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ABSTRACT

Based on shear strength reduction finite elemeniaak stability of retaining wall with relieving qile has
been analyzed. Due to the structure charactertainieg wall with relieving plate, it can be fourlat
fracture surface could hardly cross the triangkaanf between lower wall and soleplate, betweereupp
wall and relieving plate, so the second fracturedase occurred at there, which is essentiallyedént
with the second fractured surface of planar retginivall. There is a reasonable value interval aftkviof
relieving plate, in which the stability of retaigirwall increased with width of relieving plate irased.
There is no influence on shape of the first frastiusurface by different location of relieving pla¢scept
the second fractured surface. The soil to be failarbetween the first fractured surface and thersd
fractured surface, in which more soil containe@, ¢larth pressure on retaining wall increased, tHialisy
of retaining wall decreased. The stability of raiag wall could be decreased by inclination ofirfj, for
the principal stress deflected and retaining wetfueled by much soil when filling inclined. It isggested
to fill the retaining wall by the soil with low wght, big cohesive strength and big internal frictamgle.
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1. INTRODUCTION with high hydraulic permeability. Retaining wall
with relieving plate has been used in this
Retaining wall with relieving plate is a newengineering, which reducing the excavation
structure of retaining wall, with the characters ofjuantities, accelerating the construction progress,
high stability, little masonry quantities andand reserving the undisturbed soil ditch behind
convenience of construction, being suitable fomareretaining wall, achieving obvious technological and
with big ground bearing capacity and height ofconomic effects[4]. Another example, shoulder of
retaining wall at 6 m to 12 m[1]. Relieving plate i roadbed at IDK103+685~ IDK103+816 of Hou-
an important component of this type of retainingrue railway, which has been changed the design
wall, which making the weight of retaining wall from gravity retaining wall to retaining wall with
increased by bearing backfill, reducing the lateralelieving plate, getting the benefit of reducing th
earth pressure of retaining wall, and enhancing thexcavation quantities of 30.8%, diminishing the
overturning stability and slipping stability of engineering cost of 11.4%, reducing the days of
retaining wall[2, 3]. construction period of 8.1%][5].

Since 1958 the retaining wall with relieving  Prommersberger (1985), a scholar of Germany,
plate has been successfully used in dock wallad carried out the test of retaining wall with
engineering, it has been expanded used in road argdieving plate, which indicated that the lateraith
railway engineering, coastal engineering and smatiressure of retaining wall could be reduced
slope engineering. Such as right bank wall of Bai20%~30% by relieving plate[6]. Guo Hong-
He-Qiao power station at Bailong river in Ganswi(1993) had carried out model experiment to study
province of China, the maximal height of retainingelief effect of relieving plate, which found thizue
wall is 16.4 m, and the foundation of retaining lwalefficient of relief increased with length of reliag
is composed by unconsolidated sand and gravplate increased.
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Although retaining wall with relieving plate mm, the designed serviceable life of retaining wall
has been already used in engineering, this 60 years.
mechanism and calculation method is still Now a tvoical model of retaining wall with
immaturity, and there is no code or criterion to lievi | %/p_ 0 b vzed thgth' K f
guide the calculation of the stability of retainingre ieving piate 1S 1o be analyzed, e tnickness o

. e . upside wall, lower wall, relieving plate and
wall with relieving plate. In a certain degree,
. : S : .. “'soleplate are 0.5 m, the breadth of toe plateSs 0.
stability against sliding, overturning stability,

strength of wall section and ground bearing%:’ and the breadth of heel plate is 1.5 m, thehteig

. . : .. of filling is 4.0 m, the embedded depth of
capacity should be checked in design of retainin 2" T
wall[1], which need the value of earth pressure. foundation is 1.0 m, as showed in Fig. 1, whefe
can be used Rankine’s theory or Coulomb’s theorig the slope angle of fillingl.(m) is the length of
to calculate the value of earth pressure. Whileetherelieving plateH (m) is the distance between top
are lots of assumptions in Rankine’s theory oof retaining wall and relieving plate.
Coulomb’s theory, which is not consistent with
reality sometimes, bringing observable errors to
value of earth pressure. Expressly, the value of
earth pressure has big discreteness with M
multlva_rlate structure of retaining wall and comple Upside wall /7
geological conditions. With the development of Filling L H
finite element method (FEM), it is an effective ﬁ
approach to study stability of retaining wall with Relievingplate/z 0.

FEM. 40
Therefore, based on shear strength reduction of Lower wal—

FEM, stability of retaining wall with relieving pia Original groundline

has been systematic analyzed in this article, the > 05T 77

influence of length of relieving plate, location of Heel plate\[/ % o5

relieving plate, slope angle of filling and paraerst o \

of filling on stability of retaining wall have been  Foundatiorsoill 0.%.5 Toe plate

discussed, which aimed to give some advice on

design and application of retaining wall with  Figurel. Model of the Retaining Wall (Unit: m)

relieving plate.

> MODEL OF FEM This problem can be ppnsidered as plgne strain

model, foundation and filling could be simulated

with  Mohr-Coulomb failure criterion, and the
The retaining wall is composed by upside wallretaining wall, constructed with steel concretehwit

lower wall and relieving plate, constructed byhigh strength, could be simulated by linear elastic

concrete, and the strength grade of concrete is maodel. The parameters of each layer are showed in

less than C20, the diameter of bar is no less 12an table 1.

Table 1. Parameters Of Each Layer

Soil lavers Gravity  Cohesive strength Internal friction Deformation Poison
y /kN.m™ c/kPa anglep/(%) ModulusEy/MPa atio

Filling 18.2 7.3 20.7 6.5 0.30

Foundation soill 19.3 11.5 24.8 9.3 0.28

Foundation soil’ 19.7 28.5 26.9 9.8 0.30

Retaining wall 24.1 2.15E4 0.22

The friction between retaining wall and soilimpacted by the exact value Bfy, from 0 to 1.0,
could be simulated with interface element bybut the regularity of every parameter remain the
parameteiR . Rine=1.0 indicated that there is no same with different value dRy. Therefore, it is
glide between retaining wall and soil. The reahssumed that there is no glide between retaining
value ofRy;could be measured by tests, but needall and soil withR;=1.0 in this article.
much source and fee. In fact, the specific value of
every parameter of retaining wall could be
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The domain of FEM model should be large3. RESULT OF FEM CALCULATION

enough to eliminate the influence of boundary.

Thus, the area of FEM model including 7 m

thickness of foundation, 14 m breadth of fillingdan 3.1 Influence of Width of Relieving Plate on

6 m breadth of foundation behind retaining wall.  Stability of Retaining Wall

The vertical settlement and lateral displacement The relationship between width of retaining

fixed at bottom of model, and lateral displacementvall relieving plate and position of fractured

fixed at both sides of model. The mesh of FEM isurface are showed in Fig. 3. It is obviously that

divided by 15 nodes triangle elements, as showed there are two fractured surfaces (the first fraedur

Fig. 2. surface and the second fractured surface) in the
filling behind wall, clinging to the bottom of
soleplate and cross the soil near toe of wall.

In engineering, retaining wall with the second

SRRl gs‘réz‘éféﬂ TRicw fractured surface could be called planar retaining
AR =0, wall. The condition of emerging the second
PRORPRIORRE ) £= 0 g

fractured surface connected with the slope angle of
wall @ , friction angle between soil and wall,
internal friction angle of soiz and slope angle of

%
SN YN TSN RS A
S 4>VA Foundatiorsoil I "%17»4
=LY = AP

A KK AR \

Foundgnors?nn mmﬁ filling . In a certain degree, the second fractured

A‘Qf‘é"%’% %‘W surface would be emerged when the slope angle of

Figure 2. Mesh of Finite Element Method (Elements: wall @ bigger than the critical slope angle of wall
840) a, (ie.a>ag). The critical slope angle of wall

o _ @, could be calculated as[13]:
In a general way, the retaining wall is

constructed before filling. So, it can be treat tha o B 1 sing
deformation and consolidation of foundation ofa =45 - = +-— ——arcsir{_—J 2
retaining wall finished at the phase of filling, ish S

simulated by activating the element of filling. When with horizontal filling surface3 = 0 , it

The stability of retaining wall is to be studied ¢
with shear strength reduction of FEM[7-9], that iscan be gotr,, =45 _E from equation (2), the

the intensive parametes. ¢ of each layers soil ) o
o corresponding fractured surface showed in Fig. 4.
should be reduced by coefficientF

trial
simultaneously:

C = -, @ = arctarE tan(pj (1)

trial trial

hesecond

fracturedsurface
L = 0.0m;
B=0.

Where C, , @ is reduced cohesive strength and

internal friction angle respectively. The model
analyzed by FEM with reduced parameters, if the
retaining wall arriving limiting equilibrium state
judged by some criterion[10], the safety factor of
retaining wall equal the value of coefficiekt,,, .

Otherwise, the model should be recalculated with
new reduced parameters until retaining wall
arriving limiting equilibrium state. Lots of
researches indicated that it is reliably and fdgsib
to analyze stability of retaining wall with shear
strength reduction of FEM[11, 12].

Thesecond
fracturecsurfact
L= 05m;

H =2.0m;
£=0.

722



Journal of Theoretical and Applied Information Technology
20" February 2013. Vol. 48 No.2 3

S

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A mmm—
YT

ISSN:1992-8645

www.jatit.org

E-ISSI¥17-3195

Theecond
fracturedsurface

Thefirst
fracturedsurfac

= Thesecond
fracturedsurfaci

L =15m;
H=2.0m;

£=0.

(d)L=15m

.. 200 020 o N

. second
L=20m;

H =2.0m;

B=0.

Thefirst
fracturecsurfact

(e) L=2.0m

(f)L=25m
Figure 3. Relationship Between Width of Retaining Wall
Relieving Plate with Position of Fractured Surface
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Figure 4. Position of Fractured Surface of Planar
Retaining Wall

plate, between lower wall and heel plate, as showed
in Fig. 5, likely be “protected” by space, is too
lower to be failure by shear. The volume of
“protected” soil increased when width of heel plate
or relieving plate increased. That is, the second
fractured surface of retaining wall with relieving
plate is the boundary of “protected” and
“unprotected” soil. While the typical failure sucta

of gravity retaining wall, as showed in Fig. 6the
sliding surface between filling and retaining wall.
The result of FEM indicated that the second
fractured surface of retaining wall with relieving
plate emerged even at short width of relievingelat
such asL=0.5 m. Therefore, the second fractured
surface of retaining wall with relieving plate istn
the same of that of gravity retaining wall, whigh i

not controlled by equation (2) ar@ > @, .

The " protected"” |
soil |

Thesecond
fracturedsurfa}//

/
o7

Figure 5. Part of Filling Apart From Fractured Surface
in Retaining Wall with Relieving Plate

Figure 6. Typical Fractured Surface of Gravity Retaining
Wall

It is worth to notice that the second fractured
surface would not emerged when the width of
relieving plate large enough, as showed in Fig). 3(f
When the width of relieving plate increased, the

Is that the second fractured surface in Fig. 3 thgosition of the second fractured surface would be
same as the second fractured surface in Fig. $@shed to apart from retaining wall, which nearer

Article [12] holds the attitude that they are thethe location of the first fractured surface. Whha t
same. In fact, due to the character of structure efidth of relieving plate increased enough, the
retaining wall with relieving plate, the soil ineth position of the first and the second fractured acef
triangle zone between upside wall and relieving

e
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superposed, that is to say, only one fractured
surface emerged.

The relationship between safety factor of
retaining wall and width of relieving plate witheth
condition of=0°, H=2.0 m is showed in Fig. 7. It
can be found that wheh=0.5 m, the width of
relieving plate is too short to enhance the safety
factor of retaining wall. Wheh=3.0 m, the width
of relieving plate is too large to enhance the tyafe
factor of retaining wall. That is to say, thereais
reasonable interval value of width of relieving
plate, which could enhance stability of retaining
wall effectively. In the example of this articldyet
reasonable interval value of width of relievingtpla
is [0.5 m, 2.5 m]. In the reasonable interval vadfie
width of relieving plate, stability of retaining Wa
increased with width of relieving plate increaskd.

a certain degree, it is difficult to construct reiag

wall with large width of relieving plate. Therefore

it needs to choose a reasonable value of width of
relieving plate according the requirement of real
engineering.

2.05} 0" .

2.00} H=2.0 m. /

1.95¢

N

1.90+ u

185t L,=05m / L=2-5m

1.80} -

175 L il L L L L
00 05 10 15 20 25 30

L/'m
Figure 7. Relationship Between Safety Factor of
Retaining Wall and Width of Relieving Plate

Safety factorF

3.2 Influence of Location of Relieving Plate on

Stability of Retaining Wall

The influence of position of relieving plate on
shape of fractured surface with the condition of
p=0°, L=1.5 m is showed in Fig. 8, corresponding
safety factor is showed in Fig. 9. It can be found
that the location of relieving plate has no inflaen
on shape and position of the first fractured suwfac

fractured surface. When the location of relieving
plate becomes nearer bottom of retaining wall (big
value ofH), distance between relieving plate and
soleplate decreased, and failure surface could
hardly across the soil between relieving plate and
soleplate.
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1oal (F) horizontal surface is suggested to be used
——— =0, engineering.
w 1.92F | L=15m.
o |
8 190} .
2 | Theecond
“(% 188r \ fracturedsurface
L L =15m;
1.86 \ H =15m;
1.84} B=5.
i Thefirst

0.5 1.0 15 2.0 25 3.0
H/'m

Figure 9. Relationship Between Safety Factor of
Retaining Wall and Position of Relieving Plate
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Figure 10. Relationship Between Safety Factor of
Retaining Wall and Inclination of Filling

3.3 Influence of Slope Angle of Filling on
Stability of Retaining Wall
The relationship between safety factor of
retaining wall and slope angle of filling with the
condition ofL=1.5 m,H=1.5 m is showed in Fig.
10, it can be found that stability of retaining Wal
decreased with slope angle of filling increased.

The relationship between slope angle of filling
and position of fractured surface of retaining visll
showed in Fig. 11. It is obviously that the slope

fracturecsurfact

(@)p=5°

Theecond
fracturedsurface

Theecond
fracturedsurface

L=15m;
H =15m;
T G =15

Thefirst . ~
I fracturesurfac

(c) p=15’
Figure 11. Relationship Between Inclination of Filling
and Position of Fractured Surface of Retaining Wall

angle of filling has no influence on the seconc
fractured surface except the first fractured swfac

When the slope angle of filling increased, more and
more soil involved in the failure surface, the léng

of the first fractured surface increased, and Etgabi

of retaining wall decreased, likely bedding slip.
This character also can be proved by tota
incremental displacement of filling as showed in
Fig. 12. The direction of total incremental

displacement of filling is approximately parallel
with the first fractured surface and point to

retaining wall. The direction of primary stress
deflexed with inclined filling, which make more
and more soil parallel with the first fractured
surface and point to retaining wall, so the stapili

of retaining wall decreased. Therefore, in order to
enhance the stability of retaining wall, filling thi
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3.4 Senditivity Analysis of Parameters of Filling
and Foundation

In a certain degree, it is economically to use »1.95} /
local materials to fill the retaining wall, such ias
mountainous area block stone and reduced stone is

]
192t
to be used, while in plain country clay and sand is , / ;
to be used. That is, there is big difference in the " £o;
parameters of different filling, so it is worth to Leer / L=15m;
I o H=1.5 m.
study the sensitivity of parameters of filling and 1.83}

foundation on stability of retaining wall. ‘ s s s ‘
14 16 18 20 22 24

1.98+ "

F

Safety factor
[
[0
[{e)

The influence of gravity, cohesive strength and ol (©
inner friction angle of filling on stability of Figure 5. Influence of Internal Friction Angle of Filling
retaining wall are showed in Fig. 13~ Fig. 15.dhc on Stability of Retaining Wall

be found the stability of retaining wall decreased

with gravity of filling increased, which increased  Sometimes, expanded polystyrene Sheet (EPS),
with cohesive strength and inner friction angle of material with high strength and very little gtgyi
filling increased. Therefore, it is suggested te@ uscould be used to fill retaining wall. The gravity o
the filling with small gravity and big cohesive EPS is 0.2~0.3kN/f and the lateral pressure
strength and inner friction angle in retaining wallcoefficient of EPS is abouK = 0.1, which
engineering. decreased the earth pressure on retaining wall
greatly. Without special machine, it is very quickl
and conveniently to fill the retaining wall at
complex area. It is suggested to use EPS at tlze are

1.98¢ . - .

196[ ™ ., of complicated geology, stability of retaining wall
1'9 al B0 hard to control, difficult to construct with
W ool L=1.5m; traditional method, special terrain, and so

IS 1'90 = H=1.5m. on[14,15].

g 190}

> 1s8f \ 4. CONCLUSIONS

< 186 =

@ 184 .
L8 (1) Due to the character of structure of retaining
1'80' . wall with relieving plate, the soil in the triangle

zone between upside wall and relieving plate,
between lower wall and heel plate, likely be
“protected” by space, is too lower to be failure by

175 18.0 185 19.0 195 20.0 20.5
yI(KN/m®)
Figure 13. Influence of Gravity of Filling on Sability of

Retaining Wall shear. The second fractured surface of retaining
wall with relieving plate is the boundary of
210 “protected” and “unprotected” soil, which
. essentially different with planar retaining wall.

L 205¢ / (2) There is a reasonable interval value of width
Lg 200 - of relieving plate, which could enhance stabilify o
Eg aadl / retaining wall effectively. It is difficult to comsict
= . retaining wall with large width of relieving plate.
o 1.95+ n B0, .

3 Le15m: Therefore, it needs to choose a reasonable value of
190l H=15m. width of relieving plate according the requirement
. of real engineering.
S =% 9 10 11 12 (3) The location of relieving plate has no
c/kPa influence on shape and position of the first
Figure 14. Influence of Cohesive Strength of Filling on fractured surface, but has obviously influence on
Stability of Retaining Wall the second fractured surface. The scope of shiéto

slipped is between the first fractured surface and
the second fractured surface. When this scope of
soil enlarged, more soil generates earth pressure o
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retaining wall, and the stability of retaining wall[7]

decreased.

(4) When the slope angle of filling increased,
more and more soil involved in the failure surface,

the length of the first fractured surface increased8]
and stability of retaining wall decreased, likely

bedding slip. In order to enhance the stability of

retaining wall, filling with horizontal surface is

suggested to be used in engineering.

(5) The stability of retaining wall decreased[9]
with gravity of filling increased, while increased

with cohesive strength and inner friction angle of

filling increased. It is suggested to use therli

with small gravity and big cohesive strength and

inner friction angle in retaining wall engineering.
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