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ABSTRACT

The present study investigates the effect of the de-sanding (recycling system) on the bearing
capacity of the bored piles. Full-scale models were conducted on two groups of piles, the first
group was implemented without using this system, and the second group was implemented
using the recycling system. All piles were tested by static load test, considering the time
factor for which the piles were implemented. The test results indicated a significant and clear
difference in the bearing capacity of the piles when using this system. The use of the recycling
system led to a significant increase in the bearing capacity of the piles by 50% or more. Thus
it was possible to reduce the pile length by (15 % or more) thus, and implementation costs
were significantly reduced. Furthermore, casting time for the pile group in which the system
is used is less than for the pile group that did not use it (approximately half an hour per pile),
and the amount of concrete was greater by an average of 2 cubic meters for each pile.
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1. INTRODUCTION

Piles are increasingly used to effectively transfer the superstructure loads to the sub-soil
when the soil conditions at the site and specific other functional requirements discard the
use of shallow foundations (Chandrasekaran et al., 1978).

The bored piles are usually bored by special machines and with the aid of using bentonite
liquid, water, or polymer (Tomlinson and Woodward, 2007). These fluids support the
sides of the hole and cool and lubricate the machine (Dreger et al., 2020).

After the hole excavating process is completed, the boring residues remain suspended in the
liquid for a certain period that depends on the properties of the liquid, or settle its deposited
at the base of the hole or suspended between steel reinforcement if high steel density and
may be adjacent to the walls of the hole from the inside.

To remove this sludge and residues from the pile body, some methods are used, including
the cleaning pocket (Chong et al., 2018) or air-lifting (Lam et al., 2014) to avoid pile failure
from a geotechnical point of view (Al-Saidi et al., 2021).

The previous two methods considered are traditional methods followed in many countries;
in this study, a non-traditional method was used and derived from a cleaning mechanism of
bentonite (Manual, 2010).

The recycling system was used to remove sand and other sludge from the hole after installing
the steel cage but before casting.

This method includes pumping fresh bentonite from the top of the hole and withdrawing the
bentonite from the bottom using a tremie tube. The recycling process removes all drilling
residues, thus obtaining a clean hole body of all impurities before starting the casting
process.
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2. SITE CONDITION

2.1 Ground Condition

The proposed site lies on area number (173/23 m 30) within Al- Muthana- airport land in
Baghdad city with coordinates (33°19'54.62"N and 44°21'48.76"E) as shown in Fig. 1.
From the geological point of view, the investigated area is located on the Mesopotamian plain
zone within the region of unstable shelves according to the tectonic division for Iraq
(Buringh, 1960).

The field test showed that the soil profile consists mainly of the following layers, the
uppermost layer (0 - 8.5 m), classified as cohesive soil varied in-depth, and the second layer
below the top layer consists of cohesionless soil. This layer consists mainly of brown to gray-
black sand/ silty sand with fine gravel and /or gravel with sand, as shown in Fig. 2.

The field tests were carried out by the (Andrea Engineering Tests Laboratory and Consulting
Engineering Bureau College of the Engineering at the University of Baghdad) and Table 1
shows the in-situ soil properties, which were obtained using the SPT test.

Figure 1. Site location.
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Figure 2. Soil layers.

Table 1. The in-situ soil properties.

Number 12

December 2022

Journal of Engineering

Geotechnical First Layer | Second Layer | Third Layer Fourth Layer
Parameters (0-8.5m) (8.5-14m) (14-17m) (17 - 35m)
Cohesion (C), kPa 32-46 0 100 - 120 0
The angle of
Internal Friction 0-3 28-35 3-6 35-45
(9)
y dry, KN/m3 14.5-15.5 15-16 15.5-16.5 16 -17
we (%) 20 -26 14 - 20 20 - 24 14-18
€o 0.65 -0.85 - 0.65 - 0.75 -
Cc 0.16 - 0.22 - 0.18-0.22 -
Cr 0.035 - 0.045 - 0.03 - 0.04 -
Soil Classification CL - CH SC-SM CH SM - SW
LL 53 - 49 -
PL 28 - 26 -

2.2 Groundwater

Groundwater was encountered in all boreholes during drilling at measured depths, and the
groundwater level was recorded after 24 hours of drilling at about 2.8 - 4.0 m below the
natural ground surface.

3. ULTIMATE LOAD CARRYING CAPACITY of PILES (THEORETICAL METHODS)
The ultimate load carrying capacity Qu, has been expressed in Eq.1 (Meyerhof, 1976) as

Qu=QpxQs (D
Where:

Qp = the load carrying capacity of the pile point (kN)

Qs = frictional resistance (skin friction) (kN)

in sand, the point load @p can be expressed (Meyerhof 1976) as
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Qp=Apxqp =Apxq'xN*q (2)
in clay, the point load Qp can be expressed (Meyerhof 1976) as

Qp = Apxqp =ApxcuxN*c (3)
Where:

Ap = the base area of the pile (m?2)

gp = unit point resistance (kN/m?)

q' = effective vertical stress at the level of the pile tip (kN/m?)
Nq* = bearing capacity factor

Cu = undrained cohesion at the pile tip (kN/m?)

Nc* = bearing capacity factor = 9.0

The frictional resistance in sand @s, can be estimated as

Qs = I(pxAlxf) (4)
The frictional resistance in clay @s, can be estimated as

Qs=X(pxAlxCa)= Z(pxAlxaxcu) (5)
Where:

p = the perimeter of the pile cross-section (m)

f = unit frictional resistance (kPa)

Al = Incremental pile length over which p and f are taken (m)
Ca = adhesion at the soil-pile interface (kN/m?2)

a = a nondimensional quantity which is a function of cu.

4. CONSTRUCTION DETAILS

4.1 Pile Details

Depending on the soil investigation, many methods are used to implement the pile, including
using the casing to support the soil close to the surface and prevent it from collapsing (Das
and Sivakugan, 2015). This method (casing) was used to implement the piles in this study.
Four test piles were identified for this study; the first two piles are (TP1 and TP2) with a
diameter of 120 cm and a working load of 400, and 360 tons, respectively.

The length of the first pile (TP1) with 25 meters, and the second (TP2) with 30 meters, were
carried out for a period of time ranging from five and a half to seven hours, and the piles
were cleaned from the waste and the sludge of boring by the cleaning pocket method.

After 28 days, the two piles were tested by static load test, the two piles were tested, and
both failed.

The two other test piles were selected using the recycling system (TP3 and TP4) with a
diameter of 120 cm and a working load of 360 tons.

The length was 25 meters for the first pile (TP3), and a length of 30 meters for the second
pile (TP4) was carried out for a period of time ranging from eight to nine hours, and the static
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load test was conducted for them. The results were very good. Table 2 shows the details of
the four piles.

The four piles were implemented in an area not exceeding 120 square meters (4*30 m), and
the groundwater level at the time of implementation was about (2.8-3 m).

It's worth mentioning that the sides of the surface soil were supported using a casing with a
diameter of 130 cm and a length of 4 meters.

Three meters of it were planted in the soil, leaving one meter above the natural ground level
to install a steel cage and support the tremie tube, as shown in Fig. 3.

Table 2. The details of the tested piles.

Pile Diameter | Length | Recycling Time | Workingload | Construction
Name (m) (m) (hr.) (ton) time (hr.)

TP1 1.2 25 - 400 5.5

TP2 1.2 30 - 360 6.8

TP3 1.2 25 1.20 360 8.2

TP4 1.2 30 1.59 360 8.9

~ *

.u’ !

Figure 3. [llustration figure for soil supporting.

4.2 Support Fluid

Bentonite liquid (sodium bentonite) was used in boring and supporting the hole for all four
piles, as shown in Fig. 3.

A bentonite mixing station was used consisting of two tanks and a de-sander with the
necessary connections. The properties of bentonite used for each pile (density, viscosity, pH,
and sand content tests) were conducted (FPS, 2006). Table 3 shows the properties of the
bentonite used for each pile.
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Table 3. The properties of the bentonite used for each pile.

. Density | Viscosity Sand Density | Viscosity Sand

Pile . . pH pH

Name (in) (in) (in) content (out) (out) (out) content
mg./ml | second (in) % | mg./ml | second (out) %

TP1 1.065 48 9.5 0.6 - - - -

TP1 1.075 49 9.5 0.6 - - - -

TP3 1.075 50 10 0.8 1.08 40 9 2

TP4 1.08 50 10 1 1.1 42 9.5 3.5

4.3 Recycling System (de-sanding)

The aim of the recycling system is to produce piles with no impurities to avoid pile failure;
the reasons for failure are attributed to two main factors, as mentioned in (Poulos, 1999).
The first factor is geotechnical defects that arise from incorrect assessment of conditions in
the site during design.

The second factor is structural defects related to pile construction, which leads to structural
pile failure (Al-Mosawe et al., 2006).

The main objective of the recycling system is to get rid of impurities and excavation residues
during the implementation of the pile, thus preserving the pile from geotechnical defects.
Cleaning and recirculating bentonite slurry were achieved by removing sludge and sand
from the drilled hole by cleaning equipment and returning the cleansed slurry (PETE,
2003).

This method was used from the same mechanism as the bentonite cleaning system that
comes out during pouring the pile (Lam et al., 2018), but the system was used to withdraw
the bentonite that contains impurities and drilling sludge before pouring the pile, as in Fig.
4.

After the steel cage is installed in the hole, the tremie tube is inserted in the hole, and a small
gap is left between the bottom of the hole and the tremie tube between 20 to 35 cm, and
connect the tremie tube from the top with a suction pump with a capacity of (350 m3/hr.) to
withdraw the bentonite from the bottom of the hole, then connected the outside of the pump
to the de-sander with a capacity of (2500 HP).

After the connections were set, the fresh bentonite was pumped from the top of the hole and
the bentonite was withdrawn from the bottom (there must be a balance in the amount of
bentonite that is pumped from the top and those that are withdrawn from the bottom of the
hole) in order not to have an imbalance of hydrostatic pressure and collapsing in the body of
the hole where the level of bentonite in the hole is monitored along the cleaning process, as
in Fig. 5.

After checking the cleaning rate of these piles (TP3 and TP4), the cleaning process took from
one to one and half hours for each pile with a diameter of 120 cm and a length of 25 to 30
meters. The process is stopped after checking the sand content of the bentonite that comes
from the hole, which should be less than 4 percent (Deese, 2004), as in Table 3.

86



Volume 28 Number 12 December 2022 Journal of Engineering

Desanding
Units
-
- Vibrating -. i *
Screen
-, —
.-
s Cleaned
s Slurry | —t—,
CO— e X ST
9 DAL TN SN LSS N LS U s

Slurry Plant

— .  Slurry flow direction

Drilled Hole
and Slurry
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Figure 5. The recycling system used in situ.
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5. ULTIMATE LOAD CARRYING CAPACITY of PILES (FIELD TEST)

The static loading testing was conducted on the four piles. The aim of the testing was to
evaluate the static pile capacity and its associated settlement under axial compressive load
(Bowles, 1988).

A static load test simulates the load applied to the pile after the structure's completion when
the pile foundation is usually subjected to vertical loads (Al-Jeznawi et al., 2022).
According to the requirements of ASTM D1143-81, the maximum load applied to the pile
during this test on this scheme shall be (Working Load multiplied by 2) (ASTM D1143,
2007).

The loading frame was designed to apply a maximum axial compressive load plus more than
10% to accommodate the required load increments for loading test stages as recommended
by the ASTM D 1143/D 1143M-07.

The cycle starts by loading the pile to two times of working load through eight load
increments (sustained for at least one hour), sustaining the load for at least 12 hours then
unloading the total applied load through four load decrements (sustained for at least one
hour) (ASTM D1143-81, 2007).

6. EVALUATION of the RESULTS of METHODS

The interpretation of the pile test results depends on the method in which the bearing

capacity of the pile was calculated, where the bearing capacity of the pile varies based on the

method used to find it. Most likely, these differences are insignificant (AL-KINANI and

Ahmed, 2020).

There are different criteria to evaluate the pile settlement after completing the loading and

unloading stages during testing under static axial compressive load. The criteria belong to

the following official building codes and references:

e Davisson offset Limit method, which has been proposed by Davisson as the load
corresponding to the settlement that exceeds the elastic compression of the pile (PL/AE)
by a value of 0.15 inch (4 mm) plus a factor equal to the diameter of the pile divided by
120 The load-settlement curve is plotted to a convenient scale so that the elastic line,
represents the relationship between the load and shortening of an elastic-free axially
loaded Colum which equals PL/AE. The ultimate line is drawn parallel to the elastic line
at an offset distance (4+ 0.008 D). The intersection of the second line (offset line) with
the load settlement curve gives the ultimate pile load (Q ult) (Fellenius, 1975).

e Chicago and International Conference of Building Official Building Code, where the
maximum allowable pile settlement at the end of the loading should not exceed (25mm)
(Code, 1997).

e Boston Building Code, where the maximum allowable pile settlement at the end of the
unloading stage should not exceed (12.5mm) (Orozco Herrera, 2021).

e The allowable load (Qa) is sometimes taken as equal to two-thirds of the final load, which
causes a total settlement of 12 mm or a net (plastic) settlement is 6 mm (Murthy, 2007).

7. RESULTS and DISCUSSIONS
After conducting a static load test by (The al-Tariq Bureau for Engineering Consultation and
Pile Tests), the settlement was recorded for each pile with each loading stage. Fig. 6 shows
the (load-settlement) curve for the four tested piles.
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And based on the allowable load (Qa) is taken as equal to two-thirds of the final load, which
causes a total settlement of 12 mm. This method was chosen as it directly gives the bearing
capacity of the pile, while the other methods may not be applied to all loading and settlement
results.

The allowable load for the four piles is shown in Table 4, where a clear difference can be
observed in the settlement rate of the two groups.

Several other benefits of this system were noted, which can be summarized as follows:

1. It was observed that the length of each pile of the second group (TP3 and TP4) cleaned by
the recycling system increased by 20 to 35 cm. This indicates that the result of cleaning the
bottom of the pile was very good, although the pile length measurement was taken
immediately after excavating the pile.

2. The amount of sand and sludge that came out of the second group piles (TP3 and TP4)
using this system is very large; where it was noted that the average quantity was about two
cubic meters (this quantity was calculated from the two piles of the second group).

3. The process of casting the piles in the second group (TP3 and TP4) has taken less time
than the piles in the first group (TP1 and TP2); this indicates that the flow of concrete inside
the pile was very good as there was no sludge blocking the flow of concrete inside.

4. The amount of concrete in the piles of the second group (TP3 and TP4) was greater than
the piles of the first group (TP1 and TP2), by an average of 2 cubic meters.

5. The recycling system has improved the bearing capacity of the piles in terms of friction
and the end bearing, as the recycling of bentonite inside the hole helped to remove sand and
sludge from the bottom, as well as reduce the filter cake layer from the sides of the hole,
where 4 and a half meters were excavated, and it was noted that the pile's body does not
contain a clear cake filter that can be measured, which indicates that the process has sanded
the filter cake layer in addition to cleaning the base of the pile.

6. Itis possible to reduce the length of the pile by (15 % or more) of the length of the assumed
pile according to the design. Based on the experiment results, the pile length was reduced
from 30 meters with a design load of 360 tons to a pile with a length of only 25 meters and
the same design load, which led to a reduction in implementation costs.

7. The recycling system took an average of an hour to an hour and a half; if that time is
subtracted from the pile implementation time, it's fine.

8. After testing the first pile (TP1) and its failure, the working load of the second pile (TP2)
was reduced to 360 tons in the hope of obtaining less settlement, but it also failed.

9. Settlement of 12 mm was not reached when loading the fourth pile (TP4) when loading
200%, so the last load was taken to find the bearing capacity of the pile.

10. The sand content of each pile was checked approximately 2 to 3 times before stopping
the recycling process until a sand percentage of less than 4 percent was reached.
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Figure 6. (Load - settlement) curve for the tested piles.
Table 4. The allowable load for the tested piles.
Final load Final load
No. of (ton) at (12 Allowable No. of (ton) at (12 Allowable
Pile load (ton) Pile load (ton)
mm) mm)
TP1 369 246 TP3 600 400
TP2 275 184 TP4 720 480

8. CONCLUSIONS

After conducting the static load test for the two groups of piles, the following main
conclusions can be drawn:

1. This system's use has helped obtain a high bearing capacity for the second pile's group
(TP3 and TP4) by 50 % or more.

2. The length of each pile of the second group (TP3 and TP4) cleaned by the recycling system
increased by 20 to 35 (cm); this indicates that the result of cleaning the bottom of the pile
was very good although the pile length measurement was taken immediately after boring
the pile.

3. A large amount of sand and sludge that came out of the (TP3 and TP4) piles indicates that
the use of this system is very effective.

And that the failure of the first two piles (TP1 and TP2) is due to the fact that not all sand
and sludge were extracted from those piles despite using the pocket method to clean them.
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4. The casting time for the piles (TP 3 and TP4) in which the system is used is less than for
the piles (TP1 and TP2) that did not use the same system.

5. The amount of concrete was greater for the piles of the second group (TP3 and TP4), and
this explains that this amount of concrete was instead of the sludge and sand that came out
of the pile compared to the piles of the first group (TP1 and TP2).

6. It is possible to reduce the pile length by (15 % or more), which led to a reduction in
implementation costs.

NOMENCLATURE

C = soil cohesion, kPa

Cc = compression index, unitless
CH = fat clay

CL = lean clay

Cr = recompression index, unitless
€0 = void ratio, unitless

LL = liquid limit, %

PL = plastic limit, %

SC = clayey sand

SM = silty sand

SW = well-graded sand

Wc = water content, %

Y dry = dry unit weight of soil, kN/m3
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