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ABSTRACT: Micropiles support loads individually, as group or as a network. In cases of groups and networks, the micropiles 

and the surrounding soil will form a composite block to resist the applied loads. This may lead to a group capacity or network 

capacity that is different from the total capacity of individual piles consisting of the group or network. The group effect of piles in 

granular soil has been studied by many researchers, the results of which so far have been inconsistent. Therefore, it is difficult in 

practice to compare the performance of micropile groups from one test program with other, without considering all the factors 

together. This work consists of a model experimental study of group behaviour in sand. In this paper three important parameters, 

namely length to diameter ratio (L/D), spacing of piles and relative density of sand were considered.  For this purpose twelve 

micropile groups with each group arranged in a square grid of four piles, with centre-to-centre spacing of 2D, 4D and 6D and 

with L/D ratio of 20, 35, 50, and 65 were installed in sand bed having relative density of 50%. The group effect of ultimate total 

resistance on contractive (loose) sand was studied by installing the same number of micropile groups in sand having relative 

density of 30%.Similarly the group effect on dilative (dense) sand was studied by installing another twelve groups in sand having 

a relative density of 80%. The model micropile groups were subjected to axial compressive loading. The group efficiency came 

out to be high at 4D spacing for the entire different L/D ratio for the loose and the medium dense sand. Positive group effect was 

observed in most cases but in case of micropile group in 80% relative density, mostly negative group effect was observed. Most 

importantly the group efficiency was found to be a function of L/D ratio, spacing of the micropile groups and relative density of 

sand. 
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1 INTRODUCTION

Micropiles are small diameter piles having diameter 

less than 250mm and it is constructed by pressure 

grouting technique by pumping mortar or concrete into 

reinforcement (ф 16–32 mm). It is widely used in view 

of the facts that its construction equipment is light, 

employs a flexible layout, requires a low headroom 

area, exhibits adaptability to construction sites, and has 

less environmental effect. In cases of groups and 

networks, the micropiles and the surrounding soil will 

form a composite block to resist the applied loads. This 

may lead to a group capacity or network capacity that 

is different from the total capacity of individual piles 

consisting of the group or network.  

          Very few works exist in literature on efficiency 

of micropile groups. Lo (1967) observed that the group 

effect was not consistent, but most of piles presented 

positive group effect. In case of loose sand the 

maximum efficiency was found at 3D spacing. 

Whereas, in dense sand for rough piles, maximum 

efficiency was found at a closer spacing and then the 

efficiency decreases with the increase in spacing. 

Overall efficiency of pile groups was found to be more 

in loose sand than dense sand in most of the cases 

except for the pile groups with closer spacing the 

efficiency was higher in case of dense sand. Plumelle 

(1984) demonstrated that a negative group effect will 

develop in a micropile group, with the vertical 

displacement of the micropile group being greater than 

the vertical displacement of a single pile under axial 

loading equivalent to the axial loading per micropiles 

of a group. Lizzi (1985) reported model test results of 

group efficiency of micropile on coarse sand. The 

result showed a positive group effect at spacing 

between 2 to 6 times the pile diameter and for length of 

50D to 200D. Thus maximum efficiency was obtained 

at 4D spacing and at L/D ratio of 200D. The micropile 

groups in loose and medium dense sand showed similar 

trend. 

In 2006, FHWA (Federal Highway Administration) 

reported in the case of contractive sands, group effects 

will result in the reduction of side resistance as 

compared to an isolated pile case. The opposite will be 

true in the case of dilative sands. Overlap of shear 

stresses is the second mechanism effecting side 
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resistance in group piles. Thus, the overlap of shear 

stresses might contribute to positive increase in side 

resistance in group piles regardless of the state. Overall 

side resistance in group piles is dependent on both 

dilatancy (volume change) and stress overlap 

mechanisms. In the case of dilative sands, both 

mechanisms produce a positive effect resulting in 

increased overall side resistance. However, in the case 

of contractive sands, increase or decrease in the overall 

side resistance in group piles would depend on the 

dominant mechanism. O’Neill’s (1983) studies 

concluded that, for loose soils, the efficiency 

coefficient of the group was always higher than 1 and 

reaches a maximum for spacing of Spacing/Diameter 

ratio of 2 (S/B=2) and the coefficient increases with the 

increase in number of piles in a group. However, the 

efficiency coefficient was slightly greater than unity for 

dense sand with a spacing of 2<S/B<4.  

This work consists of a model experimental study of 

group behaviour in sand having three different relative 

densities. The model micropile groups were subjected 

to axial compressive loading. 

2 EXPERIMENTAL PROGRAMME 

2.1 Experimental set up 

For the experimental study, dry sand (Table1) was 

filled up in a model tank with physical dimensions of 

1.7m×1.5m×0.93m. To fill up the tank at a uniform 

relative density, the rainfall technique of pluviations 

was utilized. The tank was filled up by pouring sand 

uniformly through a strainer and keeping the height of 

fall of the sand particles constant. It was determined 

that when the height of fall was 40cm, 60cm and 100 

cm, the obtained relative density of the sand was 30%, 

50% and 80% respectively. 

2.2 Installation of Micropiles 

   Micropiles were installed in a square group of 4 piles 

in each group, with a spacing 2D, 4D and 6D and at 

L/D ratio of 20, 35, 50 and 65. The piles were casted 

through a steel casing pipe of external diameter 1.2 cm 

and internal diameter of 1.0 cm. At the lower end of the 

pile a 60° wooden conical shoe was attached to prevent 

sand from entering the casing during installation. A 

1.5mm diameter mild steel rod was used as 

reinforcement. The steel casing pipe along with the 

steel rod and the wooden shoe was pushed inside the 

sand manually, using a wooden template having holes 

at 2D, 4D and 6D spacing, maintaining the pipe 

vertical. Maintaining a fluid head of 100cm inside the 

casing as it was extracted in 2cm lift, the pile was 

grouted using a simple cement slurry mixture with a 

water-to-cement ratio of 0.5. This process was repeated 

until the pile was grouted and the casing extracted.  

2.3 Loading arrangement 

Vertical load was applied by a mechanical jack system. 

One end of the proving ring of capacity 0.99kg/division 

was attached to a mechanical jack and other end of the 

proving ring was fixed to the top of the pile cap by ball 

and socket arrangement shown in Figure 1.  

 

Fig.1 Loading arrangement. 

Table-1 Properties of Sand. 

 Properties values 

1 Effective grain size  

 i) D10 0.22 

 ii)     D30 0.32 

iii) D60 0.46 

2 Uniformity coefficient, Cu 2.08 

3 Coefficient of curvature, Cc 0.98 

4 Specific gravity of sand, Gs 2.67 

5 Maximum void ratio, emax 0.88 

6 Minimum void ratio, emin 0.68 

7 
Void ratio (e), under relative density 

50% 
0.78 

  

8 
Φ-value for relative density 30%, 50% 

and 80% respectively. 

34° , 

38°,43.5° 

3 Experimental Results 

The micropile groups and single micropiles having 

length to diameter (L/D) ratio of 20, 35, 50 and 65 

were installed in a sand bed of relative density of 30%, 

50% and 80% in a square grid pattern of four piles per 

group, with a spacing of 2D, 4D and 6D, where, D is 

the diameter of the micropile. Altogether 36 micropile 

groups and 12 single micropiles were grouted. Ultimate 

resistance of pile under vertical load has been taken as 

the point on the load versus displacement curve at 

which the curve maintains a continuous displacement 

increase with no further increase in load. Typical load 

settlement plots of single micropile and micropile 

group are shown in Figure 2 and Figure 3. Efficiency 

of the micropile groups were then calculated as that of 

conventional piles.  
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Fig.2 Load-settlement plot of single micropile at 30%             

relative density, L/D = 65 

    

Fig. 3 Load-settlement plot at 2D spacing, at 30% relative 

density, L/D = 65. 

3.1 Variation of efficiency with L/D ratio 

After calculation of efficiency for each of the micropile 

groups tested, efficiency versus L/D ratio were plotted 

as shown in Figure.4. It was found that efficiency of 

the groups increased with the increase in L/D ratio. All 

the micropile groups having L/D ratio of 20 exhibited 

negative group effect, except the group having 4D 

spacing at 50% relative density. Micropile groups 

having L/D ratio of 35 and 50 exhibited similar trend. 

Micropile groups at 4D and 6D spacing having 30% 

and 50% relative density exhibited positive group 

effect and the rest showed negative group effect. For 

L/D ratio of 65, negative group effect was observed at 

80% relative density for 4D and 6D spacing and the 

rest exhibited positive group effect.  Hence L/D ratio of 

the micropiles can be assumed as a governing factor 

affecting the efficiency of the micropile groups. 

  

Fig. 4 L/D ratio versus efficiency plot. 

3.2 Variation of efficiency with respect to 

relative density 

The trend of efficiency with relative density is plotted 

in Figure 5. Efficiency was found to increase from 30% 

to 50% relative density and then decrease at 80% 

relative density for 4D and 6D spacing. The trend 

changes at 2D spacing and the efficiency was found to 

increase with increase in relative density. For 30% and 

50% relative density negative group effect was 

observed for L/D ratio of 20, 35 and 50 for 2D spacing 

between the micropile groups. For 80% relative density 

almost all the group showed negative group effect, 

irrespective of different spacing between the 

micropiles. Positive group effect was observed at 

higher L/D ratios for all the three relative densities. So, 

relative density is also one of the key factors that 

influence the efficiency of the micropile groups. 

 

  

Fig.5 Relative Density versus efficiency plot 

3.3 Variation of efficiency with 

spacing/diameter ratio: 

Figure 6 shows the plot of spacing/diameter ratio 

versus efficiency of 4-pile groups with spacing of 2D, 

4D and 6D. At 30% and 50% relative density, 

minimum efficiency is observed at 2D spacing and 

maximum efficiency is observed 4D spacing. Whereas 
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at 80% relative density, maximum efficiency is 

observed at 2D spacing and it gradually reduces at 4D 

and 6D spacing.  This observation is similar to that of 

Lo (1967). Group effect of Lizzi’s (1985) might not be 

similar to the present investigation, because of 

dissimilarity among the parameters but the trend of 

efficiency was seen almost similar to that of Lizzi 

(1985) where the maximum efficiency was obtained at 

4D spacing and at higher L/D ratio of 200D. The 

micropile groups in loose and medium dense sand 

showed similar trend in Lizzi’s (1985) work which is 

also observed in this work. Similar agreement with 

O’Neill’s (1983) work is not observed in the present 

investigation. 

 

  

Fig. 6 Spacing/Diameter ratio versus efficiency 

Table-2 Percentage variation of efficiency with the 

increase in relative density 

 

L/D 

ratio 

Increase in 

relative density 

from (%) 

 

2D in 

(%) 

 

4D in 

(%) 

 

6D in 

(%) 

20 30 to 50 2.32 0.97 2.08 

35 30 to 50 2.24 3.39 3.60 

50 30 to 50 6.60 2.38 5.17 

65 30 to 50 2.90 2.32 4.10 

20 30 to 80 5.81 -14.50 -11.46 

35 30 to 80 7.86 -22.03 -21.62 

50 30 to 80 9.89 -23.81 -21.55 

65 30 to 80 5.80 -21.70 -21.31 

20 50 to 80 3.41 -15.40 -13.30 

35 50 to 80 5.50 -24.60 -24.35 

50 50 to 80 3.10 -25.60 -25.40 

65 50 to 80 2.81 -23.50 -24.41 

Table 2 shows the percentage variation in efficiency, 

with the increase in relative density. In case of 2D 

spacing, there is insignificant increase in efficiency 

with increase in relative density. Again in case of 4D 

and 6D spacing, percentage increase in efficiency from 

30% to 50% relative density is not significant. 

However for 4D spacing and 6D spacing, percentage 

decrease in efficiency with increase of relative density 

from 30% to 80% and from 50% to 80% is found to be 

significant. 

           Hence it is observed that the micropile group 

effect is dependent on many factors and the results so 

far are inconsistent. Length to diameter ratio, state of 

the sand and relative density are important factors. 

Moreover the FHWA (Federal Highway 

Administration), 2006, has shown that the state of the 

sand, whether dilative or contractive and overlap of 

shear stresses are important parameters affecting 

micropile group effects. Further studies are needed to 

know better, factors effecting efficiency of micropile 

groups.   

4 Conclusions 

Length by diameter ratio (L/D), relative density of the 

sand and spacing of the micropiles in the groups are 

governing factors affecting the efficiency of the 

micropile groups. Efficiency of the groups increases 

with the increase in L/D ratio. At 30% and 50% 

relative density, minimum efficiency is observed at 2D 

spacing and maximum efficiency is observed 4D 

spacing. Whereas at 80% relative density, maximum 

efficiency is observed at 2D spacing and it gradually 

reduces at 4D and 6D spacing. Efficiency was found to 

increase from 30% to 50% relative density and then 

decrease at 80% relative density for 4D and 6D 

spacing. The trend changes at 2D spacing and the 

efficiency was found to increase with increase in 

relative density. 
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