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 ملخص البحث:
ه داخل ميا ر أولبتعتبر الأساسات الخازوقية هى النوع الأكثر إنتشاراً من أنواع الأساسات العميقة سواء على ا

ن سطح يدة عالمسطحات المائية. و تستخدم هذه الأساسات لنقل أحمال المنشآت إلى طبقات التربة القوية البع
سواء فى  فريغ(الأرض بموقع الإنشاء، و من أكثر أنواع الخوازيق الشائعة الإستخدام هى خوازيق الحفر )أو الت

تلوث و قلة ال لتنفيذاأو الكبارى ... إلخ و ذلك لما تتميز به من سهولة المنشآت ثقيلة الأحمال أو عالية الإرتفاع 
ستحداث لإبحاث السمعى و البيئى بالإضافة إلى تعدد أقطارها و مناسبتها لظروف التربة المختلفة. و إتجهت الأ
 مل خوازيقرة تحأساليب لزيادة قدرة تحمل هذا النوع من الخوازيق ، و هذا البحث يتناول أسلوب جديد لزيادة قد

ارات لإختبالحفر و ذلك عن طريق إستخدام الخرسانة المنتفشة فى صب الخوازيق. و قد تم إجراء مجموعة من ا
سانة الخر المعملية لدراسة مدى تأثير العوامل المختلفة على زيادة قدرة تحمل خوازيق الحفر عند إستخدام

 %.30.4% إلى 10.4لخوازيق زادت بنسبة تتراوح بين المنتفشة، و قد أظهرت نتائج البحث أن قدرة تحمل ا
 

ABSTRACT 
Pile foundations are the most popular form of deep foundations used for both onshore 

and offshore structures. They are often used to transfer large loads from the 

superstructure into deeper, competent soil layers particularly when the structure is to be 

located on shallow, weak soil layers. Bored piles are commonly used to support heavily 

loaded structures such as high rise buildings and bridges in view of its low noise, low 

vibration and flexibility of sizes to suit different loading conditions and subsoil 

conditions. Many techniques have been proposed to improve the pile capacity. This 

paper discuses a new technique for increasing the pile capacity by using swelling 

concrete. Experimental testing program was carried out to investigate the influence of 

pile length (Le), pile diameter (D), water cement ratio (w/c), and relative density of soil 

(Dr) on the capacity of bored piles when using swelling concrete. This paper 

summarizes the effect of increasing skin-friction resistance on the capacity of bored pile 

by using swelling concrete that causes increasing in the volume of concrete mass. The 

main conclusions of this study is increasing the ultimate capacity of pile by swelling 

concrete (α)% from 10.4% to 30.4%.  

Keywords: Swelling concrete, Shrinkage compensating cement type-k, Pile 

foundations, Experimental tests, Pile response, Ultimate capacity of pile. 
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INTRODUCTION 
Foundation design and construction involves assessment of factors related to 

engineering and economics. In the last few decades, situations commonly exist where 

shallow foundations are inappropriate for support of structural elements. These 

situations may be related to the presence of unsuitable soil layers in either the 

subsurface profile, adverse hydraulic conditions, or intolerable movements of the 

structure. So, deep foundations are the solution that transfer load down through weak 

soil strata and into deeper and stronger strata to minimize the settlement of a structure. 

Deep foundations also consist of a single pile or a group of piles with a pile cap which 

can be driven, drilled, cast-in-place, or alternatively grouted-in-place [3]. Moreover, 

Deep foundations are frequently needed because of the relative inability of shallow 

footings to resist inclined, lateral, or uplift loads and overturning moments. 

Furthermore, deep foundation has meant security to many designers. There are 

numerous types of deep foundations based on type of material, configuration, 

installation technique and equipment used for piles installation. Bored piles are 

considered one of the most important deep foundations and do not receive sufficient 

research attention although they are widely used in the United States, United Kingdom, 

Egypt and other countries in the world [7]. The expansive cement is a recent cement 

type, which is used, in concrete mix to produce swelling concrete, which in turn 

increases in volume after hardening. A new technique is proposed for executing the 

bored piles by using the swelling concrete that increases the pile volume laterally after 

concrete hardening. Subsequently, the lateral earth pressure on piles increases and this 

leads to a considerable increase in the frictional resistance of piles. This paper presents 

the details of experimental set-up, properties of the capacity of bored piles ( Drilled 

shaft ), the formation and main properties of proposed improving material of concrete 

by (expansive cement type k ), and full description of the testing program. 

Finally, the efficiency of using swelling concrete is discussed and evaluated. In 

addition, the effect of many studied parameters on the capacity of swelling concrete 

bored piles is presented. 

 

EXPERIMENTAL WORK  

 

Testing Program: 

The testing program consisted of two series of experimental tests. The first one was to 

determine the necessary characteristics of soil and swelling concrete that used during 

the experimental testing program. It included sieve analysis test, modified Proctor test 

and shear box test for the dense sand, besides determining the compressive strength of 

concrete, which was used in casting the bored piles. The second series was carried out 

through twenty-eight pile-loading tests, which were conducted on a bored pile model 

using the testing set-up shown in figure (1). The testing procedures were applying the 

load on a steel pile cap fitted to the pile model and measuring the corresponding 

settlement, and consequently determining the ultimate pile capacity at which, the pile 

base settlement (S) was equal to one tenth of pile diameter.  

Experimental Device:  

Figure (1) shows the testing set up used in the second series of the experimental tests. It 

consisted of steel container that was divided into three parts bottom box, middle box 

and top box .The internal dimensions of each box were 1000x1000 mm and a height of 
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400 mm. It is made of angular steel 50x50 mm and is encased inside with a panel of 

steel  1.5 mm thickness in three sides, while the fourth panel is encased in transparent 

plastic that can be moved up and down. The bottom of the box was covered with a steel 

plate of thickness 1.5 mm ,two legs made of channel steel (U) shape ,with dimensions 

100x70x70 mm and height 800 mm , main beams that consisted of two channel of steel 

(U) shape, with dimensions 100x70x70 mm and length 1400 mm. To form the final 

form of the device, proving ring with the capacity of 28 KN, which was used for 

measuring the effective load on the column, and hydraulic jack to generate the required 

load on the pile model with capacity of 4 tons were fitted in the upper part of testing 

setting. 

 

Testing Series 1: 

The first series of experimental tests was performed to determine the main properties of 

the used soil sample and concrete for experimental testing program. Figures (2) to (4) 

and table (1) illustrate the achieved results. 

 

Testing Series 2: 

The implementation of bored pile model consisted of five phases The container filled 

with dense sand by layers each layer was 100x100x5 cm and compacted carefully by 

compacting tool to achieve the required relative density ( Dr ) whose values were 70% , 

60% , 55% and 50%. Plastic pipes were installed in the center of the container through 

the sand to as a casing to support the sides of drilling. These pipes had a diameter (D) 

with values of 1.5 , 2 , 3 , 4 inches and embedded length (Le) ranged from 50 cm to 35 

cm. After adjusting the embedded length of the pile and compacting the sand according 

to the required relative density (Dr), concrete would be prepared for casting in the pipe. 

The concrete casted and compacted by a hammer, then casing pipe was withdrawn 

slowly to complete the operation of pouring the concrete of the bored pile. Steel pile cap 

was setting in the center of the pile and was adjusted horizontally by the water leveling 

device. Pile load system which consisted of hydraulic jack , dial gauge and proving ring 

was prepared to install in the device. The load was applied gradually through hydraulic 

jack and the force was accurately determined by means of proving ring until the pile 

settlement ,that measured by dial gauge, reached the ultimate value of one tenth of pile 

diameter or the pile failure. That series of tests was a group of twenty eight pile loading 

tests. Table (2) shows full details and results of these tests. Two types of cement were 

used and four parameters were studied. The studied parameters included the embedded 

pile length (Le), pile diameter (D), relative density of soil surrounding the pile (Dr), and 

water-cement ratio of the pile concrete (w/c). 
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Figure 1: Testing Set-up  
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Figure 2: Grain Size Distribution Curve of Soil Surrounding the Pile Model 

 

 

Table 8: Compressive Strength of Concrete. 
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Table 2: Second Series of Experimental Testing Program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where: 

Le = embedded length. 

Dr = relative density                  

D = pile diameter. 

w/c = water- cement ratio. 

α = Ratio of pile capacity increase. 

α = 
Qu(expansive cement)−Qu(portland cement)

Qu(portland cement)
 x 100 % 

 

 

 

 

 

 

 

 

 
 

Figure 3: Samples of The Pile Model 

 

RESULTS ANALYSIS of PILE LOAD TESTING 
This section presents the results of the experimental tests which studied the effect of 

four main parameters on the ultimate pile capacity (Qu) and the ratio of pile capacity 

increase (α) in case of using expansive cement. The studied parameters were the 

embedded length of pile (Le), pile diameter (D), the relative density of sandy soil 

surrounding the pile (Dr) and the water-cement ratio of the pile concrete (w/c). Each 



  

332 

case was tested twice, the first when using ordinary Portland cement in concrete mix of 

the pile, and the second when using the expansive cement.  

 

Effect of the Pile Embedded Length (Le) on the Ratio of Pile Capacity Increase 

(α): 

Figure (4) represents the relationship between the ultimate pile capacity (Qu) and the 

ratio between embedded length of pile and the pile diameter (Le/D) in case of using 

both of Portland cement and expansive cement in pile concrete mix. The results show 

that the ultimate capacity of the pile (Qu) increases with the increase of the embedded 

length of the pile (Le)  for  the two types of cement but on the other hand, using 

expansive cement type-k in concrete mix causes positive improvement on the ultimate 

pile capacity. The ratio of load increase (α) grows up with the increase of the embedded 

length of the pile and it ranges from 10.4% to 30.4% as a result of using expansive 

cement as shown in figure (5). So, using expansive cement may be recommended for 

piles of large values of (Le/D) to increase the ultimate capacity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Relationship between (Qu) and (Le/D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The Effect of Embedded Length of Pile (Le) on the Ratio (α) 
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Effect of the Pile Diameter (D) on the Ratio of Pile Capacity Increase (α): 

Figure (6) shows the relationship between the ultimate pile capacity (Qu) and pile 

diameter (D). It demonstrates that using each of Portland cement and expansive cement 

almost has the same trend of the (Qu versus D) relationship. The value of (Qu) is always 

directly proportional to the value of pile diameter (D). Figure (7) illustrates an 

interesting observation. It shows that the ratio of pile capacity increase (α) was inversely 

proportional to the pile diameter (D) and ranged from 33.9% (for D=1.5") to 12.8% (for 

D=4").I This seems to be logical because in case of constant increase in pile diameter, 

the ratio between swelled diameter to the original diameter became larger in case of 

small diameters and smaller in case of large diameters. Subsequently, the increase of 

pile surface area (i.e the frictional resistance) for small pile diameter is larger than large 

pile diameter. These results concluded that using expansive cement is useful in all cases 

but more effective for smaller pile diameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Relationship between (Qu) and Pile Diameter (D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: The Effect of the Pile Diameter (D) on the Ratio (α) 
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Effect of the Relative Density of Soil (Dr) on the Ratio of Pile Capacity Increase 

(α): 

Figure (8) illustrates that for both ordinary Portland cement concrete and expansive 

cement concrete, the ultimate pile capacity (Qu) is directly proportional to the relative 

density of soil surrounding the pile shaft (Dr). The ratio of pile capacity increase (α) 

when using expansive cement for this group of tests ranged from 11.3% to 31.7% as 

listed in table (2). The reason may be attributed by the increase of lateral earth pressure 

(tending to passive state) with the increase of soil relative density (Dr) which is 

reflected on the value of frictional resistance and subsequently the ultimate capacity of 

pile (Qu). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Relationship between (Qu) and Pile Diameter (Dr)  

 

Effect of the Water - Cement Ratio (w/c) on the Ultimate Pile Capacity (Qu): 

For all experimental tests, except this group, the water – cement ratio (w/c) was constant 

and equal to (0.53) as recommended by the producer of the expansive cement. But ,to 

explore the effect of the ratio (w/c) on the ultimate pile capacity (Qu) in case of using 

expansive cement, other four  experimental tests were carried out. It was that decreasing 

the ratio (w/c) resulted an increase in the ultimate pile capacity (Qu). These results 

mean that the concrete swelling, which in turn increases the pile capacity, is inversely 

proportional to the water – cement ratio (w/c) as illustrated in figure (9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Relationship between (Qu) and Water – Cement Ratio (w/c)  
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CONCLUSIONS 
The main conclusions drawn from the reported study are given below: 

- For all studied cases, using the swelling concrete increased the ultimate pile capacity 

more than the corresponding cases of Portland cement concrete. 

 

- Using the swelling concrete in bored piles resulted in an increase of the ultimate piles 

capacity with a ratio (α ) ranging from  ( 10.4% ) to ( 30.4% ) , where  

 

α = 
Qu(expansive cement)−Qu(portland cement)

Qu(portland cement)
 x 100% 

 

- The ratio of pile capacity increase (α) was directly proportional to the embedded 

length of pile (Le) and the relative density of soil (Dr) surrounding the pile shaft. 

Whereas, it was inversely proportional to the pile diameter (D) and the water - cement 

ratio (w/c). 

 

- Using the swelling concrete for bored piles is more effective in case of long piles more 

than short piles. 
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