Mansoura Engineering Journal

Volume 37 | Issue 2 Article 3

10-22-2020

Lateral Deflection of Cantilever Secant Pile in Soft Clay.

A. Dif
Professor of Structural Engineering Department., Faculty of Engineering., EI-Mansoura University.,
Mansoura., Egypt.

A. lbrahim
Assistant Professor., Structural Engineering Department., Faculty of Engineering., EI-Mansoura University.,
Mansoura., Egypt., akader60@hotmail.com

R. Allam
Researcher Student at Structural Engineering Department., Faculty of Engineering., EI-Mansoura
University., Mansoura., Egypt.

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Dif, A.; Ibrahim, A.; and Allam, R. (2020) "Lateral Deflection of Cantilever Secant Pile in Soft Clay.,'
Mansoura Engineering Journal: Vol. 37 : Iss. 2, Article 3.

Available at: https://doi.org/10.21608/bfemu.2020.120040

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol37
https://mej.researchcommons.org/home/vol37/iss2
https://mej.researchcommons.org/home/vol37/iss2/3
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol37%2Fiss2%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2020.120040
mailto:mej@mans.edu.eg

Mansoura Engineering Journal, (MEJ), Vol. 37, No 2, June 2012 C.1

LATERAL DEFLECTION OF CANTILEVER SECANT
PILE IN SOFT CLAY

Al dedalt & 31 @ A S 8 5311 Tt goel] A1) 1Y)

DIF, A.', IBRAHIM, A2 & ALLAM, R’

! professor, Structural Engineering Department, Faculty of Engineering, El-Mansoura University, Egypt.

? Assist.prof., Structural Engineering Department, Faculty of Engineering, El-Mansoura University, Egypt.

3 Researcher Student, Structural Engineering Department, Faculty of Engineering, El-Mansoura University,
Egypt.

. ‘;1\}3\ uadlall
Lial b Gaendl iall di Aakiil 3a) (ag eGaandl Liall el & OlaSady Lliall Clalga¥ly sl Ll Al
@j\,ﬂhﬂbépoﬁu\apsﬁs@\d@)\,ﬁ\&mgpw\ pad yill g cdal jiall (351 5300 alaaiuly A ssl)
il A il 3 A0Sl Gy 31 Al el i S 1 e gl R S AlaY) (A0 e A dalaall 4 il (S
daliie Gleel W liel b 380 2l ¥) A0S Al all GulSULY gy pladiuly Ll 38T Lagale lelyy cdipniall
Lyl L Ll 2a o5 ) s e g el Adlise Glbua eV (A Lyl Ay jiall il s aind 85l Jailall
ad il e Mm e g Alsh " alsall dlaf il L jlie] b sl 4 Al Al Wl el ad i e
Lilall Gee 3 LS aily o jelal gl Loyl & Load W3al o5 (5l Lilall dilisa Bleel 1355 ailadl
) a1 a0 33 L Bl Jalye U8y 5 Ll Gd Tkl 331 98 5l ¢ 5 S8y e 5 315 LS (B S8
il 280 (g5l Ll ity lal) il i) el (0 gl b hlll | ial) Bee dolaD LS Canall
1y S5 13y el a1 o dasy 5 Al dialy 5y (558 Lilall Bee Liayl el U 73 gaill A ilaill
A A 23 gaill o S (B0 sall 8 il

ABSTRACT

The performance of deep excavations is governed by the ground conditions such as soil
stiffness and in situ stress conditions. Cantilever secant pile wall (CPW) is one of the
retaining systems which are used to support deep excavation. Its lateral deflection has great
importance as it shows the behavior of CPW in the soil. Two dimensional analysis (2D) and
three dimensional analysis (3D) may be used to get the lateral deflection in numerical
solution. This study is focused on 2D and 3D analysis for CPW in soft clay. The finite
element software "Abaqus/CAE-v6.9" has been used in the analysis. The 2D study analysis
takes into account the different CPW depths and its diameter effect. The construction stages
effect on the lateral deflection have been studied also. The 3D study analysis takes into
account the different excavation geometry “the length and width of the excavation” effect,
also different depths for CPW in 3D analysis have been studied also. The results showed that
longer CPW has larger lateral deflection while CPW diameters have no effect on lateral
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deflection. Lateral deflection in one construction stage may be double that of previous stage.
Also it was found that lateral deflection in three dimensional (3D) analysis is higher than the
2D analysis by three times. This confirms that 3D analysis of CPW in soft clay leads to more

accurate results than 2D analysis.

KEYWORDS: Cantilever Secant Pile; Retaining Systems; Soft Clay; Excavation; Lateral

Deflection; Abaqus/CAE-v6.9

1. INTRODUCTION

Construction of retaining walls in urban
areas has grown significantly over the last
few decades. The magnitude and
distribution of lateral deflection adjacent to
an excavated wall is an important part of
the analysis and design.

3D effects caused by the higher stiffness at
the corners of an excavation lead to
smaller ground movements near the
corners and larger ground movements
toward the middle of the excavation wall
due to the corners behavior as supports.
From that behavior, a conventional 2D
simulation of the excavation gives results
that differ from 3D simulations of the same
excavation [1].

2D analysis is commonly adopted to be
applied to excavations when designing
support systems and making estimates of
associated lateral deflection. However,
excavations behave in a manner more

accurately if described as a 3D case.

Stiffening effects at the corners and non-
uniform excavation procedures. When
excavations are made in densely populated
urban areas, accurate predictions of
movements are desirable to rationally
design appropriate support systems that
minimize damage to surrounding utilities
and buildings. While 3D analysis of the
problem is now possible as the higher
speed computer processors are now
available. It is desirable to quantify the 3D
performance of an excavation to provide a
baseline against which results of numerical

procedures can be improved.

2. NUMERICAL DATA

2.1. Geometric Approximations
Performing a 3D analysis of an excavation

using a complex soil model is prohibitively
expensive with given available computer
capabilities. Many previous analyses

simplify the excavation problem to plain
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strain geometry. This assumption can be a
good approximation for linear excavations
(e.g., subway construction), but will
overestimate the midsection for the
excavation geometry so the 2D analysis
and 3D analysis have been performed and

compared [2].

2.2. The Two Dimensional
Model (2D)
The 2D model of excavation of height,
H, and total CPW depth, Lp, as shown in
Fig. (1).

L1: is equal to twice of CPW length.
L3: is equal to twice of CPW length.
L: the half of excavation width.

2.2.1 The Two Dimensional (2D)
Element Used in Two

Dimensional Model

The type of element is "CPE6MP" which
means a 6-node modified displacement and

pore pressure, with hourglass control 3]

Fig.(1): The 2D model of the final excavation stage
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2.3 The Three Dimensional Model
(3D)

The 3D model was represented by the
height of excavation, total CPW depth
“Lp” and the geometry of excavation "the
width and the length" as shown in Fig.(2)
with the axial symmetric geometry.

B: the half of excavation width.
L: the half of excavation length.
2.3.1 The Three Dimensional
(3D) Element Used in
Three Dimensional Model
The type of element is "C3D10MP" which

means a 10-node modified displacement

tetrahedron, with

and pore pressure

hourglass [3].

2.4 Contact Properties
The Abaqus/CAE program supports a
great variety of data concerning the contact
surfaces in contact module [3].
A CPW contacts the soil with friction
properties in cohesive soil with friction
factor equal zero [4].

2.5 Free Water Surface
Abaqus/CAE program can model the pore
fluid/stress analysis with coupled analysis.
It uses the hydraulic conductivity for the
CPW and the surrounding soil to flow the
water. The pore pressure has no great
effect on the CPW as it gives very small
values due to the drainage from CPW so
the assumption" undrained condition" in

this study is good [5].

Fig.(2): The 3D model of the final excavation stage
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3 ANALYSIS PROCEDURE

.3. 1. Materials Models

Two dimensional (2D) model and three
dimensional (3D) model assign Mohr-
coulomb simulation for the soft clay as the
traditional soil mechanics are based on this
model [6].The CPW model has been taken
as linear elastic behavior due to the low
stresses that act on CPW. Determining the
initial in-situ state of stress is an integral
part of an excavation analysis which has
been entered to the program by the
geostatic stress initial condition. The body
forces are applied in order to obtain the
vertical stresses, while horizontal stresses
are computed using appropriate values of
K, (lateral earth pressure coefficient at
rest).

In Abaqus software, the initial states of

Table 1.The input parameters for the soil

stress and body forces are provided as an
input for the program. The program allows
for an arbitrary initial state of stress. The
first step in the analysis checks the
equilibrium between the applied forces,
pressures and the specified state of stress
using the true material properties of the
different model components. The required
input provides relatively easy for a level

ground surface and horizontal soil layers

[6], 3]
3.1.1 The Soil Material

Table.l1 contains the properties of
undrained soil in Mohr-Coulomb model
for the clay which is used in 2D and 3D
analysis [4], [71,[81,[9].

E

The soil (Mpa)

v o°

o,(kPa) o Ko e, | k(mpd)

Ysub

(KN/m?)

Clay 25 | 049 | 0.0

00 | 0.7 10.0 0.9 0.001

3.1.2 CPW Material
As the stresses in the wall are small
relative to the failure criteria of the

concrete material, the elastic model is a

good choice to simulate the CPW

deformation as illustrated in Tables (2) and

(3) [4].
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Table2. The input materials for the CPW in 2D analysis

The case H(m) L(m) D(m) y (kN/m”) | E,(Mpa) |v k(mpd)
2D models | 3.0 18.0 0.4 22.0 1000 0.20 le™
Case(1) L=7,10,12,15,18 and 24 m .
Case (2) diameter d=0.2,0.3,0.4,0.5 and 0.6 m
Case (3) H=2,4 and 6.0 m
Table 3.The input materials for the CPW in 3D analysis
The case H(m) L(m) 1 2 3 -+
3D models 3.0 18.0 20*20 20*40 | 20*60 80*20
Case (4) and (5):The site geometry
dimensions " length/width" 10 2.0 3.0 4.0
| E
Parameter D(m) | (kN/m") (Mpa) v k(mpd)
Value 0.40 22.0 1000 0.2 le’”

3.2 Different Penetration Depths the head only due to its
for CPW Effect on the Lateral large weight. This is clearly
Deflection the weakness of soil.

Fig.(3) 1is constructed to ii. The long CPW have
represent the deflection versus AID head transition
the penetration depth for CPW due to the ratio between the
piles 04 m in diameters, diameter and length ratio
supporting  excavation depth (d/L=0.4/32.0).

(H=3.0 m) and surcharge load iii. The intermediate CPW

=10 kPa is found at the ground (EIL05 d2t; 1S:0 fend

surface. The following notes for 18.0m)  have  constant

different  penetration depths movement after excavation

effect on the lateral deflection depth.

gve Temaiked: iv. The surcharge effect is
greatly clear in long CPW.

i. Short CPW piles have
laterally entire movement
while, the long CPW have

great lateral deflection at

v. The best CPW length is 24.0

m as it has minimum lateral
deflection to length ratio
((A/L) =0.063).
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Lateral Deflection (mm)

-30.0 -25.0 -20.0 -15.0 -10.0 -5.0 0.0
R x , 0.0
R { 50
H=3.0 M
Depth
i -4 10.0
4 15.0 E
il
a
[
(=
e | =3 2 .0 20.0
— =24 .0 m
——|=18.0m
——|=15.0m 25.0
e | 212.0m
e [ 210.0 M
—&—1=7.0m 300
35.0
Fig.(3): The lateral deflection for different penetration depths
3.3 CPW Diameters Effect on i. The lateral deflection is
the Lateral Deflection approximately typical for

all types.

Fig.(4), for CPW (18.0) m in length ii. The large head transition is

and CPW is supporting excavation
depth (H=3.0m) with variable

diameters. The following

for small diameters.
iii. The head transition is

approximately has the same

comments on the effect of CPW wilne fopsll cases:

diameters on lateral deflection were iv. The effect of CPW

observed: diameters is negligible for
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the lateral deflection but the
buckling effect for the long

-15.0 -14.0 -13.0 -12.0

CPW must be taken into

consideration.
Lateral Deflection {(mm)
-10.0 -9.0 -8.0
, 0.0
H=3.0 n
Depth
N
4.0
8.0

Depth (m) -

—t— 0.6 M
—e—d=0.5m 1 12.0
—fe d=0.4 M
—e ] =0.3 M

—tr—d=0.2 m

20.0

Fig.(4): The lateral deflection for variable CPW diameters

3.4 Construction Stages Effect on
the Lateral Deflection
Fig.(5) includes the effect of
construction stages on the lateral
deflection for CPW with piles of
diameter (0.60) m and total length
(Lp=45.0)m, supporting excavation
depths, (H=2.0m), (4.0m) and

(6.0m) respectively. From the
curves, the following remarks are
noticed:

i. The lateral deflection is
increased by increasing the
excavation depth.

ii. The lateral deflection for
each stage is approximately

twice the previous stage.
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ili. The weakness of soil make moving entirely towards the

the retaining structure is excavation.

Lateral Deflection (mm)
-50.0 -40.0 -30.0 -20.0 -10.0 0.0

0.0

5.0

-4 10.0

4 15.0

-4 20.0

Depth (m)

- 25.0

—te 12,0 M 1 30.0
—t [45:4,0 M

i 6.0 1M 35.0

- 40.0

45.0

'Fig.(5): Construction stages effect on the lateral deflection

3.5 Excavation Geometry Effect following remarks are noticed:
on the Lateral Deflection for 1. 2D results give constant and
CPW small deflections.
Fig.(6) includes the effect of 2D ii. 3D results are- almost

and 3D analysis with aspect ratio constant and large as the

" (L/B) is equal to (1.0), (2.0) and effect of whole structure.
(3.0) on the lateral deflection, iii. The lateral deflection is
CPW length is 18.0 m with almost the same for all 3D
constant diameter (0.40) m, €ases.

supporting  excavation  depth iv. 3D results are equal four

(H=3.0) m. From the curves, the times the 2D results.
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Lateral Deflection (mm)

-50.0 -40.0 -30.0 -20.0 -10.0 0.0

20

4.0
A 6.0
4

L 8.0

Depth (m)

10.0

-

A 12,0

4

140

4& 16.0
: 18.0

20.0

Fig.(6): The lateral deflection for 2D and 3D CPW Excavation Geometry

(18.0) m, constant CPW with
diameter (0.40) m, supporting
excavation depth H=3.0m in 2D

3.6 Two Dimensional and Three
Dimensional Different CPW

Lengths Effect on the Lateral analysis. 3D analysis for site

(200 m * 20.0 m) and CPW
lengths, (12.0) m, (15.0)m and
(18.0m) . From the curves, the

Deflection
Figure (7) includes the effect of
CPW piles penetration depth in

2D and 3D analysis on the lateral
deflection. CPW piles length is

following remarks are noticed:
i. The CPW Deflection in 3D

results is large for long
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CPW as its weight and its

length.
ii. The CPW Deflection in 3D

Lateral Deflection (mm)

results is equal to three

times of the 2D results.

-40.0 -35.0 -30.0 -25.0 -10.0 -5.0 0.0
N 0.0
4 4.0
|80 £
=
-
Q.
(]
o
4 12.0
- 2d
——1=12.0m 1 16.0
e | =15.0 M
—e—[=18.0m
20.0

Fig.(7): The lateral deflection for 2D and 3D different CPW lengths

4. CONCLUSIONS

In this study, 2D and 3D finite
element analysis were used to
determine the lateral deflection
for CPW in soft clay. The effect
of CPW (cantilever pile wall)
length, the CPW . diameters,

construction stages and 3D
geometry, of CPW on lateral
deflection have been studied.
The following conclusions could
be drawn from the study:

The behavior of soft clay soil
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is very complicated and
varies with the weight and
the dimension of CPW.

ii. The 2D results do not reflect
the real CPW behavior. This
is due to neglecting the own
weight effect.

iii. 3D results take the own
weight of the whole
structure (CPW) as
stabilizing factor so the

CPW haven’t been moved
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