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ABSTRACT: 

In recent years, the implementations of Micropiles have been increased extensively in large project constructions due to the unique advantages 

of this method comparing to concrete piles. The results of numerical analysis and centrifuge tests show that the efficiency and importance of 

micropiles can be considered as an effective solution. This research is designed to compare the newly designed system of microbulb with 

micropile applying a numerical modeling with finite element software Plaxis 3D foundation v1.6. We also used the FHWA code for a 

comparative study between micropiles and microbulbs. Then the effective factors were analyzed in order to decide which method is better 

between these two methods of micropile and microbulb. The results showed that the new microbulb system is an appropriate solution for 

improvement of mechanical properties of the soil, increase of bearing capacity and settlement decrease. 

 

1. INTRODUCTION 

Using micropiles in foundations began effectively since 1950. 

Micropile is a metal pipe of 300 mm, which is drilled or placed in 

the desired depth of land, and then the grouting operations, 

including cement grouting, water and other various additive 

grouting will be applied. Considering the depth and gender 

profiles of the ground, the grout is injected under pressure of 5 to 

25 times. Micropiles are applied effectively to improve the 

mechanical properties of soil, increase bearing capacity and to 

reduce possible settlement especially for retrofitting of 

foundation constructions.  
 

Micropiles, like other geotechnical elements have both 

geotechnical capacity and bearing capacity. Micropile’s 

geotechnical bearing capacity is supplied mainly through 

interface friction and concrete links made by grout injection 

around the micropiles. Structural bearing capacity of in-situ piles 

is provided by the increase of cross-sectional area while bearing 

capacity of micropiles is provided mainly by steel elements of 

micropiles. This steel element covers about half of the borehole 

(Tom Armour, 2000) Micropile’s bearing capacity contains an 

extensive range according to the relations, which are 
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recommended in the references. These relations result in different 

bearings with regard to the method of application and type of soil. 

Recommended values of safety factor in order to determine 

bearing capacity of micropile are available in the FHWA 2.5 

regulations (Lizzi, 1985). 

 

2. HISTORICAL BACKGROUND OF MICROPILE 

 
 Lizzi used micropiles for the first time as a method in 1950 in 

Italy in order to repair the foundations of historical buildings, 

which were damaged during the worldwide two. 
 

This technology was spread very fast in the world, and some 

countries such as England, Germany and North America started 

to use this method in 1962, 1965 and 1973.  China’s first attempt 

of using this technology was in 1980 in order to protect the 

deviation of the Hu - Qiu tower that was built in the year 959. 
 

Lizzi and Plumele (1984) showed that use of micropiles creates a 

reinforced soil system with adhesion and will result in increasing 

the soil mechanical parameters. In 1973, FHWA supported a 

comprehensive investigation in relation to micropiles. The 

research group presented a comprehensive guide about how to 

impellent micropiles using the international research background, 

the laboratory results and the designed methods (Stuedlein, 2008). 
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3. MICROBULB 

Microbulb structure sharing all effective properties of the 

micropiles, has a number of differences with them. These 

differences cause changes, which lead to an increase in loading 

capacity and a decrease in movement and settlement. Generally, 

the process is as follow, injection applies with the specified 

biometric pressure, the grout moves through the holes of 

microbulb body and enters into a rubber membrane layer, and 

then the grout enters the second membrane layer and stands 

between the two membrane layers.  It should be mentioned that 

the membrane layer has been tightened with steel clamps. The 

grout is not allowed to pass the second layer and the second layer, 

which has an elastic quality, starts to swell. Then a bulb forms 

which overthrows and compress the soil around it. After that, 

some bulb shaped grout forms. These bulbs have effects on 

increase of pressure bearing capacity, tension bearding capacity 

and decrease of settlement (Figure 1). 

 
Figure 1. Test box 

4. LABORATORY TESTS 

 

In order to complete the laboratory tests (Figure 2 and Figure 3), 

12 microbulb was made, then a box was designed and made for 

tests with the size of 1meter × 1/5 meter and with the height of 2 

meters, then  layers of clay with 10cm thickness and density of 

92,88,81 was poured in the box. Later, some holes were designed 

in soil’s profile using a manual lift and then micropiles and 

microbulbs were placed in the holes. 

 

 
Figure 2. Box of tests 

 
 

Figure 3. Pressure and tension test of microbulb 

The following diagrams (Figures 4-13) show the results of 

laboratory tests on the tension and the pressure bearing capacity 

of micropiles and microbulbs. 

 

 
Figure 4. Laboratory test of pressure bearing capacity on 

micropile with three different percentage of densities equal to 

81, 88, 92 

As we can see, (Figure 4) shows that the pressure bearing capacity 

of micropile with 3 various densities of 81, 88, 92, increased as 

the percent of soil density increases. 

 

 
Figure 5. Laboratory test of pressure bearing capacity on 

microbulb with 3 densities of 81, 88, 92 percent 
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As it is shown in (Figure 5), the pressure bearing capacity of 

microbulbs with 3 various densities of 81, 88, 92 is increased as 

the percent of the soil density increases 

 

 
Figure 6. Comparison of pressure bearing capacity of micropiles 

and of microbulb with a density of 81% 

 

(Figure 6) shows the pressure bearing capacity test of micropile 

in comparison with microbulb with a density of 81% , the result 

shows that pressure bearing capacity of microbulb is more than of 

micropile and the increased amount is bout two times. 

 

 
Figure 7. Comparison of pressure bearing capacity of micropiles 

and of microbulb with a density of 88% 

 

(Figure 7) shows the pressure bearing capacity test of micropile 

in comparison with microbulb with density of 88% , the result 

shows that pressure bearing capacity of microbulb is more than of 

micropile and the increased amount is bout two times. 

 

 
Figure 8. Comparison of pressure bearing capacity of micropiles 

and of microbulb with a density of 92% 

 

(Figure 8) shows the pressure bearing capacity test of micropile 

in comparison with microbulb with a density of 92% , the result 

shows that pressure bearing capacity of microbulb is more than of 

micropile and the increased amount is bout two times. 

 

 
Figure 9. Laboratory test of tension bearing capacity of 

micropile with 3 different densities of 81, 88, 92 percent 

 

 

As (Figure 9) shows in the laboratory test of micropile’s tension 

bearing capacity with 3 different densities of 81, 88, 92 we can 

say that pressure bearing capacity increases with the increase of 

percentage of soil density. 

 

 
Figure 10. Laboratory test of tension bearing capacity of 

microbulb with 3 different densities of 81, 88, 92 percent 
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As (Figure 10) shows in the laboratory test of microbulb’s tension 

bearing capacity with 3 different densities of 81, 88, 92 we can 

say that pressure bearing capacity increases with the increase of 

percent of soil density. 

 

 
Figure 11. Comparison of laboratory tests for tension bearing 

capacity of micropile and microbulb with 81 percent of soil 

density 

 

(Figure 11) shows a laboratory test of tension bearing capacity of 

micropile and microbulb in soil with a density of 81, we can 

conclude from this figure that tension bearing capacity of 

microbulb is greater about 1.6 times in comparison to micropile. 

 

 
Figure 12. Comparison of laboratory tests for tension bearing 

capacity of micropile and of microbulb with 88 percent of soil 

density 

 

As it is shown in (Figure 12), the result of a laboratory test of 

tension bearing capacity of micropile and of microbulb in soil 

with the density of 88, shows that tension bearing capacity of 

microbulb is greater about 1.6 time in comparison to micropile in 

(Figure 13).. 

 

 
Figure 13. Comparison of laboratory tests for tension bearing 

capacity of micropile and microbulb with 92 percent of soil 

density 

5.  LABORATORY TESTS  

A three dimensional model of Plaxis 3D foundation v1. 6 was 

used in order to examine the micropile system. The Plaxis 

program development began in 1987 at the University of Delft in 

the Netherlands. The three-dimensional Plaxis program uses 

specifically for review and analysis of piles and offshore 

foundations. The soil model in this study was prepared in 

dimensions of 1 m, 1.5 m and height of 1.2 m .The length and 

diameter of the micropile were considered respectively 1 meter 

and 1 inch. (Figure 14) shows the modeled micropile in the soil 

profile. 

 

 

 
 

Figure 14. Modeled Microbulb in soil profile 

 

The microbulb was modeled with 1-meter length and the diameter 

of 9 cm. In this analysis, the Mohr-Coulomb behavioral model 

was used for the soil, and the EL linear elastic model for the 

micropile element. Table 1 shows, geotechnical parameters, soil 

properties, micropile and microbulb (Figure 15). 

 

 
Figure 15. Modeled Microbulb in soil profile 

 

 

6. THE PROGRAM OPERATION  

By selecting the desired mechanical properties suitable for the 

soil, and by performing the numerical analysis of the loading 

capacity diagram of micropile and microbulb after the 

deformations, the loading diagram was drawn. (Figure 16) shows 
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the overall movement counters of modeled microbulb in the soil 

profile. 

 

 
Figure 16. The overall movement counters of modeled 

microbulb in soil profile 

 

The following figures (Figures 17-26) shows the results of 

numerical analysis of pressure bearing capacity of micropiles 

with a 3 various densities of 81, 88, 92 percent. 

 

 
Figure 17. Numerical analysis of pressure bearing capacity of 

micropile with 3 various densities of 81, 88, 92 

 

As it is obvious in (Figure 17) in a numerical test of micropile’s 

pressure bearing capacity with 3 different densities of 81, 88, 92, 

the pressure bearing capacity increases by increase of soil density 

percent. 

 

 
Figure 18. Numerical analysis of pressure bearing capacity of 

microbulb with 3 different density of 81,88,92 

 

(Figure 18) shows that in numerical tests of micropile with 3 

different densities of 81,88,92, the pressure bearing capacity 

increases with increase of soil density percent. 

 

 
Figure 19. Comparison of pressure bearing capacity of micropile 

and of microbulb for 81 percent of density 

 

(Figure 19) shows the  comparison of numerical analysis for 

pressure bearing capacity of micropile and microbulb with a 

density of 81 percent, the result of this test reveals that pressure 

bearing capacity of microbulb is higher than micropile for an 

amount equal to  1.8 times. 

 

 
Figure 20. Comparison of pressure bearing capacity of micropile 

and of microbulb for 88 percent of density 

 
(Figure 20) shows the  comparison of numerical analysis for 

pressure bearing capacity of micropile and microbulb with a 

density of 88 percent, the result of this test reveals that pressure 

bearing capacity of microbulb is higher than of microple for an 

amount equal to  1.8 times. 

 

 
Figure 21. Comparison of pressure bearing capacity of micropile 

and microbulb for 92 percent of density 

 

(Figure 21) shows the  comparison of numerical analysis for 

pressure bearing capacity of micropile and microbulb with a 

density of 92 percent, the result of this test reveals that pressure 

bearing capacity of microbulb is higher than of micropile for an 

amount equal to  1.8 times. 
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Figure 22. Numerical analysis of tension bearing capacity of 

micropile with 3 different densities of 81,88,92 

 

(Figure 22) shows that in numerical tests of micropile with 3 

different density of 81,88,92, the tension bearing capacity 

increases with increase of soil density percent. 

 

 
Figure 23. Numerical analysis of tension bearing capacity of 

microbulb with 3 different density of 81,88,92 

 

(Figure 23) shows that in numerical tests of microbulb with 3 

different densities of 81,88,92, the tension bearing capacity 

increases with increase of soil density percent 

 

 
Figure 24. Comparison of pressure,tension capacity of micropile 

and microbulb for 81 percent of density 

 

(Figure 24) shows the  comparison of numerical analysis for 

tension bearing capacity of micropile and microbulb with  a 

density of 81 percent, the result of this test reveals that pressure 

bearing capacity of microbulb is higher than of  micropile   for an 

amount equal to 1.2 times. 

 
Figure 25. Comparison of tension bearing capacity of micropile 

and microbulb for 88 percent of density 

 

(Figure 25) shows the  comparison of numerical analysis for 

tension bearing capacity of micropile and microbulb with a 

density of 88 percent, the result of this test reveals that pressure 

bearing capacity of microbulb is higher than of micropile for an 

amount equal to  1.4 times. 

 

 
Figure 26. Comparison of tension bearing capacity of micropile 

and of microbulb for 92 percent of density 

 

(Figure 26) shows the  comparison of numerical analysis for 

tension bearing capacity of micropile and microbulb with density 

of 92 percent, the result of this test reveals that pressure bearing 

capacity of microbulb is higher than of micropile for an amount 

equal to  1.3 times. 

 

 

7. RESULTS REVIEW AND THE COMPARISON 

BETWEEN BEARING CAPACITY OF 

MICROPILE AND MICROBULB 

Having finished the calculation process after assigning initial 

conditions of material and loading, the loading diagrams for 

micropile and microbulb were completed and they are shown in 

the following (Figures 27-38). 
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As we can see in (Figure 27), the comparison of laboratory test 

and numerical test of pressure bearing capacity of micropile with 

a density of 81 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore,we can 

conclude that with the increase of amount of displacement and 

loading ,the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 28. Comparison of laboratory test and numerical analysis 

of pressure bearing capacity of micropile in soil with a density 

of 88 percent 

 

As we can see in (Figure 28), the comparison of laboratory test 

and numerical test of pressure bearing capacity of micropile with 

a density of 88 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 29. Comparison of laboratory test and numerical analysis 

of pressure bearing capacity of micropile in soil with a density 

of 92 percent 

 

As we can see in (Figure 29), the comparison of laboratory test 

and numerical test of pressure bearing capacity of micropile with 

a density of 92 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 

As we can see in (Figure 30), the comparison of laboratory test 

and numerical test of pressure bearing capacity of microbulb with 

a density of 81 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 31. Comparison of laboratory test and numerical analysis 

of pressure bearing capacity of micropile in soil with a density 

of 88 percent 

 

As we can see in (Figure 31), the comparison of laboratory test 

and numerical test of pressure bearing capacity of microbulb with 

a density of 88 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 32. Comparison of laboratory test and numerical analysis 

of pressure bearing capacity of microbulb in soil with a density 

of 92 percent 

 

As we can see in (Figure 32), the comparison of laboratory test 

and numerical test of pressure bearing capacity of microbulb with 

a density of 92 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 
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As we can see in (Figure 33), the comparison of laboratory test 

and numerical test of tension bearing capacity of micropile with 

a density of 81 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 34. Comparison of laboratory test and numerical analysis 

of tension bearing capacity of micropile in soil with a density of 

88 percent 

 

As we can see in (Figure 34), the comparison of laboratory test 

and numerical test of tension bearing capacity of micropile with 

a density of 88 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 35. Comparison of laboratory test and numerical analysis 

of tension bearing capacity of micropile in soil with a density of 

92 percent 

 

As we can see in (Figure 35), the comparison of laboratory test 

and numerical test of tension bearing capacity of micropile with 

a density of 92 percent shows that the numerical diagram is the 

normalized form of laboratory. Therefore, we can conclude that 

with the increase of amount of displacement and loading, the 

diagram for numerical test gets closer to the laboratory test 

diagram. 

 

 
Figure 36. Comparison of laboratory test and numerical analysis 

of tension bearing capacity of microbulb in soil with a density of 

81 percent 

 

As we can see in (Figure 36), the comparison of laboratory test 

and numerical test of tension bearing capacity of microbulb with 

a density of 81 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 
Figure 37. Comparison of laboratory test and numerical analysis 

of tension bearing capacity of microbulb in soil with a density of 

88 percent 

 

As we can see in (Figure 37), the comparison of laboratory test 

and numerical test of tension bearing capacity of microbulb with 

a density of 88 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 

 
Figure 38. Comparison of laboratory test and numerical analysis 

of tension bearing capacity of micropile in soil with a density of 

92 percent 
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As we can see in (Figure 38), the comparison of laboratory test 

and numerical test of tension bearing capacity of microbulb with 

a density of 92 percent shows that the numerical diagram is the 

normalized form of laboratory diagram. Therefore, we can 

conclude that with the increase of amount of displacement and 

loading, the diagram for numerical test gets closer to the 

laboratory test diagram. 

 
8. CONCLUSION 

1-Generally, the application of microbulb instead of micropile 

increases the compression bearing capacity up to 95%. 
 

2-Generally, the application of microbulb instead of micropile 

increases the tension bearing capacity up to 60%. 
 

3-By the increase of soil density, the soil fixes more to the 

microbulbs and the the rate of compression bearing capacity and 

tension bearing capacity increases to some extent an then due to 

the impossibility for the bulbs to open the rate of increase of 

microbulb’s bearing capacity  reduces in comparison to the 

microplie. 
 

4-The use of microbulb has a greater impact on compression 

bearing capacity in comparison with tension bearing capacity. 
 

5-Carefull piercing of injection tubes has caused the injection 

process to be completed in a way that all areas around the 

micropile and microbulb will have the same function. 
 

6-By reduction of water rate in comparison to the grout cement, 

the applied pressure can be increased from 3 to 3.6 times. 
 

7- Increase in number of bulbs cause the increase of compression 

bearing capacity and tension bearing capacity, but this   is 

effective for bulbs up to 3, and as the number of bulbs increases 

up to 4 or 5, this prevents the positive effect of lower micro bulbs. 
8-when the grout enters into the system, the tendency for grout 

absorption is higher in the upper bulbs and it is less for the lower 

bulbs. 
 

9-Using less diameter holes in upper bulbs helps the bulbs to 

become the same size at the time of injection. 
 

10-Using appropriate plastic mesh for protecting the bulbs leads 

to symmetric expansion of each bulb and control of rate of grout 

injection. 
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10. INVENTION  

The Expansible Bubled Micropile System was proposed by 

Mansour Mosala Nezhad, Saeed Hakimian and Abdollad 

Pourtangaki and it was approved scientifically at the Department 

of Science and Technology of Tehran University in 21 Feb. 2015 

with the letter number of 139350740003009881. This system was 

registered in 14 Jun. 2015 with the registration number of 85914, 
the International Classification of E02; E02D and certificate 

number A/89 037924 in Iran’s intellectual property Center of 

Patent Office, Iran’s state organization for registration of deeds 

and properties. 
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