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Abstract

Recently, foundations of heavy structures such as bridge abutments have been built on
slopes or near the crest of slopes at an increasing rate. Because the bearing capacity of
such foundations is considerably lower than the bearing capacity of the same soil on a level
ground, deep footings such as piles and caissons are often used. However, the costs of such

methods are generally very high. One of the new techniques to overcome the problem is to
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place reinforcing members such as geosynthetics or metal strips horizontally at some
depths beneath the footings. Rational methods of analysis to predict the bearing capacity
of footings in reinforced slopes are therefore needed. This paper proposes an analytical
method for estimating the increase in bearing capacity gained from the included horizontal
strips or ties of tensile reinforcing in the foundation soil below the footing built near the
crest of a slope. A failure mechanism, including the concept of 'wide slab effect’, adopted in
the present study for analyzing the bearing capacity of foundations in reinforced slopes, is
established through the observed model test behaviors described by Binquet & Lee and
Huang et al, and the Boussinesq solutions. The analytical results are then compared with
the experimental data described in the paper by Huang et al. Also in order to properly
evaluate the soil-reinforcement interaction, typical pullout test values of the apparent fric-
tion coefficient, which usually vary with depths owing to both the increase of the shearing
volume and the increase in local stress caused by soil dilatancy, are analyzed and related
functionally. Furthermore, analytical parametric studies are carried out to investigate the
effect and significance of various pertinent parameters associated with design of reinforced
slope foundations.
Keywords : Bearing capacity, Reinforced slope, Slab effect, Friction coefficient

1. INTRODUCTION

Recently, foundations of heavy structures such as bridge abutments have been built on
slopes or near the crest of slopes at an increasing rate. Because the bearing capacity of
such foundations is considerably lower than the bearing capacity of the same soil on a level
ground, deep footings such as piles and caissons are often used. However, the costs of such
methods are generally very high. One of the new techniques to overcome the problem is the
placement of stiff reinforcing members horizontally at some depths beneath the footings.
For natural slopes, this method mainly consists of drilling holes, inserting steel bars and
grouting(called ‘soil nailing’). For fill embankments, reinforcing members such as
geosynthetics or metal strips are placed at prescribed elevations in compacted fill.

This paper proposes an analytical method for estimating the increase in bearing capacity
gained from the included horizontal strips or ties of tensile reinforcing in the foundation
soil below the footing built near the crest of a slope. A failure mechanism, including the
concept of ‘wide slab effect’, is established which forms the basis for the bearing capacity
analysis of foundations in reinforced slopes. Failure mechanism is examined further by
analyses with the FLAC program. The analytical results are then compared with the exper-
imental data. Also in order to properly evaluate the soil-reinforcement interaction, typical
pullout test values of the apparent friction coefficient, which usually vary with depths owing

to both the increase of the shearing volume and the increase in local stress because of soil
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dilatancy, are analyzed and related functionally. Furthermore, analytical parametric studies
are carried out to investigate the effect and significance of various pertinent parameters
associated with design of reinforced slope foundations.

2. ESTABLISHMENT OF FAILURE MECHANISM

2.1 Failure Mechanism 1

Failure mechanisms of reinforced sandy slopes were investigated by Huang et al.(1990)
throughout a series of model loading tests of rough strip footings, and the results are
schematically shown in Fig.L

Anchor effect

Fig. 1 Observed failure mechanisma of reinforced sandy model slope

According to Huang et al.’s observations of the model tests, the ‘anchor effect’, which
governs many current design methods, becomes dominant only at very large foundation
settlements beyond the peak load. It was therefore concluded by Huang et al. that the ap-
plicability of many current design methods to slopes reinforced with relatively stiff
reinforcements needs to be re-examined. Fig.l shows the measured tensile force
distributions at the peak footing load reported by Huang et al. It indicates that large ten-
sile forces are mobilized in the reinforcement beneath the footing and, to a lesser extent,
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outside the footing width : i.e., the ‘deep footing effect’ and 'wide slab effect’ prevail at rela-
tively early stages of loading before the peak footing load. It was also pointed out by
Huang et al. that for reinforced leve! ground, the ‘deep footing effect’ is observed in the slope
reinforced with a short reinforcement and the ‘wide slab effect” is observed together with the
‘deep footing effect’ in the slope reinforced with long reinforcement layers with their length
larger than the foundation width. Failure mechanism of reinforced slopes adepted in the
present study is due to ‘wide slab effect’. Additional experimental works are required to ob-

tain more precise definitions for this possible failure mechanism.

2.2 Failure Mechanism 2

To evaluate the force developed by the reinforcing ties caused by the applied footing load, it
is necessary to formulate a failure hypothesis of the movements and load transfer within
the foundation soil.

The location of the shear surface or surfaces through the reinforced sand foundation was
not measured precigely in the model tests of level ground carried out by Binquet & Lee
(1975-b), and could cnly be inferred from the location of the broken ties and the ground
surface expression after failure. From these observations it was assumed by Binquet & Lee
that as the footing load increases, the footing and the soil beneath move down while the

soil to the sides moves outward and upward as shown in Fig.2.

STRESS, ¢OR1t

ZONE2 o' ZONEl ¢ ZONE2

Fig. 2 Failure hypothesis by Binquet & Lee for reinforced level ground

The boundary between the downward moving and outward moving soil was assumed to
be defined by the lines a-¢ and a’—¢” in Fig.2, which are nearly the locus of the points of
maximum shear stress 7., al every depth z. Note that the locations of many of the
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observed tie breaks in the experimental study coincided approximately with these assumed

slip surfaces.

To further examine the failure hypothesis proposed by Binguet & Lee(1975-a), an analy-
sis of the shear stresses developed in the slope reinforced with relatively long reinforcing
strips is carried out in the present study by using the FLAC(Fast Lagrangian Analysis of

Continua) program. Results of an analysis by the FLAC program are illustrated in Fig.3,

and parameters used in the analysis are summarized in Table 1. Fig.3 shows that zones of

the developed maximum shear stresses, 7.,.... match well with the slip surfaces previously

described in Fig.Z.
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Fig. 3 Contours of developed shear stress by FLAC program analysis

Table 1.

Summary of parameters used in the FLAC program

[ . .
foundation soil

reinforcing strips

friction angle () = 45°

cohesion (c) = 0.0

unit weight (¥4) = 1570 KN/m"
bulk modulus = 13.5 MPa

shear modulus = 29.2 MPa

slope angle (8) = 30

material

width

thickness

yvield strength

length

vertical spacing
position of first layer

number of layers

. phosphor bronze

:w = bem

Dt = 0.5mm

o fy = 100GPa

L = 6m

AH = 0.5m

:u = AH(refer to Fig.2)
N =4
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From the aforementioned assumptions, the slip is expected to occur along the locus of
the points of maximum shear stress, 7T.... at every depth z. The horizontal position of
the two symmetrical slip lines, a—c and a’—c’, at any depth z, is defined as x, as shown in
Fig.4, which may be calculated by differentiating shear stress with respect to x and
equating it to zero, i. e,

a0 wo= VR -2 ViR ()

where,

b =

B
2

B = foundation width

e — = X

Fig. 4 Shear atress distribution caused by the applied footing stress g

At the same time, the values of the shear stresses and normal stresses at any location
defined by x and z coordinates may also be calculated based on the Boussinesq solutions.

Fig.5 shows the case where a uniform vertical stress of q per unit area acts on a flexible
infinite strip on the surface of a semi-infinite elastic mass. The total increases in vertical
stress, o, and shear stress, 7., caused by the loaded strip at N can be determined as

_q af xt+ .oy x=b\ __ 2bz(x*—2'—b")
o = [ tan ( - ) tan ( - ) (x2+zz+b2)2w4b2x2} (2)
= 4bqxz’ (3)

T al(x2 — b)) 4ab'y]

132 Vol.12, No.3, June 1996



Fig. 5 Schematics of Boussineaq solutions

The horizontal variation of these stress components at different levels takes the form
shown in Fig.2. It is assumed that these stresses are independent of whether the foun-
dation soil is reinforced or not. Thus, for q=gq,, identical values of stresses are obtained at

the same locations in the reinforced or the unreinforced foundation soil.
3. METHOD OF BEARING CAPACITY ANALYSIS

As shown in Fig. 6, the increase in bearing capacity of a foundation in a reinforced slope
should be evaluated on the basis of the length of reinforcement.

B B
e
a[HT!Tl'ﬂa’

! | - T X
@ 5! i\
; @: "‘
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—_—

vd .
A@ , ‘ o

Fig. § Classification of reinforcement installation type

Let the length of reinforcing strip from the center of a foundation to the slope be L.
Also for Case [ and Case II, let the length of reinforcing strip from the center of a foun-
dation to the opposite side of the slope be L,. The analysis procedure can then be classified
into the following four cases :

@ Case ] : (L>L.,+tx,)

2 Casell : (L<L<L,+x.)

Jour. of KGS 133



@ Casell : (L,—x.<L<L,)
@ CaselV @ (L<L,—x.)

where,
L. =B + aB + tanﬂ
aB = horizontal distance from the crest of the reinforced slope to the foundation
L, =L-L,

1 CaseI (L>L,+x.)
The vertical normal forces(F, F,, F, and F,’} and the vertical shear forces(3, and S,
acting on the boundaries of the element cde’d’ in the unreinforced soil are described in Fig.

7. These forces are due to the normal and shear stresses at the depth z caused by the ap-
plied bearing pressure g, on the footing.

Ao
i F !
dl F, all Y lz
Sit ps - Jan

Fig. 7 Components of forces in the unreinforced soil

The magnitude of these forces may be readily calculated by integrating the appropriate
stresses over the appropriate areas as follows.
Fl = Fl}

Il

[ o, (g, %, 2)dx
e

[ (x,+b)tan™ (E?*)

.—b
—(x,—b)tan™’ (x .

H

J-q," B {4)

,+b .—b
where, J = #[ {x,+b)tan (x - )—(xn—b)tan ' (X - )]
S] = Sl’
= 7.(q., X, 2) * AH
4bq.x,2°
= OEREIRNY - AH
xl (x' 4z — b )4 4b'z’)
=1-q-AH (5)
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4bxz’ .
— = (6)
al {(xt+z'—b°)'+4b'z’]
Equilibrium of the element cdc’d’ in the unreinforced soil may be expressed as
(F,4F) —{(F.+F.,)—(S+8)=0 {7)
Similar to the unreinforced scil case, the forces Fy, F., S, and S, for the reinforced soil

where, I =

as described in Fig.8 can be expressed as

Qi
iiil o
Fs [ F | By Fs z
F5i Th S, d‘; 2y S, Ty’ Fs,t
g : - 2 )
'? 'te e 'IA' 'i' EIAH
c $# b4 ¢
F. | F/
2 X Xo
L, T L
L

Fig. 8 Components of forces in the reinforced soil(Case I}

F, = F3‘

= (U o.{qu %, z)dx

=J-q-B (8)
S =8/

= 7,0, X. z) - AH

=1-q-AH (9)

For the special case of a single layer of reinforcing in the foundation (N=1), equilibrium

of the element ¢de'd” as shown in Fig. 8, may be expressed as
(FA4F) —(F4F,) —(3,+8)~ (T, +Ty,} =0 (10}

in which Tpy+Ty " represents the tensile force developed in the reinforcements.

The analysis proceeds by assuming that the forces are evaluated for a given foundation
width B and settlement s for a foundation on unreinforced soil and on reinforced soil.
Based on this assumption, it follows that the upward forces on the soil below the element
cde’d” are the same for the unreinforced and the reinforced foundation :

F+F,” = F+F, (11)
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Rearrangement of Eqs. (7), (10) and (11) gives the expression for the tensile force devel-
oped in reinforcing strips as follows :
To+To = 2(J- B—1- AH}q—q,) (12)
where AH = vertical spacing between reinforcing strips.
The mechanism by which the strip force T}, is developed requires additional assumptions
to the basic failure hypothesis. It is pragmatically assumed that as the central zone of soil

moves down with respect to the outer zone along the slip surface a’—c¢’, it drags the strips
along with it as shown in FigJ,

[[T1]°

~ Tz, N

Fig. 9 Basic failure hypothesis

At the slip surface the strips are assumed to undergo two right angle bends around two
frictionless rollers. At the surface the strip resistance Ty  is a vertically acting tensile
force.

Elsewhere, on either side the tie resistance acts horizontally along the axis of the strip
and the forces are transferred into the seoil by means of scil-strip friction. For lack of de-
finitive data, it is arbitrarily assumed that the strip force per layer varies inversely with
the number of layers N in the foundation. Thus

Tow+Tow’ = 2(J - B-T- AH) (g, —q.) (13)

Calculation of strip pullout resistance requires evaluation of the total vertical normal
forces F; and Fy’, acting on the lengths eg and e’g’ of the strip outside the assumed shear
surface(Figs.7 and 8)

L§
F. = LDR [‘a,(qi, x, 2)dx

*a
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\ +b
= L.LDR ——q'{ (L,+b) tan (L
bid FA

|~ (Lo~b) tan* (Lﬂ*b)

—{(x,+b) tan’ (x°+b)"(xu—b) tan™ (XD;b)]
=LDR-M-q-B (14)
M = —& [ (Li+b) tan ' (L”jb)—(L,—b) tan” (L';b)
~(x-+b) tan” | "“"H’] ~(xb) tan” (22 (15)
F. = LDR [l alq, % z)dx

=LDR-M"-q-B (16)

Lﬁ_b)—(L{g»b) tan™' (l_.E;_b)

M =L [ (Lctb) tan (

—({x,+b) tan™ (L;FE)—(X()*b) tan’ (X;b)] (17)

where, LDR = linear density of reinforcement ( = w « Ng)
w = width of a single strip
Nz = number of reinforcing strips per unit length of the foundation.
The total vertical mormal force Fy. on the strip over the lengths eg and e’g” can be

calculated as

F.. = F,+F,/ +F+F,/
= F+F,+LDR(W,+W") (18)
in which W, and W,  are the normal overburden forces on the strip over the length eg and
e'g’ respectively,
Combining Egs. {14), (16) and (18} leads to an expression for strip pullout frictional re-
sistance, T+ T, per unit length of the foundation and depth z :

T~+T, = 2f LDR {(M+M’)Bq.+Wl+W’+7y—¥-(Lﬂ2xn)} (19)

where, { = apparent friction coefficient
¢ = cohesion
»# = influence factor of cohesion
The increment of bearing capacity, Aq, for each of the reinforcing layer depths is deter-
mined as follows :
Ag = q~q (20)
in which q; is calculated by equating Eq. (13) to Eqg. (19). The expression for q; is given
below.
q.{d - B—I1-AH)+N - f- LDR - {W,+W +c{lL-2x,) /f}
4 = T-B-1-AH -N-f LDR- (MFM)E (21)
@ Casell (L, <L<L.,+x,)
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In Case I ( L. <L<L,+x, Fig. 10}, no strip force is expected to develop in the opposite
side of the slope.

AINAN
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B

Fig. 10 Components of forces in the reinforced soil{Case I )

The strip tensile force, Tpw), developed in any layer of reinforcements in the slope side is
thus

TD(N} = T]\}"-(J -B-I- AH)(Q:‘*QU) (22)

Strip pullout frictional resistance, Ty on the length, eg, of the strip is calculated as
T,=2-f-LDR{M:B: q+W,+u(L.—x,) /f} (23)
If the entire length of the strip is L.,+x, increased bearing capacity, q.., can be

calculated as
qfJ-B-1-AH)+2- N - fLDR{W +ne(L,—x,)/f}
Qiet = J-B-1-AH—2-N-f-LDR-M-B
The vertical force F; as shown in Fig. 10 is caused by the vertical stresses over the

(24)

length ee” imposed by the applied bearing pressure q; on the footing. And the vertical force
F, is due to the normal overburden force on the length ee” of the strip. The expressions for

F; and F, are given below.

F,

L o
LDRU J olan % Ddx+[ ol z)dx)

; . +h
LDR %[ (x,+b) tan™ ( X

)—(x.,—b) tan! (Xo_b)
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+(L,+b) tan’ (Lg:b]f(Lg—b) tan™ (Lz’bﬂ

— LDR- (J+J) - B q, (25)
where
[ oq.x 2)dx
e B-g
- :'r_lB— [ (L,+b) tan ' (Lﬁb)—(Lrb) tan ' (i“;—bﬂ (26)
and F, = LDR -+ W, (27}

In Casell the entire length of the strip, L, can vary in the following range : L <L<
I.+x. Using similar procedures applied to the Case I and assuming proportional variation
regarding the mobilized frictional resistance on the length, ee’, of the reinforcing strip, the
expression for the increment of bearing capacity, Aq, for each of the reinforcing layer

depths is determined as
(J+J)B - g, +W,tge(L,+x.) /f

A — " <A Siwl 28)
q 2:-J-B- q,<.‘:+W;.‘,+277CXr,/f—(J+J )B . Aq‘m © (

in which W., and W. are the normal overburden forces on the strip over the length ee’

and ee” respectively.
4 Caselll {L.—x.<L<L,)
The vertical forces F.” and F.” as shown in Fig.ll are determined through similar

procedures applied to Casell and the resulting expressions are given below.

e

NN
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c b ¢

o L 1_'],___1 x—L+L,
o X0 Xp

X A

+Fs &F‘
4 A

— a—m i —— p— e

Tr Ty

Fig. 11 Components of forces in the reinforced soil{Casell)
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F, = LDRr a.(q, %, z)dx
by

= LDR %[ (x+b) tan” (x“—:“i]—(xu—b) o (223

~(Lotb) tan (P2~ L) tan (H] |
= LDR-K-q-B 20)
where
K = ?]"B_ [ (x,+b) tan™’ (x“+b)—-(x(ﬁ‘b) tan™ (xoz_b)
—(L,+b) tan™ (L'—:_E)-}-(L‘—b) tan™ (—L’z;b-)]
and F," = LDR - W, (30)

By using similar procedures applied to Case[] the expression for the increment of bearing
capacity, Aqg;, for each of the reinforcing layer depths is determined as
K- B q+W,tpe{x,+L-L,)/f
2-J B quutWut2nex./f—K - BAqu,
@ CaseV(L<L,—x,)

In Case[V(L<L,—x, refer to Fig.6), no reinforcing effects are expected because the

Ag, = * Aqy (31)

reinforeing strip is placed outside the assumed failure surface.

3.1 Increased Total Bearing Capacity

The total bearing capacity q in the reinforced soil can be determined as the sum of bear-
ing capacity increments, Aq, in each layer of reinforcing strips,

N
q = qu+2 AQ| (32)
i=1
3.2 Internal Stability

The developed tensile force, Tow+Tuw s in any layer of reinforcement should satisfy the
following internal stability condition.

R T+ Ty
TowyFTom <|— , ——— 33
oo o <[ = l (33)
in which R, = the yield strength of the reinforcement, T;+T," = the frictional pullout re-

sistance of the reinforcement layer, F3, = the factor of safety against vield failure, and FS;
= the factor of safety against pullout failure.
The yield strength of the reinforcement may be calculated from
we*Np-t-f, LDR-t-f,

R, = FS, - FS, (34)
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in which w = the width of a single reinforcement, t=the thickness of a single reinforce-
ment, Ng=the number of reinforcement layers per unit length of a foundation, and f,=the
yield stress of the reinforcement.

The term w - Ny represents the total width of reinforcement strips per unit length of a
foundation and it may be conveniently expressed as the linear density of reinforcement
(LDR) as

LDR = w- Ng {35)

3.3 Soil-Reinforcement Interaction

In dense granular soils, values of the apparent friction coefficient f between the strip and
surrounding soil are usually significantly greater than the values obtained from direct
shear tests. This is mainly because dense granular soil in the vicinity of the reinforcements
tend to increase the volume, i.e., dilate during shear. This positive volume change is re-
strained by the surrounding seil. When ribbed strips are used, the ribs cause the shearing
zone of soil to increase in size. Both the increase in the shearing volume, and the increase
in local stress caused by soil dilatancy, result in an increase in the apparent friction coef-
ficient, f, which is defined as a ratio :

fo o T
o, 2bLa,

where 1,.=the average shear stress along the reinforcement, o.=the overburden stress,

(36)

T=the applied pullout force, t=the width of the reinforcement, and L=the length of the
reinforcement.

Pullout tests on reinforcements located in actual structures, as well as laboratory studies

8
for ribbed atrip :
74 f=exp( —0.346030* z) * 7.93036 * p
L] for amooth strip :

= f=exp(—0.320035"2) * 273252 p
& 64 p=tand/ tand6
12
b
& 54
[ %]
g
8 A~
2
=
- 3 T - »
g ribbed strip
2 2
2

14  smooth strip

0

o 1 2 3 4 5 &

Height of Fill Material above the Reinforcement{m}

Fig. 12 Variation of f with height of fill material above the reinforcement
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using dense sands, show that the value of the apparent friction coefficient decreases when
the vertical overburden stress increases. This phenomenon is more pronounced in the case
of ribbed reinforcements than in the case of smooth reinforcements.

In order to properly reflect the influcnce of the vertical overburden stress, pullout test
values of the apparent friction coefficient, {, on gravel sand(¥=21KN/m", ¢=46") reported
by Schlosser & Elias(1978) are analyzed in the present study by regression and for the
ribbed reinforcement and the smooth reinforcement functional expressions for the friction

coefficient f are given as shown in Fig.12.

4. COMPARISON WITH MODEL TEST RESULTS

A series of mode! tests were conducted by Huang et al.(1990) to investigate the funda-
mental behavior of reinforced slopes of dense Toyoura Sand(¥=130KN/m? ¢#=45"). In
model tests a rigid, rough 10 em wide strip footing as shown in Fig.13 was loaded al a con-
stant vertical displacement rate of (.15 mm/sec. During the loading the footing was free

to displace laterally and to rotate.

Rigid strip footing

> Lz

Reinforeing strips”

Ly
AR

Fig. 13 Schematics of reinforced slope model test

The reinforcing strips, 0.5 mm thick, 3mm wide, and 0.166~0.4m long, were made of phos-
phor bronze. The yielding strength of these strips, f, was 1.7 X 10°KN/m® Three layers of
reinforcing strips with vertical spacing, AH, of 0.03 or (.05 m were used for tests.

Measured wvalues of the bearing capacity for the three tests conducted by Huang et al
(1990) are compared with those calculated by the proposed analytical method. In the analy-
sig, adopted values of the factors of safety, FS, and FS, are 3.0, and also functional re-
lationship of the smooth reinforcement case given in Fig.12 is used.

The results of comparisons with detailed descriptions of these tests are summarized in
Table 2. Overall, the proposed analytical method of analysis gives very comparable results,
generally within 6~12% of the measured bearing capacity.

142 Vol.1Z, No.3, June 1996



Table 2. Bearing capacity comparisons with model test results

r bearing capacity _’
q{ KN /m?)
ti £ roi ,
ver l‘cal length o r.emforcmg calculated by
Test No. spacing sirips
measured by presently
AH(m) Litm)
Huang et al. proposed
method
—
No4d 0.03 Ly = Ly = Ly = 04 89.1 82.2
No.b 0.05 Ly = L= Ly = 04 112.7 126.1
L; = 0.166
No.8 0.03 L = 0.202 40.5 42.8
Lz = 0.238

5. PARAMETRIC STUDY

Analytical parametric studies are carried out to investigate the effect and significance of
various pertinent parameters on the bearing capacity of foundations in reinforced slopes.
The parameters selected for these parametric studies are the length of reinforcing strip(L),
the distance from the crest of a slope to the foundation(« - B), the slope angle{#), the lin-
ear density of reinforcement{ LDR), the number of reinforcing strip layers(N}, and the dis-
tance from the foundation to the first layer of reinforcing strip(u). Detailed values of the
selected parameters for these parametric studies are summarized in Table 3.

Table 3. Summary of values of parameters used in parametric studies

r constants variables
¢ = 30" AH = 0.2~1.0m
c=10 L =2~Om
Y = 1hKN/m* a = (~2.5
w = (.lm £ = 20~40
t = 0005 m LDR = 10~30%
B=1Im N = 2~4

| u = (,2~0.5om

In these parametric studies, the phrase Bearing Capacity Ratio(BCR) is adopted for
convenience in expressing and evaluating the reinforcement effects as
BCR = q/q, (37
in which q and g, are, respectively, the bearing capacity for the reinforced and the
unreinforced soil at any desired vertical foundation settlement before the foundation actu-
ally fails with very large settlements. In the present study, the bearing capacity equation
presented by Kusakabe et al, (1981) is used to evaluate q., i.e.,

q, = cN, + % 7BN, (38)
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in which N, and N, are bearing capacity factors.
Note also that the type and size of reinforcement, and the foundation width(B) and cor-
responding socil properties are kept constant in these studies.

By apalyzing the results of these parametric studies as illustrated in Figs. 14~19, the fol-
lowing observations are drawn.

* Longer reinforcement gives higher BCR value(Fig.14).

3.00

2.00

LO0
& L/B-25
~%-L/B=3
~+L/B=3

Bearing Capacity Ratio (BCR)

Fig. 14 Variation of BCR with AH/B and L

e Ag the value of a decreases, ie., as the horizontal distance from the crest of the

reinforced slope to the foundation becomes shorter, the reinforcing effect gradually
increases(Fig.15).
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Fig. 15 Variation of BCR with AH/B and «
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* The BCR value gradually increases as the reinforced slope becomes steeper(Fig.16),

Bearing Capacity Ratio (BCR)

8.00

4.00

200

0.00
0.20

T T v 1
0.40 0.60
AaH /B

Fig. 16 Variation of BCR with aH/B and

e The BCR value increases by about 60—~390% with increasing LDR for cases of AH/B
less than 0.5, However, for cases of AH /B greater than 0.6, the BCR values tend to de-
crease. For the case where LDR=30%, the BCR value increases more rapidly for

values of AH/B between 0.2

Bearing Capacity Ratio (BCR)

and 0.4(Fig.17).
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Fig. 17 Variation of BCR with AH/B and LDR
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*In general the BCR value increases when the number of reinforeing strip layers in-
crease. The increasing rate of the BCR wvalue, however, tends to gradually decrease
when the values of AH/B increase. For the case where N=2, the BCR values remain
more or less constant irrespective of the values of AH/B(Fig.18).
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Fig. 18 Variation of BCR with AH/B and N

e Value of AH/B at which maximum BCR value is expected is in the range between 0.
4~0.5. The value of AH/B at which maximum BCR value is expected is generally un-
affected by u/ B which defines the position of the first reinforcing strip layer(Fig.19).

4,00

3.50

3.00

2.50

Bearing Capacity Ratio {BCR)

2.00

0.20 0,40 0.60
AH /B

Fig. 19 Variation of BCR with AH/B and u
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6. CONCLUSIONS

In the present study an analytical method is presented for evaluating bearing capacity of
a foundation adjacent to a slope reinforced with horizontal layers of strips or ties with
relatively high tensile strength. The validity of the proposed analytical method is checked
by comparing the results with data from experimentatl model tests described in the paper
bv Huang et al. The comparison in general shows good agreement with measured values of
bearing capacity. A failure mechanism, including the concept of ‘wide siab effect’, adopted in
the present study for analyzing the bearing capacity of foundations in reinforced slopes, is
established through the observed model test behaviors described by Binguet & Lee and
Huang et al, and the Boussinesq solutions. The FLAC program is used to further examine
the failure mechanism. ln order to properly take into account both the increase in the
shearing volume and the increase in local stress caused by soil dilatancy, typical pullout test
values of the apparent friction coefficient reporied by and Schlosser & Elias are analyzed

in the present study by regression, and functionally related. Using the proposed analytical
method, parametric studies are also carried out to investigate the effect and significance of
various pertinent parameters considered Important. The observations drawn from these
parametric studies may provide useful informations in designing reinforced slope
foundations, Further experimental studies are, however, necessary to verify these analytical

findings.
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