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Developing DCPT System based on IoT and Field Demonstration
for Smart Construction of Earthwork
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Abstract Earthwork in the construction field is a core process of construction. It is the basis for almost
all processes and is connected to the safety of the structure directly. Therefore, it is essential to confirm
the degree of Road Tamping and analyze it through a PBT (Plate Bearing Test) and Field Density Test.
Since the current methods of measuring the Road Tamping are analog, real-time history management
in the field is difficult, including the management of location and time histories. To solve the limitations
of the analog method, the present study developed an IoT (Internet of Things)-based DCPT (Dynamic
Cone Penetration Test) system suitable for smart construction. The IoT-based DCPT system operating in
a mobile phone environment has the characteristics of low cost, high efficiency, and flexibility of use
in various applications. The developed equipment was verified and improved by using it in the
construction site of Gyeongbu highway. The field demonstration of the developed equipment was
performed by comparing the present system with the PBT and analog DCPT. The accuracy, time, and
manpower requirement of the IoT-based DCPT system showed excellent improvements compared to the
existing analog systems. Moreover, the IoT-based DCPT system developed in this study comprehensively
records digital compaction, location, and time. The newly developed system is also used in the human
management of workers in the field. Based on the analysis results, the present system is expected to
contribute a lot to the construction process management.
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ZHA 2 ieHe]. 2 @49 AR 15
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ARl RE i Ast EAIE Hast] Aol A+
A5, HlHolE, Augmented Reality (AR), Virtual

)
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ALZANA EBAY) HERYL HS B 4
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=W AFAFIA Ay =29 JEXRE v of
HE, AR tigh th#e= dutdoE SURAE
I} HAotA F(Plate Load Test, PBT)= B34 o|F
oA dgo| wzt AE|Exyo}l Z|X|ZH|(California
Bearing Ratio, CBR)AIE& $343tc}{15].

BEASHES A4S Astro] 552 7lel AL
S5, Aot A5t A, ik AAEE 4719
s =3ETH16l. AEEA 2 7|5 Asha, A, HA]
AokF SR, AAGAA], AA 528 =03l
tH171(Fig. 2). BHASIAEL v SRE 3 F4}
29| 7ido] BrEA] Fasty AE, F2E, vl8ERl ¥
SolA v Holgks B7hE B IoH15]. #yt oy
2t 230 =3 AFCE AAY ALE FHst] A
A R g7t d 4 A8

Fig. 2. Plate Bearing Test

E2% AL AR E(Relative Compaction,
ROE B7tote HHOR 59 E814 E4Z 0|85t
ST FUERE SYPIUTHI5](Fig. 3). AE7|F 2
A= AETY 2275, S5 AIET], UES
7], AEZE FAA=0IUH19]. ELEAEY F9 Al
Yol 8xFa]lo] Bl AlmdRe] QFAIZI] A8 F
o A|FAo]| whet Aoldt Aapt =&E & Qlrk= 93
o] Sith.

Fig. 3. Field Density Test[22]
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3.2 Ofd=1 718t DCPT |

oj2fgt £A4 sj2st7] ol =] B2 A&t
E2 409 5 FEHASHAES AT o =E {2
g, BAVS, A4, 1A 5ol 5% SEEASHIY
(dynamic plate bearmg test, DPBT)?} DCP
o|g3t A& XY= eH[19] FHY A FENE
K| 7} SpEAR E}@t}a Aol o Ast -
A%l HE=1 Ut
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AdH(cone tip)o] AlF ARHS %i’ %017}—‘: =
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715 B WAEE 1 S0k —4 13]
3 HHHAFH(Penetration Rate, PR)ZFS
[181.

AP Algt 20 E= A% Yot Sl57t 53] ol
Aol 2mm/blow olsto|AY AlY & FAZT}
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~———— Handle

Upper stop —
~——— Hammer 8 kg (17.6 Ib)
-or-

4.6 kg (10.1 Ib)

575 mm
22.6in

Anvil/Coupler ——=

= -— o sliding
Attachment

- |—— 16 mm (5/8.!") diameter
Drive R¢

Variable
uptolm.

39.4in.

- |—— Measure with graduated
2 Drive Rod

-or-

| =— vertical Scale/Rod

Tip (replaceable point —
or disposable cone)

Fig. 4. American dynamic cone penetration test
equipment[21]

3.3 loT 7|2t DCPT A|AH!

E dFo|He 7129 opd&2 1 7|5 DCPTY] 3
Bk sl A" AlA ek BHld o EgAoldS X
E235F [oT 7|9e] DCPT Al2®lS 7Hestqict.

ALH ToT 7|9k DCPT AlAE2 IZLE, HeEL
&, AYAANRER L= (Fig. 5) AR, A7
B, #Eolgrt BF mHrd ofE Aol do ARY/#
Ehal=g

[oT 7|¥F DCPT AlA82 9] T3 14& £83t
of 8kg9] SHE 575mm EO|NA A-gst AlA F9|
WIFS S s A WEo= AP [oT

=
1. O

71&& AAE -85t Afdst BA9 71&7] 5 A
ARHE, 57885+ 4 Z]’O‘X}’qlﬂ-— AR, B 574
A, ERFEAE o83 AN, AFE 715 5l
A=t E3 ofEA 0l AE B §5H IAEE
o} T E 59 REAYHE AAIRto 2 st 8%
oA HHRE EAStY 7 75 FEY
THoE 158 = T J'}EM]E]E AxTEC.
2 ASsto] JE HE % FHAE o AHETs s
(Fig. 6).
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Fig. 5. Composition map of DCPT system based on
IoT
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Fig. 6. DCPT system based on IoT
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(H2| AN 25)
1
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. s

AugdEw I

Fig. 7. Distance sensor module
(a) Details of the distance sensor module,
(b) Diagram of DCPT based on IoT
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Fig. 8. Observation module
(@) Details of the observation module,
(b) Diagram of DCPT based on IoT
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EZALY] AntEAMIIE 93 IoT 7|4 DCPT A28 7 & @3 A=

o ARE dolEt B3 g8 ¥ w4 1ng 5o
Fhalshelel mekel 9114w 7)ue] ch Rt o
Hog Aol ofduelst HsstchFig. O).

(#2| BS)

(b)

Fig. 9. Management module
(a) Screen shot of mobile application,
(b) Diagram of DCPT based on IoT

Fig. 10. The test field

(a) The side image of test field,
(b) The front image of test field
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el 10T 718k DCPT Al2dl9] A5 98] £ o
FolAE A71= A AT ATt ARISER
AdERS Aot

e A5EGe BAE 38 FHo| 488 AL

Z

Zgto] o9 Tekst B4 7HA AL Qlr} ASAe]
42 Aol 23 o= YA} 100mm °lske] A
2 /3ol =HoqirkFig. 10).

AZ=2 20214 9¢¥ 69, 202149 9¥ 159, 20214

109 129 ¥ 397 AARH.

4.2 1Xt AH

12 A8 20219 9¢¥ 6ol XY=|9).oH PBT, ot
927 DCPTe 37 ¥ nAdSS Sk 12 Al
Al PBTS} DCPT A189] A/, Algwe] HlE, =Y
7], BQ91E, £8A7f 53 Tk

AE2 Fig. 113 Zo| & 67994 HuHSE &+
FFom Zt 9y PBT, oFd&11 DCPT, IoT DCPT
o] EpEZE Al 9 15cm, 79 I AlE & S5mE A
APt FAALFL PBT, HAAAEL otz
DCPT, =49e [oT DCPTE Yehdt: ofgzl
DCPT®} IoT DCPT= B9 103] 84S =53t

S 37.205744,
. $ w 15m 127.094645
N/ Q
N 3 2 1
m: m; m!
_ o ) (]
15cm
15m
4 5 6
= A, o A B A
(] (] (]
\’éé Test Bed

37.205816,

127.094752 D PeT
A o=gEIDCPT
@ loTDCPT

Fig. 11. Demonstration plan of first test
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PBTE= Aol sk52 7Hs A9 74145—
+= Yloltt SEARF DCPTY 79 Bt Hds
7] Wj&o| dolg BlwE 95 PBTY TAFS A
Fom &9 FYS flsf 259 AE FPh
PBT, oFg&71 DCPT, IoT DCPTY BHFHIZF Al
HAFE= Fig. 13(2)9F 2ot A AL PBT, HA A2
ofdZ7 DCPT, &4 A2 IoT DCPTE Uehdct
FEAFE mmAYE EIH Fig. 13(h)= opd2
DCPTY] Ho#UFA 10T BHHAAFE wl Antz
QAFE Uitk

Fig. 12. Pavement tests
(a) PBT, (b) DCPT equipment based on IoT

First Test

~*—0=2=Z71 DCPT
~—#——loT DCPT
PBT

3.5
EHS No.

13. Test analysis results
(a) Penetration rate of PBT, analog DCPT
and IoT DCPT, (b) Penetration error of
DCPT and IoT DCPT

Fig.
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A Z3E 29 PBT DCPT AL & A3Ao]

ehtA g Ao ® R4S ot PBT A1ge] 2
3 gl AAE AG7E obd BRBAFL A 1)

Foz 7= 5 PRT Al AA AL Ko}
DCPTE] £8 1A AATGA S Make] dTgw4o]
a5 olg ol WHhet Hlolg &) FEHFig.
13(a)).
ofd®Z 1 DCPTY IoT DCPTY 22H= B% 3mm
oyl EZHAE 1.73mmoE WA Jeydth shAwt
AlgT9o] 6712 Ho] LAz HRAF =9 FFgo] v
EUA] o= A7 Uit wEbA] [oT DCPTS} obd
271 DCPTY 7H-41S &3 [oT DCPTY Agr &
o] @7=HFig. 13(b)).
Table 12 PBT, oFg&1 DCPT, IoT DCPTS] &
?:]H]_Q. ZH:]] o]e:l /\]Zl’ = ]_,—Jr_o _L]-o]l:]- PBT:
AldHo] Hls] AlE AR AIte] AN AU HX 7 AR
9 391 ojAte] FQlolgo] ey}, ES A5t o)
ol 25TH @REZ9] £{jo] ashy ks
A3 ARAR) 2H A7HF oF 379 AFu|eF 27t
Al A AdiErt Wsks AoE yehgth Hd
DCPTE Al@Ho] v 7Hstar o] -&olsto] A
A A2QA} FgH], /18, HlE WE PBTO| H|s|
A Yepgttt. £3] [oT 715t DCPTE dlolg 7=
7 BF YAERE H8Eo] 18] ASo] 7Rsotal v
Ao AY 4QA7ko] Bos AHS BAthFig. 12).

Table 1. Examination result of PBT, analog DCPT
and IoT DCPT

Analog IoT
Method PBT DCPT DCPT
Average. Time 10min 2min 1min
Required
Manpower Over 3 2~3 1
Expense High Middle Low
Input * PB . DCP « DCP
Equipment ¢ Dump Truck * Mobile Phone
4.3 2t ¥
2AAIEL 20219 99 1590 JFEGoH ofdE

1 DCPTS} H|wHSS St 22f Aol Ale obd
271 DCPTS] B2 S E8) [oT DCPTY AFAJa} &
I BHo] 4 otk Al F 1271 FollA #
PPt 7 AgE 10em, FI97F AglE 3mE 4
gt
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S 37.205744,
. A w 15m 127.094645
N/ Q
N 4 3 2 1
oA oA oA oA
10cm
5 6 7 8
15m .iT.A oA oA
12 1 10 9
A A QA 0A
O‘é% Test Bed
37.205816, A o=E1DCPT
127.094752 ® oo

Fig. 14. Demonstration plan of second test

EAA7M= Fig. 159 2tk [oT DCPTS obdzl
DCPTE #¥HH o2 JARRE Aitg Hlom #3974

Second Test

—#— (227 DCPT
—#—|oT DCPT

N

8 9 10 11

7

6

Et& No.
\ 2
(I)} ~—#—|oT DCPT - 0t = =7 DCPT
EE
2 ——maAen
1 //\ ,\/\/\
£
=, \ ]
E[

Fig. 15. Test analysis results
(a) Penetration rate of analog DCPT and
IoT DCPT, (b) Penetration error of DCPT
and ToT DCPT
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X

EUE0) 02 w1 Aol Uehgrk T AE
Y 03 E3F 3mm o2 A Lheptos &
HAE L4mmE 1% PRt Boieh o] B
oF 0.7mm= 10T DCPT®] Bl Aoz
th4 7 UeRdT ol DCPT &, 2, 3] A%
3 Erjolet Sjulo] FHNUAE vz ALss] Sl
S ol B8 AAW] el Aoz Mz
E3 @] 100mm ofske] Az FAEle] 9]
uhol Fig. 16@9 @ol Yt 2 Ade BA o)
Fig. 16(0)9) 24 A2yt o] wjo] H4] gk 49
7} e

o

o MN

4.4 33Xt A

32k AlE2 20219 109 1290 FFFom 2214
it 5U3t 27A0E AL AFHUCE 23 AJFHo|A
Fig. 16 ()2} o] Y7L & Aol 1S 4% ¥ 2

2A7F st 32t AldolA= B F #jo] 'AgskAl
LS AL APLS 75T 2W 10cm B o]0
< Y

3]

=}

Al

Fig. 16. Variable of test field
(a) Gravel over 100mm,
(b) Error caused by gravel

ANPATE Fig. 177 2o} 0T DCPTS ofd&

DCPTS] Bt deF2 vl FABH YebdT ol= A
AlFOR Qlste] = Al o] Aol vISsh]
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3]
&

Q1 Aog EAHET T AFH o4 T3 2mm oW
2 9A Yehgon BEuAls 0.72 22 EHT 2
ANE B3tk @49 B4 oF ImmE 22T 5
AsHA| [oT DCPT7} tha =2 B ad&dS 7He 3
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Fig. 17. Test analysis results
(a) Penetration rate of analog DCPT and
IoT DCPT, (b) Penetration error of DCPT
and IoT DCPT
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