Batter (VE), leading = This study modeled batter pile subjected to lateral soil movement using 30 finite
Batter rear Vertical (B'V). and leading Batter rear Batter (BB) were tested (Fig. difference amalysis FLAC3D. The mmerical results of a single batier pile
2). Results of the apalysis show that the VB scheme had a better resistance to ‘beehavier are conpared with the model tests by Ranjan et al. (1920) and extended
lateral Joadings than others (Prabha & Boomirathan, 2010} to the modeling of group barter pilles.

= A series of tests using different mesh sizes did to fnd the best computing

B ol [E_al-r afficiency with less fime consuming and enouzh precision.

* Numerical precision and time of calculation are affected by the boundary
conditions. To eliminate boundary constrains, a minimum distance of 250 (D =
pile diameter) or 0.6L (L = pdzlmgﬂl]fwhﬂ'\mm]dumandﬂ?lfw

diztance are required The boundary constrains in the bottom of mesh are
hinge and roller in both sides. The soil layer was subjected to 1z (9.8 m57) of
Eravity to static equilibrium to pressnt soil initial condition

Table 2 Parsmaters for e sl pile Intsraction smabyds

pan mdsls  meida ) ) i
T = =
e ——— I ¥ [E3

Purpose of study Assumptions and Validation
. * The modal test was a 30" incine angie of battur pila subjected to literal loading in sacarated scil
= T_here are limited studies on behavior n:_lodeling for batter mm“‘éﬂﬁ“ﬁ: ol s avmamad o clavtlc sl homple sl ‘;m;
piles subjected to slope or moveable soil movement. Mikr-Conlosk. Siors criferia
* The purpose of this study is to model batter pile subjected M%
to lateral soil movement using 3D finite difference - ar nrnlnrn?;m:_;:u:ﬁﬂr-: -:.nm

analysis.
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Results and Discussion

Methods of analysis

» The pile shaft moment was calculated using the
shear forces along the pile section. These shear
forces were measured at the mesh nodes in a
horizontal direction using the FISH language (the
language of FLAC3D) and modified to the normal
direction of the pile shaft The top of the pile,
which was connected to the pile cap, was free to
rotate but could have been fixed to model a real
field situation.

* A senes of mumerical tests were proposed to model the

Numerical study

behavior of batter pile subjected to lateral soil movement.
The soil was forced to move 6§ mm above the weak soil

Numerical Validation
= The load-displacement relatiomship (p-y curve) of the mmerical
analysis was between the modsl test and the nonlinesr finite element

smalysis. The final displacement as lateral force up to 24.5 M was very
comparzble to the model test.

T3
]

i

v e o

= The pile material properties and soil parameters are listed in Table

= The pile shaft and =0il had a coarse interface with a normal and

ICCEMS 2017

Numerical study

below. The soil is modeled as following the elastic-plastic Mohr
Coulomb model The weak soil has lower friction angle than other
soil layers. The reinforced concrete pile has length 12m and dismster
lm.

tangent stiffness (Kn and Ks) equivalent to 10° kN/m.

paramset s Far -
]

10



Results and Discussion
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Extended study

Results and Discussion

The batter pile shows larger lateral displacement than the
vertical pile and the displacement rednced with the
increasing ncline angle.

The existing of weak soil layer increased the batter pile
displacement largely.

The incline angle of a batter pile caused the pile shaft
subjected to higher displacement (increasmg 46% for a 3°
batter pile).

With the icreasing of incline angle that pile shaft
displacement reduced (reduced 38% for a 15¢ than a 5° of
batter pile). and the moment increased 6%-~17%. The
moment in pile shaft increased with the incline angle.

Results and Discussion

The maximum moment of the pils shaft occurred at a depth of & m for the vertical pilss
and at 12 m for the 20° inclined piles. The 2d space of the vertical piles” maximum
moment due to sand soil movement was approximately o times larger than that for
the inclined batter piles (Fig. 4); in this scenario, pile #2 in the batter pile group was
subjected to the largest moment. When the pile space increased to 44, the muiddle row
piles 1 and #5 had larger moments in the batter pile group. This demonstrates that the
presence of surrounding batter piles did not protect the vertical middle pile during sand
ol movement.

ICCEMS 2017

Results and Discussion

Soil strength affects pile’s stability. Piles in movable weak
soil layer showed higher pile shaft displacement and
moment than m a stable soil layer (the displacement
increasing 5~7% and moment increased 50~60% for a
vertical pile).

The moment ncreasmg ratio reduced with the mereased
incline angle. The existing of weak layer had less effect on
the moment of batter pile subjected soil moment. Batter
pile in 15° incline angle in none-weak layer subjected to
the moment similar to n weak layer.

Results and Discussion

= The pile displacement curve illustrates that the affected
area was less covered, and that the beneficial grouping
effect tends to dimimish as pile space 1s increased (Fig. 5).
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= Moreover, the batter piles were less displaced by the sand seil
movement than were the vertical piles when the pile space was
increased (Fig. 6). Pile displacement decreased from 33% for the 2d
batter pile space to 0% for the 4d bamer pile space Finally, the
presence of the batter piles reduced the displacement of pile #5 in the
pile group, whereas the pile moment camsed by sand soil movement
was not reduced.

Results and Discussion

Conclusion

+ The batter piles were less displaced than the vertical piles
when subjected to sand soil movement The presence of
batter piles reduced the displacement of the middle pile in
a pile group.

+ The design of batter piles in a pile group reduced the
displacement of the pile group under soil movement, and
therr displacement decreased when the pile space was
increased from 2d to 4d. Additionally, a soil arch formed
m the first row of batter piles to halt soil movement

through the pile group.

ICCEMS 2017

Conclusion

ICCEMS 2017
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Conclusion

The response of batter pile groups under lateral soil
movement was modeled using finite difference analysis. Pile
shaft moment, lateral displacement, and group effects were
evaluated by adjusting the pile space and introduction pile
inclination. The comprehensive batter pile desisn and
analysis results are as follows:

* The maxinum moment of vertical piles in a 2d pile space
subjected to sand soil Was approxi by two
times that for inclined batter piles. Additionally. the pile
shaft moment for the batter piles was 3-8 times larger than
that m the wertical pile group subjected to clay soil
movement.
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