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ABSTRACT: Laboratory model test results for the ultimate bearing capacity of two closely-spaced 
strip foundations supported by geogrid-reinforced sand have been presented. The center-to-center 
spacing to width of foundation ratio was varied from 1.5 to 3.5. The group efficiency variation with 
foundation spacing for varying numbers of reinforcement layers is discussed. 

I INTRODUCTION 

Improvement of the bearing capacity of isolated 
shallow foundations supported by reinforced sand 
has been studied in the past by investigators such 
as Akinmusuru and Akinbolande (1981), Binquet 
and Lee (1975), Fragaszy and Lawton (1984), 
Guido et al. (1986), Guido et al. (1985), Huang 
and Tatsuoka (1988, 1990). The improvement of 
the, ultimate bearing capacity has generally been 
expressed in a nondimensional form called the 
bearing capacity ratio (BCR), or 

BeR = g'(R) ( 1 )  

where g'(R) and g ,  = ultimate bearing capacity of 
the foundation supported, respectively, by rein
forced and unreinforced soil. 

The present paper relates to the evaluation, by 
lahoratory model tests, of the ultimate bearing 
capacity of two closelY,-spaced strip foundations 
located on the surface of a sand layer reinforced 
with layers of geogrid. It needs to be pointed out 
that, at the present time, all available studies for 
ultimate bearing capacity with geogrid reinforce'
ment in soil have been conduced with isolated 
square foundations (Guido et aI., 1986). Studies 
related to the bearing capacity of two c1osely
spaced strip foundations supported by unrein
forced sand are available (e.g., Stuart, 1962; Das 
and Larbi-Cherif, 1983) in the literature. 

2 INTERFERENCE EFFECT OF TWO 
CLOSELY-SPACED SHALLOW STRIP 
FOUNDATIONS ON SAND 

Stuart (1962) theoretically solved the problem of 
the interference effect on the ultimate bearing 
capacity of two closely-spaced shaJlow strip foun
dations each having the same width B supported 
by an unreinforced sand layer. Based on his 
analysis, for a given soil friction angle, <p, the 
ultimate bearing capacity (q,) increases as the 
center-to-center spacing of the foundations (S) 
decreases. Das and Larbi-Cherif (1983) showed 
by laboratory model tests that, although the 
general trend of the group efficiency (" = qV g,) 
was similar to that predicted by theory, its mag, 
nitude for a given SIB was substantiaJly smaller. 

In order to evaluate the interference effect of 
two closely-spaced shallow strip foundations sup
ported by geogrid-reinforced sand, we first 
consider an isolated surface strip foundation as 
shown in Fig. 1, in which there are N geogrid 
layers, each having a width b. The depth of rein
forcement can be given as 

d = u + (N - l)h 

Also, referring to Fig. 1 
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At ultimate load, the nature of the failure surface 
in soil can be approximately defined by the lines 
AB and CD. This is true if ulB < 0.67 to 1.0 
(Binquet and Lee, 1975; Guido et al.. 1985,1986). 
The increase in the ultimate bearing capacity is 
due to an increase of stiffness in zone 1 and 
frictional resistance in zone 2 Zones marked 2 
also provide resistance due to the development 
of passive pressure along the ribs of the geogrid 
layer. It is also important to note that, for given 
biB, ulB and hlB, the magnitude of BCR will 
increase with N (and, so, d) up to a maximum 
value at d � d" and remaih practically constant 
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Fig. 1 Isolated shallow strip foundation 
supported by geogrid-reinforced sand 
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thereafter. Similarly, for given u/B. hlB and 
dlB, the value of BCR will reach a maximum at 
b � b". Hence. for optimum design, the depth 
and width of the geogrid reinforcement may be 
kept at d" and b", respectively. 

Figure 2 shows two strip foundations located at 
a center-to-center spacing S. For similar values 
of B, u, h, d and b, (Fig. J ). the ultimate bearing 
capacity qo(R) may decrease somewhat, thus 
decreasing the group efficiency, 1] � q�(R/ qO(R)' 
This is due to the fact that there is an increase of 
applied stress in zone 3 (stress overlap zone) 
transferred from the two foundations. Also, zone 
4, which may be termed an inactive zone, 
remains practically static and does not provide 
any frictional resistance. This is probably true if 
N is greater than 3. In fact, the soil from zone 1 
may be pushed into zone 4 and try to move the 
geogrid layer upward. 

The purpose of the present paper is to provide 
some recent laboratory model test results for an 
insight into the group efficiency of two closely
spaced strip foundations (SIB � 1.5 to 3.5) on 
sand with and without geogrid reinforcement. 

3 LABORATORY MODEL TESTS 

A fine, rounded silica sand was used for the 
present model tests. The sand has 100% passing 
No. 20 U.S. sieve (0.S5-mm opening). 26% 
passing No. 40 U.S. sieve (0.42S-mm opening), 
and 0% passing No. 60 U.s. sieve (0.25-mm 
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Fig 2 Two closely-spaced strip foundations supported by geogrid-reinforced sand 
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opening). A biaxial geogrid was used for rein
forcement. The physical properties of this geo
grid are: ' structure--punched sheet drawn; 
polymer-·PP IHDPE co-polymer; junction 
method--unitized;aperturesize(MD/XMD)--25.4 
mm/33.02 mm; nominal rib thickness--0.762 mm; 
nominal junction thickness--2.28. 

Laboratory model tests for the strip foundation 
were conducted in a box measuring 1.2 m 
(length) x 304.8 mm (width) x 914 mm (depth). 
The model strip foundations used for the tests 
had dimensions of 101.6 mm (B) x 304.8 mm. 
The base of the foundations were made rough by 
cementing a thin layer of sand using epoxy glue. 

In conducting a model test, sand was poured 
into the test box in 255-mm thick layers using a 
raining technique. The accuracy of sand place
ment and consistency of placement density were 
checked by placing small cans with known 
volumes at different locations in the box. Oeo
grid layers were placed in the sand at desired 
values of u/B and hlB. The model foundation(s) 
was placed on the surface of the sand bed. Load 
to the model foundation(s) was applied by a 
hydraulic jack. The load and corresponding 
foundation settlement were measured by a 
proving ring and dial gauge(s). When two 
closely-spaced foundations were tested, they were 
rigidly attached to a steel bar. Load to the foun
dation(s) was applied at the center of the rigid 
bar. 
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Fig 3 Variation of load per unit area with sIB--
Series A and B-1 
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For all tests, the average relative density of 
compaction (D,) and the corresponding angle of 
friction (1)) were kept at 70% and 40.3 0 respec
tively. At this relative density, the unit weight of 
sand was 17.14 kN/m'. Table 1 gives the 
sequence of the laboratory model tests conducted 
under this program. 

4 MODEL TEST RESULTS 

4.1 Test Series A and B-1 

The curves for load per unit area versus settle
ment, s, of a single foundation obtained from 
Test Series A and B-1 are given in Fig. 3 along 
with the ultimate bearing capacities [q, and q'(l<)l. 
Based on the experimental ultimate bearing capa
cities, the magnitudes of BCR (Eq. 1) have been 
calculated and plotted in Fig. 4. From this figure 
it may be seen that BCR increases with N up to 
a maximum value (BCR = BCRm,,) and remains 
constant thereafter (i.e., at d � dcr). For these 
tests dcr � 2.25B. 

4.2 Test Series B-2 

These tests were conducted to determine the 
approximate critical value of bcr and hence b,(cr)' 
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Fig 4 Variation of BCR with N--Series A and 
B-1 



Table 1. Sequence of laboratory model tests. 

Series 

A 

B-1 

B-2 

C 

D 

E-l 

E-2 

E-3 

E-4 

E-5 

Description 

Tests on single foundation without reinforcement 

Tests on single. foundation with geogrid reinforcement. 
Constant parameters: ulB � 0.375, hlB � 0.375, biB � 10.75 
Variable parameter: N 
Purpose: To determine d � d" 
Tests on single foundation with geogrid reinforcement. 
Constant parameters: ulB � 0.375, hlB � 0.375, N � 6 
Variable parameter: biB 
Purpose: To determine b � b" and hence b,(,,) = (b" - B)/2 

Tests on single foundation with geogrid reinforcement. 
Constant parameters: ulB � 0.375, dlB � d,/B, bJB = (b" - B)/2 
Variable parameter: N (2 to 6) with hlB = (d" - u)/[(N - I)B] 
Purpose: To determine qu(R) for calculation of 1] .  

Tests on two closely-spaced foundations without geogrid reinforcement. 
Variable parameter: SIB 
Purpose: To determine q�1 qu 

Tests on two closely-spaced foundations with geogrid reinforcement. 
Constant parameters: ulB � 0.375, N = 6, biB � (d" - u)/[(N - I)B], b, � b",,) 
Variable parameter: SIB � 1.5 to 3.5 
Purpose: To determine q�(R/ qU(R) 

Same as Series E-l with N � 5 

Same as Series E-l with N � 4 

Same as Series E-l with N � 3 

Same as Series E-l with N � 2 

Based on the laboratory test results, the 
variation of BCR [qU(R/ qu] with biB has been 
plotted in Fig. 5. From this figure it appears 
that bjB � 6 and, hence, b,(",) � 2.5E. 

along with those obtained from Series A (qu) are 
shown in Fig. 6. 

4.3 Test Series C 

The tests in this series were conducted on single 
foundation with ulB � 0.375 and the depth of 
reinforcement extending up to a depth d". The 
number of reinforcement layers was varied from 
2 to 6 with hlB � (d" - u)/[(N - I)B]. The ulti
mate bearing capacities (qU(R) thus determined 
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4.4 Test Series D, E-l, E-2, E-3, E-4 and E-5 

Laboratory model tests in these series were con
ducted to determine the group efficiency which 
has been previously defined as 

q'u 1] = - (for unreinforced sand) (4) 
qu 

and 



I I] = q o(R) (for rein,forced sand) (4) 
qo(R) 

Note that, for all group tests in Series E, d = d" 
= 2.25B, u = 0.375B, and b, = b,(,,) = 2.5B. 
Also, for Test Series E-l, E-2, E-3, E-4 and E-5, 
the magnitudes of h were kept respectively at 
0.375B, 0.469B, O.625B, O.938B and 1.875B. 
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Fig 5 Variation of HCR with b/B--Series B-2 
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A summary of the variation of the ultimate 
bearing capacities, qo (Series D) and q!(R) (Series 
E-l to E-5), with SIB is shown in Fig. 7. Using 
these values and those given in Fig. 6 [for qo and 
qO(R)]' the group efficiencies were calculated and 
are shown in Fig. 8. From these plots it appears 
that, within the range of the tests, the variation 
of 1], for a given value of ulB and d/B and hlB, 
is approximately linear with SIB. 
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Fig 6 Variation of qo and qo(R) for Series A and 
C [For Series C,.u = 0.375B, d = d,,, b = 
b,,, h = (d" - u)/(N - I).] 
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Fig 7 Variation of go and g"(R) with S/B--Test Series D, E-l, E-2, E-3, E-4 and E-5 
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Fig 8 Variation of group efficiency with SIB based on the results shown in Figs. 6 and 7 

5 CONCLUSIONS 

The results of a number of laboratory model tests 
for the bearing capacity efficiency of two closely
spaced strip foundations supported by geogrid
reinforced sand layers have been presented. 
Based on the model test results, the following 
conclusions can be drawn: 

1.  For a given ulB, dlB and hlB, the group 
efficiency decreases with the center-to-center 
spacing (S) of the foundation. 

2. For SIB between 1.5 to 3.5, the group 
efficiency is greater than one for tests on 
unreinforced soil. However, in the case of 
reinforced soil, 11 is generally less than one for 
most cases. 
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