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Fig. 1. The measured details of the test elements include; (a) spread circular footings, (b) footing-rammed aggregate piers, and (c)
footing-cast in place piers.
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Fig. 2. Photo of the cart and modular rails system on the
prepared embankments.
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Fig. 3. Schematic details of loading and measurements of load
and settlement systems for rammed aggregate piers.
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Layer USCS Depth SPT Soil Properties
Number  Classification Limits (m) N) Yoot (KN/m) (%) C' (kPa) o' (®) Cu (kPa)
1 Siltlayer (ML)  0.15-1.15 14-16 17 -18.9 27-31 1-2° 25° 18 - 75°
2 Clay layer (CL)  1.15-2.55 7-9 16.8-18.2 41-45 5 19.7 15-25
3 Clay layer (CL)  2.55-4.15 8-12 18.3 37 5 23 25-35

*Standard Penetration Test, " Consolidated - Drained Direct Shear Tests, © Uniaxial C ompression Tests

Table 1. Summary of physical and mechanical properties of soil layers.
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Fig. 4. Comparison of measured stress-settlement curves for spread circular footings, footing-rammed aggregate piers and footing-
cast in place concrete piers for different diameters of circular footing and piers by a constant diameter of 135 mm and a constant
length of 600 mm.

234



\T"\-\JLVJ/O e)w/r.hwa_)jé

oot Ol e wdige Sash — ele Ao

Jodor gl anglie (0) IS5 35 (o iy 5 (o e
b3 e slogls oy A5 iy GleST Gl e
JSs s a8 O S0kes ey e 0l bl oy 8w o
= s a5l b ilesTos S an 8 53 pd e saliv
(o=l ssm s Lceal (I3 Wy shls soew Jade 3 i
e dade JalS 55 e g ks 1L el
5 S Slop S gl - Sl i gl -
St S Sl e R sl m g e sk Ra &

s DJM LS“’}'.’.\) LSLQ s )\

&ﬁwﬂ&bjid‘}?l&mdﬁhgu aslie 0 K3
Sl = o (O (slopls 5 sla o (D) to3,8 4w 53 Glo pls

solos s sl - o (C) 5 e sS oy S

120 T

) s

E 100 T

S L

£ 8¢

2z L

= 60 +

2 L

g 40 | —e—F-RAP

2 f | ——F-CP

g 20 " —a—F

% 0 F : ; t :
0 100 200 300 400 500

Circular footing diameter (mm)

Fig. 5. Comparison of stiffness modulus results of the test
elements in terms of circular footing diameter for three groups
include; (a) spread circular footings, (b) footing-rammed
aggregate piers, and (c) footing-cast in place concrete piers.
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200 45 L3 1.3 1.9
250 30 1.2 1.3 1.6
300 20 1.2 1.2 1.4
350 15 1 1.2 1.2
400 11 1 1.1 1.2
450 9 1 1.1 12

Table 2. Comparison of the different ratios of stiffness
modulus of the different test elements.
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350 15 1 1 1.1
400 11 1 1 1
450 9 1 1 1

Table 3. Comparison of the different ratios of design limit
stress of the different test elements.
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Fig. 6. Comparison of design limit stress results of the test
elements in terms of circular footing diameter for three groups
include; (a) spread circular footings, (b) footing-rammed
aggregate piers, and (c) footing-cast in place concrete piers.
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Fig. 7. Comparison of the compressive load results of the test elements in terms of circular footing diameter for three groups include;
(i) spread circular footings, (ii) footing-rammed aggregate piers, and (iii) footing-cast in place concrete piers for settlements of 5, 10,
15 and 20 mm.
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Abstract

This article compares the behavior of circular footing on rammed aggregate piers and circular footing on
cast-in-place concrete piers as two types of semi-deep foundation, at small-scale on-site. Area replacement
ratio (pier on circular footing), composite (circular footing-pier) stiffness modulus and the bearing capacity
of circular footing-pier are three main factors to be studied. For this purpose, 18 compressive load tests were
carried out in the coastal area of Bushehr port, Iran. the tests were implemented in three groups on 6
elements composed of the following circular footings: circular footings on rammed aggregate piers, circular
footings on concrete piers with constant diameter and length of piers and variable diameter of circular
footing. In all three groups, the diameter of circular footings was 200, 250, 300, 350, 400 and 450 mm and in
two groups of circular footings on piers, nominal diameter and length of concrete piers and rammed
aggregate piers were 135 and 600 mm, respectively. The site was composed of wet soil layer of low
plasticity silt (ML). Underground conditions at the site were evaluated using in-situ and prevalent laboratory
tests. Measurements performed in the site were composed of applied load and top settlement in circular
footings on piers and pier's bottom settlement. The results show that for the area replacement ratios greater
than 20%, the average stiffness modulus of circular footing -concrete pier and circular footing- RAPs are
obtained to be 1.6 and 1.3 of the average stiffness modulus of circular footings, respectively. Also, for the
area replacement ratios (pier/circular footing) less than 20%, the use of cast-in-place concrete piers or
rammed aggregate piers has no effect on the stiffness modulus and bearing capacity of circular footing on
piers. In general, the comparison of load tests results on circular footings on concrete piers and rammed
aggregate piers and two types of piers shows that the performance of them is desirable in practice. Based on
the results obtained in this study and the previous research by the author in 2015 at the same site, the bearing
capacity and stiffness modulus of concrete piers and circular footing on concrete piers are relatively greater
than that of rammed aggregate piers type. However, it is unclear whether such result occur in the case of
other local soil types, layering and technical characteristics. On the other hand, as for the diameter and length
of the trial piers, tip stress (against bulging) was governed on two types of piers and circular footing on piers.
While, it is not clear with the occurrence of bulging deformation on the top of pier and the effect of circular
footing on it, whether such outcome would be repeated or not. Since very little research has been carried out
in this field, to be able to choose any one of these systems in practice, more research should be carried out in
this field. In this regard, conducting a case study with fewer loading tests and numerical modeling with
validation of results can significantly help to reduce the cost and duration of initial studies, the prediction of
results and to choose a suitable system.

KeyWords: rammed aggregate piers; soil improvement; bearing capacity; stiffness modulus; the area
replacement ratio; circular footing
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