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Abstract 
 
The gypseous soil is found in many countries around the world such as Iraq, 
Arab gulf, Syria, and Jordon .such soil is classified as collapsible soils due to 

the large settlements that happen when such soil submerge with water. On 

the other side, the gypseous soil is able of carrying a heavy loads in case of 

dryness but result in  large settlements, fissures and tilting in case of wetted 
soil by water due to destroying the connections between soil particles and 

then after making it weak. Different approaches were adapted to solving the 

problem of gypsum in the soil such as soil improvements of physical or 
chemical properties or by using pile as foundation that support pile cap. This 

study focuses on the studying behaviour of single bored franki pile with 

different bulb size in gypseous soil. The percentage of the  bulb diameter to 
shaft diameter for franki pile are (1.5, 2 and 2.5) with slenderness ratio (L/d) 

(15) in medium dense soil with gypsum content (30% and 66%) comparing 

the result with normal pile (pile without bulb)with slenderness ratio (L/d) 

(15)  under vertical compression load in dry and soaking condition(soaking 
time 24hours). 

 

Key words: gypseous soil, bulb base, shaft diameters, S1 (soil 1), S2 (soil 

2), G.C (gypsum content). 
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1 Introduction 
 

Gypseous soil can be defined as soil that contains calcium sulphates in  
sufficient quantity and other material such as silt, sand [1].These soils occupy 

aproxmaitly (31.70%) of the total area of Iraq with gypsum content rangine 

(10-70%)[2,3].The gypseous soil considers as collapse soil therefore 
presence of water in this soil causes losing connection between particle and 

decreases in strength capacity [4].Different structures constructed on 

gypseous soil are exposed to cracking or tilting or sudden failure when the 
soil is wetted or flooded by water due to dissolution of gypsum content of 

this soil [5] for example the training center and water storage in Tikrit[6]. 

Pile foundation is adopted in many projects as suitable solution in case of 

poor soil such as gypseous soil and heavy external applied loadings from the 
structural elements above foundation the main function of pile foundation is 

to transfer the applied loadings to the deep soil layers [7]. 

The Franki pile is defined as a driven pile that is cast in site concrete 
displacement pile with an enlarged base in dry concrete and a cylindrical 

shaft. The benefit of such pile was classified as optimal geotechnical solution 

for different types of soil especially for weak soils. The general technical 

specifications of Franki pile are; that the cross sectional area at the base equal 
to twice of the pile sectional area, in which the pile diameter up to 600 mm. 

The load  capacity of pile is up to 2000 KN and the pile shaft filled by dry 

concrete. Franki pile has excellent tensile and compressive strength capacity 
.In case of Franki pile the strength capacity due to its powerful driving 

method during installation, can penetrate stiff soil and reach large depths 

Because of the dry concrete plug explosive the soil improved around the 
surrounding surface of the pile that makes increase in bearing 

capacity[8.9].Many researchers have investigated the behavior of Franki pile 

embedded in different soils József Pusztai explored by experimental tests the 

behaviour of the Franki piles in different soil types. The main goal of the 
study was to find out the relationship between the pile capacity and the 

variations of the soil layers. All data were collected from experimental tests, 

the data were analysed by statistical analysis and then regression method was 
adopted to find out the bearing capacity of the Franki pile as a function of 

variations of soil layers. The analysed data indicated that the Franki pile can 

be used only in case of granular soils[10].  
M. Dithinde et al[11]., evaluated the strength capacity of Franki pie and 

other different types of piles throughout collected databases from 

experimental tests by other researchers. All data was drawn and a statistical 

regression analysis was performed to suggest empirical formula that 
represented pile capacity for each type.   
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The results from the proposed models indicated that there are some quite 

differences in the results from those drawn from experimental tests [11].  

Tamer elkateb[12] preferred existing Franki (base-expanded) for mall to 
specified  if the pile will carry  an additional loads due to build more unit 

above. The pile dimension was 0.4 m diameters shaft and bulb base volume 

ranging from 0.14 m3 to 0.85 m3.The procedure studies has three states: 
evaluation the capacity of franki pile constructed by using   theoretical 

calculation and programs. This study, prove that pile load test increased pile 

capacity about 60%.  
This present research investigate the behavior of single Franki pile in 

gypsum soils under the effects of compression load in dry and soaking 

condition to specify the effect of  bulb size increasing on bearing capacity of  

franki pil 

 

2 Materials 
 

2.1 Soils 
 

The soil used in this study is natural gypsum soils. The soil location is 
Salah Al-Deen Governorate, north of Baghdad in Iraq. The gypsum content 

of this soils (S1, andS2) are 30%and 66% respectively.  A series of 

laboratory tests are achieved on these soils to specify the physical and 
engineering tests as show in figure 1 and 2. All the results specified in table 1 

as well as the chemical test as show in table 2. Some laboratory test are 

conducted at the temperature at (40-50) °C to prevent changing in soil 

composition. 
 

 
Figure 1: grain size distribution curves for S1and S2 
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Figure 2: results of single odometer test for S1and S2 

 
Table 1: results of physial properties test for S1and S2 

Properties Magnitude 

S1 

Magnitude 

S2 

Specification 

 (mm) 0.051 0.06 ASTM D422-02 

  (mm) 0.3 0.17 ASTM D422-02 

  (mm) 0.1 0.12 ASTM D422-02 

Coefficient of uniformity,  5.9 2.8 ASTM D422-02 

Coefficient of curvature,  0.68 1.4 ASTM D422-02 

Classification of soil based on USCS SM SM ASTM D422-02 

Specific gravity of soil,  2.52 2.34 ASTM D854 

The liquid limit (L.L)% 22 20 ASTM D4316-84 

The plastic limit (P.L)% NP NP ASTM D4316-84 

Plasticity index (P.I) NP NP ASTM D4316-84 

  (KN/ ) 15 14 ASTM D698 

 Initial void ratio  0.68 0.71 ASTM D698 

Angle of internal friction, Ø, in dry 

case 

35 36 ASTM D3080-98 

Soil cohesion, C, in dry case 9 15 ASTM D3080-98 

Angle of internal friction, Ø, in 

soaking case 

31 30 ASTM D3080-98 

Soil cohesion, C, in soaking case 4 5 ASTM D3080-98 

Initial water content% 2.1 2.6 ASTM D2216-98 
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Table 2: results of chemical porperties test for S1and S2 

component 
Percentage% 

S1 

Percentage% 

S2 

total soluble salt (T.S.S.) 33 68.1 

Gypsum content 30 66 

Sulphate content 13.6 30.4 

Chloride content 0.053 0.061 

Organic mattes(O.M.) 0.2 0.21 

PH value 7.1 8 

 

2.2 Pile Model 
 

The Franki pile parameters which are taken into account in the current 
study are: the type of pile (steel solid with circular shape and variation of 

Franki pile bulb diameters (1cm, 1.5cm, 2 cm and 2.5cm) with slenderness 

ratios (15) .other properties listed in the table 3 and figure 3. 

 
Table 3 properties of pile used 

Properties Dimension 

(cm) 

Length of pile 25 

Diameter of pile bulb base (D) 1.5 ,2 and 2.5 

Embedded length (L) 15 

Diameter of pile shaft (d) 1 

 

 
Figure 3: the dimension of pile used 
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3 Experimental Works 
 

The experimental work  conclude the device using in the in labrotary  

and the work steps for the reasrech study all this details shown in figure 4 

and figure 4. 
The components of this device are:  

 The steel tank is square cross section with length equal to       

300mm and height of 600mm made of plates with thickness 4 mm. the 

dimensions of the model and the setup are chosen by author arbitrarily. This 
by far includes the dimensions of pile. No scale factor is used since it is a 

parametric study; 

 The inner side of the tank is covered with thin layer of paint  to 
decrease  the friction 

 The influence zone around pile or stress distribution zone 

specified by researcher (3-8) time diameter of pile. In this study influence 
zone taken 5 times diameter bulb[13,14].  

 For testing load, using the hydraulic  jack with rate 

(1mm/min)[9]  

 Compression Load Cells: To measure the applied load on pile. 
"Load cell capacity 3ton”; 

 Dial Gauges: To measure the pile deflection in the vertical 

direction 
 Digital Indicators: A digital indicators are used to display the 

Load Cell recording value  

 

 
Figure 4: the experimental work sketch details for this study 
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Figure 5: the model test details for this study 

 

3.1 Model Preparation 
 

The total soil weight which is determined based on the soil unit weight of 

S1 and S2 and the volume of the model used (rectangular steel tank) is 
divided into ten similar parts(9 part) that are equal to the layers of the used 

container which is drawn on the internal face of the steel tank. The thickness 

of each layer was 5cm. Each part of soil weight from the five parts above is 

poured inside the steel container. After the leveling its surface in suitable 
form; the soil is compacted by using the mechanical compactor until it 

occupies the thickness of each layer as drawn on the wall of the container. 

After completing the compaction process of each soil layer, the surface of the 
layer is leveled in suitable form (via using leveled device) before putting the 

next part of weight. This process continues until finishing all the layers of the 

soil specimen. The form of compaction and its energy are distributed in the 

same system for all the soil layers inside the steel tank to reach the required 
unit weight of soil and to keep the soil layers in the same condition as much 

as possible to present homogeneous specimen of soil 

For pile installation using small weight to drop pile tip until the bulbous 
base embedded into the soil and then using small mechanical compactor with 

small opening in the middle to ensure soil density and certainty of pile as 

shown in plate.  
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Figure 6: the model prepation before test 

 
When the soil deposit setup was completed, the soil container was fixed 

under the steel frame on the steel base of the frame to keep the container 

constant through the steps of the test. After that the load is applied by 
actuating the manual part of the hydraulic jack on the pile.  

 

4 Results and dissections 
 

4.1 Effect of Bulb Size on Ultimate Capacity of Franki Pile in S1 
  

The experimental work concluded 16 model tests .The variables taken in 
this study are: the gypsum content of soil (30% and 66%) and the percentage 

of bulb diameter to shaft diameter (1.5, 2 and 2.5). All these variables are 

examined in dry and soaking conditions (soaking time 24 hours) to 
investigate effect of the bulb enlargement on the bearing capacity of franki 

pile and comparing the results with ordinary pile (pile without bulb). The 

tests in dry state start after 4 hours to remove soil stresses due to process 
compaction beside by the rate of pile test is (1mm /min) and the failure 

criteria determined by 15% of shaft diameter based on ASTM D1143. 

Figure 7 conducted 8 experimental tests in dry condition to specified 

relation between load–settlement with different size of bulb diameter in 
s1and s2. The Results show that increasing bulb diameter to shaft diameter 

  1.5, 2 and 2.5 led to increasing the ultimate capacity. the inceasing 

value are (1.6, 2.1 and 2.6) for S1 and (1.7, 2.3 and 2.9) for S2 times the 

capacity  load of normal pile  respectively. where the percentages of increase 

in the ultimate capacity of  1.5, 2 and 2.5 are (37%, 54% and 61%) for 

S1 and (35%,48% and 54%) for S2 respectively.  
The inceasing in bulb diameters led to Increase the  area of pile tip of 

Franki pile, hence Increasing the ultimate capacity,. 
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In figure 8 the results illustrate 8 experimental tests in soaked condition 

the result show that increasing the bulb diameter to shaft diameter 

of 1.5,2 and 2.5  lead to an increase in the ultimate capacity .the 
increasing value are (1.5, 1.9 and 2.2)for S1 (1.7,1.9 and 2.2) for S2 and 

times of the ultimate capacity of normal pile respectively. where the 

percentages of increase in the ultimate capacity of  1.5, 2 and 2.5 are 
(35%, 48%, and 54%) for s1 and  (40%,51%, and 57%) for s2respectivaly. 

 

 
Figure 7: the relation between (S/d)and the ultimate load for diffrentbulb diameter 

(D bulb) in dry case for S1 and S2 

 

 
Figure 8: the relation between (S/d)and the ultimate load for diffrent bulb diametr 

(Dbulb)in soaked case for S1and S2 
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4.2 The Reduction of Ultimate Capacity of Franki Pile 
 

      The reduction in ultimate capacity of franki pile occurs as result of 
soaking the soil with water for 24 hours. The reduction percent was obtained 

according to the following formula: 

        ………………………… (2) 

Where: 

Rd %: Reduction percent in the ultimate pile bearing capacity 
U dry: The ultimate pile bearing capacity at dry state; 

U soaked: The ultimate pile bearing capacity at soaked state. 

Table 4 illustrated the reduction in the ultimate bearing capacity for 
s1and s2. The result show that the reduction value in pile capacity increase 

with increase bulb diameter of franki pile where the increase bulb diameter in 

led to increasing load capacity, hence increasing in reduction value for piles 
in dry condition.  

Beside that the results prove the reduction in the ultimate load capacity 

for S2 is more than S1 due to S2 has  high  percentage of collapse potential 

and gypsum content where the (CP and G.C) are (9 and 66%) and (5.1 and 
30%) for S2and S1 respectively and that  led  to an increase in the soluble 

salt .In the other hand presence of water through the gypsum soil broke the 

bond between the soil particles which cause cavities through the soil and 
decreased friction between particles hence softening in gypsum soil   

Also the soaking of the gypsum soil led to decrease in the cohesion and 

the angle of friction where the cohesion decreased from (9 and 15) to (4 and 

5) for S1 and S2 respectively and the friction angle decreased from (  

and ) to ( and ) for S1and S2 respectively .these result also 
specified in other research [1] and [15]. 

     
Table 4: the reduction of ultimate load for franki pile 

bulb diameter 

(cm) 

 Reduction in ultimate bearing 

capacity % inS1 

  Reduction in ultimate 

bearing capacity % in S2 

1.5 83 87.8 

2 84.4 88.9 

2.5 85.3 89.1 

Normal pile 

(d=1cm) 

82.6 87.7 

 

It is worth to mention that  the reduction value of normal pile in S1 and 
S2 were the smallest value comparing with other result of piles where the 

reduction values for  S1 and S2  are (82.65% and87.7%) respectively.  
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Furthermore, the result showed that the pile with the ultimate load 

resistance of pile with =2.5 was give the highest result in dryness and 

soaking. The results were (0.49 and 0.67) for s1and s2 in the dry case and 
(0.072 and 0.062) in the soaking case respectively.  Also, the reduction in 

pile capacity is increased with increased pile bulb diameters. The reduction 

value of (1.5, 2 and2.5) are (83%, 84.4% and 85.3%) (87.8%, 88.9% and 
89.1%) for S1 and S2 respectively. 

 

5 Conclusions 
 

 In dry condition, when the pile bulb diameter increases, the 

ultimate bearing capacity also increased in S1and S2. Where the increasing 
in pile capacity for  (1.5 ,2 and 2.5) are (37%, 54% and 61%) in s1 and (35%, 

48%, and 54%) in s2 respectively also the results in s1 is more than the result 

in s2 
 The decrease in pile capacity at soaking case compare with the 

result from dry case due to dissolution of gypsum salt because of presence of 

water     

 The capacity of pile increase with increase bulb diameter, 
because of the enlargement in pile bulb diameter lead to increasing surface 

area resistance of pile bulb and, hence increasing pile load capacity.  

 the reduction value in S2 is  more than the reduction value in S1 
due to S2 has  high  percentage of collapse potential and gypsum content 

where the (CP and G.C) are (9 and 66%) and (5.1 and 30%) for S2and S1 

respectively 
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