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STABILITY OF REINFORCED SAND FOOTING

ABSTRACT:

A series of bearing capacity tests were carried out to consider the effect of
reinforcing strip length, with various vertical and horizontal spacing of
reinforcement on the load settlement curve behavior and bearing capacity ratio.
The footing was square-sided place on deep homogenous bed of sand at a dense
state using sand raining technique. The sand was reinforced with (30 mm) wide
aluminum strips the curves of load-settlement behavior generally showed the same
trend in all the tests. Failure was defined as settlement = 10% of the footing width.
Diferent BCR-L relation of failure were gained and showed improvement of BCR

by a factor of about (1.5-4.0) the optimum length of reinforcement was found to be
(2.5) times the footing width.

1-Introdution:

a reinforced sand footing is a soil foundation containing horizontally bedded thin
flat strips or ties. The reinforcing action requires good frictional bond between
reinforcing strips and the soil particles, so only free drainage granular soil are
considered. The reinforcing can usually be any material possessing a substantial
friction coefficient with the soil mass and capable of withstanding the tension force
and deformation induced in the fill (3). The main advantage of this method of
construction is the low cost. Since Vidal pioneering the study of reinforced earth,
much work has been done by several others on the analysis, design, model and field
testing and construction of reinforced soil structures. While much research has been
conducted during the past two decades related to earth retaining walls,
comparatively little work has been done on the bearing capacity of the reinforced
soil. However the work of Binquet and Lee show that the reinforced earth
technology is also applicable to bearing capacity problems (1).

This paper presents results of laboratory model tests with square footing on deep
homogenous reinforced sand bed. The principle parameter studied was the effect of
length of reinforcing strips on the load-settlement behavior and bearing capacity
ratio with deferent horizontal and vertical spacing of reinforcement.




2-Materials, test apparatus, procedures and testing programime:
2-1-Materials:

2-1-1-Soil properties:

The soil used in the laboratory model tests was granular uniformly graded sand
with a uniform soil classification system-designation SW. the soil has a uniformity
coefficient Cu=(2.2), a concavity coefficient Cc=1.1 and fifty percentage passing
D5¢=0.4 mm. The maximum density of the soil was 1.65 mg/m’ determined by
means of compaction test (5), while the maximum density was (1.45) mg/m’ found
Gar test method. The density of the sand was calibrated by Sand Raining method.
The sand was rained through a mesh (2.87 x 2.87) mm opening using deferent
heights of drop which gave deferent values of placing density (7).

Figure (1) shows the relation between height of drop, density and relative density of
the sand. It was decided to use dense state with density of (1.6) mg/m’ through out
the investigation. This was obtained by (45) cm height of raining which yielded into
a relative density of 70%. The friction angle @ of the soil was (38°) at the desired
density which was determined by direct shear test.

2-1-2-Reinforcing strips:

The reinforcing strips were cut from rolls of household aluminum foil (0.03) mm
thick and (30) mm wide. The breaking strength of the strips was (1000) kg/cm?,
The angle of friction between the and the reinforcement was (22°) determined by
direct shear test using (60 x 60) mm shear box. The lower part of the box was filled
with a wooden block covered with aluminum foil, while the upper part of the box
was filled with sand placed at the proposed density (2).

2-2-Test apparatus:

The tests were all conducted in a well-stiffened wooden box of (40 cm deep x 32
m wide x 32 ¢cm length), supported by a rigid frame work. The footing used was
(10) cm square-sided rigid steel plate (10) mm thick. A recess was made into the
center of the plate to accommodate a ball bearing through which vertjcal loads were
applied to the footing uniformly. Vertical loads were applied by meaés of a
motorized 2 tones capacity screw jack at a constant rate of (10) mm/hr, which was
bolted to loading frame located above the box. The settlement of the footing was
measured with dial gauge placed on the footing suface.

2-3-Testing programme:

Fig. (2) represents layout of the reinforcement, under different reinforcing
conditions used through the study.

The main parameter concerned in this study was the effects of length of reinforcing
strips on the load-settlement curve behavior and bearing capacity ratio, with
different horizontal and vertical spacing.




While other parameters such as sand and reinforcement properties, placement
density of the fill and depth of top layer of reinforcement below footing were kept
constant. The tests were divided into two main series as presented in table (1).

2-4-Test procedure:

The testing procedure started by placing (40) mm of sand over base of the box, then
the first layer of reinforcing stnps were laid. The sand was placed at the proposed
density of about (1.6) mg/m’ keeping a constant height of (45) cm above the sand
surface which controlled by sliding a hose up and down. In order to obtain a
uniform density and leveled surface, the raining hose was continuously moved
forward and backward and in transverse direction. When the level of the reinforcing
strips was reached, leveling the sand surface was performed to give good contact
between the strips and the sand bed. After laying the last of reinforcement a sand
layer was placed representing the depth of top layer of reinforcement below
footing, then the footing was placed and the dial gauge was attached to the footing
surface (6). The loads were applied in small increments and the resulting
movements noted so that the entire load-displacement curve to failure was obtained.

3-Results and discussion :

A series of tests were conducted to study the effect of reinforcing strip length on the
behavior of load-settlement curve and to find the optimum strip length required to
obtain maximum bearing load. The strip length was varied from (15) cm to (30) cm
in increment of (7.5) cm.

A reference test was performed for the case of no-reinforcement . the ultimate load
P, for the unreinforced sand was found to be({68) kg. This value agree closely with
the theoretical ultimate load calculated from the equation:

=V YBNy.............. (1)

where Ny is bearing capacity factor based on plain strain friciton angle taken from
Mayerhof curve. The term bearing capasity ratio BCR, was adopted for
convenience in expressing and comparing test data:

BCR=P/Py................. 2)
In which P & P, were respectively, the ultimate load for reinforced and
unreinforced soil test at any desired vertical settlement (4).
Fig.(4) shows typical family of load-settlement curves for NR=3 strip/layer
(Hs=15 cm), N=4 layers, (Vs=10 cm) and varying length of reinforcing strips. The
curve generally showed the same trend in all the tests. After yield the load-
settlement behavior exhibited strain softening, where load decreases then became
constant with increasing settlement. The ultimate load in any test was defined as the
load corresponding to the beginning of the strain-softening portion of the curve,
which was found approximately to be 10 mm (S/B=10%). For small settlement (e.g.
5=5 mm corresponding to S/B=5%), the ultimate load was not reached, therefore
the BCR for this low settlement represents a comparison of the non-fialure load-




settlement stiffness. For large settlements (e.g. S 2210 mm corresponding to
S/B>>»10%), the footing had actually failed, and the BCR values for these large
settlements represent a comparison of the failure load-settlement stiffness.

Fig.(3) showed the type of footing failure. It has been showed that for L=30 cm, the
reinforcing strip in the upper layer had broken in tension, at location approximately
under the edges of the footing. For other two tests with L=15 & 22.5 cm, failure
had occurred by the ties pulling-out after overcoming the soil-tie friction resistance.
The effect of reinforcing strip length on the BCR is divided into two main series as
follows:

Series I: Different horizontal spacing Hs

Fig.(4-a to 4-d) show the effect of strip length on the behavior of load-
settlement curve for different Hs Fig.(4-¢) shows different BCR-L relations for
S/B=10% corresponding to failure condition. The shape of the curves suggested
that at any LDR%, three stages could be identified for the failure mechanism of the
footing: L <18 cm, 18 <L <26 cm, and L > 26 cm for L< 18 cm, the rate of
increase of BCR with increasing length of reinforcement was low. Also there was
little difference between the BCR. However the rate of increase for 18 cm <26 cm
was steeper. Beyond L > 26 cm the rate of increase of BCR was very low
effectively showing that there was little change in BCR with in increasing length of
reinforcement.

Series II: Different vertical spacing :

Fig.(5-a to 5-d) show the effect of strip length on the behavior of load-
settlement curvee for different Sr. Fig.(5-e) shows different BCR-L relations for
failure condition of S/B=10%. For Sv=30 cm, the rate of increase of BCR with
increasing length of reinforcement was low. For Sv<30 cm layers , three stages
could be identified: L<I18 cm, 18 cm <L <26 ¢cm and L > 26 c¢cm. The rate of
increase of BCR with increasing length of reinforcement was steep for 18 cm <L
<26 cm, while this rate was low effectively for other L.

4-Conclusions:

Based on the result discussed in the present investigation, the following conclusions

have been drawn:

1-Different BCR-L relations have been found. These relations can be used as
guide charts to determine the horizontal spacing between reinforcing strips and
vertical spacing between reinforcing layers, if the amount of BCR and
reinforcing strip length are selected and vice versa.

2-This concluded that the use reinforcing strip length (L < 1.5 B) is inconvenient
as it yields into small BCR, even under small vertical and horizontal spacing of
the reinforcement while the length of (I > 1.5 B) allows the use of large vertical
and horizontal spacing of the reinforcement and cause to gain large BCR.

3-It is concluded that the use of about 2.5 b as optimum length of reinforcing strip
length produces a maximum BCR, and any additional length is wasted for




practical application consideration and does not appear to significantly affect
bearing capacity.

4-Different graphs for different values of the studied parameters can be obtained
from the data of this study.

5-It has been found that for breakage type of failure , the reinforcement in the
upper layer, broken in tension at location approximately under the edge of the
footing.

6-Beginning portion of the strain-softening portion of the curve of load-settlement
curve, which was approximately 10 mm (S/B=10%) can be regarded as ultimate
failure condition.

5-Reference:

l-Akinmusur, J.O. and Akinbolade, J.A. (1981). “Stability of loaded footing on
Reinforced Soil”. Journal of Geot. Eng. Dir., Proc. ASCE, Vol. 107, No. GT6,
PP. 819-825).

2-ButterField, R. and Andrawes, K.Z. (1972). “On the Angles of Friction between
sand and plane surface.” . Journal of Terramechanics, Vol. 8, No. 4, pp. 15-23

3-Binquet, J. and Lee , K. L. (1975). “Bearing capasity testson reinforced earth
slabs™. Journal of Geot. Eng. Dir. Proc. ASCE, Vol 10, no. GT12, pp. 1241-
1255.

4-Binquet, J. and Lee | K. L. (1975). “Bearing capasity testson reinforced earth
slabs”. Journal of Geot. Eng. Dir. Proc. ASCE, Vol 10, no. GT12, pp. 1257~
1276.

5-BS.1-1377 (1975). “ Method of test for soils for civil engineering purposes”. Inst.
Of civil Eng. London.

6-Fragaszy, R. Lawton, E. and Asgharzaded-Foziz (1983). “Bearing capacity of
reinforced sand”. Improvement of ground, Proc. Of the earth European
conference on soil mech. And foundation, Eng. Vol. 1, , PP 357-360.

7-Kolbuszewki, JJ. (1984). “ An experimental study of maximum and minimum
parasites of sand”. Proc. Of the 2™ int. conf. Of soil mech. And foundation eng.
Rotterdam, Vol . 1, pp 158-165. :




~+ dSogdii1ed aland ddpd -1
030 pdd ydudd pogdi 90 SOy JO1) ALIGD AT 13 55 IS & ASOAL 53,8 sasdd
Ialiuct) A 99 5534 pis Y A (CUTVE) (§)dS)LS A Eldydi)g IS dudigs 9993 yS0aleld
- ORD3ydd podyA) daddid L 5 oSsker By 9t 33 )%509300u 49 e
943 sl oS yS S )y SL19 S (AD il ydS EIAd g9 y9her t Loy 1l Y
Al Hdd , ogdiliad 9 1)5948)4) Tl Ok §33)3 993993 Sdtogle 3 13 Sidigg pu & (190
$90) (19924 S dSyd) G119 9 03,5 A AF T g HLS A ddfabe 03307 pdd St yifacion
13 GlikdylSdy A $4SaF ) o313y Slaydu Mdd
3 (090y98 Y AN JLSdeland dipod (ilS4y

OMedS Al UIBD &Y GLSIo3SE 5310kl 091y SOTaLd 13450902 )SALD &8 Loy @

031993 9 (lieyhe) 9 LS’ G359 Sl A dydd i gy (Sdtiliogdd

- Oldog i, Sy
iy Sk £ 131,0 10 A SladSANIF aazdy oD ,840yd SIS 13 Gty &1 @
033 oSl Albdy LS )

b ¥,0 yaSdd olad LS o iy (019503 (pdDggad Sl dy @
Gkt A9 dedd AS Saaland diyod gdd) A dyaSIleoa i ledS (footing )adliy
LiledSadliy




Series I: Different horizontal spacing of reinforcement (Hs):

N Vs NR Hs L
layer cm | reinf./layer | cm cm
3 12 2 30 15,225, 30
3 15 15,225 30
4 10 | 15,225, 30

7 5

Series II: Different vertical spacing of reinforcement (Vs):

NR Hs N Vs L
Reinf./layer cm layer cm cm
4 10 2 30 15,22.5,30
3 15 15,225, 30
4 10 15,22.5, 30
7 5 15,225, 30
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