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Abstract:

The cone penetration test (CPT) is widely used for the evaluation of in-situ soil
properties and site characterization. The direct results from the cone penetration
test are cone resistance, sleeve friction and pore water pressure. Today every part
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of the world experience a decrease in the good soil area for development and
therefore engineers need to have an alternative solution in construction on soft
soil. The aim of this study was to measure the tip resistance for the different type
of tips shape at different rate of penetration using the conventional cone, ball and
T-bar tips. The ball and T-bar tips offer several advantages to conventional tip
used for the in-situ estimation of penetration resistance and strength of soft soil.
The rates of penetration used were 5 mm/s, 20 mm/s, 40 mm/s. The results based
on tip shapes showed that the ball and T-bar give 2-4 times higher and 3-5 times
higher respectively than the standard tip. For Batu Pahat clay, tips with higher
surface area gave better results and based on the tip shapes used in this, the T-bar
tip gave better results. For the penetration rate .

Keywords: Rate of penetration, Cone penetration test, Cone resistance, Ball shape,
T-bar shape, Tip resistance.

1. Introduction

The cone penetration test (CPT) is among the most popular site investigation
methods that provide ground data with simple, rapid, accurate and economic
process. The cone has several built in electronic sensors such as pore pressure
meter and load cells and it pushes into the ground with a constant rate and the soil
parameters can be continuously measured. [1,2]

One of the most common parameters measured from the CPT is the tip
resistance. The value can be calculated by load cell and projected area of cone
shape.

Instead of the conventional CPT, T-bar or Ball penetration tests (these tests will
be called TPT and BPT, respectively hereafter) have gained attention .As more
detailed description of these penetration tests will be presented in the following
section, the most significant advantage of TPT and BPT over the Conventional
CPT is its accuracy in measurement of the tip resistance, although the whole
penetration resistance increases because of large cross section area of TPT or BPT.
Using TPT and BPT, site investigation was carried out with different of
penetration rate 5mm/sec, 20mm/sec and 40mm/sec, however the objective of this
paper is to determine the tip resistance to overcome the problems of the CPT in
soft soil and to assess the effectiveness of tip shape in Batu Pahat soft soil.

2. Literature review

According to Dung et al, were carried out the ball penetration test by using a 20
ton capacity CPT machine which is able to conduct the CPTU in dense similar to
that of the CPTU except that the balls were used Instead of the cone tip. To
evaluate the variation of the ball factors with respect to ball Sizes, Four different
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ball sizes were used as illustrated in Fig (1). The balls Type-1 to Type-3 were
made of duralumin while the smallest size was additionally made of copper.

Type 4 shows a step of the BPT at the moment just before the ball Type-2 was
carried out. Table (1) shows basic parameters of the balls. In study, the balls were
made to associate with the cone of 15 cm?, Thus the ball connector diameters were
all the same of 4.37 cm. The projected area is the cross sectional area of the ball
corresponding to the maximum diameter, and the projected area ratio is the ratio of
the cone cross sectional area to the ball projected area. [3]

Type 1 Type 2 Type 3 Type 4

Fig (1). Ball Types Used for the Tests [3]

Table (1): Basic Parameters of The Balls [3]

Parameter Type 1 Type 2 Type 3 Type 4
Diameter (cm) 11.28 8.74 6.18 4.37
Projected area 100 60 30 15

(cm?)
Area of rod 15 15 15 15
(cm2)
Projected area 0.15 0.25 0.5 1.0
ratio

Zhou and Randolph, in 2007 they fabricated the cylindrical T-bar and spherical
ball shapes because they have become popular as alternative to conventional cone
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penetrometer for characteristic the strength of soft sediment and fabricated shapes
they offer several important advantages over the cone, including improved
resolution of the measured resistance, reduced uncertainty owing to correction for
the overburden stress compared with a cone penetrometer. [4,5]

Instead of the conventional CPT, T-bar or ball penetration tests (these tests will
be called TPT,BPT respectively hereafter) have gained attention (for example
Randolph, 2004). As more detailed description of theses penetration tests will be
presented in the following section the most significant advantage of TPT and BPT
over conventional CPT is its accuracy in measurement of tip resistance, although
the whole penetration resistance increases because of large Crosse section area of
TBT, BPT

3. Methodology
Cone Penetration Tests (CPT) :
The cone penetration test CPT tests were conducted using a standard cone

dimension of 35.7 mm and a projected area of 10. Penetration rate was carried out
at smm/sec. 20 mm/sec and 40 mm/sec to get different cone resistance, the
intervals recorded readings every 0.01 m. cone resistance was computed from
equation no (1).

g.= cell load/projected area 1)

Where (g.) cone resistance, cell load, projected area is cross sectional area.

T-bar tests were conducted by unscrewing from probe and replacing it with the T-
bar. The T-bar used in this case is similar to the T-bar used by NGI and COFS
being 250 mm long and 40mm in diameter with smooth surface. [6]

Tests were conducted in the same as conventional rate of penetration CPT tests
although and two rate of penetration one less than conventional rate 5 mm/sec and
another one more than conventional rate 40 mm/sec conducted at same situ.

The Ball used in this study rather than to conventional CPT without pore
pressure. the diameter of the ball 100 mm and smooth spherical surface however
Penetration of the Ball was conducted in the same method as CPT tests at a rate of
20 mm/sec, and two different rates more, first one 5 mm/sec and second is 40
mm/sec, and measurements of intervals 0.01 m. [7]
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Fig (2) Cone ,T-bar & Ball shapes used in this study

T-bar, ball, and conventional CPT penetrometers were implemented at Batu
Pahat characterized test site The site were chosen based on previous research and
characterization indicating the large range of cone resistance in T- bar values more
than ball because the projected area of T-bar greater than ball and conventional
CPT

Table (2) Results of Tip resistance Penetration Tests in Cone

Rate of penetration 5 mm/sec 20 mm/sec 40 mm/sec
Depth (m) 1-4 1-4 1-4
Cone resistance 0.114-0.171 0.26-0.29 0.21-0.26

(Mpa)
Ball resistance 0.56-1.05 0.9-1.19 1.23-1.38
(Mpa)
T-bar resistance 1.12-2.63 1.26-1.73 1.41-1.74
(Mpa)
Cone 0.23-1.04 0.32-1.05 0.30-1.44
resistance (Mpa)
Ball resistance 1.27-2.53 1.33-2.51 1.36-3.03
(Mpa)
T-bar resistance 1.15-2.63 1.51-2.88 1.59-3.51
(Mpa)
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4. Results and Discussion
Influence of shapes .

Cone Shape:

The Testing at the RECESS Batu Pahat site was the first comparative study of
the different rate of penetration conducted in soft clay soil. Three rates have been
used, one of them smaller than the standard rate of 20mm/s and another one
higher than standard rate 40mm/s. The rates were used until 8m depth to evaluate
the rate effect on CPT in soft clay. The measured cone resistance g, are shown in

Fig (3).

The data from Table (3) shows that g, have increased with the increase of
Penetration rate. This is in accordance with ( Danziger and Lunne 2012), the
general trend results between q.20/9.40 less affected than q.5/q.20 and .s/q.40

pointed out in the table and Fig (3).

Comparison between cone resistance at 5,20 and of 40
mm/s
Cone resistance
0 M
0 =
.-
% E (75 = —

9

10

Cone resistance (qc) in Mpa
rate of penetration 5 mm/s

Cone resistance 2rate of
penetration 20

Cone resistance in (qc) rate
of penetration 40 mm/s "

Fig (3) Comparison Between Cone Shape Resistance In Different

Rate Of Penetration
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Table (3) Difference Between qc5/qc20,qc5/qc40 and gc20/qc40

D(?g)th 0.5/9.20 % 0.5/9.40 % 0.20/9.40 %
0-1 30-40 30-70 10-20
1-2 20-40 30-50 10-20
2-3 30-50 30-60 10-20
34 20-30 40-60 20-10
4-5 30-40 40-70 10-30
5-6 20-50 10-40 10-20
6-7 20-40 30-40 10-20
7-8 30-50 30-70 20-30
Ball Shape :

When performed BPT in Batu Pahat’s soft clay with the various rates 5, 20, 40
mm/s and 80 cm? Most of the results showed an increase of resistance with
different rate increase, within the first 2 meters pan 5/qpan 20,

g ban 5/q 40 the gpa increased about 30-50% but the difference between
0:.20/q.40 decreased from 10-20%. In lower depths the percent of resistance
mostly increases from 0-10%, so the effective rate of penetration when | used the
ball shape decreased with the depth, but at the surface | got good results especially
with low and high penetration of rate of 5Smm/s and 40mm/s. But the resistance of
the rate 20,40mm/s is slightly corresponding at depths between 4-6 m. finally the
rate of Penetration effected on Batu Pahat soft clay from a ball shape but
effectiveness less than the cone shape. Fig (4)
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depth m

10

Comparison between R.O.P 5, 20 &40 mm/s Ball resistance
Mpa

ball resistance Mpa
0 025 05 075 1 125 15 175 2

Ball resistance (gc) in Mpa
rate of penetration 5 mm/s

all B resistance (qc) in Mpa
rate of penetration 20 mm/s

Ball resistance Mpa ,rate of
penetration 40 mm/s

Fig (4) Comparison Between Shape Resistance In Different Rate

Of Penetration

Table (4) Difference Between guai5/dbai20,dban5/dbai40 and guan20/qpand

Depth m Obant 5/0pait 20 % | qpan 5/ pai40 % Obati20/Qban 40 %

0-1 20-50 30-50 10-20

1-2 40-50 40-60 0-10

2-3 10-30 10-30 0

3-4 1-10 1-10 0

4-5 1-5 1-5 0

5-6 1-4 1-5 0

6-7 10-20 10-30 0-10

7-8 1-10 5-15 1-5

10
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T-bar shape :

When performing TPT in Batu Pahat’s soft clay with the various rates
5,20,40mm/s and 100 cm?, Most of the results showed an increase of resistance
when the penetration rate increased according to (Danziger and Lunne 2012) . The
T-bar resistance increased about 0 to 10% per gt.par 5/01-par 20 and 10% to 20% per
Orbars/Or0ar40 in the first three meters but the resistance is more than affected
when the different rate of penetration is qc20/qc40, the resistance increased about
0%-10% as pointed out that in Table (5) . The different rate is less affected in the
lower depths from 4-8m. The resistance induced from different rates is more
corresponding, which means the different rate of penetration is less affected in
Batu Pahat soft clay, especially when using a bigger projected area instead of the
standard cone.

Comparison between T-bar resistance R.O.P 5,20 &4
mm/s

T-bar resistance Mpa

0 0.5 1 1.5 2 2.5 3 T-barresistance (qc)

0 in Mpa rate of
5 penetration 5 mm/s
IS
%_ 4 ——T-bar resistance (qc)
3 . in Mpa rate of
penetration 20
g mm/s

Fig (5) Compare Between Shape Resistance In Different Rate Of
Penetration
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Table (5) Difference Between qr.pard/07-bari20,97-bard/01-bard0 @and gt-par20/Q1-pard0

Depth Or- Obars/ Q7 O7-bar
m bars/OT-bar 20 -barso %0 20/G7-par 40
% %

0-1 0-10 10-20 0-10
1-2 0-10 10-20 0-10
2-3 0-10 10-20 0-10
3-4 1-10 1-10 0
4-5 10-20 10-20 0
5-6 1-5 1-5 0
6-7 1-5 1-5 0
7-8 1-5 1-5 0

5. Conclusion

From in-situ tests carried out at Batu Pahat soft clay site to investigate the effect
of tip shape in soft soil, the test was carried out by three different shape standard
cone shape, ball and T-bar shape at several depths to evaluate the penetration
resistance. The CPT, Ball and T-Bar shapes were carried out at the same speed
5mm/sec, 20mm/sec and 40 mm/sec. The conclusion as follows :

1. The measured cone penetration resistances, ball and T-bar penetration
resistance (Qeones Otba Cban) generally, smaller shape produces smaller
penetration resistance.

2. The measured qp resistances more affected than T-bar shape in soft Batu
Pahat clay because the ball shape is more sensitive than T-bar shape

3. The ball and T-bar penetration resistance are found close to similar. This
finding implies that the balls and T-bar would the projected area close to each
other.
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. The effectiveness rate of penetration on soft soil Batu Pahat when using T-bar

shape especially between 5mm/s and 20 mm/s but less influence in high rate of
penetration 40 mm/s the qgt-bar 20 and qt-bar 40 they are quite similar.

It is found that the relationship between the rate of penetration and tip
resistance is close similar when exceeds 20 mm./s
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