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ABSTRACT: Cone penetration test (CPT) is an important in situ test method, developing towards multifunctional and
wide field. However, in actual penetration, the existence of long cable brings many inconveniences and even security
risks, which limits its development in the field of ultra-deep CPTU and marine CPTU. The wireless transmission of test
data is particularly necessary, but the existing wireless CPT technologies have not been widely recognized and applied
due to their limitations. In this paper, to realize wireless transmission of CPT test data, three key technical problems have
been solved: power supply of probe, upward transmission of collected information, display and storage of test data. Based
on this, a new wireless CPTU system based on rechargeable probe, special probe, ground transmitter, and new-type tester
was developed. Field tests show that the system has stable technical performance, reliable test data, fast operation, exhib-
iting great application potential in situ testing of geotechnical engineering.
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1. Introduction

As an important in-situ testing technology, cone pen-
etration test (CPT) has been widely used in geotechnical
engineering due to its advantages of simplicity, rapidity
and economy [1,2]. With the rapid development of sci-
ence and technology, CPT testing is developing rapidly
in the direction of digitalization, multi-function and high
precision [3-5]. At present, piezocone penetration test
(CPTU) with pore water pressure sensor has been widely
used in the world. In addition to cone tip resistance and
lateral friction resistance, pore water pressure of soil
layer also can be obtained, exhibiting better ability to
evaluate the engineering properties of soil [6,7]. In par-
ticular, CPTU technology has gained prominence in en-
vironmental geotechnical, energy geotechnical and deep-
sea geotechnical fields and relevant series of products
have also been developed. More testing functions have
also been achieved through CPTU equipped with various
kinds of sensors such as electrical resistivity sensor, seis-
mic sensor, heat flow sensor, radioisotope sensor, laster-
induced fluorescence sensor and visual sensor [8-11].

The trend of wide field and multi-function of CPTU
technology puts forward higher requirements for its pen-
etration depth and information transmission capacity. In
the field operation of CPTU, the soil layer information
collected by the probe is transmitted to the ground by co-
axial through cable in probe rod. However, the existence
of long cables limits penetration depth, hindering the de-
velopment of CPTU technology in Marine geotechnical
engineering [12]. Especially, as shown in Figure 1, pass
ing cables one by one through

Figure 1. A schematic diagram of a long cable passing through the
probe rods

the probe rods greatly increases the waste of manpower,

time and cost, causing a lot of inconvenience and even
safety risks for piezocone penetration [13]. Therefore,
wireless transmission of CPTU test data is particularly
necessary.

Some instrument companies and research institutes at
home and abroad have developed the wireless cone pen-
etration test system [14-16]. Storage wireless CPT tech-
nology based on data acquisition card has been proposed
for a long time (Figure 2). It realizes the wireless trans-
mission of test data through the communication between
the underground acquisition card and the ground acquisi-
tion card after the penetration is completed and the probe
rod is pulled out [17]. Although storage wireless CPT
system achieves the wireless transmission of test data, it
can not display test data in real time. When encountering
complex geology or hard strata, the penetration can not



be terminated in time, which can easily lead to the dam-
age of the probe rod. Therefore, the storage wireless CPT
system 1is rarely used in practical engineering. GE-
OTECH in Sweden has developed NOVA series
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Figure 2. Storage wireless CPT system

products (NOVA ACOUSTIC and NOVA RW) based
on acoustic and radio communication technology [18]. It
completes the wireless transmission of the collected data
through the acoustic/radio transmitter installed on the
probe and the acoustic/radio receiver on the ground.
Netherlands A.P. van den Berg Company developed a
wireless CPTU system (OPTOCONE) based on optical
transmission [19]. NOVA ACOUSTIC, NOVA RW, and
OPTOCONE system can be used with advanced probes
and acquisition instruments abroad, which greatly
improves the multi-function and automation of CPTU
technology. However, the shortcomings of sound wave,
radio wave and light wave transmission such as poor anti-
interference ability, attenuation and confidentiality
greately limit the depth and accuracy of wireless CPTU
penetration  [20-22]. This hinders the further
development of cone penetration technology in the
direction of wide field, multi-function and automation.
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Figure 3. Schematic diagram of wireless CPT transmission of sound
wave/radio wave/light wave[15]

The objective of this study is to introduce a new
wireless cone penetration test system. Firstly, the key
technology of wireless transmission of test data in
traditional CPT system are analyzed. Based on this, the
corresponding design schemes are put forward in order to
achieve wireless transmission of CPT technology. Indoor
debugging and field test results confirm that the wireless
CPT system has stable data transmission, reliable test
data and convenient operation, exhibiting great
application potential in in situ testing.

2. Wireless CPTU system design

Traditional CPT/CPTU system is mainly composed of
probe, probe rod, long cable, acquisition instrument,
depth encoder and upper computer. The soil data col-
lected by the probe will be transmitted upward to the ac-
quisition instrument through a long cable. At the same
time, the acquisition instrument provides power to the
probe through the cable to ensure its continuous opera-
tion. At the same time, the acquisition instrument pro-
vides power to the probe through the cable to ensure its
continuous operation. Therefore, three key problems
need to be solved to realize wireless transmission of
CPT/CPTU system: (1) power supply of probe, (2) up-
ward transmission of test data, (3) display and storage of
collected data.

Figure 4. Traditional CPT system with cable

Based on this, rechargeable probe, special probe rod,
ground transmitter, and new-type tester have been de-
signed to solve these three key technical problems. After
years of research and debugging, a new wireless cone
penetration test system which can achieve no-cable trans-
mission of test data has been developed. The details of
wireless CPTU system design are as follows.

2.1. Rechargeable probe

In order to realize the self-power supply of the wire-
less probe, a rechargeable power supply device is in-
stalled on the traditional probe [23], as shown in Figure
8. The power supply device is mainly composed of re-
chargeable lithium battery, charging socket, power
switch, indicator lamp and power supply cylinder. The
power supply device is equipped with switches to avoid
power consumption when not working. The indicator



lamp is set to display the power supply of the probe con-
veniently. The microUSB can charge the power supply
device on the probe at any time. High capacity lithium
battery can continuously power the probe. After the high
capacity lithium battery are fully charged before penetra-
tion, the static penetration operation can work for more
than 20 hours, which fully meets the engineering require-
ments.

Figure 5. Rechargeable probe for Wireless CPT System

2.2. Special probe rod

The special probe is modified on the basis of the tra-
ditional one, as shown in Fig. 6. It mainly includes circu-
lar waveguide, male connector, female connector and
conductive connector, etc. Different from traditional
probe rod, the circular waveguide is a tubular structure
that is constructed from enclosed conductor medium and
there is a segmented wire inside the hollow rod body [24].
The two ends of the probe rod are the male connector and
the female connector respectively in order to connect dif-
ferent probe rods. Sealed conductive parts are respec-
tively arranged in the male connector and the female con-
nector. A compression spring is also provided

Figure 6. Structural Composition of special probe rod

in the female connector as the conductive connector be-
tween the male and female connectors to ensure the trans-
mission of test data. In addition, the molded rubber seal-
ing ring in the connectors and the o-ring on the male
connector can ensure the sealing between the probe rods.

The application method of the new special probe rod
is basically the same as that of the traditional one. After
the male and female joints of the two probes are tightened
and butted by the compression spring, the rubber blocks
in the joints are extruded and closely connected with each
other. It not only guarantees the insulation and
waterproof sealing function of the probe under the action
of groundwater pressure, but also realizes the wireless
transmission of information between the probes. More
importantly, the new probe rods are independent and
interchangeable and can be inserted to achieve deep
penetration.

2.3. Ground transmitter

A ground transmitter can be mounted on top of the
probe rod is designed as shown in Figure 7 on the left.
The high-speed wireless data transmission module is
adopted, and the communication distance can reach 800
meters, indicating the advantages of low delay and high
response. The ground transmitter can convert the re-
ceived digital signal into radio wave signal and transmit
it to the air through an external antenna. At the same time,
the new tester can receive radio wave signals transmitted
by ground transmitter through receiving antenna, and
convert them into digital signals for real-time display and
storage. This not only realizes the wireless transmission
of test data, but also facilitates the installation of probes
and saves manpower and time.
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2.4. New-type tester

A new-type tester instrument for wireless static pene-
tration system has also been developed (Figure 7). The
new wireless tester integrates operation, reception, dis-
play and storage functions. The schematic diagram of the
new tester is shown in Fig. 8. The 16-bit single-chip com-
puter is adopted as the core of the New-type tester main
computer, indicating low-power and high-performance.
Large capacity Flash storage is adopted, which makes the
storage program and data large and reliable. In order to
ensure long-term operation in the field, we use large ca-
pacity lithium battery as the power supply of new wire-
less tester. The test data can be received in the form of
radio waves by the receiving antenna on the new tester
and converted into digital signals. Then the new tester
can display and store the collected data in real time. After
the penetration operation, data can be obtained through
USB interface for post-processing.

Three-way . Warning

analog input A/D Converter .
Depth . L. MSP430
~Signar *|_Shaping circuit ——— Fsa37A

one-chip
e+ Static RAM

External “hareea computer
W Charging circuit Rechargeable
256KB |, USB interface

Power Power control Flash
switch circuit Program Closed
storage  [**| _ kevhoard

Liquid crystal
] .
displa

Data Storage

il

Linear power

Bridge 25V

voltage

Figure 8. Circuit schematic diagram of the new-type tester

Generally speaking, during the static penetration test,
the power supply installed on the probe continuously
supplies power to the underground device. A set of
special probe rods placed together one by one can provide
a path for communication. The data signals collected by
the probe are transmitted upward to the ground
transmitter along the special probe rods. The ground
transmitter converts the received test data into radio
waves and sends them into the air. The new tester
receives radio waves through an external receiving
antenna and restores them to data signals for real-time
display of test curves. The whole process is simple,
continuous, fast and stable, achieving the wireless

transmission of test data in situ testing of geotechnical
Engineering.

3. Features of Wireless CPTU system

Wireless CPTU system based on self-powered probe,
special probe rod, ground conductor and new-type tester
can realize no-cable transmission of test data. Compared
with the existing storage wireless CPT technology, it can
display the test data collected by the probe in real time,
which is more safe and controllable. It also does not have
the inherent disadvantages of sound wave, radio wave
and light wave wireless transmission technologies, such
as signal attenuation, transmission distance and so on.
More importantly, the appearance of special probes is
similar to that of traditional probes. It only needs to in-
stall the probes one by one through the male and female
joints, which saves time and manpower costs and elimi-
nates the inconvenience and hidden dangers caused by
the long cable in the penetration process. Because of the
independence of the probes, it is convenient to install the
probes, and the deeper static cone sounding operation can
be realized.

The probe is equipped with a large capacity lithium
battery, which can work continuously for about 20 hours
after being fully charged. It eliminates the need to rely on
the long cable to get power from ground meters or dedi-
cated power sources for traditional cable static penetra-
tion system.

The operator can set the alarm value according to the
actual situation of the static penetration site and the
maximum load that the probe can bear. Once the
measured value reaches the alarm value, the tester will
buzz the alarm to ensure the safety of the static detection
operation, so as to avoid the damage of the probe rods
caused by unexpected circumstances.

The developed wireless static penetration system can
be used in conjunction with various penetration systems
such as double cylinder static detectors, wheel and
crawler hydraulic static sounding vehicles. At present,
the new wireless CPTU system primarily has the
following functions. (a) Single bridge, double bridge,
pore pressure three bridge and cross plate shear probes
can be calibrated to check whether the error range of
various probes conforms to the relevant specifications
and standards. (b) It can also be used for static penetration
test of single bridge probe, double bridge probe, pore
pressure three bridge probe. (c) The excess pore water
pressure dissipation and cross plate shear probe test of
pore pressure three bridge probe can be carried out. More
importantly, the developed wireless static penetration
system has no limitation of data capacity and
transmission distance. Therefore, as long as the probe is
further upgraded, it can promote the multifunction and
advancement of CPTU technology.

4. Indoor debugging and field testes

In order to verify the stability and reliability of the
wireless static penetration system, indoor debugging and
field testing were carried out. As shown in Figure 9, the
charging process of the chargeable probe is simple and



convenient. After full charge, the battery has strong en-
durance ability, meetting the needs of wireless CPT field
test. Figure 10 shows the field operation of wireless static
penetration. It does not require a long cable to pass
through the probes in advance. In addition, the ground
transmitter can send the test data in the form of radio
waves to the new tester for real-time display and storage.
Obviously, compared with the traditional penetration
process, it is more convenient and faster, saving time and
manpower.

Figure 9. Charge test of probe power supply
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Figure 10. Field Tests of Wireless Static Penetration System

Moreover, the wireless static penetration system is
used for field measurement at a construction site in
Fuyang, Anhui Province. According to the requirement,
the dual bridge probe made in China is used to collect soil
data. Fig. 11 shows the variation curves of tip and sleeve
stress with penetration depth for different penetration
holes. It is evident that the penetration depth of the

wireless static penetration system is up to 50m, and the
test data collected by the probe can be stably transmitted
to the ground of the new tester through a series of special
probes.

From the field test process, wireless static penetration
system has obvious advantages compared to the
traditional static penetration system. (a) It realizes
wireless transmission of probe test data, indicating the
stability and reliability of the system. (b) It avoids the
cumbersome work of a long cable passing through a
series of probes one by one, saving manpower and cost
with convenient operation process. (c) The special probe
rod has the characteristics of simple structure and mutual
independence. Deeper penetration can be achieved by
adding probes, which is contributed to the development
of ultra-deep CPTU and marine CPTU. (d) The special
probe rod can be easily used in combination with the
mechanical hand for static penetration technology to
realize the automation and intelligence of CPTU
technology, which is a very advanced direction in the
field of in-situ testing. Therefore, the wireless static
penetration system has great application prospects in the
field of in-situ testing. Next step, we will improve the
probe of the system to achieve more functions and collect
more soil parameters in combination with advanced
sensor technology such as electrical resistivity sensor,
seismic sensor, heat flow sensor, radioisotope sensor and
so on at home and abroad.
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Figure 11. Tip and sleeve stress data from three different penetrations
in field.

5. Conclusion

Wireless transmission technology is one of the ad-
vanced development directions in the field of static pen-
etration, which can promote the automation and intelli-
gence of in-situ testing. The existing storage and
waveguide wireless transmission static penetration detec-
tion system has not been widely applied because of limi-
tations, such as real-time display, transmission distance,
signal attenuation and so on.

In this paper, a new wireless static penetration system
based on rechargeable probe, special probe, ground trans-
mitter, and new-type tester was developed. The new
wireless system solves the problem of power supply of
probe and upward transmission of test data without cable



for traditional CPT system. In addition, the ground trans-
mitter is used to transmit the collected test data in the
form of radio waves to the new tester for real-time dis-
play and storage.

The field test data show that the wireless system has
stable performance, reliable test data, convenient and fast
operation, exhibiting great application prospects espe-
cially in the field of ultra-deep and Marine static penetra-
tion.

Acknowledgement

Majority of the work presented in this paper was
funded by the National Key R&D Program of China
(Grant No. 2016 YFC0800200), the National Natural Sci-
ence Foundation of China (Grant No. 41672294 and No.
41877231)

References

[1] Robertson PK, Wride CE. "Evaluating cyclic liquefaction poten-
tial using the cone penetration test", Canadian Geotechnical Jour-
nal, 35(3), pp. 442-59, 1998. https://doi.org/10.1139/cgj-35-3-
442.

[2] LiuSY, Wu YK. "8 3 EH# MRS A CPTBUR 55 E", On
the state-of-art and development of CPT in China, Chinese Journal
of Geotechnical Engineering, 26(4), pp. 553 —556, 2004. (In Chi-
nese)

[3] Meng GT, Zhang DB, Liu SL. " ]~ fLH & FI A EREA 197
", The significance of piezocone penetration test, Chinese Journal
of Geotechnical Engineering, 22(3), pp. 314—318, 2000. (In Chi-
nese)

[4] Eslami A, Fellenius BH. "Pile capacity by direct CPT and CPTu
methods applied to 102 case histories", Canadian Geotechnical
Journal, 34(6), pp. 886-904, 1997. https://doi.org/10.1139/t97-
056.

[5] DuGY, Gao CH, Liu SY, Guo Q, Luo T. "Evaluation Method for
the Liquefaction Potential Using the Standard Penetration Test
Value Based on the CPTU Soil Behavior Type Index", Advances
in Civil Engineering. 2019.
https://doi.org/10.1155/2019/5612857.

[6] Duan W, Cai GJ, Liu SY, Du Y, Zhu LW, Puppala AJ. "SPT-
CPTU Correlations and Liquefaction Evaluation for the Island and
Tunnel Project of the Hong Kong-Zhuhai-Macao Bridge", Inter-
national Journal of Civil Engineering, 16 (10B), pp. 1423-34,
2018. https://doi.org/10.1007/s40999-017-0281-9.

[7] Lafuerza S, Canals M, Casamor JL, Devincenzi JM. "Characteri-
zation of deltaic sediment bodies based on in situ CPT/CPTU pro-
files: A case study on the Llobregat delta plain, Barcelona, Spain,"
Marine Geology, 222, pp- 497-510, 2005.
https://doi.org/10.1016/j.margeo.2005.06.043.

[8] Macek M, Smolar J, Petkovsek A. "The reliability of CPTu and
DMT for the mechanical characterisation of soft tailings", Bulletin
of Engineering Geology and the Environment, 78(4), pp. 2237-52,
2019. https://doi.org/ 10.1007/s10064-018-1299-1.

[91 Long M, Donohue S. "Characterization of Norwegian marine
clays with combined shear wave velocity and piezocone cone pen-
etration test (CPTU) data", Canadian Geotechnical Journal, 47(7),
pp. 709-18, 2010. https://doi.org/10.1139/t09-133.

[10] CaiGlJ, Liu SY, Puppala AJ. "Predictions of coefficient of consol-
idation from CPTU dissipation tests in Quaternary clays", Bulletin
of Engineering Geology and the Environment, 71(2), pp. 337-50,
2012. https://doi.org/10.1007/s10064-011-0385-4.

[11] Zou HF, Liu SY, Cai GJ, Bheemasetti TV, Puppala AJ. "Mapping
probability of liquefaction using geostatistics and first order relia-
bility method based on CPTU measurements", Engineering Geol-
ogy, 218, pp. 197-212, 2017.
https://doi.org/10.1016/j.enggeo.2017.01.021.

[12] Dong XM, Yang GI. "& IR E AR K R KWt 5881, Devel-
opment and research trend of static detection technology, West-
China Exploration Engineering, 20(9),pp. 12-14, 2008. (In Chi-
nese)

[13] Huang XQ. "## /il 40 HrH R ", The technology applied in
the latest cone penetration test, Soil Engineering and Foundation,
20(2), pp- 89-90,2006. (In Chinese)

[14] Nguyen NDT, Le DV, Meratnia N, Havinga PJM, Ieee. "In-Pipe
Wireless Communication for Underground Sampling and Test-
ing", In: Globecom 2017 - 2017 Ieee Global Communications
Conference, Ieee, New York, 2017. https://doi.org/
10.1029/2008 WR007071.

[15] Martins JB, Correia AG, Teixeira A, Mendes PM, "Wireless in
geotechnical engineering: A CPTUwI prototype," In: Geotech-
nical and Geophysical Site Characterization 4, Porto Galinhas,
BRAZIL, 2013, pp.531-536.

[16] Farrington S P, Gildea M L , Bianchi J C, " Development of a
wireline CPT system for multiple tool usage",Office of Scientific
& Technical Information Technical Reports, (10), pp. 4272-4278,
1999.

[17] SunJS. " WLIJ- I 2455 R 4855 0 Rt SR AR AL BAR ) 815
Tftl", Design and development of model wlj-i non-cable instru-
ment for static sounding test data acquisition and processing, Ge-
otechnical Investigation & Surveying, (1),pp. 6-10, 1992.

[18] Geotech. 2012. CPT NOVA system. Retrieved from
http://www.geotech.eu/index.php/en/cpt-nova-system &
http://geoprobe.com/cpt-cone-penetration-testing (Jan 12).

[19] A. P. van der Berg. 2012. Optocone, starting a new era in CPT
data acquisition. Retrieved from http://www.apvandenberg.
com/files/FILES/s27_optocone.pdf (Jan 12).

[20] Mecozzi A, Shtaif M. "Information Capacity of Direct Detection
Optical Transmission Systems", Journal of Lightwave Technol-
ogy.36(3), pp- 689-94, 2018.
https://doi.org/10.1109/j1t.2017.2777188.

[21] Moore JA, Lyon RH. "Sound-transmission loss characteristics of
sandwich panel constructions"”, Journal of the Acoustical Society
of America, 89(2), Pp- 77791, 1991.
https://doi.org/10.1121/1.1894638.

[22] Akyildiz I F, Stuntebeck E P. "Wireless underground sensor net-
works: Research challenges", Ad Hoc Networks, 4(6), pp. 669-
686,20006.

[23] Chen HF. " A power supply device on a probe of no-cable static
sounding", Chinese, 2017217374843, 2018.

[24] Chen HF. "A probe rod used in cone penetration system", Chinese,
2017217400551, 2018.



