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Ultimate Bearing Capacity of Strip Foundation
on Geogrid-Reinforced Clay Slope

By Eun Chul Shin* and Das, Braja M.**

-------------------------------

-------------------------------

Laboratory model results for the ultimate bearing capacity of a surface strip
foundation on a saturated slope remforced with geognd layers are presented.
The angle of the slope with the honzontal was varied from 35%to 507,

A biaxial geogrid was used as reinforcement for all of the model tests. The
location of the top geognid layer with respect to the bottom of the foundation,
center-to-center spacing of the geogrid layer, and depth of geogrid reinforce-
ment were varied. Based on the model test results a prelirminary outline for
estimating the ultimate bearing capacity is presented.
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1. Introduction

During the last ten to fifieen years,
a number of small-scale laboratory
model test results related to the ulti-
mate and allowable bearing capacities
of shallow foundations supported by
sand reinforced with layer(s) of geo-
grid were published in the literature
{Guido et al, 1986, 1987; Khing et
al., 1992; Omar et al., 1993). Yoo et
al., (1996) studied the bearnng capacity

bearing capacity, geogrid remnforcement, clay slope, strp foun-

..............................

of strip footing on geogrid-reinforced
cohesionless slopes. In contrast, stmilar
results for foundations on geogrid-rein-
forced clayey soils are rather limited
(Shin et al., 1993). Results of practica-
bly all studies related to bearing capa-
city of foundation available at the
present time were determined from
srmall-scale  laboratory model studies.
These studies show that, in general,
the ultimate and allowable bearing ca-
pacities of shallow foundations can be
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Fig, 1 Geometric Parameters for a Surface Strip
Foundation on Geogrid—reinforced Clay
Slope

improved by incorporating geogrid re-
inforcement. The present paper is an
extension of the work of Shin et al,
1993) in which the bearing capacity of
a stnp foundation located at the top of
a clay slope has been expermmentally
investigated in the laboratory.

Laboratory model tests of this type
have several inherent drawbacks, such
as the presence of scale effect which
15 predominant in tests conducted in
sand. Also, the use of full-scale geo-
gnd as remforcement for model tests
may give questionable results. In spite
of these shortcomings, model tests do
provide reasonable understanding of the
influence of geogrid reinforcement in
the bearing capacity improvement of
shallow foundations.

2. Geometric Parameters

The geometric parameters of the
bearing capacity study reported in this
paper are shown in fig. 1. The satu-
rated clay slope shown has a height
H and it marks an angle Awith the
horizontal.

The undrained shear strength and
the saturated unit weight of the clay
are ¢, and » respectively. There are n
layers of geogrid reinforcement with
the first layer located at a depth u
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below the bottom of the foundation.
Thus the total depth, D, of remforce-
ment measured from the bottom of the
foundation can be given as

D=u-+{n"1h (1

where h = vertical spacing between con-
secutive layers of geogrid

The geogrid-remforced clay slope
supports a surface strip foundation of
width B. The distance between the
edge of the stnp foundation and the
edge of the slope is d. The width of
each geogrid layer is b and can be
expressed as

Shin et al.{7) showed that. for hori-
zontal ground swrface(ie., A=0), for
mobihzatton of the maximum ultimate
bearing capacity

bi=h = 2B 3)

Therefore, in this swudy, bi/B was
kept at 2 for all tests. However, de-
pendmg on the magmtude of /B and
slope angle B b, was equal to or less
than 2B.

3. Model Tests

Model tests were conducted in a box
having inside dimensions of 1.22m
(length) < 152.41mmmm (width) > 610mm
{depth). The sides of the box were
braced with angle wons to prevent yielding
during soil compaction and application
of load to the mwdel foundation. The
inside of the box was made as smooth
as possible to mmimize friction with
the edges of the model foundation dur-
ing load applicaton. The model foun-
dation was made from hard wood with
dmensions of 76.1mm{B)< 152.4mm
(length) < 38.1mm {thickness). To en-
sure nigidity, an almminum plate of the
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same width as the model foundation
was mounted on its top. The base of
the moedel foundation was made rough
by cementing a thin layer of sand to it
with epoxy glue. A hole was made on
the top of the foundation to ensure that
the apphed centric load remained verti-
cal during the tests.

A natural clayey soill was used for
the tests. The grain size distnbution of
the soul is shown m fig. 2. The hquid
limit and the plasticity index of the
sotl were determuned to be 449 and
20%, respectively. The soill was pulve-
rized m the laboratory and then thor-
oughly mixed with water. In order to
ensure uniform moisture distribution,
the most so1l was then placed in sev-
eral plastic bags and cured for about a
week before use.

In starting the tests, the moist soil
was placed in the test box and compa-
ced in 25.4-mm thick layers. The com-
paction was achieved using a flat-botto-
med harmmmer. A biaxial geogrid was
used for reinforcermnent. It is one of the
weakest geogrids available commercially
in the market. The geogrid remnforce-
ment layers having b=5B were placed
at desired values of WB and h/B. After
completion of compaction, the slope was
formed by trimming the compacted soil.
For all tests, b, was kept at 2B. As
mentioned before, the magmtude of b:
was kept less than or equal to 2B, de-
pending on the slope angle 8 and depth
of reinforcemt D.

1 I

° —
1.0000 01000 oo 00 Q.00
Grain skze (mm)

Fig 2. Gramn-size Distribution of Soill used in the
Model Tests.

Table 1 Details of the Compacted Sol and Geo-

grid
Item Quantity

Compacted Soil

Unitt weight duning test 18 25kN/m’

Moisture content duning test 35.8%

Degree of saturation: dunng tests 98%

Undramned vane shear strength 91N/ +6%)
Geognd

Structure Punctured sheet drawn

Polymer PP/HDPE co-polyrmer

Junchion Unutized

Aperture size{MD/XMD) 25 4mmy33.0mm

Nomnal nb thickness 0.76mm

Normnal junction thickness 2 20mm

model foundation was placed at the top
of the slope a desired d/B. The model
test box was then placed under a steel
frame. Load to the foundation was ap-
plied with a hydraulic jack. The load
and corresponding settlement were mea-
sured by a proving ring and dial gaug-
es, respectively. The undramed shear

strength, c., of the compacted clay was
determined at the end of each bearing

Once the slope was formed, the capacity test with a hand-held wvane
Table 2 Detalls of Model Tests

Senes Adeg) diB n wB h/B Remarks
A 35, 40, 45, 50 0,1,2 - - - Unreinforced clay
B 0,35,40,45,50| 0,1,2 1,2,3,4 56 04 0333 Renforced clay
C 45 1 3 025,04,06,08 10 0333 Remforced clay
D 45 1 2,3.45 04 1332, 0 666,

0.444, 0333 Renforced clay

Note For all tests, H=0533m
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shear device. Details of the physical
parammeters of the compacted soil and
the geogrid are given in Table 1. The
ultimate load for each test was deter-
mined from the load-settlement curves
using the procedure described by Vesic
(1973). A total of 104 tests were con-
ducted and the sequence of the model
tests is summarized mn Table 2.

4, Test Results

4.1 Test Series A

The bearing capacity tests conducted
in this senes were on unreinforced
clay. Meyerhof{1957) provided the the-
ory for the ultimate bearing capacity
of a strip foundation on a satmrated
clay slope (¢=0 condition). According
to thus theory,

Q= CalNe C))

where q.= ultimate bearing capacity on
unremnforced clay
N =bearing capacity factor

For surface foundation, N.,=MN.
Load per unit area (kwhn')
0 10 20 30 40
1] T T T
B=40
2 b o
4 .
- 6} J
2
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Fig 3 Typical Plots of Load per unit area Versus s
/B—Tests on Unreinforced Alope (Series A)_
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Fig. 4 Experimental values of N. {Series A}

Hence
_ Q.
N, = . (5
Fig. 3. shows typical plots of s/B

(s = foundanon settlement) versus load
per unit area of the foundation along
with the ultimate bearing capacity, ..
The expernmentally-derived bearing
capacity factors(N.} for tests conducted
in Series A for varous values of d/B
and slope angle (5) are shown m fig. 4.
The comparison shows that, for £
less than 50°, the experimental values

Load par unit srea (KN/m” )
] = - [ ]
v T T
pesr
d/B=1
- —
ale .
£
@
-
Ty LLL)
» . q'
8

Fig 5 Typical Plots of Load per umit area Versus
s/B—Tests on Reinforced Slope {Series B,
u/B =04, h/B = 0333).
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are somewhat higher than those predi-
cted by theory.

4.2 Test Series B

The tests in this series were con-
ducted to determine the critical depth
of reinforcement, T/B ={/B)., bevond
which the contribution of reimforcement
to the improvernent of the bearing ca-
pacity 1s practically negligible. All tests
were conducted at WB=0.4 and h/B=
0.333. fig. 5. shows typical plots of s/
B wvs. load per unit area on the foun-
dation (for =40 and d&/B=1) along

Vol. 2, No. 4 / December 1998

(d)

Fig 6. Plot of Bearing Capacity Ratio with D/B and
d/B (Series B)

with ultimate beanng capacity on rein-
forced clay slope, q4R). For sunilar
values of & d/B and H/B, the ultimate
bearing capacity can be expressed im a
nondimenstonal form as

BCR="2® (6)

Fig. 6 shows the experimental vana-
tions of BCR for A=0° to 530%and d/
B=0 to 2. In all cases BCR mcreases
with D/B up to an approximate maxi-
mum  value and remains  constant
thereafter. Hence as shown in fig. 6.,
for all cases irrespective of £ and d/B,
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Fig 7 Plot of Experimental BCRoe, with d/B
{based onFig 6)
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Fig 8 Plot of BCR Versus u/B (Series C g =
45, d/B = 1, h/B = 1/3, n = 3)

the value of (ID/B). is about 1.72.

A plot of BCR pme: with d/B for
various values of the slope angle A
obtamed from fig. 6. is show in fig
7. From this fig 1t can be seen that,
for d/B > 3, the slope angle & has no
effect on the bearing capacity ratio.

43 Test Series C

The tests in Senies C were conduct-
ed to determine the critical values of u
/B e, (WB).] for mobilizatton of
maximnum ultimate bearing  capacity(for
similar values of A ¢, and d/B). In
this test series, for £=45", &/B=1, h
/B = 0.333 and n = 3, the magnitude
of wB was varied. The experimental
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Fig 9 Plot of BCR Versus h/B (Series D)

bearing capacity ratios (BCR) obtained
are shown m fig. 8 Note that the
BCR increase from wB = 0.25 and
reaches a maximum value at wB = 0.4,
Thus, the critical wB [ie, (wWB).] 1s
about 0.4,

4.4 Test Series D

Tests in this series were conducted
to determine the effect of h/B on
BCR. In conducting the tests, wB = (w/
By, =04, dB =1, D/B = (D/B)., and
A= 45" were kept constant, however, h
/B was vanied by changing the number
of remforcement layer (n). Based on
the experimental results, the wvariation
of BCR wath h/B is shown in fig. 9.
From this figure it appears that, for all
practical purpose, the effect of reinfo-
rcement of BCR 1is neghgble for h/
B . about 0.8.

5. Considerations to Estimate Ultimate
Bearing Capacity

Based on the present tests, a preli-
minary attempt to estumate the ultimate
bearing capacity of a strip foundation

on geogrid-reinforced saturated clay
clay be developed as follows.
Quis = Cu Ney + %Dy (7)

where Nyr is the modified bearing
capacity factor which is a function of
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dB, DB, wB and h/B. D: 1s the
depth of foundation.
The modified bearing capacity factor

can be expressed as

Nem = N. ap @, 2 BCR o6 -8 {8)

where N. 1s the bearing capacity factor
for unremforced slope with D/B=0. an
and @, are the reinforcement depth fac-
tor and the spacing factor. @, 15 the lo-
cation factor for the first layer of geo-
grid

BCR we, -« is the bearing capacity fac-
tor for a slope angle £ with WB = 1/3, u
/B =04 and D/B= (D/B).. =1.72

Based on many tests of this type usi-
ng several types of geognd and soil, 1t
1s the opmion of the author that the
magnitude of BCR'ws, -+ varies between
1.6 to 1.8 and can be estimated to have
an average of about 1.7.

Fig. 10. shows a plot of ap vs. D/B
for wvarious wvalues of B and d&/B. The
parameter o, can be expressed as (for
a given wB, /B, d&/B and A

10 T T T
a
LA N -
o8 -
Equntion 10
/ 9
LR o aymbsl Pidsg) O -
a, o " [
(] E1] ] |
08 - a " ] 1
[ ] “ ]
[ | “ 1
05 |- e “w 2 -1
< “ .
< “" |
04 - &> “ ] .
i« " ]
k-4 " 1 |
03 * (1] ] 4
f - " Y
02 L 1 1
00 05 1.0 15
D/B

Fig 10 Plot ot a, Versus D/B for Varnous Values
of 4 and d/B Obtained for Fig 6 (Series
B}
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— BCRlD’B)—E

* = BCRp , s )

The plots of o shown mn fig. 10.
were obtained from the experimental
values of BCR shown 1n fig. 6.(Senes B
tests). In spite of some scatter it appears
that, for all values of £ and d/B.

ap ~ 0 17%D/B) + 0.72(for D/B <1 4) (10)

o= 0 094D/B) +0.94(for 14<D/B<172)
(11)
For a give slope angle A WB, d/B
and D/B, the term «. can be defined
as

N T -7 - T
104
asl
a,
o8t
a7}
o0e 1 L - 1
0o 02 04 as 08 10
u/B
Fig. 11 Plot of a, Versus u/B Based on Fig 8
{Series C}.
14—~ T T 1
w2 f l
10 Equation 14 4
a, |
|
o8- T
08 - 4

0.0 02 04 o8 1] 10 12 14

Fig 12 Plot of a. Versus h/B Based on Fig &
{Series B}
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_ BCR s

P
' BCRuwe -»

(12)
The vanation of e, with wB dertved
from the experimental values shown in
fig. 8. is given in fig. 11.
Again, for a given slope angie 5 D
/B, w/B and d/B, the spacing factor «,
can be wrntten as,

4= BCRus

= 13
BCRun-»m a3

Fig. 12. shows the plot of @, versus
rm h/B based on the results shown in
Fig. 9. From the plot it appears that

2= 1.3-0.9"h/B) (for h/B<08) (14

6. Conclusions

The results of a number of bearing
capacity tests for a model strip foun-
dation supported by a geogrid-ren-
forced <clay slope were presented
Based on these results, the following
conclusions can be drawn.

1. Other conditions remaining the
same, the first layer of geognd
should be located at a depth of O.
4B below the foundation for max-
imum increase 1t the uvltimate
bearing capacity derived from re-
inforcement.

2. The maximum depth of reinforce-

ment which contributes to the
bearing capacity improvement is
about 1.72B.

3. A tentative procedure 1s suggested
for estimating the ultimate bearing
capacity of strip foundation.
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