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Objective of the Research 

      Due to limited knowledge currently available in the literature about 

using helical piles in expansive soils, the present study is an attempt to 

understand and demonstrate the behavior and influence of adding 

different types of additives during installation of helical piles in 

expansive soils in reducing the heave and resisting pullout force. In this 

research, the following aspects are covered: 

1. Investigate the relative movements of the helical piles to the top 

surface of the bed of the soil.                                                                                          

2. The behavior of helical piles under pullout force.                                

3. The behavior of groups of helical piles embedded in high expansive 

soil. The effect of pile spacing, helix diameter, number of helix and pile 

length on the upward movement are investigated.                                  

4. Studying the behavior of expansive soil treated with different types of 

additives during helical piles driving.                                                    

5. A finite element analysis is carried out to simulate the swelling process 

and suitability of helical piles in expansive soil in full scale problems by 

using Program Plaxis 3D (2013). The Plaxis computer program is used as 

a finite element tool and the soil is represented by hardening soil model.  



Originality of  Study 

 

In general, there are two methods of treatment 

expansive soil: 

1-Chemical Treatment 

2-Mechanical Treatment 

In this study, new treatment is introduced that 

combined between  chemical and mechanical 

treatment as shown in figures below: 
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Summary 

 
1. Little  studies or research works was found to study 

the effect of adding different types of additives during 

installation of helical piles in expansive soils.  

2.  A number of studies actually dealt with using helical 

piles in the expansive unsaturated soil, but limited 

studies dealt with such soil  and simulate its behavior 

close to the field conditions. Therefore, it is necessary 

to model the performance of helical piles in such soils 

and evaluate its behavior. 

3.  Also, numerical implementation of helical pile in 

expansive soil is scarce in the literature.     

       



Testing Program 
 Measuring water content, suction 

and swelling of expansive soil 
during period of saturation. 

 Measuring uplift movement and 
pullout force for ordinary and 
helical pile with single and double 
helix plates extended to loose and 
dense sandy soil through 
expansive soil. 

  Measuring uplift movement and 
pullout force for ordinary and 
helical pile with single and double 
helix plates extended to expansive 
soil. 

 

 

 

 Measuring uplift movement  for 
group of helical piles [2x2]  with 
single and double helix plates 
extended to expansive soil for 
three spacing (3dh, 4dh, 5dh). 

  Measuring uplift movement and 
pullout force for helical pile with 
double helix plates extended to 
expansive soil  after addition of 
additives and mixed additives 
during installation of helical piles . 

 

 



Value Soil Property Standard Test Name 

2.78 Specific Gravity (Gs) (ASTM D-854) Specific Gravity 

102 Liquid limit(L.L),% 
 

(ASTM D-4318) 

 

Atterbeg Limits 43 Plastic Limit(P.L),% 

59 Plasticity  Index(P.I),% 

53 Clay, % 

(ASTM D-422) Grain size analysis 

27 Silt,% 

20 Sand,% 

0 Gravel,% 

CH 
Unified Soil Classification 

System(USCS) 

13.4, 13.1 
Maximum Dry Unit 

Weight,(kN/m3) 

(ASTM D-1557) 

Standard Compaction Test 

and (3/4) Energy of  

Standard Test 
18, 19 

Optimum Moisture 

Content(O.M.C),% 

1.08 Initial void ratio(e0) 

22 Linear Shrinkage,% (ASTM D-4318) Linear Shrinkage 

1.11 Activity Activity 

Summary of Physical Properties of Expansive Soil Used 



Summary of Mechanical Properties of Expansive Soil 

Used. 
 



No. Additives Name Percentages% 

1 Silica Fumes 0.5,1.5,3 

2 Fumed Silica 0.5,1.5,3 

3 Hydrated Lime 2,4,6 

4 Cement(SRC Type) 1,3,5 

5 Cement Dust 1,3,5 

6 Coal Fly Ash 0.5,1.5,3 

7 Crushed Brick 2,3.5 ,5 

8 Crushed Ceramic 2,3.5 ,5 

9 Clinker 2,4,6 

10 

Hydrated lime:Slica Fumes (1:1) 2,4,6 

Hydrated lime:Slica Fumes (1:3) 2,4,6 

Hydrated lime:Slica Fumes (3:1) 2,4,6 

11 

Silica Fumes: Coal Fly Ash(1:1) 0.5,1.5,3 

Silica Fumes: Coal Fly Ash(1:3) 0.5,1.5,3 

Silica Fumes: Coal Fly Ash(3:1) 0.5,1.5,3 

12 

Hydrated lime: Cement (1:1) 2,4,6 

Hydrated lime: Cement (1:3) 2,4,6 

Hydrated lime: Cement (3:1) 2,4,6 

               Types of Additives with their Percentages. 
 



Helical Pile Models 



Uplift Movement Test 



Pullout Load Test 





Swelling Stages of Soil Surface and Helical Pile 

Time=0 day,  Ss=0 , Sp=0 

Time=1day,  Ss=10mm , 

Sp=1.1mm 

 



Swelling Stages of Soil Surface and Helical Pile 

Time=7days, Ss=53.5mm, 

Sp=4.56mm 

Time=13days, Ss=79mm, 

Sp=13.35mm 



Swelling Stages of Soil Surface and Helical Pile 

Time=16days, Ss=84mm, 

Sp=19.1mm 

Time=34days, Ss=85.5mm, 

Sp=39.54mm 



Swelling Stages of Soil Surface and Helical Pile 

Before Beginning of 

Saturation 

Time=45days, Ss=85.6mm, 

Sp=47mm 



Relationship between Time of Saturation and Suction of  Prepared 

Expansive Soil. 
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Variation of Maximum Uplift Movement of Helical Pile with L/D Ratio for Different 

Lengths and Helix Diameters (Dr=40%). 
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Variation of Maximum Uplift Movement of Helical Pile with/D Ratio for 

Different Lengths and Helix Diameters (Dr=80%). 
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Design Charts 
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Type of  Mode of Failure 
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Effect of Number of Driving of Helical  Piles on Uplift 

Movement when Adding 3% Silica Fumes. 



Effect of Period of Curing for 6% Hydrated Lime on 

Uplift Movement of Helical Pile. 



Effect of Adding Two Additives on Uplift Movement 

of Helical Piles Group [2x2]. 



Effect of Increased Diameter of Treated Zone around 

Helical Pile on Uplift Movement for Three Additives. 



Additives and Mixed Additives That  Gave Good Degree of 

Improvement in Reducing Uplift Movement of  Helical Piles in 
Expansive Soil. 



Finite Element 

Results 



Verification of Experimental Results with Numerical. 

Single Helical Pile Group of Helical Piles [2x2] 



Variation of L/D Ratio with Sp/Ss Ratio for Single and [2x2] 

Group of Helical Piles Touched and Untouched with Surface 

of Expansive Layer. 

Single Group [2x2] 



Shading Diagram of Vertical Displacement Distribution 

Resulting from Swelling of Expansive Layer for Group of 

Helical Piles.  

With Gap (Untouched) Without Gap (Touched) 



Variation of  the Axial Forces along the Single Helical Pile 

Shaft. 
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Vertical Displacement Distribution under Foundation of 

Tower for without and with Using Group of Helical Piles. 

Unpiled Case [4x4] Group with L/D Ratio=66 



Vertical Displacement Distribution under Foundation 

of Tower for without and with Using Group of Helical 

Piles. 

Unpiled Case [4x4] Group with L/D Ratio=102 



Deformed Shape of Tower Foundation with and 

without Using Group of Helical Piles [2x2] 

Without Using Helical Piles 
Using Group [2x2] Helical 

Piles, L/D=66, 84, 102 



Deformed Shape of Tower Foundation with and 

without Using Group of Helical Piles [4x4] 

Without Using Helical Piles 

 

Using Group [4x4] Helical 

Piles, L/D=66, 84, 102 



Location of Corner and Internal Helical Piles in a Group of [4x4].  



Variation of the Axial Forces along the Helical Pile Shaft for 

Corner and Internal Helical Piles under Foundation of Tower. 



Shading Diagram of the Total Displacement Distribution of Pipeline Resulting 

from the Heave of Expansive Soil in (m) for the Unpiled Case. 
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Deformed Shape of Pipeline after Swelling Expansive 

Layer for  without and with Using Helical Piles.  

Unpiled Case 
L/D Ratios= 116, 146, 176 

L/H Ratios= 0.67, 1.33, 2 



Conclusions and Recommendations 

1- Conclusions from the Experimental Work: 

1.The reduction in upward movement of  piles for piles embedded to 

sandy soil(stable layer) through expansive soil  when  L/D ratio 

changes  from 62 to 80 are as follows: 

                               loose state                 dense state 

Ordinary pile              72%                             53% 

Single helix                39%                            50% 

Double helix               45%                            43% 

 

 

2. To reach zero uplift movement state, pile should be embedded in 

sandy soil(stable zone) below expansive layer as follows:  

                                loose state                 dense state 

Ordinary pile              1.08H                            0.60H 

Single helix                0.51H                            0.46H 

Double helix               0.47H                           0.42H 
 

 

 



                                                                                   

 

 
 

 

 

 

 

 

 

 

 

 

3. Helical piles with single and double helix plates have ability to resist uplift 

movement (6-73)% and (3-81)% more than ordinary piles when piles embedded 

to loose and dense sandy soil through expansive soil respectively. 

 

4. The increase in pullout capacity of piles extended to sandy soil(stable zone) 

through expansive soil when L/D ratio changes from 62  to 80 are as follows: 

 

                               loose state                 dense state 

Ordinary pile              121%                            46% 

Single helix                108%                           106% 

Double helix               121%                            92% 

  

5. Helical piles with single and double helix plates have pullout capacity (5-11) 

and (5-8) times more than ordinary piles when piles extended to loose and dense 

sandy soil through expansive layer  respectively. 

 

 

 

 

 

 

 

       

    



6. The amount of  upward movement of model of four helical piles 

grouped embedded in expansive soil increases with the increase of pile 

spacing, helix diameter and number of helix for shallower depths, but 

decreases with increasing the lengths of the helical piles. 

 

7. The maximum upward movement of helical piles group is less than 

that of single helical pile. As helical piles spacing increased, the 

maximum upward movement is approximated to that of single piles.      

                

 

8. Silica fumes with 3% , coal fly ash 3% and hydrated lime 6% gave 

good degree of improvement exceed 46% in reducing uplift movement 

of helical piles when added during pile driving in expansive soil. 

                 

 

9. Mixed of silica fumes: coal fly ash (3:1) with 3%,  hydrated lime: 

cement (1:1) with 2% gave good degree of improvement exceed 50%  in 

reducing uplift movement of helical piles when added during pile driving 

in expansive soil. 



2- Conclusions from Finite Element Analysis: 

  
                          

 1. Helical piles with two helix plates gave reduction in uplift movement 

15% more than those of single helix plate when L/D changes from 35 to 

71.                  

 

2. Helical pile cap with a gap from soil surface has (11-18) % lower than 

uplift movement that of without gap.  

 

3. For the helical piles group, the ratio (Sp/Ss) decreases with increasing 

(L/D) ratio, increasing spacing between helical piles group. When spacing 

reached (5dh) group tends to be as a single helical pile behavior.     

 

4. Helical piles group cap with a gap from soil surface has uplift movement 

(4-11) % lower than  that of without gap.  
 



5. To reach zero uplift movement  of  tower foundation constructed on 

expansive soil need L/D ratio 118, 113 and 102 for helical piles group of 

[2x2], [3x3] and [4x4] respectively with  single and double helix  plates in 

the upper  and lower part of helical                                                             

 

6. To reach zero uplift movement of tower founded on expansive layer, 

L/H ratio should be penetrated (1.52, 1.37, 1.20) for helical piles group of 

[2x2], [3x3] and [4x4] respectively with  single and double helix  plates in 

the upper  and lower part of helical pile. 

                         

7. The reduction  in uplift movement of pipeline founded on expansive 

layer,  when  L/D (116, 146, 176) is (39%, 77%, 99%) for spacing of 

6.67dh  and (28%, 62%, 90%)  for spacing 10dh  and (12%, 43%, 77%) for 

spacing 13.33dh.                                                                                            

8. Uplift movement of pipeline founded on expansive layer  decreases to 

zero values when L/H ratio should be  (2, 3.4, and 3.7) in stable zone for 

spacing 6.67dh, 10dh and 13.33dh respectively.  

 

 

      



Recommendations for Future Works:  

1. Conducting a large-scale field works to study the behavior and 

performance of single and group of  helical piles in expansive soil. 

 

2. Further studies on other parameters such as helix gap, spacing between 

helix, different helix diameter used in helical pile, corrosion, etc. on 

efficiency of helical piles in expansive soil. 

3. A comprehensive study is required on loaded helical piles embedded in 

expansive soil overlaying a non-swelling soil. 

                                          

4. Further studies on adding additives during installation of helical piles 

in expansive soil in field to do design charts. 

               

5. Studying the lateral soil pressure exerted on a helical pile embedded in 

expansive soil under saturation-desaturation cycles.  
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