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Abstract:

Secant Pile Walls are formed by constructing mortar piles, which called bentonite piles, and
then reinforced pilings are implemented to intersect with them. There is a guiding mixture for
bentonite piles mentioned in the Egyptian Code for Foundations and Soil Mechanics.
However, in practice, it was found that this mixture gives higher compressive strengths, which
leads to the difficulty of implementing reinforced piles that are intersected with bentonite
piles, especially if it is manually executed as in the case of Strawas Piles which are commonly
used in Egypt. So, this research aims to propose another suitable mixture for the requirements
of the code and to be easy of implementation. Two proposed mixtures besides to the guiding
mixture mentioned in the Egyptian code were experimented. The results showed that, the
compressive strength and dry density were increased with increasing cement/bentonite ratio.
On the other hand, the coefficient of permeability and water/cement ratio were decreased with
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increasing cement/bentonite ratio. The mixture mentioned in Egyptian code gave a
compressive strength of 8400 kN/m? after 15 days and permeability coefficient of 1.0x10®
cm/sec, which are higher than the requirements of the code. The two proposed mixtures gave
compressive strength of 3500, 1700 kN/m? and permeability coefficient of 2.4x10®, 3.2x10®
cm/sec respectively. These mixtures are considered to be less expensive, practical and achieve
the strength requirements of the code.

1- Introduction

Secant piling is one of the systems used for the side excavation support. It is usually used in
case of weak clay soil or in case of the ground water level is higher than the excavation level
(Noel, 2013). Secant piles shoring is executed by intersecting two combinations of piles
(Universal Piling Company, 2019). The first is reinforced concrete piles, it is also known as
secondary piles. The second is non-reinforced piles which called primary piles. In practice, the
primary piles are cast first and consist of a soft pile mix, typically cement and bentonite or
cement, bentonite and sand with a characteristic compressive strength of 1.0-3.0 N/mm?, then
reinforced piles are implemented cutting through the edges of the bentonite piles to intersect
with them, thus providing a closed structure to act as a barrier in water bearing soils, and to
prevent the ingress of soil between the piles (G&B, 2011). Bentonite piles mixture must
achieve an adequate compressive strength after a period usually ranging from five to fifteen
days in order to have the opportunity to implement the reinforced piles intersecting with it
relatively easily. There is a guiding mixture for bentonite piles mentioned in the Egyptian
Code for Foundations and Soil Mechanics. It is composed from (200 to 300) kg of cement,
(900 to 1100) kg of sand and (50 to 100) kg of bentonite and water/cement ratio ranges
between (1.2 tol.3). It is assumed that this mixture will give compressive stresses ranging
from 1500 to 3500 kN/m? after fifteen days and permeability coefficient ranging between
1x10™ to 1x10® cm/sec. In practice, however, it was found that this mixture gives more
fracture stresses, which leads to the difficulty of implementing reinforced piles intersected
with them, especially, if it is done manually as in case of Strawas piles which are considered
very common in Egypt. So, this research aims to discuss the guiding mixture mentioned in the
Egyptian code of foundations and soil mechanics for the bentonite piles and to propose
another suitable mixes achieve the requirements of the code and ease of implementation.
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2- Laboratory Test Program

Three different bentonite mixtures were prepared. The first one represented the mixture
mentioned in the Egyptian code of soil mechanics, which is composed of 200 kg of cement,
100 kg of bentonite and 1000 kg of sand and the water/cement ratio was equal to 1.25. The
other two proposed mixtures were composed of 150 & 100 kg of cement, 200 & 300 kg of
bentonite, 1000 kg of sand and water/cement ratio of 2.0 & 3.5 respectively. Cubic specimens
of 10x10x10cm were prepared and have been cured with water until tests. Compression tests
were carried out to determine the compressive strength for different mixtures. Other
cylindrical specimens were prepared and tested in order to conduct permeability coefficient
using falling head test method. The details and results of these tests are explained as follows.

2.1- Compression Tests

The primary purpose of the compression test is to obtain the compressive strength of the
different mixtures. Specimens for compression tests were prepared according to above
mentioned water/cement ratios in cubic shapes of dimensions 10x10x10 cm, and tested after
different periods (3, 7 and 15 days). Fig. (1) shows relationship between compressive strength
and period of time obtained from compression tests for different cement/bentonite (C/B)
ratios. The test results of the compressive strength for the different C/B ratios after 15 days are
shown in Fig. (2). Dry densities (Y4) were calculated and plotted against C/B ratios as shown
in Fig. (3). Both water/cement ratio and water/bentonite ratio were plotted against C/B ratio as
shown in Fig. (4) and Fig. (5) respectively. Also, all these results were summarized in Table
(1). It can be seen that, both of compressive strength, dry density and water/bentonite ratio
were increased with increasing of C/B ratio. While, the water/cement ratio decreased with
increasing of the C/B ratio. Also, it can be noticed from table (1) that, the curing time had
more effect on the amount of compressive strength at the higher (C/B) ratio.
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Table (1): Results of Compression Tests
Compressive strength
Mix. Content C/E.; (kN/m?) Yq 3
Ratio (kN/m°)
3days | 7days | 15days
(Code mix.)200kg cement+100kg
bentonit+1000kg sand+ w/c=1.25 2.0 3900 | N.A. 8400 193
150kg cement+200kg
7 1 27 18.1
bentonit+1000kg sand+ w/c=2.0 0.75 900 00 3500 8
100kg cement+300kg
. 11 1 17 16.7

bentonit+1000kg sand+ w/c=3.5 0.33 00 300 00 6

2.2- Permeability Tests

Permeability tests were carried out according to ASTM D3080 on cylindrical specimens of
100mm diameter and 100mm height. The specimens were prepared at specific water/cement
ratio compacted on a cylindrical mold and tested after curing for 15-days. Permeability
coefficient (k) versus (C/B) relationship was plotted as shown in Fig. (6). These results are
summarized in Table (2). It can be noticed that the permeability coefficient (k) decreased with
increasing the (C/B) ratio. Nevertheless, the values of the permeability coefficients for the
proposed mixtures meet the requirements of the code and are suitable for use in secant piles as
they are sufficient to prevent water from leaking into the excavation.

85



4.0

1.0

2.0 ~

T~

T~

Permeability Coef.(x108), cm/sec

0.0

0 0.4 0.8

. 1.2
Cement/Bentonite Ratio

Fig. (6) Permeability Coefficient (k) versus (C/B) Ratios

1.6 2

Table (2): Permeability Coefficient (k)

2.4

Mix. Content R(;/t iBo ch/(sec
bentonits 1000k s wiesi.2e 20 1 ox10*
be ntolnsi'(c)l(lgoi)e()?ge :;%ﬁrovlflg/cﬂ.o 0.75 2.4x10°
be ntoln?'(c)flgoi)e()?ge :;?:ﬁrovlfjcﬂ.S 0.33 3.2x10°

3- Conclusions

1. The results of laboratory tests indicated that the mixture of bentonite piles with (C/B)

ratio of 2.0 that proposed by the Egyptian code of foundations and soil mechanics gave

a compressive strength of 8400 kN/m? and coefficient of permeability of 1.0x10°®

cm/sec. These results are much higher than the limits mentioned on the code.
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2. Compressive strength for the new proposed mixtures with (C/B) ratios of 0.75, and
0.33 after 15 days were 35 and 17 kN/m? respectively, which are within the required
limits in the code.

3. Coefficient of permeability for the new proposed mixtures with (C/B) ratios of 0.75,
and 0.33 after 15 days were 2.40x10, and 3.20x10® cm/sec respectively, which will
match with the required limits in the code.

4. We recommend using mixes with (C/B) ratios of 0.75 which is less expensive, easier

to implement and fulfill the requirements of the code.
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