FRERTIEELE CLEF T 2L

AL I RIS RS ZBE
g R OF ff )

C ST IR YR

2 % s %1 NSC 100-2221-E-009-128-

FHoF HOF 1002087 01 p3x 10l&07" 31pP
HoFH o FEE AT RISk ()

\2
\_.
e
E
>~
J
Y
L

FESE AR ALy 4 -H I AR
LriEmy 4 -fizerm A g

AL fr{ﬁmﬂl_;\,xw,;m Ao
A
A

—

M =
;-:A O] \4}\1 a4

LEES

Ly 4 - e gm L
Ay 4 - e gm L

whe ok Jor wht BE

~
-
'\

oL MR D ARREERFLCERL I LS

o= A R 101 & 11" 260



LR 3

¢ o B4

o4&

F”%ﬂﬂﬁ%“ﬁ%?m7wkwﬁi?iﬁf%iﬁi 4
ZRE e AP T UFIZESERZVYES > PHEIF IR
BH%50.52% o« BRPIREPHB A Dr = 35 o)fl%ﬁ:.
T o (T AR _:f_:}'gj:[%,mlﬁ‘r?»ﬂl@*‘ o AETF A T i
< EHAGEL ER G o IF ﬂﬂﬁﬁmuka@bdaaﬁw
HEOoEFIBLie BRI SHRSADEE RS

“.

AR IEE- B e E o 2 AL e AEY
EREIFAEER LRI e & 4 beta=0-~50~60-70¢
80 BT 2@k o kIpFokigs  BENTIBEER (D). %
2ERho ik beta=0RF > Hidd R4 GHKah &
Coulomb fRipem & > HAad &4 08 2hEEE I M KINE 0. 330
c () EF R A 4560702 80 B RT 5 Blw 2
@JKmﬁm@ﬁmi%ﬁﬁﬁﬁ’wgwm@@j@J@
3t Jaky f& 0 Rl 3 BRA SR e AT Aed B0 o (3)F R
A ZDH0T80R AFIREARGETE N G M & T 4
MR o £ 4 TEH Bhehi B R NI E 0.33H - (4)F
ﬁ%%Pw%u'%4%% EE PR3 FIEFS Y S
H4v o Fpt 9% Coulomb T34 7 R fE2 & > hlic g e %
e (5)3‘;’ AR TG » Zid 3 pF s I B ha %
> B 4 > 9702 95 Coulomb 323 #7 18 2. % 2 thlic ¢ 48
WF >
AFd RA S wH L s RS
In this report, the active earth pressure on
retaining walls with the intrusion of an inclined
rock face into the backfill is studied. The
instrumented model retaining-wall facilities at
National Chiao Tung University was used to
investigate the active earth pressure induced by
different interface inclination angle beta. Loose
Ottawa sand was used as backfill material. The
thickness of backfill and the wall height H were 0.5
m. To simulate an inclined rock face, a steel
interface plate and its supporting system were
designed and constructed. Base on the test results,
the following conclusions were drawn. (1) Without the
Stiff interface (beta = 0 degree), the active earth
pressure coefficient Ka,h is in good agreement with
Coulomb’ s equation. The point of application of the
active soil thrust is located at about 0.33H above
the base of the wall. (2) For the interface
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inclination angle beta = 50, 60, 70 and 80 degree,
the distributions of active earth pressure are not
linearly with depth. On the lower part of the model
wall, the measured horizontal pressure is lower than
Coulomb ‘s prediction. (3) For beta = 50 to 80
degree, the active earth pressure coefficient Ka,h
decreases with increasing interface inclination
angle. The point of application of the active thrust
moves a location slight higher than h/H = 0.333. (4)
For beta = 50 to 80 degree, the nearby inclined rock
face would actually increase the factor of safety
(FS) against sliding of the wall. The evaluation of
FS against sliding with Coulomb’ s theory would be on
the safe side. (5) For beta = 50 to 80 degree, the
intrusion of an inclined rock face into the active
wedge would increase the FS against overturning of
the retaining wall. The evaluation of FS against
overturning with Coulomb ‘s theory would also be on
the safe side.

active earth pressure, backfill, retaining wall,
earth pressure
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Active Earth Pressures on Retaining Walls adjacent to Inclined

Rock Faces

Abstract

In this report, the active earth pressure on retaining walls with the intrusion of an
inclined rock face into the backfill is studied. The instrumented model retaining-wall
facilities at National Chiao Tung University was used to investigate the active earth
pressure induced by different interface inclination angle . Loose Ottawa sand was
used as backfill material. The thickness of backfill and the wall height H were 0.5 m.
To simulate an inclined rock face, a steel interface plate and its supporting system
were designed and constructed. Base on the test results, the following conclusions
were drawn.

1. Without the Stiff interface (p = 0°), the active earth pressure coefficient K, is in
good agreement with Coulomb’s equation. The point of application of the active
soil thrust is located at about 0.33H above the base of the wall.

2. For the interface inclination angle B = 50°, 60°, 70° and 80°, the distributions of
active earth pressure are not linearly with depth. On the lower part of the model
wall, the measured horizontal pressure is lower than Coulomb’s prediction.

3. For B = 50°to 80°, the active earth pressure coefficient K, decreases with
increasing interface inclination angle. The point of application of the active
thrust moves a location slight higher than h/H = 0.333.

4.  For B = 50° to 80°, the nearby inclined rock face would actually increase the
factor of safety (FS) against sliding of the wall. The evaluation of FS against

sliding with Coulomb’s theory would be on the safe side.

5. For B = 50° to 80° the intrusion of an inclined rock face into the active wedge
would increase the FS against overturning of the retaining wall. The evaluation

of FS against overturning with Coulomb’s theory would also be on the safe side.

Keywords: active earth pressure, backfill, retaining wall, earth pressure.
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1. INTRODUCTION

The NCTU model retaining wall facility was modified to study the effects of an
adjacent inclined rock face on active earth pressure. A steel interface plate simulating
the rock face was designed contracted. A top supporting beam, and a base supporting
block was constructed to support the steel interface plate. Air-dry Ottawa sand was
used as backfill material. For a loose backfill, the soil was placed behind the wall with

air-pluviaiton method to achieve a relative density of 35%.

The main parameter considered for this study is the rock face inclination angles 3 =
0°, 50°, 60°, 70° and 80° as illustrated in Fig.1. The height of the wall H = 0.5 m. The
variation of lateral earth pressure was measured with the soil pressure transducers
(SPT) on the surface of the model wall. Based on experimental results, the
distribution of earth pressure on the retaining wall adjacent an inclined rock face can
be obtained. It is hoped that the findings of this study would provide valuable
information for the geotechnical engineer to design the retaining structure near a

inclined rock face more safely and more efficiently.
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2. LITERATURE REVIEW

It is common to all the theories that the soil mass be in a state of limiting equilibrium, and
shear strength of the soil be expressed in terms of the Mohr-Coulomb failure criterion.
However, they differ in the assumption about the shape of the failure surface. For example,
Coulomb (1776) assumed that sliding occurs along a planar sliding surface. The method
developed by Brinch Hansen (1953) assumed the soil wedge slip along a circular surface.
Janbu’s theory (1957) is not restricted to a particular shape of slip surface, but makes use of
the method of slices and satisfied equilibrium in approximate manner. Terzaghi’s general
wedge theory (1941) is based on logarithmic spiral slip surface.

The coefficient of active earth pressure K, computed from various theories was compared
by Morgenstern and Eisenstein (1970). Fig. 2 shows the variation of K, as a function of
internal friction angle ¢ of backfill, where the wall friction angle ¢ is equal to ¢ and ¢/2. For

the case 0 = ¢/2, the total range of variation of K, is generally less than 15% from Rankine’s
solution. In this study, K, values estimated with the Coulomb theory are compared with
experiment results.

Fan and Chen (2006) used the non-linear finite element program PLAXIS to investigate
the earth pressure from the at-rest to the active condition for a rigid wall close to an inclined
rock face. In Fig. 3 the wall used for analysis is 5 m high, the back of the wall is vertical,
and the surface of the backfill is horizontal. To investigate the influence of the adjacent rock
face on the behavior of earth pressure, the inclination angle B of the rock face and the
spacing d between the wall and the foot of the rock face were the parameters for numerical
analysis. The wall was prevented from any movement during the placing of the fill. After the
filling process, active wall movement was allowed until earth pressure behind the wall
reached the active condition. The wall was assumed to be rigid. Fig. 4 shows the finite
element mesh, which has been examined to eliminate the influence of size effect and
boundary effects. The finite element mesh consists of 1,512 elements, 3,580 nodes, and
4,536 stress points. Base on the numerical analysis, the distribution of earth pressure at
various wall displacements for translational mode (T mode) is shown in Fig. 5. The
distribution of active earth pressure with depth is non-linear. The calculated active pressure
is considerably less than that computed using the Coulomb’s theory.

Fig. 6 shows the variation of the active earth pressure coefficient K, computed with finite
element analysis, as a function of the inclination B of the rock face and rock face-wall
spacing d, for walls under T mode. The analytical active K values are less than those
calculated with Coulomb’s solution. The analytical K, value decreased with decreasing 3
angle, for B angle less than 30°. Fig. 7 shows the variation of the K, with the 3 angle at d =
0 with T, RT (rotation about top) and RB (rotation about base) modes.

Fig. 8 shows the variation of the point of application of the active soil thrust with the 3
angle for d = 0. The variation of the h/H value with the  for walls in RB and T modes are
similar, where h is the vertical distance between the thrust and wall base. For walls in RB and
T modes, the h/H decreased with increasing B angles, then it leveled off at h/H=0.333 for 3
angles greater than about 30°. However, the analytical h/H values were much higher than
those for RB and T modes.
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Fig. 5. Distribution of earth pressure at various wall displacements for T mode
(after Fan and Chen, 2006)

Fig. 6. Variation of K4 as a function of B and d for walls T mode
(after Fan and Chen, 2006)
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3. EXPERIMENTAL APPARATUS

To study the earth pressure behind retaining structures, the National Chiao Tung University
(NCTU) has built a model retaining wall facility which can simulate different kinds of wall
movement. All of the investigations described in this report were conducted in this model
wall system, which will be carefully discussed in this chapter. The entire system consists of
the following components: (1) soil bin; (2) model retaining wall; (3) driving system; and (4)
data acquisition system. The arrangement of the NCTU model retaining wall system is shown
in Fig. 9.

3.1 Soil Bin

The soil bin is 2,000 mm in length, 1,000 mm in width and 1,000 mm in depth as shown in
Fig. 10. Both side walls of the soil bin are made of 30 mm-thick transparent acrylic plates,
through which the behavior of the backfill can be observed. Outside the acrylic plates, steel
beams and columns are used to confine the side walls to ensure a plane strain condition.

3.2 Model Retaining Wall

The moveable retaining wall and its driving systems are shown in Fig. 9. The retaining
wall is 1000 mm-wide, 550 mm-high, and 120 mm-thick, and is made of solid steel. The
retaining wall is vertically supported by two unidirectional rollers and laterally supported by
the steel frame through the driving system. Two separately controlled wall driving
mechanism, one at the upper level, and the other at the lower level, provide various kinds of
lateral wall movements.

A total of 9 earth pressure transducers have been arranged within a narrow central zone to
avoid the friction that might exist near the side walls of the soil bin as shown in Fig. 12. The
soil pressure transducers are strain-gage-type transducers (Kyowa PGM-02KG, capacity =
19.62kN/m?) as shown in Fig. 11. To eliminate the soil arching effect, all soil pressure
transducers are built quite stiff, and their measuring surfaces are flush with the face of the
wall as shown in Fig. 13. They provide closely spaced data points for determining variation
of the earth pressure distribution with depth.

3.3 Driving System

To achieve different modes of wall movement, two sets of driving rods are attached to the
model wall. The upper driving rods are located 230 mm below the top of the wall, and the
lower rods are located 236 mm below the upper rods as shown in Fig. 14. Two driving motors
(ELECTRO, M-4621AB) supply the thrust to the upper and the lower driving rods
independently. The wall speed and movement modes are controlled by the automatic motor
speed control system (DIGILOK, DLC-300) shown in Fig. 15. By setting the same motor
speed for the upper and lower driving rods, a translation mode can be achieved for the model
wall test.

3.4. Data Acquisition System

Due to the considerable amount of data collected by the soil pressure transducers and
displacement transducers, a data acquisition system shown in Fig. 16 was used for this study.

12



It is composed of the following four parts: (1) dynamic strain amplifiers (Kyowa DPM601A
and DPM711B); (2) NI adaptor card; (3) AD/DA card; and (4) personal computers as
indicated in Fig. 17. The analog signals obtained from the sensors are filtered and amplified
by dynamic strain amplifiers. Analog experimental data are converted to digital data by the
A/D - D/A card. The LabVIEW program is used to acquire test data, and experimental data
are stored and analyzed with a personal computer.
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4. Interface Plate and Supporting System

4.1 Interface Plate

The steel plate is 1.370 m-long, 0.998 m-wide, and 5 mm-thick as shown in Fig. 18. The
unit weight of the steel plate is 76.52 kN/m’ and its total mass is 53.32 kg (0.523 kN). A layer
of anti-slip material (Safety-walk, 3M) is attached on the steel plate to simulate the friction
that acts between the backfill and rock face as illustrated in Fig. 18 (c) and Fig. 19 (a). For the
inclination angle B = 50° shown in Fig. 1, the length of the interface plate should be at least
1.370 m. On the other hand, the inside width of the soil bin of the NCTU retaining wall
facility is 1 m. To put the interface plate into the soil bin, the width of the steel plate has to
less than 1.0 m. As a result, the steel plate was designed to be 1.370 m-long and 0.998
m-wide.

Section of the steel L-beam (30 mm x 30 mm x 3 mm) was chosen as the reinforced
material. On top of the interface plate, a 65 mm x 65 mm x 8§ mm steel L-beam was welded to
reinforce the connection between the plate and the hoist ring shown in Fig. 19 (b).

4.2 Supporting System

In Fig. 20, the top supporting steel beam is placed at the back of the interface plate and
fixed at the bolt slot of the side wall of the soil bin. Details of top supporting beam are
illustrated in Fig. 21. The section of supporting steel beam is 65 mm x 65 mm x 8 mm and
its length 1s 1,700 mm. Fig. 22 shows four bolt slots were drilled on each side of the U-shape
steel beam on the side wall of the soil bin. Fig. 23 (b) shows the top supporting beam was
fixed at the slots with bolts.

The base block used to support the steel interface plate is shown in Fig. 24. The supporting
block is 1.00 m-long, 0.14 m-wide, and 0.113 m-thick. Fig. 24 (b) shows trapezoid grooves
were caved to the face of the base supporting block. Fig. 20 shows the foot of the interface
plate could be inserted into the groove at different distance from the model wall. Different
horizontal spacing d could be adopted for testing includes: (1) d = 0 mm (2) d = 50 mm and
(3) d = 100 mm. Fig. 20 shows 6 base boards are placed between the base supporting block
and the end wall to keep the base block stable. Details of base boards are illustrated in Fig. 25.
The base board is 1,860 mm-long, 1,002 mm-wide and 113 mm-thick. The surface of the top
base board was cover with a layer of anti-slip material Safe-Walk.

18
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5. BACKFILL AND INTERFACE CHARACTISTICS
5.1 Backfill Properties

Air-dry Ottawa silica sand (ASTM C-778) was used as backfill. Physical properties of
Ottawa sand are listed in Table. 1 Grain-size distribution of the backfill is shown in Fig.
26.To establish the relationship between unit weight y of backfill and its internal friction
angle ¢, direct shear tests have been conducted. The shear box used has a square (60 mm x 60
mm) cross-section, and its arrangements are shown in Fig. 27.

Chang (2000) established the relationship between the internal friction angle ¢ and unit
weight y of the ASTM C-778 Ottawa sand as shown in Fig. 28. It is obvious from the figure
that soil strength increases with increasing soil density. For the air-pluviated backfill, the
empirical relationship between soil unit weight y and ¢ angle can be formulated as follows

$=6.43y - 68.99 (5.1)

where
¢ = angle of internal friction of soil (degree)

v = unit weight of backfill (kN/m’)
Eqn. (5.1) is applicable for y= 15.45 ~ 17.4 kN/m" only.

5.2 Interface Characteristics between Model Wall and Backfill

To evaluate the wall friction angle d,, between the backfill and model wall, special direct
shear tests have been conducted. A 88 mm x 88 mm x 25 mm smooth steel plate, made of the
same material as the model wall, was used as the lower shear box. Ottawa sand was placed
into the upper shear box and vertical load was applied on the soil specimen. The arrangement
of this test is shown in Fig. 29.

To establish the wall friction angles developed between the steel plate and sand, soil
specimens with different unit weight were tested. Air-pluviation methods was used to achieve
different soil densities, and the test result is shown in Fig. 30. For air-pluviation Ottawa sand,
Lee (1998) suggested the following relationship:

dw=2.33y-17.8 (5.2)
Eqn. (5.2) is applicable for y = 15.5~17.5 kN/m’ only. The ¢ angle and & angle obtained in

section 5.1 and 5.2 are used for calculation of active earth pressure for Coulomb, and
Rankine’s theories.

5.3 Side Wall Friction

To constitute a plane strain condition for model wall experiments, the shear stress between
the backfill and sidewall should be minimized. A lubrication layer fabricated with plastic
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sheets was equipped for all experiments to reduce the interface friction between the sidewall
and the backfill. The lubrication layer consists of one thick and two thin plastic sheets as
suggested by Fang et al. (2004). All plastic sheets had been vertically placed next to both
side-walls before the backfill was deposited as shown in Fig. 31.

The friction angle between the plastic sheets and the sidewall was determined by the
sliding block tests. The schematic diagram and the photograph of the sliding block test by
Fang et al. (2004) are illustrated in Fig. 32 and Fig. 33. The sidewall friction angle §_, is

determined based on basic physics principles. Fig. 34 shows the variation of interface friction
angle §_ with normal stress o based on the plastic sheet lubrication method. The friction

angle measured was 7.5°. With the plastic-sheet lubrication method, the interface friction
angle is almost independent of the applied normal stress. The shear stress between the acrylic
side-wall and backfill could be effectively reduced with the plastic-sheet lubrication layer.

5.4 Interface Plate Friction

To evaluate the interface friction between the interface plate and the backfill special, direct
shear tests were conducted as shown in Fig. 36. In Fig. 36(b), an 80 mm x 80 mm x 15 mm
steel plate was covered with a layer of anti-slip material “Safety-Walk” to simulate the
surface the interface plate. The interface plate was used to simulate the inclined stiff
rock-face show in Fig. 35 Ottawa sand was placed in the upper shear box and vertical stress
was applied on the soil specimen as shown in Fig. 36(a).

To establish the relationship between the unit weight y of the backfill and the
interface-plate friction angle ¢ i, soil specimens with different unit weight were tested.
Air-pluviation methods was used to achieve different soil densities, and the test result is
shown in Fig. 37. For air-pluviation Ottawa sand, Wang (2005) suggested the following
empirical relationship:

§:i=2.77-21.39 (5.3)

where
i = interface-plate friction angle (degree)
v = unit weight of backfill (kN/m?)
Eqn. (5.3) is applicable for y = 15.1 ~16.36 kN/m’ only.

The relationships between backfill unit weight y and different friction angles are
summarized in Fig. 38. The internal friction angle of Ottawa sand ¢, model wall-soil friction
angle O v, interface-plate friction angle ¢ ;, and sidewall friction angle & s as a function of
soil unit weight are compared in the figure. It is clear in Fig. 38 that, with the same unit
weight, the order of 4 different friction anglesis ¢ > 6; >0 > O sw-
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Table 1. Properties of Ottawa sand (after Chen, 2003)

Shape Rounded
Cmax 0.76
€min 0.50

Gq 2.65
Dgo (mm) 0.39
Do (mm) 0.26

Cu 1.5
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Fig. 26. Grain size distribution of Ottwa sand (after Hou, 2006)
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Fig. 27. Shear box of direct shear test device
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Fig. 32. Schematic diagram of sliding block test (after Fang et al., 2004)
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Fig. 33. Sliding block test apparatus (after Fang et al., 2004)
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6. TEST RESULTS

This chapter reports the experimental results regarding effects of an adjacent inclined rock
face on the active earth pressure against a retaining wall filled with loose sand. The rock face
interface inclination angles = 0°, 50°, 60°, 70° and 80° are illustrated in Fig. 1.

6.1 Earth Pressure Results
6.1.1 Earth Pressure for § = (0°

Distributions of horizontal earth pressure o, measured at different stages of wall
displacements S/H are illustrated in Fig. 39. As the wall started to move, the earth pressure
decrease, and eventually a limit active pressure was reached. The pressure distributions are
essentially linear at each stage of wall movement. Active earth pressures calculated with
Rankine and Coulomb theories are also indicated in Fig. 39. The ultimate experiment active
pressure distribution is in fairly good agreement with that estimated with Coulomb and
Rankine theories.

Fig. 40 shows a typical variation of horizontal earth pressure o, measured by different
pressure transducer as a function of the wall movement, S/H (S : wall displacement, H :
backfill height). In Fig. 40 the horizontal stress decreased with increasing active wall
movements. The location for soil pressure transducer SPT1 through SPT9 is illustrated in Fig.
12. If the normal pressures at different depths are normalized by the soil unit weight y and its
depth z, the variation of op/yz with S/H is shown in Fig. 41. In this figure, most of the data
are concentrated. It seems possible that the active condition is reached at all depths
simultaneously.

The variation of horizontal earth-pressure coefficient K, as a function of wall
displacement is shown in Fig. 42. The coefficient K}, is defined as the ratio of the horizontal

coefficient component of total thrust to yH > / 2. The horizontal thrust P, was calculated by

summing the pressure diagram shown in Fig. 39. The coefficient K; decreased with
increasing wall movement until a minimum value was reached, then remained approximately
constant. The ultimate value of Kj is defined as the horizontal active earth-pressure
coefficient K, . In Fig. 43, the active condition was reached at approximately S/H = 0.0035.

As shown in Fig. 39, the distribution of earth pressure at different wall movements is
almost linear. Therefore, the point of application of total thrust, h/H should remained at about
H/3 above the wall base. Experimental results in Fig. 43 show that these points are located at
a distance of about 0.331 H ~ 0.359 H above the wall base.

For Test 0825, the distributions of earth pressure at different stages of wall movement are
shown in Fig. 44. As the wall starts to move, the earth pressure decrease. The pressure
distribution is approximately linear with depth. Although the distribution is not strictly linear,
such an assumption would not be far from reality.

In Fig. 42, the earth pressure coefficient, Ky decreases with increasing wall movement
and finally a constant total thrust is reached. For Test 0825, the active condition occurred at
the wall movement of approximately S/H= 0.003. It may be observed from Fig. 42 that
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Coulomb theories (§=18.5") provide a good estimate of the active earth pressure. In Fig. 42,
data points obtained from Test 0809 and Test 0825, indicated that the experimental results
were quite reproducible.

6.1.2 Earth Pressure for p = 50°

Fig. 45 shows the distribution of earth pressure at different stages of wall movement with
presence of a stiff interface plate for an inclination angle B = 50°. In Fig. 45, the measured
stress at S/H= 0 is lower than Jaky’s solution. The measured earth pressure at-rest is clearly
affected by the intrusion of the rough interface inclined at p = 50°. It is reasonable to expect
the measured o to be close to identical with Jaky’s prediction. However, for the lower part
of the model wall, the interface plate is quite close to the soil pressure transducers. As a result,
the active earth pressure measured would be affected by the approaching of the interface
plate.

Fig. 46 shows the typical variation of lateral pressure as a function of active wall
movement. The horizontal stress decreases with increasing wall movement, then reaches a
constant value. Fig. 47 shows the relationship between normalized earth pressure cy/yz and
wall movement S/H. It is clear that o1, measured at SPT1 to SPT9 decreases with the wall
movement, then reach an active state.

Fig.48 presents the variation of lateral pressure as a function of active wall movement.
As the wall starts to move, the lateral soil thrust decreases with increasing wall movement
until a constant is reached, then remained approximate constant. The ultimate value of Kj is
defined as the horizontal active earth-pressure coefficient K, 5. In Fig. 48, the active condition
was reached at approximately S/H = 0.003.

In Fig. 45, as the wall starts to translate, the earth pressure starts to decrease. This
non-linear earth pressure distribution causes the total thrust to act at to higher location. Fig.
49 shows h/H reaches a constant value which is about 0.40 H ~ 0.42 H above the base of the
wall.

For Test 0815, the distribution of earth pressure at different stages of wall movement for
B = 50° is shown in Fig. 50. As the wall started to move, the earth pressure decrease and
eventually a limiting active pressure was reached. The variation of K; with S/H for Test 0814
and Test 0815 are summarized in Fig. 48. It can be seen from the figure that the two sets of
test data concentrate in narrow strip. It can be concluded that the experimental results are
highly reproducible.

6.1.3 Earth Pressure for B =60°

Fig. 51 shows the earth pressure distributions corresponding to different stages of wall
displacements for the interface inclination angle p = 60°. At S/H = 0, the measured ¢ was
significantly lower than Jaky’s solution, especially the ¢, measured near the base of wall.

Fig. 52 shows the typical variation of lateral pressure as a function of active wall
movement. The horizontal stress decreases with increasing wall movement, then reaches a
constant value. Fig. 53 shows the relationship between normalized earth pressure on/yz and
wall movement S/H.
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For B = 60°, the variation of earth pressure K, with wall movement is shown in Fig. 54.

The earth-pressure coefficient value Ky, decreased with increasing wall movement until a
constant value is reached. In Fig. 54 the active condition was reached at approximately at
S/H = 0.003. Referring to Fig. 51, at S/H = 0.003 the active earth pressures measured near
the base portion of the wall is much lower than Coulomb’s prediction. The measured active
earth pressure is clearly affected by the interface plate inclined at 3 = 60°. It is reasonable to
expect the point of application of the active thrust would be located at a position higher than
h/H = 0.333. Fig. 55 shows the experiment points of application the active thrusts were
located at about 0.40H ~ 0.43H above the wall base.

For Test 0818, Fig. 54 shows the pressure distribution at various movement stages. The
measured active earth pressure was lower than Coulomb’s solution especially the pressure
measured near the base of wall. This is most probably because the active earth pressure is
affected by the intrusion of the inclined rock face.

6.1.4 Earth Pressure for § =70°

The pressure distributions at various wall movements for § =70° are shown in Fig. 57. At
S/H = 0, the measured earth pressure at rest was lower than Jaky’s prediction, especially at
the lower part of the model wall. This is because the interface plate is very close to the soil
pressure transducers.

Fig. 58 shows the variation of horizontal earth pressure o, measured by different pressure
transducer as a function of the wall movement. It is clear from the data shown in Fig. 59 that

the horizontal stress decreases with increasing active wall movements. The variation of cy/yz
with S/H is shown in Fig. 59.

Fig. 60 shows the variation of Ky, with active wall movement for = 70°. The coefficient

K1 decreases with increasing wall movement. The wall movement needed for Ky, to reach an
active state is about S/H = 0.0035.

The variation of the location of to the active soil thrust with wall movement is shown in
Fig. 61.Without the interface plate (3 = 0°), the point of application h/H of the earth resultant
is located at about 0.33H above the base of the wall. With the interface angle B = 70°, the
earth pressure does not increase linearly with depth. This active earth pressure distribution
shown in Fig. 57 causes the location of the total thrust to rise to a higher location.
Experimental result in Fig. 61 shows the point of application of the active thrust was located
at about 0.41H ~ 0.43H above the wall base.

Fig. 62 illustrates the distributions of earth pressure at different stages of wall movement
for Test 0824. The active earth pressure measured near the base of the wall was much lower
than Coulomb solution. In Fig. 60 and Fig. 61, data points obtained form Test 0822 and Test
0824 indicate that experimental results were in good agreement.

6.1.5 Earth Pressure for  =80°

Fig. 63 shows the variation of the earth pressure distributions with depth at various wall
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movements. At S/H = 0, the measured at-rest pressure distribution is not linearly with depth,
and it is significantly less than the Jaky solution. For B = 80°, the interface plate was quite
close to the wall surface. The amount of backfill sand withed between the rock face and the
wall was very little. In this figure, the earth pressure slightly decreased with the active wall
movement.

Fig.64 presents the variation of lateral pressure as a function of active wall movement. As
the wall starts to move, the earth pressure decrease, and eventually a active pressure is
reached. Fig. 65 shows the relationship between normalized earth pressure op/yz and wall
movement S/H.

In Fig. 66, the horizontal earth pressure coefficient K;, decrease with increasing wall
movement, then a constant value K, is observed. The constant value K, is significantly
lower than the value estimated with the Coulomb’s theory. The location of total soil thrust
versus the wall movements is shown in Fig. 67. Experimental results show that these points
are located at a distance of about 0.42H ~ 0.43H above the wall base. This is most probably
because the measure oy, distribution is significantly affected by the presence of the nearby
rock face.

The earth pressure distributions corresponding to different stages of wall displacement
for B = 80° are shown in Fig. 68. In this figure, the distributions of lateral earth pressure are
non-linear with depth. This is probably because the interface plate is very close to the soil
pressure transducers on the wall surface. In Fig. 66, the wall movement needed for the
horizontal stress to reach a constant value is about S/H = 0.004. Similar variation of K, with
can be observed for Test 0825.and Test 0826.

6.2 Effects of Interface Inclination on Soil Thrusts

The variation of earth pressure coefficient Kj, as a function of wall movement S/H is
shown in Fig. 69. Without the interface plate ( = 0°), the active earth pressure coefficient
Kan is in good agreement with Coulomb’s equation (& = 18.5°). However, with the
approaching of the interface plate, the active earth pressure coefficient K, decreased with
increasing interface inclination angle f3.

The distributions of active earth pressure at the interface inclination angle 3 = 0°, 50°,
60°, 70° and 80° are shown in Fig. 70. In the figure, the active earth pressure decreases with
increasing f3 angle. It would be reasonable to expect that the magnitude of active soil trust to
decrease with increasing  angle. For B angle greater than 50°, the shape of the active
pressure distribution implies that the point of application of the active soil thrust would not be
affected by the rock face inclination angle 3.

The point of application h/H of the soil thrust as a function of wall movement is
discussed in this paragraph. Fig. 71 shows, without the interface plate (p = 0°), the point of
application h/H of the earth pressure resultant is located at about 0.33H above the base of the
wall. As the interface angle 3 increase up to 50°, the rock face started to intrude the active
soil wedge, the earth pressure start to decrease near the base of the wall. This change of earth

pressure distribution causes the active thrust to rise to a slightly higher location as shown in
Fig. 70.
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6.2.1 Magnitude of Active Soil Thrust

The variation of active earth pressure coefficient K, as a function of interface inclination
angle 3 is shown in Fig. 72. For comparison purposes, the analytical results reported by Fan
and Chen (2006) are also plotted in Fig. 72. Without the interface plate (B = 0°), the
coefficient K, values is in fairly good agreement with Coulomb’s prediction. However, with
the intrusion of the rock face into the active soil wedge, the coefficient K, decrease with
rock face inclination angle . Although the tend was the same, the experimental K, was
much lower than the numerical K, values.

6.2.2 Point of Application of Active Soil Thrust

Fig. 73 shows the variation of the point of application of active soil thrust with the B angle.
For the B = 0°, no rock face was near the retaining wall, the (h/H), value is located at about
0.33H above the base of the wall. As the interface angle P increase, the earth pressure
measured near the base of the wall decreased. This change of earth pressure distribution
causes the active total thrust to move to a slightly higher location as shown in Fig. 73. For 3
= 80°, the point of application of the active soil thrust is located at 0.425H above the base of
the wall.

6.3 Design Considerations

In the design of a retaining structure, it is often necessary to check its adequacy. It is
interesting to investigate how would the nearby inclined rock-face influence, the factor of
Safety (FS) against sliding and overturning of the retaining wall.

6.3.1 Factor of Safety against Sliding

The factor of safety for sliding is defined as -

> Resisting Force (6.1)

FSsliding =
sliding > Driving Force

For the retaining wall shown in Fig. 35, the driving force comes from the active earth
pressure acting on the face of the wall. Fig. 72 indicates, for 3 greater than 50°, the horizontal
component of active soil thrust P, , would decrease with increasing [ angle. In Fig. 72 with

the intrusion of the inclined rock face into the active soil wedge (B = 50° to 80°), the driving
force acting on the wall would decrease to a value low than Coulomb’s estimation. In
equation 6.1, if the driving force on the wall is reduced, the FS against sliding would increase.
The intrusion of the inclined rock face would actually increase the FS against sliding of the
wall. The evaluation of FS against sliding with Coulomb’s theory would be on the safe side.

6.3.2 Factor of Safety against overturning

The factor of safety against overturning of the retaining wall is defined as:
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> Resisting moment

I:Soverturning = (6.2)

> Driving moment

The driving moment in equation 6.2 is the product of the horizontal soil thrust
P,p=Kgapx0.5rH? and the moment arm h. Fig. 72 shows, for f=50° to 80°, coefficient

Ka,h would decrease with increasing B angle. However, Fig. 73 shows, for B =50° to 80°,

the moment arm h increases with increasing 3 angle. Fig. 74 shows the normalized driving
moment K, p, x(%') as a function of the rock face inclination angle B. It is clear that, for the

result obtained with both the experimental and analytical methods, for B =50° ~ 80° the
normalized driving moment would decrease with increasing 3 angle. In equation 6.2, if the
driving moment is reduced, the FS against overturning would increase. The intrusion of an
inclined rock face into the active soil wedge would increase the FS against overturning of the

retaining wall. The evaluation of F.S. against overturning with Coulomb’s theory would also
be the safe side.
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7. CONCLUSIONS

In this report, the effects of a nearby inclined rock face on the active earth against a rigid
retaining wall are investigated. Based on the test results, the following conclusions are drawn.

1. Without the Stiff interface (B = 0°), the active earth pressure coefficient K, is in good
agreement with Coulomb’s equation. The point of application h/H of the active soil thrust is
located at about 0.33H above the base of the wall.

2. For the interface inclination angle B = 50°, 60°, 70° and 80°, the distributions of active
earth pressure are not linearly with depth. On the lower part of the model wall the measured
horizontal pressure is lower than Coulomb’s solution.

3. For B = 50° ~ 80°, the active earth pressure coefficient K,; decreases with increasing
interface inclination angle. The point of application of the active total thrust move a location
slight higher than h/H = 0.333.

4. For B = 50° ~ 80°, the nearby inclined rock face would actually increase the FS against
sliding of the wall. The evaluation of FS against sliding with Coulomb’s theory would be on
the safe side.

5. For B = 50° ~ 80°, the intrusion of an inclined rock face into the active soil wedge would
increase the FS against overturning of the retaining wall. The evaluation of FS against
overturning with Coulomb’s theory would also be on the safe side.
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In this report, the active earth pressure on retaining walls with the
intrusion of an inclined rock face into the backfill is studied. The
instrumented model retaining-wall facilities at National Chiao Tung
University was used to investigate the active earth pressure induced by
different interface inclination angle . Loose Ottawa sand was used as
backfill material. The thickness of backfill and the wall height H were
0.5 m. To simulate an inclined rock face, a steel interface plate and its
supporting system were designed and constructed. Base on the test
results, the following conclusions were drawn. (1) Without the Stiff]
interface (B = 0°), the active earth pressure coefficient K, is in good
agreement with Coulomb’s equation. The point of application of the
active soil thrust is located at about 0.33H above the base of the wall. (2)
For the interface inclination angle B = 50°, 60°, 70° and 80°, the
distributions of active earth pressure are not linearly with depth. On the
lower part of the model wall, the measured horizontal pressure is lower
than Coulomb’s prediction. (3) For B = 50° to 80°, the active earth
pressure coefficient K, decreases with increasing interface inclination
angle. The point of application of the active thrust moves a location
slight higher than h/H = 0.333. (4) For B = 50° to 80°, the nearby
inclined rock face would actually increase the factor of safety (FS)
against sliding of the wall. The evaluation of FS against sliding with
Coulomb’s theory would be on the safe side. (5) For B = 50° to 80°, the
intrusion of an inclined rock face into the active wedge would increase
the FS against overturning of the retaining wall. The evaluation of FS
against overturning with Coulomb’s theory would also be on the safe
side.
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ABSTRACT

This paper studied the effects of an adjacent inclined rock face on the
at-rest earth pressure acting on a rigid retaining wall. Horizontal earth
pressures in loose (D, = 35%) and compacted (D, = 72%) dry Ottawa
sand were measured. A steel interface plate with inclination angles 0°,
45°,60° 70° and 80° were used to simulate the inclined rock face. The
measured distribution of earth pressure was not linearly with depth, and
was mostly lower than Jaky’s solution. As the rock face inclination
angle increased, the magnitude of at-rest soil thrust decreased, and the
total thrust rose to a higher location. With the inclination angle of 80°,
only a small amount of sand was filled in the narrow gap between the
wall and the inclined interface. The vertical stress in the soil slice was
partially resisted by the friction on the nearby inclined rock face. With
decreasing vertical stress in the soil mass, the horizontal stress acting
on the wall decreased.

KEY WORDS: Constrained backfill; earth pressure at-rest; model test;
retaining wall; sand.

INTRODUCTION

In this study, the effects of an adjacent inclined rock face on the earth
pressure at-rest on a rigid retaining wall were investigated. In
traditional, earth pressure at-rest behind a non-yielding retaining wall
was estimated with Jaky’s Formula. However, if the retaining wall was
constructed adjacent to an inclined rock face as shown in Fig. 1, the
inclined face intruded the cohesionless backfill. In this figure, the rock
face was excavated behind the bridge abutment, and soil was filled
between the abutment and the inclined face. The lateral movement of
the abutment was restrained by the bridge girder at the top and the piles
below the abutment. The inclination angle between the rock face and
horizontal is defined as a. Under this condition, can the Jaky’s formula
be used to evaluate the earth pressure at-rest on the abutment wall?
Would the distribution of earth pressure at-rest still be linear?

The ratio of the horizontal stress oy, to vertical stress o, is defined as the
coefficient of earth pressure at-rest K,, or K, = o,/ oy. Since o, = yz,
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Fig. 1. Bridge abutment near inclined rock face

then o,= Kgyyz, where y is the unit weight of soil. Mesri and Hayat
(1993) reported that Jaky (1944) arrived at the relationship (K,= 1 -
sing) between K, and the internal friction angle ¢ by analyzing a talus
of granular soil freestanding at the angle of repose. Mayne and
Kulhawy (1982) reported that, the approximate theoretical relationship
for K, for normally consolidated soils introduced by Jaky appears valid
for cohesionless soils. Based on their experimental study, Sherif et al.
(1984) reported that the earth pressure distribution for loose sand was
in good agreement with Jaky’s equation.

Spangler and Handy (1982) studied the distribution of soil pressure
against a fascia wall built in front of a stable rock face. Granular
backfill was placed in the relatively narrow gap between the wall and
the natural outcrop. Spangler and Handy proposed an equation to
estimate the lateral soil pressure against the wall. Frydman and Keissar
(1987) used the centrifuge modeling technique to test a small model
wall, and the rock face was modeled by a wooden block, which can be
positioned at varying distances d from the wall. It was reported that
Spangler and Handy’s solution may be used for estimating lateral
pressure for the no-movement K, condition.
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Fig. 2. Different interface inclinations for testing

In this study, the National Chiao Tung University (NCTU) model
retaining wall was used to investigate the problem. A steel interface
plate was designed and constructed to simulate the inclined rock face.
Air-dry Ottawa sand was used as the backfill material. Parameters
considered for this study included: (1) relative density, D, = 35% for
loose sand and D, = 72% for compacted dense sand; (2) rock face
inclination angles a = 0°, 45°, 60°, 70° and 80° as shown in Fig. 2. The
height of the model wall was 1.5 m. The distribution of lateral earth
pressure was measured with the soil pressure transducers mounted on
the model wall.

EXPERIMENATL APPARATUS

The model wall shown in Fig. 3 is 1.5 m-wide and 1.6 m-high. The wall
is 45 mm-thick and made of a solid steel plate. It is clear in Fig. 3 that
the model wall is actually the front-side of the reinforced steel box.
Outside the box, twenty four 20 mm-thick steel columns were welded
on the walls to reduce any lateral displacement during loading. In
addition, twelve channel section steel beams were welded horizontally
around the box to further increase the stiffness of the soil bin.

0091
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Fig. 3. NCTU non-yielding retaining wall and soil bin
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Fig. 4. Strip vibratory soil compactor and model wall

The soil bin was fabricated of steel plates with inside dimensions of 1.5
m x 1.5 m x 1.6 m as illustrated in Fig. 3. The end-wall and sidewalls of
the soil bin were made of 35 mm-thick steel plates. To constitute a
plane-strain condition, the soil bin was built very rigid so that the
lateral deformation of sidewalls under soil pressure would be negligible.

To investigate the variation of horizontal earth pressure o}, at the wall-
soil interface, soil pressure transducers (SPTs) were attached to the
model wall. Fourteen transducers SPT1~SPT14 (Kyowa PGM-02KG,
capacity = 19.6 kN/m?) were mounted on the central zone of the model
wall as indicated in Fig 2. For more information regarding the NCTU
non-yielding retaining-wall facility, the readers are referred to Chen
and Fang (2002).

A steel interface plate was designed and constructed to simulate the
inclined rock face near the retaining wall. The steel interface plate
shown in Fig. 2 is 1,370 mm-long, 998 mm-wide, and 5 mm-thick. A
layer of anti-slip material (SAFETY-WALK, 3M) was attached to the
plate surface to simulate the friction that might act between the backfill
and the rough rock face. To increase the stiffness of the 5 mm-thick
steel plate, 5 longitudinal and 5 transverse steel L-beams were welded
to the back of the plate. The 30 mm x 30 mm x 3 mm steel beams were
attached to establish a grid-beam system to reinforce the thin steel plate.

To achieve a dense backfill, two vibratory soil compactors were used
for sample preparation. For large area compaction, the vibratory soil
compactor with the base plate area of 225 mm x 225 mm was used. An
acentric motor (Mikasa, KJ75-2P) was selected to be the source of
vibration. The height of the handle was 1.0 m, and the mass of the
compactor is 12.1 kg (0.119kN).

However, for a. = 80° shown in Fig. 2, the fill sandwiched between the
wall and the interface plate was narrow. A new strip vibratory soil
compactor show in Fig. 4 was designed and constructed. The strip
compacting plate was 90 mm-wide and 500 mm-long. An acentric
motor was fixed on a steel plate on the top of compactor. The total
mass of the compactor is 25 kg (0.245 kN).

BACKFILL AND INTERFACE CHARACTERISTICS

In this section, properties of the backfill, interface characteristics
between the backfill and the sidewalls, and the interface plate
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were discussed. Air-dry Ottawa sand was used throughout this
investigation. Physical properties of the soil include Gg = 2.65; 5% =

0.76; emjp = 0.50; D, = 0.39 mm; and D = 0.26 mm. For the loose

fill, the backfill was deposited by air-pluviation from the slit of a
hopper into the soil bin. Rad and Tumay (1987) reported that pluviation
is the method that provides reasonably homogeneous specimens with
desired relative density. The drop distance was approximately 1.5 m to
the soil surface and the slit opening was 18 mm. The soil unit weight y
achieved with the pluviation method was 15.6 kN/m®, and its relative
density D, was 35%. The corresponding internal friction angle ¢
determined from direct shear tests was 31.3°.

To obtain a dense condition to simulate field conditions, the loose
backfill was densified with the vibratory compactors. For wide-area
compaction, the surface of air-pluviated backfill was compacted with
the 225 mm x 225 mm square vibratory compactor as shown in Fig. 5.
Each compacted lift was 0.3 m-thick. For compaction in the narrow gap
between the wall and the interface, the loose sand was compacted with
the strip vibratory compactor. Each lane was densified with the
vibratory compactor for a pass of 70 seconds. Fig. 6 illustrated the

compaction of loose backfill with the 90 mm x 500 mm strip compactor.

To achieve a similar dense condition, each compacted lift was 0.1 m-
thick.

To observe the distribution of density in the soil sample, density
measurements were made. The cylindrical density cup was made of
acrylic with an inner diameter of 100 mm and height of 50 mm. The
cups were placed in the soil mass at different elevations and locations.
In Fig. 7, the distribution of relative density for sand compacted with
the strip compactor was compared with that for sand compacted with
the square vibratory compactor. The distributions of density obtained
with two different compactors were in fairly good agreement (D, = 72
%), and the density distribution in the soil bin was quite uniform. It
may be seen in Fig. 7 that the soil density near the surface of fill was
relatively loose.

D’Appolonia et al. (1969) reported that, due to the lack of confining
pressure, the soil near the surface may not be dense even after
compaction

To simulate a plane-strain condition, the shear stress between the
backfill and sidewall should be minimized to be nearly frictionless.
This was accomplished by creating a lubrication layer between the
sidewalls and the soil. The lubrication layer suggested by Fang et al.
(2004) consisted of two 0.009-mm thin plastic sheets and a 0.152-mm
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Fig. 6. Compaction of backfill with strip vibratory compactor

thick plastic sheet was used. With the lubrication layer, the sidewall
friction angle was reduced to approximately 7.5°.

To evaluate the interface friction angle &; between the backfill and the
interface plate, special direct shear tests were conducted. In the test, the
lower shear box was replaced with a steel plate covered with a layer of
anti-slip material. The interface friction angle &; between Ottawa sand
and the SAFETY-WALK covered interface plate was found to be 20.7°.

TEST RESULTS FOR LOOSE BACKFILL

The interface inclination angles of rock face o = 0° 45°, 60° 70°, and
80° with the horizontal were illustrated in Fig. 2. A loose backfill (D, =
35%) was placed between the wall and the inclined rock face.

Distribution of Earth Pressure at-rest

The distribution of the lateral earth pressure o}, against the non-yielding
model wall for o = 0° was illustrated in Fig. 8. In the figure, the
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Fig. 7. Comparison of density distribution compacted with strip and
square compactors
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Fig. 8. Distribution of lateral earth pressure at various o angles for loose
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experimental earth pressure was compared with Jaky’s solution. At the
elevation 0.15 m to 1.5 m, the distribution of earth pressure was nearly
linear and in fairly good agreement with Jaky’ solution. Mayne and
Kulhawy (1982), Mesri and Hayat (1993) reported that Jaky’s equation
is suitable to estimate the earth pressure at-rest for backfill in its loosest
state. However, the lateral earth pressures measured near the base of the
wall are lower than Jaky’s prediction. This is most probably due to the
high stiffness of the steel base plate.

For o = 45° in Fig. 8, at the elevation 1.5 m to 1.2 m the measured oy,
was not affected by the steel interface plate. The lateral earth pressure
increased with the increasing depth at elevation 1.5 m to 0.35 m. The
maximum horizontal earth pressure was measured at the elevation 0.35
m. However, the measured lateral pressure decreased slowly with depth
from the elevation 0.35 m to O. It was clear in Fig. 2 that, for the upper
part of model wall, the interface plate was relatively far from the
pressure transducer. It was reasonable to expect the measured
pressure o}, to be identical to Jaky’s solution. However, for the lower
part of the model wall, the interface plate was quite close to the
pressure transducers. As a result, the o, measured was affected by the
nearby interface plate.

For a. = 60° in Fig. 8, the measured stress were lower than Jaky’s
solution especially the pressure measured near the base of wall. It may
be observed in Fig. 2, with the increase of o angle, the horizontal
spacing between the model wall and the interface plate decreased. The
measured earth pressure at rest was even lower than that for o = 45°.
Maximum lateral stress was measured at the elevation of 0.65 m. The
distributions of lateral stress measured with the interface inclined at o, =
70° and 80° were also indicated in Fig. 8. It was obvious that the
measured earth pressure decreased with the approaching of the inclined
rock face, especially on the lower part of the wall.

In Fig. 8, it is obvious that the distributions of earth pressure were not
linearly with depth. The measured horizontal pressure was mostly
lower than Jaky’s solution. The magnitude of lateral pressure decreased
with increasing a angle. The measured earth pressure at-rest was
significantly affected by the presence of the nearby rock face. It would
be reasonable to expect that the resultant soil thrust Py, acting on the
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wall to decrease with increasing o angle. It may also be expected that
the point of application of the total soil thrust would rise with
increasing o angle.

Magnitude of at-rest Soil Thrust

The variation of horizontal at-rest pressure coefficient K, as a function
of interface inclination angle o was shown in Fig. 9. The coefficient
Kon Was defined as the ratio of the horizontal soil thrust. P, to YH?/2.
The horizontal soil thrust P, was calculated by summing the pressure
diagram shown in Fig. 8. Without the interface plate (o = 0°), the
coefficient K, was slightly less than Jaky’s solution. However, after
the steel interface plate was placed in soil bin. The coefficient K,y
decreased with increasing rock face inclination angle. The measured
coefficient K, was apparently less than the Jaky’s solution. Based on
the test results, an empirical relationship between the coefficient K,
and the interface inclination angle o was be established:
Ko,h,a = Ko,h,.laky - (0-00462 - 0'«) (1)
Where K, = 1 - sing; o = interface inclination angle in degree. Eqn. (1)
was only applicable for loose sand at 0° = a =80°.
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Point of Application of at-rest Soil Thrust

The point of application h/H of the total soil thrust as a function of the
o angle was illustrated in Fig. 10. Note h is the vertical distance
between the total thrust and the base of wall. In the figure, without the
interface plate (o = 0°), the point of application of the at-rest soil thrust
was located at about 0.33 H above the base of the wall. As the interface
angle increased, the earth pressure gradually decreased near the base of
the wall as seen in Fig. 8. This change of earth pressure distribution
caused the total thrust to rise to higher locations as shown in Fig. 10.
For o = 80° the point of application of the total thrust was located at
0.55 H above the base of the wall.

TEST RESULTS FOR DENSE BACKFILL

This section reported the experimental results regarding effects of an
adjacent inclined rock face on the earth pressure against a non-yielding
wall with compacted backfill. The rock face inclination angle
considered were a = 0°, 45° 60° 70° and 80°. To obtain the expected
dense condition, the cohesionless backfill was compacted with two
different vibratory compactors to reach the relative density D, = 72%,
and the unit weight of 16.5 kN/m®. Based on the results obtained with
direct shear tests (Ho, 1999), the corresponding internal friction angle ¢
for the dense backfill was 40.1°.

Distribution of Earth Pressure at-rest

Fig. 11 showed the distributions of lateral earth pressure against the
non-yielding wall, after the backfill was compacted in five 0.3 m-thick
lifts with the square vibratory compactor (see Fig. 5). Before
compaction, the earth pressure at-rest could be properly estimated with
Jaky’s equation. After compaction, Fig. 11 showed that for o. = 0° an
extra horizontal stress was induced by compaction at the upper part of
wall surface. The compaction-influenced zone extended from the
compacted surface to the depth of approximately 0.7 m. Peck and Mesri
(1987) reported that the compaction induced lateral pressure near the
surface was limited by the passive Rankine earth pressure. In Fig.
11,the lateral stress measured near the top of backfill was almost
identical to the passive pressure. For more information regarding the
compaction induced earth pressure, the reader is referred to Chen and
Fang (2008). However, the lateral stresses measured below the
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compaction-influenced zone converged to the earth pressure at-rest
based on Jaky’s equation.

Fig. 12 showed the distributions of lateral earth pressure for the backfill
compacted with the strip vibratory compactor (see Fig. 4). The 1.5 m-
thick backfill was compacted in fifteen 0.1 m-thick lifts. The relative
density of soil obtained was also 72%. For o = 0° the compaction-
influenced zone extended from the surface to the depth of
approximately 1.1 m. It was obvious in Fig. 12 that the peak lateral
earth pressure induced by the strip compactor was higher than that
induced by the square compactor. It should be mentioned that, to
achieve the same relative density, the backfill was compacted in 15 lifts
and each lift was compacted in 15 lanes by the strip compactor. The
amount of energy input by the strip compactor was much higher than
that by the square compactor.

Fig. 11 showed the distribution of lateral earth pressure for the dense
backfill compacted with the square compactor for the rock face
inclination angles o = 0°, 45° and 60°. In this Figure, the lateral earth
pressures measured for a = 45° and 60° were less than Jaky’s solution at
the lower part of the wall. The magnitude of earth pressure decreased
with increasing o angle. The compaction-influenced zone extended
from the surface to the depth of approximately 0.6 m.

Fig. 12 showed the distribution of lateral stress for the dense backfill
compacted with the strip compactor. In this Figure, at the lower part of
the wall, the measured lateral stresses for o = 45°, 60° 70° and 80°
were lower than Jaky’s solution. For a = 60° 70° and 80° the
distributions of lateral stress were similar. The depth of compaction-
influenced zone decreased with increasing interface inclination angle.
This phenomenon may be explained with the help of Fig. 2. For a = 0°,
compaction was compacted all over the soil layer. However, for a = 80°,
compaction was carried out only on the surface of the narrow fill
sandwiched between the wall and inclined plate. The effective
compaction depth was significantly influenced by the amount of energy
input.

Magnitude of at-rest Soil Thrust

The variation of horizontal at-rest pressure coefficient K, as a function



of interface inclination angle was shown in Fig. 9. The coefficient K, ,
for loose sand was compared with that for the backfill compacted with
two different compactors. It was seen that, at the same inclination angle
a, the order of the coefficient was Kopsiip > Ko square > Kopjoose: IN
Fig. 9, the coefficient K, for the backfill compacted with the square
compactor, the coefficient K, decreased with increasing rock face
inclination angle. The coefficient K, for sand compacted with the strip
compactor was approximately 0.67 at o. = 0°. Due to the compaction
effect, the coefficient K, was clearly higher than Jaky’s prediction.
However, the coefficient K, decreased with increasing rock face
inclination angle.

Spangler and Handy (1984) indicated granular backfill placed in the
relatively narrow gap between the wall and the natural rock face was
partly supported by friction on each side, from the wall and form the
rock face. Since the friction acted nearly vertically, it reduced vertical
stresses in the soil mass, which in turn reduced the horizontal stress. In
this study, for a. = 80° as shown in Fig. 2, only a small amount of sand
was filled in the narrow gap between the lower part of the wall and the
inclined plate. The vertical stress in the soil slice was partially
supported by the friction on the nearby inclined rock face. As a result,
with decreasing vertical stress, the horizontal stress acting on the wall
face decreased as indicated in Fig. 12.

Point of Application of at-rest Soil Thrust

The point of application of the at-rest soil thrust as a function of the
rock face inclination angle was shown in Fig. 10. Without the interface
plate (o = 0°), due to the compaction induced stresses near the top of
the wall, the point of application of the at-rest soil thrust was located at
about 0.49 H to 0.50 H above the base of the wall. Fig. 12 indicated
that as the interface angle increased, the earth pressure on the lower
part of the wall decreased. This change of earth pressure distribution
caused the total thrusts to rise to higher locations as shown in Fig. 10.
For o. = 80° the point of application of the at-rest soil thrust for the
backfill compacted with a strip compactor was located at 0.68 H above
the base of the wall. Due to the compaction effect, at the same
inclination angle o, the order of h/H for compacted and loose fills was
(h/H)strip > (h/H)square > (h/H)Ioose-

CONCLUSIONS

For the wall backfilled with a loose fill, the distribution of earth
pressure was not linearly with depth. The measured horizontal pressure
was mostly lower than Jaky’s solution. The magnitude of lateral
pressure decreased with increasing o angle. The measured earth
pressure at-rest was significantly affected by the presence of the nearby
inclined rock face.

The magnitude of at-rest soil thrust decreased with increasing rock face
inclination angle. The at-rest earth pressure coefficient K, was
apparently less than the Jaky’s solution. As the interface angle
increased, the total thrust rose to higher locations. For o = 80° the
point of application of the total thrust was located at 0.65 H above the
base of the wall.

For the wall backfilled with a compacted fill, an extra horizontal stress
was induced by compaction at the upper part of wall surface. For o =
45° and 60°, the lateral pressures were less than Jaky’s solution at the
lower part of the wall. The magnitude of earth pressure decreased with
the approach of the inclined rock face.

The magnitude of at-rest soil thrust decreased with increasing rock face
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inclination angle. Due to the compaction effect, the coefficient K, was
clearly higher than Jaky’s prediction. However, the coefficient K,y
decreased with increasing rock face inclination angle. In this study, for
o = 80°% only a small amount of sand was filled in the narrow gap
between the lower part of the wall and the inclined plate. The vertical
stress in the soil slice was partially supported by the friction on the
nearby inclined rock face. As a result, with decreasing vertical stress,
the horizontal stress acting on the wall face decreased.

Without the interface plate, due to the compaction induced stresses near
the top of the wall, the point of application of the at-rest soil thrust was
located at about 0.49 H to 0.50 H above the base of the wall. As the
interface angle o increased, the earth pressure on the lower part of the
wall decreased. This change of earth pressure distribution caused the
total thrust to rise to a higher location. For o = 80° the point of
application of the at-rest soil thrust for the backfill compacted with a
strip compactor was located at 0.68 H above the base of the wall.
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